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Tigation, thorchy indusing call stinmlation, coll surtsce nicty apgrapation, andlor recetor signaling enliancomon. Alse provided
aure et lods Gir prodneing pleenc spically 1ailored cells, inchiding T-eells e the use in diggimstivs, g discovery, d e Ireatmernt

a of a variety of indications, inchuding cancer. viral infeerions, and immune relazd disorders. Compasitions of cells having specifie
phenotypic properties prodiced by these pracesses are further provided.
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SIMULTANEQUS STIMULATION AND CONCENTRATION OF CELLS

TECIINICAL FIELD

The present invention relates generally to methods for stimulating cells,
and more parlicularly, to methods to concendrate and stimulate cells that maximizes
stimulation of such cells. The present invenfion alse relates to cermpositions of cells,

including stimulated T-cells having specitic phienotypic characteristics.

BACKGROUNED OF THE INVENTION

Many cells are activated or regulated via receptors enbedded in lipid
rafts found in cell surface membranes. See K. Sinons and D Toomre, Nafurs Rev.
1:31, 2008, Lipid rafts form concentrating platforms for individual rceeptors that are
activated by ligand binding. Lipid rafts are mvelved in cellular signaling processes,
inctuding immunoglobulin E signaling during the allergic immune response, gliai-cell-
derived neurotrophic lacter sigoaling important for the development and meintenance
of the nervous system, Kas signaling. central to many signal ransduction processes, and
T-cell antigen recepior {TCR} signaling,

The T-cell antigen receptor (TCR.) is a muliisubunit inumune recognition
receptor that associates with the CD3 complex and binds o peptides presented by the
major histocompatibility complex (MHC) class [ and 1T proteins on the surfacc of
anligen-presenting cells (APCs). Binding of TCK 10 the antigenic pepiide on the APC
is the central event in T-cell activation, which occurs at an immunoingical synapse at
the peint of contact betweer: the T-cell and the APC. Moreover, data suggest thal
clustering of lipid rafts is essential to the formation of the inmunclogical synapse.
Krawezylk et al, Inmunity 13(43.463-73, 2000.

To sustain T-celi activation, T lymphocytes typieally requite a second
co-stimulatory signal. Co-stimulation is typicaily necessary for a T helper cell to
produce sufficient cytokine levels that induce clonal expansion. Bretscher, fmmurol.

Today 13:74, 1992; June ef al, Immunol Todgy 15321, 1994 The major co-
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stimulatory signal accurs when a member of the B7 family Hgands {CD80 (B7.1) or
CDR& (37.2)) on an activaled antiyen-presenting cell (APC) binds to CD28 an & T-cell.

Methods of stimulating the expansion of certain subsets of T-cells have
the potental to generats & variety of T-cell compositions useful in mwunetherapy.
Successfitl immunotherapy can be aided by increasing the reactivity and quantity of T-
cells by efficient stimulation.

The varicus techniques available for expanding buman 1-cells have

relied primarily on the use of accessory cells and/or exopencus growlh factors, such as -

intcrleukin-2 (TL-2). IL-2 has been used together with an anti-CD3 antibody to
stitnulate T-cell prolifesation, predominamtly sxpanding the D8 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-infusior. The requirement for

MHC-matched APCs as accessory cells presents a significant problom for long-term
culture systems because APCs are rolatively short-lived,  Therefors, in o long-term
cuiture system, APCs must be continualiy obtained from a source and replenished. The
necessity for a renewable supply of accessory cells Is problematic for treatment ol
immunodeticiencies in which accessory cells are affected. In addition, when treating
vital infection, if accessory cells carry the virus, the cells may confaminaie the entixe T-
cell population during long-term culture.

i the absence of exopenous growth factors or accessory cells, a co-
stimulatory signal may be delivercd to a T-cell population, for example, by exposing
the cells 10 a CD3 ligand and a CD28 ligand attached 10 a solid phase surface, such as &
bead. Seze C. June, ef af. {U.5. Patent No. 5,858,358); C. June ot ol WO 99/953823.
‘While {hese methods are capable of achieving therapeutically useful T-cell populations,
inereased robustness and case of T-cell preparation remain Jess than ideal.

In addition, the methods currently available in the art have not focuscd
on short-term expansion of T-cells or obtaining a maore robust pepulation of T-cells and
the beneficial results thereef and/or the expansion of particlar  T-cell
subclasses/phenotypes.  Furthermore, the applicability of expanded T-cells has been

limited to only a fow discase siates. For maximum i vive effeciiveness. theoretically,
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an éx vivo- of i vive-generated, activated T-cell populatson should be m a siale that can
maximally orchestrate an immunc response to cancer, infectious disease, or other.
disease stales. The present invention provides methods {o generate an increascd
number of more highly activated and more pure T-cells that have surface receptor and
cytokine production characteristics that appear more healthy and natural than other
expansion methods.

In addition, the present invention provides ~ compesitions  of
plienotypically tailored cell populations of any target cell, including T-cell populations

and parameters for producing the same, as well as providing other related advantages.

SUMMARY OF THE INVENTION )

‘The present invention generally provides methods for stimulating cells,
and mere particularly, provides a novel method to concenlrale and stimulate cells that
maximizes stimulation of such cells. In one aspect the present invention provides
wmethods for stimulating a population of T-cells by simultaneous 1-cell concentration
and cell surface moiety ligation that comprises providing a papulation of cells wherein
ar least a porlion thersef comprises T-cells, contacting the papulation of cells with
surface, wherein the surface has attached thercto one or more agents that ligale a cell
surface mojety of at Jeasi a portion of the T-cells und stimulates at least that portion of
T-celis or a subpopulation thercof and applying a force that predominantly drives T-cell
concentrafion and T-cell sueface moiety ligation, thereby inducing T-cell stimulation.

Ta one cimbodiment of the methods the suzrface has attached thereto a first
agent that Ygates a first cell surface moiety of a T-cell; and the same or a sccond surface
has sttached thereto a second agent that ligates a second moiety of said T—ell, wherein
said ligation by the first and sccond agent induces proliferation of said T-cell. In related
embodiments the suface may be bincompatible, natural or synthetic, comprise a
polymer, comprise cellagen, punfied proteins, purified peptides. polysaccharides,
glyeosaminoglycans, or extracellular matrix comtpositiens. In eertain embodiments, the

polysaccharides are sclected from chitosan, alginate, dexiran, hyzluronic acid, and
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<ellulose and the polymer 15 selected from polystyiene, polyesters, polycthers,
polyanhydrides, polyatiyleyanoaciylates, polyacrylamides, palyerthoesters,
polyphosphazenes,  polyvinylacctates, biock  copolymers,  polypropylene,
polytetratfucrocthylene (PTFE), or polyurethanes. In yet other embodiments, the
polymer may comprise lactic asld er a copolymer.  While in still yel other
ernbodiments, the polymer nuy be a copolymer.  Such copolymers can be a vaiety of
known copelyviners and may include lactic acid andfor glycolic acid (PT.GA).

With respect to biocompatible surfaces, such surfaces may be
bicdegradable or non-biedegradable. Inrelated embodiments, while not limited thersto,
the non-biodegraduble swiaces may comprise  poly{dimethysiloxane) andfor
puly(sthylene-vinyl acetats). Further, the biocompatible surface, while not Limited
thereto, may include vollagen, metal, hydroxyapatite, plass, aluminate, bicceramic
materials, fyalwronic acid polymers, alginate, acivlic ester polymer, lactic acid
polymer, glycolic acid polymer, lactic acid/giycolic acid pofymer, purified proteins,
purified peptides, and/or extracellular matrix compositions.

In s8I yet further embodiments. the biocompatible surface is associated
with an implantable deviee. The implantable device may be any that is desired to be
used and rmay include a steni, 2 vatheter, a fiber. a hollow fiber, a pateh, or 2 suture. In
related embediments the surface may he glass, silica, silicon, eollagen, hydroxyapatite,
hydrogels, PTFE, polypropyleae, pelystyrene, nylon. or polyacrylamide. Yet additional
embodiments include wherein the sudace comprises a lipid, a plate, a bag, a rod, a
pellet, a fiber, or & mesh. Gthier embodiments inelude wherein the surface is 2 particle
and additionally wherein the particle comprises @ bead, a microsphers, a nanopazticle,
or a colloidal particle. Particle and head sizes may also be chosen and may have a
variely of giees including wherein the bead is about 5 nanomelers to about 500 microns
in diameter.

in other embodiments, the agents used in the methods can he
independenily selected from a protein ligand, a natural ligand, or a synthetic ligand.
Further, the agents raay also camprise an antibody, an antibody fragment, a pepiide, a

polypeptide, a glycopeptide, a soluble receptor, a steroid, a hormone, 2 mitogen, an
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antigen, a superantigen. a growth factor, 2 cytokine, a lectin, a viral protein, an adhesion
molceule, or a chemokine. In specific embodiments, at least one agent i3 an antibody or
an antibody fragment. While in yel other embodiments, a first agent is an sntibody and
afragment theref, and a second agent is an antibody or 2 fragment thereof, It would of
course be understood that the first and second agents could cither be the same or
different antibodies.

In selected embodiments the first agent is an antt-CD3 antibody, an anti-
CD2 antibody, or an antibedy fragment of an antd-CD3 or anti-CD2 antibody. Further
selected cmbodiments include wherein the sccond agent is an anti-CD28 antibody or
antibody fragiment thereol: Further embodiments include whercin the sccond agent
comprises a naturad ligand for COES, such as, e, B7-1 or B7-2, In addition, other
stimulatory agents could be used..

In cectain embodinients, the fores used to drive the cells may include a
variely of forces (hat function similarly, and include a forco greater than gravitational
force, a hydeaulic foree, a filtration force gencrated by transmersbrane pressure, a
centrifugel foree, or a maguetic force.  When magnetic forces are used, some
embodiments utilize a magnetic force that is genexated by a magnet having a magnetic
field strength ranging from between about 200 gauss 1o about 12,0007 gauss at the

swiace of the magnet.

Another embodiment includes surfaces wherein the surfice is 2 surface -

of a peramagnctic particle. While in embodireents uiilizing surfaces including a sucface
of a paraimaghetic particle the agenis akiachment to the surfaice may be covalent,
noncovalent, electrostatic, mter-molecular adhesion, or hydrophobic.

In still yet other embodiments the T-cells that are ligated are separated
frogm the T-cells that are not ligated. While in other embodiments the T-cells amcliorate
immune response dysfunction.

Other aspects thai may be combined with the embodiments above
include, for example methods for stimulaton of T-cells by simultaneous cell surface
moiety ligation and T-cell aggregation comprisiop providing a cell population

comprising T-cells, contacting said cell population with a surface, wherein said surface
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has altached therclo oo or more hgaads speafic for a cell surface maoiety, applying a
force that deives concentration of T-coils and swface and incubating safd colls for a
petiod of time sufficient to achieve desired stimulation. In refated embodimenis the
time sufficient to achieve desired stimulation may range from 1 minute to 10 days and
all integer values, in betweer. In certain embodiments, the time range may be from
about } day to about § days, while in yet other embodiments the time range may bo
fiom about 3 days to about S days, or from about 1 day 10 about 5 days. o related
embaodiments the incubation temperature may range from about 2 to abost 38°C.

Further embodiments that can be used with all the yecited methods
include wherein the surfiwe is selected Jiom glass, silica, silicon, cullagen,
hydroxyepatite, hydrogels,. PTFE, potypropylene, polystyrene, nylon, dexiran, or
polyacrylamide or mixtures of any of thess,  Fuither, ¢mbediments Include prior 1o or
eoncuzrently with any steps noted above, separating T-cells copcentrated with surface
from nen-concentrated cells.

In other aspects methods of indueing T-eell activation in vivo are
provided, comprising providing paramagnelic parlicles lo an animal, said particles
having altached thereto, ligands specific for a T-cell surface moiety that induees T-cell
activation; applying a magnetic field to a diserete region of the animal; and thereby
inducing lacalization and activation of T-cclls bound to said particles at said discrete
region.

An additional aspeci is provided that includes metheds for stimulating a
population of target cells by simuliancous target cell concentration and turget cell
surface moiety Iigétion, comprisizg providing a population of cells wherein at least a
portion thereof comprises target cells contacting said population of cells with a surface,
wherein said surfuce has attached thereto one or more apents that ligate a ccll swface
maiety of at least a portion of said target cells and stimulates at Jeast said porton of
target cells, applying a force that predeminanily drives tarpet cell concentration and
target cel! surface aofety ligation, thereby inducing target cell stimulation.

In certain embodiments, the methods described herein uilize a surface

that has attached thereto a first agent that ligates a first cell surface moiely of a tarpel
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cell; and the same ot a second surface has atlached thereto a second agent that ligates 2
sceond moiery of =aid target cell, wherein safd ligation by the fust and socond agent
induces signal transduction in said target ecll.

As roted previously, the surface may include a variety of components
including  collagen, purified  proteins, purified peptides, polysaccharides,
glycosaminoglycans, andfor extracellular matriz composilions. Some polysaccharides
that are utilized in specific embodiments may include chitosan, alginate, dextran,
hyaluronie acid, and/or cellulose. Further, polyisers as noted above and applicable to
all methods may ke selected fom  polyesters, polvethers, polyamhydrides,
polyatkylcyanoucrylates,  polyacrylamides,  polyorthoesiers,  polyphosphazenes,
polyvinylacetates, block copolymers, polypropylene, polytetrafluoroethylens (PTFE),
anstfor polyurethanes and mixtures thercof,

Tn nther aspects the methods are pravided for stunulation of jarget cells
by cell surface moiely ligation and target sall conceniration, comprising providing a cell
population comprising target cells, contacting said cell population with a surfaee,
wherein said surfuce has atiached thereto onc or more ligands speeific for & cell surface
moisty, applying a foree that deives concentration of larget cells and conveniration of
said cells om said surface and incubating said cells for a period of time sufficient to
achicve desired stimulation.

In related embodiments the target cells muy be T-colls, B-cells, or siem
colls.

Other aspects provide methods of inducing {arget cell stimulation 77
vive, comprising providing paramapnetic particles 10 an animal, said paricles having
attached thereto, ligands specific for a target cell surface moiety that induces target vell
stimulation; applying & magnetic field to a discrete region of the animal; and thereby
inducing localization and stimulation of the target cells bound 1o said particles al said
discrete region.

Stiil other aspects are provided which include methods for inducing
reeeptor polarization in Teceptor hearing cells comprising providing a cell population,

contacting said cell populalion with a solid surface, wherein said solid surface has
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attached thereto one or more lsgands speedic for 4 celi swlace receptor present on at
Icast a portion of szid cell poputation and applying a foree that drives eoll concentration
and cell surface recepior ligation.

Other aspects include methods for inducing aggregation of cell surface
molecules, comprising providing a pepulation of cells having a target cell surface
malecule, contacting said population of celis with a solid suefrce, whezein said solid
surface has attached thereto a ligand for at least one target ccll swrface molecule,
applying a foyoe that deives nggregation of targeted cell surface molecules.

In certain embodiments the cell population comprises iymphocytes.

In yet other cerlain embodiments the receptor or cell surface mciety
hinding leads to down regulation or suppression of a cellular evenl.  Kelated
embodiments include wherein the receptor binding lsads to up regulation or activation
of a cellular event, which may include, for example, receptor mediated signal
trapsduciion,

Another embodiment of the nvention envisions the usc of a foree to
drive concenfration or orientation of cell surfuce muicties.

Yet additional cmbodiments of the present invention provide
phenotypically milored target cell populations andfor compositions including [-eetl
compositions. In addition, methods are provided for activating such cells by ligating &
cell sueface moiety. Purther provided are metheds for inducing a population of T-cells
to proliferate, comprising contacting the T-cells with & solid surface for a perod of time
of between about two hours and sbout nine days, the solid surface having immobiiized
therecon a fivst agent and second apent, and wherein the first agent provides an

activation signal and the second agent provides a co-stimulatery signal tar said T-cells.

These and other aspects of the present invention will become evident

upon reference to the following detaiicd descriptinn and attached drawings.
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BRIEF DESCRIPTION OF TIE DRAWINGS

Figure I is a plot comparing the tolal numbers of activated sand expanded
T-cells measwred ai day § starting with ahout 0.5 x 10° T-celis with (XCFLLERATE
1™} or without X CELLERATE T™) magnetic coﬁcent‘ation and stimunlation.

Figure 2 is & plot comparing fold expansion of activated and expanded
T-cells measured at day 8 with (XCELUERATE TI™) or withowt (XCELLERATE 1)
nragnetic concentration and stimulation.

Figure 3 is a piot representing flow cytometry analysis of CDI154
expression comparing tostirmlation of T-cells previously culfured for 8 days after
magnetic voncentration and sticiulation (XCELLERATE II™) or withont magnetic
cencentration and stimulation (XCELLERATE TT4).

Figure 4 1s a plot epresenting flow cytometry analysis of CDI154
expression following 3 days n culhwe comparing magnetic conccntration and
stimulation (XCELLERATE II™) with eelis aclivated without magnetie concentration
and stimulation (XCELLERATE I™).

Figures 5A-5B are plots depicting T-cell activation and expunsion with
XCELLERATE I™ PBMC (54) or PBMU having been frozen and thawed (3B} to
initigie the XCELLERATE I™ process.

Figarezs 6A-6B arc plots depicting iime cowse snalysis of CD2Z5
expression following activation of T-cells in one donor sample (PCO71) ducing the
XCELLERATE I or U™ process. Restimulation was performed at the 8 day mark o
simulate in vive activation. Figure GA, depicts CD235 expression on CD47 cells, while
Figure 6B depicts CD25 expression on C1I8” cells.

Tigures 7A-7D are plots depicting fime cowrse analysis of CD1354
expression following activation of T-ells in one donor sample (PC071) dwing the
HCELLERATE | or I'™ process. Restimulation was pcrformed at the 8 day mark to
simulate i viva activation. Figure 7A, depiets CD154 expression on CD4™ cells, while

Figrure 7B depicts CD1 34 expression on CDE" colls,
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Figures 8A and 8B ware plots sllustrating growth of human peripheral
Blood T-cells following stimulation with anti-CD3 and anti-CD28 co-immabitized
heads utihzing process set forth in Example X,

Figure 9 15 a plol ilusirating growth of human peripheral bleod T-cells
following stimulation with apt-CD3 and ani-CD2Y co-immobilized beads +-
recombinant human 1L-2 at 10 winl and +/- monocyte depleton. All eells were
cultured in Baxter Lifecell Flasks (300ml). Scale up refers to a 300ml flask culare (No
IL-2/Monaeyte depleied) that was expanded up to a Baxter Lifecell 3 Liter flask.

Higure 10 is a plot demonstrating the kinctic analysis of cell size as
defenmined by forward seatter flow cytometry profiles over time.,

Figures 11A and 113 are plots representing CD23 expression over time
following initid] stimuation with anti-CD3 and apti-CD28 co-immobilized beuds.
Figure 11A represents the expression profile of CD25 on CD4" cells, while Figure 118
represents the exprassion profile of CD25 on CDE* cells.

Figre 12 is a plot tHustrates changes in-cell size as determined by
forward scatter flow cytometry profiles over time following primary end secondary
stimulation.

Figures 13A and 13B are plots represeniing CD25 exprassion over tine
following primary aod secondary stimuletion. Figure 13A represents the cxpression
profile of CD25 on CD4" cells, while Figure 13B represents the expression profile of
CD25 on CD8” cells.

Figures 14A and 14B ate flow cytometry date plots representing CD154
cxpression following secondary siimulation, wherein primary and secomdary
stimulation sonrces were varied. Figure 14A ropresents the expression profile of
CD154 on CT34" cells, while Figure 14B represents the expression profile of CD154 on
CDE cells.

Figure 15 is a flow cytometry data plot ropresenting CD137 expression
on all expanded T-cells in sample following secondary stimufation.

Figures 16A and 16B are flow cytometry data plots representing CD34

expression following secondary stimulation, whergin secondary stimulaton suurces

JP 2004-500095 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(87)

WO OEIRSS PCTATSNI06139

[

20

k]

11

were varied. Figure 164 reptesenis (he expression of CDS54 on CD4* cells, while
Figure 168 represents the expression of (154 on CDS™ cefls.

Figures 17A-17D are flow cytometry data piots representing cell
phcnoiypes as well as (2154 and CD137 expression following secondary stimulation
by anti-CD3 and anti-CD28 coupled beeds of T-cells chiained from a paticnt with B-
cell chronic lymphocytie leukemia. Figares 174 ind 178 represent G4 and CDY*
celis present in samples 13 days post-stimu.lm.ion with anti-CI3 and anti-CI228 coupled
beads (17A) and 18 days post-primary stimulation and 7 days post-sccondary
stimulation with anti-C33 and anti-CD28 coupled beads (17B). Figures 17C and 17D

"are flow cylemetry data plots representing CD134 and CD137 expression after

secondary stimulation of celis obtained from a patient with B-cell chronic lymphoeytic
Jetukemia,

Figures 18A-18C are plots representing the expression over yme ol 1L-2
(18A), Interferon pamma (IFN- ) (18B), and TL-4 (18C) following primary and
secondary stinvulation of T-cells fron normal donors.

Figures 194-19B arc plots representing expression over time of CD62L
following stimulation with anti-CT¥3 and anti-CD28 couplad boads,

Figure 20 is a plot depicting the percentage of CD4 or CD§ cells
tollowing siimulation with anti-CD3 and anti-CT328 co-immobilized beads.

Tigures 21A-21B are plets representing flow cytomelry data as a
function of mean flucresccnee intensity of CD25 apd CD154 expression, respectively
following stumulation witht anti-CD3 and anti-CD28§ co-irwnebilized beads and /- re-
stimulation utilizing process in Example [¥.

Figures 22A-22B are plots roprosenting flow cytometry analyses of
CD154 staining versus control staining (e.g., background) in cells with both CD4 and
CD8 sub-populations (22A) or CD4-enriched populations (22B), prior te anti-CD3 and
anti-CD2R co-immobilized bead stimulation.

Figures 23A-23B are plots representing ELISA analysis of TNF- (23A)
and IFN-  (23B) in media following stimulation of peripheral blood lympboeyles with
anti-CD3 and anti-CD28 co-immebilized beads.
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Figures 24A-2473 are plots reprosenting ELISA analysis of T1.-4 (244)
and 1L-2 (24B} in media following stimulaiion of peripheral bload lymphocytes with
anti-CD3 and anfi-CD28 co-inumobilized beads.

Figurc 25 is a plot depicting increase in T-cell size following stimulation
of petipheral blood lymphocytes with anti-CD3 and anti-CD28 co-immobilized beads
and using forward scatter analysis.

Figures 20A-26L are bar graphs representing flow cytometry data of
CDE2L expression (mean fluorescence intensity, MFI) (26A), CD49d (MFI} (26B),
CND23 (MFI} (26C), CD69 (MFT) (26D), CD154 {MFI) {26E), forward light scatter
(sLze} (26F), viability (% hive gate) (26G); all following stimulation with. anti-C3 and
anti-CD28 co-immabilized beads and ce-stimulation with the same at day 8. Figures
26H-26L depict CDG2L, CLGY, CD44d, CDLA4, and CD25 at 4 and 18 bows posl-

stimulation, respectively

DETAILED DESCRIPTION OF TLE INVENTION

Prior to setting forth the invention, it may be helpful to an understanding
thereof 10 sei. forth definiions of certain terms that will be used hereinafter,

The terin “bipcompatible”, a5 uswd herein, refers to the property of being
predominantly non-toxic o living cells.

The term “stimulaiion”, as used hercin, rofers. o a primary response
induced by ligation of a cell surface moiety. For example, in the context of receptors,
such stimulation eniails the lgation of a receptor and a subsequent signal transduction
event. With respect to stimulation of a T-cell, such stimulation refers to the ligation of
a T-cell supface meiety that in one embodiment subsequently induces a signal
transduction event, such as binding the TCRE/CD3 complcx. Further, the stimulation
cvont may activate & celt and up or downregulate expression or secretion of a molecule,
such as downreguiation of TGF-R. Thus, ligation of cell surface moleties, even in the

absence of a direct signal transduction eveni, may result in the reorganization of
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eytoskeletal stricturcs, or in the coaicscing of cell surtace moieties, each of which
could scrve 1o enhance, modify, or alter subsequent cell responses.

The term “activation™, as used herein, refers to the state of a cell
following sufficient cell surface molety ligation to induce a noticeable morphological
change. Within the context of T-cells, such activation, Tefezs 10 the state of a 1-cell that
has been suffiefenty stimulated to induce cellular proliferation. Activation of a T-¢sll
may also indupe cytokine production and performance of regulatory or cytolytic

cffector functions. Within the contexi of other cells, this term infers sither up or davm

- regulation of a particular physica-chemical pracess.

The term “force”, as used hierein, refers to an wtificial or extemal force
applied to the cells w be stmulated that induccs cellnlar concentration and
concentration of cell§ with the agent shat binds a cell surface meiety. For example, the
term “force” includes any force greater than gravity (ie., in addition to gravity and pat

solely gravitational force) that induces cefl concentration and/or cell surfirce moisty

ligation. Such forces include transmembrane pressure such as filiration, 2 hydraulic -

force, an electrical foree, an acoustical force, a cenirifugal forve, or a magnetic force.
Ideally, the force ulilized drives the concentration of the target cell of interest with an
agent that ligates a cell surface moiety. In various contexts, the furce‘can ‘be pulsed,
ie., applied and reapplisd (e.g., 3 magnetic force could be turned off and on, puising the
population of calls in combination with a paragmagnetic particle).

The term “simultaneous™, as used herein, refers to the fact that inkerentty
upon concentratiog cells at a surface that has cell surfuace moisty binding agents
aitached thereto, resufts in concentration of colls with each other and with the surface,
thus ligands {je., agents). However, the use of the term “simultancous” decs mot
preclude previous binding aof the terget cells with a surface having cell surface moiely
binding agents attuched thereto, as concentration and further ligand binding cccurs
simultancously at the eoncentiztion surfrce. For example, within the context of T-cell
activation, the T-cells may be exposed to a surface such as a paramagnetic bead having

anti-CD3 and anti-CD28 aatibodies attached thereto and subsequently concentrated by a
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magnetic field. Thus, in this context while cells and beads have provieus contact and
Hgation, nevertheless, during concentration of cells additional ligation ocours.

The term “farpet cell”, as used herein, refers to any cell that is intended
1o be stimulated by cell surface moiety ligation.

An “antibody”, as used herein, includes bioth polyclonal and monoclonal
antibodies; primaiized {e.¢., hnmanized); muzine; mouse-human; mouse-primate; and
chimerie; and may be an intaet molecule, a fragment thereof (snch as scly, Py, Fd, Fab,
Tub' and F(ab)'z {rapments), or multimers or aggregates of intact molecules and/or
fragmenis; and mray accur in nature or be produced, e.g., by immunization, synthests or
genetic engineenng; an “antibody fragment,” as used herein, refers to fragments,
derived {rom or related to an aotibody, which bind antigen and which in some
embodiments may be derivatized w exhibit structural feanwes that facHitate clearance
and uptake, e.g., by the incorparation of galactase residues. This inchudes, e.g., Fab),
F(ab}'a, scFv, light chain variable region (V0), heavy chain veriable ceglon (Vy), and
combinations thereof.

The term “protein”, as used herein, inchudes proteins, pelypeptides and
peptides; and may be an intact molecule, a fragiment thereaf, or multimers or aggregates
of intact moleculss und/or fragments; and may cecur In nature or be produced. «.g., by
synthesis (including chemieal and/or enzymatic) or genetic engineering.

The term “agent”, “hgand”, or “apent that binds a cell swface mojety”,
as used herein, refers to a mnlecule that binds to a.defined populaticn of cclls. The
agemt may bind any cell surface moiety, such as a receptor, an anfigenic determinant, or
ather binding site present on the target ccll population. 'Iha agent may be a protein,
peptide, antibody and antibody fragments thereof, fusion profeins, synthetic molecole,
an orgamic moelecule {e.g.. a small molecule), or tire like. Within the specification and
irr the context of T-cell stimulation, antibodies are used as a prototypical cxample of
such an agent.

The terms “agent that binds a cell surface moijety” and “cell surface
moicty”, as used hercin, arc uwsed in the comiext of a ligand/anti-ligand pair.

Accordingly, these molecules shoukd be viewed s a  complementary/zoti-
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complementaty set of molecoles that demonstrate speciflic binding, generally of
relatively high affinity. )

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

A “Hgand/anti-ligand  pa”, as used Therein, refers o a

complementary/anti-complementary set of moleeules that demanstrate specific binding, '

generally ol relatively  high  affinity. Exemplary lipandfanti-ligand  pairs
conzyme/iniubitor,  bapten/antibody,  lectin/carbohydrate,  ligand/receptor,  and
bictin/avidin or streptavidin, Within the conlexs! of the present invenlion spccitication
receptors and other cell surface meicties are anti-ligands, while agents (e.g., antibodies

and antibody fragmeits) reactive therewith are considered ligands.

“Beparafion”, - as wsed herein, includes any means of substagtially

purif¥ing one component from anolber {e.g., by fltration or magnetic attraction).

“Quiescent”, as used herein, refers to a cell swate wherein the cell 15 oL
aetively proliferating.

A “surface”, as used herein, refers to any surface capable of having an
agent attached therelo and includes, without Hmitation, metals, glass, plastics, co-
polymers, colloids, lipids, cell surfeces, and the like. Fssentially any surface that s
capable of wetaining an agent bound or attached thereto.

One aspect of the present invention is direcled to the surprising finding
that the combination of a fores which induces the concentration of cells and ligation of
cell surface moieties results in a protound erbancement in stimulation of these cells. In
the prototypic example set forth herein, T-cells arc utilized. Howaever, one of skill in
the art would readily conclude that the present invention has broad applicability (o any
cell type where cell surface moiety ligation or aggregation is desired or where such
binding leads to a subsequent collular signaling event (e.z., receptors). While not
wishing to be bound by theory, the present invention may function by taking advantage
of a phenomencn jnvalving lipid rafiing and/or receptor polarization. The phenomena

are similar i that they suppest either initieion/enhancement of signal transduction by
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the aggrepation of lipid rafts comprising cell surface moieties or enhenced sigal
transduction due to localizalion (2 2., polarization) of recepiors at one, or even several
area(s) of a cell. Tiws. nat only does such cell surface moiety ligation lead to
unexpectedly robust eell aciivation and proliferation in T-cells hut can also be applied
to magnifying the signal transduction event of many cell types. Thus the present
invention could be uscd in combination with an implantable device 1o induce a signal
transduction: event in a particular location in the body, used to ex vive stimulate cclis for
subsequent infusion into a patient, and used to subsiantially enhance the study of signal
transduction events in cells by amplifying signal transduction signals, thereby aiding in
soreening for drugs thar affect such fransduclion events (e.g., G-coupled protein

teceptors, related 1o schizophrenda, sleep, and other neurological indications; Te

" fragment receptors on mast cells und basophils related to the allergic responsc).

Accordingly, within the context of T-cells, the present invention provides a variety of
unexpected advantages, first it elimingtes the need for a scparale monocyte-depletion
step using “uncoated” particles, simplifies expansion of T-cells by reguiring less cell
wansfers and less reagents, increased level of T-ccll activetion during activation
process, reduces time and labor mvelved io the processing of the cells, reduces the cost
of manufacturing, and increases the flexibility of scheduling palient processing and
inrfusions.

In an additional aspect of the present invention, a first and second or
mare surfaces are utilized with or without ligands/agents hound therete.  In this
embodiment, the vaslons surfuces may have the same or diflerent agents attached
therete for binding cell surface moicties of target calls. For example, a paramagne(ic

bead moy have attached thereto an antibody for a receptor on a target cell and such

‘beads may be mixed with a population of cclls containing the target cell.  Further, the

cell population may be mixed with a second or more bead with the same or different
cell surface motety binding agents attached thereto. Ilpon forec induced sonceniration,
the beads and cells are brouglt together in & sraller volume and thus signaling is
magnified. In another example, paramagnetic beads that have an agent specific for a

carbohydrats or other nen-receptor cell surface molety attached thereto are mixed with
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a populatien of cells containing the target cell. A magnetic tield is then used to draw
the beud attached cells to another surface that has receptor ligating agemts attached
thereto. Thus, the signal transduction inducing agent is on the second surface. Tn yet
another exmnple, an agent that binds a cell smfsce moicty of target cell may be attached
10 a particie large enough (o be retained in 2 mesh or filter that itself may have ligands
attached thereto.

As noted above, the present invention provides methods for stimulating a
cell population hy simultaneously conventrating and ligating moieties on the swtaces of
the eclls in that population. Contacting a cell population with an agent (e.g., a ligand)
that binds to & cell sutface moiety can stimulate the cell population. The ligand may be
in solution but also may be attached fo 2 surface. Ligation of cell surface moieties, such
as a receptor, may-gensrally induce a parlicular signaling pathway. Recent studies
suggest that for signaling to ocow, critical conceptrations of lipid rafts contaiming the

requisite receptors must aggregale. By way of example, raft aggregation may be

Tfacilitated i vive or i vitro by attaching ligands for particular coll surface moleties o .

peramagnetic porticles, exposing (he ligand-bearing particles to the cells, and shortly
thereatier or simultaneously applying a force, such as a magoetic ficld to assist
palarizing the lipaied moielies (e.g, receptors) and concontrating cells in o small
volome. The application of a mapnetic foree concentrates the cells as well as
concentrating the cells with the surface baving agents attached thereto that ligate cell
surface moieties, thereby bringing greater contact of the cells with the ligands, resulting
in aeoelerated and more potent activation. Many applications of the present invention
arg possible, for example, if cells have low numbers of and/or dysfunctional receptors,
the method may sufficiently concentrate such recepiors in the lipid rafis to overcome
such defeets and to permit proper sigpaling activity. One example of such cell surface
repertoire correction is in pationts with certain types of leukemia, wherein prior to cell
surface moiety stimulation with agente such as anti-Cl3 and anti-CD28 antibadies
several normaal cell surface markers are vnusually low, such as the CD3/TCR complex.
By stimulating these cell populations with agents such as anti-CD3 and anti-CD2§

antibodies, the cell surface markers of these vells return to a level that appears normal
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and as such can provide a more robust product for cancer therapy when returned to the
patient. In yet other applications of this invention, cells may be efficiently concentrated
and activated, including inducing receplor polarization, thereby maximizing receptor
signaling events. Such applications bave broad utility including the use in screening
assays direcied at receptovs or by collecting ceflular rafts on the surface of a cell 1o
induce activation such as inducing apoptosis by ligating Fas or-tike molecules in a
umor cell.

In one example of such screening assays, one could use G-coupled
protein receptor bearing cells and confact them with agents that bind therato, these
agenis being bound 1o a surface that allows force mduced concentration.  Accordingly,
as the receptors raft together the signal transduction event would be amplified. - This
could be important in the study of signal transduction events that are very low level in
typical experiments and thus screening tor drug compounds to inhibit or somehow

modify such signal transduction events.

Al STIMULATION OF A CELL POFULATION

The methods of the present invention relates to the stimulation of a target
cell by introducing a ligand or agent that binds to a cellular molety, inducing a cellular
event. Binding of ihe ligand or agent to the cell may trigger a signaling pathway that in
turn activates particular phenolypic or biological changes in the ¢ell. The activation of
the cell may enhance normal cellulaxr fimetiens or indtiate normal cell functions in an
abnormal cell.  The ‘meihod described herein provides shmulation by [orcing
concentration. of the cells together wiih the ligand or agent that ligates a cell surface
moiety. Stimulation of a ccll may be enhanced or a particular cellular event may be
stimulated by intreducing a second agent or ligand that ligates a second cell surface
moiety. This method may he applied to any cell for which ligation of a cell surface
moiety leads to & signaling cvent, The invention further provides means for selection ar
culturing the stimulated cells. The prototypic example deseribed is stimulation of T-
cells, bul ong of ordinary skill in the art will readily appreciate that the method may be

applied 1o other cell types. By way of example, cell types that may be stimulated and
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selected include fibyoblasts, vewoblasts, hematopoietic stem cells and hematopoietic
progenitor cells (CIX34" cells), mesenchymal stem cells, dendritic cells, cytolytic T-
cells (CDE™ cells), other leukocyte populations, plaripotent stem cells, multi-potent
stem cells, islet cells, etc. Accordingly, the present invention also prevides populations
of colls resultiog from this methodology as well as cell populations having distinct
phenotypical characteristies, ineluding T-cells with specific phenotypic characteristics,

As poted above a variety of cell types may be utilized within the context
of the present invention. For cxample, cell types such as B cellg, T-cells, NK. cells,
cther blood cells, pewromal cells, glandulur (endocrine} cells, bonc forming cells
(osteoclasts, etc.), germ cells (e.g, oocytes), epithelial cells lining reproductive organs,
and others may be ulllized. Celt swiace moiety-ligand pairs could include (but not
cxclusively): T-cell antigen receptor (TCR) and anti-CD3 mAb, TCR and major
histocompatibility complex  (MIC)tantigen, TCR and superantigens (e.z,
staphylococeal enterotoxin B (REB), toxic stiock syndrome toxin (TSST), efe.}, B cell
woligen receptor (BCR) and amti-lg, BCR and LPS, BCR and specific antigens
{univalent or polyvalent), NK receptor and anti-NK receptor antibodies, FAS (CD95)
receptor and FAS ligand, FAS receptor and anti-UAS antibodiss, CD54 and anti-CI»54
untibodies, CD2 and anti-CDZ entibodies, CN2 and LFA-3 (lymphocyte funciion
related antigen-3), cytokine receptors and their respective cytokines, eytokine reeeptors
und anti-cytokine roceptor antibodies, TNF-R (tumar necrosis factor-receptor) faruily
wembers and antibodies directed against them, TNF-R. family members and their
rospective ligands, adhesionhoming receptors and their ligands, adbesion/homing
receptors il antibodies against them, oocyle or fertilized oocyte receptors and their
ligands, aoeyte or fertilized oocyte receptors and antibodies against them, receptors on
the endometrial lining of uterus and their ligands, hormome receptors and their
respective homnene, hormone recoptors and antibodies directod against them, and
athers.

The nature of the binding of 2 reeeptor by a ligand will either result in
the multimerization of the revsptors, or aggregation/orientation of the receptets, such

that signaling or cell response js ascelerated, improved, or otherwise altered so as to
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confer a particular benefit, such as eelt division, cytokine secretion, cell migration,
increased cell-cell interaction, etc.

Twe oxamples are given below that illustrate how such a
multimerization, aggregation, or controlled reorientation of cell surface moieties could
he of practical benefit.

in ome cxample, normal T-cell activation by antigep and anfigen
presenting cells usvally results in aggregation of TCR rafls, cytoskeletal reorganization,
polarization of “activation” siguals and cell division, for example. Using man-made
approaches, such as those described hercin, in the absence of “nonmal” fn-vive T-cell
activation, one could accelerate, improve, or otherwise affect the functions described
above, in patticular through the accelerated, coptrilicd, and spatially oriented ligation
of TCR aod CD28. Bepefits conld be improved vell expansion iz witre rosuliing in
higher numbers of infuscable and mare robust cels for therapeutic applicatiops. Other
benefits conld be improved receptor “aggregation” for cells with dofects, such as lower:
than-normal TCR. density on the cell surface. Similarly, in vive applications could be
beneticial where specific T-eell populations need to be aclivated, such as tumer-specific
T-cells at tamor sites. Improved receptor aggregation and orientation could provide an
activation gignal otherwise difficult 1o obtain for functionally telerized T-cells. Further,
such achvation could be used within the context of antipen specific Tcells. Tn this
regard T-cells from a tumor could be isolated and expanded and infused mio the patient.
Similarly, T-cells exposed ta an antigen either /n vivo or in virrg could be expanded by
the present methedologies.

Tn another example, improved induction of cell death occurs via the FAS
pathway: The ability to accelerate the multimerization of FAS, spatially orient
“activated™ FAS on target cell surfaces, or to promote 2 cumulaiive FAS ligation that
would otherwise be unachicvable, could pravide significaint berefit in vivo, particulacly
for treating cancer, utoimmune responses, or graft-versus-host disease. For example, a
tumgr eelt may express low tevels of FAS in vive, and the host may express low levels
of FAS-L at fumor sites (due to suppressive cytokines, eze.), Due to these low levels, an

adequate FAS signal cannot be penerated, allowing for tumeor survival and growth. Qne
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possible way o overcome this FAS/FAS-ligand defiviency could be to target
tumorstumor sites with monovalent or mulivalent ligands for FAS {FAS-T,, antibodies,
etc.), bound to paramagnetic parficles. Application of & strong magnetic field using the
present at tumor slies (eg., melanoms, Kaposi™s sarcoms, squemous cell meck
carcinomas, et¢.} could provide for the spacial orientation of the paramagpetic pariicles
&t tumor sites as the particles bound FAS on tumor cells, adapted for receptor activation
and/or T-cell setivation and expansion. Inereased FAS agpregation accompanied by
signal polarization mighi provide adequate signal to now inducc cell death in the twmer
colls.

[ one particular embediment of the invention, a T-cel) population maw
b stimulated by simuitancously concentrating and lgating the surfaces of the T-cells.
In one aspect of the present invention, antibodies to CN3 and CDZB are co-immobilized
on a surface. A preferred surface for such immebilizaton inchueles particles, and in
certain aspects, beads, such as parumagnetic heads. Tn another aspect of the present

invention, any ligand that binds the TCR/CD3 complex and initiates a primary

stimulation signal may be utilized us u primary activation agent immobilized on the-

surface.  Any ligand that binds CD28 and imitiates the CD28 signal transduction
pathway, thus causing co-gtimtutation of the cell with a CD3 ligand and enhancing
activation of a population of T-cells, is a C28 ligand and accordingly, 15 a co-
stimulatory 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 ant-CD3 and anti-CD28-
coated surfaces (0 concentrate the Twcells, thus maximizing T-cell surface ligation.
Vhile in ope particular embodiment the concentration force iz magnetic foree applied
where the anti-CD? and anti-CD28 coated surfaces are parawmagnetic beads, other
means to bring the cells and the lipands together in 2 concentrated fashion are available
in the art. Such methods of stimulating & T-cell population provides significant bead-
cell and/or cell-cell contact that induces surprisingly preator ectivation and/or
proliferation of T-cells. Furthermore, the inventive methods alter the cell surface

;narkcr profile wherein the activated 'I'-cells express cell surface markers that indicate a
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more normal phenotype and less variable final product enmpared to the profile of the T-

cells when first isolated from a subject with a diseasc.

£ The Primary Sigral

The hiochemical events responsible for ex wive T-cell stimulation are set
forth brietly below. Interaction betsween the TCRACD3 complex and antigen presented
in conjunction witl either MHC class I or class 11 molecules on an artigen-presenting
cell inftiates a series of biochemicy] events termed antigen-specific T-cell activation.
Accordingly, activation of T-cells can be accomplished by stimulating the T-cell
TCR/CD3 complex. or by stimulating the CDZ ‘sutface protein.  An anti-CD3
meneclonal antibody can be used to activate a population of T-cells via the TCR/CD3
cemplex. A number of anti-bwegar CD3 movoclonal antibodics are commercially
available, excmplary arc QK17 prepared from hybridoma cells obtained fram the
American Type Culture Cellection, and monoclonal antibody G194, Similarly,
stimulatory forms of anti-CD2 antibodies are known and avajlable. Stinulation tlrough
CN2 with anii-CD?2 antibodies is typically accomplished using a combination of at least
two different anti-CD2 antibodies. Stinwmlatory combinations of anti-CD2 antibodies
that have beer deseribed include the foliowing: the T11.3 amibody in combination with
the 111.1 or T11.2 antibody (Meuer ef af,, Ceil 36:897-206, 1984), and the 9.6 antibody
{which recognizes the same epitope as TH1.1) in combination with the 9-1 antibody
(Yang e/ al., J. Jmmeunol. 137:1097-1100, 1986). Other antibodies that bind to the same
epitopes as any of the above deseribed anlibodies van also be used.  Additional
antibodics, or combinations of antibodies, can be prepared and identified by standard
techniques,

A primary activatien signal can also be delivered to a T-cell through
other mechanisms, For cxamplo, a combination that may be used inclades a protein
kinase C (PRC) activator, such as a phorbol ester (e.g., phorbal myristate acctate), and a
calciom jenophore {e.g., ionemyein, wlich ralses cytoplasmic calelum concentrations),
or the like. The use of such agems bypasses the TCR/CD3 complox but delivers a

sticmlatory signal to T-cells. Other agents acting as primary signals may include
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natwral and synthetic ligands. A natural lizand may inelude MITC with or without a
peptide presented.  Other ligands may include, but are not [imitca to, a poptide,
polypeptide, growth factor, cytokine, chemokine, glycopeptide, soluble receptor,
steroid, hormone, mitogen, such as PHA, or other superantigens. Within the context of
the present invention, the use of conceniration and stimulation may result in such high
teecpiar polarization that no secondary signal is required to induce proliferaiion of T-
cells.

In other erabodiments, signal trumsduction events of any lind may be
magnified or analﬁed by utilizing the current invention.  For example, G profein-
coupled receptors may stimuiated and measured using the concentration methods of the

present invention.

2. The Secondnry Signal

While stimulation of the TCRACD3 complex or CD2 moleouls appears to
be required for delivery of a primary activation signal in a T-cell, a pumber of
oeleeules on the surface of T-cells, termed accessory or co-stimwulatory molecules, have
been implicated in regulating the transition of a resting T-cell to blast transformation,
and subseguent proliferation and differentiation. Thus, in additon to the primary
uctivalion signal, induction of T-cell responses requires a second, co-stimulatory sighal.
One such co-stimulatory or accessory melecule, CD28, is believed to initiate or regulaie
u signal transduction pathway that is distinet from any stimulated by the TCR complex. *

Therefore, to enhance activation and proliferstion of a population of T-
celis in the absence of exogenous growth factors or accessory colls, an accessory
melecule on the surface of the T-cell, such ag CD28, is stimulaled with a ligand that
binds the accessory molecule. In one embodiment, stimulation of the accessory
melecule CD28 and T-cell activation ocour simultancously by contacting a papulation
of T-cells with a surface to which a lipand that binds CD3 and a ligand that binds CD}28
arc attached. Activation of the T-cclls, for example, with an anti-CD3 antibody, and
stimulation of the CI328 accessory molecule results in seleetive proliferation of C4*

T-cells.
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Accordingly, onc of ordinary skill in the art will recognize thet any
agent, incloding an anti-CD28 antibody or fragment theveof capable of erogs-linking the
CD28 molecule, or a natural ligand for CD28 can be used to stinulate T-colls.
Exemplary anti-CD28 antibodies or fragments thereof uscful in the conlext of the
present invention include moneclonal antibody 9.3 (1gG2,) (Bristel-Myers Squibb,
Priziceton, 'NJ), monaclonal antibody KOLT-2 (TeGl), 15E8 (TgG1), 248.23.2 (IgM).
and EX5.3010 (JgGZ,) (ATCC HE11373). Exemplary nataral ligands include the B7
family of proteins, such as B7-1 (CD8&Y) and B7-2 (CDSG) (Freedmon er af, J
mimunol. 137:3260-3267, 1987, Freeman er of., J. Immunol 143:2714-2722, 1689;
Freeman af gi., J Exp. Med 174:625-631, 1991; Freeman ef al., Scignce 262:509-211,
1993, Azuma et ol , Nature 366:76-79, 1993; Freeman o of., .J Bxp. Med [78:2185-
2152, 1993} In addition, binding bomologues of a natural ligand, whether native or
synthesized by chemical or recombinant tcchniques, can also be used in accordance
with the present Invention. Other agents acling as secondary signals may include
natural and synthetic ligands. Agents may include, but are not limmited to, other
antibodies or fragments thercof, a peptide, puolypeptide, growth factor, cytokine,
chemokine, glycopeptide, soluble recentor, steroid, hormone, mitogen, such as PHA, or
other superantigens.

In a [further embodiment of the invention, activation of a Tcell
population may be enhanced by co-stimulation of other T-cell integral membrane
proteins.  For example, binding of the T-cell integrin LFA-] o its natural ligand,

ICAM-1, may enhance activation of cells, Another ¢ell surface molecule that may act as

a co-stimulator for F-cells is VCAM-1 {CD105) that binds very-late-anfizgen-4 (VLA-4) -

on T-¢ells,

Ome of skill in the art will appreciate that cells other than §-cells may be
stmulated by binding of an agent that ligates a cell swface moiety and induces
agpregation of the mojety, which in iurn resuits in activation of a signaling patbway.
Other such cell surface mojeties include, dut are net limited to, GPl-anchored folate
receptor (CD59), human Igk receptor {FceRi recaptor), BCR, FGF receptor, insulin
receptor, ephein BI receptor, neurotrophin, glial-cell derived neuirophic factor (GNDF),
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hedgehog and other cholesterol-linked and palmitoylated proteins, H-Ras, integrins,
endothelial nitric oxide synthase (eNOS), FAS, members of the TNF rcceptor family,
GPI-anchored proteins, doubly acylated protcins, such as the Src-family: kinases. the

alpha-subunit of heterotcdmerie G proteins, and cytoskeletal proteins.

B. Expanston GF T-CELL POPULATION

in one aspect of the present invention, ex wivo T-cell expansion ¢can be
porformed by isolation of T-cells and subscquent stimulation. In one embodiment of
the-tnvention, the T-cells may be stimulated by a single agent. Tn another embodiment,
T-cells are stimulated with two agents, one that induces a primary signal and a second
that is @ co-stmulatory signal. Ligands useful for stimulating a single signal ‘or
stimulating a primary signal and ap acéessory molecule that shimnlates a second sigoal
may be used in soluble form, attached to the surface of a cell, or immobilized on a
surface as deseribed herein. A Hpand or agent that is atlached to a surfhce serves as a
“surropate” antigen presenting cell {APC). In a preferred embodiment both primary
and secondary agents are co-immobilized on a swrface.  In one embodiment, the

molecule providing the primary activation signal, such as a CD3 ligand, and the co-

stimulatory molecule, such as a CD28 ligand, are coupled {o the same surface, for -

example, a purticle, Further, as noted earlier, one, two, or mere stimulatory molecules
may be used on the same or differing surfaces.

Prior to expausion, a source. of T-cclis is ebtained fiom a subject. The
tern “subject” is intepded to include living organisms in which an lmmune respense
can be elicited (e.g, mammals). Hsamples of subjects includs humans, dogs, cats,
e, rats, and transgenic species thereof, T-cells can be obtained from a aumber of
sources, including peripheral blond mononuclesr cells, bone marrow, -lymph node
tissue, splecn fissue, and lumors, Preforably, cells from the circulating blood of an
individual are obtained by apheresis or levkapheresis. The apheresis product typicatly
containg lymphocytes, including T-cells, monocytes, granulocytes, B cells, other
nucleated white blood cells, red blood cells, and platelets. In one embodiment, the cells

wollected by apheresis may be washed 1o remove the plasma faction and (o place the
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cells in an appropriate buffer or media for subsequeat processing steps. In one
embodiment of the inveniion, the cclls are washed wilh phosphate buffered saline
(PBS). In an alternative embodiment, the wash solution lacks calcium and may lack
magnesivm or may lack meny if not all divalent cations.  Again, surprisingly, initial
activation steps in the absence of calciun lead 1o megnified activaijon. As these of
ordinary skill in the art would readily appreciate a washing step may be accomptished
by methods known to those i the erl, such as by using a serni-automated “flow-
throuph” centrifuge (for example, the Cobe 2991 cell processos, Baxler) according to
the mapufactorer’s ipstructions. After washing, 1he cclls may be resuspended in a
vagiely of biovompatible buffers, such as, for example, Ca-free, Mg-free PRS.
Alternatively, the undesizable components of the agheresis sample may be removed und
the cells directly resuspended in culture media.

In another cmbediment, T-cells are isolated from peripheral blood
Iymphocytes by lysing the red bleod cells and depleting the mnnﬁcytes, for exumple, by
cenirifugation through & PFERCOLL™ gyadient. A specific subpopulation of T-colls,
such as CD2E, CD4*, CDE”, CD4SRAY, and CD45R0 " T-cells, can be further isolated

by posiiive or negalive selection fechniques. Tor example, envichment of 2 T-cell

population by negative selection can he accomplished with a combination of antibodics

dirceted to surface markers unigue o the negatively selected cells. A preferred method
is «ell sorfing and/or selection via negative magnetic inmmuneadherence or flow
cytometry that uses a cocktall of menoclonal antibodies direeted to ecll surface markers
present on the cells negatively selected. For cxample, to enrich for CD4" ceils by
negative selection, a monotlonal antibody cockfail typically includes antibodies to
CD14, CD20, €D11b, CD16, HLA-DR, and CDE. '

With respect to menocyte deplelion noted above, monocyte populations
(7.e., CD14" cells) may be depleted from blood preparations prior to ex vive expunsion
by & varicty of wmethodologies, including anti-CD}4 coated beads or columns, oo
utilization of the phagoeytotic activity of these cells to facilitate removal. Avcordingly,
in one embodiment, the invention uses paramagaetic particles of 4 size sufficient to be

engulfed by phagocytotic monocytes. In certain embodiments, the paramametic
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pariicles are commetcially available beads, tor example, those produced by Dynal AS
under the trade name Dynabeads™. Exemplary Dynabeads™ in this regacd are M-280,
M-450, und M-500. In une aspect, other non-specific cells are removed by coating the
paramagnetic particles with “imelevant™ proteins (e.g., serun proteing or artibodies).

trrelevant proteins and antibodies include those proteins and amibedies or fagments

thereof that do not specifically target the T-cclis to be cxpanded. In certain .

embodiments the irrelevant’ beads include beads ceatzd with sheep anti-mouse
antibodies, goar anti-mouse miibodies, and huwman serum albumin,

Tn brief such depletion of menocyies is performed by preincubating
ficolled whole blood or apheresed peripheral blood with 2 one or more varieties of
frrelevant or nog-antibedy coupled paramagnetic particles tapprox. 1 vial of beads or
4x10° beads 1o one batch of eells {typically from about 5x10° to about 2x10'% cells) for
about 30 minuics io 2 hours at 22 tn 37 degrees C, followed by magnetic removal of
cells which have attached to er engulfed the paramagnetic particles.  Such separation
can be performed nsing standard methods available in the art.  For sxample, any
magnetic separation methodelogy may be wsed jncluding a vadeiy of which are
commercially available, {c.g., DYNAL® Magnetic Particle Concentrator (DYNAL
MPC¥)).  Assurance of requisite depletion can be monitored by a variety of
methodologies known to those of ordipary skill in the art, including flow cylometric
unatysis of CTY14 positive cells, before and after said depletion.

Anothier method to prepare the T-cells for stimulation Is to {fresze the
cells afier the washing step, which does not requite the monocyte-removal step.
Wishing not to be bound by theory, the freeze and subsequent thaw step provides a
mere uriform product by removing gramlocytes and to some extent monocytes in. the
cell population, After the washing step that removes plasma and platelets, the eells may
be suspendcd 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 gerum albumin, or other suitable cell freezing
media, the cells then arz frozen to -80°C.at a rate of 1° per minute and stored in the

vapor phase of 4 liquid nitrogen storage tank.
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I'ie cell population may be stimulated as described hercip, such as by
conlact with an anti-CD3 anfibody or an anti-C[?2 antibody immobilized an 2 surface,
or by contact with a protein kinasc C activator {e.g., bryosiatin) in conjunction with a
caloium jonophers. For co-stimulation of an accessory molecule on the surface of the
T-cells, a ligand that binds the accessory molecule is used. For example, a population
of CD4" eells can be contacted with an anti-CD3 antibody and an anti-CD28 antibody,
under conditions appropriate for stimuiating proliferation of the T-ceils. Similarly, to
stimulate proliferation of CN$” T-cells, a0 anti-CDI anlibody and the monoclonal
antibody E852138 fATCC) can be used as can other methods commaonly known m the
art (Berg et al., Transplani Proc. 30(8):3975-3977, 1998; Haanen ef of, J. Exp. Med.
L9(9):1319-1328, 199%; Garland ef af., J. Immunol Meth, 227(1-2):.53-63, 1999).

The primary stiulatery signsl and the co-stivulatory signal for the T-
cell may be provided by different protocels. For example, the agents providing each
signal may be in solution or coupled W & surfuce.  When coupled to 2 surfuce. the
agents may be coupled o the same swiace (e, in “cis” formation) or to scparate
surfaces (e, in “trans” formation). Alternatively, one agent may be coupled to a
surface and the other agent in solution. In one embodiment, the agent providing the co-
stimutatory signal is beund to a cell surface and the agent providing the primary
activation signal is in solulion or coupled to a sufece. In a preferred embodiment, the
two agents are immobilized on beads, either on the same bead, (¢, “ois,” ot to separate
beads, ie., “trans.” By way of example, the agent providing the primary activation
signal is an anti-CD2 antibody and the agent providing the co-stimulatory signal is an
anti-CD28 antibody; und both agents are co-immobilized to the same bead in equivalent
malecular smounts. It one embodiment, 2 11 ratio of sach antibody bound to the
beads for CD4" T-cell expansion and T-cell growth is used. However, ratios of particles
to wells rom 1:500 to 500:1 and any integer valucs in betweon may be used to stimulate
T-cells or other target cells, As those of ordinary skill in the art can readily appreciate,
the ratic of particle to ceils may dependant on particle size relative to the target cell.
Far example, small sized beads could only bind a few cells, while larper beads could

bind many. o certain embodiments the Tatio of cells to particles ranges from 1:100 to
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100:1 und any integer values in-between and in further embodiments the ratio
comprises 1:9 1o 9:1 and uny integer values in between, can also be used to stimmtate T-
cells. The ratio of anti-CD3- and anti-CD2Z8-coupled beads to T-cells that result in T-
cell siimulation can vary as noted above, however certain preferrcd velues include at
least 1:4, 1:3, 1:2, 2:1, 3:1, 4:] to 6:1, with one preferred rulio being at least 2:1 beads
per T-cell.

Using certain methodologies it may be advantageous to maintain long-

tene stimulation of & population of T-cells following the initial activation and

stimulation, by scparating the T-cells fram the stinmlus after a period of about 12 1o -

about 14 days. The rate of T~cell proliferation is menitored periodically fe. g, daily) by,
for exarple, examining the size or measuring the volume of the T-oolls, such as with a
Coulter Cownter. in this regard, a resting T-cell has a mean diameter of about 6.8
microns, and upon initial activation and stimulation, in the prescnce of the stimulating
ligand, the T-cell mean digmeter will Increase to over 13 microns by day 4 and begin o
decrease by about day 6. When the mean T-cell diameter decreases to approximately §
mierans, the T-eells may be reactivated and re-stimulated to induss Further preliferation
of the T-cells. Alternatively, the rate of T-eell proliferation and time for T-coll re-
stimulation cun be monitored by assaying for the presence of cell swrface molecules,
such as B7-1, B7-2, which are induced on aclivated 'i-celis.

For inducing long-term stimulation of a population of CD4™ and/or CDE*
T-cells, it may be necessary fo reactivate and re-stimulate the T-colls with a stimulatory
agent such as an anti-CD3 antibody and an anti-CH28 antibody or moneclonal antibody
ES5.2D8 several times to produce a population of CIDA' ar CD8* cells increased in
number. from about 10 to about 1,000-fold the original T-cell population. Using the
present methodelogy, it is possible ta achisve T-cell numbers from abont 100 to about
180,000-fold.  Moreovet, as deseribed in EXAMPLE XM, T-ceils expanded by the
methad of the present invention seerete high levels of cytokines (e.g., [L-2, IFN-y, 11.-4,
GM-CBF and TINF-u} into the culture supernatants. For example, as eompared to
stimulation with {1L-2, CD4” T-cells expanded by use of anti-CD3 and anti-CD?28 co-
stimulation secrete high levels of GM-CSF and TNF-x inde the culture medivm. These
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cytokines can be purified from the enltare supernatants or the supernatants can be used
directly for maintaining cells in culture. Similarly, the T-cells expanded by the method
of the present invention together with the culture supernatant and cylokines can bhe
administered 10 support the growth of cells fr wvo.

In one embediment, T-cel] stimulation is performed with anti-CD3 and
anti-CD28 antibadics co-immobilized on beads (3x28 beads), for a peried ‘of time
sufficient for the cells to return w0 & quiescemt state (low or no proliferation)
{approximately 8-14 days after initial stimulation). The stimulation signat is then
removed from the cells and the cells are washed and infused back into the patient. The
cells ot the end of the stimulation phase are rendered “super-inducible” by the methods
of the present invention, as demumstrated by their ability to respond to antigens and the
ability of these cells to demonstrate a memdry-like phenotype, as is evidence by the
cxamples. Accordingly, upon re-stimulation eithor cxogenously or by an antigen in
vive afler infusion, the actvated T-cells demonstrate a robust response characterized by
unigue phenotypic properties, such as sustained CD154 expression, increased cytokine
production, ete.

in further embodiments of the present invention, the cells, such as T-
cells are corbined with agent-coated beads, the beads and the cells arc subscquently
separafed, and then the cells are cultured. In an alternative embodiment, prior to
culture, the agent-coated beads and eolls are not separated but are euftured together. In
a further embodiment, the beads and cells are first concenirated by application of -a
Torce, resulting in cell sucface moiety ligation, thereby inducing cell stimulation.

By way of example, when T-cclls are the target coll population, the cell
surface moieties may be ligated by allowing paramagnetic beads to which anti-CD3 and
anti-CD28 are attached {CD3xCD28 beads) to contact the T-cells prepared. In one
embodiment the cclls (for éxample, 10° to 10° per mL of T-cells) and beads (for
axample, 1.5 % 10° CD3xCD28 paramagmetic beads) are combined in a buffer,
preferably PBE (without divalent cations such as, caleium and magnesivm).  Again,
those of ordinaty skill in the art can teadily appreciate any cell concentration may be

used. For example, the tarpel cell may be very rare in the sample and comprise only
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0.01% of the sample or the enties sample (Fe. 100%) may comprisc the target cel) of
interest. Accordingly, any cell number is within the context of the present invention.
The buffer that the cells are suspended in may be any that is appropriate

for the particulur cell (ype. When utilizing cerain cell wypes the buffer may contain

other components, e.g. 1-3% serum, necessary o maintain cell inteprity during the.

process. [n another embodiment, the eclis and beads may be combined in coll culture,

media. The cells and beads may be mixed, for example, by rotation, agitaiion or any
means for mixing, for a peried of time ranging from ore minute to several hours. The
containger of beads and cells is then concentrated by a force, such as placing in &
magnetic field. Media and wnhound cells are removed and the ¢ells atiached-to the
beads are washed, [or example, by pumping via a peristalic pwnp, and then
rosuspended in media appropriate for cell culture.

In one embodiment of the present invention, the mixtire may bhe cultured
for several hours fabout 3 hours) to fowtcen days or any hourly infeger value in
between. In one embodiment of the inveniion the beads and the {-cells are cultured
together for about eight days. [n another embediment, the beads and T-cells are
cultured together for 2-3 days. Conditions appropriate for T-cell culnwe inctude an
appropriate media (e.g., Minimal Essential Media or RPMI Media 1640 or, X-vive 15,
(BioWhittaker)} that may confam factors necessary for proliferation and viability,
including serum {e.g., fetal bovinc or human serum) or interdeukin-2 (IL-2).
Antibiotics, ey, penicallic and streptomyein, are included only in experirecntal
cultures, not in cultures of cells that are to be infused into a subject. The target cells are
maintained under condilions necessary to suppoert growth, for example, an appropriate
teraperature (g.g., 37° C) and atmosphere (e.g., air plus 5% C0;).

When using a magnetic field as the coneentrating foree the magnetic
field strength applicd to the vells prior e celt culture may be between the range of 200
gauss to 12,000 gauss on the magnetic surface. The shape and size of the magnet may
be adapted to the size und shape of the mixing or cell culture vessels or to any other
parameter that facilitates or increases cell to cell contact and concentration of the cells.

The magnetic force niay be diffused by placing a materiul that acis as a buffer or spacer
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between the magoest and (he parsmagnetic beads contained within the mixture with
cells. A strong magoetic forse is generally considered to be at least 7500 ganss at the
surfuce. whereas a wepk magnetic force is considered to be in the range of 2000-2300
gauss at the surface, The approximate magretic force applied by ¢ magnet on a
paramagnelic bead depends upon the volume of the paramagnetic bead and the
magnetic ficld stength accarding to the following formula:
Lo = (v} (w} (B} (dB/idx)
Whete #iuqe equals the magnetic force, v equals the valume of the paracagnetic bead, v

equals the magpetic susceptibility of 2 paramagnetic bead (a value provided by the

manufacturer), # equals the magnetic ficld strength, and (@B equals the field -

strength gradient. One of skill in the art will appreciate that the factors on the tight-
hand side of the equation can be obtained or measured, allowing the magnetic force
applied to be caleutated.

LCells stimulated by the methods of the present invention are activated as
shown by the induction of signal transduction, expression cell surface markers and/or
praliferation. Gne such marker appropriate for T-cells is CD154 which {s an importani
immunomeddulating molecule, the expression of CD154 is extremely beneficial in
amplifying the immuie response. CD154 interacts with the CDA0 molecule expressed
on many B cells, dendritic cells, monocyles, and some endothelial cells. Accordingly,
this unexpected and sarprising increase in CD154 expression is likely to lead to more
efficacious T-cell compositions. Stimulation of CL3" cefls as deseribed herein provides
T-cefls that express u 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 3, Table 2 and Figure 4.) Expression of another cell surface marker, CD25,
also was greater on T-cells after copcentration and siimulation than on cells prier to
culturs or cells siimulated by other methods. {Sce Table 2.)

One of skill in the art will appreciate that any target cell that can be
stimulated by cell swfuce moisty ligation may be combined with the agent-coated
surfuce, such as beads. Further, the sagent-comed surfaces, such as, beads may be

separgied from the celis prior to cultwe, at any point during culiure, or et the
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termination of culnwe. In addition, the agent-coated surfaces lipated to the target cells
may he separated from the nen-binding cells prier to eulture or the other colls may
remain in culture as well. Tnone embodiment, prior to culiure, the agent-coated beads
anil tagget cells are pot separated but are cultured together. Tn a further embodiment,
the beads and target cells are first concentrated by application of a force, resulting in
cell surfoce motety ligation, thereby inducing stimulation and subsequent activation.

Also coplemplated by this invention, ate other mneans to increase the
concentration of the target cells, for example, a T-cell fraction beund to a surface coated
with primary and secondary stimulatory molecules. In addition to applicaton:of a
magneitc force, other forces greater than gravitational force may he applied, for
example, but net limited to, centrifugal force, transmembrane pressure, and.a hydraulic
force. Concentration may also be accomplished by fltration.

One of skill in the art will readily appreciate that contact between the
agent-coated beads and the cells to be stimulated can be increased by concentration
using other forces. Accordingly, any means for concentrating cclls with cell surface
moiety hinding lHpands will be sufficient as long 45 the concentration brings together
cells and agents in a manoer that exceeds gravity or diffusion.

It should be undersiood that in various embodiments the agent-coated
surfave may be a particle, such as a bead which {s mixed with the cells and concentrated
in a smwall volume in a magpetic field, thus drawing all the particles and particle bound
cells into a defined und concentrated arca. In certan embodiments, the agent-coated
surface may be drawn together by force wilhin thirty seconds to four hours of being
exposed to the tarpet cells. In other embodiments the time may be fom 1 minute to 2
hewrs, or all intoger ranges in between. Application of a force to a ccll population with
receptor bearing cells that 3 mixed with a surface to which at least one cell surface
ligand is attachcd may induce cell receptor polarization, aggregating cell surface
molecates. This meaps for inducing cell surface polurivation may enhaice signaling
within the cell by aggregating cell surface molecules that comprize lipid rafts. Such

appregation can induce a signal pathway, which may lead o down-regulation or
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suppression of a ¢ellular event. Alternatively, the aggregation of cell swrface molecules
may lead to np-regulation or activatinn of z cellular event.
A cellular evont may include, for cxample, receptor-mediated signal

transduction that induces or suppresses a particular pathway, including an apopiotic

pathway, or induces phosphorylation of proteins, or stimulates or suppresses growth.

signals. In one embodiment, the cells may be lvmphocytes, particularly a T-cell, and
the vell surface lipand may be an enti-CD3 antibody atiached te 2 surface, for example,
a particle. The particle may be a paramagnetic bead and the force applied 2 magnetic
foree. Application of a magnstic force to 2 mixture of the lymphocytcs and anti-CD3-
coated surface of the paramagnetic bead may cause the CD3 rmeeptors of the T-cell to
polatize more guickly than would oceur in the absence of au external force.  This
method of stimulating the T-cell promotes more rapid activation of the T-cell immnune
response pathways and proliferation of cells.

In ancther embediment, the time of exposure to stimulatory agents such
ag anti-CD3/anti-CD28 (f.e., C3xCD28)conted beads may be modified or tailored to
obtain a desired T-ccll phenotype. (e may desive & greater poputation of helpor T-
cells (Th), typically CD4™ as opposed to CD$" cylotoxic or suppressar T-cells (T¢),
because an expansion of Ty cells could imprave or restore overall immune
responsiveness.  While many specific immune responses arc mediated by CDE™
anligen-specific T-ceils, which can diroctly lyse or kill farget cells, most immunc
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 CD4d-mediated
help if preferred, a method, such as that described herein, which preserves or enhances
the CD4:CDE ratio could be of signiffcant benefit, nereased nunbers of CD4* (-calls
can increase the amount of cell-expressed CD4OL introduced into patients, potentially
impreving tarpet cell visibilidy (improved APC function). Similar cffects can be seen
by increasing the number of infused cells expressing GM-CSFE, or IL-2, all of which are
expressed predominantly by CD4" T-cclls. Alternatively, ir situations where CD4-help
is needed less and increased mumbers of C1D8" T-cells are desirous, the XCELLERATE

approgches described berein can alse be utilized, by for example. pre-selecting for
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CDE" cells privr 1o soimulation nd/or culiure,  Such situations may exist where
increased levels of TFN-  or increased cytolysis of a farget cell is preferred.

To effectuate isolation of differcnt T-cell populations, exposure imes ta
the concenmation force may be varled or pulsed, For example when such force is a
magnet, exposwe o the magoet or the magnetic {leld strength may be vatied, andfor
expansion times may be varied 1o obtain the specific phenotvpe of nterest.  The
expression of a variety of phenotypic markers change over time; therefore, a particular

{ime point may be chosen to obtafn a specific population of T-ells. Accordingly,

depending ¢n the ¢ell type to be stimulated, the stimulatien and/or expansion time may

be four weeks or less, 2 weeks or Jess, 10 days or less, or 8§ days or less {four weeks or -

less includes all time ranges from 4 weeks down w1 day (24 howrs)). In some
cmbodiments, stimulation and expansion may be carried out for 6 days or less, 4.days
or less, 2 days or lesy, and in other cmbodiments for as little as 24 or less hours, and
preferably 4-6 hows or less (these ranges include any integer vatues in between). When
stimulation of T-cells js varried vut for shorter periods of time, the population of T-cells
may not inerease in number as dramatically, but the population will provide move

robust and healthy activated T-cells that can continue to proliferate i vive and more

closely resemble the natwral effector T-cell pool. As the availability of T-cell help is -

ofien the lmiting factor in antibody respomses to protein anfigens, the ability to
sclectively cxpand or selectively infuse a CD4' rich population of T-cells into a subject
is extremely beneficial. Furtber benefits of such cnriched populations are readily
apparent in that activated helper T-cells that recopnize antigens presenied by B
lymphocytes deliver two types of stimuli, physical contact and cytokine production, that
result in the proliferation and differentiation of B cells.

T-celis that have been exposed to varied stinvlation times mey ¢xhibit
different characteristics. For example, typical bleod or apheresed peripheral blood
monopucleay cell products have a helper T-cell population{Tw, CD47) that s preater
than the cytotoxic or suppressor T-cell population (Te, CD8). Fx wvo expansion of T-
cells by stimulating CD3 and CD28 receptors produces a population of 1-cells that

prior to ahout days 8-§ consists predominately of Ty cells, while afler about days 8-9,
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the populadon of T-cells comprises an increasingly g'reatcr population of Ty cells,
Aceordingly, depending on the purpose of ireatment, infusing a subject with a T-cell
population comprising predominately of Tw cells may be advantageous. Similarly, if an
antigep-specific subset of 1¢ cells has been isolated it may be beneficial to expand this
subset 1o a greater degree. )

Further, in addition to CD4 end CD§ markes, other phenotypic markers
vary significantly, but in large par, reprodueibly during the course of the cell expansion
process.  Thus, such reproducihility cnables the ability to tailor an activated T-cell
product for specific purposes.

In one such example, among the important phenotypic markers that
repreducibiy vary with time are the high affinity 1L-2 receptor (CL325), CLMO Hpand

* (CD154), and CD45RO {a molecule (hat by preferential association with the TCR may
increase the sensitvity of the TCR to antigon binding). As one of ordinary skill in the
art readily eppreciates, such miolecules ace important for a variety of reasons. For
example, CD25 conslitules an impertant part of the auiocrine loop that allows rapid 1-
cell division. C¥3154 has been shown to play a key role in stimulsting matwration of the
antigen-presenting dendritic cells; aclivating B-cells for mtiBndy production; regulating
Ty cell protiferation; enhancing Te cell differentiation; regulating cytokine secretion of
both Ty ccils and antigen-presenting cells; and stimulating expression of co-stimulatory .
ligands, ineluding CDE0, CD86, and CD154.

Cytoline production peaks in the first few days of the ex vive oxpansion
process. Aceordingly, because cytokines are known to be important for mediating T-
cell activation and function as well as immune response modulation, such cytokines are
likely critical in the development of a therapeutic T-ell product, that s able to undergo
reactivation upon cotact witl an additional antigen challenge. Cytokines important in
this regard, include, but arc not limited to, [L-2, IL-4, TNF-, and IFN-. Thus, by
obtaining a population of T-cells during the first few days of expansion and infusing
these cells into a subject, a therapeutic benefit may oceur in which additional activation

and expansion of T-cells ir vive occuars.
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In wddition to the cylokines and the markers discussed previously,
cxpression. of adhesion melecules known to be impartant for mediation of T-ceil
activation and immune response medulation also change dramatically but reproducibly

over the course of the ex vive expansion process. For example, CDE2L is important for

boming of T-cells to lymphoid tissues and trafficking T-cells 1o sites of Inflammation.

Under certain circumstances of disease and injury, the presence of activated 1-cells at
these sites may. be digadvantageous, Because downregulation of CDE21, oceurs early
following activation, the T-cells could be expanded lor shorter perieds of time.
Comnversely, longer periods of time in culture would geoerate a T-cell population with
higher levels of CD62L and thus 2 higher ability 1o target the activated T-cells to these
sites vader other preferred conditions.  Another example of a polypeplide whose
cxpression varics over time is CD4%d, an adhesion molecule that is invalved jn
frafficking Jymphocytles from bleod (o tissues spaces at sites of inflammation. Binding
af the C1349d ligand t¢ CI2454 also allows the T-cell to receive co-stimulatory signalg
for activation and proliferation through binding by VCAM-1 or fibronectin ligands.
The expression of the adhesion moeiecule D34, involved in T-cell-APC and T-cell-T-
cell interactions as well as boming to sites of influnmation, alse changes over the
course of expunsion. Accordingty, T-cells could be stimulaled for selected periods of
time that coincide with the marker profile of interest and sebsequently collected and
infused. Thus, T-cell papulations could be tailored 1o cxprcs.s the markers belicved to

provide the most therapewtic bepefit for the indication o be treated,

In the varicas ecmbodiments, onc of erdinary skill in the arf understands

removal of the stimulation signal from the ¢alls is dependent vpon the type of surfice

used. For example, if paramagnetic beads are used, then magnetic separation is the .

feasible option. Separation techniques are described in detull by paramagnetic bead
manufachurers’ insiructions (for example, DYNAL Inc., Qslo, Norway), Furthermore,
filiration may be used if the surface iz a bead large enough to be separated from the
cells. In addition, a variety of transfusion filters ars commercially available, ncluding
20 micron and 80 micron transfusion filters {Baxter). Accordingly, so long as the beads

are larper than the mesh size of the filter, such filivation is highly efficient. In a related
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cmbodiment, the beads may puss (hrough the filter, but cells may remain, thus allowing
separation.

Although the antibodies used in the methods described herein can be
readily obtained fion. public sources, such as the ATCC, antibodies to T-cell accessory
molecules and the CD3 - complks ¢an be produced by stondard  lechniques.
Methodelogies for penerating antibodics for use in the methods of the invention are

well-known in the art and are discussed in further detail herein,

C. LH3AND [MMOBILIZATION ON A SURFACE

As indicated above, the methoeds of the present invention preferably use . .

tigands bound to a sutface. The suface may be any surface capable of having a ligand
bound therete or integrated into and that is biocompatible, that is, substantially noen-
toxic to the target cells to be stimulated. The biocompatible surface may be
biodegradable or non-biodegradable. The surface may be patural or synthetie, and a
synthetic surface may be a polymer. The surface may comprise collagen, purilied
proteins, purified peptides, polysacchaides, glycosaminoglycans, or extraceliular
matrix compositions. A polysaccharide may include for cxample, cellulose, agarose,
dextrant, chitosan, hyaluronic acid, or glginate. Other polymers may include pelyesters,
polyethers, polyanhydrides, polyalkylcyanoacryllates, polyazerylamides,
polyorthoasters,  polyphosphazenes,  polyvinylacetates, block  copalymers,
polypropylens, polvietrafluorethylene (PTFE), or polyurethanes. The polymer may be
laciic acid or a copolymer. A copolymer may comprise lactic acid and glycolic acid
(PLGA). Non-biodegradable  surfaces may include polymers, such as
poly{dlimethylsifoxane) and poly(ethylene-vinyl acetatc). Biocompatible surfacos
include for example, glass {e.g., bloglass), collagen, metal, hydroxyapatite, aluminate,
biocernmic materials, hyaluronic scid polymers, aiginate, acrylic aster palymers, lactic
acid polymer, glycolic acid polymer, laclic acidigiycolic acid polymer, purified
proteins, purified peptides, or cxtracellular metrix eompositions. Other polymers
comprising a surface may include glass, silica, silicon, hydroxyapatite, bydrogels,

collagen, acrolein, polyacrylamide, polvpropylene, polystyrche, nylon, or any number

JP 2004-500095 A 2004.1.8
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of plastics or synihelic organic polymers, or ihe like. The surface mey comprisc a
biological struuture, such a5 a liposeme. The surface may be in the form of a lipid, a
plate, bag, petlet, fiber, mesh, or particle. A particle may include, a colloidal particle, a
miciosphere, nanoparticle, a bead, or the Bke.  In the variows embodiments,
commercially available surfaces, such as beads or other paxiicles, wre useful (e.g,
Miltenyi Particles, Miltenyi Biotee, Germany; Sephargse beads, Pharmacia Fine
Chepicals, Swedan, DYNABEADS™, Dynal Inc, New York; PURABEADS™,

Prometic Diosciences).

When beads are used, the béad may be of any size that effeciuates target -

cell stimulation. In one embodiment, beads are preferably from about 5 nanometers ta
about 500 um in size. Accordingly, the choice of bead size depends on the particufar
use the bead will serve. For example, if the bead is used for monocyte depletion, u
small size is chosen to facilitatc monocyte ingestion (¢.g, 2.8 pm and 4.5 pm in
diameter or any size that may be enguifed, such numomeler sizes); however, when
sepatation of beads by filhation is desired, bead sizes of no ].::ss than S0 pm are
typically wsed.  Furthex, whon using paramagnetic beads, the beads (ypically range in
size from about 2.8 pm to abeout 500 pm and more preferably from about 2.8 pm to
about 50 um. Lastly, one may choose to use super-parsmagnetic nanoparticles which
can be as small as about 10 om. Aecordingly, as is readily apparent from the discussion
above, virtually any particle size may be utilized.

An agent may be attached or coupled to, or integrated into a surthos by‘a
variety of wmethods known and svailable in the art. The agent may be a natural ligand, a
protein ligand, or a synthetic ligand. The attachment may be covalent or noncavalent,
clectrostatic, or hydrophobic and may be accomplished by a variety of attachment
roeans, including for example, chemical, mechanical, enzymatic, or other means
whereby a ligand is capable of stimulating the cells. For example, the antibody to a
ligand firat may be attached to a surface, or avidin or streptavidin may be attached to
the surfave for binding v a4 bietinylated ligand. The antibody to the ligand may be
attached to the surface via an anti-idiotype antibody. Another sxample includes using

prutein A or protein G, or other non-specific antibody binding molecules, attached ty
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surfaces to bind an antibody. Alernaiively, the ligand may be attached to the surface
by chemical means, such us cross-linking to the surface, using commetcially available
crass-linking reagents (Pierce, Rockford, IL) ur other means. In certain embodiments,
the ligands are covalently bound to the surface.  Further, in one embodiment,

commercially available tosyl-activated DYNMABEADS™ or DYNABEADS™ with

epoxy-surface reactive wgroups are incubated with the polypeptide ligand of interest -

according te the manufacturer’s instructions, Difefly, such conditions (ypically involve
incubation in & phosphute buffer from pH 4 to pH 9.5 2t tomperatures ranging from 4 to
37 degrees C.

In one aspect, the agent, such as certain Jigands may be of singular origin

or multiple origins and may be antibodics o fragments thereof while in another aspect,
when ntilizing T-vells, the co-stimulatory Hgand is a B7 molecule (e.z, B7-1, B7-2).
‘These bigands are coupled to the surface by any of the different attachment meuns
discussed above. The B7 moletvle to be coupled to the surface may be isofated from a
cell expressing the co-stimulatory molecule, or obtained using standard recombipant
DNA technalogy and expression systems that allow for production and isolation of the
co-stimulatory molecule(s) as described hercin. Fragmenls, mutants, or variants of a 137
molecule that retain the capability to trigger 2 co-stimulatory signal in T-cells when
coupled to the surface of a cell can also be used. Furthermore, one of ordinary skill in
the arl will recogmize thal any ligand useful in the activation and induction of
proliferation of 5 subset of T-cells may alsa be immobilized on beads or culture vessel
suxfaces or any sweface. In addition, while covalent binding of the ligand to the surface
is one prefered methodolopy, adsorption or ¢apture by a secondary monocloual
anttbody may also be used. The amount of & particular ligand attached to a surface may
be readily deteomined by flow eytometry (FACS) analysis if the surface is that of beads
ot determined by enzyme-linked immunosorhant assay (ELISA) if the surface 1s 2 tissue
culnure dish, mesh, fibers, bags, for example.

T 2 particular embodintent, the stimulatory form of a B7 molecule or an
anii-CD28 antibody or fragment thereof is attached to the same solid phase surfuce as

the agent that stimulates the TCR/CD3 complex, such as an anti-CD3 antibody. Tn
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addition to anti-CD3 antibodies, other antibodies that bind t¢ receptors that mimic
antigen signals may be used. For example. the beads or other surfaces may be couted
with combinations of anti-CI>2 antibudies and 2 B7 molecule and in parficular anti-CD3
antibydies and ant-CD28 ntibodies.

. AGENTS

Agents contemplated by the present invention include protein ligands,
natural ligands, and synthetic ligands. Agents that can hind to cell.surface maietics, and
under certain conditions, cause ligation and aggrepulion that leads to sipoalling include;

but are not himited to, lectins (for example, PHA, lentil lectins, concanavalin A),

" antibodies, antibody fragments, peptides, polypeptides, glycopeplides, revepiors, B cell

reeeptor and T-cell receptor ligands, -extracellular matrix components, steroids,
honnunes (for example, growth hormone. corticosteroids, prostaglanding, lelr-iodo
thyroning), bacterial moietles (such as lipopolysaccharides), mitogens, anfigens,
superantigens and their derivatives, growth factors, eytokine, wviral proteins (for
example, HIV gp-120), adhesion molecules (wch as, L-selectin, LEA-3, CD54, LFA-
1), chemokines, and small molecules. The agenls may be fsolated from natural sourees
such as cells, blood products, and tissues, or isolated from cells propogated i virro, or
prepared recombinantly, or by other methods known to those with skill ino the art.

In one aspect of the present invention, when it is desirous 0 stimulate T-
cells, useful agents include lipands that are capable of binding the CDITCR complex,
CD2, and/or CD28 and mitiating activation or profiferation, respectively. Accordingly,
the term ligand includes those proteins that arc the “natural” ligad for the cell surface
protein, such as a BY molecule for CD238, as well as artificial ligands such as antibodies
directed to the cell swrface protein.  Such antibodies and fragments thereod may be
produced in accordance with conventional techniques, such as hybridema methods and
recombinant NA and protein expression technigues. Useful antibodies and [ragments
may be derived from amy species, including humans, or may be formed as chimeric

proteins, which employ sequences from more than bne spevies.
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Methods well known in the art may be used to gencrate antibodies,
polyclonal antisera, or monoclonal antibodies that are specific for a lipand. Antibodies
also may be produced as genetically engincered immunoglobulins (1g) or Ig fragments
designed 10 have desirable propertes. For example, by way of illustration and not
limitation, antibodies may include a recombigant JgG that is a chimeric fusion protein
having at least one veriable (V) reglon domtain from a first mammalian species and ai.
least one constant region domain from a second distinet mammalian speciss. Most
commonly, a chimeric antibody has muripe variable region sequences and human
constant region sequences. Such a murine/human chimeric immunoglobulin may he
“humanized” by grafting the complementarity deteninining repions {CDRs), which
confer binding specificity for an amigen, derived from a muring antibody ivto human-
derived V region framework. regions and human-derived constant regions. Fragments
of these molecules may be gonerated by protcolytic digestion, or opticnally, by
protealytic digestion fc]l_owed by maild reduetion of disulfide bends and alkylation, or
by recombinant genetic enginsering technigues.

Antihodies are defined fo be “immunospecifie” if they specifically bind
the ligand with an aifinity constant, Kp, of greater than or equal to about 104 M-L,
preferably of greater than or equal to about 105 M-1, move preferably of ereater than or
equal to abeut 105 M, and still more preferably of greater then or equal to about 107
M-t Affinitics of hinding pariners or antibodies can be readily detepmined vsing
conveniional techr;iqucs. for example, those described by Scatchard er al. {dna. NY.
Acad. Sei. US4 51:660, 1949) or by surface plasmon resonance (BlAcore, Biosensor,
Piscataway, NI) See, e.g., WollT ef of., Cancer Res., 33:2560-2565, 1993).

Antibodies may gencrally be prepaced by any of a variely of techniques -

known to those having ordinary skill in the art (See, e.g., Harlow et al., Antibadies; A
Laboratory Mormal, 1988, Cold Spring Harbor Laboratory). In one such technique, an
apimal is immunized with the ligand as antipgen to penerate polyclonal amtisera
Suitable animals include rabhits, sheep, goats, pigy, cattle, and may include smaller

mammalian species, sueh as, mice, rats, and hamsters.
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An immumeges may be comprised of cells expressing the ligand,
purified or partially purified gand polypeptides or variants or tragments thercof, or
ligand peptides. Ligand peptides ruay be genersted by proteolytic cleavage or inay be
chemically synthesized. Peptides for immmunization may be scleeted by analyzing the
primary, secondary, or tertiary stouctwe of the ligand acconding to metlhods koow to
those skilled in the art in order to determine amino acid sequences more likely o
generate an antigenic response in a host awimal (See, e.g, Novoiny, Mol Immeool.
28:.201-207, 1991; Berzoksky, Science 229:932-40, 1985).

Preparation of the immuovgen may include covaleni coupling of the
ligand polypeptide or variant or fragment thereoif, or peptide to another immunogenic

pratein, such as, keyhole limpet hemocyanin or bovire serum albumin, In addition; the

" peplide. polypeptide, or cells may be emulsified in an adjuvant (See Harlow e al,

Antibodies: 4 Laboratory Mawual, 1938 Cold Spring Harbor Laboratery). Tn general,
after the first wyection, anumals receive one or more boosler immunizations according
to a preferable schedule for the animal species. The immunc response may be
monitored by periedically bleeding the animal, separating the sera, and anulyzing the

sora in an immunoassay, such as an Ouchiertony assay, to assess the specific antibody

titer. Quee an antibody titer is established, the animels may be bled periedically to-

accumulaic the pelyclonal antisera. Polyclonal antibodies that bind specifically to the
ligand polypeptide or peptide may then be purified from such artisera, for example, by
affinity chromatography using protein A or using the ligand polypeptide or peptide
coupled to a suitable solid support.

Monoclopat antibodies that specifically ¥ind ligand polypeptides or
fragments or variants thereof may be prepared, for example, using the technique of
Kohler and Milstein (Nature, 256:495-497, 1975, Eur. .7 fmpmnal. 5:511-518, 1976)
and improvements thereto. [ybridemas, which are immortal cucaryotic cell lines, may
be generated that produce aniibadies having the desired specificity fo a the ligand
polypeptide or variant or fragiment thereof. An animal—for example, a rat, hamster, or
preferably mouse—is immunized with 1he ligand immunogen prepated as deseribed

above. Lymphoid cells, most commonly, spleen cells, obtained from & imnunized
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animal may be irnmortalized by fosion with a drug-sensitized myeloma ceil fusion
parener, preferably one that is syngeneic with the immunized animal. The spleen celis
aml myeloma cells may be combined for a few minuies with a membtane fusion-

promoting agent, such az polycthylene glycol nr a nonjonic detergent, and then pluted at

low depsity on a selective medium (hat supports the growth of hybridoms cells, but not |

myeloma cells. A preferred selection 'media is HAT (hypoxenthine, - aminopterin.
thymridine). After & sufficient thme, usually about 1 to 2 weeks, colonies of cells are
observed. Single colonies are isolated, and antibodies produced by the cells may be
tested for binding activity to the ligand 'polypeptidc or variant or fragment thereof.
Lybridomas producing antibedy with high atfinity and specificity for the ligand antigen
are preferced. Hybridomas that produce monoclonal anlibedies that specifieally bind to
- ligand polypepiide or variant or fragment thereof are contemplated by the present
invention.

Monoclonal antibodies may be isolated from the supermatents of
hybridoma cultures.  An alternative method for production of a murine monoclonal
antibody i to inject the hybridoma vells into the peritoneal cavity of a syngeneic
mouse,  The mouse produces ascites fluid containing the monoclonal antibody.
Contaminants may be removed from the antibody by conventional techniques, such as
chromatography, gel Hliration, precipitation, ur exiraction.

Human monoclonal antibodies may be generated by any number of
techriques.  Methods include bul are not limited to, Epstein Ba. Virus (EBV)
transformation of human peripheral bleod cells (see, 1. 8. Patent No. 4,464,456), in
vitre immunization of human B cells (see, e.g., Boerner of al., J. fmmunol. 147:86-95,
1991), fusion of spisen cells from immunized transgenic mice carrying human
imimmeglobulin genes and fusion of spleen cells from immunized fransgenic mice
carrying immunoglobulin genes inserted by yeast arfificial chromosome (YAC) (see,
e.g., U. 8. Patent No. 5,877,397; Bruggemann e/ of., Curr. Opin Biotechnol §:455-58,
1997; Jakabovits ef al, drn N. Y. Acad Sei. 764:525-35, 1923), or jsolation from

hman immunoglobulin V region phage libraries,
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Chimeric antibodics and Inunanized antibodies for use i the presant
imvention may be generated. A chimeric antibody has at least one constant yegion
dorain derived from a first mammalian species and at least one variable region domain
derived from a sepond distinet mammalion species (See, e.g., Mortigon ef af, Froc.
Natl. Adcad. Sei. USA, 81:6851-55, 1984). Most commonly, a chimeric antibody may be
constructed by cloning the polynucleoiide sequences that encode at least one variable
region domain derived {fom 2 non-human menoclenal antibody, such as the variable
region derived from 2 murine, rat or hamsier monoclonal antibody, into 4 vector
containing sequences thal encede al least oue humar consiani region. {See, e.g., Shin of
al., Methads Enzymol. 178:459-76, 198%; Wails et af., Nucleic Acids Res. 21:2921-29,
1993). The homean copstanl regior chosen may depend upon the cffector fanctions
desired for the particular antibody. Another method known in the ari for generating
chimeric anfibodies is homologous rccombination (ULS. Patent No. 5,482,836).
Preferabiy, the vectors will be transfected iInto eukaryotic cells for stable expression of
the chimeric antibody.

A non-humanfuman chimerie antibody may be further genctically
engineered o credle a “humanized” antibody. Such an awntibody has a plurality of
CDRs derived from an immunoglobulin of a non-human matmnalian species, at least
ane human vaciable framework region, and at leust one human numunepglobulin
constant region. Humanization may yield an antibody that has decreased binding
affinjty when compared with the nen-luunan monoclonal antibody or the chimeric
antibody. Those having skill in the art, therefore, use one or more sirategies to design
humsaized amibodies.

Within certain embodivents, the use of aotigen-binding fragments of
antibodies may be preferred. Such fragments include Fab fragments or F(ab');
fragments, whish ﬁxay be preparcd by proteolytic digestion with papain or pepsin,
regpectively.  The antigen binding fragrments may be separated from the Fo fragments
by affinity chromatogxaphy, for example, using immobilized protein A or inobilized
ligand polypeptide or 2 variant or a fragment thereof. An alternative method to

generate Fab fragments includes mild redustion of Flab’)y fragments followed by
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alkylation (See, e.g.. Weir, Mundbook of Fxperimental Imaumology, 1586, Blackwell
Scientific, Boston).

Mon-human, humean, or humanized heavy chain and light chain variable
1egions of any of the shive described [g molecules may be constructed as single chain
T (sFv) fragmenis (single chain anlibodics). See, e.z., Bird ef al., Science 242.:423-426,
1988; Huston ef al., Proc. Nail, Acad. Set US4 $5:5879-5883, 1988, Multi-functional
{usion proteins may be generated by Tinking polynucleotide sequences enceding an sEv
in-frame with polymucleatide sequences eoveding various effoeior proteins.  These
methods are known in the art, and are disclosed, for example, 1w EP-B1-0318554, 1):.S:
Patent No. 5,132,40%, U5 Patent No. 5,091,512, and 1.5, Patent Na. 5,476,786,

An additional methad for selecting antibodies that specifically bind to 2

ligaud polypeptide or variant or fragment thercof is by phage display (See, eg., Winler:

et al.. Amad. Rev. Immunnl. 12:433-35, 1994; Buclon et ol., Adv. Inmunol. 57:191-289,
1994 Tluman or onrine immuneglobulin variable region gene combinatorial hbrarics
may be created in phage veetors that can be scrvened (o select Ig [ragments {Fab, Fv,
sFv, or multimers therecl) that bind specifically to a ligand polypeptide or varisnt or
fragment thereof (See, e.g., U.5. Patent No. 5,223,409; Huse e/ ol., Science 246:1275-
81, 1989; Kang er al., Proc. Nafl. Acad Sci. US4 88:4363-66, 1991; Hoogenboom ot
al., J. Muolee. Biol 227:3§1-38R, 1992; Schlebusch ef al, Iybridomea 16:47-52, 1997

and references cited therein).

Cell Populations
As diseussed abeve, the present invention has broad applicability to any

cell type having a cell surface moiety that one is desitons of ligating. Tn this regard,

“many ecll signaling eveots can be enbanced by the methods of the present mvention,

Such methodologies can be used therapeutically in an ex vive selting t aciivatc and
stimulale cells for infusion into a patient or eould he used i vive, to induce cell
signaling ¢vents on a targei cell population. However, as zlso noted above, the
protolypic example provided herein jg directed 1o T-cells, but is in no way limited

therate.
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With respect to T-cells, the T-cell populations resulting trom the various
expunsion methodologies described herein may have a variety of specific phenotypic
properties, depending on the conditions emplayed. Such phenotypic properties include
eohanced expression of (D25, CD154, IFN- and GM-CSY, as well as aliered
expression of CD137, CD134, CD62L, and CD4%0 The ability to differentially control
the expression of these moieties may be very imporfant. For example, higher tevels of
surface expression of CD154 on “tailored T-cells,” through contact with CB40
molocules expressed on antigen-presenting, cells {such as dendritic cells, monocytes,
and even-leukemic B cells or lymphemas), will enhance antigen presentation and
immune fonction. Such strategies ace currently being employed by various companies
to ligale CD40 via antibodies or recombinant CD40L. The approach deseribed herein
permits this same signal ta be delivered in a more physiclogical manper, e.g., by (he T-
well.  The ability in increase TPN-  sccretion by tailoring the T-cell activation
{(XCFELLERATE} process could help promole the gencration of THI-ype immunc
responses, imporiant for anti-tomor and anti-viral responses. Like CT54, increased
expression of GM-CEF can serve to enhapce APC funclion, particularly through its
effect on promofing the matwation of APC pregenitors into more functionally
competent APC, such as dendritic cells. Allediog the expression of CDI37 and CD134
cay effec a T-cell’s ability to gesist or be suscepiible to upoptotic signals. Controlling
the expression of adbesion/horging receptors, such as CD62L andor CD49d muy
determine the ability of infused T-cells to home to lymphoid organs, sites of infection,
ar tumer sites.

An additional aspect of the present iovention provides a T-cell
population or composition tlmi bas been depleted of CDS* or CD4™ cellz prior to
expansion. In one embodiment, CD8* cells are depleted by antibodies dirccted to the
CDg" macker. One of ordivary skill in the art would readily be able to identify a variety
of particular methodologies far depleting a sample of CD8” or CD4™ cells or converscly
etriching the C124” or CI8” cll content. With respeet 1o cariching for CD4* cells, one
aspect of the present invention is focused on the identification of an extremely robust

D154 expression profile upon stimulation of Twell populations whersin Te (CDET)
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cells have been  deploted. As indicated abave, D154 iz an  inporiant
immunamodulating molecule whose éxpression is extremely beneficial in ampiifying
the immune regponse. Accordingly an increase in CT2154 expression is likely to lead to
more efficacious T-cell compositions.

The phenotypic properties of T-cell populations of the present invention
can be monitored by a variety of methods including standard flow cytometiy methods
and ELISA metheds known by thoss skifled i the art.

Those of ordinary skili in the art will readily appreciate thal the cell

stimulation methodologics described herein may be camied out in a varlety of -

cnvironments (f.e., containers): For exaniple, such coptainers may be coliure Dasks,
culture bags, or any container capable of holding cclls, preforably in a sterile
environment. In one embodiment of the present invention a bioreactor is also useful.
For example, several manufacturers currently make devices that can be nsed to grow
cells and b used i eambination with the methods of the present invenlion, See for
example, Celdype Corp., Houston, TX; Unisyn Techmologies, Hoplkinton, MA:
Syathecon, Ine. Houston, TA] Aastrom Biosciences, Ine. Ann Arbor, MI; Wave Biotech
LLC, Bedminster, NJ. Further, patents covering such bioreactors include 1.8, Patent
Nos: 6,096,532: 5,985,653; 5,888,807, 5,190,878, which are ncorporated herein by

teference.

Methods of Use

In addition to the methods described above, cells stimulated andfor
activated by the methods herein deseribed may be utilized in a variety of coutexts.
With respect to the prototypie example of T-ells, the herein described methedologics
can be used to selectively expand a pepulation of CDZR:", CD4*: CD8+, CD45RAY, or
CD45R0" T-cells for uwse in the treatment of infoctious discases, cancer, and
rmunetherapy.  As 2 result, a phepotypicaily unigue population of T-cells, which is
polyclonal with respect to antigen reactivity, but essentially homogeneous with respect
to either CD4” or CP8” can be produced. In addition, the method allows for the

expansion of a population of T-vells in numbers sulficiend fo revonstilute an
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individual’s total CD4" or CD8* T-csl} population {the population of Iymphocytes i an
individual is approximately 10'".  The resulting T-cell population can alse be
genetically transduced and unsed for immunotherapy or can be used in methods of in
vitro analyses of infectious agents.  For example, a population of tunor-infiltrating
lynephocytes can be obtained from an individual afflicled with cancer and the T-cells
stimulated 1o proliferate te sufficient numbers. The resulting T-cell populaiion can he
genetically transduced to express tumor necrosis factor (INE) or other proteins and
given to the individusl.

Cne particular vse for the QD4 T-cells populations of the invention is
the treatment of HIV infection in an individual, Prolopged infection with Hiv
eventually tesults in a matked decline in the number of CD4" T lymphocytes. This
decline, in turn, causcs a profound state of mmunodeficiency, rendering the patient
susceptible i an array of life threatening opportunistic infections. Replenishing the
number of CD4" T-cells to normal levels may be expected 1o resiore immune function
to a significant degree.  Thus, the method described herein provides a means for
seleclively expanding CD4" T-cells to sutficient numbers to reeonstitute this population
in an HIV infected patient. It may also be necessary to aveid infecting the T-cells
during long-leom stimulation or it may desirable to render the T-cells permanently
resistant to HEV infection. There are a number of lechnigues by which T-cells may be
rendered either resistant (o HIV infection or incapable of producing viras prior to
restoring the T-cells to the infected individoal. For example, one or more anti-reiroviral
agents can he cultured with CD4" F-cells prior to expansion to ishibit HIY replivation
oe viral praduction fe.g., drugs that target reverse transcriptase and/ar «ather components
of the viral machinery, see ¢ g, Chow of al. Nuture 361:650-653, 1993},

Several methods can be vsed to genetically transduce T-cells to produce
molecules which inhibit BIV infoction or replication. For example, in various
emhodiments, T-cells coan be genctically transduced to produce bramsdominant
iuhibitors, “molecular decoys”, antisense moleeules, or toxins. Sueh methodologies

are degeribed in further detall in U.S. Patent Application Mos. 05:233,751, U8/253,964.
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and PCT Publication No. WO 93/33823, which ave incorporated herein by reference in
their entirety. )

The methods for stirwlating and expanding a population of antigen
specific T-cells are useful in therapeutic situadens where it is desirable to up-regulate
an imoume response {e.g, induce a response or gnbance an existing response) upon

administration of the T—celis te a subject.  For example, the method can be used to

enhance a T-cell tesponse against tumor-associated antigens. LTumor ceils from a

subject typically express tumor-assectated antigens bat may be unable to stimulate 2 co-

stinulatory signal in T-cells (e.g., bocause they lacks expression of co-stimulatory,

molecuies). Thus, tumor cells can be contacted with Tcells from the subject in vitro

and antigen specitic T-cells expanded according to the method of the invention and the -

T-cells retarned to the subject.

Accordingly, in onc cmbodiment malignancies such as non-Hodgkins
Lymphema (WHL) and Bcell chronic lymphocytic leukemia (B-CLL} ¢an be treated.
While initial studies using expanded 1-celis have been tested in NHL, {(see Liebowitz oz
ol., Ciirr. Opin. One. 10:533-541, 1998), the T-cell populations of the present invention
offer uniqus phenotypic characteristics that can dramatically enhance the suecess of
imonotherapy by providing increased engraftrent (likely suppiied by stimulation of
the CD28 signal) and resctivity. However, patients with B-CLL present special
difficulties, including low felative T-cell munbers with high leukemic el burden in the

peripheral blood, accompanied by a gencral T-cell immunosupprossion. The T-cell.

populations of the present invention can provide dramatically improved efficacy in -

treating this disease and especially when comnbined with stem coli (CD34%)
transplantation therapy, Accordingly, increasing T-cell function and anti-CLL T-cell
activity with anti-CD3 x anti-CD28 co-immobilized beads would be benefieial

For cxample, given that deficient expression of CD154, the ligand for
CD40, on T-cells of B-CLI, patients has been cited as 2 major immunslogical 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 reatment.
Irrvestigators roport that in CLIL the capability of a patient’s T-cells’ to express CDIs4

JP 2004-500095 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

(127)

WO OEIRSS PCTATSNI06139

i5 defective as well os the capability of the leukemic B-cells to express CDS0 and
CD8€. The failure of leukemic B-cells in CLL to adequately express the Hgands for
CD28, could result in failure to fully activate tumor-responsive T-cells and, -therefore,
may tepresent the moechanism undexlying the T-cells’ apparent stete of tolerance,
Studjes in which CD40 is cngaged en CLI. B cclls, elther via soluble anti-CD4y
antibodies or via CDI54-transduced leukemic B-cells, appears 1o cotrect the defect in
CD8& and CDIA expression and upregulates MHC surface expression. Kato et al, J
Clin. favest. [01:1133-1141, 1998; Rapheim and Kipps, J. Exp. Aed. J77.923-533,

1993, - Cells treated in this way were able to stimudate specific T-cell anti-tumor -

responses.

With the enhanced expression of D154 on the surface of the. T-vell
population of the present invention such T-cells would be cxpected to fnicract with
autelogous B-CLL cells, and would thus increase that fumor’'s immunogendcity by
driving up expression of MHC, CD80, and CD86. This, in turn, should (ead to 2 strong
anti-tumor response.  Futher, one of ordinary skill jn the art would readily wmderstand
that treatment of a patient with éx vive expanded T-celis of the present invention may
be combined with traditional cancer therapies such as chemotherapy. In ibis wegard, for
example, 2 paticnt may be treated with an agent such as fludarabine or campath,
followed by infusion with T-cell populations of the present nvention or both.

Alternatively, T-cells cen be stimulated and expanded us described
betein to induce or enhance responsiveness (o pathogenic agents, such as viruses (e.g.,
lmman immunodeficiency virus), bacteria, parasites and fimgi.

The invention further provides methods to selectively sxpand a specific
subpepulation of T-cells from a mixed population of T-cells. In particular, the
invention provides specifically enriched populations of T-cells that bave much higher
ratio of CD4™ and CDE* double positive T-cells.

"Another embodiment of the invention, provides a method for selectively
expanding a population of T celis from 2 population of CD4" [-eells. In this method,

CD4" ‘T-cells are eo-stimulated with an anti-CD28 antibody, such as.the monocional

JP 2004-500095 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

30

(128)

WO OEIRSS PCTATSNI06139

52

anlibody 9.3, inducing secrction of Tyy-specific cytokines, including IFN<y, resulting in
cirichment of Ty cells over Tys cells,

The observation hercin that phenotypic traits of activated Tecells vary
over time during the expansion process, combined with the fact that Tells have been
demonstrated to be activated within a few hours (lezzi er ol Immunity 8:89-95, 1998).
Accordingly, in combination with the methodolegies herein deseribed, this provides the
ability fo expand a tailor made subser of a T-cell popﬁlaﬁon in a short period of time.
In one cmbodiment, this technique can be utilized at the bedside of a subjecd, in an

vutpatieni modality, or at a subject's home, similar to the use of kidney dialysis.. For

example, a mothad or device wherein T-cells are incubated in contact with acijvation -

signals {e.g., amti-CD3 and acti-CD28 antibodies, and the like) and returned to the
paticnl immediately in a continuous flow or after a few hour expansion period. [n one
aspect, such techmigues- of expansion could usc iscletcd chambers with filter
componentis, such that 3%28 beads or similarly coated microparticles are mixed with =
continuous flow of blood/ concentrated cells. In ancther embodiment, solid surfaces
within an apparatus may be coated or conjugated direcily (fucluding covalently) or
mdirectly (e.g.. streptavidin/biotin and the like) to with antibodies or other components
to-stiviuiate T-cell activation and expansion. For example, a cantinuous fluid path from
the patient through a blood/eeli collection device undfor a dispusable device containing
two or more immobilized antibodies (e.g, amti-CD3 and anti-CD28} or other
components 1o stimulate receptors required for T-cell activation prior to cells returning
to the subject can be utilized {inunobilized on plastic swfaces oy upon separable
micreparticles).  Such a system could invelve a leukapheresis instrument with a
disposable set sterile docked to the existing manufacturers disposable set, or be an
adaptation to the manufacturer’s disposable set (¢.g., the surface platform on which the
antibodies/activation components are mmobilized/contained is within the bag/container
for eollection of peripheral tlood monemuclear cells during aphercsis).  Further, the
solid surface/surface platform may be a part of a remaval insert which is inserted into
one of the device chambers or physically present within one of the disposable

compencnts.  In another embodinent of the continuous fow aspect discussed sbove,
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the system may conmprise contacting the cells with the activating components at room
temperature or, at physiolopic lerperaturs ustng a chamber witlin a blood coliection
device or an incubation chamber set up in scries with the flow paih 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 wtibodies (e.g,
anti-CI¥3 and anti-CD28) or othier components to stimulate receptors required for T-cell
activation prior to the cclls being adwinistered to the subject (e.p., mmobilized 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
conneciions suitable for combing/docking with syringes and sterile docking devices.
This device will contain a solid surface for immobilizadon of T-eell activation
components (g.g., anti-CD3 snd apli-CD2R antibudics); these may be the surfaces of the
container itsell or an insert and will typicully be a flat surface, an etched flar surface, an
irregular surface, a porous pad, fibct, clinically acceptablefsale [erro-{luid, beads, etc.).
Additionally when using the siand-alone device, the subject can remain connected to
the device, or the device can be separable from the patient. Forter, the device muy be
utilized at room temperature or incubated at physinlogic temperature using a portable
incubator.

As devices and methods for colleeting and processing blood and blood
produets arc well known, one of skill in the art would readily recognize that given the
leachings provided herein, that 2 variety of devices that fulfil the needs set forth above
may he readily designed or existing devices modified. Accordingly, as such devices
and methods are not limited by the specific embodiments set forth herein, but would
include any device or methodology capable of mainteining sterility and which
maintains blood in a fluid form in which complement activation is reduced and wherein
components necessary for T-cell activation (e.g., anti-CD3 and anti-CD28 antibodies or
ligands thereto) may be immobiiized or separated from ihe blood or bload product prior
to adnrinisiration to the subject, Further, as those of ordinary skill in the art cen readily
appreciate a variety of blood products can be wilized in conjunction with the devices

and methods described herein, For example the methods and devices could be used to
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provide rapid activation of T-cefls from cryepreserved whole blood, peripheral blood
mononuclear cells, other cyropreserved blood-derived cells, or cryopreserved T-eell
lines upen thaw and prier ¢ subject adminsiwation. In auother cxample, the methads
and devices can be usad to boost the activity of a previously ex vivo expanded T-cell
preduct prior to administration to the subject, thus providine a highly activated T-cell
product. Lastly, as witk be readily appreciated the methods and deviees above may be
utilized for autologews or allopensic cell therapy simultaneously with the subject and
doneor.

The methods of the preseot invention may also be utilized with vaucines
to cnhance reactivity of the antigen and enhance in vive effect. Further, given that -
cells sxpanded by the preseat jnvention have a relatively long half-lifc in the bedy,
these cells could act as perfect vehicles for gene therapy, by canying a desired nucleic
acid sequence of interest and potentially homing to sites of cancer, discase, or infection.
Accordingly, the cells expanded by the present invention may be delivered to @ patient
in combination with z vaccine, one or more cyiokines, one or more therapeutic
antibodies, stc. Virually any therapy that would bencfii by a more tobust T-cell

population ks within the context of the methads of use described herein.

FHARMACEUTICAL COMPOSITIONS

Target ccHl populations, such as T-ccll populations of. the present
invention may be administered either alone, or as & pharmaceuntical composition in
combinatien with diluents and/or with other componens such as 11-2 or other eytokines
or cell pupulations. Briefly, pharmaceutical compositions of the present invention may
comprise a target cell population as described herein, in combinafion with one or more
pharmaceutically or physiologically acceptable carriers, diluents or excipients. Such
compositions may comprise buifers such as neotral huffered saline, phosphate buffered
saline and the like; carbohydrates such as glucase, mannose, sucrose or dextrans,
mannilel, proteins; pobypeptides or amino acids such as glycine; antioxidants; chelating

agents such as EDTA or plutathione; adjuvuots (z.g., aluminum hydroxide);, apd
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preservatives.  Compositions of the present invention are preferably formulated for

intravenous administration.

Pharmaceutical compositions of the present invention may be.

administered in u manner appropriate to the disease w be treatcd {or prevented). Ths
quantily and frequency of administration will be detcrniined by such facters as the
condition of the patient, end the type and severity of the patient’s diseasc, although

appropriate dosages may be determined by elinical trials.

All references roferred to within the text are hereby incorporated by
reference in their cntircty. Moreover, all numerical ranges utilized herein explicitly
include all integer vafues within the range and selection of specific munerical values

within the range is contcmplate;\'depending on the particnlar use.  Further, the

. following examples are offered by way of illustration, and not by way of limitation.

EXAMPLE I
T-CELL STIMULATION

In ceriuin experiments described herein, the process referred to as
KCELLERATE I"™ was utilized. Inbrief, in this process, the XCELLERATED T-cclls
arc manufactured from a peripheral blood mononuclear cell {PBMC) aphetesis product.
After collection from the patient at the clinical site, the PBMC apheresis are washed
and then incubated with “vncoated” DYNABEADS®E M-450 Epoxy T. During this
time phagocytic cells such as monecytes ingest (he beads. After the incubation, the
cells and beads are processed over a MaxSep Magpetic Separator in ovder ta remove the
beads and any menwcytic/phagoeytic cells that are attached to the beads. Following this
monacyle-deplation step, a volume containing a total of 3 x 10% CD3* T-cells is taken
and setup with 1.5 % 107 DYNABFADS® M-450 CD3/CD28 T to ipitiate the
KCELLERATE™ process {(approx. 3:1 beads to T-cells). The mixture of celly and

JP 2004-500095 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

20

25

30

(132)

WO OEIRSS PCTATSNI06139

36

DYNABEADS™ M-450 CD3/C128 1 arc then incubated at 37°C, 5% CO; for
approximately 8 days to generate NCELLERATED T-cells for a first infusion, - The
remaining monocyte-depleted PBMC are cryopreserved il a second or further cell
product expansion (approximately 21 days later) at whick time they are thawed, washed
and then a volume containing a wial of 5 x 10* CDF* T-cells is taken and set-up with
1.5 % 10° DYNABEADS® M-450 CD3/CD28 T to initiate the XCELLERATE Process
for a second infusion. During the incubation perfod of =8 days at 37°C, 5% CO., the

CB3" "F-cclls activate and expand. The anti-CD3 mAb (OKT3) is obtained from Ortho-

Biotech., (Earitan, NI) and the anti-CDZS mAb (9.3} is obtained from Bristol-Myers
Squibb, {Stamford, Conn.).

With & modified process referrad to as XCELLERATE ™ the process
described above was ubilized with some medifications in which no separate menocyte
depletinn step was ulilized and in certain processes the cells were frozen prior to initial
contact with heads and further conceniration and stinulation were performed. - (See

Figurcs 5A and 5B). In one version of thiy process T-cells were obtained from the

circulating blood of a donor or patient by apheresis. Componerss of an apheresis..

product typically include lymphocytes, monocytes, granulooyies, B cells, other
nuclesied culls {white blood cells}, red blood cells, and platelets. A typical apheresis

product coptains 1 — 2 %10' pucleated cells, The cells are washed with calciunr-free, -

magnesium-free phosphate buffered saline to remaove plasma proteins and plalelets. The
washing step was performed by centrifuging the cells and removing the supernatant fluid,
which is then replaced by PBS. The process was aceomplished using 4 semi-automated
“flow through” centrifuge (COBE 2991 System, Baxter). The cells are maintained in a
closed system as they are processed.

The cells may be further provessed by depleting the non-binding cells,
including monocytes, (enriched for aclivated cells) and then contiming wiith the
stimulation, Altematively, the washed cells can be frozen, storod, and processed later,
which is demonstrated bereln to increase robustness of proliferation as well as depleting
granuloeytes. In one example, to fieexe the cells, & 35 m! suspension ot cells is placed

ina 250 ml Cryocyte frcezing bay along with 33 m} of the freezing solution. The 35 ml
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cell suspension typically contains 3.5x10° (o 5.0x 1¢° cells in PBS. An equal volume of
freezing solution, (20% DMSO and 8% human serum albumin in PBS) is added. The
cells are at a final comentration of 50x10° cellsml, The Cryooyte bag may contain

volumes in the range of 30 — 70 ml. and the cell concentration can range from 10 4o

200x10° celis/ml. Onee the Cryoc.ylc bag is filled with cells and freezing solution, the:

bay is placed in a controlled rate freeer and the cells are frozen at 1°C/minute dovwn to -
8U°C. The frozen cells are then placed in a liquid pitrogen storage system until needed. -

The cells are removed from the Irquid nitrogen storage systent and are
thawed at 37 °C. To remave DMSO, the thawed cells are then washed with caleium-
free, nmgnesimn-fiee PBS on the COBE 2991 System. The wushed cells are then
passed through en 80 micron mesh filter.

The. thawed cells, approximately 0.5x10° CD3* cells, are placed in a
plastic 1L Lifecell bag that containg 100 ml of calefom-free, magoesium-free PBS. The
PBS coptains 1% - 5% human serum.  1.5x%10” CD3xC1Y28 beads (Iynabeads M-450)
are also placed in the bag with the cells (3:1 bYNABEADS M-430 CD3/CD28 T.CD3'
Tcells). The beads and cells ave mixed at soom temperature at 1 BPM (end-over-end
ratation) for about 30 minutes. The bag containing the beads and cells is placed on the
MaxSep Magnetic Separator {(Mexel] Therapeutics, Irvine, CAb. Between the bag and

the MaxScp, e plastic spacer (approximately 6 mun thick) is placed. (Te increase the

magnatic strength the spacer is removed.) The beads and any cells attuched to beads are

retained on the magnet while the PBS and upbound cells are pumped away.

The CD3xCD28 beads and concentrated cells bound to the beads are
rinsed with cell eulture media {1 liter containving X-Vive 15, BioWhttaker; with 50 mi
heat inactivated pooled human serum, 20 ml 1M Hepes, 10 ml 200 mi L-glutamine
with or without about 108,000 1.1]. IL-2) into a 3L Lifecell culture bag.  After
transforring the CD3xCD2R beads and positively selected cells inte the Lifecell bag,
cuiture media is added untl the bag contains 1000 ml. The bag containing the cells is
placed in an incubator (37°C and 3% C(,) and cells are allowed to expand.

Cells ave split 1 to 4 on each of days 3 and 5. T-cell sctivation and
proliferation was measured by barvesting cclls after 3 days and 8 days in culture
Activation of T-cells was assessed by measuring cel! size, the lovel of cell surface

moarker expression, particularly the expression of CL25 and CD154 on day 3 of culture.
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Omn day 8 cells are gllowed to flow under gravity (approx. 150 mlimin) aver the MaxSep
magpet & yemove the magnelic particles and the cells are washed and concentrated
using the COBE device noted above and resuspeuded in o bulanced electrolyte solution
suifable for intravenous administration, such as Plasma-Lyte A% (Baxter-Healihcare).
As deseribed within. the specification XCELLERATE I™ refers to
conditions similar to that above, except that stimulation and conveniration were not

performed and monocyte depletion was performed prior to stimulation,

Both XCELLERATE I™ und [I™ processes were performed and T-eeit

proliferation was measured after 8 days in culture. The yield of expanded T-cells was

grepter when CD3™ cells were coneentrated prior to cell culture, (See Table 13 In

addition, the cell papulation had greater than 90% CID37 colls.

Table 1. T-Cell Yield Expansion on at Day &

" Experiment | Mo CD3° Concentration | CD3" Concenteation
(KCELLERATEI™) | (XCELLERATE I
NDa074 33 % 10° 36 % 10°
NDa081 38%10° 42% 10°
NLa0s2 28 x 10° 38 10°
T Average BLix 10 393 3x 10°

Further experiments were performed in this regard and depict total

number of expunded cells as well as the fold expansion of nine batches of cells

stimulated without CD3” concentration and five batches of cells stiouiated with CD3*:

concentration. (See Figures 1 and 2).

Concentration of the cells by application of & magnetic force prior to
culture effectively increases the purity of the CD3¥ cells as well as increasing CD154
levels. (Table 2, Figures 3 and 4 dopict CD154 levels graphically). Furthermore,
comparison of T-cell prolifcration where populations of T-cells were exposed to magnets
of difforing strengths showed that exposure to a shonger magnet resulied in greater yield
of CD3™ cells. (Table 2.)

JP 2004-500095 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(135) JP 2004-500095 A 2004.1.8

W 01/62895 PCT/USHLAO6T3Y

59

Table 2. Comparison of T-Cell Proliferation and Cell Surface Markers after
Copcentrativn Using Weak and Sirong Magunets

Ixperlment Magnet | Day | CD3% Size CD25 | CDIS4 | CTo# |
(FSCY | (MTFTy | (MFLy | x 007
NDatR7 YT e
[ Fre-Selection [i] 7% 318 3 i 1 03
Posi-Selection | Weak 0 56% 0T
Pos(-Befection [ Srong | 0 | 61% 033
[ NoSelection | None 3 533 738 19
Post-Sclection | Weak E] 0% 570 846 41 )
Posi-Jelection | Strong 3 9% | 558 | 1006 45
[ Posi-Culiure | None !
Post-Culture ] Weak % 92% 412 110 K] 17.7
+ Strong £ 095% 413 89 7 37.8
|
NDa0%? R
Pre Selection | 0 A% 312 [ 4 0F
Posi-Sclection | Weak a 5% 030
Fost-Scicetion | Shong | 0 3% T |03
Post-Sclection | Weak | 3 | Bi% 589 [3:5] G7
Posi-Selection | Strong [ 3 ’3% 600 720 7 115
Post-Culture | Weak |, 8 9% 409 58 18 253
o |Swong | 8 | 87 | 371 | & | 13 a4zl
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Table 2. {continued)

Five additional experiments were performed comparing the provuss of
HXCELLERATE ™ to that of XCELLERATE II™. For ke cells activated and culture-
expanded according to the two processes, cell activation markers (cell size, CD25
expression, and €134 expression) oo days 3 and § of cullure ars shown below in

Table 3 und in Figures 6-7.

Hxperument Magnet | CD25 D25 CD154 Cx154 cD3
on Day 0 on Day 3 on on Cell #
Day0 | Day3 On
i Day §
(MED (MED (MF1) {MFL} x 107
Nlalg7
No Seleefion | Mone 3 T8 ] g 31
Selection | Weak [} 546 4 41 18
Selection Strong § 1906 4 45 B
NDad’9 ’
No Selection | None [ 309 4 12 - 26
™ Selection Weal 6 685 | T 3 67 23
[ Selection Siong [ 720 3 115 EV I

JP 2004-500095 A 2004.1.8
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Table 3: Cell Activation Markers on Day 3

[Experiment Cell Size | CD35(MFD) | CIX 54 (MFT)

! Number Process (F5C)
{Donor) Day | Dav | Day | Day | Day | Day
4] 3 0 3 0 3
| NDalo4 | XCELLERATED | 383|526 [ 7 623 3 50
(PCOT1)  ["RCELTERATE 3157|7530 | 7 750 3 162

NDalg7 | XCELRAE 043|578 | 5 | 287 | 4 | 23
¢ (pCo74y RCFITERATE 272 | 587 [ an 3 120

NDall0 | RCOLLERATET [ 262 [ 548 | 6 i57 4 55
(PCOT6)  [TRCTITRATE 3984 [ 615 3 580 3 197

RDall3 | RCECLbRATET | 271 [ 662 | 5| 726 | 4 =
(PCOGO) | ICRELIERATE (091 [ 660 | 6 | 741 Ry
"7,

I T 1

| NDalls | ®CELLERATET] 233 [ 560 | &
(P07} [TROELLERATE | 750 [ 382 | 6 48 [
Average | XCFLERTETT 267 | SRR | 6 167 3 7
£ §1d Dev £ | 250 21 | k221 | 21 | 217
15 f

"iﬁwﬁmm 283 | 595 . & 566 5 148
£33 470 21 | 21800 #1 | 217 |

" Allcuiturcs I Table 3 wer Tantimed with ells that were horcn/iioved.

5 The data in Table 3 and Figures 6-7 show that the XCELLERATE II™
process peneraied cells whose cell size and CD25 expression activation markers on day

3 were on average similar, but typically higher and continued to be higher following
stimulation. However, the CD154 astivation marker on day 3 for T-cells from the
XCELLERATE 1™ procesy was much greater than for those of T-cells from the

16 XCELLERATE 1™ process. Further, as demonstrated above, the XCOLLERATE IIt™
process generated (D25 and CD154 levels that were consistently higher por donor than

other metheds.
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The expression of CD154 on Day 3 of the XCELLERATE II™ process
is uetually much higher than for XCELLERATE [™, 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 predicted that this may wanslate into & otore

effective product when administered i vive.

CD3" Cell Purity, CD4 Cell/ZD3 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 XCELLERATE 11T+
process are shown below in Table 4 as measared by Flow Cyiometry or Trypan blue

staining.

JP 2004-500095 A 2004.1.8
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Table 4
NDa # Day ¢ CRF | Day 0t Cell Day ¢ Day 3CD3" | Day 3 Cell Day 3
Cell Pn}'ily Viahility CD4CDE LCell Purity Viability | CD4:CD§
T
%) (%) ratio” (%) (%) ratio
wE W a3 [X]] 79 82 13
XCLLLEHATE
I
5 [53 9% 3 91 95 24
XCELLERATE
o
[ [ 95 37 Il 7 .
XCELLERATE ¥ * 21
t
T 1ia T [ 737 EX) q7 78
XCELLERATE
17 5] 99 i3 85 8 I3
XCELLERATE
1
107 119 99 27 Tes 5 28
NCEULERATE
n N
110 I 53 kX FX ! 91 32 26
NCELLERATE ! ;
1 J H
- B3 99 35 a3 2 45
XCELLERATE
u |
L - B T T3 [ 3 7
XCELLERATE
i
- ] 72 % 227 % %4 2.8
ACELLERATE
F=TPurity of CDF" T-telis on day 0 affer menocyte-depletion ia the XCELLERATE | process

ar after magnetic eoncentration in the XCELLERATE 10 process
5 = rativof CD4’ : CDS' T-cells on day 0 after monocyte-depletion in the XCELLERATE I

procesy or alter magnetic voncentration in the XCELLERATE II process

EFFICIENCY OF CD37 T-CELL RNRICHMENT, MOROCYTE-DEFLETION

EXAMPLE I

AND GRANULOCYTE-DEPLETION

Tor this study, upon reccipt at the Xoyte Therapies Development

laboratory, the incoming PBMC apheresis product was washed, split and:

JP

2004-500095 A 2004.1.8
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1. Far the XCELLERALE T process, a monocyte—depletion step was
carried out and the CI 4" monoeyle-depleted PRMC were cryopreserved and stored in
the vapar phasc of a LN; freezor (as noted in Example T). On the day of set-up of the
KCELLERATE 1 process, the CD14% monocyte-depleted PBME wers thawed and the
XCELLERATE process initiated with DYNABEADS M-450 CD3/CD28 T as detailed
in Exarmple I.' The average cellular composition and the average efficieney of cn3t
I-cell enrichment, CI14" monocyte-depletion and pranulocyte-depletion for the N =5
donors in these Initial steps is shown in Table 5.1 and the deta for each individual donor
iz shown in Table 5.2.

2. For the XCELLERATE 1l process, the PRMC aphesresis product

cells erynpreserved and stored in the vapor phase of u LN, freezer. On the day of set-up -
of the XCELLERATR TI process, the cryopreserved PBMC apheresis product cells -

were thewed and the CD3" T-cells magnetically concentrated and the XCELLERATE I1
process initiated with DYNABEADS M-430 CG3/CD28 T as detailed in Example 1.
‘T'he average celbular composition and the average efficiency of CD3” T-cell enrichment,
CD14% monocyte-depletion and grannlocyte-depletion for the N =3 donors jn these
initial sleps #s shown in Table 5.1 and the data for each individual donor is shown in
Tahle 5.2,

As demonstrated in Tables 5.1 and 5.2, the combination of frevze/thawing
of the PRMC apheresis product followed by magnetic concentration of CD3* T-cells
direet from the thawed PBMC apheresis product in the XCELLERATE 1l process
configuration results in efficient elimination of CTH4" monccyies and granulocytes
(Table 5.1 and Table 5.2). The efficiency of the elimination of the CD14¥ monocytes and
the aranulogytes in the HCELLERATE T process is as good as that of the
¥CELLERATE I process with the benefit that it eliminates the need for a separate
depletion stop using the additional “mcoated” DYNABEADS M-450 T rcagent and
cansistently leads to a higher CD4/CDE ratio.

JP 2004-500095 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(141) JP 2004-500095 A 2004.1.8

WO OEIRSS PCTATSNI06139

65

Table 5.1: Average (N = 3) efficicncy of CD3* T-ccll enrichment, CD14" monocyte-
depletion and granulacyte-depletion in the Initial Steps of the SCELLERATE I
and the XCELLERATE IX Process Confignrations

i e + . e it a,
Cell Preparation Averspe + 8td. Dov Cellolar Compasition (_{nL'ﬁ ~
[mr ey CD14" | Granmlocytes CDHCDY*
Incoming PBMIC
}aphemsis product 49 t(i 16+3 §+7 L 22103
} XCELLERATL I ’
Monooyte-depleted PBMC 5i+6 353 57%5 24106
“Freezefthawed Monocyte- . i
| depieted PBMC 64+ 4 6+3 04+0.5 . 24106
| XCELLERATE TI
Freeze-thawed PEMC | . _
apheresis prodict 56+5 n+2 N4+0.5 24+0.8
Post- CD3™ magnetic e
concentration 92422 (24137 0x0 2.861 086

TelTuTar camposilion s were delermined by 10w CYIOmIty Seeordrg (o simwdard prolecols.
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Tahle 5.2: Comparison of the efficiency of CD3* T-cell enrichment, CD14*
monocyte-depletion aud granulocyte-depletion in the initial steps of the
XCELLERATE I and the XCELLERATE II process configurations

Experiment | Cell G pposition (Ye)
Number | Preparation : - Icma‘ I Granwlamytes | CHAICDE" |
[Ponor) e
. Jucuming PRME apheresis product 3% | 1% | 14% 22
MNDal4 | KCEITLRATE |
@CT) [ Bonouyto-deplited PRMG | 5% 1 s% | 123% 3z
Fresrethaed Monveyls depleted PEMC | 69% ¢ 4% | [ 3z
XOCRLLERATE I
Fregze-thawed PIWIC aphorosis product | 64% | 7% | %) 11
L | Post- CD3” mognelie conicentratian Lo [ 1% | (%, 3.7
NDal07 | Incaming PBMC ophovesis praduct | 51% | 16% | % X
(PC074) | XCELLLRATER
Monoeytedeploted PEMC [T ea% | 3% | % 23
Erceaoithawed Monueylc-depleted BEMC [ 65% | 3% 1 0% 23
NCELLERATE I :
Freoze-thawed FBMC aphercsis produst | 55% | 11% | 0% 29
| Post-CD3" magnetic coucsiragon [ 120% | 0% | 0% 2.7
| MNDa(i0 | Incoming ) [ | 182 15% 25
(PCO76) XCELLERATE 1
Wionocyre-deploted PRMC | &% } 158% | [t 29 |
Freceefthayed Monocyic-depleied FEMC | 63% | 0% 25
XCELLERATE i
Frocac-lhawed PEMC uphoresis preduct | 55% | 13% ‘ 0%
Pagl- 3" magneli: vonceniration |“83% 1 7y 0%
NDal13 | Incaming PHMC apheresis product 4w [ 1% | % 2.3
(PCO60) | XCELLERATE [
Wonoeyte-deploted PRAMC T | 4% | 3% 1.8
Froexcithawed Monoeyte-depleted PRMC , 63% | 4% | % 1.8 |
_NCELLERATEN . |
| Freeze-thawed PEMC apheresis praduct | 1% ! 13% | _ 1% 1.5 N
Post- CD3* maanctiv seveonlation | 76% | 1% % 1.9
NDal15 | lucoming PBMC apheresis product [ 59% 1 1% | 2% 7
P03 [ XCELLERATER
" Meonoeyle—gepleted FBMC T oo | 1o% | 2% 1.8
Freezeithawed Monacyle-deplated PBMC 6% | 11% | 1% 19
XCELLERATE I¥
Frecze-thnved PBME apleresis product | 53% | 12% | 1% 2.0
| . | Post- CI5” magnetic conventration 2% 9% | 0% 22
Calfulas compasitions wene determuies by Tow eylimiiry Gecnrding W sntard pratoeals.

In addilion to the sunplification and sireamlining of the process by

elimination of the CD14™ monocyte-depletion step and the associated reagents, the

magnetic cancentration step in the XCRLLERATE IT™ pracess also pravides 2 higher

JP 2004-500095 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(143) JP 2004-500095 A 2004.1.8

W 01/62895 PCT/USHLAO6T3Y

o7

putity of CD3* T-cells and a higher yatio of CD3* CDW™ : CDY* CDS T-cells at the
initigtion 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 T

5 process were also compared.

As shown in Table 5.3, the average yield, purity and viability of the -
CI33* Tcelis pricr to harvest on day § are typically improved for the XCELLERATE
1™ compared to the XCELLERATE 1™ process.

Table 5.3: Yield, purity, viability and composition of sctivated CD3" T-cells pre-
10 harvest on day 8 of the XCELLERATE I process and the XCELLERATE EE

process
Experiment WCF;LERAH: | Pre-harvest CD3™ T-cell Fraduet Propertics.
" Number Configurstion | FCDE T~ Purily | Viability | CDACDE
{Donor} cells Cn3tT- (%) Rautio*
! cells (%} N
NDalo4 CELLERATET |65 10" 95 97 1z
(PCOTY)  [RKCELLERATEN | 50x19 G7 [ 97 17
NDal07 | XCRLLERATRT - 57 30° | 08 98] 08
(PCO74)  [RCRLLIRA g'ﬁ‘iﬁf@f | 5% g 137
NDatit NCELLERATET | 3T x 10° [ % 96 7.6
(FC076) ‘ RCELLERATET | 41 x 1P 59 09 74
NUall3 RELRIET T 4Tx10 | 96 . 96 | 13
CO60) XCELLERATEN | 43 x 10° | o8 B3 f 50
NDail5 NCELLERATET [ 371 x 107 [ 5% [ % .3
}> {PCOT3) FCELLERATET | 487107 | 97 ! a7 14
™ Average XCELLERATET [ 47+ 14
r +8td Dev "CEHI-JEMT*E_' 4516 |
= Ratio ot L3 SO 05 UL T-eells.

Also, as shown in Table 5.3, the XCELLERATE 11'™ process maintains
15 o higher ratio of D3 CD4™ CD3°CDE" T-cclls throughout the process. This may be
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due to preferential conventration of CI¥T CD4* cells during the magnetic concentration
step (Tables 5.1 and 5.2},

“Incoming” refers to fresh, washed Incoming apheresis cells.  The
stsrting cells listed in Table 5.2 for the XCELLERATE ™ process were apheresed
cells that had been washed, monocyie depleted, and/or frorenfthawed. The starting
cells lisicd in Table 5.2 for the XCELLERATE II™ process were apheresis cells thar
had besn washed and frozenfthawed.

* = Ratio of CD3* CD4™; CD3* CD8" T-cells

Tabie 5.3 shows that the XCELLERATE [I™ process resuited i.n a vell
product that was more pare (i terms of %D cells) than the cell produst from the
XCELLERATE I™™ process. That is, the prmjuct <ells from the XCELLERATE [[™
process had an average (+ std dev) C13* el purity of 96% * 194 while the ceils frum
the XCELLERATE I™ process had an avorage purity of 93% + 2%.

Also, as shown in Table 33, the XCELLERATE L™ process
maintained a higher ratio of CD4/CDS cells. The incoming cells had an average
CDHCDE ccll ratio of 2.2 and the product cells from the XCRLLERATE 1™ process
had a CDR4/CDE atie of 1.8, wlile the product cells fiom the XCELLERATE It
procees had a CDA/CDE ratio of 1.2.

The data of Table 5.3 also shows that the XCELLERATE 1™ process
resulted in praduct cells with an average viability of 98% while the XCELLERATE [T

process resulted in product cells with an average viability of 97%.

EXAMPLE 1II
MCROCYTE DEPLETION

Manoeytes {CD14" phagocytic cefls) are removed from Tecell
prepayations via magnetic depletion using & vadely of “irclevent™ {i.e., non-astibody
coated or non-target anlibody coated) Dynal beads. Depletion was performed by pre-

ineubating either whole blood after separation in ficol or apheresed periphcral blood

JP 2004-500095 A 2004.1.8
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with Dynal Sheep anti-mouse M-450 beads, or Dynal human serum albumin-cozted
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, folluwed
by magastic remaval of cells that had aached to beads or that had enguited beads. The
remaining cells were placed julo culture alengside un-manipulated cells. Cells were

characterized by flow cytometry for cell phenotype before and after depletion.

EXAMPLEIV

FLOW CYTOMETRY SETTINGS

A Recton Dickinson FACSCALIBUR cytometer was used for all the
dalz collected and presenied.  Any flow cytometer capable of performing 3-color
analysis could be uscd by an cxpeorienced opcrator to acquire identical data.  For
exarmple, a FACSCAMN, Ventage Cell Sorter, or othar BD product would worlk to collect
similardata. Adso, Coulter products, such as the Coulter Epic Sorter would work as well.

The instrament setfing given below can be wsed as a general gmdeline
for instrument conformation to gather data as was done in these studies. These settings
were used for the Examples provided heraing however, modifications to these setlings
can and should be made by an experienced instrument handler to adjust appropristely
for compensation and detector voltages. Also, the use of different detection antibodies
with different flucrescent tags requires unique adjustment to any particular instrument
to give optitnal signal separation (vollage) with minimal “bleeding-over™ fito olher
channels {e.g., compensation). A skilled flow operator, well-verscd in using
compensation eontrels, isotype contrels, and with a genera) understanding of T-cell
biclogy should be able te repraduce any of the data presented below.

Further it shﬁuld be noted that various setlings, particularly veltage
settings, may vary, depending upon the efficiency of the instrument Jaser, 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 bielogy.

JP 2004-500095 A 2004.1.8
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Scttings used on the FACSCALIBUR™ {Becton Dickinson}:

‘Dctcctow‘Amgs:

Parameter Detector Vaoltage Anp/Gain Mode
Pl FSC EOO 130 Lin
P2 88C 370 1.00 Tin
P3 FL1 618 i.00 Log
P4 FLZ 550 1.60 Log
P35 FL3 528 1.00 Log

Although the parameter voltages are generally constant, P3, P4, and P35
may be adjusted slightly wp or down in order to achicve maximum signal scparation,
while maintaining a negative contrel signal value in or near the first decade (0-10) in

signal strenglh in the log mode.

‘Threshold:
Primary parameter: FSC (forward scatter)
Value: 52

Secondaty pararmcter: none

Conipensation:
FL1-4.0% L2
FL2-21.4% FL1
FL2 - 2.6% L3
FL3-15.2% FL2

While the settings provided approximate the settings used to collect most
of the data presented helow, the seftings may be altered and roughly equivalent data an
stimulated T-celis should he generated.  The general acceptable ranges for

compensation at the voltages lisicd abave are as shown below:

JP 2004-500095 A 2004.1.8
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FL1-FL2 0.4-4%
F1.2-ET1 18-27%
FLZ-FL3 2-8%
FL3-FL2 10-16%

The determination of the particular compensation or veltage values has
to be made by an experienced flow eytareter operator with the following goals:

1y Vollage: Muximivation of signal scparation between positive and
tegative signals (g g., surface antigen marker negative vs. low levels surface untigen vs.
high levels surface aniigen).

2y Compensation:  Minimization of inlerchannel interference

(bleed-over) by use of compensation controls.
As voltage scitings change, so do compensation seitings.

EXAMPLE V
CrLL PROUFERATION AND VIADILITY ASSAYS

Cell proliferation and viability wos measured by standard Trypan Blue

staining and cell counting vsing @ hemocytometer. See Figurcs SA-5B.

EXAMPLE VI
ACTIVATION MARKIR ASSAYS

CD154 is expressed on activated T-cells in a temporal manner and bas
Been shown to be a key element in T-cells inferaciions via CD40 on APCs. Blocking
the teraction of these two receptors can effectively alter, and even shut-off, «n
immune response.  Aliquots of T-cells that were stinmlated by concentration with
CD3AxCD28 paramagnetic beads were removed from cell culture at days 3, 5, and 8 and

analyzed for the level of CD154 expression. The level of £D1354 expression was
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compared with T-cells that were depleted of monocytes but were not incubated with
CD3nCD28 paramagnetic beads (that i3, the T-cells wore not magnetically concentrated
at culture initiation). Significant activation of the T-cells stimulated by magnetic
conecentration with anti-C3 and antt-CD28 beads was shown by a three-fold increase
in the level of CD154 expression on the thitd day of culture comparcd with cells that
were not similarly stimulated at culjure initiation. (See Figures 4 and 7). CD23 levels
measured in a similar manner (Figure 6) show a trend toward higher activation.

In general, marker exprassion was monitored over various times. In this
regard cells are labeled with andi-human CD4 (Immunotech, Fullerton, CA), FITC
coupled anti-bumap CD1la (Phenningen), FITC coupled anti-human CD26
(Pharmingen), FITC coupled anti-human CD49d (Coulter), FITC coupled anti-human
CDS4 (Phampingen and Bectow Dickinson). FITC coupled anti-human  CD95
(Pharmingen), FITC coupled amii-buman CD134 (Phanningen), FIIC coupled anti-
human CD25 Ab {Becton Dickinson, Fullorton, CA), FITC eoupled anti-human CD69
Al (Becton Dickinson), FITC eor TE coupled anti-human CD154 Ak {Declon
Dickinson), or FITC or PE coupled IgGi isotype controf Ab. Celis, 2x10" are labeled
for 20 mimates at 4°C with 2 pl of cach antibody in 2 final volume of 30 pl, washed and
resuspended in [% parformaldebyde (Sigma, St Louis, MO).

Comparison of ccll surface marker molecule expression levels may be
varsied out by a varety of methods and thus sbsolule vahwes may differ  However,
when comparing two values the relative fold values may be readily calevlated. For
example, CD154 expression levels on T-cclis generated by different “aciivation™
methads can be measured with relative accuracy by flow cytometric means. Using a
reagent, such as Becton Dickinson’s anti-C11154 —PE conjugate (catloguc # 340477),
one ¢an stain T-cells in resting or activated slales and gauge expression levels for this
marker {or others by means well known io experienced flow eytemeter operators.
Dreseribed hersin are methods which provide for increased expression of CD154 on T-
cells, both DA™ and CDS". By simultaneously stimulating and concontrating T-celis at
the initiation of culture, as deseribed horein, expression levels ean be driven up beyond
values obtained by standard 3x28 activation, on the order of a 20% to over a 100%
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increase i lovels, as measured by mean fluorescent infensity (MIT) using flow
cytomotry (BD FACSCalibur and antibody described above).  For example, an
unstimulated CD4* T-cell would be negative Tor CD154 and would therefore yicld MFL
values between 1-10. Upon activation by XCELLERATE 1™, at 3 davs posi-

activation, MFI values for D154 on €D4" Tcells right be in the 2040 range, while -
the XCELLERATE TI™ process might vicld CD154 MFI vahues of 60-200. While .

thess are not absolute values in terms of the number of CD'154 molecules cxpressed on

T-ccly, there are sufficient o determine relative levels of increased expression. .

Accordingly, it can be demonstrated that an approxinate 1.1 io 20 fold increase in

CD154 levels between 1-4 cays, posl-activation can be demonstrated with the:

KCELLFRATE TI™ process as compared to the XCELLERATE 1™ procass.

- EXAMPLE VI

CYTOKINE AS52YS

Cells are prepared as described above.  Supernatants from cells

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

ELISA accerding to the mapufactorer’s instruetions (Biosowrce International.

Sunnyvale, CA).

Tn an alternative assay, TL-2 is measwred by intracellular staining of CD4
T-cells using flow cytometry. For intracellular lzbeling of IL-2 or 1FN-y, cells are first.
incubated with 1 pg/m! Monensin (Calbiechem) for 4 hours prior o assay. The cells
are  subsequently stained for surface proteins as desoribed above, fixed and
permeabilized using Becton Dhckinson intracellular staiming-kit, labeled with PE-
coupled anti-human IL-2 Ab and FITC coupled anti-human TFN-y or the corresponding
control Abs as deseribed by the manufacturer. Data acquisition and flow cytometric
analysis is performed on a Becton Dickinson FACSCulibur flow cyfometer using

Cellguest software foliowing the manufacturer’s protocol (Becton Dickiusor).

JP 2004-500095 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

is

(150)

WO OEIRSS PCTATSNI06139

74

[FN-gamma concentratichs were about 2, 3, 4, and in same cages 5 fold
higher at day 3 when using the XCELLERATE II™ methodology as opposed to
XCELLERATE I™ (daia not shown). Further, TNF-alpha levels were also markedly
bigher (between 1.5 to 3 fold higher} up to day 5 followirg stimulation (data not showa
as compared with XCELLERATE [™.

EXAMPLE VIII

PHEMNOTYPICAL CELL ANALYSIS AFTER RESTIMULATION

For restimulation amalysis about 5x10° cells are taken from the culture at

the day of termination.’ In several examples, the date of toomination is day 8 of culture: -

The cells are placed inte 5 mL of X-vive 15 media with sequm and with or without IL-2
as indicated above, in one well of a six well plate. About 5x10° Dynabcads M-450
CD3/CD28 1 beads w the well confaining the cells und the cells and beads ace placed in
a 37 C, 3% COy incubztor. After two days, the samples are removed and tested for
viabitity and analyzed by FACS 1o determing cell sive, and cell marker and/or eytokine
expression levels, such as CD2S5 expression levels, CD134 expression levels. lable &
demaonstrates these tesulis below for five patient samples subject 1o the XCELLERATE
T™ and the XCELLERATE [T™ process.

Table §: Bosults of the Re-stimulation Assay for XCELLERATED T-cells
Produced Using the XCELLERATE T™ and the XCELLERATE IT™ Processes

“Experiment Cell Size , -
Number , ‘ (FSC) CD¥ZS (MET CD154 {MFT)y
{Bonor) Corlli:;gaz'::tiﬂn T= T= T=

Rl Il el I T L P P
NDal4 XCELLERATE | 393 | 607 | 104 478 [ 37
(PCIT1) 1
XCEILERATE [ 404 { 659 | 115 544 12 70
1
NDal07 | KCELLERATE | 356 | 596 59 T 6 ] 12
PCO74y I
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XCELLCRATE | 380 | 607 ¢ 62 72 6 | 109
bl .
NDal1l | XCFLLERATE | #25 | 301 § 111 600 i 19
(PCO76) 1
KCRLLERATE | 390 | #s | 97 434 15 16
I L. oo g
NDall3 | XCELLERATE | 399 | 6307 66 659 T ki)
(PCOE03 i |
XCELLERATE | 411 | 633 [ 113 316 12 [ 145
—_—1 II H
NDa1ls | XCELLERATE | 4331514 105 247 3 0
(PCA73) 1 .
KCELLERATE | 408 [ 565 | I 369 20 36
il | |
Average | XCELLERATE | 487 | 570 | &% 514 9 48
+ Std Dev I £ | £ ox24 +163 3| +43
m=5 | 21 | 38
XCELLERATE | 300 | 5383 | 94 §77 4 79
I 4 | x| 222 +189 4| %48
13 | 84 |
EXAMPLE1X
ALTERNATIVE CELL COL.,LI:CTION AND CULTURE PROTOCOLS
XCELLERATE™

Cells isolated liom

human blood are grown

in X-vive media

(Biowhittaker Inc., Walkersville, MID) and depending on use supplemented with or

\\‘.'ithout 20 U/ml 11.-2 (Bochringer Mannheim, Indianapolis, iV} and supplemented with
5% human serum. (Biowhittaker), 2 mM Glutamine {Life Technologies, Reckvitle, M12)
and 20 mM HEPES (Life Technology). Jukat EG-1 cells (A1CC, Manassas, VA) are
grown in RPMI 1640 {Life Technologies) supplemented with 10% TRS (Biowhittaker),
2 mM glutaming (Life Teehnologies), 2 mM Penicillin {Life Technologies), and 2 mh

Streptomycin (Life Technelogics).
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Buffy coats from healthy human voluntesr donors are obiained
{American Red Cross, Portlund, OR). Peripheral blood mononuclear cells (FBMC) are
obtained using Lymphocyte Scparation Media {ICN Pharmaceuticals, Costa Mesu, CA)
according to the manufacturers” instryetions.

Peripheral blood lymphecytes (PDL) are obtaied from the FBMC
fraction by incubati-on in culture flask {(Costar, Pittsburgh, PA) with uncoated

Dynabeads (Dynal, Oslo, Norway), 10 cells/ml, 2 beads/ell, 2 ot 37°C. Monocytes:

and macrophages can be removed by adherence to the culture flask.  Alternatively, they
can be remeved by phagecytosing the paramagnetic beads and then depleting these cells
by magnétia cell separation according to the manufactare’s instruction (Dymed), G4
cells e purified from the PBL fiaction by incubation with 10 pg/m! of monoclonal
anribodies against CDS (clone G10-1), CD20 {clone IF5), CD14 (clone Fi3Y and CD16
(Coulter), 10% cells/ml, 20 min at 4°C. After washing, cells are treated with sheep anti-
mouse Tg-coupled Dynabeads (10° cellsimt, 6 beadsfcedl, 20 min 21 4°C) and then
depleted twice via magnetic cell separation. ‘The purity of CD4” cells are rantinely 91-
G5% as measured by Flow eytometry. ’

Dendritic cells are generated by first adhering PBMC to a culture flask
(Costar), 10° cellg/ml, 2h at 37°C (without Dynabeads). After extensive washing,
adherent cells are ocultured fur 7 ‘d"lys in media conlgining 500 U/ml GM-CSF
{Boehringer Mannheim) and 12.5 UMnl 1L-4 (Boehringer Mannheim). The resulting
cell population is weslly adherent and expresses surface markers chavacteristic of
dendritic cells {e g., expresses HLA-DR, CD86, CD83, CD1lc and lacks expression of
CI}4). (Al antihodies cbtained from Becton Dickinson, San Jose, CA).

Other techniques can utilize hwnan periphesal blood lymphocytes
confaining T-cells that are incubated in tissue culture plates and/or tissue cultwre flasks
{Buxtor bags), or ether common culture vessels in media, which could be composed of
RPMI, X-Vivo 15, or some other T-cell cultur: media. Although not required for the
activation and growih of T-cells, ghitamine and HEPES are added to the culture media.
Fetal bovine serum (10% {inal), human A/B serum (5%), or autologous human serum

(596} is added to culture media. The percentage of serum may vary without greatly
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aflecting T-cell biology or culture cutcome. In some instances, recombinant human 1L-
2 is added to cultures. In some instances, phagocytic CD147 cells and other phagocytic
cells are remove by mapnetic depletion as describod, infro.  Beads having co-
immebilized upon their surface anti-CD3 and antl-CD28 (3x28 beads) are added at &
35:1 bead:celi ratio. Cultures are maintained at 37 degrees C at 5-7% COy. Cells.are

removed af several timepaints over a 14 day period to determine cell density {eell

nuwmber), cell size, and eoll surface phenotype as measured vin flow eytemetric analysis .

of a variety of surface antipens. Supcmatanls are also collected from cultures to
determine cytokine scarction profiles, including, bul not limited to: IL-2, IL-4, [FN-y,
TNF-x. As activated cells grow and-divide, cultures are maintained at 0.2-2%10° CDY"

T-cells/ml. When T-ocll density exceeds roughly 1.5x10%mi, cuttures are split and fed

- with ftesh media so as o give a cell density in the 0.2-1.4x10%m] range. At roughly 2

hours t0 about 14 days following initial stimulation, when activated T-cells are shown
to bc colering 4 more quicscenl phase fe.g., CD25 levels diminishing, ccll size as
determined by forward seatter is diminishing. rate of cell division may be reduced),
colls are either infused into the subject or re-stimulated with onc of the following

stimuli:

1 No stimulng
) Phytohemagglutinir (F11A) 2 ppmi

3) {3x28 beads) at a 1:1 bead/cell ratio

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) Drynabeads (M-450)
covalently coupled to anti-CD3 (OKT-3} and anti-CD28§ {9.3) anfibodics (3x28 beads)
according to the manufacturer’s instructions (Dynal), 3 beads/foell, 2} lonomycin
(Calbicchem, La Jolla, CA) (100 ng/ml) and phorbol 12-myristate-13-acetate (FMA)
(Calbiochem} (10 ng/ml), 3) allogeneic dendritic cells (25,000 dendritic cells/200,000

CD4 cells). AL cells are stimulated at o concentration of 10° call/ml.  Proliferation
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assays are conducted in quadruplicate in 96 well fiat-bottom plates. Cells are
stimulated at ¥ cells/ml in a final volume of 200 pl. Proliferation is measured by
MTT assay (MTT assay kit, Chemicen Lotermational Tne., Temeculs, CA) al day 3
{stimulation methed 1 and 2) or at day 6 (stinmlation method 3), and rosults are
presented as mean value of quadiplicates. PBL cullutes or purified CD4™ cell eultures
are stimulated with 3%28 beads, ionomycin/PMA. or allogenic dendritic eells.”

As demoustrated by Figures 8A-8B, vell numbers (Coulter counter}

inerease dramatically following stimulation with PHA, 3x28 beads (anti-CD? and anti-

CD28 co-immobihized on beads) attached to the beads via sheep apii-mouse {SAM), .

3x28 beads with the antibodies covalentlly atiached te the beads, or antibodics singiy or
dually immobilized on a plate. Figure 9 also demonstraics mercases m cell numbers
Tellowing stimulation with covalently immobilized anti-CD3 and anti-CD28 on beads

=+/- monocyte depletion and +/- 20 nnits of 1L-2.

EXAMPLEX
MONOCYTE DEPLETION Via MAGNETIC DEPLETION

Monocytes {CT4" phagocytic cells) are removed from  T-cell
preparationz via magnetic depietion using a variety of “inelevant” {.e.. non-antibody
coated or won~larget antibody coated} Dynal beads. Depletion was performed by pre-
incubating ficolled whole blood, or apheresed peripheral blond with roughly 2:1 bead to
cell ratio of Dyual Sheep anti-mouse M-450 beads, or Dynal buman serum albumin-
coated beads (M-450), or with Drynal Epoxy (M-450) beads for periods of i-2 hours at
22-37 degrees C, followed by magnetic removal of cells which had attached to heads or
engulfed brads, The remaming cells were placed inte culture alongside un-manipulated
cells. Cells were characlerized by flow cytumelry for cell phenotype before and after

deplotion. Figure 9 demonstrates increased proliferation in the absence of monocytes.
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BXAMPLE XI

PRE-ACTIVATION AND POST-ACTIvATION KINETIC THMECOURSE STUDIES

A series of experiments were performed jn which homan T-cells,
isolated either Fom whole blood or frem apheresed pertpheral bload, were culinred

under a variety of conditions, Those conditions include:

i} No stimuiation
2) Stimulation with phytohemagglutinin {PHA) at 2 pgfml.
'3) ‘Stimulation with 3x28 Dynabeads (beads having unti-CD3 and anti-C28 beads
conjugated thereto) at 3:1 or 1:1 bead-t0-T-ccli ratio.
4} Stimulation or culture in the presence or abscnee of sxogenously added reconibinant
hurpan 11,-2 at 10 Uml, (S ng/ml).
3) Cultwre in the presence of monocyles (CDI4° phagooytic cells) or cultured
following removal of aforementioned cells via magnetic depletion using a vaciety of
“irrelevant” Dynabeads. Depletion was periormed as illustrated jn Example 2.

The following cell surface markers were analyzed by flow cytometry to

determine cell phenctype and activation state: CD2, CD3, CD4, CDE, CD14, CD19, -

CD2¢, CD25, CDA5SRA, CTHMSRO, CD34, CD62L, CDw137 (41BB), CD154. Cell size

is also examined, as determined by forward seatter profiles via flow cylometry.

Markers, such as CDD2, CD3, CD4, CDS$, CD14, CDI9, CD20, CD45RA,
and CD45RO ure wsed to determine T, B, and monoecyte Jineages and subpopulations,
while forwerd scatter, CD25, CD62L,, CD54, C1D137, CD154 are used to determine

activation staiv and function properties of cells.

Human petipheral blood lymphocytes coutaining T-cells were prepared

as described in Example IX. Celis are analyzed over time for cell phenotype and
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activation/functional state. Supernatanis are collected for secreted cytokine analysis.
Figures 8 and 9 demonstrates general growth characteristics of human T-cells following
activation with 3x28 beads +/- recembinant human IL-2 at 10wmi and +/- monocyte
depletion . All cells were cultured in Baxter Lifecell Flasks (300ml). The one plot
labeled “Scale up” refers to a 300ml flask culture (Mo IL-2/Manocyte depleted) that
was expanded up to a Baxter Lifecell 3 liter flask. The graph demonstrates an

appraximaie 2-4 lop expansion of kuman T-cells under the various conditions.

Figure {0 shows the kinetic analysis of cell size as determined by
forwaed seaiter flow eytometry profiles over time.  T-cell are seen to incrense in size
shortly after activarion and subsequently decerease in sive so that by .day 14 they

demonsirate smatler forward scatter profiles, indicaiing a more quigscent state. -

Figure 11 shows 11.-2 receptor (CD25) expression over time following
3x%28 bead stimulation. Both €D4" and CDR* T-cells show an early increase in receptor
level. By day 14, CD25 expression levels are greatly reduced on a majerity of T-cells,

indicaling a more quicsvent statc.

When 3x28-stimulated T-cells becarne more guiesvent (low CD25, low forward

scatter), they were re-stimuiated as shown below:

1) No stimulation
2) PHA 2ug/m!
3) 3x28 (Kcellerats) bead stiraulation at ! bead/CD3™ T-cell

A kinetic analysis of cell size (forward scabler), surface phenotype,
activation marker cxjpression, and eytoline secretion was then performed. Figure 12
shows forward seatler (celt size) kinelics following primary and secondary stimulation.
Figore 13 shows CD25 (IL-2-Receptor) expression kinetics following primary and
secondary stimolaton.  Figure 16 shows CDS4 (I-CAM) expression following
secandary stimulation, on CD4" Tecells (A) and on CDE” Tecells (), where the

primary stimulation was either PHA or CD3xCI28 beads, and re-stimulation was
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either: none, PHA, or 3x28 beads. Markers delineating between CD4 and CD#
positive cells were also used to determine their relative proportion, during 3x28 antibady
head activation (Figures 19 and 22).

EXAMPLE XII
ANMALYSIS OF CyTOKTNE EXPRESSIGN PATTERNS

oF CO-STIMULATED T-CELLS

The rele of a variety of cytokines, including -2, TFN-y, TIF-, and 1L-~

4 have been sxtensively studied as they relate to T-cell maintenance, expansion, and
differentiation. Notably, IL-2 has been shown to be supporlive of T-cell maintenance
and expansion. IFN-y has been implicated in dviving T-cells to differentiate into Tiy-
type immune responder, while IL-4 has been implicated for doving T-cells to Tro-type
responses. Cytokine release levels in primary human T-cclis activated hy either PHA or

CD3xCD28 beads were anulyzed by stimulating T-cells as in Example 1, including

kinetic studies of responses to primarvy stimulation and responses to a secondary -

stimulus. The daia are shown i Figues 18A-C and Figures 23-24 demonstrate a
unique feature of CD3xCD28 bead stimulation. Between day 2 and day 4 following
initial stimulation {day one was not asscssed), extremely high levels of both IL-2 and.
IFN-y were chserved. A nearly 5-Ield increase in absolite secreted 11.-2 levels was
seen for 3x28 bead-stimulated T-cells as coinpared 1o levels observed for cells
stimulated with PHA. An approximate 7-fold increase in 1FiNy levels was also observed
i 3x28 stinmilated T-cells as compared to their PHA counterparts. Ln the case of [L-4,
the increase was not as dramatic for prireary stimuletion, Intereslingly, end of possibly
great significance, is that after cclls becamne quiescent (he longer dividing or secreting
the three eytokines mentioned above) following primary stimulation, they were re-
stirrarlated with either CD3xCD28 beads, PHA, or lell un-stimulated. T-cells which
biad received an initial aetivation/expansion signal through CD3xCD28 beads secretad
even higher levels of TFN-y than obsarved following primary stimulation. In contrast,
cells that were initially stimulated with PHA. seereted TJFN-y levels much. lower than

seen for their 3x28 counterparis. Similar difference were also observed for IL-4 levels.
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These data suggest that ¢ells obtained fllowing activalivn/expansion
miediated through CD3xCD28 beads arc functionally diffcrent than thase oblained fom
other means of expansion, such as PHA. The resultant cells appear to have an altered
cytokine scorction responsc, onc that promotes very high levels of both Ty and T
cylokines, with a possible favoring of the Tui~type profile (IFN-y). Secretion of such
high levels of these cytokines in culture can have many effeets, including: driving T-
cells mio a 1y dillerentiation pathway, which is one that favors anti-tumor and ant-
viral responses; and also by altering the basic fimctionality of resultant T-cells (suech ag

iowering threshold of activation and inhibiting programmed ccll death pathways).

EXAMPLE XIII
ANALYSIS 0r CD354 EXPRESSION OF CO-STivuULATED T-CRLLS

Figure 16 shows CD54 (1-CAM) expression following secondary

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

stimulation was cither PHA or CD3xCD28 beads, and re-stimulation was either: none,
PHA, or 328 bewls.

EXAMPLE XIV
BHORT TERM ACTIVATION MARKER ASSAYS

Marker expression was monitored over vavious times following
stimulation of T-cells as set forth in Example IX. In this regard cells arc labeled with
anti-hurean CD4 {Immunctech, Pullerton, €A}, FITC-coupled apti-human CD1la
(Pharmingen), FITC-coupled anti-human CD26 (Pharvningen), FITC-coupled anti-
human CD49d (Conlter), FITC-coupled anti-human ©D54 (Pharmingen and Bocton
Dickingen), FITC-coupled ami-human CD%5 (Pharmingen). FITC-voupled anii-human
CD134 (Pharmingen), FITC-coupled anti-human CD25 Ab (Recton Dickinson,
Fullerton, £A). FITC-coupled anti-human CDE9 Ab {Becton Dickinson}, FITC- or PE-
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coupled unti-human CD154 Ab (Bevton Dickipson), or FITC-or PE-coupled 1pGl
isotype control Ab. Cells, 2x16° arc labcled for 20 minutes at 4°C with 2 p! of cach
antibody iz a final volums of 30 l, washed and resuspended in 1% paraformaldehyds
{Sigma, 5t Louis, MO). See Figures 21-22, and 26A-26L, as is demonstrated by these
Hgures ihere appear significant differcoccs over aciivation time as well as between
€047 and CI8” eells.

From the forcgoing it will be appreeiated that, although specific
embodiments of the invention bave been described herein for purposes of illustration,
various modifications ruay be made without deviating from the spirit and scope of the
iuvention. Accordingly, the invertion is not limited excepl as by the appended claims.
All of references, patenis, patent applications, cte. cited ahove, are incorporated herein
in their entivety. Further, all pumerical ranges recited hercin explicitly include ail

integer values within the range.

JP 2004-500095 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(160) JP 2004-500095

WA O1/61895 PCTTSNI/06139
84
CLAIMS
1. A methed for stimulating a population of T-cells by simultaneous T-

cell concentration and ceil suface moiety ligation, corprising.

{a) providing a poepulation of cells whercin at lcast a portion thereof
comprises T-cells;

(b}  contacting said pepulation of cells with a surface, wherein said swface
has attached thereto onc or more agents that ligatc a cell surface moicty of at lcast & portion
of said T-cells and stimulates ar least said portion of T-cells.

{c) applying a foree that predominantly drives T-cell conceniration and T-

cell surface moiety ligativn, thereby inducing T-cell stimulation.

2. The method of claim 1, wherein said surface has attached therete a first
agent that lipates a first cell surface molety of 2 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 end second agent induces proliferation of said T-cell.

3 The mathod of claim 1, wherein said surface is biocompatible.

4. The method of claim 3, wherein said surface is natural or synthetic.

5. The method of claim 4, wherein said surface comprises a polymer.

8. The method of claim 5, wherein said surface i3 selected from the group

consisting of collagen, purified proteins, purified peptides, polysaccharides,

glycosaminoglveans, and extracellular matrix compositions.

7. Fhe method of claim 6, wherein the polysaccharides are sefecled from

the group consistiug of chitosan, alginate, dextran, hyaluronic acid, and cellulose.

A 2004.1.8
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4 The method of cladm 5, whercin the polymer is sciected from the group

consisting of polystyrens, polyesiers, polyethers, polyanhydrides, polyalkyleyanoacrylates, -

polyacrylamides, polyorihoesters, polyphaspharenes, polyvinylacetates, black copolymers,

polyprapylene, polytetrafluoroethylens (PTFE), and polyurethanes.
9. The mothod of claim 8, whercin the polymer comprises lactic acid.
10 The method of claim 3, wherein the potymer §s a copolynicr.

1l.  The method of clain 10, wherein the copolymer comprises lactic acid
and glycolic acid (PL4IA) ’

12 The mothod of claim 3, wherein the biocompatible surface is

bicdegradable.

13, The method of claim 3, wherein the biocompatible surface is non-

hiodearadable.

14. The method of claim 13, wherein the non-blodegradable substance
comprises a polymer selected from the group consisting of poly(dimethysiloxane) and

poly(ethylens-vinyl acciate).

15.  The method of claim 3, wherein the hiccompatible surface is selecied
from the group consisting of collagen, metal, hydroxyupatile, glass, alumeinate, hbiaceramic
materizls, hyaluronic acid polymers, alginate, acrylic ester polymer, lactic acid polymer,
glycolic acid polymer, lactic acid/glycalic actd polymer, purified proteins, purified peptides,

and extracellular matrix compositions.

16, The method of claim 3, wherein the biocompatible surface is

associated with an jmplantable device.
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17.  The method of elaim 16, wherein the device is seleoted from the group

consisting of a stent, a cathetaer, & fiber, & tollow fiber, a patch, and a suiure.

18. The method of claine 4, wheein said surface is selected from the group
consisting of glass, silica, silicon, collagen, hydroxyapatite, hydrogels, PTEE, polypropylene,
polystyrene, nylen, and polyacrylamide.

19, The method of claim 4, wherein said surface is selected from the group

consisting of u lipid, a plate, a dish, 2 bag, a rad. a pellet. a fiber, and & mesh.
20.  The method of claim 4, wherein said surface is a particle.

21, The method of claim 20, whercin the particle is selected from the

group consisting of a bead, a microsphere, a nanoparticls, and & solloidal partiele.

22, The method of claim 21, wherein said bead is ghond 5 nanometers w

about SO0 microns in diameter.

23, The method of claim 1, wherein said agents are independently selected

from the group conststing of a protein ligand, o natural Hgand, and a synthetic ligand.

24, The method of claim 23, wherein swd agents are independently
selected from the group consisting of ap antibody, an antibody fragment, a peptidc, a
polypeptide, & glysopeptide, a receptor, a sleroid, a hommone, a mitogen, an antigen, a
supcrantigen, a growth taetor, a eytekine, a lectin, & viral protein, an adhesion melecule, and

a chemolkine,

25, The method of claim 24, wherein at least one agent is an aptibody or

an antibody fragment.
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26. The method of claim 24, wherein a first agent is an anfibody and a

fragment thercof, and a sccond agent i3 an antibody or a fragment thereof.

27. The method of claim 26, wherein said first and said second agents are

different antibodiss.

28. The method of claim 24, wherein said first agent is an anti-CI3
antibody, an anti-CD2 antibody, or an antibody fragment of an aati-CD3 or anti-CD2
antibody.

29, The method of cither claim 24 or 27, wherem said second agent is an

anli-CD28 anhibody or antibedy {tagnent thereof.

30.  The method of either claim 24 or 27, wherein said second agent is a
natural ligand far CD28§.

31.  Themethod of claim 30, whercin said natura) ligand comprises B7-1 or
B7-2.

32, The method of claim 1, wherei said force is selected from the group
consisting of a force greater than gravitational force, a hydravlic force, a filivation force

generaied by transmembrane pressure, a cenliifugal force, and a magnetic force.

33, The method of claim 32, whercin the magnetic force is generated by a
magnet having a magnetic field strength ranging from beivween about 200 gauss to about

12,000 gauss at the surfacs of the magnet.

34, The wmethod of claim 1, wherein said surface is a surface of a

paramagnetic particle.
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35.  The methed of clzim 1, wherein sard agents’ attachrnent to the surlace

iz covalent, noncovalent, elecirostatic, or hydrophobic.

36.  The method of claim 1, whorcin the T-cells that are ligated are

separated fTom the T-cells thal are not Ligated,

37. The method of claim [, wherein said T-cells ameliorafc immunc

response dysfunction.

38 A method for stimulation of T-cells by simultencous cell surface
moicty ligation and T-cell aggrogation, comprising:

(a} providing a cell population comgprising T-cells;

) contacting said cell population with 2 surface, wherein said surface has
attached therete one or more ligands specific for a cell surface moiety;

©) applying a force that drives coneentration of T-cells and surface; and

(d)  incubating said cells for a period of time sufficient 1o aclieve desired

stimulation.

3g The methed of claim 38, wherein szid time sufficicnt to achieve

desired stimulation is from 1 minute o § days.

40. The methed of claim 39, whereln seid time sufficient to achicve

desired stimulation is from 1 day to 5 days.
41, The method of claim 38, wherein said surfoce is biscompatible.

42, The mothod of claim 41, whercin said surface is natural or synthetic.

JP
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43, The method of claim 42, whetewn the surface 15 selecled {rom the group
consisting of glass, silica, silicon, eollagen, hydroxyapatite, hydrogels, PIFE, polypronylene,

polysiyrene, nylon, dextran, and polyacrylamide.

44, The method of ¢laim 38, wherein said surface is selected from the

group consisting of a plate, a dish, ahag, a rod, a pellet, a [iber, and a mesh.
45, The methed of claim 38, wherein said surface is a particle.

46, The method of cluin 45, whereln fhe particle is sclected from the

group consisting of a bead, & microsphere, a nanoparticle, und a colleidal particle.

47. The method of claim 46, wherein said bead is about 5 panometers to

abowt $0¢ microns in diameter.

48, The method of cleim 38, whercin said ligand is selocted from the group

consisting of a protein, = natural ligand, and & synthetic ligand.

49, The methed of claim 38, wherein said ligand is selected from the group
consisting of an antibedy, an antibody fragment, & peplide, a polypeptide, a alycapeptide, =
solubie receptor, a staroid, a honmone, a mitogen, an antigen, a lipand, a superntipen, a

growlh factor, @ cylokine, u Jectin, and a chemckine.

50, The method of claim 49, whercin at least onc ligand is an antthody or a

frapment thereof.

51, The methed of claim 4%, wherein at lcast two ligands are an antibody

ar & frapment thercef.
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52, The method of claim 49, wherein at Ieast two ligands are present and

are different antibodies or frapments thereof.

33, The method of elaim 49, whetein a1 least one ligand i1s an anti-CID3
antibody, an anti-CD2 antibody, or an antibody fragment of an anti-CD3 or anti-CD2
aatibady,

34.  The method of either claim 49 or 33, wherein at least ene Hgand is an

anti-CD28 entibody or antibady tragment thercof.

35, The method of sither claim 49 or 53, wherein at Jeast one ligand is a
natural ligand for CD28.

56.  Tho method of claim 55, whorein seid natucal Higand comprises B7-1 or
B7-2.

57.  The method of claim 38, wherein said force is selected from the group
consisting of a force greater than gravilational Tarce, a hydrauhic force, a fillration force
generated by iransmernbrane pressure, & centrifugal force, and a magnctic foree.

38, The methed of cleim 57, wherein the magnetic force is gencrated by a
magnet having a magnetic fizld strength ranging from between aboul 200 gauss o about

12,000 gauss at the surface of the magnet.

59. The method of clainmt 38, wherein said surface is a surface of a

paramagnetic particle.

60.  The method of claim 38, wherein said lipand attachment to the surface

is covalent, noncovalent, electrosiatic, or hydrepheobic.
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61, The method of claim 38, further comprising prior to or concurrently

with step (d), separating T-cells concentrated with surface from non-concentrated cells.

62. A methed adapted for inducing T-cell activation ir wive, comprising
providing pararagnetic particles te an animal, said particles having attached thereto, ligands
specitic for a T-cell surface moicty that induces T-cell activation; applying a magnetic field
to a diserete region of the animal; and thereby inducing localization and activation of T-cells

bound to said particles at said discrete region.

63, A method for stimulating a population of target cells by simultaneous
target cell concéntration and target cell surface motety ligation, comprising:

(a) providing a population of cells wherein at least a portion thereot
compriscs target colls;

(233 eemtacting said population of eells with a surface, wherein said surface
has attached thereto one or more agents that ligate a cell surface moiety of at least a portion
of said target cells and stimulates at least satd portics of targel cells.

) applying a force that predeminantly drives target cell concentration

and target cell surface moiety ligation, thereby inducing iarget cell stimulation.

64, The method of claim. 63, wherein said surface has attached thereto a
first agent that ligutes a first cell surface moicty of 2 target cell; and the same or a second
surface bas attached thersto a second agent that ligales 2 secood moisty of sald iarget celi,
wherein said ligation by the first and sccond agent jnduces signal transduction in said target
eell

65, ‘The method of claim 63, whereln said surface is biccompatible.

66, The method of claim 63, whereln said surface is natural o synthetic,

67, The method of clalm 66, wherein said surface comprises a polymaer.
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a8, The method of claim 67, wherein said surface is sclected from the
group consisting of collagen, purified proteins, purified peptides, polysaccharides,

plycosaminoglycans, and extracellular matrix compositions.

69, The method of cluim 68, wherein the polysaccharides are selecied from

the group consisting of chitosan, alginate, dextran, hyaluronic acid, and cellulosc.

70, The method of claim 67, wherein the polymer is sclected from .the
group consisting of polyesters, polyethers, polyanbydrides, polyalkylcyanoaerylaics,
polyacrylammdes, polyorthoesiers, polyphosphazenes, polyvinylacetates, block copolymers,

pulypropylene, polyietrafluorcethylene (PTFE), and polyurethancs.
71. The method of clairy 78, wherein the polymcer comprises lactic acid.
72 The method of claim 67, wherein the polymer is a copolymes.

73. The methed of claim 72, wherein the copolymer comprises lactic acid

and glycolic acid (PLGA).

74,  The method of claim 65, wherein the blocompatible sucface is
biodegradable.

75, The method of claim 65, wherein the biccompatible surface is non-

biodegradable.

76, The method of claim 75, wherein the non-biodegradable substance
compriscs & polymer selected from the group consisting of poly(dimethysiloxans) mmd

poly(ethylens-vinyl acetate}).
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F7. The method of claim 65, wherein the biocompatible surface is selecied
from the group consisting of collagen, metal, hydroxyapatite, bioglass, aluminate, bioceramic
maierials, hyaluronic acid polymers. alginate, acrylic ester polymer, lactic acid polymer,
glycolie acid polymer, lactic acid/glycalic acid polymer, purified proteins, pueified peptides,

and exizacellular matrix compositions.

78. ‘Ihe method of claim 05, wherein the biocompatible surface is

assoviated with an implantable device.

79, The method of claim 78, wherein the device is selected from the group

consisting oft a stent, 2 catheter, a {iber, a holtow fiber, a pateh, and a suture.
R0, ‘The method of claim 66, whercin said surface is selecicd from the
proup vonsisting of glass, silics, siliconm, tollagen, hydroxyapatite, hydrogels, PTFE,

polypropylene, polystyrene, nylon, and polyaorylamide

81. The method of claim 68, wherein said surface is selected from the

ayoup conststing of a lipid, a plate, a dish, 2 bag, a rod, a pellet, a fiber, and a mosh.
82, The method of claim 66, wherein said surface is a particle.

33. The method of clulm 82, wherein the paricle is selected from the

group consisting of a bead, a microsphere, a nanaparticle, and a colloidal pariicle.

84.  The method of claim 83, wherein said bead is about 5 nanometers fo

about 500 microns in diameter.

8s. The methed of claim 63, whercin said agents are independently

selected from the group consisting of 2 protein ligand, a natural ligand, and a synthetic ligand.
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86.  The method of claim 85, wherein said agents are independently
selected from the group consisting of an antibady, an antibody fragment, a peptide, a
polypeplide, a glycopeptide, a receplor, a sternid, a hormone, a milogen, an antigen, a
superantigen, a growth factor, a cytokine, 2 lectin, a viral protein, an adbesion molecule, and

a chemokine.

87.  The method of claim 86, wherein at least one apent is an antibody or

an antibody fragment.

88, The metbod of claim 86, wherein a first agent is ao antibody or a

fragment thercof, and a second agent [s an aniibady or a fraginent thereof.

89. The mcthod of clatin 8, wherein said fivst and said second apents are

different antibodies or fragments thereof.

90.  The method of claim 63, wherein said forve i3 sclected from the group
consisting of a force greater than gravitational force, a hydraulic force, a centrifugal force, a

filtration force generated by transmembrane pressure, and a magnetic force.

ol The method of ¢laim 32, wheremn the magnetic force is generated by a
magnet having a magnetic field strength ranging from between about 200 gauss to about

12,000 gauss at the magnel surface.

92.  The method of claim 63, wherein said surfzce is a surface of a

paramagnetic particle.

93, The method of claim 63, whercin said agents’ attachmont {o the surface

is covalent, noncovalent, electrastatic, or hydrephobic.
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G4, A method for stimulation of target cells by cell surt'ac.c mmety ligaton
and tarpet cell eoncentration, comprising:

{a) previding a ccll population comprising target cells;

(53] comtacting said cell papulation with a surface, wherein said surface has
atiached thereto one or meve ligends specific {or a cell surface moiety;

(c) applying a force that drives concentration of farget cells and
concentration of said célls on said surface; and

(dy  incubaiing said cells for a period of fime sufficient 1o achieve desired

stimulation.;

a5, The method of claim 94, wherein said fime sofficient o achieve

desired stimulation is from abow | minnte to about 30 days.

56. The methed of claim %5, wherein said tme sufficient {o achicve

desired stimulation is from about 1 day fe about 3 days.

97.  'The method of claim 94, wherein said surface is biocompatible.

48, The method of claim 97, wherein satd surface is natural or synthetic.

99, The method of clsim 9§, wherein the surface is seiected from the group

consisting of glass, silica, silicon, collagen, hydroxyapatite, hydrogels, PIVE, polypropylene, -

polystyrene, nylon, dextran, and polyacrylamide.

100.  The method of claim 94, wherein said surface is selected from ihe

group consisting of a plate, a bag, a dish, a rod, a pellet, a fiber, and 2 mesh.

101, The method of clatm 94, wherein said surface is a particle.
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102, The method of claim 101, wherein the particle is selecled from the

proup consisting of a bead, a microsphere, a nanoparticle, und a colloidal particle.

103. The method of claim 102, wherein said bead is about § nanometers to

about 500 microns in diameter.

104.  The method of claim 94, wherein szid ligand Is selected from the group

consisting of a protein, a naturs] ligand, and a synihetic ligand.

105, The method of clatm 94, wherein said ligand is selected rom the group
consisting of an antibody, an antibody fragment, a peptide, a polypeptide, a glycopeptide, a
receptor, a steroid, a hoymose, & mitogen, an iigen, 4 lgond, a supevanligen, a growth

factor, a cytoking, a lectin, and a chemaokine.

106. ‘I'he mathod of claim 105, wherein at least gne ligand 15 an antibody or

& fragment thereof.

107, The meihod of ctaim 105, wherein at least iwa Ligands are an antibody

or a framnent thereof.

i08. The method of claim 103, whercin at least two ligands are present and

are different antibodies or fragments thersof.

108.  The methed of cither claim 63 or 94, wherein said target cells are

selected from the group consisting of T-eells, B-colls, or stem cells,

110.  The method of claim 94, wherein said foree is selected from the group
consisting of a force greater than gravilational ferce, a hydraulic force, & filtration force

generated by transmembrane pressure, a centrifugal foree, and a magnetie foree.
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111.  The method of claitm 110, whercin the magnetic forec is generated by a

magret having 2 magnetic field strength ranging from between aboui 200 ganss to ahout

- 12,000 gauss at the surfacc of the magnet,

112, "The method of claim 94, wherein said swrface is a surface of 2

paramagnetic particle.

113. - The method of claim %4, wherein said ligand attachment to ihe surface

is covalent, nencovalent, elecirostatic, or hydrophobic.

14, The method of claim 94, further comprising prior to or concurrently

with, step (), separating the concentiated target cells from the non-concentrated cebls,

115, A method of inducing targei cell stimulation in vive, comprising
providing paramagnetic particles to an animal, said particles having attached thersto, ligands
specific for a target cell surface molety that Induces furget cell stimulation; applying a
magnetic field to a discrete region of the animai; and thereby inducing localization and

stimulation of the target eelis bound 10 said particles at said diserete region.

116, A method for inducing receptor polasization in receptor bearing cells,
comprising:

a) providing a cell papulation;

b} contacting said cell population with a solid surface, wherein said solid
suifuce has attached thereto one or more ligands specific for a ceil surface receptor present on
at least a portion of said cell populatios; and

c) zpplying a force thh drives cell concentration and cell surface receptor

ligation.
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117. A method for inducig aggregation of cell surface molecules,
comprising:
a) providing a population of cells having a target colt swface
molecule;
b} cortacting said population of cells with & solid surface, wherein
said solid surface has atfached thereto a lipand for at least one farget cell surface molecule
9] applying a force that drives aggregation of targeted ccll surface

molecules.

118, The method of clutm 117, wherein said cell population comprises

iymphocytes.

119, The method of cither claim 116 or 117, wherein said solid surface is
seleeted from the group wonsisting of a plate, o bag, a dish & rod, a pellet, a fiber, 2

microsphere, and a bead.

120.  The method of either claim 116 or 117, wherein said iigand i3 selected

from the group consisting of an antibody, & natural ligand, and a synthetic ligind.

121, The method of ofzim 120, wherein said ligand ¢omprises an anlibody,
a peptide, a palypeptide, a growth factor, a cytokine, or a chemokine.

122.  The method of cither claim 116 or 117, wherein said force is selected
frotn. the group consisling of a force greater thean gravitational force, & hydraulic force, a force

generated by transmerebrane pressure, a centrifugal force, 2nd & magnetic koree,

123.  The methed of claim 122, wherein the magnetic foree is gonerated by a
magnet having a wagnetic field strenpth ranging from between about 200 gauss to about

12,000 gauss at the surface of the magnet..
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124, The methed of either claim 116 or 117, wherein said solid surface is

paramagnetic.

125, The method of either elaim 116 or 117, whezein said receptor binding

leads 1o dowmregulation or suppression of a cellular event.

126,  The method of either claim 116 or 117, wherein said receptor binding

leads to upregulatinn or activation of a cellular event.

127, The method of claim 116, whersin said cellular event s reweeplor

mediated signal transduction.

128. The mcthod of claim 94, wherein said force drives concenfration or

oricntation of eell surface moietics.

129, A method for inducing 2 population of T-vells to proliferalc,
comprising contacting the T-cells with a solid suwface for 2 peried of time of between about

twg hours and about nine days, said solid surface having inimobilized theraon 2 {isst agent

and second agent, and wherein said first agent provides an activation signal and said second -

agent provides a co-stinulatory signal to said T-cells.

130, The methed of ¢laim 129 wherein saild period of time s between about

two hours and about forty-cight hours.

131, The method of elaim 130 whercin said period of time is between about

two hours and about twelve hours.

132, The methed of claim 129 wherein said period of time is betwesn about

twao and about eight days.
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133.  1he method of claitn 129 whereiti said period of time is between about

three and about six days.

134, The method of claim 129 wherein said first and second agent are

immobilized on the same solid surface.

135, The method of claim 134 wherein said solid surface is selected from

the group consisting of a flat surface, an iepular surface, a sphericu] surface.
136.  The method of claim 129 wherein said solid surface is u bead.

137 The wethod of clavn 135 wherein said teguler surfuce 15 a plastic

surface.

138. ‘lhe method of claim 129 wherein said first agent comprises an
antibudy or fragment thereof that binds CD3 wnd said second agent comprises an anlibody or
fragment therecf that binds CD28.

139, A population of T-cells produced by any onc of methods 129-138.

140, A compesition comprising dic popuiation of T-cells accending to claim

139 and a phanpacentically acceptable excipient.

141. A method for inducing & population of T-cells to proliferate,

comprising:
2 activating a population of T-cells by contacting seid T-cells

with 2 first agent immobilized on a bexd, wherein said bead has a diameter of between about
20 microns to about 1 millimeter; and

b. stimulating an accessory molecule on the surface of said T-celis
with a second agent that binds the accessory molecule, wherein said second agent is

irnmobilized on the bead, and therehy inducing proliferation of the T celis.
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142, The method of claim 141, wherein said bead has a diameter of between

about 80 microns and about 360 microns.

143.  The method of ¢laim 142, wherein said bead has 2 diemeter of between

about 100 mierons and about 400 microns.

144. The method of claim 143, wherein said beads have a diameter of

between about 250 micrens and 300 microns.

145, The method of any one of claims 141-144, where said bead is a para-

smagnetic bead.

146, The method of claim 141, wherein the first agent comprises an anfi-

I3 antibody and the second apent somprises an anti-CD28 antibody,

147.  The method of claim 146, wherein the population of T-cells comprises
helper T-cells.

148, The method of any one of claims [41-144, further comprising

separating the bead from the T-cells by filtration.

149, The method of claim 148, wherein the Grst agent comprises an anli-

€103 antibody and the sccond agent coraprises an anti-CD28 antibody.

150.  The method of ¢laim 149, wherein the popuiation of T-cells comprises
helper T-cells.

151. A population of acuvated T-cells, wherein at least & subset of the cells
have a phenotype in which CD154 levels peak between about one and abaut four days post-

stirmulation.
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152, A population of activated t-cells, whercin said population comprises
preater than about 60% CD4* Tcalls.

153. A population of zetivated T-cells, wherein sald population compriscs at
least abowut 70% CD4™ T-cells.

154. A pepulation of activated T-cells previously stimulated 1o proliferate
by contact with anti-CI3 and anti-CD28 antibodies or fragments thereof for 2 period of about

two hours to about nine days.

155.  The population of claim 154 wherein said period of contact is from

about four hours to about eight days.

156.  The populaben of clalm 154 wherein said period of contact is from

about four hours to about eight days.

157. A population of activated T-cells wherein said T-cells have previousiy
been nduced to proliferats by contact with an immobilized fGrst agent and second agent for a
period of between about two heurs and about nine days, wherein said first agent provides an

activation sipnal and said second agent provides a co-stimuplatory signal to said T-cells.

158.  The population of claim 157 wherein said T-cells produce peak
interleukin-4 Jevels between about two and about seven days post-primary and secondary

signal activation.

159. The population of claim 157 whorcin said T-cells produce peak
interleukin-2 levels between gbout twe and about seven days post-primary and secondary

signal activation,

JP 2004-500095 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(179)

WO OEIRSS PCTATSNI06139

103
160, The population of claim 157 whercin said T-cells produce peak tumar
necrosis {actor-alpha or interferon-pamma levels between about two and abont seven: days

post-primary and secondary signal activation.

161. A composition comprising the T-cells of any one of claims 131-160

and a pharmaceutically acecptable excipient.

162. A method for depleting monocytes from a suspension comprising T-
cells and monoeytes, comprising contacting the suspension with para-magnetic beads;
wherein said beads have a dimmeter of between about 2.8 wm and about 10 pm; and

subsequenily separating the monocytes from the suspension by magnelic adtraction.

163.  The method of claim 162, wherein the suspension is a whole bload cell

suspension.

164, The method of any one of claims 162 and 163, whereln the bead has at
least ene antibody attached thereto.

165. The metbod of claim 164, wherein the antibody is a nou-speeific

antibody.

166. A method of treating lumors In a patient, comprising admintsiering (o

the patient the pharmaceutical composition of claim 161,

167.  The method of claim 165, wherein the patient is depleted of

emdogenous lymphocyics prior to administration.

168, The methad of clairn 166, whersin the T-cells are decved from e

patient prior to activation.
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169.  The method of claim 166, wherein the T-eell population has been

depleted of monocytes.

170. A population of stimulated T-cells having CD154 expression levels at
least 10% higher than T-ceils that have been stimulated with wati-CD3 and anu-CD28
antibodies in the absence of simultancous concentration and stimulation, wherein said levels

are determined by flow eytometry between days 1 to 4 following T-cell suimulation.

171. A population of stimulated T-cclls having CD23 oxpression levels at
least 10% higher than T-cells that lhiave been stimulated with aali-CD3 and wnu-CIx2E

antibodics in the absence of simultanenus conceniration and stimnlation, wherein said levels -

are determined by {low cytomelry between days 1 0 4 following T-cell stimulation.
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In view of the large number and alsa the warding of the claims presently
on file, which render it difficult, if nat impassible. to determing the
matter far which protection s seught, the present azpplication fails to
comply with the clarity and conciseness requirements of Articie 6 PCT
(see also Rule 6.1{a) PCT) o such an extent that a meaningful search is
impossible. Consequently, the search has been carried out for thase parts
af the application which do appear te be clear (and concise), namely
methads of stimulating and cancenirating T-cell populations with
anti-C0-3 and CD-28 antiboedies imwobilized on magnetic beads. as showed
in and concentrated as disclased in examples I-3IV.

The applicant’s attention 15 drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search repert has been established need not be the subject of an
international preliminary examination (Rule 86.1{e} PCT). The appltcant
is advised that the EPO policy when acting as an Internaticnal
PreTiminary Esamining Authority is narmally net to carry sout a
preliminary examinatton on matter which has not been searched. This is
the case irrespective of whether or nat the clatms are amended follawing
recelpt of the search report or during any Chapter 11 procedure.

JP 2004-500095 A 2004.1.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

INTERNATIONAL SEARCH REPORT

rarmat or on petant lamity members

(230)

Intar

“sral Applieatian Ne

PCT/US D1/0613%

Patent documant 1 Punlxation Palent {amuly Pumeawan

ke 10 SBarch maor ! date member{s; date

S 5736279 A 07-04-1998 AU 662927 B2 21-09-1995
Al 2655192 A 27-04-1993
Ch 2116575 Al 01-04-1993
WD 9305418 Al 01-04-1993
EP 0645563 Al 13-07-1994
P 6510777 1 0i-12-15%4
RU 2137501 €1 20-09-1599
us h496534 A 06-03-1996

WO 9701304 A 16-01-1997 WO 9701304 Al 16-01-1997

o FE1ASA AL (Do Larmiy oty 152

JP 2004-500095 A 2004.1.8



(231) JP 2004-500095 A 2004.1.8

ooooogooooo

@éGnoooooono  AP(GH,GM,KE,LS,Mw,Mz,8D,SL,SZ,TZ,UG,ZW) ,EA(AM,AZ ,BY ,KG,KZ ,MD,RU, TJ, T™) ,EP(AT,BE,
CH,CY,DE,DK,ES,FI,FR,GB,GR, IE, IT,LU,MC,NL,PT,SE, TR) ,0A(BF,BJ,CF,CG,CI ,CM,GA,GN,GW,ML ,MR,NE, SN, TD, TG)
,AE,AG,AL,AM,AT,AU,AZ ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CR,CU,CZ,DE,DK,DM,DZ , EE,ES,FI,GB,GD,GE,GH, GM,HR ,HU,
ID,IL,IN, 1S,JP,KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD,MG, MK, MN , MW, MX ,MZ ,NO,NZ,PL,PT,RO,RU,SD,SE,S
G,SI,SK,SL, T3, T™, TR, TT,TZ,UA,UG,US,UZ VN, YU, ZA, ZW

(7000 000000000
00000000000000000000000000000000000000000000
ooooo

(7000 000000
00000000000000000000000000000000000000000000
0o0oooo

(72000 00000000000
00000000000000000000000000000000000000000000
000000000

(72000 00000000000
00000000000000000000000000000000000000000000
000000000

(72000 000000000000
00000000000000000000000000000000000000000000
ooooooo

(7000 000000000
00000000000000000000000000000000000000000000
00O0000000oo

(72000 000000000000
00000000000000000000000000000000000000000000
ooooo

(7000 0000000000000
00000000000000000000000000000000000000000000
000000000000000000000000

0000 (00) 4B065 AA94X AC20 BA30 BCA5 BDSO CA44 CA46

0000 OO 4C087 AAOL AAO2 AAO3 BB64 NAL4 ZB26



THMBW(EF)

RE(EFR)AGE)

FRI&R B A

RHA

IPCHRS

CPCH%S

FIn kS

F-TERMZ %S

REAGE)

LR

ShEREELE

BEG®F)

patsnap
3 B9 R F = S 4H BT

JP2004500095A NI (AE)E 2004-01-08

JP2001562670 RiEH 2001-02-26

R Hr I % Serapizu/s &

xL>v>ror
OvFzx
RZI—=NTA4X—7
YO RFIE—
ILATAFIT—hK
NIZIATAN
N=RTAYIOTZ>
NYOIILUTFAEY R

XLV, Aar

a7, Fzx
RZ_—N\T1,X—7
YOUR, FUIH—
ILAY, AF1T—K
NIIA, TFA4NL
N—RD4vYD TS5
XYOILY, FMEY R

GO1N33/53 A61K35/12 A61K35/14 A61K39/00 A61L27/38 A61P35/00 CO7K16/28 C12N5/0781 C12N5
/0783 C12N5/0789 C12N5/06

A61L27/3804 A61K2035/124 A61K2039/57 A61L27/3895 C07K16/2803 CO7K16/2806 C07K16/2809
C07K16/2812 C07K16/2815 C07K16/2818 CO7K16/2821 CO07K16/2827 CO7K16/2833 CO7K16/2845
C07K16/2854 C07K16/2866 C07K16/2875 C07K16/2878 C07K16/289 C07K16/2896 C12N5/0635
C12N5/0636 C12N5/0647 C12N2500/32 C12N2501/23 C12N2501/51 C12N2501/515 C12N2501/53
C12N2533/12 C12N2533/14 C12N2533/18 C12N2533/30 C12N2533/40 C12N2533/54 C12N2533/70
C12N2533/72 C12N2533/90

C12N5/00.E A61K35/14.Z A61P35/00 GO1N33/53.D GO1N33/53.Y

4B065/AA94X 4B065/AC20 4B065/BA30 4B065/BC45 4B065/BD50 4B065/CA44 4B065/CA46 4C087
/AA01 4C087/AA02 4C087/AA03 4C087/BB64 4C087/NA14 4C087/2B26

EARKT

60/184788 2000-02-24 US
60/249902 2000-11-17 US

Espacenet

REFSRRBARN G E , AHSRRENRBABROFT AL, ERACXLEMRNRBMN/RIBIE, £HRERBANREMDR
FRRRESBURRAEE , ARESESA/IARRERSNWRE. ATRHRNARE  SINTHRES B HRENMRKREH
DG , BYERE LWAREEM  URZTERHARWRENARREBINBENONSENA , ARRE , ARRE
BARE , MRAESZHESESNER, NIRHTFEREATNARN G E. BETEIXESE=ENARASY.


https://share-analytics.zhihuiya.com/view/3e2b888a-b87c-45ab-b9f1-6371fdc4edc8
https://worldwide.espacenet.com/patent/search/family/026880473/publication/JP2004500095A?q=JP2004500095A

160

4G

e

§00

80+

&)

40

il

Fold Expansion of T Cells

e

v

77
7
s

Y

7
iy

Yeallarale | (n=g)

Teellorata I {n=5}




