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GENERATION AND ISOLATION OF 
ANTIGEN-SPECIFIC T CELLS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a division of Us. patent appli 
cation Ser. No. 10/742,622, ?led Dec. 19, 2003, noW pend 
ing; Which claims the bene?t under 35 U.S.C. § 119(e) of 
Us. Provisional Patent Application No. 60/469,122 ?led 
May 8, 2003. These applications are incorporated herein by 
reference in their entireties. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention relates generally to methods 
for generating, isolating, and expanding antigen-speci?c T 
cells. The present invention also relates to compositions of 
antigen-speci?c T cells. 

[0004] 2. Description of Related Art 

[0005] The identi?cation of antigens recogniZed by T cells 
in a variety of cancers and infectious diseases has contrib 
uted signi?cantly to the interest in the use of antigen-speci?c 
immunotherapy for the treatment of malignancies and infec 
tious diseases. Adoptive therapy using antigen-speci?c T 
cells represents a conceptually attractive strategy by provid 
ing a means to manipulate the speci?city, phenotype and 
magnitude of the intended immune response. Methods to 
routinely and reproducibly expand antigen-speci?c T cell 
clones for use in clinical trials of adoptive therapy Would be 
desirable. Current technologies for generating therapeutic 
doses of antigen-speci?c T cells remain limited and could be 
improved by simplifying the manufacturing process While 
maintaining or perhaps improving the function of the 
infused T cells. 

[0006] The various techniques available for expanding 
human T-cells have relied primarily on the use of accessory 
cells (primarily antigen presenting cells (APC)) and/ or exog 
enous groWth factors, such as interleukin-2 (IL-2). IL-2 has 
been used together With an anti-CD3 antibody to stimulate 
T-cell proliferation, predominantly expanding the CD8+ 
subpopulation of T-cells. Both APC signals are thought to be 
required for optimal T-cell activation, expansion, and long 
term survival of the T-cells upon re-infusion. The require 
ment for MHC-matched APCs as accessory cells presents a 
signi?cant problem for long-term culture systems because 
APCs are relatively short-lived. Therefore, in a long-term 
culture system, APCs must be continually obtained from a 
source and replenished. The necessity for a reneWable 
supply of accessory cells is problematic for treatment of 
immunode?ciencies in Which accessory cells are affected. In 
addition, When treating viral infection, if accessory cells 
carry the virus, the cells may contaminate the entire T-cell 
population during long-term culture. 

[0007] Further, similar systems require vaccination With 
antigen (e.g. tumor/viral antigen), pulsing of antigen-pre 
senting cells With antigens folloWed by infusion of cells. 
Expansion of antigen-speci?c T cells to generate large 
numbers of antigen-speci?c T cells often requires labor 
intensive and expensive cloning, and/or multiple rounds of 
activation/expansion to achieve therapeutically relevant T 
cell numbers. 
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[0008] Therefore, there is a need in the art for improved 
methods to routinely and reproducibly expand antigen 
speci?c T cell clones for use in clinical trials of adoptive 
therapy and for a simpli?ed manufacturing process that 
maintains or even improves the function of the antigen 
speci?c T cells. 

[0009] The present invention provides methods to gener 
ate an increased number of highly responsive antigen 
speci?c T cells that have surface receptor and cytokine 
production characteristics that are more desirable than other 
expansion methods. The instant invention does not require 
knowledge of a particular antigen (although knoWn antigens 
can be used in the context of this invention) and provides for 
a single, or double, round of expansion to achieve a thera 
peutically relevant dose of antigen-speci?c T cells, both of 
the CD4 and CD8 lineage (and either may be selected if 
desired). 

SUMMARY OF THE INVENTION 

[0010] Generally, the present invention relates to methods 
for activating, stimulating and isolating antigen-speci?c T 
cells. The present invention also relates to compositions of 
antigen-speci?c T cells and methods of their use in the 
treatment and prevention of cancer, infectious diseases, 
autoimmune diseases, immune disfunction related to aging, 
or any other disease state Where antigen-speci?c T cells are 
desired for treatment. 

[0011] In one aspect of the present invention, a method for 
expanding a population of antigen-speci?c T cells is pro 
vided, comprising contacting a population of cells Wherein 
at least a portion thereof comprises antigen-speci?c T cells, 
With a surface, Wherein said surface has attached thereto a 
?rst agent and a second agent, Wherein said ?rst agent ligates 
a CD3/TCR complex on said T cells and said second agent 
ligates an accessory molecule on said T cells, and Wherein 
said ligation by said ?rst and second agent of said T cells 
induces proliferation of antigen-speci?c T cells and Wherein 
said surface is present in a ratio of surface to T cells of 1:2 
or less. In certain embodiments the ratio of surface to T cells 
is betWeen about 1:1 and about 1:50 and any ratio therebe 
tWeen. In certain embodiments the ratio of surface to T cells 
is from about 1:2, 1:25, 1:5, 1:10, 1:25, 1:50, 1:75, 1:100, 
or loWer. In one embodiment, the surface includes but is not 
limited to paramagnetic beads, lipids, and cell surfaces. In 
certain embodiments, the surface comprises paramagnetic 
beads conjugated to one or more antibodies. In certain 
embodiments, the surface can have 1, 2, 3, 4, or more 
antibodies or natural ligands conjugated thereto. 

[0012] Another aspect of the present invention provides a 
method for generating antigen-speci?c T cells comprising 
exposing a ?rst population of cells Wherein at least a portion 
thereof comprises antigen presenting cells (APC) to a sur 
face Wherein said surface has antigen attached thereto, such 
that said surface With antigen attached thereto is ingested by 
said APC; exposing a second population of cells Wherein at 
least a portion thereof comprises T cells to the population of 
cells in part (a); thereby generating antigen-speci?c T cells. 
Antigen may be attached or coupled to, or integrated into a 
surface by a variety of methods knoWn and available in the 
art and described herein. In one embodiment, the antigen is 
crosslinked to said surface. In a further embodiment, the 
attachment to said surface is by covalent or noncovalent, 
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electrostatic, or hydrophobic and may be accomplished by a 
variety of attachment means, including for example, chemi 
cal, mechanical, enzymatic, electrostatic, or other means 
Whereby the antigen(s) is capable of stimulating the cells. 
For example, the antibody to an antigen ?rst may be attached 
to a surface, or avidin or streptavidin may be attached to the 
surface for binding to a biotinylated antigen. The antibody to 
the ligand may be attached to the surface via an anti-idiotype 
antibody. Another example includes using protein A or 
protein G, or other non-speci?c antibody binding molecules, 
attached to surfaces to bind an antibody. Alternatively, 
antigen may be attached to the surface by chemical means, 
such as cross-linking to the surface, using commercially 
available cross-linking reagents (Pierce, Rockford, Ill.) or 
other means. In certain embodiments, antigens are 
covalently bound to the surface. Further, in one embodi 
ment, commercially available tosyl-activated DYNA 
BEADSTM or DYNABEADSTM With epoxy-surface reactive 
groups are incubated With the polypeptide antigen of interest 
according to the manufacturer’s instructions. Brie?y, such 
conditions typically involve incubation in a phosphate buffer 
from pH 4 to pH 9.5 at temperatures ranging from 4 to 37 
degrees C. 

[0013] In one embodiment, the APC are in direct contact 
With the antigen-speci?c T cells. In a further embodiment, 
the APC that are in direct contact With said antigen-speci?c 
T cells are isolated by exposing said APC to a magnetic ?eld, 
Wherein said surface comprises a paramagnetic, magnetic, or 
magnetiZable component. In another embodiment, the anti 
gen-speci?c T cells are expanded by exposing said T cells to 
a surface Wherein said surface has attached thereto a ?rst 
agent that ligates a ?rst T cell surface moiety of a T cell, and 
the same or a second surface has attached thereto a second 

agent that ligates a second moiety of said T cell, Wherein 
said ligation by the ?rst and second agent induces prolif 
eration (expansion) of said antigen-speci?c T cells. In cer 
tain embodiments, at least one agent is an antibody or an 
antibody fragment. In other embodiments, the ?rst agent is 
an antibody or a fragment thereof, and the second agent is 
an antibody or a fragment thereof. In yet another embodi 
ment, the ?rst and the second agents are different antibodies. 
In certain embodiments, the ?rst agent is an anti-CD3 
antibody, an anti-CD2 antibody, or an antibody fragment of 
an anti-CD3 or anti-CD2 antibody and the second the second 
agent is an anti-CD28 antibody or antibody fragment 
thereof. In another embodiment, the ?rst agent is an anti 
CD3 antibody and the second agent is an anti-CD28 anti 
body. In further embodiments, the anti-CD3 antibody and 
the anti-CD28 antibody are present at a ratio of about 1:1 to 
about 1:100. In a further embodiment, the antigen-speci?c T 
cells are expanded by exposing said antigen-speci?c T cells 
to a mitogen, such as phytohaemagglutinin (PHA), phorbol 
myristate acetate (PMA) and ionomycin, lipopolysaccharide 
(LPS), and superantigen. 
[0014] In a further embodiment, the antigen of the present 
invention includes but is not limited to protein, glycoprotein, 
peptides, antibody/ antigen complexes, Whole tumor or 
virus-infected cells, ?xed tumor or virus-infected cells, 
heat-killed tumor or virus-infected cells, tumor lysate, virus 
lysate, non-soluble cell debris, apoptotic bodies, necrotic 
cells, Whole tumor cells from a tumor or a cell line that have 
been treated such that they are unable to continue dividing, 
allogeneic cells that have been treated such that they are 
unable to continue dividing, irradiated tumor cells, irradiated 
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allogeneic cells, natural or synthetic complex carbohydrates, 
lipoproteins, lipopolysaccharides, transformed cells or cell 
line, transfected cells or cell line, transduced cells or cell 
line, and virally infected cells or cell line. In certain embodi 
ments, antigen is attached to said surface by an antibody/ 
ligand interaction. An antibody/ligand interaction includes 
but is not limited to an interaction betWeen an antibody/ 
ligand pair selected from the group consisting of anti 
MART-l antibody/MART-l antigen, anti-WT-l antibody/ 
WT-l, anti-PR1 antibody/ PR1, anti-PR3 antibody/PR3, anti 
tyrosinase antibody/tyrosinase antigen, anti-MAGE-l 
antibody/MAGE-l antigen, anti-MUC-l antibody/MUC-l 
antigen, anti-ot-fetoprotein antibody/ot-fetoprotein antigen, 
anti-Her2Neu antibody/Her2Neu, anti-HIV gp120 antibody/ 
HIV gp120, anti-in?uenza HA antibody/in?uenza HA, anti 
CMV pp 65/CMV pp 65, anti-hepatitis C antibody/hepatitis 
C proteins, anti-EBV EBNA 3B antibody/EBV EBNA 3B 
antigen, and anti-human Ig heavy and lignt chains/Ig from a 
myeloma cancer patient, and anti-human Ig heavy and lignt 
chains/Ig from a CLL cancer patient. In certain embodi 
ments, the antigen is chemically attached to a surface. In one 
embodiment, the attachment of said antigen to said surface 
comprises a biotin-avidin interaction. In a further embodi 
ment, the population of cells Wherein at least a portion 
thereof comprises APC is derived from a source selected 
from the group consisting of a leukapheresis product, 
peripheral blood, lymph node, tonsil, thymus, tissue biopsy, 
tumor, spleen, bone marroW, cord blood, CD34+cells, mono 
cytes, and adherent cells. 

[0015] Another aspect of the present invention provides a 
method for generating and expanding antigen-speci?c T 
cells comprising exposing a ?rst population of cells Wherein 
at least a portion thereof comprises antigen presenting cells 
to antigen such that said antigen is taken up by said APC; 
exposing a second population of cells Wherein at least a 
portion thereof comprises T cells to the population of cells 
in part (a); thereby generating antigen-speci?c T cells; and 
exposing said antigen-speci?c T cells of part (b) to a surface 
Wherein said surface has attached thereto a ?rst agent that 
ligates a ?rst T cell surface moiety of a T cell, and the same 
or a second surface has attached thereto a second agent that 
ligates a second moiety of said T cell, Wherein said ligation 
by the ?rst and second agent induces proliferation (expan 
sion) of said antigen-speci?c T cells. In certain embodi 
ments, at least one agent is an antibody or an antibody 
fragment. In other embodiments, the ?rst agent is an anti 
body or a fragment thereof, and the second agent is an 
antibody or a fragment thereof. In yet another embodiment, 
the ?rst and the second agents are different antibodies. In 
certain embodiments, the ?rst agent is an anti-CD3 antibody, 
an anti-CD2 antibody, or an antibody fragment of an anti 
CD3 or anti-CD2 antibody and the second the second agent 
is an anti-CD28 antibody or antibody fragment thereof. In 
another embodiment, the ?rst agent is an anti-CD3 antibody 
and the second agent is an anti-CD28 antibody. In further 
embodiments, the anti-CD3 antibody and the anti-CD28 
antibody are present at a ratio of about 1:1 to about 1:100. 
In one embodiment said antigen-speci?c T cells are isolated 
by contacting said T cells With antibodies speci?c for T cell 
activation markers. In another embodiment said antibodies 
are selected from the group consisting of anti-CD25, anti 
CD54, anti-CD69, anti-CD38, anti-CD45RO, anti-CD49d, 
anti-CD40L, anti-CD137, anti-CD62L, and anti-CD134. 
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[0016] A further aspect of the present invention provides 
a population of antigen-speci?c T cells generated according 
to any one of the methods described herein. 

[0017] An additional aspect of this invention is a compo 
sition comprising the antigen-speci?c T cells according to 
any of the methods described herein and a pharmaceutically 
acceptable excipient. 
[0018] A further aspect of the present invention provides 
methods for stimulating an immune response in a mammal 
comprising, administering to the mammal compositions 
comprising the antigen-speci?c T cells of the present inven 
tion. 

[0019] An additional aspect of the invention provides for 
reducing the presence of cancer cells in a mammal com 
prising, exposing the cancer cells to the compositions com 
prising antigen-speci?c T cells. In one embodiment, the 
cancer cells are from a cancer selected from the group 

consisting of melanoma, non-Hodgkin’s lymphoma, 
Hodgkin’s disease, leukemia, plasmocytoma, sarcoma, 
glioma, thymoma, breast cancer, prostate cancer, colo-rectal 
cancer, kidney cancer, renal cell carcinoma, pancreatic can 
cer, esophageal cancer, brain cancer, lung cancer, ovarian 
cancer, cervical cancer, multiple myeloma, hepatoma, acute 
lymphoblastic leukemia (ALL), acute myelogenous leuke 
mia (AML), chronic myelogenous leukemia (CML), and 
chronic lymphocytic leukemia (CLL). 

[0020] One aspect of the present invention provides a 
method for inhibiting the development of a cancer in a 
mammal, comprising administering to the mammal the 
composition comprising antigen-speci?c T cells fo the 
present invention. In certain embodiments, the cancer cells 
are from a cancer selected from the group consisting of 
melanoma, non-Hodgkin’s lymphoma, Hodgkin’s disease, 
leukemia, plasmocytoma, sarcoma, glioma, thymoma, 
breast cancer, prostate cancer, colo-rectal cancer, kidney 
cancer, renal cell carcinoma, pancreatic cancer, esophageal 
cancer, brain cancer, lung cancer, ovarian cancer, cervical 
cancer, multiple myeloma, hepatoma, acute lymphoblastic 
leukemia (ALL), acute myelogenous leukemia (AML), 
chronic myelogenous leukemia (CML), and chronic lym 
phocytic leukemia (CLL). 

[0021] A further aspect of the present invention provides 
a method for ameliorating an immune response dysfunction 
in a mammal comprising administering to the mammal the 
compositions comprising antigen-speci?c T cells generated 
using any one of the methods described herein. 

[0022] Yet another aspect of the invention provides a 
method for reducing the presence of an infectious organism 
in a mammal comprising, administering to the mammal a 
composition comprising antigen-speci?c T cells generated 
using any one of the methods described herein. Within this 
context, an infectious organism can include but is not limited 
to a virus, a single-stranded RNA virus, a single-stranded 
DNA virus, a double-stranded DNA virus, Human Immu 
node?ciency Virus (HIV), Hepatitis A, B, or C virus, Herpes 
Simplex Virus (HSV), Human Papilloma Virus (HPV), 
Cytomegalovirus (CMV), Epstein-Barr virus (EBV), a para 
site, a bacterium, M. tuberculosis, Pneumocyslis carinii, 
Candida, Aspergillus. 

[0023] An additional aspect of the present invention pro 
vides a method for inhibiting the development of an infec 
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tious disease in a mammal, comprising administering to the 
mammal the compositions comprising antigen-speci?c T 
cells generated using any one of the methods described 
herein. In this regard an infectious disease can be caused by 
an infectious organism including but not limited to a virus, 
an RNA virus, a DNA virus, Human Immunode?ciency 
Virus (HIV), Hepatitis A, B, or C virus, Herpes Simplex 
Virus (HSV), Human Papilloma Virus (HPV), Cytomega 
lovirus (CMV), Epstein-Barr virus (EBV), a parasite, a 
bacterium, M tuberculosis, Pneumocyslis carinii, Candida, 
Aspergillus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a photograph shoWing the tight associa 
tion of antigen-speci?c T cells and bead-loaded antigen 
presenting cells (APC) post magnetic separation. 

[0025] FIG. 2 is a plot shoWing upregulation of CD25 in 
re-stimulated memory CD8 CMV tetramer+ T cells 
expanded ex vivo. Panel A is a negative control from an 
HLA-A2+, CMV- donor. Panel B is a negative control 
shoWing uncoated bead stimulation from an HLA-A2+, 
CMV+ donor. Panel C shoWs CMV antigen-coated bead 
stimulation of cells from an HLA-A2+, CMV+ donor. 

[0026] FIG. 3 is a plot shoWing the effect of varying 
bead:cell ratio on expansion or deletion of CMV-speci?c T 
cells. 

[0027] FIG. 4 panels A and B is a bar graph shoWing the 
effect on T cell expansion of sequential bead addition at 
varying bead:cell ratios at varying times during culture. 
Panel A shoWs a comparison of total T cell expansion over 
15 days, comparing standard static cutter (beads at day 0 at 
either 1:25 or 1:5 bead to cell ratio) or additional beads 
added at day 5, 7, or 9 at1:10,1:25,1:50 or 1:100 bead to 
cell ratios. Panel B shoWs CMV-speci?c T cell expansion 
under the same experimental conditions as Panel A. 

[0028] FIG. 5 is a graph shoWing the effect on T cell 
expansion of loW bead:T cell ratio and sequential addition of 
beads on Melanoma gp100(M)-speci?c T cells. 

[0029] FIG. 6 is a graph depicting the fold increase of 
T-cells over time folloWing stimulation With anti-CD3 and 
anti-CD28 co-immobiliZed beads With varying ratios of 
anti-CD3:CD28 antibodies attached thereto. 

[0030] FIG. 7 is a graph depicting the fold increase of 
CMVpp65-speci?c T-cells over time folloWing stimulation 
With anti-CD3 and anti-CD28 co-immobiliZed beads With 
varying ratios of anti-CD3:CD28 antibodies attached 
thereto. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] Prior to setting forth the invention, it may be 
helpful to an understanding thereof to set forth de?nitions of 
certain terms that Will be used hereinafter. 

[0032] The term “biocompatible”, as used herein, refers to 
the property of being predominantly non-toxic to living 
cells. 

[0033] The term “stimulation”, as used herein, refers to a 
primary response induced by ligation of a cell surface 
moiety. For example, in the context of receptors, such 
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stimulation entails the ligation of a receptor and a subse 
quent signal transduction event. With respect to stimulation 
of a T-cell, such stimulation refers to the ligation of a T-cell 
surface moiety that in one embodiment subsequently 
induces a signal transduction event, such as binding the 
TCR/CD3 complex. Further, the stimulation event may 
activate a cell and upregulate or doWnregulate expression or 
secretion of a molecule, such as doWnregulation of TGF-B. 
Thus, ligation of cell surface moieties, even in the absence 
of a direct signal transduction event, may result in the 
reorganiZation of cytoskeletal structures, or in the coalescing 
of cell surface moieties, each of Which could serve to 
enhance, modify, or alter subsequent cell responses. 

[0034] The term “activation”, as used herein, refers to the 
state of a cell folloWing suf?cient cell surface moiety liga 
tion to induce a noticeable biochemical or morphological 
change. Within the context of T-cells, such activation, refers 
to the state of a T-cell that has been suf?ciently stimulated 
to induce cellular proliferation. Activation of a T-cell may 
also induce cytokine production and performance of regu 
latory or cytolytic effector functions. Within the context of 
other cells, this term infers either up or doWn regulation of 
a particular physico-chemical process. 

[0035] The term “target cell”, as used herein, refers to any 
cell that is intended to be stimulated by cell surface moiety 
ligation. 

[0036] An “antibody”, as used herein, includes both poly 
clonal and monoclonal antibodies; primatiZed (e.g., human 
iZed); murine; mouse-human; mouse-primate; and chimeric; 
and may be an intact molecule, a fragment thereof (such as 
scFv, Fv, Fd, Fab, Fab' and F(ab)'2 fragments), or multimers 
or aggregates of intact molecules and/ or fragments; and may 
occur in nature or be produced, e.g., by immuniZation, 
synthesis or genetic engineering; an “antibody fragment,” as 
used herein, refers to fragments, derived from or related to 
an antibody, Which bind antigen and Which in some embodi 
ments may be derivatiZed to exhibit structural features that 
facilitate clearance and uptake, e.g., by the incorporation of 
galactose residues. This includes, e.g., F(ab), F(ab)'2, scFv, 
light chain variable region (VL), heavy chain variable region 
(VH), and combinations thereof. 

[0037] The term “protein”, as used herein, includes pro 
teins, polypeptides and peptides; and may be an intact 
molecule, a fragment thereof, or multimers or aggregates of 
intact molecules and/or fragments; and may occur in nature 
or be produced, e. g., by synthesis (including chemical and/or 
enzymatic) or genetic engineering. 

[0038] The term “agent”, “ligand”, or “agent that binds a 
cell surface moiety”, as used herein, refers to a molecule that 
binds to a de?ned population of cells. The agent may bind 
any cell surface moiety, such as a receptor, an antigenic 
determinant, or other binding site present on the target cell 
population. The agent may be a protein, peptide, antibody 
and antibody fragments thereof, fusion proteins, synthetic 
molecule, an organic molecule (e.g., a small molecule), or 
the like. Within the speci?cation and in the context of T-cell 
stimulation, antibodies are used as a prototypical example of 
such an agent. 

[0039] The terms “agent that binds a cell surface moiety” 
and “cell surface moiety”, as used herein, are used in the 
context of a ligand/anti-ligand pair. Accordingly, these mol 
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ecules should be vieWed as a complementary/anti-comple 
mentary set of molecules that demonstrate speci?c binding, 
generally of relatively high af?nity (an af?nity constant, Ka, 
of about 106 M-1 or tighter). 

[0040] “Antigen-presenting cell (APC)”, as used herein, 
refers to those cells that normally initiate the responses of 
naive and/or memory T cells to antigen. In this regard, APC 
refers to any cell capable of antigen presentation. APCs 
include, but are not limited to, dendritic cells, monocytes, 
macrophages, and B cells. An APC may express high levels 
of MHC class II, ICAM-1 and B7-2. 

[0041] A “co-stimulatory signal”, as used herein, refers to 
a signal, Which in combination With a primary signal, such 
as TCR/CD3 ligation, leads to T-cell proliferation. 

[0042] A “ligand/anti-ligand pair”, as used herein, refers to 
a complementary/anti-complementary set of molecules that 
demonstrate speci?c binding, generally of relatively high 
af?nity (an af?nity constant, Ka, of at least about 106 M_l). 
The skilled artisan Would understand that this af?nity is 
illustrative only and that affinity constants of the ligand/anti 
ligand pairs useful in the context of the present invention 
might be loWer or in some cases higher. For example, in the 
case of biotin/streptavidin, the streptavidin on-rate is com 
parable to that of monomeric avidin While its olf-rate is 
seven times loWer. The dissociation constant Was deter 
mined to be l.3><l0(—8)M. Exemplary ligand/anti-ligand 
pairs enZyme/inhibitor, hapten/antibody, lectin/carbohy 
drate, ligand/receptor, and biotin/avidin or streptavidin. 
Within the context of the present invention speci?cation 
receptors and other cell surface moieties are anti-ligands, 
While agents (e.g., antibodies and antibody fragments) reac 
tive thereWith are considered ligands. 

[0043] “Separation”, as used herein, includes any means 
of substantially purifying one component from another (e. g., 
by ?ltration, magnetic attraction, etc.). 
[0044] “Quiescent”, as used herein, refers to a cell state 
Wherein the cell is not actively proliferating. 

[0045] A “surface”, as used herein, refers to any surface 
capable of having an agent attached thereto and includes, 
Without limitation, metals, glass, plastics, co-polymers, col 
loids, lipids, cell surfaces, and the like. Essentially any 
surface that is capable of retaining an agent bound or 
attached thereto. A prototypical example of a surface used 
herein, is a particle such as a bead. As such, the terms 
“surface” and “particle” are used herein interchangeably. 

[0046] “Immune response or responsiveness” as used 
herein, refers to activation of cells of the immune system, 
including but not limited to, T-cells, such that a particular 
effector function(s) of a particular cell is induced. Effector 
functions may include, but are not limited to, proliferation, 
secretion of cytokines, secretion of antibodies, expression of 
regulatory and/or adhesion molecules, and the ability to 
induce cytolysis. 

[0047] “Stimulating an immune response” as used herein, 
refers to any stimulation such that activation and induction 
of effector functions of cells of the immune system are 
achieved. 

[0048] “Immune response dysfunction” as used herein, 
refers to the inappropriate activation and/or proliferation, or 
lack thereof, of cells of the immune system, and/or the 
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inappropriate secretion, or lack thereof, of cytokines, and/or 
the inappropriate or inadequate induction of other effector 
functions of cells of the immune system, such as expression 
of regulatory, adhesion, and/or homing receptors, and the 
induction of cytolysis. 

[0049] The terms “preventing” or “inhibiting” the devel 
opment of a cancer or cancer cells” as used herein, refers to 
the occurrence of the cancer being prevented or the onset of 
the cancer being delayed. 

[0050] The term “treating” or “reducing the presence of a 
cancer or cancer cells” as used herein, means that the cancer 

groWth is inhibited, Which is re?ected by, e. g., tumor volume 
or numbers of malignant cells. Tumor volume may be 
determined by various knoWn procedures, e.g., obtaining 
tWo dimensional measurements With a dial caliper. 

[0051] “Preventing or inhibiting the development of an 
infectious disease” as used herein, means the occurrence of 
the infectious disease is prevented or the onset of the 
infectious disease is delayed, or the spread of an existing 
infection is reversed. 

[0052] “Ameliorate” as used herein, is de?ned as: to make 
better; improve (The American Heritage College Dictionary, 
3rd Edition, Houghton Mil?in Company, 2000). 

[0053] “Particles” as used herein, may include a colloidal 
particle, a microsphere, nanoparticle, a bead, or the like. In 
the various embodiments, commercially available surfaces, 
such as beads or other particles, are useful (e.g., Miltenyi 
Particles, Miltenyi Biotec, Germany; Sepharose beads, Phar 
macia Fine Chemicals, SWeden; DYNABEADSTM, Dynal 
Inc., Oslo, NorWay; PURABEADSTM, Prometic Bio 
sciences, magnetic beads from Immunicon, Huntingdon 
Valley, Pa., microspheres from Bangs Laboratories, Inc., 
Fishers, Ind.). 
[0054] “Paramagnetic particles” as used herein, refer to 
particles, as de?ned above, that localiZe in response to a 
magnetic ?eld. 

[0055] “Antigen” as used herein, refers to any molecule 1) 
capable of being speci?cally recogniZed, either in its entirety 
or fragments thereof, and bound by the “idotypic” portion 
(antigen-binding region) of a mAb or its derivative; 2) 
containing peptide sequences Which can be bound by MHC 
and then, in the context of MHC presentation, can speci? 
cally engage its cognate T cell antigen receptor. 

[0056] To “load” an APC With antigen, as used herein, 
refers to exposing an APC to antigen or antigenic peptide for 
a period of time suf?cient for the APC to uptake, process, 
and present the antigen, bound by MHC molecules, to T 
cells. In some cases, the antigen, especially peptide, can be 
bound by MHC molecules and presented to T cells Without 
being taken up and processed by the APC. 

[0057] The term “animal” or “mammal” as used herein, 
encompasses all mammals, including humans. Preferably, 
the animal of the present invention is a human subject. 

[0058] The term “exposing” as used herein, refers to 
bringing into the state or condition of immediate proximity 
or direct contact. 

[0059] The term “lysate” as used herein, refers to the 
supernatant and non-soluble cell debris resulting from lysis 
of cells. A skilled artisan Will recogniZe that any number of 
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lysis buffers knoWn in the art may be used (see for example 
Current Protocols in Immunology, John Wiley & Sons, NeW 
York. N.Y.). Cell lysis may also be carried out by freeZe 
thaW procedures or other means (eg sonication, etc.). 

[0060] The term “apoptotic body” as used herein, is 
de?ned as the smaller, intact, membrane-bound fragments 
that result from apoptotic cells. 

[0061] The term “proliferation” as used herein, means to 
groW or multiply by producing neW cells. 

[0062] The term “infectious disease” as used herein, refers 
to any disease that is caused by an infectious organism. 
Infectious organisms may comprise viruses, (e.g., RNA 
viruses, DNA viruses, human immunode?ciency virus 
(HIV), hepatitis A, B, and C virus, herpes simplex virus 
(HSV), cytomegalovirus (CMV) Epstein-Barr virus (EBV), 
human papilloma virus (HPV)), parasites (e.g., protoZoan 
and metaZoan pathogens such as Plasmodia species, Leish 
mania species, Schislosoma species, Trypanosoma species), 
bacteria (e.g., Mycobacleria, in particular, M tuberculosis, 
Salmonella, Slreplococci, E. coli, Staphylococci), fungi 
(e.g., Candida species, Aspergillus species), Pneumocyslis 
carinii, and prions (knoWn prions infect animals to cause 
scrapie, a transmissible, degenerative disease of the nervous 
system of sheep and goats, as Well as bovine spongiforrn 
encephalopathy (BSE), or “mad coW disease”, and feline 
spongiforrn encephalopathy of cats. Four prion diseases 
knoWn to affect humans are (l) kuru, (2) CreutZfeldt-Jakob 
Disease (CID), (3) Gerstmann-Straussler-Scheinker Disease 
(GSS), and (4) fatal familial insomnia (FFI)). As used herein 
“prion” includes all forms of prions causing all or any of 
these diseases or others in any animals usediand in par 
ticular in humans and domesticated farm animals. 

[0063] Sources ofT Cells 

[0064] T cells can be obtained from a number of sources, 
including peripheral blood mononuclear cells, bone marroW, 
thymus, tissue biopsy, tumor, lymph node tissue, gut asso 
ciated lymphoid tissue, mucosa associated lymphoid tissue, 
spleen tissue, or any other lymphoid tissue, and tumors. T 
cells can be obtained from T cell lines and from autologous 
or allogeneic sources. T cells may also be obtained from a 
xenogeneic source, for example, from mouse, rat, non 
human primate, and pig. 

[0065] Preferably, cells from the circulating blood of an 
individual are obtained by apheresis or leukapheresis. The 
apheresis product typically contains lymphocytes, including 
T cells, monocytes, granulocytes, B cells, other nucleated 
White blood cells, red blood cells, and platelets. In one 
embodiment, the cells collected by apheresis or leukapher 
esis may be Washed to remove the plasma fraction and to 
place the cells in an appropriate buffer or media for subse 
quent processing steps. In one embodiment of the invention, 
the cells are Washed With phosphate buffered saline (PBS). 
In an alternative embodiment, the Wash solution lacks cal 
cium and may lack magnesium or may lack many if not all 
divalent cations. As those of ordinary skill in the art Would 
readily appreciate a Washing step may be accomplished by 
methods knoWn to those in the art, such as by using a 
semi-automated “?ow-through” centrifuge (for example, the 
Cobe 2991 cell processor, Baxter) according to the manu 
facturer’s instructions. After Washing, the cells may be 
resuspended in a variety of biocompatible buffers, such as, 
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for example, Ca++/Mg++free PBS. Alternatively, the unde 
sirable components of the apheresis sample may be removed 
and the cells directly resuspended in culture media. 

[0066] In another embodiment, T cells are isolated from 
peripheral blood lymphocytes by lysing the red blood cells 
and by centrifugation through a PERCOLLTM gradient. A 
speci?c subpopulation of T cells, such as CD28", CD4", 
CD8", CD45RA", and CD45RO+T cells, can be further 
isolated by positive or negative selection techniques. For 
example, CD3+, CD28+T cells can be positively selected 
using CD3/CD28 conjugated magnetic beads (e.g., DYNA 
BEADS® M-450 CD3/CD28 T Cell Expander). In one 
aspect of the present invention, enrichment of a T cell 
population by negative selection can be accomplished With 
a combination of antibodies directed to surface markers 
unique to the negatively selected cells. A preferred method 
is cell sorting and/or selection via negative magnetic immu 
noadherence or How cytometry that uses a cocktail of 
monoclonal antibodies directed to cell surface markers 
present on the cells negatively selected. For example, to 
enrich for CD4+cells by negative selection, a monoclonal 
antibody cocktail typically includes antibodies to CD14, 
CD20, CD11b, CD16, HLA-DR, and CD8. 

[0067] Another method for preparing T cells for stimula 
tion is to freeZe the cells after the Washing step, Which does 
not require the monocyte-removal step. Wishing not to be 
bound by theory, the freeZe and subsequent thaW step 
provides a more uniform product by removing granulocytes 
and, to some extent, monocytes in the cell population. After 
the Washing step that removes plasma and platelets, the cells 
may be suspended in a freeZing solution. While many 
freeZing solutions and parameters are knoWn in the art and 
Will be useful in this context, one method involves using 
PBS containing 20% DMSO and 8% human serum albumin 
(HSA), or other suitable cell freeZing media. This is then 
diluted 1:1 With media so that the ?nal concentration of 
DMSO and HSA are 10% and 4%, respectively. The cells are 
then froZen to —800 C. at a rate of 10 per minute and stored 
in the vapor phase of a liquid nitrogen storage tank. 

[0068] Sources of Antigen-Presenting Cells (APC) 

[0069] The source of antigen-presenting cell (APC) is 
typically a tissue source comprising APC or APC precursors 
that are capable of proliferating and maturing in vitro into 
professional APC (pAPC) When loaded With antigen and/or 
treated With the necessary cytokines or factors. “Profes 
sional APC” (pAPC) or “antigen-presenting cell” (APC), as 
used herein, refers to those cells that normally initiate the 
responses of naive and/or memory T cells to antigen. Pro 
fessional APCs include, but are not limited to, DC, mac 
rophages, and B cells. pAPC may express high levels of 
MHC class II, ICAM-1 and B7-2. In one aspect, APC 
precursor cells are capable of proliferating and maturing in 
vitro into dendritic cells (DC). While many tissue sources 
may be used, typical tissue sources comprise spleen, thy 
mus, tissue biopsy, tumor, a?ferent lymph, lymph nodes, 
bone marroW, apheresis or leukapheresis product, and/or 
peripheral blood. In certain embodiments, apheresis product, 
bone marroW and peripheral blood are preferred sources. 
Fetal tissue, fetal or umbilical cord blood, Which is also rich 
in groWth factors may also be used as a source of blood for 
obtaining APC and/ or precursor APC. Exemplary precursor 
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cells may be, but are not limited to, embryonic stem cells, 
CD34+cells, monocyte progenitors, monocytes, and pre-B 
cells. 

[0070] Further, according to one aspect of the present 
invention, APC may be derived from precursor cells com 
prising monocytes or CD34+cells. 

[0071] In one aspect of the present invention, the source of 
APC and/or precursor APC is an apheresis or leukapheresis 
product. Cells are collected using apheresis procedures 
knoWn in the art. See, for example, Bishop et al., Blood, vol. 
83, No. 2, pp. 610-616 (1994). Brie?y, cells are collected 
using conventional devices, for example, a Haemonetics 
Model V50 apheresis device (Haemonetics, Braintree, 
Mass.). Apheresis product typically contains lymphocytes, 
including T cells, monocytes, granulocytes, B cells, other 
nucleated White blood cells, red blood cells, and platelets. In 
one embodiment, the cells collected by apheresis may be 
Washed to remove the plasma fraction and to place the cells 
in an appropriate buffer or media for subsequent processing 
steps. In another embodiment of the invention, the cells are 
Washed With phosphate buffered saline (PBS). In an alter 
native embodiment, the Wash solution lacks calcium and 
may lack magnesium or may lack many if not all divalent 
cations. As those of ordinary skill in the art Would readily 
appreciate a Washing step may be accomplished by methods 
knoWn to those in the art, such as by using a semi-automated 
“?ow-through” centrifuge (for example, the Cobe 2991 cell 
processor, Gambro BCT, Lakewood, Colo.) according to the 
manufacturer’s instructions. After Washing, the cells may be 
resuspended in a variety of biocompatible buffers, such as, 
for example, Ca-free, Mg-free PBS. Alternatively, the unde 
sirable components of the apheresis sample may be removed 
and the cells directly resuspended in culture media. 

[0072] When blood is used as a source of APC, blood 
leukocytes may be obtained using conventional methods that 
maintain their viability. According to one aspect of the 
invention, blood is diluted into medium (preferably RPMI) 
that may or may not contain heparin (about 100 U/ml) or 
other suitable anticoagulant. The volume of blood to 
medium is about 1 to 1. Cells are concentrated by centrifu 
gation of the blood in medium at about 1000 rpm (150 g) at 
40 C. Platelets and red blood cells are depleted by resus 
pending the cells in any number of solutions knoWn in the 
art that Will lyse erythrocytes, for example ammonium 
chloride. For example, the mixture may be medium and 
ammonium chloride (at a ?nal concentration of about 0.839 
percent) at about 1:1 by volume. Cells may be concentrated 
by centrifugation and Washed in the desired solution until a 
population of leukocytes, substantially free of platelets and 
red blood cells, is obtained, typically about tWo times. Any 
isotonic solution commonly used in tissue culture may be 
used as the medium for separating blood leukocytes from 
platelets and red blood cells. Examples of such isotonic 
solutions are phosphate buffered saline, Hanks balanced salt 
solution, or complete groWth media including for example 
RPMI 1640, DMEM, MEM, HAMS F-12, X-V1vo 15, or 
X-Vivo 20. APC and/or APC precursor cells may also 
puri?ed by elutriation, using, for example, a Beckman J6ME 
centrifuge equipped With a J 5.0 rotor and a 40 ml elutriation 
chamber. 

[0073] In one embodiment of the present invention, iso 
lation of APC and/or precursor APC is performed by pre 



US 2007/0212767 A1 

incubating ?colled Whole blood or apheresed peripheral 
blood With one or more varieties of irrelevant or non 

antibody coupled paramagnetic particles (approx. 1 vial of 
beads or 4><l09 beads to one batch of cells (typically from 
about 5><l08 to about 2><l0l0 cells) for about 30 minutes to 
2 hours at 22 to 37 degrees C., folloWed by magnetic 
removal of cells Which have attached to or engulfed the 
paramagnetic particles. Such separation can be performed 
using standard methods available in the art. For example, 
any magnetic separation methodology may be used includ 
ing a variety of Which are commercially available, (e.g., 
DYNAL® Magnetic Particle Concentrator (DYNAL 
MPC®)). Assurance of isolation can be monitored by a 
variety of methodologies knoWn to those of ordinary skill in 
the art, including ?oW cytometric analysis of cells before 
and after said isolation. 

[0074] APC obtained from treatment of the tissue source 
may be cultured to form a primary culture in an appropriate 
culture container or vessel in an appropriate culture medium. 
In certain embodiments, the culture medium is supple 
mented With one or more cytokines. According to the present 
invention, the appropriate culture container or vessel may be 
any container With tissue culture compatible surface. 
Examples include various bags (e.g., Lifecell culture bags), 
?asks, roller bottles, petri dishes and multi-Well containing 
plates made for use in tissue culture. Surfaces treated With 
a substance, for example collagen or poly-L-lysine, or 
antibodies speci?c for a particular cell type to promote cell 
adhesion may also be used provided they alloW for the 
differential attachment of cells as described beloW. Surfaces 
may be also be chemically treated, for example by ioniZa 
tion. Cells are plated at an initial cell density from about 105 
to 107 cells/cm2. In one aspect, cells are plated at 106 
cells/cm2. 

[0075] In one embodiment, the primary cultures from the 
selected tissue source are alloWed to incubate at about 370 C. 
under standard tissue culture conditions of humidity, CO2, 
and pH until a population of cells has adhered to the 
substrate suf?ciently to alloW for the separation of nonad 
herent cells. Some immature APC in blood initially are 
nonadherent to plastic, particularly immature DC, in contrast 
to monocytes, so that the precursors can be separated after 
overnight culture. Monocytes and ?broblasts are believed to 
comprise the majority of adherent cells and usually adhere 
to the substrate Within about 30 minutes to about 24 hours. 
In certain aspects, nonadherent cells are separated from 
adherent cells betWeen about 1 to 16 hours. Nonadherent 
cells may be separated at about 1 to 2 hours. Any method 
Which does not dislodge signi?cant quantities of adherent 
cells may be used to separate the adherent from nonadherent 
cells. In certain aspects, the cells are dislodged by simple 
shaking or pipetting. Pipetting is most preferred. 

[0076] Adherent cells comprising precursor APC (e.g., 
monocytes) isolated according to the methods of the inven 
tion are alloWed to incubate at about 370 C. under standard 
tissue culture conditions of humidity, CO2, and pH until a 
population of cells has reached an immature APC stage. In 
certain aspects, according to the present invention, adherent 
cells are alloWed to incubate for a period of betWeen 4 hours 
and 7 days. HoWever, one of ordinary skill in the art Will 
readily appreciate that incubation times and conditions may 
vary. “Immature APC” as used herein, refers to an interme 
diate differentiation state of an APC Wherein the APC has the 
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capacity to endocytose or phagocytose antigen, foreign 
bodies, necrotic and/or apoptosing tissue and/or cells. Imma 
ture APC may be CDl4'or CDl4+depending on the origin 
of the precursor cells. Immature APC may also express 
CDla, CD40, CD86, CD54, and intermediate levels of MHC 
class II (levels of marker expression on sample cells can be 
compared by How cytometric analysis to levels of expres 
sion on MHC class II-negative cells and cells knoWn to 
express high levels of MHC class II). Immature APC typi 
cally do not express CCR7. 

[0077] In certain aspects of the present invention, it is not 
necessary to separate T cells from APC. For example, in one 
embodiment, PBMC comprising APC and T cells can be 
exposed to antigen as described herein and the resulting 
antigen-speci?c T cells further expanded as described 
herein. 

[0078] In certain aspects of the present invention, it is not 
required that the APCs or the T cells described herein be 
derived from an autologous source. Thus, the APC and T 
cells can be obtained from a matched or unmatched donor, 
or from a cell line, a T cell line, or other cells groWn in vitro. 
Methods for matching haplotypes are knoWn in the art. 
Furthermore, the APC and T cells or supernatant therefrom 
may be obtained from a xenogeneic source, for example, 
mouse, rat, non-human primate, and porcine cells may be 
used. 

[0079] Sources of Antigen 

[0080] According to the present invention, the source of 
antigen may be, but is not limited to, protein, including 
glycoprotein, peptides (including pools of overlapping pep 
tides), superantigens (e.g., SEA, SEB, TSST-l) antibody/ 
antigen complexes, tumor lysate, viral lysate (e.g., CMV 
lysate and the like), non-soluble cell debris, apoptotic bod 
ies, necrotic cells, Whole cells Which are live, ?xed, irradi 
ated, heat-killed or otherWise manipulated, Whole tumor 
cells from a tumor or a cell line that have been treated such 
that they are unable to continue dividing, allogeneic cells 
that have been treated such that they are unable to continue 
dividing, irradiated tumor cells, irradiated allogeneic cells, 
natural or synthetic complex carbohydrates, lipoproteins, 
lipopolysaccharides, RNA or a translation product of said 
RNA, and DNA or a polypeptide encoded by said DNA. 
Non-transformed cells are typically irradiated With gamma 
rays in the range of about 3000 to 3600 rads, more preferably 
at about 3300 rads. Lymphoblastoid or tumor cell lines are 
typically irradiated With gamma rays in the range of about 
6000 to 10,000 rads, more preferably at about 8000 rads. 
Necrotic and apoptotic cells may be generated by physical, 
chemical, or biological means. Necrotic cells are typically 
generated by freeZe-thaWing, While apoptotic cells are gen 
erated using UV irradiation. UV and gamma irradiation, and 
freeZe-thaWing procedures are Well knoWn in the art and are 
described, for example, in Current Protocols in Molecular 
Biology or Current Protocols in Immunology, John Wiley & 
Sons, NeW York. NY. 

[0081] Antigen source may also comprise non-trans 
formed, transformed, transfected, or transduced cells or cell 
lines. Cells may be transformed, transfected, or transduced 
using any of a variety of expression or retroviral vectors 
knoWn to those of ordinary skill in the art that may be 
employed to express recombinant antigens. Expression may 
also be achieved in any appropriate host cell that has been 
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transformed, transfected, or transduced With an expression 
or retroviral vector containing a DNA molecule encoding 
recombinant antigen(s). Any number of transfection, trans 
formation, and transduction protocols knoWn to those in the 
art may be used, for example those outlined in Current 
Protocols in Molecular Biology, John Wiley & Sons, NeW 
York. N.Y., or in numerous kits available commercially (e.g., 
Invitrogen Life Technologies, Carlsbad, Calif.). In one 
embodiment of the present invention, recombinant vaccinia 
vectors and cells infected With said vaccina vectors, may be 
used as a source of antigen. Recombinant antigen may 
include any number of de?ned tumor antigens described 
beloW. 

[0082] According to certain methods of the invention, 
antigen may comprise viral antigens such as CMV pp 65, 
HIV pgl20, and the like. In certain embodiments, antigen 
may comprise de?ned tumor antigens such as the melanoma 
antigen Melan-A (also referred to as melanoma antigen 
recogniZed by T cells or MART-l), melanoma antigen 
encoding genes 1, 2, and 3 (MAGE-l, -2, -3), melanoma 
GPlOO, carcinoembryonic antigen (CEA), the breast cancer 
angtigen, Her-2/Neu, serum prostate speci?c antigen (PSA), 
Wilm’s Tumor (WT-l), PRl, PR3 (antigens implicated in 
the graft-versus-leukemia (GVL) effect in chronic myeloid 
leukemia), mucin antigens, MUC-l, -2, -3, -4, B cell lym 
phoma idiotypes, and the like. The skilled artisan Would 
appreciate that any tumor antigen Would be useful in the 
context of the present invention. 

[0083] Activation of Antigen-Speci?c T Cells 

[0084] One aspect of the present invention stems from the 
surprising ?nding that using different bead:cell ratios can 
lead to different outcomes With respect to expansion of 
antigen-speci?c T cells. In particular, bead:cell ratios can be 
varied to selectively expand or delete antigen-speci?c 
(memory) T cells. In one embodiment, the particular bead 
:cell ratio used selectively expands antigen-speci?c T cells. 
Thus, in one embodiment of the present invention, antigen 
speci?c T cells are activated by direct contact of a popula 
tion of cells Wherein at least a portion thereof comprises T 
cells (e.g., a leukaphersis product from an individual, blood 
sample, tumor biopsy, etc.), With a surface, Wherein said 
surface has attached thereto a ?rst agent that ligates a ?rst T 
cell surface moiety of a T cell, and the same or a second 
surface has attached thereto a second agent that ligates a 
second moiety of said T cell, Wherein said ligation by the 
?rst and second agent induces proliferation (expansion) of 
antigen-speci?c T cells present Within the population of 
cells. 

[0085] Without being bound by theory, it is thought that 
the antigen-speci?c T cells are sensitiZed to further stimu 
lation. Thus, the key appears to be the strength of the T cell 
activation signal: selective expansion of memory T cells 
(antigen-speci?c T cells) occurs With “Weak” signals While 
selective deletion of memory T cells occurs With “strong” 
signals. The quantity of the CD3/TCR (and CD28) receptors 
that are bound by ligands determines the signal strength. 
Thus, stimulation With high bead:cell ratios provides a high 
concentration of stimulating antibody (i.e., “strong signal”), 
leading to over-stimulation of antigen-speci?c T cells, caus 
ing them to die, either by apoptosis or other mechanisms. 
Using loWer bead:cell ratios provides a stimulation signal to 
antigen-speci?c T cells that does not over-stimulate, but 
rather induces rapid proliferation of these cells. 
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[0086] In one embodiment of the present invention, anti 
gen-speci?c T cells are activated by culturing T cells isolated 
as described herein above, With APC that have been loaded 
With antigen. 

[0087] In another embodiment, suitable APC are plated in 
culture dishes and exposed to a source of antigen as 
described herein, in a sufficient amount and for a suf?cient 
period of time to alloW the antigen to bind and/or be taken 
up by the APC. In certain aspects, antigen is exposed to the 
APC for a period of time betWeen 24 hours and 4 days. In 
one particular embodiment, the antigen is exposed to the 
APC for 36, 48, or 72 hours. In a further embodiment, the 
antigen is exposed to the APC for 2.5, 3, 3.5, or 4 days. In 
certain embodiments, antigen may be exposed to the APC 
for periods longer than 4 days, for example 4.5, 5, 5.5, 6, 6.5, 
7, 7.5, 8, 8.5, 9, 9.5, or 10 days. The amount and time 
necessary to achieve binding and uptake of the antigen by 
the APC may differ depending on the source and type of 
antigen and may be determined by those of ordinary skill in 
the art by immunoassay or binding assay. Other methods 
knoWn to those of skill in the art may be used to detect the 
presence of antigen in the context of MHC on the APC 
folloWing their exposure to antigen. 

[0088] In yet an additional embodiment, PBMC (e.g., 
from blood, a leukapheris product, etc.) from a subject are 
cultured directly in the presence of antigen, as described 
herein, to load APC With the antigen and to activate/ 
stimulate antigen-speci?c T cells present in the PBMC. In 
this regard, PBMC may be collected from an individual, 
contacted With an antigen of interest, such as a tumor 
antigen, or a viral lysate, etc. In this manner, the APC present 
in the PBMC are loaded With the antigen, Which is then 
presented to the T cells present in the sample. In an addi 
tional embodiment, the antigen-speci?c T cells of the 
present invention may be stimulated With peptide-MHC 
tetramers, see for example Altman, et al., Science 1998 Jun. 
19; 280(537l):l82l. 

[0089] The APC of the present invention may be loaded 
With antigen through genetic modi?cation. Genetic modi? 
cation may comprise RNA or DNA transfection using any 
number of techniques knoWn in the art, for example elec 
troporation (using e.g., the Gene Pulser II, BioRad, Rich 
mond, Calif.), various cationic lipids, (LIPO 
FECTAMINETM, Life Technologies, Carlsbad, Calif.), or 
other techniques such as calcium phosphate transfection as 
described in Current Protocols in Molecular Biology, John 
Wiley & Sons, NeW York. NY. For example, 5-50 pg of 
RNA or DNA in 500 pl of Opti-MEM can be mixed With a 
cationic lipid at a concentration of 10 to 100 ug, and 
incubated at room temperature for 20 to 30 minutes. Other 
suitable lipids include LIPOFECTINTM, LIPO 
FECTAMINETM. The resulting nucleic acid-lipid complex is 
then added to l-3><l06 cells, preferably 2x106, antigen 
presenting cells in a total volume of approximately 2 ml 
(e.g., in Opti-MEM), and incubated at 370 C. for 2 to 4 
hours. The APC may also be transduced using viral trans 
duction methodologies as described beloW. 

[0090] In another embodiment of the present invention, 
APC are loaded With antigen attached to, coated on, or 
otherWise immobilized on particles, such as beads. In the 
various embodiments, commercially available beads or 
other particles, are useful, e.g., Miltenyi Particles, Miltenyi 



US 2007/0212767 A1 

Biotec, Germany; Sepharose beads, Pharrnacia Fine Chemi 
cals, Sweden; DYNABEADSTM, Dynal Inc., NeW York. In 
certain embodiments, paramagnetic particles or beads are 
particularly suitable. Such paramagnetic beads or particles 
are commercially available, for example, those produced by 
Dynal AS under the trade name DynabeadsTM. Exemplary 
DynabeadsTM in this regard are M-280, M-450, and M-500. 
In one embodiment, Whole cells Which are live, ?xed, 
irradiated, heat-killed or otherWise manipulated, are immo 
biliZed to ingestable beads, via for example antibody/ligand 
speci?c means or chemical means. Similarly, tumor cell or 
virus-infected cell lysates, or antigen-preparations can be 
attached or otherWise immobilized to the beads (Which may 
be paramagnetic or otherWise selectable). These coated or 
antigen/cell/lysate-attached beads can be mixed With human 
or other animal peripheral blood preparations (or other 
compositions containing some percentage of antigen-pre 
senting cells (particularly those capable of ingesting par 
ticles and then processing and presenting antigens associated 
With the particles). Phagocytic cells Will ingest the beads/ 
particles, process antigens associated With the particles, and 
present them to T cells in the cell mix. As noted elseWhere 
herein, only T cells With speci?city for the variety of 
presented antigens Will interact in a positive manner With the 
APC. APC containing paramagnetic or otherWise selectable 
beads can then be isolated carrying With them antigen 
speci?c T cells. 

[0091] In one particular embodiment, the particles of the 
present invention comprise a cell surface, such as described 
in US. patent application Ser. No. 10/336,224, PCT/U.S.03/ 
00339. In this regard, antigen can be attached to the cells via 
antibody/ligand speci?c means as described herein or 
through genetic modi?cation. Any number of transfection, 
transformation, and transduction protocols knoWn to those 
in the art may be used, for example those outlined in Current 
Protocols in Molecular Biology, John Wiley & Sons, NeW 
York. N.Y., or in numerous kits available commercially (e.g., 
Invitrogen Life Technologies, Carlsbad, Calif.). Such tech 
niques may result in stable transformants or may be tran 
sient. One suitable transfection technique is electroporation, 
Which may be performed on a variety of cell types, including 
mammalian cells, yeast cells and bacteria, using commer 
cially available equipment. Optimal conditions for elec 
troporation (including voltage, resistance and pulse length) 
are experimentally determined for the particular host cell 
type, and general guidelines for optimiZing electroporation 
may be obtained from manufacturers. Other suitable meth 
ods for transfection Will depend upon the type of cell used 
(e.g., the lithium acetate method for yeast), and Will be 
apparent to those of ordinary skill in the art. Following 
transfection, cells may be maintained in conditions that 
promote expression of the polynucleotide Within the cell. 
Appropriate conditions depend upon the expression system 
and cell type, and Will be apparent to those skilled in the art. 

[0092] Antigen may be attached to the particles, such as 
beads, by antibody/ligand speci?c means, eg through par 
ticles, such as beads, conjugated to an antibody or antibod 
ies. Suitable antibody/ligand pairs may include, but are not 
limited to anti-MART-l antibody/MART-l antigen, anti 
WT-l antibody/WT-l, anti-PR1 antibody/PR1, anti-PR3 
antibody/PR3, anti-tyrosinase antibody/tyrosinase antigen, 
anti-MAGE-l antibody/MAGE-l antigen, anti-MUC-l anti 
body/MUC-1 antigen, anti-ot-fetoprotein antibody/ot-feto 
protein antigen, anti-Her2Neu antibody/Her2Neu, anti-HIV 
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gp120 antibody/HIV gp120, anti-in?uenza HA antibody/ 
in?uenza HA, anti-CMV pp65/CMV pp65, anti-hepatitis C 
antibody/hepatitis C proteins, anti-EBV EBNA 3B antibody/ 
EBV EBNA 3B antigen, and anti-human Ig heavy and lignt 
chains/Ig from cancer patient, such as myeloma or CLL 
patient. Other proteinzprotein binding interactions may be 
suitable for attaching antigen to particles, such as beads, for 
example, receptor/ligand interactions may be utiliZed. In 
certain embodiments, the antigen/protein is attached to the 
particles, such as beads by chemical means, eg antigen/ 
protein can be bound through non-covalent association of 
the antigen and bead, simply by incubating/contacting the 
tWo together for a time and under conditions sufficient for 
association to occur. In yet further embodiments, antigen 
may be attached to the particles, such as beads by a 
biotin/avidin or streptavidin interaction. In certain embodi 
ments, hydrophobic “naked” beads With p-toluenesulpho 
nyl(tosyl) reactive groups are used. Proteins are adsorbed 
hydrophobically on initial coupling With covalent binding of 
primary amine groups (NH2) and sulfhydryl groups (SH) 
occurring overnight. Coupling reactions can be performed at 
neutral pH hoWever high pH and incubation at 370 C. can 
promote covalent binding. 

[0093] In certain aspects, T cells isolated from a tissue 
source are exposed to antigen-loaded APC described herein 
for a time su?icient for T cells speci?c for a given antigen 
to be activated, for example as described in US. Pat. No. 
5,827,642, or as described in Riddell, et al., 1990, J. Immu 
nol. Methods, 128: 189-201. In one embodiment, T cells are 
exposed to antigen-loaded APC for a period of betWeen 
about several hours to about 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11,12,13,14,15,16,17,18,19,or about 20 days. 

[0094] In one embodiment, the T cells are exposed to 
antigen, or antigen-loaded APC as described herein in vivo. 
In this regard, antigen or antigen-loaded APC may be 
administered to an individual in order to stimulate and 
activate the T cells in vivo. The T cells may then be 
expanded either in vivo or ex vivo using the methods as 
described herein, such as With anti-CD3/anti-CD28 beads. 
The quantity and frequency of administration Will be deter 
mined by such factors as the condition of the individual, and 
the type and severity of disease, although appropriate dos 
ages may be determined by clinical trials. In certain embodi 
ments the T cells are exposed to antigen in vivo in an 
individual prior to onset of a disease or prior to treatment 
With other knoWn therapies. In this regard, the antigen 
speci?c T cells are generated and then isolated and expanded 
and preserved for later use. 

[0095] In one embodiment of the present invention, iso 
lation of antigen-speci?c T cells in direct contact With APC 
loaded With antigen immobiliZed on particles, such as beads, 
is performed by magnetic isolation of cells Which have 
attached to or engulfed paramagnetic particles. Such sepa 
ration can be performed using standard methods available in 
the art. For example, any magnetic separation methodology 
may be used including a variety of Which are commercially 
available, (e.g., DYNAL® Magnetic Particle Concentrator 
(DYNAL MPC®), MACS, Miltenyi Biotec, Germany). In 
this regard, only T cells With speci?city for the variety of 
presented antigens Will optimally interact in a positive 
manner With the APC. APC containing paramagnetic (or 
otherWise selectable) beads can then be isolated (via magnet 
or otherWise) carrying With them antigen-speci?c T cells. 
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These antigen-speci?c T cells can then be activated/ex 
panded by a variety of means, such as via XCELLERATETM 
technologies as described herein and US. patent application 
Ser. Nos. 10/350,305; 10/187,467; 10/133,236; 09/960,264; 
09/794,230; PCT/U.S.01/06139; and PCT/U.S.02/28161. 

[0096] In another embodiment of the invention, antigen 
speci?c T cells are isolated by positive selection. Such 
isolation can be carried out on T cells freshly isolated from 
a subject or on T cells that have been exposed to antigen or 
antigen-loaded APC as described herein. Numerous immu 
noselection methods knoWn to skilled artisans may be used. 
Such techniques are described, for example, in Current 
Protocols in Immunology, John Wiley & Sons, NeW York. 
N.Y. Markers that may be useful for the positive selection of 
antigen-speci?c cells include, but are not limited to, CD25, 
CD54, CD69, CD38, CD45RO, CD49d, CD40L, CD137, 
CD62L, and CD134. In one embodiment, ?uorescence acti 
vated cell sorting may also be used to isolate desired 
antigen-speci?c T cells. In an additional embodiment, anti 
gen-speci?c T cells may be isolated using peptide-MHC 
tetramers, see for example Altman, et al., Science 1998 Jun. 
19; 280(5371):1821. 
[0097] In a further embodiment of the invention, antigen 
speci?c T cells may be genetically modi?ed. Genetic modi 
?cation may comprise RNA or DNA transfection using any 
number of techniques knoWn in the art, for example elec 
troporation (using e.g., the Gene Pulser II, BioRad, Rich 
mond, Calif.), various cationic lipids, (LIPO 
FECTAMINETM, Life Technologies, Carlsbad, Calif.), or 
other techniques such as calcium phosphate transfection as 
described in Current Protocols in Molecular Biology, John 
Wiley & Sons, NeW York. N.Y. For example, 5-50 pg of 
RNA or DNA in 500 pl of Opti-MEM can be mixed With a 
cationic lipid at a concentration of 10 to 100 pg, and 
incubated at room temperature for 20 to 30 minutes. Other 
suitable lipids include LIPOFECTINTM, LIPO 
FECTAMINETM. The resulting nucleic acid-lipid complex is 
then added to 1-3><106 cells, preferably 2x106, antigen 
presenting cells in a total volume of approximately 2 ml 
(e.g., in Opti-MEM), and incubated at 370 C. for 2 to 4 
hours. The APC may also be transduced using viral trans 
duction methodologies as described beloW. 

[0098] The antigen-speci?c T cells of the present inven 
tion may alternatively be genetically modi?ed using retro 
viral transduction technologies. In one aspect of the inven 
tion, the retroviral vector may be an amphotropic retroviral 
vector, preferably a vector characterized in that it has a long 
terminal repeat sequence (LTR), e.g., a retroviral vector 
derived from the Moloney murine leukemia virus 
(MoMLV), myeloproliferative sarcoma virus (MPSV), 
murine embryonic stem cell virus (MESV), murine stem cell 
virus (MSCV), spleen focus forming virus (SFFV), or 
adeno-associated virus (AAV). Most retroviral vectors are 
derived from murine retroviruses. Retroviruses adaptable for 
use in accordance With the present invention can, hoWever, 
be derived from any avian or mammalian cell source. These 
retroviruses are preferably amphotropic, meaning that they 
are capable of infecting host cells of several species, includ 
ing humans. In one embodiment, the gene to be expressed 
replaces the retroviral gag, pol and/or env sequences. A 
number of illustrative retroviral systems have been 
described (e.g., US. Pat. Nos. 5,219,740; 6,207,453; 5,219, 
740; Miller and Rosman (1989) BioTechniques 7:980-990; 
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Miller, A. D. (1990) Human Gene Therapy 1:5-14; Scarpa et 
al. (1991) Virology 180:849-852; Burns et al. (1993) Proc. 
Natl. Acad. Sci. USA 90:8033-8037; and Boris-LaWrie and 
Temin (1993) Cur. Opin. Genet. Develop. 3:102-109. 

[0099] In one aspect of the present invention, genetically 
modi?ed antigen-speci?c T cells can be isolated by any one 
of numerous immunoselection methods knoWn to skilled 
artisans using antibodies or other receptors/ligands speci?c 
for the protein or proteins expressed from the transgene. 
Such techniques are knoWn in the art, for example, in 
Current Protocols in Immunology, John Wiley & Sons, NeW 
York. NY 

[0100] In one particular embodiment, the antigen-speci?c 
T cells may be genetically modi?ed to express a suicide 
gene, eg the herpes simplex virus thymidine kinase (HSV 
TK) as described in Bonini, et al., 1997 Science, 
276(5319):1719-24, and/or other surface markers (e.g., trun 
cated nerve groWth factor (dNGFR)) for in vivo tracking 
and/or control of infused antigen-speci?c T cells. In a further 
embodiment, the antigen-speci?c T cells may be genetically 
modi?ed to express a protein for targeting the T cells to a 
particular tissue of interest. 

[0101] Those of ordinary skill in the art Will readily 
appreciate that the cell separation and culture methodologies 
described herein, may be carried out in a variety of envi 
ronments (i.e., containers). Examples include various bags 
(e.g., Lifecell culture bags), ?asks, roller bottles, bioreac 
tors, (e.g., CellCube (Corning Science Products) or CELL 
PHARM, (CD-Medical, Inc. of Hialeah, Fla.)), petri dishes 
and multi-Well containing plates made for use in tissue 
culture, or any container capable of holding cells, preferably 
in a sterile environment. In one embodiment of the present 
invention a bioreactor is also useful. For example, several 
manufacturers currently manufacture devices that can be 
used to groW cells and be used in combination With the 
methods of the present invention. See for example, Celdyne 
Corp., Houston, Tex.; Unisyn Technologies, Hopkinton, 
Mass.; Synthecon, Inc. Houston, Tex.; Aastrom Biosciences, 
Inc. AnnArbor, Mich.; Wave Biotech LLC, Bedminster, N.J. 
Further, patents covering such bioreactors include US. Pat. 
Nos. 6,096,532; 5,985,653; 5,888,807; 5,190,878. 

[0102] Suitable complete groWth media for the culture of 
the APC and antigen-speci?c T cells of the present invention 
include for example RPMI 1640, DMEM, MEM, ot-MEM, 
AIM-V, HAMS F-12, X-Vivo 15, or X-Vrvo 20. In further 
embodiments, the media can comprise a cytokine, such as 
IL-2, IFN-y, IL-4, GM-CSF, IL-10, IL-12, TGFB, and TNF 
0t, or a vitamin. In further embodiments, the medium com 
prises surfactant, an antibody, plasmanate or a reducing 
agent (e.g. N-acetyl-cysteine, 2-mercaptoethanol). The 
groWth medium for the cells at each step of the method of 
the invention should alloW for the survival of the APC and/or 
the antigen-speci?c T cells. Any groWth medium typically 
used to culture cells may be used according to the method of 
the invention provided the medium is supplemented With the 
appropriate cytokines, serum, antibiotics, vitamins, amino 
acids or other necessary additives. According to the present 
invention, the cytokines may be, but are not limited to, 
granulocyte-macrophage colony-stimulating factor (GM 
CSF) and interleukin 4 (IL-4), or IL-13. Other exemplary 
cytokines and groWth factors that may be added to the 
groWth medium include but are not limited to interleukin l0. 
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(IL-10.) and [3 (IL-16), IL-2, tumor necrosis factor alpha 
(TNF-ot), interleukin 3 (IL-3), monocyte colony stimulating 
factor (M-CSF), granulocyte colony-stimulating factor 
(G-CSF), stem cell factor (SCF), interleukin 6 (IL-6), inter 
leukin 15 (IL-15), and Flt3-ligand. Preferred media include 
RPMI 1640, AIM-V, DMEM, MEM, ot-MEM, F-12, X-V1vo 
15, and X-Vivo 20, With added amino acids and vitamins, 
either serum-free or supplemented With an appropriate 
amount of serum (or plasma) or a de?ned set of hormones, 
and an amount of cytokine(s) suf?cient to support the 
expansion of the antigen-speci?c T cells. In one aspect, the 
preferred media comprises 1 liter of X-V1vo 15, BioWhit 
taker; With 50 ml heat inactivated pooled human serum, 20 
ml 1M Hepes, 10 ml 200 mM L-glutamine With or Without 
about 100,000 I.U. IL-2. In one aspect, media may include 
lipids and/or sources of protein. RPMI 1640 supplemented 
With 1-5% human AB serum preferred. Mixtures of cytok 
ines may also be used. Cells may also be adapted to groW in 
other sera, such as fetal calf (bovine) serum (FCS/FBS), at 
other concentrations of serum, or in serum-free media. For 
example, serum-free medium supplemented With hormones 
is also suitable for culturing the APC precursors. Media may, 
but does not necessarily, contain antibiotics to minimiZe 
growth of bacteria in the cultures. Penicillin, streptomycin or 
gentamicin or combinations containing them are preferred. 
The medium, or a portion of the medium, in Which the cells 
are cultured should be periodically replenished to provide 
fresh nutrients including GM-CSF, IL-4, IL-13, IL-15 and/or 
other cytokines. 

[0103] Expansion of Antigen-Speci?c T Cells 

[0104] Expansion of the antigen-speci?c T cells of the 
present invention is carried out by cell surface moiety 
ligation that re-stimulates the antigen-speci?c T cells to 
proliferate. In one embodiment of the present invention, the 
antigen-speci?c T cells are ?rst isolated by methods 
described herein folloWing exposure to antigen loaded APC. 
In another embodiment of the present invention, the antigen 
speci?c T cells are expanded directly from the culture With 
antigen-loaded APC present Without an isolation step. 

[0105] In one particular embodiment, antigen-speci?c T 
cells are activated and expanded using XCELLERATETM 
processes as described herein and in US. patent application 
Ser. Nos. 10/350,305; 10/187,467; 10/133,236; 09/960,264; 
09/794,230, With no addition of antigen or antigen-coated 
particles. In this regard, as noted further herein, antigen 
speci?c T cells that have been previously stimulated or 
activated in vivo (e.g. memory T cells) are expanded by an 
agent providing a primary activation signal such as an 
anti-CD3 antibody and an agent providing a co-stimulatory 
signal, such as an anti-CD28 antibody, With both agents 
co-immobiliZed to the same surface, such as a paramagnetic 
bead. As further described herein, see in particular the 
Examples beloW, varying the bead:cell ratios during this 
expansion phase, in particular using loW bead:cell ratios, 
favors expansion of antigen-speci?c T cells. For example, 
bead to cell ratios of1:200,1:150,1:125,1:110,1:100,1:75, 
1:50,1:25,1:20,1:15,1:10, 1:5 or 1:2.5 are used to expand 
antigen-speci?c T cells. Aparticular advantage of this aspect 
of the present invention is that it is not necessary to add 
antigen. 

[0106] Generally, expansion is carried out by re-stimulat 
ing a population of antigen-speci?c T cells and simulta 
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neously stimulating an accessory molecule on the surface of 
the antigen-speci?c T cells With a ligand Which binds the 
accessory molecule, as described for example, in US. patent 
application Ser. Nos. 10/350,305, 10/187,467, 10/133,236, 
09/960,264, 09/794,230, 08/253,694, 08/403,253, 08/435, 
816, 08/592,711, 09/183,055, 09/350,202, and 09/252,150, 
and US. Pat. Nos. 5,858,358; 6,352,694; and 5,883,223. 

[0107] Generally, re-stimulation may be accomplished by 
cell surface moiety ligation, such as through the T cell 
receptor (TCR)/CD3 complex or the CD2 surface protein. A 
number of anti-human CD3 monoclonal antibodies are com 

mercially available, exemplary are, clone BC3 (XR-CD3; 
Fred Hutchinson Cancer Research Center, Seattle, Wash.), 
OKT3, prepared from hybridoma cells obtained from the 
American Type Culture Collection, and monoclonal anti 
body G19-4. Similarly, stimulatory forms of anti-CD2 anti 
bodies are knoWn and available. Stimulation through CD2 
With anti-CD2 antibodies is typically accomplished using a 
combination of at least tWo different anti-CD2 antibodies. 
Stimulatory combinations of anti-CD2 antibodies that have 
been described include the folloWing: the T113 antibody in 
combination With the T11.1 or T11.2 antibody (Meuer et al., 
Cell 36:897-906, 1984), and the 9.6 antibody (Which rec 
ogniZes the same epitope as T11.1) in combination With the 
9-1 antibody (Yang et al., J. Immunol. 137:1097-1100, 
1986). Other antibodies that bind to the same epitopes as any 
of the above-described antibodies can also be used. Addi 
tional antibodies, or combinations of antibodies, can be 
prepared and identi?ed by standard techniques. Re-stimula 
tion may also be achieved through contact With antigen, 
peptide, protein, peptide-MHC tetramers (see Altman, et al 
Science 1996 Oct. 4;274(5284):94-6), superantigens (e.g., 
Staphylococcus enterotoxin A (SEA), Staphylococcus 
enterotoxin B (SEB), Toxic Shock Syndrome Toxin 1 
(TSST-1)), endotoxin, or through a variety of mitogens, 
including but not limited to, phytohaemagglutinin (PHA), 
phorbol myristate acetate (PMA) and ionomycin, 
lipopolysaccharide (LPS), T cell mitogen, and IL-2. 

[0108] The antigen-speci?c cell population may be stimu 
lated or restimulated as described herein, such as by contact 
With an anti-CD3 antibody or an anti-CD2 antibody immo 
biliZed on a surface, or by contact With a protein kinase C 
activator (e.g., bryostatin) in conjunction With a calcium 
ionophore. 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+cells 
can be contacted With an anti-CD3 antibody and an anti 
CD28 antibody, under conditions appropriate for stimulating 
proliferation of the T-cells. Similarly, to stimulate prolifera 
tion of CD8+T-cells, an anti-CD3 antibody and the anti 
CD28 antibody B-T3, XR-CD28 (Diaclone, Besancon, 
France) can be used as can other methods commonly knoWn 
in the art (Berg et al., Transplant Proc. 30(8):3975-3977, 
1998; Haanen et al., J. Exp. Med. 190(9):1319-1328, 1999; 
Garland et al., J Immunol Meth. 227(1-2):53-63, 1999). 

[0109] To further re-stimulate a population of antigen 
speci?c T cells, a co-stimulatory or accessory molecule on 
the surface of the T cells, such as CD28, is stimulated With 
a ligand that binds the accessory molecule. Accordingly, one 
of ordinary skill in the art Will recogniZe that any agent, 
including an anti-CD28 antibody or fragment thereof 
capable of cross-linking the CD28 molecule, or a natural 
ligand for CD28 can be used to stimulate T cells. Exemplary 
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anti-CD28 antibodies or fragments thereof useful in the 
context of the present invention include monoclonal anti 
body 93 (IgG2a) (Bristol-Myers Squibb, Princeton, N.J.), 
monoclonal antibody KOLT-2 (IgG1), 15E8 (IgG1), 
248.23.2 (IgM), clone B-T3 @(R-CD28; Diaclone, 
Besancon, France) and EX5.3D10 (IgG2a) (ATCC 
HB11373). Exemplary natural ligands include the B7 family 
of proteins, such as B7-1 (CD80) and B7-2 (CD86) (Freed 
man et al., J. Immunol. 137:3260-3267, 1987; Freeman et 
al., J. Immunol. 143:2714-2722, 1989; Freeman et al., J. 
Exp. Med. 174:625-631, 1991; Freeman et al., Science 
262:909-911, 1993; AZuma et al., Nature 366:76-79, 1993; 
Freeman et al., J. Exp. Med. 178:2185-2192, 1993). 

[0110] In a further embodiment of the invention, activa 
tion of a T-cell population may be enhanced by co-stimu 
lation of other T-cell integral membrane proteins. For 
example, binding of the T-cell integrin LFA-1 to its natural 
ligand, ICAM-l, may enhance activation of cells. Another 
cell surface molecule that may act as a co-stimulator for 
T-cells is VCAM-l (CD106) that binds very-late-antigen-4 
(VLA-4) on T-cells. Ligation of 4-1BB (CD137), a co 
stimulatory receptor expressed on activated T cells, and/or 
NKG2D may also be useful in the context of the present 
invention to amplify T-cell mediated immunity. It should be 
noted that more than one costimulatory molecule as 
described herein may be stimulated at a time, and in any 
combination, such that desired expansion of the T cells 
occurs. 

[0111] In addition, binding homologues of a natural 
ligand, Whether native or synthesiZed by chemical or recom 
binant techniques, can also be used in accordance With the 
present invention. Other agents may include natural and 
synthetic ligands. Agents may include, but are not limited to, 
other antibodies or fragments thereof, a peptide, polypep 
tide, groWth factor, cytokine, chemokine, glycopeptide, 
soluble receptor, steroid, hormone, mitogen, such as PHA, 
or other superantigens. 

[0112] The primary stimulatory signal and the co-stimu 
latory signal for the T-cell may be provided by different 
protocols. For example, the agents providing each signal 
may be in solution or coupled to a surface. When coupled to 
a surface, the agents may be coupled to the same surface 
(i.e., in “cis” formation) or to separate surfaces (i.e., in 
“trans” formation). Alternatively, one agent may be coupled 
to a surface and the other agent in solution. In one embodi 
ment, the agent providing the co-stimulatory signal is bound 
to a cell surface and the agent providing the primary 
activation signal is in solution or coupled to a surface. In 
certain embodiments, both agents can be in solution. In 
another embodiment, the agents may be in soluble form, and 
then cross-linked to a surface, such as a cell expressing Fc 
receptors or an antibody or other binding agent Which Will 
bind to the agents. In a preferred embodiment, the tWo 
agents are immobiliZed on beads, either on the same bead, 
i.e., “cis,” or to separate beads, i.e., “trans.” By Way of 
example, the agent providing the primary activation signal is 
an anti-CD3 antibody and the agent providing the co 
stimulatory signal is an anti-CD28 antibody; and both agents 
are co-immobiliZed to the same surface, such as a bead, in 
equivalent molecular amounts. In one embodiment, a 1:1 
ratio of each antibody bound to the beads for CD4+T-cell 
expansion and T-cell groWth is used. 
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[0113] One aspect of the present invention stems from the 
surprising ?nding that using loWer ratios of anti-CD3:anti 
CD28 antibodies bound to the beads results in improved 
expansion of T cells, including antigen-speci?c T cells. In 
certain aspects of the present invention, a ratio of anti 
CD3:CD28 antibodies bound to the beads is used such that 
an increase in T cell expansion is observed as compared to 
the expansion observed using a ratio of 1: 1. In one particular 
embodiment an increase of from about 0.5 to about 3 fold is 
observed as compared to the expansion observed using a 
ratio of 1:1. In one embodiment, the ratio of CD3:CD28 
antibody bound to the beads ranges from 100:1 to 1:100 and 
all integer values there betWeen. In one aspect of the present 
invention, more anti-CD28 antibody is bound to the particles 
than anti-CD3 antibody, i.e. the ratio of CD3:CD28 is less 
than one. In certain embodiments of the invention, the ratio 
of anti CD28 antibody to anti CD3 antibody bound to the 
beads is greater than 2:1. In one particular embodiment, a 
1:100 CD3:CD28 ratio of antibody bound to beads is used. 
In another embodiment, a 1:75 CD3:CD28 ratio of antibody 
bound to beads is used. In a further embodiment, a 1:50 
CD3:CD28 ratio of antibody bound to beads is used. In 
another embodiment, a 1:30 CD3:CD28 ratio of antibody 
bound to beads is used. In one preferred embodiment, a 1:10 
CD3:CD28 ratio of antibody bound to beads is used. In 
another embodiment, a 1:3 CD3:CD28 ratio of antibody 
bound to the beads is used. In yet another embodiment, a 3:1 
CD3:CD28 ratio of antibody bound to the beads is used. 

[0114] Ratios ofparticles to cells from 1:500 to 500:1 and 
any integer values in betWeen may be used to stimulate 
T-cells. As those of ordinary skill in the art can readily 
appreciate, the ratio of particle to cells may dependant on 
particle siZe relative to the target cell. For example, small 
siZed beads could only bind a feW cells, While larger beads 
could bind many. In certain embodiments the ratio of 
particles to cells ranges from 1:100 to 100:1 and any integer 
values in-betWeen and in further embodiments the ratio 
comprises 1:9 to 9:1 and any integer values in betWeen, can 
also be used to stimulate T-cells. The ratio of anti-CD3- and 
anti-CD28-coupled particles to T-cells that result in T-cell 
stimulation and expansion can vary as noted above, hoWever 
in certain embodiments the ratio may be 1:150 or loWer. 
Certain preferred ratios include 1:150, 1:100, 1:75, 1:50, 
1:40,1:30,1:25,1:20,1:15,1:10,1:9,1:8,1:7,1:6,1:5,1:4, 
1:3, 1:2.5, 1:2, 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, 10:1, 
15:1, and 20:1 With one preferred ratio being 1:1 particles 
per T-cell. In one embodiment, a ratio of particles to cells of 
1:1 or less is used. In one particular embodiment, a preferred 
particle:cell ratio is 1:2.5 or 1:5. In further embodiments, the 
ratio of particles to cells can be varied depending on the day 
of stimulation. For example, in one embodiment, the ratio of 
particles to cells is from 1:5, 1:2.5, 1:1 to 10:1 on the ?rst 
day and additional particles are added to the cells every day 
or every other day thereafter for up to 10 days, at ?nal ratios 
of from 1:1, 1:5, 1:20, 1:25, 1:50, or 1:100 (based on cell 
counts on the day of addition). In one particular embodi 
ment, the ratio ofparticles to cells is 1:2.5, 1:5, or 1:1 on the 
?rst day of stimulation and adjusted to 1:5 on the third and 
?fth days of stimulation. In a further embodiment, the ratio 
of particles to cells is 1:2.5, 1:5, or 1:1 on the ?rst day of 
stimulation and adjusted to 1:10, 1:20, 1:25, 1:50, or 1:100 
at day 5, 7, or 9. In another embodiment, particles are added 
on a daily or every other day basis to a ?nal ratio of 1:1 on 
the ?rst day, and 1:5 on the third and ?fth days of stimula 
















