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(57) ABSTRACT 

Methods for preparing ex vivo T cell cultures using lL-2l 
compositions for use in adoptive immunotherapy are 
described. Addition of lL-2l to cultures of non-terminally 
di?‘erentiated T cells population, either isolated or present in 
peripheral blood mononuclear cells are exposed to one or 
more tumor antigens, and in the presence of lL-2l compo 
sitions and antigen presenting cells (APCs), the resulting T 
cell population has an enhanced antigen-speci?city, and can 
be reintroduced into the patient. Methods are also disclosed 
for identifying tumor antigens by culturing T cell popula 
tions exposed to lL-2l compositions and APCs in the 
presence of tumor material. 
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Figure 9 
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Figure 12 
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Addition of IL-21 to IL-6, IL-12, IL-15 or IL-7 
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METHODS OF USING IL-21 FOR ADOPTIVE 
IMMUNOTHERAPY AND IDENTIFICATION OF 

TUMOR ANTIGENS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/630,727, ?led Nov. 24, 2004, 
Which is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] Cytokines generally stimulate proliferation or dif 
ferentiation of cells of the hematopoietic lineage or partici 
pate in the immune and in?ammatory response mechanisms 
of the body. The interleukins are a family of cytokines that 
mediate immunological responses. Central to an immune 
response is the T cell, Which produces many cytokines and 
plays a role in adaptive immunity to antigens. Cytokines 
produced by the T cell have been classi?ed as type 1 and 
type 2 (Kelso,A. Immun. CellBiol. 761300-317, 1998). Type 
1 cytokines include IL-2, IFN-y, LT-ot, and are involved in 
in?ammatory responses, viral immunity, intracellular para 
site immunity and allograft rejection. Type 2 cytokines 
include IL4, IL-5, IL-6, IL-10 and IL-13, and are involved 
in humoral responses, helminth immunity and allergic 
response. Shared cytokines betWeen Type 1 and 2 include 
IL-3, GM-CSF and TNF-ot. There is some evidence to 
suggest that Type 1 and Type 2 producing T cell populations 
preferentially migrate into different types of in?amed tissue. 

[0003] IL-21 has been shoWn to be a potent modulator of 
cytotoxic T cells and NK cells. (Parrish-Novak, et al. Nature 
408157-63, 2000; Parrish-Novak, et al., J. Leuk Bio. 721856 
863, 2002; Collins et al., Immunol. Res. 281131-140, 2003; 
Brady, et al. J. Immunol. 17212048-58, 2004.) T cell 
responses include enhancement of primary antigen response 
as modulation of memory T cell functions. 

[0004] In murine studies, EL-21 potentiates the maturation 
and effector function of NK cells and promotes T cell 
activation in response to alloantigen (Kasaian et al., Immu 
nily 161559-569, 2002). As a cytokine Which limits NK cell 
expansion and promotes activation of murine CD8 T cells, 
IL-21 is believed to play a role in the transition from innate 
to adaptive immunity (Kasaian, supra, 2002). Among CD4 
T cells, IL-21 has been described as both a Th1 (T helper 1) 
cytokine Which upregulates the expression of genes associ 
ated With innate immunity (Strengell et al., J. Immunol. 
17015464, 2003) as Well as a Th2 cytokine that inhibits the 
differentiation of naive Th cells into IFN-gamma-producing 
Th1 cells (Wurster et al., J. Exp. Med. 1961969, 2002). The 
effects of IL-21 in the development of innate immunity and 
CD4 Th responses are Well-characterized (Strengell supra, 
2003; Strengell et al., J. Leukoc. Biol. 761416, 2004), but its 
role in the antigen-speci?c CD8+ T cell response, particu 
larly in humans, had not been fully explored. The present 
invention provides methods for inducing a high a?inity 
antigen-speci?c cytotoxic T cell response by administering 
IL-21. Induction of a high a?inity CD8 response against self 
antigens, Which are represented increasingly as potential 
immune targets in cancer immunotherapy demonstrate a 
signi?cant role for IL-21 in antigen-speci?c anti-tumor 
strategies. Thus, the present invention provides methods for 
administering IL-21 as an adjuvant in tumor vaccines and ex 
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vivo expansion of tumor antigen-speci?c cytotoxic T cells 
for use in adoptive immunotherapy. The present invention 
also provides methods for administering IL-21 as an adju 
vant for vaccines and ex vivo expansion of antigen-speci?c 
cytotoxic T cells in general against viruses, and other target 
antigens. These and other uses should be apparent to those 
skilled in the art from the teachings herein. 

SUMMARY OF THE INVENTION 

[0005] In one aspect, the present invention provides a 
method for identifying a tumor antigen comprising co 
culturing tumor material isolated from a subject With periph 
eral blood mononuclear cells (PBMCs) in the presence of an 
IL-21 composition and antigen presenting cells (APCs), 
isolating a Tcell population from the culture, enriching for 
individual T cells from the T cell populating, and charac 
teriZing the T cell clones for antigen speci?city. In certain 
embodiments, enrichment is cloning of individual T cells. 

[0006] In another aspect of the present invention a method 
of identifying a tumor antigen is provided Which comprises 
co-culturing tumor material from a subject With an isolated 
T cell population that is non-terminally differentiated in the 
presence of an IL-21 composition; cloning individual T cells 
from the T cell population; and characterizing T cell clones 
for antigen-speci?city. In one embodiment, the isolated T 
cell population does not include CD4+ cells. 

[0007] In certain embodiments of these methods, the 
PBMCs or T cell population is an autologous cell popula 
tion. In other embodiments, the tumor material comprises 
total RNA, lysed tumor cells, necrotic tumor cells, tumor 
proteins or apoptotic bodies. In another embodiment, co 
culturing is in the presence of the IL-21 composition and one 
or more additional cytokines. 

[0008] In another aspect, the present invention provides 
method of preparing a T cell population for use in adoptive 
immunotherapy comprising identifying PBMCs having a 
histocompatible phenotype to a subject having a tumor; 
co-culturing tumor material or tumor associated peptides 
from the patient With the peripheral blood mononuclear cells 
(PBMCs) in the presence of an IL-21 composition and 
APCs; expanding these cells in culture; and and reintroduc 
ing these cells back into the patient. In one embodiment, the 
PBMCs are autologous. In one embodiment, the T cell 
population is autologous. In another embodiment, the tumor 
material comprises total RNA, lysed tumor cells or apoptotic 
bodies. In another embodiment, the PBMCs or T cells are 
allogenic. 
[0009] In another aspect, the present invention provides a 
method of preparing a T cell population for use in adoptive 
immunotherapy comprising identifying T cell population 
having a histocompatible phenotype to a subject having a 
tumor; co-culturing tumor material from the subject With the 
T cell population in the presence of an IL-21 composition 
and APCs; expanding these cells in culture; and and rein 
troducing these cells back into the subject. In one embodi 
ment, T cell population is naive or non-terminally differen 
tiated. In another embodiment, the T cell population is 
autologous. In another embodiment, the tumor material 
comprises total RNA, lysed tumor cells or apoptotic bodies. 

BRIEF DESCRIPTION OF THE FIGURES 

[0010] FIGS. 1 and 2 illustrate that IL-21 enhances the 
generation of MART-1 speci?c CTL. CD8+ T cells from 
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healthy HLA-A2+ donors CG, NE and LD Were stimulated 
in vitro With autologous mature dendritic cells pulsed With 
the MART-l, M26 peptide as described in the Examples. 

[0011] FIG. 1. On day 7 after stimulation, 106 Cells from 
each experiment group Were harvested and stained With 20 
ug/ml of peptide/MHC tetramer (PE, vertical axis) and a 
vital dye (Pl or DAPI, horiZontal axis). Data are expressed 
as percentage of tetramer positive cells among gated lym 
phocytes (puri?ed CD8+ cells). 
[0012] FIG. 2. The absolute number in millions of tet 
ramer+ cells corresponding to untreated and lL-2l treated 
cultures from donors CG, NE and LD depicted in A., and the 
fold increase in absolute numbers of lL-2l treated to 
untreated cultures. C. Cultures from a normal healthy donor, 
CG, and a patient With metastatic melanoma, ST, Were 
analyZed on Day 7 after the ?rst (Stim l) and second (Stim 
2) stimulation in the presence or absence of lL-2l during 
Stim 1. IL-2 and IL-7 Were added folloWing Stim 2. Data are 
expressed as percentage of tetramer positive cells among 
gated lymphocytes (puri?ed CD8+ cells). Results above are 
representative of three separate experiments for each donor. 
[0013] FIG. 3 illustrates that exposure to other gamma 
chain cytokines, IL-2, IL-7 or lL-l5 does not enhance 
generation of antigen-speci?c CTL. CD8+ T cells from a 
healthy HLA-A2+ donor Were stimulated in vitro With 
autologous mature dendritic cells pulsed With the MART-l, 
M26 peptide as described the Examples. On day 7 after 
stimulation, 106 Cells from each experiment group Were 
harvested and stained With 20 ug/ml of peptide/MHC tet 
ramer (PE, vertical axis) and a vital dye (Pl or DAPI, 
horizontal axis). Data are expressed as percentage of tet 
ramer positive cells among gated lymphocytes (puri?ed 
CD8+ cells). Data are representative of cultures from 3 
HLA-A2+ donors. 

[0014] FIG. 4 illustrates lL-2l treated cells undergo 
increased proliferation and decreased apoptosis during pri 
mary in vitro stimulation. Puri?ed populations of naive 
(CD45RA+, CD62L+) lymphocytes Were pre-incubated 
With CFSE and stimulatied With MART-l peptide in the 
absence (No Cytokine) or presence of lL-2l (lL-2l-treated). 
On Day 7, cells Were stained With MART-l peptide-MHC 
Tetramer-PE and analyZed for the fraction of dividing cells 
(CFSE ) or cells undergoing apoptosis (Annexin V). CFSE 
stained cells lose ?uorescence intensity With successive 
divisions. Results are expressed as percentage of non-divid 
ing (rightmost box), dividing (center) and rapidly dividing 
(leftmost) tetramer+cells. For apoptotic cells, Annexin V 
staining tetramer + cells are represented as a percentage in 
the right upper quadrant. 
[0015] FIG. 5 illustrates lL-2l in?uences primarily nai've 
vs. memory CD8+ T cells. Highly puri?ed populations of 
naive (CD45RA+, CD62L+) or memory (CD45RO+) T cells 
from a healthy normal donor (CG) and a donor With mela 
noma (ST) Were evaluated for induction of antigen-speci?c 
responses to MART-l peptide in the absence or presence of 
lL-2l. The percentage of MART-l-speci?c CTL are 
expressed as percentage tetramer+ cells among total gated 
lymphocytes (CD8+puri?ed cells) after tWo cycles of in 
vitro stimulation. Results are representative of experiments 
performed on 2 other normal healthy donors (NE, LD) and 
2 other patient donors (AM, RE). 
[0016] FIG. 6 illustrates lL-2l preferentially induces the 
generation of high avidity antigen speci?c CTL. Individual 

Nov. 30, 2006 

MART-l speci?c CD8+ T cell clones Were isolated from 
cultures stimulated in the absence (Control) or presence 
(IL-21) of lL-2l. 8-12 representative CTL clones from each 
experimental condition Were evaluated for target a?inity in 
a chromium release assay using T2 cells pulsed With 
decreasing concentrations of M26 peptide (peptide dose 
titration analysis). Data are expressed as the concentration 
(nM) required to reach 50% maximal lysis of target cells. On 
average, CTL clones generated by lL-2l, demonstrated a 
decreased peptide dose requirement for speci?c lysis com 
pared to CTL clones generated in no cytokine control (* 
p<0.0l). A: healthy donor, CG (O); B: melanoma patient, 
ST (A). These same clones Were evaluated for speci?c 
reactivity to a MART-1+ tumor cell line (526) at E/T ratio of 
10 to l in a standard 4 hr 51Chromium release assay (CRA). 
Signi?cantly greater lysis of antigen-positive tumor (526 
574 , A) With background lysis of antigen-negative tumor 
(375 0, A) Was observed in CTL clones isolated from lL-2l 
treated culture than those isolated from no cytokine control. 
(T p<0.0l). C: healthy donor, CG (O, 0) ; D: melanoma 
patient, ST (A, A). Results are representative of 3 normal 
healthy donors and 3 patient donors. 

[0017] FIG. 7 illustrates lL-2l treated cultures enrich for 
CTL expressing higher a?inity TCR:tetramer dissociation 
assay. The tetramer dissociation assay, Which depicts the 
fraction of bound tetramer remaining over time in the 
presence of an excess of unlabeled tetramer, Was used as a 
surrogate measure of the TCR dissociation rate or TCR 
a?inity of individual clones. The fraction of PE-tetramer 
labelled MART-l-speci?c CTL clones from lL-2l treated 
cultures (O) Was compared With clones from untreated 
cultures (0) over time (2 to 60 minutes). The rate of 
decrease in the percent ?uorescence intensity of tetramer 
staining from Time 0 is inversely correlated With TCR 
a?inity. Results are representative of 4 donors. 

[0018] FIG. 8 illustrates lL-2l treated cultures yield a 
population of CD28hi antigen-speci?c CTL. Cells Were 
collected from pre-stimulation PBMC, and then 7 days 
folloWing stimulation With MART-l peptide-pulsed autolo 
gous dendritic cells in the absence or presence of lL-2l. 
Cells Were stained for MART-l-Tetramer and simulta 
neously With either CD45RA or CD45 RO, CD28 and CCR7 
(FIG. 7). Histogram analysis for individual phenotypic 
markers Was performed on gated MART-l-tetramer staining 
cells. CD28 expression on gated tetramer-staining cells is 
also shoWn for culture from Day 27 after stimulation. These 
results are representative of cultures from 3 donors. 

[0019] FIG. 9 illustrates IL-2 production folloWing anti 
gen-speci?c stimulation of CD28hi and CD28-loW express 
ing CTL. MART-l tetramer+ CD8+ T cells from lL-2l 
treated (CD28hi) or untreated (CD281°W) cultures Were 
sorted and co-cultivated With either unpulsed T2 cells, 
MART-l (M26) peptide pulsed T2 cells alone, or With 
CTLA4-lg (0.5 ug/ml) to block B7-CD28 engagement. 
Supemants Were collected 48 hr later and analyZed for IL-2 
by ELISA. Speci?c induction of IL-2 production among 
CD28-hi expressing MART-l-speci?c CTL folloWing anti 
gen stimulation, and inhibited by CTLA4-lg, is observed 
suggesting lL-2 induction among lL-2l treated cells is 
CD28-dependent. Results are the mean of triplicate assays, 
error bars as shoWn. 

[0020] FIG. 10 illustrates IL-2 production folloWing anti 
gen-speci?c stimulation of CD28hl and CD2810W expressing 
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CTLs. MART-l tetramer-positive CD8 cells from IL-2l 
treated or untreated cultures Were sorted and co-cultivated 
With either unpulsed T2 cells, MART-l peptide-pulsed T2 
cells alone, or With CTLA4-Ig to block B7-CD28 engage 
ment. Supematatnts Were collected 48 f later and analyzed 
for IL-2 by ELISA. Speci?c induction of IL-2 production 
among CD28hi expressing MART-l speci?c CTLs following 
antigen stimulation and inhibition by CTLA4-Ig is observed. 
Results are the mean of triplicate assays. 

[0021] FIG. 11 illustrates that IL-21 in?uences the CD8 T 
cells response to gpl00 and NY-ESO-l antigen. CD8 T cells 
Were stimulated both in vitro With autologous DCs pulsed 
With NY-ESO-l or gpl00 peptide. IL-21 was added to IL-21 
treated cultures. Six days after primary in vitro stimulation 
cultures Were analyZed for antigen speci?city and surface 
phenotype by tetramer staining and multiparametric analysis 
on How cytometry. In panel A, NY-ESO-l and G1 54-speci?c 
CTL frequency are shoWn as percentage of all CD8 T cells 
next to the boxed gates. The fold increase in absolute 
numbers of of NY-ESO-l speci?c CTLs Was calculated 
based on numbers of cells in respective cultures and for 
NY-ESO-l Was found to be almost 20-fold greater among 
IL-2l treated cells. Panel B. Gated tetramer-positive cells 
from control or IL-21 treated cultures Were analyZed for 
CD8 expression. All cells Were CD45RO+, CCR7—. Histo 
gram analysis for CD28 expression among NY-OEST-l or 
gpl000-speci?c CTLSs Was found to be signi?cantly 
upregulated among IL-2l treated cultures compared to con 
trols. There results are representative of six separate experi 
ments from threee HLA-2+ individuals. 

[0022] FIG. 12 illustrates that the addition of IL-21 to 
IL-6 and IL-l2, IL-2, IL-7 or IL-l5 alone signi?cantly 
enhances the CD8 T cell response, compared to IL-6 and 
IL-l2, IL-2, IL-7 or IL-l5 alone. 

[0023] FIG. 13 illustrates that IL-21 can increase T cell 
frequency to levels that are high enough for expansion and 
adoptive transfer Without further antigen-speci?c T cell 
enrichment 

DESCRIPTION OF THE INVENTION 

[0024] Prior to setting forth the invention in detail, it may 
be helpful to the understanding thereof to de?ne the folloW 
ing terms: 

[0025] The term “allelic variant” is used herein to denote 
any of tWo or more alternative forms of a gene occupying the 
same chromosomal locus. Allelic variation arises naturally 
through mutation, and may result in phenotypic polymor 
phism Within populations. Gene mutations can be silent (no 
change in the encoded polypeptide) or may encode polypep 
tides having altered amino acid sequence. The term allelic 
variant is also used herein to denote a protein encoded by an 
allelic variant of a gene. 

[0026] The terms “amino-terminal” and “carboxyl-termi 
nal” are used herein to denote positions Within polypeptides. 
Where the context alloWs, these terms are used With refer 
ence to a particular sequence or portion of a polypeptide to 
denote proximity or relative position. For example, a certain 
sequence positioned carboxyl-terminal to a reference 
sequence Within a polypeptide is located proximal to the 
carboxyl terminus of the reference sequence, but is not 
necessarily at the carboxyl terminus of the complete 
polypeptide. 
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[0027] The term “cancer” or “cancer cell” is used herein to 
denote a tissue or cell found in a neoplasm Which possesses 
characteristics Which differentiate it from normal tissue or 
tissue cells. Among such characteristics include but are not 
limited to: degree of anaplasia, irregularity in shape, indis 
tinctness of cell outline, nuclear siZe, changes in structure of 
nucleus or cytoplasm, other phenotypic changes, presence of 
cellular proteins indicative of a cancerous or pre-cancerous 
state, increased number of mitoses, and ability to metasta 
siZe. Words pertaining to “cancer” include carcinoma, sar 
coma, tumor, epithelioma, leukemia, lymphoma, polyp, and 
scirrus, transformation, neoplasm, and the like. 

[0028] The term “co-administration” is used herein to 
denote that an IL-2l polypeptide or protein and a second 
therapeutic molecule may be given concurrently or at a 
different times. The co-adminstration may be a single co 
administration of both IL-21 and the second therapeutic 
molecule or multiple cycles of co-administration. Co-ad 
ministration need not be the only times either IL-21 or the 
second therapeutic molecule is administered to a patient. 

[0029] The term “combination therapy” is used herein to 
denote that a subject is administered at least one therapeu 
tically effective dose of IL-21 and a second therapeutic 
molecule. The IL-2l may be a mature polypeptide, fragment 
thereof, fusion or conjugate that demonstrates EL-2l bio 
logical activity. 
[0030] The term “enhance” When in reference to an 
immune response is used herein to mean increasing the scale 
and/or e?iciency of an immune response or extending the 
duration of the immune response. The term is used inter 
changeably With “augument.” An immune response 
includes, but is not limited to, enhanced cytolytic activity, 
apoptotic activity or increases in CD8+ T cell numbers or 
survival. 

[0031] The term “isolated”, When applied to a polynucle 
otide, denotes that the polynucleotide has been removed 
from its natural genetic milieu and is thus free of other 
extraneous or unWanted coding sequences, and is in a form 
suitable for use Within genetically engineered protein pro 
duction systems. Such isolated molecules are those that are 
separated from their natural environment and include cDNA 
and genomic clones. Isolated DNA molecules of the present 
invention are free of other genes With Which they are 
ordinarily associated, but may include naturally occurring 5' 
and 3' untranslated regions such as promoters and termina 
tors. The identi?cation of associated regions Will be evident 
to one of ordinary skill in the art (see for example, Dynan 
and Tijan, Nature 3161774-78, 1985). 

[0032] An “isolated” polypeptide or protein is a polypep 
tide or protein that is found in a condition other than its 
native environment, such as apart from blood and animal 
tissue. In a preferred form, the isolated polypeptide is 
substantially free of other polypeptides, particularly other 
polypeptides of animal origin. It is preferred to provide the 
polypeptides in a highly puri?ed form, i.e. greater than 95% 
pure, more preferably greater than 99% pure. When used in 
this context, the term “isolated” does not exclude the pres 
ence of the same polypeptide in alternative physical forms, 
such as dimers or alternatively glycosylated or derivatiZed 
forms. 

[0033] The term “level” When referring to immune cells, 
such as NK cells, T cells, in particular cytotoxic T cells, B 
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cells and the like, refers to the number of cells or the activity 
of cells. An increased level is either increased number of 
cells or enhanced activity of cell function. 

[0034] The term “level” When referring to viral infections 
refers to a change in the level of viral infection and includes, 
but is not limited to, a change in the level of CTLs or NK 
cells (as described above), a decrease in viral load, an 
increase antiviral antibody titer, decrease in serological 
levels of alanine aminotransferase, or improvement as deter 
mined by histological examination of a target tissue or 
organ. Determination of Whether these changes in level are 
signi?cant differences or changes is Well Within the skill of 
one in the art. 

[0035] The term “neoplastic”, When referring to cells, 
indicates cells undergoing neW and abnormal proliferation, 
particularly in a tissue Where in the proliferation is uncon 
trolled and progressive, resulting in a neoplasm. The neo 
plastic cells can be either malignant, i.e. invasive and 
metastatic, or benign. 

[0036] A “polynucleotide” is a single- or double-stranded 
polymer of deoxyribonucleotide or ribonucleotide bases 
read from the 5' to the 3' end. Polynucleotides include RNA 
and DNA, and may be isolated from natural sources, syn 
thesiZed in vitro, or prepared from a combination of natural 
and synthetic molecules. SiZes of polynucleotides are 
expressed as base pairs (abbreviated “bp”), nucleotides 
(“nt”), or kilobases (“kb”). Where the context alloWs, the 
latter tWo terms may describe polynucleotides that are 
single-stranded or double-stranded. When the term is 
applied to double-stranded molecules it is used to denote 
overall length and Will be understood to be equivalent to the 
term “base pairs”. It Will be recogniZed by those skilled in 
the art that the tWo strands of a double-stranded polynucle 
otide may differ slightly in length and that the ends thereof 
may be staggered as a result of enZymatic cleavage; thus all 
nucleotides Within a double-stranded polynucleotide mol 
ecule may not be paired. 

[0037] A “polypeptide” is a polymer of amino acid resi 
dues joined by peptide bonds, Whether produced naturally or 
synthetically. Polypeptides of less than about 10 amino acid 
residues are commonly referred to as “peptides”. 

[0038] A “protein” is a macromolecule comprising one or 
more polypeptide chains. A protein may also comprise 
non-peptidic components, such as carbohydrate groups. Car 
bohydrates and other non-peptidic substituents may be 
added to a protein by the cell in Which the protein is 
produced, and Will vary With the type of cell. Proteins are 
de?ned herein in terms of their amino acid backbone struc 
tures; substituents such as carbohydrate groups are generally 
not speci?ed, but may be present nonetheless. 

[0039] The term “receptor” denotes a cell-associated pro 
tein that binds to a bioactive molecule (i.e., a ligand) and 
mediates the effect of the ligand on the cell. Membrane 
bound receptors are characterized by a multi-peptide struc 
ture comprising an extracellular ligand-binding domain and 
an intracellular e?fector domain that is typically involved in 
signal transduction. Binding of ligand to receptor results in 
a conformational change in the receptor that causes an 
interaction betWeen the effector domain and other mol 
ecule(s) in the cell. This interaction in turn leads to an 
alteration in the metabolism of the cell. Metabolic events 

Nov. 30, 2006 

that are linked to receptor-ligand interactions include gene 
transcription, phosphorylation, dephosphorylation, 
increases in cyclic AMP production, mobiliZation of cellular 
calcium, mobiliZation of membrane lipids, cell adhesion, 
hydrolysis of inositol lipids and hydrolysis of phospholipids. 
In general, receptors can be membrane bound, cytosolic or 
nuclear; monomeric (e.g., thyroid stimulating hormone 
receptor, beta-adrenergic receptor) or multimeric (e.g., 
PDGF receptor, groWth hormone receptor, IL-3 receptor, 
GM-CSF receptor, G-CSF receptor, erythropoietin receptor 
and IL-6 receptor). 

[0040] Molecular Weights and lengths of polymers deter 
mined by imprecise analytical methods (e.g., gel electro 
phoresis) Will be understood to be approximate values. 
When such a value is expressed as “about” X or “approxi 
mately” X, the stated value of X Will be understood to be 
accurate to 110%. 

[0041] All references used are herein incorporated by 
reference. 

[0042] The present inventions are directed to use of IL-21 
to increase proliferation and survival of antigen-speci?c T 
cells. IL-2l enhancement of antigen-speci?c T cells Will be 
useful for increasing the frequency of antigen-speci?c T 
cells, enriching for populations of antigen-speci?c T cells 
With enhanced af?nity, and generating a population of anti 
gen-speci?c T cells With increased CD28 expression and 
“helper-independent” phenotype (Widmer et al., Nature 
2941750, 1981; Topp et al., J. Exp Med l98(6):947, 2003; 
Cheng et al., Jlmmunol 169:4990, 2002) 

[0043] In certain aspects the present invention provides 
methods that comprise culturing naive T cells in the pres 
ence of an IL-2l composition and an antigen resulting in a 
cytotoxic T cell population that has a higher af?nity for an 
antigen than T cells cultured in the absence of IL-2l. Of 
particular interest are tumor antigens. High a?inity antigen 
speci?c T cells have the capacity to recogniZe and kill tumor, 
Whereas a loW af?nity T cell may have tumor antigen 
speci?city, yet still not recogniZe and kill a tumor cell. 
Af?nity of a T cell for a tumor is in part dependent on the 
antigen density that is presented by the tumor cell. If antigen 
presentation on the tumor cell is loW, then is more likely that 
only high af?nity T cells Will be able recogniZe the tumor 
cell and initiate cytolysis. Moreover, the methods of the 
present invention can be used to increase T cell frequency to 
levels that are high enough for expansion and adoptive cell 
transfer Without further antigen-speci?c T cell enrichment 
and thereby greatly decrease the time to therapy and obviate 
the requirement for further selection or cloning. 

[0044] In another aspect of the present invention, the 
methods of the present invention comprise generating an 
antigen-speci?c CTL population that has a high affinity for 
self antigens by culturing T cells that have non-terminally 
differentiated to an IL-2l composition. In one embodiment, 
the T cells are isolated naive T cells. Once the antigen 
speci?c T cell population has been expanded ex vivo, the 
cells are reintroduced into the patient. In certain embodi 
ments, IL-2l administration to the patient Will continue and 
may be in combination With other therapies. 

[0045] In another aspect, the methods of the present inven 
tion provide methods for enhancing the repetoire of antigens 
recogniZed by a T cell population. The methods comprise 
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co-culturing tumor material such as a tumor cell line or 
derivative thereof (eg total RNA, lysed tumor cells, apo 
ptotic bodies) With autologous T cells isolated from a 
subject. The tumor material and the T cells are cultured in 
the presence of an IL-21 composition, and after allowing T 
cells to proliferate, the T cells are cloned. Antigen-speci?c 
T cells are identi?ed and further analyZed to characteriZe the 
antigen-speci?city. 

A. Description of IL-21. 

[0046] Human IL-21 (SEQ ID N011 and SEQ ID NO12) 
Was originally designated Zalpha11 Ligand, and is described 
in commonly-oWned U.S. Pat. Nos. 6,307,024, and 6,686, 
178, Which are incorporated herein by reference. The IL-21 
receptor is described in U.S. Pat. No. 6,057,128. The IL-21 
receptor, previously designated Zalpha11 (SEQ ID N015 and 
SEQ ID N016), and heterodimeric receptor IL-21R/IL-2Ry 
are also described in commonly-oWned U.S. Pat. Nos. 
6,576,744, 6,803,451, 6,692,924 and WO 00/17235, Which 
are incorporated herein by reference. As described in these 
publications, IL-21 Was isolated from a cDNA library gen 
erated from activated human peripheral blood cells (hPBCs), 
Which Were selected for CD3. CD3 is a cell surface marker 
unique to cells of lymphoid origin, particularly T cells. 

[0047] The amino acid sequence for the IL-21R indicated 
that the encoded receptor belonged to the Class I cytokine 
receptor subfamily that includes, but is not limited to, the 
receptors for IL-2, IL-4, IL-7, IL-15, EPO, TPO, GM-CSF 
and G-CSF (for a revieW see, Cosman, “The Hematopoietin 
Receptor Superfamily” in Cylokine 5(2): 95-106, 1993). The 
IL-21 receptor has been identi?ed on NK cells, T cells and 
B cell indicating -21 acts on hematopoietic lineage cells, in 
particular lymphoid progenitor cells and lymphoid cells. 
Other knoWn four-helical-bundle cytokines that act on lym 
phoid cells include IL-2, IL-4, IL-7, and IL-15. For a revieW 
of four-helical-bundle cytokines, see, Nicola et al., 
Advances in Protein Chemistry 5211-65, 1999 and Kelso, A., 
Immunol. Cell Biol. 761300-317, 1998. 

[0048] For IL-21, a secretory signal sequence is comprised 
of amino acid residues 1 (Met) to 29 (Ser), and a mature 
polypeptide is comprised of amino acid residues 30 (Gln) to 
162 (Ser) (as shoWn in SEQ ID NO: 2). The corresponding 
polynucleotide sequence is shoWn in SEQ ID NO11. Those 
skilled in the art Will recogniZe that the sequence disclosed 
in SEQ ID NO11 represents a single allele of human IL-21 
and that allelic variation and alternative splicing are 
expected to occur. 

B. Use of IL-21 Vaccine Therapy, Adoptive Immunotherapy 
and Identi?cation of Tumor Speci?c Antigens. 

[0049] The present invention is based in part on a study of 
both human healthy donors and melanoma patients Where a 
positive regulatory role for IL-21 in the induction of a 
primary antigen-speci?c human CD8+ T cell response Was 
demonstrated. Using peptide-MHC tetramers to track a rare 
but measurable naive T cell population recogniZing a normal 
self antigen, in the presence of IL-21, the frequency and 
absolute numbers of antigen-speci?c CD8 T cells that could 
be elicited increased by more than 20-fold compared to 
cultures groWn in the absence of L-21. The enhanced 
generation of an antigen-speci?c T cell response is speci?c 
to this gamma-chain receptor cytokine since the addition of 
IL-2, IL-7 or IL-15 during initial priming had no added 
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effect over cultures that received no cytokine. IL-21-ex 
posed and antigen-primed T cells retained the capacity to 
respond to groWth-promoting cytokines, such as IL-2 and 
IL-7, and could be readily isolated and expanded. The 
present invention provides IL-21 enhanced generation of 
human antigen-speci?c CD8+ T cells characterized by 
CD28 upregulation and expression of high af?nity TCR 
resulting in antigen-driven helper-independent IL-2 produc 
tion, increased target avidity, and augmented antigen-spe 
ci?c tumor killing. The present invention provides methods 
of using IL-21 for induction of a human antigen-speci?c 
CD8+ T cell responses and immunotherapy, particularly 
adoptive cell therapy. 

[0050] In the studies described herein, the IL-21 aug 
mented antigen-speci?c response Was limited to the naive 
and not memory T cell population using pre-selected 
responder T cells. Na'ive T cells have not previously seen 
antigen and have the potential to recogniZe and bind a single, 
unique antigen. A tumor antigen is a peptide or polypeptide 
or peptide complex that has a different expression pro?le 
from antigen found on a non-tumor cells. For example, a 
non-tumor antigen may be expressed in higher frequency or 
density by tumor cells than by non-tumor cells. A tumor 
antigen may differ from a non-tumor antigen structurally, for 
example, the antigen could be expressed as a truncated 
polypeptide, have some mutation in the amino acid sequence 
or polynucleotide sequence encoding the antigen, be mis 
folded, or improperly modi?ed post-translationally. Similar 
ity to antigens that are present on normal, non-tumor cells in 
the host organism alloW the tumor cells to escape the host’s 
immunological surveillance mechanisms. 

[0051] Observation that tumor-associated antigens gener 
ated speci?c immunological responses Which attacked 
tumors provided researchers a basis to develop tumor spe 
ci?c antigen cancer therapies. HoWever, tumors express a 
multitude of antigens, many of Which have not been isolated 
or characterized. Moreover, not all tumor antigens are 
expressed at levels high enough to stimulate a suf?cient 
immune response. 

[0052] In recent years, many genes encoding tumor anti 
gens that can be recogniZed by cytotoxic T lymphocytes 
have been identi?ed from cDNA of human tumor cells 
(Gomi et al., J. Immunol. 16314994-5004, 1999.) Examples 
include the genes HER/neu (Peoples et al., Proc. Natl Acad. 
Sci. USA, 921432-436, 1995) and mutant CASP-8 (Man 
druZZato et al., J. Exp. Meal, 1861785-793, 1997). Tumor 
antigen-speci?c T cells can be isolated from patients, hoW 
ever maintaining these T cell cultures has been dif?cult. 
Tumor antigen-speci?c T cells can be localiZed in blood, 
lymphoid tissue such as the spleen, or can be from the tumor 
itself. Generally, tumor tissue is biopsied and a cell suspen 
sion is cultured in vitro. It has been shoWn that antigen 
speci?c tumor cells in the presence of cytokine, such as IL-2, 
IL-7, IL4, and IL-15 survive longer (Vella et al., PNAS 
9513810-3815, 1998). In the instant invention, addition of 
IL-21 to cultures of tumor antigen-speci?c T cells in the 
presence of primary antigen presentation by dendritic cells 
resulted in a signi?cant increase in the absolute numbers of 
antigen-speci?c T cells beyond that seen With IL-15, IL-6, 
IL-12, 2 or IL-7 alone. Thus, the present invention provides 
methods for identifying neW tumor speci?c antigens and 
enhancing tumor antigen-speci?c T cell populations to target 
those tumors by exposing T cells to IL-21. The methods for 
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enhancing the repetoire of antigens recognized by a T cell 
population by generating tumor-speci?c cell lines arose 
from having demonstrated that IL-21 compositions enhance 
proliferation of antigen-speci?c T cell populations When 
antigen is presented to non-terminally differentiated T cells. 
The methods comprise co-culturing tumor material such as 
a tumor cell line or derivative thereof (eg total RNA, lysed 
tumor cells, apoptotic bodies) With autologous T cells iso 
lated from a subject. The tumor material and the T cells are 
cultured in the presence of an IL-21 composition, and after 
alloWing T cells to proliferate, the T cells are enriched, for 
example the T cells can be cloned. In some embodiments, 
the need for IL-2 or other groWth factors is minimized by 
administration of IL-21. In other embodiments, it is not 
necessary to have CD4+ T cells present in the culture. 
Antigen-speci?c T cells are identi?ed are further analyzed to 
characterize the antigen-speci?city. (See, van der Bruggen 
Science 25411643, 1991 and Engelhard et al., Mol. Immunol. 
391127, 2002). 
[0053] It is knoWn that a larger number of MART-1 
speci?c T cells reside among the naive population (Pittet et 
al, J. Exp. Med. 1901705, 1999) hoWever, measurable fre 
quencies of MART-l-speci?c T cells can also be detected 
among the memory population (D’Souza et al., Int. J. 
Cancer 781699, 2004), and yet these failed to expand When 
IL-21 Was added. In the case of patients With melanoma, 
prior encounter With antigen-bearing tumor cells may lead to 
defective signalling among memory T cells rendering them 
unresponsive to IL-21 mediated proliferation in vitro (Zip 
pelius, et al, Cancer Res. 6412865, 2004; Lee et al., Nature 
Medicine 51677, 1999). 

[0054] Antigen-primed T cells undergo increased prolif 
eration and decreased apoptosis When exposed to IL-21 
compared to their untreated counterparts, hence providing 
methods for enhancing T cell-mediated vaccines and pro 
viding an adjuvant for immunotherapeutic cancer treat 
ments. IL-21 treatment led to upregulated CD28 expression 
and enriched for a population of T cells expressing a stable 
unique phenotype, CD45RO+, CD28hi , CCR7-CD8+. This 
phenotype may be characterized as intermediate betWeen a 
naive (CD45RO—, CD28+, CCR7+) and memory 
(CD45RO+, CD28—, CCR71) T cell (Tomiyama, et al., J. 
Exp. Med. 1981947, 2003). CD28+CD8+ T cells represent 
potentially more effective CTL for adoptive immunotherapy 
since they can provide an anti gen-driven autocrine signal for 
proliferation. Such helper-independent CD8 T cells Would 
not require exogenous help in the form of IL-2 or CD4+ T 
cells to survive and expand (Ho et al., Cancer Cell 31431. 
2003; and Topp et al., J Exp. Med. 1981947, 2003). Thus, the 
present invention provides methods for treating an immune 
mediated disease by providing a subject With a CD8+ T cell 
population that has enhanced cytotoxic activity in the 
absence or reduced presence of additional cytokines, such as 
IL-2, or CD4+ T cells. The methods are particularly useful 
for ex vivo expansion of cytolytic, antigen-speci?c CD8+ T 
cells, but may also be used in vivo When additional cytok 
ines result in unWanted side effects or CD4+cell populations 
are compromised. 

[0055] The examples disclosed herein demonstrate that 
exposure to IL-21 during primary in vitro stimulation also 
led to the generation of antigen-speci?c T cell clones of 
uniformly higher af?nity and target cell avidity. These clones 
Were represented by diverse TCR Vbetas suggesting that this 
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Was not likely the result of an expanded population of a feW 
high affinity clones, but a;i more global effect on the T cell 
repertoire. Previous studies have shoWn an increased prob 
ability of isolating higher af?nity T cell clones When cytok 
ines such as IL-10, that doWnregulate the stimulatory capac 
ity of APCs, are used in culture (Tsai et al., Critical Rev. 
Immunol. 18165, 1998). IL-21 (Brandt et al., Blood 
10214090, 2003) has been shoWn to lead to maturational 
arrest among murine DC resulting in reduced MHC expres 
sion and decreased stimulatory capacity for T cell activation. 
HoWever, in that case, IL-21 Was added to human DCs that 
had already undergone full maturation. In preliminary stud 
ies, the addition of IL-21 to mature DC did not affect surface 
expression of MHC-Class I, HLA-DR, CD80, CD83 or 
CD86 compared to untreated DC. While not intending to be 
bound by theory, the results suggest dampened expression of 
surface stimulatory molecules is not likely an explanation 
for the enhanced generation of high af?nity T cells in vitro. 
Pre-incubation of mature human DC With IL-21 also had no 
effect on the frequency or affinity of CD8+ tetramer+ T cells 
that could be generated. 

[0056] The use of IL-21 in augmenting an antigen-speci?c 
CD8 T cell response has been explored in mouse models and 
found to be highly effective in eradicating aggressive tumors 
(Ma et al., J Immunol. 1711608, 2002; Kishida et al., Mol. 
Ther 81552, 2003; Moroz et al., J. Immunol 1731900, 2003). 
The selective effect of IL-21 on naive vs memory T cells 
suggests a greater in?uence during priming, and in fact, 
murine studies demonstrate a strong priming effect charac 
terized by a sloW rejection response and induction of pro 
longed antitumor memory. IL-21 promotes longterm sur 
vival of previously activated antigen-speci?c CD8 T cells in 
vivo as a result of reduced apoptosis through an indetermi 
nate mechanism possibly involving STAT3 phsophorylation 
or induction of a central memory phenotype (Brenne et al., 
Blood 9913756, 2002). Some of these effects may be attrib 
utable to CD28 upregulation among IL-21-treated CD8 T 
cells. 

[0057] Methods of using T cell populations for adoptive 
cell therapy in treatment of human subjects are knoWn to 
clinicians skilled in the art. T cell populations prepared 
according to the methods described herein and knoWn in the 
art can be used in such methods. For example, adoptive cell 
therapy using tumor-in?ltrating lymphocytes, With MART-1 
antigen speci?c T cells have been tested in the clinic (Powell 
et al., Blood 1051241-250, 2005). Patients With renal cell 
carcinoma have been vaccinated With irradiated autologous 
tumor cells. Harvested cells Were secondarily activated With 
anti-CD3 monoclonal antibody and IL-2, then readminis 
tered to the patients (Chang et al., J. Clinical Oncology 
211884-890, 2003.) 
[0058] The present invention provides methods for 
enhancing adoptive immunotherapy by providing a patient 
With a level of enhanced immunity by stimulating cells ex 
vivo, and then readministering them to the patient. The cells 
are histocompatible With the subject, and may be allogenic 
or autologous. The method of preparing comprises isolating 
peripheral blood mononuclear cells (PBMCs) from a patient, 
expanding these cells in culture to very high numbers in a 
culture media comprising an IL-21 composition, and then to 
reintroducing these cells back into patients. The groWth of 
these effector cells, Which include NK cells, LAK cells, and 
tumor-speci?c T-cells, may require additional cytokines 


















