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(57) ABSTRACT

A method of identifying an antigen-specific regulatory T cell
(Treg) from a subject is discussed wherein the method com-
prises quantitatively or qualitatively detecting co-expression
of each of cell markers CD4, CD25 and CD134, or altera-
tively, each of cell markers CD8, CD25 and CD137,as well as
one or more cell markers selected from the group of Treg cell
markers consisting of CD39, CD73, CD127, CTLA-4 and
Foxp3 on a cell in a suitable lymphocyte-containing sample
from the subject in response to exposure to a target antigen.
Also discussed are methods of isolating and expanding the
identified antigen-specific Treg population, which may per-
mit antigen-specific Treg cell therapy.
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Figure 8
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METHOD FOR IDENTIFYING
ANTIGEN-SPECIFIC REGULATORY T
CELLS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application under 35
U.S.C. 371 of PCT Application No. PCT/AU2008/001407
having an international filing date of 22 Sep. 2008, which
designated the United States, which PCT application claimed
the benefit of Australian Application Nos. 2007905154 filed
20 Sep. 2007, and 2007905292 filed 27 Sep. 2007, the entire
disclosure of each of which are hereby incorporated herein by
reference.

FIELD OF THE INVENTION

The present invention relates to methods for identifying
and isolating antigen-specific regulatory T cells.

PRIORITY DOCUMENTS

The present application claims priority from:

Australian  Provisional = Patent Application  No.
2007905154 entitled “A Method” and filed on 20 Sep. 2007,
and Australian Provisional Patent Application No.
2007905292 entitled “A Method” and filed on 27 Sep. 2007.
The entire content of each of these applications is hereby
incorporated by reference.

INCORPORATION BY REFERENCE

The following co-pending patent applications are referred

to in the following description:

PCT/AU2006/001080 (WO  2007/014420) titled
“METHOD FOR IDENTIFYING REGULATORY T
CELLS”; and

PCT/AU2007/000342 (WO 2007/106939) titled “A
METHOD FOR DETECTING ANTIGEN SPECIFIC
OR MITOGEN ACTIVATED T CELLS”.

The entire content of both of these applications is hereby

incorporated by reference.

BACKGROUND OF THE INVENTION

T cells are a type of lymphocyte that is involved in immune
system regulation and function, particularly those that are
driven in response to a specific antigen. Immune cells such as
T cells can be identified by the combination of cell markers
they express. For example, T cells express cluster of differ-
entiation (CD) 3, which is part of the T cell receptor (TCR)
complex. Further, a distinct population of T cells express CD4
(the so-called “helper” T cells), while another distinct popu-
lation of T cells express CD8 (the so-called “cytotoxic” T
cells). The expression marker CD25 is a marker of activation
on anumber of types of cells, and it is particularly upregulated
following stimulation of a cell, notably following antigen
stimulation. Activated and memory CD4" T cells co-express
CD4 and CD25.

Regulatory T cells (Treg), also known as “suppressor” T
cells, are a specialised subpopulation of T cells that function
to suppress activation of the immune system, thereby main-
taining immune system homeostasis and tolerance to self-
antigens. Treg are accordingly of fundamental importance in
suppressing various immune and autoimmune responses.
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Treg can be identified by their suppressive function as well as
by co-expression of T cell markers, for example, CD4, the
activation marker CD25 (the o chain of the IT-2 receptor) and
the transcription factor Foxp3.

Several different Treg subsets have been described (1). A
naturally occurring, distinct population of CD4+CD25+
Foxp3+ Treg known as natural Treg (nTreg) develop in the
thymus and are present in healthy individuals from birth. The
specificity of the T cell receptor (TCR) of nTreg is mainly
self-reactive. Additionally, a population of CD4+CD25+
Foxp3+ Treg can be induced in vivo in the periphery under
various conditions, such as during certain defined conditions
of antigen presentation and cytokine stimulation, and can
induce tolerance (reviewedin (2)). Different subsets of induc-
ible Treg have been reported, including T regulatory type 1
(TR1) cells, which produce high levels of interleukin-1 0
(IL-10)(3), acytokine that has anti-inflammatory actions and
facilitates suppression of the antigen presentation capacity of
antigen presenting cells. Additionally, a subset of CD4+
CD25+Poxp3+ Treg can be induced in vitro from CD4+
CD25-T cells in the presence of transforming growth factor-
13 (TGF13) (4).

Data generated in several animal models indicates that
adoptive transfer of Treg can prevent or cure T cell mediated
diseases, autoimmune diseases and allograft rejection, by
restoring immune tolerance to self-antigens or alloantigens
(5-8). Absent or defective Treg function has been correlated
with autoimmunity in humans, and the presence of Treg has
been associated with immunological tolerance. Defective
Treg in peripheral blood from patients with multiple sclero-
sis, type-1 diabetes, psoriasis, myasthenia gravis, theumatoid
and juvenile idiopathic arthritis have been described (re-
viewed in (9)). Defective Treg have also been reported in
genetic diseases like immunodysregulation, polyendocrin-
opathy and enteropathy X-linked syndrome (IPEX)(10),
Wiskott-Aldrich  syndrome (WAS) (11), autoimmune
polyglandular syndrome (APS) type 2 (12) and autoimmune
lymphoproliferative syndrome (ALPS) (13).

Accordingly, detecting the presence or absence of Treg
cells specific for a particular antigen of interest (ie target
antigen) may facilitate diagnosis or assessment of immuno-
logical conditions or diseases. Additionally, Treg-based
therapy may provide an effective means to treat diseases
where suppression of the immune response may be beneficial
such as autoimmune diseases, allergic diseases, immunoin-
flammatory diseases and T cell mediated diseases including
genetic diseases. Treg-based therapy may also be useful in
suppressing graft rejection, including suppression of graft-
versus-host disease (GVHD) after haematopoietic stem cell
transplantation (HSCT) (14-16). The use of Treg in the clinic
to treat a number of conditions or diseases is currently under
consideration by several groups (reviewed in (2)). However,
there are a number of issues that are currently impeding Treg
therapy.

First, accurate identification of viable Treg using the CD4,
CD25 and Foxp3 markers is problematical. Both antigen-
experienced conventional effector CD4™ T cells and CD4*
Treg both express CD25. Further, detection of Treg using
Foxp3 antibodies requires fixation and permeabilisation of
the cells, so the technique cannot be used to isolate viable
Treg populations for functional studies or ex vivo expansion
as a prelude to therapeutic administration. However, WO
2007/014420 describes a method of detecting viable Treg
using the cell marker CD127, the a chain of the interleukin
(IL)-7 receptor, in combination with CD4 and CD25. For
example, it was shown that CD4*CD25*CD127% expression
is indicative of a regulatory T cell or a population of regula-
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tory Tcells (17). More recently, CD39 and CD73, two ectoen-
zymes that generate adenosine resulting in suppression of T
cell responses, have been reported as useful markers for Treg
(18-19).

Secondly, Treg are present in low numbers in the circula-
tion. While methods exist to induce and expand Treg ex vivo,
Treg have a range of antigen specificities, and in order to
suppress a particular inappropriate immune response in cer-
tain conditions or diseases (eg autoimmune diseases, allergic
diseases, immunoinflammatory diseases, infectious diseases,
allograft rejection, and T cell mediated diseases including
genetic diseases), Treg need to specifically recognise the anti-
gen involved in the response. However, methods of detecting
the antigen specificity of Treg have not previously been
described.

WO 2007/106939 describes a highly sensitive flow cyto-
metric assay which is capable of identifying antigen specific
effector (conventional) CD4+ or CDS+ T cells using antibod-
ies directed to the cell marker CD25, in combination with
antibodies directed to one or more of CD134 (also known as
0X40) and, CD137 (also known as 4-1BB) following expo-
sure to the target antigen. For example, following in vitro
exposure to a particular target antigen in whole blood, CD4+
T cells that were specific for that antigen were shown to
co-express CD25 and CD134. However, Treg were not
thought to be identified by this method. CD134 is not
expressed in CD4+CD25+ Treg cells isolated from human
blood (32). Further, a recent report indicates that stimulation
0of CD134 on Treg by an anti-CD134 antibody down regulated
Foxp3 expression and reduced Treg function in mice (48).

The present applicant has found that antigen-specific CD4*
Treg can be identified by detecting cells expressing the com-
bination of CD4, CD25, CD134 and one or more Treg mark-
ers, such as CD39, CD127 (wherein CD127 expression is
preferably CD127%) and Foxp3; and further, that antigen-
specific CD8" Treg can be identified by the expression of the
combination of CD8, CD25, CD137 and one or more Treg
cell markers, such as CD39, CD127 (wherein CD127 expres-
sion is preferably) CD127%) and Foxp3. Surprisingly, the
present applicant has also found that viable antigen-specific
Treg can be identified and/or isolated using combinations of
the cell markers CD4, CDS8, CD25, CD39, CD45RO,
CD45RA, CD127, CD134 and CD137. Moreover, it was
found that using such combinations of these cell markers
provides a means to isolate Treg of high purity, which may be
ex vivo expanded, for use in, for example, Treg-based therapy.

SUMMARY OF THE INVENTION

In a first aspect, the present invention provides a method of
identifying an antigen-specific regulatory T cell (Treg) from a
subject, the method comprising quantitatively or qualitatively
detecting co-expression of each of cell markers CD4, CD25
and CD134 as well as one or more cell markers selected from
the group of Treg cell markers consisting of CD39, CD73,
CD127, CTLA-4 and Foxp3 on a cell in a suitable lympho-
cyte-containing sample from the subject in response to expo-
sure to a target antigen, wherein detecting the co-expression
of the cell markers is indicative of an antigen-specific Treg.

Inasecond aspect, the present invention provides a method
of identifying an antigen-specific regulatory T cell (Treg)
from a subject, the method comprising quantitatively or
qualitatively detecting co-expression of each of cell markers
CD8, CD25 and CD137 as well as one or more cell markers
selected from the group of Treg cell markers consisting of
CD39, CD73, CD127, CTLA-4 and Foxp3 on a cell in a
suitable lymphocyte-containing sample from the subject in
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response to exposure to a target antigen, wherein detecting the
co-expression of the cell markers is indicative of an antigen-
specific Treg.

Inathird aspect, the present invention provides a method of
isolating antigen-specific Treg from a subject comprising
isolating the cells identified according to the method of the
first and second aspects of the invention.

In a fourth aspect, the present invention provides a method
of isolating an antigen-specific regulatory T cell (Treg) from
a subject, the method comprising the following steps:

(i) providing isolated naive Treg or activated Treg express-
ing one or more cell markers selected from the group of
consisting of CD39, CD45RA, CD45R0O, CD73,CD127
and CTLA-4 from a suitable lymphocyte-containing
sample from the subject,

(i1) culturing said isolated naive or activated Treg in the
presence of a target antigen in vitro, and thereafter

(i) 1solating antigen-specific Treg co-expressing each of
the cell markers CD4, CD25 and CD134.

In a fifth aspect, the present invention provides a method of
isolating antigen-specific Treg from a subject, the method
comprising the following steps:

(i) providing isolated naive Treg or activated Treg express-
ing one or more cell markers selected from the group
consisting of CD39, CD62L, CD45RO, CD73, CD127
and CTLA-4 from a suitable lymphocyte-containing
sample from the subject; and

(i1) culturing said isolated naive or activated Treg in the
presence of an antigen; and thereafter

(ii1) isolating antigen-specific Treg cells expressing each of
the cell markers CD8, CD25 and CDI137.

In a sixth aspect, the present invention provides a method
of providing an expanded population of antigen-specific Treg
the method comprising expanding in vitro the population of
antigen-specific Treg isolated in accordance with the method
of the third, fourth or fifth aspects of the invention.

In a seventh aspect, the present invention provides a
method of cell therapy comprising administering antigen-
specific Treg isolated according to the method of the third,
fourth or fifth aspects of the invention to a subject.

In an eighth aspect, the present invention provides a
method of cell therapy comprising administering the antigen-
specific Treg population expanded according to the sixth
aspect of the invention to a subject.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 provides FACS analysis plots of CD4"CD25"
CD134*Foxp3* antigen-specific Treg following antigen
stimulation in vitro for 24-40 hours. Cells were stained with
anti-CD?3, anti-CD4, anti-CD25, anti-CD134 and anti-Foxp3
monoclonal antibodies. Antigen-specific Treg were gated as
CD3*CD4*CD25*CD134*Foxp3*. For each donor, the bot-
tom panel shows Foxp3 expression on the CD25"CD134*
subset shown in the top panel. (A) Whole blood from donor 1
and 2 was in vitro stimulated with no antigen, CMV, MTB or
MAI lysates. (B) Whole blood from donor 1 was in vitro
stimulated with no antigen, CMV-P1 peptide antigen, or SEB
(as a positive control);

FIG. 2 provides FACS analysis plots of Foxp3 expression
in CD39* and CD39™ subsets of antigen-specific CD4*
CD25"CD134" cells and CD4*CD25"CD134~ antigen non-
specific T cells and following antigen stimulation in vitro in
whole blood samples for 24-40 hours;

FIG. 3 provides FACS analysis plots comparing CD39
expression on naive Treg (CD25"CD62L*CD45RO™
CDI127") and activated Treg (CD25*CD62L*~CD45RO*
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CD127%) in peripheral blood mononuclear cells (PBMCs)
from a healthy donor confirming CD39 is expressed on acti-
vated Treg;

FIG. 4 provides quantitative real-time polymerase chain
reaction (PCR) plots demonstrating mRNA expression pat-
terns of Foxp3, T-bet, RORyt, Gata3, TGF-f} and IL-10 genes
in PBMCs that had been antigen stimulated and then sorted
into populations of antigen-specific Treg (ie CD4*CD25*
CD39*CD134" cells labelled “OX40439+”), antigen-spe-
cific non-Treg (CD4"CD25"CD39~ CD134" cells labelled
“0OX40+397), non-antigen specific cells CD4* T cells
including naive Treg (ie. CD4*CD25*CD39*CD134" cells
labelled “OX40739*"), non-antigen specific CD4* T cells (ie
CD4*CD25*CD397CD134" cells labelled OX407397), and
non-CD4* cells (ie CD4™ cells, which includes CD8™ T cells,
B cells, monocytes and NK cells, labelled “non-CD4*”) as a
negative control;

FIG. 5 provides FACS analysis plots of antigen stimulated
CD3+CD4" gated cells showing that following antigen
stimulation the CD4*CD25*CD39*CD127 Treg population
contain an antigen-specific CD4"CD25"CD134 Foxp3*
Treg population, (top left) gating of cells for CD25*CD127,
(top right) gating of CD25*CD127% for CD39, (middle left)
gating of CD25*CD127°CD39" or (middle right) CD25*
CDI127°CD39* cells for CD134, and (bottom) histograms
showing Foxp3 expression or CD25 expression (extreme bot-
tom) on the CD4*CD25*CD39*CD134*CD127% and CD4*
CD25*CD39~CD134*CD127% (shaded) populations;

FIG. 6 provides FACS plots of IFNy and IL.-2 expression in
antigen stimulated CD4*CD25*Foxp3* Treg which include
the CD4"CD25+CD39*CDI134" subset of antigen-specific
Treg or in CD4*CD25*~ Foxp3~ cells as a positive control for
cytokine expression;

FIG. 7 provides FACS analysis plots of Foxp3 expression
on in vitro antigen-stimulated CD4*CD25*CD127% cells
compared to CD4*CD25*CD127° CD134* and CD4*CD25*
CD39*CDI127°CD134* cells (CDI134 is labelled as
“0X407);

FIG. 8 provides plots showing (top) suppression of prolif-
eration of responder T cells (labelled “R”) by CD4*CD25+
CD39*CD127% suppressor cells (labelled “CD39* Treg”) or
by CD4*CD25*CD39~CD127° suppressor cells (labelled
“CD39™ Treg”), following stimulation with either CMV pp65
P1 antigen (labelled “P17, left) or with anti-CD3 (right), and
(bottom) levels of IFNy, IL-10 and TNF-a secreted into each
of the cell supernatants during the assay;

FIG. 9 provides FACS analysis data of sorted naive Treg
activated Treg or naive CD4* cell populations following
stimulation with CMV-P1 peptide antigen showing (top)
plots of Foxp3, CD25 and CD134 expression, and (bottom)
histograms of Foxp3 expression of the antigen-specific CD4*
CD25*CD134% Treg subset of each population;

FIG. 10 provides FACS analysis plots of PBMCs from six
different healthy donors (HV1 to HV6) showing CD25 and
CD73 expression; and

FIG. 11 provides FACS analysis plots of Foxp3 and CD127
expression on CD8*CD25"CD137* antigen-specific Treg in
wholeblood following in vitro stimulation without (0) or with
SEB for 40 hr. (A) CD137 expression and CD2S5 expression
on CD8* cells. (B) Foxp3 expression on the CD8*CD25*
CD137* subsets of (A). (C) CD127 expression of the CD8"
CD25*CD137*Foxp3~ (left) and CD8*CD25*CDI137*
Foxp3™ (right) cells.

DETAILED DESCRIPTION OF THE INVENTION

The present applicant has provided a method for identify-
ing and isolating antigen-specific regulatory T cells (Treg).
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The term “antigen-specific” as used herein to describe a
cell (eg a CD4*CD257CD134" or a CD8*CD25*CD137* T
cell, including Treg) is to be understood as referring to a cell
that is able to specifically recognise and respond to a target
antigen, wherein a “target antigen” is a particular antigen of
interest. Persons skilled in the art will understand that each T
cell in a population can specifically recognise and respond to
an antigen through its T cell receptor (TCR); however, a
population of T cells will contain only a small percentage of
cells that can specifically recognise and respond to the target
antigen.

The term “non-antigen-specific”, as used herein to
describe cells (eg CD4*CD25°CD134~ or CD8*CD25*
CD137~ T cells) is to be understood as referring to cells that
do not specifically bind or respond to the target antigen.

The term “regulatory T cell” will be well understood by
persons skilled in the art and refers to a specialised subpopu-
lation of T cells that function to suppress activation of the
immune system. The term “Treg” refers to regulatory T cells,
in either the singular or the plural.

It has previously been established that following culturing
with a target antigen, antigen-specific effector (conventional)
T cells can be identified by detecting the co-expression of
CD4, CD25 and CDI134, or alternatively, CDS, CD25 and
CD137 (see WO 2007/106939, the entire contents of which
are hereby incorporated herein). However, this method was
not thought to detect Treg. The present applicant surprisingly
found that following in vitro stimulation of a lymphocyte-
containing population with a target antigen, a population of
CD4*CD25*CD134" antigen-specific T cells express the
Treg marker Foxp3. The present applicant also found that
antigen-specific Treg could be identified by detecting expres-
sion of CD4, CD25, CD134 and one or more alternative Treg
markers, for example, CD39, CD73, CD127, or Foxp3.

Accordingly, in a first aspect, the present invention pro-
vides amethod of identifying an antigen-specific regulatory T
cell (Treg) from a subject, the method comprising quantita-
tively or qualitatively detecting co-expression of each of cell
markers CD4, CD25 and CD134 as well as one or more cell
markers selected from the group of Treg cell markers consist-
ing of CD39, CD73, CD127, CTLA-4 and Foxp3 on a cell in
a suitable lymphocyte-containing sample from the subject in
response to exposure to a target antigen, wherein detecting the
co-expression of the cell markers is indicative of an antigen-
specific Treg.

The term “co-expression” as used herein will be under-
stood by persons skilled in the art to refer to the presence of
more than one cell marker of interest on the same cell. For
example, a CD4"CD25 cell is understood to co-express the
cell markers CD4 and CD25. The term “on a cell” as used
herein inrelation to the expression of cell markers, is intended
to mean that the cell marker is present on the cell (in the case
of cell surface markers) or within the cell (in the case of
intracellular cell markers).

In an embodiment of the first aspect, the method may
comprise the following steps:

(i) culturing the suitable lymphocyte-containing sample
from the subject in vitro in the presence of the target
antigen; and thereafter

(i1) quantitatively or qualitatively detecting co-expression
of each of the cell markers CD4, CD25 and CD134 as
well as one or more cell markers selected from the group
of Treg cell markers consisting of CD39, CD73,CD127,
CTLA-4 and Foxp3 in the cultured sample.

The term “culturing” as used herein in the context of cul-

turing cells in the presence of a target antigen will be under-
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stood by persons skilled in the art to facilitate antigen stimu-
lation of cells that are able to specifically recognise and
respond to the target antigen.

It will be understood that in some preferred embodiments
the cell markers detected may be CD4, CD25, CD134 and
Foxp3; in other preferred embodiments, the cell markers
detected are CD4, CD25, CD134 and CD39; and in still other
embodiments, the cell markers detected are CD4, CD25,
CD134 and CD127; and in yet still other preferred embodi-
ments, the cell markers detected are CD4, CD25, CD134,
CD39 and CD127.

Preferably, where CD127 is detected, the method com-
prises detecting a CD127% level of detection.

The term “/°*, as used in relation to CD127% for example,
is well known to persons skilled in the art to refer to the
expression level of the cell marker of interest, in that the
expression level of the cell marker is low by comparison with
the expression level of that cell marker in the population of
cells being analysed as a whole. More particularly, the term
«“lo» refers to a distinct population of cells that express the cell
marker at a lower level than one or more other distinct popu-
lations.

Preferably, the phenotype of an antigen-specific CD4*
Treg is CD3*CD4*CD25*CD39*CD127°CD134*Foxp3™.
However, persons skilled in the art will understand that it is
not necessary to detect each of the Treg cell markers (eg
CD39, CD127 and Foxp3) to determine that it is a CD4*
antigen-specific Treg. That is, it will be understood that in
some preferred embodiments, alternative Treg cell markers
can be used to detect antigen-specific Treg. For example, the
method for the detection of antigen-specific regulatory T cells
in a subject may comprise detecting expression of both of the
cell markers CD4 and CD25; as well as detecting expression
of acell marker of CD4+ antigen-specific T cells (eg CD134),
as well as detecting expression of one or more the cell markers
for Treg (eg CD39, CD73, CD127%, CTLA-4, Foxp3,
CD45RO, CD45RA, LAG-3, and GPRS83). Further, CD3
forms part of the TCR and is accordingly considered to be a
pan marker for T cells. Persons skilled in the art will under-
stand that it is not essential to detect CD3 in order to identify
antigen-specific Treg.

Preferably, the step of detecting co-expression of each of
the cell markers CD4, CD25 and CD134 as well as one or
more cell markers selected from the group of Treg cell mark-
ers consisting of CD39, CD73, CD127, CTLA-4 and Foxp3
in the cultured sample is performed before a substantial num-
ber of the cells present in the culture have divided. Accord-
ingly, under standard culturing conditions (eg 37° C. in a
humidified atmosphere of 5% CO, in air, and using a standard
culture medium suitable for the culture of lymphocytes), the
detecting step is preferably performed within about 24 to 96
hours of commencement of the culturing step, and more
preferably, within about 40 to 44 hours of commencement of
the culturing of the whole blood sample in the presence of the
antigen. Moreover, it is preferable that the detecting step is
performed after the elapse of a sufficient period for co-ex-
pression of the cell markers to be substantially up-regulated.
In some preferred embodiments, the detecting step is per-
formed within about 40 to 44 hours of commencement of the
culturing step.

The step of detecting the cell surface markers may be
performed in accordance with any method well known to
persons skilled in the art. Such a method may involve the use
of labelled monoclonal antibodies that specifically bind to
one of the cell surface markers selected from the group con-
sisting of CD4, CD25, CD134, CD39, CD73, CDI127,
CTLA-4 and Foxp3. The detecting step may utilise methods
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well known to persons skilled in the art, for example, using
antibody-coated magnetic beads, enzyme-linked immunoas-
say or real-time polymerase chain reaction. Preferably, the
detecting step comprises the use of flow cytometry. In this
regard, persons skilled in the art will understand that follow-
ing binding with suitable, labelled monoclonal antibodies (eg
anti-CD4, anti-CD235, anti-CD134 and anti-CD127 antibod-
ies), samples may be fixed with a suitable fixing agent (eg
paraformaldehyde, which may be used at 1% in phosphate-
buffered saline (PBS)) to permit the subsequent quantitative
or qualitative determination of the cell surface markers (eg by
the use of flow cytometry) as convenient (eg following trans-
port from the site of collection and culture of the whole blood
sample, to a flow cytometry laboratory). In some cases, the
timing of the detecting step may be delayed for a few hours or
a few days, if, for example, the cultured cells are fixed, and/or
stored at a low temperature (eg on ice or in a refrigerator),
including storage in the dark. Accordingly, in the context of
the preferred times, given above, for performing the detecting
step, it is to be understood that the “staining” (ie with suitable
monoclonal antibodies labelled with a fluorescent dye(s)) and
“fixing” of the cultured samples need only be performed
within the given preferred time period. That is, it is to be
understood that where the staining and fixing is initiated 44
hours after commencement of the culturing of the whole
blood sample in the presence of the antigen, but the actual
quantitative or qualitative determination of the cell surface
markers is not performed until later (eg 12 to 24 hours later, or
a few days later), that nevertheless amounts to performing the
detecting step within the most preferred time period of about
2410 96 hours of commencement of the culturing of the whole
blood samplein the presence of the antigen. Persons skilled in
the art will understand that monoclonal antibodies used to
detect expression of cell markers CD4, CDg, CD25, CD39,
CD45RO, CD45RA, CD62L, CD127, CD134, or CD137 in
accordance with the invention have been used only to stain
cells for flow cytometry, and have not been used to stimulate
or block signalling of the cell marker.

In some embodiments, the lymphocyte-containing sample
may be a whole blood sample or more preferably, the whole
blood sample is a heparinised whole blood sample. Alterna-
tively, the lymphocyte-containing sample may be a purified
peripheral blood mononuclear cell sample.

The whole blood sample can be obtained from the subject
by any method well known to persons skilled in the art (eg by
cannula and the use of blood sample vials). A suitable anti-
coagulant agent may be added to the whole blood sample to
prevent clotting. A particularly suitable anticoagulant agent is
sodium heparin which can be conveniently used by employ-
ing any commercially available heparinised blood sample
vials. Preferably, anticoagulant agents which chelate calcium
ions (Ca™), such as acid-citrate dextrose (ACD) or ethylene
diaminetetracetic acid (EDTA), are avoided as these may
interfere with lymphocyte function by preventing calcium
influx. Accordingly, it is preferable that whole blood samples,
for use in the method of the first aspect, are collected in
heparinised blood sample vials.

The peripheral blood mononuclear cell (PBMC) sample
can be prepared from whole blood using purification tech-
niques well known to those skilled in the art, for example,
purification using a Ficoll-Paque gradient, or extraction from
whole blood by hypotonic lysis that preferentially lyses red
blood cells.

The step of culturing the whole blood sample or the PBMC
sample may be in accordance with any method well known to
persons skilled in the art. The whole blood sample or the
PBMC sample may be, for example, mixed with a suitable
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culture medium (eg Iscove’s modified Dulbecco’s medium)
and antigen, and incubated at 37° C.

The target antigen will be selected in accordance with the
intended antigen-specific Treg to be detected. In some pre-
ferred embodiments, the target antigen is selected from the
group consisting of tuberculin, Hepatitis C Virus (HCV) core
antigen, HCV nonstructural protein 3 (NS3), cytomegalovi-
rus (CMV) phosphoprotein 65 (pp65), CMV lysate, CMV
peptides, Herpes Simplex Virus (HSV)-1 lysate, HSV-2
lysate, vaccinia lysate, tetanus toxoid (TT), purified protein
derivative (PPD) from Mycobacterium tuberculosis, Strepto-
coccus antigen streptokinase, Human Immunodeficiency
virus (HIV)-1 p24, pools of overlapping peptides from HIV-1
Gag, Env, Pol or other accessory proteins, SSA/SSB ribo-
nucleoprotein particle.

Itis to be understood that Treg specific for foreign antigens
may function to down-regulate the immune response raised in
response to the said antigens. This may be beneficial to a
subject where an over-active immune response to the antigen
is associated with host-mediated tissue damage and disease
progression.

In some preferred embodiments, the target antigen is
selected from self-antigens involved with autoimmune dis-
eases. It is well known that determining the exact antigens in
human cases of autoimmune disease is difficult to determine
(20). 1t is, however, to be understood that antigens may be
selected from a group of self-antigens that are implicated in
various autoimmune disorders. For example, in multiple scle-
rosis, the antigen may be derived from myelin; in type 1
diabetes, the antigen may be derived from insulin, proinsulin
and from the beta cells of the islets of Langerhans of the
pancreas; and in myasthenia gravis, the antigen may be
derived from the acetylcholine receptor. However, it is to be
understood that other self-antigens involved in these diseases
are also of interest. Preferably, the antigen is selected from the
group of self-antigens involved in multiple sclerosis, type 1
diabetes, psoriasis, myasthenia gravis, rheumatoid arthritis,
juvenile idiopathic arthritis, IPEX, WAS, APS, ALPS, as well
as self-antigens that may be involved in graft-versus-host
disease following an allograft transplant. It is to be under-
stood that Treg specific for these self-antigens may function
to down-regulate an inappropriate autoimmune response
raised in response to the said antigens.

In some preferred embodiments, the target antigen is
selected from the group of allo-antigens present in an
allograft. In this context, it is to be understood that Treg
specific for these allo-antigens may function to down-regu-
late an inappropriate immune response raised in response to
the said antigens, for example, during a host-mediated rejec-
tion of an allograft transplant.

In some preferred embodiments, the target antigen is
derived from allergens. It is to be understood that Treg spe-
cific for these allergens may function to down-regulate an
inappropriate allergic immune response raised in response to
the said allergens.

Additionally, in some diseases, such as type 1 diabetes
associated with IPEX, psoriasis, myasthenia gravis, autoim-
mune polyglandular syndrome type 1I and WAS, Treg may
have functional deficiencies (10-13). Accordingly, treatment
with any antigen-specific or mitogen-activated Treg that has
been ex vivo activated and expanded may be beneficial to the
subject. Alternatively, in some diseases such as some cancers,
it may be beneficial to identify and deplete Treg specific fora
particular target antigen such as a tumour antigen, as they may
suppress anti-tumour T cell immune response that facilitate
immunological rejection of tumours (21).
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Accordingly, in some embodiments, the target antigen is a
mitogen or a polyclonal activator of the TCR. For example,
the sample may be in vitro cultured with mitogen. The mito-
gen may be selected from those mitogens well known to
persons skilled in the art, for example, the mitogen may be
selected from the group consisting of PHA, phorbol myristyl
acetate (PMA), ionomycin, Staphylococcal enteroantigen B
(SEB), toxic shock syndrome toxin (TSST), Staphylococcal
enterotoxin A (SEA), concanavalin A (Con A) and pokeweed
mitogen. Alternatively, the sample may be in vitro cultured an
agent that stimulates the TCR polyclonally, that is, without
antigen specificity. For example, the sample may be in vitro
cultured with monoclonal antibodies that are known to poly-
clonally stimulate the TCR, for example, anti-CD3, anti-
CD2, anti-CD28 or anti-CD49d, or combinations thereof. For
example, polyclonal TCR stimulation may utilise an anti-
CD3 monoclonal antibody optionally in combination with an
anti-CD28 monoclonal antibody and/or an anti-CD2 mono-
clonal antibody.

In some embodiments of the first aspect of the present
invention, the subject is human.

In a second aspect, the present invention provides a method
of identifying an antigen-specific regulatory T cell (Treg)
from a subject, the method comprising quantitatively or
qualitatively detecting co-expression of each of cell markers
CD8, CD25 and CD137 as well as one or more cell markers
selected from the group of Treg cell markers consisting of
CD39, CD73, CD127, CTLA-4 and Foxp3 on a cell in a
suitable lymphocyte-containing sample from the subject in
response to exposure to a target antigen, wherein detecting the
co-expression of the cell markers is indicative of an antigen-
specific Treg.

In an embodiment of the second aspect, the method com-
prises the following steps:

(1) culturing the suitable lymphocyte-containing sample
from the subject in vitro in the presence of the target
antigen; and thereafter

(ii) quantitatively or qualitatively detecting expression of
each of the cell markers CD8, CD25 and CD137 as well
as one or more of cell markers selected from the group of
Treg markers consisting of CD39, CD73, CDI127,
CTLA-4 and Foxp3 in the cultured sample.

It will be understood that in some preferred embodiments
the cell markers detected may be CDS§, CD25, CD137 and
Foxp3; in other preferred embodiments, the cell markers
detected are CD8, CD25, CD137 and CD39; and in still other
embodiments, the cell markers detected are CD8, CD25,
CD137 and CD127; and in yet still other preferred embodi-
ments, the cell markers detected are CDS8, CD25, CD137,
CD39 and CD127.

Preferably, where CD127 is detected, the method com-
prises a CD127 level of expression.

Preferably, the phenotype of an antigen-specific CD8"
Treg is CD3*CD8*CD25*CD39*CD127°CD137 Foxp3*,
although persons skilled in the art will understand that it is not
necessary to detect each of the Treg cell markers (eg CD39,
CD127 and Foxp3) to determine that it is a CD8" antigen-
specific Treg. That is, it will be understood that in some
preferred embodiments, alternative markers can be used to
detect antigen-specific Treg. For example, the method for the
detection of antigen-specific regulatory T cells in a subject
may comprise detecting expression of each of the cell mark-
ers CD8 and CD25; as well as detecting expression of a cell
marker of CD8+ antigen-specific T cells (eg CD137); as well
as detecting expression levels of one or more the cell markers
for Treg (eg CD39, CD73, CD127%, CTLA-4, Foxp3,
CD45R0O, CD45RA, LAG-3, and GPR83).



US 8,975,069 B2

11

Preferably, the step of detecting co-expression of each of
the cell markers CDS8, CD25 and CD137 as well as one or
more cell markers selected from the group of Treg cell mark-
ers consisting of CD39, CD73, CD127, CTLA-4 and Foxp3
in the cultured sample is performed before a substantial num-
ber of the cells present in the culture have divided. Accord-
ingly, under standard culturing conditions (eg 37° C. in a
humidified atmosphere of 5% CO, in air, and using a standard
culture medium suitable for the culture of lymphocytes), the
detecting step is preferably performed within about 24 to 96
hours of commencement of the culturing step, and more
preferably, within about 40 to 44 hours of commencement of
the culturing of the whole blood sample in the presence of the
antigen. Moreover, it is preferable that the detecting step is
performed after the elapse of a sufficient period for co-ex-
pression of the cell markers to be substantially up-regulated.
In some preferred embodiments, the detecting step is per-
formed within about 40 to 44 hours of commencement of the
culturing step.

The step of detecting the cell surface markers may be
performed in accordance with any method well known to
persons skilled in the art. Such a method may involve the use
of labelled monoclonal antibodies that specifically bind to
one of the cell surface markers selected from the group con-
sisting of CD8, CD25, CD137, CD39, CD73, CD127,
CTLA-4 and Foxp3. The detecting step may utilise methods
known to persons skilled in the art, for example, using anti-
body-coated magnetic beads, enzyme-linked immunoassay
or real-time polymerase chain reaction. Preferably, the
detecting step comprises the use of flow cytometry. In this
regard, persons skilled in the art will understand that follow-
ing binding with suitable, labelled monoclonal antibodies (eg
anti-CD8, anti-CD25, anti-CD137 and anti-CD127
antibodies), samples may be fixed with a suitable fixing agent
(eg paraformaldehyde, which may be used at 1% in phos-
phate-buffered saline (PBS)) to permit the subsequent quan-
titative or qualitative determination of the cell surface mark-
ers (eg by the use of flow cytometry) as convenient (eg
following transport from the site of collection and culture of
the whole blood sample, to a flow cytometry laboratory). In
some cases, the timing of the detecting step may be delayed
for a few hours or a few days, if, for example, the cultured
cells are fixed, and/or stored at a low temperature (eg onice or
in a refrigerator), including storage in the dark. Accordingly,
in the context of the preferred times, given above, for per-
forming the detecting step, it is to be understood that the
“staining” (ie with suitable monoclonal antibodies labelled
with a fluorescent dye(s)) and “fixing” of the cultured
samples need only be performed within the given preferred
time period. That is, it is to be understood that where the
staining and fixing is initiated 44 hours after commencement
of the culturing of the whole blood sample in the presence of
the antigen, but the actual quantitative or qualitative determi-
nation of the cell surface markers is not performed until later
(eg 12 to 24 hours later, or a few days later), that nevertheless
amounts to performing the detecting step within the most
preferred time period of about 24 to 96 hours of commence-
ment of the culturing of the whole blood sample in the pres-
ence of the antigen. Persons skilled in the art will understand
that monoclonal antibodies used to detect expression of cell
markers CD4, CDS8, CD25, CD39, CD45RO, CD45RA,
CD62L, CD127, CD134, or CD137 in accordance with the
invention have been used only to stain cells for flow cytom-
etry, and have not been used to stimulate or block signalling of
the cell marker.

In some embodiments of the second aspect, the lympho-
cyte-containing sample may be a whole blood sample or more
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preferably, the whole blood sample is a heparinised whole
blood sample. Alternatively, the lymphocyte-containing
sample may be a purified peripheral blood mononuclear cell
sample.

The whole blood sample can be obtained from the subject
by any method well known to persons skilled in the art (eg by
cannula and the use of blood sample vials). A suitable anti-
coagulant agent may be added to the whole blood sample to
prevent clotting. A particularly suitable anticoagulant agent is
sodium heparin which can be conveniently used by employ-
ing any commercially available heparinised blood sample
vials. Preferably, anticoagulant agents which chelate calcium
ions (Ca™), such as acid-citrate dextrose (ACD) or ethylene
diaminetetracetic acid (EDTA), are avoided as these may
interfere with lymphocyte function by preventing calcium
influx. Accordingly, it is preferable that whole blood samples,
for use in the method of the second aspect, are collected in
heparinised blood sample vials.

The peripheral blood mononuclear cell (PBMC) sample
can be prepared from whole blood using purification tech-
niques well known to those skilled in the art, for example,
purification using a Ficoll-Paque gradient, or extraction from
whole blood by hypotonic lysis that preferentially lyses red
blood cells.

The step of culturing the whole blood sample or the PBMC
sample may be in accordance with any method well known to
persons skilled in the art. The whole blood sample or the
PBMC sample may be, for example, mixed with a suitable
culture medium (eg Iscove’s modified Dulbecco’s medium)
and antigen, and incubated at 37° C.

The target antigen will be selected in accordance with the
intended antigen-specific Treg to be detected. In some pre-
ferred embodiments, the target antigen is selected from the
group consisting of tuberculin, Hepatitis C Virus (HCV) core
antigen, HCV nonstructural protein 3 (NS3), cytomegalovi-
rus (CMV) phosphoprotein 65 (pp65), CMV lysate, CMV
peptides, Herpes Simplex Virus (HSV)-1 lysate, HSV-2
lysate, vaccinia lysate, tetanus toxoid (TT), purified protein
derivative (PPD) from Mycobacterium tuberculosis, Strepto-
coccus antigen streptokinase, Human Immunodeficiency
virus (HIV)-1 p24, pools of overlapping peptides from HIV-1
Gag, Env, Pol or other accessory proteins, SSA/SSB ribo-
nucleoprotein particle.

In some preferred embodiments of the second aspect, the
target antigen is selected from self-antigens involved with
autoimmune diseases as described above in relation to the
first aspect.

In some preferred embodiments of the second aspect, the
target antigen is selected from the group of allo-antigens
present in an allograft.

In some preferred embodiments of the second aspect, the
target antigen is derived from allergens.

In some embodiments of the second aspect, the subject
may be human.

Inathird aspect, the present invention provides a method of
isolating antigen-specific Treg from a subject comprising
isolating the cells identified according to the method of the
first and second aspects of the invention.

Preferably, the isolation of the antigen-specific Treg com-
prises the use of at least one monoclonal antibody selected
from the group of monoclonal antibodies, which specifically
bind to one of CD4, CD8, CD25, CD39, CD73, CD127,
CD134, CD137, CTLA-4 and Foxp3. Further, the isolation
preferably comprises the use of flow cytometry, particularly
the cell sorting aspects of flow cytometry. However, persons
skilled in the art will understand that the antigen-specific Treg
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may be isolated using other methods, for example, by using
antibody-coated magnetic beads.

In a fourth aspect, the present invention provides a method
of isolating a CD4" antigen-specific regulatory T cell (Treg)
from a population of isolated naive or activated Treg follow-
ing culturing with the target antigen.

The term “naive” is well known to persons skilled in the art
and is understood to refer to an immune cell, or a population
of immune cells, that have not yet encountered any specific
antigen. Naive T cells can be distinguished from activated or
memory cells by the isoform of the cell marker CD45
expressed. For example, naive T cells are considered to be
CD45RA™ and CD45RO™. In contrast, activated and memory
T cells are considered to be CD45RA™ and CD45RO™.

Accordingly, in an embodiment of the fourth aspect, the
present invention provides a method of isolating an antigen-
specific regulatory T cell (Treg) from a subject, the method
comprising the following steps:

(1) providing isolated naive Treg or activated Treg express-
ing one or more cell markers selected from the group
consisting of CD39, CD435RA, CD45R0O, CD73,CD127
and CTLA-4 from a suitable lymphocyte-containing
sample from the subject,

(i) culturing said isolated naive or activated Treg in the
presence of a target antigen in vitro, and thereafter

(11) isolating antigen-specific Treg co-expressing each of
the cell markers CD4, CD25 and CD134.

In a preferred embodiment, the fourth aspect provides a
method of isolating antigen-specific Treg following culturing
of isolated naive Treg with the target antigen. Preferably, the
method comprises the following steps:

(i) isolating CD4*CD25*CD45R0O~CD127 naive Treg or
CD4*CD25*CD435RA*CD127" naive Treg from a suit-
able lymphocyte-containing sample from the subject;

(i) culturing said isolated cells in the presence of a target
antigen in vitro; and thereafter

(iii) isolating CD4*CD25*CD134™" antigen-specific Treg
cells from the cultured sample.

In an embodiment, step (i) may comprise isolating CD4*
CD25*CD45RO"CD62L*CD127* naive Treg or CD4*
CD25*CD45RA* CD62L*CD127% naive Treg from a suit-
able lymphocyte-containing sample from the subject.

Preferably, the step of isolating antigen-specific CD4*
CD25*CD134* Treg in the cultured sample occurs before a
substantial number of cells present in the culture have divided
in response to the antigen. Preferably, the antigen-specific
Treg isolating step of the method is performed within about
24 to 96 hours of commencement of the culturing step. More
preferably, the antigen-specific Treg isolating step is per-
formed within about 40 to 44 hours of commencement of the
culturing step. However, naive Treg may require a longer time
period to respond to antigen than activated Treg. Accordingly,
in some preferred embodiments, the antigen-specific Treg
isolating step is performed within about 72 hours of com-
mencement of the culturing step.

The fourth aspect also provides a method of isolating anti-
gen-specific Treg following culturing of isolated activated
Treg with the target antigen. Preferably, the method com-
prises the following steps:

(1) isolating CD4*CD25*CD45SRO™ activated Treg or
CD4*"CD25"CD45RA™ activated Treg from a suitable
lymphocyte-containing sample from the subject;

(i) culturing said isolated cells in the presence of the target
antigen; and thereafter

(ii) isolating CD4*CD25"CD134" antigen-specific Treg
cells from the cultured sample.
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In an embodiment, step (i) may comprise isolating CD4*
CD25"CD45RO*CD62LY" activated Treg or CD4*CD25*
CD45RA™CD62L*"~ activated Treg from a suitable lympho-
cyte-containing sample from the subject. In another
embodiment, step (i) may comprise isolating CD4*CD25*
CD45RO*CD62L*~CD127” activated Treg or CD4*CD25*
CD45RA-CD621.*-CD127% activated Treg from a suitable
lymphocyte-containing sample from the subject. More pref-
erably, step (i) comprises isolating CD4*CD25*CD45RO*
CD127" activated Treg or CD4*CD25*CD45RA"CD127%
activated Treg.

Preferably, the step of isolating antigen-specific CD4*
CD25*CD134* Treg in the cultured sample occurs before a
substantial number of cells present in the culture have divided
in response to the antigen. Accordingly, it is preferred if the
antigen-specific Treg isolating step of the method is per-
formed within about 24 to 96 hours of commencement of the
culturing step. More preferably, the antigen-specific Treg iso-
lating step is performed within about 40 to 44 hours of com-
mencement of the culturing step. In some embodiments, the
antigen-specific Treg isolating step is performed within about
72 hours of commencement of the culturing step.

Preferably, step (iii) of the method of the fourth aspect
comprises isolating CD4*CD25*CD134" cells that also co-
express one or more cell markers selected from the group of
Treg cell markers consisting of CD39, CD45RO, CD73,
CD127, CTLA-4 and Foxp3. Preferably, step (iii) comprises
isolating CD4"CD25"CD134" cells that also co-express the
Treg cell markers CD39 and CD127.

Preferably, where CD127 is detected, the method com-
prises a CD127° level of expression.

It will be understood that in some preferred embodiments,
alternative markers can be used to isolate antigen-specific
Treg. For example, the method for the isolation of CD4"
antigen-specific regulatory T cells in a subject may comprise
isolating CD4™ Treg in step (i) using CD4 and one or more
Treg cell markers in the art (eg CD39, CD73, CD127°,
CTLA-4,CD45RO, CD45RA, LAG-3, and GPR83) and then
isolating CD4™ antigen-specific Treg in step (iii) using one or
more of the CD4" antigen-specific T cell markers (eg
CD134).

In some embodiments, the antigen is selected from the
group consisting of tuberculin, Hepatitis C Virus (HCV) core
antigen, HCV nonstructural protein 3 (NS3), cytomegalovi-
rus (CMV) phosphoprotein 65 (pp65), CMV lysate, CMV
peptides, Herpes Simplex Virus (HSV)-1 lysate, HSV-2
lysate, vaccinia lysate, tetanus toxoid (TT), purified protein
derivative (PPD) from Mycobacterium tuberculosis, Strepto-
coccus antigen streptokinase, Human Immunodeficiency
virus (HIV)-1 p24, pools of overlapping peptides from HIV-1
Gag, Env, Pol or other accessory proteins, SSA/SSB ribo-
nucleoprotein particle.

In some preferred embodiments of the fourth aspect, the
antigen is selected from self-antigens involved with autoim-
mune diseases.

In some preferred embodiments of the fourth aspect, the
antigen is selected from the group of allo-antigens present in
an allograft.

In other preferred embodiments of the fourth aspect, the
antigen is derived from allergens.

In some embodiments of the method of the fourth aspect,
the lymphocyte-containing sample may be a whole blood
sample, or more preferably, the whole blood sample is a
heparinised whole blood sample. Alternatively, the lympho-
cyte-containing sample may be a purified peripheral blood
mononuclear cell sample. Preferably, the subject may be
human.
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In some embodiments, at least one of the isolating steps
comptise the use of at least one monoclonal antibody selected
from the group of monoclonal antibodies which specifically
bind to one of CD4, CD25, CD39, CD45RA, CD45RO,
CD73, CDI127, CD134 and CTLA-4. In some embodiments,
the isolating step comprises the use of flow cytometry.

In a fifth aspect, the present invention provides a method of
isolating an CD8™ antigen-specific regulatory T cell (Treg)
from a population of isolated naive or activated Treg follow-
ing culturing with a target antigen.

Accordingly, in an embodiment of the fifth aspect, the
present invention provides a method of isolating antigen-
specific Treg from a subject, the method comprising the fol-
lowing steps:

(1) providing isolated naive Treg or activated Treg express-
ing one or more cell markers selected from the group of
cell markers consisting of CD39, CD45RO, CD73,
CD127 and CTLA-4 from a suitable lymphocyte-con-
taining sample from the subject; and

(i) culturing said isolated nafve or activated Treg in the
presence of a target antigen; and thereafter

(111) isolating antigen-specific Treg cells expressing each of
the cell markers CD8, CD25 and CD137.

In an embodiment, step (i) may comprise isolating CD8"
CD25*CD45RO"CD127” naive Treg or CD8*CD25*
CD45RA*CD127" naive Treg from a suitable lymphocyte-
containing sample from the subject. In another embodiment,
step (i) may comprise isolating CD8"CD25*CD45RO~
CD62L*CD127" naive Treg from a suitable lymphocyte-
containing sample from the subject. In yet another embodi-
ment, step (i) may comprise isolating CD8*CD25*CD45RO*
activated Treg or CD8*CD25"CD45RA™ activated Treg from
a suitable lymphocyte-containing sample from the subject. In
still yet another embodiment, step (i) may comprise isolating
CD8*CD25*CD45RO*CD62L*-CD127%  activated Treg
from a suitable lymphocyte-containing sample from the sub-
ject.

Preferably, step (iii) comprises isolating cells that co-ex-
press each of the cell markers CD8, CD25 and CD137 as well
as one or more cell markers selected from the group of Treg
cell markers consisting of CD39, CD45R0, CD73, CD127,
CTLA-4 and Foxp3. More preferably, step (iii) comprises
isolating CD8*CD25*CD137* cells that also co-express the
Treg cell markers CD39 and CD127.

Preferably, where CD127 is detected, the method com-
prises a CD127” level of expression.

Preferably, the step of isolating antigen-specific CD8*
CD25*CD137" Treg in the cultured sample occurs before a
substantial number of cells present in the culture have divided
in response to the antigen. Preferably, the antigen-specific
Treg isolating step of the method is performed within about
24 to 96 hours of commencement of the culturing step. In
some embodiments, the antigen-specific Treg isolating step is
performed within about 40 to 44 hours of commencement of
the culturing step. However, naive Treg may require a longer
time period to respond to antigen than activated Treg. Accord-
ingly, in some embodiments, the antigen-specific Treg isolat-
ing step is performed within about 72 hours of commence-
ment of the culturing step.

In some embodiments, the lymphocyte-containing sample
may be a whole blood sample. Alternatively, the lymphocyte-
containing sample may be a purified peripheral blood mono-
nuclear cell sample. In some embodiments, the subject is
human.

In a sixth aspect, the present invention provides a method
of providing an expanded population of antigen-specific Treg
the method comprising expanding in vitro the population of
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antigen-specific Treg isolated in accordance with the method
of the third, fourth or fifth aspects of the invention.

Isolated antigen-specific Treg may be expanded using
expansion protocols well known to persons skilled in the art,
for example, by culturing in the presence of IL-2 and TCR
stimulators (eg anti-CD28 or antigen), and/or in the presence
of irradiated CD32" L cells, to obtain the desired quantity of
the antigen-specific Treg. The expanded antigen-specific
Treg population, or cells thereof, may be administered (eg by
infusion) to the subject from which the naive Treg or activated
Treg were obtained. The administered antigen-specific Treg
can thus be used to treat conditions or diseases selected from
the group consisting of T cell mediated diseases, autoimmune
diseases, allergic diseases, immunoinflammatory diseases,
infectious diseases, and allograft rejection. More particularly,
the expanded antigen-specific Treg can thus be used to treat
conditions or diseases selected from the group consisting of
multiple sclerosis, type 1 diabetes, psoriasis, myasthenia
gravis, rheumatoid and juvenile idiopathic arthritis, immuno-
dysregulation, IPEX, WAS, APS, ALPS, and graft-versus-
host disease.

In a seventh aspect, the present invention provides a
method of cell therapy comprising administering antigen-
specific Treg isolated according to the method of the third,
fourth or fifth aspects of the invention to a subject.

Additionally, in an eighth aspect, the present invention
provides a method of cell therapy comprising administering
the antigen-specific Treg population expanded according to
the sixth aspect of the invention to a subject.

In order that the nature of the present invention may be
more clearly understood, preferred forms thereof will now be
described with reference to the following non-limiting
examples.

EXAMPLES
Example 1

Antigen Stimulation and Cell Identification and
Isolation

Materials and Methods

Reagents

The antigens used were cytomegalovirus (CMV) lysate
(22), mycobacterial antigen lysates (Mycobacterial tubercu-
losis (MTB) or Mycobacterial Avium intracellular complex
(MAI), CSL, Melbourne, Australia), CMV-peptide (P1) (23,
24). Staphylococcal enteroantigen B (SEB) (Sigma-Aldrich
Co., St Louis, Mo., United States of America) was used as a
mitogen.

The monoclonal antibodies (mAbs) used were anti-CD3-
PerCP-Cy5.5, anti-CD4-PE-Cy7, anti-CD45RO-FITC, anti-
CD25-APC, anti-CD134-FITC, anti-CD134-PE and anti-
Foxp3 (clone 259D) (all from Becton-Dickinson, San Jose,
Calif., United States of America); anti-CD45RO-ECD (Beck-
man Coulter, Hialeah, Fla., United States of America);
CD127-PE (Immunotech, Marseille, France); anti-CD127-
Pacific Blue and anti-Foxp3-APC (clone PCH101) (eBio-
sciences, San Diego, Calif., United States of America); and
CD39-PE (Serotec, Oxford, UK). All antibodies were used
according to the manufacturer’s directions.

In Vitro Cell Stimulation with Soluble Antigen

Samples were either whole blood or freshly isolated
peripheral blood mononuclear cells (PBMCs) as stated
below. PBMCs were isolated using standard techniques.
Samples were stimulated in vitro for 24 to 44 hours, except for
stimulation of sorted naive Treg which were stimulated for 72



US 8,975,069 B2

17

hours, at 37° C. with 5-10 pg/ml CMV lysate, mycobacterial
antigen (MTB or MAI) lysates, CMV-peptide (P1) or SEB as
described below.

Flow Cytometry

Staining of CD4* T cell subsets was performed on whole
blood or on freshly isolated PBMC samples following anti-
gen stimulation. Cells were stained as previously described
(17) and analysed on a three-laser LSR II flow cytometer
(Becton-Dickinson). A minimum of 100,000 events, were
collected and analysis was performed using FlowJo software
(Treestar, San Carlos, Calif., United States of America).

Example 2

Identification of CD4*CD25*CD134*Foxp3* Anti-
gen-specific Treg from Whole Blood

Foxp3 is an accepted marker of Treg. It was investigated
whether antigen-specific CD4* Treg could be identified in
whole blood by detecting the co-expression of CD4, CD134,
CD25 and Foxp3 following in vitro stimulation with antigen

Materials and Methods

Whole blood from two healthy controls (donor 1 and donor
2), who were known to have active immune responses to
MAI, MTB or CMV was stimulated in vitro with no antigen,
CMV, MTB or MAI lysates as described in Example 1. Ina
second experiment, whole blood from donor 1 was stimulated
with no antigen, CMV-P1 antigen or SEB mitogen (as a
positive control) for 24 to 40 hours as described in Example 1.

The cells were then stained with the combination of mAbs
consisting of anti-CD3, anti-CD4, anti-CD25, anti-CD134
and anti-Foxp3 antibodies. Cell staining was analysed on a
three-laser LSR II flow cytometer (Becton-Dickinson). Anti-
gen-specific Treg were gated as CD3*CD4*CD25*CD134*
Foxp3™.

Results

The results shown in FIG. 1A demonstrate CD134 expres-
sion on CD4*CD25" cells specific for CMV, MTB or MAI
lysates from whole blood from two donors (top panel for each
donor). FIG. 1A (bottom panel for each donor) shows Foxp3
expression on CD4*CD25"CD134" subsets (shown in top
panel) stimulated with no antigen, or CMV, MTB or MAI
lysate antigens. Two different clones of Foxp3 monoclonal
antibodies (PCH101 and 259D) were used and the results
were comparable.

Approximately 7% and 57% of the CMV-specific CD4*
CD25*CD134" cells expressed Foxp3 for donor 1 and 2,
respectively. Similarly, 57% of MTB-specific CD4*CD25*
CD134* cells expressed Foxp3 (for both donors); and 68%
and 63% MAl-specific CD4*CD25*CD134* expressed
Foxp3 for donor 1 and 2, respectively.

The results shown in FIG. 1B (upper panel) demonstrate
CD134 expression on CD4*CD25* cells stimulated with no
antigen, CMV-peptide (P1) or SEB (as a positive control) in
whole blood. The results in FIG. 1B (lower panel), show
Foxp3 expression on the CD4~CD25+CD134™ subset. Fol-
lowing stimulation of whole blood with SEB, 57% of the
CD4*CD25*CD134" cells were Foxp3™ demonstrating that
Treg specifically express CD134 in response to TCR stimu-
lation; and following stimulation with CMV-peptide (P1),
62% of the CD4*CD25*CD134™ cells were Foxp3*.

Discussion

Together, the results show that detecting the co-expression
of CD4, CD25, CD134 and Foxp3 using a combination of
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mAbs allows for the accurate identification of antigen-spe-
cific Treg after in vitro stimulation with a target antigen.

Example 3

Isolation of CD4*CD25*CD39°CD134* Viable Anti-
gen-Specific Treg from Whole Blood

Detection of Foxp3 requires cell permeabilisation, which is
problematical when it is desirable to have live cells following
cell staining. CD39 has recently been reported to be a useful
alternative marker for detecting Treg. In this example, the
present applicant investigated whether antigen-specific CD4*
Treg could be identified in whole blood following in vitro
stimulation with antigen by detecting the co-expression of
CD4, CD25, CD134 and CD39.

Materials and Methods

Whole blood from donor 1 was stimulated with no antigen,
CMV-P1 antigen or SEB mitogen (as a positive control) for
24 hr as described in Examples 1 and 2. The cells were then
stained with the monoclonal antibodies consisting of anti-
CD3, anti-CD4, anti-CD39, anti-CD25, anti-CD134 and anti-
Foxp3 as described in Examples 1 and 2. CD3*CD4" cells
were gated.

Results

The plots shown in FIG. 2 demonstrate that approximately
38% of CD4*CD25*CD134" cells co-expressed CD39.
Foxp3 expression on subsets of CD4*CD257CD39*CD134%,
CD4*CD25"CD397CD134*, CD4*CD25*CD39*CD134~
and CD4*CD25*CD397CD134* cells are shown in the histo-
grams (bottom). Foxp3 was highly expressed in 90% of CD4™*
CD257CD39"CD134" cells compared to the CD4*CD25*
CD39°CD134* subset (MFL:204 and 148 respectively).
However, Foxp3 expression was equivalent on CD134™ (anti-
gen non-specific) cells regardless of CD39 expression (i.e.
CD4*CD25"CD134°CD39%or CD4"CD257CD1347CD39-
cells; MFI:154 and 155 respectively).

Discussion

The results show that CD39 is a useful marker for detecting
antigen-specific Treg and that it is accordingly useful to
include anti-CD39 in the combination of monoclonal anti-
bodies with anti-CD4, anti-CD25 and anti-CD134 to isolate
viable antigen-specific Treg. Approximately 90% of CD4*
CD25"CD134*CD39" were Foxp3 positive, as compared to
CD4*CD25"CD134*CD397, CD4*CD25*CD134-CD39*
and CD4*CD25*CD134°CD39" cells.

Example 4

Determining CD39 Expression on Naive or
Activated Treg

CD39 expression has been reported on Treg (18,19) but it
has not been clarified whether CD39 expression is associated
with naive or activated Treg or both. CD39 expression was
investigated on a naive Treg population gated as CD25*
CD45RO™CD62L* CD127° and activated memory Treg
population gated as CD25*CD45RO*CD62L*"~ CD127%,
which were isolated from whole blood without antigen stimu-
lation. CD62L is also known as L-selectin, which is expressed
on naive T cells which have not yet encountered a specific
antigen, but which decreases during cell activation. The term
“CD62L*"~ describes a cell population that consists of cells
with all levels of CD62L expression.
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Materials and Methods

Reagents and Cells

Peripheral blood mononuclear cells (PBMCs) were puri-
fied from whole blood collected from a healthy donor. The
monoclonal antibodies (mAbs) used were anti-CD3-Percp-
Cy5.5, anti-CD4"PE-Cy7, anti-CD25-APC, anti-CD39-PE,
anti-CD45RO-ECD, anti-CD62L-APC-Cy7 (eBiosciences)
and anti-CD127-Pacific Blue. All antibodies were used
according to the manufacturer’s instructions.

FACS Analysis

The PBMCs were stained with a combination of mAbs
consisting of anti-CD3, anti-CD4, anti-CD25, anti-CD39,
anti-CD45RO, anti-CD62L. and anti-CD127 as described
above. Cell staining was analysed on a three-laser LSR II flow
cytometer (Becton-Dickinson).

Results and Discussion

CD39 expression was observed for activated Tregs (CD25*
CD45RO*CD62L*~ CD127) but not for naive Tregs
(CD25*CD45ROCD62L*CD127°) as shown in FIG. 3.
This confirms that CD39 expression is associated with the
activation of Treg. As activation of Treg is associated with
stimulation of the cell by a specific antigen, this result indi-
cates that Treg express CD39 after stimulation with a specific
antigen.

Example 5

Investigating Function of CD4*CD25*CD127%
CD134* Antigen-Specific Treg

CD4*CD25*CD134* T cells, following antigen stimula-
tion in vitro, have previously been shown to be antigen-
specific T cells; and CD4*CD25*CD127 T cells have pre-
viously been shown to be Treg. This Example investigated
whether CD4*CD25*CD127°CD134* T cells could be
shown to suppress proliferation of responder T cells using a
suppression assay.

Materials and Methods

A standard suppression assay can be used to determine if
Treg are capable of suppressing the proliferation of responder
cells (naive CD4™ Treg). The suppression assay used in this
Example was performed as described in Example 10, except
that in the present Example, the “suppressor” sample was
PBMCs that have been isolated from Donor 1 (known to have
a CMYV response) and antigen stimulated with CMV-P1 pep-
tide for 44 hr as described above. CD4* T cells were isolated
using a commercial kit (dynal beads, Invitrogen) in order to
obtain pure population of CD4" T cells excluding the major-
ity of CD8*, B cells and monocytes. The CD4* cell isolation
step advantageously facilitates faster cell sorting, minimising
the time that cells are removed from the culturing environ-
ment. The bead-isolated CD4* T cells were stained with
anti-CD4, anti-CD25, anti-CD39, anti-CD127, and anti-
CD134 antibodies and then sorted by flow cytometry (FACS)
to obtain a CD4*CD25*CD127°CD134* CD39+ antigen-
specific Treg population, as well as CD4"CD25*
CD127°CD134-CD39", CD4*CD25*CD127°°CD134"
CD39™ or CD4*CD25*CD127°CD134*CD39™ non antigen-
specific cells. CD4*CD25-CD127* responder cells were
isolated in parallel from fresh PBMCs, which were not stimu-
lated with CMV-P1.

Results and Discussion

Freshly isolated Treg can be tested for suppressive function
by mixing sorted Treg “suppressor” cells with an equal num-
ber of naive “responder” CD4" cells, in the presence of anti-
gen presenting cells and anti-CD3 (to polyclonally stimulate
the TCR of T cells) or a specific antigen for 72 hr. The
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proliferation of responder cells is measured as a read-out. In
this Example, the assay was adapted to determine if it was
suitable for investigating suppression by antigen-specific
Treg which were obtained by culturing PBMCs in vitro for 44
hr in the presence of antigen, and then sorted to be CD4*
CD25*CD39*CD127°CD134" prior to setting up the assay.

This adapted assay did not successfully show the suppres-
sive function of antigen-specific Tregs (data not shown). This
is likely to be because the assay is a technically difficult due
to a number of factors, including: i) antigen-specific T cell
response towards the CMV-peptide P1 used in the model is
not very large compared to the polyclonal activation of all T
cells using anti-CD3, for example, and therefore differences
in the proliferation of responder cells alone or in the presence
of CD4*CD25+CD39*"CD127°CD134* Treg is difficult to
detect; and i1) antigen-specific Tregs may proliferate in par-
allel to the responder cells, which makes the read-out of
responder proliferation detection alone problematical; and
notably, iii) antigen-specific Tregs (contained in PBMCs)
may be exhausted as they were cultured for 44 h with CMV-
P1 and responded by up-regulating CD25 and CD134 at
which point they were sorted and cultured for a second time
with sorted naive responder cells (isolated from fresh PBMCs
which have not been stimulated and cultured for 44 hrs), and
it was during this second incubation that the ability to sup-
press the proliferation of the responders was investigated.

Accordingly, alternative techniques of determining
whether the antigen-specific Treg have a suppressive nature,
such as investigating the suppressive ability of a more hetero-
geneous population of cells which contains the CD4*CD25*
CD134" antigen-specific Treg population (as described in
example 10) or considering expression patterns of immuno-
logical marker genes by real-time PCR as described in
Example 6.

Example 6

Comparing Expression of Genes in Antigen-Specific
Treg (CD4*CD25*CD39*CD134™), Non-Antigen
Specific Cells Including Naive Treg Cells (CD4*

CD25*CD39*~CD134"), Antigen Specific Non-Treg
T Cells (CD4*CD25*CD39~ CD134*) and Non-

CD4* Cells by Real-Time PCR

The mRNA expression pattern of Foxp3, T-bet, Gata3,
retinoic acid-related orphan receptor (ROR)yt, TGF-f and
1L-10 genes was examined in antigen-specific CD4*CD25*
CD39*CD134" Treg and was compared to the mRNA expres-
sion pattern in other cell populations to investigate whether
CD4*CD25"CD39"CD134" cells express genes that are
associated with immune response suppression that is charac-
teristic of Treg. Treg have previously been shown to express
high levels of Foxp3 (25-27). TGF-f At least two different
subsets of inducible Treg have been reported, among them, T
regulatory type 1 (TR1) cells that produce high levels of
interleukin-10 (IL-10) (3); and a subset of inducible Foxp3™*
CD4*CD25" Treg which can be generated in vitro from CD4*
CD25™ T cells in the presence of transforming growth fac-
tor-p (TGF-B) (4). Accordingly, expression of Foxp3, TGF-f
and IL-10 are all considered to be markers of Treg function.
TGF-p facilitates the suppressive function of Treg (28). Addi-
tionally, Treg express low levels of T-bet and Gata-3, which
are transcription factors associated with T helper1 (Th1) cells
and T helper2 (Th2) cells, respectively (29). IL-10 was inves-
tigated as it is associated with suppressing immune responses
(31); while RORyt is a transcription factor associated with
Th17 cells (reviewed in 30).



US 8,975,069 B2

21

Materials and Methods

Reagents and Cell Stimulation

PBMCs were purified from whole blood collected from a
healthy donor. PBMCs were stimulated with P1 for 44 hr and
the cells were then stained with the following monoclonal
antibodies (mAbs): anti-CD3-percpCy5.5, anti-CD4-PE-
Cy7, anti-CD25-APC, anti-CD39-FITC, anti-CD127-Pa-
cific-Blue and anti-CD1347PE. All antibodies were used
according to the manufacturer’s instructions.

FACS Isolation of Cells

The cultured PBMCs were stained with a combination of
mAbs consisting of anti-CD3, anti-CD4, anti-CD25, anti-
CD39, and anti-CD134 as described above. Cells were then
sorted, using a FACS ARIA cell sorter (Becton-Dickinson) so
that cells were separated into an antigen-specific Treg popu-
lation (CD4*CD25"CD39"CD134"), antigen-specific non-
Treg (CD4*CD25*CD39-CD134*), non-antigen specific
cells CD4* T cells including naive Treg (CD4*CD25*CD39*
CD1347) and non-antigen specific CD4* T cells (CD4*
CD25*CD397CD1347), and non-CD4* cells (which includes
CD8™ T cells, B cells, monocytes and NK cells) as a negative
control. Sorted cells were stored in TRIZOL until RNA
extraction was performed.

Real-Time Polymerase Chain Reaction (PCR)

Real-time PCR was performed using a standard technique
(32) to quantify the mRNA expression level of the following
genes: [-actin (house keeping gene), Foxp3, T-bet, Gata3,
RORyt, TGF-f and IL-10. IL-10 was amplified using primers
and conditions from Sigma-Aldrich. The variables for Thet,
GATA3, RORyt, Foxp3, f-actin, TGF-p and IL-10 are
described in Table 1.

TABLE 1

Real-time PCR conditions

Genbank Annealing  Product
Primer Accession No. Con (uM) Temperature  (bp)
Tbet Forward NM 013351.1 20 60 204
Tbet Reverse NM 013351.1 20 60 204
GATA3 Forward  NM_001002295.1 20 60 130
GATA Reverse NM_001002295.1 20 60 130
RORyt Forward ~ NM_001001523.1 30 59.2 85
RORYT Reverse  NM_001001523.1 30 59.2 85
Foxp3 Forward ~ NM_014009.3 20 60 67
Foxp3 Reverse NM_014009.3 20 60 67
p-actin Forward ~ NM _001101.2 10 60 295
B-actin Reverse  NM_001101.2 10 60 205
TGEFP1 Forward ~ NM_014009.3 20 60 130
TGEP1 Reverse ~ NM_001101.2 10 60 130
IL-10 Forward NM_000584 10 60 170
IL-10 Reverse NM_000584 10 60 170

Results and Discussion

Quantitative Real-Time PCR results demonstrated fold-
differences in mRNA expression patterns between the cell
populations examined after normalisation to f-actin as shown
in FIG. 4. The CD4"CD25*CD39*CD134" antigen-specific
Treg expressed high levels of Foxp3 and TGF-f (markers of
Treg function) but lower levels of T-bet and Gata-3 (markers
for Thl and Th2 cells, respectively). This subset also
expressed lower levels of IL-10, which indicates that the
antigen-specific Treg resembles a Th3-like Treg.

The CD4*CD25"CD39CD134™ cell population expresses
the highest level of Foxp3 as it includes natural Treg as shown
previously (17). Of note, antigen-specific CD4"CD25"
CD39°CD134" Treg surprisingly express a high level of
ROR-yt, which was previously thought to be specific for Th17
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cells. However, it has recently been reported that Treg could
express ROR-yt in certain conditions (33).

Example 7

CD4*CD25"CD134*Foxp3™ Antigen-Specific Treg
are Contained within the CD4*CD25*CD39*
CD127% Treg Population

Materials and Methods

Peripheral blood was obtained from a healthy donor.
P1-CMV peptide antigen (10 ug/ml) was added to 200 pl
whole blood samples in 24 well culture plates and incubated
for 4010 44 h. A combination of antibodies was then added to
samples, consisting of anti-CD3 PercpCy5.5, anti-CD4-Al-
exa 700, anti-CD25-biotin+streptavidin  655Qdot, anti-
CD39-FITC, anti-CD134-PE and anti-Foxp3-APC, and incu-
bated for 15 min at room temperature. The red blood cells
were then lysed using a lysis buffer (Becton-Dickinson) and
the cells washed and fixed with PBS 0.5% paraformaldehyde
solution. Cells were analysed on a three-laser LSR II flow
cytometer (Becton-Dickinson). A minimum of 100,000
events were collected and analysis was performed using
FlowJo software. The results shownin FIG. 5 have been gated
for CD3*CD4" cells.

Results and Discussion

As shown in FIG. 5, the CD4*CD25"CD134*Foxp3*anti-
gen-specific Treg subset are contained within the CD4*
CD25*CD39*CD127" Treg subset following stimulation
with antigen. In fact, 32.5% of CD4*CD25*CD39*CD127°
cells were also CD134*. CD4*CD4*CD25*CD39-CD127"°
cells also contained a CD134" subset, but these cells had
lower Foxp3 expression (CD4*CD25*CD39-CDI127°
CD134* cells had a mean fluorescence intensity (MFI) of 131
compared to MFI=186 for CD4*CD25*CD39*
CD127°CD134* cells). Accordingly, the CD4*CD25*
CD134" antigen-specific Treg population is likely to have
higher purity when the cells are gated using two Treg markers,
such that they are CD39*CD127%. Interestingly, antigen-
specific Treg population (eg CD4"CD257CD39*
CD127°CD134* cells) showed a higher CD25 expression
level (MFI=9190) than the non-specific Treg population (eg
CD4*CD25*CD39*CD127°CD134™ cells) (MFI=5851).
The higher expression level of CD25 demonstrates that the
CD4*CD25*CD39*CD127°CD134*antigen-specific  Treg
are responding in response to stimulation with specific anti-
gen.

Example 8

IL-2 and IFNy Production by Antigen-Stimulated
CD25"Foxp3* Cells

Treg do not usually secrete IL-2 and [FN-y (34). IL-2 and
IFNy expression was examined by intracellular staining in
antigen-stimulated CD4*CD25*Foxp3* cells, which includes
asubset of CD4*CD25"CD39*CD134" antigen-specific Treg
as shown in Example 9, to investigate whether these cells
have Treg characteristics.

Materials and Methods

Cells

Whole blood was collected from healthy donors known to
have a response to CMV.

FACS Antibodies

Anti-CD3-PercpCyS5.5, anti-CD4-PECy7. anti-CD25-bi-
otin (Immunotech, Marseille, France) +streptavidin 655QDot
(Invitrogen), CD127-Pacific-Blue and anti-Foxp3-PE (Bec-
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ton-Dickinson) monoclonal antibodies were used to stained
for surface and intracellular markers as described below.
Intracellular staining for IL-2 and IFN-y was conducted using
anti-IL-2-FITC (Becton-Dickinson) and anti-IFN-y-APC
(Becton-Dickinson) monoclonal antibodies in accordance
with the manufacturer’s instructions.

Antigens and Cell Stimulation

SEB or CMV lysate at 5 pg/ml, or CMV-P1 peptide or
CMV-P3 peptide at 10 pg/ml, were used to antigen stimulate
cells as described above. CMV-P3 peptide was used as a
negative control as the donor was previously tested and was
known not to specifically respond to CMV-P3. Antibodies
directed against polyclonal TCR co-stimulatory molecules
CD28 and CD49d (eg anti-CD28 and anti-CD49d) (Becton-
Dickinson) were used at 5 pg/ml to stimulate cells for the
cytokine expression to stimulate the cells for cytokine secre-
tion as described previously (22).

500 ul of whole blood was aliquoted per well into a 24-well
plate. SEB, CMV lysate or CMV-peptide (P1 or P3) antigens,
or no antigen for the negative control, were added to the wells
in the presence of anti-CD28 and anti-CD49d mAbs. The
plates were incubated at 37° C. in a 5% CO, atmosphere for
2 hours. At this point, 10 uL, of Brefeldin A (Sigma-Aldrich
Co.) at 10 (g/mL was added to each of the wells, and the
culture placed back at 37° C. 5% CO, for a further 4 hours.
Finally, EDTA (Sigma-Aldrich Co.) was added to samples at
a final concentration of 2 mM, and the plates were incubated
atroom temperature for 15 minutes, and the cells were stained
as below.

Cell Staining

Cells were stained for surface and intracellular markers
CD3, CD4, CD25 and Foxp3 as described above, and eryth-
rocytes were lysed using a lysis buffer (BD Biosciences).
Cells were then intracellularly stained for the presence of
IL-2 and IFNy as follows, samples were treated with FAC-
SPerm solution (BD Biosciences) for 10 minutes, and were
then washed and stained with anti-IL-2 and anti-IFNy accord-
ing to the manufacturer’s instructions. Cell staining was
analysed on a three-laser LSR II flow cytometer (Becton-
Dickinson). Cells were gated as CD3*CD4*CD25*Foxp3*
Treg cells or CD3*CD4*CD25~ Foxp3~ effector cells (as a
positive control for cytokine expression).

Results and Discussion

The expression of IL-2 and IFNy in CD4*CD25*Foxp3*
Treg was investigated by flow cytometry using intracellular
staining and the results are shown in FIG. 6. CD4*CD25*
Foxp3™ cells, which include the CD4*CD25*CD39*CD134*
subset of antigen-specific Tregs, do not produce IL-2 or IFN-y
following antigen stimulation. These results add to the obset-
vation that the population of CD4*CD25*Foxp3* cells, which
contains CD4*CD25*CD134*Foxp3™ cells, function as Treg
cells. Interestingly, these cytokines were secreted by non-
Treg cells, gated as CD4*CD25""Foxp3~. Staining for
expression of CD39 and CD134 was not performed in this
combination as the available fluorochrome combination for
these antibodies did not permit it.

Example 9

Gating Strategy for Enriching for Foxp3* Cells
within Viable Antigen-Specific Treg Population
Using Alternative Treg Markers

While Foxp3 is thought to be the best marker for Treg cells,
alternative markers are sought as cells must be permeabilised
to be stained for Foxp3.
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Materials and Methods

Whole blood was obtained from a healthy donor, and was
stimulated with CMV-P1 for 44 hr as described above. Cells
were then stained with the following antibodies anti-CD3-
PercpCy5.5, anti-CD4PE-Cy7, anti-CD25biotin+streptavi-
din 655Qdot, anti-CD39-FITC, anti-CD134-PE and anti-
Foxp3-APC as described above. Cell staining was analysed
on a three-laser LSR 1I flow cytometer (Becton-Dickinson).

Results and Discussion

FIG. 7 shows a gating strategy for enriching a viable anti-
gen-specific Treg population for Foxp3* Treg. Antigen-spe-
cific CD3+CD4*CD25*CD127°CD134* cells are approxi-
mately 66.9% Foxp3*. When these cells were also gated as
being CD39* (ie CD3+CD4*CD25*CD39*CD127°CD134*
cells), 73.6% of cells were Foxp3*. Thus, the population of
antigen-stimulated Treg with the phenotype CD4*CD25*
CD39*CD127°CD134* are advantageously enriched for
FoxP3 expression.

Example 10

Suppressive Activity of CD4*CD25*CD39*CD127%
Treg on Naive “Responder” CD4*CD25"CD127% T
Cells

The suppressive capability of a CD4*CD25*CD39*
CD127% population, which includes a CD4*CD25*CD134*
antigen-specific subset, was examined following antigen
stimulation to investigate whether the population has Treg
functionality.

Materials and Methods

Cell Isolation

PBMCs were purified from peripheral blood obtained from
a healthy donor. A population of CD4*CD25*CD39*
CD127% Treg (ie “CD39* suppressor cells™), a population of
CD4*CD25*CD39~ CD127% Treg (ie “CD39™ suppressor
cells”), and a population of population of naive CD4*CD25~
CD127" “responder” T cells were isolated by FACS using a
similar technique as described above. Non-T cell PBMCs
were negatively depleted using magnetic anti-CD3 beads
(Dynal, Invitrogen) and were collected and used as antigen
presenting cells (APC). The APCs were irradiated before use
(3000 rad).

Suppression Assay

2x10* responder cells and 2x10* suppressor cells (i.e.
responder:suppressor cells in a 1:1 ratio) were placed with
5x10* irradiated antigen presenting cells (APCs) in medium
consisting of RPMI 1640 supplemented with 10% heat inac-
tivated human AB serum (Sigma-Aldrich Co.), 2 mM
L-glutamine (Invitrogen), 100 U/mL penicillin (Invitrogen),
and 100 (g/mL streptomycin (Invitrogen) along with either
0.25 ug/mL anti-CD3 (clone Hit3a, PharMingen) as a poly-
clonal stimulator or 10 ug/mL CMV pp65 P1 peptide (Mimo-
topes) as antigen. Wells containing responder:responder cells
(i.e. containing 4x10* responder cells and no suppressor
cells) were set up in parallel as a positive control. Wells
containing an anti-CD3 mAb to induce polyclonal stimula-
tion of the TCR was set up as a positive polyconal suppression
control. Each condition was repeated in triplicate, except for
samples containing CD39* suppressor cells:responder cells,
which were repeated in duplicate. The assay was conducted in
96-well U-bottom culture plates. After 72 h of culture, cells
were pulsed with [*H] tritiated thymidine for 16 h before
harvesting. Proliferation of responder cells was measured be
incorporation of tritiated thymadine as counts per minute
(CPM) on a TopCount p-counter (PerkinElmer) and suppres-
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sion was calculated by dividing the average CPM of the
suppressor:responder wells by the average CPM of the
responder:responder wells.

Cytokine Detection

Before adding thymidine, 100 ul of supernatant from each
well was collected for measurement of cytokines including
IFNy (indicative of active T cell responses) and IL.-10 (indica-
tive of general suppression of immune responses) using a
Th1/Th2 bead array cytokine kit from Becton Dickinson,
according to the manufacturer’s instructions.

Results and Discussion

The results of the suppression assay are shown in FIG. 8
(top), and the levels of IFNy and IL-10 in cell supernatants
shown in FIG. 8 (bottom). The CD4*CD25*CD39*CD127%
antigen stimulated population, which contains CD4*CD25*
CD39*CD127°CD134" antigen-specific Treg enhanced sup-
pression of proliferation of the responder cells compared to
the CD4*CD25*CD39-CD127” antigen-stimulated popula-
tion. Further, IFNy expression was suppressed in the CD4*
CD25*CD39*CD127% population, compared to the CD4*
CD25*CD397CD127% population, indicating that the CD4*
CD25*CD39*CD127* population suppressed T cell
activation more efficiently than the CD4*CD25*CD39~
CD127" population.

Example 11

[solation of Pure Populations of Viable
Antigen-Specific CD4" Treg that are Foxp3*

To investigate whether antigen-specific CD4" Treg can be
isolated in relatively pure populations, PBMCs were first
sorted into a naive Treg population (CD4*CD25*CD45RO™
CDI127%), an activated Treg population (CD4*CD25*
CD45RO*CD127") and a naive CD4*CD25™ T cell popula-
tion. The sorted populations were then cultured with antigen
in vitro, and re-sorted to determine the percentage of CD4*
CD25*CD134%cells that were Foxp3*. Naive CD4*CD25*
CD45RO™CD127 Treg have previously been shown to
express a uniformly high level of Foxp3 (17).

Materials and Methods

Initial Cell Sorting

Unstimulated PBMCs (2.5 to 5x107) from healthy controls
were stained with a combination of anti-CD4-PE-Cy7, anti-
CD25-APC, anti-CD127-Pacific Blue and anti-CD45RO-
ECD mAbs. FACS cell sorting was performed so that cells
were separated into populations of naive Treg (CD4+CD25"
CDI127°CD45R0O"),  activated Treg  (CD4+CD25*
CD127°CD45RO™) and naive T cells (CD4+CD25
CD127") using an ARIA cell sorter (Becton-Dickinson).

In Vitro Cell Stimulation with Soluble Antigen

Each of the sorted populations was cultured with CMV-P1
peptide at a concentration of 10 pug/ml for 3 days as described
in Example 1. Specifically, the naive Treg and activated Treg
populations were stimulated for 44 hr, and the naive T cells
were stimulated for 72 hr, as these cells require more time to
upregulate CD134 expression (nb. an aliquot was checked for
CD134 expression at 44 hr; data not shown).

Isolation of Pure Population of Antigen-Specific Treg by
FACS Sorting

Following culturing with antigen, each cultured population
was then re-stained with anti-CD4-PE-Cy7, anti-CD25-APC,
and anti-CD134-FITC monoclonal antibodies; and antigen-
specific CD4*CD25*CD134" cells were isolated by FACS
cell sorting. The purity of the sorted cells was at least 95%,
which was determined by taking an aliquot of the sorted
subset and re-analysing it by flow cytometry to determining
the percentage of cells remain within the original sorting gate.
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An aliquot of these isolated CD4*CD25*CD134* CMV-P1-
specific Treg were expanded in culture supplemented with 10
U IL-2 (data not shown). An aliquot of the isolated CD4*
CD25°CD134" CMV-P1-specific Treg were stored in TRI-
ZOL at -70° C. for use in real-time PCR studies.

Determining Foxp3 Expression on the CD4*CD25*
CD134* Cells from the Cultured Populations

Following culturing with antigen, an aliquot of each cul-
tured population was stained to determine the Foxp3 expres-
sion of the CD4*CD25*CD134" cells in a separate staining
experiment.

Results and Discussion

Sorted populations of naive Treg (CD4+CD25*
CD127°CD45R0O"),  activated Treg  (CD4+CD25*
CD127°°CD45R0O™) and naive CD4+CD25 T cells were cul-
tured with CMV-P1 antigen, following which, CD4*CD25*
CD134* antigen-specific Treg could be identified from all
three populations. The naive Treg and activated Treg popula-
tions had higher levels of Foxp3 expression after culturing
with antigen than the naive T cell population cultured in the
same conditions, as shown in FIG. 9 (top panel). CD25
expression was lower (less than 7%) in the cultured naive T
cell population compared to the cultured naive Treg and acti-
vated Treg populations, where 50% of the cells express CD25
(bottom panel). The histograms in FIG. 9 (bottom) show
Foxp3 expression on CD4"CD25"CD134" cells from the
populations of naive Treg activated Treg and naive T cell
populations following culturing with antigen.

The results show that a pure population of antigen-specific
Treg can be isolated by initially FACS sorting cells to isolate
naive Treg (CD4+CD25*CD127°CD45RO™) into a pure
population, and then stimulating these cells with antigen in
vitro, before re-sorting these cells to isolate antigen-specific
Treg (CD4*CD25*CD134%).

Further, a pure population of antigen-specific Treg can be
isolated by initially FACS sorting cells to isolate activated
Treg (CD4+CD25*CD45RO*CD127) into a pure popula-
tion, and then stimulating these cells with antigen in vitro,
before re-sorting these cells to isolate antigen-specific Treg
(CD4*CD25*CD134%).

Example 12
Expression of CD73 on CD4*CD25*CD127lo Treg

CD73 has been reported to be a Treg marker in mice (18),
and it was accordingly investigated in the present system.

Materials and Methods

Peripheral blood was collected from six different healthy
donors (HV1 to HV6), and PBMCs were isolated. The
PBMCs were stained with a combination of anti-CD3-
PercpCy5.r, anti-CD4-PE-Cy7, anti-CD25-APC, anti-CD73-
PE (Becton-Dickinson) and anti-CD127-Pacific-Blue and
analysed by FACS as described above.

Results and Discussion

FIG. 11 shows CD25 and CD73 expression on CD3+CD4*
T cells. The results indicate that a very low percentage of cells
were CD257CD73", indicating that CD73 may be a less effec-
tive marker for Treg in humans as it was not co-expressed with
a significant subset of CD25* cells.

Example 13
Identification and Isolation of CD8+CD25+CD137+

Foxp3+CD127% Antigen-Specific Treg from Whole
Blood

Stimulation with a defined viral antigen such as Hepatitis C
virus or Influenza virus specific peptides can lead to the
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expansion of two different CD8" T cell populations: CD8*
Foxp3~memory/effector T cells as well as CD8 Foxp3* Treg
(35). Although the biological role of CD8+ Treg is not well
understood, there is increasing evidence that different subsets
of CD8+ T cells possess a regulatory ability in humans and
mice (36-42). Pre-existing CD8"Foxp3* Treg may be
recruited to the sites of active immune responses, where they
may suppress antigen-specific immune responses.

In this example, anti-CD8, anti-CD25, and anti-CD137
antibodies, as well as one or more of anti-Foxp3 and anti-
CD127 antibodies, were investigated for use in identifying
CD8+ antigen-specific Treg.

Materials and Methods
In Vitro Stimulation

Whole blood from a healthy donor was stimulated in vitro
with no antigen or SEB and cultured for 40 hours as described
in Example 1 and 2.

Identification of CD8*CD25*CD127°°CD137 Foxp3*
Antigen-Specific Treg

An aliquot of cultured whole blood cells was stained with
a combination of monoclonal antibodies comprising anti-
CD3, anti-CD8, anti-CD25, anti-CD127, anti-CD137 and
anti-Foxp3 antibodies. Cell staining was analysed on a three-
laser LSR 11 flow cytometer (Becton-Dickinson). A minimum
0f 100,000 events, were collected and analysis was performed
using FlowJo software. Antigen-specific Treg were gated as
CD3*CD8"CD25*CDI137*Foxp3*. The expression of
CD127 was examined on both the CD8*CD25*CD137*
Foxp3* and CD8*CD25*CD137*Foxp3* cell populations.

Isolation of CD8*CD25*CD127°CD137* Viable Antigen-
Specific Treg

The remaining cultured whole blood cells were stained
with a combination of monoclonal antibodies, specifically,
anti-CD8, anti-CD25, anti-CD127 and anti-CD137. CD8*
CD25*CD127"°CD137* cells were sorted on a three-laser
LSR II flow cytometer (Becton-Dickinson), and stored in
TRIZOL at =70° C. for further studies.

Results and Discussion

The use of anti-CD137 monoclonal antibody together with
anti-CD25 and anti-Foxp3 monoclonal antibodies within the
CD8* T cell population allowed an accurate identification of
CDB8™ antigen-specific Treg after in vitro stimulation with
antigen. FIG. 11 shows cultured cells stained with CD8,
CD25, CD137 and Foxp3. FIG. 11A demonstrates CD137
expression and CD25 expressionon CD8* cells cultured with
or without SEB in whole blood. FIG. 11B shows the Foxp3
expression on the CD8*CD25*CD137* subsets of the in vitro
stimulated cells. About 28% of the CD8*CD25*CD137* cells
stimulated with SEB express Foxp3, while cells that were not
in vitro stimulated did not have a CD8*CD25*CD137* popu-
lation that expressed Foxp3.

As shown in FIG. 11C, the CD8*CD25*CD137*Foxp3*
cells had lower CD127 expression (MF1:193) than the CD8*
CD25*CD137*Foxp3~ cells (MF1:213), which is consistent
with previous results showing that CD8"CD25*Foxp3* cells
express CD127 at lower levels than effector cells (18).
Accordingly, one or more of Foxp3 or CD127, wherein
CD127 expression is CD127, are appropriate markers to
detect antigen-specific CD8" Treg in combination with CD8,
CD25 and CD137.
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Prophetic Example 1

In Vitro Expansion of Antigen-Specific Treg

Materials and Methods

Ex Vivo Expansion of Antigen-Specific Treg

The isolated antigen-specific CD4*CD25*CD134* Treg
can be expanded ex vivo or in vitro using high doses of IL-2
according to two different protocols described below:

(1) Isolated Treg can be expanded as previously described
(43,44). In particular, isolated antigen-specific Treg will be
placed into 96-well flat-bottom plates with 1.5x10* irradiated
(70 Gy) CD32+ L cells (1.929-derived murine Ltk cell line
stably transfected with human FcyRII (CD32) (45). Cultures
will be in 200 pl, RPMI media (RPMI 1640 with 10% fetal
calf serum (FCS) (Gibco BRL, Karlsruhe, Germany), 2 mM
glutamine, 50 U/mL penicillin, 50 Og/mL streptomycin, (all
Gibco BRL)) with 10 Og/mL target antigen, 100 ng/mL
anti-CD28 antibody (CD28.2; BD Biosciences), and 100-300
U/mL IL-2 (rhIL-2; Proleukin, Chiron, Amsterdam, the Neth-
erlands). After 5 to 6 days, cells will be harvested, and 1x10°
Treg will be co-cultured with 8x10* CD32+ L cells in 500 pL
RPMI supplemented with anti-CD28, antigen and IL-2 in
24-well plates. Cultures will be supplemented with 200 L
RPMI/TL-2 after 4 days and split onto fresh CD32+ L cells
once per week.

(ii) Beads are prepared as previously described (46) but
modified as follows: 200 million epoxy-activated magnetic
beads, 4.5 pm in diameter (Dynal Biotech, Lake Success,
N.Y., United States of America) will be coated with a total of
35 pg of anti-CD28 mAb overnight at 4° C. ina 0.1 M borate
buffer at pH 7.2. Excess uncoated mAb will be removed by
three 10-min washes and one overnight wash at4° C. in Bead
Wash Buffer (PBS, 3% human AB serum, 0.5 M EDTA, and
1% sodium azide). Isolated antigen-specific Treg will be cul-
tured in 96-well U-bottom plates by adding prepared anti-
CD28beads at a ratio of 4 beads per cell to 2x104 Treg for the
first week, and at a 1:1 ratio with 5x10° cells per well in
24-well plates thereafter. Cells will be cultured in RPMI with
100-300 U/mL IL-2, fed with RPMI/IL-2 after 4 days, and
re-stimulated with fresh beads weekly. Treg expansion will be
determined by counting trypan blue-negative aliquots in
approximately weekly intervals.

Determining Suppressive Function

The function of these cells can be tested in vitro by using a
suppression assay as reported previously (17), or variations
thereof, or by using real-time PCR to investigate expression
levels of genes associated with suppressive function as
described above, and the stability of the Treg phenotype can
be checked as described above.

Determining TCR Specificity

The TCR repertoire of antigen-specific CD4*CD25*
CD134* Treg following stimulation with a specific antigen
canbe studied. In some cases, it may be useful to compare the
TCR repertoire of antigen-specific Treg with those of naive
Treg and activated Treg as well as those of effector and
memory CD4+ T cell subsets. The protocol of TCR studies
will be as follows: Sorted cells (eg antigen-specific Treg) will
be stored in Trizol at -70° C. until RNA extraction. On
thawing of samples, 200 pL of chloroform (Sigma-Aldrich
Co.), will be added and mixed thoroughly for 15 seconds,
incubated for 3 minutes at room temperature, then centri-
fuged at 12000 g for 15 minutes. To precipitate RNA, 10 ug of
glycogen (Roche) and an equal original volume of 2-propanol
will be added and incubated on ice for 10 minutes and the
RNA will be pelleted by centrifugation at 12000 g for 10
minutes, washed with 1 mL cold 70% ethanol, centrifuged at
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7600 g for 5 minutes then dried for 10 minutes at 37° C. RNA
will be then resuspended in 20 ul DEPC water pre-heated to
60° C. and incubated at 60° C. for a further 5 minutes.
Samples will be cooled on ice prior to storing at =70° C.

RNA samples will be used for further experiments to
amplify TCR p-chain template. First-strand cDNA template
will be generated from a reaction mix containing 1.2 pg
hexamer random primers (Invitrogen), Expand RTase buffer
(Roche), 10mM DTT (Roche), 40 U Protector RNAse Inhibi-
tor (Roche), 2.5 mM dNTP (Invitrogen) and 1 pl, Expand
reverse transcriptase (Roche) pre-diluted at 2 pl. in a separate
aliquot of 2x Expand RTase buffer, 200 uM DTT in final
volume of 20 uL.. Template will be incubated for 60 minutes
at42° C. before storage at =20° C. Gene specific TCR p-chain
amplification will be performed using BV3 and reverse
BVCR primers at 500 nM, Expand Hi-Fidelity PCR buffer,
250nM dNTPs and 3 U Expand Hi-Fidelity DNA Polymerase
(Roche). PCR conditions will be 94° C. for 2 minutes, 35
cycles at 94° C. for 15 seconds, 54° C. for 30 seconds and 72°
C. for 1 minute and final extension time of 72° C. for 10
minutes. Unbiased TRBV first-strand cDNA template will be
generated as previously described (47). Product amplified
from sorted cells will be visualised on a 2% agarose gel and
purified. Purified product will be ligated into either a TOPO-
TA cloning vector (Invitrogen) and transformed into chemi-
cally competent TOP10 E. coli (GIMR), or ligated into a
pGEM-Teasy vector (Promega) and transformed into E. coli
DHS5¢. (VRC). Colonies will be selected by blue/white
screening and carriage of inserts will be confirmed by PCR
amplification of inserts using generic M13 primers. A mini-
mum of 50 clones will be sequenced per sample using BigDye
v3.1 sequencing reaction on an ABI 3730x1 capillary
sequencing machine. Sequences will be aligned using
Sequencher (Gene Codes Corporation) and clonotype iden-
tity determined using alignments confirmed using the Immu-
nogenetics online sequence analysis algorithm (IMGT, the
international ImMunoGeneTics Information System® http://
imgt.cines.fr (Initiator and coordinator: Marie-Paule Lefranc,
Montpellier, France)). To determine dataset similarity, popu-
lation overlap will be assessed using the Morisita-Horn simi-
larity index (C-MH) as compared by permutation analysis.
Data will be analysed using expertise in biostatistics. The data
generated can also provide information regarding the origin
of antigen-specific Treg (eg whether they derive from periph-
eral memory or effector T cell subsets).

Results and Discussion

Isolation and expansion of antigen-specific Treg ex vivo or
in vitro may provide the means to overcome the problems
associated with the use of antigen-specific Treg in the clinic,
namely, that peripheral Treg are present in low numbers in the
circulation and have broad and poorly defined antigen speci-
ficity. Antigen-specific Treg specific for a target antigen can
be identified, and induced to expand ex vivo, and accordingly,
Treg of the desired antigen specificity can be generated as
required. These expanded antigen-specific Treg can be re-
infused into subjects where Treg cell-therapy may be benefi-
cial.

Although a preferred embodiment of the apparatus of the
present invention has been described in the foregoing detailed
description, it will be understood that the invention is not
limited to the embodiment disclosed, but is capable of numer-
ous rearrangements, modifications and substitutions without
departing from the scope of the invention.

Throughout this specification the word “comprise”, or
variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of a stated element, integer
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or step, or group of elements, integers or steps, but not the
exclusion of any other element, integer or step, or group of
elements, integers or steps.

All publications mentioned in this specification are herein
incorporated by reference. Any discussion of documents,
acts, materials, devices, articles or the like which has been
included in the present specification is solely for the purpose
of providing a context for the present invention. It is not to be
taken as an admission that any or all of these matters form part
of the prior art base or were common general knowledge in
the field relevant to the present invention as it existed in
Australia or elsewhere before the priority date of each claim
of this application.
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The invention claimed is:

1. A method of identifying a target-antigen-specific regu-
latory T cell (Treg) from a subject, the method comprising the
following steps:

(i) obtaining a suitable lymphocyte-containing sample

from the subject;

(i1) combining a soluble target antigen with the lympho-
cyte-containing sample in vitro;

(iii) culturing the lymphocyte-containing sample and said
soluble target antigen in vitro for a period of time of
about 24 to 96 hours and before the target-antigen-spe-
cific Treg have divided; and thereafter,

(iv) quantifying the target-antigen-specific Treg by detect-
ing co-expression in a cell of each of cell markers CD4,
CD25, CD134 and CD39 in the cultured sample;

wherein detecting the co-expression of each of the cell
markers identifies the target-antigen-specific Treg that
specifically recognizes and responds to said target anti-
gen.

2. The method of claim 1 wherein the cell markers detected

are CD4, CD25, CD134 and CD39 and CD127.

3. The method of claim 1 wherein the culturing step is
performed in vitro for a period of time of about 40 to 44 hours.

4. The method of claim 1 wherein the culturing step is
performed in vitro for a period of time of about 72 hours.

5. A method of isolating target-antigen-specific Treg from
asubject comprising isolating the cells identified according to
the method of claim 1.

6. The method of claim 5, wherein the culturing step is
performed in vitro for a period of time of about 72 hours.

7. The method of claim 5, wherein the culturing step is
performed in vitro for a period of time of about 40 to 44 hours.

8. A method of providing an expanded population of target-
antigen-specific Treg, wherein the method comprises expand-
ing in vitro the population of target-antigen-specific Treg
isolated according to the method of claim 5.

9. The method of claim 1, wherein the lymphocyte-con-
taining sample is a whole blood sample.

10. The method of claim 1, wherein the lymphocyte-con-
taining sample is a purified peripheral blood mononuclear
cell sample.

11. The method of claim 1, wherein the subject is human.

12. The method of claim 1, wherein step (iv) further com-
prises detecting co-expression of one or more cell markers
selected from the group of Treg cell markers consisting of
CD127, CTLA-4 and Foxp3.

13. A method of isolating a target-antigen-specific regula-
tory T cell (Treg) from a subject, the method comprising the
following steps:

(1) obtaining a suitable lymphocyte-containing sample

from the subject;

(i1) isolating naive Treg or activated Treg expressing one or
more cell markers selected from the group consisting of
CD39,CD45RA, CD45RO, CD73,CD127 and CTLA-4
from said suitable lymphocyte-containing sample from
the subject;

(iii) combining a soluble target antigen with said isolated
naive or activated Treg in vitro;
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(iv) culturing said isolated naive or activated Treg and said
soluble target antigen in vitro for a period of time of
about 24 to 96 hours and before the target antigen spe-
cific Treg have divided; and thereafter;

(v) isolating the target-antigen-specific Treg by detecting
co-expression in a cell of each of the cell markers CD4,
CD25, CD134 and CD39 and isolating cells detected
co-expressing in a cell each cell marker CD4, CD25,
CD134 and CD39 by cell sorting with monoclonal anti-
bodies specific to each of CD4, CD25, CD134 and
CD39,

wherein detecting the co-expression of each of the cell
markers identifies the target-antigen-specific Treg that
specifically recognizes and responds to said target anti-
gen.

14. The method claim 13, wherein step (v) comprises iso-
lating CD4*CD25*CD134*CD39™ cells that also co-express
one or more cell markers selected from the group of Treg cell
markers consisting of CD45R0, CD127, CTLA-4 and Foxp3.

15. The method of claim 13, wherein the culturing step is
performed in vitro for a period of time of about 72 hours.

16. The method of claim 13, wherein culturing step is
performed in vitro for a period of time of about 40 to 44 hours.

17. A method of providing an expanded population of
target-antigen-specific Treg, wherein the method comprises
expanding in vitro the population of target-antigen-specific
Treg isolated according to the method of claim 13.

18. The method of claim 17, wherein the step of expanding
the population of antigen-specific Treg comprises culturing in
the presence of interleukin-2 (IL-2).
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