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Description

STATEMENT REGARDING FEDERALLY SPON-
SORED RESEARCH OR DEVELOPMENT

[0001] This invention was made with United States
government support under contract AI050153, awarded
by the National Institutes of Health. The United States
government has certain rights in this invention.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application claims the benefit of priority to
U.S. Provisional Application Serial No. 61/133,643 filed
June 30, 2008, the entire contents of which are hereby
incorporated by reference.

BACKGROUND

[0003] Treatment with immunosuppressive drugs is
widely accepted as an effective treatment for bone mar-
row and solid organ transplantation to improve the graft
survival. However, chronic rejection of transplants still
has a considerable impact on the long term outcome.
Moreover, many immunosuppressive drugs nonspecifi-
cally target the immune response, leading to unwanted
side effects, such as weakened overall immune system.
Thus, the goal in transplantation is the induction of a sus-
tained state of specific tolerance to donor alloantigens
with minimization or complete withdrawal of global im-
munosuppression.
[0004] CD4+CD25+Foxp3+ regulatory T cells (Treg)
are negative regulators of immune responses to self- and
foreign-antigens and play a critical role in maintaining
immune tolerance by suppressing pathological immune
responses in autoimmune diseases, transplant allograft
rejection, and graft-versus-host disease (GVHD).1-3 Up-
on adoptive transfer in rodents, Treg were found to con-
trol experimental autoimmune diseases,4 inhibit
GVHD5,6 and prevent transplant allograft rejection,7,8 in-
dicating that Treg-based therapy has a great therapeutic
potential for these diseases in humans.
[0005] An important obstacle to Treg-based therapy
has been the limited numbers of these cells that are avail-
able, as only about 1-2% of circulating human CD4+ T
cells are Treg. Several groups have developed protocols
to expand a large number of polyclonal CD4+CD25+ Treg
in vitro with repeated stimulation by either CD3 and CD28
mAbs or artificial antigen-presenting cells (APC) for ac-
tivation through CD3 and CD28, together with exogenous
high-dose IL-2.9-11 polyclonal Treg may cause global im-
mune suppression.4,7 In addition, since there are only
few antigen-specific Treg in the population of the poly-
clonal Treg, very large numbers of non-specifically ex-
panded Treg are required to inhibit bone-marrow allograft
rejection in animal models.12 All of these characteristics
of polyclonal Treg hamper their clinical applications.
[0006] In contrast, adoptive transfer of antigen-specific

Treg has been shown to prevent and treat T-cell-medi-
ated inflammatory diseases with high efficiency. In ani-
mal models, small number of antigen-specific Treg can
suppress experimental autoimmune diseases,13 prevent
GVHD and allograft rejection in bone marrow and solid
organ transplantation.14,15 Importantly, the transfer of
antigen-specific Treg prevented target antigen-mediated
T-cell responses such as GVHD and allograft rejection
but did not compromise host general immunity including
the graft-versus-tumor activity and antiviral immuni-
ty.5,15-17 Based on these studies, antigen-specific Treg
has substantial promise for human immunotherapy.
[0007] The reliable induction and expansion of rare an-
tigen-specific Treg is technically challenging. Currently,
several protocols for murine antigen-specific Treg induc-
tion and expansion have been reported in which either
purified CD4+CD25- or CD4+CD25+ cells were co-cul-
tured with autologous dendritic cells (DCs) pulsed with
alloantigen in the presence of high-dose IL-2 or directly
co-cultured with allogeneic DCs.14,18-20 Similar protocol
has also been reported for generation of human antigen-
specific Treg recently.21 In this protocol, antigen-specif
CD4+CD25+ Treg can be generated by using the co-cul-
ture of CD4+CD25- T cells with allogeneic monocyte-de-
rived DCs. However, the large-scale in vitro expansion
of alloantigen-specif Treg is difficult because of certain
features of DCs. For example, DCs are relatively rare in
peripheral blood and are usually derived from apheresis
or marrow sources including monocytes.22,23 Further,
DCs are not homogeneous and include multiple subsets
with different functional capacities.24 Finally, there is no
effective way to expand human DCs so far.25 In addition,
the current approaches to generate human DCs in vitro
are expensive and laborious.26

[0008] Schultze et al. reported a simple and low-cost
method to expand large number human CD40-activated
B cells up to 105,6-fold from human peripheral blood
mononuclear cells (PBMC).27 These expanded B cells
are effective as APCs and can efficiently induce antigen-
specific T cells and cytotoxic T lymphocytes.26,27

[0009] However, the art lacks an effective means of
generating human antigen-specific Treg on a large scale.
Thus, there exists a need in the art for a method of in-
ducing or generating human antigen-specific Treg on a
large scale.
[0010] Walker et al (2005) PNAS USA,
102(11):4103-4108 is acknowledged and refers to de
novo generation of antigen-specific CD4+CD25- cells.

SUMMARY

[0011] The present invention provides novel methods
for the induction, expansion, and/or generation of alloan-
tigen-specific regulatory T cells. In particular, the present
invention provides a method for the induction, expansion
and/or generation of alloantigen-specific human regula-
tory T cells, comprising: contacting of allogeneic CD40-
activated B cells with naive CD4+CD25- T cells for a pe-

1 2 



EP 2 300 602 B1

4

5

10

15

20

25

30

35

40

45

50

55

riod of time sufficient to induce, expand, and/or generate
the alloantigen-specific human regulatory T cells; and
isolating the alloantigen-specific human regulatory T
cells from the cell population. Advantageously, the induc-
tion, expansion, and/or generation of the regulatory T
cells can be performed on a large scale. Also referred to
are cells produced according to the methods set forth
herein.
[0012] In some embodiments, the novel protocols pro-
vided induce and expand highly efficient human alloan-
tigen-specific Treg in large-scale by co-culture of naive
CD4+CD25- T cells with human allogeneic CD40-activat-
ed B cells without any exogenous cytokines. The induced
alloantigen-specific Treg were CD45RO+ and CCR7-

memory cells, and expressed the common Treg markers
(CD25 and Foxp3), as well as the lymph node homing
receptor CD62L (L-selectin). They were also identifiable
by a CD4hlgh surface phenotype. The suppressive func-
tion of these CD4highCD25+Foxp3+ alloantigenspecific
Treg was cell-cell contact dependent but did not involve
cell-mediated cytotoxicity.
[0013] The methods of the subject invention for in vitro
induction and expansion of alloantigen-specific Treg
should facilitate the development of Treg-based clinical
immunotherapy. For example, adoptive transfer of al-
loantigen-specific regulatory T cells can be used accord-
ing to the subject invention for inhibiting allogeneic im-
mune responses, e.g. GVHD, and preventing transplant
allograft rejection. Additionally, methods of the present
invention can be used to generate human alloantigen-
specific Treg that can be used to control autoimmune
diseases.
[0014] The methods of the subject invention are unique
in their use of CD40-activated B cells as APCs rather
than allogeneic monocyte-derived DCs or PBMC. CD40-
activated B cells have an important advantage for this
purpose in that they can be readily expanded in vitro to
a relatively large numbers, while, in contrast, monocytes
differentiating in vitro into dendritic cells do not undergo
cell division. Cryopreserved CD40-activated B cells also
retain their APC function upon thawing, and are relatively
cost-effective to produce. In addition, because B cells
stimulated with t-CD40-L cells or recombinant sCD40-L
were equally effective at generating alloantigen-specific
Treg, the use of sCD40-L significantly improves the clin-
ical applicability of the procedure.

BRIEF DESCRIPTION OF THE FIGURES

[0015] The file of this patent contains at least one draw-
ing executed in color. Copies of this patent with color
drawings(s) will be provided by the Patent and Trade-
mark Office upon request and payment of the necessary
fee.

Figure 1A-C shows that CD40 activation is highly
effective in generating large numbers of CD40-
activated B cells that express high levels of MHC

and co-stimulatory molecules. (1A) shows an
overall expansion of CD40-activated B cells from 8
different individuals. CD40-activated B cells were
generated by the co-culture of PBMC from 5 ml of
peripheral blood with CD40L-transfected NIFI3T3 (t-
CD40-L) cells. (1B) shows sCD40-L is as efficient
as t-CD40-L cells at expanding human B cells in cul-
ture. CD40-activated B cells were generated by
means of t-CD40-L cells or different concentrations
of soluble hexameric CD4O-L. The results shown
are representative of three independent experi-
ments. (1C) shows expression of CD80, CD86, and
MHC class I and II on the CD40-activated B cells
cultured for 8 days (solid histograms). The filled his-
tograms were obtained with relevant isotype con-
trols. Data shown here are representative of B-cell
populations obtained from 8 different healthy adult
donors.
Figure 2A-C shows Human alloreactive CD4high

cells induced by CD40-activated B cells are Treg.
(2A) CD4 expression in CD4+CD25- T cells stimu-
lated with allogeneic B cells for 5 days (top panels),
and its relationship with cell proliferation based on
the loss of CFSE label and CD45RA expression. Top
panels represented the T cells gated on CD4. The
percentage of CD4+ T cells in each gate is indicated.
For the bottom panel, open histograms indicate the
CFSE fluorescence intensities of the unstimulated
control T cells, and the filled histograms represent
the CFSE fluorescence intensities of the allostimu-
lated T cells. The numbers in each histogram repre-
sent the percentage of cells that have undergone
mitosis from each cell subset (2B) CD4high cells ex-
press both CD25 and Foxp3. The dot plot on the left
shows CD25 expression after 5 days of allostimula-
tion. Open histograms on the right show the Foxp3
expression, and filled histograms indicate the iso-
type controls. The results shown are representative
of four different experiments. (2C) CD4highCD25+

Treg generated from CD4+CD25- T cells potently
suppressed MLR in an antigen-nonspecific manner.
Freshly purified CD4+CD25- T cells were co-cultured
with CD40-activated allogeneic B cells for 7 days.
The sorted CD4highCD25+ (black squares) and
CD4mediumCD25- (open squares) cells were added
into MLR culture system as described in Materials
and Methods. Proliferation (y-axis) is shown for 3
days of MLR. The results shown are representative
of five different experiments.
Figure 3A-B shows Human CD4high Treg induced
from naïve CD4+CD25- T cells by CD40-activated
allogeneic B cells are alloantigen-specific Treg.
(3A) Characteristics of CD4highTreg induced from
naive CD4+CD25-T cells. Freshly purified naive
CD4+CD25- T cells were labeled with CFSE and co-
cultured with CD40-activated allogeneic B cells for
7 days. Representative data of CD4 and CD25 ex-
pression (left panel), CFSE dilution (right top panel)
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and Foxp3 expression (right bottom panel) from 6
independent experiments are shown. Open histo-
grams show the CFSE fluorescence intensity (right
top panel) and Foxp3 expression (right bottom panel)
of CD4mediumCD25- cells. Filled histograms repre-
sent the CFSE fluorescence intensity (right top pan-
el) and Foxp3 expression (right bottom panel) of
CD4highCD25+ cells. (3B) CD4highCD25+ Treg gen-
erated from naive CD4+CD25- T cells potently sup-
pressed MLR in an alloantigen-specific manner, and
unsorted CD4+ T cells generated from naïve
CD4+CD25- T cells had similar suppressor capaci-
ties in MLR. Freshly purified CD4+CD45RA+CD25-

T cells were co-cultured with CD40-activated alloge-
neic B cells for 7 days. The sorted CD4highCD25+

(black squares) and CD4mediumCD25- (open
squares), and unsorted CD4+ T cells (crosses) were
added into MLR culture system as described in Ma-
terials and Methods. Proliferation (y-axis) was
shown for day 3 of MLR. The results shown are rep-
resentative of 8 independent experiments.
Figure 4A-B shows characteristics of
CD4highCD25+ alloantigen-specific Treg. Freshly
purified naïve CD4+CD25- T cells were co-cultured
with CD40-activated allogeneic B cells for the indi-
cated time. The expression of cell surface markers
(4A) and intracellular cytokines (4B) were deter-
mined and analyzed by FACS as described in Ma-
terials and Methods. The percentage of positive cells
for each cell surface marker or intracellular cytokine
within the CD4highCD25+ and CD4mediumCD25- sub-
sets are indicated. The results shown are represent-
ative of four independent experiments.
Figure 5A-C shows CD4highCD25+ alloantigen-
specific Treg have no cytotoxic capacity and
their suppressor function is dependent on cell-
cell contact and partially relies on CTLA-4 ex-
pression. CD4highCD25+ Treg or CD4mediumCD25-

T cells were sorted after 7 days of allostimulation as
shown in Figure 3B. (5A) Cytotoxic capacity of in-
duced CD4highCD25+ Treg. (5B) The alloantigen-
specific suppressor function of CD4highCD25+ Treg
is cell-cell contact dependent. (5C) Neutralizing anti-
CTLA-4 mAb partially reverses the alloantigen-spe-
cific suppression mediated by CD4highCD25+ Treg,
but neutralizing mAbs to IL-4, IL-10, TGF-β and GITR
fail to reverse that suppression. Responder (R)
CD4+CD25- and gamma-irradiated stimulator PBMC
(S) were co-cultured with or without sorted
CD4highCD25+ Treg or CD4mediumCD25- T cells. The
cytotoxic activities (A) of human IL-2activated NK
cells against K562 cells were set as positive controls
(PC). Stimulator (S) or responder (R) cells alone
were set as controls. For transwell experiments (B),
the same amount of responder (R) and stimulator
(S) cells were plated in the bottom wells of a transwell
system. The top well insert was inoculated with same
amount of sorted CD4highCD25+ Treg. For the block-

ing experiments (C), the neutralization mAbs (open
bars) and their relevant isotype controls (filled bars)
were added in the co-culture system. Proliferation
(y-axis) is shown for day 3 of cultures. Data for four
different experiments are shown (n=4). The two-
tailed unpaired Student’s t tests were used for com-
parison. * indicate p<0.01.
Figure 6A-E shows CD4highCD25+ alloantigen-
specific Treg can be continuously expanded by
CD40-activated B cells in large-scale without
loss of function, and exogenous IL-2 does not
enhance this cell expansion. Freshly purified naive
CD4+CD25-T cells were co-cultured with CD40-ac-
tivated allogeneic B cells for the indicated time. (6A)
The percentages of CD4highCD25+ and
CD4mediumCD25- cells in the cultures (n=10). (6B)
Expansion of CD4highCD25+ alloantigen-specific
Treg from 10 different individuals. The expansion
was normalized for the CD4highCD25+ cells, and the
fold increase of the CD4highCD25+ was shown. (6C)
Naive CD4+CD25- were co-cultured with CD40-ac-
tivated allogeneic B cells with or without IL-2. The
expansion was normalized for the CD4highCD25+

cells, and the fold increase of the CD4highCD25+ is
shown (n=4). (6D) Absolute numbers of
CD4highCD25+ alloantigen-specific Treg generated
from 1 x 106 naïve CD4+CD25- T cells (n=10). (6E)
CD4highCD25+ alloantigen-specific Treg induced
and expanded by CD40-activated B cells for 21 days
remain functional. Freshly purified naive CD4+CD25-

T cells (responder) were co-cultured with CD40-ac-
tivated allogeneic B cells (target antigen) to induce
and expand CD4highCD25+ Treg for 21 days with
replacement of B cells every 7 days. The sorted
CD4highCD25+ and CD4mediumCD25- cells were
added into the MLR culture system as described in
Materials and Methods. Data shown here are repre-
sentative of three independent experiments.

DETAILED DESCRIPTION

[0016] The present invention generally relates to meth-
ods for inducing, expanding, and/or generating alloanti-
gen-specific regulatory ’I’ cells (Treg). In particular, the
present invention provides a method for the induction,
expansion and/or generation of alloantigen-specific hu-
man regulatory T cells, comprising: contacting of alloge-
neic CD40-activated B cells with naive CD4+CD25- T
cells for a period of time sufficient to induce, expand,
and/or generate the alloantigen-specific human regula-
tory T cells; and isolating the alloantigen-specific human
regulatory T cells from the cell population. Advanta-
geously, the induction, expansion, and/or generation of
the regulatory T cells according to the subject invention
can be performed on a large scale.
[0017] Methods of the subject invention provide sim-
ple, easy, low-cost, and novel protocols to obtain alloan-
tigen-specific CD4highCD25+Foxp3+ Treg from naive
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CD4+CD25- T cells on a large scale by using allogeneic
CD40-acitvated B cells.
[0018] Advantageously, the alloantigen-specific Treg
of the subject invention can be used to control autoim-
mune diseases and inhibit allogeneic immune respons-
es, such as GVHD, and transplant allograft rejection.

Methods for CD4highTreg cell production

[0019] The subject invention provides relatively simple
and low-cost protocols using allogeneic CD40-activated
B cells to induce and expand highly efficient human al-
loantigen specific CD4highCD25+Foxp3+ Treg from naive
CD4+CD25- T cells in large-scale. This facilitates clinical
applications of Treg-based immunotherapy using in vitro
induced and expanded alloantigen-specific Treg to in-
duce donor-specific transplantation tolerance. Similar
strategies, e.g. induction and expansion of autoantigen-
specific Treg by using antigen-pulsed autologous CD40-
activated B cells, can also be used in the treatment of
autoimmune diseases in which the target self-antigens
are known.
[0020] Here, the invention provides a method for the
induction, expansion and/or generation of alloantigen-
specific human regulatory T cells, comprising: contacting
of allogeneic CD40-activated B cells with naive
CD4+CD25- T cells for a period of time sufficient to in-
duce, expand, and/or generate the alloantigen-specific
human regulatory T cells; and isolating the alloantigen-
specific human regulatory T cells from the cell population.
The method therefore comprises contacting a cell pop-
ulation that comprises naive CD4+CD25- T cells with a
cell population that comprises allogeneic CD40-activated
donor B cells for a period of time sufficient to generate
donor alloantigenspecific regulatory T cells.
[0021] In a further embodiment, the cell population is
contacted with CD40-activated B cells multiple times. In
one embodiment, the alloantigen-specific human regu-
latory T cells can comprise CD4highCD25+Foxp3+ regu-
latory T cells. In one embodiment, the alloantigen-spe-
cific human regulatory T cells are CD4+CD25+ T cells. In
one embodiment, a method of the invention further com-
prises expanding the population of alloantigen-specific
human regulatory T cells generated using the present
methods.
[0022] In contrast to prior work26,27,43 in which autolo-
gous CD40-activated B cells were used as APCs in con-
junction with IL-2 and IL-7 to generate effector T-cell re-
sponses, in accordance with the subject invention allo-
geneic Treg generation does not require the addition of
exogenous cytokines. The absence of exogenous cy-
tokines, such as IL-2 and IL-7, and using allogeneic rather
than autologous CD40-activated B cells results in the dif-
ferentiation and marked expansion of allogeneic Treg
rather than effector T cells in the CD40-activated B
cell/naive CD4+ T-cell co-culture system.
[0023] Advantageously, in the culture system of the
subject invention, it is unnecessary to add exogenous IL-

2 for inducing and expanding alloantigen-specific
CD4highCD25+Foxp3+ Treg (Figure 6D). This lack of a
requirement for exogenous cytokines significantly reduc-
es the cost for generation of alloantigen-specific Treg.
[0024] In one embodiment, using a co-culture of allo-
geneic CD40-activated-B cells with total or naive
CD4+CD25- T cells, CD4highCD25+Foxp3+ Treg were
generated after 5-7 days of culture (Figures 2-3).
CD4highCD25+Foxp3+ Treg generated from naive
CD44CD25- T-cell precursors were alloantigen-specific
(Figure 3), whereas those derived from total CD4+CD25-

T cells, which included both naive and memory cells, had
no antigen specificity (Figure 2). Treg generated from
memory CD4+CD25-T cells were also found to have no
antigen specificity and could suppress both target and
third-party antigen stimulated MLR. The reasons under-
lying the marked difference in antigen specificity between
the Treg generated from total CD4+CD25-and naive
CD4+CD25- T cells may be due to Treg generated from
antigen-experienced memory cells present in total
CD4+CD25- T cells.
[0025] In one embodiment, about 6.4 x 105 to about
1.6 x 107 alloantigen-specific Treg can be generated from
naive CD4+CD25- T cells by repeated stimulation of all-
ogeneic CD40- activated B cells for a period of time. The
period of time can be, for example, from about 1 day to
about 30 days. In one embodiment, the period of time is
about 21 days.
[0026] The methods of the present invention can be
used to generate, for example, from about 6 x 106 to
about 1.1 x 107 alloantigen-specific Treg from every
about 1 x 106 naive CD4+CD25- T cells. The naive
CD4+CD25- T cells can be obtained by, for example, be-
ing isolated from peripheral blood. In one embodiment,
the naïve CD4+CD25- T cells can be obtained by being
isolated from about 5 milliliters (mL) to about 8 mL of
peripheral blood.
[0027] Advantageously, unlike existing protocols for
generating alloantigen-specific Treg using monocyte-de-
rived allogeneic dendritic cells, methods of the present
invention make it possible to expand alloantigen-specific
Treg on a large scale. Methods of the subject invention
also make it possible for alloantigen-specific Treg to be
easily cryo-preserved and thawed for future use without
loss of their functions. Additionally, the generation of
CD40- activated-B cells used in the methods of the
present invention is cost-effective. Moreover, the subject
invention further reduces costs compared to existing
methods since alloantigenspecific Treg can be generat-
ed without any exogenous recombinant cytokines.
[0028] Advantageously, the methods of the present in-
vention for generating alloantigen-specific Treg do not
suffer from the significant drawbacks of existing methods
that utilize dendritic cells (DCs). For example, DCs are
relatively rare in peripheral blood and are usually derived
from apheresis or marrow sources including monocytes,
and DCs are not homogeneous and represent different
functionally-disparated cell types. Additionally, there is
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no known, effective way to expand human DCs, and the
current approaches to generate human DCs in vitro are
expensive and laborious.

CD4high Treg cells

[0029] Also referred to are isolated alloantigen-specific
regulatory T cells generated using a method of the
present invention. The T cells are human T cells.
[0030] A significant upregulation of the CD4 molecule
on T cells after the allostimulation of naive or total
CD4+CD25- T cells with allogeneic CD40-activated B
cells was also observed. Based on the expression of CD4
and CD25, the allostimulated human CD4+ T cells could
be separated into two subsets: CD4highCD25+ and
CD4mediumCD25- cells (Figures 2-3). The CD4highCD25+

but not CD4mediumCD25- cells were Treg that expressed
Foxp3 and had highly suppressive capacities (Figures
2-3), raising the possibility that the CD4high might be a
marker for human Treg in other contexts.
[0031] The alloantigen-specific CD4highCD25+Foxp3+

Treg generated in the system or the subject invention
were CD45RO+ and CCR7- memory cells, and ex-
pressed high level of lymph node homing receptor CD62L
(Figure 3). These cells have the potential to be useful for
migrating to peripheral lymphoid tissues draining graft
sites to suppress T cell-mediated allograft rejection and
GVHD. It has previously been demonstrated that ex vivo
expanded Treg can retain their regulatory activity and
migrate appropriately into the peripheral lymphoid or-
gans in the recipient if they express a high level of
CD62L.12’47

[0032] Alloantigen-specific CD4highCD25+Foxp3+

Treg expressed CTLA-4 and GITR but had minimal se-
cretion of TGF-β or IL-10 (Figure 4). Other surface mark-
ers, such as CD27 and CD44, were previously reported
by others to discriminate between functional Treg and
non-Treg.36,37 However, no significant difference was
observed in the expression of CD27 and CD44 between
the CD4highCD25+Foxp3+ Treg and CD4mediumCD25-

Foxp3- non-Treg produced with the B-cell co-culture sys-
tem.
[0033] In certain embodiments, the suppressive ef-
fects of the alloantigen-specific Treg generated accord-
ing to methods of the subject invention can occur with as
little as about 718 suppressors (0.0156:1 ratio) in a cul-
ture of about 50,000 responding CD4+CD25-T cells and
about 50,000 allogeneic peripheral blood mononuclear
cell (PBMC) stimulators. These effects are more potent
than those previously reported for freshly isolated or ex-
panded human polyclonal and alloantigen-specific
Treg,9-11,21 and again support the clinical utility of the
Treg generated by CD40-activated B cells in adoptive
immunotherapy.

Clinical Applications

[0034] Also referred to are methods for treating graft

rejection or promoting graft survival or for treating or pre-
venting autoimmune diseases or conditions.
[0035] In one instance, donor alloantigen-specific reg-
ulatory T cells are generated from a population of cells
using a method of the present invention and are adop-
tively transferred or provided to a subject that has re-
ceived a graft transplant or that will be receiving a graft
transplant or that is suffering from, or may suffer from,
an autoimmune disease or condition.
[0036] The autoimmune disease may be, for example,
type I Diabetes, Addison’s disease, lupus, rheumatoid
arthritis, Graves disease, Multiple Sclerosis or Wegen-
er’s granulomatosis.
[0037] In one instance, the subject is a human and the
donor alloantigen-specific regulatory T cells are human
T cells. In one instance, the alloantigen-specific regula-
tory T cells are CD4lughCD25+ Foxp3+ regulatory T cells.
[0038] Advantageously, the induced
CD4highCD25+Foxp3+ Treg did not have cytotoxic activ-
ities (Figure 5). In addition, the possibility of involvement
of Th2 response in MLR was excluded because blockade
of IL-4 failed to inhibit the suppression of
CD4highCD25+Foxp3+ Treg (Figure 5).

Materials and Methods

Generation of CD40-activated B cells

[0039] Human peripheral blood was obtained from
healthy donors in accordance with ethical committee ap-
proval. PBMC were isolated by density gradient centrif-
ugation as previously reports.28,29 B cells from PBMC
were stimulated via CD40 using NIH3T3 cells transfected
with the human CD40 ligand (t-CD40-L cells) as de-
scribed previously.27 The transfected cells have been
stable for human CD4OL expression over a period of 5
yr, and no other human molecules are expressed on t-
CD40-L cells.27 The lethally irradiated (96Gy) t-CD40- L
cells were plated on 6-well plates (Costar, Cambridge,
MA) at a concentration of 0.4 x 105 cells/well in medium
containing 45% DME (Gibco/BRL, Gaithersburg, MD),
45% F12 (Gibco/BRL) 10% FCS, 2 mM glutamine (Gib-
co/BRL), and 15 iug/ml gentamicin (Gibco/BRL).
[0040] After an overnight culture at 37°C in 5% CO2,
t-CD4OL cells were adherent and ready for B-cell culture.
PBMC at 2 x 106 cells/ml were co-cultured at 37°C in 5%
CO2 with t-CD4OL cells in the presence of IL-4 (2 ng/rnl;
R&D systems, Minneapolis, MN) and cyclosporin A (CsA,
5.5 x 10-7M) in Iscove’s MDM (Gibco/BRL) supplemented
with 10% human AB serum. 50 mg/ml transferrin (Boe-
hringer Mannheim, Indianapolis, IN), 5 mg/ml insulin (Sig-
ma Chemical Co., St. Louis, MO), and 15mg/ml gen-
tamicin (Gibco/BRL).
The concentration of CsA used here was found to only
suppress T-cell proliferation without affecting B-cell
growth. Cultured cells were transferred to the wells of
new plates with fresh irradiated t-CD40-L cells every 3-5
d. Once the cultured PBMC were 75% CD19, they were
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cultured at concentrations of 0.75-1.0 x 106 cells/ml. The
number of viable cells, and CD19+ B cells were analyzed
by flow cytometry every 3-5d. After 14 days of co-culture,
more than 95% of the viable suspended cells are CD19
positive. B cells were cryopreserved for future use. For
co-culture with CD4+ T cells, the cryopreserved CD40-
activated B cells were always centrifuged on a Ficoll-
Hypaque density gradients and washed twice in PBS to
remove nonviable cells including remaining t-CD40L
cells. Alternatively, t-CD40L cells were replaced by dif-
ferent concentrations of the soluble hexameric CD40L
(sCD40L, Alexis Biochemicals, Switzerland) to expand
B cells as above.30

T-cell isolation

[0041] Human CD4+ or naive CD4+ T cells were iso-
lated from healthy donor PBMC by negative selection
using a CD4+ T-cell isolation kit or a naive CD4+ T-cell
isolation kit (Miltenyi Biotec, CA) for depletion of cells
expressing CD8, CD 14, CD 16, CD 19, CD36, CD56,
CD123, TCRγ/δ and CD235a (glycophorin A) (for CD4+
T cells) or depletion of CD8, CD14, CD16, CD19, CD36,
CD56, CD123, TCRγ/δ, CD235a and CD45RO (for naive
CD4+ T cells). The CD25+ cells were further depleted by
positive selection with directly conjugated anti-CD25
magnetic microbeads (Miltenyi Biotec, CA) following the
double-column depletion procedures. After the double-
column depletion procedure, the CD4*CD25- or
CD4+CD45RA+CD45RO-CD25- cells were routinely
more than 99% pure by flow cytometry analysis. In some
cases, the CD25- cells were sorted by FACSAria, and
the purity of CD4+CD25- or CD4+CD45RA+CD45RO-

CD25- cells was greater than 99.9%.

Allogeneic stimulation assay to induce and expand 
Treg

[0042] Freshly purified CD4+CD25- or
CD4+CD45RA+CD45RO-CD25- T cells were co-cultured
with allogeneic CD40-activated B cells at a 10:1 T- to B-
cell ratio in the RPMI 1640 medium with 10% heat-inac-
tivated human AB serum. For some experiments, the T
cells were labeled with CFSE as previously reported be-
fore co-culture with CD40-activated B cells.18 In the re-
peated stimulation experiments, the allogeneic CD40-ac-
tivated B cells were added every 7 days of culture. In
some experiments, human recombinant IL-2 (1000
IU/ml) was added in the culture medium. Functional and
phenotypical hallmarks of the induced and expanded T
cells were examined at the indicated time of culture. The
expansion of the cells was determined by counting trypan
blue-excluding cells.

Flow cytometry analysis

[0043] Cells were phenotypically analyzed using a
FACSAria. The following fluorescence-conjugated mAbs

were used. Anti-CD4-PE-Cy5, anti-CD45RA-PE, anti-
CD45RO-APC were purchased from Caltag Laborato-
ries-Invitrogen (Carlsbad, CA). Anti-CD25-APC,
antiCD62L-APC, anti-CD27-PE, anti-CD44-PE, anti-
CCR7-PE, anti-CTLA-4-PE, anti-GITR-PE and their iso-
type-matched control Abs of irrelevant specificity were
purchased from BD Biosciences. Intracellular staining
was performed after cell fixation and permeabilization,
using Fix and Perm reagents (BD Biosciences) as we
reported before.28’2931 The following mAbs were used:
anti-CTLA-4-PE (BD Biosciences), anti-GITR-PE (BD Bi-
osciences), antiIL-10-PE (R&D), anti-TGF-fl-PE (IQ-
products, Netherlands), and anti-IL-2 (BD Biosciences).
For Foxp3 staining, the human Foxp3 staining kit (eBio-
sciences) was used as we described before.32

Mixed lymphocyte reaction (MLR) assays

[0044] The suppressor capacity of T cells induced and
expanded in co-culture with allogeneic CD40-activated
B cells was studied in an MLR co-culture suppression
assay, as we described before with some modifica-
tions.23,32 CD4+CD25- or CD4+CD45RA+CD25’ T cells
were co-cultured with allogeneic CD40-activated B cells
(target) for 7 or 21 days, after which time
CD4mediumCD25- and CD4highCD25+ T cells were sorted
by FACSAria. The purity of sorted cells was routinely
more than 99%. The sorted CD4highCD25+ and
CD4mediumCD25+ cells referred to as "suppressor" were
titrated and added at the start of MLR assays, consisting
of a total of 5 x 104 responder CD4+CD25- T cells from
same donor of CD4medium/CD4high cells and 5 x 104 gam-
ma-irradiated (30Gy) target PBMC from same donor of
allogeneic B cells. Antigen specificity was examined in
the co-cultures that were performed with third-party stim-
ulator PBMC that were fully class I and II HLA-mis-
matched with the (target) allogeneic B cells. Proliferation
was analyzed by [3H]-thymidine incorporation assay as
described previously,33,3a with incorporation expressed
as the mean 6SEM cpm of four to six wells/condition.
[0045] Cytotoxic capacity of the induced and expanded
cells was detenoined by the Live/Dead cell-mediated cy-
totoxicity kit (Molecular Probes, OR).35 Similar MLR co-
culture was set except responder CD4+CD25- T cells
were labeled with 3, 3’- dioctadecyloxacarbocyanine
(DiO). After 2 and 3 days of MLR culture, cells were
stained with propidium iodide (PI) at 37° C for 2h, and
then analyzed by flow cytometry. Back gating on the
green fluorescent target cells, the PI-positive cells were
evaluated for the percentage of lysed cells.
[0046] The contact dependency of CD4hIghCD25+

Treg was examined in Transwell experiments using 24-
well plates. Briefly, 2 x 105 responder CD4+CD25- cells
and 2 x 105 gamma-irradiated stimulator PBMC (target)
were co-cultured in the lower compartment of the well. 2
x 105 of CD4highCD25+ Treg were cultured in the Tran-
swell insert (0.4 um pore size; Millicell; Millipore). On day
3 of the co-cultures, equivalent culture volumes were
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transferred from the lower compartment of the 24-well
plate to a 96-well, round-bottom plate and analyzed for
proliferation as above.
[0047] Blocking studies were performed in the pres-
ence of the neutralization mAbs directly against CTLA-4
(10 mg/ml, Ancell, USA), IL-4 (10 mg/ml, R&D), IL-10 (10
mg/ml, eBiosciences), GITR (2 mg/ml, R&D), TGF-β (2
mg/ml, R&D) and their relevant isotype controls.

Statistical analysis

[0048] Graphs and statistical analyses were performed
with the use of Prism 4.00 for Windows software (Graph-
Pad Software, San Diego, CA). P values of .05 or less
were considered significant.

Example 1: CD40-activated B cells expanded by in-
cubation with either CD40-ligand transfected cells or 
soluble hexameric CD40-ligand express high levels 
of MHC and co-stimulatory molecules

[0049] As in a previous report,27 non-transformed
CD40-activated B cells could be expanded from circulat-
ing B cells contained in PBMC by treatment with CD40-
liaand (CD40-L) transfected NIH3T3 (t-CD40-L) cells, IL-
4, and low concentrations of cyclosporin A. The purity of
CD19+CD3- B cells was at least 83% by day 8, and more
than 95% at day 12. By 28-32 days of culture, more than
99% of cells were the CD19+CD3- B cells. To evaluate
the expansion rate of B cells, we monitored the absolute
number of CD19+CD3- cells generated from 5.0 ml of
peripheral blood from 8 unselected healthy adult donors.
We found that after 32 days of culture, 8.1-54.3 x 107

CD40-activated B cells could be generated (Figure 1A).
We next determined if soluble hexameric CD40-ligand
(sCD40-L) could replace t-CD40-L for B-cell activation
and expansion, as t-CD40-L are xenogenic and would
be potentially undesirable contaminants in adoptive im-
munity protocols in humans. We found that sCD40- L
expanded B cells in a dose-dependent fashion (Figure
1B). At the concentration of 1.0 mg/ml, it was similarly
effective as t-CD40-L in promoting B-cell expansion (Fig-
ure 1B). CD40-activated B cells generated using either
sCD40-L or tCD40-L expressed high levels of MHC class
I and II molecules and costimulatory molecules CD80
and CD86 at 8 days (Figure 1 C) and the expression of
these molecules remained stable thereafter.

Example 2: Human alloreactive CD4high cells induced 
by CD40-activated B cells are Treg

[0050] To determine whether allogeneic CD40-activat-
ed B cells can induce Treg from CD4+CD25- T cells, pu-
rified circulating CD4+CD25- T cells (purity >99%) were
stimulated with allogeneic CD40-activated B cells for 7
days. Surprisingly, a new cell subset with significantly
upregulated levels of CD4 surface expression was in-
duced after 5 days of allostimulation, and most of these

CD4high cells lost CD45RA expression (Figure 2A) and
acquired CD45RO expression (data not shown). Further-
more, most of these CD4high cells also lost CFSE staining
while the CD4medium cells still maintained their CFSE con-
tent (Figure 2A), suggesting that the induced CD4 high

cells were proliferating alloreactive cells. These pre-
sumed alloreactive CD4high cells expressed CD25 and
Foxp3, while CD4medium cells did not express these two
Treg markers (Figure 2B). Together, these findings indi-
cated that CD40-activated B cells preferentially expand-
ed a CD4highCD25+Foxp3+ Treg cell population. Similar
results were also found using highly purified CD4+CD25-

T cells (purity >99.9%) sorted by FACS in this co-culture
system (data not shown). Thus, it is unlikely that the
CD4highCD25+Foxp3+ Treg obtained were the result of
an expansion of CD4+CD25+ T cells contaminating the
initial culture.
[0051] To examine the function and alloantigen spe-
cificity of the induced CD4highCD25+Foxp3+ Treg from
CD4+CD25- cells, the MLR assay was used. As shown
in Figure 2C, after 7 days of allostimulation,
CD4highCD25+ and CD4medlumCD25- cells were sorted
by FACS and then added in the MLR assay. CD4medium

cells did not suppress either the original target or third-
party alloantigen-induced proliferation, whereas
CD4highCD25+ cells suppressed both target- and third-
party-antigen induced proliferations, although their sup-
pressive effect on third-party alloantigen-induced prolif-
eration was lower than that mediated by the target al-
loantigen (Figure 2C). Thus, CD4highCD25+ Treg gener-
ated from CD4+CD25-cells effectively suppressed in the
MLR assay, but their suppression was not alloantigen-
specific.

Example 3: CD40-activated B cells can induce alloan-
tigen-specific CD4highCD25+ Treg from naive 
CD4+CD25- cells

[0052] We next determined if alloantigen-specific Treg
could be generated from purified naive CD4+CD25- cells
(CD4+CD45RA+CD45RO-CD25+) by co-culture with all-
ogeneic CD40-activated B cells. As in the case of unfrac-
tionated CD4+CD25-T cells, naive CD46CD25- cells ex-
panded by co-culture with CD40-activated B cells also
acquired a CD4high, CD25+ and Foxp3+ phenotype after
7 days of culture, (Figure 3A). Furthermore, these
CD4highCD25+Foxp3+ Treg underwent 7-8 cells divisions
by 7 days of allostimulation (Figure 3A). In contrast,
CD4medium cells neither divided nor expressed CD25 and
Foxp3 (Figure 3A).
[0053] We further examined the suppressive capacity
and alloantigen specificity of the CD4highCD25+ Treg in-
duced from naive precursors. These CD4highCD25+ Treg
significantly suppressed the original target alloantigen-
induced proliferation, whereas CD4mediumCD25- cells did
not show substantial suppressive ability (Figure 3B). Im-
portantly, the induced CD4highCD25+ Treg were unable
to suppress a third-party alloantigen-induced prolifera-
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tion (Figure 3B). These data demonstrate that
CD4highCD25+ Treg induced from naive CD4+CD25- T
cells by allogeneic CD40-activated B cells are alloanti-
gen-specific.
[0054] The CD4highCD25+ Treg generated from naive
precursors had very high suppressive potential: Even at
a cell ratio of 1:256 for Treg : responder cells
(CD4+CD25-), there was approximately 50% suppres-
sion of target alloantigen-stimulated proliferation. At a
Treg to responder cells ratio of 1:16 or higher, the target
alloantigen-stimulated proliferation was almost com-
pletely inhibited (Figure 3B). This highly suppressive po-
tential was also evident with unsorted CD4+ T cells con-
taining approximately 80% of CD4highCD25+ T cells and
20% of CD4mediumCD25-T cells, indicating that contam-
inating CD4mediumCD25- cells do not interfere with Treg
activity and therefore do not need to be removed by FACS
sorting (Figure 3B).

Example 4: Characteristics of CD4highCD25+Foxp3+ 
alloantigen-specific Treg

[0055] We further characterized the phenotype of the
induced CD4highCD25+Foxp3+ alloantigen-specific Treg
population. CD25 was significantly upregulated from low
basal levels by day 3 of culture, and more than 90% and
95% of CD4high cells expressed CD25 at day 3 and day
10 respectively, whereas there was no CD25 upregula-
tion on CD4mediumcells for up to 10 days of culture (Figure
4A). The memory T-cell marker CD45RO was also up-
regulated in both CD4high and CD4medium cells, but while
95% of CD4high cells were CD45RO after 10 days of cul-
ture and only about 50% of CD4mediumcells had this sur-
face phenotype. Unlike previous reports indicating that
the expression of CD27 and CD44 can discriminate func-
tional CD4+CD25+ Treg in human and mice,36,37 we
found no significant differences in CD27 and CD44 sur-
face expression by CD4high Treg compared to
CD4mediumT cells or within the population of
CD4highCD25+ Treg (Figure 4A). Most of induced
CD4high Treg lost their CCR7 expression after 6 days of
culture, suggesting they had a memory/effector like phe-
notype and tendency to migrate to inflamed tissues rather
than undergo recirculation between the lymph nodes and
blood.38 However, CD4highTreg still maintained high lev-
els of CD62L expression, which likely would confer ef-
fective lymph node homing via high endothelial venules.
[0056] We next examined the expression of proteins
previously implicated in the suppressive activity of Treg,
including cytotoxic T lymphocyte antigen-4 (CTLA-4 or
CD 152), glucocorticoid-induced TNF receptor (GITR),
IL-10 and TGF-β.39 Figure 4 shows that cell surface CT-
LA-4 and GITR were clearly detectable by day 3 and
gradually increased such that about 30% and 45% of
CD4high Treg expressed surface CTLA-4 and GITR, re-
spectively, between day 6 and day 7. This was followed
by a gradual decline in surface expression. Total CTLA-
4 and GITR expression displayed different kinetics in that

they gradually increased from day 3 so that about 60%
and 30% of CD4highCD25+ Treg expressed CTLA-4 and
GITR, respectively, after 10 days of culture based on
intracellular staining (Figure 4B). In contrast,
CD4mediumCD25- T cells expressed little or no CTLA-4
and GITR molecules on the surface or intracellularly
(Figure4). Both CD4mediumCD25- cells and
CD4highCD25+ Treg expressed little or no detectable IL-
10 and TGF-P during 10 days of culture (Figure 4B). Tak-
en together, these data suggest that CTLA-4 or GITR but
not 1L-10 and TGF-β are potential mediators of
CD4highCD25+ Treg suppressive activity.

Example 5: CD4highCD25+ Treg lack cytotoxic capac-
ity and suppress by a mechanism that requires cell-
cell contact and involves, in part, CTLA-4 expression

[0057] To determine the mechanism of CD4highCD25+

Treg suppression, we first determined whether
CD4highCD25+ alloantigen-specif Treg had cytotoxic ac-
tivity to responder cells (CD4+CD25-), as previous stud-
ies demonstrated that the suppression of Treg was de-
pendent on their cytotoxicity.40,41 CD4highCD25+ Treg
did not kill responder cells or induce their apoptosis dur-
ing 2-3 days of MLR (Figure 5A), suggesting that the
suppression of CD4highCD25+ alloantigen-specific Treg
was not mediated by cell-mediated cytotoxicity.
[0058] We next determined if CD4highCD25+ suppres-
sion could be mediated solely by soluble molecules re-
leased from Treg. As shown in Figure 5B, the suppres-
sion was lost when the responder cells were physically
separated from the induced CD4highCD25+ Treg in a tran-
swell culture system. The addition of neutralizing mono-
clonal antibodies (mAb) for IL-10, TGF-β, IL-4 or GITR
into MLR cultures had little or no effect on the ability of
CD4highCD25+ Treg to suppress alloantigen-specific pro-
liferation (Figure 5C). In contrast, antibody blockade of
CTLA-4 partially reversed CD4highCD25+ Treg suppres-
sion (Figure 5C). Together, these data suggest that the
CD4highCD25+ Treg-mediated suppression of alloanti-
gen responses is cell-cell contact dependent and medi-
ated, in part, by CTLA-4.

Example 6: CD4highCD25+ Treg can be continuously 
expanded by CD40-activated B cells in large-scale 
without loss of function and exogenous IL-2 does 
not enhance cell expansion

[0059] We examined the ability of three weeks of co-
culture of naïve CD4+CD25-T cells with allogeneic CD40-
activated B cells to generate Treg, in which freshly gen-
erated CD40- activated B cells were added weekly. As
shown in Figure 6A, CD4highCD25+ Treg gradually in-
creased, and more than 92% of T cells in culture were
the CD4highCD25+ Treg at day21 (Figure 6A). Using ten
healthy randomly selected adult blood donors, we were
able to expand CD4highCD25+ Treg 6.4 x 105- to 1.6 x
107-fold during 21 days of culture (Figure 6B). This ex-
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pansion did not require exogenous IL-2, as its addition
did not increase the generation of CD4highCD25+ Treg
cells (Figure 6C). To more precisely determine the rate
of expansion, we used a standard number of naive
CD4+CD25- T cells (1 x 106) at the beginning of the cul-
ture, and found that about 8.3 x 106 (range from 5.4-11.3
x 106) of CD4highCD25+ Treg could be generated from
every 1 x 106 of naive CD4+CD25- T cells in ten unse-
lected donors (Figure 6D). Furthermore, expanded
CD4highCD25+ Treg evaluated at 21 days of culture had
similar suppressive ability and alloantigen specificity
(Figure 6E) as Treg generated over a shorter period of
in vitro culture. In addition, these Treg still maintained
their high levels of Foxp3 expression (data not shown).
Together, these results demonstrate that CD40-activat-
ed B cells can induce and expand CD4highCD25+Foxp3+

alloantigen-specific Treg at a scale that is likely to be
relevant for clinical immunotherapy.
[0060] With respect to any figure or numerical range
for a given characteristic, a figure or a parameter from
one range may be combined with another figure or a pa-
rameter from a different range for the same characteristic
to generate a numerical range.
[0061] Other than in the operating examples, or where
otherwise indicated, all numbers, values and/or expres-
sions referring to quantities of ingredients, reaction con-
ditions, etc., used in the specification and claims are to
be understood as modified in all instances by the term
"about."
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Claims

1. An in vitro method for the induction, expansion
and/or generation of alloantigen-specific human reg-
ulatory T cells, comprising:

contacting of allogeneic CD40-activated B cells
with naive CD4+CD25- T cells for a period of
time sufficient to induce, expand, and/or gener-
ate the alloantigen-specific human regulatory T
cells; and
isolating the alloantigen-specific human regula-
tory T cells from the cell population.

2. The method according to claim 1, wherein the al-
loantigen-specific human regulatory T cells com-
prise CD4highCD25+Poxp3+ regulatory T cells.

3. The method according to claim 1, wherein the period
of time is 21 days and contacting of allogeneic CD40-
activated B cells with naive CD4+CD25- T cells is
conducted in an absence of exogenous cytokines.

4. The method according to claim 1, further comprising
obtaining the naive CD4+CD25- T cells from periph-
eral blood.

5. The method according to claim 1, wherein 6.4 x 105

to 1.6 x 107 alloantigen-specific human regulatory T
cells are generated for every 1 x 106 naive
CD4+CD25-T cells.

6. The method according to claim 1, wherein 6 x 106

to 1.1 x 107 alloantigen-specific human regulatory T
cells are generated for every 1 x 106 naive
CD4+CD25- T cells.

7. The method according to claim 1, wherein the al-

loantigen-specific human regulatory T cells can be
cryo-preserved and thawed without loss of function.

Patentansprüche

1. In-vitro-Verfahren zur Induzierung, Expansion
und/oder Erzeugung von Alloantigen-spezifischen
humanen regulatorischen T-Zellen, umfassend:

Inkontaktbringen von allogenen CD40-aktivier-
ten B-Zellen mit naiven CD4+CD25--T-Zellen
über eine ausreichende Zeitspanne, um die Al-
loantigen-spezifischen humanen regulatori-
schen T-Zellen zu induzieren, expandieren
und/oder zu erzeugen; und
Isolieren der Alloantigen-spezifischen humanen
regulatorischen T-Zellen aus der Zellpopulation.

2. Verfahren gemäß Anspruch 1, wobei die Alloanti-
genspezifischen humanen regulatorischen T-Zellen
CD4highCD25+Foxp3+-regulatorischen T-Zellen um-
fassen.

3. Verfahren gemäß Anspruch 1, wobei die Zeitspanne
21 Tage ist und das Inkontaktbringen der allogenen
CD40-aktivierten B-Zellen mit naiven CD4+CD25--T-
Zellen in Abwesenheit von exogenen Zytokinen
durchgeführt wird.

4. Verfahren gemäß Anspruch 1, welches zusätzlich
das Erhalten der naiven CD4+CD25--T-Zellen aus
peripherem Blut umfasst.

5. Verfahren gemäß Anspruch 1, wobei für jede 1 x 106

naiven CD4+CD25--T-Zellen 6,4 x 105 bis 1,6 x 107

Alloantigen-spezifische humane regulatorische T-
Zellen erzeugt werden.

6. Verfahren gemäß Anspruch 1, wobei für jede 1 x 106

naiven CD4+CD25--T-Zellen 6 x 106 bis 1,1 x 107

Alloantigenspezifische humane regulatorische T-
Zellen erzeugt werden.

7. Verfahren gemäß Anspruch 1, wobei die Alloanti-
genspezifischen humanen regulatorischen T-Zellen
ohne Funktionsverlust kryokonserviert und aufge-
taut werden.

Revendications

1. Procédé in vitro d’induction, d’expansion et/ou de
génération de lymphocytes T régulateurs humains
spécifiques d’un allo-antigène, comportant les opé-
rations suivantes :

- mettre des lymphocytes B allogéniques activés
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par CD40 en contact avec des lymphocytes T
CD4+,CD25- naïfs, et les laisser ainsi durant un
laps de temps suffisant pour que se produise(nt)
l’induction, l’expansion et/ou la génération de
lymphocytes T régulateurs humains spécifiques
d’un allo-antigène,
- et isoler les lymphocytes T régulateurs hu-
mains spécifiques d’un allo-antigène, à partir de
cette population de cellules.

2. Procédé conforme à la revendication 1, dans lequel
les lymphocytes T régulateurs humains spécifiques
d’un allo-antigène comprennent des lymphocytes T
régulateurs CD24haut,CD25+,Foxp3+.

3. Procédé conforme à la revendication 1, dans lequel
le laps de temps est de 21 jours, et le contact des
lymphocytes B allogéniques activés par CD40 et des
lymphocytes T CD4+,CD25- naïfs a lieu en l’absence
de cytokines exogènes.

4. Procédé conforme à la revendication 1, qui comporte
en outre le fait d’obtenir les lymphocytes T
CD4+,CD25- naïfs à partir de sang périphérique.

5. Procédé conforme à la revendication 1, dans lequel
il y a de 6,4.105 à 1,6.107 lymphocytes T régulateurs
humains spécifiques d’un allo-antigène qui sont gé-
nérés, par million (1.106) de lymphocytes T
CD4+,CD25- naïfs.

6. Procédé conforme à la revendication 1, dans lequel
il y a de 6.106 à 1,1.107 lymphocytes T régulateurs
humains spécifiques d’un allo-antigène qui sont gé-
nérés, par million (1.106) de lymphocytes T
CD4+,CD25- naïfs.

7. Procédé conforme à la revendication 1, dans lequel
les lymphocytes T régulateurs humains spécifiques
d’un allo-antigène peuvent être cryoconservés et dé-
congelés sans perte de fonction.
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