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t he donor stem 35 cell preparations generally contain T | ynphocytes. GVHD
results when the donor T | ynphocytmxckdree®emi ze hi stoconpatibility antigens
of the recipient as foreign and respond by causing nulti-organ dysfunction
and destruction. Methods for alleviating the synptons of autoi mmune
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30 Alternatively, the ability of the immune system fo recognize and respond to foreign antigens is
undesirable in some situations. For example, the rejection of solid organ fransplants, i.e., graft
rejection, occurs when the immune system of the recipient recognizes foreign histocompatibility
antigens. Likewise, transplantation of hematopoietic stem cells from an unrelated (or allogeneic)
donor can trigger a deadly response called graft versus host disease (GVHD) because the donor stem

35 cell preparations generally contain T lymphocytes. GVHD results when the donor T lymphocytes
recognize histocompatibility antigens of the recipient as foreign and respond by causing multi-organ
dysfunction and destruction. . !

Methods for alleviating the symptoms of autoimmune disorders and for preventing graft rejection
40 typically involve the use of steroids with potent anti-inflammatory and immunosuppressive action,



Met hods for "resetting"” the i mmune system by generating regulatory T cells
(also referred to as suppressor T cells) are described in U S. Patent Nos.
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met hods for inhibiti ng aberr mrune responses conpri sing
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may be nre
25 activators, T cell stlmulators nonT accessory cells and neutrallzmg anti-cytokine antibodies. These

components may be added in any number of combinations including one or more compounds from
the same class of compounds, i.e., two or more cytokines, may be mixed together. The composition
also may contain compounds from different classes of compounds, such as a one or more cytokine, T

cell activator, etc.

30
In an additional aspect, the present inventions provides methods for inhibiting aberrant or undesirable
immune responses comprising administering the regulatory T cells generated using the regulatory
compositions described herein.

35 In a further aspect, the present invention provides kits for the practice of the methods of the invention,

i.e., the incubation of cells with the regulatory compositions.
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30 demonstrated for the small "virgin" CD25+ subset isolated from the naive fraction of CD4+ CD45RA+
cells (Figures 4A and B). Suppression was assessed by the inhibiting the generation of cytotoxic T
lymphocyte (CTL) activity against the lymphoblasts of the stimulator using the well established
chromium release assay with three effector to target cell ratios. Most CD4+ CD25+ cells are
contained in the previously activated, or memory CD45RO+ subset. Studies showing the suppressive

35 activity of these regulatory cells are shown in Figure 4C and 4D. The suppressive effects of memory
CD4+ CD25+ cells alloactivated for 5 days with IL-2 (10 U/ml) + TGF-beta 1 (1ng/ml) on other T cells
is shown. The mixed lymphocyte was repeated with the same donors and the activated CD4+ CD25+
cells were added to autologous responder T cells in a 1:10 ratio. The responder cells were labeled
with carboxyfluorescein and the percentage and absolute numbers of cycling CD8+ cells was

40 assessed 6 days after activation. The clear bar indicates cycling CD8+ cells without added activated
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Figures 7A and B illustrate another experiment where IL-2 and TGF-8 induce CD4+ CD45RA+ CD25-
40 cells to become suppressor cells. Various CD4+ CD45RA+ subsets were activated + TGF-8 and
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30 Several regulatory T cell subsets have been identified (see Zheng, et al., (2002) J. Immunol., 169:
4183-4189). For example, in the thymus, a subset of CD4+ T cells (CD4+ CD25+) constitutively
express the alpha chain of the IL-2 receptor complex (CD25). These CD4+ cells have a broad range
of suppressive activities that include prevention of autoimmunity and graft rejection, control of
homeostatic lymphocyte proliferation, and regulation of germinal center formation in lymph nodes.

35 These cells suppress by a contact-dependent, TGF- independent, mechanism and are referred to as

“professional” regulatory T cells.

Other regulatory cells, called Th3 or Th3-like cells, can be either CD4+ or CD8+ T cells that produce
immunosuppressive levels of TGF-B. These cells are produced in peripheral lymphoid tissue, such as

40 mucosal lymphoid tissues in response to oral or intranasal immunization. Th3 cells have a protective
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The proportions of professional and cytokine-producing cells that are generated depends upon the
composition of the T cell population that is treated, the composition of the regulatory composition and

30 whether non T accessory cells are added.

Administration of one or more of the regulatory T cell subsets generated by one of above approaches
can be used to inhibit undesirable immune responses in an individual. For example, in individuals
with antibody-mediated autoimmune disorders, the present invention restores the capacity of

35 peripheral blood T cells to down regulate antibody production and restores cell mediated immune
responses. In patients with cell-mediated disorders, the present invention generates regulatory T
cells that suppress cytotoxic T cell activity in other T cells. In patients receiving a solid organ
transplant , the present invention prevents the recipient's T cells from destroying the donor organ. In
patients receiving a stem cell transplant, the present invention prevents the donor stem cells from

40 destroying the recipient’s cells and tissues.
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30 CD45 isoform and shows efficient effector functlon (e.g., production of effector cytokines, cytotoxicity),
increased CD95/FAS expression, and increased susceptibility to apoptosis, high levels of
CD11a/CD18 and the other general adhesion molecules listed above, and heterogenous expression
of the L-selectin, a4B7 integrin, and CD27 (Picker and Siegelman, (1999) “Lymphoid Tissues and
Organs” in W. E. Paul, ed., Fundamental Immunology, 4" ed., chapter 14, pp 479-531). Although the
35 specific markers of memory-effector T-cell differentiation apply largely to humans, analogous naive-

memory T-cell dichotomy exists in animals as weil.

Thus, the methods of the present invention begin with the isolation of T cells. As described below, the
methods provide for the isolation of naive and memory-effector T cells. By “naive T cells” herein is
40 meant T cells that express the CD45RA/RO’, are undifferentiated because they have not been
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Separation or concentration procedures include but are not limited to magnetic separation, using
antibody-coated magnetic beads, affinity chromatography, cytotoxic agents, either joined to a
monoclonal antibody or used with complement, “panning”, which uses a monoclonal antibody

30 attached to a solid matrix. Antibodies attached to solid matrices, such as magnetic beads, agarose
beads, polystyrene beads, follow fiber membranes and plastic surfaces, allow for direct separation.
Cells bound by antibody can be removed or concentration by physically separating the solid support
from the cell suspension. The exact conditions and procedure depend on factors specific to the
system employed. The selection of appropriate conditions is well within the skill in the art.

35
Antibodies may be conjugated to biotin, which then can be removed with avidin or streptavidin bound
to a support, or fluorochromes, which can be used with a fluorescence activated cell sorter (FACS), to
enable cell separation. Any technique may be employed as long as it is not detrimental to the viability
of the desired cells.

40
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known ipgd)en aké be ussaneral ly, this involves addition of physiological nedia
or buffer, followed by centrifugation. This may - be repeated as necessary.
The PBMC can be resuspended in physiol ogical nedia, preferably AIMV 10
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96% ( seeidhaidg, 16814188-418¢).2002) J. Irmmunol ., 169: 4183-4189). In a preferred
embodi nent, CD8+ cells are prepared by negative selection (see Zheng, et
al ., (2002) J. I'munol ., 169: 4183-4189). 25 Ina preferred enbodi nent,
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usually greater t hat

CD25- depleted T cells are prepared from CD4+ T cells by cell sorting. Before sorting, the
CD4+ CD25+ population was approximately 3-5% among total CD4+ T cells. After sorting, the CD4+

CD25+ population was less than 0.3% (see Zheng, et al., (2002) J. Immunol., 169: 4183-4189).

30
In a preferred embodiment, the CD4+ cells are further purified to include only undifferentiated, naive
CD4+ T cells. This is done by depleting the CD4+ cells of CD45RO+ cells using monoclonal
antibodies.

35 NK T cells may be isolated by standard techniques known to those of skill in the art (see for example,

Gray, et al. (1998) J. Immunol., 160: 2248, incorporated herein by reference in its entirety).
If desired, B cells can be obtained from nonrosetting PBMC treated with 5 mM w-leucine methyl ester

(LME) for depletion of monocytes and NK cells. The cells so obtained ar then stained with Abs to
40 CD3, CD16, and CD11b and depleted of reactive cells by immunomagnetic beads. the resulting
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, 0N ( W, et al.,
1962, P?Q??m‘dfig %673' mOBQ%CSgBe 4‘%‘16 °°Ii( 4 IIr::1>05| tb[%5 &%ﬁml “E% @A‘mg hol i ne
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i n Radi gbj | ' twhRen EixpidsdinddridtedbyreRfspeence  on
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Typically, the cells may be stored 25 in 10% DMSO, 50% serum and 40% RPM

1640 measkneratiolF Reglaatefy Tedlls separation and purification
Once isolated, the T cells may be treated with a regulatory composition to generate activated
30 regulatory T cells with enhanced suppressive activity. By “regulatory T cells” herein is meant CD8+ or
CD4+ T cell subsets that develop the ability to prevent cytotoxic T cell activity in other T cells, inhibit
antibody production, suppress delayed type hypersensitivity responses, inhibit monocyte, dendritic
cell or B cell function as antigen presenting cells, etc. As discussed above, several regulatory T cell
subsets exist. These T cell subsets can be broadly divided into two categories: (1) professional

35 regulatory T cells; and (2) cytokine-producing regulatory cells.

By “professional regulatory T cells” herein is meant a subset of CD4+ T cells that constitutively
express the alpha chain of the IL-2 receptor complex, CD25. Thus, professional regulatory T cells are
CD4+ CD25+. These cells exhibit a broad range of suppressive activities including suppressing

40 activation of other T cells, down regulating antibody production, and inhibiting cytotoxic T cell activity.
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suppressive activity. As ill ustrated in Figure 1, the nunber of virgin
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lymphocytes, mcludlng T cells and B cells, monocytes, and dendritic cells. By “enhanced”
suppressive activity” herein is meant regulatory T cells that have been activated in the presence of a
regulatory composition comprising TGF-B. These regulatory T cells are able to inhibit the activity of
other immune cells in fewer numbers than non-conditioned regulatory cells. The suppressive activity

35 of professional regulatory T cells can be determined using an allogeneic mixed lymphocyte reaction
as is known in the art and described in several of the Figures. For example, professional regulatory
CD4+ CD25+ T cells isolated from lymphoid tissues have suppressive activity when added to other
cells at 1:1 to 1:4 ratios (Shevach, E.M. (2000) Regulatory T cells in autoimmmunity. Annu. Rev.
Immunol.,18, 423-449). By contrast, 1:10 to less than 1:100 activated CD4+ CD25+ cells generated
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regul atory conposition, the percent of professional regulatory T cells in
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Pr ef er abl wo @3hva92eer cent of professional regulatory T cel | dmusochess

popul ation is increased to greater than 25% Mre preferably, the percent

of pr of iesis weszhce sfageduetay gonipositibn eomprisitdlEGPERuérastiony siprassies efesed t o

gr eat er . g percent of professional regulatory
T cell sY:aﬂégwggg%;)%@ﬁjgﬁﬁ{ug&ﬁﬁéﬁgg’ée to greater than 70% 30 "Suppressive
activity" herein refers to ability of a regulatory T cells to inhibit the
act i \d/at Onde isfiatad, ercelld arapeaeyliess regmbmdbmgos‘ﬁoﬁ ey ‘sreatedl Breneis hantfocyt es,
an en (o n is neant
Fogul at eyl sl Sen B pEDARREGY conyBHRRI GRFIEpREh shiachy i Rlgee]

regul at @gylatewﬁwﬁ Betivisn B@mwﬂb@pwi"vawalt%.bevh@whwsw@glcatt@mpramreel |s are able
to inhibit the activity of other inmmune cells in fewer nunbers than

non-con |t|o d re Q cells. The su ssive activity 35 of

pr of ess?%ﬁ%ﬁ "ﬁt"a‘ﬁ %’gr(‘?@l'sf Teant A C%poégg%&ﬁt %Eépdﬂg‘?t "3?{? H*PP'6enei ¢ mi xed
I yrrphocyrtdeswwmnlmome reggnees. [Bydvndesirableliremane regpodsade Barein benleannrrmwer al of the
Fiigur esqisdr@drs SnepdtRriSed Wteé RAGL BNARL Mrﬁ%&?ét&ﬁibdn%kh@@?ﬁé Fot&ifcptd SOI ated

fromlynphoid {1 ssues have suppressive activit to other «cells
at 1:1 'Eeép%‘dlpfP?tgtnc?'Et'QeSﬁ&%HU“GEGWP“%QEGD@”S%@%H USRSy Thus dnqesirgble

aut oi mmuine yespéisasiincliRésy but dremat dited, td, Snhitkd3 oA 831 acBatiep mhibaish of 1: 10 to | ess
than 1: I CrA SRR 03/ 059264

PCT/ USO /Etfg‘gog‘%\éﬁ%%gﬁe pruéosencgy gﬁbgﬁ?@gﬂ&(ﬁéxﬁ:ﬁy (J:D(?)Préé\(q))m tion conprising
TGF-R exert strong suppressive effects (Yanmagiwa et al, (2001) J. | mmuno.

166: 7 2§é’gu&%ry cc(ﬂitibéltlér&%a’:ytcﬁdtpnsle@t updkt & carlh@orfehl@ ah@ﬂjmgi 4] b’lcﬁoki'rﬂgl(t)at ory

conposi t I S neant t at ed
o s reie e i<, SdRlen R e Pre maR g Rl e L3 1 deisie 845 aECRATG

r egul at @qﬂyatqf Sdé] ﬂond'(ﬁcp%qstﬂy Ce"ﬁh@andl (Plcanti-zytoline l\muwllzge n@nmldwl andibagieder

physi ol ogi cal tenperature. regul at ory conposition” herein is neant a

conposi tion th t. can_indu cel | suppres undesi rabl e i nmune
 oopons 1 ageica 2ty hFétﬂU%?qrtﬁﬁmes'ﬁ B ER e dine BefBlsthel G 10
di2€or deinslugsidanr the tempasitidn, byt withgerfesilly bﬁ' & pbysidldy donTaniratiopyist tecorentragion ngui sh
sel f 1Rt &l the Qbsib® efi&s RO emartc%éttgﬁsp%aﬁd §688%# reQliatofTB4AE T €Sponses
to transplanted tissues. Thus, undesirable | mune responses I nclude, but
are not limted to, inhi b|t|on of T cell activation, inhibition of
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anti bodi es. The congentration of the regulatory npositiion wll vary
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concentration of TGF-g used ranges from about 2 picograms/ml of cell suspension to about 10
nanograms, with from about 10 pg to about 4 ng being preferred, and from about 100 pg to about 2 ng
being especially preferred, and 1 ng/ml being ideal.

35
In a preferred embodiment, IL-2 is used in the regulatory composition. The IL-2 can be any form of IL-
2 that is active on the mammalian cells being treated. In humans, recombinant IL-2 is currently
preferred. In general, the concentration of IL-2 used ranges from about 1 Unit/ml of cell suspension to
about 100 U/ml, with from about 5 U/mi to about 25 U/ml being preferred, and with 10 U/ml being

40 especially preferred. In a preferred embodiment, [L-2 is not used alone.
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30 In a preferred embodiment, non T accessory cells or an equivalent surrogate are used in the
regulatory composition. Non T accessory cells that may be included in the regulatory composition are

B cells, macrophages, monocytes, and dendritic cells.

In a preferred embodiment, anti-cytokine neutralizing monoclonal antibodies are used in the
35 regulatory composition. Suitable anti-cytokine neutralizing monoclonal antibodies include anti-TGF-B.

In some embodiments, such as the generation of regulatory T cells for use in graft rejection or GVHD,
stimulator cells (e.g. irradiated T cell depleted cells) are included in the regulatory composition (see
U.S.S.N.s. 09/653,924 and 09/833,526).

40
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Cép s i ‘f?"?t \M@ %‘f‘%ﬂcﬁj ﬁﬁopﬁ\é% é({tl}ll&yn %\gﬁmiqlé)% appremated By those of sﬂl?m?he art, both

professional regulatory T cells and cytokine-producing T cells are produced using this regulatory

composition. Moreover, professional regulatory T cells and cytokine-producing T cells may be
generated from various T cell subsets, including CD4+, CD8+, naive CD4+ cells, etc.

35 In a preferred embodiment, IL-2, TGF-B, and a CD2 activator, are used to generate activated
regulatory T cells with enhanced suppressive activity. As will be appreciated by those of skill in the
art, both professional regulatory T cells and cytokine-producing T cells are produced using this
regulatory composition. Moreover, professional regulatory T cells and cytokine-producing T cells may
be generated from various T cell subsets, including CD4+, CD8+, naive CD4+ cells, etc. Other

40 preferred combinations include 1L-15, TGF-B, and a CD2 activator.
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For exdl Ity testing; gram
populatlon and determme cell surwval as a measure of suppresswe aclivity (see Figlres). Assays,
such as those described in Example 1 and in the brief description of the Figures may be used to

30 determine suppressive activity.

Assays such as those described in U. S. Patent No. 6,358,508, incorporated herein by reference in its
entirety, can also be used to identify professional regulatory T cells. The addition of neutralizing
antibodies and 1L-10 to a population of treated cells can be used to identify cytokine-producing T cells

(see Example 1).

35

Uses for Regulatory T cells
Once generated, T cells with suppressive activity may be administered to alleviate an immune

response in a patient. By “immune response” herein is meant host responses to foreign or self
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evaluated. Regulatory T cells may also be assessed for their ability to suppress T cell activation or to

prevent T cell cytotoxicity against specific target cells in vitro (see U.S. Patent No. 6,358,506,

incorporated herein by reference in its entirety).

After the treatment, the cells are transplanted or reintroduced back into the patient. This is generally
35 done as is known in the art, and usually comprises injecting or introducing the treated cells back into

the patient, via intravenous administration, as will be appreciated by those in the art. For example,

the cells may be placed in a 50 ml Fenwall infusion bag by injection using sterile syringes or other

sterile transfer mechanisms. The cells can then be immediately infused via IV administration over a
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rec Generally, the composition of the container will be any suitable, biologically inert material, such as

glass or plastic, including polypropylene, polyethylene, efc. The cell treatment container may have

30 one or more inlet or outlet ports, for the introduction or removal of cells, reagents, regulatory
compositions, etc. For example, the container may comprise a sampling port for the removal of a
fraction of the cells for analysis prior to reintroduction into the patient. Similarly, the container may
comprise an exit port to allow introduction of the cells into the patient; for example, the container may
comprise an adapter for attachment to an IV setup.

35
The kit further comprises at least one dose of an regulatory composition. “Dose” in this context
means an amount of the regulatory composition such as cytokines, that is sufficient to cause an
effect. In some cases, multiple doses may be included. In one embodiment, the dose may be added
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Stained cells were removed using immunomagnetic beads. Total T cell subsets and CD25 depleted T
cell subsets were mixed with allogeneic irradiated non-T cells and cultured for 6 days with graded
30 amounts of TGF-B. At the conclusion of the culture period, the total number of each subset and those

that expressed CD25 was determined.

Effect on the Expansion of CD4+ expressing different cell surface markers
Figures 2A and 2B illustrate the expression of cell surface markers on CD4+ subsets after stimulation

35 by TGF-B in an allogeneic mixed lymphocyte reaction. Total CD4+ cells, CD4+ cells depleted of
CD25, and naive CD45RA+ CD45RO- cells were studied. A dose dependent effect of TGF-§ on the
expression CD25 on total CD4+ cells and naive cells was observed. Depletion of CD25 in the starting
population abolished this effect. Thus, TGF-B, appears to expand the CD4+ CD25+ subset of CD4+
cells.
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Exanple | Effects of TG~ (3 co-stinulation on CD4+ and CD8+ T cells 20
Effect on Gowh of CD4+ and CD8+ cells As shown in Figure 1,
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Figures 3A-D depict the effect of TG (3 in inducing suppressive activity
by various CD4+ T cell 10 subsets. In these experinents ur|f| CDA+ T
cel | sUlbeedditionesf @emnzengrrwomn%mtlbowrwHg%wacke%@ﬁamﬂ"%sﬁ@gaww 2 (3 (1
g m) ck C%J};g@éuhgthm A st AR ROBY bbsehed slipprestsivd/hdllitas cydairerdepedeatbove.  The
purified + subsets were thene tested for their ability to inhibit the
generation of T cell cytotoxicity. Figures 3A and B show that purified
CD4+ CD25+ T cells have significant suppressive acitivty and that this
activity is significantly increased, i.e., enhanced, by conditioning with
TG-R 15 Figures 3C and 3D show the TGF-(3 has simlar effects, i.e., a
mar ked increase in the suppressive
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activity, on other T cell subsets: CD45RA+ CD45RO CD25-, and CD45RA-
CD4A5RO+ subsets of CD4+ cells. Addition of IL-2 is not required for this
enhancenmewo @afosgsppr essi ve activity. The addition of neut rrdT/zsong1288

nonocl onal antibodies and IL-10 bl ocked the suppressive activity of these
20 cell s, suggesti ng that al |east spgmef the observed suppressive

activi éM A %%eokl ne- dependent. 21 WD 03/059264 PCT/ US02/ 41288 CLAI M5

What Qﬁ gi° : 1. Anmethod for generating regulatory T cells
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at | easpopation. cyt okine; (ii) at least one T cell activator; and (iii) at
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sufficient generat ul ation of cytokine uci.ng.regyl atory. T cells.
50 5. & MR St BraIay . e fet e PR CL AR Bl e e R st T
cells |$t|\atyaa|geeeré@4+ T cell population. 6. A nmethod according to claim4,

wherein activated regulatory T cells with enhanced suppressive 25 activity

are generated. 7. A nethod for _induci nﬂ t he expression of CD122 on the
sur f acet o”fm?tg?ﬁjf%qe@?'&?tmﬂ regyitary d SRR SORPAYRS: treating a popul ation of CD4+ T
cells conpr |estré@|ng:owemttohmrraiellsTwumed regulatoryl cpmpdsitios comaising @patleastany T cel |'s
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conventHopyiationT cel I s; and,

6. A method according to claim 4, wherein activated regulatory T cells with enhanced suppressive
25 activity are generated.

7. A method for inducing the expression of CD122 on the surface of regulatory T cells comprising:
treating a population of CD4+ T cells comprising conventional T cells and professional regulatory T
cells with a regulatory composition comprising (i) at least one cytokine; (ii) at least one T cell activator;

30 and (iii) af least one population of non T accessory cells for a period of time sufficient fo generate
regulatory T cells that express the CD122 marker on their surface.

8. A method for generating regulatory T cells comprising:
a) making a CD4+ T cell population comprising activated professional regulatory T cells and a
35 conventional T cells; and,
b) adding at least one T cell activator to said CD4+ T cell population for a period of time
sufficient to generate a regulatory cell population comprising professional regulatory T cells and
cytokine producing regulatory T cells.
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b) adding at |least one T cell activator to said CD4+ T cell population for
a period of tine sufficient to generate a regulatory cell population
conpri si ngfqmmsmsi onal regulatory T cells and cytokine ppoadusoRapss
regulatory T cells. 22 WO 03/059264 PCT/ US02/41288 9. A nethod according
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13. A method according to claims 1-7, wherein said regulatory composition further comprises at least
15 one population of non T accessory cells selected from the group consisting of B cells, macrophages,

monocyies, and dendriic cells.

14. A method according to claims 1-13, further comprising administrating said regulatory T cells to a
recipient exhibiting an undesirable immune response.

20
15. A method according to claims 1-13 further comprising administrating said regulatory T cells to a
recipient exhibiting an aberrant immune response.
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