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PROFESSI ONAL AND CYTOKI NE- PRODUCI NG REGULATORY T CELLS This application

cl ai ns t hWOR843S9264 of the filing date of U.S.S. N 60/ 3RCT/HEB02/041p88d Decenber
21, 2001 10 and U.S.S. N 601374,102, filed April 19, 2002. FIELD OF THE

| NVENTI ON The field of the invention is generally related to nethods used
for the induction of T cells with 15 suppressive activity. Mre
specifically, the methods are used to generate professional regulatory T
cells and cytokine-producing T cells with enhanced suppressive activity.
BACKGROUND 20 A nunber of immune disorders can be characterized by the
faglure of the immune systemto disti ngui sh self fromnon-self. For

exanpl e, autoi nmune di seases_are caused the failure of the inmune system
to di sti ngMFIHORRFPRTHEINQUATION QF PRQ\F5§|$ LANR GETRKINERRQDHAING system
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i nfl ammati on and tissue Injury. Autoi nmune diseases can be classified into
two basic categories: antibody-nedi ated di seases such as system c 25 | upus
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amem a.and VIS INTBRMEYE A0E Ale@ApINPROGR. G ave' s di sease, Sjogren's disease and
dermatonyositis; and cell- nedi ated di seases such as Hashi noto' s di sease,
pol ynmyositis, disease inflanmatory bowel disease, nultiple sclerosis,

di abetes nellitus, rheumatoi FlELDXGF THE INVENTIONscl er oderma. 30 Alternatively,
the ability of the imune systemto recognize and respond to foreign

antige I ndesi abl e in so I tions.. For npl.e, the rejection of
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al l ogeneic) ‘donor can trigger a deadly response called graft versus host

di sease (GvHD) because the donor stem 35 cell preparations generally contain
T I ynmphocytes. GVHD results whenBABKGROUND T | ynphocytes recognize

hi stoconpatibility antigens of the recipient as foreign and respond by

causing nulti-organ  dysfuncti |cgln and destruction, Methods for alleviating
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25 lupus erythematosus (SLE), pemphigus vulgaris, myasthenia gravis, hemolytic anemia,
thrombocytopenia purpura, Grave’s disease, Sjogren’s disease and dermatomyositis; and cell-
mediated diseases such as Hashimoto's disease, polymyositis, disease inflammatory bowel disease,
multiple sclerosis, diabetes mellitus, rheumatoid arthritis, and scleroderma.

30 Alternatively, the ability of the immune system to recognize and respond to foreign antigens is
undesirable in some situafions, For example, the rejection of solid organ transplants, 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,



5 A nore desirable strategy would be to identify nmethods that do not have
undesirable side effects. Methods for "resetting"” the i mmune system by
generatin ry T cells (also referred to as su I | s) are
describedqgﬁﬁ@#gahgatent Nos. 6,228, 359, and 6,358,506&Q%ﬁ§§@?;%§§gnd
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r dul atingigidugel | s are increased. The regul atory conpositions nmay conprise a
nunber of conponents, including cytokines, T cell 25 activators, T cell
stimulafors, .nogn T acc ory cells,, and neutrali,zin nti-cytqkine .
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cy1tr’oki ne, T cell activator, etc. 30 In an additional aspect, the present

i nventions provides net hods SUMMARYHOBHTHE INYENDION ant or undesirable imune
responses conprising admnistering the regulatory T cells generated using
the regulatory conpositions described herein. 35 In a further aspect, the
pr esent NErPEiatsetith Sherhegisoulingdabeys, the presqst inugriiensprayides KempRSEANSAEd of t he
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Fi gures enerating regulatory T

cel | s bEgyaieny ﬁzj"g\m evipkine-prdpEinaTeg WA brells Rraferably brih the)Rysphes edguaRsessivy
convent adiviglof the cglibtary(ca)s smielcreasedi n pr of essi onal regulatory T cells (3).
Targeting virgin CD4+ CD25+ cells with a regulatory conposition results in a
treated T cell population (6) conprising > 50% activated professional
regul at B;e);qungy camp9sitions gay cemRkise @ number of components, including cytokines, T cell

25

activators, T cell stimulators, non T accessory cells, and neutralizing anfi-cytokine antibodies. These
components may be added in any number of combinations including one or more compounds from
the same class of compounds, L.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.

BRIEF DESCRIPTION OF THE FIGURES



5 enhanced suppressive activity (4). These cells may be the progeny of the
virgin regulatory cells or other T cells that have been induced to devel op
pot ent conYQIBEREndent suppressive activity (Figure POAYUS2002(p41288 1B
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I ncreas#s. the percentage and absolute nunbers of total CD4+ CD25+ and CD4+
CD25- cells. Does dependent effects of TG--p 20 are shown. The cyt oki nes
produced by T cells co-stinmulated by TG-- also increase CD8+ cells. Figure 3
depi ct sFigyiaiB dapistsqnpiperasefenad egbpdiven conprisigyr mixingeptivited profssiorabrepylatory
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co-sti r r rties,o - re abol j shed wi amounts o
ot -1 L2yl SRRy gl vl B ol pouting T e BLe TGF- .

Lar ger penemasomeaiedt celldelerande. 2 conpl etely inhibited IL-2 activity, which in
turn led to suppressive effects on TG-- p Figures 4A-F show that the
conbination of J|L-2 and TG-- stinmul at es professional CD4+ CD25+ cells and
i ncreas@?"é}?}eéf?’l’%%‘ﬁgggwat °£E‘E’1"?ﬂ“?'§ﬁ"?Eﬁ'ﬁﬁédﬁﬁ'?‘ﬂg?{ﬂodéﬁ@%w‘t% T cell
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| sol at e@) §ifn¥hdrk&d gm@brggsi\fera@mt*]%u%fm(;DM CD45RA+ cells (Figures 4A and B).

Suppressi on was assessed by the T nhibiting the generation of cytotoxic T

| ynphocyte (CTL) activity against the |ynphoblasts. of the stinulator using
t he wel Figuesst 28xHnd Bhilbetrate thatoi@F-gco-simelation nissiedly incfeakestithe seecenfageaidor to tar get
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acPi vi t e SOWh dRgeviasiges ripdicsd Bel peds co-dimukaisdlAy TEF-ralsgurceease CRScalld. The

suppressive effects of nenory CD4+ CD25+ cells alloactivated for 5 days
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activatBd 3 WD 2003/ 059264 PCTI US2002/ 041288 CD4+ CD25+ cells. The gray
bar indicates the effect of CD4+ CD25+ cells activated with IL-2, and the

Ak DBk LU B citbidioR 1LY BhFor ' dimdibio pBRdchT s B8, suppr essive

cells and increases their suppressive activity. Using alloantigens as the T cell activator, this is

30 demonstrated for the small "virgin" CD25+ subset isolated from the nalve 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 CD45R0O+ 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+ celis alloactivated for 5 days with IL-2 (10 U/ml) £ TGF-beta 1 (1ng/mi) 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 carboxyfiuorescein 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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and alloactivated with TGF-B, their suppressive activity was equivalent to a similar number of purified
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35 TGF- is not exclusively fimited to the CD25+ subset of CD4+ celis. IL-2 and TGF-B treatment of
nafve CD4+ CD45RA+ cells that had been depleted of CD25+ cells also induced suppressive activity,
The suppression was not abolished with anti-TGF-(.

Figures 7A and B illustrate another experiment where IL-2 and TGF-B induce CD4+ CD45RA+ CD25-
40 cells to become suppressor cells. Various CD4+ CD45RA+ subsets were activated £ TGF-B and
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Figures 9A-D illustrate the co-stimulatory effects of TGF-8 on the expression of surface markers
which are characteristically displayed by professional CD4+ CD25+ regulatory T cells. Besides CD25,

35 these include CTLA-4 and CD82L. The total numbers of CD25+ cells, CTLA-4+ cells and CD82L. cells
were increased in cultures containing TGF-B (Figures 9A, B, C). In addition, TGF -B enhanced
expression of CD122, the beta chain of the IL-2 receptor (Figure 9D). This receptor binds IL-2 and IL-
15 and is involved in signal transduction. The CD4+ CD25+ subset was the specific target of TGF-B
as depletion of this subset abolished the marked enhancement of receptor expression.
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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 proiiferation, and regulation of germinal center formation in lymph nodes.

35 These cells suppress by a contact-dependent, TGF-B 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 fissue, such as
10 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 celis 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 ceils to down regulate antibedy 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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responding fo recall antigens and can be generated in vifro from the aforementioned naive subset

following appropriate activation, predominantly expresses the low molecular weight, high activity, RO

30 CD45 isoform and shows efficient effector function (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 hetercgenous 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 nalve-
memory T-cell dichotomy exists in animals as well.

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 celi 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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sol ubl'e c}%ieﬁl\%ra?c%%@ﬁ?mh%Tﬂ&%%gﬁeﬁlc ?‘ﬂf pgggﬁt% e’sof bBQ-LP. Ilts%rtﬁlag%hgn |ﬁ us' ng

t echni ques i Vol Vés a
ph¥&i ol d{jP"ﬂ'&BreH@tﬁ‘%ﬂ W (5eg £neng, et all. I(md 'H}m%'@'nﬂﬁa fRFA188. This may be

repeat ed as necessary. The PBMC can be resuspended i n physi ol ogi cal madl a,

pref erah) 1 dium (Life Tec Si.n

cont ai n? élp'fn%%mg?dsrﬁeng?r?% gilfn}ar?ﬁ?pﬁre% §¥ feggiive S‘F@j&-“{‘%ee??’?'f? ﬁ'%@? ers such
as Hankg). bemhunal 489: 42924188 ut i on (HBBS) or physi ol ogi cal buffered sal i ne
(PBS) can al so be used. In a preferred enbodi nent, peripheral bl ood

hocytes P?ft ar.e red by addi P?h@ 0,a éB ont | nyo er col |
R oy it Bale et et e R T oty Foro T PO rieate sPedit AP B by
errbodl nenegative sélection using immunomagnetic beads. The purity of CD4+ cells is usually greater that
95%. CD25-depleted T cells are prepared from CD4+ T cells by cell serting. 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 abtained from nonrosetting PBMC treated with § mM 1-leucine methy! ester

(LME) for depietion of monocytes and NK cells. The cells so obtained ar then stained with Abs to
40 CD3, CD186, and CD11b and depleted of reactive cells by immunomagnetic beads. the resulting
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PBMC are concentrated and washed as descri bed above prior to the isolation
of the PBL. T cells are prepared by inmediate rosetting with

2- am noet WYPi28B{9264ir oni um brom de-treated SRBC. T cel | BCHP8200% 41388 er
purified fromrosetting cells by staining with anti bodies (Abs) to CD16,
CD74, apapuldiriibgraater thahedoes CDRP+mediets than T&% CO3I+ (Seagheéngnatab(eaapli ¢ beads. The
per cent pafaf 16831s£ Iag in this fraction is 20 usually greater than 96%
(see Zheng, at al. 02) J. Imunol ., 169: 4183-4189). In a preferred
enbodi nent, CD8+ cel | s are prepared by negative sel ection (see Zheng, at

al ., (zmme ethbodiments) Tlcel] sub&ts, e 41 8BsABN)4+ TXHzlId 1@ ndlisdfarkd Fomh MG rrent, CD4+

celd s. Al HePhalfth: Lrﬂpmeaua&wcaﬁgmsn A Fre3d %h%%@hmst tle £ B3nslafe oY

negatlve se cells is
usual | yolpwing teesptmerkwith ags%atmgum@mn@meenwd@r@ %ft%ﬁféeaﬁﬁﬂ el aibsete oy CD4+ T
cel | s byeturesdlto 8 patlehivgth aBahrour ogonded. ng, the CD4+ CD25+ popul ation was
approxi mately 3-5% anong total CD4+ T cells. After sorting, the CD4+ CD25+
popul ati on was | ess than 0.3% (see Zheng, et al., (2002) J. Imunol., 169:
4183- 4189Yvill begparesiateddy dfase pleiill Evtbroart. ferpare @ hemtenatothes Ways taiselate Trceksein

purd fi edaditon tdthé prdRredémbodiéhkbrimed drted, naive CD4+ T cells. This is done
by depleting the CD4+ cells of CD45ROt+ cells using nonoclonal antibodies.
35 NK T cells nay be isolated by standard techni ques known to those of skill
in the 8neegustiad of gencentiated ithe, cellsCnayybe aliquoter and @9 preferatiyriniquitl nifroged®r 2248,

i ncor pougddedmb@4tay Bs Mécrlbed BIGHN ARodeR céifs%a?'ﬂé thaRbd/and usbd SaRklgd, B cells can

b bt d hyl t
(ENE) T GPOHElsFEE PaT, ML A Las. Grliteut sE P umtsd o e Lls BRI RE Y ar ( hen
st #i ned(heveldek AL E. and Bish@p, BB/ HCDAT, Natorg 1€81394-189%] AdisydodiSendth, 0. Jr, 4861t | ve cel | s
by i MYURGIROREH e Pz@é')dﬁeta § ;‘&ewa Smblﬁﬂn ynmnzgﬁéepi%ﬁfbeﬁqwn%%OZ/ 041288

D0PU! & 53. SR sy el (Foae K A P o DM OSSR oo 0

subset s albemig, qexﬁBBsucmse Eiglenelglyrel, I-ewtmmi Dratbitof, Bahamhiteti{Rotve . W cet BBMBE2, 5 unt i |
af ter  Feabini 1) B.Bohf Aot DYa GRIPASH L fibrge  BerkiboMea cORRHoBE ! S, Lhe T

cells are isol ”t& g{ t'reat nen a reg ory _conposition and
on® or AR h@ﬂ?“"t Weszp)r' amipe geids (Bean The in@é‘!‘% B%ndgr M ét' LﬁGHe'EP‘Pt GelResAG85A: wi't h an
I Mune eiethand atetafide, wiycérolonagmatatel aviclock, DYE. 1 1964 @icahers ki $8:265n abdhe art, there

are a n%ﬁ%@%tsﬁiﬂaﬁ%mgﬁa%ﬂ%ﬁn&% A 1&&%&530& Bxp, A0, A1k 88k, bftart N

preferre rovi OF concentrated theé

cel | s maye Fan and Baneere. "hn‘ﬂ’s? r"b'i@'?b“i’b’ﬂéf"'é’?%ﬂi"?s ofithe Third fuirafiarGosgeEicer  used
I mredi abe Rdictsoldd@ ey e d. edd0\Buttdrver®e Doren, lpSsama Ty delly, rveenk rhdytbeopd as -

TR tea "L PREGSR el BRFRCneyinasS radh. AaliREr ol il BB 1

H., 195@re Wﬂm@slmemsgﬁeféggg WMhﬁ@wesgwncnrpormed@v referege,

Generation of Regulatory T cells
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 subssts 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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Nature 190:1204-1205), hetastarch, glycerol, polyvinylpyrrolidine (R nfret,
A. P., 1960, Ann. N Y. Acad. Sci. 85:576), polyethylene glycol (Sloviter,
H A and REQAd903/05R64 G, 1962, Nature 196:548), al bum neCHeS092441288 ucr ose,
et hyl ene glycol, I-erythritol, Dribitol, D-mannitol (Rowe, A W, at al.,
1962, Tede sippossivedctidified requitk the plofessidnal regulaiarg iTtcell to dEbdtlﬁﬁhd)&@ﬂ'necdfwéi ne

115 Sl oo iy 0 o iy o

met hanoPr TRt arﬁ\naferewﬁ?@éthsrﬂd%%%fé'asaﬁlépp(eewea iyities (i, oyokine-1 954" Bi ochem

J. 56 Zﬁﬁép,enmd thuigthe gaivityds rob bictishePbypthe dddition bEreutaldinPadsionalldhtibddies 960,
m %I ol . Med. 104:388; Phan The Tran and Bender, M A., 1961,

| n Radl o ogy Proceedings of the Third Australian Conference on

Radi obi ol ogy, Il bery, P. L. T., ed., Butterworth, London, p. 59 ).

Typi cal Pyfestitreal eglibisry Maglisaan 5é e c@Esnﬁeﬂlaé.ﬂ%matEQ%fé%dhﬁl requitordt 0% RPM
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Wi{oh a reg@iatoRtiades” ﬁ@rﬁﬁﬁgirhédnﬁmofe&lc@ﬂm@ju&t@y REIs matr%de Bébnieated attrow T cells
wth enha ced SUE LesS) ve‘,ba@1 Ry das esulﬁ?ﬂ'. q ﬁﬂ) grei n is meant
CD8+ or " AP TR " RA a2 & '] Ptteg’f 'ﬁ’%‘@ nt cytotoxic T
cel | acﬁuipwetsyva avtnowhétrtlvatettybfewonalnegumw cedmreb@'wyd froro §0dt ca¥m, suppress

del ayed type hypersensitivity responses, inhibit nonocyte, dendritic cell

B |, f t t b
evor ol BY SYiRGR YRS RppoR el AR S Bt s Bete i SO RS WBinne
brtad| y cells Whatiprdduce fnonunasuppressivgdeviels ©f TGP, 4w thésesslisaioabt @bstitulivel epesy T cel | s;
and (2) we\ipRk bRy AiHAUS \ré&gpt&%%b@} & ﬁé@dﬁ CDEE{- cell. GG HONR prddabihy atory T

cells" here|n115 neant a sub s th t cons;t_ab) utlvely express

the al pFRvBRY;Teells cana °ﬁ'|‘_9p?sf @@@b’f”ﬂ? C%W'&m RAAGRally ¢ grneraliegdhadk; onal
r egul at cagylafbrseé ThisaraTb2 c€lB4ActGDRbeytokinb poducigrégiatonhT belis can Hergeaatatedinge  of

suppr es%M%Dﬁ%élM'él:ba&%eﬁs”&'m@f Eils rattRlESeh BoatdPwithd eyt Borﬁ’Josﬁ?&rher T cells,

down regul ating anti body’ production, and i nhibiting cyto r?om c T cel
actd vi ty. 11 WD 2003/059264 PCT/ US2002/ 041288 These suppressi ve act ivities
r equi r e it dymefprraf ertwbional treatopnk StRBMC OF isoleted Ttcell slibse<inérgadat hath the notnber cel | s

(i.e., Sﬂ%lﬁ’éﬁg%‘#‘%g@%qg{%}stﬂaggs%lécﬂ\ﬂf %ﬂd@sﬁ’étedm%guﬂeqhihg'nﬁrﬂﬁéf Dis\}ll'glﬂal S.

Cyt Okl nes, such as interleu not required
i nduct | aw*qs\s'oqah@s@atewmﬁg%hm@la&ere B iAss thany 1 é.of tge toia).¢ nlipyino ﬁf%&@ﬁ%w%t ) * thus
t he act iragulatdryl cdmpedition,itd pesdeAtbf Prvfdssienabrdgiidtorp M colfs imibe popalatian is ereesedc| onal

a”i# Eg?#r‘é‘r% |ets9th1a§1¢9*ic?ér‘éat‘é%’thé?mkf&}e%ef?r&%%j:‘e%@ﬁ'of .!Sr‘c’sgk'éu %Prg%ula-[?rf?l:élﬁt can be

g of'essi ona cells. By
"vi r gi nthernepwalien émeaﬁwgs%@wamﬂ%lwe PgEerablynthe perpenk pftpr ?%Pé%m onal

r egul at eagylatbryCeddiSin ttﬂbqfopulétam itfdasduae Qrebtbﬁtﬁér%bw\ll Nidte ble@rabGOME péroeny of
COWOS' § 'o?eg%orga? |§e8ulatg cgﬁsr r? il op@éh nalg @cr\é%e? @}Eéﬁr‘?ﬁaﬁ?‘ayal 10 regulatory T

cells" | onar I's"t hat have been
treated with the regul atory conpositions described herein, and as a result

of ag he tgpatosRtactM HRin refelRanaRE) of a regulatory T cells to inhibit the activation of other
lymphocytes, including 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 celis. The suppressive activity

a5 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 fo 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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suppressive activity. Activated professional regulatory cells are derived
fromCD4+ cells. By "cytokine producing regulatory T cells" herein is neant
NK T cel | sWOeMB05%364 CDB+ Th3 or Th3-like 15 cells that PEFYEEL041288
i mmunosuppressive |levels of TG-P. As these cells do not constitutively
expr ess in thépresdnpdef achgrilatorp Eorbpvsitidn coRpistngdiGFed exen sipdngsupréssiye affeetsCD4+ CD25-
cell's. \WldhRiwa)t AK0HR) Bnddikd. 166 7§%>_at ory T cells can al so suppress
autoi mmuni ty, they function principally as general feedback regulators of
Thl and Th2 cells. Activated cytokine producing regulatory T cells can be
gener at éhce Bolataa, BB4eliscet tregtedSiib-a repiatcsy conpodiionT Bg ethdatedt Heddin s aeantlieen t r eat ed
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PB cell subsets regulatory T
cells aﬁ%ﬁ“ﬁaF?@iTcaﬂﬁﬂm*lésW\V@“%ﬁ?Pﬁ Wil gneralisby yrderphy sidlegieal tampsrgiiiee 1, t he nunber
of virgin professional regulatory in a T cell population is Iess t han 1% of
the tot | the per cent
of pr of aoreBy? M BLARE ool edhoobER LR Ha SR TRERIG bbBlesd 4 BT o
| ess thdﬁdef'mﬂﬁlﬁn‘gﬂ%@ﬁ@"s%%% lil'lg%"aw Warﬁsyonseméerﬁw%@eﬁnt Btmupe of essi onal
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preferabl nt _of .profession reqgul agt.or cells in the

popul at i'0 %b:?aito %rrlé? neaerl‘g 410 'r'?n?léf‘gtestp Oqsﬁsa{% trgw%n{@gﬁl%su%%-e[@g?,%?ﬁréq%e per cent of
pr of essiimmane respgodeaingiuge, 15Ufc?é¢ hat liiteddich ishiptipnuefdicetbactivation.idibdigBeld t o great er

t han 70%por?e&e&_§taaﬁuoaﬁ§md@:@ﬁﬁuow br¥ductRl @coloREIR! & bbM. abi ity of a regulatory
T cells to inhibit the activation of other Iyrrphocytes including T cells
and B cells, nonocytes, and dendritic cells. By "enhanced" suppressive
actlpvi t yReghlgioryicompasitionsemay coeglidesa romperbf castriogentsh icludiieg ¢1) bgeiines,d®) vated in the

Eéﬁs g “; fs&ﬁ’%lgt@r;eﬁ@(ﬂé” |ﬁ=£d?£t¥d ’ﬁ@é?i%ﬁlbt&dl ﬁ’uBno‘ﬁQéBHr bél!; Y&e TJCQ:S N: 09Té359%§6)r @ptatory T

s.1n fewer
number s %"é’ﬁrﬁﬂ@\ ﬂ?ﬁcﬁ%ﬁéﬁﬁr L@é’f‘?)%&;&@@l"?%tm ai’ﬂai alipdiesactivity 35
of professional regulatory T cells can be deternined using an all ogeneic

m xed | yRhoeuitiidd tHel erhlatd’i‘?cdnﬁ:o&(Ha\Oﬂt »’af} o‘eB&dfﬁb bn ﬁl@%eﬁéﬁ&ff tﬁebé‘c‘;ﬁprﬁhd§ ever al
of the Figures. For exanpl e, professional Igu at O[a}/% CD25+ T cells

i séPat edn BWFrVrFBWB?WOP'l%‘E‘ﬁ'&geq‘?ﬁ\}bb%ﬁﬁ'ﬂ’ﬁ@g’g geneset 1§ thRrapPeRiERY?Y t o ot her
cel | s atreduirdd ba@ivd thé desited @ffedt, Sh emaahencdmdit of(sR&1H0 typRecfudgutatrycells.cel | s in -

autoi mmunity. Annu. Rev. Immunol., 18, 423-449). By contrast, 1:10 to |ess
than 1:100 activated CD4+ CD25+ cel I S generated 12 WD 2003/ 059264

PCTI uszmﬁ@mzeevjatowowa@'ﬂﬁ%@féwéévtelﬂnea Péghie Setelines dshde SHtarRet baieEr i si ng
TGF- (i eyar-b, 1I88N060L35PIBEFES sidvINFeS. f Prefefred dy¥Rinaginti@isalk-2 al -15 4@0fER)8.J. | mruno.
164; 7282-89). Once isolated, the cells are treated with a regulatory
cofposition. By "treated" herein is neant that 5 the cells are incubated
with thdn aegatdrradj anpodimﬂmpd‘ﬁﬁ’eai i®a cérapronent thie negujateon eechpesitiohi By Waosfarmindevel op
regul at O%é{wtﬂ- aEt‘S " @P‘I'rb\f'ﬂt'%egmgmém égﬂhé(\fal'n'ily &%elr(ﬁ'j[%] Inaﬁdlﬁﬂﬁi@ﬁree

physi ol 0 |ca tefrperature ereinis neant a

regu ositilon
conposi tidme RGE-eEaFcF-AYpe T F'@é-lsle% Mﬁ%ﬁa@iﬁoﬂ)r(g%g)v JfWa<Ravr 8 Biol PR%ine
I €S pons agmphyytesiadefdnoaidstrodita e BT BSPATS @fis cyfoRine (Kehil, 9. HTeBM t19omIane

30 Cell Cloning 9: 438-450). The TFG-5 can be any form of TFG-g that is active on the mammalian
cells being treated. In humans, recombinant TFG-B is currently preferred. In general, the

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 cuirently
preferred. In general, the concentration of [L-2 used ranges from about 1 Unit/ml of cell suspension to
about 100 U/ml, with from about 5 U/m! to about 25 U/mi being preferred, and with 10 U/mi being

40 especially preferred. In a preferred embodiment, IL-2 is not used alone.
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10 disorders characterized by the failure of the i nmune systemto

di stingui sh self fromnon-self or to respond to foreign antigens, or inmune
responses to transplanted tissues. Thus, undesirable immne resPonses

i ncl ude, BYR2¥PESHGt |imited to, inhibition of T cell RAYURPRHN28$ nhibition
of spontaneous anti body and aut oanti body production, or cytotOX|cdy, or
both. 15 Regul atory conpositions may conprise a nunber of conponents,
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Cel | Bi 016: 597 Lynphocytes and nonocytes produce the 111 isoformof this
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treated ener al ,
thB  coAutibatiss{PKHH. merraﬂxpe@&erepamw Rtrcbvﬁed\ﬂ%amd T%»Héé‘&reéﬂsﬁﬁﬁs df cell
suspens irffurbol 13 R0). laddifien) @@b@bRationbitahti-CD AhtmbeIeE cah®e Rged, mcladmj-tﬁe 4 ng being

f 0 f d,
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regul at @fﬂlwee@fﬁqmswﬂndm ther) preduc[oraofa &R-8b @heagppcdntratipnef antitCDDantibraites usedact i ve on
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preferred. ener a concéntration used rang about 1
Ud% / m eﬁqeclelli!lp efefiédpensi on to about 100 Um, with fromabout 5 Unl to
about 25 Umnm being preferred, and with 10 U nm being 40 especial | y

f rad. '
Dooar 0580 Bl BRgELs Beb B R Ritogeh s donice BELolgSRll Palfiogpd ekl |
t he regGPiade Pt cetFpBYREMenNts qffutokipe @BEP% The Uﬁﬂf afgiogensuch a3 Copganakalip | 's
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tl, i -
£ 15y apS L hgeplesifhics R APRBER e hfok GRARIGE i s Bfectye: ihehBfiflodalT0>
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mitogen, such as a-methyl mannoside, as is known in the art.

30 In a preferred embadiment, 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-p.

In some embodiments, such as the generation of regulatory T celis for use in graft rejection or GVHD,
stimulator cells (e.g. iradiated T cell depleted cells) are included in the regulatory composition (see
U.S.S.N.s. 09/653,924 and 09/833,526).
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In a preferred enbodi ment, the regulatory conposition conprises T cell
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cel | s, &t piraghs, T calrteich@tion, dnbbiie fardesited ottednhes . Mdreovar, peabebdref!
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(e.g. irradiated T cell depleted cells) are included in the regulatory
conposition (see U S. S N's. 091653,924 and 09/833,526). 40 14 WO
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conmpoundgunb@Bh {ARLENEeIGURSEEHCIMing CHIROLHEIS naniliSiu-+alRe, Cyt okine and a T
cell activator, etc. Thus, regulatory conpositions containing: (1) one

cytokine; (2)
in a preferred embodiment, IL-15 and TGF-B are used together to generate activated regulatory T

30 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.

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 celis 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+, nalve CD4+ cells, etc. Other

10 preferred combinations include IL-15, TGF-B, and a CD2 activator.
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two or nore cytokines; (3) at |east one cytokine, and a T cell activator,
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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 IL-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 “immuns response” herein is meant host responses to foreign or self
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5 In a preferred enbodinent, IL-2, TG (3, and an anti-cytokine antibody are
used to generate activated regul at ory T cells with enhanced SU)DpI’eSSI ve
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as t hosero8usandiReg nide, Beasidl améteRNshdipimbiae brief description of the Figures
may be used to 30 det er m ne suppressive activity. Assays such as those

described in U S. Patent No. 6, 358,506, incorporated herein by reference in
its entlheereferred gmbedingent like pressot inventiod éniibits gbepyand frersiwiegerpbnseegipatientsy T cel | s.
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Exlpi e Ao 5pRLE CoiB o faut o Ay toot bouion o RsBiee el Beekimatipe ot
suppr es siesponsastby Wreating them with an thgilatostcompasitionextitoe Vi petientawith ¢ellmediated esponse i n

a pati enfisorddys, theFra4BR ifvERIBR ratdd@&dRlator) PodlBARiEh S1Ppresd §RRRARIGRN hdvily@ €1 gn or
sel f 16 WD_2003/059264 PCT/ US2002/ 041288 antigens. Preferably, T cells

with sup?}PeégscF'\%e activity are used to prevent aberrant inmune response or
undesi rabl e i mmune responses to foreign antigens. By "aberrant inmune

r €S130NS ERecoldRbf! u'i‘a bn%ferr@@@rﬂéodhﬁéﬁt frRiphddR wQéntrBﬁ‘?rm!n&HE%b?nc’ﬁé’ S tRAifg@nfllody-! NQUI sh
selt from non-5el ureto reg)
mediated autmmmune dlsorders |n a patient. By "antibody-mediated autcimmune diseases” herein is

meant a disease in which individuals develop antibodies to constituents of their own cells or tissues.
Antibody-mediated autoimmune diseases include, but are not limited to, systemic lupus
erythematosus (SLE), pemphigus vulgaris, myasthenia gravis, hemolytic anemia, thrombocytopenia

30 purpura, Grave's disease, dermatomyositis and Sjogren’s disease. The preferred autoimmune
disease for treatment using the methods of the invention is SLE.

In addition, patients with antibody-mediated disorders frequently have defects in cell-mediated

immune responses. By “defects in cell mediated immune response” herein is meant impaired host
35 defense against infection. Impaired host defense against infection includes, but is not limited to,

impaired delayed hypersensitivity, impaired T cell cytotoxicity and impaired production of TGF-B.

Other defects, include, but are not limited to, increased production of I.-10 and decreased production

of IL-2, TNF-a and IFN-y. Using the methods of the present invention, purified T cells are stimulated

to increase production of IL-2, TNF-a and IFN-y and decrease production of IL-10. T cells which can
40 be stimulated using the current methods include, but are not limited to, CD4+ and CD8+.

17
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Lererre
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limted |ncreased production o and decreased production of IL-2,
TNF- a anﬂ”t‘i"WﬂNy?P I$58%%g t he net hods of the present invention, purified T
cells are stimulated to increase production of [L-2, TNF-a and IFN-y and
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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
5 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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performed to determine alterations; |aboratory evidence of tissue damage

relatin i nfl anmati on may be eval uated. Decreased |evels of circul ati ng

i nmune Cloapretoes eahalirmhe, dlesm@hticndurther rovidek &itedortthespractiCeifttivemetends d&the e  of
Fove% ion, ¢} tﬁ&ﬁcusaﬁﬁopéeusﬁmﬁ théreb FRGT e&ms@snsawmnm\év £ Rof The

ab| ecr ease a ga I ent therw se C%I red S ‘suc
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t he quan uct 1 on,

eval uat eglls, fWﬁt?é”P‘ef‘H? a‘éﬁﬁ*ﬁ‘ﬁlt‘ébe '108'E%?I”Plt%?f@F"é’PWe%srﬂ‘ﬁ‘%%ys'PﬁﬁF 'UE‘yPQUa'I"uat ed, or
| ewel s oftherpabbdirnentd, ¥ pairatd cell bbliettivd icesainer 8@y bousedxanpl e, 1 gA, 1gG | gM

anti - DNA aut oanti bodi es, anti-nucl eoprotein (NP) antibodies, etc. may be
eval uated. Regulatory T cells maY al so be assessed for their ability to
suppr essInR Reas¢rred gmbpdyagnt die imay Glso pe adapied for usain P aulpMaee fPRAdySeB I nst

speci fi cprifyrspedificaalell Subbdls atidtdkparidieen fok tRansfBleiaekio thdpatiént 358, 506, i ncor por at ed
herein by reference in its entirety). After the treatnent, the cells are
transplanted or reintroduced back into the patient. This is generally 35
dor?é as The farmoand compasitien efithe, Ce&tﬁ%ﬂ“ﬂ@lﬁaqweé@ﬁbﬁ%%wﬂ'h? aRrreqiRieddy those oduci ng

the tr eathselrt C@érlesaum@ KoritdMe® maf B&inRalumeaHof ditdrént fofrhs, Ricmaing'S fieabie baig Sdrnint | on as

\F/)V: LL ed i ﬁpﬁ I\g%gﬁ?rear_: g%ﬁt?xggr%rnllar t8 L0 %Blﬁc,ruh%'e E&Eel ef{ ﬁﬂg Lg conﬁé]tpgd t§ Sﬁoknﬁst#ﬁﬁ% ringes
or ot her Gengrally,itheecompesition efrthmmr\yme anvrwlta?& bigjogicaily 'E"Pfé'ﬁafB'i@' iSHeeSi at el y
i nfused yihgd ok Madi® Thdiahb &Y ir&iY e, Pbly@hylene, etc. 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 celis for analysis prior to reintroduction into the patient. Similarly, the container may
gomprise an exit port to allow introduction of the cells into the patient; for example, the container may
comprise an adapter for attachment to an 1V setup.

15
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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18 WD 2003/ 059264 PCTI US2002/ 041288 period of tinme, such as 15 m nutes,
into a free flowlV line into the patient. In sone enbodi nents, additional
reagents such_as buffers or salts may be added as wel|. %ﬂf‘% 5l i §odu0| ng
the cells | & ?’ﬂ%n?)atl ent, the effect of the treatnent g uat ed, if
desired, i s generally outlined above. Thus, eval uati n%; | rmunol ogi cal
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preferably at |east nonths. Over time, the patient nay experience a relapse
of synpt ATl S eated. Kits 1In a

pr ef erreglrgg 0{9 %E @ﬁgﬁ]{"ﬁ% e%\fﬂgﬁﬁiur é'P%S)rA%@ftaéglpkl ts for the practice
of Whe met hods of the 15 invention, i.e., the incubation of cells with the
regul at omhe fEIRNPG SkdnpRis Servd temdeé tunymaécrtham rfanféroh fdingthe GV ORRIded. For
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recei ve Wt h ed or I at ed
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ex le | orl r“gtépr@ i ﬁfﬁbe thqﬁked up to a | eukophoresis nmachi ne using an
i FOrPIR® 8??8? ensoat e

i nl et po|n a separate cell collection container
may be used. In a preferred enbodi nent, the kit nay al so be adapted for use
in a automated cl osed systemto pugxdmpisggecific T cell. subsets and expand
them for transfer back to the patiegt. %5 The form and conposition of the
cell treatnent container may vary, be appreciated by those in the
art. GCeneral ly the cBEifrcts ofdiGFrbgo-timulation onGHde and CD&t Ticellsent f or s,
incjguding a flexible bag, simlar to an IV bag, or a rigid container

simlar tg a cell culture vessel. It may be configured to allow stirring.
Gener al | M@@M&#ﬁ%ﬂ@% container will be any suitable,

bi ol ogi cab Ehownireffigurerh icesiinaligtios e TGES magkediy Bereasep tragercentagaant abisolute

pol ypr opyL AR ofEb‘PAl bﬁ&h&bﬁleand%b% cBE@ oGlE' ho&éﬁ@iﬂ@%ﬁ&ea@@ﬂt@ﬁ@m@ﬁ:\éushave 30

one or nore Inlet or outl I ntroduction or f ceIIs,
r eagent s Wa§ ¢apandepipgn the 8%6 QB??*OW?SQ é‘Fé‘eP'?i'B'F °fé§ea‘g%‘f+ CDIx é“%ﬁ@?sﬁﬁq .

conj® i se gawthagphdtingeffacts bf TGH-B.t Aeimil@ Ny sthallef effact was aleferved witli CD8¥ecetie| | s for
anal ysis prior to reintroduction into the patient. Simlarly, the container
may conprise an exitct%%rt to allow introduction of the cells into the

pat i ent ; Ifihgse@menipeas GOHE oot heforerndspleted phbPRY el Py RPN ARFCIR% achnent

to an | Vsgiietpells @bre removed using immunomagnetic beads. Total T cell subsets and CD25 depleted T
cell subsets were mixed with allogeneic irradiated non-T cells and culfured for 6 days with grade d
30 amounts of TGF-B. At the conciusion of the culture period, the total number of each subset and those
that expressed CD25 was determined.

'n->
-

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-8 in an allogeneic mixed lymphocyte reaction. Total CD4+ cells, CD4+ cells depleted of

CD25, and nalve CD45RA+ CD45RO- cells were studied. A dose dependent effect of TGF-§ on the

exprassion CD25 on total CD4+ cells and nalve 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.
10
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The kit further conprises at |east one dose of an regulatory conposition.
"Dose" in this context neans an anount of the regulatory conposition such
as cyt oki n&%0 2004892645 sufficient to cause an effect. | FEIHHRRIRALI2ES

mul tiple doses may be included. In one enbodi nent, the dose nay be added 19
WO 2003/ 8598 FCPEHouSAqeRddhtidiz8i8vas bbsered indhd éxprassion of 62k (Lreelectingon usi ng a

port; al eB4Nabd¥e this rééamoeﬁs%ft&.wvﬁﬂn@Mbmﬁ&s sﬂo%g%%%éoeﬁ is preggégxe/ P;efﬁn;

in the cell treat al ne fer enbo

| yoph | | BeeomEDg: CERRLAN G strhafrlARe s e T CHer st kP41t Pl col
medi a, or other reagents. 5 In sone enbodl rrents the kit may additionally
comgr i SelnaaﬁdlilcﬂaﬁéF e fn@r@@&ﬁtthe exprebaithl RETIA 5!%@312%5\ éﬁchal tHedr2Pr Ot €1 s,
drugs, etc. For exanple, mtogens, nonoclonal anti I es an treated
magnet i cTeCfR%ds for cel | separation can be included. In some enbodi ments,
the kit conprise witten instructions for using the kit. 10 The follow ng

exanpl es%ﬁﬂaﬁ%@@gmgﬁhﬂ! E%[Siﬁ%‘ﬁ[)éeﬁe t he manner of using the above

descri be I'nventi on set forth the best nodes contenpl ated
for carr§RYEs Hub depigt #r@@gecégb@?%'"dﬁ“?wupi’r REPVR@PHYHY by various Gy dicel ood t hat
t hetde exanpdte Sin thesdexpadyense piiied OD4+ il siibsets ivetecobsaiep By 6dli sbilingandi nvent i on,

but rath I i I cited

her ei n a?‘ged%%fj ﬁ@g}s@%ﬁfe‘%ﬂ l?)m h e%l]éﬁugtﬁ{ %@?‘Fﬁﬂggﬁf“ﬂ? &t E&gc%?ﬁ%ﬁﬁs Exanpl e
| Ef f ect $hegfurifiediCDg é@sﬁtﬁ“‘iﬁﬁ" fled?FtQS‘riOT@B!tﬂb'Hh@ ity thergeparatien of 3gelEf f ect on

G owt h otytdity. anglirdsBang 8lshow that RAMMTDAR CBRGLT eelld haveQighffitditduppresiiveby TG-- R

mar ked! o R ARG S GL SGHCARR RS0 e cod WBGBolo iRTRE.CO CO25+

and CD4+2 e |ncrea§e I'n
depéndenFigupiC anddDahaw therTi646 kasisiier effgals, depd eai kewn@‘eaqeweth@:emprewges+ subset

a]?]gl is hedctmeo@&he@ T euf dubidtd rrm45Rg+ ebisres- ems- Jﬁ%rﬁﬁRAAcmsndﬁmse&wf smal | er
effect

Cel T wop Bt AVBRoryr o e et o o PR BRI ERR SeniE < e

cells vvere rem)ved using i mmunomagnetic beads Tot aI T ceII subsets and CD25

depl et ed il ad@f%ﬂ of%am@zn@ ﬁ»maorm msomestahd mhb%emluce subﬁrassmtaeﬁnwm:e‘s’e cells
and. cul tured f anpunt E concl usi on

e
of Hhe oEEesRsER R el ioP B PE RurEr s BPesareBim By o eRbEE “hat
expressed CD25 was determ ned. 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 TG~ (3 in
an all ogeneic m xed | ynphocyte reaction. Total CD4+ cells, CD4+ cells
depl et ed of
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CD25, and nai ve CD45RA+ CO45R0- cells were studied. A dose dependent effect
of TGF-0 on the expression CD25 on total CD4+ cells and naive cells was
observed. MEQRBOFRSDOf CD25 in the starting popul ati on HPGVI28RM128% s
effect. Thus, TGF-3, appears to expand the CD4+ CD25+ subset of CD4+ cells.
30 20 WO 2003/ 059264 PCT/ US2002/ 04126BAIM& si i | ar TG-- E3 dose- dependent

ef fect Wam.QPSSHYLE | N the expression of CD62L (L selectin) on CD4+
subsets. This result is consistent with the results of others show ng that
cD62L i s teRprethed Praens(Rtipg ERwatar dirals cePRisN8Do5+ cel I's. Co-stinulatory effects
of TGF- (3 wer eeatihgsdpopnlaitidof COBR 5 cells ebrhgising cdrmerdidatil Ticalls ,and piofeBsi@ilas 0 | ncr eased

t he £expr i 1A o A : L o 2 )

i oot o Saa el oS Sl osdod a1 ol crbilolye ) f ERERRE

ef f ect opel@_a}gr; iapr {iih alieashepeqiapyation ofinga Taeeessary seI5 {or ¢ apriog gttinesufficientde| | 10
subset s. increatdias Qs P praEsBibss| ragultoidy iTed!sOR suppressive adivibdeésd pupuiationldt ai ned by
cell sortpogragd conditioned with TG-R (1 nglnl) in an allo m xed

| ynphocyte reaction (MLR) as described above. The purified C04+ subsets
were thene tested for their ability to inhibit the generation of T cell

cyt o oXi @i Aynethol gttbRig3Aclaimd, Bhabiovaid pupliatmrof CDSET CiMd 1 £HaRe€DE+Tebl S have
signifi cg&gmaﬁ&ppressi ve acitivty and that this activity is significantly

i ncreased, I.e., enhanced, by conditioning with TG-G3. 15 Figures 3C and 3D
show the TG~ (3 has simlar effects, |I.e., a marked increase in the

suppr essizVv A mebfol bitokdihg tOBaiRt 1 Rherdin 6&NateSreRRb§ T collddmhrhdnbkthiibbredslvéd- . and
CD45RA- C[%4@RO+ sub§§ts of CD4+ cells. Addition of IL-2 is not required for
this enh&AYONERPEEFPCuppr essive activity. The addition of neutralizing

nmondkl onal anti bodies and | L-10 bl ocked the suppressive activity of these

20 cell s4 aWgeRatdr Béhetdting redliatbo§aelisx®nBrishg: t he observed suppressive activity
i's cytokine-dependent e%or 2 92? IgCT/ USEOOZ/ 0412 What is
g

. 2 03/05 aj 3% Cl_fxl YS)
claimed is: 12 '%AASABETVR YA R ERMRCEPSP cpmResed aHPRSEE ng:
treat i ng cpoliepii) aildastonef calDabtivarorcask (it atleash piesiopyfation of/rantli asoedsory Teelisl s and
prof essi RalpefdloffHe SiRleht gb ;Qrﬁﬂ)elazfﬁﬁlétign &F Bl TﬁBiUé:lMF FUBRR T defd) conpri sing

(i) at |east one cytokine; ?II east one activator; and (iii) at
| ead? one popul ation of non T accessory cells for a period of tine
suf fi ci et Atntethod actoetrgydo tlhien fawhigein said pqpulafiansd COMaT celle dad maiverGP4¥ Teell [ s wit h
suppr essiy Iaﬁ'igrf.i vity in said population of CD4+ T cells. 10 2. A nethod
accor di nd’ 0 claim1l1, wherein said population of CD4+ T cells is a naive
CD4+ T cell

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 professionaf regulatory T
cells with a regulatory composition comprising (i) at least one cytokine; (i) at least one T cell activator;

30 and (jii) at least one population of non T accessory cells for a period of time sufficient to 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 professicnal regulatory T cells and
cytokine producing regulatory T cells.
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popul ation. 3. A nethod according to claim1, wherein activated regul atory T
cells with enhanced suppressive activity are generated. 15 4. A nethod for
generating VOGUPASHY T cells conprising: a) treating coRGENSIBHMIE cel s
with a regulatory conposition conprising (i) at |east one cytokine; (ii) at
| east on®. Anetholl acvotdingad caim &awderéih baig papulationas CDONE cqlle iy r@tned@D4a T calbn T
accessor&)'[, i&.!s for a period of time sufficient generate a popul ation of
cyt oki ne pro ucing regulatory T cells. 20 5. A nethod according to claim 4,
wherein said popul ation of CD4+ T cells is a naive CD4+ T cell popul ation.
6. A net H0odA eethod alicagin to eldimisnwibreivdtivatedreguidtory Atceld witk gotanteadrsyppress®el s Wit h
enhapced SR, gg?%l %% 25 activity are generated. 7. A nethod for inducing

t he expression f22 on the surface of regulatory T cells conprising:
treating a popul ation of CD4+ T cells conprising conventional T cells and

pr of essi dmah metgiihabaing tdlclaime hi7swhsrdinsal ay@iitksaireselectdipmthd droup wasigling Si ng
(i) at '%&?éwa?aelcyt[%@ Tl(li*%hf | east one T cell activator; 30 and (iii)
at | east one pop"la i on o non accessory cells for a period of tine
sufficient to generate regulatory T cells that express the CD122 marker on

theilg surikas eethBd acdoiil koelaing N-10 aiereilsaid T delbgiilAbras $elebied @binsheQ@slpr | Sing: a)

maki ng a T I Iy gul at ory
T cells acg@% goéﬁﬁcd(')enveﬁ% ﬁegﬁ%@ﬂ?x{té& a 8%%90\5%(%93 gﬁ@‘%gfégts B%r?ét?T cel |l
act i vat ofCDR8, agé |-th- @I@MSWP@@CPCCB%WF@PX'@WSE@ a period of tine sufficient to
generate a regul atory ceI | popul ation corrprl sing professional regulatory T

cells an t pki, ne i.n ul at or 003/ 059264
e Us2003 16728552 5e R 4 GoE 47 SR oY SpoBon FRURE ISR BBBuI at i on
of G4+ Pnepdpuistidnef aombiasessoiselspelgetpd fronplbp gloar cansisting®f B peliseraeswphages.or di ng
to cl ai Mpnodhe8 Al Bemfritid oefd €d regul atory T cells with enhanced suppressive
5 activity are generated. 11. A method according to claims 1-7, wherein said
cytokines are selected fromthe group consisting of TG--beta, IL-2, |L-15,
and TNF- diphAmethddadcarding tergaime d-13 erthetiomgrising asimégiistrsting-said reguh@neTwllstQiad T cel
activat Orred;p?en&%&l@fﬁﬁf% ,j,{dggaaggﬁmgjng%po,@gnm sting of soluble antigens,
pept| de fragments of antigens, alloantigens, and-CD2, anti-CD3, anti- CD28,
and?YFA-3, and st aphyl ococcus enterotoxin B (SEB).

15. A method according to claims 1-13 further comprising administrating said regulatory T celis to a

recipient exhibiting an aberrant immune response,

25
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13. A method according to clains 1-7, wherein said regulatory conposition
further conprises at |east 15 one popul ation of non T accessory cells
selected fromthe group consisting of B cells, nacrophages, nonocytes, and
dendritic cells. 14. A method according to clains 1-13, further conprising
admnistrating said regulatory T cells to a recipient exhibiting an

undesi rabl e i nmune response. 20 15. A nethod according to clains 1-13
further ggnpra ﬁieﬂ@d&d’f’ge!ﬁbl%'tiﬁgﬁfdgﬂ&t&ﬁﬁ@eﬂﬁﬂiﬁ’qpﬁ‘f‘s&?’tré&tiﬁ@b'p‘ép&l@tiéh of GBS+ ent
exhi bi ti gs a6m iy eonventishaIMecdlie 2R PrfessidRal4dguldtory/T calk el of reguigleRer ati ng
regul at oggmpbsitieh coSmpMY ()SIGRIR ahd aBlkan@na offePHiltekine (i) @t eeE¥ohe IT cefiekctiviator,
conpr i si wigersinpaianit ieasbonelT c&ll dctivatords pmtdnetRs selBetbd roMUSEILNE MntlgeR S| deptivd th a
regul at ofragmentdigraptigéranastrOPL] &itirgDEs, ) FAGRNA rfittdens; ahe ) at (et e wipulation

cyt oki nesf rohiT) aceksdopacdlls ora pEriog bi tirde sufficdrto increhiss iemumbetofgirofessisial one T
cel | actiegatatory T seld withnduppressileadtiony hrsaid popolatidd ef G4+ Desls, pepti de
fragnments of antigens, anti-CD2, anti-CD28, LFA-3 and mtogens; and (iii) at
| east ong7 populhigtHodaccrting @ clAinP. 08 ey si@ bbsuldtion oRCDa% TNk dntidied for

suf fi ci erdivé oDyPTreemse t he nunber of professional regulatory T cells with
suppressive activity in said population of CD4+ T cells. 17. A nethod
accor di ngg t 0 & h2tiBd Hecording t& tiBin® #6, vhaRMVAAKERA r&fuldd T cBIE Gith Entiahcedr | ched
for nai yppfdadive ActhR) bie geh@ratéy. met hod according to clfaim 16, wherein
activated regulatory T cells with enhanced suppressive activity are

I
generat eq 19 rrf%_tH?S'agf‘{%nE%i [aRr) PR EHH ARG a) reafihd Sork@RRINLST Bllis vith

treatingg rs?jmaﬂ sitibnc® p%si ) TGRSR et BLSY he TRTER Rtokih i G Tast sl (1)
TG (3 aﬁm livatGoaherafSali A Hasf YA LT LA 'cti&tb_isatmf lse eéd’f‘rmc;e& pigct i vator,
wher ei n g3jydn@ e{)t?o%sfFag%ﬁtsTof%ﬁi end GtV P anti-S 028! 8land BliegLRd a gcg?at

sol ubl e 1e88{dnd PBSulatRARY ndf TIdcBLHEBRI et Al JeRBH o tirAd bbbt geRdlate £D28, LFA-3

and mto tioA BEcvkdKire préducir liateRer ggeul ation of non T accessory T cells
for a pe?fd;u? of t?y(ne suq‘fici' egﬁtﬁéggnfe}ﬁate a popul ation of cytokine producing

regul ato T ' ' ' 2
popul at i %g}v@gg%@gfggﬁﬁg @éigﬁg?gﬂgﬁ ggd bﬁ%ﬁé\}gh %%4#“(}%?!?!5 .ré@%éa,éf\orrret hod
according to claim S9 wherein activated regulatory T cells with enhanced
suppressihye a Vi . ) . [ ' [
o "Ehi 3o DR B ARt TSt oo
popul ation'o + celY¥s conprising conventional T cells and professional

o 9}“ al Ohy Teﬁgr'{ | Sop"%"ért 'B%L%i ARy atroésigrncc%’(‘,%ﬂﬁ'bt in‘?ﬁj&ﬂf%t% io?@glagoirg 17L& (3 and
2ai degf F%@é}fin 'agg in ?I qopcge:g&vr{{gfr 854-*' cZ|E %anﬁglﬁg onvEhtiond Eé’l@ta(?\ﬁ’ wherein
profes iona!ﬂ fegulatory T I ta(?égula\ston”ill composition comprising (i) TGF-p and at least
one other cytokine; (i) at least one T cell activator, wherein said at least one T cell activator is a
member selected from: soluble antigens, peptide fragments of antigens, anti-CD2, anti-CD28,

LFA-3 and mitogens; and (iii) at least one population of non T accessory cells for a period of time
sufficient to generate regulatory T cells that express the CD122 marker on their surface.

23. A method for generating regulatory T ceils comprising: a) making a CD4+ T cell
population comprising activated professional regulatory T cells and a 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, wherein said at least one T cell activator is a member selected from:
soluble antigens, peptide fragments of antigens, anti-CD2, anti-CD28, LFA-3 and mitogens.

24, A method according to claim 23, wherein said population of CD4+ T cells is enriched for
naive CD4+ T cells.

25. A method according to claim 23, wherein activated regulatory T cells with enhanced
suppressive activity are generated.
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menber selected from soluble antigens, peptide fragnments of antigens,
anti-CD2, anti-CD28, LFA-3 and mitogens; and (iii) at |east one popul ation
of non T accessory cells for a period of tine sufficient to generate
regulatory T cells that express the CD122 nmarker on their surface. 23. A
met hod for generating regulatory T cells conprising: a) making a CD4+ T cell
popul ati on conprising activated professional regulatory T cells and a
convent i2enal ATmetrdd scconditl tolr)aimedelizngutadreih gaiatat RASt cheGtthdr cidking &f lected sai d
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regul atory cell popul ation conprising professional regulatory T cells and
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ant i gens cefifitrhactbphagés) nionobiA8s, ahffAledraivdeld t ogens. 24. A method according to
claim 23, wherein said population of CD4+ T cells is enriched for naive
CDA+ T el | s A mMéthodadBRidiiftoasdins 46129, filngtlcomblidsy adiRisRhthg?dalid %@&I%QJT

regul at @eps td aCre&Iblantvuxhtbltmgfaammeéburammaﬁ@ﬁé tasgoriel i Vity are generate
A met hod according to clarns 16-22, wherein said at |east one other cytok| ne

is sel eghed Afh&@Rdd AR RS 1657 N cbinprsing bdrﬁﬁ.strémb seregliBfeR, 727 A

met hod e @ radipibht &h%ﬁtﬂﬁ ak@ibérant RURE esp@isd. regul atory “compoSition
further conprises at |eaSt one population of non T accessory cells sel ected
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an aber K Rurh BB eNErofR8iBRA $&uIatty T eelB WP Su ss%%ﬂ\ﬁ&'lrﬂgalﬂ gosthiRionroy chasel | s
conpri sifn@ystreating a popul ati on of CD4+ |'s conprising conventional T

cells and professional regulatory T cells w't h a regul atory conposition
conpri sigg ('A) &hod S@c%?dlﬁﬁl‘fg c%(&m%'ﬁ' HRereii8ls u!%ﬁérﬁoffc?ﬁaﬂkw“ Bélis! léeﬁ}f&i\xﬁ@%r
al | oantig zTr Peell@l east e T cell activator erein

salcheI actlvator I S not antl-CD3 or antl- ; and (iii) at |east one
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convent ' |@1ent ge(ﬁ ;BLﬁ'atwn of cytokine producing regulatory T cells.

34. A method according to claim 33, wherein said population of CD4+ T cells is enriched for
naive CD4+ T cells.

35. A method according to claim 33, wherein activated regulatory T cells with enhanced
suppressive activity are generated.

36. 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,
wherein said cytokine is not an alloantigen, IL-2 or IL-10; (i) at least one T cell activator, wherein
said T cell activator is not anti-CD3 or anti-CD8; and (jii) at least one population of non T
accessory cells for a period of time sufficient to generate regulatory T celis that express the
CD122 marker on their surface.

37. A method for generating regulatory T cells comprising: a) making a CD4+ T cell

population comprising activated professional regulatory T cells and a conventional T celis; and b)
adding at least one T cell activator to said CD4+ T cell population for a period of time sufficient to
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a regulatory conposition conprising (i) at |east one cytokine, wherein said
cytokine is not an alloantigen, IL-2 or IL-10; (ii) at least one T cel
activator, wherein said T cell activator is not anti- CD3 or anti-CD8; and
(tii) at l|east one population of non T accessory T cells for a period of
time sufficient generate a popul ation of cytokine producing regulatory T
cells. 34. A nethod according to claim33, wherein said population of CD4+ T
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professional regulatory T cells and cytokine producing regulatory T cells
wherein said T cell activator is not anti-CD3 or anti-CD8. 38. A nethod
according to claim 37, wherein said population of CD4+ T cells is enriched
for naive CD4+ T cells. 39. A nethod according to claim 37, wherein
activated regulatory T cells with enhanced suppressive activity are
generated. 40. A nethod according to clains 30-39 further conprising

adm nistrating said regulatory T cells to a recipient exhibiting an
aberrant i nmmune response. 41. A nethod according to clains 30-39 further
conprising admnistrating said regulatory T cells to a recipient exhibiting
an aberrant imune response. 26
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