WO 2009/ 047003PCT/ EP2008/ 008599 Met hod and kit for rapid isolation of
human Foxp3+ Treg cells The present invention relates to nmethods for

i sol ati ng WO/ HYPkhead box P3 (Foxp3+) CD4+ regul at oA TEPYBLESS99
(herein referred to as Foxp3+ Treg cells) froma sanple containing
(i) peripheral blood nononuclear cells (PBMCs), (ii) a |ynphocyte
containing fluid, or (iii) a lynphocyte containing tissue, a kit for

i sol ati ng human Foxp3+ Treg cells, and the use of anti-CD49d anti body
for the isolation of hunan Foxp3+ Treg cells. Background Art Foxp3+
regulatory T cells, or Tregs' are fundanmental in controlling various
|nHune &eﬁgogses H@ t@g £0S; can r%gidlesgggre§§ thﬁFQFtIVI%MIOf
ot her i ,

t ol erance by dommregulatlng unde5|red i mmune responses to self and
non-self antigens (see, e.g. Fontenot, J. D. & Rudensky, A Y. Nat

| munol 6, 331-7 (2005); Sakaguchi, S., Annu Rev | nmunol 22, 531-62
(2004) ) ThEO r'e@éh@nG.@:NeBFtQ@ndQ:feq(étt%shaitﬁ ReeL dH sg@yeﬁgdlaalﬁ@t henbs
W th nultlg e sclerosis | di abetes &Tl[» psor|a5|s

e
. nyast hEAT AL iROK MBS CNGosPHEY  AReT mreRB LAt eERscE (Bidcher haFFAR,
C. & Habb@byrdd #b.ad MRNO8+ ReVed 1de1 RO3-clon( %005@}r)ples'dﬂnlt%&nhh@k$1)
may al so exist for atopy and allergic diseases (Robinson,
Lar che, PRrighexahapl o®! monogugliea¥ ngests 118BMA3BO- 9?1(2904ypphpéyte
all the BRASES rts .exissts ypai n r %
i mune §§nggrle55|onfi P?he%rat?gﬁ# SATégé%ﬁﬁfyéb éﬁ%%éik egi%%y%h 2
WO 2009k®ﬂ7(f©3Pdr$cE.FQmBJ 0@8@99 Faxpcrteatieg mtlélsestanm the use of
possi bi i ot:her o] e t
By oni P ¥ 5t SE T pEHR o GPHECABIARAD of CHlndh PRGN 1reg
transplaaihsi on-rel ated conplications, such as graft rejection or
graft-versus- host disease (G/HD) (For a review, see Roncarolo, M G
& Battaglia, M, Nat Rev Imunol 7, 585-98 (2007)).

Background Art

Foxp3+ regulatory T cells, or ‘Tregs’ are fundamental in
controlling various immune responses in that Tregs can rapidly
suppress the activity of other immune cells. In particular,
Tregs are crucial for maintaining tolerance by downregulating
undesired immune responses to self and non-self antigens (see,
e.g. Fontenot, J. D. & Rudensky, A. Y. Nat Immunol 6, 331-7
{2005); Sakaguchi, 8., Anahu Rev Immunol 22, 531-62 (2004)).
For instance, Treg defects have been discovered in patients
with multiple sclerosis (MS), type I diabetes (T1D),
psoriasis, -myasthenia gravis (MG) and other autoimmune

diseases (Baecher-Allan, C. & Hafler, D. A., Immunol Rev 212,

203-16 (2006)}. Similar links may also exist for atopy and
allergic diseases (Robinson, D. S., Larche, M. & Durham, S.
R., J Clin Invest 114, 1389-97 (2004)). For all these diseases

reports exist pointing to a reduced in vitro immune

suppression of the patient’s Treg cells. This has led to an
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Treg cells constitute of about 2-10% of CD4+ T cells in humans and
rodents and constitutively express CD25, CTLA-4 and G T S | l__as
t he transcwpp’f'?%r}‘r"foéctor Foxp3, which is involved in tI‘f’gwﬁ)zm}g’%"A‘"ggjl
devel opnment and function. The characteristic nmarker of Treg cells is
Foxp3. Methods for the isolation of h®ran Foxp3+ Treg cells are
known. For instance, Hoffrmann, P. et al. Biol Blood Marrow Transpl ant
12, 267-.74 (2006) describe the isolati . + + T.cell ith.
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mar kers of Tregs (see, e.g. Seddiki, N et al., J Exp Med 203,
1693-700 (2006)). That is, the Foxp3+ Treg cells are-isolated by
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e.g. t.effector cells whigh represent.ith in tar . I
suppr esg“il&n."fic%}b‘? dﬁﬁ%}*‘f/,rt? hé?gclrgb%lghfnaﬁg?lgg E?‘f:’f('l s?‘%(?%%tﬁéglkt i-!;\fgﬁjyuman
sel ect edrok@RP3+THe®g cetllks amgsiyt opbeiappdi et lientdehl ubfar FolpBapyT sy
it mght |lead to a potentially fatal activation he i ne system
of the [F&fiént PEFEQt e §fgﬂ' aSPatare ]ée?sésﬁgisterr\?ﬁgnﬂﬁ%%tlye'g'
docunentsdidikit he.f aid wie ofs the 'Hegeze3 or1¢93-aicn (#ErE )an Tt bicdy
expected to expand Treg cells led tg an activation, of effectar celtls
(Sunt hart&¥e ngR31G TEJalcs iy EREP }sﬁéétg%,bylo_%y?% @%(}%’f?i.les or
Second, Qg tively: Selecterh FaxR3scdr et GRldss Wush haysobeenctaggan
by an anti body may exhibit inpaired function. For instance, cells
t agged ®eldn surface markers of Tregs, such as CD4 and CD25, are not
restricted to Tregs. For instance, the commonly employed CD25
is not present on all Foxp3+ Treg cells and is also expressed
by effector and memory CD4+ T cells (see, e.g. Baecher-Allan,

C., Brown, J. A., Freeman, G. J. & Haflexr, D. A., J Immunol



WO 2009/ 047003PCT/ EP2008/ 008599 4 anti body are potentially
preactivated, may suffer conplenent-or cell-nedi ated depletion or
exhi bit al Y&r8¢/ HEP ng and mi gration patterns. Accor di RGTEP2ESREEEYY
Treg cells targeted by anti bodies during their isolation are
undesirable for a therapeutic use not only for safety reasons. As
di scussed, the nethods and kits described above show maj or

di sadvant ages with respect to isolating Foxp3+ Treg cells. Firstly,
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Also, application of Foxp3+ Treg cells that have been isolated
by positive selection based on cell surface markers of Tregs,
in cellular therapy poses severe problems, First, isolation of
Foxp3+ Treg cells based on cell surface markers, e.g. CD25,
leads to more or less severe contaminations of the Foxp3+ Treg
cell population with other cells, e.g. CD4+ effector cells
which represent the main target of Treg suppression.
Accordingly, there is a high risk if such positively selected
Foxp3+ Treg cells were to be applied in cellular therapy as it
might lead to a potentially fatal activation of the immune
system of the patient treated. Such a fatal immune response
was recently documented in the failure of the ‘Tegenero’
trials, where an antibody expected to expand Treg cells led to
an activation of effector cells (Suntharalingam, G. et al., N
Engl J Med 355, 1018-28 (2006)). Second, positively selected
Foxp3+ Treg cells which have been tagged by an antibody may

exhibit impaired function. For instance, cells tagged by an



It is therefore an object of the present invention to provide a

met hod whi ch avoi ds the above nentioned di sadvant ages of the ﬂgri Qr
art. In paVPiz04w03 it is an object of the present inveft{ESRIPEIS?

provide a nmethod for the isolation of imune-suppressive Foxp3+ Treg
cells allowing the effective renoval af cytokine produci ng C04+
cells, including transiently Foxp3 expressing CD4+ effector cells,

whi ch contam nate current CD25-based Tr.e r.eparatio ddi tiqanal Ly,
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preparations over those obtai ned by other nethods, especially due to
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the invention The present invention is based on results about the

correlation of specific cell surface markers of Foxp3+ Treg cells and
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mce. In a first aspect of the present invention, one of its objects
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(ii) a l'ynphocyte containing fluid, or (iii) a |ynphocyte containi n%
ti ssue, QiMe metlAod ceonpti svag Predisepimbnated)by r Bt rafee tHel Fan*®
W th ané%%&hlgeéggiﬂggi%%QXﬁated human CD4+ effector cells are known
to express Foxp3 transiently (Allan et al., Int Immunol.
19:345-54 (2007)). As a result, even highly pure populations of
CcD25MI¥cp4+ T cells isolated by current methods contain a
substantial fraction of cytokine producing pro-inflammatory
effector cells {(Dieckmann et al., J. Exp Med. 193, 1303-1310
(2001)), i.e. the isolated Foxp3+ Treg cells are significantly

contaminated with CD4+ effector and memory T cells.

Additionally, so far no method exists that allows to access
Foxp3+ Treg cells by negative selection, i.e. leaving the

Foxp3+ Treg cells label/antibody-free.

From the foregoing it follows that there is a particular need

for methods and kits/compositions useful for isolating Foxp3+



(b) separating Foxp3+ Treg cells. The term"treating the sanple" as
used in the present invention shall especially inply that the cells
cont ai ned WO 2¥4dHWApl e are brought into direct physi cCTEPAEBISSH t h
the antibodies in a way that the antibodies can interact with the
targeted cells. In other words, in thé" met hod according to the
present invention the peripheral blood nononuclear cells (PBMCs), the
| ynphocyte containing fluid, or the |ynphocyte containing tissue are
cont act Fefi tFe Bk ahPicbDAs® ant Fbslvndredx f3emr @R tefffegter and

separ at gbnolhe 1 €L 1 $EPRRALENG] RS used bArt ey PLLSABLG PUeNHdARods
refers to thé renoval by physical neans erther of one cell type, e.g.
Foxp3+ Thag del het feawnive eesillte tagdestiongof Chapef fBotorealdld.s,

or of all non-regulatory CD4+ T cells from Foxp3+ Treg cells, thereby
retaining an enriched popul ati on of Foxp3+ Treg cells. It is also to
be not edtt hat theeefepar ain abjeat ef N 300NH=047(G0RRGEILR2 @08 HI@35.88

7 carried t in one step,or in re steps, which steps can also be
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detail ed description of separation techniques it is referred to P.T.
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Bi ochemegbi¥s g Mot ged! ass RIAIAIY ceYals, 18hiEhSEMERKIER) . ARdel:
Fisher, G E Francis, D. Rickwood (Eds.), Cell Separation: A

Pract i caP2Aph&aeh Treff optPRINAerdIsy PressiqrEddo),. The itseran foanpre”
as usedghRebpe gy espat ?fﬁf@éﬁﬂ oRnk8heiSnt & A P99¥i&éulad RS S e P
t hat contai ns peripheral bl ood nononuclear cefls, or 'PBMCs', or
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of Treg preparations over those obtained by other methods,
especially due to the removal of cytokine-producing effector T

cells,

Description of the invention

The present invention is based on results about the
correlation of specific cell surface markers of Foxp3+ Treg
cells and cell surface markers of non-regulatory CD4+ T cells.
In particular, the cell surface marker CD49d was examined.
During the experiments 1in the context of the present
invention, it could be shown that the surface marker CD49d is
absent in most Foxp3+ Treg cells. In the context of the
present invention, it could be shown that human Foxp3+ Treg
cells can be isclated by the use of an antibody against CD43d.
Additionally, the suppressor activity of the isolated Foxp3+



As has been outlined above and in other terns, the invention solves
the recited technical problemby a sinple, highly reliable and _
reproduci bY@ MBI for the isolation of Foxp3+ Treg cJFF%?%WWmBﬁm
particul ar, as nmentioned above, prior art nethods rely on cell
surface markers of Foxp3+ Treg cells, e&.g. CD25. However, as
expl ai ned, said nethods only allowed the isolation of Foxp3+ Treg
cells that were_significant.l ont am nated with, ef f ect Qr
menory r@@lF?ilﬁb%@5v§PT%§§%§ﬁl9%=QﬁﬁgréﬁFgéﬁtlﬁgiﬁgdéxg%§Xt ¥ tne
CD25- bagg@dseak! ihgehaied. YH: 20891844086 EPANS/ QRSO el et to
Treg cells are | abelled, nanel tag eg $¥ an antibog%ﬁaﬁainst one of
the cel ISUSBEPAEE SREPREPE Bf CEhE PERBSLCRbEPRall @ FIREFETTONS,* SAY
met hods giegHiyf 6d iahibeast makeksal \@niphdcstepTeattlodepl(BLRON 10f vitro
non-Cb4 cells; " (ii) isolation of 5+ cells by positive sortingF In
I

cont r asenfo Rifiventiede e hdatel @feaskestnt tF Te5f f pp@en of BRL| in
al | ows RQ%0'§R|ﬁgg@g?0$o&@%9§gséafﬁbiﬂédQJ?LnQE? St@PeeThis is,

because the net the present invention utilizes CD49d as marker
that allows to discrimnate between effector T cells and Foxp3+ Treg

cells. Had s pre3gnl Onet DRMBLALLEY ofy Ch¥oof TG g ands respiotsT
cel |'s bat &bsent on mmine- suppr essi ve Foxp3+ Treg cells.
Accor di gl ysoliveccany be emtihogedfen iepbyeimpnbamdmafprg3tellrey ecqfls

cyt oki ne- produci n ffector. . T cells,.fraomF +,Tr e i .
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produci rg1C4+ sel |'$BMOzC], udil hi)) t reaandiyephbyyFex pdrhgimdssi nfjlefd ectoor

cell's, whi.ch contamni pate CD25-hased Treg. preparations...This_appl.ies
For ot A iaba s oo MEhaRH:S SR T PR g Y s Ebhy SRESha) ootb: 1 hg

prepar atdnengtepsCPE5+ cells. Thus, isolation of Foxp3+ Treg cells
using the nethod according to the present invention is faster, easier
and above all nore effective with regard to the isolation of a

uni for m @OPUkaLLeMnk hahe agLRN Seft dDShtatcbhedFexpddodyeg cells
contained in the sanple. In_ other words, isolation of Foxp3+ Treg

cel | s enffloyisrgarpbingt howr ot THed gisdslént invention yields a

popul ati on of imune-suppressive Foxp3+ Treg cells that is virtually
free fromcontam nating CD4+ effector and nmenory T cells. Finally,

t he net fTd¢ ofterhe Presahingnvehei ofiaBahebe 2wt owERed, 11 hetled orrrésent

further?%%%g@#}hg%ﬁ%@ﬁy dicaly Tivo0f the Meh80de11¥0contained in
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the sample are brought into direct physical contact with the

antibodies in a way that the antibodies can interact with the
targeted cells. In other words, in the method accerding to the
present invention the peripheral blood mononuclear cells
(PBMCs), the lymphocyte containing fluid, or the lymphocyte
containing tissue are contacted with an anti-CD49d antibody

and Foxp3+ Treg cells are separated.

The term “separating” as used in the present invention refers
to the removal by physical means either of one cell type, e.qg.
Foxp3+ Treg cells, from other cell types, e.g. CD4+ effector
cells, or of all non-regulatory CD4+ T cells from Foxp3+ Treg
cells, thereby retaining an enriched population of Foxp3+ Treg

cells. It is also to be noted that the separation can be



Preferably, the nethod for isolating Foxp3+ Treg cells according to
the invention conprises: (a) treating a sanple containing Foxp3+ Treg
cel | s w t hWERHIWEDA9d anti body; and (b) depl eting t PETERRIBERSH?
CD49d+ cells via the anti-CD49d anti body thereby isolating Foxp3+
regulatory T cells, wherein the sanple is (i) peripheral blood
nononucl ear cells, or '"PBMCs', (ii) a |lynphocyte containing fluid, or
(ii1) a lynphocyte containing tissue. The npbst encouragi ng result
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to prevent |ethal xeno-G/HD responses in vivo. Sq far,. contam ign
of |50l SPBATRbATS- FRO SURPF sk LIF roRE TR ok r §- EouShadPre, Me tyods
ef f ﬁcéI Ob]éfamélﬂErHygar@B'ianF:Uaﬁor\aa&ryhg‘eﬂfh}l;?QUdﬁ a\ﬂ/ﬁa@ifoichehiﬁtayi @Ad
met hods r Foxp3+, Treg ce . A considerabl e unt o ,

non- r egHPAEERY= BORsCLeRY s Yol prilertLiay Eipas P ag 08 P-pSpaset offs

i sol at ed, byiaesiiki, v .sekbehisun bas@s. on cell suphageismr kar $r@ktical
Tregs. For exanple, in the Foxp3+ Treg cell popul ations isol ated
under CRPPEBRER( | GHEOEY WBIHaRIHFY BroBe 4F998) o Bl ood Marrow
Transpl ant 12, 267-74 (2006) using positive selection on average nore
than 50% of the cells_ in these popul ations were non-regul atory CD4+
cel | s. RBeufarmy| sapeheConsi @eeAble Houniesert myesition refers to a
non'regﬂbagoryfl% C?U s hamer tBRapSe cdMains  perjpheral  blood
2009104 7003PCT/ EP2008/ 008599 10 of such Foxp3+ Treg cell popul ations,
f or examphenu¢hearmemblhercapy' FEYMCrent ponddmplvesetesPref erably, in the
nmet hod of the present invention steps (a) and (b) can be carried out
si mul taneously. Additionally, steps (a) and (b) can also be carried
out rep@htedkyn "lgmphofytst cehbpifyg ahtubdfiastuse@pifbrhar present
carried,out., foll owed by.a seco st.e ) and _a_second. ste b)

opt | onal FYEH Bl PowbaTy® aCenird. Taur: nrog: coMpSpS( ApRERatyhys . suon
respect a¥ekynodMoaabEypidfi Shep teapn angmphpcate cantbediogt tissue” as
r epeat edl the respective sanpl e of, each subsequent step .(i.e.
Cebond S8 (1) GFY nprepRTEd CRERT (N ofethrs et )anh Trieser Bt
separ at egnt &thy i dyaiphycagndsi ndapandaat | ypnfergny tatyhes, sanplgh  hbuss,
for exanple, if the sanple is treated with anti-CD49d in a first step
(a), foPPRSWRRIRPY fRSYET 'SepAtshrsn &R pteBIikdr Foxp3+ Treg cells,
e.g. by using a commonly known separation nethod selected from
centrifugation, cell elutriation, magnetic separation, fluorescence
activat 8 BaPl bsent iawglinerfumdlods cdld skpapBlit¢ontem@hestbf, invention
conpl e Si or. otk ESLENGS: i el |, sorti han
Foxp3+n$$£5é%eﬂ?§aofe%ﬁgegir§§ sté%ﬁ%b¥ﬁ%§ﬁe@é %?eg%eéﬁaF?%f eb%§ﬁ§;
ant i - CDesl aaeidodpd angbapdaaibleDrethadt iflbgdyche nigelcdomd &f epotp+
fol |l owe cond .sep i ep (b) i net. el
separat?ﬁ%? ?ﬁ%ﬁfhe ﬁ?olg%?%%gﬁﬁg%Ingﬁgogggig??%% cells”’ T%)éﬁo9 art
advant agetloddsareyiyngroutedl epsirfareante (k¥rssi ofll faxedus|Frdg esel bs,

that the isolation of Foxp3+ Tre ells.is |less | ahorjous,, si e,
oo g4 oBREr Rluevetl? o] Sof2insa shtRs Nl UL Bu1 P! Bh) Siea
steps (aheando(lbxibapest eGbypBiesrddy t ball gl fthatentecel kigaikeesntly

e.g. positive markers, such as CD4, CD25, or negative markers, such
contaminated with CD4+ effector and memory T cells. Moreover,

as all of the current methods are CD25-based, all isolated



VO 2009/ 047003PCT1EP20081008599 11 uni qgue cell popul ati on havi ng
specific properties, e.g. particular cell surface receptor _be

i sol at ed. YO ¥WA4H8 hod according to the present inventﬁcg'ﬁ]?pg?@@%@%
can additionally conprise treatnment of the sanple with an anti CD25
anti body. Preferably, Foxp3+ Treg cellss that have been isolated using
anti-CD49d anti body are treated with an anti CD25 anti body fol | owed by

a separation of, CD25+ .Foxp3+ Tre | ls. Preferabl t t hod f.0
i sol ati %tgoxlgﬁfpgfeﬁr e%ejt:]eﬁ Iaér%cé%rgglggadt on?ﬂeei¥n\%§ﬂ¥fégn% o%riés)rgekslfbor(das
treati n%Dg?islalﬁplggl%oafaiﬂéiel(wgcgmmamrfaeg oalrkerwi tdf anhantriox@B49d med
an anti 5 anti body; an b) depl eting the sanpl.e qf 9d+ cell

T2t he Cade: CORSA THRERGE8Y 1 e Eby TARBCHE: ng SREHESS ¢ dul MRy T EvO
cell's, wheneikhohhe stamal:e i6ifi) depiéphei al obl oadnronanudeaars;cel {is.)
or 'PBMCs', (ii) a Iyrg)hocyte containing fluid, or (iii) a |lynphocyte
cont ai nilf@leitdene ofoftional F§L 1St BY PRFLiEancadartibdal I cﬁ?&?@é to

pOSit1VQﬂ§%LeQ%EO%é@hé;xgﬁ'5%3|§ré§éh5'E%ﬁgﬁﬂﬂﬁlxgiﬂyﬂié¥xh&l-Bﬁﬂows
term"positive selection" as used in the present invention neans that
desired tdal | $satetienpvad fFos@dtheTFeperitoi pe DENEF | SUgp. This 1is,

| abel I c%%e%urthagm@@hgddsgi red %%glséntwmgnémi@:gimtm gl |5
t he net ho

(label -)yfree. "Further, in according to the present
i nvent i arerkieep et cahladdi tticondd $gr igumaties oetweamenffottohe Tsaplles

with an _antisCDIZ7 apkjbody, FPreferabl y, thesarihod, fonel saljalkding of
Foxp3+ Treg CETHS accordi ng to the invention conprises: (2{?l treagl ng
a sanpl €Dp4+ effector and memory T cells but absent on immune-
suppressive Foxp3+ Treg cells. Accordingly, it can be employed
to remove contaminating cells, e.q. cytokine-producing
effector T cells, from Foxp3+ Treg preparations. The depletion
of CD49d+ cells removes virtually all cytokine producing CD4+
cells, including transiently Foxp3 expressing effector cells,
which contaminate CD25-based Treqg preparations. This applies

for total CD4+ cells and, most strikingly, for conventional

preparations of CD25+ cells.

Thus, isolation of Foxp3+ Treg cells wusing the method
according to the present invention is faster, easier and above
all more effective with regard to the isolation of a uniform
population that accounts for most of the Foxp3+ Treg cells
contained in the sample. In other words, isclation of Foxp3+
Treg cells employing the method of the present invention
yields a population of immune-suppressive Foxp3+ Treg cells
that is virtuwally free from contaminating CD4+ effector and
memory T cells. Finally, the method of the present invention
can be automated, therefore further augnmenting easy

applicability of the method.



contai ning Foxp3+ Treg cells with an anti-CD49d and an anti- WO
2009/ 047003PCT/ EP2008/ 008599 12 CD127 anti body; and (b) depleting the
sanpl e of ®DLYIHEIDL27+ cells via the anti-CD49d anti bodgTor210R€08399
anti-CD127 anti body thereby isolating Foxp3+ regulatory T cells,
wherein the sanple is (i) peripheral Rl ood nononuclear cells, or
"PBMCs', (ii) a lynphocyte containing fluid, or (iii) a |ynphocyte
containing tissue. Further, in the nethod according to the present

i nventi d¥eferaplya) &BA ad@itbrenalfioy comprlpsdngepdPrErion dFeAon<cedds

T cel | Jcamuihg samie. THeoAMYBN! Aot 58001 LgnalLya SaRar At ik e

non-Cb4+ T cellS fromthe sanp les in that non-CD4+ T cells ar
renoved oantRinigheFospBircfangy cedds adta ees@nti—-CRd Sgueintyboflyt hend

obt ai ne el ti [ | gher « | d or.di.n i
presentcllbﬁve(lr?l%%iln oﬁ9%b4§a£b3£|ﬁg ég#%%g g%%@%%tgggf?§ﬁ1tT%SSEQEPE
by posi tintébsdletheoabysiinglaniagt Fo€B3+ambghbddyorfFult lwed lsi nwhieeein

t hod di to.th t.i I Qn,
At i bodyent PG ©s Ahat Al | BUF BPSTHE SHRSr | BOBRRTGLTRh M- Bl
T cel | s ‘eeugst he sanpl ea calynphdised f eonthensegarsiuind, ofornon-iGR4+ I

cells bX negative selection fromthe sanple.
ymphocyte contalning tissue.

The most encouraging result obtained in accordance with the
present invention was the finding that also untouched Foxp3+
Treg cells can be obtained with high purity, i.e. virtually
free from contaminating CD4+ effector and memory T cells, by
the combined, i.e. sequential or simultaneous, use, of
anti-CD49d antibedy and anti-CD127 antibody, which target two
cell surface markers, namely CD127 and CD49d, inversely
correlated with Foxp3 expression, in the method according to
the present invention. The isolated Foxp3+ Treg cells cbtained
by the method according to the present invention are fully
functional, demonstrated by their capacity to inhibit mixed
lymphocyte reactions in vitro and to prevent lethal xeno-GvHD
responses in vivo. So far, contamination of isolated Foxp3+
Treg cells with non-regulatory CD4+ cells, e.g. effector and
memory Cb4+ cells, was the major drawback in isolation methods
for Foxp3+ Treg cells. A considerable amount of non-regulatory
CD4+ cells is present in Foxp3+ Treg cell populations isoclated
by positive selection based on cell surface markers of Tregs.
For example, in the Foxp3+ Treg cell populations isolated
under GMP conditions by Hoffmann, P. et al. Biol Blood Marrow
Transplant 12, 267-74 (2006) wusing positive selection on
average more than 50% of the cells in these populations were
non-regulatory CD4+ cells. Naturally, such considerable

amounts of undesired non-regulatory CD4+ cells hamper the use



The term "negative selection” as used in the present invention means
that unwanted cells are renoved fromthe repertoire of cells b

| abel | i ng/ W8FWHHY3 sai d unwanted cells, while |eaving W@PGMS%QSS?}?
interest (label-)free. WD 2009/ 047003PCT/ EP2008/ 008599 13 The
advant age of separating non-CD4+ T celbs fromthe sanple by depletion
lies in that CD4+ T cells remain clean and untouched. Preferred
accor di n% to the present inventionjis a t had, wherein the

ant i bodyantS¥58di €LXp58d F101¢% he"Shleci BIRY %BSiron ndHa@B4E T 1n

cel I's frigiuhBeneaapl casaneRei SRdEcdRf . rom the group conprising
anti-CD8 anti body, anti-CD10 anti body, anti-CD14 anti body, anti-CD15

anti body, anti-CD16 anti body, anti-CDl19 anti body, anti-CD35 anti body,

ant i - nt tibo v,
T CotetphaR), ANCREAS POt SRELaRRES ARl seepe (o

antl - CD@@di dii lvady ; beama:rm@@@lg oautt isiody tanaens tOwoRdahtiporldy, steps

anti - antl 1] antli ti ti Qody,
anti - CD1 anti bg%?y, ant 7 % %f %% Qggéy Oﬁgntrle%qfégﬁgén'?l %odya, first
ant i - CDkf@panta}bachd anflré'f:Rgtelpambb bedy, cam‘n:ue@DZ)&Ea dtlilbweg, by a
anti-CD282 anti body, nd ti- nt|b 187| eqgr
ant i body* S5 l%ﬁlpes %t e cacri: Pbgy proe%aelnl}l%vleln%twled by
anti - CDg4 t&ﬂfxidbO(ﬂbur&ﬁf,l e€D15 savbi bedyanant{b) CDiéspettimeiyy amtlahrly,

ant i CD66b. anti body can b d f th ifi t f
ool 19 GhePnd S anpiie (PthE TEaTRTEags SRCUSPREBRaLGr T resbertive

ant i bodyaphiehedi asasel oot edqddram sndp - CD14. apetbedy stapt l(aCDJb& (b),
anti body, anti CD16 anti body, and anti-CD66b anti bod¥ for the specifi c
depl et i GRIGE nekeeDA4at c8Fl s (Pdt h&FCt hi sT8ubsER2bFd antPhodi g gated

smal | conpareduh?1$0RRACANMRLehAkhY 13V aitl abke ctwRsetssmple. Thus, for
example, if the sample is treated with anti-CD49d in a first
step (a), followed by a first separation step (b) for Foxp3+
Treg cells, e.g. by using a commonly known separation method
selected from centrifugation, cell elutriation, magnetic
separation, fluorescence activated cell sorting, immunological
separation, adhesion, complement lysis, or fluorescence
activated cell sorting, than these Foxp3+ Treg cells of the
first step (b} can be treated with, e.g. anti-CD25 antibody
and/or anti-CD127 antibody, in a second step (a), followed by
a second separation step (b), e.g. using magnetic cell

separation, for the isolation of CD25+Foxp3+ Treg cells.

The advantage of carrying out steps (a) and (b) simultaneously
lies in that the isoclation of qup3+ Treg cells 1is less
laborious, simple, fast and also more cost eifective. The
advantage of carrying out steps (a) and (b) repeatedly lies in
that different cell markers, e.g. positive markers, such as
CD4, CD25, or negative markers, such as CD127, can be used for
the separation and cells carrying these particular markers can

be isolated or removed in subsequent separation steps. Thus, a



WO 2009/ 047003PCT/ EP2008/ 008599 14 anti body can be used for the
specific depletion of non-C+ T cells fromthe sanple. Preferred
accordi ng wo dmipmesent invention is further a nmethodpcohet@bnisade

| east one of the antibodies used in step (a) is labelled or

i mmobi i zed. The term "l abell ed" as used in the present invention
neans that a nolecule, e.g. an anti bofj§ is conjugated to a |abel.
Many different | abels that can be conjugated to an anti body are known
to the skiilgued a:etlilsarpopﬁdrata)oanpll'mvin@di csip&@ti(f[ies rraperdiBs,s erg.
3H, fluore cen;e or m ne)gcence mar k Lesc(?l n (FITO,

r hodani A& “t-ERa8 r Eﬁ p?\'i/{: ae?‘iltrrﬁcier?t(olsﬁ)f CﬁPI Bﬁhﬁ%
6- car boxyf | uorescel n (6-FAN), 2',7,

di et hony d| chl or o- 6- car boxyfl uor escei n(JOE) , 6-,
car boxy-R-r da‘l’ﬁ d(lﬁék)ordéné]artﬁoﬁlez prgsept &“7“3“"-10“ step (a) can

hexachl %E:l@ﬁlth!@ﬁgﬂﬁl RotpEXbe Sreaidhnyf [dror @ﬁéels%rrﬁo'ieFAMtl'Pr an anti-
N, N N,N -tetranet c%ll 6- car boxyr hodam ne (TAMRA); anti bodi es or

ant i bod{DRPagHritedYe . PrefeiA R ir afpEnt* RFE9niaey lsabidlat bage been
bi ot i n, jaidiBy AAHGS NI 4R PHRILRSL! G A O R LV} o BB -

bound, haptens; and énzymes or enzyme substrates, a I ne
phosphaﬁ@@é (AR)ibaey horlskavwedl sty per @@R@&@él@ﬁR@f th%ST eFmip3+ Treg
"immobi | i.3¢d" as used in the present invention refers to any support
to which an anti body can be linked to while retaining its activity.
Preferably, the support may be the surface of a matrix, e.g. a nyl on

matrix; 1 |ter Iate m_| ar, I | astic.support
e.g. agajrr(e)’?g or %‘age Fc g§ S. |ro:T%bl Illsczjg%: $| b%l §arEea Fgr Ce‘ﬂs

exanpl e adesedihgd tion tis 416¥6n9086n ardmpniseser dagest adteichd her eanple
containing Foxp3+ Treg cells with an anti-CD49d and an anti-
CD25 antibedy; and (b) depleting the sample of CD49d+ cells
via the anti-CD49d antibody  thereby isolating Foxp3+
regulatory T cells, wherein the sample is (i) peripheral blood
mononuclear cells, or ‘PBMCs’, (ii) a lymphocyte containing
fluid, or (iii) a 1lymphocyte containing tissue. Optionally,
step (b) can addiitionally comprise positive selection of CD25+

cells via the anti-CD25 antibody.

The term “positive selection” as used in the present invention
means that desired c¢ells are removed from the repertoire of
cells by labelling/capturing said desired cells, while leaving

unwanted cells (label-)free.

Further, in the method according to the present invention step
{a) can additionally comprise treatment of the sample with an

anti-CD127 antibody.

Preferably, the method for isolating Foxp3+ Treg cells
according to the invention comprises: (a) treating a sample

containing Foxp3+ Treg cells with an anti-CD49d and an anti-



WO 20091047003PCT1EP20081008599 15 The advantage of using | abelled or
i mmobi i zed anti bodi es conpared to unl abell ed anti bodies is that

| abel | ed oWOI2i#PlV(0Bzed anti bodi es can be easier used WQIVERS¢EMERPFY
equi pnent and al so an adaptation to standard isolation techniques is
facilitated. Preferred according to t present invention, at |east
one antibody used in step (a) is immobilized. Preferably, in the
present invention's nethod, at |east one antibody used in step (a) is
i mobi | ICPad7omrd ippdon G i o) THEPAEVERY a§Beof ampAshial AFrPa-P127+
anti body..53 el O drBLALX-4bESY | Ant DBba} MBRDIcke? Akl 3 20V It dbody
matrices 1s very efficient and allows a ¥|6‘XI bl e, easy, fast, sinplé
and i nexpemrsbye toblanibasedoirdt atiagmletosyl | §. teahbdi | iwmiom orthe

nylon matrix is, far, exampl,e escri i .01 . Furt '
preferr es(?mgé%orl&i n((g%L h &3(?%@hp%rggeﬁ%ﬁqo%gﬁq%&%%&%ﬁgt %6%,%% hé’%n{ﬁd&ﬁ €s
used in dtiep 4a)lywahdagteni Eontdinimpelflledd, Ther adyidritiage dfymphocyte
uniformy | abelli ng.ét he antibodies lies in that the antibodi es can be

det ect eFCRIFRLRENGnELSS 1S

Further, in the method according to the present invention,
step (a) can additionally comprise separation of non-CD4+ T

cells from the sample.

The advantage of additionally separating non-CD4+ T cells from
the sample lies in that non-CD4+ T cells are removed with
higher efficiency and, as a result, the purity of the obtained

cell population is higher.

In the method according to the present invention, non-CbhD4+ T
cells can be separated from the sample by positive selection

using an anti-CD4 antibody.

Further, in the method according to the present invention, one
or more antibody/antibodies that allow for the specific
depletion of non-CD4+ T cells from the sample can be used for
the separation of non-CD4+ T cells by negative selection from

the sample.

The term “negative selection” as used in the present invention
means that unwanted cells are removed from the repertoire of
cells by labelling/capturing said unwanted cells, while

leaving the cells of interest (label-)free.



Preferably, in the present invention's nmethod, the | abel can be
selected fromthe group conprising isotopes, fluorescence or

| um nescenwe wawddens, anti bodi es or anti body fragnment s,pcafdrzovsigss99

| abel s, and enzynmes or enzynme substrates. Preferred according to the
present invention's nethod, the anti- 5 anti body can be | abelled
with biotin, fluorescein (FITC) or phycCoerythrin (PE). WD
20091047003PCT/ EP2008/ 008599 16 Preferred according to the present

i nvent i dives afsanda@get el apepa GOIRyE amn it cBincetls afebimedhwi tsample

biotin, flu | o (RLT p er, rig ( .. Preferred according
to the p esgégfgﬁ%gﬁtﬁgﬁgi %éthg%%Ptﬁ%hgnt?-éggéﬁiaﬁ%ﬁ%éay %%ﬁmbeang
| abel | ediniwoibhbdoti n, fluorescein (FITC) or phycoerythrin (PE)
Preferred according to the present invention's nmethod, step (b) can
be carried out using centrifugation, particularly, density gradient

centrif wgafeepedceddc@idiing atbonthamagiekeatseparaitivh fkuos esrened,
activated cel|l saorting, ir ol,ogj cal ,separatign, adhesion, .
conplenﬂgﬁrﬁigis ?ﬂeflSRFgggaﬁé?$9%b?9%ﬁ%wrBﬁegcp 'ngt?%_tﬁ@elelc
present deplegibANog mBHRED)+StreRelh) F3Bmbeheakkin®dcOanUPeNGelected
magnetic cell separation, fluorescence activated cell sorting, or a

col um- B&S8d ithfunoPbofRal CSBRALaLPen. @anti-CD8  antibody,  anti-CD10
antibody, anti-Cbl14 antibody, anti-CD15 antibody, anti-CD16

antibody, anti-CD19 antibody, anti-CD35 antibody, anti-CD36
antibody, anti-CD49%b antibody, anti-CD56 antibody, anti-CDé66a
antibody, anti-CD66b antibody, anti-CD66c antibody, anti-CD66d
antibody, anti-CD89 antibody, anti-CDw92 antibody, anti-CD93
antibody, anti-CD11l1l antibody, anti-CD112 antibody, anti-CD123
antibody, anti-CD141 antibody, anti-CD156a antibody,
anti-CD170 antibody, anti-TCRg/d antibody, anti-CD235a
antibody, anti-CD282 antibody, and anti-CDw329 antibody, anti-

B7-Integrin antibody or mixtures.

Preferred according to the present invention, anti-CD14
antibody, anti-CD15 antibody, anti-CD16 antibody, and/or anti-
CDh66k antibody can be used for the specific depletion of non-

CD4+ T cells from the sample.

The advantage of wusing one or more antibody/antibodies
selected from anti-CD1l4 antibody, anti-CD15 antibody, anti-
Chl16 antibody, and anti-CDé6b antibody £for the specific
depletion of non-CD4+ T cells is that this subset of
antibodies is small compared to some commercially available

subsets.

Further preferred according to the present invention's method,

anti-CDl4 antibody and/or anti-CD16 antibody and/or anti-CDé6b



The term "col um-based i mmunol ogi cal separation” refers to a way of
sorting cells, where antibodi es enployed in the nethod according to
the i nvent WORIWAHTHE attached to resins of chromat ogr ad$f/EBEHIE%Nnd
used to bind a cell that possesses an antigen recognized by the
specific antibody. Preferred accordingsto the present invention's

met hod, an anti-CD45R0 anti body can be used as an additional antibody
in step ( and the isol at ed F0§P3+ Treg ceII re CD45RA+ T cells.
VO 2009P(’5’$?@’Q§F5CFFEP?G’08’/5@658 PO SRS € etdons O A4t T
CD45RA+ k18l rsomabnbeskpgiated in a hlghly eff|C|ent manner and a
very high purity. Preferred according to the present invention's

nmet hod, an anti-CD45RA anti body can be used as an additional antibody
in step t ed Fo el + S.a
The adv§%?§§é§§ J%%ﬁaﬁggﬁéngﬁ-C%%%R&EE%%P§0d5§Z§ﬁ§ﬂ£§g§??|ggaﬁﬁéé
ant i bodyneithost, epihlea)eiln ezt | heahhit oaespeci the asnbikeedipds Fugpd+ iTr efep
cells, I, 5RO+ .T ce e;isolated in a highly efficient
manner g%geé¥vg§§eﬁ?8ﬁ %ﬁr%+§ %Lg second aspect of the present
invention, one of its objects is solved by a kit for isolating human

Foxp3+ Treg cells, ngﬁé gh %ian q&% d anglbod an%ean an Im;%%?
ant i body "§r &Nt 8%ant5%ody Fiht Pt ?fﬁrﬁ ANER5AY
that a molecule, e.g. an antlbody, is conjugated tc a label.
Many different labels that can be conjugated to an antibody
are known to the skilled artisan. For example, radicisotopes,
e.g. 3%p, 33 or *H; fluorescence or luminescence markers, e.g.

fluorescein (FITC), rhodamine, texas red, phyccerythrin (PE},

allophycocyanin, 6-carboxyfluorescein {6~FAM) , 2", 1=
dimethoxy-4',5*'-dichloro-6-carboxyfluorescein (JOE), 6-
carboxy-X-rhodamine {ROX) , 6-carboxy-2"',4"',7"',4,7-

hexachlorofluorescein (HEX), 5-carboxyfluorescein (5-FAM) or
N,N,N',N'"-tetramethyl-6-carboxyrhodamine (TAMRA} ; antibodies
or antibody fragments, e.g. F(ab)2 fragment; affinity labels,
e.g. biotin, avidin, agarose, bone morphogenetic protein
(BMP), matrix  bound, haptens; and enzymes Oor enzyme
substrates, e.g. alkaline phosphatase (AP) and horseradish

peroxidase (HRP).

The term “immobilized” as used in the present invention refers
to any support to which an antibody can be linked to while
retaining its activity. Preferably, the support may be the
surface of a matrix, e.g. a nylon matrix; a microtiter plate
or a similar solid plastic support; beads, e.g. agarose or
magentic beads. TImmobilized antibodies are for example

described in US 4,615,985 and in references cited therein.



Further, the kit according to the present invention can conprise an
anti-CD49d anti body, anti-CD25 anti body and an anti-CD127 anti body.

Pr ef er abl ywotzo@/dsvdns accordi ng to the present inventi on PCAEP2008/008599
additionally conprise one or nore antibody/anti bodi es sel ected from
the group conprising anti-CD8 antibgg% anti-CD10 anti body, anti-CDl14
anti body, anti-CD15 anti body, anti - % anti body, anti-CD19 anti body,
anti-CD35 antibody, anti-CD36 anti body, anti-CD49b anti body,

ant i - CD3heantidbadyagantef ChE6agani.abetlyed antd - Cm6biahzédodyntibodies

ti-CD66C_antibody, antj-CDE6d, antibady,. anti:CDBY apti
anti - COMTPRAE Dody aMt|2Co0F it FBOOY LN | - LDL11 aht | BggpLled ox

ant i - CDlikdhodrilliibedy, anbibo&i¥23 aahi biody, eagidr CRIskld antidrodystandard
anti - CD156a antibodg, ] . )
ant i - COERYARTERSdy 28k | 2RERy/ Bdht i HRREAHON. cii355tapgdard  isolation

2009/ 04 HRRIRCELEE2098£ Q0BDPID tldy ant i body, anti-CD282 anti body, and
anti-CDw329 anti body, antiB7-Integrin antibody or m xtures. Further,

the kit of the present invention can contain at |east one antibody

that is giggRbibized-JRIieQVeto i kﬁh@&&?rqg(}gnwowe deNVEOLL 0N o5an
contain at |east one antibody that is |abelled.
antibody used in step (a) is immobilized.

Preferably, in the present invention's method, at least one

antibody used in step (a) is immobilized on a nyleon matrix.

The advantage of immobilizing an antibody on a nyleon matrix
lies din that immobilization on nylon matrices 1is very
efficient and allows a flexible, easy, fast, simple and
inexpensive column-based isolation of cells. Immobilisation on

a nylon matrix is, for example, described in US 4,615,985.

Further preferred according t¢ the present invention's method,

the antibodies used in step (a) can be uniformly labelled.

The advantage of uniformly labelling the antibodies lies in

that the antibodies can be detected all at once.

Preferably, in the present invention's method, the label can
be selected from the group comprising isotopes, fluorescence
or luminescence markers, antibodies or antibody fragments,

affinity labels, and enzymes or enzyme substrates.

Preferred according to the present invention's method, the
anti-Cb25 antibody can be labelled with bioctin, fluorescein

(FITC) or phycoerythrin (PE).



Preferably, the kit of the present invention can contain antibodies
that are uniformly labelled. Preferred the kit according to the

i nventi on WarRMIHTWSE N | abel | ed anti bodi es, wherei n t he BEBERIBARRSHE
selected fromthe group conprising isotopes, fluorescence or

| um nescence markers, antibodies or apgi body fragments, affinity

| abel s, and enzynes or. enzyne substrates. Preferably, the kit can

contain an anti-CD127 antibody, an anti-CD25 antibody, and/or an
ant i - CDAoELerErRBo LI TN T afCbet PabANEE N t RIS ' 5 ReLhsd, pehe

In a thigg aspesy ofndikRdRr eSENt bRkl ?8d W@ NOfLidtsiPb] ELiSrdstein
solved by a use of (i) an anti-CD49d anti body, (ii) anti CD49d

ant i body(EIfC¢oni phrvrearwikrimntFED25 anti body and/ or anti-CD127
anti body, or (iii) of a kit according to the invention for the

i sol ati on of human Foxp3+ Treg cells. In particular, an anti-CD49d
ant i bodypredfierarti - LBAOH g | bodythe eoesienat | brwantierds apekthedps the

ant i body and/.ar, .an ant.i-CD127 anfib 0L .a ki ccqr.di ng .
inventi@ﬁ% 5ﬁgéggu§ Hﬁﬁg%rﬁ?qs%%aﬁgﬁﬁlngh&ﬁgh 3%%%§$LTr£%9€%%%§l“
froma s@nmice eenpaiabagythyipet®PPheral bl ood nononucl ear cells
(PBMCs), (ii) WD 2009/ 047003PCTMI200Mvb8599 19 a | ynmphocyte
containing fluid, or (iii) a |lynphocyte containing tissue.

Pr ef er aldlpsfetrhe dusec @eird Ngot @Hehepi&wad | AveAnide' shakaabay i zadp
in that separation of the human Foxp3+ Treg cells can be achjeved b

separ at i) COADJPLPBEEELLRE RHhg USSRIr sRITH TP ERAR T RRFFECH Y-

Foxp3+ He%%i%?l léryﬁﬁexe@ntdénft&q&h'g@r&mﬁ?l | c@l Ut k9Bt iBBYNGhddhetic
separation, fluofescence activated cell sorting, inmunol ogical .
separ at isGparaghesi od 1 uesRprenent aFysvated ¢eblv 89¥bhegr yimmunological

separation, adhesion, complement lysis or flow cytometry.

Preferred according to the present invention's method, step
(b} can be carried out using magnetic cell separation,
fluorescence activated cell sorting, or a column-based

immunological separation.

The term “column-based immunclogical separation” refers to a
way of sorting cells, where antibodies employed in the method
according to the invention can be attached to resins of
chromatography columns and used to bind a cell that possesses

an antigen reccgnized by the specific antibody.

Preferred according to the present invention's method, an
anti-CD45R0 antibody can be used as an additional antibody in
step (a), and the isolated Foxp3+ Treg cells are CD45RA+ T

cells.

The advantage of wusing an anti-CD45RC antibody as an

additional antibody in step (a) lies in that a specific subset



Further, the use according to the invention can be characterized in
t hat depletion of non-CD4+ T cells fromthe sanple can be carried out
usi ng at |washoanwmoeant i body sel ected fromthe group Com@TREPRMNG008599
anti-CD8 anti body, anti-CD10 anti body, anti-CD14 antibody, anti-CD15
anti body, anti-CD16 anti body, anti-CD 9 anti body, anti-CD35 anti body,
anti-CD36 anti body, anti-CD49b anti body, anti-CD56 anti body,
anti-CD66a anti body, anti-CD66b anti body, anti-CD66¢c anti body,

ant i - CDegd BoxpIodrecants L GHB9name 1 hodyd Skt | T CEadRs ankhbbdy,isolated

anti - CDQ nt i. b , tiL-C0111 antibody, anti.- 12 anti body,
cords ot BRot < FEn T o i iy, YBhY: e el

anti - S hAntTe ant i'vo mt 1 body,
anti-CD170 anti body, anti-TCRg/d anti body, anti-CD235a anti body,

anti - 82 _anti hody, and. anti - 29 antibody, anti37-|ntegrin

ANt i boc 1B RBur LScOT U e £0R Ghe 1.1 TRt o 1EGPPELGR| Bn THESr27 30

and CDAQatw-thaFRXP3nexpbesstan. pEumBBdPBYC averRicSraoned HeriGBdy in
CD25, CD127, CD49d and Foxp3 and anal yzed by PACS. a. Doubl e st al ning
of humatPENSTor OFS 4G CLP%3U%sr cBrfale Bre@Deeldsl |aref CPAPED* 1T
PBMC i s defdiscated. b. Correlation of CD25, CD127 and CD49d WO

2009/ 047003PCT/ EP2008/ 008599 20 wi t h Foxp3 expression. Hunman PBMC
were stained for CD4, CD25, CD127, CD49d and Foxp3 and anal yzed by
FACS. t ainy Fo ' (1 : CI 7 i, dd

panel ﬁgémfwgggéﬁom%o%%ﬁ%ﬁ sgé%%ggﬁgéc%}})r di ngl?éj i g%gl a’"
Nunber s adddi éavel pentipedyelof steh | 62) nliecHirguddrtadt spRiqg.fi2: sgb4ed

di scri m_nat FOXp3+ Tr el l < 1 C S, a._F
expressiogn Ei%?fpé%lg%e l%dbs@%@él%n% (c:igl %%Il U%JIJ] Bﬁl\/ﬁsv?/cei)régéd
st ai nedihor ED4hlCDBEf i CRIAT7 ma@dd aand aFexpd migh gatmid.or CD4+
cells. Upper panel: co-staining of CD49d and CD127. CGates and
percentages of the three nmajor populations are indicated. Lower

panel s: I60-st agdon@ OksEP2b anfl FEdep3ptresafowdnfventCbh?7+ofd efdf its
panel ), CD49d-CD127- (m dd] e panel nd C049d+CD127- cells %FE ht
panel ). °PaPEEft ég"ess‘?]e‘befcgséﬁt % h%l%u%ﬁé'r 10?091@15295#33%’6‘?9 TF @ J3:% f8%¥n
the indiceated quath@idingd. ahsohati-omofd CRAAHLERE2 7an@ndhCD4AYE 1CPH27T -
cells by FACS sorting. Untouched CO4+ cells isolated from PBMC with
comer cPEFIRAES- e Bttt 1604 A P t4PaRKe N ¥h DAY Zdndniibedy7
(left panel) and sorted by FACS into the CD49d-CD127- (m ddl e panel)
and the _CD49d+CD127- subset (right panel). Nunmbers indicate the
fracti oRusFhest | sthe dach QFEPTAIDY ctoSupp? esRTsAefapddivieption  can

| nhi bi t L@RLPLsd NG Pr ghtfeeflbye £RIPOASS P¥ndN&dr0 LEPiBL&EY GRld an
subsets was determned in a FACS based suppression assay as” shown in
Fi g. 3banpiofPi2f antoibasty .CD4+ cells was i nduced by a-CD3 anti bodi es,
suppressor cells were added at a ratio of 1:2. Suppression is
expressed as '% inhibition' and was cal cul ated by the fraction of

di vi di n§reéetablin r sher entle Bocpudbag dfo diké diprgsan€D3irstemilct edan
CD4+ Ceghaitionally comprise one or more antibody/antibodies selected
from the group comprising anti-CD8 antibody, anti-CD10
antibody, anti-CD14 antibody, anti-CD15 antibody, anti-CD16
antibody, anti-CD19 antibody, anti-CD35 antibody, anti-CD36
antibody, anti-CD4%b antibody, anti-CD56 antibody, anti-CD66a
antibody, anti-CD66b antibody, anti-CD66c antibody, anti-Cb6éd
antibody, anti-CD89 antibody, anti-CDw92 antibody, anti-CD93
antibeody, anti-CD111 antibody, anti-CD112 antibody, anti-CD123
antibody, anti-CD141 antibody, anti-CD156a antibody,

anti-CD170  antibody,  anti-TCRg/d  antibody,  anti-CD235a



Fig. 3. Isolation of untouched Foxp3+ Treg cells fromCD4+ T cells by
MACS. Unt ouched CD4+ cells of human PBMC isol ated by MACS with a
conmmer ci al WOBA%@I0at i on kit were depl eted by MACS WO PCT/EP2008/008599
2009/ 047003PCT/ EP2008/ 008599 21 in a second step of

CD127/ CD49d- expressing cells. a. FACS;gnal ysis of depleted cells.
FACS plots are shown for the CD4+ cell population prior to the
depletion (] eft panels) and for the cells remaini ng?after CD49d/ CD127

depl et i ot Fad-SP28Baratildcdionaor Nt haClY A7 Ai ARt Epady vanti-

ch127 (Wnb%‘l%hslan%@go%}?zérYﬁixEQX%. (I ower panels). Percentage
refers to the nunber of cells in each quadrant. b. Suppressive

capacity. CD4+ T cells depleted of CD49d/ CD127+ cells were used as

suppres S r i - d.i i a + eff
cellsr Zﬁ[o{/tg%gﬁy t&heq(g)gplogt iatg?\%re%%?lgbérgaxt\n&%ﬁ %%%Aggﬁﬁ%eﬁﬁ aggéé)&r
responderncartsbofiyetpabelis imdpoalezede CFDA staining of CD4+ cells
W t hout any stinulation (upper panel), after incubation wth a-CD3
(m ddl e panel) or after incubation with a-CD3 in the presence of

unt ouchatbris®e@celtlse akia matdoaddhgl:th (tlowweinpaneidn Nanbersmtain at

represent the percent of .djvidi fector cells. Fig. 4:

| sol at i o %ft L?ﬁ’teoﬁgﬁégg$Ve5hﬁtl s ?g%% Treg cells were isolated

by MACS-depletion fromtotal PBMC. a. Depletion with a-CD49d/ a- CD127

only. Deg)l etion_of human PBMC _ . ,
referably, the kit of the present invention can contain

antibodies that are uniformly labelled.

Preferred the kit according to the invention can contain
labelled antibodies, wherein the label can be selected from
the group comprising isotopes, fluorescence or luminescence
markers, antibodies or antibody fragments, affinity labels,

and enzymes or enzyme supbstrates.

Preferably, the kit can contain an anti-CD127 antibody, an
anti-CD25 antibody, and/or an anti-CD49d antibody which can be
labelled with bilotin, FITC, or PE.

In a third aspect of the present invention, one of its objects
is solved by a use of (i) an anti-CD49d antibody, (ii) anti-
CD49d antibody in combination with anti-CD25 antibody and/or
anti-CD127 antibody, or (iii) of a kit according to the
invention for the isolation of human Foxp3+ Treg cells. In
particular, an anti-CD439d antibody; an anti-CD49d antibody in
combination with an anti-CD25 antibody and/or an anti-CD127
antibedy; or a kit according to the invention can be used for
the isolation of human Foxp3+ Treg cells from a sample

containing (i) peripheral blood mononuclear cells (PBMCs), (ii)



was carried out with a-CD49d and a-CD127 as described in Fig. 3
except that total PBMC instead of purified CD4+ cells were used. b.

Si ngl e- st epodeplnatdopn wi t h a- CD49d/ a- CD127 i n conbi nat ipgm/emdokyo@sD4+
T cell isolation kit. To increase the purity a-CD127 and a- CD49d was
added to the antibody mx of a com*rergé CD4+ T cell isolation kit.
The staining of CD49d vs. CD127 and of " CD25 vs. Foxp3 is shown for
PBMC prior to depletion (left panels) and for the bead-negative
fracti o oblwhplearyifa er cohbatiepiet i §huidi ghtoxpanéls)). Nanberwnphocyte

i ndi cat .per.ce of cells in each quadrant. WO

2009/ 04%@8’@%&@?&@2%%%?@%8599 22 Fig. 5 Inhibition of m xed

| ynphocyte reaction (MLR) in vitro and preventi on of GvHD in vivo.
Unt ouched ells relsolatedfrom aS|ngIe ste
Con57) CRISEAERPEFT onthE Gust:: BEGOFHERRG T . &PeI nAPEERE SRMof CRER. Do
MR r eachiaeactsrshean ifror thhteesébefﬁaiﬁeﬁii genotiss homeachrs:ee®t | @teg
105 PBMC were incupated with the sane nunmher of radiated PBMC of a

hapl ot yF& s rfétthed saeQ?HrﬁYe(?onBY (CEPREGEATNT HRYE 3B acPP¥RS wagicluding

i nhi bi t @@dnbyegddangreg. Scrad04r autol pgous oy eFglI+s isRlat ed1h8 avia
single step MACS dep etlon (allogen & Treg). Proliferation was

det er m ﬁ@ﬂtﬁ)’/fBFPY-h‘Wn di néelhcor pbrriaicadnd i asstdssed S@@“@@Hﬁ?s

per m nyhgor£6PE} Preyest i 001 of s 8eu &y Ol RAIHEA 48N Ge@uH
i nduced b%;fhe ad %Tot?%e transfer of530 l“r;‘quG 05125 ﬁ% et ed e%rragr% PBMC

(CD25- PBREF1PRAt occREyemgnt yiysis ofi ddovwPepgemetivn of the disease
was recorded by determining the weight |oss (left panel). One group
received only CD25- PBMC (filled circle), a second group received
CD25- PBNEtheyet héihew t hs9. 5 accd@dingt odchedtheat olingyend iPneg aal | shén

t f h
2,00, LAMALELLLPPE CLEcl el CIQURRRL G eTiRG vEpe Usedk: Lheparer age
experi nBampaedcals leapcesseeeid asut pes centatweiegit loss'antlibeodgesedeoted

clinical._sign ruffled fur, hunched postur nd _i pmpbi,l it nd
Gonth PR EaELd diSth e PonRt TEIRE, PORE L Eod "RapTEBRaY ! onmoR eERBY
Tr eﬁ cebhsibyda, C4Ad -deplaet Bﬂﬂlb@dy,segarne_gatbmﬂ oéniﬁm&cy exahességzns
with cyto e.secreti,o ecretin + ce ress )
A T o AR T - DA S EIE e PR g PR o
6h | at eanbYbEAES. adt @k 0bigb Okinte@bally CD4nteetbss ( uaﬁ%oaynebahandssa
Foxp3+CD4+ cells (|l ower panels). is shown for CD49d vs. |L-17

| eft paRBF}PRRYf of" B . A ENPCAY u AT CPGRE &Qi#éPPdYPePBéthg@@d
of totahntHsage! kethetonat ey, of agel I&Wr antibody, anti-cpo3

antibody, anti-CD11l1l antibody, anti-CD112 antibody, anti-Cb123
antibody, anti-Cb1l41 antibody, anti-CD156a antibedy,
anti-CD170 antibody, anti-TCRg/d antibody, anti-CD235a
antibody, anti-CD282 antibody, and anti-CDw329% antibody, anti-

R7-Integrin antibody or mixtures.

Figures

Fig. 1: Inverse correlation of CD127 and CD49d with Foxp3
expression. Human PBMC were stained for <CD4, CD25, (D127,
CD49d and Foxp3 and analyzed by FACS. a. Double staining of
human PBMC for CD4 and CD25. Percentage of CD4+ cells of total
PBMC is indicated. b. Correlation of CD25, CD127 and CD49d



guadrant. Percentages of Foxp3-gated CD4+ cells refer to the WO
2009/ 047003PCT/ EP2008/ 008599 23 fracti on of CD49d+ or CD49d- cells,
per cent ageWef20eXHaRd ne secreting cells in the dashed gdt(@/ERNS[PRSIY
reference to the nunber of CD49d+ cells. b. CD49d renoves Thl- and
Thl7-1i ke cells from CD25hi 9h Treg preparations. Human Treg cells are
characterized by CD25hi gh expression. PBMC were stained with a- ClD4,
a- CD25 and a-CD49d and sorted by FACS into the the CO4+ subsets
CD49d+CD2SR JPxerid CBASHSEPs. ns FRMd "ede shdascs fadr £R{et i1SPA%ed

W th PVR/d19R0M@Ei b ANghat #0888 and analyzed by FACS. Co-staining of
Foxp3 with CD25 (left panel), CD127 (middle panel and CD49d is
shown for CD4+ cells gated according to Fig. la. Numbers

indicate percentage of cells in each guadrant.

Fig. 2: CD49d discriminates Foxp3+ Treg cells from Foxp3-
CD127- cells. a. Foxp3 expression in CD127/CD49d subsets of
CD4+ T cells. Human PBMC were stained for CD4, CD25, CD127,
CD49d and Foxp3 and gated for CD4+ cells. Upper panel: co-
staining of CD49d and CD127. Gates and percentages of the
three major populations are indicated. Lower panels: Co-
staining of CD25 and Foxp3 is shown for CD127+ (left panel),
CD49d-CD127~ {(middle panel) and CD49d+CD127- cells (right
panel). Percentages represent the number of CD25+Foxp3+ Treg
cells in the indicated quadrant. b. Isolation of CD49d-CD127-
and CD49d+CD127- cells by FACS sorting. Untouched CD4+ cells
isolated from PBMC with c¢ommercial MACS-depletion kit were
stained with o-CD49d and o-CD127 ({left panel) and sorted by
FACS into the CD49d-CD127- {(middle panel) and the CD48d+CDl127-
subset (right panel). Numbers indicate the fraction of cells
in each quadrant. e. Suppressive capacity. Inhibition of the
proliferative response by the two isolated cell subsets was
determined in a FACS based suppression assay as shown in Fig.
3b. Proliferation of CD4+ <cells was induced by «-CD3
antibodies, suppressor cells were added at a ratio of 1:2.
Suppression is expressed as ‘% inhibition’ and was calculated
by the fraction of dividing cells in reference to number of

dividing o-CD3 stimulated CD4+ cells.

Fig. 3: Isolation of untouched Foxp3+ Treqg cells from CD4+ T
cells by MACS. Untouched CD4+ cells of human PBMC isolated by
MACS with a commercial CD4 isolation kit were depleted by MACS



intracellular for IFN-y and IL-17. Percentages represent the nunber
of cells in the indicated quadrant. Fig.7: Enrichment of Foxp3+ Treg
by depl et i ww 20inCM9d+ cells fromhuman CD4+ T cells. hunar:deBMdssoo
cells were depleted by CD49d and anal yzed by FACS for CD25 and Foxp3
expression. Left panels: Total CD4+ cells, right panels: CD49d

depl eted CD4+ cells. Staining is showi~for CD25 vs. Foxp3 (upper row)
and Foxp3 vs. CD49d (lower row). Nunbers indicate percentage of cells
in each igat e. $fgend: sRepovaf dIDIAM/E04Re-prpdassgg efdeddisor gel IRACS

from CD127-, Tr.eg epar.at.i ons. .The riment was carried out ,as in
Fig 2a Bt ﬁ%{ peLﬁlithleéig Cﬁ:}}f TE%%I I pg?%?eta%rs % Tt &%
t he sortdeld wdpulRMA/Gronsmyt ntd otheasepeet hencyllekt Nn@apeddycizngn.for

The FACS analysjs was carried out _as in Fig. 2a_except that the cells
were staied FREFBCOFPURARLOR h B5EPFN. W OAH/5RRT 17 depe typas entriant

inventi gaarehal)l. mewabe sdesewnbedrf uhthgtakRiddechodd ove N EXAPhRDer
wWth respect to the attached figures without being limted thereto.
For the BgiGdett ¢PRD presefP*Pivdiorss, panelsdf erRarcestagecinedgrs

herein aie ikReor peklé£d &y 1Rhaxenes idsdheidyLRbhket i8S, suppressive
Addi tionally, the present WO 2009/047003PCVP2008/ 008599 24 “i'nventi on
i s basedFap@cdéivent¢Pit Expesiiendsphbied iedveChERY @RI Tor nedlbn were

et ¢S EE, R LT VoL ! aSRea Yol e
t he pres@savi.nvehif+oeffector cells removed by the depletion were
labeled with CFDA and used as responder cells. The panels
indicate the CFDA staining of CD4+ cells without any
stimulation (upper panel), after incubation with o-CD3 (middle
panel) or after incubation with o-Cb3 in the presence of
untouched Treg cells at a ratio of 1:1 {lower panel). Numbers

represent the percentage of dividing CP4 effector cells.

Fig. 4: Isolation of untouched Treqg cells from PBMC. Treg
cells were isolated by MACS-depletion from total PBMC. a.
Depletion with «a-CD4%d/a-CD127 only. Depletion of human PBMC
was carried out with o-CD4%d and «-CD127 as described in Fig.
3 except that total PBMC instead of purified CD4+ cells were
used. b. Single-step depletion with oa~CD49d/a-CD127 in
combination with a CD4+ T cell isclation kit. To increase the
purity o-CD127 and o-CD49d was added to the antibody mix of a
commercial CD4+ T cell isolation kit. The staining of CD49d
vs, CD127 and of CD25 wvs. Foxp3 is shown for PBMC prior to
depletion (left panels) and for the bead-negative fraction
obtained after the depletion (right panels). Numbers indicate

the percentage of cells in each quadrant.



Exanpl es Particul ar nethods and materials used in the Exanpl es:

Anti bodi es and reagents Antibodies specific for CD4 (RPA-T4), CD25
(MA251), awd 20DIa70¢ hl L- 7R- M21) were purchased from BD EBITEPEI08/Ge829
Anti-1FNy was purchased from M Itenyi Biotech (45-15). Anti-CD49d
(BU49) was obtained from | munoTool s. ,a-CD3 (UCHT-1) was produced at
the MDC. aFoxp3 (PCH101) and a-1L-17 %eBi 064CAP17) were purchased
from eBi osci ence, intracellular staini ng was carried out according to
manuf actFilder '5s AaddRiEAEt °dn MierBALXEBNBBY BF nEtRFF bR Mgt 4t vitro

Pr obes, a%%t3%%9§%%% %g@alimcaﬁg?b FipWopyheRetfYeAndetel! yere

pr epar ati on tal ned m heal t hy vol unt eers.
Mononucliealatekl s fweme irswlant edPBME Filmol | 2 gr athvehe-sken r i CRRR AT JdGE

Heal t hcare). .FACS anal ysi s. rei.ed qut on | b LSR-
instr uneqrrcleﬁglﬁﬁboﬁi oassci%%&séée%g%t ggweFrlg'a(r?él yag'ed%tljgl ng A%S%%vg&R' MR
sof t war ecaBRiBnosei eheeh, fOel tQuest di BPeBeosciences. ofn Rraw areaction

software (Treestar). to.ir%e det, %ti n Cells re s(;t:rryl ta%f N

4-6h wi t4Y PWMEnEeFSn%‘? GHeR twﬁg prtg‘fer‘?(?@eofn”\é\’ii’e@r’rel n a/f%fo dtﬁg

| ast 3- 4 aTheWtelderti smatched second donor (allogen). The reaction
was inhibited by adding 2.5 x 10* autologous Treg cells
isolated in a single step MACS depletion (allegen & Treg).
Proliferation was determined by ’H-thymidine incorporation and
is expressed as ‘counts per minute’ (cpm). b. Prevention of
acute GvHD. Acute xeno-GvHD was induced by the adoptive
transfer of 30 x 10° CD25 depleted human PBMC (CD25- PBMC) into
Rag2 -/- yc -/- mice. Progression of the disease was recorded
by determining the weight loss (left panel). One group
received only CD25- PBMC (filled circle}, a second group
received CD25- PBMC together with 0.5 x 10° untouched
autologous Treg cells in a co-transfer (open circle}. Groups
of 6 mice were used; the average relative weight was
determined in reference to the start of the experiment and is
expressed as ‘percent weight loss’. Incidence of clinical
signs (ruffled fur, hunched posture and immobility) and death

is indicated in the right panel.

Fig. 6: Purification of CD25+ Treg cells by a-CD49d depletion.
a. Segregation of CD49d expression with cytokine secretion.
Cytokine secreting CD4+ cells express CD49d. CD4+ T cells were
stimulated in vitro with PMA/ionomycin and analyzed 6h later
by FACS. Staining of total CD4+ cells (upper panels) and
Foxp3+CD4+ cells (lower panels) is shown for CD49d vs. IL-17
(upper left panel) or for CD49d vs. IFN-y (upper right panel}.
Percentages of total CD4+ cells refer to number of cells per

quadrant. Percentages of Foxp3-gated CD4+ cells refer to the



secretion was determned by intracellular staining wwth a-1L-17 and
a-1 FN-y using MACS- or FACS-sorted CD4+ T cell subsets. WO

2009/ 04700@BCHiokka0O8/ 008599 25 Cel | s were used eit her piorapbdoyomsso
mai nt ai ned overnight in RPM, supplenmented with 50Ulnml |L-2, before
stinmulation. Treg isolation Magnetic ﬁel | sorting was carried out
usi ng the MACS system (M| tenyi Bi ot et FACS sorting with the
FACSAria instrunent (BD Bioscience). A Treg enrichnent by CD49d
depl eti cfrracrmes Mtémehemw sGDaBtlen deilflsl, | /Micteaﬂ;dgd?»i of echytokdme
i ncubat ed for Wit 3d F% r%‘2480 After washin W t M%gs
buf f er fsé?r‘:rfémﬁt %1816 %ré| - PhHcubAted®for s W TG pFo the
a- Fl TG magweti oheanssd-M keenyl Bi. ot@um;)d pe¢mdys cehls. andd-TBO-1ike
Af ter vvasqlng wi th NA pffer, cells were separated using a

LD- col ui Rl 1 Heyi CBr t%ch)Treﬁ) RRERUCHEP S no- EVBAR MEGSIpr BREHRIr e
unt OUCh%@laQ @E = (Ijl gi(M Pb§hlmr@xp§fé%1)dn50|}?%h%d Jerr%mﬁ:%%'}eﬁs'wﬂghl s

hCD4-i sol ati on tenyi Biot In a second step the ce

wer e i ncoiaat @GLCFDQIS Ed Wi-td,'DzmcC[Xlr&ﬂ Ecbﬂ'tf?aoarldy arffd2inbbotha &heldCBE@+
After washi n% with MACS buffer for at .cells were incubated
for 15' Rt8o HP449EFPES and %‘G)dplc@’g%‘ilcﬁ[?%ﬂs nagnefPe beggsed cell

(M1 tenﬁhbﬁbegecmeﬂg&r 30¢icetLa. atyi4n8C. pM{ 1 RnMRENRIANT Whih MAGSned
buffer, cells were separated using a LD-colum (M'tenyi Biotech). C)

Unt ouc hadtsanglléulraep fosCS li‘}i-o'ceim eIthﬁran PPBMN Weges | mepbasent withh

FI TC | ab%I eg afCD4 ﬂ bi ot.in-la el e% aCD127 and the biotin-|abelled
anti bod)rll- $of "t he %mJarh %+ ea1tl i SEPEEFBh kit 11 for 10' at
4-8C. After washi ng wi th MACS buffer, ceIIs were incubated with 10 pl

a-FI TG and 25 biotin net.i c-bead per 10' .cell

4 8C. AFR8r TaaBRFAGIITh RACEOBRPY of eBePYS CrerBti8harh: CHi98F ngBlLs
LDcol ungrom) Hdﬂfa@um STNgHear1Sd epHGS ppacediene s( GRAAI asgi &R 7by
depletiaon only): human PBMC were incubated with FITC abel | ed a- CD49d,
bi ot i n- FRA&H éadaa@f)hﬁe?o?y 1BRC3t Tor g2 nranst KR (RFRAeSF iResLett

buf fer, pagkh§: WaiRailnathat edeM 5N ¥8ght panels: CD49d depleted CD4+
cells, Staining is shown for (D25 vs. Foxp3 (upper row) and
Foxp3 vs. CD49d (lower row). Numbers indicate percentage of

cells in each gate.

Fig. 8: Removal of c¢ytokine producing effector cells from
CD127- Treg preparations. The experiment was carried out as in
Fig. 2a except that purified CD4+ T cell subset were
stimulated after the sorting with PMA/ionomycin to measure the
cytokine production. The FACS analysis was carxried out as in

Fig. 2a except that the cells were stained intracellular with

a~IFN-y and o-IL-17.

The present invention shall now be described further in the
following examples with respect to the attached figures
without being limited thereto. For the purposes of the present
invention, all references as cited herein are incorporated by

reference 1in their entireties. Additionally, the present



WD 2009/ 047003PCT/ EP2008/ 008599 26 pl a-FITC- and 20 pl a-biotin
magneti c- beads per 107 cells for 15 at 4-8C. After washing with MACS
buf fer, ceWO0WEHEN8epar at ed usi ng a LD col um. E) FACS{IGRINGHEIS9
unt ouched CD4+ T cells were obtained from hunman PBMC usi ng the human
CD4+ T cell isolation kit Il (MIltenyh,Biotech). Cells were stained
w th a-CD49d- FI TC and a-CD127-PE for 10' at 4-8C. After washing with
MACS buffer, cells were resuspended in MACS buffer and sorted on the
cel | soriteentiapouchdi e gorebrdentiElobeaPRE™OBEAgWRLISHr tiaNg fasd
for CD49d- - cell sy: - i o] c . eiEn LBNMC
wer e st%i% r’fgg}vg\%{j h Q}@Bé@gg%%saﬁ%{éa%%%% ;dc??@%ga a?kéf-%c. AfteérD ]
washi ng VeiltuntMBES hafeergivcent | shaer e coasgsperfdedush NAES spelciaengi@r

sorted qn th el sort i rti r. + 111CD49d+
o Coi+sSRenBachc S LEb BB ST b PRSP e T L

i odide (Sigm). CFDA-based proliferation assay 004+ effector cells
werel abelled with 0.5 pM 5- carboxyfl uorescein di acetate (CFDA,

Mol ecul ar Probes) as described before (Kleinewietfeld, M et al.

Bl ood 1@&xampdés- 86 (2005)). CD4+ effector T cells (25.000 cells/well)
were incubated with irradi ated CD4-depl eted PBMC (50. 000, cells/well;
3000 r adpr&dGuiarphrhhodnt 3 YRIAFE S USESy 18- ERGabRaTRl 9% wel |
V-bottom plates (Costar). For T cell suppression Treg cells were
added a h% indgcatgd éatég.sProliferation of CD4+ T cells was
analyzeéﬁé%L4¥¥§§——ﬁﬂ*eﬁ—i%ﬁﬁ%ﬂcyte reaction (M.R) MR wi th human
PBMC wasin@dbbdedsodpeas fdes coirbab4( Birna-T4L., ND2& MMEE@S1) ,Sand CDP127
| munol 166, 4870-8 (2001)). Human PBMC gloonooo,cells/mell) wer e

i ncubat e Ihi-t'R-ME R} AdWaEedPE3chascRady ol PBg8REFEI BB/ (ABBL 0DN Y was
cel | s/wel | )-8 BPM-LAO% TESN (L B bEQERNY 45015 5. ddyis: - T 9 URIILISiRR

of proliferation,
obtained from ImmunoTools. «-CD3 (UCHT-1) was produced at the

MDC. oFoxp3 {(PCH101) and «-IL-17 (eBio64CAPl7) were purchased
from eBioscience, intracellular staining was carried out
according to manufacturer’s recommendation. CFDA was obtained

from Molecular Probes, °H-thymidine from GE Healthcare.

Flow cytometry and cell preparation

Human PBMC were obtained from healthy wvolunteers. Mononuclear
cells were isolated by Ficoll gradient centrifugation (GE
Healthcare). FACS analysis was carried out on a FACSCalibur or
LSR II instrument (BD Bioscience). Data were analysed using
FACSDiva software (BD Bioscience), CellQuest (BD Bioscience)

or Flowjo software (Treestar).

Cytokine detection

Cells were stimulated for 4-6h with PMA and ionomycin in the

presence of brefeldin A for the last 3-4h. The cytokine
secretion was determined by intracellular staining with «-IL-17

and o-IFN-y using MACS- or FACS~sorted CD4+ T cell subsets.



WO 20091047003PCT/ EP2008/ 008599 27 i sol ated aut ol ogous Treg cells
were added at the indicated ratio. Proliferation was nonitored by
3H-t hym di we 2maarpper ation (1 pCG/well) for additional ptiEP2dWs068599
culture and determ ned using a beta-plate reader (Wallac).

Xenogenei c- Graft versus Host di sease -GvHD) An acute formof GvHD
was induced in Rag2-/- yc-/- mce (purthased from Taconic) as

descri bed before9. In brief, PBMC were depleted wth a-CD25

ni cr obed®d 16M WermyiusBicot e¢hhensifieshlyD ool urain(tMineenypv8inigut) in
Treg cel wer fro P, eal t donor ng. t he one
step prggg urggp%}i‘)}irﬁ E}gcg)e‘i"o?%e %ns ﬂ %m géf%‘%eis?/le i tgl °Y.2

cl odr onat econt ai ni ng Ilposorres 4h pri or to the transfer of cells,
mce werge |rrad ated (350rad). 30 x 106 CD25 depl eted PBMC were

i nj ect ed 5250 alone or as nmixture with 0.5 x 106 Treg cells

in PBS/ Qa@%huafarteie_r Ugd 2d 1y Ras Tharwekghtoutf ddithdn ke amdckh&ysten
clinical Xt@tom; were determ ned over the entire é)erl od of the

exper i MENELLERY i BAPTEFHhs SRCPhSHitdBYs & 1kdr &heufFACR Higy | Inihrement

post ur e (@pd slm@l@%@emvw%reéxeﬁpi@aﬁer@lgi @DdQ@@%‘ﬂ)l@ﬁ:.@;on MACS
inversely correlated with Foxp lT__gendl ng on the donor, about 30-60
(

% of husestPeMthaPa- em#am%@ kist S Byenysy ﬁm@h>agm@|m®a¢ed
3-10% aree  Tr c keg X h I S
ot the 052 oot ShaflREe "EARIER) ek, SHRIER Ghlh BHES
separ at butEHierTfeg ﬁ@pulaat i4018 °Cr, omeridis- megel ahcupaeé)mfoel 1§’awith 10
clearly mce. rreeffetor and. nenor Xpress
Cower AR T L obsrer W5 LRy T REPTeRoh et b ey ot -

overlaps“wtm;tﬂr@c CLiashiigh Twﬂghsm@mt pBeesher cAllhan, wére @e@:matéd

A., Freeman, G J. & Hafler J I'munol 167, 1245-53 (2001)%.
Treg sePdiafi dhslBasetumm t(HﬂétﬁﬁVRerBlotecm B) ' Untouched two-step

MACS-procedure: untouched human CD4+ T cells were first
isolated from PBMC using hCD4-isolation kit II (Miltenyi
Biotech}). In a second step the cells were incubated for 107
with Q-CD49d-FITC and @-CD127-biotin at 4-8°C. After washing
with MACS buffer for 10’ at 4-8°C, cells were incubated for
15 with 10 pl a-FITC- and 20 pl da-biotin-magnetic beads
(Miltenyi Biotech) per 10’ cells_ at 4-8°C. After washing with
MACS buffer, cells were separated using a LD-column (Miltenyi
Biotech). C} Untouched single-step MACS procedure: human PBMC
were incubated with FITC-labelled a-CD49d, biotin-labelled a-
CD127 and the biotin-labelled antibody-mix of the human CD4+ T
cell isolation kit II for 10’ at 4-8°C. After washing with
MACS buffer, cells were incubated with 10 pl o-FITC- and 25 nl
O-biotin magnetic-~beads per 107 cells for 15° at 4-8°C. After
washing with MACS buffer, cells were separated using a LD-
column. D} Untouched single-step MACS procedure (CD4894 and
CD127 depletion only): human PBMC were incubated with FITC-
labelled a-CD49d, biotin-labelled d-CD127 for 10’ at 4-8°C.
After washing with MACS buffer, cells were incubated with 15



WO 2009/ 047003PCT/ EP2008/ 008599 28 therefore have an inherent risk of
bei ng contam nated by these cells. Like several other genes, CD25
expr essi onwore®riaggogel s is driven directly by Foxp3 (HSATEP2ES/008599
Nonmura, T. & Sakaguchi, S., Science 299, 1057-61 (2003)).
Counterstaining with Foxp3 therefore Lpdicates a near linear
correlation for the CO25high cells, in which cells expressi ng t he

hi ghest anpbunts of Foxp3 also stain brightest for CD25 (Fi | ef t
panel ) . Wln ceGHilCasEnto 2@D2ﬂ a-fire cd-iohaegnet icheeads 7P¢-’90b@?0¥e](1@|31®7t)

is inversely gor Fox Xpr, io Lt

ved 2033170261147 ((edzg% A\yéeédiﬁ% Q'%l\i? PRATH ,“ﬁéég’ﬁ& 203?19%53-“%%
(2006)) s(dﬁlag‘atleh meh@I & aamectc)lunﬁd .S OB heF&C$ o oimres atumdcﬁlerqieamtlﬁ
| i near, but |1s with hi Ieve}é of F éﬂ% have t@ a4+
expr essilorf§evel Woie '_2'371(1‘ e E&hr 613??0&, oWever %8{“380,%% té
In the exanpleshdadn kfi gr1l Guincddiye panekrh) ab@@ﬂlgl&eﬁétitﬁlned
CD127- cells were al so Foxp3-. For the characterization of Jreg cells

cpLar 'g“ltt*‘?er@fﬁpé%%% el TCOSRBIREL i BrF witi cess frBuC- wAkier
5@@ 1% 1 K |
203 16 ;ggg gg%y Pdcd 1 2008); SeddikiyeN &sdlspendeBXPiEdiacs

Qur own st udi es have identifi ed a second
sur f ace bviflear Meﬁprbﬁdm Theg asdlll ssopwod Vstenehed cAakEd ofellfe

| nt egr'“e\éLeA t(a%%%lhu sg here;hhe 60:5egregnhb@hBr 1 NCOtPl £ &gy
¥ phs

(Fig. 15 Inverse ear corre ion W th Foxp3, as
obser Ved-"pfc(sr—sGBJ;ZnghO\ﬁBWZ,5+d@:%S.l&ppaﬁﬁﬂtrﬂ WBMOt wexdeStstained with a-
Doubl e-stai ning i nstead reveal ed absence o 9d in Foxp3+ cells

i ndependéf®dof @4 arsl %‘fc%&péo%xb?eséfcoﬁcgéﬁanﬁ 7 Cfddng with
di scri mM?\%tSe%u@cf)éQ:f"" cH19G GRlMsS Jé%fe@?@%{' i¥PMAEs Qﬁiﬂf%r and sorted

on the cell sorter using a sorting gate for CD4+CD25"™9"CD49d+
or CD4+CD25M9°CD49d- cells. Dead cells were excluded by

propidium iodide (Sigma).

CFDA-based proliferation assay

CDh4+ effector cells were labelled with 0.5 nM 5-
carboxyfluorescein diacetate (CFDA; Molecular Probes) as
described before (Kleinewietfeld, M. et al. Blood 105, 2877-86
(2005)). CD4+ effector T cells (25.000 cells/well) were
incubated with irradiated CD4-depleted PBMC (50.000
cells/well; 3000 rad) and 10 pg/ml anti-Cb3 (UCHT-1) for 3-4
days in 96 well V-bottom plates (Costar). For T cell
suppression Treg cells were added at the indicated ratio.

Proliferation of CD4+ T cells was analyzed by FACS.

Mixed lymphocyte reaction (MLR)

MLR with human PBMC was carried out as described (Ebert, L. M.
& McColl, S. R. J Immunol 166, 4870-8 (2001)). Human PBMC
(100.000 cells/well) were incubated with irradiated (3.000
rad) allogeneic PBMC (100.000 cells/well) in RPMI/10% FCS

{Invitrogen) for 5 days. For suppression of proliferation,



WO 20091047003PCT/ EP2008/ 008599 29 While the segregation of both
markers with Treg cells was inconplete, the conbined use of CD127 and
CD49d nmay wonplsgaent each ot her. Doubl e-staining wth acCRP2isansdio

a- 0049d al l owed dividing the popul ation of CD4+ cells into the three
maj or popul ations: CD127+, CD49d+CDl127, and CD49d- CD127- cells (Fig.
2a, upper panel). Staining with a-CD25 and a- Foxp3 confirnmed that the
vast majority of the CD127+ cells were non-regul atory CD25- Foxp3-

cel | s (Risglazad |awerldoastys p‘&h@@) celbse W%rﬁdﬁ@ﬁy,amgﬁ dindigeded
t he CD1 subset g snearly, ual su ul afj

maj or i t%%o CD49dP+£(%'f’§"/e s me‘?'%gFoxhgmk%g%d Ies t han ch@mldl
CD25+Foxp@erpbrgtiaa, (Ilovmlrweghl pﬁnel )addEheo@MQdL@:BZﬁ of culture

popul ati_o contr consi,st.ed St e cl usiyv of Foxp3+
ol RRe TR BaE o1 16 S 'e Tl SEBEarEx EIISG whi ch expr ess
hi gh | evel s of Foxp3 (Fig. 2a, |ower m ddl e panel ). To confirmthat
the CD49d- CD127 phentye correl at es W t h upl’eSSI ve capacity,

CD49d+CBED29eRAYCCEHBHE raesus Hagts disease Dy FACS sorti ng
from P F| b t i o] Serv
mgd%{lﬂgy& se%{g be %?Rﬁ nby%on??‘gg%:ga&%a% %l%s?sor?:\g‘ fnt'ng

based oriptinehabsénéeonf T@Dd:@cicandtscmz?rebfeectble\few pr énebtrédft h@BMC
expansi on of activated + cells e use of CD49d al |l ows
di scri m"A&F ﬁ‘ﬁphﬁéeﬂoﬁ’lggzﬁr %%éﬂl@ﬁfﬁagéel‘ﬂ‘“& reBPﬁlf GheteGhal using
Foxp3+ Tre® cRliutin EXBNRLeyd Buitbeaati aregl cuntoughed bexR3tedr €gom
cells b}éBMACS The result of the FACS sorting experinent indicated

that t h&B¥EnBiEndeaddhivetd BT WG TEh| PRE W EPP aPTRERFURRd GREDIOY

by NACSbéheyJed REQAYEE 2 ch@é@ peRuLatLan of yunt gughed,Tr Qﬂo@%héteIo
validate applicability of this approach, untouched CD4+ cel

i sol at e§obehbRENg r bipheeees PBAL weier | apekhed tRRPATENOOL Cellsr mice
2009/ 047003PGH/ ERAAQ800BPHPrad) . 30 x 10° CD25 depleted PBMC were

injected i.v., either alone or as mixture with 0.5 x 10% Treg
cells in PBS/0.1% human serum albumin. The weight of the mice
and the <c¢linical symptoms were determined over the entire
period of the experiment; clinical signs of the disease were

ruffled fur, hunched posture and impaired movement.

Example 1

CD127 and CD49d are inversely correlated with Foxp3.

Depending on the donor, about 30-60 % of human PBMC are CD4+ T
cells (Fig.la), of these, approximately 3-10% are Treg cells.
While most human Treg cells express high levels of the IL-2
receptor a-chain CD25 (CD25™9"), this marker does not separate
the Treg population from non-regulatory CD4+ cells as clearly
as in mice. Also some effector and memory CD4+ cells express
lower amounts of CD25 (CD25'), so that their population
partly overlaps with the CD25"%" Treg subset (Baecher-Allan,
C., Brown, J. A., Freeman, G. J. & Hafler, D. A., J Immunol
167, 1245-53 (2001)). Treg separations based on this marker



30 a-CD127 and a-CD49d and depl eted by MACS usi ng conventi onal
magneti c bead-| abel |l ed antibodies (Fig. 3). The anal ysis by FACS
reveal ed tW&200¢d7d@pl eti on produced a popul ati on of CEBAIERIEATESI?
cells with a purity >95% (Fig. 3a upper panel). Staining of CD25 and
Foxp3 confirmed that nore than 92% of ,ghese cells were CD25+Foxp+
cells, additional 2% were CD25- Foxp3+ (Fig. 3a, |ower panels). To
confirmthe functionality of the isolated Treg cells, the ceIIs wer e

tested ithezefACSHASEA PR FNPEECREpHE 8. sPBNPaLERyCoRFninaPed dpy these

ef f ect or.gqgll S aRLe skobebh edeWethgehbA, tepsmnd i egﬂeorpr&{ I FRIAldON 5
W thout any stinmulation the cells’did not divi . upper

panel) Bt detivenl alireathyt RyaFeRB3t (Hgyér ed- a Dﬂﬁ‘@iﬁt‘-f'erﬂé’c i Q/esi']é%‘btﬁﬁsle
d
| ndi cat ed byg dgd{bgn g»ff ¥DOA-ELuaneRssce alindRout 4a0hgl JAiRe GRlES

(Fig. 3b, 'm ition MACS purified Treg ceIIshh
i nhi bi t&dletrleéopeolmﬂalcatteenat meHL%lma';h crmsndlsatstomppfétt thlge CD25™9

expanS| I ready ingle repl i.Qn (
panel ). drit gﬁéﬁed Tt Zlg gee I so artﬁteh h%%%é (flgpgﬂ er%%onéf\(/)\n xp3
a- CD127 aa.l?oda at@ﬁ)ﬁl%ragméslt I aymabiim& o(&gppbesseaut phogbus CD4+

effector cells in vitro. Exanple 4 Purification of untouched Foxp3+
Treg cells fromPBMC by MACS in a single step. The selectivity of
CD49d i grpaydritellsar Ity sirrz'ski NheBeHEsIiN G £t cﬂt-ad ]FIBNI: irétsé;aaﬂ: ofcpi27)
pre-purified CD4+ cells [ n con%ra CD127, IrWCh |s
absent df dNYEEEehN fzoareﬂ-ﬁge?bs Chi RexR) s%X%ﬁ%%Ctny GFltho

cell's stjlgxexpesses, COMOD-{Fi gzoelsi,efse@@m SIN. Vit hiam, 1}OUa|ExBBIWéd
40- 50% wer e CD49d+CD127- | eavi ng only about_ 2-4% of CD49d-00127-

cell's. PS8 defi%768 oﬁ‘z@ﬁgd#mZﬂbceﬂ@d%ﬁ oRBGAL- t RéPaf fege the

al ready sufthekeph 49 @RLRHG qqtn%tacihe%ul%owitsc%@ dilrg%@tslty fRRD of
PBMC with a purity >75% (11.8% CD25- Foxp3+, 64.

2009/ 04M@I3CT/1E1323008UT0®8599W%§12 CDRBRFos®EI Flgveha) OfThé3Dé@r7| ty The
coul d b%eg¥ bgﬁﬁohPCBSQQQQr, is not complete. In the example shown in

Fig. 1b (middle panel), about 2/3 of the CDl27- cells were
also Foxp3-. For the characterization of Treg cells CD127 is
therefore alwéys used in combination with CD25 (Liu, W. et
al., J Exp Med 203, 1701-11 (2006); Seddiki, N. et al., J Exp
Med 203, 1693-700 (2006)}.

Our own studies have identified a second surface marker absent
on most Treg cells. CD49d is the oa-chain of the integrin VLA-4
{agf1) . Also here the co-segregation is incomplete (Fig. 1b,
right panel). An inverse linear correlation with Foxp3, as
observed for CD127, however, does apparently not exist.
Double-staining instead revealed absence of (CD49d in Foxp3+

cells independent of the level of Foxp3 expression,

Example 2
CD49d discriminates Foxp3+ Treg cells from Foxp3- CD127-

cells.



when a- CD49d/ a- CD127 was added to the anti body m xture of a
commercial CD4+ T cell isolation kit (Fig. 4b). FACS-analysis of the
PBMC f r act woro@fdsmmns depl eti on reveal ed here that >90 %reeme2ioemgx3de
cells (76.2% CD25+Foxp3+, 14. 1% CD25- Foxp3+). The purity of the cells
obt ai ned by single-step PBMC depl eti 02 was therefore conparable to
the purity obtained with previously i dlated CD4+ T cells (conpare
Fig. 3). Exanple 5 Inhibition of allo-/xenogeneic reactions in vitro
and in Whide Toheoskoragitnchi arf abhdthi aldirkery ofiflt eFreel | selbnl abad

by direct PBMC-depletion the suppressiv acity tested in a

o xed Ty RSROETE 6SF o Snt BRMONRES ORE roT SR EP il bk gl ghent
G/HD. | teach kased .onpdlis saldtederieigc wictH vatcmre of addcelto4by allowed
"foreign. MVHC nol ecul es, evident after m Xif]gﬁ» PBMC of two different
donors. SF818ePer e RRRMHRTLIMheOFr &% el F&LLF e 1BbPe th® cBRFFRI MeAET
al | or eagbb\Veat esRONSED1L MY B4 ed-Acishery + P ieradi-aipad 7aut-ehegoysiq.
PBMC m xed with radi ated PBMC of hapl ot ype-m smat ched _donors (Fig.
5a). | n2Bhed®P&Xpdtantdit-s, Staidyinel Yithupr§P2d #RAnPPBEREPaCc sordiiageto
exanpl e tfatFife 4B3tPRRYSAi{P DE PRL ePb1 SHPRISSSON A &Jhﬂx%l?ﬁ%%@bc

response. As shown for three different donors, the presence reg
cel | s s€P8AQF9=BePpr @sddd t héFpdol i Zarat | bewerf adedtogarandBMC. Mhuys,
unt oucheg 5’%‘ Liv X ; I r Ly Sphetd o T

able to cgnt ro gﬁﬁ oggﬁg?cglﬁ%ﬁg r%é%pgcn[i‘lelﬂs7I i nJ Vi tro.{]@lhoe fﬁ)ﬁ% ﬁSEHy
experi meauatlearlargensobrratddt ibes suffiressryerthpact f y CoM h€D127 -
i sol ate g | s. d0-vitro., Wi e f e rapeutic, ..
appl i catgi%%g ﬁtg%%s%(?r}%gi al ,Ogﬁgmelvegsrs,r %%e%ﬁs?%g ecbgg?ggﬁ?%{ﬂc £49-
Treg cekhs caowat sorsgippr esanekst r uthe veCD4AUHIDIRZESpORSESlEALBNYO. in

For this rpose an_ WO 2009/.047003PCT/ ER2008/ O 9 acu G/HD i n
vivo. modehtbReeLs BRnSHAFER PUTBALed ol P aoty afr oM st ep! HPER
human PBWeni 889 &Rag2he/ ceYTs -werdn CB2 {-MHpS+ Tregt whlich ékprE88CRigh
Res 12, 5520-5 (2006))., The elimnation, of Tre Il's fromthe
franst e BER S chT AEYGh 2Py oR8 eF T AT AP ARt cul ar | y
aggressive formof the disease which frequently |leads to the death of
the animals. Depl etion of Treg cells fromPBMC was carried out by,
MACS ust g 328 nfRrbbddtks, CRAPETEhEE Tr BheBefYBe Wi fl@t@sedvith
agai n i Bugpsé e Fo %ﬁ}s&amﬁor&umdm@vof a@ddCebddhactP49d teges hetre
with a conmerci al + isolation kit (according to exanple 4, Fig.
4b). A Esed@ecd Way FAEEi veatangx fros ChEs- BRMS et -PENG exdlmritedna

nore or; hess; f gg)@lgedobﬂ@éﬂrgd'mhw E}li'@nlcbtﬂgdf#bbﬁff—day&b%fett h%m%.n g

experinment (Fig 4 of the 6 mce developed clinical synptons

of theseéch. nfeecdnbrasiur i B4t heebkperpneed . onty | haeedi ¢t Bher ebieuse
publicatko S ri - LK d i1 ni n
Bt ol ogons CHIZE BN G2 ERMEELEPUEFE pRmnten hR SReAEPRT of
Cancer &ebidedb52025-CR2AG6)rells. t Hilsisgasehe(. bsx iH @EGdchetldw=g
cells re sufficient tq,conpletely abrogate th Lght [oss_and_al |
m ce o:‘l\g%%cer]tl?lenaa{cceldlggroa%lerené]loﬁle \ﬁptrﬁgg V%ynpﬁgxn\g%f or f%gf%nt i Feom
cour se dhnd¢tihioexpardxpsat Tréhuselilint ouched Treg cells isol ated by
CD127/ CD49d- depl eti on are potent suppressor cells capable to control
destructive i nmune responses both in vitro and in vivo. Exanple 6
Example 3

Purification of untouched Foxp3+ Treg cells by MACS.

The result of the FACS sorting experiment indicated that the
combined depletion of CD4+ T cells with o-CD127 and o-CDASd by
MACS should produce a clean population of untouched Treg
cells. To validate applicability of this approach, untouched
CD4+ cells isolated before from human PBMC were labelled with



Separation of contam nating effector cells from CD251 ngh Treg
preparations. CD25 is expressed in high amunts by Treg cells
(CD25h1gh)wolzanskteehs, however, the marker is expresseddIVEMRGREPE599
anounts al so by proinflamatory cells including effector and nmenory
CDA+ T cells (Baecher-Allan et al., Jz§mmunol. 167:1245-53 (2001))
and activated CD4+ T cells transiently expressing Foxp3 (Allan WO
2009/ 047003PCT/ EP20081008599 33 et al., Int Inmunol.

19: 345- 54C2387) Jand noceht PaAsendo dardgtes Ry t HBSE arsridet ofored sl oadd

able to ret i nf4l ry s as,l F o] <
shown i rr\r%"igi Siagal,%%ﬁ& exptregss?rg%i%lrr%;a?ggaw ?r)\ Ri h%ely%birélnih%%/’;g% %Sy
secr et e RAISokireresal&hi shapl the b eftgront opadd @B cel Popusatedn &F

[or L caibeetysbFogas ccll, rence, CDI9N, C38,be Useddat RN

cont ami Sécreting e r-ce
pr epar atgtensiihgsedt o0DED2Gnidsof@tp dPncohfii cese ohaFAGSrsorthany PERg.of

L N A
depl et edroip3h arGlRAIBr i DEwe® bhAesSOfti Mg RIOEEdH ahd nFohotighality
pOSItIV%g:%ﬂ;HiégiggéJ1fgégﬂgéllsf the cells were tested in a FACS-
based in vitro suppression assay (Fig. 3b). CD4+ effector
cells were labelled with CFDA to monitor the proliferation.
Without any stimulation the cells did not divide (Fig. 3b,
upper panel) but stimulation with  o-CD3 triggered a
proliferative response indicated by the reduced CFDA
fluorescence of about 45% of the cells (Fig. 3b, middle
panel). The addition of MACS purified Treg cells inhibited the
proliferation to 14%, which mostly stopped the expansion
already after a single replication cycle (Fig. 3b, lower
panel). Thus, untouched Treg cells isclated by MACS-depletion
with o-CD127 and «-CD4%d are fully able to suppress autologous

CD4+ effector cells in vitro.

Example 4

Purification of untouched Foxp3+ Treg cells from PBMC by MACS
in a single step.

The selectivity of CD49d is particularly striking when using
total PBMC instead of pre-purified CD4+ cells (Fig. 4). In
contrast to CD127, which is absent on almost half of the PBMC,
the vast majority of non~CD4+ T cells still expresses CD49d
(Fig. 4 left panels). Within total PBMC 40-50% were
CD49d+CD127-, 1leaving only about 2-4% of CD49d-CD127- cells.
The depletion of CD49%d+/CD127+ cells alone was therefore
already sufficient to obtain untouched Foxp3+ cells directly

from PBMC with a purity >75% (11.8% CD25-Foxp3+, ©64.3%



Exanple 7 Depletion with CD49d al one |l eads to Treg enriched CD4 cell
preparations. Since CD49d is absent on the majority of Foxp3+ Treg
cell's, thewocawmaosi gnificantly enriched by the depl etrcompodosGiaddd+
cells fromtotal CD4+ T cells. Human CD4+ T cells were depl eted of
all CD49d+ cells by MACS and anal ysed JM(zr Foxp3 expression and
conpared to total CD4+ T cells. As shd in Fig.7, Foxp3+ Treg can
al ready be enriched up to 4-5 fold by the depletion of CD49d+ cells
from hufd2 S€EB¢xpT+celiliyg. Badn rithe pupbty anbiyd bestiuwgfthelre indrekised
produci ng cells ar%}ermved fromthi s subset as cyt okj ne secretion

segr egat™ “\MOE'H:Dt‘lr% Srder’ (8%, 28359 ERarpre Bt i BIE TR0 R

cells renpuesceyiokbae B dual nGs A4 oef gt O(Fc%e.' | 4 )COngris Al 1RG i s
CD127- Treg preparations. In conbination with 27 CD49d all ows "t he

i sol ati @ &heumBYGcHe@ctiog aditiey Cepdetipn mevealed, here §bgkedaPi &n
of WO 2009/ Q47093PCL1ER2008 008399 53 oxp3+, 14.1% CD25-Foxp3+). The

purity of the cells obtained by single-step PBMC depletion was
therefore comparable to the purity obtained with previously

isclated CD4+ T cells (compare Fig. 3}.

Example 5

Inhibition of allo-/xenogeneic reactions in vitro and in vivo.
To confirm function and viability of Treg cells isclated by
direct PBMC-depletion the suppressive capacity was tested in a
mixed lymphocyte reaction (MLR). MLR is the in vitro correlate
of GvHD. It is based on the allogeneic activation of T cells
by ‘foreign’ MHC molecules, evident after mixing PBMC of two
different donors. To determine whether the Treg cells are able
to control the alloreactive response, they were added to non-
radiated autologous PBMC mixed with radiated . PBMC of
haplotype-mismatched donors (Fig. 5a). In these experiments,
Treg cells purified from PBMC according to example 4 (Fig. 4b)
proved to be potent suppressors of the allogeneic response. As
shown for three different donors, the presence of Treg cells
strongly suppressed the proliferation of autologous PBMC.
Thus, untouched PBMC-derived Foxp3+ cells are fully functional
Treg cells able to control allogeneic immune responses in

vitro.

The MLR experiment clearly demonstrated the suppressive
capacity of the: isolated Treg cells in vitro. With regard to
future therapeutic applications it is crucial, however, to
demonstrate that untouched Treg cells can also suppress

destructive immune responses in vivo. For this purpose an



CD49d with cytoki ne production also allows not only to renove Foxp3-
cells but also the Thl- or Thl7-like cells contam nating the CD127-
Treg prepawsx20exe700As shown in Fig. 8, activation of COAA/ER2)(8/008599
subsets sorted according to their CD49d and CD127 expression clearly
reveals that IFN-g or IL-17 producing ©ells are absent fromthe
CD49d- CD127- subset but present anong the CD49d+CD127- subset.

I ndustrial applicability The nmethod according to the present
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expansi P kS (T eSS FrOY et PNt P hBRREOHISTE - MDY Sho ndvEeH reg
Piccirilden1sC iddiakedhayachpl iy cMaquLdépmqlo 1%%e 653823 g@w«a
Font enot , J.s 5 Rasrru?s%n ; Gavin, M R &eRudensky A >50%

Nat | mmfidilse capplj.esftq mﬁrokocﬁﬁﬁtwctpveetn@}une FI5RANTSS Pféih in
3301-5 (AQQ8Q) anMENRI LkyoA , Spittle, E. & Backstrom B. T., Scand J

| mmunol 65, 63-9 (2007)), whi | e cross-linking of the IL-2 receptor by
anti bodi es, on the ot her hand, can lead to a premature activation
(Barnarqa AE gakura, T., Tanaka, Y., Taylor, G P. & Bangham C.
R, Bl ooéc o, 988 95 (2005) von Bonin, A, Huhn, J. & Fleischer,
B.. | nmfsglarBeion6ht 48o6Batiso8))g pofenténl cedhpl ifomm oBR2TAY Trey
si mply %ere%\é?:'a%gn‘é‘@en usi ng untouched Treg cells.

CD25 is expressed in high amounts by Treg cells (CD25™%). In
humans, however, the marker is expressed in lower amounts also
by proinflammatory cells including effector and memory CD4+ T
cells (Baecher-Allan et al., J Immunol. 167:1245~53 (2001))

and activated CD4+ T cells transiently expressing Foxp3 (Allan



3.) Time & Costs. Conpared to standard nethods the new approach is
cost effective and fast. The CD49d/ CD127 can be adapted to all conmon
separ at i onwoetrad¥ns For exanpl e, the WD 2009/ 047003PCHCER2ZOD8HGOB599
36 nethod can be perforned using only a single MACS col um. Thus,

i sol ati on does not require expensive %g‘w pment and is faster and

easi er than conventional MACS-based neéfhods. 4.) Purity &

GQWP- conpati bility. Fl ow cytonetry based cell sorters are currently
not appr®vedlfor Ifood™RuAaf acth:idd§-prdoPer) - (@VP) cofpragt i tocdlreg
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magnet i c- bead technol ogi es. rst atte
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50% (Hof fmann, P. et al., Bid | Blood Marrow Transpl ant 12 267- 74
(2006) ) .SBIFSS 10Re FHLESIANSS | il ohPRagPhadbd &® p’iﬁs‘?’iqt\?e %ﬂ@@mecm

of CD25+ied | Sppiies coBLAM Mt | pPL &Ll epawer& st by GR41COR51! f&/ L5he

effector and nennr% cells, posing an inherent risk to trigger
when t r a8t RF | BOBPRRMAT def | Benegr, p@P4 2t sanAde WSS base:demove
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CD49d- CD2§““CD4+ subset, for MACS-sorting the cells will be

depleted with «a-CD49d prior to the sorting procedures

invelving positive isolation with o-CD25.

Example 7

Depletion with CD49d alone leads to Treg enriched CD4 cell
preparations.

Since CD49d is absent on the majority of Foxp3+ Treg cells,
they can be significantly enriched by the depletion of CD49d+
cells from total CD4+ T cells. Human CD4+ T cells were
depleted of all CD49d+ cells by MACS and analysed for Foxp3
expression and compared to total CD4+ T cells. As shown in
Fig.7, Foxp3+ Treg can already be enriched up to 4-5 fold by
the depletion of CD49d+ cells from human CD4+ T cells. Even
more importantly, most of the cytokine producing cells are
removed from this subset as cytokine secretion segregates with

this marker (Fig. 6a).

Example 8

Depletion of CD48d+ cells removes cytokine producing CD4+
effector cells contaminating CD127- Treg preparations.

In combination with CD127 CD4%d allows the isclation of

untouched Treg cells (Fig. 2). Moreover, the segregation of



Accordingly, the nethod of the present invention offers a sinple and
cost effective way to isolate human Foxp3+ Treg cells. Additionally,
t he ' unt oudRSAMY/HTWE us of the cells, high purity and GWTEP2008/608599
conpatibility of the nethod make the nmethod w dely applicable in
differ ent settings. The new nethod camgt herefore be enpl oyed to
access 'unt ouched human Treg cells for research & devel opnent,

di agnosi o offers a new perspective for their routine use for
t he nanu(?%@]‘ﬁ %W%@%O‘?‘g%t’tm%e?]aﬁ@s noyoRdy g remove

Li terat urgxpFont eBolls J.bkk &aRddenskye ArhY- A ¥ell FH¥MQQ%Qe cells
regul atory contrivance: regul at or%/‘ T cell devel opment and the
5}

f or khead AN P &LIRTs Hidt ¢8R factbeIFEXEBarpGioPPMUAS| showgalry Fig.
(2005). gakaguchinich Hatepall Leani S g el J&%ﬂ A AN dingtlds £08ir

|nnunolog|c sel f-tol erance and negative contro I mrune responses.
Annu Re\CD4fAdirrgid D153 g eszion) CllaééherrEABBéﬁ tigat &IFaf g ey Da-W

Human r d.t r i u se

" S, TEpl LS 300 SIBHE [Pk | Bl B er,
S. R Tregsssearid aaldngr ghe steds@Dlmdmukbsa/cest 114, 1389-97 (2004)
Roncarolo, M G & Battaglia, M Regulatory T-cell imunotherapy for
tolerance to self antigens and al |l oantigens in humans. Nat Rev

| munol 7, 585-98 (2007)
Industrial applicability

The method according to the present invention has the

following advantages:

1.} Safety. The regulations for reagents employed in human
therapy are very strict. This applies particularly £for the
compounds administered during the treatment. Cells produced by
positive sorting are carrying a foreign antibody on their
surface. The inherent risk of antibodies is difficult to
determine, and also ‘humanization’ does not necessarily
prevent adverse effects, as documented recently in the
dramatic failure of super-agonistic o-CD28 (Suntharalingam, G.
et al., N Engl J Med 355, 1018-28 (2006); Sharpe, A. H. &
Abbas, A. K., N Engl J Med 355, 973-5 (2006)). This risk is
avoided when untouched Treg cells are used that have been
purified only with depleting antibodies. Moreover, CD49%d is
present on potentially dangerous cytokine-secreting effector T
cells but absent on Foxp3+ Treg cells. Hence, alsc the safety
of conventionally obtained Treg cells can be increased by the

removal of CD4%d+ cells.

2.} Viability and functional status of the cells. BAnother

advantage untouched cells have compared to positively sorted



Hof f mann, P. et al. Isolation of CD4+CD25+ regulatory T cells for
clinical trials. Biol Blood Marrow Transplant 12, 267-74 (2006)
Seddi ki, NwoeposlizooExpr essi on of interleukin (IL)-2 anddrierZoos/008599
receptors discrimnates between human regul atory and activated T
cells. J Exp I\/Ed 203, 1693- 700 (2006) Baecher-Allan, C, Brown, J.
A., Freeman, & Hafler, CDZ?+CD25h| gh regul atory cel I s in

human peri eral bIood J Innunol 167, 1245-53 (2001). 38
Sunt har a‘FEFlr%gsarﬁS giaRildity dyr okivee SndikerR-hagtedecalls|ate gprome to

anti'CIIE%ﬁﬂEﬁ%HnOnahn%@ﬁogggg TEN1412. sggﬁéc% N 3§$l%§01é%?r]blnd

(2006) Liu, W et al. CD127 expression inversely corrée es W
FoxP3 ar@@l@tﬁé@smﬂa f dependhngf omunere C&)zl’&lEroqiyeg sabklpe, J aE)tpcMed:o
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contol geogenel o Gl -versus: igel, digeace, | iduced b autol ogpus T

5520-5 @%QQ@%lClty (ADCC) . Binding of antibody-coated beads may also
lead to the formation of larger cell <clusters that are
eliminated by non-specific up-take mechanisms of the
recipient. As a consequence a significant fraction of the
transferred cells may get eliminated before they can exhibit a
beneficial effect. Moreover, the binding of antibodies to cell
surface receptors during purification may also alter the
functional state. The molecule targeted during positive
sorting of Treg cells is CD25. As a-chain of the IL-2 receptor
it is wvital for survival and function of Treg cells. Blocking
may abrogate expansion and suppressor function (Thornton, A.
M., Donovan, E. E., Piccirille, C. A. & Shevach, E. M., J
Immunol 172, 6519-23 (2004}; Fontenot, J. D., Rasmussen, J.
P., Gavin, M. A. & Rudensky, A. Y., Nat Immunol 6, 1142-51
(2005); Kohm, A. P. et al., J Immunol 176, 3301-5 (2006);
McNeill, A., Spittle, E. & Backstrom, B. T., Scand J Immunol
65, 63-9 (2007)), while cross-linking of the IL-2 receptor by
antibodies, on the other hand, can lead to a premature
activation (Barnard, A. L., Igakura, T., Tanaka, Y., Taylor,
G. P. & Bangham, C. R., Blood 106, 988-95 (2005); von Bonin,
A., Huhn, J. & Fleischer, B., Immunol Rev 161, 43-53 (1998)),
potential complications that can simply be avoided when using

untouched Treg cells.

3.} Time & Costs. Compared to standard methods the new
approach is cost effective and fast. The CD4%d/CD127 can be

adapted to all common separation methods. For example, the
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practice’ (GMP). For clinical trials the isclation of donor
cells has to be carried out by magnetic-bead technologies.
First attempts to isolate Treg cells under GMP conditions,
however, yielded an average purity of less than 50% (Hoffmann,
P. et al., Biol Blood Marrow Transplant 12, 267-74 (2006)).
Since the MACS purification was based on positive selection of
CD25+ cells, the contaminating cells were mostly CD4+CD25%
effector and memory cells, posing an inherent risk to trigger
GvHD when transferred into immune deficient patients. As a
MACS-based method, the new approach is GMP compatible. Treg
cells are obtained by a significantly higher degree of purity
>70%, >80%, >90%, >585%, or even >9%8% with wvirtually no
contaminating CD4+ effector cells. Moreover, the Treg cells
are isolated untouched, which further improves compatibility

of the procedure with GMP.

Accordingly, the method of the present invention offers a
simple and cost effective way to isoclate human Foxp3+ Treg
cells. Additionally, the 'untouched' status of the cells, high
purity and GMP compatibility of the method make the method
widely applicable in different settings. The new method can
therefore be employed to access 'untouched' human Tregqg cells
for research & development, diagnosis and also offers a new
perspective for their routine use for the manufacture of

medicaments for immunotherapies.
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at | east one of the antibodies used in step (a) is |abelled or

i mmobi i zed. 7. The nethod according to any one of clains 1 to 6,
wherei n stWp 200047083 carri ed out by depleting the sanpl @CHEPRI0F/0@BEHOJ+
cells via the anti-CD49d anti body; or (ii) CD127+ cells via the
anti-CD127 anti body; or (iii)CD49d+CDy37+ cells via the anti-CD49d
and/ or anti CD127 anti body. 8. The nethod according to anyone of clains
1 to 7, wherein step (b) is carried out using centrifugation, cel
elutriation, magnetic separation, fluorescence activated cel

sorti ng,ciawksol ogi cal separation, adhesion, conplenent |ysis or flow
cytonetry. 9. The nethod according to anyone of clains 1 to 8, wherein
step (b) is carried out using magnetic cell separation, fluorescence

activated celd ROfRdNIror BA UMY Based, | Wi OQES@&a?S‘\P&r QN g
(Foxp3+ Treg cells) from a sample containing (i) peripheral
blood mononuclear cells (PBMCs), (ii) a lymphocyte containing
fluid, or (iii) a lymphocyte containing tissue, the method

comprising the steps of:

(a) treating the sample with an anti-CD49d antibody and
(i) an anti-CD25 antibody; or
(i1) an anti-CD127 antibody; and

(b) separating Foxp3+ Treg cells.

2. The method according to claim 1, wherein steps (a) and

{b) are carried out simultaneously.

3. The method according to claim 1 or claim 2, wherein step
{a} comprises treatment of the sample with an anti-CD25

antibody and an anti-CD127 antibody.

4, The method according to any of claims 1 to 3, wherein
step (a) additionally comprises separation of non-CD4+ T cells

from the sample.

5. The method according to claim 4, wherein one or more
antibody/antibodies that allow for the specific depletion of
non-CD4+ T «cells from the sample is/are used for the

separation of non-CD4+ T cells from the sample.



10. The method according to anyone of clains 1 to 9, wherein an
anti-CD45R0O anti body is used as an additional antibody in stefg st
and \Ahereiwotzﬂ@”‘i*%"(g%/at ed Foxp3+ Treg cells are CD45RA+ PETA0S/0085%9
The net hod according to anyone of clains 1 to 9, wherein an

anti - CD45RA anti body is used as an addjzional antibody in step (a),
and wherein the isolated Foxp3+ Treg cells are CD45R0+ T ceI ls. WO

2009/ 047003PCT/ EP20 8/ 08599 43 12. A kit fo O]atl n FOX 3+
Treg celg CIT ForTST Y ar- eI Ehaey Ao ﬂ CQSWher

ant i bodyabrl@afs'(arﬁn%d:}eéltalhﬂibbcaﬂu‘a afs edntiin- @@éy ant |1B0d¥be113d or

The kit acc%?ﬁd]' o claim12, wherein the kit conprises an
anti - ’tfgc‘?'d%/ ant i -CD25 anti body, and an anti-CD127 anti body.

14. Use of an anti-CD49d anti body in conbination with an anti-CD25
ant i body and/ or an anti-CD127 anti body; or of a kit according to
claim127or cihg Metdhabraaesdisg 40 erYoPnRuRAncraxps+1TEegbeelherein

15. The or I r separati on
of the hone Fownss Hreq el I8 Schr sua by cosabat & Codods PENCS

i ncl udi ng nontiNeg@Atddrty cebis Viseths ambanlbfbé?@t%-arﬂia@@dqel g via
centrifugati oqhs)c@dlz«%u;:glgtsl Qn, g‘g?ng“ C (ﬁ?ﬁaf aatnlt |y(Sugr escence
i“on, n

activated cel ortin I'nunol ogi ca separa
conpl ement | y@iiis) @rD4f9kiaWDd9t7®nB:tal3ﬂ.s via the anti- CD49d and/or anti-

CD127 antibody.

8. The method according to anyone of claims 1 to 7, wherein
step (b} is carried out using centrifugation, cell
elutriation, magnetic separation, fluorescence activated cell
sorting, immunoclogical separation, adhesion, complement lysis

or flow cytometry.

9. The method according to anyone of claims 1 to 8, wherein
step (b) 1is carried out wusing magnetic cell separation,
fluorescence activated «c¢ell sorting, or a column-based

immunological separation.

10. The method according to anyone of claims 1 to 9, wherein
an anti-CD45RO antibody is used as an additional antibody in
step (a), and wherein the isolated Foxp3+ Treg cells are

CD45RA+ T cells.

11. The method according to anyone of claims 1 to 9, wherein
an anti-CD45RA antibody 1is used as an additional antibody in
step (a), and wherein the isolated Foxp3+ Treg cells are

CD45R0O+ T cells.
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12. A kit for isolating human Foxp3+ Treqg cells, comprising
an anti-CD49d antibody and an anti-CD25 antibody or an anti-
CD49d antibody and an anti-CD127 antibody.

13. The kit according to claim 12, wherein the kit comprises
an anti-CD49d antibody, anti-CD25 antibody, and an anti-CD127
antibody.

14. Use of an anti-CD49d antibody in combination with an
anti-CD25 antibody and/or an anti-CD127 antibody; or of a kit
according to claim 12 or claim 13 for the isolation of human

Forp3+ Treg cells.

15. The wuse according to ¢laim 14, characterized in that
separation of the human Foxp3+ Treg cells is achieved by
separating CD49d+ PBMCs including non-regulatory CD4+ T cells
from Foxp3+ Treg cells via centrifugation, cell elutriation,
magnetic separation, fluorescence activated cell sorting,
immunological separation, adhesion, complement lysis or flow

cytometry.



