Met hod and kit for rapid isolation of human Foxp3+
Treg cells The present invention relates to nethods
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regulatory T cells (herein referred to as Foxp3+ Treg

cells) froma sanple containing (i) peripheral blood

nmononucl ear cells (PBMCs), (ii) a |ynphocyte

containing fluid, or (iii) a Iynphocyte contai ning

tissue, a kit for isolating human Foxp3+ Treg cells,

and the use of anti-CD49d anti body for the isolation

of human Foxp3+ Treg cells . Background Art Foxp3+
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controlling various immune responses in that Tregs can

rapi dly suppress the activity of other inmmune cells.

In particular, Tregs are crucial for maintaining

tol erance by downregul ating undesired inmune responses
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celldli seases reports exi st pointing to a reduced in vitro
i mmune suppression of the patient's Treg cells. This
has led to anincreasing interest in the possibility of
using Tregs in imunotherapy to treat or prevent

chronic infections, autoinmmune di seases, allergies and
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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, S., Annu 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 1links 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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conplications, such as graft rejection or graf
t-versus- host disease (GvHD) (For a review, see
woweashd, M. G . & Battaglia, M, Nat Rev |PGCT/BEP100§7008599

, 585-98 (2007)). Treg cells constitute of about 2-10%

of CD4 + T cells in humans gnd rodents and

constitutively express CD257 CTLA-4 and A TR, as well

as the transcription factor Foxp3, which is involved
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mar ker of Treg cells is Foxp3 . Methods for the
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generated cell products contained on average 49.5%
Foxp3+ Treg cells. Also, commercial kits, e.g.
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Yet nost cel ace markers of Tregs,
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average 49.5% Foxp3+ Treg cells. Also, commercial kits, e.q.
CD4+CD25+ Regulatory T Cell Isolation Kit from Miltenyi Biotec

or Dynal® CD4+CD25+ Treg Kit from Invitrogen are available.

All of the hitherto described methods for isolation of human
Foxp3+ Treg cells employ positive selection of Foxp3+ Treg
cells based on cell surface markers of Tregs (see, e.qg.
Seddiki, N. et al., J Exp Med 203, 1693-700 (2006)). That is,
the Foxp3+ Treg cells are isolated by using antibodies for
Treg associated cell surface markers, mostly CD25. Yet most
cell 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. & Hafler, D. A., J Immunol



nmet hods do not permt the isolation of a uniform
popul ation that accounts for nost of the Foxp3+ Treg
W@e200094783 out | i ned above; Hof fmann, P . et al.PODERIONEC)S599
on average 49.5% Foxp3+ Treg cells. Another
di sadvant age of current nmethods is the contam nation
of the isolated Treg subset3 with effector T cells.
The latter represent an inherent risk of adverse
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_ ivation of effector cells (Suntharalingam G.
267-f gﬁ‘?g}\? Engl J Med 355, 1018-28 (2006) ). Second,

positively sel ected
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



Foxp3+ Treg cells which have been tagged by an
anti body may exhibit inpaired function. For instance,
wa@2ive4tepnged by ananti body are potentially  PCI/EP2008/008599

preactivated, may suffer conplenentor cell-nediated

depletion or exhibit altereg homng and m gration

patterns. Accordingly, Foxp3+ Treg cells targeted by

anti bodies during their isolation are undesirable for
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CD4+ cells cannot even be discriminated by intracellular Foxp3
staining, since activated 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
CD25M9Ccp4a+ 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+



Foxp3+ Treg cells | abel/antibody-free. Fromthe
foregoing it follows that there is a particul ar need
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Foxp3+Treg cells which are virtually free from CD4+

effector and nenory T ceIIs5 There also is a
particul ar need for nmethods~that do not require

positive selection of Foxp3+ Treg cells. It is
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present invention offer a new approach to improve the quality
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 isolated by the use of an antibody against CD49d.
Additionally, the suppressor activity of the isolated Foxp3+



absent in nost Foxp3+ Treg cells. In the context of
the present invention, it could be shown that human
WE-200p847003 eg cel |l s can be isolated by the use BET/EP2008/008599
anti body agai nst CD49d. Additionally, the suppressor
activity of the isolated Fogp3+Treg cell s was
confirmed by experinents inthe context of the present
i nvention. The isolated Foxp3+ Treg cells were able to
Treg suppl essaef feettiirrmed eby pxpékﬁmeatbonmnthe context of the
pressi on ass str y |nh| ited m xed
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strombxecunbﬁbtlhédpmgm Fywepkeente oneast iions obffledtk sips vitro

and %9%&%%{?% %ﬂﬂ?t?%@a §§$th%9 R0, E §Q§+hb &9 PBMC in

om a sanple con aining (i) perip eral ood

vivo nbhanusyeRrmeetl shasedPBMCRag2€i/ ) ya-Vynphaeyt e
containing fluid, or (iii) a |ynphocyte containing

ti ssue, the nethod conprising the steps of: (a)

In alfERLENgshRersamleg Ml ath@nidv &Rk anghbody; 1GQ)objects
separating Foxp3+ Treg cells. The tern1"treat|ng t he

is sgénpkie"bxasausr@cthqﬂtﬁerprlégérﬂtmmemm@n Sleadd3+ Treg cells

es eC|aIIy | t.hat_the .cel | s _cont ai_ned t he
from Eﬁplé‘éﬁe bggu Mo dvﬁec eﬁﬁ &%?%lcgﬁghc mopﬁnuClear
cellsU‘le ant iNpewices ,i n (@aivayat heympihecpté i haghesicang fluid, or
interact with the targeted cells. In other words, in
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the $@ﬁ%ﬁh§fal bl ood mononucl ear cells (PBMCs) , the
y ocyte containing fluid, or the |ynphocyte

containing tissue are contacted with an anti-CD49d
@) HgRriRT npre e hela 1 RopngnpraEene Ol AaeRrLoRo rer s
(b) tSepdeat ENPVBROxPY+pPhysgcaklimeans either of one cel

type, e.g.
The term "treating the sample" as wused 1in the present
invention shall especially imply that the cells contained in
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 according to the
present invention the peripheral blood mononuclear cells
(PBMCs), the lymphocyte containing fluid, or the Ilymphocyte
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.g.
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 1is also to be noted that the separation can be



Foxp3+ Treg cells, fromother cell types, e.g. CD4+
effector cells, or of all non-regulatory CD4+ T cells
wo c@ao¥Fosp3+ Treg cells, thereby retaini ng an BCY/EP19681008599

popul ati on of Foxp3+ Treg cells. It is also to be

noted that the separation can becarried out in one

step or in nore steps, which steps can al so be

performed consecutively, i.e. a first separation can
carrbed caut i ed out aftker ox fiir siotd esterent whithessappl ean also
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Invention refers to a body flurd or tissue that
of Ceobht @uap@rmmthermbcbr@b@rmﬁequolleaesce:!m sBioghemistry and
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E. rrehefs,t ®.angitkubddt haidscqnt acesl | pepheeytties,: SAClkRragtical
synOV|aI fluid. The term"| ynphocyte containing
Appr@@%@ué3xé%r%s%HlVﬁrFhépré§§ﬁt Fﬁgghtlon refers to any
ti ssue that contains |ynphocytes, such as spl een,
t hymus, |ynph nodes, bone nmarrow, Peyer's patches, and
The tewmir amp$ehassb@@@dnndiﬁhﬁigmﬁnanmnﬁnV©nbtherrefers to a

r i_nve |on sol ves, the_ recited techni
body | 3§ﬁgﬁ¥by % si fpPaUChi ght§t r el SEDIE Ehd Fedrdt umq& e Plood
monomr@ﬁrf@élmﬁ bsolagiop’ pf oFOXpRphdeggesel I s. In
particul ar, as nmentioned above, prior art
The term "lymphocyte containing fluid" as used in the present
invention refers to any fluid that contains lymphocytes, such
as synovial fluid. The term "lymphocyte containing tissue" as
used in the present invention refers to any tissue that
contains lymphocytes, such as spleen, thymus, lymph nodes,

bone marrow, Peyer's patches, and tonsils.
Yy

As has been outlined above and in other terms, the invention
solves the recited technical problem by a simple, highly
reliable and reproducible method for the isolation of Foxp3+
Treg cells. In particular, as mentioned above, prior art
methods rely on cell surface markers of Foxp3+ Treg cells,
e.g. CD25. However, as explained, said methods only allowed
the isolation of Foxp3+ Treg cells that were significantly
contaminated with CD4+ effector and memory T cells. Moreover,

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



met hods rely on cell surface markers of Foxp3+ Treg
cells, e.g. CD25. However, as explained, said nethods
wo@iog/ogdobowed the isol ation of Foxp3+ Treg cel PGT/EPBDS/008599
were significantly contam nated with CD4+ effector and
menory T cells. Moreover, ag all of the current
nmet hods are CD25-based, all ~isol at edFoxp3+ Treg cells
are |l abelled, nanely tagged by an anti body agai nst one
Foxp®f fThegceldllsuréace laickarsi,ofndinel fFoxpddedr egy cehl antibody
. Furthernore, said nethods required at |east two
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contrast to this, the nmethod of the present invention
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cont am nat e CD25-based Treg preparations. This agpl i es
SUPP¥RFS 16t af oopd++ TEEN £AAd - Mot Mddishgl §t Fap be employed

to GUNSMITO SR AL PNs Qf 1 D25+ Cll S ThUR4 ne-produci
° isolation ofn oxXp3+ Tr%g cell s 'usi r?g%t he r%t hog{ne produeing
effeatcoordi ngliie,t Heopr éxer3+ riery i prepardasoes, @hsi depletion

nd above all _nore effective.with regard to the .
or Il RET G M Tor FBGBILAV! Gk et HECGunbEofping CD*
celldDst neh ubhe gFaxdts léedl ¢ eFbspsorRbaired iny tdersafPtecells,
In other words, isolation of Foxp3+
which contaminate CD25-based Treg preparations. This applies
for total CD4+ cells and, most strikingly, for conventional

preparations of CD25+ cells.

Thus, isolation of Foxp3+ Treg cells using 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, isolation of Foxp3+
Treg cells employing the method of the present invention
yields a population of immune-suppressive Foxp3+ Treg cells
that is virtually free from contaminating CD4+ effector and
memory T cells. Finally, the method of the present invention
can be automated, therefore further augmenting easy

applicability of the method.



Treg cells enploying the method of the present
i nvention yields a popul ati on of i nmmune-suppressive
WO-o00pB847003 eg cells that is virtually free fronPCI/EP2008/008599

contam nating CD4+ effector and nenory T cells.

Finally, the nmethod of the gresent invention can be

automated, therefore furtherf augnenting easy

applicability of the nethod. Preferably, the nmethod for
Prefesablyi ngtRexpdrethral cedbrs asodrdiing t FdApe3+ nvEnégoncells

aceo R RS 3B < UF | Rt COARTARPFBOC) ahGoCBind @ samble

cont SBPIRY | RExphe ec@IlélDéQdﬁ c@l lsntiad4® antibody; and
anti-CD49d anti body thereby isol ating Foxp3+

(b) rdé@éneatl@gy theelsegP hghep & ﬁ%ﬁ@%a@@ll@ yigj )the anti-CD49d

| q el i
antlﬁgﬁ %g%Fg Cgﬁ?gﬁﬁi #?QﬁBQ eaF%%Ff?E Iynpﬁllg Lhereln
the (HHﬁpﬂeﬂrM;tlSSuepéHMpHHEHlemﬁEMKﬂgm@@dmmmﬂdar cells, or
. obtained in accordance with the present nventlon S..
PeERe 1 b hg € hal YAPBGCHREOUEHBGROS PG FLOg0eel PE odnit

1ympt¥c abhedawhihghighspurity, i.e. virtually free from

a

cont am nat i ng + effector and nenory T cells, by t he
combined, i.e. sequential or simultaneous, use,
t n ti [ h
e BI5y- O B0 PEOR A0 bl OVEL T DR i e

pres@wgngEﬂ‘teb&elvyas:Othel atietiimd htlE@xpalebpnﬁs&b@dfhed NFoxp3+
nmet hod according to the present invention, The

Tregl §8I1étseoca}ibxﬁ§+ Ty Rt | ¥16ht iy BYrthd nettfod virtually

free 8¢8I el I LSERL +1 RMERIIRR a8y Fblry T cells, by
functional, denonstrated by their capacity to |nh|b|t

the m@@dlhydpho@ytee r eaetiensiah vpﬁrrosarndﬂttoarp?rcemnt use, of
antllé% obg%HD r%§po$§esgg ZLg$ti§8d 'whi q]target two

con n1na ion I'sol a reg cel'l s
cell Nnosut £guUE at méyk@%t celdmelye. g:DJeﬂ ecdrd aQb4p@porynversely
corr%ﬁ%ﬁg@ikh%h\¥%;g§eegg%ggsqg%%b%%¥ Igel%%gﬁgénhccordlng to
the present invention. The isolated Foxp3+ Treg cells obtained
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 CD4+ 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 isolated
by positive selection based on cell surface markers of Tregs.
For example, 1in 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



for Foxp3+ Treg cells. A considerable amount of
non-regul atory CD4+ cells is present in Foxp3+ Treg
w@200b/ogmopil ati ons i sol ated by positive sel ect i BCI/BR2)8$1008599
on cell surface markers of Tregs. For exanple, in the
Foxp3+ Treg cell populatiOQ§)isoIated under GWP
conditions by Hoffmann, P ."et al. Biol Blood Marrow
Transpl ant 12, 267-74 (2006) using positive selection
of suchveragp3for ltdmn 58 of polpale¢lions,n tfwse example, in
. Eogﬁlations wer e non-regulatory CD4+ cells. Naturally,
ImmurgQ e L% ¥R r AP L 3RABUnE8C¥F - undesi red non-regul at ory
CD4+ cells hanmper the useof such Foxp3+ Treg cel
popul ati ons, for exanple, in imunotherapy as
Prefempai} vnednaidie. mPEepdr #ifl ythe nprasentt Howegtt itdne steps  (a)

and BOECERR bR &Ry AR FIE ety PO e £) BEQTRIPhEta0" steps

(a) ahdo (b caan i elUsouber epeatiasd yout . eepa@atticiodty, stiepe (a3 first
and a first step (b) are carried out, followed b

step ségbn@nst ép FL¥Shndt8Pselnd? st efarbyed 6hﬂﬁmnﬁﬁ$%5bed by a

secon@! ko¥Bd RY addis dseEHAL BieBt Cip)St ecgpt(?&naﬂﬂﬁy(?bliowed by
respectively. Notably, 1f step (a) and (b) are carried

a thbud, r épeatbdl gtot-hetemsperht i ard s@lppl ereppegthvely. Notably,
if Sg%é;?%gfg%ds%%§ gr’ek:%%ﬁggf g& prég%%gé%i ) th%hkggpective

S or , etc reat ed paf ate
sampl&db¥i dualH ysanse qneepesdept | i .of. asycohbiestepmpla). or (b)),

. Thus, for exanple, if the sanple is treated with
thirgntstepuodain 2% i r & st FFa) ,19 ol FERRESBy anfir Spparated

indivEPE B & 0And! 8R ddPe dn X PSt +ahy eS¢l SsafpLe. P¥hus, for
using a comonly known separation nethod sel ected from
examgkey r ifuddtd opemede| el ttrdadtddnyivagpetic CO4Par air on, first
stop ! (UE" CRRSIORACILYVALES G0 SOLLLG: o "TUAR OB P2hor roxpss
Tregf beonescence. asyi vatied cel bosmbhi g kridian s&eseaFoxpP3method
Treg cells of the first step (b) .can be treated wth, _
selegtec aﬁFPHKIEE?%ﬁﬁ}EMﬁﬁﬁlOHI 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 isolation of Foxp3+ Treg cells is less
laborious, simple, fast and also more cost effective. The
advantage of carrying out steps (a) and (b) repeatedly lies in
that different cell markers, e.g. positive markers, such as
CDh4, 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



and/or anti-CD127 anti body, in a second step (a) ,

foll owed by a second separation step (b) , e.g. using
woregne410e3 cel | separation, for the isol ati on OPCI/EP2008/008599

CD25+Foxp3+ Treg cells. The advantage of carrying out

steps (a) and (b) sinultanéﬁrsly lies in that the

i sol ation of Foxp3+ Treg c s is |l ess |l aborious,

sinple, fast and al so nore cost effective. The

uniquslvantage qfomalratyiory onhvsheps sp@)cidic (bproppeaiedly e.q.
lies in that different cell markers ositive

pPart ;g k@F sCeslichU L5 EpUr e eEREC §r ﬁéaapﬁvégﬁﬁﬁﬁgps, such
as CD127, can be used for the separation and cells
carrying these particular markers can be isolated or
In thenmeébOidn anfiyatjuent t g epheabires estte g vVeTHUON asihépuéa) can
addi affpl’”c%tml q:nlsl?eav D5 ERE {:fl fprcggertlng e®wth an anti-
% ar cél'l”"surfrace receptors can D& 1Sol"ated. 2 Tn

cnzstbatmbtd@d apeordraglyp tHxgB-esERbgi Nuelld orhatephd® been
can _additionally conprise treatnment of the sanple wth
isolgrednsingDn Ghi¢ Dby . aPréPerybidte Fbxpakedr &y el R anti-

CDZStEﬂkl %ﬂ% b?@flbé@&akﬁﬁ QS%%@aQQQHOQD%9§ @@EGhOd§o§§§+ Treg

reate an anti- "CD25 anti body foll owed by a
cellseparatlon of CD25+ Foxp3+ Treg cells . Preferably,
the nmethod for isolating Foxp3+ Treg cells according
to the invention conprises: (a) treating a sanple

Pref &4 By Ni NGhEOX Pt hheg €6t s ivbliBtahgantFoL@HOd apdgancells
anti- CD25 antibody; and (b) depleting the sanple of
aCCO{ﬁM@%+téblF%evH@Wﬁﬂi%ﬂﬂ|Ceﬂﬂgasaﬁtlb%ﬂ& Fﬁ@ﬁéﬁvg a sample

cont%gﬁn%r?% @'gxgg)ipsf'ré'%geéﬁﬁgr¥v1-EhceeLr11San\é’FLeE%M@dt ha%d an anti-

I') peripheral blood nononuclear cells, or
CD25PBWE3bbdy(|aada k&np@@py¢91n@ntman$§mpl©|@f(ﬁD{9d+)cells

tlr‘ryeaddlatrf/%l(neacﬁ?{y% W%@'& ti r§lglclt (‘?r?slt %pl@%Z Foxp3+
regulﬁiéﬁyVTacmesanhhe@@ai QMEkﬂﬁhple is (i) peripheral blood
mononuclear cells, or ‘PBMCs’, (ii) a lymphocyte containing
fluid, or (iii) a 1lymphocyte containing tissue. Optionally,
step (b) can additionally comprise positive selection of CD25+

cells via the anti-CD25 antibody.

The term “positive selection” as used in the present invention
means that desired cells 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-



The term "positive selection” as used in the present
i nvention nmeans that desired cells are renoved from
wae b@nepest oi re of cells by | abelling/capturi nBCHEPH08/008599

desired cells, while | eaving unwanted cells (Iabel-)

free . Further, in the net gf according to the present

invention step (a) can additionally conprise treatnent

of the sanple with an anti-CD127 anti body. Preferably,
CD121 hentebbdg; f aind sobat idegp lerxip3 Thegsaelplle actoCcddAg+CD127+

to the invention c rises: ( treating a sa ,
cellgontai dify ?Btf(bBQD%)’ggg %Hb?qy t Bt aﬁhﬁntﬁq@m@?@igﬁdaaﬁlb"dy
ther%%&' QAL enhd boglyxpand (byudgpbeli ng the1$anpl Ghekein the

9d+CDl 27+ Cells via the anti - 9d anti body or the
samplat i sCDHi27 rantiioisal hetepg movobavicagafoxgssls, or ‘PBMCs’,
.., regulata T.cells, wherein e.gample is .(J)

00 o R o R R DT dar Cegi e ot PR | i fymRhocyte
contd ymphwoyiesgontai ning fluid, or (iii) a |ynphocyte

containing tissue. Further, in the nmethod according to

the present invention, step (a) can additionally
FurtfOPr11$€ §ﬁ@arr§éﬁ}9@d0fa&9ﬂ'oq%+ tocelhs fﬂr@@etrpce invention,

sanpl e. The advantage of additionally separating
step ndp-) CBdan T adeliltg oedrhyt heospnpbe |seasbat itdrat ofiorr@p4ab4d+ T
CellTfssellstaresreaned with higher efficiency and, as a

T esut?, ?%e %ﬂ?l?y of the obtained cell populationis

hi gher. In the nmethod according to the present

invention, non-CD4+ T cells can be separated fromthe
The advpreads pbspfivé iosirddt GPRAGATY eh Reft TGk T cells from

the %%?ﬁ%dynggrtmrthiar&tnsnn”@bm@d BCeRNdisNda ko thenoved with
present 1 nvention, one or nore antibody/antibodies
highehatfhlc¢oentpr ande spea fieswldpl etheorpwfitpne CDtkeTobtained

ce11 EHAS1ILOM e sagpLe can be used for

In the method according to the present invention, non-CD4+ 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 Dby 1labelling/capturing said wunwanted cells, while

leaving the cells of interest (label-)free.



the separation of non-CD4+ T cells by negative
sel ection fromthe sanple. The term "negative
w@edoentioon” as used in the present invention nREFEP100&008599

unwanted cells are renoved fromthe repertoire of
cells by labelling/capturi nllg%sai d unwanted cells,
while leaving the cells of imterest (label-) free . The
advant age of separating non-CD4+ T cells fromthe

The sdrpheaby depl etpanakieg inori-tatd+CDE ¢eTleelfirsont ethén sample
| ean and unt ouched. Preferr d accordjng to the

by RGO n § ortN s tRafet ABAF wher&hlt hgremain clean and

unto@dhdbpody/ anti bodi es used for t he speci fic depl etion of
non-CD4+ T cells fromthe sanple can be sel ected from
t he group conpri sing anti-CD8 anti body, anti-CDIO

4 ib 1 body,
pret gt Eo s i Dody, " CBrSaNe i otenERR T g method,
wheraht i baths a@htrﬂaa@ﬁuﬂuﬂhmumesantus€Eﬂ9bf@ﬂtibﬂdy specific

anti - CD56 anti body, anti-CD66a anti body, anti-CD66b
depl%\‘i‘&‘?%08§ N2 iCRED6 HeCaht Fddg™ ARE -SEBBF art P bBRy Selected

fromantt'he CD89r8tp1 bodynp LalrglnggD"@gt§ntbQOdyan@IEéd 3anti-CcD10
anti body; anti-CD |l antibod anti-CD112 antibody,

antilaedy - Cmrzelem@l bodnt Jdmdy,CDmmmtfod)antaqufmlaﬁai-CDw
antlbociiI bod a—%b]t&bDécth%]t bOdy antquTSSR%/n%l%EDt yb,Od%’nti—CDBG

a anti
antileddy ; C@ﬁﬁagcmtgaooairytlmay, BAthrCegn nrnibdedy ahti-CD66a
m xtures. Preferred according to the present

antibegdent 8Bk~ 59@|6bcan$léaﬂ%oo%ntJarﬁ%@m%n’ahl?%ksdy anti-CD66d
antlﬁg@y'CQH%f”Hﬂé@dﬁnta%gﬁy a&“ﬂ.?%ﬁ@@ %Hﬂfﬁgy Ca@ Q% CD93

used for the specific 'et1on on- +
antilfodyn t Aetsafplel 'Emnanhda/ntacgetnofcmlslmgaohebodyrroaetl -CD123

ane 5§08y OO0 badh pp sl egtiad, {y om a0t A AT POy shoay,
anti-CD170 antibody, anti-TCRg/d antibody, anti-CD235a
antibody, anti-CD282 antibody, and anti-CDw329 antibody, anti-

R7-Integrin antibody or mixtures.

Preferred according to the present invention, anti-CD14
antibody, anti-CD15 antibody, anti-CD16 antibody, and/or anti-
CD66b 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-CD14 antibody, anti-CD15 antibody, anti-
CD16 antibody, and anti-CD66b antibody for the specific
depletion of non-CD4+ T <cells 1is that this subset of
antibodies is small compared to some commercially available

subsets.

Further preferred according to the present invention's method,

anti-CD14 antibody and/or anti-CD16 antibody and/or anti-CD66b



CD16 anti body, and anti-CD66b anti body for the
specific depletion of non-CD4+ T cells is that this
W aw8047005 anti bodies is small conpared to SonRCT/EP2008/008599
commercially avail able subsets . Further preferred
according to the present |ny ntion's nmethod, anti-CD14
anti body and/or anti-CD16 anti body and/ or
anti - CD66banti body can be used for the specific
antibbﬁyethnnbequHdCEm& Theelslpscfifam tdep lsanipire. of non-CD4+ T
11 uf err d accor |ng to the present invention is
celly FioRr 3 natABUS wherein at | east one of the
antlbodles used in step (a) is |abelled or
i mobi lized. The term "l abelled" as used in the
Pref?ﬁ%@@wanQR@ﬁﬁm%nTﬁ%aﬁ§ethﬁfe§eﬁﬁleb@V%ntéog b further a
ti S nj e I er
meth g PRt B0 BETa5n Uat 88 4 " At PBAUS oS Kol teP
(a) i1® ldiecebkedll ed ambhobambizEBdr exanpl e, radi oi sotopes,
e.g. 32 P, 35S or 3H; fluorescence or |um nescence
mar ker s, e g. fluorescein (FITC, rhodam ne, texas
The R&@%m phygsswéaf'l N d P%)sedal i@pmﬁ%ocg@egentﬁ LHDYEn means
| uorescein (6-FAM, 2 - di met hoxy- 4 5
that' adimeilegng-<6- car ox ph |mm,n (SOEPnJ@gated to a label.
cal. X-rh e ) rb , 4, 1-
Manyh%%%%%%&P&f f%%?%gcgﬁﬁg%Hﬁi§ %% ?t?uogégd%TnantlbOdy
are khowWAMroorthe , dkiNledNartisan. For example, radioisotopes,
etr t hyl 5 6- car boxyr hodam ne (TAVMRA); anti bodies
€.g. orizgmt ?%o?/rfr*b{gn%%‘f%rgécﬁf‘c?(%) URL BEAERE CC AT KL -
fluot@&bedsn §r@rchi otidhaayith N, ta4a505Rd bo@}@ycoerythrln (PE),
nor phogeneti c proteln (BMP), matrix bound hapte

allopinyicepyymes, or e@mmhmwceerg al ket FA8) , 2',71"-
osphat AP, d HRP
dlmeﬁhoxfegnfgfnéngﬁﬂlZedeogg%ggxg§au8?r8%%?§§:n§ 3 bE o-

carboyext tioadaeiees to any(rRupport to MBFCbrbbxganb@dy7’,4,7—
can be |inked to while ,
hexachlorofluorescein (HEX), b5-carboxyfluorescein (5-FAM) or
N,N,N',N'-tetramethyl-6-carboxyrhodamine (TAMRA) ; antibodies
or antibody fragments, e.g. F(ab)2 fragment; affinity 1labels,
e.g. biotin, avidin, agarose, bone morphogenetic protein
(BMP) , matrix bound, haptens; and enzymes or 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. Immobilized antibodies are for example

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



retaining its activity. Preferably, the support may be
the surface of a matrix, e.g. a nylon matrix; a
wor@poyiover plate or a simlar solid plastic seEpBP1008/008599
beads, e.g. agarose or magentic beads. | nmmobilized
anti bodi es are for exanple qiscribed in US 4,615, 985
and in references cited ther®in. The advant age of using
| abel l ed or inmobilized antibodies conpared to
The uwdehetdesd ant i hodires ilsddldied akal | admebiilmrehi | aagdbodies
anti bodi es can be_easier used with standard equi pnent

compfRdal 6 artabptht F8n PO SRAHSS | $3I atlifgt  labelled  or
immob PRl Quegnt $pbagkki t aled. JreferLad. acGordi ngitq theandard

present invention, at |east one antibody used in step
equipmgnt s bnmobidlisced. aPr ebeieplflagionn tiwe psesedérd isolation

i hvention's_net hpd t | east one anti body used in step
teCh?hﬁu?i fﬁng%Ff;igat8§'a nyl on matri x. The advant age of

i mobi i zing an anti body on a nylon matrix lies in

that imobilization on nylon matrices is very
PreferFedi eticontting | 6Rs BRI SAPIXT eddyerftdon, sphplleast one

; I hexpensi ¥e.£ol ;BaspfAobLs9katiyon of cells.
antl?ﬁﬁ%b?%%satﬁon % égzgﬁgn na???xl?%? for exanpl e,
described in US 4,615,985. Further preferred according

to the present invention' s _nethod, ,the ti bodi_es used
prett faalEo" (% “EhR B G Tior APV ABEN B0 MG SavaTt abeot one
anti®bdynhseamy kebpl (kngikhemaBbiibedieas ohi @s niyn chhal tirhis .

ant 1 bodi es can be detected all at once. Preferably, in
the present invention's nethod, the | abel can be

The %%%%%E%%Jr891ﬁmﬁdﬁf¥ﬂ%fh 5%§i%gﬂ55 n??%b& nylon matrix

l'uor escence or [um nescernce rkers, es or
liesantinbodhhaftr agimemdlsi latdt nohy babelnylcend remzyiess oris  very

.enzyme substrates. Preferred according to_the presen
SEEiCTRRNTi Ofs TOLRES, Phe BREFDERPS SAEVbod) *ohn beLimble and
inexp@Rel L &dcw iinbbakikd, ifdIESHEIdE cells. Immobilisation on

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

Further preferred according to the present invention's method,

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

The advantage of uniformly labelling the antibodies 1lies 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-CD25 antibody can be labelled with biotin, fluorescein

(FITC) or phycoerythrin (PE).



(FITC or phycoerythrin (PE) .Preferred according to
the present invention's nethod, the anti-CD127
W@ povogy3 can be | abelled with biotin, fluoresk&l/AP2008/008599

(FITC or phycoerythrin (PE) . Preferred according to

the present invention's nEtQﬁd, t he anti-CD49d

anti body can be | abell ed vw% biotin, fluorescein

(FITC or phycoerythrin (PE) . Preferred according to

Prefé¢ieeqr esgmirdingentticonthenephedentst einydnt tam' e method, the

. C ied out, usjng centrifugatjon articularly, .
ant 1 g3 £ aBFaoEht S8R Ht ubBeT bhCY Bt rel R G134 off Luorescein
(FITORONEL bley868AYEREOA, (PEYOrescence activated cel |

sorting, inmunol ogi cal separation, adhesion,

conpl enment lysis or flow cytonetry. Preferred

Pref%%%&%mégkéfhiﬁi Q&?Sﬁﬂ% L§¥SQ h@n' {Egh'%t%%éﬁgd, the

e carried out using magnefic cell separation,
antiftDooesaenddcatt i vaheteceldbsblréd ng,ittr laicolmm-flaseedscein

i munol ogi cal separation. The term "col um-based
(FIT@%ﬂ%ﬁo?%g?Q%FYEEgéPaﬁPEE“ refers to a way of sorting

cells, where antibodies enployed in the nethod
according to the invention can be attached to resins
Prefefredr gramaogiashy teol Undis passeidedinvebrhgnascalethotht step

possesses nti gen, recogni z .t eclfi .
o) B0 OB APPRl) 280 Sbounl sl R BB Bareicurarty,
densifyendtadi entretdwd; v afu gt 1 orGD45R0 lanteilhady addoie magnetic
used as an additional antibody in steg %a , and the _
separabl it ed L FHRESECERES A1y ahsd (FRBRAIOTT LRy s 1mpR@logical

sepa POVANL 2084RE s UShNIBRpaBLEnEDEPROsaBL! BAdY, agtdfhetry.
additional antibody in step (a) lies in that "a

speci fic subsetof Foxp3+ Treg cells, nanely CDA5RA+ T

cells can he.isolated jn a highly efficient, e d
rotgfiad, TR I §5 rraf Brds e of o R EEBR: Ro hrendlly ste
(b) |8¥eNtben' saretikerd, At using magnetic cell separation,
fluorescence activated cell sorting, or a column-based

immunological separation.

The term “column-based immunological 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 recognized by the specific antibody.

Preferred according to the present invention's method, an
anti-CD45RO antibody can be used as an additional antibody in
step (a), and the isolated Foxp3+ Treg cells are CD45RA+ T

cells.

The advantage of using an anti-CD45RO antibody as an

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



anti - CD45RA anti body can be used as an additi onal
antibody in step (a), and the isolated Foxp3+ Treg
w@eiwe4me CDASRO+ T cells . The advant age of BGI/RB20881008599
anti - CD45RA anti body as an additional antibody in step
(a) lies in that a specifi (‘1]7subset of Foxp3+ Treg
cells, nanely CD45RO+ T cells can be isolated in a
highly efficient manner and a very high purity. In a
of Feepdnd Ta@;zgecd:ebistheameeslerﬁDélS“RIemtToneldme adnibs isolated
obj ecJtc sol ved bg a kit for isol aL hurran Foxp3+
in ahlghty|¢ lEbﬁ%Fu%‘ RBeAn2Bft P- EDA¥A"AAL BYdY “dnd an
anti-CD25 ant | body or an anti-CD49d anti body and an
anti-CD127 antibody. Further, the kit according to the
Preforeséntadenedingn tan Wonprimsent afniveOb4gn 'ent imsddypd,  an
Ny 5. an ody._an n [ 127 anti.bod . .
anti B R RS G hEr PRy 25 fihe RLBRITS hyBREIBRAY in
stepCaa) addaxﬁdiortaid yicolhpeede MupI¥ TPe§ cells are CD45RO+ T
anti body/anti bodi es sel ected fromthe group conprising
llgnti-co8 anti body, anti-CDI O anti body, anti-CDl14
anti body, anti-CD15 anti body, anti-CD16 anti body,
anti-CDl 9 anti body, anti-CD35 anti body, anti-CD36
The anativbodypgeantdt CDY8hngnt idsodyanbhihtCDEDBS aratritkjddady as an
6 nt| body, .anti 6b anti bod anti- 6¢c
acai §1en3 S R P IBOTY CORLE AR | By et 1" CLBY afi PBEGYIIC Subset
of FaRbB+C@M¥b2ﬁﬁlb§dyna&@UW-@D%5RUMIbodﬁllamnaﬂIbél1solated
anti body, anti-CD112 anti body, anti-CD123 anti body,
in aalh%‘ﬁhbblﬂﬁfhﬁ%?ﬁ’éd?anaﬁﬁ a@ms Bﬁré{nWEBd?uréﬁtyl CD170
anti body, anti-TCRg/d anti body, anti-CD235aanti body,
anti-CD282 anti body, and anti-CDw329 anti body, anti-
In &7-slemcagt i aspecitbody othei xpuessnt Fuintenrtiome kine ofof its

obje%aglE%g;en%%?gvgﬂ}h%gdga? %ggt%sofgtuﬁfshu%g% Foxp3+ Treg
cells, comprising an anti-CD49d antibody and an anti-CD25

antibody or an anti-CD49d antibody and an anti-CD127 antibody.

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

Preferably, the kit according to the present invention can
additionally comprise one or more antibody/antibodies selected
from the group comprising anti-CD8 antibody, anti-CD10
antibody, anti-CD14 antibody, anti-CD15 antibody, anti-CDl6
antibody, anti-CD19 antibody, anti-CD35 antibody, anti-CD36
antibody, anti-CD49b antibody, anti-CD56 antibody, anti-CDé6b6a
antibody, anti-CD66b antibody, anti-CD66c antibody, anti-CDé66d
antibody, anti-CD89 antibody, anti-CDw92 antibody, anti-CD93
antibody, anti-CD11l1 antibody, anti-CD112 antibody, anti-CD123
antibody, anti~CD141 antibody, anti-CD1l56a antibody,
anti-CD170  antibody,  anti-TCRg/d  antibody,  anti-CD235a



Moreover, the kit according to the invention can
contain at |east one antibody that is |abelled.
weewbesamd y, the kit of the present invention BEIEP2008/008599
contain anti bodies that are uniformy |abelled.
Preferred the kit accordingléo the invention can
contain |abelled antibodi es,” wherein the |abel can be
sel ected fromthe group conprising isotopes,
antibbdgf eacenec€D2B 2l W thidseBnceamar ket §-CRABRbodnes by, anti-
anti body fragnents, affinity |abels, and enzynes or
B7-1gRhsgrbNsABSEPE¥s OTPFef¢&KiSy, the kit can contain an
anti-CD127 anti body, an anti-CD25 anti body, and/or an
anti-CD49d anti body which can be | abelled with biotin,
FurtheTC tbe REL lof ahdipreagpecinoént henpregeppntain at least
Lnventi.on, . one.of .its,ohj.ects is solved by a use of
one ?P#lgﬁdgnw?gdﬁdlﬁ“ﬁ‘f’ibﬁgéz,ed?ii) anti- CD49d anti body
in conbination with anti-CD25 anti body and/ or
anti-CD127 anti body, or (iii) of a kit according to _
MorepRery nvéift i Bt ICIHS ied| AP dirof LRVRRRLIEBX R0 TFegtain at
leas€ebhs: ahf: BBEY! gHbar ; san 4B xEH49d antibody; an
ant1-CD49d anti body in conbination with an anti-CD25
anti body and/or an anti-CD127 anti body; or a kit
according_to the invention can be used faor, the .
Pref?§%$;¥ront%? hthn gxpEQQWTQﬁf%ﬁﬂﬁs;*W%ﬁﬁ%f%ﬂnnﬁ%? contain
antipedi asNtAgt( brepanipbemal bhlaeed 1e@nonucl ear cells
(PBMCs), (ii)a lynmphocyte containing fluid, or (iii) a
| ynphocyte containing tissue. Preferably, the use
di to e | ' har ized | :
Pre b o1 Y P hoan Foness Ton eel 15 G pgontain
labeathdeved ibodiepsr athegeCb49the PBEEBs 1i ncdudbeg selected from
th non-r egul atory CD4 + thells f¥gn1Fong+ Tr%? c%]ls
¢ AP Eent " Pidat’ith, t€&-CPE Ut rTat P ORS “NRGRetTc +uminescence
mark&EPAr dntdibodies or antibody fragments, affinity labels,

and enzymes or enzyme substrates.

Preferably, the kit can contain an anti-CD127 antibody, an
anti-CD25 antibody, and/or an anti-CD49d antibody which can be
labelled with biotin, 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. 1In
particular, an anti-CD49d antibody; an anti-CD49d antibody in
combination with an anti-CD25 antibody and/or an anti-CD127
antibody; or a kit according to the invention can be used for
the 1isolation of human Foxp3+ Treg cells from a sample

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



fl uorescence activated cell sorting, inmunol ogical
separ ati on, adhesion, conplenent lysis or flow
W@ ioonEtny. Further, the use according to the PCEPI0®ONS599
can be characterized in that depletion of non-CD4+ T
cells fromthe sanple can gte% carried out using at
| east one anti body sel ecte romthe group conprising
anti-CD8 anti body, anti-CDl O anti body, anti-CD14
a lgmphoogyte antbn€Bibiant i bbbyidant ioxCDl (biaht i body lymphocyte
9 anti body, anti-CD35 anti body, anti-CD36
cont%h?’rrb%délsﬁﬂ?r -CD49b anti body, anti-CD56 anti body,
anti-CD6 ba anti body, anti-CD bbb anti body, anti-CD66c
anti body, anti-CD bbd anti body, anti - CD89 anti body,
PrefepblroDwohant iussdy, aaeerdamg3 &ati Bé@y, bmienigym| can  be
ant i 2 anti - 2 b
Chargg%éplg%éﬁl tltgB Y, S%E%I-%%%%%aggnt %d?}%gn i - O+ Treg
cellantdabodye aanctmla'f&g/ byansebadyt iagt i cOD235a EBMGDodycluding
- CD282 ant.i bod and anti - CDw329 anti bod ant i ,
non- 504 ITREF Y n GRETbody G (el Fgneh rrGeat cells via

centiff@@§@1&9rrelékﬂqn OQHQQ%%LH§Q91CD4%ga&héblEOXp%eparatlon,
expressi on. Human PBMC were st ai ned for~ CD4, CD25

fluo GBI CEDACYd vahgdFeeld aveltaied iy zBEmbyo FACScad separation,

Ie human_ P f nd CD25.
adhe%;c?rgen agéigéf'g%béliy nggroﬂ/?‘gt §Pt§§%ﬁ§yg indicated, b
Correl ation of CD25, CD127 and CD49dwi t h Foxp3

expressi on. Human PBMC were stai ned for ch4, CD25,
Furthefip7, t549dUsRd FOXpIrdhldandiqzedhfy Faggention’ can  be

char@téﬁﬁi@angnoftpraegqghlgm%f(Iﬁ&t ~-®enel b, BL% from the

(m ddl e panel and is showmn for CD4+ cells gated
sampbecordi hg CorFilgd It Nudng s24 nb et eoper @emlégéymselected

cronSEL3, RG0SR 0Bt CBH50 SHSEIAR Nl s -cono
ant ilexdqy £S o + D TD1 24 Gy sulsetis-aifl5  antibody, antl -CD16
antibody, anti-CD19 antibody, anti-CD35 antibody, anti-CD36
antibody, anti-CD49b antibody, anti-CD56 antibody, anti-CD66a
antibody, anti-CD66b antibody, anti-CD66c antibody, anti-CDoé6d
antibody, anti-CD89 antibody, anti-CDw92 antibody, anti-CD93
antibody, anti-CD11l1 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-

BR7-Integrin antibody or mixtures.

Figures

Fig. 1: Inverse correlation of CD127 and CD49d with Foxp3
expression. Human PBMC were stained for CD4, <CD25, <CD127,
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



CD4+ T cells. Hunman PBMC were stained for CD4, CD25,
CD127, CD49d and Foxp3 and gated for CD4+ cells. Upper
WO 2200404706Dst ai ni ng of CD49d and CD127. Gates aPCI/EP2008/008599
percentages of the three major populations are
i ndi cated. Lower panels: chsdal ning of CD25 and Foxp3
is shown for CD127+ (left panel), CD49d-CDI 27- (m ddle
panel ) and CD49d+CD127- cells (right panel).
with PEprpAt ages esepoes.eriurtde EBMﬁewemfe @ﬁ%&*@kpﬂ&rmég, CD25,

CD12 f S8 e A oD Eo7 1 Ve Sy TRARS STy hining of

Foxp¥nf otghed2 6041 gl Isardesiol  atesh £ 7 o RMe Wodhel and CD49d is
commerci al MACS-depletion kit were stained with -CD49d

showandf et COPA7 ( Icefll spaméltpdandcsordeddbyt FAGS 9 nt d &-he Numbers
I t +CD127-
lndlggﬁgggé%ilgﬁ?&%;%gl??E%gn%érgggﬁdﬁggggéﬁge fraction of
cells in each quadrant, c . Suppressive capacity.
. Inhibiti of .t he ollferalve res onseb t he
Fig. 'g;l atcé)d‘%éel Fjl§&6§ lDafES dEPEPRIMe r?‘ﬁ & U‘;Fsoé'a Foxp3-
CD12 PUPRILAIS .ONa aS SRS shpwaskiohi Gin 3b01@r79blof4@eaté@asets of
of CD4+ cells was induced by a-CD3 anti bodi es,

CDd+slpprelsbor Hemps WEINC added attasinest i osf CP42. CD25, CD127,
uppr p d hi bityon' S . _

CD49§a%§tﬂea$ %8% Sa[rﬁf( é%g%?l oiﬁ(?rof g?w dd%}lgf%el ?ggle\rgﬁ panel: co

staifiefier enfcecba 9ra1unbﬁd of DR Vi diGat e CBBdStpenit@h edg&€ddtof the
cells, Fig. 3 : Isolation of untouched Fox 3+ Tre

thre%el‘P%J‘PFonP?ﬂla?lEQﬂ s3h§ MARSICEREGuchid €l§4+p€g’lell§ Co-

stall‘?In(?uE@n dIPMC 159! abgd by MGt Rod camerci 8l e ED4panel),
isofation kit were depleted by MACSin a second step of

CD4 9@3E1112372ED496mE§t@iesspﬁgeéél | enda CDRAGSCERAZ[ysi sedfls (right

pl et ed ane sho for

panegel I ; 4] elngtalg&s pﬂe%rg? ?h h&eprlnér{ll on f)l eprpane?)él?3+ Treg

cellandnf thet heuctﬁié&deqaaatragtafber I (I 2Ff CD49d-CD127~
depl etion (right anel s). Data is shown for the

and EP4PHT ﬁ&l SkF%% CBnyﬁq%péprtlng Untouched CD4+ cells

isolated from PBMC with commercial MACS-depletion kit were
stained with o-CD49d and «oa-CD127 (left panel) and sorted by
FACS into the CD49d-CD127- (middle panel) and the CD49d+CD127-
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 o-CD3
antibodies, suppressor cells were added at a ratio of 1:2.

A

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+ Treg 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



panel s) and CD25 vs. Foxp3 (|l ower panel s). Percentage
refers to the nunber of cells in each quadrant, b .
wEpPpoenss ve capacity. CD4+ T cells depl et ed 0OPCT/EP2008/008599

CD49d/ CD127+ cells were used as suppressor cells

(Treg) in a FACS-based in v %%ro assay. CD4+ effector

cells renoved by the depletTon were | abeled with CFDA

and used as responder cells. The panels indicate the

in LFB&cstrad nistgpof oEDAEDL2N ) sDWbthowpranygiayi nuéalson a. FACS

er panel), after_jncubation with a-CD3 (m ddle

anal}(ﬁgﬁgl P Lorerkeded n‘é%lo]:ﬁr ohPrt R1gtep$ 4% ?%W%régén(?é‘e CD4+

celloﬁowwy%ﬂﬂﬁw gregrcebl scrd Acpabt PoRf (heke(!O¥8E1s) and for
panel ). Nunbers represent the percentage of ‘dividing

the CD@léfsfecr@macenhg m@tem CID§<9Ida(tC|Ddr27of depbethed (right

romPB s were Iated
panem& é Fetll on hfor or'\r/% %Bﬁ/{flmng | SR vvll%t (upper

aneasCDéa&dsl @RLPLZE . om“qxp@epuewé@n ;ﬂfndllﬁmn PBMeBage refers
carried out with a-CD49d and 0C-CD127 as described in
Lo gy, muEkeeptOf hat bt al 1 PBME Gthst®RR G Your B eFUEBFessive

uged ep gde h
copeCE o e idsePhe S SL R ERDEAIDID qenia e
usedj sot atyuppia@gsoo deicreadfrieilge puni ty aFATAXased in vitro

a- dded to t ant | bod m.x of _.a co
assaf, PR e PECRSE | et Rt Mol e ot SR gutn  were
labe CRA2 %viand @fFr0BD25n¥S. us®OAPXH d Sr%t%ﬁwlﬂd%@r Egh@sprlﬂ{et@anels

depletion (left panels) and for the bead-negative

indi¢ageti dhcobt @ Pd §fttaé|nltnﬁ!e debl eEP8A (rGeghts pavérayut any
stlmﬁ@QPféﬁ 'E?g%?t% pe&ﬁﬁﬂhagfnéﬁb§@1+§ %EtﬁaahCDB (middle

quadr ant i'bition m Xxed nphocyt
panet pacti ora f{tdiR) unqukiartacandwmtélvent—t@a oinG/tHﬁl prdesmence of

nt o ed Tre ells were, i sol d fr human PB b
untoCiPH o ME8g! LRI ATTAE Br6atthr i o ol Heest, Bagern- Wumbers
repréﬁ@nt4theaperb8ht§gbl@ﬂ af vMaRngMeB4r edgticed i $e3h@wn

for three different donors. In each reaction

Fig. 4: Isolation of untouched Treg cells from PBMC. Treg
cells were isolated by MACS-depletion from total PBMC. a.
Depletion with a-CD49d/a-CD127 only. Depletion of human PBMC
was carried out with a-CD49d and o-CD127 as described in Fig.
3 except that total PBMC instead of purified CD4+ cells were
used. b. Single-step depletion with o-CD49d/a-CD127 in
combination with a CD4+ T cell isolation kit. To increase the
purity o-CD127 and a-CD49d was added to the antibody mix of a
commercial CD4+ T cell isolation kit. The staining of CD49d
vs. CD127 and of CD25 vs. Foxp3 1s 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.



105 PBMC were incubated with the sane nunber of
radi ated PBMC of a hapl ot ype-m smat ched second donor
W@ 20000403 . The reaction was inhibited by addPCyER2088/608599

104 autol ogous Treg cells isolated in a single step

MACS depletion (allogen & Tyeg) . Proliferation was

det er m ned by 3H t hym di ne ‘i'ncorporation and is

expressed as 'counts per mnute' (cpm) . b

Fig. Psevénhibntabnacift eni@eHD. lwmktcs:y@wr@/d}nms (MhBucea vitro

by the adoptive nsfer of. 30 x 106 depl et ed
and RAAHFTSEIE ( EB25CVBBNG | (0 RagiREpucheg f Loty qplls were
isold¥OYr egshbAn Q{ur&ame dpggasepyas 4 ecoiglete byt dgt excminiNgpg 94-
the weight loss (left panel) . One group received only

depl@Dchn PEMGI¢3¢Tiled cilincl BYg., 4- s@conanlgm@*plpécéiﬁ/ehﬂm MLR
PB get her t 6 he ,
reactl(frcl)l %ao%ojflgegtogeﬁhvye&n é)\lgfo eghé\%ns %%peg CFFEPe)re.aCtlon
10° @mpﬁeﬁé ﬁnmucbat\wewtsredthéheaméerrﬁge)erxelaﬂmdlated PBMC
ght was determned in reference to the start _of the
of ae?ﬁ@iPﬁﬁﬁ? E‘ﬁénﬁ%c&ﬁrmdasd@%?céﬂl%?@ht fggsreaction
was Iﬂ%ﬁ&f@@dofb§llm&ﬁh signs (£uffded bl JyREhedreg cells
posture and immobility) and death is indicated in the
isolatght ipanal .simgle 6stepurMM%atdezmiaﬁlo@zsalTpegnce&| greq) .

Prollyega%r?dwggpldet 1N, J.ned bsegf}f-lgtginy J&Jt i :rL]relggg ?Itﬁan and

expression W th etro ine setre
is e&b4esceld Saexpmmt@ﬁdr cidtte’ celdpmmer & sthaHram‘eﬂon of
invitrowth PMAiononycin and analyzed 6h | ater
acuteadavHRy o) AFRES of XEBPAFVEB4+VEE | én(jﬁﬁﬁ@lr BXnelté‘F aﬁ‘&l"ptlve
trangpé@%@é‘d gehbs &b@weaegﬁe%é)huﬁalsh@md%D§@49@>Bw% into
-17 (upper left panel) or for CD49d vs. IFN-g (upper
Rag? rrght yeanel) . mMCeﬁragesscﬁonotoél M diserss waberecorded

nber _of f
by GEipEToated CBRE el ot  HTaciPONCh - cofga. rou

rece D¥e £DASE y ced b5 - perment a@&lolfed:ytdlhsldlee secret isk@ond group

cells in the dashed gate are in reference to thg
received CD25- PBMC ogether with 0.5 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



nunber of CD49d+ cells, b . CD49d renoves Thl- and
Thl 7-1i ke cells from CD25 high Treg preparations.
woivan47Doeg cel ls are characterized by CD25 hi BET/EP2008/008599

expression. PBMC were stained with a- CD4, a-CD25 and

a- CD49d and sorted by FACS Jégzo the the CD4 + subsets

CD49d+CD25 hi gh and CD4 9d- 5 high . The sorted cell

subsets were activated with PMA/iononycin and st ai ned
fract ém acd | gbandfor ot FNmpy el kcle118., Peeceshsggs of cytokine

represent the nunmber of cells in the indicated
secrefy ael i/ giny thenApehrentIdie FEXF3+Tr &§fsyence to the

numb&€P8t | @B 9+ CAJd+ cebl s dgsam hpoRgy LO4rhh cehh§: Th17-1ike
Human CD4+ cells were depleted by CD49d and anal yzed

cellpy fEAGS £OR5CIPS5 Brely FoxpPangiriessi onHumeft Pasgl scells are

Total CD4+ cells, ,rjght panels: CDA9d depleted CDA+
charaetesizeg aPii ﬁ@ziSS sh&XR eSS 1ep2s RRYC sy ghppeed with a-

4, | HAFDEPe 4561 Clnt B8 0P ool 1415 B Bare. TR the, the CDY

subs&esovaebsoti+eypekife pmeduammpeiderior celtise freBrted cell
CD127- Treg preparations. The experinment was carried .
subsgi$ ad'qhf Fi getiyabecept wikht pbfhfiegowyainT ¥4 stained

. Ssubset_ were sti ated aft e sorting with
it R FOh bRy T t B eke PR tTE BUT oR PREHLGASE | BPFRRENE the
numb&EACSE abal Y§1 sn\WaheCanhbkiedtedt qasdirAnki.g. 2a except

that the cells were stained intracellular with a-1FN-g

and a-1L-17. The present invention shall now be

Fig.??sﬁﬁk?gﬁmgHEthﬁg % ?@ &ggboﬂbngkﬁﬁﬁﬂﬁkﬁ§ M%tED49d+ cells

respec o the attached figures-w thout being Iimted
fromt hemaho. CBoF tThecplil posabundn t 084pr esells | weert i depleted by

references, as cited herein are incorpgrated by
TyRSthd 1 PP

'] .
CD49$e‘F”é?eﬁEé YRSth&yr TS 1T P2 nd yS¥pRgssion. Left

pane P& eserftanvenbi on desi basedigRtSG A1 Ccpuper i dBPiSted cD4+
whi ch have been perfornmed on biol ogi cal specinen
cellgler SEadnfingm vo| gheeer stor CD25 vs. Foxp (upper row) and

Foxp3 vs. CD49d (lower row). Numbers indicate percentage of

cells in each gate.

Fig. 8: Removal of cytokine producing effector cells from
CD127- Treg preparations. The experiment was carried out as 1in
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 carried out as in

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

a-IFN-y and a-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



Vol unt eers have given their consent to use the
speci nen for the study which is disclosed in the
WEe@9/04m003 nventi on. Exanpl es Parti cul ar net hodBCHEPE2008/008599

materials used in the Exanples: Antibodies and

reagents Anti bodi es specifi*bfor CH4 (RPA-T4), CD25

(MA251), and CD127 (hlL-7R“M21) were purchased from BD

Bi osci ence. Anti-IFN- g was purchased from M |t enyi
invelt Déechs( 4mdd) onAdiEANT  BedP¢ rimsnobt aimeth fhame been

| munoTool s.  a-CD3 (UCHT-1) was pr.oduced at the
perfQERR)3 ?TPCHP{’P}O%Bgé- | EPEPERI 0B82EAPE? ) LRere %unteers-
VoluRtEEPased o o $8, 03HANCeohHERBCRI) UhRE $hal NEPE-WRSn for

carried out according to manufacturer's
the sweedymendeli on. dCFDborad obt ahredresenmcMbh&enitaon.

Probes, 3Hthym dine from GE Heal t hcare. Fl ow

cytonmetry and cell preparation Human PBMC were

obt ai ned from heal t hy vol unteers. Mpnonucl ear cells

were isolated by Ficoll gradient centrifugation (CGE
Exampl@s$t hcare) . FACS analysis was carried out on a
Part {AFAIAOMOGE LFR hhrkBshiyTRALA( R @h@sﬁk‘?ﬂ%%s-:

Dat a were anal ysed using FACSDI va software (B

Bi osci ence) , Cell Quest (BD Bioscience) or Flowo
AntiBOGiN@ren§Tresestary - Oytokine detection Cells were
——stinmotated for 4-6 with PMA and i ononmycin in the
Antilpe@senceprefifief dladi ICM f 6RPARE4) astCDZ-HAh(MANHEL) , and CD127

cytoki ne secretion was determ ned_by intracellul ar
(hIL's%/%Tl‘ﬁ%b WPER RYFChEpeshd R FRP gBUSPRYCRAES. Agt 1 IFN-y was
purcﬁfgéis?fgﬁdM@@%En}icﬁﬂoﬁggﬁﬂwfﬁ;¥%ﬂ5 NRE £-85804€i(BD2D) was

reshly or maintarned overnight in RPM, suppl enented
obtawwned SOUMMIMMwdTdyefor exsEPPHuUl(BEHEN]) Tveg iBOd@E¢RHm at the

netic cell sorting was carried out using the MACS

Va
MDC.Sggpéﬁp (PCH101) and o-IL-17 (eBio64CAP1l 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 volunteers. 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 1last 3-4h. The cytokine
secretion was determined by intracellular staining with a-IL-17

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



(MItenyi Biotech) , FACS sorting with the FACSAri a
instrunent (BD Bioscience) . A) Treg enrichnment by
wehg4epl et i on: MACS sorted (hCD4-i sol ati on RECT/EP2008/008599

I1/MIltenyi Biotech) were incubated for 10° with

a- CD49d- FI TC at 4-8C. Aftepzyﬁshing wi th MACS buffer

for 10" at 4-8C, cells werée incubated for 15 wth 10

m a-FlI TC-magnetic beads (M Itenyi Biotech) per 107

CellgelWesre atuskd 8@CtheAf t €rewadlyi ngr wintdi MeCSdadif feergrnight in
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unt ouched hurman CD4+ T cells were first isolated from
PBMC using hCD4-isolation kit Il (MItenyi Biotech) .
Treg|hsalaetond step the cells were incubated for 10' with

magnde (D 0RA ot Forndorat o3k thtdcBhie Petds Simaiiar ovaten

(Milfemyil5Bivitelrhl) rHAGs Fsd€eiagdw2@hnitlee bFACEAr ragAetsitGument
beads_%Mltenyi Bi ot ecg ]p,er 107 cells, at 4-8C, After
(BD RIORCAGWSh MACSTBER 1 M neP¥ %%t%%phﬁh@né MACS

sortéé}QQtB@nigBhE%QBMiHﬁﬂnf¥yﬂilté%9iL@i@ﬁé@ﬁg_were incubated
singl e-step MACS procedure: human PBMC were i ncubated

for WiOh Wi 0T lcabBh PedFATCD4Rd, 4bBACI n-A Gt | @d sain@DlR¥th MACS
and_t he _hij,otin- el l ed anti body-m x of th uman. £D4+

oue£F CEPF 061 A oh Ry | FoFOP FOTCat BET ST aps with 10

nl amﬁ@%%éﬂ%@yf“(ﬁi;téﬁ&hsB%Esngw&t Q.Q)Wctleg?l%c?at 4-

a- Fl and 25 m a-biotin magnetic-beads per
8°C. cafiteef owaksling #4180, MPLEr waheng wiehl JAGCSHRf fseparated

._cells re,separated using_.a LDcolum,, D) .Unt quche
asing] gy LEEbER IR S b REaUT & FLEBAGE anc® LIS, A biyo-step
MACS9pt¥y¢eduhdmanuRBbGcwere inwgdaat exbas t hr FI €l abel hede first
_ a- CD49d, biotin-labelled a-CD127 for 10" at 4-8C , )
isolagedr (&SR ngBMFt huRRAES bhfPAriseérldofer &litncdBat difiltenyl

Biot@éﬁh.l§gl '§E%8hdaqu%9 gheaégfﬂénwgggnﬁgdﬁﬂgﬁg§ for 107
per 107 cells for 15 at 4-8C. After washing wth MACS
withbufttpa9derlitrs wet® a-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 Q-FITC- and 20 pl da-biotin-magnetic beads
(Miltenyi Biotech) per 107 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 a-FITC- and 25 pul
a-biotin magnetic-beads per 10" 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 (CD49d and
CD127 depletion only): human PBMC were incubated with FITC-
labelled a-CD49d, biotin-labelled a-CD127 for 10’ at 4-8°C.
After washing with MACS buffer, cells were incubated with 15



separated using a LD-colum. E ) FACS-sortings :
unt ouched CD4+ T cells were obtained from human PBMC
waiging4tobe human CD4+ T cell isolation kit |1 POA/EP®AYH08599

Biotech) . Cells were stained with a-CD49d-FI TC and
a-CD127-PE for 10' at 4-8C _,After washing wth MACS
buffer, cells were resuspe d in MACS buffer and
sorted on the cell sorter. Untouched Treg cells were

nl aobtachedndsiong A sO¥idgiQaheghet 1E€D4864dEDPEE 108l kells for
For FACS-sortings of CD25+ cells, human PBMC were

15" qitai ded Wt hA§LeeD4gashangDivahl aM@ﬁs heffan gells were
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with pr&%ﬁ@é@lwﬂc assay %ﬁfﬁﬁﬁ orrgel lgmerg | abglded arter
.5 MM 5- carboxyf |uorescein diacetate (CFDA;

washmemm FMMb%s)bla’sfe;hescrcretﬂelds be«femee (Ksispemidgd in MACS
Bl ood 105, . 2877-86 (2005)). CDA+
bur£8 {antthy sSEERH O SETB00TRbE | SRS Wik bLREEh TEey cells

wereWbbbaineadustad @Ddscﬂ.ﬂﬂ.rﬁ} egh PBMo £ 560008-cellbsiweklls. For
3000 rad) and 10 ng/m anti-CD3 (UCHT-1) for 3-4 days

FACSTso06ings| of- K0A%m pehtes havsnaPpMC et geained with a-

uppr ion Treg wer e ,added |cate
co19d ot BoEhh G FoFFon SPECOR T Lol € “as MdTS oEaoByng with
MACS FHGBEeM, X@éllwm@f:é/t eek@8pkhaBad( MqR)Mpbds? wfhehuaaa sorted
PBMC was carried out as described (Ebert, L
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CFDA-based proliferation assay

CD4+ effector cells were labelled with 0.5 M 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-CD3 (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,



(I'nvitrogen) for 5 days. For suppression of
proliferation,isolated autol ogous Treg cells were
w@oaed4mv3 t he indicated ratio. Proliferation WSI/EP2008/008599

noni tored by 3Hthym di ne incorporation (1 nG/well)

for additional 10-15h of c ure and determ ned using

a beta-pl ate reader (wallag% . Xenogenei c-G af t

versus Host di sease (x-GvHD) An acute form of GvHD was
isolateldicedtiol diagis / Trgg- / cebise Wguea chasled fabmtlezonindlicated

as described before 9. In brief BMC mere depl et e
ratiqjth 4325 Fhardcheads oM | tewyhlg%{e dch) ¥ ﬁg % %Bymldme

inco£@brani &M | ienyt i Bletegh) for TR Galdn% el -0bhaidedculture
from PBMC of heal thy donors using the one step

and ¢ebertined Chénday %@térélﬁtangﬁéﬂerm (Waldagei-ved i.v.
0.2 m clodronatecontaining |iposones. 4h prior to the
transfer of cells, mce were irradiated (350rad) . 30

Xenoded®bc CE2Sf tlepéetad PBME deseakn) ¢gt-gdHD)v., either
alone or as mxture with 0.5 x 106 Treg cells in

An fRFD. ﬂ@@muﬁﬁh §@ﬁ@h1aﬁbunﬂndu¢ﬁd wenghRag?-{he ¥doe mice

nd_the_clini tons re ter L0V t

et SEPlod BT ehBerment Coe (e g1 b BFLpRe PEMC

were daégﬁé%ewrﬁﬁmw@ﬁzéumc%%aa@ PEst W& PNdpi 8PaER®d using
nmovenent. Exanple 1 CD127 and CD49d are inversely

a LDcoprlellmat e(d’lwitetn}r::oxpsoteciepenmrﬁg ore ltlee mrobéb@aﬁd from

6 f hu n_PBMC are el ls (Fi
PBMCt gsgl pprOX|n%?ef uflf@'ﬁg%% régS€%P|§”g%h e nos?ne day
beforeimaBrihegeee! | Snigxpr esschigbdl evels ofothe hl-2clodronate-
receptor a-chain CD25 (CIQShlgh L, this marker does .
cont%@l%péf-apéomﬁé Trdy BotRd at P ol Ner Sthatoit-Seqet afélys, mice

wereCQArr"écﬁ%Jtl CDjs@b%%ly agoi e Mee. oS0 éeﬁﬁeeégggﬁmc were

menory + cells express | ower anobunt's of P
1n3e¢t§@5hom7) esd htelrata kdres ropopsl atiixdmnsariith oQebl apsd 0° Treg

cells 1n %%%/SD%SI% aJTg g%bgf%u&Bagc%%%;%éfght of the mice

and the clinical 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 o-chain CD25 (CD25hmh), 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™9" 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



C, Brown, J . A, Freeman, G. J . & Hafler, D. A,
J I'mmunol 167, 1245-53 (2001)). Treg separations based
w@eoobli®odrar kert her ef ore have an i nherent ri skPOf/ER®0$1gP38599
contam nated by these cells. Like several other genes,
CD25 expression on Treg ceués is driven directly by
Foxp3 (Hori, S., Nomura, T%~ & Sakaguchi, S., Science
299, 1057-61 (2003)). Counterstaining with Foxp3
therd¢herefbaeei adi cahexematnedrsd igfeare oy rebatamhndovedt hg these
CD25. high cells, in which cells ressi ng. t he highest
cell Sobhte "or T RERps Chel SIals i GRS Ter SEBLOp FRGes cells
is diPvehelirpanel) byl rl?o@%’li ragdrit,0 £L25%ohhea a- ehaknsafkaguchi,
the IL-7 receptor (CDI27) is inversely correlated with
S., Fexgrcexpt¥Bsi aA5(Liod, WO0%Y) al CouptpxgtREgipg3, with Foxp3

g L R e

celld heinowhelcat icgllis agaréysingeane buigheaid samdiifits of Foxp3
hi ghest | evel of Foxp3_have_the_] owest expression
alsol%V%%no?rkﬂﬁ§?§tTﬁ@rsgagggéFFSn}bhgiﬁggrPap§i§ot
conplete. In the exanple shown in Fig. Ib (mddle
panel ), about 2/3 of the CD127- cells were also
In cfokpdst For QD cheraceechaani of dtheTrEg teresepber7 (CD127)

i 1hiet IS5 CG-ErRLy WIS D OTUIALA0N LI ETPS. e a1,
J ExﬁeM@ddzo3q.1@®1an1,(IOEﬁp;Mabdﬂxkijﬁﬂs-%ﬁOeﬂzbOGy)Exp Med
own studjes have identified second yrface

Qu
203, nérpﬁér'7995e§"%o%§? modF19r edPeelMeddguBanes '+ nd ke naghe the

corréﬁaﬁf@ni@Ee%@d}f§fifhéékpibﬁt-céhi% he' theghest level of
co-segregation 1S inconplete (Fig. Ib, right panel)

FoxpAn haver seclid nedpweekr elepmassgiarh Fbgpsl a©fobs@pl2d. The

for, CD127, however, does appar-ently not_.exist. .
=T IFRI5H 2 5t APHPAG T ndfedd it A & bskhce o SEIIBC; fhovn in
Fig. Faxp3tmLedls ipadependenaboat tks | eyeltid E0ip3- cells were

expression. Exanple 2 _ , _
also Foxp3-. For the characterization of Treg cells CD127 1is
therefore always 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)).

OQur own studies have identified a second surface marker absent

on most Treg cells. CD49d is the a-chain of the integrin VLA-4

(4B1) . 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- CDl127-

cells.



CD49d di scrim nates Foxp3+ Treg cells from Foxp3-
CD127- cells .Wile the segregation of both markers
wowRab/oTey cells was i nconpl ete, the conmbi ned RGEERI008/008599
CD127 and CD49d nmay conpl enment each ot her.
Doubl e-staining with a-CD12/7, and a- CD49d al | owed
di viding the popul ati on of + cells into the three
maj or popul ations: CD127+, CD49d+CD127- and
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W th a- 5 and, a- Foxp3 confi
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divigveag | yhequabPylpaige sebp&pditat ¢ohks . iTHe nbheritlyred major
9d+CD127- |1 r 3-,_.onl S _18% .
por (RONEDIER1 T, SR AP ar opheschlen 18 (eso.
2a, (péed- Q) popuhahiag, WitlcoRtCB3s, ag@NsksStetpdl Isifirmed
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that ckhe svagEeMeDRSitax o3+ B W th exptes¥ehpgRoPe¥Egylatory
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To confirm that the CD49d-CD127- phenotype correlates with
suppressive capacity, CD49d+CD127- and CD49d-CD127- cells were
isolated by FACS sorting from CD4+ PBMC (Fig. 2b). Almost no
inhibition was observed with the CD49d+CD127- subset (Fig.
2c). In contrast, CD4+ cells sorted only based on the absence
of CD49d and CD127 effectively prevented the expansion of
activated CD25-CD4+ cells. Thus, the use of CD49d allows
discriminating the non-suppressive CDh127- cells from

functional Foxp3+ Treg cells.

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 oa-CD49d 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



conbi ned depletion of CD4+ T cells with a-CD127 and
a- CD49d by MACS shoul d produce a cl ean popul ati on of
waepaeneedl Treg cells. To validate applicabil i PGT/BP2008/008599

this approach, untouched CD4+ cells isolated before

from human PBMC were | abell wi t ha- CD127 and a- CD49d

and depl eted by MACS usi ng conventi onal nagnetic

bead-| abel | ed anti bodies (Fig. 3 ) . The analysis by
o-CDEACS anelv eat @04 Phatartcheddppketdorbypr H8GSedisipppuloatieat ional

of . CD49d-CD127-. cells wi.th a rity >95% (F.g. 3 ,
magneh e RSOl Al | 2pbibBadaBe LhYe PO Tl Hhatysis by

Facst halvdmres t han92%nef thpsetseh! SpWeaecE®25 Fydpulation of
cells, additional 2% were CD25- Foxp3+ (Fig. 3a, |ower

CD45¢a@el 8- Feldonfi¥h t Ae PRurdtt on@d ¥t ¥ Fol -t hed i sBPareganel) .
stail£4 ¢§ | Spakhe el b8, reéneﬁt?%fed W ERN edhan 928 of
VItT o Suppression assa (,i:,g_ i $ eftector cells
thesaerelllabekéed WO +EdDAo+ ocridist oraddiet psrd 1 f @ratwene CD25-

' h(out any stinulation the cells did . not divi

Wt e (Fi.qg. .
Foxpap, fpfer {RmelPWBit R at i Of W Eri g@éFégmalltY
of thePlQJIf&IAL i Ve eeRONSe itHH Cad e byetBe teadueed CFPAFACS-

fluorescence of about 45% of the cells (Fig. 3b,
basedi diht e Waral ) supPesaddint i 8Asel MNCEIpurdfl ed Cliteely effector
cellgeué%érﬁ%@éifgdtQ%jﬁ{okkﬁgqugo oh?t%%?%ﬂﬁ?'%QOEQ%%&%tion.

St opped e expansion already after a single
witheepl izcat i epinvtbeiohi gthdbcdldwerdpanelgt . dThase (Fig. 3b,

unt ouched Treg cells isol ated by MACS-depletion with
uppey. ciphnd RUED49gtAFYIREROR ablatho tipphess triggered a

prol 8p phogoys CRéapshfectofngeldsedn My ro.cHxamiRyfted  crpa
Purification of untouched Foxp3+ Treg cells from PBMC

fluobygstiBSi noh silnghe st®p. dhe Wl ectdMisy @GFLIGCDAGY,i smiddle
panegfref gﬁ%: %Fﬂ'gét%%@ﬁ@é&?%&éﬁﬂ%é ?'{r']raég PcBg/EzlisnﬁlE%gi%fed the
proliferation to 14%, which mostly stopped the expansion
already after a single replication cycle (Fig. 3b, lower
panel). Thus, untouched Treg cells isolated by MACS-depletion
with o-CD127 and o-CD49d 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). 1In
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-, leaving only about 2-4% of CD49d-CD127- cells.
The depletion of CD49d+/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%



contrast to CD127, which is absent on al nost half of
the PBMC, the vast majority of non-CD4+ T cells stil
Weppeswers CDA9d (Fig. 4 left panels) . Wt hi nPEGEBR3008/008599

PBMC 40- 50% wer e CD49d+CD127-, |eaving only about 2-4%

of CD49d- CD127- cells. Theifppletion of CD49d+/ CD127+

cells alone was therefore already sufficient to obtain

unt ouched Foxp3+ cells directly fromPBMC with a
CD25ptwxp ¥+ >75%g(- 114 8% CDRS- Roxpidly, 6duBHCDR5+Foxpler Ringreased

4a). The purity could be further increased when

when o (CERIGF/8-ERZT Wi3S adiistPd ot @ hé hant abbEHROHY xiirdugle of a
I ati.aqn (F 4
comm P U I r T he PRI ohett on ri%r b efrsy analysis
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CD25+Foxp3+ p3+ e puri f _the
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preV|oust isolated CD4+ T cells” (conpare Fig. 3)
ther&kang| eBpandlbie i 6p ofhal Ip@Lr/lx:efnogbﬁémedeacltﬁfbnsrlewlously
V|tro Lr ion and viability of
lSOlﬁ?%g ¢ ng%i§%¥g§eg88§88;rec PB - depl etion the
suppressive capacity was tested in a m xed | ynphocyte
reaction (MLR) . MLRis the in vitro correl ate of
? It is based on the al | ogeneic activation of T
Inhlsﬁuén by £9isL9Qen apkecdbesioRyl anbl%fﬁoesn@ )ﬁ'nngflvo
PBMC of two differenf donors. To determ ne whether the
To c@mégrmelftsn@tieolabla@ot oviopitbotyt o€ afFog egctlilge isolated by
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mixedoDpRshéEGe 5&hcth@nthﬁﬁﬂiexpﬁﬁlnEmtBheTIﬁgvdekacorrelate
purified from PBMC accordlngéto exanple 4 (Fig

of Gﬁﬁgve&ttol%ebﬁéﬁgnf”su%m?es PgeBFth€C§PW€§éﬁ%i 4 T cells

by ‘E6TRIGAE- MﬁCSHQTQCBQEsth%@%d@ﬂgfﬁf%@rdﬁagﬁ§gtﬁEMC of two
presence of Treg cells
different donors. To determine whether the Treg cells are able
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Exam

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 1is crucial, however, to
demonstrate that wuntouched Treg <cells can also suppress

destructive immune responses 1in vivo. For this purpose an



strongly suppressed the proliferation of autol ogous
PBMC. Thus, untouched PBMC-derived Foxp3+ cells are
wao pdobysfoorcti onal Treg cells able to control abdDEPIVE$/008599
I mmune responses in vitro. The MR experinent clearly
denonstrated the suppressivg capacity of the isol ated
Treg cells in vitro. Wthr %ard to future therapeutic
applications it is crucial, however, to denonstrate
acuteha®viint duched ver egodel| svasanuakslp swipperRSSis based on the

destructi [ e responses in vivo, For this purpose
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anf Ln opul ation,allows_sinulati
allO&z%lrt%c ar%l%y}‘%l ggrags et %Hﬁ—’uéi th%g%F§53§¥e\/\h% of the

dlsefasequ&mdry Eead&eh@lyhel@eﬁ@é htef die askfmBl of the anlmals
eti on of Treg cells from PBMC was carried out
Depl%@:@ Nyusthg TEeepr5ehit r obeams PR oﬁ@ﬁecFaP?Tebe%elolUé; bY MACS

r a n st Yy I n
sringeTE kot SR BnehOEh st ) Y 0ot sonaces

agalnsoirat |aonskngl@acebeplu oy t combdmglde 4se Fbf. oHED127Ad~CD49d

received 30.x,1 5- de lete .PB .
toge%%l bi't aarm?%m%?r(fleas‘ls %?) nouln%%g gk?@h N:E;aﬁf?ﬁfjﬁng to
exampme f4 rsFldaysclb))f t he 1expesd Menk t( Fi@ceﬁbéd 3% o thé cp2s-

e _devel gped clinical synptons and of these 2 mce
deplaF%a é’&MCngeWéwe&%riin@ﬁtre I9F 119%s WERNQUpFedi wgdght loss

w1thPHblth%atf'1%tt he, $EVEET EKe0k ?%Wn{e%qucﬁdlge‘/%wa% of the 6

di m ni shed when "aut ol ogous T eg cells were
micecaevahsfed r ed iNgdls, symptemsal angd @1 n tGaseer 2Resice died

520-5 (2006 hi 0,5 x.106 h
aur i85 GRRCAFBGRNE bt ki b (55 ol BEBD§OHer Bytd cHeon the

seveﬁ@tghkﬁﬂ0§§M©nﬁn@hEeH|@&Hﬂ vhe WieatreGHHPOURPHERMRIIRA ogous
wi t hout synpt ons
Treqg cells were co-transferred (Mutis, T. et al., Clin Cancer
Res 12, 5520-5 (2006)). In this case, 0.5 x 10° untouched Treg
cells were sufficient to completely abrogate the weight loss
and all mice of the treated group remained without symptoms
for the entire course of the experiment. Thus, untouched Treg
cells isolated by CD127/CD49d-depletion are potent suppressor

cells capable to control destructive immune responses both in

vitro and in vivo.

Example 6

Separation of contaminating effector cells from CD25™% Treg
preparations.

CD25 is expressed in high amounts by Treg cells (CD25™9%). 1In
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



for the entire course of the experinent. Thus,
unt ouched Treg cells isolated by CD127/ CD49d- depl eti on
w@ae@potent suppressor cells capabl e to contr obCT/EP2008/008599

destructive i mmune responses both in vitro and in

vivo. Exanple 6 Separation ?é contam nating effector

cells from CD25 high Treg preparations . CD25 is

expressed in high amunts by Treg cells (CD25high ).

et dh hunmnts, Thowewdr., 19e34dr&e(2087pXpr easedont rla@wer to Treg

cell's including

ampunt s al so roi nf | amrat or ,
Cellﬁ??ﬁ@?&rQ$ﬁ?9ﬁ§ﬁ;%ﬁkiﬁ+a?ecépi§ FBaé@ﬁéegﬂIRﬁP%ﬁflammatorY

. '?HP 7.1245-53 ( OO nd_activate
cyto%h Fls ans%en%gy e%%régélﬁé F%xpigﬁxplanetﬁé ﬁﬂ CD43d
expréﬁﬁMﬁﬁlsé@ké@&té@(%@@ﬁ)thénameﬁtﬁﬂtdOsgﬁegtéadftoklnes
t hese effector cells are able to secrete
Thlspracﬁﬁﬁfllea?n”r&?&hy £9t okitiesl sGPATascaPNE gagr well1as Afor the

subségo"éﬂf | Bokb8+ 6801 (D496 Lr s @@ds%%] egﬁéegﬁ\gé grgheremove

ity to secrete cytokines. |s applies b
contamtaatiﬁn+ cgtbkias m@bhrasxm@r telfe esulogret a@fl 10X F3om Treg

b d
orenfEhk i I L S RE L BRI o, sorting

(FlgTr&g; prﬁﬁaéat'ﬂﬁlﬁ based urCDBE- istaatdan. bin s Pf on the

gggln ure Treg cells can be obtained
CD49ByCB%{5 ‘ﬂﬂﬁ@%@g&rgd T2 MAGSIsomA-i ngubslee, dedrls will be
sortlng th s will be depl ted wt
depl%? For t'd The %o ngg procedur e ‘%lnﬁoﬁgﬁ??lv@rocedures
isolathop;wmith a aRhe | etion with CD49d
lnvoalong és to ngg%gﬁfﬁé gghcg4cggﬁl preparations .
Si nce CD49d is absent on the majority of Foxp3+ Treg
E gll , they can be significantly enriched by the
*amRePl éti on of CD49d+

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 <CD49d+ <cells removes cytokine producing CD4+
effector cells contaminating CD127- Treg preparations.

In combination with CD127 CD49d allows the isolation of

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



cells fromtotal CD4+ T cells. Human CD4+ T cells were
depl eted of all CD49d+ cells by MACS and anal ysed for
wo-000pB4EPr essi on and conpared to total CD4+ TeCEEP®08/008599
As shown in Fig. 7 , Foxp3+ Treg can already be
enriched up to 4-5 fold by #ge depl eti on of CD49d+
cells fromhuman CD4+ T cel Even nore inportantly,
nost of the cytokine producing cells are renoved from
CD49thiws tdubsetolasne ypokdnet sear etlison Sldgwegathes vhilh tthi Sremove

rker ig. 6a). Exanple 8 Depletion of CD49d+ cells
FOnggan%é&/tokk?Lh% pﬁf(ﬁ?@i nd"€D4+T8frect 8F cefhs/-like  cells
contﬁfﬁﬂhéﬁiiﬁgt iHE COB2Z7-TreQPrepabatiedsns! nA%OWHH&gﬁ' 8 rig.
with CD127 CD49d all ows the isolation of untouche

8, aptdgyaddldns @Fi §D42) .cabk esvbsetshesodgegatéonddh@D40d their
i c i-ne duction also. allows_ not only
cbe 9?%%@\% o?gs-e)g{e%sss%gfﬂ a es%r%)ﬁerﬁ’ﬁ???%r t$ﬁF7-IrEfRIK@ or IL-17

prodaoelihy cositlagn aaki ngosdet CRkdhr dheg qU4eRRclooNs. s@set but
shown in Fig. 8 , activation of CD4+ cell subsets

presggfy @8088068& RGO +CREIA ~CSA®Fednd CD127 expr essi on
clearly reveals that |FN-g or IL- 17 producing cells
are absent fromthe CD4 9d-CD127- subset but present
anong the CD49d+CDI 27- subset. Industri al

Indugggg_ggaghkh_gga%% .][tr__et hod according to the present
| i on~has the

nven 81 | owi ng advantages: 1.) Safety.
The ul ati ons for reagents enployed i n human_therapy

e
The af“@tﬁ?é’ AT stapplthes FHITCU artyvedEiphe has the

fol16QTRQUAdSandaLBisstered during the treatment. Cells
produced by positive sorting are carrying a foreign

anti body on their surface. The inherent risk of

B e FLUA T LELO B8 IR A0k Syea n 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 1is 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, CD49d is
present on potentially dangerous cytokine-secreting effector T
cells but absent on Foxp3+ Treg cells. Hence, also the safety

of conventionally obtained Treg cells can be increased by the

removal of CD49d+ cells.

2.) Viability and functional status of the cells. Another

advantage untouched cells have compared to positively sorted



prevent adverse effects, as docunented recently in the
dramatic failure of super-agonistic a-CD28
w@ Swokmoal i ngam G . et al., N Engl J Med 355pCT/@RReL6)8599
(2006); Sharpe, A. H. & Abbas, A. K, NEngl J Med
355, 973-5 (2006)). This rizg i s avoi ded when
unt ouched Treg cells are us t hat have been purified
only with depleting anti bodi es. Mreover, CD49d is
cellpr esemtiatn lpdtyenin aviyodaRgetbudyeyboedeceddrsetanig prone to
effector T cells but absent on Foxp3+ Treg cells. ,
deplﬁgﬁSE; aﬁ@&l?ﬁ’1§§?et@noft %nv%ﬂ?fgﬁﬁll9fobpﬁﬂﬁéd Tady bind
comptehkatcady pe depereased &Y the reapysbqof IMAdde cebksach to
2.) Viability and functional status of the cells.
Fc-rapgphersadvanthge sintbachedfcdli schave conparedopbages. The
iticvely sortedcells is.viabjlity in viv
OUtcgﬁgi%gd$¥ imﬁﬁf%gh E&%ﬂel%r8gée?o¥823|8??3%.by complement -
mediAbedbodilagsan t hersur f ot idodel | sdepenbend cord eMmiddiated
dependinggﬁn the anti body subtype, attach to

or,
cyotegifatépt dAPon t Rtidiriacef ornKbedyrgopfed beads may also
leadmiﬁlf)()pbﬁgesfojr-h\%tq\étnco%% of Y i %tequaCtdl%ﬂeﬁrbsOf U8t are

cell death by conpl enent nmedi at'ed | yses or ”“anti body
elimgspbadent byel | nopdbpeedfigot oxpeiake (ABCD)aniBimdi ngf  the

.ot _anti bpdy-coat ed beads may also lLead to the .
reClgé?ﬁgfiO%Sofalzﬁ%ﬁ§EQﬂﬁqc%ﬂ stg?gnfﬁéfaﬁge gF?ﬁFﬁﬁPedOf the
tranbyenosdspetillsi enayp-dek ee MBE AN SABbOF ot BELhEG Rla@NlexAbit a

s.a, consequence a significant fraction of the _
bene?%ahéieﬁﬁg&%m MonaRrfet €1§ P Had Bl bef oretikegiegn to cell

surf8§XBi blkE_cép@S?‘%” ek ngf f oGt FYRLRQVES mtarﬂle biingd ng1fer  the
anti bodies to cell surfacCe receptors during
funcpupnélcatsitertevay Bhso altlecuflee fumcietadl shateg Thesitive

ol ecul ¢ _target.ed duri osjtive sortin Treg
sort%@?lggigrégzggl %;%f(éﬁ?%‘ PS t HeCh el chngoFiWQiﬁ?ceptor
it idi kalkaforfsur yhvak vand ahdnatinit idfn T¥e0Te84! $ells. Blocking

Bl ocki ng may abr ogate expansi on and suppressor
may phyagads (qﬁgfaﬁﬁéﬁp And suppressor function (Thornton, A.

M., Donovan, E. E., Piccirillo, 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 CD49d/CD127 can be

adapted to all common separation methods. For example, the
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| mmunol Rev 161, 43-53 (1998)), potentia

conplications that can sinply be av0|ded when using
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cell‘ssq{a@é| QR dges notr{&QuUidiR expensd ¥t kg Gt t@%r{oslogles
faster and easi er than conventi onal MACS-based

Firspetafdaypds ) tRur isplateVPr cegpatdlfis | tyderFI@WP conditions,

0 [ sed cell sorters.are currently not __
nove G L OV PR Flod MR ACE Tt Rl BF abCFEe T ECHBP® iy Enamn,
P. aﬂ laillcal ledlal Blbba i Bdw O rehsgoane qed,l schas710 @06))
carried out by magnetic-bead technol ogi es. First
Sincgt tBAPHMECEo H%%{C@tﬁr@”g w2t | R2gRdePn QUPSEbANEL iSdection of
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fmann Nhrrom1 ant
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f CD25 |1
cun3Es O BOSILING pel ot on. of, OB Colls Lhe) coisy ho o

MACS@BQSG@W’(@UQQ:[ | sthposidly appirbReheMts I ighle tO@ohph@d6ie. Treg
GvHD when transferred into | nmune deficient patients.
cellggage obtained by a significantly higher degree of purity
>70%, >80%, >90%, >95%, or even >98% 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 isolate 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 Treg 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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(i) an anti-CD25 anti body; or (ii) an anti-CD127
anti body; and (b) separating Foxp3+ Treg cells. 2 .
wabmonetobod according to claim 1l , wherein st epsST/ER)008/008599
and (b) are carried out simnultaneously. 3 . The nethod
according to claim11 or claipm?2 , wherein step (a)
conprises treatnment of the sanple with an anti-CD25
anti body and an anti-CD 27 anti body. 4 . The nethod
according to any of clains 1 to 3, wherein step (a)
ditionally conprises separation of non-CD4+ T cells
romthe sanple. 5 . The nethod according to claim4 |,
wherein one or nore anti body/anti bodies that allow for
the specific depletion of non-CD4+ T cells fromthe
1. slnprethed aferusksot ek inge hsupar aFpsp3of TegnlGdory T cells
LI m a 6 t hod ,according.to .
(Foxgg’;of}g% (?Itelailqﬁé g?lfnga, i @ngn Ca(\]tntlaelansltn%nglgf Refetpheral
bloodntridrogh esl esed derl 1st epPBEYs) s (L apeld ely@phocyte containing
£1 J.mmobilized. 7 . The method according to any one of
uidy oi%%s 113td)e 2 wh¥rRPACKERp QW)L i ing r tédSygy biyhe method
compgggﬁg%BEgetg%e§@ng@Q of (i) CD49d+ cells via the
anti - 9d anti body; or (ii) CD127+ cells via the
anti-CD127 anti body; or (iii)CD49d+CD127+ cells via
t - d ,ar ti- CDL27 antibody. .8 . The
(@) R A AR e st A me P 67F P
sttép (bh batdacDéed aoutti besiyng ogent ri fugati on, cel
elutriation, magnetic separation, fluorescence
abtt a?@daegﬁrcggﬁﬂiﬁ@FHQQQQHOW&ﬁ cal separation,

adhesi on, conplenent lysis or flow cytonetry.

CLAT

(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.



9 . The nethod according to anyone of clains 1 to 8 ,
wherein step (b) is carried out using nagnetic cel
w@epansopdn, fluorescence activated cell sortiPQI/ER200&008599
col um- based i nmunol ogi cal separation. 10. The net hod
accordi ng to anyone of claigg 1to 9, wherein an
anti - CD45RO anti body is used”as an additional anti body
in step (a) , and wherein the isolated Foxp3+ Treg
6. c&hles mertthdDASRAGrdingl ks, ahlonEhes et hotmeccord gy twherein
12nyone of(ggains 1to 9., wherein an anti-CD45RA
at ISActhSAF i Uy ARTLRCA4BFt PEREI 1AnSitEBdy(&)n ist hpladled or
immobidRgewherei n the isolated Foxp3+ Treg cells are
CD4A5RO+ T cells.12. A kit for isolating human Foxp3+
Treg cells, conprising an anti-CD49d anti body and an

ant.i.- tibody..or an anti- CD49d anti.bod nd an .
7 aﬁ - %g%g?%f;rﬁcr)%o%l.r{%foT‘?}réyk??ea8go%|aﬁ5‘stg} %Oai% wherein
stepl2b)wher eanrtikel liut coMidEes: iaty aMd -k ant i body,

anti-CD25 anti body, and an anti-CD127 anti body. 14.

Udé ) of CRA 25t iceeBAod lentio i Gin CRARS b ipdi 1 PN

K ti ti 7, ant V:
g}[@&m CB27 2ant iRady and/ l%ea%r&q-lcrg%z ar%k#wy el

a kit according to claim12 or claim or' the
i doiad Cov 9gf-CRl@At FogpBs Trieg tkél sintli5.CDAf used/or anti-
accor dj o_claim14, characterized in that
separaFﬁg%%oﬁnfﬁgoﬁHﬁan Foxp3+ Treg cells is achieved
by separating CD49d+ PBMCs i ncl udi ng non-regul atory
CD4+ T cells from Foxp3+ Treg cells via centrif
8. udhei Brthed 1aeteding i bR, apugnet iof ek i bnto 7, wherein

stepf | Uppgscence aclivalgd cshl sarding. JOMAl AMLAl 1

pseparatl on, adhesi on, conpl enent SIS or 0] on cel
elutcyabienry.magnetic separation, fluorescence activated cell
sorting, immunological separation, adhesion, complement lysis

or flow cytometry.

9. The method according to anyone of claims 1 to 8, wherein
step (b) 1is <carried out using magnetic <cell separation,
fluorescence activated cell 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 is used as an additional antibody in
step (a), and wherein the 1isolated Foxp3+ Treg cells are

CD45RO+ T cells.



WO 2009/047003 PCT/EP2008/008599
43

12. A kit for isolating human Foxp3+ Treg 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

Foxp3+ Treg cells.

15. The wuse according to claim 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.



