WO 2007/ 027132PCT/ SE2006/ 000959 1 TREATMENT OF | NFLAMVATORY BOVEL
Dl SEASE FI ELD OF THE | NVENTI ON 5 The present invention relates to a
nmet hod of treating inflanmtory bowel disease and a neans for
carrying out, the net hod. BACKGROUND OF THE | NVENTI ON 10 Per manent

cures for i NPTy bowel disease (1BD), such as Cr S6ASE20A/¥a%Ee
(CD) and ul cerative colitis (DC), are lacking. In Sweden, 1400 new

patients are dia S L each year ith the peak incidence at
20 years of ¥ ) §§s§€t¥ﬁé#54¢g%PF§ ﬁ%%#%nﬁf%%aéﬁtnent with cortisone
and/ or i mmunosuppressive drugs with severe side effects. Furthernore,
| BD often results _in surgical bowel resection and permanent stong,
which is a.$ﬁﬁﬁ§'oﬁaﬂﬁ$c EN51O ative colitis al so increases the risk

of cancer in the large bowel. 20 IBD is thought to be an autoi nmune
di sease due _to abnormalities in the imunol ogi cal response to

nor mal | Y hat'Hl &¥§SRIEotRYeHnOg&R 2t BasY DoethadcyE okFsrisingnvol ved

the infl amiidiaimeto P bswahariaeheki 264 AsmedntHEccebh r PRAAlRE 2Re
i mmune response. DC is proposed to have a TH2 cell nediated response,

t hough t hi s*Hd¥%ot been clearly shown (Fuss | J et al., 1996. J.

| munol . 157:1261-70; Mullin GE et al., 1996. Inflamm Bowel Dis.
2:16-26). 30 t oki nes act as regul ators of i mmunol ogi cal responses
as they sti?if VNPt PBrEHt iBMEYAIANd proliferation of the cellular
el ementyg i nvol ved. Q04+ helper T cells may differentiate into two
maj or. subpopul ations of effector cells, TH1l cells when stinmul ated by
| L-12 and Tixmeeens apess stdmmindlennpiory -bowelHiig6ase| (BHecsetk as

| FN-y t hat inul_a te-. a VAR . V1 :
2007?027135%%%?%&2%%%?% Oggg” a2 Qfceydal ol iG1Te Y ?@C), are lacking,

In Sweden, 1400 new patients are diagnosed with IBD each year,
with the peak incidence at 20 years of age, resulting in life

15 long treatment with cortisone and/or immunosuppressive drugs
with severe side effects. Furthermore, IBD often results in
surgical bowel resection and permanent stoma, which is a major
handicap. Ulcerative colitis also increases the risk of cancer
in the large bowel.

20
IBD is thought to be an autoimmune disease due to
abnormalities in the immunological response to normally
harmless mucosal antigens. Based on the cytokines involved the
inflammation of CD is characterized as a Tyl cell mediated

25 immune response. UC is proposed to have a Ty2 cell mediated
response, though this has not been clearly shown (Fuss I J et
al., 18%6. J. Immunol. 157:1261-70; Mullin G E et al., 1996.
Inflamm. Bowel Dis. 2:16-26).

30 Cytokines act as regulators of immunological responses as they
stimulate differentiation and proliferation of the cellular
elements involved. CD4+ helper T cells may differentiate into
two major subpopulations of effector cells, Tyl cells when
stimulated by IL~-12 and Ty2 cells when stimulated by IL-4. T4l

35 «cells secrete IFN-y that stimulates phagocyte— and cytolytic T



2 cell dependent reactions against intracellular mcrobes such as
viruses or intracellular bacteria. TH2 cells secrete IL-4 and IL-5
that stinulate production of IgE and eosi nophil/mast cell nediated
def ense against parasites. TH2 al so functions to 5 down regulate Til
responses. %7@ " THE INVENTION It is an object of RQTéS%PW%WPﬁE’on
to provide a nethod that 10 cures inflafmatory bowel disease or at

| east k i t b tended periods .of time, It | th
obj ect of TRt ATBRTHBAL {31 Vi o A2 hEEine. 1O 080 ot ¥ LR HHod OB

Furt her obj gstwiusek becomerappanaat baetredie ekl e NY SoreReYID 4
the invention unber of.figures illustrati it, the description
of pref erreﬁ”‘%rﬂﬁgi EBH%SSFH%Ur]e%fe KEOHBFFL9Y &ﬁ]&ﬁﬁ appefeetPailasso
SUMVARY OF d&iE RNERTEONIdhen 4 esenhst yerddiafed. s thasaik O Funkeions to
i nsi ght that i nfl ﬁ torij bowel disease, in particular Crohn's

di sease 25 AR dPIM BERaf 1V eFMIS®E; can be permanently cured or at

| east kept in a dormant or inactive state by the adm nistration of

regulatory T cells ((Tr eg) collected fromsentinel nodes of the
pati ent andoRiEATdEd THEVIVYRNTHRereby the infl ammation of the bowel

is reduced and may be even fully 30 suppressed w thout having to take
recourse to_nedication such by corticosteroids. The unresponsi veness
of the i muhk Sy SepPiBchbraf |§hadmversier et amavgens ai Bededd Hédtas

oral tol@rapGfes inflammatory bowel disease or at least keeps it at bay

over extended perliods of time.

It is another object of the invention to provide a means for

use in the method.

15
Further objects will become apparent from the following
summary of the invention, a number of figures illustrating it,
the description of preferred embodiments thereof as well from
the appended claims.

20

SUMMARY OF THE INVENTION

The present invention is based on the insight that
inflammatory bowel disease, in particular Crohn’s disease

25 and/or ulcerative colitis, can be permanently cured or at
least kept in a dormant or inactive state by the
administration of regulatory T cells (Treg} collected from
sentinel nodes of the patient and expanded in vitro. Thereby
the inflammation of the bowel is reduced and may be even fully

30 suppressed without having to take recourse to medication such

by corticosteroids,

The unresponsiveness of the immune system to orally
administered antigens is defined as oral tclerance.

35 Apparently, this mechanism prevents improper immune reaction



35 Apparently, this mechani sm prevents inproper inmune reaction WD
20071027132PC T/ S E2006/ 000959 3 agai nst intestinal content and is
believed to be nediated by at | east two processes: first, the
activation of regulatory T cells (Tregs, CD44CD25+), which are
nenbers of tYRX§TRABer cell family (CD44), and second|BGT/SED@6/000959
i nduction of clonal 5 deletion or anergy of T cells. The first
process, responsible for the tolerance to | ow dose antigen exposure,

presumabl y 1%KEStpiaEestiPah&omeesk pd st Nfdterpaphoi e atidrednayi s

dependent ofx tiIRRA R HYCEHF b s@fest:N@; eyt OkiMe abhvRE 1 JREH atory T
(del etional) process pr esur;aglzg takes place in systemc 10 1ynphoid

tissue, tri¢RjerfedTBposi GRYER2aN gdish aRe Manbsny 4r the Thelper

mechani sm bediingah@dyCeend 9l CRAACSed¢hd 1}, " BHENOHSI ¥ AHMJH Shengf
antigens in the absence of i nmmunol ogi cal" adj uvant. Thi's |atter

t ol er ogéni cATReiHan 9 aee¥ay 1o Becabie- phhamidast nroeeshi gresposeible
anti gen expasinge 181dPenaC a0t FniCi§)drS &@%{&g&é%ﬁgﬁuh?t ed

in order to maintain balance in the I mmune syste

excessi ve afrkefi pdpreectedthahpssdespbesiing dowphphdasysiemmandt §s | n
patients w 'g.di EﬁF& eL} ndes-ar I

enl ar ged aségbegdéﬁ@o nu%}z%?fft%o eggbegﬁﬁatﬁ )OQWEES%{ Efligc'g?’lé Lg'cﬁ"?l \?gtslgg%{la
As |1SO is afdélefiignedl i procass masesnmablultdkesplplaodesn asljsmare to the

infla or | a i sl ) si ] r dr aj e of
t hat sr,r:?ée. %@l}toﬁs strt gﬁ%%%ga{délgéggggpg?o%%%%ﬁr 3@? ﬁ?’%ﬁ (] rc{c:%%t he
i nfl amed arsknidres tal feed metitanien heblesd Actwedi hgléoamcd it

Ctate are corraveda S AT SRR LAY uh She Bpadhd & nodes)
dr ai ni ng bolwtumdggeneds adjuvant. This latter tolerogenic mechanism
seems to be more prominent after high-dose antigen exposure.
15
The activation of T cells is strictly regulated in order to
maintain balance in the immune system by avoiding excessive
and misdirected immunoresponse as seen in autoimmunity. In
patients with Crohn’s disease mesenterial lymph nodes are

20 greatly enlarged as a sign of uncontrolled regqulation of T

cell activation.

As IBD is an inflammation the mesenterial lymph nodes adjacent
to the inflammatory site are primarily responsible for the
25 drainage of that site. The first nodes disposed along a direct

route from the inflamed area are called sentinel nodes.

According to a first preferred aspect of the invention
regulatory T cells in an activated state are collected from a
30 patient’s lymph nodes (sentinel nodes) draining bowel segments

with IBD, expanded in vitro, and re-infused in the patient.

According to a second preferred aspect of the invention
regulatory T cells in a non~activated state are collected from

35 a patient’s lymph nodes draining healthy bowel segments that



with IBD, expanded in vitro, and re-infused in the patient.
According to a second preferred aspect of the invention regulatory T
cells in a non-activated state are collected from35 a patient's

| ynph nodes,dr.aj.ni heal t hy bowel segnments that 121/0
2007/ 027132%%‘?%@%%61000959 4 is, bowel segnents not &FFEERHOA’S

| BD, expanded in vitro, and re-infused i‘n the patient. The activated

as well as {he H’b%& dehhyAL S J@%‘f!ft@ggfé{ dy C&ld, S e§§ﬁ88!ajjeﬁ§ g\:gilt(i%n Qﬁd

(further) activated rnvitro by sui e dgents su as cy nes.
Accordi ng trediniised pnetke reatisngecThefacthicratedensi valt egultdtcongnT
cells in an acti e zagk i vat ate a d
fromlynph ﬁ%@é?%%Pa?ﬁﬁﬁggg%ﬁéFaégggéngé %§%g?#§%hwkgﬂo%§ féﬁ%éﬂ@&?
respecti vel gstismdegdxgandeédre wisuigable Hgrdrssismehmay betcloitdsnuous
or inintervals, such as in phases interrupted by resting phase(s).
The expanded regulatory T cells are activated (stinulated) with

cyt oki ne(s)A¢tenmimygi tat kobhiwd lprEfeaned gaspasdt rodct-hier dnvemtion

i nfl ammat or | .. segnen ernat.i he r.egul atory T cell
col | ect ed fr¥%(%ﬁ1 Olr§(rrghcﬁ%%isé§%ra§| %%uﬁég%%%éelsecsae%rrgﬁtg ﬁ%?'ha%r”\ﬁ%teﬁlout
| BD are act svalteechrestblibated)fiom dymhh neoder duaiad ntObex@RNRigRiznos

bet ween expansi on phases cyt oki ne referably t or nore
cyt oki nes s&t fﬁﬁ%?gﬁﬁPFL£€$' gésfchEy3g¥’fﬁﬁfﬁf%?ggg? LUcH L a
cyt oki ne0 COEXp#idiomompki Bengottdirdiouslo¥, ih LirkhrvEEs, Psuth £ in phases

particular TGE-131, TSLP, are, used in combination wth the antigen
extract froﬁ???ﬁ?qﬁ#ﬁpahﬁafﬁ?§lQﬁ) asgdghentt® £XoerarA Freglatory T

activation. célld sral setpiretedr aftit@1RE6Y] o6 forcy@dtihk@pal idT eg
activation by use of anti-CD3, anti-CD28 and rapamycin. After
expansi on, FHRPERIARTYIERdPRARTEEBdesEriEy i zdtory Frébpmratgry bowel

re-infused béghdift .PalkeRhatIvER} MRt bt Da @34 P1T0gRUS T 94 ALY flom
cell s has the advantage of reduced or éven | acking side effects, and

of hi ght®f f } FERly nogigsAdEaiBing Rayved FREBENArvidht oaf wihbBowhFRP are

preferred aspeciatdequtahn@iytdacald Sukf ARGt i4aled 3t 8ksasldrected
from | ynph nodes draining bowel segnents with or without 1BD froma

patient w t he'Oresin'ex¥Pdnsaan ephagnp -aneyvay eekina h pae fanabgentwxaraspre
from the i nf}ammalar %osbbeahn cQItINALT o044 U 80, OWeASploRgof g
cytokine IL or expansion, preferably Tn further
as a cytokine cocktail comprising IL-2, IL-7, IL-10, TGF-B, in
20 particular TGF-Bl, TSLP, are used in combination with the
antigen extract from the inflammatory bowel segment to obtain
Treg activation. It is also preferred to provide for
additional Treg activation by use of anti-CD3, anti-CD28 and
rapamycin. After expansion, the expanded and activated

25 regulatory T-cells are re-infused in the patient.

Treatment with autologous regulatory T cells has the advantage

of reduced or even lacking side effects, and of high efficacy.

30 According to a first variant of the third preferred aspect,
regulatory T cells in an activated state collected from lymph
nodes draining bowel segments with or without IBD from a
patient with Crohn’s disease, and activated with an antigen
extract from the inflammatory site in combination with a low

35 dose of the cytokine IL~2 for expansion, preferably in further



WO 2007/ 027132PCT/ SE2006/ 000959 5 conbi nation with anti bodi es agai nst
| FN-y and/or TNF-a to suppress TH1 skew ng and TH2 expansion. It is
al so preferred to condition the culture nmediumin intervals such as
fromevery day to every fifth day, in particular every day for a 5
time periodV8f204(0¢Hne week or nore, in particul ar foPCHSENE00RESY | od
of fromthree to four weeks. Thereby a popul ation of TH2 cells is

obt ai ned, which is used in autotransfusion to reestablish the THL/ TH2
bal ance i n ®"BaprEhPN BIiaRStdRCeEs Roadtshol Fl Y M RE (TNERE tO
activation Mbheds anRkibegyan Oe 4 aw . T exy .
CD28 anti boég;?bcan, Sgoili ti onal?i b%@&%eﬁkégr}{t he eggaagi%%\@nﬂé@%bd
conbi nat i ortewcPRdahi ghtthe Eﬂi%uaﬁtmw_l}&céatam@lq BuEhs @gofiEom

variant of dfagyt Bja?dtcpré?\f&rfﬁ ed rRRPESS, 1hO pheduLal oF yeb b GRldhg EBrap

activated staté collected from|ynph nodes draining bowel ségnents
wi th or Swi tHaet PRSP rfmig ofarrenyesl t9¥ doger atn vearllduliag dprseaskime

are act|valpdight beapdnldiaee X! eaet ookt Bfekol) AMPUANKE$bh Cot N
conbi nation with one or nore of the cytokines I'L-Z2, 1L-1I2 and IFN-a
for 20 expdhdi enllprisf @bipigedn whirabhds veadi mtdwdetwiensinaien |y re-
and/or ant &s‘t’abi@sﬁ”%ﬁé’%?t?%gz' allsfcd! B9 é)\rﬁt%él‘%‘?' FQpQQ&ddr% | th
culture nediumin intervals Ssuch as fromevery day to every fift
day, in parsvppakaedeveraddidyonel activediper wdthod ¢PDmrdridbodgekTor
nore, i,n particul Ny 2 ekl of .framthree.to four.,neeks.
Nt aR. Pl Sheihd a""n&gc@ggn&a@“ﬁ’é’% rcc)\?fld%%(?ltilnonally be
parti cul ar tsmdaddsthde=grehsdiont he esqianmsitdenpettivdan Aocdr dibrg2to a
fourth prefertr.%d aspect of the invention is 30 provided one or nore
cyt oki nes W APHREr maceutical Iy acceptable carrier for in-vitro
activation of regulatory T cells collected froma patient with I SO
I particul at f oM Sentd el AA1S8 AL LP LYY hPDh preferred aspect,
15 regulatory T cells in an activated state collected from lymph
nodes draining bowel segments with or without IBD from a
patient with ulcerative colitis disease, are activated with an
antigen extract from the inflammatory site in combination with
one or more of the cytokines IL-2, TIL-12 and IFN-o for
20 expansion, preferably in further combination with anti TILd4
and/or anti IL-10 antibodies. It is also preferred to
condition the culture medium in intervals such as from every
day to every fifth day, in particular every day for a time
period of from one week or more, in particular for a time
25 period of from three to four weeks. Additional stimuli such as
CD3 and CD28 may be provided, in particular towards the end of

the expansion period.

According to a fourth preferred aspect of the invention is
30 provided one or more cytokines in a pharmaceutically

acceptable carrier for in-vitro activation of regulatory T

cells collected from a patient with IBD, in particular from

sentinel nodes affected by IBD.



WO 2007/ 027132PCTI SE2006/ 000959 6 According to a fifth preferred
aspect of the invention is provided a nethod of obtaining sentinel

| ynph nodes drai ning bowel segnents with IBD conprising injecting a

| ynphati c staining agent such as patent blue into | esional areas of
the 5 i nt esMOFB7@R7182 patient suffering from|BD, identiPCYiSBZI06/000959

| ynphatic tissue stained by the agent, éptionally marking the stained
tissue by sutures, and resecting the stained tissue. The resected

tissue is GHEFEENY FavRstiigdt Bdefrrsgb@s®ECtsEnthe Hventdasséspy) ,

wher eupon t@vsasli ahe t b Medes: A1 Nidhd 1401 bowebn SEHENS aWhi Ry
| BD are excised fromthe tissue. According to.a sixth preferred

aspect of t¥welnvedpeRhs il il JPPqeamar FsiodPdeCE 409 a2 | rrheddrat or y

T cells fropAansagt dgeht | AW aROGEL Sh @10 1At BOVEL  SEMTBMe W bR 413D,
15 conprisin exertlgg a pressure on the I%rrph node, collecting the
cel | suspenditeftiner ebya sigielanéd SeEHpr e G68e IBRndldant idiving

regul atory jkngehkscf £0m (e SUSRENS| Othe aR0r GLPE4 13%%\4:%@55 the
preferred aspect of the invention are 20 provi ded regu ory T Cells

i sol ated frdfmiacdehismes By pHutede andinfsegtangotes steypmasd tiische.
| BD. FurtheihPielberied apnard &sot:awﬁifp/%rfwegsaig%@eangirlkkg)%%t'ea t Bgen

appended cl al ns. e 1nvention w now be expl al ne greaf er
detai |l by raf évenéerescepf emhedebpen nidhe |semitinag eyhoidi nveistss dohinheg
i nventi i t r e . DESCRI PTI ON OF
THE FI RESll dlz’ll% E%égg%p%i%g?gm@é?hg% n%hg%{el%\s/gtr é’g r egslslsnuea' Treg
sanple identified by the expression of two surface markers; 35 Fig.

2is a diagrfggdiggwbngoa%fégu%ﬂ %@%%el%éﬁ’é?%%%%;of the invention is
provided a method of isclating regulatory T cells from a
sentinel lymph node draining a bowel segment with IBD,
15 comprising exerting a pressure on the lymph node, collecting
the cell suspension thereby expelled from the node, and

isolating regulatory T cells from the suspension.

According to a seventh preferred aspect of the invention are
20 provided regulatory T cells isolated from a sentinel lymph

node draining a bowel segment with IBD.

Further preferred aspects of the invention are included in the
appended claims.

25
The invention will now be explained in greater detail by
reference to preferred but not limiting embodiments of the

invention illustrated by a number of figures.
30 SHORT DESCRIPTICON QOF THE FIGURES

Fig. 1 is a diagram showing activated Tregs in a Treg
sample identified by the expression of two
surface markers;

35 Pig. 2 is a diagram showing a functicnal Treg assay;



WD 2007/ 027132PC T/ SE2006/ 000959 7 Fig. 3 shows an RT-PCR assay of
MRNA extracted from expanded Tregs; Fig. 4 is a diagram show ng the
regul ating capacity of a Treg popul ati on before and after expansion;
5 Fig. 5is a diagramshow ng the activation of human i mmunol ogi cal
cells by anW&?G??éj’gHéhs extract froman inflanmed bowel PeTISEDI0G00BSY. 6
I's a diagram showi ng the dose response @f simlarly activated Tregs
derived fromsentine] nodes; 10 Fig. 7shows the expression of CCR5 as
a marker fort9rHZ; FPEO"BsHbWE THE EERS IR PrLzafhed g £rBARERY
patients; Fig. 9 shewsgdéhe secretion of IFN-y in Tregs fromCD
patients. 15 DESCRI PTI OF PREFERRED ENMBODI MENTS EXAMPLE 1.
| dentificatiidh df skhtd (fe129r80esharineithy FREPARMBRDrSRRFGASY 8égRent s
20 The sentinel noderd@upaueiBasSHEES WSROk - 2 Hosaddia ;0
establish the staging of malignant tunours, mainly nmalignant nel anonma
and breast Bighcér. The? SBRG5E sheueny sthed@rtivpeton e Mymaar gery by
depi cting the |ynph;gdraidiags danoektne kéﬁ%‘ﬁe'énaégléﬁélﬁlg St DHRNRLLR an
st ai ni ng agent such as patent blue (CAS 129-

inflamed bowel section;

Fig. 6 1s a diagram showing the dose response of similarly
activated Tregs derived from sentinel nodes;
10 Fig. 7 shows the expression of CCR5 as a marker for Tu2:
Fig. 8 .shows the secretion of IL-4 in Tregs from UC
patients;

Fig. 9 shows the secretion of IFN~-y in Tregs from CD

patients.
15
DESCRIPTICN OF PREFERRED EMBODIMENTS
EXAMPLE 1. Identification of sentinel nodes draining
inflammatory bowel segments
20

The sentinel node technique has been used for a decade to
establish the staging of malignant tumours, mainly malignant
melanoma and breast cancer. The sentinel node is identified
during surgery by depicting the lymph drainage from the cancer

25 using a lymphatic staining agent such as patent blue {(CAS 125-
17-9 and patent blue V (CAS 3536-49-0; often supplied as a
calcium-chelated dimer), which is injected in the lesional
areas of the intestine. The sentinel nodes so identified are
marked by suture(s) or by other means. Then the intestinal

30 lesions together with unaffected marginal zones and mesentery
including vessels and regional lymph nodes are resected in a
conventional manner. The resected tissue is carefully

investigated and the sentinel nodes identified and removed.



17-9 and patent blue V (CAS 3536-49-0; often supplied as a

cal ciumchel ated diner), which is injected in the |esional areas of
the intestine. The sentinel nodes so identified are marked by
suture(s) or by other means. Then the intestinal 30 | esions together
Wi th unaffe@’f’e%ml‘?ﬁ?lé? nal zones and nesentery incl udi ng PCESEIP&008250)
regi onal |ynph nodes are resected in a 8onventional manner. The

resected tissue is carefully.investigated.and.the sentinel nodes
| dent i 11 ed THE PERBYRAS WE3607Foo3asseCH 8300 et oRiggey &OHhi s
met hod i s ap@ilefddt onSamdireictaadesta@ing ig Pot entd Lampd yaRdrative
unaf fected i nt,gsti ne in patients with ulcerative colitis or Crohn's

di sease. | Fo4ddiei 8h GEUThGUSIBEE8R- sHhFIELELOR R | ERA™S PLERAL Rmble
patient. The RelLipbesdl ridmnedespaplénandn pbei pRdes) tIgRINeam¥A & Mang

speci nens fromthe inflamuat orgal esions as well as intestinal

segnent § urld¥er BEARE ERFGHETiVdERs 8P e HaNTe ff *PRoERS sEf ) armafery

| abor at ory fe@fiohBMy80LO0l G iaRakyshsl HGnEnes! inSXRANSDL Dy the
Peri pheral bl ood | eukocytes (PBL) are purified by Ficoll-Hypaque

(Phar maci a,2i&%8£&haky . FN%N SLegrEsed| in ShepdAabPEakesY FmpPRNBEECEEFals

are obt ai neghal sggnﬁﬁ@_‘prc?@liu%ﬁlpﬁﬁgf&u? Be29pRethl Bl ARP MBGGREZET -
Antigen extracfs fromintestina saggl es are prepared by honogeni zi ng

the tissue (BBadgnmenespyn GiqbinycEine age, (Poftrmami byhre reham) .
denat uryat | 9 T. .S ar st Lec Lanal
enat urgt i oy al o Zg}l %ﬁ‘e%{él%ng 4 {ﬁgﬁ%ﬁ@ Eggléoa{eg JetaGhka

anal yses. EXANVPLE | sol"at1 on of popul ati ons nphocyt es and
nmonocyt es aresmtger pfeeshife omiidgoedleasyplds glage hufdgerciomrs @sthgen

Fi coII-Hypng RLus L ATe ﬁ@rp- IL9SCi S,..\p %g n). The..

buffy coat orq:glcl(%gdféarrp{e |nl§ﬁgs§%@éﬁ\%a§r§i BE%%I%\H %ﬁéog%-alzmg

careful |y ltheertédsoat frdgmaits sadaubounce homogenizer, followed by 5
min denaturation at 97°C. The cells are then subjected to

15 functional analyses.
EXAMPLE 2. Isolation of T cell populations

Lymphocytes and monocytes are purified from blood samples or

20 buffy coats using Ficoll-Hypaque Plus (Amersham Biosciences,
Uppsala, Sweden). The buffy coat or blood sample in question
was diluted with PBS and carefully layered onto Ficoll-sodium
diatrizoate solution, after which the two-phase system was
centrifuged at 400-g for 30 min. The lymphocytes and monocytes

25 collected at the interphase between the Ficoll solution and
plasma, whereas erythrocytes and granulocytes gathered at the
bottom of the tubes. The lymphocyte layer was removed using a
Pasteur pipette, and the cells washed with HBSS to remove
excess Ficoll-Hypague Plus, plasma and platelets. When the

30 cells were not used immediately, they were stored at 37°C in
RPMI medium containing 10 % HuS, 1 % PeSt and 1 % glutamine.
Conventional CD4* Th cells and CD4*cD25% cells were purified
using an autoMACS Separator (Miltenyl Biotec, Bergisch
Gladbach, Germany). The cells were counted, centrifuged at

35 300-g for 10 min, the supernatant pipetted off completely and



diatrizoate solution, after which the two-phase system was
centrifuged at 400.g for 30 mn. The |ynphocytes and nonocytes 25
collected at the interphase between the Ficoll solution and pl asng,
wher eas erythrocytes and granul ocytes gathered at the bottom of the
t ubes. Thev\m te layer was renoved using a Pasteur pipette, and
the cells 1Ph NESS to renpve excess Ficol | - Hy paR§ISERI06/810959
pl asma and pl atelets. Wen the 30 ceIIs9mere not used |nned|ately
they were stored at_ 37 RPM med unlco i_ni ng_10 % Hug, % PeSt
and” 156 oI eI nBL S eSS CiToral HEDah HRFE B EESEn 0 b B399+ 258N BOTR,
were puri f|09,®lU%| HGd im &uatlQMA\G:S EES’ﬁlra’ﬁd)rlo(M| benyioBirPire&40Baygi sch
A adbach, Gbrnang% The gel g wer e counted ﬂ%entrlfuged at 35 00.g
PR # b

for 10 m n,“99ké? fhathnfept pettd depPetoip Blenprah@d W5

2007/ 027132R4Th SE2006/ AXRR0 19 seh! snéivssabuedt i 5,00 1) (0f o%ﬁu—
buffer (0,5 % BSA, 2 nmM EDTA, O, 0; sodi um azide in PBS) and 10 E
an

Bi ot i n- Ant i B ASERERT2Ferer0Ocaalds TRt sddasbiansd henbated

cel | popul aéddmioné\it% niiQu Eeh 4'°E!CU@@1150'%e%% #RShe20uitn Of20ARbY omes
Biotin McroBeads per 107 cells was added and incubated for an

addi ti onal ©f5 MACR %‘Ff'ﬁl@f G‘éﬂtéfl\ﬁ/éﬁédv@%r@é)@ @i £ar- 0 nigt.urkbe of MACS
buffer, cendy rH%@Qn@trémeQi fQhp 10 di P, antdh%héuegl;fétlaénsburs%gmﬁgg in

conpletely an e cells re-suspended in 500 pL o per
108 cel |'s. WHgmet P& MEparnfier nas 10 cails eddaunetiic sspanebhMacyas

Separat e f S i sQl + 1
9, GrHerhe T bR e SR Bt BT (s
cent ri fugedfralm 3D6. gahiwre 1(1‘qnlr$olst|pe’¢hiatCé14t/Q@Rﬁ)vedltanﬁtm gihe &nd"

pel | et di Sspoclgvﬁg;agﬁetgp%camﬂv(%\éﬁwerg cgagt%@g ﬁ& 1508 CHpRaM LT aRRyls

15 per 107 °C n 1 ncubation S were
washed as d@sxrlbbmdnab@mmatamher@m%eld ceimpdenely asdl|mtldetby

positive selection,in t e ator i g
populatlonéhﬁEPévgna}yz %W§£§%S%€ﬁé Syl 2£bé&gwﬁié&gﬂﬁkﬁcroseads
Char actier i zads <1|07 ofeldad.| sxfln;arf wvmr:yt:mmbayl&h oa/w: aytmnehey cé EACS)erwas
used to inves ate the e ssion of f rface mar kers, o

t he isol at etf 5_ afﬂo‘%ﬁ%ﬁ%‘fg a%&éfﬁ §n%qr"é@ %53'2? 1e‘c"'d""“erlffaolﬁo qf&ég
tubes, washgeshiwitrh 2edctHAGCS inutther atﬁ’@ob%dﬁcgepgrgﬁo% SO itz ifdemi n .
PBS) , centrlfu%wd 25 at 300.g for 10 g1n t he supernatant poured off
and the peldet euéﬁgb@hﬁéﬁ% agoYpEd Y FACY BUFPRELIY: pL of each

anti body to be used was added and incubated for at least 30 min at 4C
whereupon the cells were washed once npre with FACS buffer,

cent ri fAlye X PBE dr eChawe Tl 7abd AR Rl | 9P 1L SnbYof L PACEY taRsItEY 30
Sol ut i on T oy el bty OferRRs] GRYt DEREWLE shySLe: ot ¥oth a5 ubs: ed

for 10 mn at 4C before washing and centrifug |ng hem once agai n as
descri bed atfodffFhent perfracamarkass pyurtde ésplaped cegdls populations.

&2;3:???23&%{% ﬁg?ﬁp&l%e@%%d%igﬁsré AR faelerupll eruMH D ARA! ¥Shs
FACS buffer {2 % FCS, 0,05 % sodlum azide in PBS), centrifuged
25 at 300:g for 10 min, the supernatant poured off and the pellet
re-suspended in 100 uL of FACS buffer. 7 nL of each antibody
to be used was added and incubated for at least 30 min at 4°C
whereupon the cells were washed once more with FACS buffer,
centrifuged as before and re-suspended in 1 mL of FACS Lysing
30 Solution for cell fixation and erythrocyte lysis, mixed and
incubated for 10 min at 4°C before washing and centrifuging
them once again as described above. The supernatant was poured
off and cells re-suspended in 500 pL of FACS buffer per tube,
after which analysis was carried out using a Becton Dickinsocn

35 FACSCalibur instrument (Franklin Lakes, NJ, USA).



35 FACSCal i bur instrument (Franklin Lakes, NJ, USA). WO

2007/ 027132PCT/ SE2006/ 000959 10 EXAMPLE 4. Proliferation assays The

suppressive ability of the purified CD4+CD25+ cells was investi gated.
Round- bottoped 96-wel|l plates were incubated 5 with 25 pL of 5 pg/nL
anti-cD3 | gBORPEE %t 37C for 90 min. Vells were wash@ET{SERGE0DIHES
with 200 pL of PBS after which three di¥ferent cell popul ations were
added. 100 plL . of 500,000 cells/n CD4-cells radiated with 25 Gy were
added to edtRMALEl 4t e Hde TRt AN 3B B CDOCD25- responder cel |'s and
1 pg/m 10 soluble CD28 (final concentration). C044-025+ cells were

added to the wells in varyi r}g,armunts to create a nunber of different
CD4+CD257 COARCPPBRT 251 Ve ANIGL EYART athey UL éau‘%ﬂp4 GeBerge s was

CD4+CD25- cigllest 5@e@dctﬂ9;ﬂdabbbaeoﬁ@§pgml@mc?héﬁeé Nk agdibhesal
set of wells. 15 Plates were kept at 37C for four or five days before

1 pG of [ 3t h¢R @b nef v HAdednt b-CRE F9Rein BBY a3 PlGatfes RBrmin.

i ncubat ed fyn 148,8r&f §£&h M itelR b eYRdENA thf 020N Ao XK e CRhish
were thawed, and the well content transferred to a glass 20 fibre

filter (Walthwee #uEkerer medddpopylatieny weaeyadded . (HOMPECOLHARYEHM)O
CT USA). NRLishRs dpa-d&lils aBasatali |4l 9 sheabee (MdAGo THEKUnel)

Finl and) were placed on top of thg filters and ne
Radi oact i vitogefhsrnedbiur ¥ W99 RLCDZE05r Snaieat eelilquand 1 ng/mk

Sci nti ljlpat i#!ﬂgi}@ NEg5e (VA AC cohlEKYra Rr . NEBBM o2 FXAMALE Perd Tada

i nduction of FoxP3
to the wells in varying amounts to create a number of

different CD4*CD25°/CD4*CD25% cell ratios. As a control equal
numbers of CD4*CD25” cells were added to the responder cells
in an additional set of wells.

15
Plates were kept at 37°C for four or five days before 1 pCi of
[3H]thymidine was added to each well and the plates were
incubated for 18 h after which they were frozen at -20°C. The
cells were thawed, and the well content transferred to a glass

20 fibre filter (Wallac, Turku, Finland) by a cell harvester
(TOMTEC, Hamden, CT, USA). Meltilex A - Melt-on scintillator
sheets (Wallac, Turku, Finland} were placed on top of the
filters and melted at 85°C. Radicactivity was measured using a
1205 Betaplate Liquid Scintillation Counter (Wallac, Turku,

2% Finland).

EXAMPLE 5. TGF-Bl induction of FoxP3

CD4*CD25" cells were prepared from buffy coat as described

30 above. PBMCs were prepared from a different donor and radiated
{25 Gy). 3-10° CD4* cells were then allo-activated by 1.25-10°
PBMCs in a volume of 2 miL/well in 6-well plates with or
without 1 ng/mL TGF-Bl. The plates were kept at 37°C. Cell
samples were taken for flow cytometry analysis and RNA

35 extraction on day 2, 5 and 7.



CD4+CD25- cells were prepared frombuffy coat as described 30 above.
PBMCs were prepared froma different donor and radiated (25 Gy).
3.106 CD44 cells were then allo-activated by 1.25.106 PBMCs in a

vol une of 2 [well in 6-well plates with or without 1 ng/nL TG Bl.
The pl ates @Oﬁ‘gﬁ?zat 37C. Cell sanples were taken fORCTVIEGHS/000959
cytonetry analysis and RNA 35 extracti ol on day 2, 5 and 7.

W2007/ 027132PCT/ SE2006/ 000950 11 EXAMPLE 6. extracti on and cDNA
synt hesi s RNRYEXEr Bct R $H0RdirrerRAt SO SYBEPGFLEi ons for |ater

use in PCR assays was perfornmed as follows. Cells were lysed in 15
mL of TRIzol (Invitrogen, Carlsbad, CA USA) per 5-6-106 cells, after
whi ch the s3iplCStRASTEPR nbrom diddieapR yoeloPervaetiont for Letsralecor

i ncubat ed 5idiperabsEQPEN d AR AHHRADSE 0f £ 10w . e 0f s Gl ¢ afQkl PR
m. TRI zol reagent was_ added and the tubes shaken vi gor ously.” After

2-3 min ¥ hek HedRherl Utdmadenugtaribaty 66e- BSRbroas &1 14 4C

The transpacents, aguesush asheV@ambl aned£Ii@fet0i Ambd £50L 1M ozbRCat
RNA precipitated with 0.5 nL of isopropanol per nL TRIzol used in a

first step affS deabateerad o AatbrEd 1 dhe it GPEmpEHRerature

centrifugathomat 012, #0058 étﬁror%(%ﬁ@f”ﬁi Iﬁ,C-TREQelsk'@g@f@é ants Laquas

renoved and the pellet washed wt of 75 % et handl per nlL TRl zol

used in theand tde Speps Tuban wagerovslexddtand2cénnin futedupes were
7, 500- g § orceﬁqe?i&nggd‘l& B4 @0 Whiggh ig'qmﬂflaltetésc‘f"e{‘ﬁe br L &ldob rent,
) pL of RNAse'f

air-dried (5-10 m di ssolvedin 10 ree water an
i ncubat ed a&gBBCsf phag® Wi, traDAez0edyin Fedireshasubar rifes AW with

i Seri ot el . gl | .
e manuf ack L AP ieased, hith (€ i Sy TR EeL Ber BAIPLAR S0 1
Reacti on ( PCR)irstdsRenl amd nen2da@ednl P tain v PCRuSyanpesd aet dOBfldre

L R T T
(RPIT) Frineaxs neeweged and the pellet washed with 1 mL of 75 % ethanol
per mL TRIzol used in the first step. Tubes were vortexed and
centrifuged at 7,500'g for 5 min at 4°C, after which the
pellets were briefly air-dried (5-10 min), dissolved in 10 L
of RNAse free water and incubated at 55°C for 10 min. cDNA
20 synthesis was carried out with iScript cDNA Synthesis Kit
(Bio-Rad, Hercules, CA, USR) according to the manufacturer’s

protocol,

EXAMPLE 7. Polymerase Chaln Reaction (PCR) and Real Time
25 Quantitative PCR

Synthesized cDNA from the different cell populations was used
in PCR. The aim with the PCR was to detect expression of
FoxP3, GAPDH and RNA polymerase II (RPII) Primers were

30 obtained from Cybergene AB, Huddinge, Sweden. Sequences:
roxP3, forward - CAGCACATTCCCAGAGTTCCTC, reverse -—
GCGTGTGAACCAGTGGTAGATC; GAPDH, forward -~ GAAGGTGAAGGTCGGAGTC,
reverse — GAAGATGGTGATGGGATTTC; RPII, forward -~
GCACCRCGTCCAATGACAT, reverse - GTGCGGCTGCTTCCATAA. For

35 ordinary PCR ThermoPol Reaction Buffer and Tag DNA polymerase



30 obtai ned from Cybergene AB, Huddi nge, Sweden. Sequences: FoxP3,
forward - CAGCACATTCCCAGAGITCCTC, reverse - GCGIGTGAACCAGIGGTAGATC,
GAPDH, forward - Gﬁﬁ&fﬁGﬁﬁ&EﬁCGGAGTC reverse - GAAGATGGTGATGGGATTTC;
RPIl, forwa CCACGTCCAATGACAT, reverse - GIGCGGCTGCTTCCATAA.
For 35 ordi Eﬁvé’r 07159@3#her nmoPol Reaction Buffer and Tag DIGA/SERlogmerase
WO 2007/027132PCT/SE2006/000959 12 (NeW¢ Engl and Bi ol abs, Frankfurt

am Mai n, Cerman S, use ereas | QSYBR G een Superm x (Bi o- Rad,
Her cul es, (ﬁ§ewuéﬂ? g@ i EaaﬂkéxéﬁlabePéar FEHRAIBOR Waphgsed’

reacti ons Wiee@ar mgﬂafomrdeﬁh Blipkehex (Hio-mak, Ofelen1sd, iR Ccbeh) i (s
Real -Time PCR 5 Detection System &)HIO Rad, Her cul es, CA, USA)

respect i vellysedaéeoﬂﬂf“iﬁblt(a&%vﬁerﬁﬁ t bEB? -POB0s TR DeTStBYRS Aterggeabeied

and 30s at a&gsihoﬁy@§cié¥ﬁﬁhe@ﬁa&eéﬁéléf\6% Gyegkesr FOrrdd Time PCR
quantitative real-tine PCR reactiohs a relative quantitati on nethod

was appld edPaiectéonrefedt sy (EirzRager Bereyleasp CRHeldR bl xesRRcrdgely,

30: 503- 12. f&%rem%v%strvprpem%%e@nat 86k it @52¢% 3681 9561 G50 caaﬂd 30s
bands detected excitation of incorporat ed et hidi um broni de.

EXAVPLE 8. afmilésfiu §ati dh l5rastr 4§s repetltiste Cyekesenfonethaodes 15 of
| BD patientg,-3eRthoele ”f%qs-tfl'in%mpéRt Pé?étl‘?}nszg paliene %ﬂa‘n‘h'ﬁ@l&‘ﬁr e

harvest ed by surgery and investigated. Sentinel node ac
| ynphocyt e@%@EALyysm@lmra@ctrewz'e@d Wit ingdpaer DoG.t Hxm0Hematol .

expres f, _ , cell_r

(TeR . p 0 %0a8: 8 TR FD ARG 15Ee UB T Pho s edes B COIBBERS

Treg popul aaalonawvésbemmdﬁet@OCCEIdgbyeU\l)eXC‘ﬁrt@thnbef oficdrmyacekdl s was

found to be r i enti nel nodes draining an inflamatory bowel
et 1Y bPﬂ?} é‘%

segnent, conpare '5 nunber of Tregs in sentinel nodes
drai ning non-affected areas of the intestine. Tregs (CD4+CD25hi )

ifi t i fl t
.FI)_lrjélngI ?gﬁ;;@@ﬁ@ bgﬁinﬁ &d_grar é%nmo?g'rrggsl %bt%%d%i{orgesqg%lne nnodes

15 of IBD patients

Sentinel nodes from a total of 20 patients with IBD were
harvested by surgery and investigated. Sentinel node acquired
lymphocytes (SEALs} were characterized with respect to the

20 expression of surface markers CD4, CDB, CD3, the T cell
receptor (TCR), CDZ25, CD69, CD45RA, CD45R0O and CDl4. The
number of CD4+CD25M'Treg population was examined (Figure 1).
The number of Treg cells was found to be normal in sentinel
nodes draining an inflammatory bowel segment, compared to the

25 number of Tregs in sentinel nodes draining non-affected areas

of the intestine.

Tregs (CD4*CD25™) purified from sentinel nodes draining an
inflammatory segment and Tregs (CD4°CD25™) purified from a

30 bowel segment not engaged in the inflammation however differed
substantially in their regulatory activation of T cells: the
Tregs from sentinel nodes draining the inflammatory site
performed unsatisfactory in regulating the activation of T

cells (Figure 2). In other words, the T cell response



30 bowel segnent not engaged in the inflammati on however differed
substantially in their regulatory activation of T cells: the Tregs
fromsentinel nodes draining the inflammtory site perforned

unsati sf act ulating the activation of T cells ure 2

ot her V\ordswoyzﬁé_'rh?’;lgg response WO 2007/ 027132PCTI SEZ’%G@g@f@@% 913
regul ating capability of Tr egs from sent? nel nodes dralnlng af fected
areas is cl a ulato

5 For Treg f U%F#gﬁ %%ﬁﬁekﬁgﬁgronT%ﬁfgé%%%§ %R PFS ??ﬁﬁ[ﬁgélnﬁe?al
bl ood wer e stienikedt edeas tis |dl-edrl@D28pamtddbgeni ¢ feeder cells and
TG 13. After expansion >85% of CD4+ T cells expressed high | evels of
CD25 indicating Treg phenotype as 10 investigated by FACS (not
shown) . RT-RGREIEMONSExpdesti drhatf theubxipanddd gpdpal ati on cont ai ned

t he Tre%Shallnark transcri pt FoxP3, which was not present in the

CD4+CD25- popul ation prior to expansion (Figure 3). 15 The i nduced
and expandetbrTilaggpopdlat iem mes ekpshetod WL'CDRS ITy ckaldefpnst r at e

its capability to inhjbit T cell ,activation. T Xp d +CD25+
FoxPss popR S IEOR ek BEPES HERRARLLEEHT S hedar Bt oepobr GPRLHRBL as
denonst r at egedjer tcsmaha:bdtn*wmf aFtbel gpegarndlon peeki beratdomr akneady
at a 1:10 20 ratio (Fi The nunber of Tregs seens to be nornal

in sentlnele¥Rﬁﬁi§eﬂrBFanbeY (9 SEPér YA MOt 108 RERE SPRERAR St Pént s

with | By tmyesada@aaredt@ybmame(fﬁdtcsgaw n dmiichi Hbﬂgnéiﬁﬂéﬁﬁ@x@%et%
stinmulated T cells. By stinmulating and expandlng naive T cells

ef ficient Te¥RANEs BPHUHR bhH 13U a3Bed b LoGc HARBHAE bt T ENAVERE 10.

Recogni t i onwiPaanwgeHSwglgrﬁa@Cbﬂers@&t be i lamebosy pebli®aP¥on prior
regul atory T cel'l's derived from sentinel nodes 30 Regul atory T cel

deri ved froﬁ?gﬁﬁ@mﬁépnnéaégur%éﬁat|ve nodes, intestinal epithelia and
peri pheral bl ood | eukocytes were incubated in different
concentrations of intestinal cell honbgenates for five to seven days.
Prol i f ekt i Bre viaslugsdeppddexpanded Treg population was tested

functionally to demonstrate its capability to inhibit T cell
activation. The expanded CD4*CD25% FoxP3* population (Figure 3)
exhibited Treg regulatory properties as demonstrated by its
inhibition of T helper cell proliferation already at a 1:10
20 ratio (Figure 4). The number of Tregs seems to be normal in
sentinel nodes draining inflammatory bowel segments from
patients with IBD; they appear to be inefficient in
inhibiting the response of stimulated T cells. By stimulating
and expanding naive T cells efficient T regulatory properties

25  can be accommodated.

EXAMPLE 10. Recognition of antigens derived from the
inflammatory site by regulatory T cells derived from
sentinel nodes

30
Regulatory T cells derived from sentinel nodes, negative
nodes, intestinal epithelia and peripheral blood leukocytes
were incubated in different concentrations of intestinal cell

homogenates for five to seven days. Proliferation was observed



WO 2007/ 027132PCT/ SE2006/ 000959 14 for Tregs from sentinel nodes
stinmulated with antigen extract froman inflammatory area (Figure 5).
However, when regulatory T cells derived fromsentinel nodes 5 were
stimul ated ‘3&%5557”32}15 en extracts derived fromnon-inflanmatory sites
no or very wee ngnses were seen (not shown). Fi ndi R§Y/SEF084100959
patients with Crohn's disease were si m'ji‘lar to those frompatients

with ulceraid Ve goll iy Hhe3alhl BehoNodss dhaLD! ngtaj]afn%%% aLeas.d n

the caecumand in-the Sl g col on recogni ze” an i'f &F at &
agai nst theﬁsmnenanmf{ﬁﬂmanqmwaetedeﬁFugura|&)W\the |nflannatory site
(Figure 6). The findings indicate that there is a common antigen
responsi bl e for clonal expansion of T cells. The high 15 spontaneous
proIiferaIiHnwerserwmmhiﬁﬁghhatbmyiﬁ véMa clegnakdTE cah | seaxpiardi oodé s
t he sentinel nod e u Ht.ar

riv roma nti nel node
respond i n 6?§b8r%|on Jéxﬁos%lg?néﬁffﬁ%ﬁgeg??%ﬁ?d éﬁ?q%ﬁﬁﬂlatory T
cells der|VEmehmmatsemtsxuﬂs med es desyﬂwgekamebponeesembnﬁqﬁeeasumﬁtof
cyt oki nes senti e 5RQ+/ CCR5+. i n
ot Pents:w TIP0E- < CBE g et PAEEenTs dihyo P alBas Tt T Al or y
response agsinigtart be tinddanrin0pytiucosarifth gueerd}ive cddantiisnel

nodes from patients wth UC secrete increased anounts of IL-4, a Th2
cyt oki ne, upon activation with an antigen extract fromthe

i nfl ammt orgersyiihe 1(rb@sd @ir)inidqd REGEEEdD A ehsCehl Shéetdash hhamn
sentinel nodes fromgatl ents with Croh ﬂ%es di sease,respond wi,th an

i ncreased privd§deM8had of ot He PREN CHEBRMAS 3B PrapoACENET FEIR i5ECER ¢
activation édﬂs@%h@zﬁén eMa R0QAE-02<4d 32RGET /tals200 61 R0 L 51 thke

findings indicate t at T cells derived fromsentjnel nodes from
patients w tHaUEehave Hif SddGeOst dRdhFRNS fdadt FDRT R ebHh<E™GRi nst

antigens fromitdag k@ébéﬁ@&ﬂIH)&d% teopad dhalndibe peopl adory, Theehlsh
derived fromsentinel nodes react with 5 a TH2 resgonse as s;ggested

by the ihcre&wgd@necrs @R%Jefs%qa&ﬁoew@wrev% 1&ndUpnEP ehB el Yt Gdarei oh
of TH2 cytokines 3uEbi&S in the sentinel node. Regulatory T cells

derived from a sentinel node respond in proportion to the dose

of antigen extract.

20 Regulatory T cells derived from sentinel nodes display an
increased expression of cytokines. CD4* T cells from sentinel
nodes are CD45RO*/CCR5%:in patients with UC suggesting a state
of exaggerated T,2 inflammatory response against the
inflammatory mucosa (Figure 7).

25
Sentinel nodes from patients with UC secrete increased amounts
of IL-4, a Th2 cytokine, upon activation with an antigen

extract from the inflammatory site {Figure B8).

30 Regulatory T cells derived from sentinel nodes from patients
with Crohn’s disease respond with an increased production of
the Tyl cytokine IFN-y upon antigen specific activation

(Figure 9).



IL-4 (Figure 8). T cells derived fromsentinel nodes from patients
with Crohn's disease display an opposite pattern of activation with
predom nantly production of TH1 cytokines such 10 as IFNy.

Endot hel i al mthe ulcer in UC or the inflamm site in
the int estlﬁgggqﬁ%é%?ents with UC or ﬁ{/m s disease g%&’ﬁ? bossh

apoptosis or necrosis and are then endotytosed by 15 professional

anti gen preﬁ@tflﬁglﬁﬁls'?néﬁpq;)e tﬁ‘gf.:y n@ %%l%ﬁ;sﬂﬁffén%gnel nodes

endot hel i al 's and mgrate via tic vesse ral ni ng
| ynph node, fncme pe&henhel wigddC %ﬁeeeam%meesespammmewe

proteins (gﬁtbgepggﬁg) agmg/@daditrfza;% r&ﬂ%é‘%‘f%mﬁ&%? ta L g\%}j' Bhat

The T cell tivate ergo cl onal expans on an eave
the | ynph nbue negud abRT arBaze 14 dntnaﬁ@aﬁn@h sgpkénehayodrecormact with

oot ot CeélTls‘% %%Igl BD, o 14¥1se bQSEQf Hr’p%rlhgﬁgi%]se;%%fé%essm“

Treatment o inp are . I'sease” an
ul cerative b@'lq‘utnES'!)candbianculre@@teddpbydmtrmnfn@n? egiicktioey Fucklds

from senti af i d [ to

expandi ng t nﬁiem 3%28 %I vatl n C%qﬁgma?%%‘%?r%&% g“%g ‘{% f%ack to
t he 30 pat imaitidnsi ﬂfttlhi@)mhn s pastaasal@xspllaw ant Dppexq':iamsmmtemh of
regul atory T ant i i fi nner tak ta e of
clonally expangA53?re529%c%FEéﬁ%lPe§%g Ctlfmno égﬁ- g % such
sent i nel0 nogkesIH-@m patients with | BD are expanded under

conditions and activated using a cytokine 35 cocktail cont ai ni ng
IL-2, IL-7, IL-10, TGF-p together with WO

2007/ 02713 2R AckESE=2086/ 6@D959frkﬁn ahki geSeeXin ACt ofkr ene t hef I difd=daigt or y

bowel segnent, taq achi eve, ant enseLflce ion of Tregs. . The
ef fi cacygof sLi& |J\?a§F8n 1pgey E %n‘?'htwl%%RﬁcFﬁésc’éW ?E'h djpeppe

i nhi bi tion @ssiaits apogessis hed n(elarggie dnd Additheanahdocytosed by

15 professional antigen presenting cells (APC). APC endocytose
disintegrated endothelial cells and migrate via lymphatic
vessels to the draining lymph node, the sentinel node, where
APC processes and present proteins (antigens) derived from the
endothelial cells to T cells. The T cells become activated,

20 undergo clonal expansion and leave the lymph node to seek
areas of inflammation were they become effector cells and

contribute to the inflammation.

EXAMPLE 11. Treatment of IBD
25
IBD, in particular Crochn’s disease and/or ulcerative colitis,
can be treated by harvesting regulatory T cells from sentinel
nodes of a patient draining the inflammatory area, expanding
them and activating them in vitro, and giving them back to the
30 patient by infusion. In particular, in vitro expansion of
regulatory T cells in an antigen specific manner takes
advantage of clonally expanded Tregs accumulated in sentinel
nodes. Treg from sentinel nodes from patients with IBD are
expanded under GMP conditions and activated using a cytokine

35 cocktail containing IL-2, IL-7, IL-10, TGF-BP together with



5 activation with anti-003, anti-CD28 and rapamycin can be used to
obtain optimal expansion and functionality of the IBD Tregs.
Alternatively, if the Tregs fromsentinel nodes draining an
ianannatormmgﬁwﬁﬁn§§gnent are not satisfactory in regard of their
number and/ or ‘Tunction, expansion of Tregs 10 f r om senthGTSE2096/808459
dr ai ni ng non- inflannatory segnent s usinb the sane protocols is

consi dered. 5 Jhe fathenale fgﬂrgiélih%l@ﬁﬁé%&%g;ﬁ@%eﬁpgé QACL: | éﬁ dl eve

one may con3| er a non-i1nflanmmatory segnent ing appr priate
regul at ed, MuigerherFréfsc grdnpioni ofiaTreds hdbgh efbbciew oh nunber

to maintain, %é?Jé%l%ha&gOggéfﬁg¥gda%§gk Q@w§¢%u] WLy Expanded Tregs

of either are given as an auto u5|on to rel nstate
orderly innumuﬁegubatEenay&egemﬁ&cmabﬁngFesnzo4E|gﬁdélﬁloﬂabgs

i dentified £ pr i of urf e ers, CD4+ and_hi

of the 15- 2 rena SIPRERE' S Lo REC ORI Bl SRR an Pl ar o g 1Sk
assay. IDuritme@bfamagsptimais&xpannabnz5nﬂof&nntﬁumanung af tind | ot ory
i ntesti nal men open, cir Ies) d on-inf | ammat or nment
(filled ci i %%S \t?i‘é(t QPHEMB fq WG thectas ronﬁsﬁgﬁb&#c’é‘? &
purified frdwﬂﬂnmngpbﬁrahfbémmutdxyib@eb&vgégmbdm talteafbt §HBi Sttt in

CD28. 3H Th e was added to the cultures during the final_ 16
mours. by Haad S B s Raramrt PedaT c et oy oo Rl T8 i

aCtlvatﬁm MEi&h|§eﬂ%anE§Fn8de§”HﬂaﬂHQ%§ abfl-1 eedeina@elrkS s bgnok e sli@
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adequate regulation is. obtained by expanded CIM open
15 regulation in adjacent bowel segments. Expanded Tregs of
either kind are given back as an auto-transfusion to reinstate

orderly immunoregulation.

Legends to Figures
20
Figure 1. Tregs identified by the expression of surface
markers CD4+ and high level of the IL-2 receptor CD25,
cD4*cD25™,
Figure 2. Functional Treg assay. Purified Tregs from sentinel
25 nodes draining an inflammatory intestinal segment {open
circles) and a non-inflammatory segment (filled circles) were
incubated with CD4'CD25 T helper cells purified from
peripheral blood and activated with anti CP3 and anti CD28. 3H
Thymidine was added to the cultures during the final 16 hours.
30 Figure 3. Expansion of Treg cells. CD4*CD25" cells were
activated with IL-2, TGF-B, anti-CD28 and feeder cells in
order to stimulate expansion of Treg cells. mRNA was extracted
from expanded CD4'CD25% Tregs and the FoxP3 transcript was
demonstrated by RT-PCR, identifying the expanded population as
35 Treg.



5 circles). Figure 5. Activation of human i nmunol ogical cells. Cells
obt ai ned from sentinel |ynph nodes, non-sentinel |ynph nodes, the
intestine as well as peripheral blood |ynphocytes were activated by
an endogenoyg, AMd.98hn extract derived froman 10 inflaned bowel
section of an ulcerafive colitis pati enél7 Figure 6. DostTEINemwes
di agram The dose response of regulatory T cells derived from

sentinel noggg, 4 agl.ngeguw@i&ae&p@tqm%@@d St RINAeGOlrOfe 1 AEL | ML G
by an endogenous antigén extract derived fromthe sanme inflammtory
bowel 15 seBtPHATe*PEnghedn o afiieon7 copkpiekd SP40FDTTRseadsalfar ker
for TH2. Re tOr defq : t,l 0 a
patient w tﬁﬁéu%eﬁg\ée¥g§g\h/g?%d%%<l\gr%gsg?ggl%gé&é%?eg% %%%25%:%%15W menory
cells as a &¢ghHadfionHisaebtyhnedpy 260ENded CHBL'CBRET atelds dbpehe TH2
cyt oki neg | L-frélgasr)e_gul atory T cells frompatients with UC. Cells from
non-sent i nef nodes (nSLN) and from sentinel nodes (SLN) were

stinul at ed FoguzB h Wethviebidmmhthom nannivgerl apditaedctell Secelled | L- 4

was neasured in c red t Si sandw ch .EL .25 Figure
9. Secreti ogb%%]“}e#et#ﬁ% gé#ﬁ%% H%%yHB?/Qg’egu né"\t@g?? l‘f‘e%e Ym%ﬁerlrcio%esd
from sent i nehe niodestfinenepave Ehtss wethphe odh' sl dics dgmehoSet s Waram
non-senti nel nodes (nSL and from sentinel nodes (SLN1 and  SLN2
Were: sti il APEHTREH B RhyERROSSIP o AR EHER Oy Sht BB L8t tagm 20
Secr et etlo | Fih ¥l avasi woaslr sécB8lon pfCunt Ul edrStipey RANARLS St Iéht .

sandwi ch ELISA. 18 CLAIMS 1. A conpositi or‘hfor treating inflamuatory
bowel di seagég‘(’:ffnﬁ’f'i OPAG EXPRORRA 9agEpPs, Thdasepdrdeansecet | s being

obt ai ned byréguiaQrdyeet taYlSr gl AOEY o §6ht Shd 1N rfleBChLY BB Yhe

non-activated state froma_ patient's sentinel |ynph nodes draining
bowel segnmef?eCWlt @R EhGi Phoneld sleRd pBYiGRthdIYngt RRIRSFI At ed T

cells in VihkgigstRickteaBROaEEL P8 Deing tadapifd fan Afnikptyshige1t he
expanded T cells to the patient. 2. The conposition of claim
1, wher&dn s®etiqim| demahery- bowel di sease is

Figure 7. Expression of CCR5 as a marker for Ty2. Regulatory T
cells derived from sentinel nodes from a patient with UC have
elevated expression of CCR5 on CD4' CD45RO* memory cells as a
sign of TH2Z actiwvation.

20 Figure 8., Secretion of the TH; cytokine IL-4 in regulatory T
cells from patients with UC. Cells from non-sentinel nodeé
{nSLN} and from sentinel nodes (SLN) were stimulated for 48 h
with inflammatory antigen extracts. Secreted IL-4 was measured
in cultured supernatants using sandwich ELISA.

25 Figure 9. Secretion of the Tyl cytokine IFN-y by regulatory T
cells derived from sentinel nodes from patients with Crohn’s
disease. Cells from non-sentinel nodes (nSLN} and from
sentinel nodes ([SLN1 and SLN2) were stimulated for 48 h with
an inflammatory antigen extract. Secreted IFN-y was measured

30 in cultured supernatants using sandwich ELISA.



10Crohn' s di sease. 3. The conposition of claim?2, wherein the

i nfl anmat ory bowel disease is ulcerative colitis. 4. The conposition
of any of clains 1-3, wherein said regulatory T cells are collected
in an activated state. 155. The conposii%on of claim3 or 4, wherein
said T cells are collected froml|ynph notes draining bowel segnents
with IBD. 6. The conposition of claim5, wherein the collected T
cells are additionally activated by one or nore cytokines in

conbi nation with an antigen extract oBLAIM&d from an inflamed bowel
segnent. 207. The conposition of claim®6, wherein activation precedes
expansion. 8. The conposition of claim®6, wherein activation is

concurrent wifth Aeesmpssman f@rtraétmgcmmmétb%melcdlgeaaeﬁcomb@énﬁg n
expansion is foll owe activation. he conposition of

claim6, wherei r@xif’ﬁ@d%@lé— ellsnihecempnerinecells %@ﬂ@@@é&jﬂ%bwﬁ&) ¢allepting
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rapanycin. 12. 'Eleetlnelﬂpm@h]tnmsg:framl‘r}g bbdwel @&gmedisgvltw\lbhamﬁhd;lgig%l%d (b)
regulatory T cells are collected i non-activated state e
conposi tion of @XQ?W’I‘Qt ﬁ%‘?tﬁd P%glﬁdamf& Gaid gompppidion beingafariedd

from | ynph nodegodiainfiididy BV Ekp RN LS heYatibRD: 19
2. The composition of claim 1, wherein the inflammatory bowel disease is
10 Crohn's disease.

3. The composition of claim 2, wherein the inflammatory bowel disease is
ulcerative colitis.

4. The composition of any of claims 1-3, wherein said regulatory T cells are
collected in an activated state.

15 5. The composition of claim 3 or 4, wherein said T cells are collected from
lymph nodes draining bowel segments with IBD.

6. The composition of claim 5, wherein the collected T cells are additionally
activated by one or more cytokines in combination with an antigen extract
obtained from an inflamed bowel segment.

20 7. The composition of claim 6, wherein activation precedes expansion.
The composition of claim 6, wherein activation is concurrent with
expansion.

9. The composition of claim 6, wherein expansion is followed by activation.

10. The composition of claim 6, wherein the one or more cytokine is selected

25 from IL-2, IL-7, IL-10. TGF-B1, TSLP.

11. The composition of claim 6 comprising further activation of collected T
cells by anti-CD3, anti-CD28 and/or rapamygin.

12. The composition of any of claims 1-3, wherein said regulatory T cells are
collected in a non-activated state.

30 13. The composition of claim 12, wherein the regulatory T cells are collected

from lymph nodes draining bowe!l segments without 1BD.



14. The conposition of claim 12 or 13, wherein the collected T cells
are activated by one or nore cytokines in conbination with an antigen
extract obtained froman inflanmed bowel segnent. 15. The
conposition of claim 14, wherein acti va%' on precedes expansion. 516.
The conposition of claim 14, wherein act¥vation is concurrent with
expansion. 17. The conposition of claim 14, wherein expansion is

foll owed by activation. 18. The conposition of claim 14, wherein the
one of nore dyk dKieneomposiigreet eaim Adrarl 13, vharginthe icolldged TG lBIgre

TSLP. 1019. The it | aim 14-18, conpri,sing.further
activation of c&%ﬁ@ggw&%ﬁf rsn%ﬂécgr?hn-eéfﬁ,co aties) 'ﬂ?;lﬁ'ﬂladﬁ'gen extract
rapanycin. 20. Dheainednposi bihaifladhed bawdl degrbgr ei n regul atory T cells
are collected fromlynph nodes draining bowel segnents with or

wi t hout | BD dfd Theecpresitiereal eiine ddt whereig actiation precedesaxpayesion.
Do e 9 T ~anes o
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claim 20, furthexpansipni sing activation by contacting said regul atory
T cells with ﬁn nti body .a aigst_ I FN-%, and/or INF-a to suppress THL
skewi ng and T2 peHtiongbglaintid. whririaiexpansien it icdpweddyoactivation.
conpri sing cagditieaimioditish 64ih & 4TRALH 1k | S

every day to ever? fift éﬁétg}’ﬁ é|:n paﬁ%%@k@%g%%\g@r?& A e?%egé’lé)é{bd
period of from dme UeBkile?, lietl® TGR-pialsLBul ar for a time period of

fromthree tqg four weeks. . %3._The conposition of any of clains

20- 22 Y0 onpr i1 ?f&eg&nﬂmﬁ'%o claigm 14ntd. commmsmalvrihesaptivation of collected
conmbi nation with i _b‘ﬁ } i va.-TH2 skew ng. 24.
The conposition o Egleﬁxér?tg g?@itérl@?%éﬁ &rg?@ér@y@gl | s are collected
from | ynph n@Ofedhércminmporitidrooktape gnehessimiredulatorywilt dedigtare Bl lactdd dioen

activated by contacting themw th an antigen extract obtained from
the 30i nfl amat JWP%PPge? H"%BW& By SROTIETIS WD b omithor 1519 Bpeare

cytokines IL-2, gctivated by contacting them with an antigen extract obtained from the
15 inflammatory site in combination with a low dose of the cytokine IL-2, and
expanded.

21. The composition of claim 20, further comprising activation by contacting
said regulatory T cells with an antibody against IFN-y and/or TNF-« to
suppress Ty1 skewing and Ty2 expansion.

20 22. The composition of claim 20 or 21, comprising conditioning the culture
medium in intervals such as from every day to every fifth day, in particular
every day for a time period of from one week or more, in particular for a
time period of from three to four weeks.

23. The composition of any of claims 20-22, comprising activation by an anti

25 CD28 antibody in combination with an anti IL-12 antibody to improve T2
skewing.

24. The composition of claim 3, wherein regulatory T cells are collected from
lymph notes draining bowel segments with or without IBD and are
activated by contacting them with an antigen extract obtained from the

30 inflammatory site in combination with one or more of the cytokines [L-2,
IL12 and IFN-a, and expanded.



IL12 and | FN-a, and expanded. 20 25. The conposition of claim 24,
wherein additional activation is provided by contacting the
regulatory T cells with CO3 and/or CD28. 26. Use of one or nore
cytokines in a pharmaceutically accept a?ée carrier for in-vitro
activation of regulatory T cells collecfed froma sentinel node of a
S5patient with IBD. 27. The use of claim 26, wherein IBDis Crohn's

di sease. 28. The use of claim 26, wherein IBDis ulcerative colitis.
29. A net hod 28 TihegtampesitiorgliicatreRy, wheegin adtitionabactietivs éelpevitadby

2" Topr essur e on PR o e TERER T b WSO RR%, he cal T
suspensi on exggelUsadoffsranvit imerd ogekings)in iasshaadtguti€ol! Aicepiable e8tries for
fromthe cell suspension. 30. Aregulatory T cell isolated froma

sentinel |ynph HEY& R EIVRIIAG 05*’%%@10%5 Ricoligqted fiogn pysentineliiare of §
bowel sease ( The regulatory T cell of claim 30, wherein
the IBDis Crohr[ij%%m\égg?%[) 32. The regulatory T cell of claim 30,
wherein the 2BDThe wﬂecefr(aai'nvéﬁmhetens!BB% Crolres blisbask. expandi ng

regul atory T _gells usef he trea nt of 1 BD, conprising (a)
prgvi di ngyi nz‘é s-llhet‘é"‘lﬂ %'ma WHERRIN IR 43 UICsME cPlilig] | s col | ect ed

froma sentinel mppensd oﬁ@oi‘aﬁ F?ééul?ﬂ%ry T(&is [%rh‘é?‘n@ﬁ?‘seﬂ@erﬁﬁ% @rerﬁ?ﬁs

20contacting themwith a cyto expan I ng the activate

34. The net hod dfodeldaimirgBa me@rl eegmeohwitbiBR| bomptisingt(Bdexerdinga ri ed

out dL.'Lroi ng eXparﬁ)sresOsnure on the sentinel lymph node, (b) collecting the cell suspension
expelled from the node, (c) isolating regulatory T cells from the cell
suspension.

30. A regulatory T cell isolated from a sentinel lymph node draining a bowel
segment affected by inflammatory bowel disease (IBD).

15 31. The regulatory T cell of claim 30, wherein the IBD is Crohn’s disease.

32. The regulatory T cell of claim 30, wherein the IBD is ulcerative colitis.

33. A method of expanding regulatory T cells useful in the treatment of IBD,
comprising (a) providing in a suitable culture medium regulatory T cells
collected from a sentinel node of an IBD patient, (b) activating the cells by

20 contacting them with a cytokine; (c) expanding the activated cells.

34. The method of claim 33, wherein some or all activation is carried out
during expansion.

35. A composition for re-establishing the Ty1/Ty2 balance in a patient
suffering from Crohn’s disease comprising expanded T cells, said

25 expanded T cells being obtained by (a) collecting regulatory T cells in an
activated state from lymph nodes of the patient draining bowel segments
with or without Crohn's disease; (b) activating the T cells so collected with
antigen extract from the inflammatory site in combination with a low dose
of the cytokine IL-2; (c) expanding the cells; (d) optionally contacting the

30 cells during expansion with antibody against IFN-y and/or TNF-a. fo
suppress Ty1 skewing and T2 expansion, said composition being

adapted for re-infusing the expanded T cells to the patient.



35. A conposition for re-establishing the TH1/ TH2 bal ance in a
patient suffering from Crohn's di sease conprising expanded T cells,
said 25 expanded T cells being obtained by (a) collecting regulatory
T cells in an activated state fromlynpg nodes of the patient

drai ni ng bowel segnents with or wthout bohn' s di sease; (b)
activating the T cells so collected with antigen extract fromthe
inflammatory site in conmbination with a | ow dose of the cytokine
IL-2; (c) exp@ndiNSLamReLian af clatmy 35permriing cerditianing mj theeultue
cell's during expads 1 ti body against IFN-y and/or INF-a to
suppress TH1 skew ngmgﬂ\g\ht%ﬁlzﬁ%xpansi on, said conposition being

adapt ed for 3¢- Tifeusinpogitien ekglaimd &6, Wheadih sonhditibhmgpaficemevery2iay3o.
The conposition of cg. i 81 35, conbining conditioning of the culture
nmedi um i n i nt er FAFY “%‘7. d%he conposition of claim36, wherein
condi t isoni ng 3i8s : e - ;
corrposiS?i on (?:‘8' %ﬁ@%@%ﬂgﬁ%%g&s??”#Er’g’wn%'ﬁ@%a s?éﬁr??%f/on by
contacting the cenhfastingthe aeltDyithmt CB3dNtibddy. Use of a cyt oki ne

| ted f -2, 1L-7,, 1L-1 TGE- 31 SLP_f i ti

fggﬁfate or yr '(I)'rggell[‘,‘g‘:‘,3 st aﬁﬂé'&efﬁegéﬁf%%@m “-ngi 'l%dgfm?% %‘gﬂ: g%f-P for
fferi f I ] } t : i f
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with a cytoki nestiferiagfriowatBhg regul atory T cells obtained froma
sentinel nod% of clai ein the

cyt oki'e is SQ?féJ teg(ﬁ %f%'i%%nqt_n: @ﬁrqutgg?a;rll{%?irgm Wf%é)d l?‘\éhﬁ%.rseﬁiﬁ%'? Ofife
uses of clains F3tiapdsutferihy, frérBIBBGRICHRABINATLERIR ANEkbIORe for activating
regulatory T cells obtained from a sentinel node of the patient.
41. The use of claim 40, wherein the cytokine is selected from 1L-2, IL-7, IL-
10, TGF-p1, TSLP.

15 42. The uses of claims 39 and 40-41, respectively in combination.



