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Permanent cures for inflammatory bowel disease (IBD), such as
Crohn’s disease (CD) and ulcerative colitis {(UC), 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., 1996. 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



stinmulated by I1L-12 and TH2 cells when stinulated by IL-4. TH1 35 cells
secrete |FN-y that stimnulates phagocyte- and cytolytic T WD 2007/027132
PCT/ SE2006/ 000959 2 cel|l dependent reactions against intracellular
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wi || becone apparent fromthe folfbmnng sumary” of the 1 nvention, a nunber
of figurescell ustdisttiay dafensechagdessti paranl bfs prof2ealed évbedinmat 50
thereof_.as well_from. t appended cl ai ns. 20 SUMVARY OF THE | NVENTI ON The
presentsi n%‘ﬁ i ‘of u?lsa easec} orlriestp%é‘lsle%s'i ght that inflammtory bowel disease,
in particular Crohn's disease 25 and/or ulcerative colitis, can be
permanently cured or at |east kept in a dormant or inactive state by the
adm ni strag%%c%q QFe&ﬁEatW‘ﬂFNFI@ s (Treg) collected from sentinel nodes
of the patient and expanded in vitro. Thereby the inflammtion of the
bowel is reduced and may be even fully 30 suppressed wthout having to take
recour se t &tnkdli mattireducH the doventssnekoi Bsovide a method that

10 cures inflammatory bowel disease or at least keeps it at bay

over extended periods 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 tolerance.

35 Apparently, this mechanism prevents improper immune reaction
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processes: first, the activation of regulatory T cells (Tregs, +CD25+) ,
whi ch are nenbers of the T helper «cell Tamly (CD4+), and secondly, the
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are cal | edssentaneto nodesechdcdendbeping andlucsd pobéedines taspect of the
' nvention intravenously administered antigens in the absence of
immunological 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 actiwvation.

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
requlatory T cells in an activated state are collected from a
30 patient’s lymph nodes (sentinel nocdes) 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

3% a patient’s lymph nodes draining healthy bowel segments that



regulatory T cells in an activated state are collected froma 30 patient's
| ynph nodes (sentinel nodes) draining bowel segnents wth IBD, expanded in
vitro, and re-infused in the patient. According to a second preferred
aspect of wo=o0omzersei on regulatory T cells in a non-aceCcy8tade/eiade are
collected from35 a patient's | ynph nodes draining healthy bowel segnents
that WD 2007/ 027132 PCTYSE20061000959 4 is, bowel segnents not affected by
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combination with an antigen extract from an inflammatory bowel
segment. Alternatively the regulatory T cells collected from

15 1lymph nodes draining bowel segments with or without IBD are
activated (stimulated) in such manner prior to expansion or
between expansion phases. One cytokine, preferably twoc or more
cytokines selected from IL-2, IL-7, IL-10, TGF-B, TSLP, such
as a cytokine cocktail comprising IL-2, IL-7, IL-10, TGF-B, in

20 particular TGF-Pl, TSLP, are used in combination with the
antigen extract from the inflammatory bowel segment to obtain
Treg acti#ation. 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



rapamycin. After expansion, the expanded and activated 25 regul atory
T-cells are re-infused in the patient. Treatnent w th autol ogous regul atory
T cells has the advantage of reduced or even | acking side effects, and of
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According to a second variant of the third 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, IL-12 and IFN-a for

20 expansion, preferably in further combination with anti IL4
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 CDP28 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.



and/or anti IL-10 antibodies. It is also preferred to condition the
culture nmediumin intervals such as fromevery day to every fifth day, in
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end of the expansion period. According to a fourth preferred aspect of the
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aspect of e’invention is provi a nme sentinel |ynph
nodes dr ai st aignirypweele rse gt s swpthehBDo boepintse ne s ijrect iarpas lofnphat i ¢
stai ning agent .such pat ent blue_.i.nto | esion reas of, the 5 intestine
of a pgsti e L& i‘ﬁg % llegg, SPEERFTRY iﬁoml at eé‘qjif;yslﬁl(,g stai ned by
the agent,1@iind ol gwiKistaihbe b§t ahoaesgéniss usphiordllly esridng Bsecting
the stained tjssue. The resected tissue is carefully investjgated
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dr ai ni ng 5§?Hnyp j t Xgl h 'gggt. rdi ng
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segnent, with 1BD, 15 conpr.i.si exerting.,a pressure on the |ynph node,
col | ec OI ngbovfef'ule sceeqnlens&sﬁ’(alr% g%Dt ﬁé?e%?géi%cgl 1(‘a%“ft!'ral'loem he Hode, and
isolating regulatory T cells fromthe suspension. According to a seventh

preferred £§£§§ iég JJ“%iJYQ%%tEQQfgiﬁed aspect of the invention is
provided a method of isolating regulatocry 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 DESCRIPTION OF THE PIGURES

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

35 Fig. 2 is a diagram showing a functional Treg assay;



20 provided regulatory T cells isolated froma sentinel |ynph node
draining a bowel segnent with IBD. Further preferred aspects of the

invention are included in the appended clains. 25 The invention will now
be expl ai ngg 1007/6gpt er detail by reference to pref err?g: }gﬁmg]%ﬂg imting
enbodi ments of the invention illustrat by a nunber o FI gures. 30 SHORT

DESCRI PTION OF THE FIGURES Fig. 1 is a diagramshow ng activated Tregs in a

Treg sanpkgyldentidhioed By RiFep@RPEESS| 08r RN x S ase PRIk @xpandeari 9.
2 is a diagram showi ng a functional Treg assay; WO 2007/027132

PCT/ SE20061000959 Tzemisg. 3 shows an RT-PCR assay of nRNA extracted from

expanded gs, Fid. 444 i WQMI¥¥# . | at | apacLty of a
Treg popul%%?bﬁlbe#%rg gnggg ﬁeggégg%§5|on; ?ﬁﬁggyf%ﬁ%ngggggnFshomjng
the activation of Ruegnpopmiahobngbefbreadrnd dfitean expdogdrous extract from

an inflaned b | ,secti,on; Fig.,61is di agram show n he dose response
of simi apﬁyg Cderi VA éddﬁSéé“‘dEPP%ﬂgﬁfbﬁn et ke UNAR Fig. 7 shows
the expression of @Q@RAnasogibBlKkeeliorpyHA eddderdbush@wa e seemebhon of

IL-4 in Tregs fromUC. patients; Fig. 9 shows the secretion of IFN-y in
Tregs from CD pat id@dtamedsbpREERFOFF ENAOF PREFERRED EVBODI MENTS

Fig. 6 1is 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 Ty2;
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
DESCRIPTION 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 129-
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.
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extracts from intestinal samples are prepared by homogenizing
the tissue fragments in a Dounce homogenizer, followed by 5
min denaturation at 97°C. The cells are then subjected to

15 functional analyses.
EXAMPLE 2. Isclation 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 gquestion
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-Hypaque 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 (Miltenyi Biotec, Bergisch
Gladbach, Germany). The cells were counted, centrifuged at

35 300-g for 10 min, the supernatant pipetted off completely and
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population, the CD4" cells were counted, centrifuged at 300:g
for 10 min, supernatant removed completely and pellet
dissolved in 90 uL of MACS buffer and 10 uL of CD25 MicroBeads
15 per 10’ cells. After 15 min incubation at 4°C, the cells were
washed as described above and the CD25% cells were isolated by
positive selection in the autoMACS Separator. Aliquots from

all populations were analyzed by flow cytometry.

20 EXAMPLE 3. Characterization of cells by flow cytometry
Flow cytometry (FACS) was used to investigate the expression
of different surface markers on the isolated cell populations.
Cells were distributed into 4 mL FACS tubes, washed with 2 mL
FACS buffer (2 % FCS, 0,05 % sodium azide in PBS), centrifuged

25 at 300-g for 10 min, the supernatant poured off and the pellet
re-suspended in 100 pL of FACS buffer. 7 plL 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 uL of FACS buffer per tube,
after which analysis was carried out using a Becton Dickinson

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



10 carried out in an aut oMACS Separator to deplete non-CD4+ cells fromthe
sanple. To isolate the CD4'/CD25' cells fromthe CD4'" popul ation, the CD4'
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anti - CD3 Iﬁéfﬁr%%ﬁ'; 8?@5f/0q[)4.9@[)|315n 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 nCi 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). MeltilLex A - Melt-on scintillator
sheets (Wallac, Turku, Finland) were placed on top of the
filters and melted at 85°C. Radioactivity was measured using a
1205 Betaplate Liguid Scintillation Counter (Wallac, Turku,

25 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 mL/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.



Vel ls were washed three tines with 200 pL of PBS after which three
different cell popul ations were added. 100 pL of 500,000 cells/nL
CD4-cells radiated with 25 Gy were added to each well together with 30 000

CD4+CD25- negprderisxcel ls and 1 ug/ nh 10 sol ubl e CD28 (flj(ﬂ%EZOOGIODUQSQ
concentration). CD4+CD25+ cells were adggd to the wells 1n varying anmounts
to create a nunber of different CD4+CD25-/CD4+CD25+ cell ratios. As a
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in an addition set of wells. 15 Plates were kept at 37C for four or five
days before 1 pCI of [3H]thym di ne was added to each weII and the plates

were incu er i hgy r h cells
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cDNA synthsqmébus phase was transferred to a fresh tube, the RNA
precipitated with 0.5 mL of isopropanol per mL TRIzol used in
a first step and incubated 10 min at room temperature before
centrifugation at 12,000-g for 10 min at 4°C. The supernatant
15 was removed 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 pL
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, USA) according to the manufacturer’s

protocol.

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

Synthesized c¢DNA 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:
FoxP3, forward - CAGCACATTCCCAGAGTTCCTC, reverse -
GCGTGTGAACCAGTGGTAGATC; GAPDH, forward - GAAGGTGAAGGTCGGAGTC,
reverse — GAAGATGGTGATGGGATTTC; RPII, forward -
GCACCACGTCCAATGACAT, reverse - GTGCGGCTGCTTCCATAA. For

35 ordinary PCR ThermoPocl Reaction Buffer and Tag DNA polymerase



RNA extraction fromdifferent cell populations for |later use in PCR assays
was perfornmed as follows. Cells were lysed in 1 5 nL of TRIzo

(I'nvitrogen, Carlsbad, CA USA) per 5-6.106 cells, after which the sanple
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centrifugedvas ErgI000QQ HionabB,NFRadkrder dMeMd i sRafRitly) IRk phase
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and Taq DNA

EXAMPLE 8. Investigation of Tregs obtained from sentinel nodes

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, CD8, CD3, the T cell
receptor (TCR), CD25, CD6Y, CD45RA, CD45RO and CDl14. 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



WO 2007/ 027132 PCT/ SE2006/ 000959 12 (New Engl and Bi ol abs, Frankfurt am
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|nflannatOEg ﬁét which was not present in the CD4*CD25° population prior

to expansion (Figure 3).

15 The induced and expanded 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 nalive 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



performed unsatisfactory in regulating the activation of T cells (Figure
2). In other words, the T cell response WO 2007/ 027132 PCT/ SE2006/ 000959
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the sigmoid colon both recognize and proliferate against the
same antigen extract derived from the inflammatory site
(Figure 6). The findings indicate that there is a common
antigen responsible for clonal expansion of T cells. The high

15 spontaneous proliferation observed is due to in vivo clonal T
cell expansion 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 Tp2 inflammatory response against the
inflammatory muccsa (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 8).

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).



Regulatory T cells derived fromsentinel nodes, negative nodes, intestina
epi thelia and peripheral blood | eukocytes were incubated in different
concentrations of intestinal cell honogenates for five to seven days.
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mucosaid Fi gyrerN)y 25 Sentinel nodes from patients with UC secrete increased
anounts of IL-4, a Th2 cytokine, upon activation with an antigen extract
fromthe inflammatory site (Figure 6).

Endothelial cells from the ulcer in UC or the inflammatory
site in the intestine of patients with UC or Crohn’s disease
go into apoptosis or necrosis and are then endocytosed 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
IBRD, in particular Crohn’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-B together with
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sentlnel the same protocols is considered. The rationale behind this

alternative approach is that one may consider a non-

inflammatory segment being appropriately regulated, thus the

Tregs are functional although too few in number to maintain

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*CD25M .
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 CD3 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 Tregq.



nodes of a patient draining the inflammatory area, expanding them and
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20 Figure regs | & expression of “sur ers CD4+
and hlgh Ievgbr@f6tfmbdd.ﬁhsgﬂﬁﬂﬁ(dla@Bﬁﬁt The dose response of
regulatory T cells derived from sentinel nodes draining the
caecum and the sigmoid colon, activated by an endogenous
antigen extract derived from the same inflammatory bowel

15 section, is shown.

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 TH2 activation.

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.



CD4+CD25n1 Figure 2. Functional Treg assay. Purified Tregs from senti nel
25 nodes draining an inflammatory intestinal segnent (open circles) and a
non-i nfl ammatory segnent (filled circles) were incubated with CD4+CD25 T
hel per cells purified from peripheral blood and activated with anti CD3
and anti CD28. 3H Thym di ne was added to the cultures during the final 16
hours. 30 Y9 97827432 Expansion of Treg gﬁl | s. CD4+CD25- ’§§2%9\%? 08959
activated with IL-2, TG-R anti-CD28 d feeder cells in order to
stinul ate expansion of Treg cells. nRNA was extracted from expanded
CD4+CD25+ Claimggs and t he FoxP3 transcript was denonstrated by RT-PCR,
identifying the expanded population as 35 Treg. WD 2007/027132
PCT/ SE2006/ 000959 17 Figure 4. Regul ation of stinmulated responder T hel per
cekla A mﬁrﬁem@mm&nagmﬁsm%rfwambm chtbricigS>” cells is unable to
regulate (filled circles) whereas "adequate regulation is obtained by
expanded CD4' CD25' cells (open 5 circles). Figure 5 Activation of human
i mrunol ogi.cal cel | | 1's_. obtai ned fro senti nel
non- sent | FICoIgETR T ry T RS AR aCk YA Srnameactivaed %@%fmm@aaaﬁmtaod
| ynphocyt ct derived from
an 10 inf ?éﬁig{gr@{)ﬂ\@%ggﬂr?glﬁﬁ% %l%ﬁerﬂgﬁég?gﬁ ?ﬁlgﬁp()tg%]‘?ent Fi gure 6.
Dose response d| agram The dose response of regulatory T cells derived
fromsenti es drajnin caecum and the signoid colon, activated
by an end&'gaS n WFlCSL,l %‘E?r"% indéFe-#88 from the same inflammt ory bowel
15 section, |s shown. Figure 7. Expression of CCRS as a marker for TH2.
Regul atory T

10 (c)re-infusing the expanded T cells to the patient.

2. The method of claim 1, wherein the inflammatory bowel disease is Crohn's disease.

3. The method of claim 2, wherein the inflammatory bowel disease is ulcerative colitis.
15
4. The method of any of claims 1-3, wherein said regulatory T cells are collected in an

activated state.

5. The method of claim 3 or 4, wherein said T cells are collected from lymph nodes

20  draining bowel segments with IBD.

6. The method 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.

25

7. The method of claim 6, wherein activation precedes expansion.
8. The method of claim 6, wherein activation is concurrent with expansion.

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



cells derived fromsentinel nodes froma patient wwth UC have el evated
expression of CCRS on CD4' CD45RO nenory cells as a sign of TH2
activation. 20 Figure 8. Secretion of the TH2 cytokine IL-4 in regulatory T
cells frompatients with UC. Cells fromnon-sentinel nodes (nSLN) and from
sentinel nodes 6SLN) were stinmulated for 48 h wth inflammtory antigen
extracts. WERWOEYREP?| L- 4 was neasur ed j cul tured superpr%rt’safﬁf"?"égqs?lg

sandwi ch ELI SA. 25 Figure 9. Secretion of the TH1 cytokine | FN-y by
regulatory T cells derived fromsentinel nodes frompatients with Crohn's
di sease. ©dlThs nigthed eforaigefitwireetin thedes ormBirdlcytakhefis salecteefmomdbt2, hodes
(SLN1 and Sib\lze%ﬁ:%iﬁ_@b; mul ated for 48 h wwth an inflammtory anti gen
extract. Sedfe ’ 'was nmeasured 30 in cultured supernatants using
sandwi ch ELI SA. WO 2007/ 027132 PCT/ SE2006/ 000959 18 Cainms 1. A nethod of
treating inflamatory bowel disease conprising 5 (a) collecting regulatory
T cel | s i hl.drheantthachofedaior 6 nanpasing fisthedadivatien 6f arteated dt dellnby anti<€<di}, i nel

| ynph nodes.gb%i ni bowel segnents with or without 1BD, and (b) expandi ng
the col | eBTEYPF8@IOEAPAMYFy o and 10 (c) re-infusing the expanded T
cells to the patient. 2. The nethod of claim1, wherein the inflanmmatory
bowel disease is Crohn's disease. 3. The nethod of claim?2, wherein the

i nf | ammat d2.yI'HeomethodoSayd claameill €3 mdietenesaid tagnlasory T1Eell4 areldudlented ioal of any
of claims 1-3, wherein said regulatory T cells are collected in an

acti vat ed"Qt-agteated stafhe et hod of claim 3 or 4, wherein said T cells are
collected fromlynph nodes 20 draining bowel segnents with IBD. 6. The

met hod of claim5, wherein the collected T cells are additionally activated
by oren oi3.fieanehiddéd digim 1 2) vawndin Kt iegulatort T calbs @racodetedefrdmaphplobt ai ned

froman inf| amed
nodes draining bowel segments without IBD.

14. The method of claim 12 or 13, wherein the collected T cells are activated by one or
more cytokines in combination with an antigen extract obtained from an inflamed bowel
15  segment.

15. The method of claim 14, wherein activation precedes expansion.

16. The method of claim 14, wherein activation is concurrent with expansion.

20
17. The method of claim 14, wherein expansion is followed by activation.
18. The method of claim 14, wherein the one or more cytokine is selected from IL-2, IL-
7, IL-10, TGF-Bl, TSLP.

25

19. The method of claim 14-18, comprising further activation of collected T cells by anti-
CD3, anti-CD28 and/or rapamycin.

20. The method of claim 2, wherein regulatory T cells are collected from lymph nodes
30  draining bowel segments with or without IBD and are activated by contacting them with
an antigen extract obtained from the inflammatory site in combination with a low dose of

the cytokine IL-2, and expanded.



bowel segnent. 25 7. The nethod of claim6, wherein activation precedes
expansi on. 8. The nethod of claim®6, wherein activation is concurrent with
expansion. 30 9. The nmethod of claim®6, wherein expansion is followed by
activation. WO 2007/027132 PCT/ SE2006/ 000959 19 10. The nethod of clain16,
wherein t?@{ﬁﬂe or_nore cytokine is selected fromlL-2,

TG (131, MY 132rhe et hod of cl ai conpri si ng fur'%%Té$E239:6t/q0\9%?l on of
collected T cells by anti-CD3, 5 anti~ 8 and/ or rapamycin. 12. The

met hod of any of clains 1-3, wherein said regulatory T cells are collected
in a non-activated state. 10 13. The nethod of claim 12, wherein the

regul atory, Tuecel | re col from. s drainin

ot thout 1 B T BB bCIgR oF dhR o g R w3GET SrAt B SO RERli R

cells ar ec@l!%tWMﬁﬁﬁﬁhthd?lﬂg aifst IFNDY shdfort TR -088 smp};r&@rﬁpﬂ RREWRR and tTih2 an
antigen extract obtained froman inflaned bowel 15 segnent.” 15. The nethod

of cl ai m ¢¥pangieer ei n activation precedes expansion. 16. The nethod of claim
14, rein activation is concurrent with expansion. 20 17. The nethod of
claim14, wherein expansion is followed by activation. 18. The net hod of

clai m 14, ophp{eah&hbN6t QBn 26 of‘@f %oﬁnﬁ;h@i%k'&@ndlﬁoﬁﬁ%%%fé ARihkig. L 7,
I L-10, TGF-pI, TSLP. 25 19. The net claim 14-18, conprising further

act i vat i omterivals shdheastfeamn Everglday thgveanfifih day)3n panicilaCOABy daylfw@na tiaganyci n.
20. The net ho claim?2, wherein re Tcells e collected from
Fyipih modBE o Kk o e BIEIFS MRSt hBH: Rt 66 OB s i e

activat edypykgcontacting themwith an antigen extract obtained fromthe
inflammatory site in conbination with a | ow dose of the cytokine IL-2, and
expanded.

23. The method of any of claims 20-22, comprising activation by an anti CD28 antibody

in combination with an anti IL-12 antibody to improve Ty2 skewing.

24. The method of claim 3, wherein regulatory T cells are collected from lymph nodes
15 draining bowel segments with or without IBD and are activated by contacting them with
an antigen extract obtained from the inflammatory site in combination with one or more

of the cytokines IL-2, IL.-12 and IFN-q, and expanded.

25. The method of claim 24, wherein additional activation is provided by contacting the

20 regulatory T cells with CD3 and/or CD28.

26. Use of one or more cytokine in a pharmaceutically acceptable carner for in-vitro
activation of regulatory T cells collected from a sentinel lymph node of a patient with
IBD.

25
27. The use of claim 26, wherein IBD is Crohn's disease.

28. The use of claim 26, wherein IBD is ulcerative colitis.

30  29. A method of obtaining sentinel lymph nodes draining bowel segments affected by

inflammatory bowel disease (IBD), comprising



WD 2007/ 027132 PCT/ SE20061000959 20 21. The nmethod of claim 20, further
conprising activation by contacting said regulatory T cells with an

anti body against IFN-y and/or TNF-a to suppress TH skew ng and TH2
expansion. 5 22. The method of claim 20 or 21, conprising conditioning the
culture nediumin intervals such as fromevery day to every fifth day, in
particul aV PPy for a tinme peri oﬂ of from one wedlCTSTEARY95Y
particular for a tinme period of fromt 1ree to four weeks. 10 23. The

nmet hod of any of clains 20-22, conprising activation by an anti CD28

ant i body (3)nnjeding alampbatickteiningraganitintol 4 lesioral aredai of dlakyintestingrpf pasieTH2

skew ng. 24f .‘I'hef mepguﬁd of claim3, wherein regulatory T cells are

col | ect ed} F%m& Ef’r% odes 15 draining bowel segnents with or wi thout |1BD
and are activated by contacting themwith an antigen extract obtained from
the inflammatory site in conbination with one or nore of the cytokines

| L-2, |L- {9 idendifyirgiyanphatid tiesysestadeat] byxbe agéne, net hod of cl ai m 24, wherein
addi ti%gal activation is provided by contacting the 20 regulatory T cells
with and/ or CD28. 26. Use of one or nore cytokine in a pharmaceutically
accept abl &) eatibhdly th&kirgnhy sthined ti8GkisU@ Ay Qburk %‘3}“ atory T cells collected
froma sentinel |ynph node of a patient wwth [BD” 25 27. The use of claim
26, wherein IBD is Crohn's disease. 28. The use of claim 26, wherein |IBD
is ulceratjve col igt.lpigs' .30 .29. A nmethod of obtaining sentinel |ynph nodes
drai ni ng BOvBiEcURghestalneditiss® ed by i nfl anmatory bowel disease (IBD),
conprising WO 2007/ 027132 PCT/ SE2006/ 000959 21 (a) injecting a |ynphatic
staining agent into a |lesional area of the intestine of a patient

suf f exd ng(d)rnimapedtBiy, the stained tissue to identify sentinel lymph nodes draining bowel segments

with IBD, excising the identified sentinel lymph nodes from the tissue.
30. The method of claim 29, wherein the IBD is Crohn's disease.
15  31. The method of claim 29, wherein the IBD is ulcerative colitis.

32. A method of isolating regulatory T cells from an excised sentinel lymph node

draining a bowel segment with IBD, comprising
20 (a)exerting a pressure on the sentinel lymph node,
(b) collecting the cell suspension expelled from the node,

(c) isolating regulatory T cells from the cell suspension.

25
33. A regulatory T cell isolated from a sentinel lymph node draining a bowel segment
affected by inflammatory bowel disease (IBD).
34. The regulatory T cell of claim 31, wherein the IBD is Crohn's disease.

30

35. The regulatory T cell of claim 31, wherein the IBD is ulcerative colitis.



(b) identifying |ynphatic tissue stained by the agent, 5 (c) optionally
mar ki ng the stained tissue such as by suture (s), (d) resecting the
stained tissue, 10 (e) inspecting the stained tissue to identify sentinel
| ynph nodes drai ning bowel segnments wth IBD, excising the identified

senti nel s fromthe tissue. 30. The nethod of_claim?29. wherein
the I1BD i y@@ﬁﬂﬁgﬁdl sease. 15 31. The, nethod of cl ai rﬁcgrés?mwéqogqsg the 1BD
is ulcerative colitis. 32. A nethod of isolating regulatory T cells from an

exci sed sentinel |ynph node draining a bowel segment with |BD, conprising
20 (a) exerting a pressure on the sentinel |ynph node, (b) collecting the

cel |l suspeps) pel fro n Jsolating.r atory.T cells
From the ot Me(ESRR e Ba OB EPRT S pasfil b B sl PRb L iy
sentinel |ynph node draining a bowl segnent affected by inflammatory
bowel disease (1BD). 34. The regulatory T cell of claim31, wherein the IBD
i s Crohn' §)dreedisgin a 3gtadl: cufthee medjumaesilgtony T eklls esflleetedifrpnsa senfinek ei n t he
| BD i s. ul ggéeagfi Ve Igtlt Inf WO 2007/ 027132 PCT/ SE2006/ 000959 22 36. A

met hod'5 of aridi ﬁ’?ol?eﬁu’at ory T cells useful in the treatnment of |BD,
conprising (a) providing in a suitable culture nmediumregulatory T cells
collected froma sentinel 5 node of an IBD patient, (b) activating the

cel s by Corcaetingghe ¢edinbuicohtagting themi wigh a cftokinexpandi ng t he acti vat ed
cells. 10 37. The method of claim 36, wherein sonme or all activation is
carried out during expansion. 38. A nethod for re-establishing the TH1/ TH2

bal ance i f)RapdrANg h'hEt@atdikells.om Crohn's 15 di sease, conpri sing:
10
37. The method of claim 36, wherein some or all activation is carried out during

expansion.

38. A method for re-establishing the Ty1/TH2 balance in patient suffering from Crohn's

15 disease, comprising:

(a) collecting regulatory T cells in an activated state from lymph nodes of the patient

draining bowel segments with or without Crohn's disease;

20  (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;
(¢) expanding the cells;

25  (d) optionally contacting the cells during expansion with antibody against [FN-y and/or

TNF-a to suppress Tul skewing and Ty2 expansion.
39. The method of claim 38, combining conditioning of the culture medium in intervals.
30  40. The method of claim 39, wherein conditioning is from every day to every fifth day.

| 41. The method of claim 39, comprising stimulating expansion by contacting the cells



(a) collecting regulatory T cells in an activated state from | ynph nodes of
the patient draining bowel segnents with or without Crohn's disease; 20
(b) activating the T cells so collected with antigen extract fromthe
inflammatory site in conbination with a | ow dose of the cytokine IL- 2;

(c) expandln? the cells; 25 (d) optionally contacting the cells during
expansi on W tW/AFI3hody against | FN-y and/or TNF-a to BGHpFa0e0M#y siewing
and TH2 expansion. 39. The nethod of cfaim 38, conbining conditioning of
the culture mediumin intervals. 30 40. The nethod of claim 39, wherein
condi t i oniwith 4 €DB ponbaslyery day to every fifth day. 41. The nethod of claim
39, conprising stinulating expansion by contacting the cells WD 2007/027132
PCT/ SE2006/ 000959 23 with a CD3 antibody. 42. Use of a cytokine sel ected
from I L- 2471 Uselof d dytdine gég:ctedaf%om_fgfﬂi 9! 1agj, W'B‘PQTSEPeﬂh”a@ﬁ\%MgT cells
obtained froma sentinel node of a patient suffering from I DB. 43. Use of
an ant i gemnegatorac cadlstohiameed froro msemtiriehhddenefch p:anmmsuﬁ‘egngﬁbndﬂ)lfh pati ent
suffering fromIBD in conbination with a cytokine for activating regul atory
T cel I3 obt ained froma sentinel node of the patient. 10 44. The use of
claim43, t L y/ TG

X31, TSLP 4?&%}? i garta Cp??atfl’%%&% f}qﬂ%’hgﬁé‘!rv%%ﬁ ctb?tvoglaﬁah&g

conbi nat i euaffering from IBD in combination with a cytokme for activating regulatory T cells

obtained from a sentinel node of the patient.

10  44. The use of claim 43, wherein the cytokine is selected from 1L-2, IL-7, IL-10, TGF- Bl,
TSLP.

45. The uses of claims 42 and 43-44, respectively, in combination.



