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Figure 1

of patients with auto-immune organ-specific diseases is described. The protocol makes
auto-reactive lymphocytes tolerogenic through aprocess of re-education in recognition of
self-antigen after co-culture with heterologous and/or autologous fibroblast limba stem
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In vitro Cellular co-culture nethod to i nduce inmunol ogi cal tol erance

* Ak A K

Background of the Invention

The present invention, refers to the biotechnol ogy field, since it
provides an in vitro nethod to induce inmuno-tolerance of peripheral

bl ood nononucl ear cells (PBMCs) from patients wth auto-inmune organ-

specific di seases by co-culture with human aut ol ogous and/ or
het er ol ogous linbal mesenchymal stem cells (f-LSCs) . The PBMCs are
"educat ed"” to recognize self antigens and can be wused for the
t r eat ment of autoi nmune-specific di seases such wus chronic Hashinmoto
thyroiditis (HT) , Addison's di sease, hypopar at hyr oi di sm aut oi mmune
hypophysi cs, G aves disease, Type 1 diabetes, vitiligo, et c. and

aut oi mmune pol y-endocrine syndromes (APS) , wherein the single clinical

mani festations conbine with each other (APS-1, APS-2, APS-3)

State of the art

The current meani ng of “"thyroiditis" refers to intra-thyroid
| ynphocyt e infiltration with or wi t hout thyroid dysfuncti on.
According to this definition, "autoinmmune thyroiditis" includes a wde
spectrum of diseases (Aut oi mmune thyroid di sease Al TD) such as
i di opathic i xedems, Hashinbto thyroiditis (H) and G aves' di sease
(& , with different <clinical rmanifestations linked to immunol ogical
reactivity agai nst thyroid aut oanti gens. Intra-thyroid | ynphocyt es

have a central role in the pathogenesis of autoimmune thyroid diseases
due to the recognition of thyroid autoantigens in the follicular cells
of the gland that stinulates T and B |ynphocyte, activation triggering

a vicious circle.

In this context, | ynphocyt es nmedi at e signi ficant pr o- and anti-
inflanmatory effects inputable to the release of different cytokines
(IFN-y, TNF-o, TN~ B, 1L2, IL6, 1L8, 1L10) . Today, identification of

the T hel per (Th)  sub-types has inproved our understanding of the
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function of immune system It is known that differentiation into the
Thl or Th2 phenotype is closely dependent on the cytokine environment
generated [Kidd p. Thl/Th2 balance: The hypothesis, its limtations,
and inplications for health and disease. Altern Md Rev 2003; 8:223-

246]

In Hashinmoto's thyroiditis or chronic |lynmphocytic thyroiditis t he
gl and is affected by a variety of cell- and antibody-nediated immne
processes. This condition is the nbst common cause of hypothyroidism

in the world and it is about seven times nore frequent in wonen than

in men. To date, thyroid hornmone replacenent or conventi onal and
unspecific inmunosuppressive reginmens cannot provide a cure for HT
subjects, who wll have a poor quality of life, as in other chronic

aut oi mrune di seases.

Great attention has been paid to other nolecular nechanisnms  which
could play a role in the AITD nanifestation. Anmong these, we can
remenber the nost accredited one, that is the FAS/ FAS-Ligand system
which is able to trigger the apoptotic pathway in non-physiol ogical

conditions. In GD the apoptosis of infiltrating |ynphocytes prevails,

with limtation to their self-reactive potential, while the thyrocytes
are stimulated to survive. By contrast, different regulation of the
same apoptotic control system in HT pronbtes apoptosis of thyrosocytes
andti ssue damage and leads to hypothyroidism [Potential involvenment of
Fas and its ligand in the pathogenesis of Hashinbto's thyroiditis.

Gordano c, Stassi G, De Miria R, Todaro M, Richiusa P, Papoff g,
Ruberti G, Bagnasco M, Testi R, @Glluzzo A. Science 1997 Feb

14; 275 (5302) : 960- 3]

Unfortunately, al though the aetiol ogical-pathogenetic origin of ATD
has been largely defined and it is possible to identify the risk of

devel oping thyroid diseases based on the well-known natural history

(preclinical phase characteri zed by positivity for
antithyreoperoxi dase, antithyrogl obulin and anti-TSH recept or
ant i bodi es), to date there is still no therapy that can stop the
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evolution of the clinical manifestations, like overt hyper- or hypo-
t hyroi di sm [Kristensen B. Regulatory B and T cell responses in
patients wth autoimune thyroid disease and healthy controls. Dan Med
J. 2016 Feb; 63 (2 . pii: B517 ;Effraimdis G, Strieder TG Tijssen JG

Wersinga WM Natural history of the transition from euthyroidism to
overt autoi mmune hypo- or hyperthyroidism a prospective study. Eur J

Endocrinol. 2011 Jan; 164 (1) :107-137].

Recently it has been proposed that Mesenchymnal Stem Cells (MSCs) can

contribute to the control of inflammatory di seases, as has Dbeen
demonst rat ed by MSC- nedi at ed attenuation of i nfl ammati on in
myocarditis [ Manl ey, N. R., Thynus or ganogenesi s and ol ecul ar
mechani sms of thymic epithelial cell differentiation. Sem n. | nmunol .

2000. 12: 421-428.], rheumatoid arthritis [Rodewald, H. R, Paul, S,
Haller, C., Bluthnmann, H. and Blum C, Thynus nmedullaconsisting of
epithelial islets each derived from a single progenitor. Nature 2001.
414:763-768] , and experi nent al aut oi mmune di seases [Spits H.
Devel opnent of al phabeta T cells in the human thynus. Nat Rev | munol

2002; 2:7 60-72; Von Boehnmer H, Fehling H). Structure and function of
the pre-T cell receptor. Annu Rev |Inmunol 1997;15:433-52]. Nowadays,

due to their regenerative and i nmunosuppressive properti es, MSCs,
derived from different adult tissue, have becone a preferred «cell type

in the field of regenerative nedicine and imrunotherapy.

Al t hough bone narrow (BM is considered a universal source of
mul ti pot ent MSCs, displaying the greatest suppressive effects on T
cell proliferation, the invasive procedure necessary to harvest these

cells, the risks of conplications and the age-dependent decline of
their self-renewal capacity have led to a search for alternate sources

of  MBCs. Cord Bl ood- M5Cs ( CB- MsCs) , Pl acent a- M5Cs (P- MBCs) and
Adi pose- M5Cs (A-MBCs) have been suggested as alternative sources of
MSCs for experinmental and clinical purposes since they are free from
et hi cal concerns, easy to procure and avail abl e in | ar ge

gquantities [Bieback kK, kern s, Kluter H, Eichler H. Critical paraneters
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for the isolation of nmesenchymal stem cells from unbilical cord bl ood.

Stem cells 2004;22(4):625-34]. Despite this, only BM- and A-MSCs have
the tri-lineage differentiation potential neeting the mninmal criteria
defined by the International Society for Cellular Therapy. Furthernore
BM-, CB- and A-MSCs exhibit replicative senescence when they reach
passage 10 on average, whereas P-MSCs expand until passage 15 [Heo
JS1, Choi YI, Kim HS2, Kim HJ .Comparison of molecular profiles of
human nmesenchynmal stem cells derived from bone nmarrow, unbilical cord
bl ood, placenta and adipose tissue. Int J M Med. 2016 Jan; 37 (1) :115-

25]

An attenpt at "Stem Cell Educator Therapy" induced by CB-MSCs has
already been described, but only in Type 1/2 Diabetes [Zhao Y, Jiang
z, Zhao 7, Ye M, Hu ¢, Yin z, Li H, Zhang Y, Diao Y, Li Y, Chen Y, Sun
X, Fisk M, Skidgel R, Holterman ™M, Prabhakar B, Mizzone T. Reversal
of type 1 diabetes via islet B cell regeneration follow ng inmune
nodul ation by cord blood-derived nultipotent stem cells. BMC Med 2012
Jan 10; 10: 3; Zhao Y, Jiang z, Zhao T, Ye M, Hu c, Zhou H, Yin z, Chen
Y, Zhang Y, Wang s, Shen J, Thaker H, Jain s, Li Yy, Diao vy, Chen Y,
Sun X, Fisk MB, Li H. Targeting insulin resistance in type 2 diabetes
via immune nodulation of cord blood-derived nultipotent stem cells
(CBSCs) in stem cell educator therapy: phase I/II clinical trial. BMC
Med. 2013 Jul 9;11: 160; 10] and Alopecia Areata [Li Y, Yan B, Wang H,
Li H, Li Q, Zhao Db, Chen Y, Zhang Y, Li w, Zhang J, Wang s, Shen J, Li
Y, Qindi E, Zhao Y. Hair regrowth in alopecia areata patients
following Stem Cell Educator therapy. BMC MED. 2015 Apr 20;13:87].
Limtations to the use of CB-MsCs include insufficient quantity and
quality of MSCs obtainable from a single unit of CB the potential for
transfer of genetically abnornmal or pre-malignant cells in patients,
and the lack of a National Cord Blood Policy able to nmanage daily
operations of <cord blood acquiring, isolation, and cryopreservation

Today only few public cord banks are extracting nmesenchymal stem cells
from cordon tissue before their —cryogenic storage and subsequent

nati onwi de all ocati on.
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MSCs act deeply on the inmune response through their interaction wth
the different <cellular conponents of the innate (natural Kkiller, NK)

and adaptive inmune system (dendritic cells, B and T |[|ynphocytes)

I mmune regulation is induced both by direct cellular contact and by
the release of various factors (TG [, PD-L1/2,HLAG IDO IL-6, HG,

COX-2, MCP-1 (cCCL2) ). [Meisel, A. Zibert, M. Laryea, U. G'obel, w.

D" aubener, and bD. Dilloo, "Human bone marrow stromal cells inhibit
al l ogeneic T-cell responses by indoleanmine 2,3- dioxygenasenedi ated
trypt ophan degradation,” Blood, vol. 103, no. 12, pp. 4619-4621, 2004,
M. Kranpera, L. Cosm, R. Angeli et al., "Role for interferon in the
i mmunonodul at ory activity of human bone nmarrow nesenchymnal stem

cells,” Stem Cells, vol. 24, no. 2, pp. 386-398, 2006.]

Nowadays nore attention is focusing on the Ilinbus in regenerative
nmedi cine. This area of the eye is placed in the junction of the cornea

and conjunctiva, where stem cells of nesenchymal origin are placed.

The cornea consists of three mpjor layers, which are derived from
di fferent germ | ayers: the epithelial | ayer devel ops from the
ect oderm whereas the stroma and endothelium are nmesenchynal in

origin. The majority of the corneal thickness consists in the stromal
| ayer, whereas the endothelial nonolayer sits on Descenet's nenbrane,
which is the npbst posterior part of the cornea. The absence of blood

and lynphatic vessels is assumed to give a condition ternmed "corneal

i mune privil ege” [Azar DT. Corneal angiogenic privilege: Angi ogeni ¢
and antiangi ogenic factors in corneal avascul arity, vascul ogenesis
and wound healing (an American Opht hal nol ogi cal Society thesis. Trans

Am Opht hal ol  Soc 2006; 104:264 -302]

The limbus is a highly specialized region of the eye hosting a well-
recogni zed popul ati on of epi thel i al stem cells (LESCs) , whi ch
continuously renew the corneal surface [Davanger, M.; Evensen, A. Role
of the pericorneal papi | - lary structure in renewal of  corneal
epithelium Nat ur e. 1971. 229 (5286) :560-1] and stromal invaginations

rich in stromal fibroblast-like stem cells (f-LSCs), wth nultilineage
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transdif ferentiation pot enti al [ Dravi da, S.; Pal, R.; Khanna, A
Ti pni s, s. P Ravi ndr an, G; Khan, F. The transdif ferentiation
pot enti al of linbal fibroblast-like cells. Dev. Brain Res. 160:239-

251; 2005] . Al these cellular conponents are localized in a highly

specialized region of the eye called "linbal niche" which provides
anat omi cal and functional dimensions to maintain "sternness," protect
stem cells from traumatic and environmental insults, allow epithelial-
nmesenchymal interactions and supply access to chenical signals that

diffuse from the rich wunderlying vascular network. LESCs have been

wi del y characterized and i nvesti gat ed for their differentiation
potential, which seens to be restricted to the corneal destiny. [Chen,
Z., de Paiva, c. S.; Luo, L.; Kretzer, F. L.; Pflugfelder s. C ; Li,
D. Q. Characterization of putative stem cell phenotype in human |inbal

epithelia. Stem Cells 22:355-366; 2004]. We recently denonstrated that

f-LSCs represent a robust source of adult stem cells wth nmnulti-

I i neage potenti al , good proliferative capability and | ong-term
mai nt enance of stem cell properties independently of donor age and
| ong-term cul ture condi tions [Italian Pat ent Application no.

FI 2009A000275 ; Criscimanna A, Zito G, Taddeo A, Richiusa P, Pitrone
M, Mrreale Db, Lodato G, Pizzolanti G, Ctarrella R, @Glluzzo A,
Gordano cC. In vitro generation of pancreatic endocrine <cells from
human  adul t fibroblast-1ike ['i mbal stem cells. Cel | Transpl ant .

2012; 21 (1) :73-90; Tomasel | o L, Musso R, Cillino G, Pi trone M

’

Pi zzol ant i G, Coppola A, Arancio w, Di Cara G, Pucci-Mnaf ra 1,
Cllino s, Gordano c. Donor age and long-term culture do not
negatively influence the stem potential of linbal fibroblast-like stem

cells. Stem Cell Res Ther. 2016 Jun 13; 7 (1) :83]

Interferon gamm (IFN-y) is a proinflammtory cytokine that can induce
expression of HLA class Il (HLA-DR) nolecules in many cell types
including BM-MSCs. By contrast, f-LSCs act as "smart inmmunonodul ators”
inmproving their phenotype and their expression for imunoregul atory
nmedi at or s, such as  Progranmed deat h-1i gand 1 and 2 (PDL-1/2),

Interleukin 6 (I1L-6) and Mnocyte chenpattractant protein-1  (MCP-1),

6



10

15

20

25

30

WO 2018/114469 PCT/EP2017/082380

after exposure to several Thl cytokines (IL-6, IL-1B3; IFNy) and, at
the sane tinme, mmintaining expression for HLA-DR and co-stimulatory
nol ecul es negative. Therefore, wunlike other kinds of MSCs, they do not
nodi fy their i munopri vi | eged condi tion even if an inflammatory
backgr ound exi st s. Thei r i MMunosuppr essi ve potenti al, i ndeed, i's
expected to be superior in peripheral blood nononuclear cells (PBMs)
from HT patients due to the Thl-driven pathogenesis of thyroiditis

conpared to healthy controls.

Techni cal Probl em

The authors' research shows that human f-LSCs are a precious and easy
source of nesenchynal stem cells to be wused in all therapeutic
strat egi es t hat require i MMunosuppr essi on and attenuation of

inflammatory status in a variety of autoimune diseases including HT.

The present invention ainms to provide an in vitro nethod for re-
education of auto-reactive |ynpho-nonocytes from subjects wth auto-

i mune organ-specific diseases and/or associated autoimmune endocrine

di seases .
Stem Cell Educator Therapy works as an in vitro "artificial thynus"
able to induce tolerance of treated |ynpho-nonocytes, reest abl i shi ng

t he inmmunol ogi cal balance and honeostasis.

In the method of the present invention, an exiguous nunber of f-LSCs
are co-cultivated wth |ynpho-nonocytes in a 1:100 ratio. Thus, a new
in vitro strategy for treating Hashi mot o' s di sease with
i munonodul ated autol ogous |ynphocytes is proposed as an alternative

therapy to the conventional <corticosteroids, anti-inflammatory  drugs,

i MMunosuppr essors and hornonal replacenent reginmens, elimnating the
ethical concerns associated with other therapeutic approaches based on

the use of stem cells.
Subj ect matter of the invention

Wth reference to the attached clains, the technical problem is solved
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by providing:
an in vitro nethod to re-establish imune-tolerance in auto-reactive
peri pheral bl ood nononuclear cells (PBMCs) by co-culture wth [|inbal

stem cells (f-LSCs) in a 100:1 ratio.

An ot her object of the present invention is the self -inmno-educated
nononucl ear cells of peripheral bl ood ( PBMCs) obt ai ned by the

af orementi oned net hod.

Another object of the present invention is the use of self-educated
peri pher al bl ood nononucl ear cells ( PBMCs) obt ai ned by t he
aforenentioned nethod for the treatment of auto-inmune organ-specific

di seases and/or autoi mune endocrine associated diseases.

Brief description of the figures

Figure 1 shows the imunol ogical profile of f-LSCs assessed by flow
cytometry before (left panel) and after 48 hours of cytokine-treatnent
(IL- 13, IL-6 and |FNy, 500 Um) (right panel) for: the human
| eukocyt e antigens (HLA-DR) t he i mune T-activator nol ecul e
progranmmed death-1 (PD-1, CD279) and its ligands (Programmed death-
ligand 1/2, PDL-1/2), the negative regulator of T cell response B7-H4
and the co-stimulatory nolecules CD80 and CD86. Cytokine treatnment in
f-LSCs increases the expression for PD L1 and PD L2 and weakly for
B7H4 (40£2.3% vs 7013.5, 66+4.2% vs 8612.5 e 4+£1.5 vs 10.212
respectively) . All hi st ogr am pl ots i ncl ude t he per cent age of

expression as a representative value of five independent experinents.

Fi gure 2 shows the gRT-PCR of sever al i Mmunosuppr essi ve and
tol erogenic markers (HLA-G TG~ B, IDO COX-2, HG, PDL-I/2Fas, Fas-L,
MCP-, IL-6 and AIRE) in f-LSCs before and after cytokine stinulation.

Notably, nRNA for IDO and PDL-1 was found to be upregulated 2-fold
conpared to wuntreated controls while the nRNA for I1L-6 and MCP-1
i ncreased 25 and 60-fold respectively. All dat a/ pi ctures are

representative of at least five independent experinents. Values on the
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bars are shown as nean + SE, *p<0.05, **p<0.02.

Figure 3 shows the proliferation assay MTT)of F-LSCs plated with or
without cytokine up to 72 hours. During cytokine stimulation f-LSCs
appeared to grow noderately faster than untreated ones. The graph is

representative of at least five independent experinents.

Figure 4 shows the DNA content assessed wusing Propidium |odide/Etidium
Bromi de staining and analysed by flow cytonetry. PBMCs from healthy
vol unt eers were stinulated with anti-CD3/28 for 72 hours in the
presence or absence of f-LSCs. Analysis of the cell cycle showed that
85.011.2% of activated PBMCs were blocked in the @)/ Gl phase when
cocultured with f-LSCs . FACS plots are representative of 5 experinents

of identical design.

Figure 5 shows the nmarked down-regulation of the two activation
markers CD28 and PD-1 in PBMCs collected from young volunteers after
72h of coculture. Hi gher levels of CD69 (21%1.9 vs. 39%2.1) were
detected under the sanme conditions in activated PBMCs co-cultured wth

f-LSCs. Sanples were run after 72 hours of incubation wth or wthout

f-LSCs . Al data are representative of at least five independent
experiments. Values on the bars are shown as nean =+ SE  *p<0.05,
**p<0 .02.

Figure 6 shows the inversion of the CD4/CD8 ratio in activated PBMCs
from healthy volunteers after co-culture for 72h with f-LSCs conpared
to untreated activated PBMCs . Each figure shows an experinent

representative of five replicates. Data are presented as neans + SE in

each histogram **p<0 .02.

Figure 7 shows a weak reduction in the percentage of CD4+CD25"%" in
activated PBMCs from healthy controls co-cultivated for 72h with f-
LSCs conpared to untreated activated PBMCs. Notably, inside the gated
CD4 +CD25 %" popul ation no differences in percentage of CD4,Foxp3+ cells
were detected when f-LSCs were added to the culture. Each figure shows

an experiment representative of five replicates. Data are presented as
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nmeans + SE in each histogram *p<0.05.

Figure 8 shows the PBMC proliferation status, assessed by the CFSE

met hod, after seven days of coculture. Unactivated PBMCs | abelled
with CFSE were used as a negative control. Cytof luoronetric analyses
reveal ed, in activated PBMCs from vol unteers, the reduction of the

proliferation index from 3.8410.3 to 2.5 +0.5 after co-culture wth f-
LSCs (100:1 ratio) and from 1.7510.1 to 2.2710.5 in PBMCs of patients
with HT under the sane conditions. Each figure shows an experinent
representative of five replicates. Data are presented as neans + SE in

each histogram *p<0. 05.

Figure 9 shows the down-nodulation of inflammatory cytokines such as
IFN-y, IL-17A, and the transcription factor for |L-17A, ROR- yT induced
by f-LSCs in activated PBMCs of HT patients after 72h of co-culture.

By contrast |IL-4s, like Th2 cytokines, appear to be induced in co-
cultivated | ynphocytes, conpared to controls. Data derive from one of

five independent experinents.
Detail ed description of the invention

Definitions

Wthin the neaning of the present invention, the peripheral bl ood
nononucl ear cells (PBMCs-peripheral blood nononuclear <cells) are T and
B | ynmphocytes, NK (natural killer) <cells and nonocytes. Peri pher al

bl ood nononuclear «cells (PBMCs) are human cells obtained from patients
with aut oi nmune organ-specific di seases and/ or with aut oi nmune

endocrine associated disorders.

Wthin the meaning of the present invention, self-reactive «cells are
cells wth auto-antigen responsi veness and able to induce cyto-

destruction of the target tissue and/or inmmuno-f |ogosis .

Wthin the meaning of the present i nventi on, the induction of
i munol ogi cal tolerance is the re-education of auto-reactive cells to

recogni ze self antigens.

10
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Wthin the meaning of the present invention, self-educated cells are

cells that are tolerant towards autologous tissue peripheral antigens.

Wthin the meaning of the present invention, f-LSCs are referred to
fibroblastic-1ike stem cells derived from the stromal niche of the

| i mbus .

Li nbal stem cells (f-LSCs) are heterologous because they do not

express HLA «class 11 antigens even if exposed to inflamuatory
cyt oki nes .

Wthin the meaning of the present invention, «cell culture nedia are
medi a suitable for cell growh in vitro, which usually regards the

presence of a saline physiological buffer where |ow nolecular weight
nutrients are dissolved, such as sugars, amnoacids, vitamns and non-

nutrients such as ions, swabs and dyes.

Wthin the nmeaning of the present i nvention, hydrophilic surface
culture flasks are any plastic containers suitably treated to nmake the
surfaces in contact with the cells  hydrophilic and capable of

enhancing cellular adhesion and expansion.

Wthin the meaning of the present i nventi on, aut o-i nmune  organ-

specific diseases are disorders in which the autoinmne response is
directed against multiple antigens of the sane organ. Typically, they
i nvol ve endocrine glands and the autoantibodies often are represented
by specific hornone receptors or intracellular enzymes of the affected
tissue, as in chronic Hashinoto's thyroiditis (HT) , Addison's disease,

hypopar at hyr oi di sm aut oi mmune  hypophysitis, Graves disease, type 1

di abetes, vitiligo, etc.

Wthin the neaning of the present invention, associated autoimune
endocri ne di seases are di sorders wher e di fferent clinical
mani f est ati ons are associ at ed with each ot her to characteri ze

different fornms (APS-1, APS-2, APS-3)

The present invention refers to an in vitro nethod for re-establishing
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iMmune tolerance in auto-reactive peripheral blood nopnonuclear cells
(PBMCs) by co-culture with linbal stem cells (f-LSCs) in a 100:1

ratio.

Preferably, the peripheral bl ood nononucl ear cells ( PBMCs) are
obtained from subjects with auto-imune organ-specific diseases and/or

endocri ne autoi mune associated diseases.

Preferably, the linbal stem cells (f-LSCs) are autol ogous.

Even nore preferably, the linbal stem cells (f-LSCs) are heterol ogous
as they do not express HLA class 11 antigens even if exposed to

i nfl ammatory cyt oki nes.

Preferably, the <co-culture is assessed in a cell culture nedium
wi thout glutam ne, HEPES and red phenol, supplenented wth glutanine
in a concentration of 2-4 M and fetal bovin serum FBS in a

concentration of 10-12%

More preferably, the culture medium is selected from RPM-1640 Medium
RPM - 1640 Medi um Dut ch Modi fi cati on, RPM - 1640 Medi um HEPES
Modi fi cati on, RPM - 1640 Medium Modified and RPM-1640 Medium Auto-Md

for Autocl avi ng.

The culture nmedium nore preferably is RPM 1640 Medium Modified.

Optionally, the culture nmedium can be supplenented with antibiotics.

Preferably, the antibiotics are streptonycin and penicillin.

Preferably, the antibiotics are present in a concentration between
1000- 50000 M  of penicillin and 50-500ng/mM of streptomycin, and nore
preferably 100000/ M of penicillin and |0Omg/mM of streptonycin.

Pref erably, the <co-culture is carried out in flasks wth treated
surfaces for tissue cultures for enhancing the surface charge of the

culture containers .

Preferably, they are culture flasks with hydrophilic surface.
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Preferably the culture flasks are of polystyrene functionalized with

oxygen-contai ning groups .

More preferably, the culture flasks are comercial and pre-treated

products to inprove cell adhesion.

More preferably the culture flasks are Corni ng®Cel | Bi nd®

Optional ly, before co-culture the method conprises a step wherein
linbal biopsies are plated to grow until adherent colonies of f-LSCs
are obtained and expanded in culture nmedium containing Hepes, sodium
bi carbonate and pyridoxi ne, L-glutanmine and supplenmented wth 5% of
bovine fetal serum IX of insulin-transf errin-selenium and fibroblast

growmh factor. Preferably the culture nmedium of the f-LSCs is
F12/ DVEM

Optional ly, the method conprises before co-culture a step wherein
PBMCs are obtained from sanples of peripheral blood sanples by density
gradient centrifugation from sanmples of blood from subjects with auto-

i mune organ-specific diseases.

Preferably centrifugation is in Ficoll-Paque density gradient.

Anot her object of the present invention is self-educated peripheral
bl ood nononucl ear cells (PBMCs) obtained by co-culture wth |[Iinbal

stem cells in a 100:1 ratio with the aforenentioned nmethod.

Anot her  obj ect of the present invention is the use of self-educated
peri pher al bl ood nononucl ear cells ( PBMCs) obt ai ned by t he
abovermentioned nmethod for the treatnment of auto-immune organ-specific

di seases .

Preferably, aut oi rmune organ-specific di seases are aut oi rmune

endocrine-rel ated disorders.

Preferably, aut oi rmune endocrine-rel at ed di seases are autoi mune
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thyroid diseases (Autoimune thyroid disease AlTD)

Preferably, anmong the AITDs, Hashinoto's thyroiditis (HT) and G aves'

di sease (@) are selected.

A further subj ect of the present i nvention is a kit of parts
conpri si ng, in separate containers, all the conponents necessary to

perform the nmethod of the present invention.

Preferably, the kit of parts includes peripheral bl ood rnononucl ear
cells ( PBMCs) from organ-specific and/ or endocri ne aut oi mmune
patients, heterologous and/or autologous Ilinbal stem cells (fLSCs) and

all the conponents necessary to perform the co-culture nmethod of the

present invention.

The preferred enbodinment of the present invention provides that the
PBMCs collected by Ficoll-Pagque density gradient of Hashimto thyroid
patients are co-cultivated in RPM-1640 supplenented wth penicillin,

st rept onyci n, L-glutamne and 10% of heat-inactivated bovine fetal

serum wth f-LSCs in a 100:1 ratio for 4 hours.

Exanpl es

Two to three mm@ linbal biotic sanples were obtained from 10 patients
undergoing surgery for ocular diseases not involving the conjunctiva
or corneal surface. Patients gave witten informed consent and the |IRB
of the University of Palerno approved the study in accordance wth the

Decl aration of Helsinki. After 24-48h, adherent colonies of f-LSCs and

smal | cuboi dal cells (epithelial) were obtained. At the sanme tineg,
fl oating spheri cal cells or "linbospheres" started formng. The
Li mbospheres progressively increased in nunmber and size and attached

to the plastic surface, eventually generating highly proliferating
fibroblast-like out gr owt hs. To better select f-LSCs from epithelial

cells, formng |inbospheres were transferred into new flasks.

Linbal <cells were cultured in F12/DMEM nedium supplenmented wth 10%

enbryonic stem cell-tested fetal bovine serum (FBS; PAA) , [IX insulin-
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transf errinselenium (ITS; PAA) , and 4 ng/m basic fibroblast growth
factor (RFGF; Si gmaAl dri ch) (expansi on medi um . Cul tures wer e

maintained in 5% CO2 in a humdified incubator at 37°C

Patients with autoinmmune thyroiditis and elevated plasna TPOAb and/or

Tg
anti bodi es (TgAb) wer e sel ected from Policlinico P. G accone-
Uni versity of Palermo and asked for their i nformed consent to

participate in the study. Diagnoses had been nade by elevated TPQAD,
TgAb, basal TSH levels and colour Doppler wultrasound exam nation. All
patients were receiving L-T4 replacenment therapy in a standard dosage
from 75 to 150 neg/die. None of the patients was receiving corticoid
or other antiinflammtory therapy. Only one of them was also affected
by Turner Syndrone. HD patients wth other chronic diseases, e.g.
di abet es, hypert ensi on, coronary heart, or viral hepatitis, wer e
excluded from this study. The healthy control group had 10 subjects,
of which 8 nmales and 2 fermales aged 24-34 years. Fifteen mlliliters
of heparin anticoagulated blood was drawn from each donor/patient in
the norning after a 12-hour fasting period. The blood was diluted 1:1
Wi th PBS' s sol ution, and PBMCs wer e separ at ed by gr adi ent

centrif ugation over Ficoll.

PBMCs obtained by Ficoll-Paque density gradient from HT patients were
cultured in RPM-1640 supplenented wth penicillin, streptonycin, L-
glutamne and 10% heat-inactivated fetal bovine serum L-FSCs were
allowed to adhere to 24-well plates overnight and the day after co-
cultured with PBMCs at a 1:100 ratio for 4 hours. The low f-LSC
density in the flasks avoids their detachment while PBMCs were gently

recovered as a surnatant.

The cell <cycle of activated PBMCs or cocultured wth f-LSCs for 72h
was perforned according to Nicoletti's protocol and analyzed by flow
cytonetry  (FACSCalibur, Becton Dickinson) . Briefly, cell suspensions

were fixed in 70% ethanol and stained wth propidium iodide overnight
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before analysis.

f-LSCs were cultured in chanber slides (BD Biosciences) for 48h wth
or without cytokine and afterwards stained with 1 pi of AQ EB solution
(s mg/mM and 3 ng/m) . After staining all sanples were imediately

eval uated wunder fluorescence microscopy wusing a fluorescein filter in
a 40X lens. Acridine orange, as a vital dye, stained both Ilive and
dead cells while Ethidium bronmde only stained cells that had | ost
nmenbr ane integrity. Live cells appear ed uni formy gr een. Early
apoptotic cells stained green and contained bright green dots in the
nucl ei as a consequence of chromatin condensati on and nucl ear

fragnment ati on. Late apoptotic cells also incorporated ethidium bromde
and therefore stained orange but, 1in contrast to necrotic cells, the
late apoptotic <cells showed condensed and often fragnented nuclei.

Necrotic cells stained orange, but had a nuclear norphology resenbling

that of viable «cells, wth no condensed chronatin. Jur kat cells
treated for 4 or 24h wth hunman activating anti-Fas antibody (CHL1
clone) were used as a positive control to calculate the percentage of

apoptotic cells.

For Flow Cytonetry analyses the cells were treated with FcR bl ocking
reagent (M1tenyi Bi ot ec) and incubated with each fluorochrone-
conjugated antibody or appropriate isotype control at 4°C for 30 nin
in the dark. Cells were then fixed for 15 minutes at 4° C with 2% PFA
and washed wth staining buffer (PBS, calcium and magnesium free,
suppl emented with 1% bovine serum albumin (BSA SigmaAldrich) ). T-cell
phenotype was determined by using CD25 (IL-2 Receptor ) PerCPCy™s.5,
FoxP3 (Scurfin, | PEX, JM2)  PE, D4 FITC, CD69 PE (Very Early
Activation Antigen) , CD8 FITC/ PE, CD3 FITC, CD152 (CTLA-4) PE, (CD28
(TLR2) PE, | FN-y  PE IL-4 PE IL-17 PE, RORyt PE, IL-10 PE all
pur chased from BD Pharm ngen. Intracel [ ul ar staining was perforned
using BD Cytof ix/Cytoperm™ Plus Fixation/Perneabilization Kit (with BD
Gol gi Stop™ protei ntransport i nhi bitor) (BD Pharmingen) , according to

the manufacturer's i nstructions. For cytokine detection, BD ol gi Stop
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protein transport i nhi bitor, containing raonensin, was added in the
culture for 5 hours before cellular harvesting. f-LSC i munophenotype

was determined wusing the followi ng nonoclonal antibodies: HLA-DR FITC,

CD80 (B7-1) PE, CD86 (B70/B7-2) PE, PD-1 (CD279) PE  CD34 FITC, CD45
FITC, CD274 (B7-Hl, PDL1) PE CD273 (B7-DC, PD-L2) PE B7-H4 PE (BD
Bi osciences) . Freshly isolated PBMCs and a primary Bone Marrow MSCs
(Lonza) were used as positive controls for hematopoietic markers and

stem

cel I /i mmunosuppr essi ve mar kers respectively. Al data were acquired on
a FACSCal i bur and anal yzed using CELLQuest Pro software (Becton
Di cki nson) and are representative of at |east five independent

experinents

Total RNA was extracted and purified from PBMCs or f-LSCs using RNeasy
Mni Kit (Qagen, Mlan, Italy) , including a digestion step with DNase
| set. RNA quantity and quality were assessed by UV spectrophotonetry.

Ilig total RNA were reverse transcribed in a volume of 20ul with digo

dT priners (Applied Biosystens, Darmst ad, Gernmany) and Stratascript RT

(Stratagene, Ansterdam Net herland) , according to the manufacturer's
protocol. The primer pair sequences were the follow ng:
SEQID. NOI:

PDL1 (CD274) forward primer 5 'TTGCTGAACGCCCCATACAA 3

SEQID. NO 2:

PDL1 (CD274) reverse primer 5 'GGAATTGGTGGTGGTGGICT 3"

SEQID. NO 3:

Bi TGF forward prinmer 5 'GIGGACATCAACCGGITCACT 3

SEQID. NO 4:

Bi TGF reverse priner 5 'ATGAGAAGCAGGAAAGECCG 3

SEQID. NO 5:
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FasL forward prinmer 5 'GCAGCCCTTCAATTACCCAT 3',
SEQID. NO 6:

FasL reverse priner 5 'CAGAGGTTGGACAGGGAAGAA 3
SEQID. NO 7:

AIRE forward prinmer 5 'CGGGGGTATAACAGCGEC 3!

SEQID. NO 8:

AlRE reverse primer 5 'CCTCAGAAGCCGGCGTAG 3

SEQID. NO 9:

HLAG forward primer 5'CTGGTTGTCCTTGCAGCTGTAG 3 '
HLAG reverse primer 5 'CCTTTTCAATCTGAGCTCTTCTTTCT 3
SEQ ID. NO. 10:

COX2 forward prinmer 5 'ATCATTCACCAGGCAAATTCGC 3,
SEQ ID. NO 11:

COX2 reverse primer 5 'GGCTTCAGCATAAAGCGITTG 3

SEQ ID. NO 12:

HGF forward primer 5 'CTC ACA CCC GCT GGG AGI AC 3
SEQ ID. NO 13:

HGF reverse primer 5 '"TCC TTG ACC TTG GAT GCA TTC 3

The prinmer set for HLA-G was selected to anplify all alternative forns
of HLA-G transcripts. PCR prinmers for 1L-6, FAS, 1DO MCP1, CCNDL and
p27 were purchased from Q agen (QuantiTect Priner Assays, Qagen) . Al
reactions were perfornmed with Quantitect Sybr Geen PCR Kit (Q agen)
using the Rotor-Gene Q instrunent (Qagen) . The specificity of the
anplified products was determined by nelting peak analysis. Relative

gene expression analysis for each gene was performed by Rotor-Gene Q
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software wusing the delta delta Ct nmethod validated according to the
gui delines of Livak and Schmttgen (2001) . Briefly, each sanmple was
first normalized for the amount of tenplate added by conparison wth
the normalizing gene (B-actin) . These normalized values were further
normalized relative to a calibrator treatnent (untreated control) . All

reactions were performed at least in triplicate.

PBMCs from HT patients and healthy donors were | abel | ed W th
Cel |l TraceTM Car boxyf |l uorescein succinim dyl ester (CFSE) using Cell
Proliferation Ki t (Mol ecular Probes Invitrogen) , according to the
manuf acturer's i nstructions. Labeled PBMCs were resuspended in RPM
1640 medium (G bco) wth 10% FBS (conplete 1640 nedium , activated
with 5ug/mL of anti CD3/CD28 mAbs (Sigma Aldrich) and cocultured wth
one-day plated f-LSCs at 100:1 ratio. After 7 days of coculture, PBMCs
were gently harvested from the supernatant and CFSE fluorescence
detected by flow cytonetry. Sanples were analyzed by Mdfit LT Version
3.2 software (Verity Software House) and the proliferation i ndex
calculated as the sum of <cells in all generations divided by the

number of original parent cells.

The F-LSCs wused in the co-culture experiments exhibited the expected
fibroblast-1ike nor phol ogy after Acri di ne/ Orange st ai ni ng and
expressed the phenotypic markers shown in Figure 1. Freshly isolated
PBMCs and prinmary Bone Marrow MSCs (Lonza) were wused as positive
controls for henatopoietic and stem cell/inmunosuppressive mar ker s
respectively. RT-PCR and flow cytonetry staining was performed to
determine the presence of key factors involved in imunoregulation . At
passage 3 over 95% of growing «cells were negative for the co-
stinmulatory nol ecul es CD80 (B7-1) , CD86 (B70/ B7-2) , t he Human
Leukocyte Antigen-DR (HLA-DR) , the imune T-activator nolecule PD1
(CD279) , the hematopoietic mar kers  CD34, CD45 and the epithelial

mar ker Ap63, whereas the mjority of them expressed the sternness
mar kers  SSEA4, SOX2, CD105, OCT4, NANGOG, CD90 and were able to

differentiate into adipocytes, condr ocyt es and osteocytes. It was
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found that f-LSCs, constitutively and at the same levels as Bone
Mar r ow der i ved MSCs (BMVBSCs ) , expressed transcripts required to
nodul ate an inmune response like TG [, PDL-1, Aire and Fas. The weak

expression of CD95 but the total absence of CD95L in f-LSCs did not

suggest Fas-FasL nediated inmunoregulation . In contrast, constitutive
HLAG, IDO and |[IL-6 expression were approximtely 4/ 5-fol d | ower
conpared to the positive <control. The priner set used in this study
detected for all HLAG nRNA-spliced i sof or ns. I nterestingly, f-LSCs

significantly differed from BMMSCs for expression of HG, COX-2 and
the monocyte chenmotactic protein-1 (MCP-1 or CCL2) found 10, 50, 90-
fold higher respectively. In addition they showed an appreciably
constitutive expression for, CD274 (PD-L1) and CD273 (PDL-2) and weak
positivity only for the negative regulator of T cell response B7-H4 at
protein |evel (Fig 1 and 2). The inhibitory nmolecules PD L1 and PDL-2
have been shown to negatively interfere wth the immune responses. The
receptor of these [igands, PD- 1, is an inmunoinhibitory receptor
expressed by activated T cells. Engagenent of PD-1 by PD L1 and PDL-2
leads to inhibition of T-cell receptor-nediated |ynphocyte activation.

Taken together these findings suggested that f-LSCs exhibited the

machinery required to induce imunonodul ation and inmunosuppression.

To explore the inflammatory effect on the imrunosuppressive capability
of f-LSCs we cultured them for 48h with tw Thl-related cytokines

(IL- 1B and

IL-6 at 250U m) minmng a typical inflammatory environment provided by
| ymphocytes in patients with HT. During the culture f-LSCs appeared to
grow noderately faster according to the MT assay (Fig. 1D , show ng
regul ar norphology when conpared to the wuntreated negative control

(Fig. 3). Next we assessed their imunophenotyping by gRT-PCR and flow
cytonetry after cytokine treatnent. Qur results showed maintenance at
baseline of nMRNA for HLA-G TG~ B, IDO and AIRE. The expression for
COX-2 and HGF was preserved at sustained |evels. The apoptotic marker

CDO5 halved in expression while CDO5L was still totally absent.

20



10

15

20

25

30

WO 2018/114469 PCT/EP2017/082380

Notably, nRNA for PDL-1, MCP-1 and IL-6 was found upregulated 2, 25
and 60-fold respectively. We observed an increase in PDL-1 and PDL-2
protein expressi on (409%2.3 vs. 7013. 5 and 66%4. 2 VS. 8612. 5
respectively) , and no changes were found for the co-stinulatory

nol ecules CD80 and CD86, the immune regulatory nolecules B7H4, PD-1
and the Human Leukocyte Antigen-antigen DR (Fig. 1). Taken together

these data confirnmed the capability of f-LSCs to enhance their
i munosuppressive phenotype increasing the Kkey imunonodul ator rmarkers
PDL-1, PDL-2, IL-6 and MCPl1 in an inflammatory environment (Fig. 2).
Furt her nor e, this trend did not affect the expression of +the co-
stinmulatory rmarkers CD80, CD86, the imune regulatory nolecule PD1

and the MHC class 11 cell surface receptor.

F-LSCs from healthy voluntaries were cocul tured with anti-CD3/28
stinmulated PBMCs from at 1:100 ratio for 72h. Using phase-contrast

m croscopy we observed that activated |ynmphocytes formed nunbers of
cell clunps of different size in the absence of f-LSCs. However, the
nunber of cell clunps was significantly reduced after f-LSC coculture
and the mjority of I|ynphocytes were individually distributed in the
medium or closely adherent to the f-LSCs. Conparable results were also

obtained in mxed |eukocyte reactions

To explore the cell cycle, DNA content was neasured in PBMCs from
healthy donors wusing Propidium Ilodide staining. Analysis of the cell

cycle showed that the 24% +2.3 of PBMCs after 72 hours of activation

were in the &/S phase. In the presence of f-LSGCs, nost cells
(85%1.2) renmanined in the @&/ Gl phase, Ilike the wunstinulated control
cells (94%2.8) (Fig. 4). A previous study on T-cell cycle entry

defined a commitnment point at early GI where cells decide whether to
enter the cell cycle and it is associated wth induction of cyclin Dl
expression J[Lea NC, Or SJ, Stoeber K, et al. Committment point during
GO 3 Gl that «controls entry into the cell «cycle, Ml Cell Biol.
2003; 23: 2351- 2361] . To confirm the cell cycle results by FACS,

guantitative nol ecul ar assay was performed for cyclin D, and the
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i nhibitor p27Kipl. For this purpose, PBMCs from healthy volunteers
were stimulated with anti-CD3/28 in the presence or absence of f-LSCs .
After 72h hours, activated PBMCs were investigated by qRT-PCR for
expression of «cyclin DI and p27Kipl as Gl phase-specific mar ker s.
Unsti mul at ed PBMCs with or wthout f-LSCs exhibited constitutive
levels of cyclin DI and a high expression level of the negative cell
cycle regulatory protein p27Kipl. 1In response to anti- CD3/C28, cyclin
DI did not change in expression whereas p27Kipl was significantly
downregulated to induce cell cycle entry. Notably, the expression of
p27Kipl was induced in stinmulated PBMCs that had been cocultured wth
f - LSCs, suggesting the possibility that f-LSCs exert their growth

inhibitory effect primarily through induction of p27Kipl expression.

To evaluate inmune regulation of f-LSCs on T subsets, f-LSCs were
cocultured 72h with PBMCs from healthy volunteers in the presence of
anti-CD3/28 mAbs and analyzed by flow cytonetry for some conventional

activation nmarkers (CD28, PD-1, CD69) and for CD4 and CD8 T-surface
mar ker s. After coculture wth f-LSCs we found a consistent down-
regul ation of the tw activation narkers CD28 and PD-1 in PBMs
collected from young volunteers (66%1.3 vs. 38% 3.2 and 17%1.0 vs.
5% 1.6 respectively) . Higher levels of CD69 (21%1.9 vs. 39%2.1) were
detected under the sane conditions (Fig. 5). The activation nmarker

CD69 is a target of canonical nuclear factor kappa-B (NF-kB) signaling

and is transiently expressed wupon activation; however, stable CD69
expressi on defines cells wth imunoregul atory properties. In an
i munor egul at ory cont ext late and sustained CD69 expression is
pronoted by the non-canonical pathway and is inhibited by canonical

NF-kB signaling [Felipe Saldanha Araujo, Rodrigo Haddad, Kelen c. R.
Mal megrim de Farias, Alessandra de Paula Alves Souza, Patricia V.
Palma, Anmelia G. Araujo, Maristela D. Oellana, Julio c. Voltarelli,

Dimas T. Covas, Mrco A. Zago, Rodrigo A. Panepucci . Mesenchymal stem
cells pronpote the sustained expressi on of CD69 on activated T
| ynphocyt es: roles of canonical and non-canoni cal NF-kB signaling. J.

Cell. Mdl. Md. Vol 16, No 6, 2012 pp. 1232-1244] . Furthernore, after
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f-LSC stimulation, the percentages of total CD4's increased (19%0.8
vs. 27%0.2) whereas the CD8+ fraction level was simlar to the control

(139%0.1 vs. 119%0.2) . Utinmately, the CD4/CD8 ratio was appreciably

upregulated (Fig. 6). We also investigated whether the inhibitory and
t ol erogeni c effects of f-LSCs i nvol ved Treg cel I s, whi ch are
CD4 +CD25"*"Foxp3 + [ Sakaguchi s,  Sakaguchi N, Shimizu J et al.
| munol ogic tolerance naintained by CD25+CD4+ regulatory T cells: Their
conmon role in controlling aut oi nmuni ty, t unor i munity, and
transpl antation tol erance. I mmunol Rev 2001;182:18 -32]. We perfornmed

flow cytonetric analysis for CD4+CD25"" cells from PBMCs of healthy
controls after 3 days of incubation wth f-LSCs in the presence of
anti-CD3/28 mAbs. There was a faint reduction in the CD4+CD25"'%"
fraction of stinmulated PBMCs, as shown in figure 7. This could be the
consequence of a lower activation state induced by f-LSCs on PBMCs.

Notably, inside the gated CD4+CD25™%" portion the preservation  of
CD4 +Foxp3+ cells was found when f-LSCs were added to the culture. Taken
t oget her t hese results i ndi cat ed t hat f-LSCs di spl ayed i mune

regulation on both CD4+ and CD8+ T cell subsets.

Next, using CFSE we conpared the proliferation state of responding
PBMCs from healthy controls and HT patients stinmulated wth anti-CD3
and anti-CD28 mAbs with or without f-LSCs for 72h. Unstinulated PBMCs
without f-LSCs were wused as a negative control. The proliferation
i ndex, wuseful for determining the antiproliferative effects of f-LSCs
on activated |ynphocytes, was calculated as the sum of cells in all
generations divided by the nunber of original parent cells. The CFSE
results, showmn in Figure 8, indicated t hat PBMCs from healthy
vol unt eers and HT patients, gr own in culture wi t hout m t ogen
anti bodi es, after a 7 day-period of incubation vyielded proliferation
i ndexes of 1.4410.03 and 1.4310.1 respectively (negative control)
Stimul ation W th anti - CD3/ 28 mAbs significantly i ncreased t he
proliferation of |ynphocytes (proliferation index, 2.510.5 in healthy
controls vs. 3.8410.3 in patients) . The «coculture of anti-CD3/28

stinmulated PBMCs with f-LSCs (100:1 ratio) produced a proliferation
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i ndex of 1.75+0.1 in volunteers VS. 2.2710.5 in HT patients,
representing a significant i mpai r ment, slightly superi or in

| ynphocytes from patients respect controls, of activated PBMCs.

Several studies have suggested that MSCs nodulate the differentiation,

function, and balance of the thl,th2,thl7 subpopul ati ons and foster

the devel oprment of an anti-inflammatory i mune response [S. Aggarwal
and M. F. Pittenger, "Human nesenchynal stem cells nmodulate all ogeneic
i mmune cell responses,” Blood, vol. 105, no. 4, pp. 1815-1822, 2005].

To study the Th balance induced by f-LSCs in activated- PBMCs sone
typi cal pro- and anti-inflanmatory cytokines and the transcription
factors for [IL-17A, ROR yT, were investigated by intracellular fl ow
staining. The intracellular production of IFNvy, IL-17A and ROR yT was
considerably decreased in cocultured <cells from HT patients conpared
to only activated cells wthout f-LSCs (18%2.1 vs. 9%0.9; 69%6.5
vs. 3813.4; 27%1.5 vs. 14%0.6 respectively) . By contrast, f-LSCs did
not inhibit, at the sane levels, the expression of the aforenentioned
cytokines on PBMCs from healthy controls (9%1.0 vs. 49%0.9; 8%1.2
vs. 710.4; 20%1.5 vs. 15%1.6 respectively) . Notably, IL-4 secretion
by Th2 was induced in the presence of f-LSCs specially in |ynphocytes
from HT patients (15% 2.1 vs. 28%0.9) conpared to healthy donors
(209%0.6 vs. 25%0.5) (Fig. 9). Overall, these data suggested that the
activation of naive T cells toward a Thl or Thl7 immunophenotype was
suppr essed by f-LSCs t hr ough downnodul ati on of pr oi nfl ammat ory
cytokines and induction of Th2 cytokines, especially in lynphocytes
from HT patients. This action could be due to a superior inflamatory
background Ilevel present in PBMCs from HT patients conpared to healthy

controls .

As descri bed above f-LSCs i nhi bit | ynphocyt e proliferation and
nodul ate cytoki ne production. They are also immunologically privileged

as they do not express the conplete pattern of molecules required to
fully activate T-lynphocytes . In particular they are negative for the

maj or hi stoconpatibility (MHO) class 11, co-stimulatory (CD80 or (CD86)
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nol ecul es, the hermatopoietic markers CD34, CD45 and the epithelial
marker Ap63 even if an inflammatory background is present. Thei r
i munonodul atory effects also depend on both cell contact and soluble
factors produced. Anong them we detected the following: TG- p, PDL-
1/2, HLAG IDO IL-6, HG, COX-2 and MCP-1 (CCL2) . Human f-LSCs differ
from Bone Marrowderived MSCs for the nore elevated expression of HG,
COX-2 and MCP-1. As a consequence of their sensitivity to an
i nfl ammat ory envi ronnment , human f-LSCs adjust their phenotype and
their expression for inmmunoregulatory nediators after exposure to IL-
1 and 1L-6. CQur results after 48h of cytokine treatment show the
followi ng: rmaintenance at baseline of nRNA for HLA-G TG B3, IDO and
AlRE; preservation at sustained levels of nMRNA for COX-2 and HG
upregulation of nmRNA for MCP-1 and 1L-6; absence and halving of nRNA

for CDO5L and CD95 respectively; an increase in PDL-1 and PDL-2

expression at protein level. No inpact on HLA-DR expression and the
co-stimulatory nol ecul es, bot h critical for i mune response
activation, induced by cytokines is observed. The upregulation of

PDL-1 and PDL-2 in f-LSCs could optimze the induced inmunosuppression
and the cytokine balance in HT patients. The high expression of COX-2
enzyne, as a source of PGE2, could favour Th2-like cytokine secretion
by inhibiting both Thl and Thl7 associated proliferation, and at the
same time by enhancing ©production of |L-4. Upr egul ati on of the
chenotactic nolecule MCP-1 could help attraction of T cells into close
proximty of f-LSCs, where high concentrations of cytotoxic factors
synergically may act to suppress inmmunoinf |ammtion . Cocul tured f-

LSCs with allogenic PBMCs from healthy donors and HT patients in the

presence of anti-CD3/28 nitogen antibodies (1:100 ratio) fail to
induce a full allogeneic T-lynphocyte response suppressing up to 40%
of PBMC proliferation in HT patients. At the nolecular level this is
nedi at ed by upregul ation of  Cyclindependent ki nase inhibitor IB

(p27Kipl) inducing a T cell anergy status. The CD4/CD8 ratio is
significantly inverted in PBMCs from healthy donors after coculture

with f-LSCs proving a negative regulation action of f-LSCs on CD8+ T
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cells. The CD69 expression is significantly wupregulated on activated
PBMCs when coculture with f-LSCs becom ng i nmmunonodul atory cells. Flow
cytonetry analyses indicate a faint reduction in CD25 expression and
preservation of CD4+FoxP3+ cells in the presence or absence of f-LSCs,
suggesting that the suppressive effect of f-LSCs is not nediated
through induction of regulatory T cells. Therefore f-LSCs seem to
i nfluence the Th subset balance by altering the cytokine profile of T
| ynmphocytes. By decreasing the T I|ynphocyte expression of IFNvy, IL-
17A and RORyT human f-LSCs attenuate the differentiation of naive CD4+
T cells into Thl and Thl7 effectors. |In parallel, the IL-4 expression
is inproved by shifting the total balance from Thl-driven responses to
a nore anti-inflanmatory Th2 profile. Down-regulation of ROR vy, the
key transcription factor of |[IL-17A, at protein |level suggests the
capability of f-LSCs to also nodulate Thl7 differentiation in favour
of IL-4- producing Th2 cells. This phenonenon is nore evident in PBMCs
coculture with f-LSCs isolated from HT patients. This effect may
depend on an inflammatory background able to stinulate or maintain the

i mmune process in AITD patients.
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CLAIMS
1. In wvitro method to restore immuno-tolerance in autoreactive
peri pheral blood nononuclear <cells (PBMC) by co-culturing wth [1inbal

stem cells (f-LSC) in a ratio of 100: 1.

2. Method accordi ng to claim 1 wherein the peripheral bl ood
nononucl ear cells (PBMC) are human-derived cells from subjects wth
organ-specific aut oi nmune di seases and/ or endocri ne aut oi nmune

di seases .

3. Method according to claim 1 wherein the linbal stem cells (f-LSQO

are heterol ogous and/or autol ogous.

4. Method according to claim 1 wherein co-culturing is carried out in
a cell culture nedi um wi t hout gl ut am ne, HEPES and Phenol
red, supplenented with glutamne in a concentration between 2 and 4nM

and Fetal Bovine Serum FBS in a concentration between 10 and 12%

5. Method according to claim 4 wherein the cell culture nmedium is
selected from the group consisting of RPM-1640 Medium RPM - 1640
Medi um Dutch Modification, RPM - 1640 Medium HEPES Modification, RPM -
1640 Medium Mdified e RPM-1640 Medium Auto-Md for Autoclaving.

6. Method according to claim 4 wherein the cell «culture nedium is

suppl emented with antibiotics.

7. Method accordi ng to claim 6 wherein the antibiotics are

streptonycin and/or penicillin.

8. Method according to claim 7 wherein the antibiotics are in a
concentration of penicillin in a range between 1000 and 500000/ m and
streptonycin in a range between 50 and 500 ng/m and nore preferably

10000 UmM of penicillin and 100 ng/m of streptonycin.

9. Method according to claim 1 wherein the co-culturing is carried out
in flasks wth tissue culture-treated surfaces inproving surface

charge of culture vessels.
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10. Method according to claim 9 wherein the flasks are culture flasks

with hydrophilic surface.

11. Method according to claim 10 wherein the culture flasks are nmde
of pol ystyrene functionalized with oxygen- cont ai ni ng functi onal

groups .

12. Method according to claim 11 wherein the culture flasks are

comercial and pretreated for enhanceing cell attachment.

13. Method according to claim 1 wherein the nmethod conprises before
co-culturing a step wherein bioptic sanples from linbus are plated and
gromh to form adhering cell-colonies of f-LSC in HEPES cont ai ni ng
culture medium with sodium bicarbonate pyridoxine wthout L-glutam ne
and supplemented with fetal bovine serum IX insulin-transf errin-

selenium and fibroblast growh factor.

14. Method according to claim 13 wherein the culture nedium of fLSC is

F12/ DVEM

15. Method according to claim 1 or 13 wherein the method conprises
before co-culturing a step wherein PBMC are obtained from peripheral
bl ood sanples by separation by density gradient centrifugation from

bl ood sanples from subjects with organ-specific autoi mune diseases.

16. Method according to claim 15 wherein centrifugation is FicollPaque

Density Gadient Centrifugation.

17. Peripheral blood nononuclear cells (PBM) characterazed by imune-
nodul atory capability obtai nable by the nethod according to each of

preceding clains.

18. Peripheral blood nononuclear <cells (PBMC) immune-educated to self
obtained by the method conprising co-culturing autoreactive peripheral
bl ood rmononucl ear cell (PBMC) with Ilinbal stem cells (fLSC), in a

ratio of 100: 1.

19. Peripheral blood nononuclear <cells (PBMC) immune-educated to self
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for use in the treatnent of organ-specific aut oi nmune  di seases and

endocri ne autoi nmune diseases.

20. Peri pheral bl ood nononucl ear cells (PBMC) i mune-educated to sel £
for use acoording to claim 19 wherein organ-specific aut oi nmmun e
di seases are Autoi nmrune t hyroid di sease (Al TD) like Hashinpbto' s

thyroiditis (HT) and G aves' disease (QD)

21. Peri pheral bl ood nononucl ear cells (PBMC) i mune-educated to sel £
for use according to claim 19 wherein endocrine autoimune diseases is

APS .

22. Kit of parts conprising peripheral bl ood rnononucl ear cells (PBM)
from subjects with organ-specific autoinmune diseases and/or endocriri'z
aut oi nmune di seases, het erol ogous and/or autologous Ilinbal stem cell s
(f-LSC) and all the part to carry out the <co-culturing method of

clains 4-16.

29



WO 2018/114469 PCT/EP2017/082380

1/9
untreated + cytokines
o

Figure 1



WO 2018/114469 PCT/EP2017/082380

2/9

= BM-MSCs
2 B f-LSCs
Q . '
o
C 700+
= s
O 30
E 0o s 4
2 1 . &
HLA-G TGF-b IDO COX-2 HGF PDL-1 FAS FAS-L MCP-1IL-6 AIRE
m f-LSCs
=3 f-L SCs+cytokines
30000- A%
@ 20000- T
O 16600-

fold chan
&

0~ , . - - ; ,
HLA-G TGF-b IDO COX-2 HGF PDL-1 FAS FAS-L MCP-11L.-6 AIRE

Figure 2



WO 2018/114469 PCT/EP2017/082380

3/9

-~ 1 4.5Cs
- {-LSCs+cylokines

Figure 3



WO 2018/114469 PCT/EP2017/082380

4/9

Figure 4



WO 2018/114469 PCT/EP2017/082380

5/9

b -1
o 2
-l 60
al . s,
aE’ S40
al . £ 201 |
e o L.
CD28 PD-1 CD69
T cells + + +
antiCD3/28 - + +
f-LSCs - - +

Figure 5



WO 2018/114469 PCT/EP2017/082380

6/9

#1
o 2.6 W *2
"g 2.4 i
| 23 e
ol o -
. Q 20
L O
= 18 3
0 16 ‘
O 1.4
T cells
antiCD3/28 - + *
f-LSCs - - +

Figure 6



WO 2018/114469

NC

7/9

O

-

Mo e

c @

e

D4

T cells + ¢ + +
antiCD3/28 - + +
f-L5Cs - - *

Figure 7

PCT/EP2017/082380

M CD4+ CD25+
CD4+ CD25high Foxp3+

100

& Oy 0
oo o

percentage
S

L ~]




WO 2018/114469 PCT/EP2017/082380

8/9

losuo Ajyyeay

cell count

‘Juaned IH

Figure 8



WO 2018/114469
# Tcells+amtiCD3/28
#Teells+antiCDY2ZB+1-L8Cs
IFN-» L4
beid 40+
L
18- - 0 -
S
g 10- ¥ g% Ag
-3 I T
5 g“;w . 0 e
o %
L
g % * a ¥ *
@aﬁ‘ & & oF
o & & F

9/9
iLar
50
Al :
o #
g 30+ g
ot L&
£ 204 w
-4 “”‘*";?"
1+ e
W
0~ 5‘% " .
%:33& W&
& &
*‘g& 3
&

Figure 9

PCT/EP2017/082380

ROR
&=
#
b b
2]
£ 0. .
g ‘;ﬁ*ﬁ ]
B |
101 F5=
e
0 ¥ ¥
o &
& &
*%o &
SR
o



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/082380

A. CLASSIFICATION

INV.

OF SUBJECT MATTER

C12N5/078 C12N5/0775

A61K35/15

Ci2N A61K

ADD.

According to International Patent Classification (IPC) orto both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation ~ searched other than minimum documentation

to the extent that such documents

are included in the fields searched

Electronic data base consulted during the

EPO-Internal , BIOSIS,

international

EMBASE, WPI

search (name of data base and, where practicable,

Data

search terms used)

C.DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate,

of the relevant

passages Relevant to claim No.

A VLADIMI R HOLAN ET AL:

2124-2129 , XP055390116,
us

ISSN: 0022-1767 , DOl :
10. 4049/ jimmunol .0903049
the whol e document

"Immunoregul atory

Properti es of Mouse Limbal Stem Cells",
THE JOURNAL OF IMMUNOLOGY,

vol . 184, no. 4,

11 January 2010 (2010-01-11) , pages

1-22

| Xl Further documents are listed inthe continuation of Box C.

See patent family annex.

* Special categories of cited documents

"A" document defining the general
to be of particular relevance

state of the art which is not considered

"E" earlier application
filing date

"L" documentwhich
cited to establish
special

or patent but published on or after the international

may throw doubts on priority
the publication
reason (as specified)

claim(s) orwhich is
date of another citation or other

"O" document
means

referring to an oral disclosure, use, exhibition or other

"P" document published prior to the international filing date but later than

"T" later document published after the international
date and not in conflict with the application
the principle ortheory underlying

filing date or priority
but cited to understand
the invention

"X" document of particular relevance; the claimed
considered novel orcannot be considered
step when the document is taken alone

invention cannot be
to involve an inventive

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled inthe art

the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
6 March 2018 03/04/2018
Name and mailing address of the ISA/ Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
P (+31.70) 3403016 Brenz Verca, Stefano

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/082380

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A Yonathan Garfi as ET AL: "Stem cel |s

i sol ated from the human stromal | imbus
possess immunosuppressant  properti es" ,
Mol ecul ar vision,

1 January 2012 (2012-01-01) , page 2087,
XP055389521

Uni ted States

Retri eved from the Internet:

URL: https  ://lwww.ncbi  .nlm.ni  h.gov/pmc/arti c
| es/PMC3413432/pdf/imv-vI8-2087 pdf

the whol e document

A ZOLTAN VEREB ET AL: "Role of Human
Corneal Stroma-Deri ved Mesenchymal -Li ke
Stem Cells in Corneal Immunity and Wound
Heal i ng" ,

SCI ENTI FIC REPORTS,

vol . 6, no. 1, 19 May 2016 (2016-05-19)
XP055389511

DOl : 10. 1038/srep26227

the whol e document

X YONG ZHAO ET AL: "Reversal of type 1
diabetes via islet [beta] cel |

regenerati  on fol |owing immune modul ati on
by cord blood-deri ved multipotent stem
eel Is",

Bmc MEDICINE, BIOMED CENTRAL LTD., LONDON,
GB,

vol . 10, no. 1,

10 January 2012 (2012-01-10) , page 3,
XP021118823

ISSN: 1741-7015 , DOI :

10. 1186/1741-7015-10-3

cited in the appl icati on

A the whol e document

X wo 2011/087637 Al (UNIV | LLINOIS [US];
ZHAO YONG [US]) 21 July 2011 (2011-07-21)
page 3, line 29 - page 4, line 2

page 16, line 28 - page 17, line 2

page 20, lines 15-23

claims 36-38,43

A Naresh Polisetty ET AL: "Mesenchymal

cel I's from |imbal stroma of human eye" ,
Mol ecul ar vision,

1 January 2008 (2008-01-01) , page 431,
XP055389936,

Uni ted States

Retri eved from the Internet:

URL: https  ://iwww.ncbi  .nlm.ni  h.gov/pmc/arti c
| es/PMC2268845/pdf/imv-vi4-431 pdf

the whol e document

-/-

1-22

1-22

17-19

1-16

17-20

1-22

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/082380

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X,P ANTONINA COPPOLA ET AL:  "Human [ imbal
fibrobl ast-1 ike stem cel |'s induce
immune-tol erance in autoreacti ve T
lymphocytes from femal e pati ents with
Hashimoto 's thyroi ditis",

STEM CELL RESEARCH & THERAPY,

vol . 8, no. 1, 3 July 2017 (2017-07-03)
XP055389480,

DOI : 10. 1186/S13287-017-0611-5

the whol e document

1-22

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 3 of 3




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2017/082380
Patent document Publication Patent family Publication
cited in search report date member(s) date
wo 2011087637 Al 21-07-2011 AU 2010341703 Al 21-06 -2012
CA 2782757 Al 21-07 -2011
CN 102471753 A 23-05-2012
EP 2510084 Al 17-10-2012
JP 6047403 B2 21-12 -2016
JP 2013526839 A 27-06 -2013
KrR 20120120988 A 02-11-2012
us 2012277652 Al 01-11-2012
wo 2011087637 Al 21-07- 2011

Form PCT/ISA/210 (patent family annex) (April 2005)




	abstract
	description
	claims
	drawings
	wo-search-report

