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Pancreatic 1slet-like cell structures and a method of preparing thercof

The present invention relates to the field stem cell differentiation. In particular, the present
invention relates to a method for differentiating a stem cell into a pancreatic 1slet-like cell

structure and to the pancreatic islet-like cell structure obtained therefrom.

Type 1 diabetes 1s a discase with a huge socio-economic impact that, if untreated, leads to
death. It 1s caused by autormmune destruction of pancreatic insulin producing cells (B-
cells) and associated with the development of debilitating microvascular and

macrovascular complications.

Both pancreas transplantation and islets transplantation have been shown to restore islets
function and potentially reduce long-term diabetic complications, but are limited by both
donor shortage and the need for immunosuppression. In this context, stem cells represent a
promising source for the generation of insulin-producing cells, as they may have properties
that allow to satisfy the requirements for the cure of type 1 diabetes mellitus (T1DM).
Firstly, they may allow both to restore p-cell function and prevent recurrence of
autoimmunity, without the need of using immunosuppressive therapy. Secondly, due to

their potentially unlimited capacity for self-renewal, they could be broadly used.

In vitro methods to generate, under specific culture conditions, islets-like structures from
human embryonic stem cells (Kroon E et al. Nat Biotechnol.2008; 26(4): 443-52; Rezania
A et al. Diabetes. 2012; 61(8): 2016-29; Bose B ¢t al. Cell Biol Int. 2012; 36(11): 1013-
20), human adipose tissue-derived stem cells (Mohamad Buang ML et al. Arch Med Res.
2012; 43(1): 83-8; Chandra V et al. PLoS One. 2011; 6(6):¢20615), nestin-positive cells
derived from bone marrow (Milanesi A et al. J Endocrinol. 2011; 209(2);, 193-201), stem
cells 1solated from human amniotic fluid and dental pulp (Carnevale G et al. Dig Liver Dis.
2013; 45(8): 669-76), and human umbilical cord blood-derived mesenchymal stem cells
(Prabakar KR et al. Cell Transplant. 2012; 21(6): 1321-39) are disclosed 1n the prior art.

However, 1slets-like structures derived in vitro from human embryonic stem cells were

found to be immature, thus requiring a further in vivo 3-to-4 month differentiation period



10

15

20

25

30

CA 02933135 2016-06-08

WO 2015/091493 PCT/EP2014/077976

in order to become mature functional 1slets (Kroon E et al. Nat Biotechnol.2008; 26(4):
443-52; Rezania A et al. Diabetes. 2012; 61(8): 2016-29). Furthermore, one study
reporting 3D in vitro generation of msulin secreting cells from human embryonic stem
cells, while showing a stable trend to a decrease in glycaecmma from 300 mg/dl to 200
mg/dl, did not demonstrate, with the exception of insulin, protein expression of other

hormones usually produced within the pancreatic 1slets (glucagon, pancreatic polypeptide

(PP), somatostatin and ghrelin) (Bose B ¢t al. Cell Biol Int. 2012; 36(11): 1013-20).

Insulin-producing cells generated in vitro from human adipose tissue-derived stem cells
(Mohamad Buang ML et al. Arch Med Res. 2012; 43(1): 83-8; Chandra V ¢t al. PLoS One.
2011; 6(6):¢20615), nestin-positive cells derived from bone marrow (Milanes: A et al. J
Endocrinol. 2011; 209(2); 193-201), stem cells 1solated from human amniotic fluid and
dental pulp (Carnevale G et al. Dig Liver Dis. 2013; 45(8): 669-76) were shown to release
human 1nsulin 1n response to glucose stimulation in vitro. However, expression of

glucagon, PP and ghrelin was not demonstrated.

Insulin-producing cells generated from human umbilical cord blood-derived mesenchymal
stem cells (CB-MSC) were shown to express isulin, C-peptide, glucagon and pancreatic
polypeptide and to release C-peptide 1n response to glucose stimulation in vitro. However,
the ability of such cells to reduce blood glucose in experimental diabetes was not
demonstrated, as the authors only showed in vivo differentiation of engrafted CB-MSC-
derived pancreatic endodermal cells into functional endocrine cells with detection of low

levels of C-peptide following glucose challenge 60 days after the implantation (Prabakar
KR et al. Cell Transplant. 2012; 21(6): 1321-39).

Methods of differentiation of human liver stem cells (HLSCs) into pancreatic 1slet cells are

disclosed in Herrera MB et al. Stem Cells. 2006; 24(12):2840-50 and 1n International
patent application WO 2006/126236.

In Herrera MB ¢t al. Stem Cells. 2006; 24(12):2840-50, HLSCs were shown to change
their elongated morphology 1nto small spheroid cell clusters, morphologically resembling

pancreatic 1slets, when cultured in DMEM with high glucose content (23 mM) for a month
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followed by 5—7 days of culture in the presence of 10 mM nicotinamide. Such spheroid cell
clusters were positively stained for human nsulin and Glut2 and became positively stained
with the zinc-chelating agent dithizone, which 1s specific for msulin-containing granules,
suggesting the differentiation of HLSCs into 1slet-like structures. Despite such exciting
results, the differentiation protocol was limited by a low etficiency, particularly referring to
both the quantity of the generated structures and the time required for generating them.
Furthermore, even after extensive culturing the structures did not quite grow to a size and

morphology closely resembling human pancreatic structures.

In order to overcome the drawbacks of the prior art, the present inventors have provided a
new method of preparing a spheroid pancreatic 1slet-like cell structure, which 1s defined 1n

the appended claims. The content of the claims forms an integral part of the description.

Compared to the prior art, not only the method according to the present invention 1is
simpler, faster and more efficient, but 1t also results 1n structures which more closely
resemble natural human pancreatic islet structures both in size and morphology. It results
in the generation of a higher number of pancreatic islet-like cell structures which,
advantageously, have a diameter comparable to the naturally-occurring human pancreatic
islets and which express, at the protein level, all of the hormones which are usually
produced by human pancreatic 1slets (1.¢. insulin, glucagon, PP, somatostatin and ghrelin).
Moreover, following implant under the kidney capsule of streptozotocin-induced diabetic
SCID mice, the pancreatic islet-like cell structures obtainable by the method of the present
invention are capable of reducing blood glucose levels significantly early (within 13 days),
with a concomitant increase in human C-peptide. To the inventors’ knowledge, such strong
stmilarity of structural features to natural human pancreatic 1slet structures render unique
the pancreatic 1slet-like cell structures generated with the method of the invention. Indeed,
no previous studies have shown such a combination of in vitro and in vivo features 1n 1slet-
like structures derived from a single 1solated stem cell type. Due to their features, the
pancreatic 1slet-like cell structures obtainable by the method of the present invention are
particularly suitable for use in various applications, such as basic research, drug screening

and regenerative medicine.
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Thus, 1n a first aspect, the imnvention provides a method of preparing an artificially grown
spheroid pancreatic 1slet-like cell structure, which comprises the step of culturing an
1solated adult stem cell 1n a first differentiation liquid cell culture medium which comprises

a poly-cationic substance.

Actually, the inventors surprisingly found that 1solated adult stem cells, when cultured 1n a
liquid cell culture medium 1n the presence of a poly-cationic substance, quite early (1.¢.
after about 2 to 4 days) aggregate and differentiate into spheroid pancreatic islet-like cell
structures, which closely resemble naturally-occurring pancreatic 1slet cell structures both
in size and morphology, and which are capable of expressing the hormones which are
usually produced by human pancreatic 1slets (1.e. msulin, glucagon, PP, somatostatin and

ghrelin).

The adult stem cell used 1n the method of the invention 1s preferably an adult mammalian
stem cell. Therefore, any liquid cell culture medium capable of sustaining the growth of
mammalian cells 1s suitable for use m the method of the invention. In a preferred
embodiment, the liquid cell culture medium 1s a serum-enriched cell culture medium.
Serum-enriched DMEM or RPMI are mentioned as non-limiting examples. Serum
concentration 1n the cell culture medium 1s preferably comprised within the range of from
5 to 20%. Preferably, the liquad cell culture medium also comprises one or more carbon
sources, such as for example glucose and glutamine. Preferred glucose concentrations are

within the range of 6-25 mM. Preferred glutamine concentrations are within the range of

0.5-3 mM.

Within the context of the present description, the expression “adult stem cell” 1s intended
to mean a stem cell that 1s 1solated from an adult tissue, 1n contrast with an “embryonic
stem cell” which 1s 1solated from the inner cell mass of a blastocyst. Adult stem cells are

also known as ‘“somatic stem cells”.

Any poly-cationic substance which 1s capable of promoting adult stem cell aggregation and
differentiation into pancreatic islet cells at a given concentration and which, at that

concentration 18 non-cytotoxic to cells, may be used mn the method of the present invention.
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[llustrative, non-limiting examples of poly-cationic substances suitable for use in the

method of the mvention are poly-lysine and protamine.

Protamine, which 1s the preferred poly-cationic substance because 1t 1s suitable for clinical
applications, 1s preferably added to the medium 1n the form of a soluble salt, such as for
example protamine sulfate or protamine hydrochloride, at a concentration which preferably

ranges between 5 and 20 mM.

In another preferred embodiment, the method of the invention further comprises the step of
replacing the first differentiation liquid cell culture medium with a second differentiation
liquid cell culture medium not comprising a poly-cationic substance and culturing the cells
in said second medium. Any liquid cell culture medium capable of sustaining the growth of
mammalian cells 1s suitable for use as the second differentiation liquid cell culture
medium. According to a preferred embodiment, the same liquid cell culture medium which
was used 1n the first step shall also be employed 1n the second step, except that 1t does not
contain the poly-cationic substance. The aim of this step 1s to obtain complete maturation
of the pancreatic 1slet-like cell structures formed during the first step as well as their
increase both 1n cell number and 1n structure number. Cultivation 1in the second
differentiation liquid cell culture medium 1s preferably carried out for a period of time of at
lcast 2 days, more preferably for at least 10 days, even more preferably for about 10 to 14

days.

As mentioned above, the presence of a poly-cationic substance in the first differentiation
liquid cell culture medium 1s the key eclement of the invention, m that i1t accelerates the
formation of spheroid cell clusters resembling 1slets-like structures which closely resemble

naturally occurring human pancreatic 1slet structures.

Indeed, as illustrated in the examples which follow, HLSCs exposure to either DMEM or
RPMI-based differentiation media (see Tables 2 and 3 below), both 1n the presence and 1n
the absence of glucose, did not result 1n islet-like structures formation after a culture period
of 4 days. By contrast, the addition of protamine to c¢ither a DMEM or RPMI-based

medium, both 1n the presence and 1n the absence of glucose, resulted 1n 1slet-like structures
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formation after a culture period of 4 days (figure 11). Diameter of the structures derived

from HLSCs 18 comparable to that reported for human pancreatic 1slets (Chandra V et al.
PLoS One. 2011; 6(6):¢20615) and mostly comprised between 50 and 150 um, with an

average 1slets volume of 109 £ 19uM (mean = SD) (figure 12).

In contrast, glucose did not affect islet-like structures formation (figure 13A), but 1t plays a
key role 1n both inducing endocrine specification (NgN3 expression) and increasing both

insulin and glucagon expression within the structures (figure 13B).

According to another preferred embodiment of the invention, the adult stem cell which 1s
differentiated 1nto pancreatic islet-like cell structures 1s an adult human liver stem cell
(HLSC). A preferred human liver stem cell 1s the human non-oval liver stem cell (HLSC)
expressing both mesenchymal and embryonic stem cell markers disclosed m WO
2006/126219. This cell line 1s 1n particular characterised in that it 1s a non-oval human liver
pluripotent progenitor cell line which 1s 1solated from adult tissue, which expresses hepatic
cell markers and which has multipotent differentiation abilities and regenerative properties.
More 1n particular, this cell line 18 capable of differentiating into mature liver cells, insulin

producing cells, osteogenic cells and epithelial cells. According to a preferred embodiment,

it expresses onc or more markers selected from the group comprising albumin, o-
fetoprotein, CK18, CD44, CD29, CD73, CDI146, CD105, CD90 and any combination

thercof, and 1t does not express markers selected from the group comprising CD133,

CDI117, CK19, CD34, cytochrome P450.

The human non-oval liver pluripotent progenitor/stem cells disclosed in WO 2006/126236
were shown to undergo differentiation into a variety of tissue cell types (namely, mature
liver cells, epithelial cells, insulin-producing cells and osteogenic cells) and to exert organ
regenerating effects. Such cells are derived from a non-oval human liver pluripotent
progenitor cell line which expresses hepatic cell markers. Such cells are 1solated by a
method comprising the steps of:

(1) culturing adult liver-derived human mature hepatocytes 1n a cell culture medium
until death of mature hepatocytes and selection of a population of surviving cells having

epithelioid morphology;



10

15

20

25

30

CA 02933135 2016-06-08

WO 2015/091493 PCT/EP2014/077976

(11) expanding the population of surviving cells having epithelioid morphology by
culturing 1n a serum-containing, glucose-containing culture medium supplemented with
hEGF (human epithelial growth factor) and bFGF (basic fibroblast growth factor) and
comprising the usual 1mnorganic salts, amino acids and vitamins necessary for the growth of
mammalian cells

and 1n particular wherein the mature hepatocytes are frozen in a serum-containing
culture medium 1n the presence of a cryoprotecting agent and then thawed prior to

culturing according to step (1).

The characterization of the human non-oval liver stem/progenitor cells disclosed in WO
2006/126236 and the method of preparing thercof are herein fully incorporated by

reterence.

The use of HLSCs 1n the present invention 18 preferred for a number of reasons: 1) they are
relatively easy to 1solate and expand, 2) they are characterized by a degree of proliferation
that allows to provide a suitable number of cells for therapeutic use, 3) they can be used
autologously and 4) they avoid ethical concerns. Furthermore, the liver and the pancreas
share common embryonic origins and the developing liver has been shown to exhibit
transcriptional features similar to the adult pancreas (Bose B ¢t al. Cell Biol Int. 2012;
36(11): 1013-20). However, since 1t 1s envisaged that poly-cationic substances shall be
cftective 1n promoting aggregation and differentiation of other adult stem cells than
HLSCs, the scope of the mvention 1s not limited to the use of HLSCs only, but 1t includes

the use of any adult stem cells type.

As mentioned above, the pancreatic 1slet-like cells structures obtained by the method of the
present 1nvention, are characterized by a unique combination of morphological and
functional features which 1s not observed in other 1slet-like cells structures prepared by the
methods of the prior art. Accordingly, the scope of the invention also includes a spheroid

pancreatic 1slet-like cell structure as defined 1n the appended claims.

In particular, the spheroid pancreatic islet-like cell structure according to the present

invention 18 advantageously characterized by a diameter of from 50 to 250 um, preferably
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of from 50 to 200 um, which 1s comparable to the naturally-occurring human pancreatic
1slets. It 18 also characterized by a volume, expressed as IEQ/100 ILS, ranging from 30 to
200 pum, preferably from 50 to 130 um and, even more advantageously, by the ability to
express, at the protein level, all of the pancreatic hormones which are usually expressed by
human pancreatic islets, 1.¢. insulin, glucagon, pancreatic polypeptide, somatostatin and

ghrelin.

Within the context of the present description, IEQ/100 ILS 1s the Islets Equivalent of an
average diameter of 150 um (IEQ) normalized to 100 1islets (ILS). According to
conventional protocols, the IEQ of islets 1solated from the pancreas and used for
transplantation 1s determined as follows. Suspended 1slets 1solated from the pancreas are
cvaluated both 1n number and size (diameter) in order to determine the total 1slets
cequivalent (1.e. total islets volume). Islets diameter assessment takes into account 50 um
diameter range increments, from 50 um to >350 um, without taking into account diameters
< 50 um, that do not provide a significant contribution to the total volume. A relative
conversion factor 1s conventionally used to convert the total islets number to Islets

Equivalent of an average diameter of 150 um (IEQ).

Suspended 1slets 1solated from the pancreas are separated 1n different layers based on their
degree of purity. An 1slet sample from each layer of the final product 1s then analyzed: the
total number of 1slets and the IEQ are then calculated based on the number, the purity and
the size of the islets, using standardized methods. Since 1n the context of the present
mvention the 1slet-like structures are obtained from cultured cells, that are adherent to the
plate, the inventors assessed both the number and the diameter of the islet-like structures

by analyzing 200 10x micrographs, randomly selected, per experiment, and expressed the

results as % = SD (Fig. 12 A) and IEQ normalized to 100 1slets (Fig. 12 C).

Thanks to the above-illustrated features, the spheroid pancreatic islet-like cell structure
according to the present invention are particularly suitable for use both 1n clinical
application, such as in a method treatment of diabetes by pancreatic 1slet transplantation,

and 1n in vitro applications, such as screening methods for identifying substances capable
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of promoting the expression of one or more pancreatic hormones by pancreatic 1slet cells

or for identifying substances capable of exerting a cytotoxic effect on pancreatic islet cells.

The following examples disclose 1n detail the differentiation of HLSCs into spheroid
pancreatic 1slet-like cell structures according to the present invention, using protamine as
the poly-cationic substance. However, the examples are not intended to limit the purpose

and scope of the invention.

Examples

1. HLSC culture and expansion

1.1 Isolation., characterization and culture of HLSCs

HLSCs lines are 1solated from healthy liver tissues of patients undergoing hepatectomies
and characterized as previously described (Mohamad Buang ML et al. Arch Med Res.
2012; 43(1): 83-8). Specifically, HLSCs are seeded in 75 cm® culture flasks and cultured in
a medium (see Table 1) containing a 3 to 1 proportion of ¢-minimum essential medium and
endothehal cell basal medium-1, supplemented with L-glutamine 2 mM, penicillin 100

Ul/ml/streptomycin 100 ug/ml and 10% Fetal Bovine Serum. Cells are maintained in a

humiditied 5% CO, incubator at 37°C.

1.2 Detachment of HLSCs

Once up to a = 80% confluence, cells are washed twice with PBS and incubated with
trypsin-EDTA 1X for about 5 minutes at 37°C, 1n order to induce cell detachment. Trypsin
activity 1s subsequently neutralized by adding RPMI supplemented with L-glutamine 2
mM, penicillin 100 Ul/ml/streptomycin 100 nwg/ml and 10% Fetal Bovine Serum. Then,
cells are harvested by centrifugation at 1200 rpm for 5 minutes, the supernatant 1s removed

and the pellet re-suspended in culture medium and split among five 75 cm® culture flasks.

1.3 Cryopreservation of cells

Cells up to a = 80% confluence are detached and harvested by centrifugation as described

in paragraph 1.2. The cells are counted and 10° cells per vial are cryopreserved. The cell
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pellet 1s resuspended 1n a 1 ml solution containing 90% FBS and 10% dimethyl sulphoxide
(DMSO) and placed 1nto pre-cooled cryovial/s. The cryovials are frozen at -80°C overnight

before being placed into the liquid nitrogen container at -196°C.

1.4 Thawing of cryopreserved cells
A vial of frozen HLSCs 1s removed from the liquid nitrogen tank and placed in a beaker of

water pre-warmed to 37°C. Once the cell suspension has completely thawed, 1t 1s placed
into a sterile 50 ml falcon tube with 10 ml of sterile media and centrifuged at 1200 rpm for
5 minutes. The cell pellet is then resuspended in culture medium and split in three 75 cm’
culture flask and left to attach overnight at 37°C 1n a humidified 5% CO, incubator. The

medium 1s changed the following day.

2. HLSC differentiation into islets-like structures.

HLSCs at a density of 12X10°/cm” are seeded in 25 cm® culture flasks or in a Petri dish
100 x 20 mm 1n the differentiation culture medium 1 (see Table 1) consisting in RPMI
1640 or DMEM supplemented with 10% Fetal Bovine Serum, glucose 11.6 mM, protamin
chloride 10 ng/ml, L-glutamine 2 mM and penicillin 100 Ul/ml/streptomycin 100 pwg/ml.
Cells are placed, for a period of 4 days, without changing the medium, 1n a humidified 5%
CO; mcubator at 37°C. On day 35, the medium 1s replaced with differentiation culture
medium 2 (see Table 3) consisting in RPMI 1640 or DMEM supplemented with 10% FBS,
glucose 11.6 mM, L-glutamine 2 mM and penicillin 100 Ul/ml/streptomycin 100 pg/ml.
Medium 1s subsequently changed every other day. Within 2 to 4 days cells are expected to

start organizing in 1slets-like structures that reach a maximum number after 14-18 days

(figure 1).

Table 1
HLSC culture medium

Final concentration Volume (ml)
Final volume 250
o-MEM 165
EBM 55
FBS 10% 25
Penicillin 10000 Ul/ml/streptomycin 10 100 UI/ml/100 2.5
mg/ml ug/ml
Glutamine 200 mM 2 mM 2.5
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Table 2
HLSC differentiation medium 1

Final concentration Volume (ml)
Final volume 250
RPMI 1640 or DMEM 216.85
FBS 10% 25
Penicillin/streptomycin 100 UI/ml/100 ug/ml 2.5
Glutamine 200 mM 2 mM 2.5
Glucose 1M 11.6 mM 2.9
Protamine 10 mg/ml 10 ug/ml 0.25

Table 3
HLSC differentiation medium 2

Final concentration Volume (ml)
Final volume 250
RPMI or DMEM 217.1
FBS 10% 25
Penicillin/streptomycin 100 UI/ml/100 ug/ml 2.5
Glutamine 200 mM 2 mM 2.5
Glucose 1M 11.6 mM 2.9

The results obtained are illustrated in the appended drawings, the content of which 1s

briefly 1llustrated herein below.

Figure 1: representative 20x micrographs showing HLSCs 1n basal culture medium (A) and
following culture in differentiation medium with protamine (B-D). After 24 h, the cells
changed 1n morphology and started forming small clusters (B) that progressively increased
in both size and number, reaching a maximum number after a culture period of 18 days
(C). (D) 40x micrograph showing islets-like structures after a culture period of 18 days. (E)

Graph showing the total number of islets-like structures per 25 cm” culture flask after 18

days of culture. (F) Graph representing the mean £ SD number of 1slets-like structures after

18 days of culture (n=10).

Figures 2-8: representative pictures showing islet-like structures characterization by
immunofluorescence after 14 days of culture: islets-like structures become positively

stained for both PDX-1 and NgN3 (figure 2), insulin and glucagon (figure 3), C-peptide
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and GLUT-2 (figure 4), somatostatin (figure 5), ghrelin and PP (figure 6), collagen IV
(figure 7) and von Willebrand Factor (figure 8).

Figure 9: representative pictures showing immunofluorescence characterization of islet-
like structures cells following 1slet-like structures disaggregation (trypsin 1X) after 14 days

of culture.

Figure 10: graph showing both blood glucose and human C-peptide levels in non-diabetic
SCID mice (solid line, CTRL), streptozotocin-induced (55 mg/kg/day for 5 days) diabetic
SCID mice (dotted line, DM) and streptozotocin-induced diabetic SCID mice that received
HLSC derived 1slets-like structures implant (5000 IEQ/kg) under the renal capsule (dashed
line, DM+ILS), before and 13 days following the implant. Compared to diabetic mice,
diabetic mice that received islets-like structures implant had a significant decrease in blood
glucose levels. This was paralleled by a concomitant increase 1n human C-peptide, that
remained undetectable 1n both non diabetic SCID mice and in diabetic SCID mice that did

not recerve the implant.

Figure 11: graph showing 1slets-like structure (ILS) formation following HLSCs culture 1n
RPMI or DMEM based medium supplemented with FBS 10% (F), FBS 10% + glucose
11.6 mM (FG) or FBS 10% + glucose 11.6 mM + protamine chloride 10 ug/ml (FGP) for
48 hours.

Figure 12: graphs showing the size distribution (A), the mean £ SD diameter (B) and
IEQ/100 ILS (C) of 1slets-like structures derived from HLSCs following 14 days of culture
in RPMI based medium supplemented with FBS 10% + glucose 11.6 mM + protamine
chloride 10 pg/ml.

Figure 13: Glucose does not affect islets-like structures (ILS) formation (A), but plays a
key role mm inducing endocrine specification and insulin/glucagon expression (B). A.
Representative picture and graph showing islets-like structure formation following culture
(4 days) in RPMI/DMEM supplemented with protamine chloride 10 ug/ml (P) without or

with different glucose concentrations (6, 11.6 and 28 mM). B. Representative picture
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showing PDX-1, NgN3, msulin and glucagon expression in RPMI-based medium with

glucose 1 or 25 mM.

Figure 14: representative pictures showing the expression of PDX-1, NgN3, GLUT-2, C-

peptide, glucagon and somatostatin 1n cells cultivated in a poly-lysine differentiation

medium.
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CLAIMS

1. An artificially grown spheroid pancreatic islet-like cell structure, characterized in
that 1t comprises differentiated cells derived from an 1solated adult stem cell and 1n that 1t

has a diameter of from 50 to 250 um, preferably of from 50 to 200 pum.

2. The spheroid pancreatic 1slet-like cell structure according to claim 1, which has a

volume expressed as IEQ/100 ILS of from 30 to 200 um, preferably of from 50 to 130 um.

3. The spheroid pancreatic 1slet-like cell structure according to claim 1 or 2, wherein
the differentiated cells express a pancreatic hormone selected from the group consisting of
insulin, glucagon, pancreatic polypeptide, somatostatin, ghrelin and any combination

thereof or all of them.

-+, The spheroid pancreatic islet-like cell structure according to claim 3, which
comprises a mixture of differentiated cells each expressing a pancreatic hormone selected
from the group consisting of insulin, glucagon, pancreatic polypeptide, somatostatin and

ghrelin.

5. The spheroid pancreatic 1slet-like cell structure according to any of claims 1 to 4,
wherein the differentiated cells express a marker selected from the group consisting of

PDX-1, NgN3, C-peptide, Glut-2, collagen IV, Von Willebrand factor and any

combination thereof or all of them.

0. The spheroid pancreatic 1slet-like cell structure according to any of claims 1 to 35,

wherein the adult stem cell 1s a human liver stem cell (HLSC).

7. A method of preparing a spheroid pancreatic 1slet-like cell structure, comprising the
step of culturing an adult stem cell in a first differentiation liquid cell culture medium

comprising a poly-cationic substance.
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8. A method according to claim 7, wherein said step of culturing the adult stem cell 1n
the first differentiation liquid cell culture medium comprising a poly-cationic substance 1s

performed for a period of time of 2 to 4 days.

9. The method according to claim 7 or 8, wherein the poly-cationic substance 1s a

soluble salt of protamine.

10.  The method according to claim 9, wherein the soluble salt of protamine 1s

protamine sulfate or protamine hydrochloride.

11.  The method according to claim 10, wherein the protamine sulfate or protamine

hydrochloride 1s at a concentration comprised within the range of 5 to 20 mM.

12.  The method according to any of claims 7 to 11, wherein the poly-cationic substance

1s poly-lysine.

13. The method according to any of claims 7 to 12, which further comprises the step of
replacing the first differentiation liquid cell culture medium comprising a poly-cationic
substance with a second differentiation liquid cell culture medium not comprising a poly-

cationic substance and culturing until completely differentiated cells are obtained.

14.  The method according to claim 13, wherein the step of culturing in the second
differentiation liquid cell culture medium not comprising a poly-cationic substance 1S

performed for a period of time of at least 2 days.

15.  The method according to any of claims 7 to 14, wherein the adult stem cell 1s a

human liver stem cell.

16. A spheroid pancreatic islet-like cell structure, which comprises differentiated cells
dertved from an adult stem cells and which 1s obtainable by the method according to any of

claims 7 to 15.
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17.  The spheroid pancreatic 1slet-like cell structure according to any of claims 1 to 6 or

16, for use 1n the treatment of diabetes by pancreatic 1slet transplantation.

18.  The use of a spheroid pancreatic 1slet-like cell structure according to any of claims
1 to 6 or 16, 1n an in vitro screening method for identifying substances capable of
promoting the expression of one or more pancreatic hormones by pancreatic islet cells or

for 1identifying substances capable of exerting a cytotoxic effect on pancreatic islet cells.

19. A method of decreasing blood glucose levels 1in a subject, comprising the step of
implanting into the subject spheroid pancreatic i1slet-like cell structure according to any of

claims 1 to 6 or 16.



CA 02933135 2016-06-08

PCT/EP2014/077976

WO 2015/091493

1/

FIGURE 1

-

A

tean (n=10

ASASER R LR

.
‘7
: "4
v .
2 R
b
-
4
4
vas o o,

3

3

-

3

3

|

>

A

£

23

:

&
& {§

.

'’

%

§Z

3

:

%)
&
S

S S
.?.o..?\..«mmww(

st CA LA AL AL AL ELACACAINY

o

Ny

PRIy

¢

S

>,

2N

2

{

o

%

<

43

5
})

.'5

23

S

53

¥
>
.
&
&

:

A

7

7

&

AT ALY

CaAT AT AN

SR .

. UWM

o CNEAR 0»53&\)/9% R AN /a,\\d.ﬁ\\.\\l.g. X
R A N U NV AN
R W //\g%{&?}&s\%g}é?\/ AR
R A B N A N
.:zs.(;\//\/\) }\»\t.{u.{%i)g NN c\y\f;\s\\'
NI LTI, ?A»\OY&,«W)P.?}:.{«\\/ PNTER t/?é\s;\‘«»\“«s)\\,\s}),\\(ﬂhs
N SN o
.é@%&\ﬁ&?@@é%\&%&@k&

G A

O PP TEL T PG T Pt PR T ae e P

o

BIARTAY AN

4

R AR

S

SN*ee

NS

S

RS

~niran LA

7




CA 02933135 2016-06-08

WO 2015/091493 PCT/EP2014/077976

FIGURE 2




CA 02933135 2016-06-08

WO 2015/091493 PCT/EP2014/077976

FIGURE 4

FIGURE




CA 02933135 2016-06-08

WO 2015/091493 PCT/EP2014/077976

FIGURE 6

FIGURE 7

o5
S

>} }/é}g% &
o “”\‘%z ;




CA 02933135 2016-06-08

WO 2015/091493 PCT/EP2014/077976

FIGURE 8

2
i |ri-i1||,|“’}

FIGURE 9

C-peptide

100,0

Y

80,0 L

e

60,0

40,0

20,0

NUMBER OF CELLS (%)

-~
.~

0,0

Smatostatin

R

Insulin
Ghrelin
Somat
PDX
NGN3

C-peptide
Glucagon




CA 02933135 2016-06-08

WO 2015/091493 PCT/EP2014/077976

6/9

FIGURE 10

— CTRL
—CTRL
— CTRL
memmmens DM

S
= DMH+ILS
- ———-DM+ILS
e ——DM+ILS

GLYCAEMIA (mg/dl)

PLASMA HUMAN C-PEPTIDE (pg/ml)




CA 02933135 2016-06-08

WO 2015/091493 PCT/EP2014/077976

FIGURE 11

RPMI |
| DMEM |
x |
BT ;
S » ¢

- ;
; o _
& |
! '
: ﬁ o |

FIGURE 12

P 120 | I
T 100 R

— s :
< 5 80
- Ej 60
© 400 - 77
-
11 | )t B I
td
e
0 30,0 - -
0
131
N
73

IEQ/100 ILS

LETS-LIKE STRUCTURES DIAMETER (uM) PETRI NUMBER



CA 02933135 2016-06-08

WO 2015/091493 PCT/EP2014/077976

FIGURE 13 A
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