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DESCRIPTION

[0001] The present invention relates to a method for preparing human beta cells in vitro from
pancreatic tissue. It particularly concerns obtaining insulin secreting cells from pancreas
obtained during the early post natal period. It also relates to methods of diagnosis of diabetes
using beta cell tumours or cells derived thereof.

BACKGROUND OF THE INVENTION

[0002] Diabetes is a chronic disease that afflicts 200 million people worldwide. Type 1
diabetes results from autoimmune destruction of beta cells, while type 2 diabetes is caused by
a combination of insulin resistance and inadequate insulin secretion. Thus, in both type 1 and
type 2 diabetes, the functional beta cell mass is not sufficient to control glycaemia.

[0003] The mature pancreas contains two types of tissue: exocrine tissue composed of acinar
cells that produce enzymes (e.g., carboxypeptidase-A) secreted via the pancreatic ducts into
the intestine and endocrine islets composed of cells that produce hormones such as insulin
(beta cells), glucagon (alpha cells) somatostatin (delta cells) and pancreatic polypeptide (PP
cells). Over the past decades research in the beta cell field profited from the establishment of
insulin-secreting cell lines, such as RIN and INS1 cells derived from x-ray induced rat
insulinoma (Asfari et al., 1992; Gazdar et al., 1980), HIT cells generated by transformation of
hamster islet cells by SV40 (Santerre et al., 1981) and beta TC and Min6 cells derived from
transgenic mice expressing SV40 T antigen under the control of the insulin promoter (Efrat et
al., 1995; Efrat et al., 1993; Efrat et al., 1988; Hanahan, 1985; Knaack et al., 1994; Miyazaki et
al., 1990). Such cell lines were useful for a better understanding of beta cell biology and could
be used for drug screening.

[0004] Generation of pancreatic beta cells in large amount represents an important objective,
because such beta cells could be used for cell therapy of diabetes. In addition, such pancreatic
beta cells would also be useful for screening of new drugs that can modulate beta cell function.
To this end, different approaches have been previously developed to generate pancreatic beta
cells in large amount.

[0005] The first one consisted in using as starting material immature embryonic stem cells (ES
cells) to produce mouse or human beta cells. The major advantage is that ES cells self-renew
indefinitely in culture, and have the capacity to differentiate to multiple cell types, and thus to
pancreatic beta cells. While quite a large amount of publications appeared during the past
years on beta cells production from ES cells (Assady et al., 2001; Blyszczuk et al., 2003; Brolen
et al.,, 2005; Hori et al., 2002; Lumelsky et al., 2001; Soria et al., 2000), other publications
described pitfalls in such works, questioned the interpretations and demonstrated that
reproducible protocols were not yet available to produce beta cells from ES cells (Hansson et
al., 2004; Rajagopal et al., 2003).
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[0006] Thus, at that point, functional beta cells have not yet been generated in large quantities
from ES cells with the exception of one recent publication where beta cells developed from hES
cells (D'Amour et al.,, 2006). However, such cells did not secrete insulin upon glucose
stimulation.

[0007] A second approach was to derivate beta cell lines from beta cell tumours derived from
transgenic mice expressing SV40 T antigen under the control of the insulin promoter (Efrat et
al., 1995; Efrat et al., 1993, Efrat et al., 1988; Hanahan, 1985; Knaack et al., 1994; Miyazaki et
al.,, 1990). These cell lines have been extremely useful for detailed study of rodent beta cells.
However, as many differences exist between rodent and human beta cells, these beta cells
cannot be used for human diagnosis or therapy. Also, since these beta cell lines were obtained
by gene transfer in fertilized eggs, such a method is restricted to animal models without any
possible transfer to human.

[0008] A third approach has been carried out by Ravassard et al. (2011). These authors
described the obtention of a stable functional human beta cell line, designated EndoC-BH1,
with glucose-inducible insulin secretion by using human foetal pancreases cells transduced
with lentiviral vectors expressing SV40LT under the control of the insulin promoter. In this
approach, the transduced pancreases cells were grafted into SCID mice so that they could
develop into pancreatic tissue. The human beta cells differentiated, expressed SV40LT
concomitantly with insulin, proliferated, and formed insulinomas. These insulinomas were next
transduced with a lentiviral vector that expressed hTERT, and the hTERT-transduced
insulinomas cells were then regrafted into other SCID mice in order to further amplify the
proliferating beta cells. After removing the transplanted tissue from these SCID mice, cells
were dissociated and then expanded in culture as cell lines. The resulting EndoC-BH1 cells
contained 0.48 pg of insulin per million cells, were stable at least for 80 passages, and
expressed many specific beta cell markers, without any substantial expression of markers of
other pancreatic cell types. EndoC-BH1 cells secrete insulin in response to glucose stimulation,
and insulin secretion is enhanced by known secretagogues, such as exendin-4, glibenclamide,
and leucine. Finally, transplantation of EndoC-BH1 cells into mice with chemically-induced DM
normalises their glycaemia.

[0009] However it is of interest to obtain beta cells generated from a more mature post-natal
pancreas. In particular, embryonic pancreases can only be obtained after termination of
pregnancy, which may raise ethical or legal questions in a number of countries. Thus it would
be preferable to use non-embryonic material for generating human pancreatic beta cell lines.

[0010] Several attempts have been made to generate human beta cell lines from many
human pancreatic sources, such as adult islets or insulinomas. However, insulin production by
these cells was extremely low or these cells were capable of producing insulin only over a few
passages (de la Tour et al., 2001; Demeterco et al., 2002; Gueli et al., 1987; Ju et al., 1998;
Levine et al., 1995; Soldevila et al., 1991). In 2005, Narushima et al (Narushima et al., 2005)
reported that they successfully established a functional human beta cell line (NAKT-15) from
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freshly isolated adult pancreatic islet cells transduced with a Moloney retrovirus expressing the
SV40 Large T antigen. However, serious doubts have been raised regarding this work. In
particular, gene transfer by such retroviral vectors occurs only in cells actively replicating at the
time of infection (Miller DG et al, 1990), while adult pancreatic cells are very poorly mitotic (see
Chen et al, 2011 and Kohler et al, 2010). It is thus likely that the NAKT-15 cell line is not a
functional human beta cell line, as claimed, and that the method described in Narushima et al.
does not enable the skilled person to obtain such a functional human beta cell line. Indeed, the
work of Narushima et al. has not been reproduced, either by the authors or by other
laboratories, since the original publication.

[0011] Meier JJ. et al, (2008) showed that human post-natal beta-cells mass increase is due
to the active replication of differentiated beta-cells and not to remaining progenitor cells. Yet
these proliferating differentiated cells are incompetent to produce functional beta cell lines.
Ravassard et al. (2011) attempted to generate a functional human beta cell line from adult
human islets transduced by lentiviral vectors. The transduced cells survived after their
transplantation into immuno-incompetent mice, but did not then develop into insulinomas.
These observations were consistent with those obtained in another communication reporting
that adult beta cells are refractory to transformation using multiple oncogenic mutants (Gidekel
Friedlander et al, 2009).

[0012] As of today, the formation of insulinoma from human non-foetal cells has never been
observed, and it has been considered impossible to obtain human beta cell lines from non-
foetal pancreatic material (Ravassard et al., 2011).

[0013] Thus, there is still a need for a reliable and reproducible method for developing a
functional human beta cell line from non-foetal pancreatic material.

DESCRIPTION

[0014] Unless otherwise defined herein, scientific and technical terms used in connection with
the present invention shall have the meanings that are commonly understood by those of
ordinary skill in the art. Further, unless otherwise required by context, singular terms shall
include pluralities and plural terms shall include the singular. Generally, nomenclatures used in
connection with, and techniques of, cell and tissue culture, molecular biology, immunology,
microbiology, genetics and protein and nucleic acid chemistry and hybridisation described
herein are those well known and commonly used in the art. The practice of the present
invention employs, unless otherwise indicated, conventional techniques of molecular biology
(including recombinant techniques), microbiology, cell biology, biochemistry, and immunology,
which are within the skill of the art. Such techniques are explained fully in the literature, such as
Molecular Cloning: A Laboratory Manual, second edition (Sambrook et al, 1989);
Oligonucleotide Synthesis (M. J. Gait, ed., 1984); Animal Cell Culture (R. I. Freshney, ed,,
1987); Methods in Enzymology (Academic Press, Inc.); Current Protocols in Molecular Biology
(F. M. Ausubel et ah, eds., 1987, and periodic updates); PCR: The Polymerase Chain
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Reaction, (Mullis et al, ed., 1994); A Practical Guide to Molecular Cloning (Perbal Bernard V.,
1988); Phage Display: A Laboratory Manual (Barbas et al., 2001). Enzymatic reactions and
purification techniques are performed according to manufacturer's specifications, as commonly
accomplished in the art or as described herein.

[0015] It is thus an object of the invention to provide an alternative method for producing
human pancreatic beta cell lines. In particular, the invention is directed to a method for
producing human beta cell lines from a non-foetal human pancreas. As used herein, a "beta
cell" is a cell of the islets of Langerhans of the pancreas which secretes the hormone insulin in
response to glucose and other secretagogues. A "human pancreatic beta cell" or "human beta
cell" (these terms are synonymous in the context of the present application and should thus be
construed to convey the same meaning) is a beta cell of human origin.

[0016] The present inventors have now devised a new strategy for generating human beta
cell lines from non-foetal tissue materials. They have surprisingly discovered that, by using a
sub-grafting method with neonatal pancreatic tissues, the pancreatic cells were capable of
forming insulinoma-structures, under specific conditions. These insulinoma-structures contain
human functional beta cells, whose sub-grafting results in a specific enrichment in beta cells,
ultimately leading to the production of homogenous human beta cell lines which can be further
amplified to clinical and commercial scale. By repeating the enrichment and amplification steps,
the inventors were capable of obtaining repeatedly cell lines which can be amplified for testing,
diagnosis or therapeutic use.

[0017] Accordingly, the present invention relates to a method for specifically establishing and
amplifying human beta cells from non-foetal pancreatic tissues.

[0018] Several independent human beta cell lines are thus generated. Such lines express
insulin and have a gene expression profile that resembles to adult beta cells. In addition, when
transplanted under the kidney capsule of diabetic mice they are capable of normalising blood
glucose. Furthermore, the human beta cell lines are capable of normalising glycaemia of
diabetic mice. By performing intraperitoneal glucose load, these animals utilise normally the
glucose load, demonstrating their insulin secretion capabilities. Moreover, their cell line is able
to respond to glucose stimulation and is therefore fully functional.

[0019] This opens perspective towards clinical use of beta cells in the treatment of diabetes.
The new process for obtaining insulin-secreting cells by this method provides an abundant
source of beta-cells.

[0020] The human beta cell lines obtained with this method can be efficiently used to detect
the presence of auto-antibodies found in sera of diabetic patients and thereby have a great
potential for diagnosis of type | diabetes. These beta cells are also being used to generate and
amplify ad infinitum human beta cell lines which form master cell batches for cellular therapy.

[0021] In a first embodiment, a method of preparing human pancreatic beta cells or human
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beta cell tumours comprises the steps of:

1. a) dissociating neonatal human pancreatic tissue with collagenase in order to obtain
neonatal human pancreas cells,

2. b) transducing and co-transducing the neonatal human pancreas cells obtained in step
a) with i) a lentiviral vector expressing SV40 LargeT antigen under the control of the
insulin promoter or ii) with a lentiviral vector expressing SV40 LargeT antigen under the
control of the insulin promoter and a lentiviral vector expressing hTERT under the
control of the insulin promoter, or iii) a lentiviral vector expressing both SV40 LargeT
antigen and hTERT,

3. ¢) introducing the transduced neonatal pancreas obtained in b) into the kidney capsule
of a severe compromised immunodeficiency (scid) non-human animal;

4. d) allowing the transduced pancreas cells to develop insulinoma-like structures, wherein
neonatal human pancreases cells in insulinoma-like structures have differentiated in
insulin-producing pancreatic beta cells;

5. e) micro-dissecting the insulinoma-like structures obtained in step d), dissociating the
cells thereof, and optionally transducing said cells with a lentiviral vector expressing an
antibiotic resistance gene under the control of the insulin promoter,

6. f) sub-transplanting of the cells obtained in step e) into the kidney capsule of a new scid
non-human animal;

7. g) allowing the sub-transplanted cells in step f) to develop and regenerate insulinoma-
like structures, wherein said newly developed insulinoma-like structures are enriched in
insulin producing pancreatic beta cells;

8. h) micro-dissecting of insulinoma-like structures obtained in step g), dissociating and
collecting the cells thereof,

9. i) optionally, sub-transplanting the cells obtained in step g) into the kidney capsule of a
new scid non-human animal, hence allowing further enrichment and amplification of
insulin producing pancreatic beta cells;

10. j) optionally repeating step ), g) and h) until the appropriate amount of insulin producing
pancreatic beta cells is obtained.

[0022] The tem "pancreatic tissue" as used herein refers to a tissue obtained or derived from
the pancreas; likewise, the term "pancreatic cells" refers herein to cells obtained or derived
from pancreas. As used herein, the term "immature pancreatic cells" refers to cells which may
be obtained from foetal pancreas or stem cells that have gone through a first differentiation in
endodermic cells.

[0023] A "neonatal human pancreatic tissue" as used herein is a tissue of a pancreas
obtained from an individual who has been through birth. Thus encompassed by the present
method are tissues obtained from individuals at all ages of life. On the other hand, the present
invention does not relate to the use of embryonic material to obtain beta cell lines. Preferably,
said individuals are less than 5-year old; more preferably, said individual are less than 1-year
old; even more preferably, said individuals are less than 6-month old; still more preferable, said
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individuals are less than 3-month old; most preferably, said individuals are less than 1-month
old.

[0024] The invention relates to a method of preparing human pancreatic beta cells or human
beta cell tumours, comprising the steps of:

1. a) dissociating neonatal human pancreatic tissue from an individual of less than 5 years
of age with collagenase in vitro in order to obtain neonatal human pancreas cells,

2. b) transducing and co-transducing the neonatal human pancreas cells obtained in step
a) with i) a lentiviral vector expressing SV40 LargeT antigen under the control of the
insulin promoter or ii) with a lentiviral vector expressing SV40 LargeT antigen under the
control of the insulin promoter and a lentiviral vector expressing hTERT under the
control of the insulin promoter, or iii) a lentiviral vector expressing both SV40 LargeT
antigen and hTERT,

3. ¢) introducing the transduced neonatal pancreas obtained in b) into the kidney capsule
of a severe compromised immunodeficiency (scid) non-human animal,

4. d) allowing the transduced pancreas cells to develop insulinoma-like structures, wherein
neonatal human pancreas cells in insulinoma-like structures have differentiated in
insulin-producing pancreatic beta cells;

5. e) micro-dissecting the insulinoma-like structures obtained in step d), dissociating the
cells thereof,

6. f) sub-transplanting the cells obtained in step e) into the kidney capsule of a new scid
non-human animal,

7. g) allowing the sub-transplanted cells in step f) to develop and regenerate insulinoma-
like structures, wherein said newly developed insulinoma-like structures are enriched in
insulin producing pancreatic beta cells;

8. h) micro-dissecting the insulinoma-like structures obtained in step g), and dissociating
and collecting the cells thereof,

9. i) optionally, sub-transplantating the cells obtained in step g) into the kidney capsule of a
new scid non-human animal, hence allowing further enrichment and amplification of
insulin-producing pancreatic beta cells; and

10.j) optionally repeating steps f), g) and h) until the appropriate amount of insulin-
producing pancreatic beta cells is obtained.

[0025] The pancreatic tissue as used herein can be recovered by surgery from one individual.
The pancreatic tissue as used herein can consist of the whole pancreas of said individual or
only a portion of said pancreas. In one embodiment, the pancreatic tissue has been frozen
after being harvested. In another embodiment, the pancreatic tissue used in the method of the
invention is fresh. Thus, according to that specific embodiment, the present method comprises
a step of harvesting the pancreatic tissue prior to step a).

[0026] By “"collagenase", it is herein referred to an enzyme belonging to the matrix
metalloproteinase (MMP) family which is capable of breaking the peptide bonds in collagen. A
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collagenase as used herein can be either of bacterial or animal origin. Bacterial collagenases
differ from vertebrate collagenases in that they exhibit broader substrate specificity. Unlike
animal collagenases, bacterial collagenase can attack almost all collagen types, and is able to
make multiple cleavages within triple helical regions. Preferably, the collagenase is a bacterial
enzyme; more preferably, it is an enzyme secreted by the anaerobic bacteria Clostridium
histolyticum. In a preferred embodiment, the collagenase used in the present method is
selected from the group consisting of collagenases Type I-S, Type IA, Type IA-S, Type Il, Type
[I-S, Type IV, Type IV-S, Type V, Type V-G, Type VIII, Type XI and Type XI-S. In the most
preferred embodiment, the collagenase of the invention is collagenase XI.

[0027] The concentration of the collagenase used in step a) of the method is preferably
inferior or equal to 5 mg/mL; more preferably, to 4 mg/mL; even more preferably, to 3 mg/mL;
still more preferably, to 2 mg/mL; yet even more preferably, to 1 mg/mL. In the most preferred
embodiment, said collagenase is used at 1 mg/mL. Neonatal human pancreatic tissue is
dissociated with collagenase for at least 10 minutes; preferably for at least 15 minutes; more
preferably at least 20 minutes; even more preferably at least 25 minutes; still more preferably
at least 30 minutes; most preferably for 30 minutes at about 37°C. For dissociation to occur,
the above-mentioned pancreatic tissues are preferably suspended in an appropriate medium
comprising PBS + 20 % FCS.

[0028] Transduction of the neonatal human pancreases cells obtained from the dissociation of
the pancreatic tissues with lentiviral vectors is carried out according to the methods known to
the person of skills in the art (see e.g. Ravassard et al.,, 2011, and references therein).
Lentiviral vectors are vectors derived from a lentivirus such as HIV1. They are able to
transduce non-dividing as well as dividing cells and sustain expression of heterologous nucleic
acid sequences in several target tissues in vivo, including brain, liver, muscle, and
hematopoietic stem cells. A great number of lentiviral vectors are already known to the person
of skills in the art; any one of these vectors can be used in the context of the present invention,
provided that they express at least the SV40 Large T antigen and/or hTERT, under the control
of the insulin promoter. The person of skills in the art is directed to Ravassard et al (2011) and
WO 20088/102000 where examples of such lentiviral vectors have been described It may be
advantageous to de-immortalise the human beta cells in certain conditions. For example, if
administration of said cells to a patient is contemplated, it is safer to remove the oncogenes
carried by the vectors. Lentiviral vectors can thus be constructed to allow reversible or
conditional immortalisation, so that at least one Lox P site may be introduced. More preferably,
the vectors are constructed so that the SV40 LargeT and/or the hTERT transgenes are located
within two Lox P site. Said transgenes are removed by expressing the Cre recombinase in the
beta cells. For example the cells obtainable by the above method are transduced by a vector
or plasmid expressing a Cre recombinase and reversion occurs. Of course, the skilled in the
art may choose to use the FRT/FLP system to remove said transgenes. Methods for reverting
immortalised cells are described in WO 01 /38548.

[0029] In a particular embodiment, the lentiviral vector expressing SV40 LargeT and the
lentiviral vector expressing hTERT further comprise a LoxP or a FRT site, provided that site
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specific recombination sites are different in both vectors.

[0030] Negative selection step can also be performed after the action of the Cre or FLP
recombinase. This further step allows selecting only the cells in which the immortalisation
genes SV40 LargeT and hTERT, as well as the antibiotic resistance gene, have been removed.
These cells can be frozen, stored and optionally encapsulated, until they are transplanted into
diabetic patients.

[0031] The negative selection marker gene can be, for example, the HSV-TK gene and the
selective agent acyclovir-gancyclovir. Or the negative selection markers are the hypoxanthine
phosphoribosyl transferase (HPRT) gene and the guanine-phosphoribosyl-transferase (Gpt)
gene and the selective agent is the 6-thioguanine. Or the negative selection marker is the
cytosine deaminase gene and the selective agent is the 5-fluoro-cytosine. Thus in a preferred
embodiment, said negative marker gene is selected from the group constituted by the HSV-TK
gene, the hypoxanthine phosphoribosyl ftransferase (HPRT) gene, the guanine-
phosphoribosyl-transferase (Gpt) gene, and the cytosine deaminase gene. Other examples of
negative selection marker proteins are the viral and bacterial toxins such as the diphteric toxin
A (DTA). These negative selection genes and agents and their use are well known to the
person of skills in the art and need not be further detailed here.

[0032] The transduced cells are then introduced into at least one kidney capsule of severe
compromised immunodeficiency (scid) animals. A scid animal is an animal lacking T and B
lymphocytes and failing to generate either humoral or cell mediated immunity. The scid non-
human animal as referred herein can be selected among bovines, porcines, horses, sheep,
goats, primates excepted humans, rodents such as mice, rats, hamsters. Said scid non-human
animal can carry at least one other type of mutation leading to immunodeficiency. Said scid
non-human animal can be a non-obese diabetic/severe combined immunodeficiency
(NOD/scid) animal. A NOD/scid animal is an animal lacking T and B lymphocytes, which thus
fails to generate either humoral or cell-mediated immunity.

[0033] In a preferred embodiment, the NOD/scid animal used in the method of the invention is
a mouse. NOD/scid mice are known in the literature and are commercially available from
suppliers such as Charles River or Jackson Laboratory. Preferably the NOD/scid mouse used
in the present method is of any age of development, preferably sufficiently old so that a graft
into the kidney capsule can be performed. Preferably, the NOD/scid mice are about of the 2 to
15 weeks of development, more preferably to 6 to 8 weeks of development.

[0034] Optionally, the cells are further transduced at step c¢) with another lentiviral vector
expressing an antibiotic resistance gene under the control of the insulin promoter. The
antibiotic resistance gene is selected in the group consisting of hygromycin resistance gene,
neomycin resistance genes, tetracyclin resistance gene, ampicillin resistance gene, kanamycin
resistance gene, phleomycin resistance gene, bleomycin resistance gene, geneticin resistance
gene, carbenicillin resistance gene, chloramphenicol resistance gene, puromycin resistance
gene, blasticidin-S-deaminase gene. In a preferred embodiment, said antibiotic resistance
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gene is a neomycin resistance gene. In this case, the selective agent is G418.

[0035] The above-defined method includes collecting the human functional pancreatic beta
cells obtained at step g) which form a homogenous cell population. The cell population can
further be cultured in vitro to establish a human functional beta cell line. At this stage, the cells
derived from the successive sub-grafts contained the SV40 LargeT and/or the hTERT and the
antibiotic resistance transgenes. Thus, the cell lines obtainable by the above method are
immortalised and depending on the end point they may or may not be reversed (de-
immortalised). In particular, de-immortalisation can be useful when a therapeutic use of the
cells thus obtained is contemplated.

[0036] The above method to prepare human functional pancreatic Beta cells is particularly
useful for testing and screening candidate medicament for treating diabetes in vivo after graft
in non-human animals, such as mice or rats, or in vitro.

[0037] In this regard, and in one specific embodiment, the above method can be practiced to
prepare large amount of human functional pancreatic Beta cells for testing and screening
purposes as well as for in vitro diagnosis allowing classification of patients in type 1 or 2
diabetes. Here, the cells may be de-immortalised. On the contrary, with the above method,
steps f), g) and h) can be repeated as many times as necessary to obtain large amount of
insulinoma or isolated human beta cells thereof and these cells may further be amplified in
culture in vitro ad infinitum. Cross section of Beta cell tumours, cells derived thereof or protein
extract from these cells can be bound or adsorbed to a solid support (for example polylysine
coated plates) and reacted with the plasma serum of individuals. After incubation, the serum is
washed out and the presence or absence of autoantibodies against different surface antigens
specific to autoimmunity associated with diabetes is revealed (for example by means of
labelled anti-human Ig).

[0038] Therefore, in a second aspect, it is herein disclosed human beta cell tumours or
insulinomas, or human pancreatic beta cells obtainable by the above-described method. These
human beta cell tumours or human pancreatic beta cells display at least one of the following
features:

o Carboxypeptidase-A negative

« transcriptional factor Pdx1 positive

» transcription factor MafA positive

» proconvertase Pcsk1 positive

¢ expression of Glucose transporter Glut2

» expression of Kcnj11 and Abcc8 coding for subunits of the potassium channel
s expression of zinc transporter Znt8 (Slc30a8), or

o expression of insulin.

[0039] Human beta cell tumours or human pancreatic beta cells as defined above are also
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positive to reaction with anti-insulin, anti-GAD and/or anti-lA2 antibodies and can be
maintained and grown in culture in a medium free of serum and on Matrigel and fibronectin
coated wells. Thus, a cell culture comprising the above -described human pancreatic beta cells
in culture in a medium free of serum comprising Matrigel and fibronectin is also disclosed
herein. This cell culture allows to expand and to establish immortalised human pancreatic beta
cell lines.

[0040] Moreover, the cell lines obtainable by the above-described method may be de-
immortalised, so that they can be used for example for testing and screening purposes as well
as for in vitro diagnosis allowing classification of patients in type 1 or 2 diabetes.

[0041] The above described method to prepare human functional pancreatic beta cells is
particularly useful for testing and screening candidate medicaments for treating diabetes in
vivo after graft in non-human animals, such as mice or rats, or in vitro. Specifically, it is
disclosed herein a method for testing and screening candidate medicaments for treating
diabetes, said method comprising the step of administering a candidate medicament to a non-
human animal grafted with the human pancreatic cells of the invention. In a more specific
embodiment, the method comprises prior steps of obtaining said beta cells according to the
methods described above, and grafting said cells into said non-human animal. Said non-
human animal is preferably a scid non-human animal, as described above.

[0042] A method of in vitro diagnosis of diabetes is also disclosed herein. Cross section of
beta cell tumours, cells derived thereof or protein extract from these cells can be bound or
adsorbed to a solid support (for example polylysine coated plates) and reacted with the plasma
serum of individuals. After incubation, the serum is washed out and the presence or absence
of autoantibodies against different surface antigens specific to autoimmunity associated with
diabetes is revealed (for example by means of labeled anti-human Ig).

[0043] Thus, a method of in vitro diagnosis of diabetes is disclosed herein, said method
comprising linking or adsorbing human beta cell tumours or human pancreatic beta cells as
described above, or protein extract from said cells, to a solid support and reacting with the
plasma serum of individuals, detecting the presence or absence of autoantibodies against
different surface antigen specific to type 1 or type 2 diabetes, such as Islet Cells Antibodies
(ICA), selected for example from Insulin autoantibodies (IAA) and glutamic acid decarboxylase
antibodies (GADA).

[0044] Preferably, sera from patient and control are added on said tissue sections of said
human beta cell tumours or human beta cells, and incubated with a labeled anti-human IgG,
such as a fluorescent labelled conjugated anti-human IgG, in order to reveal the presence or
absence of auto-antibodies associated with diabetes in the sera of said patient. In this
embodiment, the presence of auto-antibodies is indicative of diabetes.

[0045] The presence or absence of auto-antibodies associated with diabetes in the sera of
said patient can also be detected by a western blot of a protein extract of said human beta cell
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tumours or said human pancreatic beta cells. In this case, the presence or absence of auto-
antibodies associated with diabetes in the sera of said patient is revealed with labelled anti
human IgG, such as HRP conjugated anti human IgG. Alternatively, the presence or absence
of auto-antibodies associated with diabetes in the sera of said patient is detected by an ELISA
test in which the wells plates are coated with a protein extract of said human beta cell tumours
or said human pancreatic beta cells. According to this embodiment, said protein extract is
incubated with sera from patient and control, and the presence or absence of auto-antibodies
associated with diabetes in the sera of said patient is revealed with labelled anti human IgG,
such as HRP conjugated anti human IgG.

[0046] In another aspect, a method of in vitro diagnosis of diabetes comprises reacting
section of beta cell tumours, cells derived thereof or protein extract of these cells obtainable by
the method depicted above with the plasma serum of individuals, detecting the presence or
absence of autoantibodies against different surface antigen specific to type 1 or type 2
diabetes, such as Islet Cells Antibodies (ICA), or more specific antibodies recently identified like
antibodies against Insulin autoantibodies (IAA) and glutamic acid decarboxylase antibodies
(GADA) or IA-2 antibodies (IA2A) or specific unknown antibodies. The identification of known or
new antibodies can be performed by immunoblot or dot-blot for example.

[0047] A kit is also herein provided, wherein said kit can be prepared at a commercial scale
for diabetes classification. More particularly, specific autoantibodies are Islet Cells Antibodies
(ICA) selected from Insulin autoantibodies (IAA) and glutamic acid decarboxylase antibodies
(GADA). Indeed, these antigens are expressed at the surface of the beta cell tumours or cells
derived thereof obtainable according to the above method. Thus, embraced herein is a
diagnostic kit for diabetes, said kit comprising beta cell tumours or human functional pancreatic
beta cells obtainable by the above method, or proteins extract there from, optionally bond or
adsorbed to a solid support.

[0048] In another embodiment, the cells as described above are cultured in vitro and human
pancreatic beta cell lines are established for screening compounds capable of modulating
insulin secretion. Also provided herein is a method for screening compounds capable of
modulating insulin secretion, said method comprising the steps of: a) contacting the human
pancreatic beta cells obtained by the method of the invention with a test compound, and b)
detecting insulin secretion and measuring the level of insulin secretion. Insulin secretion can be
detected by any of the means known to the person of skills in the art, as detailed in e.g. the
experimental examples below, in Ravassard et al, and in WO 2008/102000. According to a
preferred embodiment, the above method comprises a step of comparing the level of secreted
insulin obtained in step b) with at least one control level. Said control level corresponds to the
level of insulin produced by a cell line which is known to secrete insulin, such as the EndoC-
BH1 cell line of Ravassard. Alternatively, said control level corresponds to the level of insulin
produced by a cell line which is known to not produce any insulin. In a further preferred
embodiment, the secreted insulin level of step b) is compared with two control levels, one
corresponding to the level of insulin produced by a cell line which is known to secrete insulin
and the other one corresponds to the level of insulin produced by a cell line which is known to
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not secrete insulin. In yet another preferred embodiment, the above method comprises a prior
step of obtaining the human pancreatic beta cell line according to the method described above.

[0049] In still another embodiment, the above method is directed to the establishment of
master cell banks for cell therapy of diabetes. Here, the method further includes de-
immortalizing the cells. Said de-immortalisation of the cells includes a step of removing the
SV40 Large T and the hTERT transgene from the lentiviral vectors. Preferably the transgene
are excised by site-specific recombination with a site-specific recombinase such as Cre or Flp,
as described above.

[0050] In still another embodiment, the invention relates to the beta cell tumours and isolated
cells thereof obtainable by the above method. As explained, both immortalised and de-
immortalised are encompassed herein.

[0051] The present disclosure also relates to the use of said cells for testing or screening
candidate medicaments for the treatment of diabetes, for in vitro diagnosis as explained above
and for cell therapy of diabetes.

[0052] The present disclosure also provides a method of regenerating pancreas function in an
individual afflicted with diabetes, the method comprising a step of administrating an effective
amount of the human functional pancreatic cells as defined above, said cells being reverted to
a primary beta cell phenotype, into said individual. In a preferred embodiment, said cells are
transplanted within said individual. In another preferred embodiment, said method of
regenerating pancreas function comprises a prior step of obtaining said human pancreatic beta
cells by the method described above.

[0053] The present disclosure also relates to a pharmaceutical composition comprising a
pharmaceutical acceptable carrier and an effective amount of the human functional pancreatic
cells as defined above, said cells being optionally encapsulated.

[0054] An "effective amount” is an amount sufficient to effect beneficial or desired clinical

results. An effective amount, for example from 10° to 109 cells, can be administered in one or
more applications, although it is preferable that one administration will suffice. For purposes of
the present disclosure, an effective amount of stem cells precursors of pancreatic beta cells is
an amount that is sufficient to produce differentiated pancreatic cells which are able to restore
one or more of the functions of the pancreas. It is contemplated that a restoration can occur
quickly by the introduction of relatively large numbers of pancreas cells, for example greater

than 109 cells. In addition, it is also contemplated that when fewer pancreatic cells are
introduced, function will be restored when the pancreas cell or cells are allowed to proliferate in
vivo. Thus, an "effective amount" of pancreatic cells can be obtained by allowing as few as one
pancreas cell sufficient time to regenerate all or part of a pancreas. Preferably, an effective

amount administered to the individual is greater than about 10! pancreas cells, preferably

between about 102 and about 10'? pancreas cells and even more preferably, between about
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10° and about 10'2 pancreas cells. In terms of treatment, an "effective amount" of pancreatic
cells is the amount which is able to ameliorate, palliate, stabilise, reverse, slow or delay the
progression of pancreas disease, such as diabetics.

[0055] As used herein, "pharmaceutically acceptable carrier" includes any and all solvents,
buffers, salt solutions, dispersion media, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the like that are physiologically compatible. The type of
carrier can be selected based upon the intended route of administration. In various
embodiments, the carrier is suitable for intravenous, intraperitoneal, subcutaneous,
intramuscular, topical, transdermal or oral administration. Pharmaceutically acceptable carriers
include sterile aqueous solutions or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. The use of media and agents for
pharmaceutically active substances is well known in the art. A typical pharmaceutical
composition for intravenous infusion could be made up to contain 250 ml of sterile Ringer's
solution, and 100 mg of the combination. Actual methods for preparing parenterally
administrable compounds will be known or apparent to those skilled in the art and are
described in more detail in for example, Remington's Pharmaceutical Science, 17th ed., Mack
Publishing Company, Easton, Pa. (1985), and the 18th and 19th editions thereof, which are
incorporated herein by reference.

[0056] Methods of introducing cells into individuals are well known to those of skills in the art
and include, but are not limited to, injection, intravenous or parenteral administration. Single,
multiple, continuous or intermittent administration can be effected. The human beta cells of the
invention can thus be introduced into any of several different sites, including but not limited to
the pancreas, the abdominal cavity, the kidney, the liver, the celiac artery, the portal vein or the
spleen. Preferably, said beta cells are deposited in the pancreas of the individual.

[0057] The human pancreatic beta cells of the invention can be useful for regenerating
pancreatic functions. Said cells can also be administered to an individual suffering from a
pancreatic disorder in order to treat said disorder. Thus the present disclosure also
contemplates a method for treating a pancreatic disorder with human pancreatic beta cells
obtained by the method of the invention, comprising the administration of said human
pancreatic beta cells to a patient in need thereof. According to a preferred embodiment, the
present method comprises a prior step of obtaining said human pancreatic beta cells from a
human pancreatic tissue. In a further preferred embodiment, the human pancreatic tissue is
obtained from said patient in need of a treatment.

[0058] It is thus another aspect of the present disclosure to provide pancreatic cells obtained
by the method of the invention as a medicament. More precisely, the present disclosure relates
to the use of human pancreatic beta cells obtained by the method of the invention for
preparing a medicament to treat a human pancreatic disorder. Yet another aspect of the
disclosure relates to the human pancreatic beta cells obtained by the method of the invention
for use in treating a human pancreatic disorder.
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[0059] A human pancreatic disorderas disclosed herein is diabetes, hypoglycaemia, or any
pathology associated with a dysfunction of the digestive enzymes. Preferably, a human
pancreatic disorder is insulin-dependent diabetes (T1D),

FIGURE LEGENDS

[0060]

Figure 1 discloses the staining of a human neonatal pancreatic tissue which was transduced
with lentiviruses expressing SV40T under the control of the rat insulin promoter, transplanted
to SCID mice and explanted 12 days later. Alarge number of insulin-positive cells stain positive
for SV40T.

Figure 2 discloses the staining using anti-insulin, anti-SV40T and anti-Ki67 antibodies of
human neonatal pancreatic tissue which was transduced with lentiviruses expressing SV40T
under the control of the rat insulin promoter, transplanted to SCID mice and explanted seven
months later. Beta cell mass (insulin-positive cells) expanded with major proliferation of insulin-
positive cells.

Figure 3 shows the staining using anti-insulin, anti-SV40T and anti-PDX1 antibodies of human
insulinoma derived from sub-grafted SCID mice.

[0061] The examples that follow are merely exemplary of the scope of this invention and
content of this disclosure. One skilled in the art can devise and construct numerous
modifications to the examples listed below without departing from the scope of this invention.

EXAMPLES

DNA constructs and lentiviral vector productions

[0062] The lentiviral vectors, pTRIP oU3.RIP405-SV40LT loxP and pTRIP oU3.RIP405-hTERT
loxP, have been constructed by adding a loxP site in the 3'LTR region of the pTrip oU3.RIP405-
SV40LT/hTERT previously described (Ravassard et al, 2009). Both pTRIP oU3 vectors were
digested by Kpnl and Pacl to remove the 3'LTR region. The 3'LTRIoxP region of the SIN-RP-
LTcDNA-WHV-U3loxP (provided by Bernard Thorens) was amplify by PCR and next digested
by Kpnl and Pacl and then ligated into the two linearized pTrip vectors. The Lentiviral vector
stocks were produced by transient transfection of 293T cells by encapsidation of the p8.9
plasmid (AVprAVifAVpulANef) (Zufferey et al, 1997), pHCMV-G that encoded the VSV
glycoprotein-G) (Zufferey et al, 1997) and the pTRIP AU3 recombinant vector, as previously
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described (Zufferey et al., 1997). The supernatants were treated with DNAse | (Roche
Diagnostic) prior to their ultracentrifugation, and the resultant pellets were re-suspended in
PBS, aliquotted, and then frozen at -80°C until use. The amount of p24 capsid protein was
quantified by the HIV-1 p24 antigen ELISA (Beckman Coulter). All transductions were
normalised relative to p24 capsid protein quantification.

Human tissues

[0063] Human neonatal pancreatic pieces from the tail of pancreas were obtained following
surgery of children less than one year old in compliance with the French bio-ethic legislation.

Gene Transfer

[0064] The pancreatic tissue was cut in 1mm square pieces in foetal calf serum, treated with
collagenase XI (1mg/ml RPMI) (Sigma-Aldrich) during 30 minutes at 37°C and next rinced
twice in PBS containing 20% foetal calf serum. Newborn pancreases were transduced with
pTRIP AU3.RIP405-SV40LT loxP as previously described (Castaing 2005, Scharfmann 2008).
Briefly, tissues were transduced with a total amount of lentiviral vectors corresponding to 2 g
of p24 capside protein for two hours at 37°C in 200 pl of DMEM that contained 5.6 mM
glucose, 2% bovine serum albumin fraction V (BSA, Roche diagnostics), 50uM 2-
mercaptoethanol, 10mM nicotinamide (Calbiochem), 5.5 pg/ml transferrin (Sigma-Aldrich), 6.7
ng/ml selenite (Sigma-Aldrich), 100 U/ml penicillin, and 100ug/ml streptomycin and 10 ug/mi
DEAE-dextran. Tissues were then washed twice with medium culture and kept on culture
overnight until transplantation into scid mice.

Animals and transplantation into SCID mice

[0065] Male SCID mice (Harlan) were maintained in isolators. Using a dissecting microscope,
pancreases or islets were implanted under the kidney capsule, as previously described (17,
33). At different time points after transplantation, the mice were sacrificed, the kidney removed,
and the graft dissected. All animal studies and protocols were approved by the Veterinary
Inspection Office in compliance with the French legislation under agreement number B75-13-
03.

Immunostaining of pancreatic explants and cell lines

[0066] Tissues were fixed in 3.7% formaldehyde prior to their embedding in paraffin. For
immunohistochemistry, sections (4-pym thick) were prepared and processed, as described
previously (Attali et al, 2007). The following antibodies were used for immunostaining: guinea
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pig anti-insulin antibody (1/500, DakoCytomation); rabbit anti-glucagon (1/1000, Euromedex);
rabbit anti-somatostatin antibody (1/500, DakoCytomation); rabbit anti-human PDX1 antibody
(1/2000) (45); rabbit anti-SOX9 antibody (1/500, Millipore); rabbit anti-carboxypeptidase A
antibody (1/600, AbD Serotec); mouse anti-SV40LT (1/50, Calbiochem Merck Biosciences) and
mouse anti-human Ki67 antigen (1/50, DakoCytomation). The secondary antibodies. were
fluorescein anti-rabbit antibody (1/200; Jackson Immunoresearch Laboratories, Beckman
Coulter); Texas-red anti-guinea pig antibody (1/200; Jackson Immunoresearch Laboratories).

[0067] Digital images were captured using a cooled three-chip charge coupled-device camera
(Hamamatsu C5810; Hamamatsu) that was attached to a fluorescent microscope (Leica;
Leitz).

RESULTS

[0068] Small pieces of neonatal pancreatic rudiments were transduced with a lentiviral vector
that expressed SV40LT under the control of a 405-nucleotide-long fragment of the rat insulin Il
promoter. The resultant transduced tissues were next transplanted under the kidney capsule of
SCID mice. The pancreatic tissue was explanted at day 12 and seven months. At day 12,
immunohistochemical analysis using anti-insulin and anti-SV40T antibodies indicated that
nearly 50% of insulin-positive cells stained positive for SV40T, demonstrating efficient
transduction and survival (Fig. 1). After 7 months, immunohistochemical analysis using anti-
insulin, anti-SV40T and anti-Ki67 antibodies demonstrated major beta cell proliferation (Fig. 2).
As expected, proliferating beta cells stained positive for the transcription factor PDX1 and
negative for glucagon and somatostatin (data not shown). At this stage, some of the cells were
sub-transplanted to new SCID mice as described (Ravassard et al, 2011). One month later,
glycaemia decreased in such transplanted mice, a sign of rapid insulinoma formation.

[0069] A cell line was derived from such an insulinoma. These cells were stained for
immunocytochemistry. As shown in Fig. 3 the staining is very rich for insulin and PDX1 and the
large T antigen is present.
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Patentkrav

1. Fremgangsmade til fremstilling af humane pankreatiske beta-celler eller

humane beta-celle tumorer, omfattende trinnene:

10

15

20

25

a) at dissociere neonatalt humant pankreasvaev fra et individ pd mindre
end 5 &r med collagenase in vitro for at opnd neonatale humane

pankreasceller,

b) at transducere og co-transducere de neonatale humane pankreasceller
opnaet i trin a) med i) en lentivirusvektor der udtrykker stort T-antigen af
SV40 under kontrollen af insulinpromoteren eller ii) med en lentivirusvektor
der udtrykker stort T-antigen af SV40 under kontrollen af
insulinpromoteren og en lentivirusvektor der udtrykker hTERT under
kontrollen af insulinpromoteren, eller iii) en lentivirusvektor der udtrykker
bé&de stort T-antigen af SV40 og hTERT,

¢) at indfgre de transducerede neonatale pankreasceller opnaet i b) i
nyrekapslen af et ikke-menneskeligt dyr med svaer kombineret
immundefekt (scid),

d) at tillade de transducerede pankreasceller at udvikle insulinom-lignende
strukturer, hvor de neonatale humane pankreasceller i insulinom-lignende

strukturer er differentierede i insulinproducerende pankreatiske beta-celler;

e) at mikrodissekere de insulinom-lignende strukturer opnaet i trin d), for
derved at dissociere cellerne deraf,

f) at sub-transplantere cellerne opnaet i trin €) ind i nyrekapslen af et nyt
ikke-menneskeligt dyr med scid,

g) at tillade de sub-transplanterede celler i trin f) at udvikle og regenerere
insulinom-lignende strukturer, hvor de nyudviklede insulinom-lignende
strukturer er beriget i insulinproducerende pankreatiske beta-celler;

h) at mikrodissekere de insulinom-lignende strukturer opnaet i trin g), og
at dissociere og indsamle cellerne deraf,
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i) eventuelt, at sub-transplantere cellerne opnéet i trin g) ind i nyrekapslen
af et nyt ikke-menneskeligt dyr med scid, for derved at tillade yderligere

berigelse og amplifikation af insulinproducerende pankreatiske beta-celler;

0g

j) eventuelt at gentage trinnene f), g) og h), indtil den passende maangde

af insulinproducerende pankreatiske beta-celler opnas.

2. Fremgangsmaden ifslge krav 1, hvor konstruktionen af lentivirusvektorerne
tillader reversibel eller betinget immortalisering.

3. Fremgangsmaden ifplge et hvilket som helst af kravene 1 eller 2, hvor
lentivirusvektorerne omfatter mindst et LoxP-sted og stort T-antigenet af SV40
og/eller hTERT-genet fjernes ved virkningen af Cre-rekombinasen.

4. Fremgangsmaden ifglge et hvilket som helst af kravene 1 eller 2, hvor
lentivirusvektorerne omfatter mindst et FRT-sted og stort T-antigenet af SV40
og/eller hTERT-genet fjernes ved virkningen af FLP-rekombinasen.

5. Fremgangsméden ifslge et hvilket som helst af kravene 1 eller 2, hvor
lentivirusvektoren der udtrykker stort T-antigen af SV40 og lentivirusvektoren der
udtrykker hTERT yderligere omfatter et LoxP- eller et FLP-sted, forudsat at de
sted-specifikke rekombinationssteder er forskellige i vektorerne.

6. Fremgangsmaden ifslge et hvilket som helst af kravene 3 til 5, hvor et negativt
selektionstrin udfgres efter virkningen af Cre- eller FLP-rekombinasen for kun at
selektere cellerne, hvor de immortaliserede gener stort T-antigen af SV40 og/eller
hTERT er blevet fjernet.

7. Fremgangsmaden ifglge et hvilket som helst af kravene 3 til 5, hvor
lentivirusvektorerne inkluderer mindst et negativt selektions-markgrgen.
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8. Fremgangsmaden ifglge krav 7, hvor det negative selektions-markgrgen
veelges fra gruppen udgjort af HSV-TK-genet, hypoxanthin-phosphoribosyl-
transferase (HPRT)-genet, guanin-phosphoribosyl-transferase (Gpt)-genet, og

cytosin-deaminase-genet.

9. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 8, hvor det ikke-

menneskelige dyr med scid er en scid-mus.

10. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 9, yderligere
omfattende at transducere cellerne af trin €) med en lentivirusvektor der

udtrykker et antibiotisk resistensgen under kontrollen af insulinpromoteren.

11. Fremgangsmaden ifglge krav 10, hvor det antibiotiske resistensgen er et

neomycin-resistensgen.

12. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 11, yderligere
omfattende at indsamle de humane pankreatiske beta-celler opnaet at trin j) for
at danne en homogen cellepopulation og eventuelt at dyrke populationen in vitro

for at etablere en human funktionel beta-cellelinje.

13. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 12, hvor
collagenasen er collagenase XI.

14. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 13, yderligere
omfattende et eller flere de-immortaliseringstrin, der inkluderer at fjerne stort T-
antigenet af SV40, hTERT og/eller de antibiotiske resistenstransgener.
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