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The invention was made at least in part using U.S. government funds, grants DK30457,
DK30834, DK55365, DK60125, awarded by the National Institutes of Health, and therefore the
U.S. government may retain certain rights in the invention.

The origin of pancreatic islet cells, both during embryonic development and in a mature
mammal, has remained uncertain despite intensive study. Certain ductal epithelial cells are
capable of either differentiation or transdifferentiation to form beta cells and other cell types
found in mature islets (Bouwens, 1998). Ductal cells from isolated islets can proliferate in
culture and, if transplanted into an animal, can differentiate into functional beta cells (Cornelius
etal., 1997).

It has been demonstrated that exendin-4, a long acting GLP-1 agonist, stimulates both the
differentiation of B-cells from ductal progenitor cells (neogenesis) and proliferation of B -cells
when administered to rats. In a partial pancreatectomy rat model of type 2 diabetes, the daily
administration of exendin-4 for 10 days post pancreatectomy attenuated the development of

diabetes. It has also been demonstrated that exendin-4 stimulates the regeneration of the
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While ductal cell cultures obtained from isolated islets apparently contain cells that can

give rise to insulin-secreting cells, it has remained unclear whether those cells represent true stem
cells or merely ductal epithelial cells undergoing transdifferentiation. Even if such preparations
contain genuine stem cells, it is unknown what fraction represent stem cells and what
contaminating cell types may be present. There is a need in the art for the isolation of specific
cell types from pancreatic tissue, the cell types being characterized as stem cells using molecular
markers and demonstrated to be pluripotent and to proliferate long-term.

Pluripotent stem cells that are capable of differentiating into neuronal and glial tissues have
been identified in brain. Neural stem cells specifically express nestin, an intermediate filament
protein (Lendahl et al., 1990; Dahlstrand et al., 1992). Nestin is expressed in the neural tube of

the developing rat embryo at day E11, reaches maximum levels of expression in the cerebral
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in treating diabetes mellitus and other disorders. It is also an object of the invention to provide
methods for identifying, localizing, and isolating pancreatic stem cells. It is a further object of
the invention to provide methods for differentiating pancreatic stem cells to obtain cells that
produce insulin and other hormones. It is also an object of the invention to provide methods for
transplantation into a mammal that utilize mammalian pancreatic or liver stem cells. These and
other objects of the invention are provided by one or more of the embodiments described below.
One embodiment of the invention provides a method of treating a patient with diabetes
mellitus. A nestin-positive pancreatic stem cell is isolated from a pancreatic islet of a donor. In
another embodiment, a pancreatic stem cell that is positive for at least one of ABCG2, Oct3/4,
GLP-1 receptor, latrophilin (type 2), Hes-1, Nestin, Integrin subunits a6 and p1, C-kit, MDR-1,
SUR-1, Kir 6.2 and/or does not express one or all of CD34, CD45, CD133, MHC class I and

MHOC class II is isolated from a pancreatic islet of a donor. In another embodiment, a pancreatic
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A nestin-positive pancreatic stem cell is isolated from a pancreatic islet of a donor and cultured
ex vivo to produce a progenitor cells. In another embodiment, a pancreatic stem cell that is
positive for at least one of ABCG2, Oct3/4, GLP-1 receptor, latrophilin (type 2), Hes-1, Nestin,
Integrin subunits o6 and B1, C-kit, MDR-1, SST-R2, SST-R3, SST-R4, SUR-1, Kir 6.2 and/or
does not express one or all of CD34, CD45, CD133, MHC class I and MHC class II is isolated
from a pancreatic islet of a donor and cultured ex vivo to produce a progenitor cell. The
progenitor cell is transferred into the patient, where it differentiates into an insulin-producing
beta cell.

In these embodiments, the patient can also serve as the donor of the pancreatic islet tissue,
providing an isograft of cells or differentiated tissue.

In another preferred embodiment, prior to the step of transferring, the stem cell is treated ex
vivo with an agent selected from the group consisting of EGF, bFGF-2, high glucose, KGF,

HGF/SF, GLP-1, exendin-4, IDX-1, a nucleic acid molecule encoding IDX-1, betacellulin,
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method of inducing the differentiation of a pancreatic stem cell that is positive for at least one of
ABCG2, Oct3/4, GLP-1 receptor, latrophilin (type 2), Hes-1, Nestin, Integrin subunits a6 and
B1, C-kit, MDR-1, SST-R2, SST-R3, SST-R4, SUR-1, Kir 6.2 and/or does not express one or all
of CD34, CD45, CD133, MHC class I and MHC class IT. As used herein, “differentiation”
refers to the process by which a cell undergoes a change to a particular cell type, e.g. to a
specialized cell type. The stem cell is treated with an agent selected from the group consisting of
EGF, bFGF-2, high glucose, KGF, HGF/SF, IDX-1, a nucleic acid molecule encoding IDX-1,
GLP-1, exendin-4, betacellulin, activin A, TGF-B, and combinations thereof. The stem cell
subsequently differentiates into a pancreatic progenitor cell.

In a preferred embodiment, the pancreatic progenitor subsequently forms pseudo-islet like

aggregates.
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The nestin-positive pancreatic stemcell is treated with an
cell with an antibody specific for any of CD34, CD35 CD133, MHC Class I and MHC Class II,

wherein the cell is identified as a stem cell if it does not become labeled with any of the
antibodies.

Another embodiment provides a method of inducing a nestin-positive pancreatic stem cell
to differentiate into hepatocytes. The nestin-positive pancreatic stem cell is treated with an
effective amount of an agent that induces the stem cell to differentiate into hepatocytes or into
progenitor cells that differentiate into hepatocytes. In a preferred embodiment, the agent is

cyclopamine. Another embodiment provides a method of inducing a pancreatic stem cell
that is positive for at least one of ABCG2, Oct3/4, GLP-1 receptor, latrophilin (type 2), Hes-1,
Nestin, Integrin subunits a6 and B1, C-kit, MDR-1, SST-R2, SST-R3, SST-R4, SUR-1, Kir 6.2
and/or does not express one or all of CD34, CD45, CD133, MHC class I and MHC class II to

differentiate into hepatocytes by treatment with an effective amount of an agent that induces the
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the stem cel ex vivo I nto hepatocytes, which are

t r ans pkhrdedbodintent the paii elitis differantietsé ee nivo datodbapaocytdsewpwhiasmt can al so
serve as the donor of the pancreatic islet tissue, providing an isograft
of celfrapsplanted prethematisited ti ssue. Yet another enbodi ment provides an
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C
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class Jo 86nHrass enboddfen?thd 48R ell is immunoprivileged. In versions of this embodiment,

the stem cell does not express class I MHC antigens. In versions of this embodiment, the stem
cell does not express class I MHC antigens. In versions of this embodiment, the stem cell does
not express class I or class I MHC antigens.

Yet another embodiment provides an isolated, nestin-positive human stem cell that is not a
neural stem cell, that is capable of transplant into an animal without causing graft versus host
rejection. In versions of this embodiment, the stem cell is not major histocompatibility complex
class I or class I restricted. Still another embodiment provides an isolated human stem cell that is
positive for at least one of ABCG2, Oct3/4, GLP-1 receptor, latrophilin (type 2), Hes-1, Nestin,
Integrin subunits o6 and B1, C-kit, MDR-1, SST-R2, SST-R3, SST-R4, SUR-1, Kir 6.2 and/or
does not express one or all of CD34, CD45, CD133, MHC class I and MHC class II, that is not a
neural stem cell, that is capable of transplant into an animal without causing graft versus host
rejection.

A “stem cell” as used herein is a undifferentiated cell which is capable of essentially
7
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accordiggg to the invention can be allografted or xenografted w thout

transplant rejection, and is recognized as self in the transplant recipient
or host . Transplanted or grafted material can be rejected by the immune system of the transplant

recipient or host unless the host is immunotolerant to the transplanted material or unless
immunosupressive drugs are used to prevent rejection.

As used herein, a host that is “immunotolerant”, according to the invention, fails to mount
an immune response, as defined herein. In one embodiment, a host that is “immunotolerant”
does not reject or destroy transplanted material. In one embodiment, a host that is
“immunotolerant™ does not respond to an antigen by producing antibodies capable of binding to
the antigen.

As used herein, “rejection” refers to rejection of transplanted material by the immune
system of the host. In one embodiment, “rejection means an occurrence of more than 90% cell or
tissue necrosis of the transplanted material in response to the immune response of the host. In
another embodiment, “rejection” means a decrease in the viability such that the viability of the

transplanted material is decreased by 90% or more as compared to the viability of the
8
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| MunehedRamed makgiapr has been treated with an i Mmunosuppressive agent. As
used herein, "graft versus host rejection"” or "graft versus host response"
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forei gn s@ash 3016Coxhesd nidiMEbgdihic or growth hormone receptors on the cell surface, and can
sense, for example, injury-related factors then localize to and take residence at sites of tissue
injury, or sense their local microenvironment and differentiate into the appropriate cell type.

“Essentially unlimited propagation” can be determined, for example, by the ability of an

isolated stem cell to be propagated through at least 50, preferably 100, and even up to 200 or
more cell divisions in a cell culture system. Stem cells can be “totipotent,” meaning that they
can give rise to all the cells of an organism as for germ cells. “Totipotent” also means the
fertilized egg that can give rise to both embryo and trophoblast. Stem cells can also be
“pluripotent,” meaning that they can give rise to many different cell types, but not all the cells of
an organism. “Pluripotent” also means gives rise to embryo only and not to trophoblast. When a
stem cell differentiates it generally gives rise to a more adult cell type, which may be a partially
differentiated cell such as a progenitor cell, a differentiated cell, or a terminally differentiated

cell. Stem cells can be highly motile.
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di ff iated cell.. i nally dif iated - cell e J
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| nter r&&ﬂib EC?(%I‘E_‘)% SR in pfga%eeim(q%%f\@c@@iaw& U0l 156). 0086 of SkilPa iRt

Access 64 (Figure 7). refers to ATP-bindi ng cassette
mul t i dvillgecogmizstthateguivabntspaxist shexdn thavdNG swquencggaensléngiGELH Idsmdy ivarycenbank

Access No, XM 32424@Fi ure i11,8% One of .skill in the art will recognize
t hat iéfh?"’\b_ﬁ‘iegh cB%P W%E?_é‘?l SERHENENRTEL O ¥ encodi ng ABCG2 may vary,
but  wher %Q@*EM@QQP &0 a@féf&éﬁ.g&ﬁng&ree RiddPseaféiRe distokad A’

refers to a domain transcriptio actor having a sequence
di scl dsmbank AcésenManAT¥IS8ss No. NM 013633. "GLP-1R' refers to the

gl ucagon-1 i ke peptide-1-receptor encoded by the nuclej.c acid _sequence
shown in FHgénle refersitea tr&&%%@%ﬁc%ha‘{%%i%uﬁn sqlopett HbGF’ﬁgngn‘i no
acid ¥ §§shown in Figure 17 (GenBank Accession No. U01156). One
of ski ‘%g%égﬂgﬁ\é art Wl recognize that equivalents exist wherein the DNA
sequence énegdnsare GitEeriReeltesprface proteidsicomplosededfrantatghaechainded adweiarvhaiciAl
sequence renains the sane, atrophili ers.to_a

! n (type 2). ref G
pr ot ei SASHAIIBY %%lﬁflwmhawl’lﬂ@e aa%fa%ﬁ%@émg iy ffﬁiéf‘éla Itegringy RRLERMRIGess No.
AJ13 15a§p]h'a 6 may combine with beta 4 in the integrin referred to as TSP180, or with beta 1 in the

integrin VLA-6.

The integrin subunit “o6” refers to the human integrin a6 cDNA having a sequence
disclosed in Genbank Access No. NM_000210.
The integrin subunit “B1” refers to the human 1 cDNA having a sequence disclosed in

Genbank Access No.; X07979.

“c-Kit” refers to a cell surface receptor tyrosine kinase having a sequence disclosed in
Genbank Access No. X06182.

“MDR-1" refers to the multidrug resistance transporter 1 having a sequence disclosed in
Genbank Access No. NM_000927.

“SST-R2” SST-R3” and “SST-R4” refer to somatostatin receptors having a sequence
disclosed in Genbank Access Nos. XM_085745 (SSTR-2); NM_001051 (SSTR-3); XM_009594
(SSTR-4).
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"Hes-1" refers to a bHLH transcription factor having a sequence di scl osed
I n Genbank Access No. NM 005524. Integrins are integral cell-surface
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TSP180Acasss Mpt XMp@8274D.in the integrin VLA-6. The integrin subunit "a6"

refers to the_hy integrin.a6é ¢DNA _having.a sequence. disclosed..i
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human iﬁ@engmg@ggmggpgmg?nce di scl osed in Genbank Access No.: X07979.
"c-Kit" refers to a cell surface receptor tyrosine kinase having a sequence
di scl osed ‘iGD34Canfeanto aAcasssmbione ¥64@2tein Mg 4 seqabmreslidobostd in Gerltankir ug
resi st ance trg\r&&grig 1 having a sequence disclosed in Genbank Access No.
NM 0008%#5s N ¥ MRbO1l' BT R3" and "SST-R4" refer to somatostatin receptors
havi ng a segyep | ' : : : -2); NM
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" SUR- 1Acoess Wo.sY®@63&8. human sul fonyl urea receptor having a sequence di scl osed

I n Genbank, Access .. XMD42740. i "Kir 6.2" refers to a human inward
rectifier ]égs ira%osctﬁéﬁvérm%@ﬁbraae g‘@&ﬁ@ﬂ%‘éuﬂﬁ@’@l sH @ptigsnagigfank Access

No. AR lgg%fl r ne gl ycoprotein having a
sequensgéﬂ%l?(ggﬁgse ﬁnnéﬁ)ﬁﬁgﬁ&&siggéggﬁﬁg 7Ii'l/I001773. "CD45" refers to the
| eukocyt e & Gpanereatin? stgercelandanga stemesil et daslbeaml iodsedd fronGembeatkc tiskaeess No.
Y00638. " CD133" r%ferﬁ ﬁ@sa five-tr anismenbrane, .hemat opoi etic stem cell
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nest i nintogesudo-isktsSinadulturey, nestin gene expression, cytokeratin- 19

negative staining, long-termproliferation in culture, and the ability to
di £ er ent it pancreatic” stem cell also refers to a stem cell that is positive for at least one of

ABCG?2, Oct3/4, GLP-1 receptor, latrophilin (type 2), Hes-1, Nestin, Integrin subunits a:6 and
B1, C-kit, MDR-1, SUR-1, Kir 6.2 and/or does not express one or all of CD34, CD45, CD133,
MHC class I and MHC class II.

In one embodiment, a “pancreatic” stem cell also refers to a stem cell that is positive for
SST-R2, SST-R3 and/or SST-R4.

A “liver” stem cell means a stem cell that has been isolated from liver tissue and/or a cell
that has all of the characteristics of: nestin -positive staining, nestin gene expression, and long-
term proliferation in culture.

A “progenitor cell” is a cell that is derived from a stem cell by differentiation and is
capable of further differentiation to more mature cell types.

As used herein, the term “insulin-producing beta cell” refers to any cell which can produce
and secrete insulin in a similar amount to that produced and secreted by a beta cell of the islets of
Langerhans in the human pancreas. Preferably, the secretion of insulin by an insulin-producing
beta cell is also regulated in a similar fashion to the regulation of insulin secretion by a human
beta cell in situ; for example, insulin secretion should be stimulated by an increase in the glucose
concentration in the solution surrounding the insulin-producing beta cell.

“Pseudo-islet like” aggregates are artificial aggregates of insulin-secreting cells which

resemble in form and function the islets of Langerhans of the pancreas. Pseudo-islet like
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cells, e.g., a culture of stemcells, it is understood that it is
pr act i3 SFaWthifagiers sdifferentiationiogior, or u@ialieg facersof stem cell's which is 100%

pure. Therfétg{nﬁcglrl?ﬁxggﬁnﬂlo%g@ o?\%iﬁ%%ﬁ%{ed%gp i?ﬁ%&glh&e&’h& PhEREOE iiﬁtfo 2 small

fraction o S 0 no rfere with t i'zation
of t hanshmsd widnl it fsatransfeadeyl Siodn HEuliFOOksed]ligtd aGfatient. Transplantation, as used

herein, can include the steps of isolating a stem cell according to the invention and transferring
the stem cell into a mammal or a patient. Transplantation can involve transferring a stem cell
into a mammal or a patient by injection of a cell suspension into the mammal or patient, surgical
implantation of a cell mass into a tissue or organ of the mammal or patient, or perfusion of a
tissue or organ with a cell suspension. The route of transferring the stem cell or transplantation,
will be determined by the need for the cell to reside in a particular tissue or organ and by the
ability of the cell to find and be retained by the desired target tissue or organ. In the case where a
transplanted cell is to reside in a particular location, it can be surgically placed into a tissue or
organ or simply injected into the bloodstream if the cell has the capability to migrate to the
desired target organ.

Transplantation, as used herein, can include the steps of isolating a stem cell according to
the invention, and culturing and transferring the stem cell into a mammal or a patient.

Transplantation, as used herein, can include the steps of isolating a stem cell according to the
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other, differentiated cell types. Isolated stemcells will generally be at
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bl oodg?lr bevéﬁglhfeﬁ?ﬂaﬂﬁﬁ%lngﬁhéé@he capability to mgrate to the desired
target or g@&mmuhdbaipppdssioh’aidcoring® thés dtedtinedlsd meas ai detlylnl ¢het dreursérep of of

isolating a stemcell according to the invention, and culturing and
t r ansftBg PRAPNG 1SEPANSE A %mar?dqmn& OR@ AR iraRsPlagt Frsinienh that has ngisseenReaki on, as
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cel |, matinihangégicallytdindse’ @t @nmasbprivileped aagdufined hereind Adtlag it the

Transpl ant atlon as used herein, can include the steps of isolati ng stem
cel | AceE@Faicagt aimmEne FesRaase pahe aistortdelats foatexﬁgplsd e gavidi-agl bhe st e

cell ao?qohiﬁgé“s,&%fawgtﬁe%%cﬁ}e%% 6€4d nﬁaﬂé‘ﬁxgécc ol S é.%bbeaa lgﬁffg 48 -for ' €L ront

W th ess| nis erlng to a

pat i emamplene@daﬁshmmfs (aey3@adent 6@\ﬂuy@r9(]odisz ergosdaysjdl 2ySoit Heyemgur rence of
or decreasgs the intensity of the desired i nmune response, g., rejection
of a transpRERPEYIPPEIspionT qicgg{jlglg tgrthgingention also means a decrease in the intensity of

an immune response. According to the invention, the intensity of an immune response can be

decreased such that it is 5-100%, preferably, 25-100% and most preferably 75-100% less than the

intensity of the immune response of any one of a transplant recipient that has not received an
immunosuppresive agent, or a transplant recipient that has been transplanted with material that is
not “immunologically blinded” or “immunoprivileged”, as defined herein. The intensity of an
immune response can be measured by determining the time point at which transplanted material
is rejected. For example, an immune response comprising rejection of transplanted material at
day 1, post-transplantation, is of a greater intensity than an immune response comprising the
rejection of transplanted material at day 30, post-transplantation. The intensity of an immune
response can also be measured by quantitating the amount of a particular antibody capable of
binding to the transplanted material, wherein the level of antibody production correlates directly

with the intensity of the immune response. Alternatively, the intensity of an immune response
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As used herein, "imunosuppression” refers to prevention of the imune
response (for exanple by the adm ni strati on of an "immunosuppresive
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i munégedpaprdied Alternatively, the intensity of an i rrrrune response 13 WO

03/ 026584 PCHNAAGHAN orcRlnh B IPRSCALDY S UR N 0} flddthikdiS e poi nt

whi ch a particu ansp ant ed

mat er idifferestiAdeire h@ather\éan tt@es l}iffmh&gi@sls am&llggeamplsaw bealtéringitzeed f or
I mmunosuppr.essi on. For exarrpl e, the roliferation and activity of
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its structure and function.

A “signaling factor” as used herein is an agent secreted by a cell which has an effect on the
same or a different cells. For example, a signaling factor can inhibit or induce the growth,
proliferation, or differentiation of itself, neighboring cells, or cells at distant locations in the
organism. Signaling factors can, for example, transmit positional information in a tissue,
mediate pattern formation, or affect the size, shape and function of various anatomical structures.

As used herein, a mammal refers to any mammal including but not limited to human,
mouse, rat, sheep, monkey, goat, rabbit, hamster, horse, cow or pig.

A “non-human mammal”, as used herein, refers to any mammal that is not a human.
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in the organism Signaling factors can or exanple, transmt positTonal

|nforlanﬂ:lgamaarweaogmmdlbgthemldloﬁt}mmmnumrsystémramlf on, or affect the si ze

shape and func%bon of .various anatomn cal ?tructures As used herejn

mammal 1 ef SrUSeY BeTHy @ nESREANt | 15Eers i hgamiRal Hhst Taceives AHOTERN, KiSFHE LT Celflﬁ)use

rat, mﬁ@on{rgagﬁ_ goat, rabbit, hanster, horse, cow or pig. A "non-hunan

manmmal ", as used herein, refers to any mam"ral that is not a human. 14 WO

03/ 026584 ABGHREUBORIN307d¢horAs ausstmhbfremwhitlabigags tissues or @dlease taken for

geneti cal Ig/n different nenbers of the sane species. As used herein,

"i sogUARSPLANt I BTECIPIGNtt an | dentical genetic constitution. As used herein,

"xenogenei c" refers to nenbers of a different species. As used herein,

"culturing"” refers to propagating or nurturing a cell, collection of cells,
The invention also provides for a pharmaceutical composition comprising the isolated stem

cells of the invention admixed with a physiologically compatible carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B show dual fluorescence immunocytochemical staining of rat pancreatic
islets at embryonic day 16 (Fig. 1A) and at day 60 after birth (Fig. 1B). Immunostaining with an
antibody for nestin is shown in white (red in the original, with Cy3 as fluorophore) and with an
antibody for insulin is shown in grey (green in the original, with Cy2 as fluorophore).

Figure 2 shows the result of RT-PCR performed using mRNA obtained from 50 rat islets.
Forward and reverse primers are indicated. The single band of 834 bp was sequenced and
identified substantially as the sequence for nestin.

Figure 3 shows nestin-positive cells that have proliferated out from a cultured rat islet.

Figure 4 shows the development of islet like structures in culture.
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tissue, or organ, by incubating for a period of tine in an environnent and
under conditions which support cell viability or propagation. Culturing
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organs, tilkigued depiatetiasacterzatiakeimesiin in dteracslpd iavtated fiom thepagirpdséiyt . The
i nvention al so provijdes r phar maceutical conposition conprising the
i sol atlgamg}og}ﬁoclgeéqupgyaxpd#ﬁgﬁvemi on adnixed with a physiologically

conpati bl eﬁigﬁﬂgrliﬁfegicwx%?es%%&ﬁﬁm B;Jdéllpw\! ll\iﬁﬁ ;E%Hc%lggn hiAh 1 1B

show dual f rescence I munocytochem cal” staining o ncreati

i sl et siskt-lieertingtarsideristed frafh reRtirgpositie isletpragerdmy c6G @fIPYr birth (Fig. 1B).
| munostaining wifh an a tiB"HOd fofr nestin.is shown in white (red in the
original , r% 1@%“’59%‘5%%%{3 ’r%%‘( oifestigpoRtigcells 4o lasaliged regionspfiths dnats
shown éﬂhegfa?garfc%a%.e” in the original, with Cy2 as fluorophore). Figure 2
shows the result of RT-PCR performed using nRNA obtained from50 rat

islets. Heipwarl@ depitty dtearatiee prodete far the erigin dif paicechtic Boer @iloglacaeand of 834
bp was sequenced and ident'ifi ed substantially as the sequence for nestin.
Fi gur Pre8fgiRotidet sndopdg aellye cell's that have proliferated out from a

ctruct ur oo 3R and EUGHEE tp SR et A O BIRRLR Bhsilibd fher e oelite ¢ ne
resul ts ofFifiire RB@Repivl thie beuodtial sprebrahtdef tdnstiiitlonefactosiRriag aelvoldpnsst bar e.

Expressi on of NCAM and cytokeratin-19 (CK19) was detected. Figure 6 shows
t he st'PHiUERY SHGFNAEIRGFASHRNA expressi on by high gl ucose. APRT was

exam ned g§g@eq9'ehRls expression of neuroendocrine, exocrine pancreatic and hepatic markers in
human NIP cultures containing stem cells.
Figure 16 depicts expression of proglucagon and insulin mRNA as determined by RT-PCR
and insulin secretion.
Figure 17 depicts NIP markers.
Figure 18 depicts the nucleic acid(a) and amino acid(b) sequence of human ABCG2.
Figure 19a depicts expression of the ATP-binding cassette transporter ABCG2 by RT-
PCR and Southern blot hybridization.
Figure 19b demonstrate that nestin-positive islet derived progenitor cells (NIPs). include
a significant number of SP cells as demonstrated by Hoechst 33342 staining.
Figure 19¢ demonstrates that dye efflux from SP cells is inhibited in the presence of
verapamil. SP-gated cells are 2.1% of the total number of analyzed cells in B versus 0.1% in C.
Figure 20 demonstrates that SP cells isolated by FACS co-express high levels of ABCG2,
MDR1 and nestin. Figure 20A depicts that SP cells and non-SP control cells were isolated by

FACS after Hoechst 33342 staining (R1 and R2, respectively). Figure 20B demonstrates that the
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Figure 7 is the am no acid and nucl eoti de sequences of nestin. Figure 8
depi cts expression of the neural stemcell-specific marker nestin in a
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and i fSLPiIR.nRNA as deternined by RT-PCR and insulin secretion. Figure 17
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progeni t orFigete| 24 shmwedmnmunabisiodeemigal stagming iof APs deménstrathg SPPekindyceds

d rat ed b t 133342 stai.ni nd. .Fi ,19¢ d t that d
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Figure 20 denonstrates that SP cells isolate co- express high

| evel swid GABI2, MDR1 and nestin. Figure 20A depicts that SP cells and

non- SP cont.rol cells were isolated b FACS after Hoechst 33342, staining
(RL and ,1g‘|“€52§e9&‘9iw\§éﬁ“’ybe."elfﬁpﬁlﬂs\éh%%“ﬁ’é’ NiBlsyliiies chglicnged with L
03/ 026H684 PCT/ US02/ 30700 cells were analyzed for the expression of ABCRX,
MDR1, nestin, and GAPDH RNA by RT-

Figure 26 shows the immunohistochemical analysis of insulin expression in NIP cultures

transfected with human Idx-1.

DETAILED DESCRIPTION OF THE INVENTION

The present inventors have identified and isolated a special subclass of ductal cells from
the islets of Langerhans of mammalian pancreas that have the functional and molecular
characteristics of stem cells. In particular, these newly discovered pancreatic stem cells are
characterized infer alia by one or more (and preferably all of): nestin-positive staining, nestin
gene expression, GLP-1R-positive staining, GLP-1R gene expression, ABCG2 positive staining,
ABCG?2 gene expression,Oct3/4 positive staining, Oct3/4 gene expression, latrophilin (type 2)
positive staining, latrophilin (type 2) gene expression, Hes-1 positive staining, Hes-1 gene
expression, Integrin subunits a6 and B1 positive staining, Integrin subunits a6 and B1 gene
expression, C-kit positive staining, C-kit gene expression, MDR-1 positive staining, MDR-1
gene expression, SST-R, 2, 3, 4 positive staining, SST-R, 2, 3, 4 gene expression, SUR-1
positive staining, SUR-1 gene expression, Kir 6.2 positive staining, Kir 6.2 gene expression

CD34 negative staining, CD45 negative staining, CD133 negative staining, MHC class I negative
17



PCR. The identity of the PCR products for ABC& and MDRL was confirnmed by
Sout hern bl ot hybridization. Figure 21 shows the nucleic acid (21A) and
am no aciwo(i3pByssequence of the human GLP-1R Figure 22Pehanse2/si1e0

expr estdigiig VHG-E1askR LB Sth ol (Stdketatih: beddaueeb s‘%&ﬁ%&ﬂbﬁ%@ﬂﬁ Sgibhfe%%iohs :

Panel A shows the i munocyt ochem cal detecti 6n of and nucl ei
st ai ndd culwireandAlR abikigrte|differenzisinRIPPTR-tlctRIVculnep dihe préseninmiintss hiava

priners s G.P-1 (7-36) am de and

POl Dol e Sbetts el pesl R e e RE T 1 pos 110k N Pa: Elgure 24
shows | ”mlﬂ%ﬁé éthSJi‘i%@nF@l'xe i%(ré}itfah'bgoﬁﬁes"dté?ﬁ céil%rfef@{f ﬁ’egj' E’ati'onbndUCEd
differentiation. Panel shows | mmunohi st ochem cal entificati on of nestin
and i nsediding buﬁm’téimladsthwwllarersplawnmmdthemlfoﬂypeﬁnmauiin—éd:pmﬁmmtabbtest ai ni ng
afterclls al | en . Figure 25 shows e |l evel s of

" nsul 149 oer &S ?#ameﬂ pWell Pt @P&V@W% Sé%fe%c fPog tes f%fq the wPL s shows
the i Qé},icﬁlt&Q&ﬁ@h&&'abé%ﬁ%ﬁ&hénsoimhﬁb%l hBhoRh RS S bl gehBuNhE’ea‘ééH dur es
transfected with human [ dx-1. DETAI LED DESCRI PTI ON' OF “THE | NVENTI ON The

pr eserbnditives) sustsasthe essocietndm ofi wdiyramr@husms Ivsathnh_riax:lﬂqrqﬂnysablogwmr Ipathslagic duct al

cells from_the is s. of . Langer han f i an creas t hat . have t he

funct iSes Ehegt %F@@tﬂfélﬁe m&?f& a&ﬁwsg?? Bgadg‘mé%ﬁ? p therapy &P‘?‘?"E’@Far

these &‘eyucddr%? st ﬁt A1fog§4t§§p )&ﬁbgéﬂ%faﬁ 1SR RS RLHRG I Rl a' i a
pre era tin-

by one or nore p sitive stalning, nestin
gene exlis dssriba hdﬁduﬁmﬂbp osadtto pdatarecomyinatd delld, Rrigicial texypeseasi on, ABCR

positive stainin ne expression, Oct3/4 posit stai ning, COct3/4
gene é?(lgf" %P%l’cnr i ez/p%glsc?f) gsfP’E' éxéf’tvaﬂ’Fﬂ‘iﬁ‘ﬁtml?%fta w0 4nd (type
2) gerb?he?)ﬁegﬁ ébﬁﬁa Jc gﬁéﬂeﬁéﬁfﬁ of bR steES1l dBeHFere {h%%?&}eﬂﬂ) s,
Integrin su unltsa anJP ositive staining, Integrin subunits a6 and

(31 geneh aﬂxqstue—@ssmmc, GLR—llR—pmﬁuva(BCGlzq:omtuvg sta(ﬁnkg Do@ﬁi‘mpoﬁmw, ¢gmiphilin MDR- 1
p05| tive st ai ni, ng gene expression, SST-R, positive

st ai ni(hge 2 ilesai poﬁltkjénlétegsep Salaiits 46 agdgl POSﬁS‘H§=| kaudooglﬁla@rM% 1 SUR—
gene &Xhk %g %sgqlﬁgf %64%3%1&8% IR &Rl “Ki}% zcgksfitg% a%d%g{bﬁel%ﬁﬁ r@%%géﬁbe

negat | ve tal ni ng starn
cl ass GDIegshtive; (D45 negative, CD133 negative, MHC class I negative and MHC class II

’M—|C

negative staining, or liver stem cells, such as nestin-positive staining, can be used in various
diagnostic, pathological, or investigative procedures to identify, localize, and quantitate stem

cells in tissues from a patient or experimental animal.

Identification of Stem Cells in Pancreatic Islets

Previous investigators have focused on ductal epithelial cells of pancreatic islets or
exocrine tissue as a possible source of stem cells for the neogenesis of islet endocrine cells.
Nestin is an intermediate filament protein that was cloned by screening a cDNA library from E15
rat embryos with a monoclonal antibody named R.401 (Hockfield & McKay, 1985; Lendahl et
al., 1990). Nestin was primarily found in neuroepithelial stem cells and is expressed in the
developing central nervous system. After maximum levels are reached in the rat embryo at E16,
nestin expression declines to almost undetectable levels in adult cerebral cortex, coinciding with
terminal differentiation of early nestin-expressing progenitor cells (Lendahl et al., 1990). Nestin
was initially found exclusively in stem cells of the embryonic developing brain and skeletal

muscle (Lendahl et al., 1990). Later studies identified nestin-positive neural stem cells in the
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WO 03/ 026584 PCT/ US02/ 30700 staining, MHC class Il negative

st ai ni ng, cytokeratin-19 negative staining, long-termproliferation in

cul ture, wod3bkessability to differentiate into pseudo-i sl @C3/tisa2/surba ur e.
The prEsgRhdymi 8e? bf (HRAUSI nAlSRalial SorebialeQVibisNQ e 81,1998 alesBit piobitive
nestin-positive staining. |n one enbodiment, the invention provi des stem
cel | s steox calls\have been schbwap@be: planpouqst;al everciwhet xsglamdtfrmadult micead ratdraind | ul ar
repl a i nsul i n-de e dent .di abet es her forns

ment thera an
o "t deertmld Rl pastie $Bh ol Gintentbrat Dee i TOSFOLSIE TP Mhe onser
and RORGLCRSIG, Alirdcgich, M ofibaiflioeyONMyRbRIR: WIRLTIRE). ReARLRve oS,
and genet |ec di seases0 gfe cor?d ti ons0 yt‘é %é}gls t he asssom ai)l on of m
pol ynmmepial stam oells kespand foapinal copdh ;«gunylbgvg:rchﬁaratmauhd)ﬂmncratlem of migratdtye st em
cells o i.oventiqn can al so be used to carr ene ther of
endoc Pt ab‘ﬁﬁ@?@&?‘iednt&ras%?%?ﬁ RATEGpRIE 1 $paf ‘P‘% 054 Sﬁfﬁ’re&@f @%@@‘%gr af t
L1 ans ANk ALk ARdoichl L ST nd B Shay 6l 1ﬁﬁ1‘§ﬁ>ﬁ%ﬂo§ﬁ5’d£’t€ &1if @HBmBsh ysed to
produce reco artificiral tissues rep acenent organs in
cul turab, 1999y can al so be used for the ex vivo production of insulin and
ot her hornones. Mol ecul ar characteristics of pancreatic stemcells
di scovered by the inventors, such as nestin-positive, GP-1R-positive,
ABCX posi 4 positive, latrophilin (type 2) positive,
Hes- 1 posgﬂlaz{ga%%tﬁggp Stegr{g%ﬁl ts a6 and (31 positive, CKkit positive,
MDR- 1 posStdm ¢ells &sBordr)g B theBmvéhmm&Jan be édenBHd by fhesi ebcpmesiom@fne@tiﬁ apd/er ti ve
and cytokeratl n-19 negative, negati ve, CD45 negative, CD133 negative,

VHC ci@d% 1R, ABGATS, Rst Mawdaﬂ&(«m:a)i eh1bgaiceva seputhregnd $l. Cikje MRz m
I'ls,
o ngnds ST SNSRI 83, B Bl PACE R ot Sine

| ocal IRBPCRNSoahait Nodticen atdEWestes HISt dnalysissaidasthérrsach Rcipetissnf celtular
experi mental animal. ldentifjcation of StemCells in Pancreatic Islets

Previ é@@ltﬁlﬁmasgﬁxowlswﬁa%lﬂkl%w%%n ductal epithelial cells of
N
R S S T S R e T R

for the néog S an |n diate
fi | amppdthéd. At BioBedtidas (6\aM) prepard fym Paneremta v live RNAvelli rcany, afré ﬁﬁbcﬂvﬁh r at
enbryos with a nonocl onal anti body nanmed R 401 (HOCkfI eld & McKay, 1985;
LendaMi% earafcamaldehs;@@ n phxeghaiten (&elis muﬁrstrblogkedduﬁnﬁ Prnomeak dukey ermefor st em

|1 d. d t | tral ft
e AR Firﬁ?%aehegei" Fegtiire i a e antiertid ALy CLTRPESsi on
decl | RGer n@xt%{ oS! TRARLSGH ?Mlﬁseh%‘ﬁe»k/ﬁh ipBSagH ! hcubiicd Reidd the ?ﬁl%ﬁrlat%o' nci di ng

termnal differentiation of early nestin-expressing progenitor cells
( Le n d dhioresteraly. labd&d Sconddey tntiserantos 1i hout iagkdom fempethtmc |Sisley atteythem st em

cells of the, enbryonjc developlng brain and skel et Lendahl et
al ., Poobyd withdrdiS and caverslpRAdAVILY flaoresrest PRupds W&er@ﬁcsga% ERIEETYs i n

the Labs, Gaithersburg, MD). Fluorescence images are obtained using a Zeiss Epifluorescence

microscope equipped with an Optronics TEC-470 CCD camera (Optronics Engineering,
Goleta, CA) interfaced with a PowerMac 7100 installed with IP Lab Spectrum analysis
software (Signal Analytics Corp, Vienna, VA).

Antisera useful according to the invention include the following: mouse monoclonal
antibodies to human cytokeratin 19 (clone K4.62, Sigma, St. Louis, MO), rabbit polyclonal
antisera to rat nestin and to IDX-1 (prepared by immunizations of rabbits with a purified GST-
nestin fusion protein or the last twelve amino acids of rat IDX-1, respectively) (McManus et
al., 1999, J. Neurosci., 19:9004-9015), rabbit polyclonal antisera to GLP-1R (Heller et al.,
1997, Diabetes 46: 7851) antisera to ABCG2 (MAB4146, Chemicon (Temecula, CA)) antisera to
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18 WD 03/026584 PCT/ US02/ 30700 subependynal |ayer of the adult manmalian
forebrain (Morshead et al., 1994). Nestin-positive stemcells have been
shown t o we oploessBpot enti al even when isolated fromadult mcaxaisor/3e7ed brai n.

For exaplig a@@@ 559?@%5 38&&&&% rite sg%@@fe%@@ Bhta éﬂ&)e%nﬁ@%mo

cl asses of neural I's In ture: neutons, "astrocytes,
ol i goddinsid ¢APBHES2, (CRmyrncxird,san&séMt@@D 459 €2 52 XeBDi Rhapmisigén (&anDlegU, &ARt em

m or atBhgers o P {RAS- 265 H Nenblateds (isdnctuc - Sbyansiete Ja MFCH (HRe S P o
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bone marro u5| on i irradi'ated m ce | or nson et 1999) .
Char a(ﬁ6QFRO,dﬁ¢Mankérs§taﬁmeﬁeﬂolQctSféEIQSCéIzVS Smmiﬁlduzrcgc,t@A))hmtlsameosm can be
|dent|f t hei r. expression _of nestin and 1R, ABC&X2, Cc 3/4

Gt R o L P e P Saéltaa%ma)aanfema AREGE
SST- R,
oL 8841 Santh cibfarkisBila Eliie RCA149Y Stk ELnE UGGt 1TESTR 2 (511606 nS%nr

anal y<Crsz), ammlsefstﬂme%STSRJEI(S(Edd:ﬁm Ganta iliz)mkibeth ey i dentification as knovvn to
one skilled in the art. |nmmunocytochem cal  staining, for exanple, is

carri et gt (Heddpl.ngnied miRe g’f“@P? Big ag-insilinasd. an@r%@@%tﬂq PRIEPEREAR) pr epar ed
bar at CABSHENaREd Ko Linch e Bhi® MG, it mBU® il dbadoph, o

donke)anﬁﬁfmk{fbsftﬁﬁn alﬂQsefB Pufthade@Frorh SIEAR €St ULSui&MO) Afid PtIed (Bhipinteri®! | mary
antisera to the protein of interest overnight at 4C. The antisera is

ri nsed-A,frespeetivebRIneysg antdubuan gdlapin (Peninsula pbensroriss eBelfront r(é%): eallagen

| abel condar tisera f ur at,,roomte des are then
wnshed VTR PeGpE LR ER B S droiitior oo ok Atat MHG sl h i

(Ki 1 kggaatedinngd Rafifal MIZERSass Godehhie! Seriflyenibh coftbMPaRS $8A e TRERSa AT ©

obt ai ned using a Zei ss Epifluorescence mcroscope equi pped wth an

Opt r onlitested BCsuchOmaxier cia aeaikbleQot molh be sleErigpade eSuch giher Gotirais doayidered

i nt erfaged. '.tg}a Powe H91/61(: 7100 installed wwth I P Lab Spectrum anal ysi s
sof t waf e(“é\[p@‘iﬁ esﬂﬂ%?? E4VEBUPR: Vi enna, VA). Antisera useful according to

cytoker at i 1 18 e Rn e bR (0 PARE PR A HRE o BT Btk "

ant i seTatat celluddr RNAtprapaedtifibm ﬂaDéKP H.ur(lsz Blety 8 devay'sd thamsodizeai anﬂl’lﬁn;ﬂffiedajybl ts
vmth a urified GST- nestin fusion protein or the | ast twel ve am no aci ds
r atPGIbseriaboped evdles depgnding em s desiged degree ofjaynpjificationyas dgscaibed

19 90%4(3\%9&3%) (Déxﬁglb {alp0193§§| Eﬂ@dcrﬁgfo' §ei§b 5’?21%‘?’9} RO(h'gSln.lchféotﬁEs fﬂed 'as

primers or amplimers for the PCR and as probes for subsequent Southern blot hybridization

arc:

Rat nestin: Forward, 5’gcggggcggtgcgtgactac3’;

Reverse, 5’aggcaagggggaagagaaggatgt3’;

Hybridization, 5’aagctgaagccgaatttccttgggataccagagga3’.
Rat keratin 19: Forward, 5’acagccagtacttcaagacc3’;

Reverse, 5’ctgtgtcagcacgcacgtta3’;

Hybridization, 5’tggattccacaccaggcattgaccatgeca3’.
Rat NCAM: Forward, 5’cagcgttggagagtccaaat3’;

Reverse, 5’ttaaactcctgtggggttgg3’;

Hybridization, 5’aaaccagcagcggatctcagtggtgtggaacgatgat3’.
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1997, Di abetes 46: 7851) antisera to ABC&R (MAB4146, Chem con (Tenecul a,
CA)) antisera to 19 WD 03/026584 PCT/ US02/ 30700 integrin aG (SC 6597,
Santa Cruwp,03amsBsera to integrin (31, (SC 6622, Santa Cregr/usamsi’sera to

HES 1 02, Chem apd, » (31252X, BD Phar m ngen (San
Di ego}{gﬁ%za anti se?gﬂ%agdt%’%@%%g%%&ég NeoMar kers (Freenont, CA)),
antisera to MHC | ( MReb&rde, Bpctadieptttuidst®), antisera to MHC |1 (M5-162- PO

NeoMar kers) antisera to MDR. 1 (p 170) (M5- 660- PO, NeoMarkers), antisera
to Oct 3/4 (SC 5279, Hyhrdigaidyn 5 gostggaapmercagigggPsera to SUR- 1( SC-5789,

Sant a uz) antiseragdo KLR.H. 2 - 11 ,Santa Cruz), antisera to ABC &
(SCG {%ﬁf,ne%ta Cr#?5w%fﬂ5?§§?¥(g§%%t%9é§%g3(sc- 1493, Santa Cruz), antisera
to SSTR 2 (SC 11606, Reaska y@gb@acca@%ﬁdt@@@g’;to SSTR 3 (SC- 11610, Santa
Cruz) antisera to SSTR 4 (SC 11619, Santa Cruz), guinea pig anti-insulin

and anti-pancreatic [ﬁbi[byi}i'epﬁd)rdé’tatéaa¢ggctggagybgtatgaggaaﬂgtah Li nco, St.

Charl es, , _and nouse anti g ucagon and rahbit antisomatostatin antisera,

pur ch%@e@ﬂ%i gna%(‘@f’?‘rdLngtg?g%chﬁ?ﬁTa KO (Carpinteria, CA),

respectively, nouse &b SRR LRGN nsul a Laboratories, Bel nont,
Rebers Lﬂ('r@ft a ngbgr

CA), collagen 1V antisera tories, San Francisco, CA), nouse
anti-rat MHC cl ass | Hyéridivati¢i5ey sceatglggaggrdamagiaogatga®. cl ass |1 serum The
invention contenplates that _other antisera _ directed to such markers is
avai | &bwman glpcagpny pEopward)  BEdELacioeaResei8es3 anti sera i s considered to be

wi thin the scope of I, Ve [ - nd Sout hern bl ot analysis are
performed accordi ng Eﬂég‘%ﬂﬁg 5?%%‘%‘%‘%”&5& %é. Total cellular RNA prepared

fromrat or human i slBbsidizatios\RéRgatkiangpaiiaticanakegespl i fied by PCR for
about 35 cycles depending on the desired degree of anplification, as
descr ifberngE-&adberén y Fopsaided’, agapcagracgtaragagee Bndocr i nol ogy, 139: 3721-3729) .

A i gonucl eot i des use%ﬁas L ers. or Aiggrs for the PCR and as probes
Rotst ot Cysrera et

for subsequent South are: Rat nestin: Forward,

5' gcggggceggt gcgt gact 3EBridizafiey, s $GecchcaAgEAagdapsaagagsaggat gt 3' ; _
Hybri di zati on, 5 aagcCtgaagccgaatttccttgggataccagagga3d’ . Rat keratin 19:
For watyma' teamathycetip ForwaodafagegticetgReatenatatg 35' ct gt gt cagcacgcacgtta3'

Hybri di zati on, 5'tggattccac ccag catttgacce%t3gcca3'. Rat NCAM Forward, 5'
cagcgt t ggagagt ccaaat %e;verse, gitggcigtgaardccace

Hybridization, 5’ ctggagagctgcatgggctcacaactgagg 3’

Human Pancreatic Amylase Forward, 5’gactttccagcagtcccata 3°

Reverse, 5’ gtttacttcctgcagggaac 3’

Hybridization, 5’ ttgcactggagaaggattacgtggcgticta 3’
Human procarboxypeptidase

Forward, 5’ tgaaggcgagaaggtgttcc 3’

Reverse, 5’ ticgagatacaggcagatat 3’

Hybridization, 5’ agttagacttttatgtcctgectgtgetea 3°
Human Synaptophysin Forward, 5’ cttcaggctgcaccaagtgt 3°

Reverse, 5’ gttgaccatagtcaggetgg 3°

Hybridization, 5’ gtcagatgtgaagatggccacagacccaga 3’
Human Hepatocyte Growth Factor (HGF)

Forward, 5’ gcatcaaatgtcagecctgg 3’

Reverse, 5’ caacgctgacatggaattce 3’

Hybridization, 5’ tcgaggtctcatggatcatacagaatcagg 3’
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Reverse, 5'ttaaactcctgtggggttgg3'; Hybridization, 5

aaaccagcagcggat ct cagt ggt gt ggaacgatgat3' . 20 WO 03/026584 PCT/ US02/ 30700
Rat | DX- 1WB@BM584 5" at cact ggagcagggaagt 3' Reverse, 5'gct CUASYL/Bd70dt at ct 3’
Hybr i dilzadd ONETH(HGELELPRATVFWAY! §96RiatoidatRltcge Ll n: Forward,

5' agaggggaattcct ggag3' ; " Reverse, 5' ctgaggaccaggactctcta3' ; Hybridi zation,

5't at gaacgggct ggagcagt ct gRpyemsagh’Xcitgtagemgmaggmegati n: For war d,
5'cttttcgcgecgeccagcatt 3 ;d_gfev_er,se_, 5. gatcttcctgtccctcgage3' ., Hybridization,
5' aaccat gaggaggaaat cagt acg&rgKlizon, 5’ gaaptecepicragigisiccagasgigat o 5

at ct 9, cgtgcc3' ; Rever ' o ag3'; Hybridizati on,
5' cacgat%ga tgagagacatgctgaagg)ég%d’%g@%%%g(%gy%rmrd, 5'

agaacagcacgt acacagcc 3' RResese, 55gtagdcerpagagartaycaaga 3' Hybridi zation,
5' tctcccttcacagcagaact aacacacggg 3' _ Human transthyretin Forward, 5
gcagt cct gccat caat gt g 3' Rdldwigezatign, ¥t eggagoagicagastageigeacetctara 3y bri di zat i on,

5 ct t gggct cacaact > 3 nman Pancreatic Anyl ase Forward,
5' gact g%ggilggacccat a 3 %%évgl}%’gg g%agcg%ﬁag%?zﬁga&%cagggaac 3
Hybridi zation, 5 ttgcactgglsfedsaci@agiaaaidcesdtd’ 3’ Human

procar boxypepti dase Forward, 5' tgaaggcgagaaggtgttcc 3' Reverse, 5
tt cgagat acaggcagat at 3'  Hifbrididatiani Hrgcgsgcatigtattagisagattatiggit’ cct gect gt gct ca

3" Human Sypaptophysin Forward,_ 5 cttcaggctgcaccaggtgt 3' Reverse, 5
gttgaﬁ%@%ﬁ@ﬁé@ct gg 3' Hybri diFi’é‘EVP]iﬁifa,s 38&&“&%{@% gaagat ggccacagacccaga 3'

Reverse, 5’ caggctgectgeacca 3°

Hybridization, 5’ aggcagaggacctgca 3’

Other such sequences are possible and such sequences are considered to be within the
scope of the art. The invention includes oligonucleotides used as primers or amplimers for the
PCR and as probes for Southern analysis for any of the markers selected from the group
consisting of ABCG2, Oct3/4, GLP-1 receptor, latrophilin (type 2), Hes-1, Nestin, Integrin
subunits a6 and 1, C-kit, MDR-1, SST-R, 2, 3, 4, SUR-1, Kir 6.2, CD34, CD45, CD133, MHC
class I and MHC class II. As a general guide, primers are selected from two different exons
and encompass at least one intronic sequence. In addition, an RT minus control is run for
most samples. PCR amplification is effectuated at 94°C for 1 min followed by 94°C for 10
secs, 58/56°C for 10 secs, 72°C for 1 min, 35 cycles, and 72°C for 2 min. The annealing
temperature is 58°C for rat nestin and 56°C for the remaining primer pairs.

For RT-PCR of mRNA isolated from a mammal that is not rat or human,
oligonucleotides that are specific for the amplified nucleic acid from the mammalian species
being analyzed are prepared. The selection and use of such primers is known to one skilled in
the art.

For Southern hybridization oligonucleotide probes are labeled with an appropriate
radionuclide, such as y*P ATP, using conventional techniques. Radiolabeled probes are
hybridized to PCR products transferred to nylon membranes at 37°C for one hour, then
washed in 1 x SSC + 0.5% SDS at 55°C for 10-20 min or 0.5 x SCC + 0.5% SDS at 42°
for the human PCR products.
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Human Hepatocyte G owh Factor (HGF) Forward, 5' gcatcaaatgtcagccctgg 3'
Reverse, 5' caacgctgacatggaattcc 3' Hybridi zation, 5

t cgaggt ctwetoggatseat acagaat cagg 3' 21 WO 03/ 026584 PCT/ US@ZraGesn7oMHuman
CVET ( HGF- @6 ik O MK MBS Bancheari 3pdtBR0At gt ct ccage 3' Reverse, 5
ccttgtagattgcaggcaga 3' "Hybridi zation, 5 ggactcccatccagtgtctccagaagtgat 3
Hurmman XBP-TheHovemdend hage gew tagpaciedly alifsoveyed that the Renaressof agult mammals,

e
t FagCQ%ﬁi?-?éfQﬁ?&&ﬁBtin the paliBAd dbed Abt %esé_ﬁndetﬁ AgosgtibaidAdet agt cagat tatt ggt

3 Human [nsulin Forward, 5' aggcttcttctacaca3' Reverse,
caggcthpropygepodacidy cely Har ékaaple offiyoréscemttyglobe edygretibotigs spRificatl ezactveto
sequences. are. possi ple and such sequences are considered o be within the
scope BTl AR RS} o BE PP AL FOTGL T 1 G et ey B S v GR P <
or anHavBBbserie thhlf miECRENAd AinRhE MRdrds@nty Wbl s @A balRs iRa1ANY Of
the markers selected fromthe group consisting of ABC&, COct3/4, GP-1

r eceptanly to cettrimpdeils bfithetdppla? ppithdbismlandes td alphd, betagddltn, arsiaucieatsc a6 and P
|, CGkit, MDR. 1, SST-R 2, 3, 4, SUR-1 I.r 6.2, CD34, CD45, CD133, .MHC

cl ass RePHfpofiecipp gelks ip pancaeatic endia Dy ﬁb&é_{weamrﬁ_ﬁ%sg Oﬁfreé"f‘élép%tépggoql?i)m t wo
di ff ergpline¥@R1agHAVen $6r ﬁ%cdl%ﬁo&l@ﬁal'c@fﬁ fafiinS £ PHARRE BF nérfe 2ddi T On,
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such priners is_known to one skilled in he art.
pendot el?al cells, but may represent a truly dijstinct ceh type within the islet that has not

previously been described. The inventors have found nestin-positive cells in the islets, as well
as localized regions of the pancreatic ducts, and within centroacinar regions of the exocrine
pancreas.

The expression of nestin mRNA in isolated islets was detected using RT-PCR with RNA
from isolated rat islets (Fig. 2). The functional properties of nestin-positive pancreatic cells were
investigated using cell culture techniques and by the isolation of nestin-positive cells from islets,
both of which are described below.

The inventors have also discovered that the liver of rats contains cells that express nestin

(Fig. 13).

ATP-Binding Cassette (ABC) Multi-Drug Rresistance Transporters (ABCG2 (Brcpl) and MDR-)
as Markers ofPancreatic Stem Cells.

Human islet-derived NIPs contain a substantial subpopulation of SP cells that co-express
ABCG2, MDR1 and nestin: ABCG2 expression defines the side population (SP) phenotype of
pluripotential stem cells in the bone marrow, by virtue of excluding the dye Hoechst 33342.
MDR-1 renders SP cells the capacity to replicate. SP cells (CD34 low/negative) do not
proliferate and therefore cannot be expanded in vitro. The forced expression of MDR-1 in CD34

low negative SP cells causes them to proliferate (Bunting et al., 2000, Blood 96:902). NIPs are
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cell type wthin the isle hat has not previous been described. The

i nventstang/ptogeritdrangtlsl nestin-positive cells in the |slets as well as

| ocal i zed regions of the pancreatic ducts, and within cent r oaci nar regi ons
of the exocrine pancreas. The expression of nestin nRNA in isolated islets
was det ectqﬁ RO REs Al Bl arkd SPus M e el sl et s (Fig. 2). The
functional pertles of nestin-positive pancreatic cells were

i nvesti gat eNi{Ps SkPp@sCbk lintegid subenitses hind BU.e86/81 dntbyrit Behd lanligih resepk
nestin-positive cells fromislets, both of which are described bel ow The
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layers (Xu et al., Nature Biotechnology, October 2001, 19:971). The cell surface expressed

integrins are essential for the maintenance of cell growth and development (see Giancotti et al.,
supra). The a6/BI receptor is specific for recognition of laminin, which is an essential protein
expressed in the blastocyst. Therefore 6/BI is a marker of ES cells (stem/progenitor cells).
NIPs express the integrin subunits a6 and BI. Therefore NIPs are similar to ES cells in this
regard.

Hes-1 as a Marker of Pancreatic Stem Cells

The delta/Notch signaling pathway of lateral inhibition is critical for embryonic
development. Much as been written about the importance of Notch signaling. Notch signaling is
also important in NIPs. Notch signaling is absolutely required for the development of the
pancreas (Apelquist et al., 1999, Nature 400:6747; Lammert et al., 2000, Mech Dev. 94:; Jensen
et al., 2000, Nat. Genet., 24:36; Jansen et al. Diabetes 2000, 49:163). Ngn-3 is the key bHLH

transcription factor determinant required for the development of the endocrine pancreas lineage.
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Pou honeodormain proteins (Niwa et al., 2002, Mol. Cell. Biol. 22:1526;

N wa et alGLP-2RQ3,a Matker of PivetreatdAStan& el wa, 2001, Cel | Struct Funct
26:137; Shimazaki et al., 1993, EMBO 12:4489; Wang et al., 1996, Bi ochem
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absol westinyposititer ¢edls e d'he dnvention jsradspebased pn e gonyverse discpyesy 4hatsnestiir essed i n
NIPs, then NIPs are st rogeni tor cel ntegrin subynits a6 and Bl as
b o BRI DAty cal e bty iR iR 4 RSP Eiyerte R s bR e 2 ana
Bl . a@h&des AtfkgfifihctiSndl g?oglhi’c‘igéh,rihit% Q@EntiallFpRResy by pRKbriReas! ahti, 1999,
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of ES cells (stenm progenitor cells). N Ps express the integrin subunits a6
and BJnvenHaR & kased.Npparta p thej disqoxeryt thatethe sagtingpasitive i§iesn cllsfapng in the

pancreatic islets and ducts, as described above, also are GLP-1R-positive.
Nestin-positive-Islet-Progenitor cells (NIPs) were isolated from human islet tissue and
reacted with rabbit polyclonal antisera to the GLP-1R (Heller et al., supra), following the
general immunocytochemical procedures outlined above. Receptor immunoreactivity was
detected in greater than 60% of NIPs examined (Figure 22A). To further confirm the
immunocytochemical identification of GLP-1R in NIPs, RT-PCR was performed on mRNA
prepared from NIP cells. Amplification of NIP mRNA with the amplification primers 5’
gtgtggeggcecaattactac 3’ (Forward); 5’ cttggcaagtetgeatttga 3° (Reverse) produced the expected
346 bp product (Figure 22B) indicating that, in addition to expressing the GLP-1R protein,
NIPs have the biosynthetic ability to produce GLP-1R. GLP-1R, therefore, in addition to

nestin, is useful in the present invention as a marker for pancreatic stem cells.
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Hes-1 as a Marker of Pancreatic Stem Cells The delta/Notch signaling
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GLP- 1R as a Marker of Pancreatic Stem Cells The inventors have further

di scovered that the pancreas of adult manmals, including humans, contains
cell that S | i ke peptide-1 receptor (GLP-1R). The
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cells found in the pancreatic islets and ducts, as descri bed above, al so
are GLP-1R-positive. Nestin-positive-lslet-Progenitor cells (N Ps) were
i sol at ed gpahiarkesy ¢fitPapersafieStgmdCellseact ed with rabbit pol ycl onal

ant i sera GGt (l):eglg)ﬁdreé Z(;r g%{l?r?%téc dst%ﬁ REY thﬁfa?é g«%ﬁ‘é@ri@fo} BElead SREb the

i munocyt ochiem cal pro ove. Rece | mrunoreactivity was
det ecipekdro sdétéd Romithagrotp Yoristihk BS latrophilingtipé B) GudkoR2 2001, AhauRevt her

confirmthe
Neurosci 24:933), C-kit (CD117) (Gibson et al., 2002, Adv Anat Pathol 9:65), SSTR-2, 3 and 4
(somatostatin receptors) (Schulz et al., 2000, J Physiol Paris 94:259), SUR-1 (sulonylurea
receptor) (Winarto et al., 2001, Arch Histol Cytol 64:59; Landgraf, 2000, Drugs Aging, 17:411),
and Kir 6.2 (inward rectifying K+ channel subunit with SUR-1 (Winarto et al., supra; Landgraf,
supra).
The invention also provides for pancreatic stem cells that are negative for at least one of

CD45 (Sasaki et al., 2001, Int J Biochem Cell Biol 33:1041), CD133 (Kobari et al., 2001, J
Hematother Stem Cell Res 10:273), MHC class I and MHC class 1L

Isolated Stem Cells from Pancreatic Islets and Their Use

Stem cells can be isolated from a preparation of pancreatic tissue, for example, islets

obtained from a biopsy sample of tissue from a diabetic patient. The stem cells can then be
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( Sudhdle hgspoAlthaygh thruge ofieadsagsalt oDstery galis, progrpitor(cells, o1 pyeudasidetsis et ~ al . |

2002, . 65) - 2 n | rs)
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et al .cell?@9Rot ekpress sufficient amounts of class I and/or class I major histocompatibility antigens

(a.k.a. HLA or human leukocyte antigen) to elicit an immune response from the host. For
example, these stem cells, obtained from allogeneic or xenogeneic sources do not initiate a host
versus graft response in immunocompetent transplant recipients.

In another embodiment of this aspect of the invention, immunoprivileged stem cells do not
express class I MHC antigens and/or class I MHC antigens. These stem cells, obtained from
allogeneic or xenogeneic sources do not initiate a host versus graft response in
immunocompetent transplant recipients.

In another embodiment of the invention, human tissue grafts comprising stem cells express
both human specific class I and class I MHC antigens, but are recognized by immunocompetent
mice as self, and do not undergo host versus graft rejection. These stem cells, obtained from
allogeneic or xenogeneic sources do not initiate a host versus graft response in

immunocompetent transplant recipients.
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class Il MHC antigens. These stemcells, obtained from allogeneic or

xenogdriai MEOwlase 8l waereintthe siemicell & exphded fora paripdgpfaime, faspampls, 24
hours, 4-5 hours, 5-10 hours or 1-3 days prior to transplantation..

The invention also provides for methods of performing isogeneic, allogeneic or xenogeneic
transplants of stem cells wherein the nestin-positive stem cells are induced to differentiate into a
progenitor cell by treatment with an agent selected from the group consisting of EGF, bFGF-2,
high glucose, KGF, HGF/SF, IDX-1, a nucleic acid molecule encoding IDX-1, GLP-1, exendin-
4, betacellulin, activin A, TGF-, and combinations thereof for a period of time, for example, 2-4
hours, 4-5 hours, 5-10 hours or 1-3 days prior to transplantation.

In the case of a pancreatic stem cell, the stem cell subsequently differentiates into a
pancreatic progenitor cell.

The invention also provides for methods of performing isogeneic, allogeneic or xenogeneic
transplants of a stem cell that is positive for at least one of ABCG2, Oct3/4, GLP-1 receptor,

latrophilin (type 2), Hes-1, Nestin, Integrin subunits a:6 and 1, C-kit, MDR-1, SST-R2, SST-R3,
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Nestin-positive cells can be proliferated in culture from isolated pancreatic islets and
subsequently isolated to form a stem cell line capable of essentially unlimited propagation.

In another embodiment, a stem cell that is positive for at least one of ABCG2, Oct3/4,
GLP-1 receptor, latrophilin (type 2), Hes-1, Nestin, Integrin subunits o6 and 1, C-kit, MDR-1,
SST-R2, SST-R3, SST-R4, SUR-1, Kir 6.2 and/or does not express one or all of CD34, CD45,
CD133, MHC class I and MHC class II can be proliferated in culture from isolated pancreatic
islets and subsequently isolated to form a stem cell line capable of essentially unlimited
propagation.

The inventors discovered that nestin expressing cells grow out of cultured islets and can be
observed growing around the islets as early as about four days in culture. These cells have a
neuron-like morphology (Fig. 3), show nestin-positive staining, and express nestin mRNA. Islets

containing nestin-positive cells can be separated from other cells, e.g., fibroblasts, that proliferate
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Nestin, Integrin subunits a6 and (31, Ckit, MDR- 1, SST- R2, SST-R3,
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133, NiiGofeh@sifor ofatn s o PEstehitorWefls ROLs1ek Wefiyir €d, expanded or _
differentiated prror to transplantation or wherein a stemcell that is
positive for at |east one of ABC&X, Cct3/4, GP-1 receptor, latrophilin
t pe 2), (Hewih factdssthahmay induge dlﬁfemb@tmrtfsf rascraater S(tem celrts llm:lude hl[!ﬂrqnotSST-
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glucose refers to a higher glucose concentration than the concentration normally used in culturing

the stem cells. For example, the stem cells can be normally cultured and propagated in about 5.6
mM glucose, and the high glucose concentration refers to another concentration above 5.6 mM.
In the preferred embodiment, a concentration of 16.7 mM is contemplated. In Example 2, one
possible growth factor treatment is described using basic fibroblast growth factor (bFGF) and
epidermal growth factor (EGF).

In addition to growth factors added to the medium of cultured cells, further growth factors
can contribute to differentiation when stem cells are implanted into an animal or a human. In
that situation, many growth factors which are either known or unknown may be secreted by
endogenous cells and exposed to the stem cells in sifu. Implanted stem cells can be induced to
differentiate by any combination of endogenous and exogenously administered growth factors
that are compatible with the desired outcome, i.e., the final differentiated cell type or types and

the anatomical structures (e.g., tissues or organs) formed.
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concentratio ratioh hormally used 1n c
years) post-transplantation, preferably 10 days to 1 year post-transplantation and most

o

preferably, 10-100 days post-transplantation. For example, if transplanted material is
introduced under the renal capsule of a mouse, the kidney of the transplanted mouse is
inspected. Transplanted material is successfully engrafted (i.e., not rejected) if, the
transplanted material is still detectable and/or the transplanted material has proliferated into a
tissue mass.

Detection of the transplanted material and proliferation of the transplanted material is
determined, for example, by hematoxylin/eosin staining of a frozen section prepared from the
transplant site (i.e., the kidney) and the detection of new growth that is not derived from the
transplant recipient (i.e., not host kidney derived). In the case of xenogeneic transplantation,
transplanted material is successfully engrafted if specific immunostaining with antisera specific

for an antigen from the species from which the transplanted material is derived, according to
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Methods of Transplantation

The invention provides for methods of transplantation in to a mammal. A stem cell,
progenitor cell, or differentiated cell is “transplanted” or “introduced” into a mammal when it is
transferred from a culture vessel into a patient.

Transplantation, according to the invention can include the steps of isolating a stem cell
according to the invention and transferring the stem cell into a mammal or a patient.
Transplantation according to the invention can involve transferring a stem cell into a mammal or
a patient by injection of a cell suspension into the mammal or patient, surgical implantation of a
cell mass into a tissue or organ of the mammal or patient, or perfusion of a tissue or organ with a
cell suspension. The route of transferring the stem cell or transplantation, will be determined by
the need for the cell to reside in a particular tissue or organ and by the ability of the cell to find

and be retained by the desired target tissue or organ. In the case where a transplanted cell is to
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of about 30 days.

In one embodiment of the invention, pluripotential stem cells are used. These cells are
immunologically blinded or immunoloprivileged, such that in allogeneic or xenogeneic
transplants, they are recognized as self by the recipient, and are not MHC restricted by class I or
class IT antigens. In one aspect of this embodiment of the invention, these cells do not express
MHC class I and/or class II antigens.

In another embodiment of the invention, the recipient of the transplant may demonstrate
host vs. graft rejection of other transplanted cells, which can be combated by the administration
of blocking antibodies to, for example, an autoantigen such as GADG65, by the administration of
one or more immunosuppressive drugs described herein, or by any method known in the art to

prevent or ameliorate autoimmune rejection.
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I sl et s;@sy B‘%lq{xerfﬂ%/ &ahgplaﬁe&fn%@mefbauem% 8 a/ﬁfanfalfﬁraitﬁ&%tdr@ereﬁmnt under goes

pancreatic bi'opsy, islets are isolated Prom bi opsy tissue and prepared
f or cudifforeetigzd stateo Qpharfaspestsl of the inlvemtioddinkbdime. mSheds aefdtdnsiectarg dem cells

roliferated,.
P or progenitor cells, dosages and routes of administration, pharmaceutlcal compositions, donor-

isograft protocols, and immunosuppression methods, can be practiced with transdifferentiation to
hepatocytes just as for the differentiation to pancreatic tissues.
The invention specifically contemplates transplanting into patients isogeneic, allogeneic, or

xenogeneic stem cells, or any combination thereof.

Methods of Stem Cell Transfection

A variety of methods are available for gene transfer into pancreatic stem cells. Calcium
phosphate precipitated DNA has been used but provides a low efficiency of transformation,
especially for nonadherent cells. In addition, calcium phosphate precipitated DNA methods often
result in insertion of multiple tandem repeats, increasing the likelihood of disrupting gene

function of either endogenous or exogenous DNA (Boggs, 1990). The use of cationic lipids, e.g.,
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and isolated by the nmethods descri bed above within 2-3 weeks. Stemcells
can be transplanted back into the patient directly follow ng isolation or
after a papicam2as4 di fferentiation which is induced by gr @erhShzst7or s.

| sl et sinGRoAR P 1ipENsERH, 1 ¥1sd WRGHtiNanaBodlessackRaaly DN AR MhsfedingThe  whol e
process _of s_ugﬂg]l cal pancreas biopsy and transplantation can be perforned
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bl ocki ng anti1 bodies to, for “exanpl’e, an autoanti gen such as GAD65, by the
admi ni extogertaue DNA throwgh the cytoplasmniihe peiquot esgirvesmlligsluches of mbtedalbiektei n, or
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st ep ttheestemembiidicateyofipancighticsted celdn dVimroinjeptiordisd tadidhg highly
di fferent.iated. Methods of Treating Patients Sufferi from Ljver .Di sease
Usi ng SPSFiRli%e tﬂr@@ WSYET- sThgery pitpseaf thﬁpra@ﬁeﬁlgw i aumhepot Cﬁﬁé&@h%r

cells | 3 : : t ks 1 aK hBlggpard &
Thor gellge?g}se g%ﬁ%ﬁ%yﬁ &{'I]'%ﬂé ’ggar%%?gegﬁs?&s}?ag% %g?éllgé%l*du? he pljfeg's ;G;\%% ll|(l§vent i on
can bentesmdcteatiqstenicdlds isiygatetroyiralandthbodsas thatprefatredsmethedi Rgtrbyviorsesprovider

di sease sych as cirrosis, hepatitis, or hepati.c cancer.in ich the

f unct i bRA OIH’a%‘%agl%FOHYeﬁlégﬁéﬂﬁeil At HelY hb%’é’etFF‘nSgQH% CICRHIES g \é@féﬁhl s of the

i nve ntﬁ‘ﬁl@f&%ﬁ&h RAbEBd S KhEFh 86l ohtY siEfREn HELARN 4r0 c@%’ide‘?&f tobedfiftfh e scfd ect

and introduced into a patient to restore hepatic function. Nestin-positive
st em odlthis imantitiee differentiated either in culture or in vivo by applying
one or nore growmh factors, or other treatnent such as transfection with a
nucleic acid nolecule, that results in differentiation of the stemcells

Lo NeRRLARYLESanlBrllfyFORPHI BN sibhegivent i on contenpl ates the use of
(0} e, S

cycl opam ne to suppress, r exanp oni ¢ hedgehog, resulting in
hepat ocyt eGémertrmatfeoprotdcols fanpdreeratie ndlsdamanviolvef retrbndral weetntsiasithe ‘thhkpest em
cells \911%%” ?i?e.,tegigarfass (fatai'glg-ﬁgfeg\éixgeh\gya ggn%%eg)\(?vh\{éhvc%rry the foreign gene of interest but is
unable to form complete viral particles). Other carriers such as DNA-mediated transfer,
adenovirus, SV40, adeno-associated virus, and herpes simplex virus vectors can also be
employed. Several factors should be considered when selecting the appropriate vector for
infection. It is sometimes preferable to use a viral long terminal repeat or a strong internal
promoter to express the foreign gene rather than rely on spliced subgenomic RNA.
The two primary methods of stem cell transformation are co-culture and supernatant
infection. Supernatant infection involves repeated exposure of stem cells to the viral supernatant.
Co-culture involves the commingling of stem cells and an infected “package cell line” (see
below) for periods of 24 to 48 hours. Co-culture is typically more efficient than supernatant
infection for stem cell transformation. After co-culture, infected stem cells are often further

cultured to establish a long term culture (LTC).

The cell line containing the helper virus is referred to as the package cell line. A variety of
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treatnment and the appropriate growmh factors can be provided in situ within
the patient's body. In yet another enbodi nent, the stemcalls can be
treated vWOkos@mmth factors or other agents ex vivo and PCFISQR3ETHI Y
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i nventi on speci y contenplates ‘transplanting into patients |sogene|c

al | ogsmeeidre siceptidnngenevieal sufectiaehhrsyntmratedwylls oy Uit eally dremetddally Met hods
of Stem Cell Transfection A vari etl)g/ of nmethods are avail able for gene

t r ans¥egpce the gumhaceiclanogenic BFASERIPS, NOWEVEL: um  phosphat e preci pi t at ed DNA
has been Sa%%ﬂ{%ij%rélp{;(ﬂﬁie ?ﬁa 8&t9&"st%ﬁ1fdeﬁfﬁﬁ Ye 8kpdse@ ST R itdWth facksipeci al |y
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met ho pac cting “eukaryotic cells, and several
comreeﬁlcedncpﬁeﬁﬁs(}aﬁolgoe{& of cationic |i p| ds are available. Electroporation
provi des inproved transformation efficiency over the cal ci um phosphate
protocol. It has the advantage of providing a single copy insert at a

si ngl ?}}m t eltrgmtrg ﬁg@;ﬁat%@dfﬁ@ol m croinjection of DNA into the nucl eus

of ce t anot gene transfer. It has been shown to
provi de efrhé et g6 tessdatticreatthymiQls parxreatiostemtcetloand sutsé@eni on, and 20%

for stable DNA integration. Mcroinjection b es the sonetines

pr obl &ratlantasien|igiogonehlated peiRricws Suféﬁﬁgfetﬁ&B@lfé\%&f@‘ﬁ@&&&ﬁfﬂ?‘ﬁ@n}ﬂ?ﬁPﬁms m The
protocol re UI r& f D& target
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Vi rt ugkllsyyare @uﬁﬁecpﬂmlmmnn tife (Btenveced ssitusle Vet tompmeieing Itie gepasf bitdrésty of

the mcroinjection approach to targeted gene nodification of pancreatic
st em beforsbeing @Nﬂeﬁiﬂéé‘? thereqiBiCHL-t edi ous, highly specialized protocol,

however . 1ﬁ:h8 S, ALULE &Y S&H} clls %?Té;%%ésteﬁ'ﬁoﬁnhﬁ% &M{H?%Ji s%eﬁ@&lhjs that

can be i any gi ven ts use in large scale
produ (HAI%YC |AnNGraflice GeatonanSaidet Oistituits) Divipian of €atcer Tsdmmente‘hhlmahgnoggim

t | et hod th ferred nethod. R d
i.enéf’éiéﬁpyl?empigﬁé ailb SrarhEeret o6 oy ol g 10 rdp Al erbsied efurdbe "

G her 43 l*rllours in Dulbecco’s modified Eagle’s medium (DMEM) containing; 10% heat-inactivated
fetal bovine serum, glutamine, Pen/Strep, 100 U/ml of interleukin-6 (IL-6) and stem cell factor
(SCF; Immunex, Seattle, WA) to stimulate cell growth (Schiffmann, et. al., 1995).

Concurrently, a viral package cell line was cultured for 24 hours. The package cell line
used by Schiffmann, et al. was GP + E86 and the viral vector was the LG retroviral vector based
on the LN series of retroviral vectors.

After the appropriate incubation period, 1-2 x 107 stem cells were plated on a 10 cm dish
containing the viral package cells and co-cultured for 48 hours in the presence of 8 pg/ml of
polybrene and under the same growth factor stimulation conditions as the donor stem cells. The
stemn cells were then harvested, washed of growth media and injected into recipient mice at

dosages of 2 x 107 cells/injection for multiple injections (total of 5 injections either daily or

weekly).
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transfection nethods are known to one skilled in the art and are consi dered
to be within the scope of this invention. Retroviral Transformation O
Pancr eat iwodBm2as€el | s Gene transfer protocols for pancreatCt/uset/wocan

i nvol ve reatrouvi : 4 } a1 :
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i nt er et edauiplé, PCRUMADISH, indmivsoytochemicel gaivingaSoytkerh Nuirthsin orWbsterncarri ers
such as DNA-nedi ated transfer, adenovirus, $SV40, adeno-associated virus,
and hdlQfEag.gir byoter gych fechpiques kaowa e eiieskillsd in thegrloyed. Several factors
shoul d be consi dered when sel ecting the appropriate vector for infection.
It is sonetines preferable to use a viral long term nal repeat or a strong
i nt er dhmnfafsonoter to express the foreign gene rather than rely on spliced
subgenom ¢ RNA. The two prinmary nethods of stemcell transformation are

co-cul ture and suger nat ant i nfection. Supernatant infection involyves
repeat ed eMposalsdhaprensshi @esqrding do thednyanpian inglpdleapy mammal (fg5 cXMRler e
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(see iR fiofd T deut Sl BTG AR ARl bR PAKANRR | e
ef fi cimpathmbh@doRiHpab fied aRéntionris ey mamnfabthasisent & almai riacladiag bat ioo imitédt er
co-culture, infected stemcells are often further cultured to establish a
| ong tieRmMeUsE.Tatk sheep;rapbit, grat, gromkey, hawse JSHISETRIBGT 8 R&Whel per virus is
referred to as the package cell line. A variety of 35 WO 03/026584

PCT/ US02/ 30700 package cell lines are currently available. An inportant

f eat urmosabe iEMpacskByeémasdttationne is that it does not produce
replication-conpetent hel per virus. In one enbodi nent of the invention
animals or_patients fromwhomstemcells are haryested r{)aggbe. treated with

5- f1 uor olBWRY of Sampje, pppidsntipnesthqipanqremic sEnkeplisas 4e3Ibet BRI S ar e
more SHARRL Sy TR b Eihfntolchf bl AnihifRcd i e BhRA Gl fkALLAn FU Stem
cel I's 'dramati cal y reduce the nunber of clonogenic” progenitors, however.

| n andiblepicelifoadhpmibie, sohaioves hgtasiaoutivally scoepiablealetixayvehictepby mgesios,
grow h factors, such as those enployed to, pronote proliferation or

di  f erigieetien, ixhalasion gnaey mimber of piist pigthods. A@‘%W?f@é@f’éﬂ%“@&?f"’ﬁ@ i nt roduced

in cul ef or dwr i ' 2t hon i . Lcation
B L
t r ansfefBtd aikthodfid inféceion yr pracemed of the@6Ms orpspudaislaRiike agdregtes into the

Transformati on Protocol The ex vivo transduction of nmnammalian pancreatic
st em c@peesungarths sensbeapsple: The dosages administered will vary from patient to patient; a

"therapeutically effective dose" can be determined, for example but not limited to, by the level
of enhancement of function (e.g., insulin production or plasma glucose levels). Monitoring
levels of stem cell introduction, the level of expression of certain genes affected by such transfer,
and/or the presence or levels of the encoded product will also enable one skilled in the art to
select and adjust the dosages administered. Generally, a composition including stem cells will be
administered in a single dose in the range of 10° - 108 cells per kg body weight, preferably in the
range of 10°-107 cells per kg body weight. This dosage may be repeated daily, weekly, monthly,
yearly, or as considered appropriate by the treating physician. The invention provides that cell
populations can also be removed from the patient or otherwise provided, expanded ex vivo,
transduced with a plasmid containing a therapeutic gene if desired, and then reintroduced into the
patient.

Pharmaceutical Compositions

The invention provides for compositions comprising a stem cell according to the
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transpl antation into nonabl ated recipients sufficient to obtain significant
engraftnment and gene expression in various tissues containing their
progeny cwDbDlog/obes4 been shown in mce. The target cells arPeTaisor/sered for

2- 4 dapventibn bitRixRH SABNE FhyRiolGoisallyt @RhRL¥R CaftierC 0N @ledhe ki "§hgsiBRgRAlly
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1995) . Conclieriaysutipn also provides fae phgyamasaitical Gomposisiong 1 addidon torthe ACtHEyr s
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cells were plated on a 10 cmdish containing the viral package cells and
co- cul t ur edPhiaomacegti¢ab oempositiansdop prad adivimissfatign gajl e fosmulased ysimgne and under

the sape growth facto timulati conditjons.ag the do temcells. The
st om GBRMEACRANGLY REcepfable ctpiers wolLmid Brig T it Aoveeth S1GRl PRPRL ca 1 nto
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I njections (total of 5 1njections either daily or weekly). 36 WO 03/ 026584

PCT/ USa£807i00, dragres esapbulks, digaidse gels, syrapss duati¢so suspankiempandfthertike, fof st em
cell s .can be_deterni ned through, for exanple, PCR analysis,
i mundBasteh BYihepatieltai ni ng, Southern Northern or Western blotting, or by

other such ﬁh?ﬁxﬁgﬂgg@cga? Bﬁgwghfﬁ&%aﬁﬁa lhie e b&a{ngg titbheh E@rﬁﬁﬂ&ﬁo(nf Waﬁp e

that are use e 1 nvention I nclude any namra
human,compusds widlt solRleelpient adtlonallg geihdingranks@ytingaieere, hadrptoeéssingithe or
cow). A non-human manmmal according to the invention is any manmal that is
not a Thiae of graaplgsli aftgr Bading switablepuxdkipries oif desads o obtgin tabh%@éﬁ,dr?%%bi t,
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cel I's s@grodeShandder o 86itd];Geictd &ront A} WHeadSrided Ipo@its - or@@hdrlats; tdeBulose

i nvention can be adm nistered to the 1Lzat lent, pr %];ueirrx zggrlb%xiget% | cellulose:
such as methyl cellulose, hydroxypropylmethyl-cellulose, or so y y ;
and gums including arabic and tragacanth; and proteins such as gelatin and collagen. If
desired, disintegrating or solubilizing agents may be added, such as the cross-linked polyvinyl
pyrrolidone, agar, alginic acid, or a salt thereof, such as sodium alginate.

Dragee cores are provided with suitable coatings such as concentrated sugar solutions,
which may also contain gum arabic, talc, polyvinylpyrrolidone, carbopol gel, polyethylene
glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents or solvent
mixtures. Dyestuffs or pigments may be added to the tablets or dragee coatings for product
identification or to characterize the quantity of active compound, i.e., dosage.

Pharmaceutical preparations which can be used orally include push-fit capsules made of
gelatin, as well as soft, sealed capsules made of gelatin and a coating such as glycerol or
sorbitol. Push-fit capsules can contain active ingredients mixed with a filler or binders such as

lactose or starches, lubricants such as talc or magnesium stearate, and, optionally, stabilizers.

In soft capsules, the active compounds may be dissolved or suspended in suitable liquids, such
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bi ol ogi cally conpati ble solution or a pharmaceutically acceptable delivery
vehicle, by ingestion, injection, inhalation or any nunber of other

nmet hods. WOpsetess ed nmet hod is endoscopi c  retrograde i nj @CTiusa2/30%p®t her
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sall ne, or Tﬁ%h)hﬁ%l&c@tﬂféalf CHn ftioﬂ?lﬁf iH&f}JrHs‘éﬁt ﬁ@ﬁﬁﬂin‘ﬁ{%%e ndhfavadSinguch as
: m phosp

i nconpl ete eund s adjuvant, alumn ate, dl um num hydroxi de, or
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t abl i { ] ' . i cal Ly
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suitabl e for oral adm nistration. Such carriers enable the pharnmaceuti cal
conposidcimnsett.o. Selts wndtd be awrasolubla it aqusousper other proiiesolveipHdal g the

i qui ggr’res%%lngihg %Xa% %gsse’ fo%rlnlsj.r rhll gﬁfer ?:elljs%:g),etﬂg 'pPe?esrre Igire%)apr tic|>r'1 ¥n%y bfe%rlyophilized

powder in 1mM-50 mM histidine, 0.1%-2% sucrose, 2%-7% mannitol at a Ph range of 4.5 to

5.5 that is combined with buffer prior to use.
After pharmaceutical compositions comprising a compound of the invention formulated
in a acceptable carrier have been prepared, they can be placed in an appropriate container and

labeled for treatment of an indicated condition with information including amount, frequency

and method of administration.

The above disclosure generally describes the present invention. A more complete
understanding can be obtained by reference to the following specific examples, which are

provided herein for purposes of illustration only and are not intended to limit the scope of the

invention.
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i ngestion by the patient. Pharmaceutical preparations for oral use can be
obt ai ned t hrough conbi nati on of active conpounds with solid excipient,
opti onal IwoggioneBng a resulting m xture, and processing tRET/USOXs0InE oOf
granul EXAMPLEN adding suitable auxiliaries, if desired, to obtain tablets
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sol ut e abd?aermwﬂ 160! HEdiR suppledBiSd odltﬁ@loq@vdlyomfsﬂ‘cmﬁblﬁﬁlgch fRMEDUS

i njection sushpen5| ons may contain substances which increase the viscosity
of t heand29pefsl repidsunnl gaewthsloeionm car boxynet hyl cel | ul ose, sorbitol, or

dextran. di.t;ion ) Si 0 of, .t he Ies
include fa eQSIStlSI gﬂeg%ﬁ)tgg B‘é‘g%cﬁr?zﬁbﬁHla‘esof‘n‘zﬁﬂlsr%?wé’“# %ﬂc{] 3*0&“ gjfté such
as etiflméoRate THesé EeIBltHATOIA 8 nonBlaybd W&E %@ﬁﬁ}—pﬁ%we%}qhﬁﬂunoﬁtgﬁnmﬂ?ns' on
may al so contain suitable stabilizerS or agents which’increase the

sol ubid 1abyit gifti-rah sestiorapbsardm degelap¢diy PoMaripeVallejo at the Massachusetts General
Hospital. Other nestin antibodies may be used, for example the R.401 antibody described

hereinabove, or the MAB533 antibody. A monoclonal antibody specific for rat embryo spinal
cord nestin, MAB353, ATCC No. 1023889; is described in Journal of Neuroscience 1996;
16:1901-100; and also available from Chemicon International, Single Oak Dr., Temecula, CA
92590 USA. After two weeks of culture, several (3-5) of the nestin-positive monolayer cells
were removed by picking with a capillary tube (cylinder cloning) and were replated on the 12-
well plates (not coated with concanavalin A) and cultured in the RPMI 1640 medium further
supplemented with bFGF-2 and EGF. The cells propagated at a rapid rate and reached
confluence after six days of culture. After 12 days of culture, the cell monolayer formed waves
in which they begin to pile up in a co-linear manner. On day 15 of culture, the cell waves began
to condense, migrate into spheroid bodies and by day 17 the surface of the wells contained these

spheroid bodies (ca. 100 um in diameter), empty spaces, and a few areas of remaining monolayer
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preparation of highly concentrated solutions. For nasal adm nistration,
penetrants appropriate to the particular barrier to be perneated are used
in the fowouBardisen. Such penetrants are generally known i mcrhsozsd7o0 The
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tart ) I"ic, succinic, etc... Salts tend to be nore soluble in aqueous
or other protonic solvents that are the corresponding free base forms. In
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above discl osure generally describes the present .invention, fA ggre conpl ete
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are no e scope 0 e I nvention. 03/ 026584

PCT/ YS24t3 87D onED5AddyEexbodiggihaini to bFGF-Netighm Paad BGFR(268tngmiPédr 28t f r om Rat

Pancreas. Rat islets were isolated fromthe pancreata of 2-3 nonth old
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for Q81 platsahd a%]@n ictltdred wethb niedaine Sortdiaing ®FGF0A BibRt Eise suBelohahicdliscki nson,
Li ncol n Park, ) that had been coated wi th concanavalin A The culture

medi welifeaedarpidly 1o a monglsyeria arcenaheshion oaperding frpgnthaeend@ta e | nM sodi um

pyr uvat 1 PES buf 0 t i j

e e 100 selr et st ey BT R iRt ekidhe ) o

Gai t gtk hdag12.MBY dagnd thelcels Mo @d Aknese phtdely ianaphéiFad stuctfes ardaubslar
structures resembling islet-like structures (pseudo-islet like aggregates) and duct-like structures

‘pseudo-ducts) (Fig. 4). RT-PCR analysis revealed that the pseudo-islet like aggregates were
sxpressing NCAM (a marker for endocrine cells, see Fig. 5), cytokeratin 19 (a marker for ductal
sells, see Fig. 5), and the transcription factor brain-4 (a beta cell marker). Treatment with growth

factors is required to achieve terminal differentiation to mature islet cells.

EXAMPLE 3

[solation and culture of human or rat pancreatic islets

Human pancreatic islets were isolated and cultured. Human islet tissue was obtained
from the islet distribution program of the Cell Transplant Center, Diabetes Research Institute,
University of Miami School of Medicine and the Juvenile Diabetes Foundation Center for Islet
Transplantation, Harvard Medical School, Boston, MA. Thoroughly washed islets were
handpicked, suspended in modified RPMI 1640 media (11.1 mM glucose) supplemented with

41



MO . After 96 hrs, fibroblasts and other non-islet cells had adhered to the
surface of concanavalin A coated wells and the islets remained floating
(did not wolmwees8o the surface). At this tine, the medi apcantsaz/sing t he
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cultured in RPM nedium containing 10% fetal )ovine serum using

concanaval in- A coated 12-well plates. The islets were maintained in culture
For t EXeeM®PL4in the absence of added growth factors other than those
supplied by fetal bovine serum After this period, during which the islets

did n%tffegtts to?&}fﬂcotseb gn(i éh?tlson\’\ﬁlfFerénrtﬁp gr]; gf ﬁancreagc Stem Cells.

Elevation of plasma glucose concentration leads to increased pancreatic islet size. The
effect of the glucose concentration in the culture medium was therefore investigated using
isolated islets, which contain nestin-positive stem cells. Rat pancreatic islets were cultured in a
medium containing high (16.7 mM) glucose or in normal (5.6 mM) glucose. After four days,
RT-PCR was performed to determine the level of nestin mRNA. The results indicated a three-
fold stimulation of nestin mRNA levels in the islets cultured in high glucose compared to the
islets cultured in normal glucose (Fig. 6).

Similarly, injection of glucagon-like peptide-1 (GLP-1) into mice was found to increase
islet mass by 2-fold in 48 hours. Knockout mice having a disrupted gene for GLP-1 receptor
were examined for nestin expression in pancreatic islets. Immunostaining using a nexin antibody

was found to be markedly reduced compared to normal mice with GLP-1 receptors.
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Fresh plates w thout concanavalin A. The stemcells were then stinulated to
proliferate out from :he islets as a nonol ayer by exposing themto bFG--2
(20 ng/ mMwoanw2&8&F (20 ng/ M) for 24 lays. After the 24 aay/yserswd) the
monol M%a%dﬁpﬁlbﬁﬁ%saﬂm% themwas a popul ation of -ells surrounding
the islets. Cells fromthat popul ati on were picked and subcl oned into new
12- well plates and again cultured in the nedi um containing bFG- and EG-.
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cytokesatdi 19 (a marker for ductal -ells, see Fi g. 5), and the
transcription factor brain-4 (a beta cell marker). Treatment with growh
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progression of the disease are similar to human patients afflicted with insulin dependent diabetes
mellitus. Spontaneous remission is rarely observed in NOD mice, and these diabetic animals die
within 1 to 2 months after the onset of diabetes unless they receive insulin therapy.

The NOD mouse is used as an animal model to test the effectiveness of the various
methods of treatment of diabetes by administering a stem cell preparation according to the
invention. As such, treatment via administration of stem cells are tested in the NOD mouse for
their effect on type I diabetes.

The stem cells are administered to a NOD mouse, typically intraperitoneally, according to
the following dosage amounts. NOD mice are administered about 1X10" to 1X107 cells per
mouse. Administration of the cells is started in the NOD mice at about 4 weeks of age, and is

continued for § to 10 weeks, e.g., 3 times a week. The mice are monitored for diabetes
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coated with ConA. The islets imredi ately adhered to the surfaces of the
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Maki n#sing owppse Ingylin asasiplard. 52: 285 and references cited therein, herein
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i
occurs spontaneously an
methods of treatment are also monitored for gene-specific or gene product-specific effects if the

stem cells administered were transformed or transfected with a heterologous gene, thereby -
allowing a correlation to be drawn between expression of the heterologous gene and its effects on
diabetes. For example, the presence of the heterologous gene product may be examined by
immunohistochemistry of the pancreatic B-cells of NOD mice for the gene product and for
insulin. The expression of the patched and smoothened genes is further examined in NOD
mouse islets by detection of the RNA transcript for the patched and smoothened receptors.
Reverse transcription-polymerase chain reaction (RT-PCR) amplification is performed by known
means to amplify a fragment of mouse patched or smoothened cDNA, and analyzed by agarose
gel electrophoresis, according to standard means. The identification of the amplified cDNA
fragment is confirmed as corresponding to the patched or smoothened RNA by hybridization of
the amplified fragment with a radiolabeled internal oligonucleotide probe for the patched or

smoothened genes, or by other such methods as known to one skilled in the art.
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wi thout any external stinuli. As NOD mice devel op di abetes, they undergo a
progressive destruction of (3-cells which is caused by a chronic
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conparison of treated and untreated NOD m ce. The effectlveness of the
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fluorescent mounting medium (Kirkegaard and Perry Laboratories, Gaithersburg, MD).

Fluorescence images were obtained using a Zeiss Epifluorescence microscope equipped with
an Optronics TEC-470 CCD camera (Optronics Engineering, Goleta, CA) interfaced with a
PowerMac 7100 installed with IP Lab Spectrum analysis software (Signal Analytics Corp,
Vienna, VA).

The nestin-positive cells are distinct from B—, a—, 8—, and PP-cells because they do not co-
stain with antisera to the hormones insulin (Fig. 8A & B), glucagon, somatostatin, or pancreatic
polypeptide. The nestin-positive cells also do not co-stain with antisera to collagen IV, a marker
for vascular endothelial cells (Fig. 8C) nor with an antiserum to galanin, a marker for nerve cells
or a monoclonal antibody to cytokeratin 19, a specific marker for ductal cells (Fig. 8). Nestin-
positive staining is associated with distinct cells within the islets clearly observed by nuclear

costaining (Fig. 4D).
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1999, U.S. Patent 5,888,507, herein incorporated by reference. Mnitoring
urine glucose and plasma glucose |evels by these nethods, NOD m ce are
consi der ewodBAabeBs c after two consecutive urine positivePCaFIiSe2/sEE

Test ape val ues of +1 or higher or plasma glucose | evels >250 ny/dL

(Burkly, 1999, supra). Another means of assaying diabetes in NOD mice is to
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t r ansfisAed 13 islets RRd Hupap aslg) tissue, ﬁgtpﬁ% P38 Beio ,CCT’Wé‘?‘getB)ﬁge ﬁﬁfomgng a
correlglijop to be drawn between expression of the heterol ogous gene and its
effects on " di abetes. For exanple, the presence of the heterol ogous gene
product mayrde celalat R&NA byepatedrivomo hitsir dahaiisens was frevdrse pancribatdnd a- cel | s
of NOD m ce for the gene product and for insulin. The expression of the

pat ¢ hesnmditigd dird¥eTh &oretd §_Sid§sefib¢@ nﬁqvi%sb/n@ﬂ@éﬁl iehalNd998nbndecringlogy's by
Rover sEOLT NP Pyt 1o B Flsbltes S e BB o S P SRRl EE o 7

per f orgresbsiyr KibR¥RuentSaRBern®IGHYbtiflivattod 4l8gment of nouse patched or
snoot hened cDNA, and anal yzed by agarose gel electrophoresis, according to

st andaRat nessims. The ilaward,igagepgrgateceigactasdd! i fied cDNA fragment is

confirnmed as correspqndi n p the patched or sppot hened RNA by

hybri di zation of th?ﬁ@i%i%&“ﬁ%@ﬁﬁﬁagwgﬁﬁ@?r adi ol abel ed i nt er nal
ol i gonucl eoti de pr 0bq{{rlﬁﬁdiifﬂﬁnE_g’taﬁél?hagécgaﬁffé’&fgﬁgﬂﬁ&a Q%@?’. or by ot her
such nmet hods as known to one skilled 1h the art. 44 3/ 026584

PCT/ UR&Z/k3x7i00 9: EXAVHEdEward, ifanagaopgtacttraagaral’; i denti fi cation of nestin

positive human and rat pancreatic stem cel %5- Pancreatic islets were
anal yzed for nestin XEESspSHEISFICAIEC2CHE3 st em cel I's were isol ated as

descri bed above. Nestg Sk S, ' nocyt ochem cal
staining in a disti ncﬂ'g%rg&é%{?%gt;sé ‘0 Lagé’%ﬁgéc\‘émﬁg%@%tgg%gl opi ng islet

cl ust eRg NCABIDr yoni Fateyrd, 6’ ¢dgigiigoagdgtqranad’eas (Fig. 8A) and in islets of
the adult pancreas (postnatal 60 days) gFI 3g 8B). I mmunocyt ochemn cal

stai ni ng was per f or meREVEESef §]tlagagicctgtegggtiges’;

Hybridization, 5’aaaccagcagcggatctcagtggtgtggaacgatgat3’.

Rat IDX-1 Forward, 5’atcactggagcagggaagt3’

Reverse, 5°gctactacgtttcttatct3’

Hybridization, 5°gcgtggaaaagccagtggg3’
Human nestin: Forward, 5’agaggggaattcctggag3’;

Reverse, 5’ctgaggaccaggactctcta3’;

Hybridization, 5’tatgaacgggctggagcagtctgaggaaagt3’.
Human keratin: Forward, 5’cttttcgcgegeecageatt3’;

Reverse, 5’gatcttcetgteectcgage3’;

Hybridization, 5’aaccatgaggaggaaatcagtacgctgaggs’.
Human glucagon:  Forward, 5’atctggactccaggegtgee3’;

“Reverse, 5’agcaatgaattccttggecag3’;
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Cryosections (6 M prepared fromenbryonic day 16 and adult (60 day) rat
pancreata as well as cells were fixed with 4 % par af or mal dehyde in
phosphat ewOo@alokessmere first bl ocked with 3 % nornmal donkegTdsose7hor 30
mn at room tenper at Uie aighiioRCse Mkt LédiBidhacddt’l Sera overni ght at
4C. The antisera were S??nsed of t %gt%% Pngga?%d aﬁ!%f:%bg ed wth the

respect i ve Reym&s avede @leed froml tend differentienops and esnmpatsed af ldastiuome antremom
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i ncubation with donkey anti-Cy3 (indocarbocyanine) and either anti-guinea
pi g (ileSaImng) priges palffpuse (gl ucagon), or anti-sheep (somatostatin) sera

DTAF (Jackson no, Research Laboratorles. West P r 30 mn at
Foom t enpendt sPBeer nifEEAGLPY HESRIFRE Bme NeisaRierdin i ped W th
fluor GobRiiE] BB kinAg aﬁﬁcwmﬂ(! 'Re@Aeltdadnebd3aidry hBheLa! &' PER ?roducts

Gai t hersburg, MD). Fluorescence imges were obtained using a Zeiss

Epi f | ubatdmd deertransferved ey lexjmembeshesat 37 °Cafor Ope howmi, ¢lenTaEShdd (in CESS€aner a

(Optronics_Engjneering, eta, i rfac ith ower Mac 7

i nst al Tt & Stlﬁé Fﬁiéﬂg@d@(}% %fﬁ@%y‘s#]éés'bﬁtigrﬁﬁ & @ﬁ’a‘gr \?’ﬂ%&?“?ﬁn rp,

Vi ennaqr(ﬁ{g)[S The nestin-positive cells are distinct from(3-, a-, b-, and
PP-cell's because they do not co- stain with antisera to the hornones
insulin (A RBARCR Rnergbdiprgoacts of tigadodetiy predicted gandiga8E,apppopanept i de.
The nestin-positive cells also do not co-stain with antisera to coll agen

|V, a awgdrese confgmedycauahera hipsinge(hig SBdpyver panels) apdpy REFA wpquenging of
antis t.0 gal-anj for. Y, | | C l .. .body to
cyt ocaraPlee8” 3o e APROR T e )RR oraa Lo O REp R R e
posi tith& expris§ts H@stirb aRbHAag réré@dnidd BletpRikiboehtigladns coll biliilr td@einestal-s
clearly observed by nuclear costaining (Fig. 4D). 45 WD 03/026584
PCT/ USBBitise 3@m cxAnvthecentmbiegrvousisysitinon of nestin positive human and rat
stemcells by RT-PCR To confirmthe i mmunocytochenm cal identification of
nestin expression in pancreatic islets, we performed an RT-PCR of the
nesti nexiNfpIugiyng total RNA prepared fromfreshly isolated rat islets and
human islet tissue. RT-PCR was perfornmed according to the follow ng
met hod.

The ATP-dependent transporter ABCG2 is expressed in nestin-positive cells derived from

pancreatic islets

Human islet-derived NIPs contain a substantial subpopulation of SP cells that co-express
ABCG2, MDR1 and nestin. Nestin was first shown to be a marker of neural and muscle
stem/progenitor cells (Lendahl, et al., 1990, Cell 60:585: Zimmerman et al.; 1994, Neuron
12:11). Neural stem cells especially exhibit a high degree of plasticity giving rise to neurons and
different types of glial cells. Neural stem/progenitor cells also differentiate into hematopoietic
cells, which would make them truly pluripotential stem cells (Shih et al., 2001, Blood 98:2412).
The best examples of pluripotential adult stem cells to date are those derived from the bone
marrow, so called side population (SP) cells (Goodell et al., 1996, J. Exp Med 183:1797). SP
cells have been identified by their property to effectively exclude the fluorescent vital dye
Hoechst 33342 and contain the vast majority of bone marrow repopulating cells. SP cells
represent 0.05% of the whole bone marrow of adult humans and mice, and apart from giving rise

to all hematopoietic lineages they can also give rise to skeletal and cardiac muscle as well as to
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Total cellular RNA prepared fromrat or human islets was reverse
transcribed and anplified by PCR for 35 cycles as described previously
(Dani el ewoaB/02658098, Endocri nol ogy, 139:3721-3729). The palriggonswbeot i des

used RFdRALIIEEAIQGRER PR, 3999 Wakhe 48EBo@Ndciaen 4102661 L ocls phegquent
Southern bl ot hybridizatiod aré: Rat nestin: Forwar

5' g c9d§889%)g TWegsER-driBding cRester twmspGtea ddREAY FIGRE By haerydanyarBtrated to

ridizati.on, 5' ttt tt t 3'. Rat k 19
For vt & T G soRagei b SE gapyve, (g (AT T SOREURE emsione g as
Hybri dig® QPJce@s('c 1aPL ?meﬂmkéﬁ%%ﬁiﬂgeﬁéenber&tal NEI%’H obaoypard,

5' cagcgt t ggagagt ctaaat 3' 7T Reverse, 5 ttaaactcctgtggggttgg3' ; Hybri di zati on,
5' aaadhagebdgig ggat dt[azakjacg@;ﬂ gzajgam@w, gardw-derRet] S[P[Mll& hﬁ@ra/\hmdged 5f any,

e SRR o e SRR S U AT

Rever g, aZég%)E]C A @9%1%&08}&&‘}’}8}[1 '(M:ﬁR g%?\ﬁ{gh&‘i' in bone marrow cells results in

5'tatga agt gaaa eratin: Forwar
5' ct t tthegpgngor cHFR atetri3tells Revienaad rdiaogaltanmg callsdt civo { Boatg3t al.,l—lg,aﬂ@j Semat i on,

5' aacc agaggaaatcagt acgctgagg3'. Human gl ucagon: Forward,
5' atcté@fgg ggcgtgcc3'; Reverse, 5' agcaatgaattccttggcag3'; 46 WO

03/ 026584 lﬂ?f?[é Y24 %@Z&Qal s't'éfﬁ)[:élﬂﬁ%ﬂ& ress1on of nestin, also show characteristics

5' cacgat gaat't t’gagagacat gct gaaggg rs were selfected rromtwo
di fferoéhbneemamwaSsttemccemmys'&dleaif tﬂwas@rassien iof ABEIGZ in sssxfpstenicad. | n
addition, an RT m nus. con

o4 1 gHbmeoniaionof NFEidesy otk e Fosefis SE42 Suaapy. Thiscuegorysboy of 1
JUPEUL ERoron AONTIR. 1CcORibtinl8 theT%nﬁﬂﬂ&aéxz)QHssl&‘?Wr&tTﬂlﬁ NpSmmag’ C for

rat nestin an the re i ning primer
be a potential source of adult pluripotential stem/progenitor cells useful for the production of islet

tissue for transplantation into diabetic subjects.

Human pancreatic islets were obtained from the islet distribution programs of the Cell
Transplant Center, Diabetes Research Institute, University of Miami School of Medicine (Miami,
FL), and the Juvenile Diabetes Research Foundation Center for Islet Transplantation, Harvard
Medical School (Boston, MA). NIPs were isolated as previously described (Zulewski et al., 2001,
Diabetes 50:521). Briefly, human pancreatic islets were handpicked, incubated at 37°C at 5%
CO, in concanavalin A (ConA) coated culture dishes in modified RPMI 1640 media
supplemented with 10% fetal bovine serum, 10 mmol/l HEPES buffer, 1 mmol/l sodium
pyruvate, 71.5 pmol/l f-mercaptoethanol and antibiotic-antimycotic (Gibco Life Technologies,
Gaithersburg, MD). After 96 hours floating islets were transferred into fresh media further that
was supplemented with 20ng/ml basic fibroblast growth factor (bFGF) and 20ng/ml epidermal
growth factor (EGF) (both from Sigma, St. Louis, MO) in new plastic culture dishes without
ConA coating. The islets attached to the uncoated plastic surface and within several days a
monolayer of cells was observed growing out and away from the islets. Cells from the periphery
of the monolayer, nestin-positive islet-derived progenitor cells (NIPs), were transferred to a new
culture dish and grown to near confluence under the same conditions as above. Cells were further
split into two culture dishes to perform Hoechst 33342 dye exclusion assays with and without

verapamil, an inhibitor of H33342 dye transport (Goodell et al., 1996, supra).
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For Sout hern hybridi zati on oligonucl eoti de probes were radi ol abeled with T4
pol ynucl eoti de ki nase and y32P ATP. Radi ol abel ed probes were hybridized to
PCR pr oduwDa3/02458¢ had been transferred to nyl on nmenbrane®Catus8y®7mor one
hour, then washed in 1 x SSC + 0.5 % SDS at 55 C for 10-20 mn or 0.5 X
SCC + 0.5 % SDS at 42 for the human PCR products. The RT-PCR generated
products oRT P@Rcbmoaenratyd t.hue@m)r@sse@ @ﬂ&EC@ﬁl(ﬁlg 88A). UPprR TR4Reeeratethd wer e

confi b out hern bI Fi
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cel | s hybriditasiopevith acloned ABEGXyrobesaniExed ernmlificatiomet the pemers APNA (Fig.
transgg Ser ABCR is expressed in nestin-positive cells derived from
pancr f9-c islets Human islet-derived NIPs contain a substanti al

subpopul at iR Qfas F31A& fr§mtclilﬁﬁree@ﬂ?§<ﬁ)§ RlP as ABGGSrtedBR el hdRatIM. Nestin
was first shown to be a nmarker of neural and nuscle stem progenitor cells
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33342 e vast majority of bone marrow repopul ating cells. SP
cel | s MDRpred eedtinOy &b Umplifich withi3d) 38, land 86 epeleonesuctiagyl Primgrsewae:and m ce,

and apart fromgiving rise all hemato 0|et|c Jin t hey can al so
give P |t§%a%g§4£¢%9&$af%&% c’%‘ﬁlgu P e e RE R &2&’3)5){:\/\0 03/ 026584

PCT/ Ul dl b BobdHIGRT fofhesth, 5°tck EHERCHha390;
Jac ks§n egggé?%cc%%% hﬁld&a%tﬁ%%nvegé 107: 1%95eS The %%ch I ndi na cassette
t r ans pogdeettctgaEad ctBCRP1for MI3R baehs genggggttctcaltcttcbtga@@b@da naj or conponent of
t he SP_phenotype, thu fferi nmol ecul ar to s i ficall identify
SP- celd| %a%cm%tﬁ@tgt%waacf 2’&%6%?3(@%9 R%&Efegwﬁag’g 1‘?@@3 WEEG K g’éf%’&ﬁé ibg, . Bl ood
99: 50 (ﬁmg d1q+,2ﬂ%shmtph&ﬁﬁac¥é; 1@e8)chal¥Bhiabiny. BIGH G iipridived SP
cells ave a l'irmted, 1f any,

with radlolabeled, cloned ABCG2 or MDR1 probes using Rapid Hyb Buffer (Amersham)

following the manufacturers protocol. Primers for the full open reading frame of human ABCG2

were 5’tattaagctgaaaagataaaaactctee3’ and 5’atgtgaggataaatcatactgaat3’ (base pairs 174-202 and
2184-2207 of Genbank sequence XM_032424).

EXAMPLE 8

1.5 to 2% of cultured cells have a side Dopulatlon phenotype in the Hoechst 33342 dye exclusion
assay.

NIPs, linked to neural stem cells by their expression of nestin, also show characteristics
of bone marrow SP stem cells, by virtue of their expression of ABCG2 in a substantial
subpopulation of NIPs identified by the Hoechst 33342 exclusion assay. This side population of
NIPs also expresses MDR-1, contributing to their continued expansion in vitro.

To investigate whether the expression of ABCG2 lends a side population (SP) phenotype
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capacity to proliferate in vitro (Bunting et al., 2000, Blood 96: 902,
Storns et al., 2000, Blood 96:2125), but enforced P-glycoprotein punp
(MDR-1) fwoaBiozdssd n bone marrow cells results in the exp&egiusn2/sf7o6P st em

cel |'s td onyd bf tBe Bielirk® NIPY ERIEHRE3 33D e eRcIMdi YO as(s@%b’\ﬁlére Pedbrnidd. foll &0 thSt ei n
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ver apami | F&ﬁbresabmdy dedivated cdiBDBdk W) shos e tlefiBooididld sidd padulationt 9B,
supra). 48 WO 03/ 026584 PCT/ US02/ 30700 RT-PCR d e nstrated {q&é&j% ression
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SP-positive cells was 1.5 and 2 percent, respectively (data not shown). We also amplified the
full open reading frame of ABCG2 from NIPs. Cloning into an expression vector and

transfection into INS-1 insulinoma cells-resulted in effective Hoechst 33342 exclusion in

transfected cells (data not shown).

EXAMPLE 9

The SP phenotype correlates with the expression of ABCG2, MDR1, and nestin

SP cells and non-SP control cells were isolated from cultured NIPs by FACS (Fig. 20A;
gates R1 and R2 respectively). Expression of ABCG2 correlated well with the SP phenotype as
shown by RT-PCR (Fig. 20B) and Southern blot hybridization with a cloned ABCG2 probe. RT-
PCR and Southern blot hybridization demonstrated expression of MDR1 ((P-glycoprotein),
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hybri di zation with a cl oned ABC& probe confirned the anplification of the
correct cDNA (Fig. 19A). RNA was isolated fromcultured NIPs as well as
from sortwo 03026584 | s and non-SP controls (5000 and 10, 00@CTaiSh®/30700

r espeghdtNEH ATP-Bfid %stée%@'traﬁ@oﬁ@@%reiéﬂ't {rOvénopdiGic sk bl (Ohatidharypetal.pcol .
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to nyl on rrenb ane bond. N+; 1Arn::rsham Pharmaci a; Little Chalfont; GB).
Bl ot s *&eR&aHH; P’d‘? Wﬁ&eﬂlt(?ra?a bl abel ed, cloned ABOG2 or MDRL probes using
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cel | s endithaliaf telbs (ﬁussdmeetralewbm$4®b&9ﬁ;ﬂadm&t aln 20015 UK tnalnvesall07:1395).
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assays, wer.e perfor med f n b ocol (Goodell|.et al.
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myogenic progenitors (Jackson et al., 1999, Proc Natl Acad Sci 96:14482). In addition to

generating differentiated myofibres muscle SP cells have been shown to reconstitute the bone
marrow of lethally irradiated mice, thus exhibiting an unexpected degree of plasticity (Gussoni et
al., 1999, supra). Some evidence exists that these SP cells also come from the bone marrow
before taking up residence in the muscle (Kawada et al., 2001, Blood 98:2008). An SP
population has also been demonstrated in mouse embryonic stem cells (Zhou et al., 2001, supra).
The expression on ABCG?2 neural stem cells has been shown to be significantly higher than it is
in more differentiated neural cells(Geschwind et al., 2001, Neuron 29:325).

MDRI1 (P-glycoprotein, ABCBI1) is another ATP-binding cassette transporter expressed
in hematopoietic stem cells (among several other cell types) (Zhou et al., 2001, supra; Chaudhary
et al., 1991, supra). Overexpression of MDR1 in bone marrow cells leads to an expansion of the
SP population, their prolonged survival in culture and an enhanced repopulating activity after
transplantation into mice (Bunting et al., 2000, supra). In some of the transplanted animals it

ultimately results in a myeloproliferative syndrome resembling chronic myelogenous leukemia
51



cells, is nediated by the ATP-binding cassette transporter, ABCQX2.
Verapam | was used as a specific inhibitor of H33342 transport (Goodell et
al ., 1996wosnpe@s4s The Hoechst dye excl usion assay was domeTfusbt/amng t he
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of the assay at a final concentration of 50 nol/I. For analysis cells were
trypsini zed oured through a 40 mcell strainer, and resuspended in ice
cold P H8nced salt solution containi ng propidiumiodide (Sigm) at
a final concentration of 2 g/m for the discrimnation of dead cells. Flow

t ) ) - . | > w |
For - anubEochiiotlaf YRR aRS TP IR MG A B AL B AD (1) 12) “and
630/ 20 (red) filters were used for analysis in linear node. Fluorescence

activat ed thh—memtvb ngnc(r%ﬁsaletsﬁmdusawefeaaralwed/fc&i GLE- 1R ekraeoipul at i on
(Fig 19B;. 2.1 % gated cells) which was _absent in the presence of the
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vector and transfection into INS-1 insul’inoma cells-resulted in effective

Hoec h§164933'41mz@mtasnmemn llr émM@u@xae,cambmu@etaaodmmpymmnpS. EXAVPLE 9
The SP henot e.correl a sion of ABCE2, ], nestin
SP. o LCaP R B AV P RcOks: hg‘}%é"r Vel days ae%twowﬂsgmetqs@w% by FACS

F n at ed
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hybr i diomed iand expanded m:mednam CARGERNY 20 g/ mRF baBIcRibroblassqurower factol ahd

hybridi zati on de strated expressi on of MDRL P-gl ycoprotein), 50 WO
03/ OZGBﬁrWr%ggf 18%916‘%15& rAqqﬁﬂHP?iﬂth@aéé%‘@‘éﬂael iieEpBICtsr present

p. 1 SRt B EpAg FEET V@%dﬁm‘lﬁéﬁéﬂqﬁ%%?&kﬂ%' of T il alle Bt badd ,"°

nest i mv%%hmﬁmﬂbhaﬂ@@@&dﬁm than the non-SP controls (Fig. 20B).

Immunocytochemical detection of GLP-1R was performed using rabbit polyclonal
antisera (Heller et al., supra) as follows. Cells cultured on Lab-Tek chamber slides (Nunc,
Naperville, IL) or gridded coverslips (Bellco Glass, NJ) were fixed with 4% paraformaldehyde
in PBS for 10 minutes at room temperature. After several rinses in PBS, cells were blocked
with normal donkey serum for 30 minutes and incubated with primary antisera or pre-immune
sera at 4° C. The following day, cells were rinsed with PBS and incubated with secondary
antisera (donkey anti-rabbit and donkey anti-guinea pig) labeled with Cy-3 or Cy-2 for 1 hour
at room temperature. After several washes, coverslips containing cells were mounted onto
slides in mounting medium containing DAPI (Vector Laboratories, Burlingame, CA) which
stains nuclei. Fluorescence images were obtained using a Zeiss epifluorescence microscope
equipped with an Optronics TEC-470 CCD camera (Optronics Engineering, Goleta, CA)
interfaced with a Powermac 7100. IP lab Spectrum software (Signal Analytics, Vienna, VA)

was used to acquire and analyze images.
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Nestin-positive cells derived fromhuman pancreatic islets contain 1.5 to
2% of SP cells, which express ABC& and nestin at high |levels conpared to
non- SP coworoslozesed | s. The correl ation of ABCG expressi orCmitsa2/siteo SP
phenot ype GIoPl RrifEmindfeativit) Wk ddieded B masit bf NIPS fat FeP60%) EQMAQENT Of
the SP dye efflux (Kimet al., supra; Scharenberg et al., supra; Zhou et
al ., $Kigneg 224he coexpression of nestin and ABC® indicates a broader role
for nestin as a general marker of stemf progenitor cells. The SP cell
fracti t bone marrow in different mammalian species including
humn%ﬁ{‘%’ﬁilt he vast majority of nultipotential hematopoietic stem
cells (HSCs) (Goodell et al., 1997, supra). The differentiation of bone
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t hat pf oundei n thelbonae mar r ow FS%’S o%ﬂle(zlg%lgggﬁﬁ%l{){egﬁl}l 9%,‘glsﬂlﬂugfga).
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evidence exists that these SP cells also come fromthe bone marrow before
t aki ngRupherefered émaddition toheestisie nsefkinihe aresentdnventipg @y 2 nBirkerdfogs: 2008) . An
SP p | at.j on has.al so been denonstrated in nouse enbryonic stemcells
(Zhou%’%%r%fd.c,ﬁ%ﬁ?sﬂ,ls'supr a). The expression on ABC& neural stemcells has
been shown to be significantly higher than it is in nore differentiated
neural cells(Geschwind et al., 2001, Neuron 29:325). MDRL (P-glycoprotein,
ABCBl) is another ATP-binding cassette transporter expressed in

hemat EZAMPLE 82 em cel | s (anong several other cell types) (Zhou et al.,
2001, supra; Chaudhary et al., 1991, supra). Overexpression of MDRLl in

bone rrow cells leads .to an expansi,on of the Sp popul ation, their

pr ol oiHiVl © rcﬁtlera 1.0 gt ives I nhanced repopul ating activity after
transplantation into mce (Bunting et al., 2000, supra). In sone of the
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syndrone resenbling chronic el ogenous | eukem a 51 WO 03/ 026584
PCT/ US02/ Jietsprepared from 60 day-old rats or a normal adult human were first plated on

concanavalin-A-coated dishes and cultured in modified RPMI 1640 medium containing 10%
fetal bovine serum for four days to purge the islet preparation of fibroblasts and other non-islet
cells that adhered to the ConA-coated plates. The islets that did not adhere to the plates under
these culture conditions were collected and transferred to 12-well plates (without ConA
coating) containing the same modified RPMI 1640 medium now additionally supplemented
with bFGF and EGF (20 ng/mL each). The growth factors bFGF and EGF together were
selected because they are known to stimulate the proliferation of neural stem cells derived
from ependyma of the brain (Reynolds and Weiss, 1996, Dev. Biol., 175:1-13). The islets
attached to the plates and cells slowly grew out of the islet as a monolayer (estimated cell
doubling time 40-45 hrs in human cells). The outgrowing monolayer of cells were
phenotypically homogenous (Fig. 9A, panel 1) and expressed nestin (Fig. 9A, panel 2). Rat
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(Bunting et al., 1998, Blood 92:2269). Therefore MDR-1 expression has been
inplicated in the expansion of hematopoietic stemcells and was suggest ed
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differentiation of a progenitor cell population typically requires first a proliferative phase and

et

then quiescence of proliferation in the presence of differentiation-specific morphogen growth
factors. Therefore the culture conditions were modified in some instances by replacing the
media containing 11.1 mM glucose, bFGF and EGF, which induces proliferation of cells, with
media containing lower glucose (2.5 mM), which is less proliferative, and the factors
HGF/Scatter Factor or betacellulin and Activin A. Glucose is a known proliferative factor for
pancreatic islet B-cells (Swenne, 1992, Diabetologia, 35:193-201; Bonner-Weir, 1989,
Diabetes, 38:49-53) and both HGF/Scatter Factor and Activin A have been shown to
differentiate the pancreatic ductal cell line AR42J into an endocrine phenotype that produces
insulin, glucagon, and other pancreatic endocrine cell proteins (Mashima et al., 1996,
Endocrinology, 137:3969-76; Mashima et al., 1996, J. Clin. Invest., 97:1647-54).

Cultures containing ILCs expressed the pancreas-specific homeodomain protein IDX-1

by immunocytochemistry (Fig. 10A, upper panel), RT-PCR and Southern blot (Fig. 10B), and
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GLP- 1R i mmunoreactivity was detected in the majority of NIPs (at |east 60%
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shown in Fig. 15. To determine whether the differentiating NIPs may have properties of

pancreatic exocrine tissue, we used RT-PCR and detected the expression of amylase and
procarboxypeptidase (Fig.15).

Some cultures of NIPs containing stem cells also expressed the mRNA encoding
proglucagon and insulin as seen by RT-PCR (Fig 16A and B).

The expression of IDX-1 is of particular importance because it is recognized to be a
master regulator of pancreas development, and particularly to be required for the maturation
and functions of the pancreatic islet f-cells that produce insulin (Stoffers et al., 1997, Trends
Endocrinol. Metab., 8:145-151).

Because the neogenesis of new islets is also known to occur by differentiation of cells
in pancreatic ducts, particularly during the neonatal period (rats and mice) but to some extent
throughout adult life (Bonner-weir et al., 1993, Diabetes, 42:1715-1720; Rosenberg, 1995,
Cell Transplant, 4:371-383; Bouwens et al., 1996, Virchows Arch., 427:553-560), nestin
expression was analyzed in the pancreatic ducts of adult rats. By dual fluorescence

immunocytochemistry with antisera to nestin and to cytokeratin 19, a marker of ductal
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bFGF and EGF. The subcloned cells grew rapidly and becane confluent at six
days with an estimted cell doubling time of 12-15 hrs (Fig. 9A panel 3),
and by l12woap®2458¢ ned wave-|i ke structures. After 15-17 aaydaisot/3godt ure,
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cells were cloned from human islets (Fig. 9gB). Upon reachi ng confl uence
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pancreatic islet a-cells (Swenne, 1992, D abetol ogia, 35:193-201;
BO““”E)Y&M}PL]%% 9, Diabetes, 38:49-53) and both HG-/ Scatter Factor and
Activin ave been shown to differentiate the pancreatic ductal cell |ine
AR42J into an endocri ne phenotype that produces insulin, glucagon, and
ot her Thamplawdtion ofpdaaehtiestan lckllPempiierts] toMaprtssDEL] @l humab9RBiects with
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human transplant recipient are cultured ex vivo in conditions that stimulate outgrowth of stem

cells. Stem cells are then isolated away from islets (cloned), expanded in vitro in proliferation
media containing bFGF-2, EGF, and 11.1 mM glucose, transfected/injected with an expression
vector containing DNA encoding transcription factor IDX-1, and transplanted into a diabetic
recipient. Alternatively, IDX-1-transfected stem cells are treated with GLP-1, or other
differentiation morphogens or growth factors for 1-3 days before transplantation to initiate
processes of differentiation of engineered stem cells to 3-cells. In one embodiment, stem cells
are neither expanded or differentiated prior to administration to the recipient or are only
expanded or differentiated prior to administration to the recipient. In one embodiment, GLP-1 is
administered to the recipient during and for several days after transplantation to stimulate
differentiation of stem cells and encourage successful engraftment. According to this method,

xenographs (pig islets) or allographs (human islets from a human donor that is not the recipient),
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by Western i mmunoblot (Fig. 10C). The ILCs al so expressed the nRNA encodi ng
progl ucagon as seen by RT-PCR (Fig. 10D) and produced i nmunoreactive
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(Bonner -weiy . o iLabet e 42.1715-.1720: senbe 199 Cel |
Transpl ant ,ACXS%_P%—@é@%%ﬁ%ﬁ%gmga@’ﬁ (Pig lséedé,,a ?%\?ﬁmﬁ?%ﬁfe%fﬁ AzWRIaBG ) |
nest i nlonéppatds Abtahe Yetipiailay #Rl ab BobRBhP@NEH GaliVdd Fottife RbipRelae rats. By
dual fluorescence inrnunocytochem stry with antisera to nesti'n and to

cyt oke&ffgemaedo, a narker of ductal

EXAMPLE 15

Xenogeneic transplantation of pancreatic stem cells into the kidney

Human nestin-positive-islet progenitor cells (NIPS) were isolated as described, and
transplanted under the renal capsules of eight C57B16 mice that were not immunosuppressed.
The transplanted human cells were not rejected by the mouse recipient. Current understanding is
that a xenograft, such as human tissue, would be rejected by the mouse within 5-10 days.
Contrary to current understanding, we found that in 8 of the 8 non-immunosuppressed mice
tested to date, all of the transplants successfully engrafted and proliferated into large masses of
tissue engulfing the pole of the kidney by one month (30-38 days) after a transplantation of
approximately 10° to 10° cells.

One C57B16 mouse was sacrificed and determined to have a large area of new growth at
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55 WD 03/ 026584 PCT/ US02/ 30700 epithelium nestin is strongly expressed in
| ocali zed regions of both the |arge and small ducts, as well as in sone
cent r ol obwbas/ogkses s wi t hin the exocrine acinar tissue (Fi ge€T/uS0¥307and 1
1B). fResid k@bingplahtafioh. OANetZR o tRIkiGNS; 1Bht iREIGHEIthe KBW RGO as diviHEEIngdICt S
are nostly devoid of staining with the anti CK19 antiserum Further, the
nest i ntoqueaes;aneqatdesvasrirazae feffeazen sgspem histadogyh andthe othar piest vigy fikédin i s

di stin rom,t.hat .of t epi.thelial cells. The epithelial cells. consjst

of & nEABRREYR siat16n SBrod sstoer TrbFinmetoBar P and siingd it
nest i Nhda@SdxlyliM Ang @bdid (BRAE) ahd ahiRRfQH vai&snbIe RPUMtB&M. appear to reside in
the interstices anong or around epithelial cells Fig. 11C). Thus, CK19 is

not expr esdédminatidneotlithg H&H staingd Kidutydecten denonstated tpr pesennesfd mew
suggestin hat t hese nesti.n-expressj.ng cells |Ipcated within the ncreatic
ducts ¥t b ntl B S Bin R DR ines ploiomapff dhStphalhey sabststing e

epi t hemix@l nfe8édchyMAlaY ithbRANtERle! Bnfalidig lliltfi‘a‘éﬁc,'ifé&ﬁral’,‘%iuctalj,iaiifp%&i?)lﬂzt dn@t ed into

a ductal or endocrine phenotype. The finding of |ocalized populations of
nest i nhematonests eempeients. ihotinmictogeaphaoithe kidney sketivs damdnsteteditbatdlic ndve adul t

rat pancreas further. s rts the idea that rat pangcreati.c ducts contain
cel s ¥R Sﬁ?@eéi%g%ﬁv?%‘gg %}ﬁrepag!pélfen G anl %%@ﬁ%ﬁ;??%ﬁ% t hese

Pr 0genintrrdsialng ith dufiaBRpEHiA P hoffe) dHGdea] redRlIbhEdbabs mehlRpb&tive e-
EXAMPLE 13 Transpl antation of pancreatic stemcells engineered to express

| DX- 1 ¢ells btaiming fou bjimen-spevifihkeraimmpeinestinenditha/€DHS letkecyte ehtigea dpdaifieriopi g or
human donor, pancreata, or fro ncreati c bi eventual . hyumgn

£t anspiH HeBRFPPER: DRBORIFY 1 ECGEy o 0 6o LG OHE A I T Pt e

out gr obAng heve LRIWthGeHeSite SF 1D 168! R sRhiRatidten | ol ated away fromislets
(cloned), expanded in vitro in proliferation media containing bFG--2, EG,

and 11. 1 nMglpacadfe sedtioard filecNE¢ngng feed tkidhewiof h CHTBékmoess(tlefirstvractserto

cont ai ni ng. encodi ng transcripiion factor DX-1, and transplanted. into a
di abet‘?eéa_grefgfgﬁ}aWéﬁ?xanﬂﬁ?%rﬂ%%ﬁl%ﬂé? @1,001&5% Was peRupet vy endhs Beiof dhedndney
treat eﬂld\éh&becﬁh@-f&peigtwtis@ﬁ%rbe W1 dmtaRtal ECfe ?a{ag?%gﬁl@%viﬁf nofgsfigwd? factors

for 1-3 days before transplantation to initiate esses 0

di f f er‘émtasiath? orto tfe remad ipararikonas t Motldlg) dnsortgst tRe phdidraorphit-loolang piadidissmst |
stemcells are neither expanded or differentiated prjor to adm nistration
© ot NOVSTE Brops (At eStmEIed o Bty SR GPE Brait PARGHY s BiPofigss i

adni ni @hRd 5B cbRsitd 8f Sk o&ilgg?ing k@d&ﬁfengg%;gﬁg@fthe s%:ﬁ’bplllé' ate n@dm ni stered

to the recipient during an evera r transplantation to
st i nul ‘avwadingi’ bhesimpty migramgrindyraifemehg sndlodkiagdons migke, $ecinessathyimal
engraftment.. Aggording to this method . . .
g instructions. They maygoe recenr/llng cues t{']om the kidney and may be attempting to differentiate
into kidney. The graft cells may not be malignant, but may be just stem cells attempting to carry

out their function.

EXAMPLE 16

Xenogeneic transplantation of pancreatic stem cells into the pancreas

Human nestin-positive-islet progenitor cells (NIPS) are isolated as described, and
transplanted into the pancreas of mice that are not immunosuppressed and are (a) injured by
streptozotocin (to produce streptozotocin induced diabetes) treatment or (b) NOD mice in which
there is an ongoing islet is with inflammation. |

The pancreas of the transplanted animals is examined to determine if the NIPs find their

proper niche, receive instructions from the islet region, and differentiate into islet (B-cell) cells.
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xenographs (pig islets) or allographs (human islets froma human donor that
is not the recipient), 56 WO 03/026584 PCT/US02/ 30700 as well as isographs
(islets depiosmebsB4 om the recipient) are carried out. It i $Chysor/bEsd zed
that when transplanted to a host recipient the stemcell genetic
repertoire is reprogranmed so that the host recognizes the stemcells (in
t he ca¥&AMPLEAJgr aphs or al |l ographs) as self, such that inmune
intolerance and graft rejection and destruction by autoi munity (type 1

di abet PRhin do ¢ pancr eatic stem
cel | s cuftt O ST HIT : i subjects with

di abetes nellitus Islets isolated as descrlbed are cultured ex vivo for
several dayHuifn &dhleiiff1sted Balescibddiul abiBurbdl fsitsetdifl &1;99 A3t %o expand the
(proliferation) of stemcells that exist within the islets and then the
expr es&Poelpopulatione rﬂmamw&wwansmmd torthe liyeovin the partabrein{acsordingdel | s
IS ach eve he | n medi.a  cont ai ni bFGF 2, EGF, and
11.1 'Eh: &élepm?#ﬁlﬁ%st ?}hﬁ‘b‘%‘”‘}‘ﬁ‘ é%P%am%tfoni B f ~achi eved by

[ ncubat [ 0” Aﬂerhﬁ'@vew QSRPERLIGA oﬁnﬁna]n NIP@ (BoliMdHs e QSBed) € itRld8tedl 8@ the
precondi ti oned the treatnents described are transpl'anted to the host

reci pi blaed stread. t @namn;pmbodmeemﬁxe huarwin VIR targrenrobeceddia thie pamresdic@rtery]
during s after the transplantation to further expand
and di P° CE 851@?‘3 hft‘ﬁ?‘r?e ﬁagcrf’fbg i nsul i n-producing cells to enhance success
of engr af t NERbpulAGEPH L dRrol @;nhlahswﬁeemﬁﬁnalg)%agfa%%l&nté@ hitindaf! 48 Silalyzed

al l ographs (human islets froma human donor that is not the recipient), as

vel | a®raselpraiorsof the spnptodwsrdfdetetes torg. b drghudopt Entls, iaswin lefdlg onmbhereok
EXAMPLE 15 Xepo elc transpl antati on of pancreatic stemcells into the
kldneypﬁﬁﬁﬁﬁ ﬁ In- positive-islet progenitor cells (NIPS) were isolated as
descri bed, and transplanted under the renal capsules of eight C57B 16 m ce
that were not i mmunosuppressed. The transplanted hunan cells were not

rej ect EBXADPLEdS8nouse recipient. Current understanding is that a
xenograft, such as human ti ssue, woul d be rejected by the nouse within 5-10
o oHER B oL Qe B0 % o et e s °
successfully engrafted and proliferat ed into | arge nasses of tissue

engul fing tRA 1RelSw&E idoeditinRd ek ¥eRiDg W@é“%ﬂépzﬁ%@a&%nﬁﬁgf 0 méthb& kidwn in

transpl antation of approximtely 105 to 10
the art and described herein.

Frozen sections of rat liver (6puM) were immunostained with a rabbit polyclonal anti-
nestin serum. The immunofluorescent signal was developed by reaction of anti-donkey IgG
serum tagged with the fluorophore, Cy3 (yellow-orange color. Nestin-positive cells surrounding
a possible large biliary duct are depicted in figure 13A. Clusters of nestin positive cells

surrounding several small biliary ducts are depicted in figure 13B.

EXAMPLE 19

Differentiation of NIPs toward hepatic phenotype

Because of the reported apparent commonalties between hepatic stem cells (oval cells),
hepatic stellate cells, and progenitor cells in the pancreas, and the observations that following
some injuries, the regenerating pancreas undergoes liver metaplasia (Slack, 1995; Reddy et

al., 1991; Bisgaard et al., 1991; Rao et al., 1996), we performed RT-PCR to detect liver-
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One C57B16 nouse was sacrificed and determned to have a |arge area of new
gromh at 57 WD 03/026584 PCT/ US02/ 30700 the site of transplantation. A
section oWotohm2dsBdney that included the new tissue was di PCaawoz/si700 two

pi ecesexpaitGediein'B® stenP 26y, TRUR bideR wees bbahelifos XBPUY,a wdilcriftfonot her

pi ece was fixed in parafornmal dehyde for paraffin section histology. Frozen
sect i ofistoneequisdeionhepatacyde dewriopogniReimoldertat.oR000)n amhtamstwiretin ldiBer and
antisera tq}vari ous isl et ccﬁll .anti gens. Exalm nati on_of .the H&E st ai ned

ki dney*SERTAEHPIREHBN SCY HRkeF ?%V%F@glé% et algo FERpessgd SRS HrASlOMRE Mot part
of t herki a1 €X%RHEN tH_ | Sl ARy r I 1St ng m xed
rresencﬂ%ibrrgYnae%{na}j"gg?@hg ?g?}?etr iPis(gfue cgﬁyaéﬁégﬁpg%g%qﬁé&?gﬁ’dﬁ%g gl :

adi podH@Fq Skt et Ak ra9ePcatlisgnapphesia (Wang Rbal, 01998) 0@ dfISIHf Thee ki dney
section denpnstrated that the new growh seened to be I nvadi ng t he renal

par encHPrESSIOn 9d Prateing skared by ithe papeteps and livermsnebas AIGF aad synraptophysin- maeci fi c

(not isera r I rds of 4 nmung itive . cells staining for
human[T}s% ggcgi)ﬂ??qg%@?lgﬁioﬁgﬁﬁpﬁn&t}% ?W,grygﬁg fpﬁeegugﬁgcg)%lprerﬁk%r[egreg?ﬂti gen specific
for  hdiffefenhiaioH eivasd bithdr paRdiest@ hepatiteptehoiypys. of a second C57B16 nouse
also had a simlar |ooking new growmh at thé site of the NIP
transplantation. The paraffin section of the NI P-engrafted kidney of a
C57B1 JQm‘;tz@e first nouse to be sacrificed) was exam ned. The tissue
bl ock 11 xam ned was fromthe top of the kidney and showed the
foreign tissue to be well contained under the renal capsule with no signs
of "invasgppliR Gb@itifeid R parenchyma. Notably, anongst the

pl ei onor phiTc-ToOKINng graft tissues were areas that resenbl ed renal
parenchyma. Wthout being bound to theory one hypothesis is that the graft
consi st s ofhesapplicatisin of GEB{1lragidetoningler isolnicd tNIPalevateaicvelsef snteaveldbaht s ar e

t " di " bhut .sj ] ti d j f tir d |, i f
ot e, P B0 7)Y (P Al bl e S B P R SR e
ki dneyingithofR¥chEmRht §IRidg 6 thOsAd deBS 8 tdsPic® nebtit &b IRRY - AlTBAIHE @Rt cells

may not be malignant, but ‘may be just stemcells attenpting to carry out
t hei r Whinle {Ca51); réexrdiBEEWER: adeogenshawh taergpésaniestin, oin afntyastrtoadalt Be st em

cells into e pancreas_ Ll n nesfin-positive-islet progenitor cells (N PS

are i s@ﬂét%ﬁpésgﬁé-ﬁ%? E%%als af L%ﬁ%él-éﬁ%ﬁgliuﬁ?sé '%“Flg’%%}?éﬁe%‘ée igfthey c(e t ha%
are n i L0 ured i roduce
ot r epiagioE OO A BAP LA Bules, oBhil{F Pleso SRS WRAEHBRIGIad B P! her'e

i s an forsgolim (Figaleed3, ipandliB)supgdstingtat ihereffects of GLP-1 are mediated through the

activation of Gs and cAMP production, the same signalling pathway used in normal { -cells.

The pretreatment of single isolated NIPs with ’Lhe peptide Extendin (9-39), a specific antagonist
of GLP-1, prevents the increase in [Ca’*]; mediated by GLP-1 (Figure 23, panels C and D).
The effects of GLP-1R antagonist Extendin (9-39) suggests that the same isoform of GLP-1R
is expressed in NIPs as in B-cells. The [Ca**]; increase mediated by GLP-1 was inhibited by
exprecellular La®* (5 pM) suggesting that GLP-1 is activating [Ca**], influx, consistent with its
known role to depolarize B-cells (Figure 23, panel E). We further demonstrate that
tolbutamide (100 uM) stimulates [Ca®*]; elevation in NIPs indicating that they express ATP-
sensitive K* channels (Figure 23, panel F). These data are consistent with GLP-1 induced
membrane depolarization and activation of voltage-dependent Ca** channels in NIPs,

consistent with its mechanism of action in B-cells.
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The pancreas of the transplanted aninmals is examned to determine if the
Nl Ps find their proper niche, receive instructions fromthe islet region,
and diff ewerBioatse4i nto islet (R-cell) cells. 58 WO 03/ 02@6847502/30700

PCT/ USBXAMPDE 21EXAMPLE 17 Treatnment of di abetes by xenogeneic

transpl antati on of pancreatic stemcells Human islets are isolated as
described and cul tured for several days in vitro to expand the stemcell
popul at i orGLEIningdueg GIcH 1198 (NIRR inig insylinisecretingeellsi a t he portal vein
(according to conventional procedures well known in the art for

t | ant@t.i ' t 1ivel | at f h NI P

(i 2o0r at od Hevils MclsBave ahonsti T Elefolropft RABY oBBLEE} BLmelf Pitser  ai n
enbodi 4Bty So sfif@lafd!PRBL NebiRnddi€in prfifiPaaEdactedohlied PAPEXERE AIC, AgOEry, to
direct_ themto the diabetic pancreas. "A popul ation of control

(unt r dRGperent&2270N. niIRS) wera picked fopd ket eultunes aml expandedaingirgwedmediom

| i ! f di abet ..g.. bl qod gl |l evels,
e S B S e G aalo AP E b B hiiare A5 Bihens 58t on o
Nest i nsM9Sirh baeris iRMme&d N Et}\@exje'e&?%ndgﬁtfﬁll 3-‘5653.?3 Wé{ 1&&9&{@% gjegfég t§rozen
section were prepared accordi ng t o nmet hods nown n e ar an escri bed

her ei nmnEmzgncismitalaesectibn ANestinv@y-3)ad Insulm (OwDNeshewned Fisuid12@A T abbi t
pol yclonal _anti- nestin serum The i mrunofl uorescent signal was devel oped

by redtMediownd thafat s sieas they @re restin prsitiygard wsvkn negatiye.u AYssHYPCulioyes

(yell r ’ ' |11 cel | oundi n ssible..l arge
bili a%érguec asg% epilg'ltagg’St ;Iiﬂrgl'tﬁ @S{l}%éet&fﬁ{ﬁ e&ﬁ ﬁli@g;)glugﬁ‘ lt%e%qlgﬁ‘?%g% F’t‘tleg(gnbel | s
sur r o) dii subses @Y eeldd bezamk linddiih ipasisivel (Cf-3; Bigard24B a6l 3,15, fand ) @nd &-1 EXAMPLE
19 Differentiation of NIPs toward hepatic phenotype Because of the reported

appar S198itiys npiaitigws 24Bs prnsh Thasrastin segative dCy S, (Figme 23B) pane] 4). hEherei ¢

tell ' regeni.tor _cel.ls in t ancreas, .an ervati ons
Chat FER St ABReRt B EMhEedRitT i b ePrg SleihReo iy ki S0 o
met apl AB, pafebhagk 4?.19&5®rd Mre@tmerwith B28ddin 3 i9gR309 Rlioal fo1d 1Pdase Ra0 et
al ., 1996), we pertorned “PCR to detect |iver 59 WD 03/ 026584

PCT/ US0 2isgtin@ecretion (Figure 25). However, in some culture wells, confluence alone was

11¢&

sufficient to initiate small amounts of insulin secretion.

The homeodomain protein Idx-1 is critical for pnacreas development and plays a major
role in the transcriptional regulation of the insulin gene. Haploindufficiency of Idx-1
expression results in a form of early onset type-2 diabetes (MODY4) and inherited amino acid
changes in Idx-1 are associated with late onset type-2 diabetes. Idx-1 is expressed in

differentiated NIP cell populations.

Human NIPs that had been repeatedly passaged lose their ability to secrete insuling in
response to GLP-1. However, transfection of these cells with an expression vector encoding
the human Idx-1 cDNA rendered them responsive to GLP-1 and induced the synthesis of
insulin in a subset of NIPs (Figure 26, panel 1). Interestingly, transfection of NIPs (passage
9) with Idx-1 in the absence of GLP-1 treatment did not induce insulin biosynthesis (Figure
26, lower panel B), but did stimulate Idx-1 expression levels (Figure 26, upper panel B).
Taken together, these results suggest that GLP-1 stimulates levels of Idx-1 expression in NIP
cells and that a critical threshold concentration of Idx-1 is required for NIPs to convert into

insulin-producing cells, thus suggesting a role for the GLP-1R in islet cell differentiation.
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expressed genes in the stemcells. PCR products were obtained for XBP-1, a
transcription factor required for hepatocyte devel opnent (Reinold et al.,
2000), amaotisapsBhyretin, a liver acute phase protein. Secarsosiber |iver
mar kerEXAMBLEI220 expressed such as a-fetoprotein (Dabeva et al., 2000),
E- Cadherin (Stamatoglou et al., 1992), c-MeT (lkeda et al., 1998), HGF
(Skrtic et al., 1999) and synaptophysin (Wang et al., 1998); see Fig. 15))
The e&&f‘éﬁ@ o thg useroft Nibsdo gresindy ebwstaﬂae)fgmnmmeaslelancb ima/mrospestmhhagx HG-
and syfﬁezpteaph&&tmsuefmgan gmftl ect their conmmon origin fromthe enbryonic
foregut endoderm and represent differentiation toward either pancreatic
or hepat i cNiiseme uygue®. pr&EXAheE kst 6libetdics k@natila pegenitial HgBs dh&. ReBddccat i on
of G_d%lﬁ gmjde to single, isolated NIPs el evates |evels of intracellular
Ca2+ b rfSP?%lﬂé[C@@z*h}t t}le trapsplantafionof steat edllsdrame agionoidintd & oanspddnt ps t o

t h | | to test
Por nagtpRAE A ted BT ARDRRCRom AR R b Siont AR B PR Ber 0 acie
wer e ahmmos@p@mrve&ﬁugse@éd for ekdin 1|91@ npmﬁchfet)alathﬁ Me. ; Fasho®, 8T 1

sti rrul ates | evel s at basa glucose but was 1 neffeétive in
the Ruan él . tingh J¢ 2edng Tag1 Zﬂﬂisé% Bi Klortdlr@:};t abaNeIEng) J. Meis£7 ddrect s
were r. o f or skol ure 23, panel suggesting that the

ef f ect@eg’f ?ﬁg?gl bé}e TR ‘i‘ﬁcé é‘HH pﬂgog%r@pp \Fléﬁs? ghsesYatians apd c AVP

pr oduclei@fstrdthea HEVER usé BRIDS i

pretreat memf OfaSI nglue I sol gtleghfﬁlggﬁ@myﬁt]}%ﬁ%ﬁ“&é@t|%§h‘l§f§t§% ﬂce?%wafé)

speci fPotensiak ergam denor, pfiottloRorgan framspéamtasion feom ﬂtermﬁ inite tHeGeeiplent Nedi at ed by

GP-1 (Figure 23, panels C and D). The effects of GLP-1R antagoni st

Extendin (9-39 ests_that .the sane, oformof GLP-1R is expressed in
NI Ps as i AG%E d)élég ?‘g& 1spgthe t;ﬁsue PW&’F%¥§ taiace QP’é‘dh%?aIGE@SPr\AHg phi bi t ed

Ca2 '],
0t 1 g R ol o oty oo BUBERRMPE LB g o b BEI B 15

panel Viijo, adelesaritieleto gkmﬂmtsN[Rstc& Nfl%quﬁa@éﬂ@@eﬁﬂp@@eﬁﬁ&@em ’FHehéTNﬁPé a8
[Ca\2+£kf el evat i on | n NIPs indicating that they express ATP- sensitive K+

chann adgtigi§iegedty anapamogngicalty compeERGIesient eitlkdr i sbewianeouSioP- 1 i nduced
R

in Nl Ps, consistent w rreChanl S

03/ 026y FGaHOUE0 PCIO ZADin SEMAVYBifizator g dbiRipesifid pfdbes ﬁﬂitida?et ﬂhQPth@f NI Ps

into insulin-secreting cells
transplanted human NIPs colonize multiple organs of the recipient and created a state of

micro/mixed chimerism which induced a condition of immune tolerance. Acceptance of a
human tissue graft by a recipient is believed to result from the differentiation of the
transplanted stem/progenitor cells into dendritic antigen-presenting cells and so induces the
immune system of the recipient to recognize the engrafted human tissue as self. The success
of the induction of immune tolerance in the recipient toward the donor tissue is confirmed by
taking a skin biopsy from the donor and engrafting it on the skin of the recipient and showing
that the recipient does not reject the donor skin graft. After verification of the induction of a
state of immune tolerance toward the donor, the NIP transplant is surgically removed. Organs
from the donor (kidney, heart, liver, pancreas) are then transplanted into the recipient without
incurring rejection of the grafted organ. This organ pre-transplantation protocol commandeers
the recipient’s immune system to recognize the grafted organ as self and therefore obviates the

need for powerful but toxic immunosuppressive drugs.
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Previ ous studi es have denonstrated the insulinotropic action of GLP-1 as
well as its ability to stinulate (3-cell neogenesis in partial

pancr eactwotosfneesed rats (Xu et al., 1999, Diabetes 48: 22POX/UShit/Bisomer e

pi ckedRéfersmces| et cul tures and expanded in growth nedium containing bFGF
plus EG- (passage 01) for 3-10 days (Zulewski et al., 2001 D abetes 50:
521). In gasrdh H.Qs eathElesgolrspas Sthat9Me Myidsnpafod edofmoronel of agiginger e f i xed

and subj.ec: £0 1. i noecyt pcheni cal detection of tin ((Cy- d Insulin
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nestin posjbineenaDR. et Ul o9v. "EGAE beain W6 BIIYIP: Bethipdistic RS RlogAdyded for
7-10 days and then treated with either GLP-1 or its 'stable anal og éxtendi n-

4, a FdBHagurst stewdells evemeSdioncaRBHS5peS8Ti ve (Cy-2; Figure 24B, panel 3, 5,

o 9 s, ROB Sl D Wi BRSO P

expr esSlogigegoeul tures were treated with GLP-1 (Figure 24B, panel 2 vs.
4). Accordingly, treatnent with Extendin-4 induced a 2- to 3- fold increase
in insul i Bawwanstl.ehal A9 €y@Bsratikioasonarkersiof dsaateet ulifferentiatioh land islet
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the insulin gene. Haploindufficiency of Idx-1 expression results in a form
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| dx- 1 are,associ ated, wit e .onset type-2 diabetes. Ildx- 1 is expressed
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r epeatp@\ﬁipbt&ﬁ§éﬁﬂ&qlls|ﬁb%?adu'[ﬁh6us@?hﬁdr&a)é. %@?%ﬁ?%&%!m%#ﬂ response to

G.P-1. However, transfection of ese cell an expression vector
encodi ng Dahéstiandah, et dk -1992 DNhanactadzatiod dof iterhunespestsn yenetrovealsP: dosend

i nd d t t.hesis. of i lin i b. NI P Fi 26, | 1).
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reci pient of a tissue/organ graft NIPs are used to pre-induce a state of
tol erance toward a potential organ donor. Recent published reports

i ndi cat e wbhaiB/oedse4 t r anspl antati on of stemcells froma domem/tisaz/a0760
transpl antRedd§cl. Ki efHl., €991, PaxlsRictibpeiodfes AR it VidbaJdents: dellaehgegndonor
wi t hout any re%w rement for immunosuppressive drugs (see for exanple
Fandr iReRctgds ef adultipt Digylds. Sci-89:598¢/99. 8: 171; Quaini et al., N. Engl. J.

Med., 3 Jap.. : 6; 5; ling et al ..., .N. Engl. J. .. 1 Mar,. 2002,
b6 738, TRRONG Al St b sikenfiaply it P S aprmein e Biptiad®aeBns and
denonsXBRileGeResO¥EI14Use-70f NIPSs in the pre-induction of a state of inmune
tol erance toward a potential organ donor, prior to organ transplantation
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descri bed,Schiffifieefbl 1995S TRinshl B 88 Hutiah SMicosdrHAIAIGRIE R0 Ce! | . These
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mybr i drogesonoldE Htaeng: BBREEEREREEEY. | nai cate that the transplanted.
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m cro/ m xed chi neri sm whi ch induced a co tion o e tol erance.
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the asfibremAlegpisy dinnglyer devsTarmeon fad fesghordiite. |- Biainl ¥ 07 it o of
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5. A method of treating a patient with diabetes mellitus, comprising the steps of:
(a) isolating an ABCG2-positive pancreatic stem cell from a pancreatic islet of a donor; and

(b) transferring the stem cell into the patient, wherein the stem cell differentiates into an

insulin-producing cell.

6. The method of claim 1 or 5, wherein the patient serves as the donor for said stem cells of

step a.

7. The method of claim 1 or 5, wherein, prior to the step of transferring, the stem cell is
treated ex vivo with an agent selected from the group consisting of EGF, bFGF-2, high glucose,
KGF, HGF/SF, GLP-1, exendin-4, IDX-1, a nucleic acid molecule encoding IDX-1, betacellulin,

activin A, TGF-, and combinations thereof.

8.  The method of claim 1 or 5, wherein the step of transferring is performed via endoscopic

retrograde injection.
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fol | ow. 03/ 026584 P {USOZ/ 30700 VWE CLAIM 1. A nethod of treating
a pati trc?tanvbf‘? neproiuaREbetafell t us, conprising the steps of (a) isolating a
nestin-positive pancreatic stemcell froma pancreatic islet of a donor;
and (b) transferring the stemcell into the patient, wherein the stemcell
di f f erlent Tae ewthod of daim 11y sibkeiem piddestinipgsitiet panc2eatitisenmed hisdlsofABCE2M 1,
wherein said nestin-positive pancreatic stemcell is also ABC&X- positive.
3. Th@°ftfod of claim 1, wherein said nestin-positive pancreatic stem cell
is also positive for

—

13. The method of claim 11, wherein said nestin-positive pancreatic stem cell is also positive
for at least one of the markers selected from the group consisting of Oct3/4, GLP-1 receptor,
latrophilin (type 2), Hes-1, Nestin, Integrin subunits a6 and p1, C-kit, MDR-~1, SUR-1, or Kir
6.2.

14. The method of claim 11, wherein said nestin-positive pancreatic stem cell does not express
at least one of the markers selected from the group consisting of CD34, CD45, CD133, MHC
class I and MHC class II.

15. A method of treating a patient with diabetes mellitus, comprising the steps of:
(a) isolating an ABCG2-positive pancreatic stem cell from a pancreatic islet of a donor;
(b) expanding the stem cell ex vivo to produce a progenitor cell; and
(c) transferring the progenitor cell into the patient, wherein the progenitor cell differentiates

into an insulin-producing beta cell.

16. The method of claim 11 or 15, wherein the patient serves as the donor for said stem cells of

step a.
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at | east one of the markers selected fromthe group consisting of Cct3/4,
GLP-1 receptor, latrophilin (type 2), Hes-1, Nestin, Integrin subunits a6
and R1, OVBIoB/02d%®R-1, SUR-1, or Kir 6.2. 4. The nethod ofPCahasoms@po wher ei n
said nestin-positive pancreatic stemcell does not express at |east one of
the markers selected fromthe group consisting of CD34, CD45, CD133, MHC
cl ass 17- adempathed efdaim 11 & 15awhetcindie sfeptof expandimgas pafarmed imthelpresientset es

pancr S eBGBrleR b B 2k BaBselr QP T2 sl R HGYr

t r ansf@ELPJ1Nekehbifr-S1R-¢2] hucldié &id BRIRAL e%@&dm%"ﬂ?)'(el' BethG1uBih SABHG B A, TGE-
differentiates into an insulin- produci ng cel he nethod of claim1 or

5, whdh@nd cembingtionstheregfrves as the donor for said stemcells of step a.
7. The nethod of claiml1 or 5, wherein, prior to the step of transferring,
the stemcell is treated ex vivo with an agent selected fromthe group
consi stgl. nghemdadd of Xtk 2 oﬂ"l'S?QhGJeHPtﬁéi Step ok fdms it Bh perﬁﬂ'ﬁed Hia BUGREHIR- 4,
I DX- 1, a nucleic acid nol ecule encoding I DX-1, betacellulin, activin A
TGF- (Setr@greldﬁzmjd@hnatl ons thereof. 8. The nethod of claim1 or 5, wherein
the step of transferring is perforned via endoscopic retrograde injection.
65 WO 03/ 026584 PCT/ US02/30700 9. The method of claim1 or 5, additionally
conprigi nQ‘hElﬁ?et%cF@féﬂlm flcar 1t5ra%ﬁftio'ﬂgll}t SRl SRk sfé%%h an 1 munosuppr essi ve
agent. 10. The nethod of claim9, wherein the i osuppressive agent is
sel ect(éhtréatmmthmpat@nbwnh ag ansusosuppressive4geb06, cycl osporin, and GADG5
anti bodies. 11. A nethod of treating a patient with di abetes nellitus,
conprising the steps of. (a) isolating a nestin-positive pancreatic stem
cel | fap0m@e RS LS dIgind B, Whe&fn t@e%ﬂﬁhosu bRksi¢ Ramsndiek Qﬁ%'ir?{%?d p
vivo to produce a progenitor cell; )ptransferrlng t he progefitor ceII
i nt o tchesigtaty GiftK- Sﬁﬁ,mye]oq)drhuearprQ@ﬁStannbmxhéd differentiates into an
i nsulin-producing beta cell. 12. The method of claim 11, wherein said
nestin-positive pancreatic stemcell is also ABCR- positive. 13. The
et gogzégf f«ﬁ&geh%%%trema%&eﬁm&h 8RBt mBARLS LYRpRARE e RIS oft €M Cell 1S

(a) isolating a nestin-positive pancreatic stem cell from a pancreatic islet of a donor;

(b) expanding the stem cell to produce a progenitor cell;
(c) differentiating the progenitor cell in culture to form pseudo-islet like aggregates; and

(d) transferring the pseudo-islet like aggregates into the patient.

22. The method of claim 21, wherein said nestin-positive pancreatic stem cell is also ABCG2-

positive.

23. The method of claim 21, wherein said nestin-positive pancreatic stem cell is also positive
for at least one of the markers selected from the group consisting of Oct3/4, GLP-1 receptor,
latrophilin (type 2), Hes-1, Nestin, Integrin subunits a6 and p1, C-kit, MDR-1, SUR-1, or Kir
6.2.

24. The method of claim 21, wherein said nestin-positive pancreatic stem cell does not express
at least one of the markers selected from the group consisting of CD34, CD45, CD133, MHC
class I and MHC class II.
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for at |east one of the markers selected fromthe group consisting of
Cct3/4, GP-1 receptor, latrophilin (type 2), Hes- 1, Nestin, Integrin
subuni ts w6 oaneksRL, C-kit, MOR- 1, SUR 1, or Kir 6.2. l1leCTNsezsevhod of

clai m#sl, Mﬁ@ﬂﬁﬂ%f%hﬁl%‘@?éﬂeﬂt@ﬁl& tifab¥es m@nﬁﬁs?a&mgﬁﬁh%mecseépb ofloes not
express at |least one o he markers selected fromthe group consisting of

CD34, CD4%2) icnatdsg avAMBCGR-pessive paneieatidGtan aels frpm, a paBcreatiorisiah ofla denary eat i ng
a patient wth di.abetes nelljtus, conprisin he steps of (a) isolating an
ABCG2- posiﬂ%%@ﬂ%ﬁ’e@aﬁ?lﬁcgl rﬂrf}‘gicleafrgg‘?ﬁ?flgo’g ereatic islet of a donor;
(b) expandingfitRatisiRme ?fdgelﬁ%br\ééll’fh &R QYR pleudb R8Nk UggfeBhtts; aaad (C)
transferring the progenitor cell into the patient, wherein the progenitor

cel | diff édemansferasg thempsendarislenlse dggragatesiintd iy fasewt. cel | . 16. The net hod of
claim1l or 15, wherein the patient serves as the donor for said stemcells
of step a. 66 WD 03/026584 PCT/ US02/ 30700 17. The nmethod of claim 1l or

15, whgy eitheth@h&d 618 Www&eiﬁhgéﬁﬁéﬁ 05ded 44 thb8odr $S18ALEsterR Lelbragent
selected fromthe group consisting of EG-, bFG--2, high glucose, KG,

HGF/ Sktep €&3LP- 1, exendin-4, 1DX-1, a nucleic acid nol ecul e encoding | DX-1,
betacellulin, activin A, TG 1 , and conbinations thereof. 18. The nethod
of claim1l or 15, wherein the step of transferring is perfornmed via

endoscppi qhehRiRQNSBISn M &5, QBeredSthe Iﬁ%? o8k Rdingfis ﬁé irfed In B ptétence
additional [y conprising the sfep of: (d) treating the patient with an

i mrunofuppeesselected gont the 280upToasistitgdE W, bEIGH-ntigh glwbmese K6F HEF/SF,

i nmuno ressiyve is selected. fromth p. ,consj sting of FEK-506,

oyl osabE nS i APRG | i aS ok A RaRRB IS ST bFECRIRG s A oot t

di abet s gebhbindon@PREE Si Ng the steps of: (a) isolating a nestin-positive
[ I

pancreatic stemcell froma pancreatic islet of a donor; (b) expanding the
stemcell to produce a progenitor cell; (c) differentiating the progenitor

cell in culture t r.m pseudo-islet_ like regates; apd d) transferring
the peBuadmedidrod b Goi wbieR e s chAErnt g s R EBAORPPE ai m
Sé,si ‘t"':}sg@grgdéﬁjéétiﬂﬁ.s“ n-positive pancreatic stemcell is also ABCX-

29. The method of claim 21 or 25 additionally comprising the step of:

(e) treating the patient with an immunosuppressive agent.

30. The method of claim 29, wherein the immunosuppressive agent is selected from the group

consisting of FK-506, cyclosporin, and GADG65 antibodies.

31. A method of isolating a stem cell from a pancreatic islet of Langerhans, comprising the
steps of:

(a) removing a pancreatic islet from a donor;

(b) culturing cells from the pancreatic islet; and

(c) selecting a nestin-positive clone from the culture.

32. The method of claim 31, wherein said nestin-positive clone is also an ABCG2-positive

clone.

33. The method of claim 31, wherein said nestin-positive clone is also positive for at least one
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23. The nethod of claim 21, wherein said nestin-positive pancreatic stem
cell is also positive for at |least one of the markers selected fromthe
group comeogBiongsof Qct3/4, GP-1 receptor, |atrophilin @Cyrpso2yq7oHes- 1,
Nest i nof thdWhekietsiseRedtid T dnd tiRGréicdndidtindofDét3/4AVARPLL redéfitor lat@bhifinf(typ6 28,. 24.

The met hod of claim 21, wherein said nestin-positive pancreatic stem cell
does nidts- B estig dntegtin [selastits méend 3 11 GekitdRRrls SER-bowrddr 620m t he group
consi sting of CD34, CD45, CD133, MHC class | and MHC class Il. 67 WD

03/ 026584 PCT/ US02/ 30700 25. A nethod of treating a patient with di abetes

mel 11 t3s, 16emhed 1:%,9{33 B LaRRiPEaid hélinlpdSiidt cMge ADeNRPERpRQSI 1da¥one of

pancreatic stem ce rom'a pancreatic islet of a donor; " (b) expanding the
st em cthé matlergsebatterefram phogronp tamsistieg bf CD3%, dAD#5,«CR 3, MHG glash Bargk MEKHI t or
cel | ig cg{lture to form pseudo-islet |ike aggregates; and (d) transferring
the psetfdo:islet |ike aggregates into the patient. 26. The nethod of claim
21 or 25, wherein the patient serves as the donor for said stemcells of
step a. 27. The nethod of claim 21 or 25, wherein the step of expanding is
per f or3ted A method of isdainga staf cadhfrageniansebticisket of Larpethass, gomppsiogtsi st i ng

of EGF, bFG-2, high glucose, KG, HG-/ SF, G.P- 1, exendin-4, IDX-1, a
nucl ei ¥P&d nol ecul e encodi ng I DX-1, betacellulin, activin A, TG~ f3, and

conbi nat i ?@%eﬁﬁ@fng%fpan atigﬂﬁtﬁe%l@&n%;' claim21 or 25, wherein the step of
i rf

transferring 1s p orned via endoscopi’c retrograde injection. 29. The
met hod of (b) ailtiridg cells 2&makkdpdnceatid islet;cmdpri sing the step of: (e) treating
the patient. with an i mmunosuppressive agent. 30. The nethod of claim 29,

wher ei n t K© SelRtinG 3L ARLaL PRI Efathe fTem S QLU from the group consisting
of FK-506, cyclosporin, and GAD65 anti bodies. 31. A nethod of isolating a

stemcell froma pancreatic islet of Langerhans, conprising the steps of:
(a) re’mviThg ntethahef @aitd 81 0153 % Wwheremtha cdiourong is figdy)perfotnadrinagessel tatdd om t he
pancreatic islet; and (c) selecting a, nestin-posi t%&tﬁl one fromthe

cul t urwith goncangyelingy arstthen agaimperfoymed jiha Vessel 1ok popt RONBEPEIG ¢l one i s
al so an ABC&2-positive

37. The method of claim 31 or 35, comprising the additional step of:
(d) expanding the nestin-positive clone by treatment with an agent selected from the group
consisting of EGF, bFGF-2, high glucose, KGF, HGF/SF, GLP-1, exendin-4, IDX-1, a nucleic

acid molecule encoding IDX-1, betacellulin, activin A, TGF-, and combinations thereof.

38. The method of claim 35 comprising the additional step of:
(d) expanding the ABCG2-positive clone by treatment with an agent selected from the
group consisting of EGF, bFGF-2, high glucose, KGF, HGF/SF, GLP-1, exendin-4, IDX-1, a

nucleic acid molecule encoding IDX-1, betacellulin, activin A, TGF-f, and combinations thereof.

39. A method of inducing the differentiation of a nestin-positive pancreatic stem cell into a
pancreatic progenitor cell, comprising the step of:

treating a nestin-positive pancreatic stem cell with an agent selected from the group
consisting of EGF, bFGF-2, high glucose, KGF, HGF/SF, IDX-1, a nucleic acid molecule
encoding IDX-1, GLP-1, exendin-4, betacellulin, activin A, TGF-p, and combinations thereof,

whereby the stem cell subsequently differentiates into a pancreatic progenitor cell.
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clone. 33. The nethod of claim 31, wherein said nestin-positive clone is

al so positive for at | east one 68 WO 03/026584 PCT/ US02/ 30700 of the

mar ker s swbashedsd rom t he group consisting of Cct3/4, G.PPCTIESOEpL700 ,

| atrophilin (type 2), Hes-1, Nestin, Integrin subunits a6 and X31, CKkit,
MDR-1, SUR-1, or Kir 6.2. 34. The nmethod of claim 31, wherein said

nest i ndosiheimehed ofidaitnd?, wisreie x3id asstinapositemgpanomaicxtem cold isrpdsolear s

sel ectgg fgromthe qroup consi sting of CD34, CD45, CD133, MHC class | and
MHC  cIBSS2ROs® clgiGni hod of isolating a stemcell froma pancreatic

i slet of Langerhans, conprising the steps of: (a) renobving a pancreatic
islet froma donor; (b) culturing cells fromthe pancreatic islet; and (c)
sel ect4lhg The nxBio®P opclgin BY,evleiroan eaifl nestint prsitivel panereatic3@em Teld ismbtoloditive ¢l ai m
31 or 35, wherein.the culturing jis first perforned_in g v | coated with
c oncanitt i IR AR AR e TS AT LR P he o Con RS of CRET LR L ek

conca i . [, 5 L S he i tional
R R ARy SR Al
select@d. fromthe group consisting of EG-, bFGF-2, high glucose, KGF,

HGF/ SF, GLP-1, exendin-4, IDX-1, a nucleic acid nolecule encoding IDX- 1,
betacellulin, activin A, TG~ (3, and conbinations thereof. 38. The nethod
of ol ai et o o t eneof. :

ABOR. o5 e SE O 38 AR A AR e b Gy B ol tBt s
consi sitileagt afe dE@he miaHErs s2lecttidgtong theqpew, cdi€isting GFCBE4, S, KD B3 MH@- 4,

| DX-1, .a nugl ei ¢ acid nol ecul e encoding IDX-1, betacellulin, activin A
TGF- (FlasiAand YHEC 168855 s thereof. 39, A method of inducing the
differentiation of a nestin-positive pancreatic stemcell into a

pancreatic progenitor cell, conprising the step of. treating a

nest i 43 0A hiettwdpindiwaig the diffspenciation vf 4nhABAGRgsiitive phratait stendoell ko gr oup
consisting of EGF,. bFG-2, high glucose, KG-, HG-/ SF, IDX-1, a nucleic acid
nol ecubdBcreatie rapetarsrllicomprising thestemef:n- 4, betacel lulin, activin A,

TG (3, a : I NS L E . . t | |y

di 1 1 or ent (Eap A B ABCORBoS B e AR RN Wi B S e BB B g5

PCT/ US40 EGF, bFGF-2, high glucose, KGF, HGF/SF, IDX-1, a nucleic acid molecule
encoding IDX-1, GLP-1, exendin-4, betacellulin, activin A, TGF-B, and combinations thereof,

whereby the stem cell subsequently differentiates into a pancreatic progenitor cell.

44. The method of claim 39 or 43, wherein the pancreatic progenitor cell subsequently forms

pseudo-islet like aggregates.

45. An isolated, nestin-positive human pancreatic or liver stem cell that is not a neural stem

cell.

46. The isolated stem cell of claim 45, wherein said cell is also ABCG2-positive.

47. The isolated stem cell of claim 45, wherein said cell is also positive for at least one of the
markers selected from the group consisting of Oct3/4, GLP-1 receptor, latrophilin (type 2), Hes-

1, Nestin, Integrin subunits a6 and 1, C-kit, MDR-1, SUR-1, or Kir 6.2.

48. The isolated stem cell of claim 45, wherein said cell does not express at least one of the
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40. The nethod of claim 39, wherein said nestin-positive pancreatic stem
cell is also an ABC®&2-positive clone. 41. The nethod of claim 39, wherein
sai d nestwp-0po2isB4 ve pancreatic stemcell is also positiveCTfusn2/at706 east
one Ofmhfk@rsrﬁarek@ﬁ%&ﬁt&%f&?b Johﬁ%r}_%@f s R:mwmm MOIH ol I3ind MIFEP- 1
receptor, latrophilin ype 2 s-1, Nestin, Infegrin subunits a6 and
(31, classdl. MDR-1, SUR-1, or K|r 6. 2. 42 The nmet hod of claim 39, wherein
said nestin-positive pancreatic stemcell does not express at |east one of
the markers selected fromthe group consisting of CD34, CD45, CD133, MHC
cl ass 49 angh {blatdd, ABCEI-postidve h‘ﬁn%tﬂ%ﬁéi‘eﬁ’tflc OrIEE 5B dell Shfllid AR aGRItaR bl OF
an ABC&X2-positive pancreatl c stemcell into a pancreatic progenitor cell,
conprigdllng the step of treating an ABCGZ positive pancreatic stem cell wi th
an agent selected fromthe group consisting of EG-, bFGF-2, high glucose,
KGR, HGF/ SF, IDX-1, a nucleic acid nolecule encoding IDX-1, GP-1

exendi 5p. 4, THRE} 584 Lhl bilelaiff49, Wh@re’ﬁl s T(%? olf RalR sﬁﬁ@ér%ﬁéa%eto?ﬁ{eec’f
whereby the stemcell subseqiently da erentiates 1nto a pancreatic

pr ogermmrkbrscse]ebtedLﬁtbm Tfi@@rwdmosistufg afl QutBM3GLBr1 #8eptovh atrephilintigpp ) diesat i c
pr ogen subsequent |y forng seudo-islet |ike aggregates. 45. An

i sol atfeé\? Sﬂ%glflfeﬁnﬁé’éli"ﬁ“c?émﬁﬂﬁﬁﬁ GAile ile SHR-1,i0f&ir 82em cel | that is not a
neural stem cell. 46. The isolated stemcell of claim45, wherein said
cell is also ABC&-positive. 47. The isolated stemcell of claim45,

wher ei §1. saih@ isotdted call of dainp4ss inthieketn §aid cell ddes ast expiess af lehdi@ne GBIk fidkers

sel ected fromthe group consisting of Oct3/4, G.P-1 receptor, |latrophilin
(type S’Efecwfji&om the g0aun ¢opsisting %fg(Fpg %lql%l%ﬁl\’&@ clagail and MHC clagoil 1,

SUR-1, or Kir 6.2. 48. The isolated stemcell of claim45, wherein sai d
cell does not express at |east one of the 70 WO 03/026584 PCT/US02/ 30700
mar ker®2. s athedéodated stom deliof glati @9 cwhabintshidgetlfdociddet, exﬁi@é@at 16490 of M Cl ass

| and VHC class Il. 49. An isaol ated, ABCR2-positive human pancreatic or
i ver Bikassselested fom the grtp cansiginent @y HCRAS, CD18D, Miteclpssdiand MHEe! | of
cl ai mcﬁgssqmgel n said cell is also positive for at |east one of the
mar kers selected fromthe group consisting of Oct3/4, GP-1 receptor,

| atrophilin (type 2), Hes-
53. The isolated stem cell of claim 45 or 49, that differentiates to form insulin-producing beta

cells.

54. The isolated stem cell of claim 45 or 49, that differentiates to form glucagon-producing

alpha cells.

55. The isolated stem cell of claim 45 or 49, that differentiates to form pseudo-islet like
aggregates.

56. The isolated stem cell of claim 45 or 49, that differentiates to form hepatocytes.

57. A method of identifying a pancreatic cell as a stem cell, comprising the step of:
contacting a cell with a labeled nestin-specific antibody, whereby if the cell becomes

labeled with the antibody the cell is identified as a stem cell.

58. The method of claim 57, further comprising the step of contacting a cell with a labeled
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1, Nestin, Integrin subunits a6 and (31, Ckit, MDR-1, SUR-I, or Kir 6.2.
51. The isolated cell of claim49, wherein said cell does not express at
| east onewofo3obesssrar kers sel ected fromthe group consi stiPeg/ush2/EDgel, CD45,

CD133, anlblaFinassinkis %Fﬂn%ﬁg} LlRRA ffdm thlé?groﬂ‘é'oﬂsﬁﬂﬁ 69@@?&[})@@'/4, cxfp-¢l ai m

49, wherein said ce does not express at 1 east one of mar kers

sel ectreckptorpharopleiligntypp 2); Gfesils Neesttn, EdtegtDBshbufiii®s afdABIT-kiYHEDR-2sSUR-1and

MHC <class |IIl. 53, The isolated stemcell_ of c¢laim45 or. 49, t‘{1at

di  f er@rvir Ge¥hersby drthe pekhacrmeplobelad it the tniibody fhecellgsidentified a5 i§ad st em
cel | ofgclaim45 or 49, that differentiates to form glucagon-producing

al pha cells. 55. The isolated stemcell of claima45 or 49, that
differentiates to form pseudo-islet |ike aggregates. 56. The isolated stem
cell of claim45 or 49, that differentiates to form hepatocytes. 57. A

met hod®%f Thgentthed pigaim Hhethemgompristg thegtep okt em cel I, conprising the step

ot : j 1 assastem o : L
The coll BERRERERE wllh e AuRIEh AR AR TR R RRGEI e WIEIRDY | ooy
cel | . 8 bedBiee IbEIBOWithftheAraibousphe cElid et fangristinieell. he step of contacti ng

acell wwth a |labeled 71 WO 03/026584 PCT/US02/ 30700 antibody that binds
to a marker selected fromthe group consisting of ABC&, Cct3/4, GP-1

receptgy, {140, -1 iR, Integrin subunits a6 and
(31, (@l;l tﬁh%kﬁ?gd&f@ﬂ&yﬁ;ﬁnﬁ%ﬁco I ?Isgl.jgf?é\l\%ﬁ‘ge?gby if the cell becones

| abel ed wicbhtattivgg thBicelb oy atliteelaidollageh IVisRtificiagtbaly, whedebyif thetdll dde8 nofThe
nmet hod of claim 30 further conprising the step of: contacting the cell wth

a | abeyeseme Jabsledrwith the aotibgsydhe ¢ell is ideantiBed as ysfemeBl). i f the cell does not
becone | abeled with the antibody the cell is identified as a stemcell. 60.
The met hod of claim57 further conprising the step of: contacting the cell

wi th a6l alidleafbtBed bBASith 3V fisRE bdhprisihg ildaky, of wbaaehig thé célhwitBallibetles not
becone | abeled with the antibody the cell is identified as a stemcell. 61.

ith | j h ' t k | ect f. t
Vonty QbR SR e SR ORI,

i f thenheedll isdaasifitatas herar®lll abel ed with the anti body

. 62. A method of inducing a nestin-positive pancreatic stem cell to differentiate into
hepatocytes, comprising the step of:
treating the nestin-positive pancreatic stem cell with an effective amount of an agent that
induces the stem cell to differentiate into hepatocytes or into progenitor cells that differentiate

into hepatocytes.

63. The method of claim 62, wherein said nestin-positive pancreatic stem cell is also ABCG2-

positive.

64. The method of claim 62, wherein said nestin-positive pancreatic stem cell is also positive
for at least one of the markers selected from the group consisting of Oct3/4, GLP-1 receptor,
latrophilin (type 2), Hes-1, Nestin, Integrin subunits a6 and p1, C-kit, MDR-1, SUR-1, or Kir
6.2.

65. The method of claim 62, wherein said nestin positive pancreatic stem cell does not express
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the cell is identified as a stemcell. 62. A method of inducing a
nestin-positive pancreatic stemcell to differentiate into hepatocytes,
conpri si ryotohe2es8ep of . treating the nestin-positive pancipeatiso2/strem cel |

W th ablegétf el MR ASMEREeleéte@omABE brdup@bnsistiBUTEDIN EDBISECDISE | MHT
differentiate into hepatocytes or into progenitor cells that differentiate

i nto letasad end/MEEC cBSs ILThe net hod of claim 62, wherein said nestin- positive
pancreatic stemcell is also ABC&R- positive. 64. The nethod of claim 62,
wherein said nestin-positive pancreatic stemcell is also positive for at

| east ggne s0hetndg o@’ﬁfdﬁ@lﬁ% aﬁ%ﬁ@@ﬁgoglﬁ%éﬂa&aﬁé SteR ANS difrétdiaed infCt 3/ 4,
GLP-1 receptor, latrophilin (type 2), Hes- 1, Nestin, Integrin subunlts a6

and ( 3pat@eyes, pommlngthem-ofl or K|r 6.2. 65. The nethod of claim®62,

wh d t t | t WO
051 056554 RATE B ARSI Hositfe PRSP HET P A FReeeRes el SEAh FRgh b
group éﬁ(ﬁﬁéé 5B eL11 %@reﬁ%@mt%%cy%@r irftd BRBeditd? '&Qlld\ﬂﬁ'gt giffentiatk. 66. A

met ho uci ng an ABC&X2-positive pancreatic Stemcell to differentiate
i nto imefepaoyytes, conprising the step of: treating the ABCGZ positive
pancreatic stemcell with an effective anmobunt of an agent that induces the
stemcell to differentiate into hepatocytes or into progenitor cells that

i 1 e1gant irgh fuerhdl & DARANAGCHherGf in T BErTR Gopaihit] @l m 62 or 66, wherein

the agent is cycl opam ne . A nethod of tréating a patient with liver

di sease, conprising the steps of (a) isolating.a nestin-positive
pancreatic stemcell froma atic islet of .a donor; and (D)

t r ansf rrﬁﬂ’@‘eﬁlﬁ zfré?ﬁrtgealﬂatlie tt‘ﬁl ﬁ er P%Pommli‘%&ﬁ ?eﬁéo tem cel |

di fferent gé)t i&latid} Pntint ?@Bﬁ{/é’g&fcﬁeau@%’cem-l&ﬂ ﬁ{ﬁﬁg%@&éatfbl 1@1%%@5@1%‘6@%@' n said
nestin-posi‘tive pancreatic stemcell 1s also ositive. 70.

met hod of (l6) tednsfefiing thia etemi cellsaiodhapatient whesdin thcestqnandl dififcrantigtee mtcel I is

al so g{esmlve for at |east one of the markers selected fromthe group
consi S¥PHGCHE- (ct 3/4, GLP-1 receptor, latrophilin (type 2), Hes- 1,

Nestin, Integrin subunits a6 and (31, CGkit, MR- 1, SUR 1, or Kir

69. The method of claim 68, wherein said nestin-positive pancreatic stem cell is also ABCG2-

positive.

70. The method of claim 68, wherein said nestin-positive pancreatic stem cell is also positive
for at least one of the markers selected from the group consisting of Oct3/4, GLP-1 receptor,
latrophilin (type 2), Hes-1, Nestin, Integrin subunits a6 and B1, C-kit, MDR-1, SUR-1, or Kir
6.2.

71. The method of claim 68, wherein said nestin positive pancreatic stem cell does not express
at least one of the markers selected from the group consisting of CD34, CD45, CD133, MHC
class I and MHC class IL.

72. A method of treating a patient with liver disease, comprising the steps of:
(a) isolating an ABCG2-positive pancreatic stem cell from a pancreatic islet of a donor; and
(b) transferring the stem cell into the patient, wherein the stem cell differentiates into a

hepatocyte.
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6.2. 71. The method of claim®68, wherein said nestin positive pancreatic
stem cell does not express at |east one of the markers selected fromthe
group conwpgBiongsof CD34, CD45, CD133, MHC class | and MRCTaisaz3o7be . 72. A

et hod30f Thi GREHJIGIR IR SR T2 Wvhételnl tHE patftin® §F6@ as SR WInbob ForGaidiens t@RDFOf :
(a) isolating an ABCX2-positive pancreatic stemcell froma pancreatic

i sletswbaa donor; and (b) transferring the stemcell into the patient,
wherein the stemcell differentiates into a hepatocyte. 73 WO 03/ 026584
PCT/ US02/ 30700 73. The nethod of claim68 or 72, wherein the patient serves

as theadonopefBl o BbMingaGRieRIvith Rier diegR, SomprikingthERipOEf:0f treating a

patient wth liver disease, conprising the steps of: (a) isolating a
nest i n- pogd)tisolainganuastapogtise pancoatit stemovelldrquan preatdtic islst efia dohori donor ;

b [ th | | Vi t duce. it Il d
{r naf or r (HGAPHEDH WG SISl Gaio PRreieRa PR Blofel ei n t he pr ogeni {of
cell diff R bR thd gﬁﬁgeﬁt& CRIRIAE Yictpatiémt, whGin'HRE E%Zﬁfto&leﬁ'dﬂfe?éntiamer ein

said nestin-positive p reatic stemcell s also A - positive. 76. The
met hodntofa lebatonytZ4, wherein said nestin-positive pancreatic stemcell is

al so positive for at |east one of the markers selected fromthe group
consisting of Cct3/4, GP-1 receptor, latrophilin (type 2), Hes-1, Nestin,

| nt eggis_n SI'HP W (ﬁ@\l,@’ieldMﬁﬁereﬁi}%ﬁ& nesRPoditivebficleati® stelfl &ell i€ aBo AﬁGCl%fﬂ'e

met hod of claim 74, rein sald nestin positive pancreatic stemcell does
not exypsiss. at | east one of the markers selected fromthe group consisting
of CD34, CD45, CD133, MHC class | and MHC class Il. 78. A nethod of
treating a patient with liver disease, conprising the steps of (a)

i sol atyikng - i t-iqv AT : o h&tibsl et of
a donc?r6 ; T?E ex parf%?a?\%l 7|t4hg,h§t%gfn§a§gﬁ£g§% \%ﬁggﬁédgr%ﬁlggﬁ?e&%ngﬁ %gi"ﬁiﬁ?g‘? cell;
and ( d)r dtrleassder ofl thgmatkerspetegediftom theedrbup cunsistifipoP@eB &n GLPahexceptor,t he
progenitor cell differentiates into a hepatocyte. .79. The nethod of claim

74 or latmphilemer?); Hes-baYestins Integripsybunitsipeind dloF- i MBRr by SR @tdfir s of
6.2.

77. The method of claim 74, wherein said nestin positive pancreatic stem cell does not express
at least one of the markers selected from the group consisting of CD34, CD45, CD133, MHC
class I and MHC class I

78. A method of treating a patient with liver disease, comprising the steps of:
(a) isolating an ABCG2-positive pancreatic stem cell from a pancreatic islet of a donor;
(b) expanding the stem cell ex vivo to produce a progenitor cell; and
(c) transferring the progenitor cell into the patient, wherein the progenitor cell differentiates

|
into a hepatocyte.

79. The method of claim 74 or 78, wherein the patient serves as the donor for said stem cells of

step a.

80. A method of treating a patient with liver disease, comprising the steps of:
(a) isolating a nestin-positive pancreatic stem cell from a pancreatic islet of a donor;

(b) differentiating the stem cell ex vivo to produce a hepatocyte; and
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step a. 80. A nethod of treating a patient with liver disease, conprising
the steps of: (a) isolating a nestin-positive pancreatic stemcell froma
pancr eat iwoiogioedssof a donor; (b) differentiating the stemcadlsSh2/awowvi vo to

produce a(gc)q%gigﬁ)ﬂgqhemtozﬁemoqgégggﬁ% PCT/ US02/ 30700 (c) transferring
the hepatocyte into the patient. 81. The nethod of claim 80, wherein said

nestin-positive pancreatic stemcell is also ABC&- positive. 82. The

met hoq,.of _cl ai m 80,. wherein, said nesti.n-pasitive ncreati.c ste is
0t ity Erclhador gl s g pif Rk AR Rl hereR R SEE s AR B
consi 2365'@1%.0‘: Oct 3/4, GLP-1 receptor, latrophilin (type 2), Hes- 1,
Nestin, ﬁntegrin subunits a6 and 1 1, CGkit, MOR- 1, SUR 1, or Kir 6.2.
83. The nethod of claim 80, wherein said nestin positive pancreatic stem
cel | es _not express. at |east one of, the .markers selected fromt.he group
consi &?z'r nd hgmeghos.of C&ﬁ%,o’ @Eﬂl@@, 8 stipipQuitive PapiSEFafipeieR) cpllds F‘{Sf’ PEAIVe

met ho J I It { i ; 14S Gi%- beps of:
(2§ o Bl O A ol o ot RS ne, SR S - RReb el

i sl et lmtophildoase 2), Hbg-1,0Ndstia) tdgriatsubugnits lo® aatigm Cdtit, MRRVI,\BOR-0, @riduce a
hepat ocyte; and (c) transferring the hepatocyte into the patient. 85. The
nmet ho®-%f claim80 or 84, wherein the patient serves as the donor for said
stemcells of step a. 86. A pharmaceutical conposition conprising the
isolated stemcell of claim45 adm xed with a physiologically conpatible
carri 33, §heMmdial sTelamtS0c dvheretnqaiddhdstio posinnppanstdatic ttem ¢etlaloat aot express cel |
of claim46 adm xed with a physiologically compatible carrijer, S%&,A

phar méé dagst QP&IOféhﬂfB@fkﬁlisis@)lﬁCtégﬁﬁm t&e gEpupransiggat {P R P13, MHL m 49
admi xecgaséi erfdhﬁ{(?g]%égl?l ogically conpatible carrier. 89. A nethod of

pre-inducing a's € of inmmune tolerance prior to organ transplantation in
a manmmal, conprising the steps of: 75 WO 03/026584 PCT/ US02/ 30700
84. A method of treating a patient with liver disease, comprising the steps of:
(a) isolating an ABCG2-positive pancreatic stem cell from a pancreatic islet of a donor;
(b) differentiating the stem cell ex vivo to produce a hepatocyte; and

(¢) transferring the hepatocyte into the patient.

85. The method of claim 80 or 84, wherein the patient serves as the donor for said stem cells of

step a.

86. A pharmaceutical composition comprising the isolated stem cell of claim 45 admixed with

a physiologically compatible carrier.

87 A pharmaceutical composition comprising the isolated stem cell of claim 46 admixed with

a physiologically compatible carrier.

88. A pharmaceutical composition comprising the isolated stem cell of claim 49 admixed with

a physiologically compatible carrier.

89. A method of pre-inducing a state of immune tolerance prior to organ transplantation in a

mammal, comprising the steps of:
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(a) isolating a nestin-positive pancreatic stemcell froma pancreatic
islet of a donor; (b) transplanting said nestin-positive pancreatic stem
cel | s i ntwoaswe@sspl ant recipient; (c) inducing a state @CTIURILBAEF00

tol erance (dyysdigngd @ﬁésﬁhﬁi&%itibegﬁﬁ&eét{&estéﬁ’ RAl fonS4 gﬁﬂc?@itibsiélet_ &) donor;
transpl anti'ng an organ from said donor to said recipient wthout the
admi ni st r &b) wansplantingsaid nestipgpossive panateatipsstent Gells into a transplant recipient;
(c) inducing a state of immune tolerance in the recipient toward the donor’s stem cells;
(d) transplanting an organ from said donor to said recipient without the administration of

immunosuppressive drugs.
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