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Description

TECHNICAL FIELD

�[0001] This invention is in the field of developmental
biology and cell biology. Specifically, this invention re-
lates to a population of pancreatic epithelial progenitor
cells that are capable of differentiating into functional en-
docrine and exocrine cells, methods of isolating the pan-
creatic epithelial progenitor cells, characterization of pan-
creatic epithelial progenitor cells, and uses of the pan-
creatic epithelial progenitor cells.

BACKGROUND ART

�[0002] Stem cell and progenitor cell isolation and char-
acterization are the subjects of intense research because
of the great potential of such cells. The totipotent stem
cells, which have the capacity to become any type of cell
in a human body, give rise to progenitor cells more dif-
ferentiated than the totipotent cell. One of these types of
progenitor cells is the pre-�determined pancreatic epithe-
lial progenitor cell. The pancreatic epithelial progenitor
cells have the ability to become different types of pan-
creatic epithelial cells. The different types of pancreatic
epithelial cells include acinar cells, islet cells, and ductal
cells. Acinar cells are generally found near the head of
the pancreas and contain zymogen granules which are
readily visible by electron microscopy. Acinar cells per-
form exocrine functions by discharging alkaline digestive
juices into the small intestine. Approximately 1500 mL of
pancreatic juices are secreted per day and include en-
zymes needed to break up lipids and proteins. Ganong,
William F. Review of Medical Physiology, Chapter 26
"Regulation of Gastrointestinal Function", Fifteenth Edi-
tion, Appleton and Lange (1991) . There are four types
of islet cells, also known as islets of Langerhans, islet-�α,
islet- �β, islet-�δ, and islet- �PP. Islet-�α cells secrete glucagon
which promotes gluconeogenesis, i.e. breakdown of en-
ergy reserves to generate more circulating glucose. Islet-
β cells secrete insulin which promotes storage of circu-
lating glucose into accessible energy resources. In type
I diabetes mellitus, otherwise known as juvenile diabetes,
it is thought that autoimmune attacks on islet-�β cells
cause defective islet-�β cell function, thereby causing a
lack of insulin to reduce the levels of circulating glucose.
Islet-�δ cells secrete somatostatin which regulates the se-
cretion of glucagon and insulin. The fourth islet cell type
islet- �PP (pancreatic polypeptide) does not yet have a
known function within the pancreas. Another type of sub-
pancreatic cell is the ductal cell. These cells line the ducts
that connect different parts of the pancreas.
�[0003] Isolation of pancreatic epithelial progenitor
cells, as with other types of progenitor cells, is difficult
because of the ephemeral nature of progenitor cells. Ma-
nipulation of progenitor cells required for isolation may
disturb the fragile progenitor status of these cells and
may cause them to differentiate. Contact with growth fac-

tors or substrates may also induce a pancreatic progen-
itor cell to begin differentiating into exocrine or endocrine
cells. Research in the area of pancreatic cells has result-
ed in the establishment of several pancreatic epithelial
cell lines derived from rats. Stephan, J. et. al. Endocrinol-
ogy 140: �5841-5854, (1999). Other research includes the
isolation of human adult pancreatic cells and the induc-
tion of these pancreatic cells to proliferate into islet-�β-�like
structures with hepatocyte growth factor/�scatter factor
(HGF/SF). Jeffrey et. al. US Patent 5,888,705. Other re-
search work involves inducing growth of islet cells from
adult pancreatic cells by culturing first in serum-�contain-
ing, low-�glucose medium and then switching to medium
with higher serum and glucose content WO 9715310.
Still other research in the area of pancreatic progenitor
cells includes isolating progenitor cells from pre-�diabetic
adults and culturing in a serum-�containing, pre-�defined
media that promotes the growth of functional islet cells.
US Patent 5,834,308. However, all of these "progenitor"
cells give rise only to islet cells. Pancreatic cells of the
aforementioned research do not have the capacity to dif-
ferentiate into both endocrine and exocrine cell types. It
seems likely that the pancreatic cells of the aforemen-
tioned research are further committed down the differen-
tiation pathway of pancreatic progenitor cells and there-
fore are different types of pancreatic cells than the human
pancreatic progenitor cells of this invention. Furthermore,
culturing conditions used in the aforementioned research
wherein serum is used to supplement media may have
adverse consequences. Serum, the fluid portion of blood
after blood has been allowed to clot, contains many bio-
molecules such as albumin and α, β, -globulins. In vivo,
cells are not normally exposed to an equivalent of serum
unless tissue injury was involved. Therefore, culturing
pancreatic cells in serum may not accurately reflect the
physiological parameters within which pancreatic cells
exist in vivo.
�[0004] The ideal population of pancreatic progenitor
cells should be able to differentiate into exocrine (i.e. ac-
inar) cells, endocrine (i.e. islet-�α, islet- �β, islet-�δ, islet- �PP)
cells as well as ductal cells. Such a population of pan-
creatic progenitor cells may be useful in clinical settings,
for example to treat certain types of diabetes or to treat
functionally defective pancreatic cells by transplantation
of pancreatic progenitor cells that can differentiate into
functional pancreatic cells. Accordingly, there is a need
for a population of pancreatic progenitor cells and meth-
ods of isolating and culturing the pancreatic progenitor
cells such that the differentiation potential of the pancre-
atic progenitor cells is retained while permitting prolifer-
ation and avoiding senescence of these cells. The pan-
creatic progenitor cells and methods of isolating and cul-
turing these pancreatic progenitor cells disclosed herein
satisfies these needs and also provides related advan-
tages.
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DISCLOSURE OF THE INVENTION

�[0005] This invention is related to the field of develop-
ment and cell biology. In one aspect, the invention relates
to an isolated population of human pancreatic progenitor
cells which have a pluripotent capability and can differ-
entiate into acinar, ductal and islet cells, wherein said
pancreatic progenitor cells are identifiable by the expres-
sion of at least one cell marker selected from cytokeratin-
19, carcinoembryonic antigen, carbonic anhydrase II and
cystic fibrosis transmembrane conductance regulator
and wherein said pancreatic progenitor cells are not em-
bryonic cells.
�[0006] In another aspect of this invention, the invention
relates to a method of isolating a population of human
pancreatic progenitor cells which have the pluripotent ca-
pability to differentiate into acinar, ductal and islet cells,
the method comprising: �

(a) placing a mixed population of pancreatic cells
comprising pancreatic progenitor cells in nutrient
media under culture conditions sufficient to sustain
life of said pancreatic progenitor cells, wherein said
mixed population of pancreatic cells has been micro-
dissected from a source of human fetal pancreatic
progenitor cells, and wherein the nutrient media is
serum-�free and comprises: insulin, transferrin, epi-
dermal growth factor, ethanolamine, phosphoeth-
anolamine, selenium, triiodothyronine, progester-
one, hydrocortisone, forskolin, heregulin, aprotinin
and bovine pituitary extract;
(b) maintaining suitable culture conditions sufficient
to allow pancreatic progenitor cells to form aggregate
or monolayer formations; and
(c) subculturing said aggregate or monolayer forma-
tion to select for the population of pancreatic progen-
itor cells.

�[0007] Thus, the invention provides an isolated popu-
lation of human pancreatic progenitor cells capable of
differentiating into acinar, ductal and islet cells obtainable
by a method of the invention.
�[0008] In still another aspect of this invention, the in-
vention relates to methods of providing a source of an
immunogen to a heterologous recipient comprising intro-
ducing a plurality of pancreatic progenitor cells of the
invention in an amount effective to induce an immune
response in said recipient.
�[0009] In still another aspect of this invention, the in-
vention relates to methods of generating a human pan-
creatic tissue model in an immunodeficient or immuno-
compromised non-�human mammalian recipient compris-
ing the step of administering a plurality of human pan-
creatic progenitor cells from the population of the inven-
tion recombined with mesenchymal tissue into said re-
cipient at a location within said recipient, said location
being able to support growth and differentiation of said
pancreatic progenitor cells.

�[0010] In yet another aspect of this invention, the in-
vention relates to a population of human pancreatic pro-
genitor cells according to the invention for use in a meth-
od of treatment of the human or animal body by therapy
or diagnosis.
�[0011] In another aspect of this invention, the invention
relates to the use of a population of human pancreatic
progenitor cells of the invention in the manufacture for
cell therapy.
�[0012] In another aspect of this invention, the invention
relates to the use of a population of human pancreatic
progenitor cells of the invention or any cellular part there-
of as targets for drug development.
�[0013] In another aspect of this invention, the invention
relates to a method of providing a source of nucleic acids
or proteins in the development of bioassays comprising
isolating nucleic acids or proteins from the human pan-
creatic progenitor cell population of the invention and us-
ing said nucleic acids or proteins as one or more of the
principle component in the bioassays.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0014]

Figure 1 shows human pancreatic ductal epithelial
cells grown in two different types of media. Figure
1A (left) shows pancreatic epithelial cells grown in
CMRL 1066 medium with fibronectin coating on the
plate. The large, rounded cells are pancreatic epi-
thelial cells. Figure 1B (right) shows pancreatic epi-
thelial cells grown in F12/DMEM medium. The pan-
creatic epithelial cells have flattened out to form a
monolayer.
Figure 2 shows human pancreatic epithelial cells
grown on collagen-�coated plates after three passag-
es. The arrows denote dividing cells.
Figure 3 shows results of staining of tissue recom-
binant grafts. Figure 3A shows islet formation in the
tissue recombinant graft at a magnification of 20x.
Figure 3B shows islet formation in the tissue recom-
binant at a magnification of 60x. Figure 3C shows
formation of islet, duct, and acinar tissue within the
tissue recombinant graft. Figure 3D shows ductal for-
mation in the tissue recombinant graft. Figure 3E
shows formation of clusters (or aggregates) or acinar
cells in the tissue recombinant graft.
Figure 4 shows the results of staining for glucagon
(blue) and insulin (brown) in the tissue recombinant
graft.
Figure 5 shows the results of staining for insulin
(brown) in the tissue recombinant graft.
Figure 6 shows ductal formation in the tissue recom-
binant.
Figure 7 shows the results of staining for glucagon
(blue) and insulin (brown) in paraffin-�embedded tis-
sue section from a tissue graft.
Figure 8 is a schematic depiction of the development
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of a pancreatic cells from a totipotent stem cell. The
dotted line indicates the stage of differentiation at
which the human pancreatic progenitor cell of this
invention resides.

MODES FOR CARRYING OUT THE INVENTION

�[0015] The following detailed description of the inven-
tion is provided to aid those skilled in the art in practicing
the present invention. This detailed description should
not be construed to limit the present invention, as mod-
ifications of the embodiments disclosed herein may be
made by those of ordinary skill in the art without departing
from the spirit and scope of the present invention.
Throughout this disclosure, various publications, pat-
ents, and published patent specifications are referenced
by citation. The disclosure of these publications, patents,
and published patents are hereby incorporated by refer-
ence in their entirety into the present disclosure.
�[0016] The practice of the present invention will em-
ploy, unless otherwise indicated, conventional tech-
niques of immunology, molecular biology, microbiology,
cell biology and recombinant DNA, which are within the
skill of the art. See, e.g., Sambrook, et al. MOLECULAR
CLONING: A LABORATORY MANUAL, 2nd edition
(1989); CURRENT PROTOCOLS IN MOLECULAR BI-
OLOGY (F. M. Ausubel, et al. eds., (1987)); the series
METHODS IN ENZYMOLOGY (Academic Press, Inc.);
PCR 2: A PRACTICAL APPROACH (M.J. MacPherson,
B.D. Hames and G.R. Taylor eds. (1995)), Harlow and
Lane, eds. (1988) ANTIBODIES, A LABORATORY
MANUAL, and ANIMAL CELL CULTURE (R.I. Freshney,
ed. (1987)).

Definitions

�[0017] As used in the specification and claims, the sin-
gular form "a", "an" and "the" include plural references
unless the context clearly dictates otherwise. For exam-
ple, the term "a cell" includes a plurality of cells, including
mixtures thereof.
�[0018] As used in the specification and claims, the
terms "pancreatic epithelial progenitor cells" and "pan-
creatic progenitor cells" are interchangeable and refer to
"pancreatic epithelial progenitor cells" and "pancreatic
progenitor cells" of human origin.
�[0019] "Pancreatic epithelial progenitor cells" and
"pancreatic progenitor cells" refer to dividing progenitor
cells found in the pancreas that have not yet committed
to an essentially non- �dividing stage of end differentiation.
"Pancreatic epithelial progenitor cells" and "pancreatic
progenitor cells" are derived ultimately from totipotent
cells that give rise to pluripotent, tissue-�specific cells.
These pluripotent, tissue- �specific, dividing progenitor
cells can give rise to cells of the endoderm, ectoderm, or
mesoderm. Of the endodermal multipotent cells, some
differentiate into gut-�specific, dividing progenitor cells. Of
the gut- �specific progenitor cells, some are pre- �deter-

mined to become pancreatic cells. It is at this stage of
development that the population of cells claimed herein
resides. More specifically, the population of "pancreatic
epithelial progenitor cells" and "pancreatic progenitor
cells" disclosed herein is between the stage at which a
gut-�specific progenitor cell is pre- �determined to become
a pancreas (or part of a pancreas) and the stage at which
a pancreas-�specific progenitor cell is committed to be-
coming a sub-�pancreatic type of cell. Pancreas-�specific
progenitor cells can differentiate into several types of
cells: acinar, ductal, and islet-�α, islet- �β, islet-�δ, and islet-
PP. One exocrine function of the acinar cells is the se-
cretion of digestive juices into the intestine. One endo-
crine function of the islet cells is the secretion of glucagon
(islet-�α) and insulin (islet-�β). The pancreatic progenitor
cells of this invention have not differentiated into any of
the aforementioned types of sub-�pancreatic cells but
have the capacity to become any of these cells.
�[0020] "Sub-�pancreatic" refers to cellular infrastructure
within the pancreas as a whole organ. Examples of sub-
pancreatic cells include, but are not limited to, acinar,
ductal, and islet cells.
�[0021] "Totipotent cell" and "totipotent stem cell" are
used interchangeably throughout and refer to a stem cell
that has the capacity to become any type of cell in a
mammalian body.
�[0022] "Pluripotent" and "multipotent" are used inter-
changeably throughout and refer to a stage where a cell
can still become one of a plurality of cells but can no
longer become any type of cell in the body. "Pluripotent"
cells are not referred to as "stem cells" but rather "pro-
genitor cells" because they are progenitors to one or
more type of a plurality of cells.
�[0023] As used herein, "pre-�determined pancreatic"
refers to a stage of development of a multipotent cell that
is beyond the stage of being gut-�specific and before the
stage of terminally differentiated pancreatic cells (such
as acinar, islet, or ductal cells). Cells which are "pre-�de-
termined pancreatic" are committed to becoming pan-
creatic cells but have not begun to develop into terminally
differentiated pancreatic cells yet. Different factors cause
pre-�determined pancreatic cells to begin differentiating.
Non-�limiting examples include exposure to serum, expo-
sure to insulin growth factor (IGF) or epidermal growth
factor (EGF), contact with surrounding tissue, microen-
vironment of the cells, and cell-�cell contact with surround-
ing tissue. The chain of development begins with a totipo-
tent stem cell which can become any cell in the body.
The totipotent stem cell is a true stem cell because of its
cellular omnipotency. At any stage beyond the totipotent
stem cell, cells become a "pre- �determined progenitor"
because they have been committed down a pathway that
no longer enables the cell to become any kind of cell in
the body.
�[0024] An "antibody" is an immunoglobulin molecule
capable of binding an antigen. As used herein, the term
encompasses not only intact immunoglobulin molecules,
but also anti- �idiotypic antibodies, mutants, fragments, fu-
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sion proteins, humanized proteins and modifications of
the immunoglobulin molecule that comprise an antigen
recognition site of the required specificity.
�[0025] The term "antigen" is a molecule which can in-
clude one or more epitopes to which an antibody may
bind. An antigen is a substance which can have immu-
nogenic properties, i.e., induce an immune response. An-
tigens are considered to be a type of immunogen. As
used herein, the term "antigen" is intended to mean full
length proteins as well as peptide fragments thereof con-
taining or comprising one or a plurality of epitopes.
�[0026] The terms "surface antigens" and "cell surface
antigen" are used interchangeably herein and refer to the
plasma membrane components of a cell. These compo-
nent include, - but are not limited to, integral and periph-
eral membrane proteins, glycoproteins, polysaccha-
rides, lipids, and glycosylphosphatidylinositol
(GPI)-linked proteins. An "integral membrane protein" is
a transmembrane protein that extends across the lipid
bilayer of the plasma membrane of a cell. A typical inte-
gral membrane protein consists of at least one mem-
brane spanning segment that generally comprises hy-
drophobic amino acid residues. Peripheral membrane
proteins do not extend into the hydrophobic interior of
the lipid bilayer and they are bound to the membrane
surface by noncovalent interaction with other membrane
proteins. GPI-�linked proteins are proteins which are held
on the cell surface by a lipid tail which is inserted into the
lipid bilayer.
�[0027] The term "monoclonal antibody" as used herein
refers to an antibody composition having a substantially
homogeneous antibody population. It is not intended to
be limited as regards to the source of the antibody or the
manner in which it is made (e.g. by hybridoma or recom-
binant synthesis). Monoclonal antibodies are highly spe-
cific, being directed against a single antigenic site. In con-
trast to conventional (polyclonal) antibody preparations
which typically include different antibodies directed
against different determinants (epitopes), each mono-
clonal antibody is directed against a single determinant
on the antigen.
�[0028] "A population of monoclonal antibodies" refers
to a plurality of heterogeneous monoclonal antibodies,
i.e., individual monoclonal antibodies comprising the
population may recognize antigenic determinants distinct
from each other.
�[0029] "Immunogen" refers to any substance that in-
duces an immune response. A substance that is an im-
munogen is described as being "immunogenic". Induc-
tion of immune response includes but is not limited to
activation of humoral responses (e.g. producing antibod-
ies) or cellular responses (e.g. priming cytotoxic T cells),
inflammatory responses (e.g. recruitment of leukocytes),
and secretion of cytokines and lymphokines.
�[0030] The term "heterologous" as applied to a cell
used for immunization or transplantation means that the
cell is derived from a genotypically distinct entity from the
recipient. For example, a heterologous cell may be de-

rived from a different species or a different individual from
the same species as the recipient. An embryonic cell de-
rived from an individual of one species is heterologous
to an adult of the same species.
�[0031] A cell is of "ectodermal", "endodermal" or "mes-
odomal" origin, if the cell is derived, respectively, from
one of the three germ layers - ectoderm, the endoderm,
or the mesoderm of an embryo. The ectoderm is the outer
layer that produces the cells of the epidermis, and the
nervous system. The endoderm is the inner layer that
produces the lining of the digestive tube and its associ-
ated organs, including but not limited to pancreas and
liver. The middle layer, mesoderm, gives rise to several
organs (including but not limited to heart, kidney, and
gonads), connective tissues (e.g., bone, muscles, ten-
dons), and the blood cells.
�[0032] The terms "medium", "cell culture medium", and
"culture medium" are used interchangeably. The terms
refer to the aqueous microenvironment in which the
mammalian cells are grown in culture. The medium com-
prises the physicochemical, nutritional, and hormonal mi-
croenvironment.
�[0033] A cell culture medium is "essentially serum-
free" when the percentage by volume of serum in the
medium does not mask antigenic sites or antibody bind-
ing sites on cell surfaces. The term "essentially serum-
free" generally applies when the cell culture medium
comprises less than about 50% serum (by volume), pref-
erably less than about 25% serum, even more preferably
less than about 5% serum, and most preferably less than
about 0.1% serum.
�[0034] A cell surface is "substantially free of serum bi-
omolecules" when at least about 75% of the pancreatic
progenitor cell surfaces, more preferably at least about
90% of the pancreatic progenitor cell surfaces, even
more preferably at least about 95% of the pancreatic pro-
genitor cell surfaces, and most preferably at least about
99% of the pancreatic progenitor cell surfaces do not
have serum biomolecules derived from serum binding to
the cell surface such that antigenic sites or antibody bind-
ing sites are bound or are unavailable for antigenic rec-
ognition by an antibody or a portion of an antibody. Cell
surface can determined by measuring the cell size, either
by microscopy or flow cytometry. For example, synthetic
beads of various known sizes are commonly used for
calibration in flow cytometry. A small quantity of calibrat-
ed bead may be mixed with pancreatic progenitor cells
and the resultant population is analyzed by flow cytom-
etry. Pancreatic progenitor cell can then be compared
with the size of the calibrated beads. Calculations of cell
surface amount can be accomplished since the sizes of
the beads are known.
�[0035] As used herein, a "substantially pure" popula-
tion of pancreatic progenitor cells is a population of cells
that is comprised at least about 85% pancreatic progen-
itor cells, preferably at least about 90%, and even more
preferably about 95% or more.
�[0036] A "defined medium" and "basal cell-�sustaining
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medium" are used interchangeably herein and refer to a
medium comprising nutritional and hormonal require-
ments necessary for the survival and/or growth of the
cells in culture such that the components of the medium
are known. Traditionally, the defined medium has been
formulated by the addition of nutritional and growth fac-
tors necessary for growth and/or survival. Typically, the
defined medium provides at least one component from
one or more of the following categories: a) all essential
amino acids, and usually the basic set of twenty amino
acids plus cystine; b) an energy source, usually in the
form of a carbohydrate such as glucose; c) vitamins
and/or other organic compounds required at low concen-
trations; d) free fatty acids; and e) trace elements, where
trace elements are defined as inorganic compounds or
naturally occurring elements that are typically required
at very low concentrations, usually in the micromolar
range. The defined medium may also optionally be sup-
plemented with one or more components from any of the
following categories: a) one or more mitogenic agents;
b) salts and buffers as, for example, calcium, magnesi-
um, and phosphate; c) nucleosides and bases such as,
for example, adenosine and thymidine, hypoxanthine;
and d) protein and tissue hydrolysates.
�[0037] As used herein, "conditioned media" refers to
culture media, free of intact cells, in which pancreatic
epithelial progenitor cells have been grown. Pancreatic
cells grown in nutrient media may release factors which
promote the continued survival, growth, and mainte-
nance of pre-�existing state of pre-�differentiation of the
pancreatic progenitor cells. Conditioned media may be
used to reconstitute a cell pellet or added to cells already
existing in culture plates. Conditioned media may also
be used alone or to supplement nutrient media being
used to feed pancreatic cells. Since conditioned media
derived from nutrient media and nutrient media, as de-
scribed herein, is essential serum-�free, conditioned me-
dia is also essentially serum- �free.
�[0038] "Standard incubation conditions" refers to the
physicochemical conditions in an incubator designed for
tissue culture in which cells are placed. Generally, the
standard incubation conditions are about 37 degrees Cel-
sius and about 5% CO2 content with humidification. All
tissue culture techniques and equipment should be per-
formed under sterile conditions. Tissue culture contain-
ers refer to any type of container that may be used for
culturing cells. Non-�limiting examples include flasks and
plates.
�[0039] A "mitogenic agent" or "growth factor" is a mol-
ecule which stimulates mitosis of the mammalian cells.
Generally, the mitogenic agent or growth factor enhances
survival and proliferation of mammalian cells in cell cul-
ture and is a polypeptide. The mitogenic polypeptide can
be a "native" or "native sequence" polypeptide (i.e. hav-
ing the amino acid sequence of a naturally occurring
growth factor) regardless of the method by which it is
produced (e.g. it can be isolated from an endogenous
source of the molecule or produced by synthetic tech-

niques including recombinant techniques), or a variant
or mutant thereof (see definition below). Non- �limiting ex-
amples include activators of one or more members of the
erbB receptor family; agents which elevate cAMP levels
in the culture medium (e.g. forskolin, cholera toxin, cAMP
or analogues thereof); adhesion molecules such as neu-
ral cell adhesion molecule (N-�CAM), laminin or fibronec-
tin; progesterone; neurotrophic factors such as bone-�de-
rived neurotrophic factor (BDNF) and ciliary neurono-
trophic factor (CNTF); neurotrophin-�3, -4, -5, or -6; plate-
let-�derived growth factor (PDGF); fibroblast growth, fac-
tor such as acidic FGF (aFGF) and basic FGF (bFGF);
vascular endothelial growth factor (VEGF); transforming
growth factor (TGF) such as TGF-�α and TGF-�β; insulin-
like growth factors, including IGF- �I and IGF-�II; hormones
such as estrogen, testosterone, thyroid hormone, insulin
and any of those mitogens listed in Table 8.2 at pages
138-139 of Mather, J.P. and Roberts, P.E. (1998) "Intro-
duction to Cell and Tissue Culture", Plenum Press, New
York.
�[0040] "Pancreatic progenitor cell aggregates", "pan-
creatic progenitor cell spheres", and "pancreatic cell clus-
ters" are used interchangeably throughout and refers to
a mass of a plurality of pancreatic progenitor cells which
can form a three-�dimensional structure resembling
roughly a sphere.
�[0041] A "grafting recombinant", as used herein, refers
to the combined unit of pancreatic progenitor cell aggre-
gates placed with mesenchymal tissue. Mesenchymal
tissue can be of pancreatic or non-�pancreatic origin. Mes-
enchymal tissue can be from a species heterologous to
the graft recipient Mesenchymal tissue can also be from
a species heterologous to the source of pancreatic pro-
genitor cells. Grafting recombinants can be incubated on
substrate, preferably a soft, biological substrate (e.g.
agar) for a period ranging from 1 hour to 72 hours, more
preferably between 6 hours to 24 hours, and even more
preferably, overnight with an incubation period of about
8 to 16 hours. Olumi A.F., et. al. Cancer Research 59,
5002-5011, (1999).
�[0042] "Serum", as used herein, refers to the fluid
phase of mammalian blood that remains after blood is
allowed to clot
�[0043] "Serum biomolecules", as used herein, refers
to biological compositions found in serum. Examples in-
clude, but are not limited to, albumin, α1-�globulin, α2-
globulin, β-�globulin, and γ-�globulin. Serum biomolecules
can include biological compositions, whole or partial, that
are either naturally found in serum or derived from
processing and handling of serum.
�[0044] The terms "mammals" or "mammalian" refer to
warm blooded vertebrates which include but are not lim-
ited to humans, mice, rats, rabbits, simians, sport ani-
mals, and pets.
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Isolation and maintenance of pancreatic progenitor 
cells

�[0045] Pancreatic progenitor cells of this invention are
isolated from human fetal pancreatic tissue. The age of
the fetus is between about week 6 and about week 40
but not embryonic; preferably between about week 8 and
about week 26, and even more preferably between about
week 12 and about week 22. The pancreatic tissue can
be identified by gross anatomy, outward appearance,
and location within the fetus. Several features of gross
anatomy and appearance distinguishing a pancreas are:
an elongated lobulated retroperitoneal gland, lack of cap-
sule, and extension from the concavity of the duodenum
of the intestine to the spleen. The pancreas consists of
a flattened head or caput within the duodenal concavity,
an elongated three-�sided body extending transversely
across the abdomen, and a tail in contact with the spleen.
Once identified, fetal pancreatic tissue is microdissected.
The purpose of microdissection is to separate structures
containing epithelial cells from connective tissue and
non-�pancreatic tissue such as fat, membranes, etc. or to
separate cells from each other. Non-�limiting examples of
microdissection include devices that render mechanical
shearing forces (i.e. homogenizer, mortar and pestle,
blender, etc.), devices that render cuts or tears (i.e. scal-
pel, syringes, forceps, etc.), or ultrasonic devices. Alter-
natively, another method of microdissecting fetal pancre-
atic tissue is the use of enzyme treatment. Various en-
zyme treatments used to microdissect tissue are well
known in the art. One method includes the use of colla-
genase-�dispase to digest partially sheared pancreatic tis-
sue in a buffered medium that will sustain viability of cells
isolated from the pancreatic tissue. A concentration of at
least about 0.5 mg/ml collagenase-�dispase is used, more
preferably at least about 1 mg/ml and even more prefer-
ably at least about 5 mg/ml. The amount of enzyme will
depend on the age of the fetus and how large the pan-
creatic tissue is. In the preferred embodiment, pancreatic
tissue from fetus between about 14 weeks and about 22
weeks is digested with about 5 mg/ml of collagenase-
dispase. A wide variety of basal cell-�sustaining media
that can be used to keep the pH of the liquid in a range
that promotes survival of pancreatic progenitor cells and
to provide additional volume of liquid within which the
enzymatic digestion can occur. Non-�limiting examples
include F12/DMEM, Ham’s F10 (Sigma), GMRL-�1066,
Minimal essential medium (MEM, Sigma), RPMI- �1640
(Sigma), Dulbecco’s Modified Eagle’s Medium (DMEM,
Sigma), and Iscove’s Modified Eagle’s Medium (IMEM).
In addition, any of the basal nutrient media described in
Ham and Wallace Meth. Enz., 58: �44 (1979), Barnes and
Sato Anal. Biochem., �102:�255 (1980), or Mather, J.P. and
Roberts, P.E. "Introduction to Cell and Tissue Culture",
Plenum Press, New York (1998) can also be used. Ex-
amples of other enzymes that could be used to digest
tissue include neutral proteases, serine proteases includ-
ing, but not limited to, trypsin, chymotrypsin, elastase,

collagenase, and thermolysin. In another preferred em-
bodiment, enzymes that digest DNA, such as DNAase,
are used to cut the DNA into smaller pieces in order to
prevent tissue aggregation by free DNA. Treatment of
fetal pancreatic tissue with enzyme results in cell yields
of various amounts. Some cells are in single cell suspen-
sions, others are in cell aggregates. Cells not associated
with solid tissue matter can be separated from each other
or from solid tissue matter or from debris by using a den-
sity gradient. Compounds that can be used to create a
density gradient include, but are not limited to, serum (i.e.
bovine serum albumin or BSA), ovalbumin, nonionic syn-
thetic polymers of sucrose (i.e. Ficoll™), colloidal polyvi-
nylpyrrolidone-�coated silica (i.e. Percoll™), polyvinylpyr-
rolidone or PVP, and methylcellulose. In a preferred em-
bodiment, density gradients that are capable of neutral-
izing the enzymes used to digest pancreatic tissues are
used. One example of such a density gradient is BSA.
The amount of BSA used is about 50% volume-�to-�volume
ratio, more preferably about 25%, more preferably about
10%, and even more preferably about 5%. The amount
of debris that needs to be removed depends on several
factors, such as the extent of digestion or mechanical
shear forces applied to the pancreatic tissue. In some
cases, one density gradient is enough to remove debris
(e.g. mesenchymal tissue, fatty particles, or broken cell
membranes). In other cases, more than one application
of a density gradient will be needed. The desired product
is a population of relatively pure pancreatic cell aggre-
gates.
�[0046] Pancreatic cells are then resuspended in a ba-
sal cell-�sustaining media. A variety of basal cell-�sustain-
ing media is available for use. Examples include, but are
not limited to, Ham’s F12 medium, RPMI-�1640, and CM-
RL-�1066. For more optimal conditions to promote pan-
creatic progenitor cell survival and growth, a variety of
nutrients may be added to supplement the basal media.
Examples include, but are not limited to, insulin, trans-
ferrin, epidermal growth factor, ethanolamine, phos-
phoethanolamine, selenium,� triiodothyronine, progester-
one, hydrocortisone, forskolin, heregulin, aprotinin, bo-
vine pituitary extract, and gentamycin. In a preferred em-
bodiment, the following amounts of nutrients are used to
promote pancreatic progenitor cell survival and growth:
at least about 1 Pg/ml insulin and not more than about
100 Pg/ml insulin, more preferably about 10 Pg/ml insu-
lin; at least about 1 Pg/ml transferrin and not more than
about 100 Pg/ml transferrin, more preferably about 10
Pg/ml transferrin; at least about 1 ng/ml epidermal growth
factor and not more than about 100 ng/ml epidermal
growth factor, more preferably about 5 ng/ml epidermal
growth factor; at least about 1x10-8M ethanolamine and
not more than about 1x10-2 M ethanolamine, more pref-
erably about 1x10-6 M ethanolamine; at least about
1x10-9 M phosphoethanolamine and not more than about
1x10-1 M phosphoethanolamine, more preferably about
1x10-6M phosphoethanolamine; at least about 5x10-12

M selenium and not more than about 1x10-1 M selenium,
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more preferably about 2.5x10-8 M selenium; at least
about 1x10-15 M triiodothyronine and not more than about
5x10-1 M triiodothyronine, more preferably about 1x10-12

M triiodothyronine; at least about 1x10-12M progesterone
and not more than about 1x10-1 M progesterone, more
preferably about 1x10-9 M progesterone; at least about
1x10-15 M hydrocortisone and not more than about
1x10-1 M hydrocortisone, more preferably about 1x10-9

M hydrocortisone; at least about 0.001 PM forskolin and
not more than about 50 PM forskolin, more preferably
about 1 PM forskolin; at least about 0.1 nM heregulin and
not more than about 100 nM heregulin, more preferably
about 10 nM heregulin,; at least about 1 Pg/ml aprotinin
and not more than about 100 Pg/ml aprotinin, more pref-
erably about 25 Pg/ml aprotinin; at least about 1 Pg/ml
bovine pituitary extract and not more than about 500
Pg/ml bovine pituitary extract, more preferably about 75
Pg/ml bovine pituitary extract; at least about 1 Pg/ml gen-
tamycin and not more than about 1 mg/ml gentamycin,
more preferably about 100 Pg/ml gentamycin. The pan-
creatic progenitor cells may be grown on different sub-
strates, depending on the type of physical orientation of
the cells desired. Non- �limiting examples of substrates
that may be used include fibronectin, laminin, collagen,
polylysine, nitrocellulose, nylon, and polytetrafluoroeth-
ylene. In one embodiment, pancreatic progenitor cells
are grown on fibronectin-�coated tissue culture plates in
the preferred nutrient media described above. Pancreatic
progenitor cells form cell aggregates when cultured in
the preferred nutrient media in fibronectin-�coated plates.
Further, this culturing combination allows for separation
of undesired mesenchymal cells and pancreatic progen-
itor aggregates. In a preferred embodiment, purification
of pancreatic cell aggregates is readily accomplished by
culturing the pancreatic progenitor cells in preferred me-
dia using CMRL 1066 as a basal media in a fibronectin
plate. Pancreatic progenitor cells form large, round clus-
ters of cells that are non-�adherent while other cell types
(i.e. mesenchymal cells) adhere to the fibronectin coat-
ing. The clusters of pancreatic progenitor cells may then
be collected and transferred to another tissue culture
container for subculturing and proliferation. When prolif-
eration of more pancreatic progenitor cell clusters is de-
sired, the tissue culture container is coated with fibronec-
tin and the pancreatic progenitor cells are cultured in the
preferred media disclosed herein using CMRL 1066 as
a basal media. In another embodiment, pancreatic pro-
genitor cells are grown in the preferred nutrient media
using F12/DMEM as a basal media in collagen-�coated
tissue culture containers. Pancreatic progenitor cells
form monolayers in this embodiment
�[0047] The frequency of feeding pancreatic progenitor
cells may be once a day or every other day. In one em-
bodiment, pancreatic progenitor cells may be fed by re-
placing the entirety of the old nutrient media with new
nutrient media, In another embodiment, pancreatic pro-
genitor cells may be fed with conditioned media in which
these cells were grown. Subculturing pancreatic progen-

itor cells to obtain a greater number of cells is accom-
plished by taking pancreatic progenitor cells in cluster
form (grown on fibronectin) or in monolayer form (grown
on collagen) and dividing the plurality of cells into multiple
tissue culture containers. Nutrient media is then added
to each of the tissue culture containers to achieve a lower
concentration of pancreatic progenitor cells than in the
original tissue culture container. The nutrient media that
is added is dependent on the type of pancreatic progen-
itor cell arrangement desired. When monolayer arrange-
ment is desired, then F12/DMEM is used a basal media
in the preferred nutrient media disclosed herein coupled
with collagen coating in the tissue culture containers.
When pancreatic cell clusters are desired, CMRL 1066
is used a basal media in the preferred nutrient media
disclosed herein coupled with fibronectin coating in the
tissue culture containers. Because the claimed pancre-
atic progenitor cells are unique to this invention and will
secrete factors specific to these cells, the conditioned
media derived from the pancreatic progenitor cells are
also unique. In this invention, pancreatic progenitor cells
form aggregates when grown in the preferred nutrient
media, defined above, in fibronectin tissue culture plates.
When the substrate is collagen-�coated tissue culture
plates, pancreatic progenitor cells form an attached stro-
mal monolayer. Addition of conditioned media promotes
greater vitality in the pancreatic progenitor cells. A pre-
ferred amount of conditioned media is at least about 1%
to at least about 25% of total media volume. An even
more preferred amount of conditioned media is about
15% of total media volume. A frequency of feeding that
is preferable for promoting the survival and growth of
pancreatic progenitor cells is once a week, even more
preferable is twice a week, and most preferably every
other day. The pancreatic progenitor cells of this inven-
tion can be passaged multiple times while retaining di-
viding capability and without inducing differentiation of
these pancreatic progenitor cells into terminally differen-
tiated acinar, islet, or ductal cells.

Characterization of pancreatic progenitor cells

�[0048] The population of pancreatic progenitor cells of
this invention isolated in the manner disclosed herein
have several defining characteristics. First, the pancre-
atic progenitor cells are at a stage that can be described
as "pre-�determined pancreatic". Of the gut-�specific pro-
genitor cells, some are pre- �determined to become pan-
creatic cells. It is at this stage of development that the
population of pancreatic progenitor cells claimed herein
resides (Figure 8). The pancreatic progenitor cells of this
invention have the capacity to become either exocrine or
endocrine cells. Endocrine and exocrine cells, as used
herein, are defined by their secretions. Endocrine cells,
such as α-�islet cells and β-�islet cells secrete glucagon
and insulin, respectively. Exocrine cells, such as acinar
cells, secrete a variety of pancreatic digestive juices such
as trypsinogen, α-�amylase, and lipases.
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�[0049] Identification of pancreatic progenitor cells may
be accomplished by morphology or specific markers or
a combination of both techniques. As disclosed herein,
pancreatic progenitor cells can be rounded and cyst-�like
in appearance or elongated in a monolayer formation de-
pending on the culture conditions in which the pancreatic
progenitor cells are grown. Identification of differentiated
pancreatic progenitor cells may also be accomplished by
morphology. Morphology of islet cells is an ovoid shape,
about 75 Pm to 175 Pm in size (long axis). Islet cells tend
to be located more towards the tail end of a pancreas
(away from the duodenal cavity). Markers that can be
used to detect islet cells include but are not limited to
glucagon for islet- �α cells, insulin for islet-�β cells, soma-
tostatin for islet- �δ cells, and pancreatic polypeptide for
islet- �PP cells. Markers that can be used to detect ductal
cells include, but are not limited to, cytokeratins (CK) 7,
CK 8, CK 18, CK 19, mucin MUC1, carbonic anhydrase
II, and carbohydrate antigen 19.9 (sialyl- �Lewis- �a). Mor-
phology of ductal cells is small, round, approximately 10
Pm across the cell, appears to be a tightly packed, cuboi-
dal epithelium. Morphology of acinar cells include a larger
size than ductal cells, shape, and zymogen granules
present within acinar cells. Markers that can be used to
identify acinar cells include but are not limited to carbox-
ypeptidase A and amylase.
�[0050] Ki67 or PCNA are markers that can be used to
determine proliferation of pancreatic progenitor cells.
Pre- �determined pancreatic progenitor cells are still ca-
pable of dividing whereas terminally differentiated exo-
crine or endocrine cells are essentially non-�dividing.
Staining with Ki67 or PCNA can determine proliferative
state of a pancreatic cell under analysis.
�[0051] Pancreatic progenitor cells of this invention are
maintained at their pre-�existing pre- �differentiation state
in serum-�free media. Basal cell-�sustaining media or the
preferred nutrient media disclosed herein or conditioned
media may be used to culture the pancreatic progenitor
cells in vitro. Different types of substrate on tissue culture
plates can be used to obtain either aggregates or mon-
olayers of pancreatic progenitor cells. The use of fi-
bronectin in conjunction with the preferred nutrient media
disclosed herein results in aggregates of pancreatic pro-
genitor cells whereas the use of collagen on tissue culture
plates results in monolayers of pancreatic progenitor
cells.
�[0052] Pancreatic progenitor cells of this invention
have the capacity to be passaged multiple times in the
preferred serum-�free nutrient media disclosed herein.
Multipotency is retained during each passage and at any
point after each passage, pancreatic progenitor cells of
this invention can differentiate into functional exocrine or
endocrine cells. In addition, at any point after each pas-
sage, pancreatic progenitor cells may be used as an im-
munogen, for cell therapy, for bioassays, to establish a
human pancreatic model, or for drug discovery and/or
development as disclosed herein.
�[0053] Another characteristic of the pancreatic progen-

itor cells of this invention is the capacity to differentiate
into exocrine or endocrine cells upon transplantation un-
der kidney capsule of a recipient mammal. Prior to trans-
plantation, pancreatic progenitor cells do not make di-
gestive enzymes, such as amylase or lipase, and will not
stain positive for digestive enzymes. As disclosed herein,
pancreatic progenitor cells can be grown either in pan-
creatic progenitor cell aggregates or in monolayers and
then combined with mesenchymal tissue and placed un-
der a kidney capsule of a recipient mammal. Preferably,
human pancreatic progenitor cell aggregates are com-
bined with rat seminal vesicle mesenchymal tissue and
placed under the kidney capsule of a recipient mammal.
A portion of the transplant may be removed for analysis
using the markers, morphology, or a combination thereof
to identify the pancreatic cells.
�[0054] Antibodies, either monoclonal or polyclonal,
which can be used to identify this population of pancreatic
progenitor cells include, but are not limited to, anti- �cytok-
eratin 19, anti- carcinoembryonic antigen (CEA), anti-
carbonic anhydrase II, anti- �cystic fibrosis transmem-
brane conductance regulator (CFTR).

Uses of pancreatic progenitor cells

Uses as an immunogen

�[0055] A use for pancreatic progenitor cells is as an
immunogen. As disclosed in this invention, the unique
serum- �free culturing conditions allow the cell surfaces of
the pancreatic progenitor cells to remain free of serum
proteins or serum biomolecules that may bind to the sur-
face. A potential problem of antigenic sites that may be
"masked" with binding by serum biomolecules is avoided
by using the disclosed serum-�free isolation and culturing
techniques. Accordingly, a panel of antibodies may be
generated to newly available antigens that were
"masked" when using culture conditions containing se-
rum.
�[0056] Pancreatic progenitor cells isolated and cul-
tured with the methods disclosed herein can be used as
an immunogen that is administered to a heterologous
recipient Administration of pancreatic progenitor cells as
an immunogen can be accomplished by several meth-
ods. Methods of administrating pancreatic progenitor
cells as immunogens to a heterologous recipient include
but are not limited to: immunization, administration to a
membrane by direct contact such as swabbing or scratch
apparatus, administration to mucous membrane by aer-
osol, and oral administration. As is well- �known in the art,
immunization can be either passive or active immuniza-
tion. Methods of immunization can occur via different
routes which include but are not limited to intraperitoneal
injection, intradermal injection, local injection. Subjects
of immunization may include mammals such as mice.
The route and schedule of immunization are generally in
keeping with established and conventional techniques
for antibody stimulation and production. While mice are
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employed in this embodiment, any mammalian subject
including humans or antibody producing cells therefrom
can be manipulated according to the processes of this
invention to serve as the basis for production of mam-
malian hybridoma cell lines. Typically, mice are inoculat-
ed intraperitoneally or in alternate regions (i.e. footpad,
tail base, etc.) with an immunogenic amount of the pan-
creatic progenitor cells and then boosted with similar
amounts of the immunogen. In an alternative, cells grown
on non-�biological membrane matrix, are surgically im-
planted intraperitoneally into the host mamma1. Lym-
phoid cells, preferably spleen lymphoid cells from the
mice, are collected a few days after the final boost and
a cell suspension is prepared therefrom for use in the
fusion.
�[0057] Hybridomas are prepared from the lym-
phocytes and immortalized myeloma cells using the gen-
eral somatic cell hybridization technique of Kohler, B. and
Milstein, C. Nature 256:�495-497 (1975) as modified by
Buck, D. W., et al., In Vitro, 18:�377-381 (1982). Available
myeloma lines; including but not limited to X63-�Ag8.653
and those from the Salk Institute, Cell Distribution Center,
San Diego, Calif., USA, may be used in the hybridization.
The technique involves fusing the myeloma cells and
lymphoid cells using a fusogen such as polyethylene gly-
col, or by electrical means well known to those skilled in
the art. After the fusion, the cells are separated from the
fusion medium and grown in a selective growth medium,
such as HAT medium, to eliminate unhybridized parent
cells. Any of the media described herein can be used for
culturing hybridomas that secrete monoclonal antibod-
ies. As another alternative to the cell fusion technique,
EBV immortalized B cells are used to produce the mon-
oclonal antibodies of the subject invention. The hybrido-
mas are expanded and subcloned, if desired, and super-
natants are assayed for anti-�immunogen activity by con-
ventional immunoassay procedures (e.g., radioimmu-
noassay, enzyme immunoassay, or fluorescence immu-
noassay).
�[0058] Hybridomas that produce such antibodies may
be grown in vitro or in vivo using known procedures. The
monoclonal antibodies may be isolated from the culture
media or body fluids, by conventional immunoglobulin
purification procedures such as ammonium sulfate pre-
cipitation, gel electrophoresis, dialysis, chromatography,
and ultrafiltration, if desired. Undesired activity if present,
can be removed, for example, by running the preparation
over adsorbents made of the immunogen attached to a
solid phase and eluting or releasing the desired antibod-
ies off the immunogen.
�[0059] In this manner, a panel of novel antibodies to
cell surface antigen specific to a stage of pancreatic pro-
genitor cells can be generated using the pancreatic pro-
genitor cells of this invention. Once monoclonal antibod-
ies to cell surface antigens on pancreatic progenitor cells
are made by the method disclosed herein, the antibodies
can be used to for several uses. The antibodies may be
sequenced and cloned for purposes of generating re-

combinant antibodies or humanized antibodies. Other
uses of pancreatic progenitor cell-�specific antibodies in-
clude but are not limited to biological testing or purification
(i.e. isolating pancreatic progenitor cells by methods such
as flow cytometry and panning), therapeutic uses (i.e.
promoting or arresting cell growth by binding of antibody
to target cell or promoting or arresting growth of a cell
mass by binding of antibody to target cell), clinical diag-
nosis, and biological markers (i.e. identification of other
pancreatic or non-�pancreatic cells).
�[0060] Another use as an immunogen is to modulate
overall immune response in a heterologous recipient. As
is well- �documented in the art, foreign substances such
as cells or organs introduced into a heterologous recip-
ient may induce a variety of immune responses. The im-
mune responses can be in the form of rejection (e.g. in
organ transplantation), T cell activation (e.g. cross-�prim-
ing), anergy, or tolerance. The overall immune response
can be systemic or localized. In the case where a local-
ized immune response is desired, for example in the gut
region, an immunogen such as pancreatic progenitor
cells is introduced into the gut region in an effective
amount. Effective amount can be determined in a step-
wise fashion in which increasing amounts of pancreatic
progenitor cells are introduced into a heterologous recip-
ient and the subsequent immune response is monitored.
Overall immune response (e.g. antibody production, cy-
tokine production, T cell proliferation, anergy, tolerance,
etc.) may be monitored by a number of methods including
but not limited to ELISA, proliferation assays, flow cytom-
etry with cell surface markers, and immunohistochemis-
try.

Use of pancreatic progenitor cells for drug discovery

�[0061] Another use of pancreatic progenitor cells is re-
lated to drug discovery. Since the pre-�differentiated
multipotent pancreatic progenitor cell population has not
been isolated and cultured in the disclosed manner, the
pancreatic progenitor cell population may secrete pro-
teins that have not been heretofore discovered or char-
acterized. Previous culturing techniques using serum
may inhibit the secretion of proteins. Alternatively, pro-
teins may change in function, conformation, or activity
as they are being secreted and interacting with serum
biomolecules. Proteins secreted by pancreatic progeni-
tor cells have minimal interference from serum biomole-
cules and thus, may be more physiologically and topo-
logically accurate. Therefore, proteins secreted by pan-
creatic progenitor cells may be used as targets for drug
development. In one embodiment, drugs can be made
to target specific proteins on pancreatic progenitor cells
in vivo. Binding of the drug may promote differentiation
of the pancreatic progenitor cells into specific sub-�pan-
creatic cells, such as islet cells. This approach may be
useful when islet cell neogenesis is desired, for example
in treatment for diabetes. In another embodiment, drug
specific for regulatory proteins of pancreatic progenitor
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cells may be used to arrest growth of a particular type of
cell, for example in cases of cystic fibrosis wherein acinar
cells are being replaced by ductal cells. In another em-
bodiment, a drug may be an inhibitor of the growth of
stem cells or cancer cells which express fetal antigens.
Any of these proteins can be used as targets to develop
therapeutic antibody, protein, or small molecule drugs.

Uses of pancreatic progenitor cells for cell therapy

�[0062] In another use, pancreatic progenitor cell lines
are used for cell therapy. Transplantation of pancreatic
progenitor cells is one such example of cell therapy. In
cases where different types of pancreatic cells; such as
islet cells or acinar cells, are unable to perform their func-
tion of secreting insulin or glucagon respectively, trans-
plantation of pancreatic progenitor cells provides a rem-
edy because the pancreatic progenitor cells of this inven-
tion are multipotent and can differentiate into functional
exocrine and endocrine cells. To practice this use, pan-
creatic progenitor cells are isolated and cultured in se-
rum-�free, nutrient- �defined media using the methods dis-
closed. Pancreatic progenitor cells are grown on fi-
bronectin- �coated tissue culture plates to obtain pancre-
atic progenitor cell aggregates. Pancreatic progenitor cell
aggregates are grown under standard incubation condi-
tions for about half a day to about 7 days, more preferably
for about 1 day to about 5 days, and even more preferably
about 3 days. Pancreatic cell aggregates can then be
administered to a recipient and allowed to differentiate.
In an alternative, pancreatic cell aggregates can be used
as cellular carriers of gene therapy wherein pancreatic
cells are transfected with one or more genes and en-
closed in a delivery device and then administered to a
recipient. In another embodiment, pancreatic cell aggre-
gates are placed under a kidney capsule and allowed to
differentiate into acinar, ductal, or islet cells. In another
embodiment, pancreatic cell aggregates are used in a
device which contains cells and limits access from other
cells (i.e. Theracyte®) to limit immune system responses.

Uses of pancreatic progenitor cells to make human tis-
sue models

�[0063] Another use for pancreatic progenitor cells is to
create human tissue models in non-�human mammals.
Pancreatic progenitor cell aggregates are placed on top
of mesenchymal tissue to form grafting recombinants.
To form grafting recombinants, about 1 to 15 pancreatic
cell spheres, more preferably about 5 to 8 pancreatic cell
spheres, are placed on top of mesenchymal tissue. The
mesenchymal tissue may be either pancreatic or non-
pancreatic tissue and may be derived from a different
species from which pancreatic , progenitor cells are iso-
lated. In a working example, human pancreatic progen-
itor cells are placed on top of rat mesenchymal seminal
vesicle tissue to form a graft recombinant. A skilled arti-
san may determine the optimal combination in a stepwise

fashion, by first isolating human pancreatic progenitor
cells using the methods disclosed herein and then com-
bining with mesenchymal tissue from different organs. In
some embodiments, a different species, e.g. rat, is used
as a source for mesenchymal tissue in combination with
human pancreatic progenitor cells. The use of heterolo-
gous species allows human- �specific markers to be used
to determine the identity of differentiated pancreatic cells.
The likelihood of false positives is reduced if rat mesen-
chymal tissue is used. Likewise, the use of seminal ves-
icle mesenchymal tissue over pancreatic mesenchymal
tissue reduces the likelihood of false positives in identi-
fying differentiated pancreatic cells. In a preferred em-
bodiment, about 1 to 12 pancreatic progenitor cell
spheres, even more preferably about 5 to 8 pancreatic
progenitor cell spheres, are placed on top of rat seminal
vesicle mesenchymal tissue. Preferably, about 1x104 to
about 5x106 mesenchymal cells are used. Even more
preferably, about 2x105 to about 5x105 mesenchymal
cells are used. A graft recombinant comprising pancre-
atic progenitor cell spheres placed on mesenchymal tis-
sue is then placed under the kidney capsule, in the fat
pad, subcutaneously, or in a device which contains the
pancreatic progenitor cells but limits access of other cells
to the pancreatic progenitor cells (i.e. Theracyte®) in the
recipient mammal. Possible recipient mammals include
but are not limited to mice and rats. Typically in graft
situations, donor tissue is vulnerable to attack by the re-
cipient’s immune system. To alleviate graft rejection, sev-
eral techniques may be used. One method is to irradiate
the recipient with a sub-�lethal dose of radiation to destroy
immune cells that may attack the graft. Another method
is to give the recipient cyclosporin or other T cell immu-
nosuppressive drugs. With the use of mice as recipient
mammals, a wider variety of methods are possible for
alleviating graft rejection. One such method is the use of
an immunodeficient mouse (nude or severe combined
immunodeficiency or SCID). In a working example, hu-
man pancreatic progenitor cell spheres are placed on rat
seminal vesicle mesenchymal tissue and placed under
the kidney capsule of an immunodeficient mouse. The
graft recombinant remains in the recipient for about 1 to
about 52 weeks, preferably about 5 to about 40 weeks,
and even more preferably about 6 to about 8 weeks be-
fore the grafts are harvested and analyzed for pancreatic
progenitor cell differentiation. In some cases, a small por-
tion of the graft is needed for analysis. Markers specific
for the islet cells (i.e. insulin, glucagon, etc.), ductal cells
(i.e. CK 19, etc.), and acinar cells (i.e. amylase, etc.) is
utilized in an immunohistochemical analysis. Another set
of markers for exocrine and endocrine functions, such
as markers specific for insulin or glucagon, may also be
used to analyze the efficacy of the transplantation. These
markers can be used separately or in combination with
each other. In addition, a combination of one or more of
these markers may be used in combination with cell mor-
phology to determine the efficacy of the transplantation.
�[0064] In one embodiment, human pancreatic model
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can be generated in a SCID (severe combined immun-
odeficiency) mouse. This human pancreatic model can
be made by utilizing the human pancreatic progenitor
cells isolated and cultured with methods disclosed herein
and using the human pancreatic progenitor cells to make
graft recombinants. Graft recombinants are then placed
under the kidney capsule of mice. After about 1 to 10
weeks, preferably about 6 to 8 weeks after implantation
under the kidney capsule, the graft or portion thereof is
harvested and analyzed by immunohistochemistry.
Markers specific to exocrine or endocrine function, such
as insulin or glucagon are used to analyze the efficacy
of the tissue model system. Alternatively, markers spe-
cific for pancreatic tissue such as islet cells (i.e. PDX- �1),
acinar cells (i.e. amylase), ductal cells (i.e. CK 19) are
used. Yet another way to assess the results of pancreatic
progenitor cell differentiation is by morphology. Pancre-
atic progenitor cells have the appearance of being small
and round, about 10 Pm across the cell, and in a highly
compacted columnar epithelium form. Acinar cells have
the appearance of large clusters forming acini. Ductal
cells have the appearance of small, round, about 10 Pm
across the cell, and a compacted, cuboidal columnar ep-
ithelium. Islet cells have the appearance of epithelial is-
lands surrounded by acinar exocrine units. Further, mor-
phology is combined with functional markers for insulin
and glucagon and cell surface markers for specific cells
for a more complete assessment. The recombinant tis-
sues thus represent a fully human mini pancreas in a
mouse. These human pancreatic tissue models can be
used to assess efficacy and toxicity of drug candidates
being developed to treat type I and type II diabetes, pan-
creatitis, pancreatic cancer, and for other pancreatic in-
sufficiencies. They can also be used to screen any drug
for pancreatic toxicity. In a further use, the recipient an-
imal would undergo surgical or chemical (i.e: streptazo-
ticin) pancreatic or islet-�β cell ablation so the insulin being
produced is coming from the graft.

Uses of pancreatic progenitor cells in bioassays

�[0065] The pancreatic progenitor cells disclosed here-
in can be used in various bioassays. In one use, the pan-
creatic progenitor cells are used to determine which bi-
ological factors are required for differentiation. By using
the pancreatic progenitor cells in a stepwise fashion in
combination with different biological compounds (such
as hormones, specific growth factors, etc.), one or more
specific biological compounds can be found to induce
differentiation to islet cells. Employing the same stepwise
combinations, one or more specific biological compound
can be found to induce differentiation to acinar cells and
likewise for ductal cells. Other uses in a bioassay for pan-
creatic progenitor cells are differential display (i.e. mRNA
differential display) and protein-�protein interactions using
secreted proteins from pancreatic progenitor cells. Pro-
tein- �protein interactions can be determined with tech-
niques such as yeast two- �hybrid system. Proteins from

pancreatic progenitor cells can be used to identify other
unknown proteins or other cell types that interact with
pancreatic progenitor cells. These unknown proteins
may be one or more of the following: growth factors, hor-
mones, enzymes, transcription factors, translational fac-
tors, and tumor suppressors. Bioassays involving pan-
creatic progenitor cells and the protein-�protein interaction
these cells form and the effects of protein-�protein or even
cell-�cell contact may be used to determine how surround-
ing tissue, such as mesenchymal tissue, contributes to
pancreatic progenitor cell differentiation.
�[0066] The following examples provide a detailed de-
scription of the isolation, characterization, and use of
pancreatic progenitor cells. These examples are not in-
tended to limit the invention in any way.

EXAMPLES

Example 1 Isolation of pancreatic progenitor cells

�[0067] Fetal pancreas (gestational age 14-22 weeks)
was mechanically pulled apart by microdissection under
a stereo microscope prior to enzymatic dissociation. En-
zyme treatment consisted of placing the partly dissociat-
ed tissue in 1 ml F12/DMEM medium containing 5 mg/ml
collagenase- �dispase, 20 Pg/ml soybean trypsin inhibitor
and 50 Pg/ml DNAase for 15 minutes at 37 degrees Cel-
sius.
�[0068] Cell aggregates were layered on top of a 5%
(by volume) BSA gradient and washed by centrifugation
for 6 minutes at 900 rpm. Pelleted cells which were still
in aggregate form were resuspended in growth medium
consisting of CMRL 1066 nutrient medium containing the
following factors: �

�[0069] Resuspended cell aggregates were aliquoted

Insulin 10 Pg/ml

Transferrin 10 Pg/ml

Epidermal growth factor 5 ng/ml

Ethanolamine 10-6 M

Phosphoethanolamine 10-6 M

Selenium 2.5 x 10-8 M

Triiodothyronine 10-12 M

Progesterone 10-9 M

Hydrocortisone 10-9 M

Forskolin 1 PM

Heregulin 10 nM

Aprotinin 25 Pg/ml

Bovine pituitary extract 75 Pg/ml

Gentamycin 100 Pg/ml
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into fibronectin-�coated wells (6-12) of a 24- �well dish and
incubated at 37 degrees Celsius in a humidified 5% CO2
incubator for 72 hours. After 72 hours, the epithelial cells
formed suspended spherical structures (Figure 1A) and
the mesenchymal or stromal cells were attached to the
surface of the well. When monolayer formation was de-
sired, the pancreatic aggregates or pancreatic spheres
from 6 of the wells were collected with a micropipet and
placed on a collagen-�coated 60 mm dish using
F12/DMEM as basal nutrient media with the nutrients
supplements as disclosed. Within 24 hours, the struc-
tures attached and the cells from the structure spread
out onto the collagen to form an epithelial monolayer (Fig-
ure 1B). These pancreatic progenitor cells could be pas-
saged at least three times (Figure 2).

Example 2 Use of pancreatic progenitor cells in trans-
plants

�[0070] For the purpose of recombinant grafting, the
cells were left in the spherical state from the time of orig-
inal plating or the monolayers were released from the
collagen and grown in non-�coated flasks where they re-
mained in suspension and re-�aggregated into spherical
structures.
�[0071] For the purpose of grafting, the spheres were
placed on top of seminal vesicle mesenchyme from e15
rats, usually 5-8 spheres to a mesenchyme aggregate of
2x105 to 5x105 cells. Each recombinant was placed on
agar and incubated overnight at 37 degrees in a 5% CO2
humidified chamber.
�[0072] The grafting consisted of placing from 3-6 re-
combinants under the kidney capsule of an immunode-
ficient mouse (nude or SCID) and left for 6-8 weeks. The
grafts were then harvested and processed for immuno-
histochemistry.
�[0073] The result of pancreatic tissue recombinant
graft transplantation was assessed by morphology. Pan-
creatic progenitor cells have the appearance of being
small and round, about 10 Pm across the cell, and in a
highly compacted columnar epithelium form. Acinar cells
have the appearance of large clusters forming acini (Fig-
ure 3E). Ductal cells have the appearance of small,
round, about 10 Pm across the cell, and a compacted,
cuboidal columnar epithelium (Figure 3D). Islet cells have
the appearance of epithelial islands surrounded by acinar
exocrine units (Figure 3A, 3B, 3C, and Figure 7).

Example 3 Determining the identity of transplanted pan-
creatic progenitor graft cells, differentiation state of pan-
creatic progenitor cells, and their function

�[0074] After the pancreatic spheres have been trans-
planted under the kidney capsule of mice and allowed to
remain at that location for 6-8 weeks, the grafts were
harvested and analyzed for identity of pancreatic cells
by immunohistochemistry and function. The grafts have
been shown to express insulin and glucagon (Figures 4,

5, and 7). Furthermore, the tissue graft recombinants
have shown the formation of ductal structures (Figure 6).
Therefore, the tissue recombinant grafts yielded func-
tional pancreatic cells that could express insulin and glu-
cagon and form ductal structures.

Claims

1. An isolated population of human pancreatic progen-
itor cells, wherein said population of pancreatic pro-
genitor cells retain a pluripotent capacity and can
differentiate into acinar, ductal and islet cells, where-
in said pancreatic progenitor cells are identifiable by
the expression of at least one cell marker selected
from cytokeratin-�19, carcinoembryonic antigen, car-
bonic anhydrase II and cystic fibrosis transmem-
brane conductance regulator and wherein said pan-
creatic progenitor cells are not embryonic cells.

2. The pancreatic progenitor cells according to claim
1, wherein the pancreatic progenitor cells are main-
tained in serum- �free media.

3. The pancreatic progenitor cells according to any one
of the preceding claims, wherein said pancreatic pro-
genitor cells have the morphology of small and
round, about 10 Pm across the cell, and in a highly
compacted columnar epithelial form.

4. The pancreatic progenitor cells according to any one
of the preceding claims, wherein said acinar cells
express amylase and have the appearance of large
clusters forming acini.

5. The pancreatic progenitor cells according to any one
of the preceding claims wherein said ductal cells ex-
press cytokeratin 19 and have the morphology of
small, round, about 10 Pm across the cell, and a
compacted, cuboidal columnar epithelial form.

6. The pancreatic progenitor cells according to any one
of the preceding claims wherein said islet cells ex-
press insulin and glucagon and have the appearance
of epithelial islands surrounded by acinar exocrine
units.

7. A method of isolating the population of human pan-
creatic progenitor cells of any one of the preceding
claims, comprising: �

(a) placing a mixed population of pancreatic cells
comprising pancreatic progenitor cells in nutri-
ent media under culture conditions sufficient to
sustain life of said pancreatic progenitor cells,
wherein said mixed population of pancreatic
cells has been microdissected from a source of
human fetal pancreatic progenitor cells, and
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wherein the nutrient media is serum-�free and
comprises: insulin, transferrin, epidermal
growth factor, ethanolamine, phosphoeth-
anolamine, selenium, triiodothyronine, proges-
terone, hydrocortisone, forskolin, heregulin,
aprotinin and bovine pituitary extract;
(b) maintaining suitable culture conditions suffi-
cient to allow pancreatic progenitor cells to form
aggregate or monolayer formation; and
(c) subculturing said aggregate or monolayer
formation to select for the population of pancre-
atic progenitor cells.

8. A method of providing a source of an immunogen to
a heterologous recipient, comprising introducing a
plurality of pancreatic progenitor cells as recited in
any one of claims 1 to 6 in an amount effective to
induce an immune response in said recipient.

9. A method of generating human pancreatic tissue
models in an immunodeficient or immunocompro-
mised non- �human mammalian recipient, comprising
the step of administering a plurality of human pan-
creatic progenitor cells from the population of any
one of claims 1 to 6 recombined with mesenchymal
tissue into said recipient at a location within said re-
cipient, said location being able to support growth
and differentiation of said pancreatic progenitor
cells.

10. The use of pancreatic progenitor cells as recited in
any one of claims 1 to 6 or any cellular part thereof
as targets for drug development.

11. A method of providing a source of nucleic acids or
proteins in the development of bioassays comprising
isolating nucleic acids or proteins from the human
pancreatic progenitor cells as recited in any one of
claims 1 to 6 and using said nucleic acids or proteins
as one or more of the principle component in the
bioassays.

12. A population of human pancreatic progenitor cells
according to any one of claims 1 to 6, for use in a
method of treatment of the human or animal body
by therapy or diagnosis.

13. Use of a population of human pancreatic progenitor
cells according to any one of claims 1 to 6 in the
manufacture of a medicament for cell therapy.

14. Use according to claim 13 wherein the recipient is
immunosuppressed and/or the pancreatic progeni-
tor cells are provided in a barrier device that limits
the immune system response of the recipient against
said pancreatic progenitor cells.

15. An isolated population of non-�embryonic human

pancreatic progenitor cells capable of differentiating
into acinar, ductal and islet cells obtainable by the
method of claim 7.

Patentansprüche

1. Isolierte Population von menschlichen Pankreas-
Vorläuferzellen, wobei die Population von Pankreas-
Vorläuferzellen eine pluripotente Fähigkeit bewah-
ren und in Azinus-, Ductus- und Inselzellen differen-
zieren können, wobei die Pankreas-�Vorläuferzellen
durch die Expression von mindestens einem aus Cy-
tokeratin- �19, Carcinoembryonales Antigen, Car-
boanhydrase II und Mukoviszidose Transmembran-
leitfähigkeits- �Regulator ausgewählten Zellmarker,
identifizierbar ist und wobei die Pankreas-�Vorläufer-
zellen keine embryonalen Zellen sind.

2. Pankreas-�Vorläuferzellen nach Anspruch 1, wobei
die Pankreas- �Vorläuferzellen in Serum- �freiem Me-
dium aufrechterhalten werden.

3. Pankreas-�Vorläuferzellen nach einem der vorherge-
henden Ansprüche, wobei die Pankreas-�Vorläufer-
zellen die Morphologie: klein und rund, ungefähr 10
Pm im Zelldurchmesser und eine sehr kompakte,
hochprismatische, epitheliale Form aufweisen.

4. Pankreas-�Vorläuferzellen nach einem der vorherge-
henden Ansprüche, wobei die Azinuszellen Amylase
exprimieren und das Aussehen von großen Clu-
stern, die Azini bilden, aufweisen.

5. Pankreas-�Vorläuferzellen nach einem der vorherge-
henden Ansprüche, wobei die Ductuszellen Cytoke-
ratin-�19 exprimieren und die Morphologie: klein und
rund, ungefähr 10 Pm im Zelldurchmesser und eine
kompakte, würfelförmige, hochprismatische, epithe-
liale Form aufweisen.

6. Pankreas-�Vorläuferzellen nach einem der vorherge-
henden Ansprüche, wobei die Inselzellen Insulin und
Glucagon exprimieren und das Aussehen von epi-
thelialen: Inseln, umgeben von exokrinen Azinusein-
heiten, aufweisen.

7. Verfahren zur Isolierung der Population von Pankre-
as- �Vorläuferzellen nach einem der vorhergehenden
Ansprüche, umfassend:�

(a) Setzen einer gemischten Population von
Pankreaszellen, die Pankreas-�Vorläuferzellen
umfasst, unter Kultivierungsbedingungen, die
ausreichend sind, um das Leben der Pankreas-
Vorläuferzellen zu erhalten, in Nährmedium,
wobei die gemischte Population von Pankreas-
zellen aus einer Quelle von menschlichen,
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foetalen Pankreas- �Vorläuferzellen mikrodis-
sektiert wurde und wobei das Nährmedium Se-
rum-�frei ist und Insulin, Transferrin, Epiderma-
len Wachstumsfaktor, Ethanolamin, Phos-
phoethanolamin, Selen, Trijodthyronin, Proge-
steron, Hydrocortison, Forskolin, Heregulin,
Aprotinin und Rinderhypophysenextrakt um-
fasst;
(b) Aufrechterhalten von geeigneten Kulturbe-
dingungen, die ausreichend sind, um es Pan-
kreas-�Vorläuferzellen zu ermöglichen, eine Ag-
gregat- oder Monolayer-�Struktur zu bilden; und
(c) Subkultivieren der Aggregat- oder Monolay-
er-�Struktur, um die Population von Pankreas-
Vorläuferzellen zu selektieren.

8. Verfahren zur Bereitstellung einer Quelle eines Im-
munogens an einen heterologen Empfänger, umfas-
send das Einführen einer Mehrzahl von Pankreas-
Vorläuferzellen, wie in einem der Ansprüche 1 bis 6
aufgeführt, in einer Menge, die wirksam ist, um eine
Immunantwort in dem Empfänger auszulösen.

9. Verfahren zur Erzeugung menschlicher Pankreas-
gewebsmodelle in einem immundefizienten oder im-
mungeschwächten, nicht menschlichen Säugetier-
Empfänger, umfassend den Schritt des Verabrei-
chens einer Mehrzahl von menschlichen Pankreas-
Vorläuferzellen aus der Population von einem der
Ansprüche 1 bis 6, wiedervereinigt mit mesenchy-
malem Gewebe, in den Empfänger an einer Stelle
innerhalb des Empfängers, wobei die Stelle in der
Lage ist, Wachstum und Differenzierung der Pan-
kreas-�Vorläuferzellen zu unterstützen.

10. Verwendung von Pankreas- �Vorläuferzellen, wie in
einem der Ansprüche 1 bis 6 aufgeführt, oder irgend-
eines zellulären Teils davon als Targets für eine Arz-
neimittelentwicklung.

11. Verfahren zur Bereitstellung einer Quelle für Nukle-
insäuren oder Proteine in der Entwicklung von Bioas-
says, welche das Isolieren von Nukleinsäuren oder
Proteine aus den menschlichen Pankreas-�Vorläu-
ferzellen, wie in einem der Ansprüche 1 bis 6 aufge-
führt, umfassen und Verwenden der Nukleinsäuren
oder Proteine als einen oder mehrere der Grundbe-
standteile in den Bioassays.

12. Population von menschlichen Pankreas-�Vorläufer-
zellen nach einem der Ansprüche 1 bis 6 zur Ver-
wendung in einem Verfahren zur Behandlung des
menschlichen oder tierischen Körpers durch Thera-
pie oder Diagnose.

13. Verwendung einer Population von menschlichen
Pankreas-�Vorläuferzellen nach einem der Ansprü-
che 1 bis 6 in der Herstellung eines Medikaments

zur Zelltherapie.

14. Verwendung nach Anspruch 13, wobei der Empfän-
ger immunsupprimiert ist und/ �oder die Pankreas-
Vorläuferzellen in einer Barrierevorrichtung bereit-
gestellt werden, welche die Immunsystemantwort
des Empfängers gegen die Pankreas-�Vorläuferzel-
len begrenzt.

15. Isolierte Population von nicht-�embryonalen,
menschlichen Pankreas-�Vorläuferzellen, welche fä-
hig sind, in Azinus-, Ductus- und Inselzellen zu dif-
ferenzieren, die durch das Verfahren von Anspruch
7 erhalten werden kann.

Revendications

1. Population isolée de cellules progénitrices pancréa-
tiques humaines, dans laquelle ladite population de
cellules progénitrices pancréatiques possède une
capacité pluripotente et peut se différencier en cel-
lules acineuses, canalaires et en îlots de Langhé-
rans, dans laquelle lesdites cellules progénitrices
pancréatiques sont identifiables par l’expression
d’au moins un marqueur cellulaire choisi parmi la
cytokératine- �19, un antigène carcino- �embryonnaire,
l’anhydrase carbonique II et un régulateur de con-
ductance transmembranaire de la fibrose cystique
et dans laquelle lesdites cellules progénitrices pan-
créatiques ne sont pas des cellules embryonnaires.

2. Cellules progénitrices pancréatiques selon la reven-
dication 1, dans lesquelles les cellules progénitrices
pancréatiques sont conservées dans un milieu sans
sérum.

3. Cellules progénitrices pancréatiques selon l’une
quelconque des revendications précédentes, dans
lesquelles lesdites cellules progénitrices pancréati-
ques ont la morphologie de petites cellules rondes
d’environ 10 Pm de diamètre et une forme d’épithé-
lium prismatique très compact.

4. Cellules progénitrices pancréatiques selon l’une
quelconque des revendications précédentes, dans
lesquelles lesdites cellules acineuses expriment une
amylase et ont l’aspect de grands amas formant des
acini.

5. Cellules progénitrices pancréatiques selon l’une
quelconque des revendications précédentes, dans
lesquelles lesdites cellules canalaires expriment la
cytokératine 19 et ont la morphologie de petites cel-
lules rondes d’environ 10 Pm de diamètre et une
forme d’épithélium cubique simple compact.

6. Cellules progénitrices pancréatiques selon l’une
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quelconque des revendications précédentes, dans
lesquelles lesdits îlots de Langhérans expriment de
l’insuline et du glucagon et ont l’aspect d’îlots épi-
théliaux entourés d’unités exocrines acineuses.

7. Procédé pour isoler la population de cellules progé-
nitrices pancréatiques humaines selon l’une quel-
conque des revendications précédentes,
comprenant :�

(a) le fait de placer une population mélangée de
cellules pancréatiques comprenant des cellules
progénitrices pancréatiques dans un milieu nu-
tritif dans des conditions de culture suffisantes
pour assurer la survie desdites cellules progé-
nitrices pancréatiques, dans lequel ladite popu-
lation de cellules pancréatiques a été micro-�dis-
séquée à partir d’une source de cellules progé-
nitrices pancréatiques foetales humaines, et
dans lequel le milieu de culture est sans sérum
et comprend :� de l’insuline, de la transferrine, un
facteur de croissance épidermique, de l’éthano-
lamine, de la phosphoéthanolamine, du sélé-
nium, de la triiodothyronine, de la progestérone,
de l’hydrocortisone, de la forskoline, de l’here-
guline, de l’aprotinine et un extrait hypophysaire
bovin ;
(b) le maintien de conditions de culture suffisan-
tes pour permettre aux cellules progénitrices
pancréatiques de former des agrégats ou une
formation monocouche ; et
(c) la sous- �culture dudit agrégat ou de ladite for-
mation monocouche afin de sélectionner la po-
pulation de cellules progénitrices pancréati-
ques.

8. Procédé destiné à fournir une source d’ immunogène
à un bénéficiaire hétérologue, comprenant l’intro-
duction d’une pluralité de cellules progénitrices pan-
créatiques telles que mentionnées dans l’une des
revendications 1 à 6 dans une quantité efficace pour
induire une réaction immunitaire chez ledit bénéfi-
ciaire.

9. Procédé pour générer des modèles de tissu pan-
créatique humain chez un bénéficiaire mammifère
non humain immunodéficient ou immunocompro-
mis, comprenant l’étape d’administration d’une plu-
ralité de cellules progénitrices pancréatiques humai-
nes provenant d’une population selon l’une quelcon-
que des revendications 1 à 6 recombinées avec un
tissu mésenchymateux chez ledit bénéficiaire à un
endroit chez ledit bénéficiaire, ledit endroit étant ca-
pable de soutenir la croissance et la différenciation
desdites cellules progénitrices pancréatiques.

10. Utilisation de cellules progénitrices pancréatiques
telles que mentionnées dans l’une quelconques des

revendications 1 à 6 ou toute partie cellulaire de cel-
les-�ci comme cibles pour le développement de mé-
dicament.

11. Procédé pour fournir une source d’acides nucléiques
ou de protéines dans le développement de bioessais
comprenant l’isolement d’acides nucléiques ou de
protéines à partir de cellules progénitrices pancréa-
tiques humaines telle que mentionnées dans l’une
quelconque des revendications 1 à 6 et utilisant les-
dits acides nucléiques ou lesdites protéines comme
un ou plusieurs des éléments principaux des bioes-
sais.

12. Population de cellules progénitrices pancréatiques
humaines selon l’une quelconque des revendica-
tions 1 à 6, pour une utilisation dans un procédé de
traitement d’un organisme animal ou humain par thé-
rapie ou diagnostic.

13. Utilisation d’une population de cellules progénitrices
pancréatiques humaines selon l’une des revendica-
tions 1 à 6 pour la fabrication d’un médicament des-
tiné à une thérapie cellulaire.

14. Utilisation selon la revendication 13, dans laquelle
le bénéficiaire est immunosupprimé et/ou les cellu-
les progénitrices pancréatiques sont fournies dans
un dispositif barrière qui limite la réponse du système
immunitaire du bénéficiaire contre lesdites cellules
progénitrices pancréatiques.

15. Population isolée de cellules progénitrices pancréa-
tiques humaines non embryonnaires capables de se
différencier en cellules acineuses, canalaires ou en
îlots de Langhérans que l’on peut obtenir selon le
procédé de la revendication 7.
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