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ABSTRACT

Context Expansion and culture of beta cell
progenitors in Vitro may represent an
alternative to the use of differentiated beta
cells from donor pancreata.

Objective The aim of our study was to
investigate to what extent exocrine or
endocrine  pancreatic  cells can  be
differentiated in insulin-producing cells in
vitro.

Setting Bovine exocrine tissue (n=4) and
islets (n=4) were cultured in DMEM with
serum.

Interventions After 7 days, the cells were
trypsinized and cultured in the same medium
for cell proliferation, or in DMEM/F-12
containing growth factors to induce cell
differentiation.

Main outcome measure Proliferating
capacity after 4 weeks in culture. In addition,
insulin expression was evaluated by RT-PCR
and by immunohistochemical staining.

Results After 4 weeks of culture, cells from
exocrine tissue showed a 69.5+10.0 fold
increase, while cells from islets showed a
31.2+11.4 fold increase (P=0.059). In
differentiating medium, monolayers from
exocrine and islet tissue were organized into
islet-like structures containing cells which
stained positively for insulin. Morphometrical

analysis and RT-PCR confirmed the presence
of insulin in the cells at the protein and the
mRNA level.

Conclusions In our experimental conditions,
cells from pancreatic tissue proliferated and
differentiated in insulin-containing cells.
However, the level of insulin as well as
mRNA expression is only a small fraction of
that shown by fresh islets. Only selective
identification of cell precursors may allow
efficient generation of insulin-producing cells
in vitro.

INTRODUCTION

Replacement of the damaged pancreatic beta
cells in insulin-dependent diabetic patients
represents a strategy for restoring glycemic
control. Among others, the most severe
limitations of this approach are the scarcity of
organ donation with respect to the large
number of diabetic patients. New strategies
for obtaining insulin producing cells from
other sources are under extensive
investigation. Beta cells in the adult pancreas
have a brief life span after which they
undergo apoptosis [1]. It has been
documented that senescent beta cells are
replaced by the replication of existing mature
beta cells [2] and also by the differentiation or
neogenesis of beta cells deriving from
exocrine or intra-islet pancreatic precursor
cells [3, 4, 5].
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The exact nature of pancreatic stem cells is
still not well defined [6] but precursor cells
have been shown to be present either in the
exocrine tissue or within the islets [3]. There
is clear evidence of the presence of pancreatic
progenitor cells in the ductal epithelium of
the pancreas [7]. Thus, cultures of mouse
pancreatic epithelium under appropriate
conditions resulted in cell differentiation with
insulin secretion in a glucose-dependent
manner. These cells have been shown to
normalize hyperglycemia after implantation
into diabetic mice [8]. Similar results were
reported for human pancreatic epithelial cells
which have been differentiated by specific
factors and matrigel culture forming three
dimensional islet-like clusters [9].

It has been suggested that progenitor cells in
the rat and human pancreas are positive for
nestin [10, 11, 12, 13]. Nestin-expressing
cells are also located within the pancreatic
ducts as undifferentiated cells which are
distinct from ductal epithelial cells. All these
studies used several differentiation factors to
induce the expansion of pancreatic islet cells
in vitro and/or in vivo, including hepatocyte
growth factor (HGF), glucagon-like peptide-
1, parathyroid hormone-related protein, and
others [14, 15, 16]. In addition, several
studies have demonstrated that HGF is an
insulinotropic factor for adult islet beta cells
[17, 18] and it is also able to induce the
expression of insulin in a rat pancreatic cell
line which normally lacks expression of this
hormone [19]. All this evidence suggests that
the in vitro expansion and culture of the
progenitors of beta cells may represent an
alternative to the use of differentiated beta
cells from donor pancreata.

The aim of our study was to assess whether
the in vitro differentiation of islet and
exocrine tissue may effectively result in the
production of insulin-containing cells, and to
quantify the yield of this process.

MATERIALS AND METHODS
Experimental Design

Bovine exocrine tissue (n=4) and islets (n=4)
were cultured in DMEM with serum. The
proliferating capacity of both exocrine and

islet tissues were analyzed by cell counting
after 4 weeks of DMEM culture. In addition,
the fraction of the volume of the cell clusters
occupied by insulin-containing cells after
differentiation was estimated by morpho-
metrical analysis of the histochemically
identified cells, and immunohistochemical
data were confirmed by semi-quantitative RT-
PCR results evaluated at passages 0 and 3.

Exocrine and Islet Tissue Separation

Exocrine and islet tissues were obtained from
bovine pancreas digestion with collagenase
using a modification of the automated method
[20] and were purified by centrifugation on a
discontinuous gradient. Briefly, the main
pancreatic duct was cannulated and perfused
with collagenase solution (1.8 U/mL, type P,
Roche Diagnostic, Mannheim, Germany).
After ductal distension, the splenic lobe of the
pancreas was placed into a perfusion
chamber. Recirculating collagenase solution
in a continuous digestion apparatus was
warmed to 37°C throughout the dissociation
of the pancreas. Effluent samples from the
perfusion chamber were evaluated during
digestion to determine the stage of the
digestion process. When the majority of islets
appeared free from exocrine tissue, the
dissociation chamber was flushed with cold
(4°C) Hanks’ balanced salt solution (HBSS,
Gibco InVitrogen Co., Paisley, Scotland,
United Kingdom), at 400 mL/min
supplemented with 1% of fetal calf serum
(FCS, Gibco InVitrogen Co., Paisley,
Scotland, United Kingdom). The digested
tissue was collected and purified by
centrifugation on a Histopaque gradient
(1.077 g/mL, Sigma, St. Louise, MO,
U.S.A)). Islet fraction was recovered on the
surface of the Histopaque layer, while the
denser bovine acinar fraction was recovered
in the pellet. After three washings with
phosphate buffer saline, the equivalent of 80
uL packed exocrine pellets, or 5,000 islets,
were placed in culture-treated plastic dishes
(Falcon, Becton Dickinson, Meylan Cedex,
France). The cells were cultured at 37°C in a
humidified atmosphere (5% CO,) in DMEM
medium (Sigma, St. Louise, MO, U.S.A.)
containing 10% FCS, 100 U/mL penicillin,
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100 pg/mL streptomycin (Sigma, St. Louise,
MO, U.S.A.) and 50 ug/mL geneticin (Gibco
InVitrogen Co., Paisley, Scotland, United
Kingdom).

Culture Conditions

After having been cultured for 3-4 days, the
non-adherent tissue was removed and the
adherent cells were expanded for up to one
week with a change of medium every 2-3
days. After one week, when the adherent cells
were confluent in a monolayer, the cells were
detached from the dishes by trypsin digestion
and expanded on tissue culture dishes. The
trypsinized cells were separated into different
culture conditions to favor the proliferation or
differentiation of the cells. The medium used
for proliferation was DMEM containing 10%
FCS and 100 U/mL penicillin, 100 pg/mL
streptomycin. To inhibit the growth of
fibroblasts, a low concentration of antibiotic
geneticin (50 pg/mL) was added to the
culture medium [21, 22]. The medium used to
stimulate differentiation was DMEM/F12
(16.7 mM glucose, Sigma, St. Louise, MO,
US.A)) with 1 g/L insulin-transferrin-
selenium (ITS) supplement (5 mg/L insulin +
5 mg/L transferrin + 5 mg/L selenium, Sigma,
St.  Louise, MO, U.S.A)), 100 U/mL
penicillin, 100 pg/mL streptomycin, 2 g/L
bovine serum albumin (BSA, Sigma, St.
Louise, MO, U.S.A.), 10 mM nicotinamide
(Sigma, St. Louise, MO, U.S.A.), and 10
ng/mL HGF (Sigma, St. Louise, MO, U.S.A.).
Cells were maintained in culture for one
month.

Proliferation Assay

Cell proliferation was evaluated with a
Burker chamber by counting the cells at
different times during in vitro culture. The
cells were removed from the culture dish by
treatment  with  trypsin-EDTA  (Gibco
InVitrogen Co., Paisley, Scotland, United
Kingdom) and were resuspended in medium
containing serum. Aliquots of approximately
10 pL were used for counting in triplicate.
The procedure was performed twice a week
for about one month.

Immunofluorescence

The expression of epithelial- and nestin-
specific markers was investigated by
immunofluorescence analysis. Briefly, the
sections were stained with mouse monoclonal
anti-keratin 7,17 antibody (Chemicon Int,
Temecula, CA, U.S.A.)), or mouse
monoclonal anti-nestin antibody (Chemicon
Int, Temecula, CA, U.S.A.). Coverslips with
cell monolayers were fixed in 2%
paraformaldheyde plus 2% saccarose for 10
min at room temperature. Sections with non-
specific binding of antibodies were incubated
for 10 min at room temperature with blocking
solution (3% BSA and 10% fetal calf serum
in PBS). Monolayer cultures were incubated
for 3 min in 0.1% Triton X-100 before
primary antibody incubation. The sections
were then incubated with primary antibodies
for 2 h at room temperature (keratin 1:100,
nestin 1:100). After washing in PBS, the
sections stained for keratin and nestin were
incubated with Cy3 conjugated donkey anti-
mouse IgG antibody (Jackson Immuno-
research, West Grave, PA, U.S.A.), or
fluorescein isothiocyanate (FITC) conjugate
donkey anti-mouse IgG (Sigma, St. Louise,
MO, U.S.A.) for 1 h at room temperature.
Counterstaining ~ with ~ diamindino 2
phenylindole (DAPI) (1 pg/mL, Sigma, St.
Louise, MO, U.S.A.) for 5 min at room
temperature was performed to label cell
nuclei. After final washings in PBS, all slides
were mounted and examined by laser
confocal microscopy (LSM 510 Meta, Zeiss,
Jena, Germany).

Immunohistochemistry

For identification of the insulin-containing
cells, immunohistochemical analysis was
performed by fixation of islet-like structures
in Bouin’s solution. After a 4 h fixation, the
samples were paraffin-embedded using
previously described methods [23]. Briefly, 3
pum thin sections were collected and
processed for immunohistochemical detection
of insulin using the alkaline phosphate-fast
red technique. Slides were blocked in PBS
(plus 1% BSA) for 30 min at room
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temperature and stained using mouse anti-
insulin (diluted 1:100, Sigma, St. Louise,
MO, U.S.A.) for 2 h at room temperature. The
sections were then washed and incubated with
horse biotinylated anti mouse antibody
(Vector, Burlingame, CA, U.S.A.) for 30
minutes. The slides were then washed and
incubated  with  alkaline  phosphatase-
conjugated streptavidin (Boerhinger,
Mannheim, Germany) for 30 min, followed
by washings and development with Fast Red
substrate (Boerhinger, Mannheim, Germany).
The sections were counterstained with Harris-
type hematoxylin and mounted using aqueous
mounting medium (Bio-Optica, Milan, Italy).
PBS (pH 7.4) was used for all antibody
dilutions and washings.

Morphometrical Analysis of Insulin
Containing Cells

Sections of islet-like structures or pancreatic
islets stained for insulin were used for
morphometrical analysis of the insulin-
containing cells. Sections were examined at
light microscopy (Zeiss, Jena, Germany) and
images were acquired using a computer-based
image analysis system. For each slide, the
islet-like  structures or pancreatic islets
encountered while moving the microscope
stage with an S-shaped path were digitized
using a 40x objective. The volume density
(Vy) of the tissue reacting with insulin
antibody was estimated by point counting
using an orthogonal grid digitally overlaid on
the stained section image (Image J v. 1.31,
National Institute of Mental Health, Bethesda,
Maryland, U.S.A.). For each section, the
number of grid points hitting the positive
staining and total number of grid points
hitting the reference tissue were counted.
Volume density was calculated as the
percentage ratio between grid points in the
positive areas over total points in the islet-like
structures or pancreatic islets [24].

mMRNA  Extraction and
Quantitative PCR

Total RNA was extracted from the islets and
from the three-dimensional aggregates in the

presence of TRIzol reagent (Invitrogen,
Carlsbad, CA, U.S.A.). DNase treated RNA

Real-Time

was primed with random hexamers and
reverse  transcribed to cDNA  using
Superscript II  Reverse  Transcriptase
(Invitrogen, Carlsbad, CA, U.S.A)).
Quantitative real-time PCR was performed
utilizing a TagMan AB Prism 5700 Sequence
Detection System (Applied Biosystems,
Foster City, CA, U.S.A.) with SYBR green
PCR core reagents. To amplify the bovine
insulin transcripts, the following primers
based on Genbank sequence NM 173926.1
were used: For (300 nM) 5°-GCA GAA GCG
TGG CAT CGT-3’; Rev (300 nM) 5’-GGG
CAG GCC TAG TTA CAG TAG TTC-3".
Genomic DNA was not amplified since
primers spanned an exon  junction.
Glyceraldehyde-3-phosphate  dehydrogenase
(GAPDH) served as a housekeeping gene to
assess the overall cDNA content. GAPDH
primers were as follows: For (300 nM) 5°-
GGC ATC GTG GAG GGA CTT ATG-3’;
Rev (300 nM) 5°-GGG CCA TCC ACA GTC
TTC TG-3’. After an initial holding step of 2
min at 50°C and 10 min at 95°C, samples
were cycled 40 times at 95°C for 15 sec and
at 60°C for 60 sec. All reactions were carried
out in triplicate. Similar amplification
efficiencies were demonstrated for both the
target and the housekeeping genes by
analyzing serial cDNA dilutions, showing an
absolute value of the slope of log cDNA
amount versus A threshold cycle (Ct) (Ct
target-Ct housekeeping gene) of less than 0.1.
Data were calculated relative to the control
pancreatic islets using the AACt method and
GAPDH as reference gene.

STATISTICS

Data are reported as mean+SE. Data were
analyzed by mean of the paired and unpaired
Student t test by using the SPSS Version 13.0
for Windows (SPSS, Chicago, IL, U.S.A.).
Two-tailed P values less than 0.05 were
considered statistically significant.

RESULTS

Suspensions of exocrine and islet tissue
obtained after the enzymatic digestion and
purification of the bovine pancreas were
cultured in DMEM supplemented with 10%
FCS. The majority of the exocrine tissue
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Figure 1. Phase contrast of exocrine tissue (panels @ and c) and islet tissue (panels b and d), after a 1 week culture in
DMEM low glucose. Original magnification: 20x (a and b) and 40x (c and d).

adhered to the plate after a few days of being
cultured, and cells grew out of the exocrine
tissue. In islet culture, after attachment to the
plastic surface, the islets lost their three-
dimensional architecture and a cell monolayer
grew radially from the islets. After 3-4 days,
the non-adherent cells were removed while
the attached cells were left to proliferate and
reached confluence in about one week (Figure
1). Upon reaching confluence, the cells were
detached and re-seeded at a lower density.
After the first passages in culture, exocrine

tissue cells grew forming a monolayer with a
prevalent cuboid morphological appearance.
As shown in Figure 2a, most of these cells
were positive for cytokeratins 7,17, a specific
marker of epithelial cells. Cells positive for
nestin in this monolayer were rare (Figure
2¢). In a monolayer of cells derived from islet
tissue, fibroblast-like =~ morphology was
predominant and these cells were identified as
nestin  positive by immunofluorescence
analysis (Figure 2b). Nestin-positive cells
were more prevalent in the islet-derived

JOP. Journal of the Pancreas - http://www.joplink.net - Vol. 9, No. 5 - September 2008. [ISSN 1590-8577] 605



JOP. J Pancreas (Online) 2008; 9(5):601-611.

Figure 2. Confocal microscopy of exocrine tissue
immunofluorescence for keratin 7,17 (panel a) and for
nestin (panel ) and islet tissue immunofluorescence
for nestin (panel b). Nuclei are stained in blue with
DAPI. Original magnification: 60x.

monolayer than in the exocrine derived cell
population examined.

After the first passage, both exocrine- and
islet-derived cells divided rapidly and became
confluent within 7 days. We analyzed the
proliferating capacity of both exocrine and
islet tissues by cell counting. The growth
curve estimations are shown in Figure 3.
After 4 weeks in culture, the number of cells

from the exocrine tissue showed a 69.5+10.0
fold increase (n=4, P=0.006, P=0.007, and
P=0.007 vs. 1, 2, and 3 weeks, respectively)
with respect to the number of cells in the
starting monolayer. At the same time, the
cells originating from the islet tissue showed
a 31.2+11.4 fold increase (n=3, P=0.118,
P=0.191, and P=0.261 vs. 1, 2 and 3 weeks,
respectively). The comparison between
exocrine and islet tissues showed a significant
difference after 2 weeks (P=0.012) while the
difference after 4 week was of a borderline
significant level (P=0.053).

To induce differentiation of the proliferating
cells into insulin containing ones, the cells
were treated with growth factors known to
induce beta cell differentiation. Actually,
after trypsinization, the culture conditions of
a fraction of the proliferating cells were
modified by changing the cell medium from
DMEM with 5.5 mM glucose to DMEM/F-12
with 16.7 mM glucose plus ITS, HGF, and
nicotinamide. After this change of medium,
cells from both the exocrine and the islet
tissue began to aggregate into spherical cell
clusters. These three-dimensional cell clusters
remained attached to the plastic substrate for
a period of 10-12 days and then subsequently
detached from the surface and remained
floating in the medium. Islet-like structures
from exocrine and islet tissue are shown in
Figures 4a and 4b, respectively. They were
similar in size and morphology to the
pancreatic islets shown in Figure 4c.
Immunohistochemical analysis of these
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Figure 3. Proliferation of cell monolayers from
exocrine (n=4) and islet (n=3) cells during a 4 week
culture in DMEM medium (mean+SE).
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Figure 4. Phase contrast of islet-like structures derived
from exocrine tissue (panel @) and islet tissue (panel
b). Pancreatic islets are reported for comparison (panel
¢). Original magnification: 60x.

structures with anti-insulin antibody showed
the presence of some positive cells in both
exocrine- and islet-derived structures, as
shown in Figure 5.

We estimated the fraction of the volume of
the cell clusters occupied by the insulin-
containing cells using morphometrical

analysis of histochemically identified cells.
The volume density of the cells positive for
anti-insulin antibody was 0.47+0.11% and
6.73£2.70% for islet-like structures derived
from exocrine and from islet tissue,
respectively (n=4, P=0.059) while the same
volume density measured in pancreatic islets
samples averaged 82.2+1.86% (n=3; P<0.001
vs. both exocrine and islet tissues).

= .

©

Figure 5. Immunohistochemical staining for insulin of
islet-like structures derived from exocrine tissue (panel
a) and islet tissue (panel b). Pancreatic islets are
reported for comparison (panel C).
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Immunohistochemical data were confirmed
by semi-quantitative RT-PCR results. This
analysis showed that cells grown in DMEM
had very low levels of insulin mRNA. We
observed 0.004+0.002% and 0.027+0.009%
mRNA insulin in exocrine tissue and in islet
tissue, respectively. After differentiation,
insulin expression in islet-like structures
increased. As shown in Table 1, the increase
of insulin expression was 18.3 fold in islet-
like structures obtained from exocrine tissue
(0.070+0.039% mRNA insulin) and 8.8 fold
in islet-like structures obtained from islet
tissue (0.237+0.098% mRNA insulin) as
compared to the gene expression of the
undifferentiated cells to which the arbitrary
unit value was assigned. The increase of
insulin mRNA was enhanced with passages in
culture for both cells derived from islets and
from exocrine preparations.

DISCUSSION

In the present study, we initially quantified
the proliferation capacity of bovine exocrine
and islet pancreatic tissue in vitro, and then
the differentiation of expanded monolayers in
insulin containing islet-like structures. When
cultured in DMEM medium, both bovine
pancreatic exocrine and islet cells adhere to
the plastic surface of the culture dishes
forming a monolayer of cells with different
phenotypes. Thus, cuboidal cells were
predominant in exocrine rather than in islet-
purified preparations and these cells are likely
ductal epithelial cells. This is confirmed by
positive immunofluorescence staining of
these cells for cytokeratins (Figure 2). In

islet-derived cell monolayers, we observed
the presence of two distinct types of cells,
fibroblast-like cells and rounded cells which
derived from the breakup of the islets when
they attached to the plastic surface. We
characterized the fibroblast-like cells as
nestin-positive cells (Figure 3). Zulewsky et
al. [13] suggested that these cells are a
distinct population which resides within
pancreatic islets and may participate in the
neogenesis of endocrine cells. Moreover, the
presence of these cells was described in
exocrine tissue cultures by Street et al. who
characterized the expression and localization
of nestin in the human acinar pancreas [25].

Our present data show that cells from
exocrine and islet tissue cultured in the
presence of ITS, HGF, and nicotinamide
aggregate from the monolayer and form islet-
like structures. On the contrary, the absence
of growth factors favors the formation of a
monolayer of cells which reaches confluence
in 2-4 days. The ability of forming a cell
monolayer is also maintained after
trypsinization by these cells. We found that
exocrine and islet cells rapidly proliferate
giving rise to a population of cells which can
subsequently differentiate into cells with a
phenotype suggestive of pancreatic betacells,
as shown by the presence of insulin-positive
cells in these three-dimensional cell clusters.

Among the factors used to differentiate
pancreatic cells, HGF is known to stimulate
the proliferation of keratinocytes, kidney
tubular epithelial cells and endothelial cells
[26]. In addition to its mitogenic activity,
HGF also has motogenic [27] and

Table 1. The percentage of insulin mRNA expression in cells derived from exocrine tissue or islet tissue cultured in
DMEM with or without growth factors. Values represent the relative mRNA expression of the control pancreatic islets.

Data are expressed as mean+SE (n=4 in each group).

DMEM DMEM/F-12 Fold increase P value
Exocrine tissue
Passage 0 0.00384+0.00220 0.07017+0.03931 18.3 0.143
Passage 3 0.00010+0.00003 0.00325+0.00098 32.2 0.018
Islets
Passage 0 0.0271+0.0089 0.2375+0.0981 8.8 0.077
Passage 3 0.0008+0.0004 0.0112+0.0046 14.0 0.065

When cells from the exocrine and islet tissue reached confluence, the cells were reseeded in DMEM or in DMEM/F-
12. At confluence, these cells were used for mRNA analysis (passage 0). Cells cultured in DMEM were continuously
trypsinized and reseeded. After 3 passages, the cells were newly divided; half of them were differentiated with
DMEM/F-12. and half were cultured in DMEM At confluence, these cells were used for mRNA analysis (passage 3).
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morphogenetic  activity [28] and has
previously been shown to be a potent
regulator of beta cell phenotype [18, 20].
Another factor present in DMEM/F-12 media
is nicotinamide which has been shown to
protect islets from inflammation and to
stimulate endocrine cell differentiation of
beta cells in vivo [29]. Otonkoski et al. [30]
showed that the morphological and functional
differentiation of human pancreatic beta cells
could be induced by nicotinamide the human
fetal pancreas cultures.

The observation that culturing cells in
selected differentiating media induced the
presence of insulin-containing cells cannot be
taken as a demonstration that these
differentiated cells produce the hormone.
Actually, as pointed out by Sipione et al. [31]
in the case of embryonic stem cells, insulin
immunoreactivity can be due to insulin
uptake from the medium rather than to
endogenously synthesized insulin. To verify
whether  our  positively-stained  cells
effectively produced insulin or only stored
insulin from the culture media, we estimated
insulin  mRNA expression. Thus, insulin
production by these cells as a consequence of
glucose challenge would be undetectable
since the number of insulin-positive cells was
very low. Insulin mRNA expression in
differentiated cells using RT-PCR suggests
that insulin is indeed produced rather than
uptaken from the culture medium. In
particular, in line with insulin expression,
however, insulin mRNA expression was also
very low. RT-PCR performed after having
been cultured for one week in DMEM
medium showed a very low content of insulin
mRNA both in exocrine- and islet-derived
cell monolayers. The endocrine
contamination eventually present in the
exocrine preparation was almost completely
lost after a few days in culture. Similarly, also
in islet-derived cells, after one week in
culture, the ability to produce insulin is
completely lost. ~When exposed to
differentiating medium, with the addition of
growth factors, few cells differentiate into
insulin-containing cells. In comparison with
the starting monolayer, we measured a
significant increase in insulin mRNA in islet-

like structures derived both from exocrine and
islet tissue, suggesting that, under these
conditions, some cells differentiated from
precursor cells present in the adult bovine
pancreas. However, as shown by the amount
of insulin mRNA expression in comparison to
that expressed by control islets (Table 1), the
quantity of cells expressing insulin mRNA
was very low. Even at the first passage,
insulin mRNA expression was less than 0.1
and 0.3% of that of normal islets for
differentiated cells from exocrine and islet
tissue, respectively. The same conclusion can
be drawn from morphometrical data which
showed that the volume density of insulin-
containing cells was less than 0.4% for
exocrine tissue. An higher expression was
observed in islet tissue where the volume
density of insulin-containing cells was about
7% but still very low in comparison to that of
normal islets (greater than 80%).

Altogether, these data demonstrated that it is
possible to induce bovine pancreatic cell
proliferation and differentiation in vitro, but
the efficiency of this process is very low and
not comparable to that shown by beta cell
mass used in experimental and clinical islet
transplantation. One could speculate that the
selection of progenitor cells, isolated and
selectively expanded from the starting cell
population, may improve beta cell
differentiation yield. However, the exact
procedure for performing this cell selection is
still not known and is worth investigating in
the attempt to regenerate in Vvitro cell
populations suitable for pancreatic beta cell
function replacement.
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