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Abstract

AIM: To isolate nestin-positive progenitor cells from human
fetal pancreas and to detect their surface markers and
their capability of proliferation and differentiation into
pancreatic islet endocrine cells /in vitro.

METHODS: Islet-like cell clusters (ICCs) were isolated
from human fetal pancreas by using collagenase digestion.
The free-floating ICCs were handpicked and cultured in
a new dish. After the ICCs developed into monolayer
epithelium-like cells, they were passaged and induced
for differentiation. Reverse transcription polymerase chain
reaction (RT-PCR), immunofluorescence stain, fluorescence-
activated cell sorting (FACS) and radioimmunoassay (RIA)
were used to detect the expression of cell markers.

RESULTS: (1) The monolayer epithelium-like cells had
highly proliferative potential and could be passaged
more than 16 times /n vitro; (2) RT-PCR analysis and
immunofluorescence stain showed that these cells
expressed both nestin and ABCG2, two of stem cell
markers; (3) FACS analysis revealed that CD44, CD90
and CD147 were positive, whereas CD34, CD38, CD45,
CD71, CD117, CD133 and HLA-DR were negative on the
nestin-positive cells; (4) RT-PCR analysis showed that the
mRNA expression of insulin, glucagon and pancreatic-
duodenal homeobox gene-1 was detected, whereas the
expression of nestin and neurogenin 3 disappeared in
these cells treated with serum-free media supplemented
with the cocktail of growth factors. Furthermore, the intra-
cellular insulin content was detected by RIA after the
induction culture.

CONCLUSION: Nestin-positive cells isolated from human
fetal pancreas possess the characteristics of pancreatic
progenitor cells since they have highly proliferative
potential and the capability of differentiation into insulin-
producing cells in vitro. Interestingly, the nestin-positive
pancreatic progenitor cells share many phenotypic
markers with mesenchymal stem cells derived from bone
marrow.
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INTRODUCTION

Pancreatic f-cell replacement therapy via islet transplantation
has become a subject of intense interest again, because the
recent success rate of the procedure is largely improved by
using the Edmonton protocol. However, this successful new
protocol utilizes the islets isolated from at least two human
cadaveric pancreatal”. In order to make such a therapy
available to more than a few of thousands of patients
with diabetes, new sources of insulin-producing cells must
be identified. Pancreatic stem cells have the capacity to
expand and differentiate into pancreatic islet cells, and are
therefore considered as the potential donor source for islet
transplantation.

A definitive molecular marker of pancreatic stem cells
remains obscure. One recent study demonstrated that nestin-
positive cells resided in adult human and rat islets had the
characteristics of stem cells and could be differentiated into
pancreatic endocrine, exocrine and hepatic cell phenotypes
in vitro®). Therefore, it has been firstly proposed that nestin
is a maker for pancreatic stem cells. Another more recent
report showed that nestin-positive precursors derived from
human fetal pancreas could differentiate into pancreatic
endocrine cells, which displayed the ability to reverse
hypetglycemia in diabetic mice. On the other hand, several
other publications have recently suggested that nestin-
positive cells in either adult or fetal pancreata were unable
to generate pancreatic islet -cells 2 vitrot*®. This controversy
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may reflect that nestin-positive pancreatic cells may be a
heterogeneous cell population, ot the protocol for inducing
their differentiation must be optimized.

In this study, nestin-positive cells were isolated from
human fetal pancreata, and then reverse transcription
polymerase chain reaction (RT-PCR), immunofluorescence
stain, fluorescence-activated cell sorting (FACS) and
radioimmunoassay (RIA) were used to determine whether
the nestin-positive pancreatic cells had the characteristics
of stem cells.

MATERIALS AND METHODS

Isolation, culture and induction of pancreatic progenitor cells
Human fetal pancreata at 20" gestational weeks were
provided by Department of Obstetrics and Gynecology,
Peking University First Hospital after the termination of
pregnancy. Informed consent for tissue donation was
obtained by the procurement centers. In addition, our
institutional review board had reviewed and approved the
use of fetal tissue for these studies. The pancreata were
received within 8 h after procurement and enzymatically
digested as previously described™. The digested tissue
was washed twice in cold HBSS and placed on 100-mm
bacteria Petri dishes in RPMI 1640 media (Hyclone, Logan,
UT, USA) supplemented with 10% fetal bovine serum
(Hyclone), 10 mmol/L. HEPES, 1 mmol/L sodium pyruvate
and 71.5 pmol/L B-mercaptoethanol (Merck, Darmstadst,
Germany). After incubation for 96 h, the floating islet-like
cell clusters (ICCs) were pipetted out and cultured in new
dishes with fresh media supplemented with 20 ng/mL. basic
fibroblast growth factor and 20 ng/mlL. epidermal growth
factor (both from Invitrogen, Carlsbad, CA, USA). The ICCs
attached to the bottom and a monolayer of epithelium-like
cells started the outgrowth from the ICCs within 24 h. After
confluence, the cells were repeatedly passaged. After about
80% confluence in the cells passaged 10 times, a serum-
free medium supplemented with 100 pmol/L hepatocyte
growth factor (Chemicon, Temecula, CA, USA), 2 nmol/L
activin A (R&D Systems, Minneapolis, MN, USA),
500 pmol/L betacellulin, 10 nmol/L exendin-4 (glucagon-
like peptide-1 analog) and 10 mmol/L nicotinamide (all
three from Sigma, St. Louis, MO, USA) in a low-glucose
concentration (5 mmol/L) was changed, and the cells were
further cultured for another 6 d.

Immunofiuorescence

The expanded pancreatic progenitor cells were grown on
coverslips and processed as previously described®. Briefly,
the cells were fixed in 4% paraformaldehyde in PBS for
15 min at room temperature. The cells were rinsed with
PBST (PBS with 0.5% Triton X-100) thrice and incubated
in PBS containing 10% goat serum and 0.01% Triton X-
100 for blocking, and then incubated overnight at 4 C
with mouse anti-human nestin monoclonal antibody (1:100;
BD Transduction Laboratories, Lexington, KY, USA). After
washing thrice with PBST, the cells were incubated with FITC-
conjugated goat anti-mouse IgG (1:100; BD Transduction
Laboratories) for 1 h at room temperature. Following three
washes with PBS, the samples were mounted on slides and

examined with an Olympus BX51 fluorescence microscope
(Olympus Optical, Tokyo, Japan) equipped with a Micro
Color RGB-MS-C CCD camera (CRI, Woburn, MA, USA).

Identification of cell surface markers by FACS

2X10° of the cells passaged 10 times were resuspended in
100 pL of PBS and incubated with FITC-conjugated CD34,
CD38, CD45, CD90 and HLA-DR antibodies, and PE-
conjugated CD44, CD71, CD117, CD133 and CD147
antibodies (all from BD PharMingen, San Diego, CA, USA)
for 30 min at 4 C. After washing with PBS twice, the labeled
cells were analyzed in a flow cytometer (Becton-Dickinson,
San Jose, CA, USA).

RNA extraction and RT-PCR analysis

RNA was isolated from the cultured pancreatic progenitor
cells using TRIzol (Gibco, Carlsbad, CA, USA) following
the manufacturer’s protocol. Single-stranded cDNA was
prepared with the Superscript First-Strand System
(Invitrogen) as described previously?. The cDNAs were
amplified by polymerase chain reaction (PCR). The PCR
products were analyzed by 1% agarose gel electrophoresis.
G;PDH, nestin, ABCG2, pancreatic-duodenal homeobox
gene-1 (PDX-1), insulin, and glucagon were amplified
for 30, 40, 34, 35, 36 and 23 cycles, and the annealing
temperatures were 50, 55,56, 52, 62, and 59 C, respectively.
The annealing temperature of neurogenin 3 (Ngn3) was
descended from 68 to 57 C at 1 ‘C every cycle, and then
the PCR reaction was run for 29 cycles. The sequences of
primers were as follows: 5> ACC ACA GTC CAT GCC
ATC AC 3’ and 5> ATG TCG TTG TCC CAC CAC CT 3
for G;PDH; 5 AGC GTT GGA ACA GAG GTT GGA 3’
and 5 TGT TTC CTC CCA CCC TGT GTC T 3’ for
nestin; 5> GGC CTC AGG AAG ACT TAT GT 3’ and 5’
AAG GAG GTG GTG TAG CTG AT 3’ for ABCG2; 5
AGA GCG AGT TGG CACTGA G 3’ and 5’ CTG AGA
AAG CCA GAC TGC C 3’ for Ngn3; 5 CCC ATG GAT
GAA GTC TAC C 3’ and 5 GTC CTC CTC CTT TTT
CCA C3’ for PDX-1; 5 GCC TTT GTG AAC CAA CAC
CTG 3’ and 5 GTT GCA GTA GTT CTC CAG CTG ¥
for insulin; and 5> ATG AAC GAG GAC AAG CGC 3’ and
5 TTC ACC AGC CAA GCA ATG 3’ for glucagon.

Measurement of intracellular insulin content by RIA

For the determination of insulin content, insulin was
extracted from the cells before and after induction following
standatd protocol"”. The cells were washed twice in PBS,
and treated with acid ethanol (10% glacial acetic acid in
absolute ethanol) overnight at 4 C, followed by cell
sonication. Total protein in the lysates was determined by
Biophotometer (Eppendorf, Hamburg, Germany). Insulin
was measured by using a solid-phase radioimmunoassay

(RIA) kit (DPC, Los Angeles, CA, USA).

RESULTS

Nestin-positive progenitor cells isolated from human fetal
pancreas

After a 96-h incubation, the free-floating ICCs were
handpicked and placed into a new dish. Within 24 h, the
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Figure 1 The culture (A-C) and immunofluorescence staining (D-F) of nestin-
positive cells isolated from human fetal pancreas. A: The free-floating ICCs
isolated from fetal human pancreas; B: After pipetted out and cultured in a new
dish, the ICCs attached to the bottom and a monolayer of epithelium-like cells
spread out; C: The epithelium-like cells making confluent sheet, the ICCs

ICCs attached to the bottom and epithelium-like cells spread
out from the ICCs (Figures 1A-C). The cells were able to
be passaged more than 16 times 7z vitro. To confirm the
existence of nestin-positive cells, an immunofluorescence
study was conducted in the cultured pancreatic cells. Nestin
expression was detected in the monolayer cells that grew
out from the ICCs and in those that passaged for 10 times
(Figures 1D-F). RT-PCR showed that both nestin and
ABCG?2 were expressed in the passaged cells (Figure 2).

Marker Nestin  ABCG2 G3PDH

Figure 2 RT-PCR analysis of nestin (549 bp) and ABCG2 (342 bp) expression
in the cultured cells. G;PDH (452 bp) served as internal control.

Surface markers of the nestin-positive pancreatic progenitor
cells

FACS analysis showed that CD44, CD90 and CD147 were
positive, whereas CD34, CD38, CD45, CD71, CD 117,
CD133 and HLA-DR were negative in the nestin-positive
pancreatic progenitor cells (Figure 3), suggesting that the
phenotype of these cells was identical to that of mesenchymal

disappeared structurally (x100); D: Negative control using mouse IgG to substitute
the primary antibody; E: Nestin expressed in some of the epithelium-like cells
spreading out from ICCs. F: Expression of nestin in most of the epithelium-like
cells passaged 10 times (x200).

stem cells derived from bone marrow.

In vitro differentiation of the nestin-positive pancreatic
progenitor cells

To investigate the ability of the nestin-positive cells to
differentiate into pancreatic islet endocrine cells, the nestin-
positive cells were cultured in the serum-free media with
the cocktail of several growth factors for 6 d. RT-PCR
analysis showed that the mRNA expression of insulin,
glucagon and PDX-1 appeared, whereas the expression of
nestin and Ngn3 disappeared in these cells after the
induction culture (Figure 4). Furthermore, the intracellular
insulin protein content was detectable in the cells after the
induction culture, but not in the cells before the induction
culture (Figure 5).

DISCUSSION

The intermediate filament protein nestin has been identified
as a marker for neural stem cells!'"'?. A recent study showed
that nestin-positive cells isolated from adult human and rat
islets could be expanded and differentiated into pancreatic
endocrine, exocrine and hepatic phenotypes i vitro, leading
to the suggestion that they were multipotent tissue stem
cells™. Studies have also shown that ES cell-derived cultutes
enriched for nestin-expressing cells can be differentiated 7
vitro into cells that produce both insulin and glucagon'*!14,
Furthermore, another paper demonstrated recently that
nestin-positive precursors detived from human fetal pancreas
were induced to differentiate into pancreatic endocrine
cells that displayed the ability to reverse hyperglycemia in
diabetic mice. These observations have led to the hypothesis
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Figure 3 FACS analysis of the surface marker in the nestin-positive cells. The
cells were labeled with FITC- or PE-conjugated antibodies and then analyzed in
a flow cytometer. CD44, CD90 and CD147 were positive, whereas CD34,
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Figure 4 RT-PCR analysis of gene expression change in the nestin-positive
cells before and after induction by using the primers for nestin (549 bp), Ngn3
(420 bp), PDX-1 (262 bp), insulin (261 bp), and glucagon (236 bp). G;PDH were
used as internal control (452 bp). Pre-, cells before induction; post-, cells after
induction.

that nestin is a marker of pancreatic stem cells.

An important property of stem cells is their ability for
self-renewal and differentiation into specific cell lineages. In
the present study, we showed that nestin-positive cells isolated
from human fetal pancreas had highly proliferative potential.
These cells could be passaged more than 16 times 7 vitro.
To determine whether the nestin-positive cells could
differentiate into pancreatic endocrine cells, the cells were

CD38, CD45, CD71, CD117, CD133 and HLA-DR were negative in the cells,
resembling the phenotype of mesenchymal stem cells.
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Figure 5 RIA detection of intra-cellular insulin content before and after induction.
Data are the mean+SD of three separate experiments with the nestin-positive
cells. Pre-, the cells before induction; post-, the cells after induction.

induced for differentiation after exposure to the serum-
free media supplemented with the cocktail of growth factors.
Our results revealed that the mRINA expression of pancreatic
endocrine cell markers insulin, glucagon and PDX-1 was
detected, whereas the expression of pancreatic progenitor
cell markers nestin and Ngn3 disappeated in the cells after
the induction. Moreover, the intracellular insulin protein
content was also detectable in the cells after the induction.
These results suggest that the nestin-positive pancreatic cells
possess the characteristics of stem cells.

ABCG2 known as a member of ATP binding cassette
(ABC) transporter superfamily, also called Berpl, can efflux
the fluorescent dyes such as Hoechst 33342 from the cells
termed as side population (SP) cells displaying low Hoechst
fluorescence. SP cells were firstly isolated following Hoechst
33342 staining from murine hematopoietic stem cells, which
was highly replicating and presented in the bone marrow of
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all species examined">'®l. Soon after, it has been demonstrated

that stem cells from skeletal muscle!'”!¥, brain!, heart™",
lung®?" and possibly other tissues?*, as well as ES cells?,
can be identified by the SP phenotype. Therefore, the SP
phenotype might represent a common molecular feature
for stem cells possessing multi-organ plasticity?™. Meanwhile,
the studies have shown that ABCG2 gene expression alone
defines the SP phenotype and is a conserved feature of
stem cells from a wide vatiety of soutrces?. RT-PCR analysis
in this study revealed that ABCG2 mRNA was expressed
in the nestin-positive cells isolated from human fetal
pancreas. These results further support that the nestin-
positive cells have the characteristics of pancreatic stem
cells.

Importantly, this study also showed that the nestin-
positive pancreatic progenitor cells shared many phenotypic
markers with mesenchymal stem cells derived from bone
marrow. Mesenchymal stem cells of bone marrow origin
are a kind of multipotential stem cells that can differentiate
into adipocytic, chondrocytic or osteocytic lineages, neurons
and functional hepatocyte-like cells under the appropriate
induction condition??%. Several other studies reported that
mesenchymal stem cells were isolated from postnatal murine
muscle and brain, human first-trimester fetal blood and liver,
human umbilical cord, and human trabecular bone®",
Therefore, it has been proposed that mesenchymal stem
cells may be the universal stem cells akin to ES cells existing
in multiple tissues, which take part in tissue repairs and
regeneration and possess multi-organ plasticity. Interestingly,
a recent paper shows that bone marrow harbors cells which
have the capacity to differentiate into functionally competent
pancreatic islet B-cellsP'l.

In summary, the nestin-positive cells isolated from human
fetal pancreas possess the characteristics of pancreatic
progenitor cells since they have highly proliferative potential
and the capability of differentiation into pancreatic endocrine
cells 7n vitro. We show for the first time that these nestin-
positive pancreatic progenitor cells share many phenotypic
markers with mesenchymal stem cells derived from bone
matrow.
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