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Isolation Efficiency of Mouse Pancreatic Stem Cells Is Age Dependent
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Mouse pancreatic stem cells have been isolated from mouse pancreata. This study evaluated the efficacy of
isolating mouse pancreatic stem cells using mice of different ages. The pancreata of newborn mice, 8-week-old
mice, and 24-week-old mice were harvested and digested by using collagenase. The “duct-like” cells in the
digested pancreatic tissue were then inoculated into 96-well plates, cloned by limiting dilution, and cultured
in DMEM with 20% FBS. Pancreatic stem cells were isolated from the pancreata of all newborn mice, while
cells could only be isolated from 10% of the pancreata of 8-week-old mice and could not be isolated from the
pancreata of any 24-week-old mice. These data suggest that young mice may have some pancreatic stem cells
and that older mice may only have a few pancreatic stem cells. These data also indicate that it is extremely
difficult to isolate pancreatic stem cells from older mice, suggesting that future research focus its efforts on
finding methods of isolating pancreatic stem cells from adult mice.
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INTRODUCTION

Diabetes is one of the most increasingly prevalent
and serious metabolic diseases. The reduction of insulin
biosynthesis by pancreatic B-cells is closely associated
with the onset and progression of diabetes. It is there-
fore important to search for ways to produce sufficient
numbers of insulin-producing cells for transplantation in
diabetes. While there is renewed interest in islet trans-
plantation due to the recent success of this procedure
(8,12,16,17,19,20,22), efforts are hindered by the limited
supply of donor pancreata. Pancreatic stem/progenitor
cells could become a useful tool for B-cell replacement
therapy in diabetic patients since the cells are abundantly
available in the pancreas of these patients and in donor
organs. It was thought that pancreatic stem/progenitor
cells were predominantly derived from the precursor cells

residing among pancreatic epithelial duct cells or duct-
associated cells both during embryonic development and
later in life (1). Islet cell neogenesis from ducts has been
observed in experimental injury models in rats (1,26) and
in transgenic mice overexpressing certain growth fac-
tors or cytokines (5,23,27). Mouse pancreatic stem cells
were recently established from the pancreata of newborn
mice without genetic manipulation (17). These pancreatic
stem cells have the potential to differentiate into not only
insulin-producing cells but also hepatocytes (17,27). The
isolation technique used might be useful for identifica-
tion and isolation of human pancreatic stem/progenitor
cells. This study attempted to isolate pancreatic stem cells
from the pancreata of newborn mice, 8-week-old mice,
and 24-week-old mice, in order to evaluate the isolation
efficiency of mouse pancreatic stem cells.

Received June 1, 2012; final acceptance May 1, 2013. Online prepub date: May 14, 2013.
Address correspondence to Hirofumi Noguchi, M.D., Ph.D., Department of Surgery, Clinical Research Center, Chiba-East National Hospital,
National Hospital Organization, 673 Nitona, Chuo-ku, Chiba 260-8712, Japan. Tel: +81-43-261-5171; Fax: +81-43-268-2613;

E-mail: n.hirofumi @cehpnet.com or noguchih2006 @yahoo.co.jp



70

MATERIALS AND METHODS

Isolation and Culture of Mouse Pancreatic
Stem Cells and Islets

Thereview committee of Okayama University Graduate
School of Medicine, Dentistry and Pharmaceutical
Sciences approved these studies. Islets were removed
from newborn (0-week-old), 8-week-old, and 24-week-
old C57BL/6 mice (CLEA Japan, Inc., Meguro, Tokyo,
Japan) using a modified method reported previously (17).
Briefly, 2 ml of cold M199 medium (Life Technologies
Japan, Tokyo, Japan) containing 2 mg/ml collagenase
(RocheBoehringerMannheim, Indianapolis,IN, USA)was
injected into the cannulated common bile duct (14). The
pancreas was removed, and an Optiprep® density gradient
(Sigma-Aldrich, St. Louis, MO, USA) was used to isolate
the islets.

The tissue collagenase was digested (2 mg/ml)
and cultured in Dulbecco’s modified Eagle’s medium
(DMEM; Life Technologies Japan) with 20% lot-limited
fetal bovine serum (FBS; BIO-WEST, Inc., Logan, UT,
USA; S1560 Lot. #505094S1560). Once the cells had
attached and spread, cells with a fibroblast morphology
(nonductal cells) were removed using a rubberscrapper
(Life Technologies Japan). The “duct-like” cells were
cultured in DMEM with 20% FBS in 96-well plates (Life
Technologies Japan) and cloned by limiting dilution.

After single cell cloning, the mouse pancreatic stem
cells were maintained in specific culture condition with
lot-limited FBS (17) during the early studies (first study
using a 0-week-old pancreas and first to fifth studies using
8-week-old pancreata) or in culture condition of mouse
ES cells (18) during the later studies (studies except first
study using a 0-week-old pancreas and first to fifth stud-
ies using 8-week-old pancreata).

The current study maintained mouse pancreatic stem
cells in DMEM with 20% FBS (BIO-WEST, Inc., S1560
Lot. #S05094S1560) during the early studies (first study
using a 0-week-old pancreas and first to fifth studies
using 8-week-old pancreata) or complete ES cell media
with 15% FBS (Millipore, Billerica, MA, USA) on
feeder layers of mitomycin C (Sigma-Aldrich)-treated
STO cells [Sandos inbred mice fibroblast cell line with
6-thioguanine and ouabain resistance; American Type
Culture Collection (ATCC), Manassas, VA, USA] dur-
ing the later studies (studies except first study using
a 0-week-old pancreas and first to fifth studies using
8-week-old pancreata).

ES Cell Culture and Differentiation

Mouse ES cells (ATCC) were maintained in and dif-
ferentiated using a modification of a method that was
reported previously (3,7,17). ES cells differentiated into
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definitive endoderm in stage 1, into gut tube endoderm in
stage 2, and into pancreatic progenitors in stage 3.

Semiquantitative RT-PCR

Total RNA was extracted from cells using a method
that was reported previously (13). Semiquantitative
RT-PCR was performed using a modification of a method
that was reported previously (17). In brief, the RNA
was reverse-transcribed into cDNA using SuperScript 11
Reverse Transcriptase (Life Technologies Japan). Poly-
merization reactions were performed in a Perkin-Elmer
9700 Thermocycler with 3 pul cDNA (20 ng RNA equiv-
alents), 160 pmol/L cold dNTPs, 10 pmol appropriate
oligonucleotide primers, 1.5 mmol/L MgCl,, and 5 U
AmpliTaq Gold DNA polymerase (Perkin-Elmer, Norwalk,
CT, USA). The oligonucleotide primers and cycle num-
ber used for semiquantitative PCR are shown in Table 1.
The steps taken to vali-date these measurements were
previously reported (13).

Cell Induction and Differentiation Into
Insulin-Producing Cells

Cell induction was performed using a modification
of a method that was reported previously (17). In brief,
the cells were cultured in DMEM with 10% FBS, 10 nM
exendin-4, 10 mM nicotinamide, 10 ng/ml keratinocyte
growth factor (KGF; all from Sigma-Aldrich), 100 nM
pancreatic and duodenal homeobox factor 1 (Pdx1) pro-
tein, and 100 nM [B-cell E-box transactivator/neuronal
differentiation 1 (BETA2/NeuroD) proteins for 2 weeks.
Pdx1 and BETA2/NeuroD proteins were generated by
cDNA as previously described (18).

Table 1. List of Gene-Specific Primers

Gene Forward/Reverse Primer

Sox17 ctgecctgeegggatggeacggaate/ttctggeectcaggteg
ggtcggcaac

Foxa2 tggtcactggggacaagggaa/gcaacaacagcaatagagaac
Hnf1p cacagccctcaccageagec/gactgectgggcetetgetge
Hnf4o acacgtccccatctgaaggtg/cttecttettcatgecagecee
Pdx1 cctgegtgectgtacatggg/titccacgegtgagetttgg
Hnf6 gggtgagecatgagecggtg/catageegegeegggatgag
Insulin-1 ccagctataatcagagacca/gtgtagaagaagccacgct

Insulin-2 tccgetacaatcaaaaaccat/getgggtagtggtgggtcta
Glucagon actcacagggcacattcacc/ccagttgatgaagtcectgg
NeuroD gegetcaggeaaaageec/gecattgatgetgageggeg
Pax6 cagtcacagcggagtgaatc/cgettcagetgaagtegeat
Isl-1 agatatgggagacatgggcgat/acacagcggaaacactcgatg
GAPDH accacagtccatgccatcac/tccaccacceetgttgetgta

Sox 17, sex-determining region Y-box17; Foxa2, forkhead box pro-
tein a2; Hnf, hepatocyte nuclear factor; Pdx1; pancreatic and duode-
nal homeobox factor-1; NeuroD, neuronal differentiation 1; Isl-1, Islet
or Insulin gene enhancer protein; Pax6, paired box gene 6; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.
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RESULTS
Isolation of Pancreatic Stem Cells

Pancreatic stem cells were isolated from all three pan-
creata from newborn mice (efficacy: 100%). On the other
hand, pancreatic stem cells were isolated from only 3 of
30 pancreata of 8-week-old mice (10%) and from none
of the 30 pancreata of 24-week-old mice (0%, Table 2).
Each pancreatic stem cell formed ‘“cobblestone” mor-

phology (Fig. 1).

Growth Activity of the Pancreatic Stem Cells

One of the pancreatic stem cells from each isolate,
named HN#101, HN#111, HN#121, HN#13, HN#21,
or HN#23, was evaluated for growth activity. Each cell
divided actively beyond population doubling level (PDL)
100 (passage 25) without growth inhibition (Fig. 2).
These data suggest that pancreatic stem cells from differ-
ent aged mice have a similar growth activity.

Gene Expression of the Pancreatic Stem Cells

An RT-PCR analysis of endodermal/pancreatic pro-
genitor cell markers was performed to investigate gene
expression in each clone. Differentiated cells from ES
cells, generated by a stepwise differentiation protocol that
relies on intermediates thought to be similar to cell popu-
lations present in the developing embryo (3,7), were used
as a positive control. The marker gene expression pat-
terns of the definitive endoderm [sex-determining region
Y-box17 (Sox17), forkhead box protein a2 (Foxa2)], gut
tube endoderm [hepatocyte nuclear factor 1B (HNF1),
HNF4a], and pancreatic progenitors (Hnf6, Pdx1) were
detected in each cell (Fig. 3). These data suggest similar
gene expression in each cell culture.

Differentiation Ability of the Pancreatic Stem Cells

HN#101, HN#111, HN#121 (all O week) and HN#13,
HN#21, or HN#23 (all 8 weeks) cells were induced to dif-
ferentiate into insulin-producing cells by Pdx1 and BETA2/
NeuroD protein transduction (11,13) with exendin-4 for

Table 2. Isolation Efficacy of Mouse Pancreatic Stem Cells
Old Suc#/Iso# Clone# Name

Mouse Ow 3/3 (100%) 6 HN#101-106
4 HN#111-114
8 HN#121-128
Mouse 8w 3/30 (10%) 15 HN#1-15
7 HN#21-27
3 HN#31-33
Mouse 24 w 0/30 (0%)

Suc#/Iso#, successful isolation number of pancreatic stem cells/
total isolation number; w, weeks.
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Figure 1. Isolation and culture of pancreatic stem cells.
Morphology of pancreatic stem cells from newborn (HN#101,
HN#111, HN#121) and 8-week-old mice (HN#13, HN#21,
HN#31). The “duct-like” cells from digested pancreatic tissue
were inoculated onto 96-well plates, cloned by limiting dilu-
tion, and cultured in DMEM with 20% FBS or complete ES
cell media on feeder layers of mitomycin C-treated STO cells
(Sandos inbred mice fibroblast cell line with 6-thioguanine and
ouabain resistance). Scale bar: 100 um.

2 weeks. Treatment induced the expression of insulin-2,
BETA2/NeuroD, islet 1 (Isl-1), and paired box 6 (Pax6)
transcription factors and glucagon in the differentiated
cells (Fig. 4). These data suggest that each clone could
differentiate into insulin-producing cells.
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Figure 2. Growth activity of the pancreatic stem cells. HN#101,
HN#111, HN#121, HN#13, HN#21, and HN#31 cells were cul-
tured in complete ES cell media on feeder layers of mitomycin
C-treated STO cells and evaluated for their growth activity.
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Figure 3. Gene expression of the pancreatic stem cells in cul-
ture condition 3. RT-PCR analysis of endodermal/pancreatic
progenitor cell markers was used to investigate gene expres-
sion in HN#101, HN#102, HN#103, HN#13, HN#21, and
HN#31 cells. F, feeder cells (STO cells, negative control); #101,
HN#101 cells at PDL 100; #111, HN#111 cells at PDL 100;
#121, HN#121 cells at PDL 100; #13, HN#13 cells at PDL 100;
#21, HN#21 cells at PDL 100; #31, HN#31 cells at PDL 100; DE,
differentiated definitive endoderm cells from ES cells (positive
control); GTE, differentiated gut tube endoderm cells from ES
cells (positive control); PP, differentiated pancreatic progenitors
cells from ES cells (positive control); Sox17, sex-determining
region Y box 17; Foxa2, forkhead box A2; GAPDH, glyceral-
dehyde 3-phosphate dehydrogenase; Hnf, hepatocyte growth
factor; Pdx1, pancreatic and duodenal homeobox factor 1.

DISCUSSION

This study evaluated the isolation efficacy of mouse
pancreatic stem cells. Pancreatic stem cells were isolated
from the pancreata of all newborn mice. On the other
hand, the isolation efficacy of pancreatic stem cells from
8-week-old mice was only 10% and 0% from 24-week-
old mice. These data suggest that young mice may have
many pancreatic stem cells, while older mice may have
only a few pancreatic stem cells. It is also extremely diffi-
cult to get clones of pancreatic stem cells from older mice.
Indeed, human pancreatic stem cells could not be isolated
from 20- to 60-year-old donors (15). Although it is not
possible to conclude that there are few human pancreatic
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stem cells in older donors because the culture conditions
for maintenance of human pancreatic stem cells have not
yet been established, the evidence from mouse pancreatic
stem cells may explain why human pancreatic stem cells
have not been isolated from older donors.

As the number of diabetic patients continues to increase
worldwide, pancreatic stem/progenitor cells could become
a useful tool for B-cell replacement therapy since the cells
are abundantly available in the pancreas of these patients
and in donor organs (2,4,6,9,10,11,13,15,21,24,25).
However, the technique for the isolation of pancreatic
stem cells remains difficult, and it is necessary to find a
more efficient process. The current study suggests that it
is extremely difficult to isolate pancreatic stem cells from
the pancreata of older mice, in particular. Furthermore,
since the optimal culture conditions for the maintenance
of human pancreatic stem cells have yet to be established,
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Figure 4. Differentiation ability of the pancreatic stem cells
after culture for 2 months. HN#101, HN#102, HN#103, HN#13,
HN#21, and HN#31 cells were induced to differentiate into insu-
lin-producing cells using 10 nM exendin-4, 10 mM nicotinamide,
10ng/ml KGF, 100 nM Pdx1 protein, and 100 nM BETA2/NeuroD
protein for 2 weeks. PCR was performed in a Perkin-Elmer 9700
Thermocycler with 2 pul cDNA (20 ng RNA equivalent) from the
cells. The oligonucleotide primers and cycle number used for
semiquantitative PCR are shown in Table 1. #101, HN#101 cells
at PDL 100; #111, HN#111 cells at PDL 100; #121, HN#121 cells
at PDL 100; #13, HN#13 cells at PDL 100; #21, HN#21 cells at
PDL 100; #31, HN#31 cells at PDL 100; Islet, mouse islets
(positive control); Isl-1, islet 1; Pax6, paired homeobox 6.
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the current data may suggest that it will be extremely
difficult to isolate human pancreatic stem cells. Further
optimization of methods is needed to isolate human pan-
creatic stem cells and to maintain the undifferentiated fate
of human pancreatic stem cells.
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