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Abstract:    The in vitro isolation and analysis of pancreatic stem/progenitor cells are necessary for understanding their 
properties and function; however, the preparation of high-quality single-cell suspensions from adult pancreas is pre-
requisite. In this study, we applied a cold trypsin-ethylenediaminetetraacetic acid (EDTA) digestion method to disas-
sociate adult mouse pancreata into single cells. The yield of single cells and the viability of the harvested cells were 
much higher than those obtained via the two commonly used warm digestion methods. Flow cytometric analysis 
showed that the ratio of ductal or BCRP1-positive cells in cell suspensions prepared through cold digestion was con-
sistent with that found in vivo. Cell culture tests showed that pancreatic epithelial cells prepared by cold digestion 
maintained proliferative capacity comparable to those derived from warm collagenase digestion. These results indicate 
that cold trypsin-EDTA digestion can effectively disassociate an adult mouse pancreas into viable single cells with 
minimal cell loss, and can be used for the isolation and analysis of pancreatic stem/progenitor cells. 
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1  Introduction 
 
The pancreas is a mixed gland with both endo-

crine and exocrine portions. Endocrine islets are 
composed of α, β, δ, ε, and pancreatic polypeptide (PP) 
cells, whereas the exocrine acini secrete digestive 
enzymes into pancreatic ducts, which drain into the 
duodenum to digest food. Cell lineage tracing ex-
periments have shown that all endocrine and exocrine 

lineage cells originate from a common population of 
stem/progenitor cells during early pancreatic devel-
opment (Donath and Halban, 2004; Rhodes, 2005). 
With the growth of an individual, a small population 
of pancreatic stem/progenitor cells with high prolif-
erative capability and multipotential remains in post-
natal and adult pancreata, which function in pancre-
atic growth and tissue maintenance. Isolation and 
analysis of adult mouse pancreatic stem/progenitor 
cells provide a useful model for the discovery of 
molecular mechanisms underlying proliferation and 
differentiation of pancreatic stem/progenitor cells and 
their usage in cell-replacement therapy for type 1 dia-
betes (Shapiro et al., 2000; Stock and Bluestone, 2004). 

Pancreatic stem/progenitor cells are usually  
enriched from pancreatic single-cell suspensions 
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through flow cytometry using specific markers 
(Bonner-Weir et al., 2004; Dor et al., 2004; Baeyens 
et al., 2005; Hao et al., 2006; Xu et al., 2008; Chung 
et al., 2010). Currently, common procedures for 
preparation of single-cell suspensions from adult 
mouse pancreata include subjecting the excised tissue 
to digestive fluid supplemented with collagenase 
alone or a combination of collagenase and trypsin at 
37 °C, followed by mechanical shearing (Kayali et al., 
2003; Suzuki et al., 2004; Inada et al., 2008). Colla-
genase provides gentle, selective digestion of the 
intercellular matrix, but is unable to completely dis-
associate organ tissue into single cells (Gross et al., 
1974). Trypsin can disassociate tissue fragments at 
37 °C more effectively than collagenase, but can also 
activate pancreatic zymogens and induce widespread 
tissue damage and impair viability (Amsterdam and 
Jamieson, 1974; Ji et al., 2009). These features of 
warm collagenase and/or trypsin digestion of the 
adult pancreas cause instability of cell yield and vi-
ability, which hampers the isolation and analysis of 
pancreatic stem/progenitor cells.  

Several previous studies reported that the diges-
tion of tissues at temperatures less than 37 °C could 
improve the viability and multiplication of single 
cells (Cole and Paul, 1966; McKeehan, 1977; Dono et 
al., 1992; 1994). Cole and Paul (1966) showed that 
after liver fragments were soaked in cold trypsin 
overnight, liver tissue could be completely disasso-
ciated into high-viability single-cell populations. 
Based on their methodology, we prepared pancreatic 
single-cell suspensions through cold trypsin- 
ethylenediaminetetraacetic acid (EDTA) digestion of 
adult mouse pancreas, and compared the effect of 
cold trypsin-EDTA digestion with that of warm col-
lagenase digestion or combined warm digestion with 
both collagenase and trypsin-EDTA. 

 
 

2  Materials and methods 

2.1  Animals and preparation of pancreatic tissue 
fragments 

CD-1 strain mice at 4–8 weeks of age were 
purchased from the Experimental Animals Center at 
the Medical College of Jilin University (Changchun, 
China) and were maintained in compliance with the 
protocols established and approved by the Animal 

Care and Ethics Committee of Northeast Forestry 
University (Harbin, China). Pancreata from mice were 
removed carefully and weighed. Fat, blood vessels, 
mesentery, and lymph nodes were carefully isolated 
with pointed tweezers under a dissecting microscope. 
The pancreatic tissues were cut into 1-mm³ fragments 
and washed with phosphate-buffered saline (PBS). 

2.2  Warm digestion with collagenase IV alone or 
with both collagenase IV and trypsin-EDTA 

For warm digestion with collagenase IV, pan-
creatic tissue fragments were incubated in 0.8 mg/ml 
collagenase IV (Invitrogen, Carlsbad, California, USA) 
and DNase I (to a final concentration of 10 μg/ml; 
Roche, Basel, Switzerland) at 37 °C for 20 min and 
were gently pipetted every 5 min. At the conclusion of 
the digestion period, the fragments were gently pi-
petted and washed to maximize the release of single 
cells. The single-cell suspension was transferred to a 
new tube and centrifuged for 5 min at 800–1 000 r/min. 
The supernatant, upper cell debris, DNA floc winding, 
and the middle layer of blood cells were discarded. 
The milky white cells in the lower layer were resus-
pended in PBS and subjected to cell viability analysis 
and cell counting. 

For warm digestion with a combination of col-
lagenase IV and trypsin-EDTA, the tissue fragments 
were first subjected to warm collagenase digestion. 
After the single-cell suspension was removed, the 
remaining fragments were incubated with 0.25% 
trypsin-EDTA (2.5 g/L trypsin, 1 g/L EDTA) at 37 °C 
for 5 min. After gentle pipetting and washing, the  
single-cell suspension was combined with that isolated 
from warm collagenase digestion, and then centrifuged 
and resuspended in PBS.  

2.3  Cold trypsin-EDTA digestion 

Tissue fragments were soaked for 6–24 h in 
0.25% trypsin-EDTA pre-cooled at 4 °C. After the 
upper enzymatic fluid was removed, the digestion 
was continued for 10 min with residual trypsin-EDTA 
and DNase I (to a final concentration of 10 μg/ml) in 
2 ml of Dulbecco’s modified Eagle medium (DMEM) 
preheated to 37 °C. The digestion was terminated by 
adding DMEM medium containing 5% fetal bovine 
serum (FBS), and the fragments were gently pipetted 
and washed several times to maximize the release of 
single cells. The single cells were collected as  
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described above. The percentage of the digested tis-
sue was calculated by substracting from 100% the 
percentage of the undigested (the weight of the un-
dispersed portion divided by that of the total pancre-
atic tissues).  

2.4  Cell viability staining and cell counting 

Cell density was adjusted to 1×106 cells/ml, and 
then 0.1 ml of 0.4% trypan blue solution (4 g/L) was 
added to 0.9 ml of the cell suspension in a sterile tube 
and mixed thoroughly. The numbers of living and 
dead cells were microscopically counted and recorded. 
At least 500 cells were counted per sample, and the 
results were calculated from at least three independ-
ent experiments. 

2.5  Fluorescence-activated cell sorting (FACS) 
analysis  

Single cells isolated from the cold trypsin-EDTA 
digestion method were rinsed with washing buffer 
(PBS containing 5 g/L bovine serum albumin (BSA)). 
The isolated cells were then incubated with the ap-
propriate primary antibody for 20 min. The primary 
antibodies that were used included biotin-DBA 
(Jackson Immuno Research, West Grove, PA, USA; 
1:2 500) and rat anti-BCRP1 (Novus Biologicals, 
Littleton, Colorado, USA; 1:20). Rat anti-IsoR anti-
body served as an isotype control. The cells were then 
washed twice and incubated with secondary anti-
bodies (cy5-conjugated anti-rat IgG, 1:200; cy5- 
conjugated streptavidin, 1:250) for 20 min. Each 
sample was washed and suspended in 1 ml of washing 
buffer and then analyzed using an FACS Vantage SE 
flow cytometer (BD Biosciences, Franklin Lakes, 
New Jersey, USA). The data were analyzed with 
CELLQuest software (BD Biosciences, Franklin 
Lakes, New Jersey, USA).  

2.6  Immunofluorescent staining 

The isolated or cultured cells were fixed in  
0.04 g/ml polyformamide for 20 min, and then treated 
with 0.3% Triton X-100 for 40 min. Having been 
blocked with 5% normal animal serum and 5 g/L 
bovine serum albumin, the cells were incubated with 
appropriate primary antibodies (rabbit anti-amylase 
(Sigma Aldrich, 1:500), rabbit anti-insulin (Santa Cruz, 
1:100), rabbit anti-E-cadherin (Santa Cruz, 1:50), or 
rabbit anti-vimentin (Boaoshen, China, 1:100), for 

60 min. The cells were then washed and incubated 
with secondary antibodies (fluorescein isothiocyanate 
(FITC)-conjugated anti-rabbit IgG, 1:200; TRITC- 
conjugated anti-rabbit IgG, 1:200) for 60 min. Results 
were observed with a fluorescence microscope (Ax-
iovert 200FL, Carl Zeiss) and photographed with a 
cool charge coupled device (CCD). 

2.7  Cell cultivation 

Cells isolated using either the cold trypsin- 
EDTA or warm collagenase digestion methods were 
seeded at a density of 5×105 cells/ml in a 35-mm 
plastic culture dish containing DMEM supplemented 
with 10% FBS and incubated at 37 °C in an atmos-
phere of 5% CO2 and 95% air. After 40 min of incu-
bation, most of the attached cells were identified as 
fibroblasts by immunofluorescent staining using the 
antibody against vimentin, and the unattached cells 
were transferred into new dishes. Following an over-
night incubation, the attached cells were given pro-
liferative media consisting of DMEM/F12 supple-
mented with 2% FBS, 1×B27 (Invitrogen, Carlsbad, 
California, USA), 10 ng/ml epidermal growth factor 
(EGF; R&D, Minneapolis, Minnesota, USA), 10 μg/ml 
insulin (Sigma-Aldrich, St. Louis, Missouri, USA), 
100 U/ml penicillin, and 100 μg/ml streptomycin. The 
cultured cells were subsequently observed under a 
phase contrast microscope. The cell proliferation 
capacity was evaluated as follows: 1.5×104 cells were 
seeded in a 6-cm dish. After exclusion of unattached 
cells and fibroblasts by twice changing dishes, the 
attached cells (fewer than 300 cells/cm2) were cul-
tured in proliferation media. The cell colonies formed 
through proliferation were counted after 7–10 d. The 
colony-forming assay was replicated three times. 

2.8  Statistical analysis 

All results were reported as mean±standard de-
viation (SD). The level of significance was deter-
mined by one-way analysis of variance (ANOVA) 
using SPSS Statistics 17.0. P values less than 0.05 
were considered statistically significant. 

 
 

3  Results and discussion 
 
In this study, mouse pancreatic fragments were 

subjected to warm digestion with collagenase,  
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combined warm digestion with both collagenase and 
trypsin-EDTA, or cold digestion with trypsin-EDTA 
(Fig. 1). In the warm collagenase digestion group, 
having been incubated in collagenase IV at 37 °C for 
20 min, pancreatic fragments were relatively less 
dispersed, and only a few single cells were released. 
After being pipetted and washed 8–10 times, 29.4% 
of tissues were still not dispersed, and the cell sus-
pension consisted primarily of clumps of loosely 
associated cells and several single cells. The single- 
cell yield was (1.21±0.65)×107 per gram of pancreatic 
tissue (n=5), in which the ratio of viable cells to total 
single cells obtained was (65.66±4.96)%. Cell clus-
ters, debris, and dead cells were abundant in the cell 
suspension (Fig. 2a). This result coincided with that 
of a previous report in which cell viability was re-
duced to 70% after adult mouse pancreata underwent 
warm digestion with 1.5 g/L collagenase (Suzuki et 
al., 2004).  

For the warm digestion with a combination of 
collagenase IV and trypsin-EDTA group, pancreas 
fragments were first subjected to warm digestion with 
collagenase IV for 20 min, and the residual tissues 
were subsequently digested with trypsin-EDTA at  
37 °C for 5 min (Fig. 1). The majority of tissues 
(81.24%) were completely digested, and (2.14± 
0.42)×107 single cells were obtained from each gram 
of pancreatic tissue (n=5). The ratio of viable cells to 
total single cells was (49.60±3.22)%. A large amount 
of cell debris was also observed in the cell suspension 
for this experimental group (Fig. 2b).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pancreatic fragments in the cold trypsin-EDTA 
digestion group were incubated in trypsin-EDTA at  
4 °C for 16 h and then digested in residual trypsin- 
EDTA fluid (with 10 μg/ml DNase I) at 37 °C for  
10 min (Fig. 1). During the incubation at 4 °C, few 
single cells were liberated, though the tissues were 
loosened and took on a milky white appearance. 
Following digestion at 37 °C and mechanical blowing, 
93.08% of pancreatic tissues were completely disas-
sociated with very little aggregation and adhesion 
(Figs. 2c and 2d), with the exception of a few re-
maining tubular-like tissues that were identified as 
vascular tubes following microscopic evaluation. 
Although a few 2–3-cell clusters remained, the pro-
portion of single cells in the suspension was over 95%. 
The single-cell yield was (2.81±0.35)×107 cells per 
gram of tissue (n=5), and the cell viability was 
(91.99±1.59)%.  

From the comparison of the three digestion 
methods for isolating single cells from adult mouse 
pancreata, the yield and viability of single cells pre-
pared through cold trypsin-EDTA digestion were 
significantly higher than those obtained via warm 
enzymatic digestion in this (Figs. 2e and 2f) and other 
studies (Suzuki et al., 2004; Kikugawa et al., 2009). 
Moreover, the yield and ratio of viable cells in the 
cold trypsin-EDTA digestion group were consistent 
throughout the course of multiple repeated tests (n>10).  

To determine the optimum incubation time, 
pancreatic fragments were incubated in the trypsin- 
EDTA fluid for 2–24 h at 4 °C. The cell yield and  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  Scheme for the isolation of single cells from adult mouse pancreas through warm collagenase digestion, warm 
digestion with combined collagenase and trypsin-EDTA, or cold digestion with trypsin-EDTA 
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viability were tested at 4-h intervals. When incubated 
in cold trypsin-EDTA for 2 h at 4 °C, the pancreatic 
fragments were not completely disassociated, and the 
cell yield was only (0.66±0.17)×107 per gram of tissue, 
although the percentage of viable cells was still 
(80.38±5.53)% (n=3). Once the fragments were in-
cubated in cold trypsin-EDTA for longer than 6 h, the 
cell yield was significantly increased, and the cell 
viability remained high (Fig. 3a). However, when the 
incubation lasted 22 h, the cell yield and ratio of vi-
able cells decreased significantly (Fig. 3a). The per-
centage of dead cells was more than 40% after pan-
creatic tissue was incubated in cold trypsin-EDTA for 
over 24 h. Incubation of tissue fragments in trypsin- 
EDTA for 14–18 h was optimal for the cold trypsin- 
EDTA digestion of adult mouse pancreas.  

To evaluate whether the single-cell suspension 
prepared by cold-trypsin digestion was suitable for 
fluorescence-activated cell analysis and sorting, we 
analyzed these cells via flow cytometry with a biotin- 
conjugated dolichos biflorus agglutinin (DBA), which  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
specifically labels ductal cells. The results indicate 
that little cell clusters existed in the cell suspension, 
and the DBA-positive cells comprised 11.2% of the 
total single-cell population (Fig. 3b), which was con-
sistent with a previous report (Githens, 1988). BCRP1 
is a multidrug-resistance protein present on the mem-
brane of side population cells, and considered to be a 
potential marker of multipotent stem cells from 
various adult sources (Zhou et al., 2001). FACS 
analysis showed that 0.2% of pancreatic cells were 
BCRP1-positive (Fig. 3b), which is consistent with 
the analysis of side population cells in the human 
pancreas (Poliakova et al., 2004). The other cell types 
present in the cell population after cold trypsin-EDTA 
digestion were analyzed through immunofluorescent 
staining. A total of 87.5% of the isolated cells were 
amylase-positive acinar cells, whereas 0.7% of cells 
were insulin-positive β cells. These results indicate 
that the cell suspension prepared by cold trypsin- 
EDTA digestion retained a cell composition similar to 
that seen in vivo. 
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Fig. 2  Comparison of the single-cell suspensions prepared by warm collagenase digestion, warm digestion with 
combined collagenase and trypsin-EDTA, or cold digestion with trypsin-EDTA 
(a) The cell suspension prepared by warm collagenase digestion; (b) The cell suspension prepared by warm digestion with 
combined collagenase and trypsin-EDTA; (c, d) The cell suspension prepared via cold digestion with trypsin-EDTA; 
(e) Yields of single cells prepared by warm collagenase digestion (Co), warm digestion with combined collagenase and 
trypsin-EDTA (C+T), or cold digestion with trypsin-EDTA for 16 h (T16 h) (mean±SD, n=5; ** P<0.01); (f) The ratio of 
viable single cells to total single cells in suspensions prepared by warm collagenase digestion (Co), warm digestion with 
combined collagenase and trypsin-EDTA (C+T), or cold digestion with trypsin-EDTA for 16 h (T16 h) (mean±SD, n=5; 
** P<0.01) 
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Pancreatic tissue originates from primitive gut 

endoderm during early embryonic development; 
therefore, all pancreatic parenchymal cells are derived 
from endoderm epithelium. To explore the effect of 
cold trypsin-EDTA digestion on the proliferative 
capability of pancreatic epithelial cells, the cells iso-
lated through cold trypsin-EDTA or warm colla-
genase digestion were cultured in proliferative me-
dium. The fibroblasts were removed through isolation 
of attached cells 40 min after initial seeding. The cells 
attached at a low density (<300 cells/cm2) and grew 
quickly to form over 60 colonies of 100 to 300 
E-cadherin-positive epithelial cells after 7 d (Figs. 4a, 
4c–4f). The proliferation and colony-formation ca-
pacities of the cells derived from cold trypsin-EDTA 
digestion were similar to those of cells derived from 
warm collagenase digestion (Fig. 4b). Combinatorial 
digestion with collagenase and trypsin at 37 °C also 
resulted in a small number of pancreatic single cells; 
however, this technique was not amenable to flow 
cytometric analysis of single cell events because of 
the large degree of cell loss and the abundance of cell 
clumps in the heterogeneous suspension, which led to 
distorted results.  
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Fig. 3  Effect of incubation time on cell yield and viability in cold trypsin-EDTA digestion and flow cytometry 
analysis of single cells 
(a) Yields of single cells and ratios of viable single cells to total single cells after incubation of pancreas fragments in 
trypsin-EDTA fluid for 2, 6, 10, 14, 18, 22, or 24 h at 4 °C (n=5). (b) Flow cytometry analysis of the percentages of the 
whole cell population (upper left), isotype control (upper right), and ductal (lower left), and BCRP1-positive (lower right) 
cells in single-cell suspensions prepared by cold trypsin-EDTA digestion for 16 h 
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Fig. 4  Proliferation capacity of epithelial cells isolated by 
cold trypsin-EDTA digestion 
Colonies grown from the isolated cells through cold trypsin- 
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isolated cells through warm collagenase digestion (b). Single 
cells isolated through cold trypsin-EDTA digestion formed a 
colony after being cultured for 5 d (c) or 10 d (d); The colo-
nial cells (e) were E-cadherin-positive (f) epithelial cells 
identified by immunofluorescent staining 
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The cold trypsin digestion method was first de-
scribed by Cole and Paul (1966) in disassociation of 
fetal liver, which produced single-cell suspensions of 
80%–90% viability at all stages of liver development 
studied. In our study, the method was used to disas-
sociate adult pancreata into single cells and acquired 
over 90% viability through minor modifications. First, 
the chelating agent EDTA was used in combination 
with trypsin to disassociate adult pancreatic tissues. 
EDTA treatment was found to remove some of the 
connective tissue and basement membrane and to 
increase the permeability of the tissue to the solutions 
in the subsequent steps (Oliver, 1980). Immersion of 
pancreatic fragments in the 0.25% trypsin fluid with 
EDTA at 4 °C ensured that the trypsin could infiltrate 
tissues and reach deeply into the extracellular matrix 
surrounding cells. Second, DNase I was added during 
the following warm incubation process, which served 
to degrade DNA released by broken cells, and thereby 
minimized the loss of cell viability (Seglen, 1976).  

 
 

4  Conclusions 
 
Our study demonstrates that digestion of adult 

mouse pancreas tissues via a cold trypsin-EDTA 
method can yield a large quantity of single cells with 
minimal cell debris and cluster, while preserving the 
integrity and viability of single pancreatic cells and 
retaining a cell composition similar to that observed 
in vivo. Therefore, this method is suitable for prepa-
ration of single-cell suspensions and may be useful 
for the characterization, enrichment, and isolation of 
pancreatic stem/progenitor cells and other pancreatic 
cells in future studies. 
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