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Abstract
The implantation of BMSCs (bone marrow mesenchymal stem cells) has emerged as a potential method of treating tissue

damage, but the in vivo differentiation of BMSCs in an injured pancreas and its therapeutic effects have not been

determined. Our aim has been to investigate the potential of BMSCs to contribute to the parenchyma and mesenchymal

components of the pancreas during rapid regeneration, with preliminary exploration of the molecular mechanisms of this

process. GFP+ (green fluorescent protein+) BMSCs were intravenously infused into the tail veins of mice that had received a

65–70% partial pancreatectomy, while mice that had only received a partial pancreatectomy and mice that had only been

injected with BMSCs served as controls. Four weeks later, the injected GFP+ BMSCs were diffusely engrafted in the pan-

creatic parenchyma and mesenchyma of the recipient mice with pancreatic injuries and had differentiated into pancreatic

ductal epithelial cells (accounting for 1.7¡0.3%), vascular endothelial cells (3.2¡0.6%) and PSCs (pancreatic stellate

cells) (5.2¡1.6%), but no b or neural cells. Significantly, more engrafted and differentiated GFP+ BMSCs were observed in

the regenerating pancreas than in the normal pancreas. For the mice that received a partial pancreatectomy, the

pancreatic weight/body weight of the mice with BMSC treatment was greater than mice without BMSC treatment (P,0.05).

In addition, real-time RT–PCR (reverse transcription–PCR) showed that the expression levels of miR-9 (microRNA 9) and

miR-204 in the engrafted BMSCs (5.2- and 2.6-fold, P,0.05, respectively) were increased compared with wild-

type BMSCs. We also observed a significant reduction in the expression of miR-375 (0.71-fold, P,0.05) in engrafted GFP+

BMSCs compared with wild-type BMSCs. BMSCs can therefore be a potential cell bank for treating pancreatic injuries by

contributing to a variety of cell types. This process might be related to the expression of miR-9, miR-204 and miR-375.

Keywords: bone marrow mesenchymal stem cells; differentiation; microRNA; pancreatic injury; regeneration

1. Introduction

Accumulating evidence suggests that BMSCs (bone marrow

mesenchymal stem cells) may be a strong candidate tool for

regenerative medicine to treat specific tissue injuries. For

example, Devine et al. (2003) and Anjos-Afonso et al. (2004) have

suggested that BMSCs contribute to all organs at varying degrees

after systemic infusion. Wu et al. (2007) provided evidence that

BMSCs play an important role in recovery from injuries in various

tissues by contributing to several lineages of cells or releasing

regulatory cytokines. Wang et al. (2005) found that BMSCs might

be a potential tool for treating cystic fibrosis, because BMSCs

possess the capacity to differentiate into airway epithelial cells.

Furthermore, BMSCs were considered to be ideal vehicles for cell

therapy, because they could be expanded extensively in vitro and

have immune-privileged properties (Togel and Westenfelder,

2007). Therefore, BMSCs have been considered an important

source of stem cells for cell-based therapy.

BMSCs also differentiate into insulin-producing cells in vitro

(Choi et al., 2005) with the capacity to engraft and improve islet

function in animal models of diabetes (Mathews et al., 2004; Lee

et al., 2006; Sordi and Piemonti, 2010). However, few studies have

assessed the therapeutic effects resulting from the in vivo

differentiation of BMSCs into pancreatic parenchyma and

mesenchymal cells after pancreatic injury.

miRNAs/miRs (microRNAs) are small non-coding RNAs of 18–

24 nt in length that play an important role in controlling stem cell

self-renewal, proliferation and differentiation (Thatcher and Patton,

2010; Hinton et al., 2010; Laine et al., 2012; Shenoy and Blelloch

2012). For example, miRNA-9 might improve the differentiation

efficiency of MSCs (Krichevsky et al., 2006; Zhao et al., 2009).

miR-204 can inhibit osteogenesis and promote adipogenesis in

mesenchymal progenitor cells and BMSCs (Huang et al., 2010).

Chang et al. (2011) demonstrated that miR-34a played a critical role

in precursor cell migration and suppressed BMSC neurogenesis.

miR-9 and miR-375 are islet-specific miRNAs that are expressed at

high levels during human pancreatic islet development (Joglekar
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et al., 2009). Aberrant expression of miRNAs may be related to the

differentiation of BMSCs in an injured pancreas.

We have used a mouse model of a partial pancreatectomy to

assess the effects of BMSC engraftment on pancreatic injuries.

Specifically, we explored the in vivo differentiation of BMSCs into

pancreatic parenchyma and mesenchymal cells. Moreover, we

measured the expression of four candidate miRNAs (miR-9, miR-

204, miR-34a and miR-375) in the engrafted BMSCs to explore the

mechanism involved in this process.

2. Materials and methods

2.1. Laboratory animals

C57BL/6 mice were purchased at 6 weeks of age from Tongji

Medical College, Huazhong University of Science and Technology

(Wuhan, Hubei, China). All of the animals received humane care,

and the experiments were approved by the Animal Experiment

Committee of Huazhong University of Science and Technology.

2.2. Experimental partial pancreatectomy

Fifty-five C57BL/6 mice received a partial resection of the

pancreas: after anaesthetization by an intraperitoneal injection of

1% sodium pentobarbital (6 ml/kg), a 1.5 cm incision was made

under the xiphoid along the abdominal white line into the

abdominal cavity. The pancreas was exposed, and the root of

the splenic artery and vein was cut off. The volume of the removed

pancreas was 65–70%. Finally, we checked that there was no

further haemorrhage and sutured the wound. Control mice

received laparotomies in a similar manner, but without resection

of the pancreas.

2.3. Cell culture

BMSCs from GFP (green fluorescent protein) transgenic C57BL/6

mice and BMSCs from wild-type C57BL/6 mice were purchased

from Cyagen Biosciences. The cells were cultured in low glucose

DMEM (Dulbecco’s modified Eagle’s medium) supplemented with

10% FBS (fetal bovine serum; Gibco, Invitrogen), 0.1 mg/ml

penicillin–streptomycin and incubated at 37uC in a humidified

incubator under air with 5% CO2.

2.4. Pluripotent potential analysis of BMSCs

Briefly, cells were collected and plated in 6-well cell culture dishes

at 3000 cells/cm2. To induce osteoblast differentiation, they were

cultured in OM (osteogenic differentiation medium) consisting of

DMEM plus 10% FBS supplemented with 10 nM dexamethasone,

100 mM ascorbic acid and 5 mM 2-glycerophosphate for 2–3

weeks. The medium was changed every 3 days. Calcium nodules

were stained with Alizarin Red S. For adipogenic differentiation,

cells were seeded at the same density and cultured in adipocyte-

inducing medium, comprised DMEM containing 10% FBS

supplemented with 1 mM dexamethasone, 100 mM indomethacin

and 10 nM insulin, for up to 21 days. The lipid droplets in cells

were stained with Oil Red O.

2.5. Infusion of BMSCs and preparation of pancreatic
samples

Forty-eight hours after partial pancreatectomy, GFP+ BMSCs

(16107 cells/mouse) were intravenously infused via the tail vein

into 45 recipient mice that had received partial pancreatectomies

as an experimental group. Another 10 mice, which had received

partial pancreatectomies, were injected with saline as a control

group (‘control group 1’). Ten mice without surgery received

the same amount of GFP+ BMSCs in a similar manner to the

experimental group; these mice served as a second control group

(‘control group 2’). All of the mice were killed under anaesthesia,

and the pancreas were immediately removed for further analyses

at 4 weeks after BMSC injection. Of the experimental mice, 20

were randomly chosen to assess pancreas/body weight. After the

whole body of each mouse was weighed, the total pancreas of

each of these mice and 10 control mice (that had only received

partial pancreatectomy) was removed and weighed. The pancre-

atic samples from the 30 mice were divided into two sections: one

section was embedded in Tissue-Tek OCT compound medium

(Sakura Finetek) and stored at 280uC for immunofluorescence

analysis; the other section was fixed in 4% PFA (paraformalde-

hyde) and embedded in paraffin for immunohistochemistry

analysis. The remaining 15 experimental mice were used to

isolate engrafted GFP+ BMSCs. Briefly, 0.6–0.8 ml 2 g/l collage-

nase V (Sigma) solution was injected into the main pancreatic

ducts of the mice. Five minutes later, the pancreas was dissected

and incubated in 5 ml 1 g/l collagenase V solution at 37uC for

10 min. The digested tissues were washed twice with PBS and

filtered through an 80 mm nylon mesh to form single-cell

suspensions.

2.6. Immunofluorescence staining

Briefly, frozen tissue sections were fixed with cold 4% PFA. The

slides were soaked in 0.3% Triton X-100 (Boster) for 20 min and

blocked with goat serum (1:10; Boster) for 30 min at 37uC. The

slides were then incubated with anti-GFP antibody (chicken po-

lyclonal, 1:500; Abcam) and anti-desmin antibody (rabbit poly-

clonal, 1:200; Epitomics) overnight at 4uC. After washing with PBS

three times for 5 min each, the slides were incubated with Dylight-

labelled goat anti-chicken IgY antibody (1:100; Abcam) and

Cy3-labelled goat anti-rabbit IgG antibody (1:500; Abcam) for

30 min at 37uC. The slides were mounted with DAPI (49,6-

diamidino-2-phenylindole; Invitrogen). Fluorescent images were

observed, and the results were analysed under a confocal laser-

scanning microscope. The expression of CK19 (cytokeratin 19;

rabbit polyclonal, 1:100; Abcam), CD31 (rabbit monoclonal, 1:200;

Abcam), a-SMA (a-smooth muscle actin; rabbit polyclonal, 1:250;

Epitomics, Burlingame), Insulin (rabbit polyclonal, 1:100; Cell

Signaling Technology) and Nestin (rabbit polyclonal, 1:200;

Abcam) were examined in a similar manner using the appropriate

pairs of primary and secondary antibodies.

BMSCs contribute to pancreas regeneration
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2.7. Immunohistochemistry approaches

Paraffin tissue sections were deparaffinized and rehydrated. The

sections were soaked in 3% H2O2 in 90% methanol for 20 min.

Following antigen retrieval, the sections were blocked with 5%

BSA (Boster) for 30 min at 37uC. The sections were incubated with

anti-GFP antibody (rabbit polyclonal, 1:200; Santa Cruz) overnight

at 4uC. Biotin-conjugated goat anti-mouse IgG was purchased

from Santa Cruz and used as the secondary antibody. After

washes, the slides were incubated with the secondary antibody

for 30 min at 37uC. DAB (diaminobenzidine; Boster) was used as a

chromogen. Nuclei were counterstained with haematoxylin

(Boster).

2.8. Flow cytometry

The GFP transgenic mouse BMSCs were collected from culture

dishes and resuspended at ,16106 cells/ml in ice-cold PBS.

The cell suspension (100 ml) was added to tubes. The cells were

treated with primary antibodies (rat anti-mouse, CD34, CD44,

CD45, Sca-1 and CD117, 1:100; eBioscience) and incubated

for 30 min at 4uC. After incubation with the primary antibodies,

the cells were washed 3 times by centrifugation at 500 g for

5 min and resuspended in ice-cold PBS. Labelled cells were

treated with fluorochrome-labelled secondary antibodies and

incubated for 30 min at 4uC in the dark. Subsequently, the

cells were washed twice with ice-cold PBS and centrifuged at

500 g for 5 min each. The labelled cells were analysed using

a FACSCaliburTM flow cytometer (BD Immunocytometry

Systems).

GFP+ BMSCs in pancreatic samples were sorted from the

single cell suspensions of pancreatic samples with a

FACSVantage cell sorter (BD Immunocytometry Systems). The

purity of the sorted GFP+ cells was .95%.

2.9. qRT–PCR (quantitative reverse
transcription–PCR)

Total RNA from cells (wild-type BMSCs, GFP+ BMSCs and

engrafted GFP+ BMSCs) was extracted using TRIzolj reagent

(Invitrogen). The 7500 real-time PCR System (Applied Biosystems)

was used to quantify miRNAs from 100 ng total RNA in two steps.

The first step was to use a SYBRj Premix Ex TaqTM (Tli RNaseH

Plus) kit (TaKaRa) for reverse transcription and to add poly A tails

to 39 regions of miRNAs. The second step was to use a One Step

PrimeScript miRNA cDNA Synthesis Kit (Perfect Real Time) Kit

(TaKaRa) and miRNA specificity primers (Sangon) for real-time

quantitative PCR amplification. The cycling parameters were as

follows: 95u for 30 s to denature DNA templates, then 95uC for 5 s

and 60uC for 30 s, for a total of 40 cycles. Melting curves were

acquired at 75–95uC. Candidate miRNAs (miR-9, miR-204, miR-

34a and miR-375) expression levels were quantified, and RNU6B

(U6) was used as a control. The primer sequences of the four

candidate miRNAs and U6 are given in Table 1. Experiments for

each sample set were performed in triplicate. The relative

amounts of the miRNAs were calculated by the 22DDCt method.

2.10. Statistical analysis

The total number of GFP-positive cells, duct epithelial cells,

vascular endothelial cells and PSCs (pancreatic stellate cells) were

counted in 10 randomly selected fields at 6400 magnification per

section from seven mice. Morphometric analyses were performed

independently by two observers (Han Fei and Zhan Su-dong).

Data are shown as means¡S.E.M. Student’s t test was used to

determine P values. P,0.05 denoted a statistically significant

difference. All statistical analyses were performed using SPSS

version 17.0 statistical analysis software.

3. Results

3.1. Characterization of GFP-positive murine BMSCs

The GFP-positive murine BMSCs developed into fibroblast-like

cells and showed green fluorescence after initial plating (Figure 1A).

Table 1 Primer sequences of four candidate miRNAs and U6

miRNAs Primer sequence (59R39)

miR-34a TGGCAGTGTCTTAGCTGGTTGT
miR-204 TTCCCTTTGTCATCCTATGCTT
miR-9 TCATAAAGCTAGATAACCGAAGAT
miR-375 TTTGTTCGTTCGGCTCGCGTTA
U6 ATGGACTATCATATGCTTACCGTA

Figure 1 Morphology and pluripotent potential of murine BMSCs
(A) Morphology and green fluorescence of BMSCs. (B) BMSCs showed the capacity to differentiate into adipocytes. (C) BMSCs showed the capacity to
differentiate into osteocytes. (A, 6400 magnification; B, C, 6200 magnification).

Cell Biol. Int. (2012) 36, 823–831
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To assess the pluripotency of the BMSCs, passage three BMSCs

were induced to differentiate into adipocyte- and osteoblast-like

cells in vitro. Two weeks after adipogenic induction, .80% of the

BMSCs differentiated into adipocyte-like cells and were strongly

stained by Oil Red O (Figure 1B). Three weeks after osteogenic

induction, most BMSCs exhibited morphological changes and

deposition of calcium nodules, which were strongly stained by

Alizarin Red (Figure 1C). Immunophenotyping for surface markers

on BMSCs at passages 3–5 was detected by FACS to characterize

this cell population. The majority of BMSCs strongly expressed

specific markers for mesenchymal stem/progenitor cells, such as

CD44 (99.3%) and Sca-1 (87.3%). They were negative for CD34

(0.94%), CD45 (3.79%) and CD117 (3.62%), which were hallmarks

of haemopoietic stem cells (Figure 2).

3.2. The pancreatic weight/body weight of
experimental mice and control mice

The mean pancreatic weight/body weight of the experimental

mice was significantly higher than that of the mice in control group

1 (0.23¡0.04%; n520) versus (0.18¡0.02%; n510; P,0.01).

Body weight gain was significantly higher in the experimental

group than in control group 1 (21.4¡2.2 g; n520; versus

19.4¡2.2 g; n510; P,0.05). The data are given in Table 2.

3.3. Migration and distribution of BMSCs in residual
pancreas

Four weeks after BMSC implantation, pancreas sections showed

diffuse and homogeneous staining for GFP, recognized by the

immunohistochemistry and immunofluorescence of anti-GFP anti-

body (Figures 3 and 4). Specifically, GFP+ cells were detected in the

periacinar fibrotic regions, duct structures, peri-duct areas, acinar

structures and vessel structures, but not within islets (Figure 3). The

percentage of GFP+ cells in each region of the pancreas is shown in

Table 3. As compared with mice with pancreatic injuries, far fewer

GFP+ cells were detectable in the pancreatic tissue of transplanted

mice without pancreatic injuries. GFP+ cells were absent in the

pancreatic tissue of saline-injected mice (data not shown).

3.4. Differentiation of BMSCs in regenerating
pancreas

To determine whether BMSCs contribute to duct epithelial cell

and pancreatic b-cell populations in BMSC-injected mice,

fluorescent double staining showed some of GFP+ cells in duct

structures co-labelled with an antibody to CK19 in pancreas

sections (Figure 4A). The proportion of donor-derived duct

epithelial cells was significantly higher in the experimental group

than in control group 2 (1.7¡0.3%; n530; versus 0.5¡0.1%;

n510; P,0.05; see Table 4). However, rare cells within each

insulin-positive islet expressed GFP (Figure 4B). In contrast, GFP+

duct epithelial cells or islet cells were not detected in pancreatic

sections from saline-injected mice (data not shown).

To examine whether BMSCs contributed to the population of

PSCs, we used Desmin as a marker of quiescence. Fluorescent

double staining showed that some of the GFP-positive cells were

co-labelled with an antibody to desmin (Figure 4C). Quiescent

PSCs are activated into myofibroblast-like cells, which express

Figure 2 FACS analysis of the murine BMSC surface markers
The lines show the isotype control and specific markers.

BMSCs contribute to pancreas regeneration
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Table 2 Pancreas weight/body weight ratio of mice in the experimental group and control group 1

Experimental group Control group 1

Number Pancreas/body (%) Body weight (g) Pancreas/body (%) Body weight (g)

1 0.254 22.5 0.206 21.2
2 0.183 20.8 0.161 17.8
3 0.256 23.1 0.202 20.7
4 0.267 23.4 0.169 17.6
5 0.163 17.7 0.204 21.9
6 0.203 21.3 0.162 20.5
7 0.182 18.9 0.197 21.6
8 0.287 24.6 0.164 16.3
9 0.275 23.7 0.205 19.8
10 0.196 18.2 0.160 16.1
11 0.247 22.6
12 0.175 19.2
13 0.267 23.9
14 0.265 22.8
15 0.193 18.5
16 0.194 20.1
17 0.268 23.6
18 0.185 19.4
19 0.257 22.5
20 0.183 20.3
Mean¡S.E.M. 0.225¡0.042** 21.4¡2.2* 0.183¡0.021 19.4¡2.2

** P,0.01 when compared with the pancreas weight/body weight ratio of mice in control group 1, *P,0.05 when compared with the body mass of mice in control group 1.

Figure 3 BMSCs homed to residual pancreas and their distribution
Donor-derived BMSCs were identified by immunohistochemistry for GFP (arrows; 6400 magnification). BMSCs engrafted in duct structures (A), peri-duct
area (B), vessel structures (C) and fibrotic regions (D). GFP-positive cells were not detected in islet structures (E) and rare GFP-positive cells can be seen
among acinar structures (F).
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a-SMA. As demonstrated by the co-expression of GFP and a-

SMA, a subset of donor-derived activated PSCs were present in

fibrotic regions of the pancreas (Figure 4D). The proportion of

donor-derived PSCs was significantly higher in the experimental

group than in control group 2 (5.2¡1.6%; n530; versus

2.1¡0.3%; n510; P,0.05; see Table 4). In contrast, GFP+

PSCs were not detected in the pancreatic sections from saline-

injected mice (data not shown).

We also investigated the potential of BMSCs to contribute to

vascular endothelial cells and neural cells. The identity of the

donor-derived blood vessels was determined using the vascular

endothelial marker CD31 [PECAM-1 (platelet-endothelial cell

adhesion molecule 1)]. Several blood vessels contained cells with

antibodies to GFP and CD31 co-localized (Figure 4E). The

proportion of donor-derived vascular endothelial cells was

Figure 4 Differentiation of BMSCs in injured pancreas
Double immunofluorescence staining for GFP and several tissue-specific markers was carried out on frozen sections of pancreas. Left, middle and right
panels show GFP as green; CK19 (A), insulin (B), desmin (C), a-SMA (D) and CD31 (E) as red; and the merged images, respectively. Yellow sites indicate
cells co-expressing both GFP and another marker. Original magnification, 6400.

Table 3 The percentage of GFP+ cells detected in each region of the pancreas
after partial pancreatectomy

Regions of pancreas Percentage of GFP+ cells (%)

Ductal structures 18.5¡3.3
Vessel structures 23.4¡5.6
Acinar structures 3.4¡1.5
Islet structures 0
Other regions 54.7¡8.9

BMSCs contribute to pancreas regeneration
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significantly higher in the experimental group than in control group

2 (3.2¡0.6%; n530; versus 1.3¡0.2%; n510; P,0.05; see

Table 4). However, we did not find any GFP-positive cells that co-

expressed with nestin. In contrast, GFP+ endothelial cells or neural

cells were not detected in pancreatic sections from saline-injected

mice (data not shown).

3.5. Expression of miRNAs in wild-type BMSCs, GFP+

BMSCs and engrafted GFP+ BMSCs

qRT–PCR was used to assess the mean relative levels of four

candidate miRNAs (miR-9, miR-204, miR-34a and miR-375) in

engrafted GFP+ BMSCs that were sorted out of the residual

pancreas, were compared with wild-type and GFP+ BMSCs.

miR-9 and miR-204 were significantly overexpressed in engrafted

GFP+ BMSCs (5.2- and 2.6-fold, P,0.05, respectively), whereas

no significant differences in expression were observed in the wild-

type BMSCs versus GFP+ BMSCs (Figures 5A and 5B). There was

a significant reduction in the expression of miR-375 (0.71-fold,

P,0.05) in engrafted GFP+ BMSCs compared with wild-

type BMSCs (Figure 5C). However, no significant differences in

miR-34a levels were observed between engrafted GFP+ BMSCs

and control BMSCs (Figure 5D).

4. Discussion

Most pancreatic disorders (such as pancreatic trauma, pancre-

atitis and pancreatic cancer) or their treatment methods (such as

partial pancreatectomy) will lead to pancreatic injuries and will

damage the structure and function of the pancreas. Pancreatic

injury instigates a regenerative programme, the purpose of which

is to restore the structure and function of the damaged pancreas.

The ability of bone marrow stem cell therapy to promote liver

(Fürst et al., 2007; Hwang et al., 2012), kidney (Osafune, 2010) and

islet (Rosengren et al., 2009) regeneration has also been

investigated. BMSCs may be a potential alternative to pancreas-

directed cell therapies, because they are able to differentiate into

functioning cells of various mature tissues in vivo or in vitro

(Pittenger and Martin, 2004; Cho et al., 2005; Rojas et al., 2005;

Choi et al., 2005).

Table 4 Proportion of donor-derived cells in the pancreas of recipient mice 4 weeks after BMSC treatment
*P,0.05 group size: experimental group, n530; control group 2, n510.

Experimental group (%) Control group 2 (%) P-value

Duct epithelial cells 1.7¡0.3 0.5¡0.1 0.035*
PSCs 5.2¡1.6 2.1¡0.3 0.013*
Vascular endothelial cells 3.2¡0.6 1.3¡0.2 0.027*

Figure 5 Relative fold expression of miRNAs in the engrafted BMSCs compared with wild-type and GFP+ BMSCs
No significant differences were observed for relative miRNA levels between wild-type BMSCs and GFP+ BMSCs (A–D). (A, B) Significant overexpression of
miR-9 and miR-204 was observed in the engrafted BMSCs (5.2- and 2.6-fold, P,0.05, respectively). (C) miR-375 was down-regulated in the engrafted
BMSCs (0.71-fold, P,0.05). (D) No significant differences were observed for relative miR-34a levels between engrafted BMSCs and wild-type BMSCs.
*P,0.05.
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This study was designed to assess the effects of BMSCs in

promoting pancreatic regeneration, and to explore the mechan-

isms involved in this process. To investigate the therapeutic

potential of BMSCs for pancreatic injuries, we assessed the

pancreatic recovery process after BMSC implantation. Pancreatic

regeneration after pancreatectomies has been well characterized

using different animal models (Bonner-Weir et al., 1993; Hardikar

et al., 1999; Bonner-Weir and Weir, 2005; Hardikar, 2004). In our

study, the engrafted BMSCs exhibited therapeutic benefits via a

significant increase in the pancreatic weight/body weight ratio of

mice that have received a partial pancreatectomy. In addition, the

whole body weight of the mice also increased after BMSC

treatment, which might be due to the recovery of pancreatic

function.

Our results also show that implanted BMSCs underwent

differentiation into ductal epithelial cells, vascular endothelial cells

and PSCs, but not pancreatic b or neural cells in the regenerating

pancreas. Previous studies have suggested a role for BMDCs

(bone marrow-derived cells) in epithelial differentiation in multiple

organs (Grove et al., 2004), including the pancreas (Wang et al.,

2006). Wang et al. (2006) demonstrated that, after transplantation

of GFP+ bone marrow cells into neonatal mice, up to 40% of the

ducts (median 4.6%) contained epithelial cells derived from donor

bone marrow. Our data also show that 1.7¡0.3% of the duct

epithelial cells derived from donor BMSCs in the injured pancreas,

which suggest that BMSCs contribute to the regeneration of the

exocrine component of the injured pancreas. PSCs are the major

profibrogenic cell types in the pancreas that play a vital role in the

development of pancreatic fibrosis in response to pancreatic

injury or inflammation (Omary et al., 2007). Watanabe et al. (2009)

and Sparmann et al. (2010) reported that BMDCs contribute to the

population of PSCs in mice and rats. Iwano et al. (2002) and Russo

et al. (2006) have also indicated that BMDCs contribute to the

development of fibrosis. However, the cells responsible for these

results could not be identified, because all the previous publica-

tions used the transplantation of whole bone marrow populations.

Here, we demonstrate that highly purified BMSCs could contrib-

ute to 5.2¡1.6% PSCs in a regenerating pancreas.

Another controversial issue is whether BMSCs are capable of

differentiating into pancreatic b-cells. Choi et al. (2003) and

Lechner et al. (2004), who used sex-mismatched bone marrow

transplants in mice suffering from streptozotocin-induced dia-

betes, did not find evidence of BMDCs differentiating into

pancreatic b-cells. However, Choi et al. (2005) suggested that

rat mesenchymal cells can differentiate into insulin-producing

cells in vitro by the treatment of rat pancreatic extract, and they

explained that the differentiation ability of stem cells in vitro can be

broader than in vivo. In our study, we found no evidence of

BMSCs differentiating into insulin-positive cells after pancreatic

injury in vivo. Moreover, the role of endothelial cells and neurons in

tissue repair is well-documented, but the source of endothelial

cells and neurons in the regenerating pancreas is not clear.

Takahashi et al. (1999) indicated that bone marrow-derived

endothelial progenitor cells could be induced by cytokines and

contribute to the neovascularization of ischaemic tissues. Chen

et al. (2006) suggested that bone marrow stromal mesenchymal

stem cells could differentiate into neurons. Our results show that

BMSCs could contribute 3.2¡0.6% vascular endothelial cells and

generate whole blood vessel structures in an injured pancreas, but

neurons derived from BMSCs were not observed in the injured

pancreas. Our data also show that the regenerating pancreas

enhanced the recruitment and differentiation of BMSCs into

pancreatic tissues.

To explore the mechanisms involved in the differentiation of

BMSCs in an injured pancreas, we assessed the miRNA

expression in these engrafted BMSCs and compared it with that

in wild-type and GFP+ BMSCs. The finding that candidate miRNAs

were up-regulated (miR-9 and miR-204) or down-regulated (miR-

375) in engrafted BMSCs suggests that they are involved in the

process of BMSCs contributing to pancreatic tissues. However,

the expression level of miR-34a in engrafted BMSCs was not

significantly changed. The results also indicate that the expression

of GFP does not influence the expression of any candidate

miRNAs in the BMSCs. The role that miRNAs play in the

differentiation of BMSCs in an injured pancreas remains to be

elucidated.

In conclusion, the results indicate that BMSCs might play

a key role in repairing pancreatic injury by homing to the

pancreas and differentiating into multiple cellar phenotypes.

Several miRNAs (miR-9, miR-204 and miR-375) might particip-

ate in the process of BMSCs contributing to pancreatic tissues.

These findings present a potential cell therapy for pancreatic

injury.
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