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ABSTRACT

Aims: Mesenchymal stem cells (MSCs) can differentiate into multiple cell types including insulin-
producing cells. However, these cells usually cannot be directed to efficiently differentiate into 8
cells in vitro. The present study aimed to explore whether the pancreatic microenvironment could
induce bone marrow-derived (BM)-MSCs to differentiate into B cells to compensate for insufficient
B-cells.

Methodology: We directly transplanted male enhanced green fluorescence protein (EGFP)-
expressing BM-MSCs into the pancreas of female diabetic Sprague-Dawley rats by multi-point
injection.

*Corresponding author: Email: frli62@163.com;
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microenvironment.

Results: BM-MSCs could restore serum insulin and C-peptide levels and reverse hyperglycemia
by intra-pancreatic transplantation. BM-MSCs from male donors could differentiate into pancreatic
stem/progenitor cells and B cells under female pancreas micro-environment. Neogenesis islets
derived from BM-MSCs were verified in pancreatic tissue by histology and the expression of genes
related to B cell gene biomarker was determined by RT-PCR and quantitative real time-PCR. Y-
chromosome SRY and PDX-1 mRNA have expressed simultaneously in neogenesis B cells.
Polyploidy and aneuploid DNA were not observed.

Conclusion: This study showed that transplanted BM-MSCs did not fuse with pancreatic cells and
could contribute to repair, paracrine and differentiation into new islet B cells in the pancreatic

Keywords: Mesenchymal stem cells; transplantation; differentiation; pancreatic microenvironment;

insulin-producing cells.

1. INTRODUCTION

Functional B cell replacement is a promising
approach to treat type 1 diabetes [1]. However,
the scarcity of transplantable donor islets and
allograft rejection had historically hampered
further development [2]. Currently, numerous
cells including embryonic stem cells [3],
pancreatic stem cells [4], hepatic oval cells [5]
and bone marrow-derived mesenchymal stem
cells (BM-MSCs) [6] have been reported to
differentiate into insulin-producing cells (IPCs),
which provide new cell sources for B cell
transplantation. Among these cells, BM-MSCs
are easily obtained and not associated with
ethical concerns. Therefore, BM-MSCs may be
an important cell source for the treatment of
diabetes.

BM-MSCs have exhibited a surprising capacity to
differentiate into various ectoderm, mesoderm
and endoderm-derived cells [7], and contribute to
the formation of tissues. It has been shown that
BM-MSCs can differentiate into IPCs in vitro [8,9],
though their expression profiles are dissimilar
with human islet-mesenchymal stem cells [10].
After diabetes or pancreatic injury occurs, BM-
MSCs migrate into injured pancreas and
differentiate  into corresponding cells that
participate in tissue repair [11]. It has been
shown that BM-MSCs also differentiate into
cells after transplantation [12]. Recent
researchers have shown that stem cell
differentiation is controlled by extracellular cues
from the environment and by intrinsic genetic
programs within stem cells [13,14]. These
evidence shows that the microenvironment plays
an important role in the survival and
differentiation of stem cells. However, some
studies question the trans-differentiation of BM-
MSCs, and demonstrate that BM-MSCs may
fuse with other cells to show corresponding
biological characteristics [15,16]. Therefore, in
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the pancreatic microenvironment, whether BM-
MSCs fuse with B cells or differentiate into 8 cells
via trans-differentiation or other pathways should
be clarified. It is an interesting but puzzling
question and, as a bottleneck, limits the clinical
application of BM-MSCs to treat diabetes. We
directly transplanted male enhanced green
fluorescence protein (EGFP)-expressing BM-
MSCs into the pancreas of female diabetic
Sprague-Dawley rats by multi-point injection.
Surprisingly, the glucose level gradually
decreased and was approximately normal after 6
weeks. BM-MSCs-derived new islets were
verified in pancreatic tissue by histology. The co-
expression of Y-chromosome SRY and insulin
genes were observed in new islets. This study
showed that transplanted BM-MSCs did not fuse
with pancreatic cells and could contribute to
functional new islets in the pancreatic
microenvironment.

2. METHODOLOGY
2.1 Animals

Sprague—Dawley (SD) rats were purchased from
the Experimental Animal Center of Guangdong
Province and housed in pathogen-free rooms at
the Animal Center of the Second Clinical Medical
College, Ji’'nan University. All animal experiments
were approved by the institutional ethics
committee and conducted in accordance with
institutional guidelines for animal care and use.

2.2 Isolation, Culture and Identification of
BM-MSCs

BM-MSCs from 4-week-old male SD rat compact
bone were isolated and cultured as described
elsewhere [17]. BM-MSCs were analyzed for
CD29, CD31, CD106, CD45 and CD90 (BD
Pharmingen, San Diego) expression by flow
cytometry (ALTRA; Beckman Coulter, Fullerton,
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CA) and identification was performed by
adipogenic and osteogenic induction as
described elsewhere [18].

2.3 Preparation of EGFP-BM-MSCs

Passage 3 BM-MSCs were seeded at 1x10°
cells/ml into a 96 well plate, and AdC-MV-EGFP
adenoviral vectors with a multiplicity of infection
of 100, 200, 400 and 800 particles / cell (n = 4) in
serum-free Dulbecco’s modified Eagle’s medium
(DMEM) were used to transfect BM-MSCs.
Green fluorescence was visualized using an
inverted fluorescence microscope (Nikon, Tokyo,
Japan) 48 h after transfection. EGFP-expressing
BM-MSC clones formed in DMEM containing
400x10° g/L G418 after 12 days. Flow cytometry
was used to detect green fluorescence of the
EGFP-expressing BM-MSCs prior to
transplantation.

2.4 Preparation of Diabetic Rats

Female 8-week-old SD rats, weighting 200 g,
were injected with 45 mg/kg streptozotocin (STZ;
Sigma-Aldrich, St Louis, MO) via the tail vein.
Blood was drawn from the tail vein and blood
glucose was monitored by a Roche Accu Check
Il (Roche, Basel, Switzerland). Non-fasting blood
glucose of =300 mg/dl for 3 consecutive days
was considered as the onset of diabetes.

2.5 EGFP-BM-MSCs Transplantation

Forty diabetic female SD rats were randomly
divided into two groups. The BM-MSCs
transplantation group (n = 30) were inj7ected with
a EGFP-BM-MSCs suspension (5x10" cells, 0.2
mL), prepared from male SD rats, at 10 distinct
pancreatic sites by celiotomy. Diabetic controls (n
= 10) and normal female SD rats (normal
controls, n = 10) were injected with 0.2 mL saline
in place of the cell suspension. All procedures
were performed under sterile conditions.

Experimental design scheme (Supplementary Fig.

1).

2.6 Detection of Blood Glucose, Insulin
and C-peptide, and Glucose Tolerance
Testing

Blood glucose was consecutively measured
every day in the first week following
transplantation. And then, it had been monitored
every three days untii 84 days after
transplantation. 10 rats in each group were
randomly selected for blood glucose monitoring
at 4 pm after fasting 12 hours. The non-fasting

blood glucose level had been determined with a
Roche Accu Check Ill. Glucose tolerance test
was performed at 28, 56 and 84 days after
transplantation. After fasting for 12 h, rats were
injected with 2 g/kg glucose. Then, blood
samples were collected from the tail vein at 0
(before the glucose load), 30, 60, 120 and 180
mins after the glucose load for the glucose assay.
Rat enzyme-linked immunosorbent assay Kkits
(Mercodia, Uppsala, Sweden) were used to
measure serum insulin and C-peptide levels at 0,
2,4, 6, 8, 10 and 12 weeks after transplantation.

2.7 Histological and

Analyses

Morphometry

The pancreases were removed at 84 days after
transplantation and fixed in 10% neutral-buffered
formalin. Pancreatic tissues were embedded in
paraffin wax and cut into 5um of sections and
stained with hematoxylin and eosin (HE). Islet
diameters (20 islets from each group) were
measured using Image J software (Hema GSM,
Version 4.10; HM304, China). Islet diameter was
compared using the Bonferroni / Dunn test.

2.8 Laser Capture Microdissection

Rats were anesthetized at 1, 2, 3, 4, 8 and 12
weeks after transplantation (n = 3 per time point)
and pancreatic tissue with green fluorescence
was collected with an in vivo imaging system
(IVIS 200, Xenogen Inc, USA). Tissues were
consecutively cut into 8-um frozen sections and
mounted on slides (Leica, Hanbao, Germany).
Laser capture microdissection (Leica
Microsystems Inc, Germany) was performed to
collect EGFP-expressing cells.

2.9 Reverse Transcription (RT)

Total RNA was extracted with Trizol (GIBCO,
USA) according to the manufacturer’s
instructions. The concentration and purity of
extracted RNA were determined with a UV
spectrophotometer (Eppendorf, Hanbao,
Germany), and the quality of RNA was detected
by 1% agarose gel electrophoresis. RT was
performed with a RevertAid™ First Strand cDNA
Synthesis Kit, according to the manufacturer’s
instructions.

2.10 RT-PCR and Quantitative Real-time
PCR

RT-PCR was used to examine the gene
expression profile of B cell development-related
genes in EGFP-BM-MSCs after transplantation.

442



Deng et al.; BIMMR, 8(5): 440-453, 2015; Article no.BJMMR.2015.466

PCR was conducted according to the Platinum
PCR protocol. The total reaction volume of 50 pl
contained 2 pl cDNA, and B-actin served as an
internal reference. Then, 1.5% agarose gel
electrophoresis was performed with 5 yl PCR
product followed by observation with a gel
imaging system. Primers are listed in Table 1.
Quantitative real-time PCR was performed in a
50 pl volume consisting of 2 pyl cDNA. PCR
conditions were 40 cycles of denaturation (93°C
for 45s), annealing (55°C for 60s) and extension
(72°C for 45s). A preheating step at 93°C for 3
mins and a final extension step consisting of 10
mins at 72°C were also carried out. PCR was
performed in triplicates and B-actin served as an
internal reference. Data analysis of was
conducted with Light Cycler Software 4.05. The
K value was obtained as follows: K = copieSiarget
gene | COpi€Sg.acin. The broken line graph was
delineated using the time-point as the x-
coordinate and corresponding K value as the y-
coordinate, and the expression of corresponding
genes was determined.

2.11 Immunofluorescence

Pancreatic tissue with green fluorescence was
collected with an in vivo imaging system 84 days
after transplantation. Tissue was consecutively
cut into frozen sections, and then dehydrated in
ethanol and fixed in 4% paraformaldehyde for 20
mins. Block was performed with 10% bovine
serum albumin for 20 mins, and sections were
incubated with an anti-insulin antibody at 4°C
overnight. After washing, sections were treated
with a Texas Red-conjugated secondary antibody

(Abcam, UK) for 1 h at room temperature in the
dark. Nuclei were stained with 4',6-diamidino- 2-
phenylindole (DAPI) for 10 mins and observed
under a confocal microscopy.

2.12 Fluorescence in Situ Hybridiza-
tion (FISH)

Sections were treated with protease K for 15
mins and pre-hybridization solution at 37°C for 4
h. FISH was performed according to
manufacturer’s instructions (Cambio, Cambridge,
UK). Probe sequences were Cy3-conjugated
SRY probe-5'-ATAGTGTGTAGGTTGTTG
TCCCATTGCAGC -3' and fluorescein
isothiocyanate (FITC)-conjugated insulin probe
5-CTCCACCAGGTGA GGACCACAAAGGTG-3
(Boster Biotech, China). Nuclei were stained with
DAPI for 10 mins followed by observation under
a fluorescence microscope (Nikon, Japan).

2.13 DNA Ploidy Analysis

Five SD rats were anesthetized 84 days after
transplantation, and pancreatic tissue with green
fluorescence was collected with an in vivo
imaging system. Pancreatic tissues from five
normal rats were also collected. Tissues were cut
into pieces and digested with collagenase IV
followed by filtration through a 200 um nylon
mesh. A single cell suspension was prepared,
and DNA staining was performed according to
the manufacturer’s instructions (BD, San Diego,
CA). DNA ploidy was detected with a flow
cytometer and then analyzed with software.

Table 1. List of primer information for RT-PCR

Gene Forward primer Reverse primer Product Tm
size(bp) (°C)
Nkx2.2 2 AGCCTGCCCCTTAAGAGTCC CAGTCCGTGCAGGGAGTATTG 393 56
Nkx2.2° CAGCAGCAGCAACCCCTAC AAGAGCACTCGGCGCTTCC 204 58
PDX-1? TTTCCCGAATGGAACCGAG GCGTGAGCTTTGGTGGATTT 262 56
PDX-1° ATGAAATCCACCAAAGCTCAC AGTTCAACATCACTGCCAGCT 190 56
Nestin ® TCGCTAGGGTCTGTGGATGAG CTACGTTCCACTTGCCCAGAG 500 58
Nestin® CTACGTTCCACTTGCCCAGAG GCTGCTTACCACTTTGCCCTCTAT 84 55
Ngn3? GTGCTCAGTTCCAATTCCACC GGAGCTTCCTCGATGTCCCT 241 55
Ngn3°® CTATTCTTTTGCGCCGGTAGA CTCACGGGTCACTTGGACAGT 73 55
Pax-4 % TGCGACCCTGTGACATCTCA CCCTTGGGTTCCAAGACTCC 216 53
Insulin ® TGTGAACCAACACCTGTG CGTCTAGTTGCAGTAGT 262 56
Insulin® GCAGCCTTTGTGAACCAACA TTCCCCGCACACTAGGTAGAGA 69 60
Glucagon® TGAAGACCATTTACTTTGTGGCT TGGTGGCAAGATTGTCCAGAAT 492 57
Glucagon® CCCAAGATTTTGTGCAGTGGTT CAGCATGTCTCTCAAATTCATCGT 80 55
B-actin® GTAAAGACCTCTATGCCAACA GGACTCATCGTACTCCTGCT 300 58
B-actin® ACCACACCTTCTACAATGAGC  GGTACGACCAGAGGCATACA 185 56

Note:a:PCR primer. b: Real-time qPCR primer
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2.14 Statistical Analysis

Statistical analysis was performed with SPSS
10.0, and data were expressed as the meanzSD.
Comparisons between two means were
conducted with an independent ¢ test, and
comparisons among multiple means were
conducted with one-way analysis of variance. A
value of P<0.05 was considered statistically
significant.

3. RESULTS

3.1 Isolation, Differentiation and Labeling
of BM-MSCs

The separated and purified BMMSCs were
shaped as elongated spindle, showing a vortex-
like growth (Fig. 1A). Flow cytometry results
showed that, BM-MSCs surface markers CD29
(98.843.4%), CD90 (98.41+3.8%) and CD106
(92.245.9%) were positive, while CD45
(3.0+£3.1%) and CD31 (2.6+2.7%) were negative.
Cell morphology and culture characteristics
confirmed that the isolated and purified cells
were rat BM-MSCs. For the differentiation assay,
osteogenic medium induced mineral deposits as
shown by alizarin red staining (Fig. 1B). After 28
days of adipogenesis induction, oil red-O-positive
adipogenic cells were observed as indicated by
red fat granules (Fig. 1C). EGFP fluorescence
was strong 48 h after transfection. The rate of

EGFP expression was 87% prior to

transplantation (Fig. 1D).

3.2 Effect of Blood Glucose, Serum
Insulin and C-peptide after

Transplantation

Blood glucose levels from peripheral blood of
rats were measured. BM-MSCs group rats
caused an obvious decrease during 18 to 35
days after BM-MSCs transplantation (P<0.05).
Although blood glucose were not restored normal
rats levels after 35 days, blood glucose in rats of
BM-MSCs group was significantly decreased
compared with those of diabetic group (Fig. 2A).
The levels of insulin and C-peptide were
markedly elevated at 14 days after BM-MSCs
group (P<0.01), compared with those of diabetic
group which remained at a relatively high level
(Fig. 2B, C). Glucose tolerance testing of normal
controls showed the blood glucose level
significantly increased 30 mins after glucose
administration and peaked at 60 mins, followed
by a decrease to the fasting level after 120 mins

(Figs. 3A, 3B, 3C). Glucose tolerance improved
in rats that received BM-MSCs group during all
the time after transplantation. The blood glucose
level of recipient rats almost reached a normal
level at 56 and 84 days after transplantation.

3.3 Morphology and Diameter of Islets

HE staining showed that no Iymphocytes
infiltrated into islets and the exocrine gland,
suggesting immune rejection did not occur after
BM-MSC group (Fig. 4A). Several residual islets
with fibrosis were observed in diabetic group rats
(Fig. 4B). Normal islets were observed in normal
group rats (Fig. 4C). The number of islets was
markedly increased in BM-MSCs group
compared with that in diabetic group (P<0.05)
(Fig. 4D), and the morphology and number of
islets were similar to those in normal group.
However, islet size was smaller than those in
normal group rats (P<0.05) (Fig. 4E).

3.4 B Cell-related Gene Expression

In the pancreatic environment, the expression of
genes related to B cell development in
differentiated BM-MSCs was determined by RT-
PCR (Fig. 5A) and quantitative real time-PCR
(Fig. 5B). Expression of seven genes associated
with B cell development was extremely low or
undetectable prior to transplantation. One to two
weeks after transplantation, expression of Pdx-1,
Ngn3, Nestin, Pax-4 and Nkx 2.2 was increased.
Three weeks after transplantation, expression of
Nkx2.2 and Ngn3 was up-regulated, and the K
value was increased, which almost reached the
maximal level. Four weeks after transplantation,
Pax-4 expression reached a maximum. Eight
weeks after transplantation, the expression of the
above genes was down-regulated and
accompanied by a decreased K value, except the
expression of Pdx-1, insulin and glucagon
gradually increased. Twelve weeks after
transplantation, Nkx 2.2 expression was
markedly decreased; expression of Ngn 3 and
Pax-4 was undetectable. Pdx-1, insulin and
glucagon expression reached a maximum.
Nestin expression was up-regulated 1 week after
transplantation, then down-regulated and was
undetectable 12 weeks after transplantation.

3.5 Immunohistochemistry
In pancreatic tissues, cells expressing EGFP and

insulin were observed by confocal microscopy.
Transplanted BM-MSCs migrated into islets and
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co-expressed EGFP and insulin. Co-expression BM-MSCs differentiated into B cells in a
of EGFP and insulin was identified in a majority  pancreatic environment.
of cells (Fig. 6A). These results indicated that

Cell Number

Imoel,
5 B3 B
T S

Cell Number
Cell Number

=}
k=]

Fig. 1. Characterization of isolated BM-MSCs. (A) Appearance of MSCs at passage 3. (B). Oil
red staining of lipid droplet in adipocytes induced from MSCs. (C). Alizarin red staining of
osteoblasts induced from MSCs. (D). The percent of EGFP-expressing MSCs. (Scale bar = 50
um). (E) Flow cytometry analysis demonstrated a homogenous MSC polulation. As expected,
MSCs were negative for reactivity to antigens CD31 and CD45, but positive for reactivity to
antigens CD29, CD90 and CD106
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Fig. 2. Effects of BM-MSCs on blood glucose, insulin and C peptide level on STZ-induced
diabetic SD rats. (A) Blood glucose levels in BM-MSC-transplanted diabetic SD rats decreased
significantly compared with those of untreated diabetic SD rats after 18 days (P<0.05,P<0.001).
(B) * P<0.05, **P<0.01, BM-MSCs-transplanted group vs diabetic group. (C) * P<0.05, **P<0.01,

BM-MSCs-transplanted group vs diabetic group. Data are the meanstSD of 8—10 rats from

each group
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Fig. 3. Blood glucose levels during glucose tolerance testing. (A) The curves of glucose
tolerance testing 28 days after BM-MSCs transplantation. (B) Glucose tolerance testing after 56
days. (C) Glucose tolerance testing after 84 days. Data are the means*SD of 8-10 rats from
each group
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Fig. 4. Pancreatic fresh frozen sections of BM-MSCs transplanted group were HE-stained. (A)
BM-MSCs transplantation group.(B) diabetic group and (C) normal group. (Magnification x400;
Scale bar = 50 ym) (D) The number of islets from each non-serial section of pancreas (three
sections from each SD rat, mean*SEM). *P<0.05 by the Bonferroni-Dunn test. (E) Comparison
of islet size from transplantation group and normal group (20 islets from each group were
measured for their diameter, mean*SEM). *P<0.05 by the Bonferroni-Dunn test. The analyses
were made after 84 days of transplantation

3.6 FISH

In pancreatic tissues with green fluorescence,
Co-expressing SRY and insulin mRNA were
observed, suggesting that BM-MSCs from male
donors survived in pancreatic environment and
differentiated into 8 cells (Fig. 6B).

3.7 DNA Ploidy Analysis of Transplanted
EGFP-BM-MSCs

In pancreatic tissues from normal rats, G0/G1
phase accounted for 92.8+6.86% of cells and
were diploid. The DNA content of these cells was
68+2.9%. S and G2 / M phases was 1.7£0.4%
and 5.5%£1.8%, respectively. S+G2/M phase
accounted for 7.2+2.02% of cells and remained
proliferation. The DNA content of these cells was
128 and tetraploid at 84 days after
transplantation. The G1 phase of EGFP
expressing cells was 89.8+13.56% and was
diploid. The DNA content of these cells was
68+2.9%. S and G2/M phases were 2.1+0.62%
and 8.1+2.12%, respectively. S+G2/M phase
accounted for 10.2+2.46% and remained in the
proliferation phase. The DNA content of these
cells was 136+7.6%, and cells were tetraploid.
Furthermore, cells were not polyploid or
aneuploid.

4. DISCUSSION

Enough evidence has confirmed that BM-MSCs
can differentiate into IPCs under appropriate
conditions in vitro, which may improve the blood
glucose level in diabetic rats after transplantation
[6]. Hess et al. [19] showed that BM-MSCs
transplantation into STZ-induced diabetic mice
markedly reversed hyperglycemia in vivo. Lanus
et al. [9] transplanted male rat bone marrow cells
expressing EGFP into female rats that having
underwent lethal irradiation. Four to six weeks
after transplantation, chromosome Y as well as
cells expressing EGFP and insulin was found in
the islets of female rats. Furthermore, EGFP-
positive cells also expressed insulin and glucose
transporter 2. These EGFP-positive cells were
glucose-dependent, similar to pancreatic 8 cells,
and secreted insulin after stimulation with in
cretin. However, other studies showed conflicting
results, in which BM-MSCs differentiation into
islet B cells was not identified [20]. Wada et al.
[21] and Alison et al. [22] indicated that bone
marrow stem cells fused with other cells in the
culture system. Thereafter, some researchers
proposed that differentiation of BM-MSCs was
due to the fusion of stem cells with the tissue
cells of recipients, thus presenting corresponding
biological characteristics [23,24].

448



Deng et al.; BIMMR, 8(5): 440-453, 2015; Article no.BJMMR.2015.466

0d 1w 2w 3w 4w 8w 12w
Nkx2.2

Nestin

Nhn3

PDX-1

PDX-4

Insulin

Glucagon

B-actin

[v]
NoWw A

-
—x—xmmww-h-hg

o
o= ON WO AT O
.

Fold increases of mMRNA

Fold increases of mRNA

0d 1w 2w 3w 4w 8w 12w 0d 1w 2w 3w 4w 8w 12w

0.7
Pax 4

0d 1w 2w 3w 4w 8w 12w 0d 1w 2w 3w 4w 8w 12w

Glucagon

Fold increases of mRl
o o o o

o kO ®
.

0d 1w 2w 3w 4w 8w 12w

w A

Fold increases of mMRNA
- 8]

o
O =0 wwm bhor gl
™

Fold increases of mMRNA

oo w

o =

Ngn 3

0d 1w 2w 3w 4w 8w 12w

Insulin

0d 1w 2w 3w 4w 8w 12w

Fig. 5. Expression of genes associated with beta-cell development after BM-MSCs
transplantation was assessed by RT-PCR (A) and quantitative real-time PCR (B). Day 0 was
measured prior to BM-MSCs transplantation. Weeks 1, 2, 3, 4, 8 and 12 were detected after BM-
MSCs transplantation. Data are the means*SD of six rats from each group
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Fig. 6. Immunofluorescence and FISH analysis in neo-islet cells of the BM-MSCs
transplantation group. (A) Inmunofluorescent localization of insulin and EGFP co-expression
in islet cells of recipient rats. The anti-insulin antibody was detected with a Texas Red-
conjugated secondary antibody. Insulin and EGFP-positive cells are observed in islet sections.
Scale bar = 50 ym. (B) FISH analysis of the BM-MSCs-transplanted group. Nuclei were stained
with DAPI (Blue). Hybridization signals of SRY (red) and insulin (green) were detected in the
islet cells. Merged is image of DAPI, SRY and insulin. C. MSCs DNA Ploidy analysised by FCM.
Control: Normal pancreatic tissue cells, DNA analysis showed diploid. MSCs transplantation:
BM-MSCs transplantation, cell cycle analysis of EGFP-positive cells revealed that transplanted
cells were diploid and a few cells were tetraploid. None of the cells were polyploid or
aneuploid, which excluded the possibility of cell fusion
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Studies have shown that the induced
differentiation of stem cells is controlled by their
intrinsic genetic program and surrounding
microenvironment, which determines the fate of
adult stem cells differentiation. Therefore, an
efficient in vivo induction program must meet two
conditions: (1) the gene expression and signal
control for normal development of pancreatic -
cell; (2) the micro-environment for normal
development of pancreatic B-cells. However, it is
very difficult in vitro. The interaction between
stem cells and their supportive microenvironment
is critical for their maintenance, function and
survival [25]. Two studies discussed the issue.
One study indicated that pancreatic extract could
stimulate mesenchymal stem cells (MSC)
differentiating into insulin-producing cells and
increase insulin secretion [26]. Wang et al. [27]
reconstructed ‘personalized’ islets by using adult
stem cells combined with microfabrication
technology. In the present study, we transplanted
male enhanced green fluorescence protein
(EGFP)-expressing BM-MSCs into the pancreas
of female diabetic SD rats by direct injection. It
showed that transplantation of MSCs into
diabetic rats improved glycemic control and

restored normo-glycemia 35 days after
transplantation. Insulin and C-peptide were
significantly elevated compared to non-

transplanted controls. Number of islets was
increased in transplanted pancreases compared
to controls. Expression of genes associated with
beta-cell development increased after MSCs
transplantation. We found some newly formed
islets that were morphologically similar to normal
islets in rats’ pancreas of transplantation group.
More importantly, some of them expressed
insulin, as well as EGFP, indicating some of the
neo-islet cells were derived from transplanted
BM-MSCs. 56 days after transplantation EGFP
was still expressed in the plasma, providing
useful trace evidence of our transplanted BM-
MSCs location, existence and differentiation in
diabetic pancreas. We presume that some
transplanted MSCs contribute to B-cells under a
pancreatic microenvironment. Theoretically, this
method could overcome the use of inducer and
low differentiation rates in vitro.

After BM-MSCs transplantation, cell cycle
analysis of EGFP-positive cells revealed that
transplanted cells were diploid and a few cells
were tetraploid. None of the cells were polyploid
or aneuploid, which excluded the possibility of
cell fusion. Co-expression of EGFP and insulin
was observed, but only with regular microscopy,
not with confocal microscopy. Expression of
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insulin was found in MSC-derived cells, as
shown by FISH for SRY and insulin mRNA. On
the other hand, although cells co-expressing
EGFP and insulin were present in STZ-damaged
pancreatic tissue, their low frequency suggested
that the cells did not, in themselves, functionally
rescue the recipients. It is very important that
BM-MSCs activate the “self-repair” of
endogenous stem cell, and provide critical
factors for tissue regeneration [28], since
complex and multiplex factors are involved in
pancreatic regeneration. The rapidity and
continuity of the pancreatic regeneration process
suggests that endogenous pancreatic stem cells
(PSCs) may mediate the restorative process
through endothelial, mesenchymal and
endodermal interactions [29], because PSCs
which can self-renew and differentiate into
pancreatic islets are found to exist around the
acini, ducts, islets and etc [30,31]. However, we
could only do some related reasoning and the
molecular mechanisms of how MSCs play the
role of lowering blood sugar in vivo are still not
clear. Further tests are needed to find direct
evidence.

5. CONCLUSION

The authors transplanted BM-MSCs derived from
male SD rats into diabetic female SD rats and
showed that MSCs survived, and expressed
insulin as well as genes associated with beta-cell
development. Glycemic control was improved
and reached normo-glycemia after 35 days in
several animals. BM-MSCs-derived new islets
were verified in  pancreatic tissue of
transplantation group by histology. Co-
expression of EGFP and insulin was observed
and expression of insulin was found in BM-MSCs
-derived cells, as shown by FISH for SRY and
insulin MRNA. These results show that BM-
MSCs can differentiate into beta cell in the
pancreatic microenvironment without cell fusion.
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