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In vitro cultivation of islet-like cell clusters from human
umbilical cord blood-derived mesenchymal stem cells

FENG GAO, DE-QUAN WU, YAN-HUA HU, GUANG-XIN JIN, GUO-DONG LI, TIE-WEI SUN,

and FU-JUN LI
HARBIN, CHINA

A maijor obstacle to successful islet transplantation for both type 1 and 2 diabetes is
an inadequate supply of insulin-producing tissue. In vitro transdifferentiation of
human umbilical cord blood-derived mesenchymal stem cells (UCB-MSCs) into
insulin-producing cells could provide an abundant source of cells for this proce-
dure. For this study, we isolated and characterized human UCB-MSCs and induced
them in vitro to differentiate into islet-like cell clusters using a 15-day protocol based
on a combination of high-glucose, retinoic acid, nicotinamide, epidermal growth
factor, and exendin-4. These clusters appeared about 9 days after pancreatic
differentiation; expressed pancreatic B-cell markers, including insulin, glucagon,
Glut-2, PDX1, Pax4, and Ngn3; and could synthesize and secrete functional islet
proteins at the end of the inducing protocol. The insulin-positive cells accounted for
(25.2-3.36)% of whole induced cells. Although insulin secretion of those insulin-
producing cells did not respond to glucose challenge very well, human UCB-MSCs
have the ability to differentiate into islet-like cells in viiro and may be a potential
new source for islet transplantation. (Translational Research 2008;151:293-302)

Abbreviations: BM = bone marrow; BM-MSCs = bone marrow-derived mesenchymal stem
cells; ECM = extracellular matrix; EDTA = ethylenediamine tetra-acetate; EGF = epidermal
growth factor; ESC = embryonic stem cell; FBS = fetal bovine serum; H-DMEM = high glucose
Dulbecco modified Eagle medium; L-DMEM = low glucose Dulbecco modified Eagle me-
dium; MSC = mesenchymal stem cel; MNC = mononuclear cell; NSE = neuron-specific
enolase; PBS = phosphate-buffered solution; RA = retinoic acid; RT-PCR = reverse transcription
polymerase chain reaction; UCB = umbilical cord blood; UCB-MSC = human umbilical cord
blood-derived mesenchymal stem cell.

ecently, significant advances (Edmonton proto-
col) in the transplantation of human primary islets
of Langerhans into individuals with type 1 diabe-
tes have largely removed the insulin dependency.'? But
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based on Edmonton protocol, as many as 2 to 3 donor
pancreases are required to obtain sufficient islets for a
single type 1 diabetic patient becoming insulin inde-
pendent. So the application of this treatment is re-
stricted by the very limited availability of primary
human islets from donors. Nowadays, a widely studied
potential source for insulin-producing cells is stem/
progenitor cells. Possible beta-cell stem/progenitors
have been hypothesized to reside within the pancreatic
ductal epithelium,> ® acinar tissue, and/or pancreatic
small cells.”® Moreover, it has been reported that em-
bryonic stem cells (ESCs)*'® or stem cells derived
from bone marrow can be differentiated in vitro and in
vivo into insulin-expressing cells.!"*1?
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AT A GLANCE COMMENTARY

Background

Based on the Edmonton protocol, as many as 2 to
3 donor pancreases are required to obtain suffi-
cient islets for a single type 1 diabetic patient
becoming insulin independent. So the application
of islet transplantation is restricted by the very
limited availability of primary human islets from
donors. Recently many attempts have been made
to generate new insulin-producing cells in vitro
from non-f3 cells.

Translational Significance

Umbilical cord blood (UCB) is abundantly avail-
able and can be routinely harvested without risk to
the donor, and infectious agents such as the cyto-
megalo virus are rare exceptions. This study re-
vealed for the first time that mesenchymal stem
cells derived from human cord blood were capable
of differentiating into insulin-secreting cells,
which may be a potential new source for islet
transplantation.

As an adult stem cell, recent studies have shown that
mesenchymal stem cells (MSCs) have the ability to
differentiate into several neuroectodermal, endothelial,
mesenchymal, and endodermal cell types,>™'® and the
ability to differentiate into insulin-expressing cells has
also been demonstrated.!”"'® The multipotential of these
cells as well as their high ex vivo expansive potential
makes these cells an attractive therapeutic tool for
diabetes. Currently, bone marrow (BM) represents the
main source of MSCs for both experimental and clini-
cal studies,'® but the source of BM is limited, and the
amount of bone marrow—derived MSCs and their dif-
ferentiation capacity decline with age.?® In addition,
obtaining a BM sample requires a painful invasive
procedure. These facts have led investigators to search
for good BM substitutes as MSC sources.

Umbilical cord blood (UCB) is abundantly available
and is known to contain extremely immature stem cells
(including MSCs), which can be routinely harvested with-
out risk to the donor. In addition, infectious agents such as
cytomegalo virus are rare exceptions.”! These character-
istics make UCB a very promising candidate suitable for
cellular therapy and regenerative medicine. Some re-
searchers have demonstrated that the population of stem
cells from UCB that expressed at embryo stage or ESC
marker could be differentiated into insulin-producing cells
in vitro.*>* But until now, a key question has re-

Translational Research
June 2008

mained: Do human UCB-derived MSCs have the plas-
ticity to differentiate into insulin-producing cells in
vitro. In this study, we demonstrate that UCB-derived
MSC:s can be in vitro induced into pancreatic endocrine
cells. This study provides support for continuing efforts
aimed at using adult stem cells as a steady and renew-
able source of insulin-producing cells for transplanta-
tion in patients with type 1 diabetes.

MATERIALS AND METHODS

Collection of human UCB. Human UCBs (n = 42,
36—40 weeks) were obtained from the Department of
Obstetrics and Gynecology, the Second Hospital of Harbin
Medicine University. UCB was collected from the umbil-
ical cord vein with informed consent of the mother. A bag
system containing 17 mL of citrate phosphate dextrose
anticoagulant was used. All UCB units were processed
within 3 h after deliveries. The study protocol was ap-
proved by the Ethical Committee of the Second Hospital of
Harbin Medicine University.

Culture of MSCs from UCB. To isolate mononuclear cells
(MNCs), each UCB unit was diluted 1:1 with phosphate-
buffered saline (PBS) and carefully loaded onto Ficoll-
Hypaque solution (1.077 g/mL; Sigma-Aldrich Co, St. Louis,
Mo). After density gradient centrifugation at 800g for 16 min
at room temperature, MNCs were removed from the inter-
phase and washed twice with PBS and resuspended in low
glucose Dulbecco modified Eagle medium (L-DMEM, 5.5
mmol/L glucose; Invitrogen Corporation, Grand Island, NY)
supplemented with 30% fetal bovine serum (Invitrogen). Af-
ter counting, cell suspension was seeded in uncoated T25
culture flasks (Orange Scientific, Belgium) at a concentration
of 1 X 10° cells/mL. Cultures were maintained at 37°C in a
humidified atmosphere containing 5% CO,, and the medium
was changed 8 days later. When fibroblast-like cells at the
base of the flask reached confluence, they were harvested with
0.25% trypsin-ethylenediamine tetraacetic acid (EDTA; Sigma-
Aldrich) and passaged at 1:3 dilution as passage 1. Then the
medium was half-changed with L-DMEM containing 20% fetal
bovine serum (FBS) every other day to make 30% FBS concen-
tration decrease to 20%.

In vitro differentiation cultures. For differentiation into
osteogenic cells, the human umbilical cord blood-derived
mesenchymal stem cells (UCB-MSCs) at third passage were
plated at 1 X 10* cells/well in a 24-well plate. At 90%
confluency, the cells were cultured for ~21—22 days in
L-DMEM supplemented with 10% FBS, 10~7 M dexameth-
asone (Sigma-Aldrich), 50 umol/L ascorbic acid-2 phosphate
(Sigma-Aldrich), and 10 mmol/L B-glycerol phosphate (Sigma-
Aldrich).?* Osteogenic differentiation was confirmed by Von
Kossa staining.

For differentiation into adipogenic cells, the cells at third passage
were plated at 1 X 10* cells/well in a 24-well plate. At 80%
confluency, the cells were cultured for ~21—22 days in L-DMEM
supplemented with 0.5 mmol/L 3-isobutyl-1-methylxanthine
(Sigma-Aldrich), 1 wmol/L dexamethasone, 0.1 mmol/L in-
domethacin (Sigma-Aldrich), and 10% FBS.*® Adipogenic
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differentiation was evaluated by the cellular accumulation of
neutral lipid vacuoles that were stained with Oil-red O.

For differentiation into neural cells, the cells at third pas-
sage were plated at 1 X 10* cells/well in a 24-well plate. At
70% confluency, the cells were cultured with L-DMEM sup-
plemented with 1 mmol/L B-mercaptoethanol (Shanghai
Shenggong, Shanghai, China) and 10% FBS for 24 h. Then
the media were switched to L-DMEM supplemented with 2%
dimethylsulfoxide (Shanghai Shenggong) and 200 mmol/L
butylated hydroxyanisole (Sigma-Aldrich) for 5 h.?® Neural
differentiation was confirmed by immunofluorescence stain-
ing of neuron-specific enolase (NSE).

For pancreatic endocrine differentiation, expanded MSCs
from passage 3 were allowed to become 80% to 90% conflu-
ent and were induced to differentiate into insulin-secreting
cells by a 3-step protocol. In step 1, the cell monolayer was
treated for 24 h with high glucose Dulbecco modified Eagle
medium (H-DMEM; 25 mmol/L glucose) supplemented with
10% FBS and 10~° M of retinoic acid (RA; Sigma-Aldrich);
then the medium was switched to H-DMEM with only 10%
FBS for 2 days. In step 2, the cells were detached with 0.25%
trypsin—EDTA and seeded in extracellular matrix (ECM) gel
(Sigma-Aldrich) coated 12-well plates. The medium was
switched to L-DMEM, supplemented with 10% FBS, 10
mmol/L. nicotinamide (Sigma-Aldrich), and 20-ng/mL epider-
mal growth factor (EGF; Peprotech, London, UK) for 6 days. In
step 3, to mature the insulin-producing cells, the low glucose
medium was supplemented with 10% FBS and 10 nmol/L ex-
endin-4 (Sigma-Aldrich)) for 6 days. Cellular differentiation was
monitored by observation of 3-dimensional, islet-like cell
cluster formation, the expression of genes related to pancre-
atic endocrine cell development and insulin production. As a
control group, the cells were cultured in L-DMEM containing
only 10% FBS.

Electron microscopic analysis. Preinduced cells and dif-
ferentiated pancreatic endocrine cells were fixed in 5% glu-
taraldehyde for 2 h at 4°C, washed in PBS, transferred to 1%
osmic acid for 2 h at 4°C, then washed in PBS again,
dehydrated in acetonic acid, and embedded. Ultra-thin sec-
tions were counterstained using uranyl acetate and lead ci-
trate, and they were viewed by electron microscope JEM-
1220 (JEOL, Tokyo, Japan).

Immunofluorescence. Preinduced and induced cells were
released by 0.25% trypsin and washed 3 times by PBS. Then
cytospin slides were made for insulin, C-peptide, glucagon,
and NSE protein expression. The cells were fixed with 4%
formaldehyde for 30 min at room temperature and were
incubated overnight at 4°C with primary antibodies, including
mouse anti-human NSE 1:50 (Zhongshan Goldenbridge Bio-
tec Co., Beijing, China), mouse anti-human insulin 1:100
(Sigma-Aldrich), mouse anti-human C-peptide 1:100 (Abcam
Co., Cambridge, UK), and goat anti-human glucagon 1:100
(Santa Cruz Biotechnology, Santa Cruz, Calif). Subsequently,
the cells were washed with PBS 3 times and were incubated
at 37°C for 1 h with a fluorescence-labeled second antibody,
including FITC-labeled goat anti-mouse IgG 1:50, rhodamine-
labeled goat anti-mouse IgG 1:50, and rhodamine-labeled
rabbit anti-goat IgG 1:50 (Zhongshan Goldenbridge). After
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being washed with PBS, cells were mounted with glycerol-
PBS (9:1). The cells were visualized and photomicrographed
by a laser-scanning confocal microscope TE2000-U (Nikon,
Tokyo, Japan).

Western blot analysis. Preinduced and induced cells were
released by 0.25% trypsin and harvested under centrifugation.
Then they were lysed in buffer containing 50 mmol/L Tris-Cl
(pH 8.0), 0.02% sodium azide, 1-ug/mL aprotinin, 1% NP-
40, and 100-pg/mL phenylmethylsulfonyl fluoride. Final pro-
tein concentrations were determined using the BCA protein
assay kit (Beyotime, Haimen, China) according to the man-
ufacturer’s specifications. Equal amounts of protein (100 ug)
from each cell of lysates were added to a well of 18%
SDS-polyacrylamide gels and electrophoresed. The separate
proteins then were transferred to a nitrocellulose membrane (Am-
ersham Biosciences, Piscataway, NJ) and blocked for 2 h in 5%
fat-free dry milk, 0.1% Tween 20, 150 mmol/L. NaCl, and 50
mmol/L Tris. Then blots were incubated overnight at 4°C with
primary antibodies, including mouse anti-human insulin 1:50
(Sigma-Aldrich) and rabbit anti-human C-peptide 1:50
(Abcam Co.). After extensive washing, polyclonal anti-mouse
or anti-rabbit horseradish peroxidase-conjugated secondary
antibody (diluted at 1:500) was applied for 1 h at room
temperature. Bands were visualized using an ECL kit
(Amersham) according to the manufacturer’s instructions.

Reverse transcription-polymerase chain reaction (RT-
PCR) analysis. Total RNA was extracted by using TRIzol
(Invitrogen) according to the manufacturer’s instructions and
was quantified by ultraviolet spectroscopy. To prepare RNA
for PCR analysis, 2-ug total RNA was converted to the
cDNA using SuperScript II reverse transcriptase (Invitrogen)
with oligo (dT) (Promega, Madison, Wis) and random hex-
amer primers (Promega). PCR was performed by using Taq
DNA polymerase (Invitrogen). All PCR experiments were
performed using a PCR system TC-XP-G (Bioer, Hangzhou,
China). Products were tested with polyaclyramide gel electro-
phoresis. The name and sequences of the primers, the sizes of
PCR products, cycles, and annealing temperature for each pair
are listed in Table I. Housekeeping gene 3-actin was used as an
internal control.

Flow cytometric analysis. Immunophenotyping of human
UCB-MSCs were performed using antibodies against human
antigens CD19, CD14, CD29, CD34, CD44, CD45, CD90 (BD
Biosciences, San. Jose, Calif) and CD105 (Caltag Laboratories,
Burlingame, Calif). The MSCs cells at third passage were re-
leased by 0.25% trypsin-EDTA. A total of 1 X 10° cells were
resuspended in 200-uL PBS and were incubated with fluores-
cein isothiocyanate- or phycoerythrin-conjugated antibodies for
30 min at room temperature. After being washed, the cells were
analyzed with a flow cytometer.

To determine the amount of insulin-positive cells, prein-
duced cells and differentiated pancreatic endocrine cells were
released by trypsinization and were analyzed by flow cytom-
etry. Briefly, cells were fixed with cold 1% formaldehyde,
incubated with 0.01% Triton X-100, washed twice with PBS,
and then stained with anti-insulin antibodies and rhodamine-
labeled second antibodies. After being washed twice with
PBS, cells were analyzed using a FACSCalibur (BD).
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Table I. Primers used for PCR amplification
Gene Size (bp) Strand Sequence 5'-3’ Annealing temperature Cycles
Glucagon 221 F CCC AAGATTTTG TGC AGT GGT T 45°C 30
R GCG GCC AAG TTC TTC AAC AAT
Insulin 263 F GCA GCC TTT GTG AAC CAACA 45°C 30
R GTT GCA GTA GTT CTC CAG GTG
Ngn3 313 F GGT AGA AAG GAT GAC GCC TC 45°C 30
R CCG AGT TGA GGT CGT GCAT
Pax 4 496 F AGG AGG ACC AGG GAC TAC CGT 45°C 30
R TTT AGG TGG GGT GTC ACT CAG
PDX1 262 F CCC ATG GAT GAAGTC TAC C 43°C 30
R GTCCTCCTCCTTTITCCAC
GLUT2 398 F GTA CAA TGA CAG AAG ATA AG 43°C 30
R TGC TAC TAACAT GGC TTT GA
B-actin 160 F GTC AGG TCATCA CTATCG GCA AT 57°C 30
R AGA GGT CTT TAC GGA TGT CAA CGT

Fig 1. Osteogenic, adipogenic and neural differentiation in vitro. (A) After first inoculation, spindle-shaped cells
colony formation could be observed at eighth day while osteoclast-like cells were rare (X200); (B) In vitro
osteogenic induction of MSCs. Enhanced mineralization revealed by von Kossa staining (X100); (C) Adipo-
genic induction was verified by staining with Oil-Red O (X200); (D) Neural differentiation was verified by

staining with NSE (X200). (Color version of figure is available online.)

Insulin detection assay. To test whether the insulin release
of induced endocrine cells was glucose-dependent, 3 glucose
concentrations (5.5 mmol/L, 16.5 mmol/L, and 28 mmol/L)
were used. The differentiated cells plated in 12-well dishes were
washed twice with PBS and incubated in 0.5-mL serum-free
DMEM containing 5.5 mmol/L glucose for 4 h at 37°C. The
media were collected and measured for basal insulin secre-
tion, and then fresh media with 5.5 mmol/L, 16.5 mmol/L, or
28 mmol/L glucose were added. At the end of this second 4 h
of incubation, the final media were collected and frozen at
—70°C until they were assayed for insulin content. To esti-
mate total cellular insulin levels, the total cell protein content
was tested using the BCA Protein Assay Kit (Beyotime).
Measurement of cellular and secreted insulin was performed
with chemiluminescence immunoassay system ADVIA cen-
taur (Bayer, Tarrytown, NY). Preinduced MSCs performed as
above were used as a control group.

Statistics analysis. Data are presented as mean *= SD.

Results were analyzed by independent-samples z-test and
1-way analysis of variance. Statistical significance was set at
P < 0.05.

RESULTS

Isolation and characterization of human UCB-MSCs. In
this study, we successfully isolated 16 MSCs from 42
term UCB units (16/42, 38.09%). The onset of fibroblast-
like cell colony formation could be observed approxi-
mately during 6 to 12 days after first seeding, and
attachment of osteoclast-like cells to culture flasks was
rare (Fig 1, A). Osteogenic differentiation and adipo-
genic differentiation could be induced in those cells
defined by von Kossa and Oil-red O staining (Fig 1, B
and C). Neural-like cells could be induced and defined
by expression of NSE (Fig 1, D). Flow cytometric
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Fig 2. Immunophenotyping of MSCs from human UCB. Cells at passage 3 were examined by flow cytometry.
UCB-MSCs were strongly positive for MSC-specific markers such as CD29, CD44, CD105 and CD90, while

negative for CD14, CD19, CD34 and CD45.

Fig 3. Morphological changes in endocrine differentiation. (A) The cells were spindle-shaped and fibroblast-like
before induced; (B, C) In step 2, the induced cells turned shorter and changed into round epithelial-like (X200);
(D, E) Islet-like cell clusters appeared at end of step 2, and more islet-like clusters were formed in step 3

(DX100, EX400).

analysis showed that MSC-specific markers CD29,
CD44, CD90, and CD105 were detected, but that he-
matopoietic antigens CD34, CD45, lymphomonocyte
antigen CD14, and endothelial antigen CD19 could not
be detected (Fig 2).

In vitro differentiation of UCB-MSCs into insulin-producing
cells. UCB-MSCs were induced into islet-like cells by a
3-step, 15-day protocol. At step 1, changes in cell
morphology could not be observed. During continued
culture, the rate of cell proliferation became slower, and
these spindle-like cells became short and changed into
round and epithelial-like at the end of step 2, about 9

days after differentiation. Meanwhile, some new islet-
like clusters started to appear, ranging from 100 to 150
um in diameter. At step 3, more islet-like clusters were
formed, and there were 3 *+ 1.4 clusters per cm? (Fig 3).
Ultrastructural analysis showed that induced cells con-
tained small secretory granules, which is a characteris-
tic of pancreatic endocrine cells (Fig 4).

Moreover, we found that islet-like clusters did not
form when UCB-MSCs were induced on dishes without
ECM gel in step 2, and the control MSCs cultured on

dishes with ECM gel coated could not produce clusters
either.
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Fig 4. Electron microscopic analysis of islet-like cells. (A) Few
secretory granule was found in pre-induced human UCB-MSCs
(X6000); (B) But within the cytoplasm of induced cells, small
secretory granules were often found (X8000).

RT-PCR analysis of gene expression of insulin-producing
cells. To determine whether UCB-MSCs had differen-
tiated into pancreatic endocrine cells, gene expression
profiles for pancreatic (-cell differentiation markers
and hormones were assessed by RT-PCR. As illustrated
in Fig 5, endocrine cell differentiation-related genes
were not expressed in preinduced cells. After differen-
tiation, many characteristic pancreatic endocrine cell
marker genes were expressed at the end of our protocol,
such as PDX-1, Pax4, Ngn3, insulin, glucagon, and
Glut-2. When induced by the 3-step protocol without
the ECM gel coated, the differentiated cells only
weakly expressed PDX-1, Pax4, and Ngn3, and small
cluster formation could not be observed.

Immunofluorescence and western blot analysis of func-
tional islet proteins. To investigate the expression
of pancreatic hormones, immunofluorescence analyses
was performed for insulin, C-peptide, and glucagon in
MSCs-derived clusters (Fig 6). The result showed that the
cells were positive staining for insulin and C-peptide.
Because the anti-C-peptide antibody recognizes both C-
peptide and proinsulin, the positive staining of C-peptide
indicated that the differentiated cells were likely to syn-
thesize and process insulin. Furthermore, we found
some cells were positive staining for glucagon. But do
insulin-positive cells also coexpress glucagon? Or the
cell expressing insulin is different from the cell ex-
pressing glucagon. We performed double immunoflu-
orescent staining of insulin and glucagons and found
that the insulin-positive cells were negative staining for
glucagons. However, considering the insulin content
and responsibility to glucose stimulation, we suspected
the induced cells were most likely to represent imma-
ture pancreatic endocrine cells that coexpressed insulin
and glucagon. So the result needs additional testing.
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Fig 5. Gene expressions during human UCB-MSCs differentiation.
M: DNA marker; 1: Pre-induced MSCs; 2: Cells at end of step 1; 3:
Cells at end of step 2; 4: Cells at end of step 3; A: Without ECM gel;
B: ECM gel coated.

Furthermore, Western blot analysis showed that only
proinsulin was detectable in the cell lysate, but that
insulin and C-peptide were not. The reason may be the
detection of C-peptide and insulin in Western blot is
relatively difficult, because each of them is only about
5 kDa big. The other probable reason is that the cells
maybe immature and store insulin in its proinsulin form
(Fig 7).

Flow cytometric analysis of insulin-positive cells. It was
found that (1.11 = 0.15)% of preinduced cells were
insulin-positive, whereas (25.2 = 3.36)% of differenti-
ated cell were insulin-positive (n = 6, t = 17.50, P <
0.01) (Fig 8, A).

Insulin content and release in response to glucose
stimulation. Insulin secretion analysis indicated that
preinduced cells showed no significant release of insu-
lin in the presence or absence of glucose challenge (Fig
8, B). After differentiation, these islet-like cells pro-
duced much more insulin and secreted it into extracel-
lular medium. However, those differentiated cells were
not responsive to glucose challenge very well. No sig-
nificant increased insulin secretion was observed in
higher glucose concentration. Because 8 cells of the
pancreatic islets of Langerhans act as glucose sensors,
adjusting insulin output to the glucose level, the relative
defect in the insulin response to glucose indicates those
differentiated cells are most likely incompetent imma-
ture islet-like cells.

As an additional assessment, we evaluated the con-
tent of total cellular insulin in both preinduced (0.14 =
0.02-ng/mg protein) and induced cells (12.28 * 4.59-
ng/mg protein) and found that induced cells showed a
significant increase (n = 7, t = 6.99, P < 0.01). The
proportion of insulin release to insulin content in dif-
ferentiated cells was approximately 9.2%.
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Fig 6. Insulin, C-peptide and glucagon production by induced human UCB-MSCs. (IN: induced cells; Pre:
pre-induced cells) (A) Pre-induced human UCB-MSCs were negative for islet hormones staining, but induced
UCB-MSCs showed the staining of insulin, C-peptide and glucagon. (B) Series of optical sections by a laser-scanning
confocal microscope through the insulin positive cells were acquired at 1.6 wm intervals in the axial dimension. Small
light insulin secretory granules were in cytoplasm (X400). (Color version of figure is available online.)
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Fig 7. Western blot analysis of insulin and C-peptide in differenti-
ated human UCB-MSCs. A: Western blot analysis of insulin; B:
Western blot analysis of C-peptide. 1: Pre-induced MSCs; 2: Cells at
end of step 1 (3 days after differentiation); 3: Cells at end of step 2
(9 days after differentiation); 4: Cells at 12 days after differentiation;
5: Cells at end of step 3 (15 days after differentiation).

DISCUSSION

Nowadays many attempts have been made to gener-
ate new insulin-producing cells in vitro from non-£3
cells > 12171827 A an excellent candidate for cell-

based therapy, MSCs are multipotent, and it has been
demonstrated that mouse bone marrow-derived mesen-
chymal stem cells (BM-MSCs) can differentiate into
insulin-expressing cells. The use of MSCs to treat dia-
betes seems promising. In the study reported here, we
obtained islet-like clusters from human UCB-MSCs
using a 3-step protocol. These induced cells express
pancreatic 3-cell markers, including insulin, glucagon,
Glut-2, PDX1, Pax4, and Ngn3, and they can synthesize
and secrete functional islet proteins, such as insulin,
glucagon, and C-peptide. It indicates the potential for
deriving functional  cells from human UCB-MSCs
and warrants additional investigation.

Recently, several different laboratories have success-
fully isolated MSCs from UCB,*®73° but some re-
searchers do not think UCB is a rich source of MSCs
for the low frequency of MSCs in term UCB.?! In this
study, we have obtained fibroblast-like cells that
showed some characteristic features of MSCs from
term UCB with an efficiency of greater than 38%, using
L-DMEM containing 30% FBS. Those cells showed
plastic-adherent capability. The immunophenotype of
these cells, which seemed similar to that of MSCs
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Fig 8. Frequence of insulin positive cells and insulin secretion of pre- and induced human UCB-MSCs. (A) Insulin
positive rate of pre-induced cells was (1.11 * 0.15)%, while that of induced cells was as high as (25.20 = 3.36)%
(n = 6,t=17.50, P < 0.01); (B) Basal insulin secretion of pre-induced MSCs was low to 0.25 = 0.28 mU/L, but
that of induced cells was dramatically increased to 16.91 = 3.70 mU/L (n = 6, r = 10.98, P < 0.01). Insulin secretion
of induced cells in response to glucose showed that although insulin concentration increased with glucose challenge
(5.5 mM: 16.65 = 3.29 mU/L; 16.5 mM: 17.71 = 2.54 mU/L; 28 mM: 19.57 £ 3.66 mU/L), the difference was not
statistically significant (n = 6, F = 1.05, P = 0.38). (Color version of figure is available online.)

reported by Kern et al,?’ is negative for CD45,
CD34, CD19, and CDI14, but positive for CD29,
CD44, CD90, and CD105. In addition, these MSCs-
like cells have the capability to differentiate into
osteoblasts, adipocytes, and neural-like cells. These
findings are consistent with the characterization of
MSCs that had been reported.’>>* Therefore, we
believe that the cells we have obtained most likely
represent mesenchymal stem cells derived from hu-
man UCB.

Kern et al*® indicated that in contrast to BM- and
adipose tissue-MSCs, human UCB-MSCs did not show
adipogenic differentiation capacity, and the difference
may be related to tissue source. However, in this study,
we successfully differentiated human UCB-MSCs into
adipocytes, which is consistent with what Lee et al*®
have reported. The conflicting data may be caused by
UCB-MSCs’ less sensitivity toward the adipogenic dif-
ferentiation and loss of adipogenic potential in Kern

et al’s postconfluence inducing system because of pro-
gressive aging. Some studies have reported changes in
MSCs morphology and phenotype with repeated pas-
sages in vitro and have also emphasized the loss of
adipogenic potential when they approached the end of
their proliferative life span.'*** Actually, although
MSCs are multipotent, MSCs isolated from different
tissues might exhibit diverse differentiation capacities.
For example, MSCs isolated from different fetal tissues
during the second trimester showed diverse adipogenic
and osteogenic differentiation potentials.>® The adipo-
genic capacity was markedly lower, but the osteogenic
capacity was higher, in the MSCs derived from fetal
spleen than from bone marrow, liver, or lung.*> Chang
et al*® also reported a higher adipogenic potential in
BM-MSCs than UCB-MSCs. Therefore, although sev-
eral studies have demonstrated that mouse BM-MSCs
can be transdifferentiated into insulin-secreting cells in
vitro, there is still the key question of whether human
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UCB-MSCs can differentiate into insulin-secreting
cells in vitro.

During embryonic development, a cascade of tran-
scription factors is activated to initiate the development
of pancreas. A key player in this system is the tran-
scription factor PDX-1, which is commonly expressed
in all pancreatic progenitor cells.*” RA is an important
signaling molecule in the development of the early
embryonic pancreas, which can induce PDX-I+
endoderm formation.*®*3° Moreover, a high-glucose
culture represents a critical factor for adult stem cell
transdifferentiation into insulin-producing cells.'”** In
this study, the induced cells cultured with high-glucose
and RA for 3 days expressed PDX-I and another pan-
creatic endocrine cell marker-Ngn3. The combination
of high glucose and RA specifically activates pancreatic
endocrine cell differentiation from UCB-MSCs. To
promote the maturation of induced cells, some matura-
tion factors, such as nicotinamide, EGF, and exendin-4,
were used in subsequent culture. Nicotinamide is a poly
(ADP-ribose) synthetase inhibitor that can induce islets
forming from the pancreatic progenitor cells, transdif-
ferentiation, and maturation of the liver stem cells into
insulin-producing cells.*'**> EGF can increase the num-
ber of undifferentiated endocrine precursor cells. Upon
removal of EGF, many B cells are differentiated.** In
this study, morphologic changes of cells were observed
after nicotinamide and EGF were added in the second
step. RT-PCR analysis showed that in addition to ex-
pression of Pdxl and Ngn3, induced cells also ex-
pressed Pax4 at the end of step 2. The data show that
nicotinamide and EGF accelerate the differentiation of
pancreatic precursor cells into endocrine cells. Exendin-4
is a potent GLP-1 agonist that has been shown to stimulate
both B-cell replication and neogenesis from ductal pro-
genitor cells. With the withdrawal of nicotinamide and
EGF, exendin-4 was added in the induction system in
step 3. The cells matured quickly in this stage with
more islet-like clusters formed and mRNA expression
of insulin, glucagon, and Glut-2. The functional islet
proteins could also be detected. However, the insulin
content of insulin-secreting cells is low, and glucose-
induced insulin secretion and its proportion (secretion
expressed as percent of content) are somewhat lower
than those in native islets. In addition, the differentiated
cells also expressed early pancreatic genes, such as
Pdxl, Ngn3, and Pax4, which suggests that the in
vitro-generated insulin-secreting cells are immature,
and some unknown inducing factors are necessary for
the last differentiation.

Previous study has demonstrated that microenviron-
ments are important in differentiation of stem cells.**
ECM has been shown to play a crucial role in cell differ-
entiation through rearrangement of the cytoskeletal net-
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work.® Matrigel, a mixture of ECM, is essential for
pancreatic progenitor cell migration, the 3-dimensional
cystic structures formation, and protrusion of the islet
bud.® If ESCs are cultured on the Matrigel, they can
form insulin-positive, islet-like clusters.*’ In our study,
we found that if UCB-MSCs were induced without
ECM gel coated, clusters formation and functional islet
proteins secretion could not be observed in 15 days.
Moreover, the morphology of differentiated cells
seemed better on ECM than without it. Although some
studies obtained insulin-secreting cells from mouse
MSCs without ECM gel coated, the induction strategies
took about 2—4 months'” or cluster formations were not
observed.'® Therefore, matrix and growth factors in
ECM are very critical for formation of 3-dimensional
structures and pancreatic endocrine cell maturation.

In conclusion, this study shows that human UCB-MSCs
are capable of differentiating into insulin-secreting cells in
vitro by a 3-step protocol. However, these cells are im-
mature in terms of insulin production and glucose respon-
siveness. It has been reported that mouse BM-MSCs
could transdifferentiate into insulin-producing cells that
were responsive to glucose stimulation under culture
conditions containing high concentrations of glucose
within 2—4 months.'” But in our previous study, we found
human UCB-MSCs are more susceptible to high-glucose—
induced apoptosis. The cells were aging early within 10
days of culture in a high-glucose condition. This result
indicated that some biological characters might be differ-
ent between mouse BM-MSCs and human UCB-MSCs,
or more multifactorial influences are involved in transdif-
ferentiation of human UCB-MSCs into competent insulin-
producing cells. Obviously, more research is needed to
make possible the use of human UCB-MSCs in diabetes
therapeutic approaches.
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