Wuhan University
Journal of Natural Sciences 2023, Vol.28 No.2, 177-184

NJ2830/

Article ID 1007-1202(2023)02-0177-08
DOI https://doi.org/10.1051/wujns/2023282177

Role of miR-128/216a Regulating Isi1
Expression during Differentiation of
Human Umbilical Cord Mesenchymal

Stem Cells into Insulin-Producing
Cells

[0 MU Tianchi', WANG Tao*’, GAO Zhenyu?®, PAN Xin?, LIU Yingxue®
1. Clinical Laboratory of the First Affiliated Hospital, Jinzhou Medical University, Jinzhou 121001, Liaoning, China;
2. Medical Treatment College, Jinzhou Medical University, Jinzhou 121013, Liaoning, China;
3. Nephrology of Jinzhou Central Hospital, Jinzhou 121001, Liaoning, China

© Wuhan University 2023

Abstract: Islet-1 (Isl1), a LIM homeodomain protein, is expressed in the embryonic pancreatic epithelium. As a key transcription factor,
Isl1 can not only regulate insulin gene expression in normal glucose condition but also maintain 3-cell function and impact pancreatic 3
-cell target genes. Some experiments have suggested that MicroRNA (miRNA) can play a critical role during the induction of insulin-
producing cells (IPCs). However, it is unclear whether miRNA may regulate Isll expression during differentiation of human umbilical cord
mesenchymal stem cells (HUMSCs) into IPCs. In this investigation, we induced HUMSCs into IPCs with a modified two-step protocol, ac-
tivin A, retinoic acid (stepl) and conophylline, nicotinamide (step2). To find the miRNA regulating Isll expression, we respectively used
TargetScan, miRDB and RNAhybrid to predict and got the result, miR-128 and miR-216a. The miRNAs can inhibit Isl1 expression by dual
luciferase assay. The results of real-time Polymerase Chain Reaction (PCR) showed that Isl1 expression level was almost reciprocal to that
of miR-128 and miR-216a during differentiation of HUMSCs into IPCs. Furthermore, over-expression of miR-128 or miR-216a down-
regulated expression levels of Isl1 and MafA. Therefore, miR-128 or miR-216a may regulate expression of islet-specific transcription fac-
tors to control differentiation of HUMSCs into IPCs.
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0 Introduction reliable approach for the therapeutic problem and the
generation of insulin-producing cells (IPCs) from mesen-

In patients with type 1 diabetes mellitus, the auto- chymal stromal cells (MSCs) is one of the most attrac-
immune destruction of B cells results in hyperglycemia tive interests®. MSCs are ideal donor cells for cell trans-
and metabolic disorders'. Replacing B cells would be a plantation due to the strong immunoregulatory effect™.
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MSCs derived from Wharton’s jelly of human umbilical
cord (HUMSCs) have critical advantages over MSCs
from bone marrow, owing to non-invasion and better ac-
cessibility™”.

Islet-1 (Isll), an LIM homeodomain protein, is ex-
pressed in the embryonic pancreatic epithelium and
maintained in all postnatal islet endocrine cells’. During
late stages of islet development, the Is//-deficient mice
developed postnatal diabetes due to increased apoptosis
of endocrine cells”. Furthermore, Isl1 is required for the
maturation, proliferation and survival of the endocrine
pancreas™®. As a key transcription factor, Isll can not
only regulate insulin gene expression in normal glucose
condition"”, but also maintain B-cell function and im-
pact pancreatic B-cell target genes!"'"”.

MicroRNA (miRNA) can regulate gene expression
post-transcriptionally by complementary with target
mRNAM ", Tt is unclear whether miRNA may regulate
Isl1 expression during differentiation of HUMSCs into
IPCs. Here we respectively used TargetScan, miRDB
and RNAhybrid to predict the miRNA targeting Isll
3'UTR and identified by dual luciferase assay. Expres-
sions of the miRNA and Isll mRNA were determined
during differentiation of HUMSCs into IPCs and effects
after over-expression or down-regulation of the miRNA
were detected.

1 Materials and Methods

1.1 Culture and Differentiation of HUMSCs

HUMSCs were purchased from Cyagen Co., LTD.
They were cultured in DMEM containing 10% FBS (Hy-
Clone). To induce into IPCs, the cells of third to fifth
passages were cultured in DMEM/F12 with 2 nmol/L ac-
tivin A (Sigma) and 2 pmol/L retinoic acid (Sigma) for 6
days. The cells were further cultured and supplemented
with 10 mmol/L nicotinamide (Sigma) and 0.1 pg/mL
conophylline (BioBioPha).

1.2 Flow Cytometry Analysis

Flow cytometry was used to determine surface anti-
gen expression of HUMSCs. The cells were detached us-
ing 0.25% trypsin (Gibco) and then labeled with the fol-
lowing monoclonal antibodies: CDI9-FITC, CD44-PE,
CDI105-PE and CD34-FITC (Biolegend). Labeled cells
were analyzed on a FACSCalibur (Becton-Dickinson).

1.3 Dithizone (DTZ) Staining
Stock solution was prepared with 10 mg DTZ (di-

thizone, Sigma) in 1 mL DMSO (dimethyl sulfoxide).
Staining solution was made by adding 30 pL stock solu-
tion to 3 mL PBS and after 14 days of the induction, and
the cells were incubated in DTZ staining solution for 10
min. After rinsing three times with PBS, the cells were
examined with phase contrast microscope (Olympus).

1.4 Immunocytofluorescence

After 14 days of the induction the cells were fixed
with ice-cold methanol for 8 min and permeabilized
with 0.05% Triton X-100 (Sigma) for 5 min. After block-
ing with 5% normal horse serum dissolved in PBS for 1 h,
the cells were incubated overnight with anti-C-peptide
antibody (1:200, Santa Cruz) and anti-PP antibody (PP:
pancreatic polypeptide, 1:200, Santa Cruz) at 4 °C. The
cells were further incubated with FITC or Texas Red-
conjugated anti-rabbit IgG (1:1 000, Sigma-Aldrich) for
1 h. Followed by washing, nuclei were counterstained
using Hoechst 33342 and the samples were examined
with a fluorescence microscope (Olympus).

1.5 Insulin Secretion Assay

After 14 days of the induction the cells were
washed three times with Krebs Ringer bicarbonate
(KRB) buffer and pre-incubated for 1 h in KRB buffer.
The cells were then incubated in KRB buffer containing
2.8 (low) or 16.7 (high) mmol/L glucose for 1 h at
37 °C. The medium was collected and stored at —20 °C.
Insulin levels were measured with Human Insulin
ELISA Kit (Millipore) and the data were normalized to
total protein. The insulin secretion assay was previously
reported by Wei et al'),

1.6 Prediction of miRNA

The binding site between Isll mRNA and miRNA
was respectively predicted with TargetScan (http://www.
targetscan. org/), RNAhybrid (https://bibiserv. cebitec.
uni-bielefeld. de /rnahybrid) and miRDB (http://mirdb.
org/cgi-bin/search.cgi).

1.7 Dual Luciferase Assay
The binding site of Isll mRNA was cloned by Poly-

merase Chain Reaction (PCR) and inserted between the
Sac I and Xba I restriction sites of pmirGLO vector (Pro-
mega) for construction of the luciferase reporter vector
according to the method of Mu et al'”. The oligonucle-
otides of wildtype version (wt) were 5’-CCGAGCTCCC
TGTTGGAGAAAGTGGG-3’(sense) and 5’-GCTCTAG
ATTTGCGTTTTGTTTGTTG-3 " (anti-sense). A mutated
version(5’-GUGAUAUGGUAGCAAUCACACUAA-3’,
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mut) was constructed with QuickChange Site-Directed
Mutagenesis Kit (Stratagene) according to Xue et al'"”.
293T cells were seeded into 12-well plates and trans-
fected with 200 ng of empty reporter (vehicle),
pmirGLO-Isl1-wt or pmirGLO-IsI1-mut using Lipo-
fectamine 2000 (Invitrogen) and then cotransfected with
20 nmol/L of control mimic duplexes, miR-128 or miR-
216a mimic and miR-128 or miR-216a inhibitor (Dhar-
macon) according to Bai ef al'¥. The cells were assayed
for Firefly luciferase activity and Renilla reniformis lu-

ciferase activity using the Dual-Luciferase Assay Sys-
tem (Promega).

1.8 Real-Time PCR

Total RNAs and miRNAs were isolated and reverse
transcription was carried out with PrimeScript™ RT re-
agent Kit with gDNA Eraser (TaKaRa). Quantitative
PCR was done with One Step TB Green” PrimeScript™
RT-PCR Kit (TaKaRa) and the data were normalized to
Gapdh. Primers were listed in Table 1 and the reverse
primers of miRNA were universal.

Table 1 Primer sequence of real-time PCR

Gene Primer sequence Annealing 7' /°C
Octd Forward: 5>-GGGTGGAGGAAGCTGACAAC-3’ 60
Reverse: 5>-GGTTGCCTCTCACTCGGTTC-3’
ISl Forward: 5-TGCAAGGACAAGAAGCGAAG-3 2
s Reverse: 5’-GAGTTCCTGTCATCCCCTGG-3’
Pdx1 Forward: 5-CCCTCCTACAGCACTCCACC-3 64
X
Reverse: 5-CCGCTGTGTGTGTTAGGGAG-3’
Insuli Forward: 5’-CAGATCACTGTCCTTCTGCC-3’ 6
nsulin
Su Reverse: 5-GTTGGTTCACAAAGGCTGCG-3’
MafA Forward: 5°-TCATCCGGCTCAAGCAGAAG-3’ 2
a Reverse: 5-GTTGGCACTTCTCGCTCTCC-3’
Gandh Forward: 5>-TGCACCACCAACTGCTTAGC-3’ 60
ap Reverse: 5-GGCATGGACTGTGGTCATGAG-3"
miR-128 Forward: 5>-TCACAGTGAACCGGTCTCTTT-3 62
miR-216a Forward: 5-TCACAGTGGTCTCTGGGATTAT-3’ 62

1.9 SDS-PAGE and Western Blot

HUMSCs were transfected with 20 nmol/L of con-
trol mimic duplexes, miR-128 or miR-216a mimic and
miR-128 or miR-216a inhibitor and cultured with 10
mmol/L nicotinamide and 0.1 pg/mL conophylline for 2
days. The cells were harvested and lysed in a lysis buf-
fer. The lysates containing 15 pg of protein were heated
for 5 min in SDS sample buffer and separated by electro-
phoresis on 10% polyacrylamide gel, and then trans-
ferred to supported nitrocellulose membrane (Bio-Rad).
Membranes were blocked for 1 h and incubated with
anti-Isll (1: 100, Santa Cruz) and anti-MafA (1: 200,
Santa Cruz) overnight at 4 °C. The blots were incubated
with horseradish conjugated secondary antibodies and
detected with enhanced chemiluminiscence reagents,
and then visualized.

1.10 Statistical Analysis

All experiments were performed at least three
times. Data are presented as meantSEM. Statistical

analysis was performed using one-way ANOVA. Signifi-
cant difference was considered if P<0.05.

2 Results

2.1 Characterization of HUMSCs

Flow Cytometer (FCM) analysis of HUMSCs
showed the cells lacked expressions of CD19 (0.11%),
CD34 (0.15%) and they positively expressed CD44
(99.37%), CD105 (99.28%). CD19 and CD34 repre-
sented two of hematopoietic markers, whereas CD44
and CD105 were markers of MSCs (Fig. 1).

2.2 Differentiation of HUMSCs into IPCs

HUMSCs were cultured and induced to differenti-
ate into IPCs. Under a phase contrast microscope, HUM-
SCs displayed a uniform pattern with a typical short
spindle shaped morphology (Fig. 2(a)). After 14 days of
the induction, the cells gathered into clusters (Fig. 2(b))
stained scarlet by DTZ (Fig. 2(c)) and expressions of C-
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Fig. 1 Characterization of HUMSCs

HUMSCs were harvested and labeled with antibodies against CDI19,
CD34, CD44 and CD105 and then analyzed by flow cytometry
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peptide (Fig. 2(d)) and PP (Fig. 2(e)) could be detected
by immunofluorescence staining. The nuclei were coun-
terstained using Hoechst 33342 (Fig. 2(f)).

The expressions of Pdx1, Oct4 and Insulin were de-
termined by real-time PCR during the induction. If the
maximum of gene expression was set as 1, Pdx1 expres-
sion level after 4 days of the induction was (0.241+
0.069) and increased to (0.456+0.081) after 10 days and
reached the maximum after 14 days. Insulin expression
level after 4 days of the induction was (0.01740.022)
and increased slowly to (0.089+0.044) after 10 days and
reached the maximum after 16 days. On the contray,
Oct4 expression level in HUMSCs (0 d) was the maxi-
mum and decreased rapidly to (0.035+0.033) after 10
days and decreased slowly afterwards (Fig. 2(g)).

The glucose-stimulated insulin release was also
made during the induction. After 14 days of the induc-
tion, there was a significant increase of insulin release at
low (100.68+8.71, P<0.05) and high (117.24+8.06, P<
0.05) levels of glucose challenge compared with that

2l
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0 7 14 21
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Fig.2 Differentiation of HUMSC:s into IPCs
Light micrograph of HUMSCs before (a) or after 14 days (b) of the induction. The induced cells could be stained by DTZ (c) and expressions of C-peptide
(d) and PP (e) were positive by immunofluorescence staining. The nuclei were counterstained using Hoechst 33342 (f). Pdx1, Oct4 and Insulin expressions

were determined during the induction by real-time PCR and the maximum of gene expression was set as 1 (g). The insulin release at low (2.8 mmol/L) and
high (16.7 mmol/L) levels of glucose challenge was made in HUMSCs (0 day) and after 7, 14 and 21 days of the induction (h). *P < 0.05 vs. 7 days. Scale

bar: 50 um
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(20.454£5.96; 19.33+£6.12) after 7 days, respectively. Af-
ter 21 days the insulin content was declined and still
70.17+9.62 (P<0.05) and 85.32+8.43 (P<0.05) as com-
pared with that after 7 days, respectively. But there was
no statistical significance of insulin release between low
and high levels of glucose challenge (Fig. 2(h)).

2.3 Prediction of miRNA Targeting Isl1 3' UTR

To find the miRNA targeting Isl1 (GI: 115387113),
we respectively used TargetScan, miRDB and RNAhy-
brid to predict and got the results, miR-128 and miR-
216a. TargetScan showed that the target sites of two miR-
NAs were the same and conserved from position 170 to
177 of Isll 3" UTR. The seed match of miR-128 and
miR-216a was 8mer and both context+ score percentiles
were 99 (Fig. 3(a)). The target sites (CACTGTG) of two
miRNAs on Isl1 3’ UTR were also the same and the seed
location was 170 and the target score was 78 shown by
miRDB (Fig. 3(b)). RNAhybrid showed the "seed"
(GUGACAC) of two miRNAs was the same and the
minimum free energy (MFE) was —24.1 kcal/mol and
-20.8 kcal/mol (1 kcal=4.2 kJ), respectively (Fig. 3(c)).
All of these indicated two miRNAs were well comple-
mentary with their target site.

2.4 Identification of miR-128 or/and miR-216a
Regulating Isl1 Expression

If luciferase activity from pmirGLO (vehicle) was
defined as 1 in control group, luciferase activity from
pmirGLO-IsI1-wt (wt) was suppressed by miR-128 or
miR-216a mimic. Instead, miR-128 or miR-216a mimic
did not affect luciferase activity from pmirGLO-Isl1-
mut (mut). However, luciferase activity from "wt" was
increased by miR-128 or miR-216a inhibitor and miR-
128 or miR-216a inhibitor did not affect luciferase activ-
ity from "mut" (Fig. 4(a)). This illustrated that miR-128
and miR-216a could inhibit Isl1 expression.

In further, real-time PCR was employed to measure
miR-128, miR-216a and Isll mRNA expression levels
during differentiation of HUMSCs into IPCs. If gene ex-
pression in HUMSCs was defined as 1, Isll mRNA ex-
pression level after 4 days of the induction was higher
than that in HUMSCs and increased to (30.79+6.97) fold
after 14 days, but then declined and still (21.89+7.04)
fold after 18 days. On the contray, expression of miR-
128 after 4 days was lower than that in HUMSCs and de-
creased to (0.1734+0.027) fold after 18 days. Similarly,
expression of miR-216a after 4 days was (0.5174+0.072)
fold as compared with that in HUMSCs and decreased to

(0.136+0.037) after 18 days (Fig. 4(b)). The result corre-
sponded to that of dual luciferase assay.

2.5 Effect of miR-128 and miR-216a on the
Differentiation of HUMSCs

Real-time PCR was employed to measure the ex-
pression level of miR-128 or miR-216a after transfection
with its mimic or inhibitor. The expression of miR-128
(13.46£1.07) or miR-216a (15.72+£0.95) was higher in
the mimic group than that in control group, while the ex-
pression of miR-128 or miR-216a was (0.21+0.02; 0.18+
0.02) fold lower in the inhibitor group than that in con-
trol group, respectively (Fig. 5(a)).

The expression of target gene Isl1 and one of B-cell-
specific transcription factors MafA were analyzed to ex-
plore effect of miR-128 and miR-216a on differentiation
of HUMSCs into IPCs. Isll mRNA expression level in
miR-128 or miR-216a mimic group was (0.465+0.061;
0.371£0.052) fold lower than that in control group. Simi-
larly, MafA expression decreased to (0.539+0.048;
0.543+0.064) in miR-128 or miR-216a mimic group.
However, Isll mRNA expression level in miR-128 or
miR-216a inhibitor group was (1.468+0.064; 1.589+
0.077) fold higher than that in control group. MafA
mRNA expression level was (1.037+0.045; 0.973+
0.069) in miR-128 or miR-216a inhibitor group, while
there was no difference between the inhibitor group and
the control group (Fig. 5(b)). The protein level in miR-
128 or miR-216a mimic group was significantly de-
creased compared with the control group (Fig. 5(c)).

3 Discussion

Here we cultured HUMSCs in vitro and found the
cells lacked expression of the hematopoietic markers
and positively expressed two of the major markers char-
acteristic of MSCs. The cells of third to fifth passages
were induced into IPCs with a modified two-step proto-
col, activin A, retinoic acid (stepl) and conophylline,
nicotinamide (step2). Previously, we developed an one-
step method with activin A, conophylline and nicotin-
amide to induce mouse bMSCs into IPCs!"”. In this
study, after 14 days of induction the cells gathered into
clusters and expressions of C-peptide and PP could be
detected by immunofluorescence staining. The mRNA
of Isl1, Pdx1 and Insulin had characteristics of temporal
expression and there was a significant increase of insulin
release at different levels of glucose challenge during
the induction. But there was no statistical significance of
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Position 170-177 of ISL1 3'UTR 5 ... GUGAUAUGGUAGCAACACUGUGA. ..

LTI
hsa-miR-128-3p ¥ UUUCUC UG GCCAMG UG ACACT

Position 170-177 of ISL1 3'UTR 5" ... GUGAUAUGGUAGCAACACUGUGA. . .
LTI

hsa-miR-216a-3p 3 UATUAGGGUCUCUGG UG AC ACT
(a)

MicroRNA and Target Gene Description:

miRNA Name hsa-miR-128-3p miRNA Sequence UCACAGUGAACCGGUCUCUUU
Previous Name hsa-miR-128a

Target Score 78 Seed Location 170

miRNA Name hsa-miR-216a-3p miRNA Sequence UCACAGUGGUCUCUGGGAUUAU
Target Score 78 Seed Location 170

NCBI Gene ID 3670 GenBank Accession NM 002202

Gene Symbol ISL1 3' UTR Length 1131

Gene Description ISL LIM homeobox 1

3' UTR Sequence

GGAMCATTCA TTICTGTATTT TTTTTOCCIG TTGGAGAALG TGGGAAATTA TAATGTOGAA

61 CTCTGAAMCA AAAGTATTTA ACGACOCAGT CAATGAAAAC TGAATCAAGA AATGAATGCT
121 CCATGAAATG CACGAAGTCT GTTTTAATGA CAAGGTGATA TGGTAGCAAC ACTGTGALGA
181 CAATCATGGG ATTTTACTAG AATTAAACAA CAAACAAAAC GCAAAMCQOCA GTATATGCTA
241 TTCAATGATC TTAGAAGTAC TGAAAAAAAAL AGACGTTTTT AAALCGTAGA GGATTTATAT
301 TCAAGGATCT CAAAGAAAGC ATTTTCATTT CACTGCACAT CTAGAGAAAA ACAAAAATAG
361 AABATTTTICT AGTCCATCCT AATCTGAATG GTGCTGTITIC TATATTGGTC ATTGOCTIGC
421 CAAMCAGGAG CTOCAGCAAA AGCGCAGGAA GAGAGACTGG CCTCCTTGGC TGAAAGAGTC
481 CTTTCAGGAL GGTGGAGCTG CATTGGTTIG ATATGTTTAA AGTTGACTTT AACAMGGGGT
541 TAATTGAAAT OCTGGGTCTC TTGGCCTGTC CTGTAGCTGG TTTATTTTITT ACTTTGOCCC
601 CTCOCCACTT TTTTTGAGAT CCATCCTTITA TCAAGAAGTC TGAAGCGACT ATAAMGGTTT
661 TTGAATTCAG ATTTAAAAMC CAACTTATAA AGCATTGCAA CAAGGTTACC TCTATTTIGC
T21 CACAAGCGTC TCGGGATTGT GTTTGACTTG TGTCTGTCCA AGAACTTTTC OCOCAALGAT
781 GTGTATAGTT ATTGGTTAAA ATGACTGTIT TCTCTCTCTA TGGAAATAAA AAGGAAAAAA
841 AAAAAGGAAA CTTTTTTTGT TTGCTCTIGC ATTGCAAAAA TTATASAGTA ATTTATTATT
901 TATTGTCGGA AGACTTGCCA CTTTTCATGT CATTTGACAT TTTTTGTTIG CTGAAGTGAA
961 AAAAAMAGAT AASGGTTGTA CGGTGGTCTT TGAATTATAT GTCTAATICT ATGTGTITTG
1021 TCTTTTTCTT AAATATTATG TGAAATCAAA GCGCCATATG TAGAATTATA TCTTCAGGAC
1081 TATTTCACTA ATAAACATTT GGCATAGATA AATAAATAAA AAAAAAALAL A

(b)

—

Target: GI//15387113:1599-1920
length: 321

WiRHA: hss-miR-/128

length: 21

mfe: -24. 1 keal/mol
p-value: 1. 000000e+00

Position: 151

target § C U A  AGCAA AT
AAGG GAU UGGU CACUGUGA
e CuG GOCA GUGACACU

mfe: -24.1 kcal/mol

miRMA 3 U A 5

Target: 6I//15387113:1599-1920 5
length: 321 G
WiRHA: hssmiR-2/6s

length: 22

mfe: -20.8 kcal/mol
p-value: 1. 000000e+00

Position: 154
target 5 G A U Caa A9
GUGAU UGG AG  CACUGUGA mfe: -20.8 kcal/mol
UAUUA GUC UC  GUGACACU
miRNA 3 GG UG 5
()

Fig.3 Prediction of miRNAs targeting Isl1 3' UTR
TargetScan showed the target site of miR-128 and miR-216a was the same and conserved from position 170 to 177 (a); The target sites (CACTGTG) of two

miRNAs on Isl1 3" UTR were also the same and the seed location was 170 and the target score was 78 shown by miRDB (b). RNAhybrid showed the "seed"
(GUGACAC) of two miRNAs was the same and the MFE was —24.1 kcal/mol and —20.8 kcal/mol, respectively (c); 1 kcal=4.2 kJ
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Fig. 4 Identification of miR-128 or/and miR-216a regulating Isl1 expression
(a) Relative luciferase activity cotransfected with empty reporter (vehicle), pmirGLO-Isl1-wt (wt) or pmirGLO-Isl1-mut (mut), and control mimic duplexes
(control), miR-128 or miR-216a mimic and miR-128 or miR-216a inhibitor; Relative luciferase activity from vehicle in control group was defined as 1, *P <
0.05; (b) Real-time PCR analysis of miR-128, miR-216a and Isll mRNA expression levels during the induction; Gene expression in HUMSCs (0 day) was
defined as 1 and the y-axis represented relative expression level compared with expression in HUMSCs
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Fig. 5 Effect of miR-128 and miR-216a on the differentiation of HUMSCs
(a) Real-time PCR analysis of miR-128 or miR-216a expression level after transfection with miRNA mimic or inhibitor; The miRNA expression level in the
control group was set as 1, *P <0.05 vs the control group; Isll and MafA expression levels were determined after transfection with miRNA mimic or
inhibitor by real-time PCR (b) and western blot (c). The expression level in the control group was respectively set as 1, *P < 0.05 vs. the control group; In
(c), a: control, b: miR-128 mimic, ¢: miR-128 inhibitor, d: miR-216a mimic, e: miR-216a inhibitor

insulin release between low and high levels of glucose
challenge, so the IPCs were immature.

Some miRNAs played a critical role during the in-
duction of IPCs™'™. Recently, Sebastiani et al'” ob-
served 18 miRNAs differentially expressed (11 were up-
regulated and 7 downregulated) during the induction of
human induced pluripotent stem cells into IPCs and dem-
onstrated that differentially expressed miRNAs target
several genes involved in pancreas organogenesis. In our
study, we respectively used TargetScan, miRDB and
RNAhybrid to predict miRNA targeting Isl1 and got the
results, miR-128 and miR-216a. The result of dual lucif-
erase assay illustrated that miR-128 and miR-216a could
inhibit Isl1 expression by binding to its 3'UTR and fur-
ther identified by real-time PCR. Isll expression level
was rapidly risen after 8§ days of the induction and in-
creased to the maximum after 14 days. On the contrary,

expression levels of miR-128 and miR-216a were rapidly
decreased after 8 days and declined to the minimum after
14 days. The result showed that Isl1 expression level was
almost reciprocal to that of miR-128 and miR-216a and
this corresponded to that of dual luciferase assay.

To explore roles of miR-128 and miR-216a on dif-
ferentiation of HUMSC:s into IPCs, we compared expres-
sion levels of Isll and MafA using real-time PCR and
western blot. After transfection with miRNA mimic, Isl1
and MafA mRNA expression levels were significantly
decreased. Instead, Isll mRNA expression level in
miRNA inhibitor group was higher than that in control
group, while there was no difference in MafA mRNA ex-
pression level between the inhibitor group and the con-
trol group. Similar changes of protein level were shown
by western blot and this also corresponded to that of
dual luciferase assay. This indicated that MafA was not
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the target gene of miR-128 or miR-216a and its expres-
sion level could be decreased as Isll expression level
was significantly decreased because MafA was the
downstream gene of Isl1. So miR-128 or miR-216a may
regulate expression of islet-specific transcription factors
to control the differentiation of HUMSC:s.

4 Conclusion

In this investigation, we induced HUMSCs into
IPCs with a modified two-step protocol. To find the
miRNA regulating Isll expression, we respectively used
TargetScan, miRDB and RNAhybrid to predict and get
the results, miR-128 and miR-216a. The miRNAs can in-
hibit Isl1 expression by dual luciferase assay. The results
of real-time PCR showed that Isll expression level was
almost reciprocal to that of miR-128 and miR-216a dur-
ing differentiation of HUMSCs into IPCs. Furthermore,
over-expression of miR-128 or miR-216a down-regulated
expression levels of Isl1 and MafA. Therefore, miR-128
or miR-216a may regulate expression of islet-specific
transcription factors to control differentiation of HUM-
SCs into IPCs.
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