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Polygene-modified mouse induced differentiation of pluripotent stem cells into insulin-producing cells
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[Abstract] Objective To evaluate the effects of key insulin gene transcription regulators (PDX-1, NeuroD1 and MafA)
on the differentiation of induced pluripotent stem cells (iPSCs) into insulin-producing cells. Methods Mouse embryonic
fibroblasts ( MEFs) were infected with lentivirus (LV-efla-Hygromicin-TRE-Oct4/Sox2/KLf4/cMyc) at a multiplicity of
infection, and iPSCs were selected and identified. Then the iPSCs were infected with adenovirus (Ad-mPDX-1-IRES-GFP, Ad-
mNeuroD1-IRES -GFP and Ad-mMa fA-IRES -GFP) to induce differentiation into insulin-producing cells in vitro. RT-PCR was
applied to detect expression of functional genes in pancreatic islet B cells; immunofluorescence was used to examine the
expression and location of insulin protein; and ELISA was used to determine the volumes of secreted insulin at different
concentrations of glucose (0,5,10,20,30, and 40 mmol/L). Results The iPSCs derived from MEFs could form intensive
clones with smooth boundary. express embryonic stem cell-specific cell surface markers, including Nanog, SSEA-1 and Rea-1,
and differentiate into three embryonic layers, which indicating that MEFs were successfully reprogrammed into iPSCs. Mouse
iPSCs infected with Ad-PDX-1-IRES-GFP, Ad-mNeuroD-IRES-GFP., and Ad-mMafA-IRES-GFP could differentiate into
pancreatic islet B cells. RT-PCR results showed that polygene-modified iPSCs and pancreatic islet B-cell line MIN6 had similar
gene expression profile. Immunofluorescence analyses confirmed insulin expression in the differentiated cells. Results of ELISA
showed that polygene-modified iPSCs had a satisfactory response to different concentrations of glucose. Conclusion Key insulin

gene transcription regulators PDX-1, NeuroDl and MafA can work synergistically to induce mouse iPSCs differentiation into
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pancreatic islet B cells capable of insulin biosynthesis and secretion.
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Tab 1 Primers of endogenous Nanog,

Oct4, Sox2, Klf4 and --Myc in iPSCs

Gene Primer (5'-3")
Nanog
Forward TGC TTA CAA GGG TCT GCT ACT G
Reverse AGC CTC AGG ACT TGA GAG CTT
Oct4(endogenous)
Forward CAA GGC AAG GGA GGT AGA CA
Reverse CAA AAT GAT GAG TGA CAG ACA GG

Sox2(endogenous)

Forward GAA CTG GAG AAG GGG AGA GAT T
Reverse ATT TGG ATG GGA TTG GTG GT

K[ f4(endogenous)
Forward TGC TTG GTG AGT CGT GGT TC
Reverse AGG CTT ATT TAC CTG GCT TAG G

cMyc(endogenous)

Forward ACA CGG AGG AAA ACG ACA AG

Reverse TCG TCG TTT CCT CAA TAA GTCC
GAPDH

Forward CAG GTT GTC TCC TGC GAC TT

Reverse GGT GGT CCA GGG TTT CTT ACT

iPSC: Induced pluripotent stem cell

1.5.2 % —# ¢cDNA 4 & HBiflt RNA 0.1 ng~5
pgsoligo (dT) 18 primer 1 pL. /Il nuclease-free
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L IRCE 30 min, 7EICUK SBEHIRML 3 K, HIR
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6% BSA-0.3% Triton X-100 1) PBS ¥ 80 &t 4] 41
ML A — DU B A PR B, I B AR 1L 4°C
iE . H PBT (0. 1% Triton X-100) ¥ % 4l Jifd
3~5R ., W ZHU R B AE B R b, O B 20
Feah b = lCE 1 h, H PBT BE% 3 K. % Ho-
echst(1 mg/mI)FE LA 1 : 1 000 H PBS #i B, =i
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Tab 2 Primers of specified genes in pancreatic islet B cells

Gene Primer (5'-3")
Insulin 1
Forward ACT ATA AAG CTG GTG GGC ATC
Reverse GGG ACT TGG GTG TGT AGA AGA
Insulin2
Forward CAA GCA GCA CCT TTG TGG TT
Reverse AAG GTC TGA AGG TCA CCT GC

Glucokinase

Forward TGG TGG CAA TGG TGA ATG A

Reverse CCA CCA TCC GGT CGT ACT C
Glut2

Forward GAT CGC TCC AAC CAC ACT CA

Reverse CCA AGT AGG ATG TGC CAA TGA T
Glucagon

Forward GCT GAT GGC TCC TTC TCT GAC

Reverse ATC GTT GGG TTA CAC AAT GCT A
Kir6. 2

Forward GTA GAA ACC ACG GGC ATC AC

Reverse AGA CTG CGG TCC TCA TCA AG
SUR-1

Forward GCG TCA GCG AAT CAG TGT AG

Reverse GAG GCA GGT ACT GTA GCT TGT G
PC2

Forward GCT GGC GTG TTT GCA TTA G

Reverse CCG TAG CCA AAG AGG TGA TT
PC1/3

Forward GCC TAG AGC CCT GAA AGC TAA

Reverse GTT CCA ACA GCA GAA GTG AGT G
PDX-1

Forward TGG ATG AAA TCC ACC AAA GC

Reverse TGT GTC TCT CGG TCA AGT TCA A
NeuroD1

Forward TCC AGG GTT ATG AGA TCG TCA

Reverse TCT TGT CTG CCT CGT GTT CC
MafA

Forward TTC AGC AAG GAG GAG GTC AT

Reverse CTT CTC GCT CTC CAG AAT GTG
CAR

Forward TCC TGC TGA CCG TTC TTG TTA

Reverse CGC AGC ATA CAC TGG TCA GA
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P BRI (1 = 200, I AT 15 min BCAF, B AR
W 10 L AR SCRIRR AS I A B AL, B
FLIMA 100 L BEE5 G YRR . B0 403
MAL, ZE IR T AERE R EREFR 2 h, BALIIA 350 L
VRV Ve 6 . BEFLINA 200 L WO, =
WEEIFE 15 min, HFLIA 50 pL KB, TR
A), ZIREBEFRALIN 450 nm AbOGE B £
T,

2 &5 B

2.1 MEFs #93kB  fLfCE]% 3 U, MEFs 41 g
P T8 — 50, 2 it b (B 1A,

o -

1 /NERAEBRR MM (A) R EE 16 R/IMR
FESEERTHAREEB)EMRETES
Fig 1 Phase contrast images of MEFs (A) and
iPSCs clones established from MEFs (B)
MEF: Mouse embryonic fibroblast; iPSC; Induced pluripo-

tent stem cell. Original magnification: X200
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. i/ iPS 4 sk (R 1B) FLE BB 7E B
8RR v R v A0 e A% R L M /D L 4 e HE B R
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YRR, RT-PCR #:/N BLiPS 4H i+ 20 A Py 5 Pk 3
Nanog. Octd. Sox2. KLf4 M cMyc 03 ik (
2C) , AT LAY 5F 7 20/ B 1PS 40 A 40 i o 5 5 IR
() 2 3k 5 BHAEXT BB /N B ESC AR L, I MEFs BT 41

I P A PR 1 Rk i I B i 2 . /N BRL PS4 i
40 i B IF 15 3% T MEF 85 9% W P A8 I8 BRI 14 (&
2D), /MR IPS 4l fE KT 7: = 10 AR DA T B T A
% NOD-SCID /MR T .8 Jil J5 BE iR . H-E Y (o
BRIl W iG R (K 2E) .

Hoechst

Hoechst

Fig 2 Verification of the pluripotency of iPSCs established from MEFs

A Alkaline phosphatase (AP) staining of iPSCs clones established from MEFs; B: Immunofluorescence showing the expression

of pluripotency markers in expanded iPSCs clones; C: RT-PCR analysis of endogenous Nanog, Octd, Sox2, K{f4 and Myc in

iPSCs compared with the gene expression observed in the parental somatic cell populations and ES cells; D: Phase-contrast ima-

ges showing EBs differentiated from iPSCs; E: H-E and eosin staining of teratomas derived from immunodeficient mice that

were subcutaneously injected with iPSCs, representing all three embryonic germ layers, including neural tissue (ectoderm), car-

tilage (mesoderm), and epithelium (endoderm). iPSC: Induced pluripotent stem cell; MEF: Mouse embryonic fibroblast;
ESC: Embryonic stem cell; EB: Embryoid body. Original magnification: X200 (A,E), X400 (B); X60 (D)
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Fig 3 Directed differentiation of iPSCs into insulin-producing cells in vitro of the same visual field

A Bright-field images of 6-day EBs derived from PDX-1-,

NeuroD1- and Ma fA-infected iPSCs; B: GFP-expression was ob-

served in 6-day EBs using fluorescent microscopy; C: Bright-field images of 6-day EBs that had been transferred to cell culture

dishes for another 6 days; D: GFP-expression of figure 3C. iPSC: Induced pluripotent stem cell; EB: Embryoid body. Original

magnification; X40(A,B); X100(C,D)

EB

(polygene-
modified) MIN6

iPSC EB

Insulin 1 —
Insulin 2——

Glucokinase ——

Glut 2—

Glucagon —

Kir 6.2——

SUR-1—

PC2—

PC1/3—

PDX-1 —

MafAd —

NeuroD1 ——

GAPDH —

4 EABFSSUNNMNRESSERTHBIMNEGE
HREFRES BAMINGEERE RT-PCR &M 4R
Fig 4 RT-PCR analysis of PDX-1, NeuroD1,
MafA and specified genes in pancreatic islet B cells
of insulin-producing cells

iPSC: Induced pluripotent stem cell; EB: Embryoid body

2.4.3 REXAEBMNBEH XL ZEWMHESHL
BN B 1PS 40 AR A 8 35 18 d 5, SR 98 e I 22 3|

200 10 L 5 P 2R R AR E Y £L (SO (I 5) T TR] — ik
R 32 G 10 240 e B J5T vh TG WY S BH M RN, SR A =
L5 7E 1175 5 o AR /N BLPS 20 M N AT B R AR
SHUE SIS

A
Es HAmRRERREER

Fig 5 Expression of the insulin protein in the infected cells

by immunofluorescence examination
A Cells were incubated with anti-mouse insulin antibody; B:
Nuclei were stained blue with hoechst dye; C: Merge of A

and B. Original magnification: X400
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3 4t i
JRS BAIER Ntk k& RIKDH 4 2,

PR JZ I3 Ak BRI 54K L A 0 6 240 1 73 AR AT B 400 it %
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Fig 6 Insulin secretion by iPSCs induced for directed
differentiation after stimulation with glucose
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