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Abstract

AIM: To study the insulin secretion of insulin-producing
cells (IPCs) induced from embryonic stem cells (ESCs).

METHODS: ESCs were allowed to grow on mouse fetal
fibroblast feeder layer to keep undifferentiated state, and
then transferred into serum-free DMEM supplemented with
bFGF to form outgrowths in the culture. At day 21 after
induction, the outgrowths were incubated in DTZ solution
(final concentration, 100 mg/L) for 15 minutes before being
observed microscopically. In addition, insulin production
was examined immunohistochemically, and its secretion
was determined using ELISA. The gene expression of en-
docrine pancreatic markers, including PDX-1, insulinl, in-
sulin2 and Glut2, was also analyzed by RT-PCR, and the
activity of secreted insulin was determined by glucose-
reducing experiment on mice.

RESULTS: ESCs grew and formed embryoid bodies at day
4, and the addition of bFGF promoted the differentiation of
ESCs into IPCs. The induced IPCs self-assembled to form
three-dimentional clusters, and were stained crimson red
by DTZ at day 21 after differentiation. They were found to
be immunoreactive to insulin, express pancreatic-duode-
nal homeobox 1 (PDX1) and insulin2 mRNA. They were
also able to secrete detectable amounts of active insulin,
which could reduce mouse blood glucose significantly.

CONCLUSION: ES cell-induced IPCs can synthesize and

secrete active insulin that is able to reduce blood glucose
significantly.
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S Z2 7 R AR B ke B o BRI RS RS () B R AR T
R BT RE BN AT, Bl el A ESCs 3R
FRAEITR MR E 4R 2R B RTHESE AR 5. F 2000
A Soria et al "' YRR IE BT /N R G T 400 ES-
R14ME3RMS TPCs LIK, Lumelsky er al """V /Es26
AR I8 MO RE IR B9/ ERARIG T4 E14.1 F0
EB3 AR IPCs, {HM/NEIRIG T4 ES-Ds i &
A BIPCs O 5T 78 B N AR i R IARGE . FRATASE g an T
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1.1 A4 ES-Ds 41f 20 B PR L iggnid: vrik2z
W5, DMEM., G4 i35 K AEARR 2 EE BRI B Gibeo
/NT); Serum Replacement 3, Dithizone(DTZ)M H Sigma
oy A); BEZH R AR A B A AR K - (rm=-bFG )W H R
and D System A 1); RS & ELISA IR & B Lifekey
BioMeditech 22 H]. Balb/e /MR, SPF 2%, I K
SEER B PR

1.2 ik B4 13 d Balb/e /NIRG8O Bl 450
RGN, BT 3R 5 N DMEM(S 5, &Mk, A
EAEREREN) I 100 mL/L /N 1075 G FRT, F 10 mg/L
Y TR B I G I ES-Ds 4 iR FE T B AR BRI
IR AR T2 B RIS Y 1, FiiE %
H5 x 10%/L. BT ABEFRHEN DMEM (S =ik, SEB%,
ANENERREN), BN 200 mU/L iS4-17E, 10 o/LIED
FHER, 0.1 mmol/L 2- FiIZFE(2-ME), 1 mmoL/L
BN TR KR R R A RS B ES-Da 4
MR JERY ~-EDTA LG, BiF i T I0 = 241
12FLA R TR AR Ak B S i 52 5L W DMEM(&
b, AEBE, ASEIEREREN), ¥IN200 mL/L Serum
Replacement 3, 10 o/L AFAFEFRE, 0.1 mmol/L 2-
ME, 1mmol/L #F&BtHE, 5 He/L rm-bFGF.

1.2.1 35 A4 IPCs o3k M8 B £ 6930 44 50 me DTZ ¥
F 5 mL —HETHIOMSO)F, 185, FEkE, &H.
FEFESA 21 d #1497 DTZ Je @™, Je@it, @41 mL
MBI TR Z A 10 UL DTZ 3Lk, T 37 CIEH
WARZERTE SR 15 min, WHCEL LA R4EHE Y, FH PBS
VRV 2 UK, WAMEE T UER. B 21 d RSB A IR B,
40 o/ H R BRI S A T S A 2 e o, —Hifi
PR R Rk, KBRS RN SRl . BusS:
21 d FI4IHE, FHE 5.5 mmol/L B HINE I SR EE R (A
T MLYE FT Serum Replacement 3 [ S B HIOROTE 2 IR,
YRSEE RIS R 2 b, SRE, WEREE SR ST, A
ELISA SR b 2R ) & &

1.2.2 RT-PCR %40 1% 5 B 29 fAR £ K H mRNA #)
& ArHIBGESAME 4 d 128 d BB FRATIES O, FE
2 BVEW, B Trizol i858 — 202 S mRNA, 285
W UKk AT B, 5240 Ot R TG I e FE N 4l
eDNA A B8 S S AR 035 BLRNA 1 He, MMLV
1 ML, SR R NAARZ 7 UL, FIF514 1 UL, 2% RNase

7K 10 UL. 37 CRW 1 h, 95 ‘CHJ¥ 10 min; PCR
FE 100 ML SRR ZR A, S 5 RN 7~ 497 20 UL, PCR
FWAKRZ 19 UL, F#F5[#7 1 UL, Z RNase 7K 58 UL,
Taq DNA B84 2 UL. PCR R 3 A 4500 94 ‘CHiAs
P 5 min 5, AT FAMEER: 94 CAZEM 1 min, 58 C
Bk 1 min, 72 CEEM 1 min, 35 MEH, &5
72 CHEA 7 min. BCH B9 10 UL £ 10 o/ L 3R HEEE
W FEATHLUK, SEAME S TR B ik S R &
T FFiES %M Insulinl: 57 -TAGTGACCA
GCTATAATCAGAG-3", 5° —ACGCCAAGGTCTGA
AGGTCC-3" (288 bp); Insulin2: 5° —~CCCTGCTGGCCC
TGCTCTT-3", 5’ ~AGGTCTGAAGGTCACCTGCT-3’
(212 bp); Glut2: 5 ~CCACCCAGTTTACAAGCTC-3",
5’ -TGTAGGCAGTACGGGTCCTC=3"(325 bp); PDX~1:
5’ -TGTAGGCAGTACGGGTCCTC-3", 5’ -CCACCC
CAGTTTACAAGCTC-3’ (325 bp); B-actin: 5 ~ATGGATG
ACGATATCGCT-3", 5° —ATGAGGTAGTCTGTCAG
GT-3"(569 bp).

1.2.3 46 IPCs bty M By Z e 478 & Balble
IR 24 H, 6-8 JEikE, RBE 202 o, FEHLIYS A
441, A1 FREEFHE M 21 dIFEFEFR LI
0.3 mL, 22 R s b 43 diFFE R
W 0.3 mL, 41345 R R R kIS A #ER 7K 0.3 mL
FERBRTEXT I, 41 4 4% SR R o s R 5 =%

AT SIS 10, 30 min A /)N BRAS S [B] A 174 ci
IK.

SR SRR SE B R R I8 (e K
1), BT EE H meantSD R, 00=0.0 S00(EA).

2 BR

2.1 35 A R0 IPCs bl B 04 {EiBRI 21 d,
FH DTZ 4L fis ik 2, WERENE AR U IPCs
BRAE N =4~y IRARRE T, Al 19 DTZ Y AR 2T (B 1A);
MAMEA ESCs A& G(E 1 B). Siediffk 2z st
R, NEBRRDUR R % SN AN (B 5
R P PEAnR AR g R (O (BT 24), TR MK ESCs
D% pi s €8 4D Bk 2 2R PR 2 B A& 2B). ELISA 3
BRI A IAIEE BT, 21 d iS4 A [PCs 25 bl
RIS 2 h J5, KB RS 2R 0 i, HA ey
43.7£6.2 mU/L (N =6). T B & 5L X REAL ) ES-Ds il
(EFARZE S 200 mL/LAGAE ML, A7 Serum Replace—
ment 3 Fl bEGE){ XM 555 i 55 28 (2.320.6 mU/L, N=6).
2.2 RT-PCR ¥k & B 4o feAn £ A B mRNA #) & &
FEE SRR 4 d W edift, (URIE PDX-1 2 H
mRNA fJZR3i5, Insulinl, Insulin2 F1 Glut2 ZEFE A
FRIA(EI3A), BEAHICETE b BRIE & B N TPCs
FIRTARANRE, (HIX 20 0 v R BN THRE Y TPCs;
1EES 15 28 d 1Y IPCs, 2 Insulin2 A1 PDX-1
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K8 3B), BEHIRLmEE ML BREARI DI REIERY TPCs.

B A ZSERNE 21 d, WDTZRESELEM IPCs(x 200); B: KL ESCs DTZ &R EE{(x 100).

» W !

L¥
|
f

2AHEHREENSREEREEFFHERRRKEMN IPCs(x 100).

A

M B-Actin 1 2 3 4

:

B: RHLMI ESCs TE®(x 100).

M B-Actin 1 2 3 4

3 FEEREFNESBMEEMBEEE mMRNAKNRIA. A BEEBMEHEMBXEE mRNAE S MLERE 4 d @B HRIA; 1: Insulin; 2: Insulin2; 3:
Glut2; 4: PDX-1; B: &% B 40048 X E B mRNA £ 9L 555 28 d B h H1F35; 1: Insulint; 2: Insulin2; 3: Glut2. 4: PDX-1.

F1 IPCs MRS R AR (E AL &S 4A/ )\ RUIMAEKFE (mean£SD,
n =6, mmoL/L)

il H¥E 1 A% 2 A% 3
GESED  GESE 10 min) (FEHE 30 min)

HEE2dLE 7.0£0.8 4.8%0.8" 1.9%0.4

FERE43d L 6.8+0.5 6.1%0.8 6.3%0.9

HE R K T R 6.8%0.5 6.4%0.8 6.6%0.9

o v 1 1 2R %o AR 6.6£0.6 4.240.6" 2.0%0.5*

*P <0.05 vs FE ST

2.3 3546 IPCs 2 bt M By 2o AR & B 1 4
ZH/INER R A DR S A S Y VAT T IE ZKF-, IHE 2 0 3
SRR A AR AR S 10 min A1 30 min BsF A4 I
K- R EAR, 21 diFREFFE DIFREFEHE DR,

ANSRIAAREKP- SR AT HEER, 7E3345 5 10 min 1130 min
H R E AR (P <0.05); 734k 43 d 55 5% BIGWRIT T 25/l
Ja s /NS 7R P- SR AR ANAE: AR EIB i 2R X B /) R
B S SAT T, 7ETESSS 10 min 1 30 min 44 i,
F MR (P<0.05); A= JEER K BEZH /N BBV SR A 0
HKVFEAAAS Z 2 RA I : 5 FLE U IPCs BT 2341
B R BA R . A, 21 dIEREE TR RN IRE .
FIRARZ R AUBE K 11743 dis S5 37 IR BERR AR
S BRIAWE, DS SAE ARG [PCs 73 B 2R AR T B
ARG .

3 e

ESCs iS40 A 4l . O L0 g A0 5 1 40 i
GROR A TR PR IE TR ES-Ds, R bFGF
FITCIN T B R TR R AT T ES-Ds BAMA ML N
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IPCs fUB5E. 5 H A MU, %S R @ KA
2 serum replacement 3 W JCIMKE 353, (e RS HY
IRAIM A ARG, B H)F ES-Ds [7] 1IPCs K™, 55—
i, SRR R IAL BFGF X} ES-Ds ] IPCs 43
bRl T AR HEER™, FERNFCF G525 T
5 B AN AR, Ay

KFFHEFARM PCs I mib s &, RATRBL,
TEE 21 d, WELRIGE DTZ YLl PRLr (64 IPCs A% ,
M FARAMEAT ESCs, DTZ G ifZ& 2 BAMEIE 1), X
55Shiroi et al"™ fYLE TR —F K21 dBAE ARG S
ME R 5 B R PR SR RE I N | B B (G
PR A S P B, AR R Y ESCs X FRZH K AL
[ 5 R % IO PRI AR AR (BT 2). AES BT R 4 d 1Y
IR, (URINE]AS PDX-1 2 mRNA [353k, 1
HH LT 40kt BB A% & & A TPCs B RTIRAAN, (H
TSN i R R THBE LAY IPCs: 7Ei5 8553728 Al
IPCs, ®MZEE Insulin2 F1 PDX-1 JEF 7235, Ui
DU EL M H SR T REPE Y TPCs(E 3).

AETREI D, B B ANAE A S 2 — R AR
BRI R T, A1 oA S ME 21 d A&
LA TPCs 32 R HEUS B T A I B R BE ik T T
WME . SR BUBRS ZE ELISA IRHI €, Fel iishrm 2
RS ZEMW. 25 BRM, B4 IPCs S 5.5 mmol/L
HRIPE R SRR R SR SR 2 h e, WS R
(43.726.2 mU/L, N =6), i B & 45X 2751
RS ER (2.320.6 mU/L, N =6). XAEHIE SR FH K
FZHH IPCs BYTEAE, T H -t 012 1PCs 227 2 4 )
WG BB RS E AEE . TEBLEERS b, AT —2
o BT 4306 EAD i 05 2R PR R T PR A T TSR . S5 IR
21 difs B85 37 1R S RS2 BB K - i 43 d
R FIE WA BERERAZ BRI KT, XS &
AL TPCs BT i AR 5 2 St vk 5 ] — AR A T
PG, BBA% 0 E RAKIE 5 B IUBEKOT-, [R)Asto i B
% IPCs 45 2R BE 11 LA I AR AR Ak (3R 1).

M2, AT DTZ et RpEdiigfb#ge @,
ELISA, RT-PCR ¥ % M X ES-Ds iB4E 1
TPCs 43005 1% 28 F EL AT 20 Ih ) 5 R A I e Mt A 1
TEANRG . TR s R R, BARR T4
Ml ES—Ds 7E I 75 bFGF 1 DMEM 35 3:4K & thifs §:4=
A TPCs B 24 RIAEA B A A A= M1 e, BIAE(A
HNZ RIS REE IR S R, T I R
R HAPEE. XA G ARG T 4iiEis S48
A IR 5 2R A I AT M F I R TR Y 7 S PO 4RI T
AOSCEEGUEYE, [RIETH T DUIRAG T 45 Stk FE Rt
FIIG R BAEIRT T A BER $R AL T 4.
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