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Abstract

Dysfunction of pancreatic § cell can cause type 1 diabetes and part of type 2 diabetes.

Transplantation of functional pancreatic § cell is an ideal therapy for diabetics. However, the serious shortage of

donors restricted the clinical application of this therapy. At present, insulin producing cells (IPCs) have been used in

the transplantation treatment for years instead pancreatic § cell. Umbilical cord mesenchymal stem cells (UCMSCs)

are a pluripotent stem cells which can be induced into IPCs. Here, we reviewed the major induction methods of

differentiate UCMSCs into IPCs, including multi-step induction method, genetic engineering method and co-culture

method, and then tried to provide more information for futher improvement by comparing these methods.
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A0 2 o R I A S ER 7 0%, FE R R IR A K
e kYA EEAR A, AR D RE A o W R I R
IR . R BT M T e 2 Pl T UK B R )
WAL T AN JE (1A FR 9 ) BAH 6 AN 2 (2 BL B JR )P,
HH A T) O, S5 T BAH PR D i 32 453 PR R PR (18 B 53
2R R UL, 0K P I PAE M — PP R AR 1) YE
J7 7. T A Rk =, BF T AT B R
5525 77 W4 Hfd (insulin producing cells, IPCs)>k # 4B
MR T AR AR YR YT . H R, Wil ot Haik
R R B g R S5 07 A AT LS S IR IE T, A
20 {1 BVRI 22 BE 40 MV A NIPCs. IR iR 40 i
SR PR FIAG B 4 80 R It A B S A i
T4y B RCRAC. 2R T 20 R s % B 4 &
o 45 I R BELAS 7 AH I 722

i 1) 78 91 T4 P (umbilical cord mesenchymal
stem cells, UCMSCs) & MFr A= JLIGE s 7] Jig 2H 23 23
B —Fh 2 ge 40, v] i\ =M E AR o1, B
BRIET 32 W T7 (8 s i PR R TG A6 22 4
WEEE Z AT, R EAEMIPCs R . AR T
UCMSCsifs 543 4 AIPCs i £ 25 12, 48 th & 7%
535, T4 AR IR ek 77 1), DU A IX 28773
(S A e AR 215 R

1 UCMSCsHI7rBEE R 1LiEEE

5 I FJUCMSCs 7y 85 77 1545 4 43 He il BE v Fi
B AT A B v mT (R R 40 e T e A e A iy
70, AR JE SRR IR i A B i I S AR, (HLEE SR (A
A BB FRIT R A, AT RIS IR 2 4, X
LG 24 it 7 0K 22 BE T 40 M A 75 2 (Bl e-kit(KIT proto-
oncogene receptor tyrosine kinase) 1 Oct-4(organic
cation/carnitine transporter-4), {5 5 14, B i< 5 F4E H
B A AR o Smith%ECHE H T — ANl B 532, BP
TE Ja 835 7% o RN L /ISR 2R g s AR S YR L7 3%
IR, Z TR R B N BRAR TS e R Y
AR A, W VE N UCMSCs 2 B AR E T %

UCMSCs# [l br & P15 B A dF 5 — 1 s e
Fik. UCMSCsF ik [H] 70 ot 40 M % i A5 &4, 4E
CD10. CDI3. CD29. CD44. CD49E. CD51.
CD73/SH3. CD90(THY-1). CD105/SH2. CD106.
CD117. CD166. HLA-1/HLA-ABC; A iki# i
T 40 i b5 & ¥, i1CD14. CD31. CD34. CD38.
CD45. HLA-DR. @i i 24l AR A MUCMSCs

F bR B, w] HI W53 B FTUCMSCs (1) 4l 7 K 3
7':,[10-11]0

UCMSCsHA Z e T4l i) nl 31, 245 35
FRAE 2 MR b, R 5 S 4 R AT LA
AR R 0D, PR AR R A O, A
LN e o G Wi N 7 % N G = 21 DN
P LRI, UCMSCsIN £ 1A 746 fig 1 il &
HAMENIPCSHRAE T AT RE .

2 UCMSCs[EIPCsiFES 571t

T 40 i 7 L NIPCs A P Fil g 45
FH 4 21 A 34 425 (1] B nestini® 12), nestinA2 # 28 41 i
I hs A, B T P4 M K 4B 5 wh 4 48 i % A= 1 A
UM DA K 40 B 1 4 Re A, mT LLIE 4 e o
nestinfH 1% 20 i, 75 5 H o0 A0 NIPCs. 3 —Fh &
PdxI(pancreatic and duodenal homeobox 1)i&1%, i%5'F
UCMSCs7r b N SN IR JZ 20 L, 2RI Pdx1, Fi%55
H A NIPCs. PdxI4E A IR Z IR A6 K 8 e
() 50 % B S IA) R $E SC A F, H Pdx 1 321K 23 3
AR R BRI, Pdx AL 454 R 5 258 R 3 5%
YA DX A3 8 5 2 Ik IR e o, (R i 5 3 6

T nestini (8 e Pdx 13817, L&A IEA R
LA 2R AUCMSCs T AR AL, A e 5
TEBARIRTE ; 5 (80 % B 5] ] i 40 M kbl 225 4a i
RAERM . PRBRERVR I, i T i R R R L2 o 5
LR I G AT B A O IR) 70 o T 4 P i
[F) 78 51 A =R IPCs 73 A4 5 R AT B4R IE . FH It
HEM, 40 R A BV FF AR L B . AR, 5%
i AR A = AN B UCMSCsHI 46 43 4. IPCsTE
JFIIPCsf . HT, FEN BT ERZ SRS
L SRR TR RS R
21 BHFFE

Z L1 FIEITEUCMS Cs 55 37 11 2 /N B B ) 35
FRAEFIMAARTESHFAESEA, B3
NIPCs.

Chao%5PYH #f 28 20 Jf 2% 1 5% 7% 2 (neuronal
conditioned medium, NCM)%% 72 UCMSCs, 1§ 731k
JynestinBH P4 L, S8 F5 FH e W FE A TR JE SOk
Jf#(nicotinamide, NIC)%5 75 FnestinH V£ 41 g 7316
IPCs. X2 1 R IR UCMSCs i 5 73 A6 NIPCs
RIE . PR, FHRHE BRI Z . e AT AT L
BIERMN, 25 FEENEFEZHEF LED, %

— fh B nestin
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BRI F-E AN [, By LB B R P 22 5%

WO B A -Aactivin-A). B-3i £ £ B (B-merca-
ptoethanol). Ji# & A 2= AE K -1(glucagon like
peptide-1, GLP-1). 3l Jik-4(exendin-4) 1 J& v It 1%
2 LR E B I S T, B TERAE, X
Lo P T T AR B B3 2 L WE S — Fb
UL, AT RAGR 2k 7] 78 5T 40 i 446252, 0 R
H-ARE(E HFUCMSCs#I 48 70 17, X i — i H T
UCMSCsHI4R A B B o i ey 1L8E 284 K- 1 58 Jd ik
B AR R Rk, (R HFIPCs A, ) k-4
Fe Jik e TR R AE K- 12880, 3 Wik 13 h, it
T JB v LB 2R A K- 17192~3 min, SX 75 & —MH T
IPCsFL AT B o J8 v Tk i fie 1 Ak v I W 2 A K- 1
AR S R A K145, 3R #EIPCs 7 i B
Z RS R, B TIPCsH BGART B2, tbAh, Jew

T i e 9 20 4 B R T, A6 B 9K 2 T UCMISCs 4]
UH A FITPCSTE BB BEBY . fEUCMSCsHI 46 43 1k By
BUFIIPCs 3 B 5 6 3& 115 5 IR 7t T DASRAS
IPCs. 5 EE SPHE 52, fEUCMSCsH 46 7t Bt
TINB-5i % 2 BE . FEIPCsi 2 BUM JE 7w B %,
Al 5 S UCMSCs 43 4k AIPCs. TsaiZFP7EUCMSCs
WG LB BOIM A0S B E-A FEIPCs AT B
N i IR R AR -1, 5 S UCMSCs /3L NTPCs. Ik
Ab, BT I, KR AR5 3 R B T e L
B RO U o JE S e R BN k-4 8K 18
BU B FH JE S I i B e £ = ik B 3% o W A
RO O B E-AMB-F 5 L IE S 8 H B Sk
{4 FH B-5 2k 2. B BE RE R HEUCMS Cs W 4R 734624
REERR . dEE R W EREAA A K T R
PEALE 5 o B A0 AR G, PTIEBEPER INTE 5

#1 UCMSCsiES U AIPCSHI BT R
Table 1 Methods for differentiation of UCMSCs into IPCs

BB FME EE = 7R
The first stage The second stage The third stage Reference
Time: 7 days Time: 7 days Time: 14 days [24]
Medium: NCM Medium: DMEM-F12 Medium: SCM
Inducing factor: / Inducing factor: 25 mmol/L glucose, Inducing factor: 25 mmol/L glucose,

NIC, B27 insulin, NIC, B27
Time: 3 days Time: 3 days Time: 4 days [36]

Medium: DMEM-F12

Inducing factor: 25 mmol/L glucose
Time: 4 days

Medium: DMEM-F12

Inducing factor: /

Time: 2 days

Medium: DMEM

Time: 7 days
Medium: DMEM

Inducing factor: high glucose, B-mercaptoethanol  Inducing factor: high glucose, EGF,

bFGF, B27
Time: 2 days Time: 2 days

Medium: DMEM-F12

activin-A, sodium butyrate, f-mercaptoethanol

Time: 7 days Time: 7 days

Medium: DMEM-F12
Inducing factor: NIC

Medium: DMEM-F12
Inducing factor: 17.5 mmol/L glucose, ITS-X, Inducing factor: 17.5 mmol/L

glucose, ITS-X, taurine

Medium: DMEM-F12
Inducing factor: N2, B27, NIC

Time: 7 days [25]
Medium: DMEM

Inducing factor: high glucose, NIC,
exendin-4

Time: 7 days [23]
Medium: DMEM-F12

Inducing factor: 17.5 mmol/L glucose,
ITS-X, taurine, NEAA, GLP-1, NIC

Time: 14 days [31]

Medium: DMEM-F12

Inducing factor: /

Time: 7 days

Medium: DMEM-F12

Inducing factor: 10% FBS, EGF,
nicotinic acid

Medium: DMEM-F12

Inducing factor: ITS, NIC, bFGF

Time: 7 days [34]
Medium: DMEM-F12

Inducing factor: 10% FBS,

exendin-4

Medium: DMEM-F12
Inducing factor: NIC, activin-A, EGF
Time: 1 days
Medium: DMEM-F12
Inducing factor: 10% FBS, retinoic acid
Time: 2 days
Medium: DMEM-F12
Inducing factor: 10% FBS
NCM: P4 AP RIE; SCM: T4 2 A 55 97 45 NIC: Je et fii; GLP-1: B U 3K FEIK- 15 EGF: & Bzl AE K F ¥ bFGF: B e F 4
AR 7 NEAA: 00 F5 U IR TTS: 58 32— R (Al .
NCM: neuronal conditioned medium; SCM: stem cellconditioned medium; NIC: nicotinamide; GLP-1:glucagon like peptide-1; EGF: epidermal growth

factor; bFGF: basic fibroblastic growth factor; NEAA: nonessential amino acids; ITS: insulin transferrin selenium.
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SIS Tsai%PUR I, N4 i 2 (taurine)
REAR BEIPCs T B M R #4 . Nekoei S5 HIE 52, 1L 31
IR (retinoic acid) 1 4 R (nicotinic acid)%s fig JNIPCs
AR KRS 2P . Woltjen 55045 Y, 3R 2 4i i
£ K [H-F(epidermal growth factor, EGF)FIH# I i
21 4 41 il 4= K [A] -7 (basic fibroblastic growth factor,
bFGF)fE {2 HEIPCsA: Ko Chen&52V% B, B27(—
A 3% 55 S N 55) 5 2 R A i AR K R - 3L R A A AT
R BEIPCsTE Jilt. QuiPYR B, B275 Je v Bt i 3% 7]
1EF RE AR i IPCs il . BoucheaZF 7 fllRyangZF 8]
WE SRR, 1 A B2 ) 60 B e v Al M 2 ik e &, ek
UCMSCs[iIPCs 4 f4. {HChao%5> % B, UCMSCs
IR 5 T i B R 2 SR IPCsTR T, AU,
FEVA R T W P T I R 1 1

A —SHEFEF RS AE S 2T Rk
HERI AT W B AR SR FER T RBh —RES
375 B i 5 B, LT A A AR 2 1 3 A A 434k
AR, T 5 2 RE S R IBRR AR G R R A
{E IMIE BT BONE IR, &8 KERARMYI, AR
T4 AR AN 3 AT o P R B 30 4 Rk AT
PS4k, 725 22 4 g ik v HE LI U 40 i - ik
JRE R PIKIR. HET, ALl SR IR 7 IRS R
2% -1l (insulin transferrin selenium, ITS)*, fig
5y 2 (insulin)* B 2P, HRTG 7 AAT R E R
U DIRERITPCs o

SRR, d8 F 2 475 3150 LA R UCMSCs
S AIPCs, (H LT ) B A A (1) 2
FEH =AW, (HRAESR S, gH T b b B AT
AE PP A% X 20 I, 75 AR A AR KRS TN B
SRR 15 7 2, BT DA B T AETIPCs i AT B
IINARBEIPCSTE 155 2 R B 1S . AL, F i
A& T7 S i Rl BOIT IS 355 IR 1 I A RR AR I b
EREE SR, HaeH — DRSS, S
IR A i P AR IR S A AN AR AR, i i 4 i
R e M AR ) B PR A M AE AN TE L Bl 2R
T A [ 17 200 B 1) 35 2 5 R W R A 2 P A 75 i
PRI IRY B, 2 2f T F 7 BRI, ()R
— T A FAEA R T7 = /R I R AR S A 22 B
K, Ja S0 T 75 0 15 5 DR 1 1) o 15 5 T TR R 77
AT . Q)T R TP LA L UCMSCs

RERE ) B 2K AR I B R SR IR 1 A 5 B A

B, MTRPAE T 24, $2 i 7 A R DLIRAR B H T ik
BN FKITPCs o
22 EETIEE

PR T ARVER 4R 1\ UCMS Cs B H25% YL7E i i 5>
AN g J5 PR 3 rh ke S B FH R e ) 1 B L
B NI S 3R B R 5 L i 7 V. e 5 BT R TP
%R EE L K 3 A Pdxl. Ngn3(neurogenin 3)Fll
NeuroDI(neurogenic differentiation 1) %5, PdxI&J#
s A ) O B PR, A TR R AEL 2 L S AR,
Rk, WG R B AR TG IR IR . Pdx1H) 3
BB A S K E, B G Ngn3 A
NeuroD 155 #% 53¢ (A 1 {2 f 4 g = B4 70 4k, 175 5 40
T RE AL,

Wang %5 [m UCMSCs#% 4t 4 417 NeuroD1 1) Jit
FIDNAE T H 6 ATPCs, R ILF T 40 i w5 3R 5
By aR . JBR im HIW 22— e IR R B o 73 0 35
F)FIPdx 1K o He SO H 5 7y Pde 155 [A] 1Y) 25 4 i
TR GBS OFF . REAMMEAKE 7. L
Bl A BR- 1R JE SE B FUCMSCs . TS 4
1 % ik Pdxl. Ngn3. Wk 3. Glut-2(solute carrier
family 2 member-2) fl NKX6.1(NK6 homeobox 1)%5
Ik & BT A 5 FE BRI, 6 20 T Jok & 2R MICIIR, % i
T WU . Wang B PSR I, T4 4 i [R] I 2%
A PR B AN B 2R, SR AR R R B 9 B A
Ji e He B8O i 15 210 i 15 5 [R] 32 A1 3 4 W U 1K 2 77
T #0 5E Bl AR, JRIAI P RE2is 1 2 Fh e it
IPCsT¥ R AN BRI 75 3 R

b 7 5ESE TEEE AN, BE TR L]
MEAT J5 T T Bt BRI 4 i o AR i R A
B SRR e — N R R NLAR &, BRI B 23
W25, 75 H AR AR 20 W 0 15
T, I g — AN R R 25 B UCMSCs 7344 1) 3%
I A=, HIPCSTERS N PRI B8 B )5 JF A RE
PO FRAR I . BRIk, TR T A IR R 4 23 A LA
e g2 A M IS DRI P] RE 24 v AL RO T 3RAS SRR
FAMIIPCs.

2.3 HEFE

LR TR RIS UCMSCs 5 i B 4 o 3 [R5 77 175
FHFIPCs M. LA 40 S oA 5K 75 40
Ak, & 2 B SIS R TR R AN 72

TR A EHIRUCMSCs 5 oK RUBE & 40 g L 1%
AR 3 [R] 955 7%, A 7 b 2 i 36 P 85 R BU0EL AN
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fil, 45 BRI, UCMSCsRikPdx 1L R, i 5 2 5 ilh
i o R R PR AR AR TG . KR
SN UCMSCs 5 HE 1 SD K BRI 5 41 filg 34 [R] 15 7%,
RIMUCMSCs 1T 25 3% 81 & AE AR 4k, B RITT 46 1 AR
WA RMETY, A REMG, UFH LA A5 244
~, UCMSCs 1] #1755 NIPCs.

Zhou%WITE24 L BR b A 3L 7] 85 7% 5 4y ) B
F# 1IE % A IGF I (insulin like growth factor 1)JTER
UCMSCs, Ui BE Ji5 46 9 05 5 e 53 25 119 g &% Ji A |
JEYREERE IR, GERE, IEH A E TS S
AR B 2 e, T S 6 20 I A KI5 4
AT i 2 AR 5 2R A Wb e R VR ), #7174 8%
Frid FEHUCMSCs AT BE 38 it 73 W B4 o A= K R 5l
IGFI:RAEME . fESLRIEFREMIE FEREF, 75E
2 WA A A K DR 0 356 TR A RS A P B L L AAE F L1
FHATE 2, (HUCMSCSTE & PN AN AR 35 v ) Jik 5
YR AL T BEAR A 2. R, 58T 50, [ Be
UCMSCsFHIPCs )22 A4 B BN AH 56 A2 K R - 5545 B
S FREAINES 177 1

FIFH 223 S0k R TRE LR 2L H AT
PLiF S'UCMSCs /3 4k NIPCs, 1H 1 T & 7 75 & (1)
JRBRYE, EATTEN AR RS HAAEES. £
% R, B I U SR A i T A S T LT i 3 4 i
JIT b B B, AT 8 884 b o N 56 A K TR 7ok 2 4
FHRIRE, W AEA —E REN, HEmREZ.
HE IR TRV T e e i T A % T 5% TR - BB B 3R
RN, B % TS T4 EnestinE Pdx 1 FH 4 41 i
B, BAEAE H MR RE R e g, F YRR 5 K
A SRR R . H RTE TS S A (A0 B-Fi A I
EE e d M, ANRERH T AR, R R 7Rk
G 1 IXAN )R, AR O IR [F B FRE T LA 2,
Ji R AT R A2 15 7R AR (M A AR A 2 U i T R0OR

3 EEERE

gk L RTR, dH MR AR VA T RE PR RS T — L
HEFE, (R I RO A7AE — S8 ) 8, 40 5 30K
1K, SR1FHIIPCs 3 WA R I 25 D REAS 34 LA K F FL N
Wi PRI RGN RERE A B ILBESE . 755 2L 7L
L, RELL R LN AT S 1. (DR 59 T4
&, FREMBMFE SN THERN. mik.
EMN FREREZEAEA. WICWR90211]
REWnt3aliii Wnt(s 538 16, (238 A NEAG 40 5

IR E IR E, 75 SR TE80% . ()it ik
B TREEOR, T g H RN, (15 5k RS
WA U AH o< 2 RLE I i B RIS . Q)RR K
L, MO TR N BA I A K AL . Seyedi
SEISUIE B BV B IR M A S L R 35 S UCMSCs
oAk, SRR, BB IR AL 40 A B v R
RERIRIABMBRD R E. (4% N RGMRF
AN MR T IPCs I B 707 B, T B 4 i s 52 42
73 . BaifEU Ik I, miRNA-21 & 1K) T i #E
H:FISOX6(SRY-box 6). RBPJ(recombination signal
binding protein for immunoglobulin kappa J region)#/l
HESI(hes family bHLH transcription factor 1)7EIPCs
TG R R T EE R XK, 314D
"] LA MmiRNAF T % #ilUCMSCs A IPCs 73 b ) i
Mo WA AT TE HOER AN HIJT V557 B ek, JRATT 208 3R
PR L TIBE R AT AR B AIPCs, 9l K
o 6 T R 7
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