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Abstract

Adult stem cells which exist in differentiated tissues can differentiate into specific cells under

certain conditions. They hold great promise in the treatment of type 1 diabetes in which damaged or non-functional

beta cells need to be replaced. Adult stem cells can be obtained in large amount, and there is little immune rejection

response after transplantation. This review summarizes recent progress on adult stem cells in the treatment of type 1

diabetes.
Key words

1 #EFRH R & m PR 5 &L &l

B DR e — S oy T I B 3 4 A B Z M B )
RERER 5 R (OB AR U 36 ALY . 72 0h B, AR
B B I59 000710 A I 51 RBE JRS 1 005 2 L
R4 3%~S%o UL, FL 15 28R SR AT L, 178
B PR B 5 AR R i W R ST AN R B AT
PRIV AL VSR PRIVT 225080 RS B S AR PR - 1
PR R SR A I 5 35 51 R R D 4 R
5, FARR BT R, R BT LA DA

TARLMBE BRI — AU A 2 S0 3 i 3R AL 3 801 e
TS 3 0 5 S P PO 4 A, B s
FRBEIBALAE . 25— SRR R DR R A

Wik H 391 2013-11-22 2 1) 2014-01-22

adult stem cells; type 1 diabetes; cell therapy

WA AP B S S AT L 2h
RECUEE, Jrilb K A ]2, vy T IR 7,
fih S5 19 A R B ) G S BV, B I B R E 9%
(NS el S TV S Btk IR

2 1BUERFADIA T IR

AR B 25 6D HE PR 99 IR T AU K AE T SIS T
MR, (EAT A AR 1 BB R 16 3 2% 5 Mk S AR
Ji % 25 ()i, A A5 B B 25 38 R ) B A
Feurm $ iy T W R s S M M I R R A B, IS
(ESLIRUN Y > 2 e Ty s 7 K s % NI D WS Rl
RN YRR R 20 R A, 4120004, Edmon-

*HHAEE . Tel: 0532-86080640, E-mail: 1163155358@qq.com; Tel: 001-843-792-4738, E-mail: hjwang11@hotmail.com

Received: November 22, 2013 Accepted: January 22, 2014

*Corresponding author. Tel: +86-532-86080640, E-mail: 1163155358(@qq.com; Tel: +001-843-792-4738, E-mail: hjwangl1@hotmail.com

9% £ HA JRNS 1) 2014-04-30 17:54

URL: http://www.cnki.net/kcms/doi/10.11844/cjcb.2014.05.0387.html



RN A8 RS0 T A0 LA 1RO P o F S T 9 B e

699

ton ST 4% S8 H L TP 1194 H FR M A1 U5
By 2607, (B G ORIE A AL S, K
JE R A0 LB fift g3 — AR K T A5 B, AR
JEFR, T8 ETICEBAPL Ty L H iR F 41 i HoAR 3t
ATIRIT I B A1 50081, FErpBl BRI 20081, )4
BLB B ROR 2 BBl PRI AT 2%, (E DA P B T4 i
BOARSEHUS B PRI HR T K 1B A A

3 BURTZRABTERE PR IR I TT H R F

T4 M ARG T A0 R A P DL
FZ g T4 i (induced pluripotent stem cells, iPSCs).
JVRJiE2 T 40 e AU T 2L B ) L S IR I P 4 e 4] e
(R — M A5 ARG, PRI AT DL B 2R AL
S0, AEDRIE R A BRAE ) AN A3 202 N . 5
T2 BE T 41 L (IPSCs) e A1 T 753 B K 45 78 o
PRl 7 e N A R AR A i v, A G R 2 A T 44 281 1)
KA IET- 40 Jo i —Fh4n 2K AL iPSCs AR
S A B 0] FEURD S A o P I e 55 o) L, AL TG B4
S EZ R T AMIX 8, A RE IR HAb A o1k, T
BSR40 0 ) L ) o E 2R A AN L Ak ik, TR
5T 4O AN G5 T 2 e T 40 M A ) e 2R 2 A i 23 Ak
I, A BCRAR HR 2 G HT- 40 A N 324K Ja 4k
& SY oy e R el SN o s e O S 2 i 2 Rt
SRR AN I, XA Re g B B EER, e
(RIIETE AW e . AR T4 Rz, w] BAK U
TR ARG, B AR B AR B0 AT 40 i b e
T JVR 6 40 B 5 1) 4 S A5 3 0 40 I B HAT LAY,
FIUE, AERS R I AN AE AN A ) 2 ZUR 24 1)
F, G AR (B R R HE e 5 AT e e i 5] ) A H

T BUHE R 1R BT 9 ob i 1 s A+ 4 i
FEA FRER AT, IR, R
E2E1 I e w11 I 0 e S R S R 1 TR G U
JUFE I B I — 5 B FH AR R
3.1 BHEFERTHAME

il 1) 78 5T A0 e 2L AT 5 R )2 22 1m) o A R
S Dy 557, KRS TR T YERE 2 1 0 A s e
B T2 0 5 2 A AT 38, AEAR SN FIAR N W] 204
B B 25 43 AR A0 L, X LB A i R AT S ABUBE B R A
SR, AIRIE RIS FR P R R A I R e 1
PR ), AT RGBT L )R G 25 A, A A 7 2 1 )
TR TR I 3R 0 S N, M R I B AT B IR A N
A, W BA B R T Dy Re, w] LA 4 i A

(RVAH ELAE ] K™ A 40 I DTSR 400 ) T8 1 () 3 5, M
MR A A Th e 00 0% A 1301 N ] B
B By 8 7] 78 )5+ 40 M v o7 nl A 8em ) B B ek
IS, TG g 5 S Y. DRI A) 78 40 M ) R T B R AS
WIS, HS AR R A B, TR A o W PR o A
FEAEAH IR el 40 B, R AR PR 40 B AR T 1Y)
oz —0on,

AT TR] 78 540 L2 AT 2 10 23 A I e, PT
S Ak ok EL AT B B 25 436 D R TR SIS TR 5 A i
TAMFRAIT . CHLRUE, Joie A Wik 24
AN AT LA T R, HonT LA TR PRI /N SR s i
[F)RE IR 20074F, SunFEM K104 (128 4 JK o 27288
B PR AT 25 S YR B s 25 1 98 1) 78 0 440 P e et
3B BT S5 N RS 2 WA M, B IAPDX-1.
JoE Sy B RE B I R, I 7 e 2 B I 43
WA ER . Xie SR N i i IR) 78 i Al i 5
oA i By 2R A WA A IS, A AR 21 B JDR e 11 2R (strep-
tozocin, STZ)5 3 IIHE R AR BB B4R A, REAT 200K
MR AT, BRI . 20114F, Ho%Z5: 3 H B2k A
B 1) 78 0T 40 e 22 I iR K ML RIS TZ 155 3 1 bl
PRI AR N, 25035 T i OBRER, FEAC T A oK
P, MBS RS A B S 2 A e 3 . 6 H &5 R
I, ZHZV0 AT BRI, H AR 2R, JUI I 7 rh i
i JE) R 2451 %4l Hi 2 0 N\ i i 21 B AL, 50 W) HG ) g
AERIARENE FOREAER . DL RIS g i A 78 i T
S A I AR b P S F SR AR T A o

I I G0 8 15 Dy R, bR ER ik N B R 78
JHUT4H R LA T A0 B R B B S5 SO, G A
(1) 1 B 9298 [V o UrbanZFM TSR B, B i) 72
JoL 40 WP S B 4 T DA B A P A . W
N DK B B 1 L 240 R 1R) 78 5 40 i ) 7R 5 i
ANSTZiF 3 [P 554547 (1) /N B P, AN /S B 1 If
Bl 7K PSR E Y, HLIRD 78 J5T 40 m] DA o) e i o
o S P40 48 9l 2D TR T 4 X S A B4 M 1)
TR, AHDGE S I B2 Jfa i 54

I3 FH TR 5 it 5y A% A 10 R T Al % A ) 08 e A 2
o7 =1 22 (=K 7/l R e S = i 15 Wi 1111 %
TUE S AT DA ) 0561 A B 9 0[] o S AR 4 988 s 8V
Ding %5 VR HIIX —FEVE, K2 8 8] 78 o1 40 i 55 ¢
AR Sy IR R, AT LLRE RS A B 1 A7 3 I 8] 9F: fie
K 2 FF 1B 1E 8 KF o 75— TUFT TS, Sk B
SR SR ESE N B R B, 1 BUHE JRI5 0% RGN



700

™ AR R I 2R 1 40 i T S0 5 s LR AT TR
FIMEZ . RXBURILA BT AR B — R 7
BT ITE—— AT S — Mo i 5. 2
Yilg-GAD, 5ok H B Bl I A T4 45 & 40— ig, X
Fh 25 BH 1L G s 2 G0 By, A8 A= B ) afi A 60, 2
A2 B, AT AT RN ) 40 P 1 B RN A R 1
3.2 fgRnT4mAE

WA RAWEFOR I, e W7 H R AF AT
i 5] 70 514l o i) 40 B . 19684F, Hollenberg %!
IR, N 107 AR A0 AU T i U7 2 2R e R B A i
JOT e XYM v Wi BERE IR, ST ARG Y, w4y
A4k i I A A i 5 )y e R T T 2 R0 20014F,
ZukZEHRIE T ABATT MR I L2 rh oy B — A 2
REA B Y, 28015 5 v] 0 A IR 07 40 i 1 4 P R
JULAR 0, I3 40 i 44 o R 07+ 4i . IR D+
RS A 5115 i 1 R o S N W E B3 A
L A5 P A2 BN G5 R 15 BE IR0 IR D 4N M A Ak
WA 2, 5 E i ) 7o 5T 40 AT L, 5K ) TR
SR DR Siah, H BRI DT 4 A fE kIR T
P, WEG T SR, R T 4 BRI ] R, 2
= g A B i ) P B G e SR N E T

WEFLR B, NEWT+40 B AN nT Lo e i 2
RUE B A ZAFN 2% BB, 43wk 22 B i AR A D% A
K, Wil 5 AN Bz 4 g A2 K R F(vascular endothelial
growth factor, VEGF) 1 i 41l g 2F K [A 1~ (hepatocyte
growth factor, HGF)%524, 14 KI5 55 e i 14 49 v 4 o
T BAH OG0 DG F M 2 5) IR - Pax-6, nI AEARSMNTS 595
A A IR B 25 3 WA I T LA R RV T B PR
Chandra 5 W I3 17 41 M 4 b1~ 4fl 15 = 1L, SR H
=R R R B FEA M A, AR — e B b
e TSR, AR Bk TR A .
3.3 BRERT4HAR

B J A — i B () P Ao WA TR A I, R I
I REAN AT : A0 E 22 ot iy 20 WA TR I
RIBLIM 73w A= A 2% 1R S 4 H A 53 Wl g 22 IR )
ppZi Mo BESRAT BT AL 1R BN M d5z 57 5 (1) 77 2k 2 A
O B Mg 3, XM sE B G ) L AR JS 1k
B R L, FEIR R B S . A
K AT R BT B I D) BR90%, BAH i 3 35 P AR,
T 1ZRBH PR 95 9 BIL B A JBRE JU P9 3 3 508 1 B4 i 454
P, BT L, NATTZ5 RS 1 A 1R JB i 40 P R B 5
A 53 WA i 5 25 (R BRI, 1T LA RS R e R v B AR A

AR ) U AR, TR R T4 M i BT S A T
RCHBE A, A A BT BRI AR A B E 5T
YUz —.

AN, AN B A I BAH AU TR A
R ULE . AAWTCIEY], 7S5 FLBAE o 2 H I
ZIUE BB LN, 45 201K BP0 Mo AR AR5 75 ) 23
A h e 21 I FEAI P e Inada S5 AT 5T 1045 21
HH AR o e S U T IS b R AR ) S i . ER AT
TR T HiZa5 1w AAHIE T 45 R, Furuyama®$PUH]
T FRAB IR T VA A 22 MR A R R 2 S B 3
A R IV BERCUS AN . RS LR SR HEN,
IR AN AR IR IG A B R AR T, A L R A o) 1
i PUG &5 SOXOBH RN a4y 25, Hr ™ A= i) 4 ek B
T OAMPBA M. SolarFEPUH] JH- 41 o i A 1 1(IX £
JAR G A A, ANTE B B b 308 bR 1 1B
WAEW] T BANMA AL RS T R Btk (B3, HAT
PTI98 5 AR AT — € iR 2E, T LA AR
(R AR BEAT — B Wik
3.4 FFT4RRe

JFFFE MR i — o 35 s v A ik, B B AT A 0 36 T
fE, SRR A IR, 047 L A O AH 40 1, ZHZR S5 R4
LA, ELJBR R B AH 0 vy A 1) - B A A A U T
0 11, e LAONAT TR D0 U 240 it w4 Ay B i P
A PRI 2 — . B 58 NS A Pdx 15 Ngn3
A B T N/ BUREIE A, AT A A A
FABRMREE R ) 2IA, AT AT LURE TR i 2 4 IESTZ
J5 I e MUBRE, HERR IE 5 MRS H 2 AP, Xk
KPR By 21 1) A0 g T RASE I A A0 HAS 52 i
WM IEH Thfg. {HIE, YangZF POk L, fE R Leii i T,
Pdx 155 2 M2 1) JH 2H 24 RE B BB iR AEL 40 i, XA A
AN v R B AR Y R RS KPR TR, A R —
WIS DI BE R I 28 I RE A I . VR,
JHAH TSR BAT R 1 N T i35
3.5 BT 4Eae

5 EE AT L2 00041 i i iy ML # fif T AR5k
3R, RETH 46T 03 5 iy LA it 4707 o T A A7
JF a2z A 07 i T A e o K. AR KR
W)L B PUTE £ IV (graft versus host disease,
GVvHD) A 4584 5 Jo AT ArT XU Az N 28 11 41 i 47t
Jii(human leukocyte antigen, HLA)IG g A~ /™ #% 25 {1

JiF Aty I T 40 M9 Y % &R bR idCD14. CD34. CDI19.



RN N A8 RS0 T 20 A RO P o FR S T 9 B e

701

CDA4555 5[, FEAASIO 5 a7 141 At FH 40 i
F-(stem cell factor, SCF). i 4fl i £ ¥ 51 i K] -+
(granulocyte colony stimulating factor, G-CSF). 4l
ik 4 i £ 7 1) 3PS 1 (granulocyte-macrophage
colony stimulating factor, GM-CSF). [14)%-3(IL-3)+
I/ 25 -6(IL-6) 55 BEAT 55 7%, 4il Mo £ 7% % 13, ik
W I iy L0140 JH A A ) S ARl Bl B A
il Haller®5PYE#% 1154414 L HAFA A S5
IR VRSRE R 28 ) L2 ke, K A AT i) i i 1 e ok
AN R AR o S PR A SR, RIS
IR Iy 3 S Wb ROBE AU S I 00 R o Y I
A0 LA T DAAEAA PR 0o 6 2 B A A2 S . 70 it R
20, 3 AT ASEBLAE AR SR R A

Ak, AR FOR 154 BB R I R
AT AR RE PRI A0 MR S, e DR 2 1) R
AT DL oo JB By 2= A, HLRE VT304 H R EI,
FrCHE AT ] 5 TH e Cheng S0 15 88 7] 78 i+
S B 55 M I 40 M 140 BRI L RS A 3 /N U A,
AT AR U T8 S 52 B . Brevini 45
AT 2 A A 2 FE RS AR A B AT 43 A0 A IR I 25 0 WA
.

4 REE

AR 41 L6 57 B b v & H AR PR 9 I
SE, EAR CUAT A S IR IR SE T A4 A
YRR PR 7 T AR, AR AR AN A T SE SR o B
SR Y ) BOE AR 22, Horb f 2 S R A S 40
SR By B I RE ) b B B BB PAN i BARAR 2 . P
DL, oA T 15 21 2 0% 5 () IR ) 3R Wl R IR R E
S, IR B A0 ML A AL RCR IS AN L, A BRI
SEIGIR I H, 75— BRI B R H R 5 LA,
TR 2 — P n] DL e A R 0 5 i — AR
T ) R, W AR R RS RS 1 B o SO KA
FERE S 40 BRI s . — 7 1, 1R PRI 2 T
D Re R AL F B TA AT B & e Mg, BT
SN LA S (1) 0 B 40 M A — e B BE I 1 5 e
SN Sy —J5 T, AEAR F AR SO 4 MRS A 2 2R
[ A S AR [ 0 S ek e SO, T A, PRAEFRS A 5 40 i
() TG o H AT — S e R A R i ). AR XM
2R t0,%5¢ 651 [ (green fluorescent protein, GFP)A5 it ik
PR T A0 M A b i I R I T 40 A AR b L 8%
I, AR, ARSI 2 A0 2 I H TR G 40 i

REPEE X2 RGR, ERANEE T, TN
RIS ) A AEANERUE IO ARG o B AR AT 40 M
TR ARG TT AT R 2 ) LA AT it ke, (HR AR H R
(RIS GE BATVUIAR A, Jle R4 LRI BT 50K DA B
RIS VER T TN B

S ik (References)

Scully T. Diabetes in numbers. Nature 2012; 485(7398): S2-3.

2 van Belle TL, Coppieters KT, von Herrath MG. Type 1 diabetes:
Etiology, immunology, and therapeutic strategies. Physiol Rev
2011; 91(1): 79-118.

3 Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM,
Orchard TJ, et al. Intensive diabetes treatment and cardiovascu-
lar disease in patients with type 1 diabetes. N Engl J Med 2005;
353(25): 2643-53.

4 Fridell JA, Rogers J, Stratta RJ. The pancreas allograft donor:
Current status, controversies, and challenges for the future. Clin
Transplant 2010; 24(4): 433-49.

5 Shapiro AM, Lakey JR, Ryan EA, Korbutt GS, Toth E, Warnock
GL, et al. Islet transplantation in seven patients with type 1 dia-
betes mellitus using a glucocorticoid-free immunosuppressive
regimen. N Engl J Med 2000; 343(4): 230-8.

6 El-Badri N, Ghoneim MA. Mesenchymal stem cell therapy in
diabetes mellitus: Progress and challenges. J Nucleic Acids 2013;
2013: 194858.

7 Tanus A, Holz GG, Theise ND, Hussain MA. In vivo derivation of
glucose-competent pancreatic endocrine cells from bone marrow
without evidence of cell fusion. J Clin Invest 2003; 111(6): 843-
50.

8 Zhao M, Amiel SA, Ajami S, Jiang J, Rela M, Heaton N, et al.
Amelioration of streptozotocin-induced diabetes in mice with
cells derived from human marrow stromal cells. PLoS One 2008;
3(7): €2666.

9 Mesples A, Majeed N, Zhang Y, Hu X. Early immunotherapy
using autologous adult stem cells reversed the effect of anti-
pancreatic islets in recently diagnosed type 1 diabetes mellitus:
Preliminary results. Med Sci Monit 2013; 19: 852-7.

10 Pileggi A. Mesenchymal stem cells for the treatment of diabetes.
Diabetes 2012; 61(6): 1355-6.

11 Sun Y, Chen L, Hou XG, Hou WK, Dong JJ, Sun L, ef al. Differ-
entiation of bone marrow-derived mesenchymal stem cells from
diabetic patients into insulin-producing cells in vitro. Chin Med J
2007; 120(9): 771-6.

12 Xie QP, Huang H, Xu B, Dong X, Gao SL, Zhang B, et al. Hu-
man bone marrow mesenchymal stem cells differentiate into
insulin-producing cells upon microenvironmental manipulation
in vitro. Differentiation 2009; 77(5): 483-91.

13 Ho JH, Tseng TC, Ma WH, Ong WK, Chen YF, Chen MH, et
al. Multiple intravenous transplantations of mesenchymal stem
cells effectively restore long-term blood glucose homeostasis by
hepatic engraftment and beta-cell differentiation in streptozocin-
induced diabetic mice. Cell Transplant 2012; 21(5): 997-1009.

14 Urban VS, Kiss J, Kovacs J, Gocza E, Vas V, Monostori E, ef al.
Mesenchymal stem cells cooperate with bone marrow cells in
therapy of diabetes. Stem Cells 2008; 26(1): 244-53.



702

20

21

22

23

24

25

26

27

28

29

Ding Y, Xu D, Feng G, Bushell A, Muschel RJ, Wood KJ. Mes-
enchymal stem cells prevent the rejection of fully allogenic islet
grafts by the immunosuppressive activity of matrix metallopro-
teinase-2 and -9. Diabetes 2009; 58(8): 1797-806.

Wan X, Guloglu FB, Vanmorlan AM, Rowland LM, Zaghouani
S, Cascio JA, et al. Recovery from overt type 1 diabetes ensues
when immune tolerance and beta-cell formation are coupled with
regeneration of endothelial cells in the pancreatic islets. Diabetes
2013; 62(8): 2879-89.

Hollenberg CH, Vost A. Regulation of DNA synthesis in fat cells
and stromal elements from rat adipose tissue. J Clin Invest 1969;
47(11): 2485-98.

Gaben-Cogneville AM, Aron Y, Idriss G, Jahchan T, Pello JY,
Swierczewski E. Differentiation under the control of insulin of
rat preadipocytes in primary culture. Isolation of homogeneous
cellular fractions by gradient centrifugation. Biochim Biophys
Acta 1983; 762(3): 437-44.

Zuk PA, Zhu M, Mizuno H, Huang J, Futrell JW, Katz AJ, et al.
Multilineage cells from human adipose tissue: Implications for
cell-based therapies. Tissue Eng 2001; 7(2): 211-28.

Bunnell BA, Estes BT, Guilak F, Gimble JM. Differentiation of
adipose stem cells. Methods Mol Biol 2008; 456: 155-71.
Riordan NH, Ichim TE, Min WP, Wang H, Solano F, Lara F, et
al. Non-expanded adipose stromal vascular fraction cell therapy
for multiple sclerosis. J Transl Med 2009; 7: 29.

Schaffler A, Buchler C. Concise review: Adipose tissue-derived
stromal cells—basic and clinical implications for novel cell-
based therapies. Stem Cells 2007; 25(4): 818-27.

Fang B, Song Y, Lin Q, Zhang Y, Cao Y, Zhao RC, ef al. Human
adipose tissue-derived mesenchymal stromal cells as salvage
therapy for treatment of severe refractory acute graft-vs.-host
disease in two children. Pediatr Transplant 2007; 11(7): 814-7.
Verseijden F, Jahr H, Posthumus-van Sluijs SJ, Ten Hagen TL,
Hovius SE, Seynhaeve AL, ef al. Angiogenic capacity of human
adipose-derived stromal cells during adipogenic differentiation:
An in vitro study. Tissue Eng Part A 2009; 15(2): 445-52.

Timper K, Seboek D, Eberhardt M, Linscheid P, Christ-Crain
M, Keller U, et al. Human adipose tissue-derived mesenchymal
stem cells differentiate into insulin, somatostatin, and glucagon
expressing cells. Biochem Biophys Res Commun 2006; 341(4):
1135-40.

Chandra V, Swetha G, Muthyala S, Jaiswal AK, Bellare JR,
Nair PD, et al. Islet-like cell aggregates generated from human
adipose tissue derived stem cells ameliorate experimental
diabetes in mice. PLoS One 2011; 6(6): €20615.

Bonner-Weir S, Baxter LA, Schuppin GT, Smith FE. A second
pathway for regeneration of adult exocrine and endocrine
pancreas. A possible recapitulation of embryonic development.
Diabetes 1993; 42(12): 1715-20.

Voltarelli JC, Couri CE, Stracieri AB, Oliveira MC, Moraes DA,
Pieroni F, ef al. Autologous nonmyeloablative hematopoietic
stem cell transplantation in newly diagnosed type 1 diabetes
mellitus. JAMA 2007; 297(14): 1568-76.

Couri CE, Oliveira MC, Stracieri AB, Moraes DA, Pieroni F,

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Barros GM, et al. C-peptide levels and insulin independence
following autologous nonmyeloablative hematopoietic stem
cell transplantation in newly diagnosed type 1 diabetes mellitus.
JAMA 2009; 301(15): 1573-9.

Furuyama K, Kawaguchi Y, Akiyama H, Horiguchi M, Kodama S,
Kuhara T, e al. Continuous cell supply from a Sox9-expressing
progenitor zone in adult liver, exocrine pancreas and intestine.
Nat Genet 2011; 43(1): 34-41.

Solar M, Cardalda C, Houbracken I, Martin M, Maestro MA, de
Medts N, et al. Pancreatic exocrine duct cells give rise to insulin-
producing beta cells during embryogenesis but not after birth.
Dev Cell 2009; 17(6): 849-60.

Dabeva MD, Hwang SG, Vasa SR, Hurston E, Novikoff PM,
Hixson DC, et al. Differentiation of pancreatic epithelial pro-
genitor cells into hepatocytes following transplantation into rat
liver. Proc Natl Acad Sci USA 1997; 94(14): 7356-61.

Zaret KS, Grompe M. Generation and regeneration of cells of the
liver and pancreas. Science 2008; 322(5907): 1490-4.

Yechoor V, Liu V, Espiritu C, Paul A, Oka K, Kojima H, et al.
Neurogenin3 is sufficient for transdetermination of hepatic pro-
genitor cells into neo-islets in vivo but not transdifferentiation
of hepatocytes. Dev Cell 2009; 16(3): 358-73.

Ber I, Shternhall K, Perl S, Ohanuna Z, Goldberg I, Barshack I,
et al. Functional, persistent, and extended liver to pancreas trans-
differentiation. J Biol Chem 2003; 278(34): 31950-7.

Yang LJ. Liver stem cell-derived beta-cell surrogates for treat-
ment of type 1 diabetes. Autoimmun Rev 2006; 5(6): 409-13.
Mayani H. Umbilical cord blood: Lessons learned and lingering
challenges after more than 20 years of basic and clinical research.
Arch Med Res 2011; 42(8): 645-51.

Haller MJ, Viener HL, Wasserfall C, Brusko T, Atkinson MA,
Schatz DA. Autologous umbilical cord blood infusion for type 1
diabetes. Exp Hematol 2008; 36(6): 710-5.

Prabakar KR, Dominguez-Bendala J, Molano RD, Pileggi A,
Villate S, Ricordi C, ef al. Generation of glucose-responsive,
insulin-producing cells from human umbilical cord blood-derived
mesenchymal stem cells. Cell Transplant 2012; 21(6): 1321-39.
Phuc PV, Nhung TH, Loan DT, Chung DC, Ngoc PK.
Differentiating of banked human umbilical cord blood-derived
mesenchymal stem cells into insulin-secreting cells. /n Vitro Cell
Dev Biol Anim 2011; 47(1): 54-63.

Xiao N, Zhao X, Luo P, Guo J, Zhao Q, Lu G, et al. Co-trans-
plantation of mesenchymal stromal cells and cord blood cells in
treatment of diabetes. Cytotherapy 2013; 15(11): 1374-84.
Pennarossa G, Maffei S, Campagnol M, Tarantini L, Gandolfi
F, Brevini TA. Brief demethylation step allows the conversion
of adult human skin fibroblasts into insulin-secreting cells. Proc
Natl Acad Sci USA 2013; 110(22): 8948-53.

Ying QL, Nichols J, Evans EP, Smith AG. Changing potency by
spontaneous fusion. Nature 2002; 416(6880): 545-8.

Terada N, Hamazaki T, Oka M, Hoki M, Mastalerz DM, Nakano
Y, et al. Bone marrow cells adopt the phenotype of other cells by
spontaneous cell fusion. Nature 2002; 416(6880): 542-5.





