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Directed Differentiation of Pancreatic Islets from Human Embryonic Stem
Cells and Cell Therapy of Diabetes Mellitus

Suel-Kee Kim, Joong-Hyun Shim, Dong-Hun Woo and Jong-Hoon Kim'

Laboratory of Stem Cell Biology, Division of Biotechnology, College of Life Sciences and Biotechnology,
Korea University, Anam-Dong, Seongbuk-Gu, Seoul 136-713, Korea

ABSTRACT : Replacement of insulin-producing cells represents an almost ideal treatment for patients with diabetes
mellitus type 1. Transplantation of pancreatic islets of Langerhans is limited by the lack of donor organs. Therefore,
generation of insulin-producing cells from human embryonic stem cells represents an attractive alternative. The present
review summarizes the current knowledge on the differentiation of insulin-producing cells from human embryonic stem cells
and their application to the cell therapy for treating diabetes mellitus.

Key words : Human embryonic stem cells, Pancreatic 3 cells, Differentiation, Diabetes mellitus, Cell therapy.
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NES =" PDX1 |=PDx1 ssT

Fig. 1. Production of NES in PDX1+ pancreatic endoderm
derived from S/A/RA-treated hEBs. (a) Immunostaining
for PDX1 at day 1 of differentiation after EB plating.
(b-d) Cells that migrated from hEBs immunostained for
PDX1 and NES at day 4 (b, c) and day 8 (d) of
differentiation after EB plating. Arrowheads in (b, inset)
indicate cells positive for PDX1 and negative for NES.
Arrowheads in (c, inset) show cells positive for NES
and negative for PDX1. The dotted circle in (d) shows
cell clusters that produce both PDX1 and NES after 8
days of EB plating. (¢) Formation of spheroids producing
PDX1. (f) Cell clusters detached from culture plates im-
munostained for PDX1 and NES. (g) RT-PCR analysis
showing the expression of genes associated with early
and late phases of islet differentiation in cell clusters.
DAPI 4',6-diamidino-2-phenylindole dihydrochloride, GCG
glucagon, NEURODL neurogenic differentiation 1, NEUROG3
neurogenin 3, SST somatostatin, ISL1 islet 1, INS insulin.
Scale bars: 25 #m (a, ¢, d) and 50 ~m (b, €, f). (adapted
from Shim et al., 2007 Diabetologia 50:1228-1238).

tor, IGF)9} frAREE A&& gddhs 2oz 494 o
(Hernandez-Sanchez et al., 2006).
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= (Zulewskl et al., 2001; Abraham et al., 2002). 131}
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A wjelEr| M2 RE AFAEE B3lsly] 93 ®
02 Wy o 24 Pdxl (pancreatic duodenal homeobox 1)
T AAQ ol B HF F A=A EY B Fad
qES st AARIAEY FAAE AR HF

B-AEY £35 FAAZ F Ave AT ZHE AAEHSA
T} (Miyazaki et al., 2004). Moritoh & (2003) o Qled II
T2 RHo| 93 p-geos] Wdo] XAHE FHAE &1
g A wjelErMEREE deds FAste AMERY
T3E AZsen, B3tE TS0 2571, AvES
elel, FAZHElo]= (pancreatic polypeptide), p48, o}
glo}Al, 12) 3L carboxypeptidase AS ¥33+ H A4 &
ARJMAE HEF-S Fof & Wuigelx 71dE AGAE
7b E3E TS SHEAT 09k tEo] Ku 5 (2004)&
monothioglycerolo] 7}l F-8% ujokz7ol)A activin 4B
9} nicotinamide, ~12]3 exendin-4 (GLP-1 agonist)S 78}
o =& $&9 ded FHAHEY F3lE IIstH o, ex-
endin-49} GLP-19l 9]3} )% *ﬂi/] 3 e A% &
28 Ao WolE7MEE 083 tE ATlME SIEA
T} (Lester et al., 2004; Bai et al., 2005).
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FAARIAZA Ao zxY 28-S 2H3=
A2 dedA doH, bHLHY 921 Hixb9
7] gl A @ E ol Hd wj$q el
gk 43 A AT (Li et al., 1999). 3 X
AHEEE EAIAR] Pdx1 1EdU Glut2
ZHPT oflgt Asd AFoRY E3lHA 3
ZAARIALeI T} (Offield et al., 1996). Pdx1& Wdsh:s )
ATAEZES 489 B34S 747‘4 Hl"“’ dske 7
T AEEE B3 AH, 53] dsds THlge B-AE
29 #3134 Foll= Isl-1, neurogenin 3 (Ngn3), Beta2/
NeuroD, Pax4, Pax6, Nkx2.29} 7+-& HALIAE 2] g o]
HEEY 1sl-1e HeFel AT FFAAEA AN LA
= AARIAEA FAFAEAN TEES YstE BE Al
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AE} ARB Z7AA TR Vel HF Q7)o =2
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B v} Aot (Pfaff et al., 1996). B&-<] Notch 215
| 245 Hes e A% Warl AFAZEY &
& AAshe FaAARI Ngn39] S dAsH: 7
7HAaL itk NgnsL HNF1a 9} HNF3 3, HNF69} 23 %}
o A AFAEZE YEHAHEE E3LIEE fxste W
W (Lee et al., 2001), Hesell ]3] Ngn37} °4Xﬂ 2 73F ‘I’J]
o] oiHl Axe E37 F790h Pax4st Pax6e Hjof
o) Azt A HAgelA BHHE AR deA
1em, Pax4—‘: Aeds BHlste B-AE9 ArtEXEE
< ¥ (Sosa-Pineda, 2004), Pax6: ZF7}
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7VetAl H=dl, 53] AZHATAEY &
10140 delA & R817h A&g ol wet 2asiA
gk st A f-AEE B3EW O 5 FELE
HEE Y, ledd) Glut-29] TdS £31g (Soria, 2001).
A% B AhE B2 A7 AHEZ 5 activins, TGF
A1, inhibin, 84 @A (BMPs), NodalZ} 22 #o]4
A} olF (TGF A3 -superfamily)2} Wnt3a, FGFs, #lElx
2k Notch 2135 A3|sl= y-secretase A4, ET?}*
FAF FElo) = (GLPs), exendin-4, 7Hd <14} (HGF), ¢l
A A2 (IGFs), g3 W3] A44214} (VEGF), Noggln
nicotinamideE H¥3}] hedgehog SAAZ €& 7 cy-
clopamine 5 2] AFE0] HjolE7 A LR RE G2
29 #315 syl gk A 2HAEA A H
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A7} o] FA L gloH, 2 3 q
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53 9t} (Soria, 2001; Roche et al., 2003).
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Fig. 2. Changes of blood glucose levels and body weight after
transplantation of hESC-derived Pdx1-positive clusters
into diabetic mice. Changes of blood glucose levels (a)
and body weight (b) in streptozotocin-induced diabetic
mice transplanted with cells derived under SF (n=3,
closed squares), S/A (n=3, open circles) or S/A/RA con-
ditions (n=6, closed circle), or in sham-operated mice
(n=6, open squares). (adapted from Shim et al., 2007
Diabetologia 50:1228-1238).
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