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Induced Differentiation of Embryonic Stem Cdlsto Insulin Secreting Cdls
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Objective: Embryonic stem (ES) cells could be differentiated into the specific cell types by alternation
of culture condition and modification of gene expression. This study was performed to evaluate the
differentiation protocol for mouse and human ES cells to insulin secreting cells.

Methods. Undifferentiated mouse (JH-1) and human (Miz-hES1) ES cells were cultured on STO
feeder layer, and embryoid bodies (EBs) were formed by suspension culture. For the differentiation, EBs
were cultured by sequential system with three stage protocol. The differentiating ES cells were collected
and marker gene expressions were analyzed by semi-quantitative RT-PCR in each stage. Amount of
secreted insulin levels in culture media of human ES cells were measured by human insulin specific
RIA kit.

Results: During the differentiation process of human ES cells, GATA-4, a-fetoprotein, glucose
transporter-2 and Ngn-3 expression were increased whereas Oct-4 was decreased progressively. Insulin
and albumin mRNAs were expressed from stage II in mouse ES cells and from stage III in human ES
cells. We detected 3.0~7.9 pU/ml secretion of insulin from differentiated human ES cells by in vitro
culture for 36 days.

Conclusion: The sequential culture system could induce the differentiation of mouse and human ES
cells into insulin secreting cells. This is the first report of differentiation of human ES cells into insulin
secreting cells by in vitro culture with serum and insulin free medium.

Key Words. Embryonic stem cell, Insulin secreting cell, Differentiation, Sequential system, Serum and
insulin free medium
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Table 1. List of marker genes for differentiation of mo-
use embryonic stem cells

Genes Sequences Pr(_)duct
sizes
. S'-ccagctataatcagagacca-3'
Insulin 1 5'-gtgtagaagaagccacgct-3' 197bp
. S'-tccgctacaatcaaaaaccat-3'

Insulin 2 \ 8 411b
5-getgggtagigeteggtota-3 P
S'-actcacagggcacattcacc-3'

Glucagon S'-ccagttgatgaagtccctgg-3' 333 bp

. S'-tcgetgetgectgaggacet-3'

Somatostatin 5'_gccaagaagtacttggccagiic-3 232 bp

IAPP 5:-actagctcagcacacaggat-3' ' 364 bp
5'-agacaagagaggctgcaagt-3
S'-accatgaacagtgaggagca-3'

Pdx-1 5'-tectettgttttcctegggt-3' 451bp

Pax-4 5'-aaatggcgcaggcaagagaa-3' 280 bp
S'-atgaggaggaagccacagga-3

Isl-1 5:-agatatgggagacatgggcgat-?' 327 bp
5'-acacagcggaaacactcgatg-3

} 5'-tggcactcagcaaacagcga-3'

Negn-3 S'-acccagagccagacaggtct-3' 444 bp

Beta-2 5'-cttggccaagaactacatctgg—3 . 222bp
5'-ggagtagggatgcaccgggaa-3
S'-aaccgtgecacgegctcaaa-3'

Nix2.2 S'-agggcctaaggectccagtct-3' 220bp

Glucose S'-cggtgggacttgtgctgctgg-3' 416 bp

transporter-2 5'-ctctgaagacgccaggaattccat-3'

5'-tggatgacagagccaggatgg-3' 208 bp

Glucokinase S'-acttctgagccttctggggtg-3'

5'-ggctectagtgacctgeacca-3'

Kir62 S'-ccacagccacactgegettgeg-3' 317bp
o jmmmEeel o
Octd S megeotegy S5
GAPDH 3 ety 45200
Pactin 3 ooy 499
(Miz-hESC1) ,
(embryoid

Table 2. List of marker genes for differentiation of
human embryonic stem cells

Genes Sequences Prgduct
sizes
. S'-gectttgtgaaccaacacctg-3'
Insulin S'-gttgcagtagttctccagetg-3' 261 bp
Pdx-1 5'-cccatggatgaagtctacc-3 262 bp

S'-gtcetectectttttecac-3'

5'-tgaaaaccctcttgaatgec-3 492 bp

a-fetoprotein 5'-tettgetteategtttgeag-3'

Glucose S'-aaccagcatttttcagacgg-3' 441 b
transporter-2 5'-agcactccagcaaagaggaa-3' P
Sox-17 5'—agtgacgaccagagccagac-'S 214bp
5'-ccttageccacaccatgaaa-3
5'-ccctetactceccagtctec-3'
Ngo-3 S'-ccttacccttagcacccaca-3' 176 bp
GATA-4 5'-gacgggtcactatctgtgcaac-3 ' 475 bp
5'-agacatcgcactgactgagaac-3
. 5'-cccagactccgtcagtttct-3'
Somatostatin S'_ccatagccgggtitgagtta-3' 205 bp
S'-ctcagtgatcctgatcagatgaacg-3'
Glucagon S'-agtccctggcggcaagattatcaag-3' 370bp
) S'-cgtgaagctggagaaggagaagetg-3'
Oct-4 S'-aagggccgceagcttacacatgttc-3' 244bp
S'-agccacatcgctcagacace-3'
GAPDH 5'-gtactcagcgccagcatcg-3' 302bp
g S'-tggcaccacaccttctacaatgage-3'
p-actin S'-gcacagcttctccttaatgtcacge-3' 296 bp
body) . ITSFn
6 (stage-I), N2 insulin
IGF-I  IGF-II N2-insulin free
8 (stage-1I).
N2, N2+B27 N2-insulin free, N2+
B27-insulin free 22
(stage-III).
, Table 2 RT-POR
3. RIA
stage-I11
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Figure 1. Morphological observation (A~D) and RT-PCR analysis (E) during the differentiation of mouse embryonic
stem cells. A: EB stage, B: Stage-I (ITSFn for 6 days), C: Stage-II (N2 for 8 days), D: Stage-IIT (N2 for 22 days), E: Gel
electrophoresis of RT-PCR products by sequential culture system. GAPDH and -actin gene were used as internal controls.

RIA kit
(Linco Research Inc., USA)

0.1% bovine serum albumin (BSA) 5 mM

glucose Krebs buffer 10
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5 mM 25 mM glucose Krebs buffer
3 ;
RIA kit
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activity =~ gamma counter au-

tomated data reduction procedure R

human insulin  pU/ml .
Kruskal-Wallis
ANOVA test Dunn’s multiple comparison test
p 0.05
1.
(Figure 1 A-D),
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Figure 2. Morphological observation (A~D) and RT-PCR analysis (E, F) during the differentiation of human
embryonic stem cells. A: EB stage, B: Stage-I (ITSFn for 6 days), C: Stage-II (N2 for 8 days), D: Stage-III (N2 for 22
days). E: Gel electrophoresis of RT-PCR products by sequential culture system. F: Schematic interpretation of the expr-
ession pattern of marker genes. Data were calculated by the expression ratio of each group to undifferentiated human
embryonic stem cells.

RT-PCR (Figure 1 E). Oct4
Oct-4 GATA-4, alpha fetoprotein, glucose transpo- rter-2, Ngn-3
, albumin  insulin mRNA
, insulin-1, Pdx-1, somatostatin ~ PC2 stage-II1
stage-I1T . (Figure 2 E).
5 semi-quantitative RT-PCR
' (Figure 2 F).
3.

(Figure 2 A-D). (stage-11T)
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Figure 3. Amount of secreted insulin from differenti-
ated human embryonic stem cells (stage-III). p<0.05.

Figure 3
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