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ABSTRACT

Pluripotency of human embryonic stem cell (hESC) is one of the most valuable ability of hESCs for applying
cell therapy field, but also showing side effect, for example teratoma formation. When transplant multipotent stem
cell, such as mesnchymal stem cell (MSC) which retains similar differentiation ability, they do not form teratoma
in vivo, but there exist limitation of cellular source supply. Accordingly, differentiation of hESC into MSC will
be promising cellular source with strong points of both hESC and MSC line. In this study, we described the
derivation of MSC like cell population from feeder free cultured hESC (hESC- MSC) using direct differentiation
system. Cells population, hESC-MSC and bone marrow derived MSC (BM-MSC) retained similar characteristics in
vitro, such as morphology, MSC specific marker expression and differentiation capacity. At the point of
differentiation of both cell populations, differentiation rate was slower in hESC-MSC than BM-MSC. As these
reason, to verify differentially expressed molecular condition of both cell population which bring out different
differentiation rate, we compare the molecular condition of hESC-MSC and BM-MSC using 2-D proteomic analysis
tool. In the proteomic analysis, we identified 49 differentially expressed proteins in hESC-MSC and BM-MSC, and
they involved in different biological process such as positive regulation of molecular function, biological process,
cellular metabolic process, nitrogen compound metabolic process, macromolecule metabolic process, metabolic
process, molecular function, and positive regulation of molecular function and regulation of ubiquitin protein
ligase activity during mitotic cell cycle, cellular response to stress, and RNA localization. As the related function
of differentially expressed proteins, we sought to these proteins were key regulators which contribute to their
differentiation rate, developmental process and cell proliferation. Our results suggest that the expressions of these
proteins between the hESC-MSC and BM-MSC, could give to us further evidence for hESC differentiation into
the mesenchymal stem cell is associated with a differentiation factor. As the initial step to understand fundamental
difference of hESC-MSC and BM-MSC, we sought to investigate different protein expression profile. And the
grafting of hESC differentiation into MSC and their comparative proteomic analysis will be positively contribute
to cell therapy without cellular source limitation, also with exact background of their molecular condition.

(Key words : Mesenchymal stem cell, Feeder-free culture, Human embryonic stem cell, Direct induction differen-

tiation, 2D-proteomic analysis)
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Fig. 1. Characterization of feeder-free cultured undifferentiating
hESCs. (A) Experimental scheme of a direct induction system. m-
TeSR™1: StemCell Technologies'” Serum-Free and Feeder-Indepen-
dent Medium for Human Embryonic Stem Cells, EBM: For en-
dothelial cell culture medium generated. (B) Feeder free cultured
hESCs (upper), immunostaining of feeder-free cultured undiffe-
rentiating hESCs for Oct-4. (C) FACS analysis of undifferentiated
cell surface makers, AP and SSEA-4, in feeder free cultured hESCs.
(D) Karyotype analysis of feeder-free cultured undifferentiated
hESCs.
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Fig. 2. Verification of mesenchymal stem cells-like cell population from feeder free cultured hESCs(hESC-MSCs). (A) The morphologies
of hESCs-MSCs, (B) Human detived bone marrow-MSC. FACS analysis of human bone marrow-MSCs (C) and hESCs-MSC (D) with positive
makers including CD90, CD105, CD73 and CD44, and negative makers including CD34, CD45, CD133 and CD31 of MSCs.
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Fig. 3. Functional differentiation of hESC-MSCs into several

li-
neages. (A) hESCs-MSC differentiated into osteocytes(left), adipo-
cytes(right) by culture in specified differentiation media. (B) Hu-
man bone marrow-MSC osteocytes(left), adipocytes(right). Adipo-
cytes were stained for droplets by Oil red O, Osteocytes were st-
ained for mineralization by von Kossa stain.
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Fig. 4. Comparative protein expression profile map of hESC-MSC
and BM-MSC using 2-DE gel electrophoresis. Proteins isolated
from hESCs-MSC and BM-MSC was loaded to the 2-DE gel el-
ectrophoresis. First dimension was 18 cm pH 3~11 NL and se-
cond dimension was 10% gels (A: BM-MSC, B: hESCs-MSC). Th-
ey were visualized by the silver staining. Proteins showing di-
fferential expression were isolated and identified using LC-MS/MS.
Identified proteins were listed in Table 1. In Table 1, 19 up-re-
gulated and 26 down-regulated proteins were listed. Arrows
means specifically up-regulated proteins in hESCs-MSC and BM-
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Fig. 5. Classification of differentially regulated proteins from the proteomic analysis using EXPASY(http://www.expasy.org). Ontological
classification of differentially regulated proteins in terms of (A) Molecular function, (B) Biological process. The compositions of identified
proteins are presented as percentages of all the individual identified proteins. Total 45 unique proteins are allocated to its of 13 categories
with different molecular function and 12 categories with different biological processing.
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Table 1. Identification of up-regulated proteins in BM-MSC
Spot Accession ) Seq. Matched Mass Mascot
No. No. Identified proteins cov. (%) peptide Pl (Da) score
1 1P100182126 FK506-binding protein 9 18 13 491 63508 247
Phosphoenolpyruvate carboxykinase 0 603
2 1PI00294380 [GTP}, mitochondrial 37 26 7.56 7146
3 IPIO0554786 Isoform 5_0f thioredoxin reductase 1, D 28 6.07 55484 754
cytoplasmic
4 IP100218343 Tubulin alpha-1C chain 8 3 496 50560 119
cDNA FLJ31776 fis, clone NT2RI2008141
4 ! . 29
5 1P100789155 highly similar to CALUMENIN 235 11 43 38143 5
6 IPI00930609 Isoform 1 of phosphoserine 37 20 7.56 40803 400
aminotransferase
7 1Plo0930s09  soform 1 of phosphoserine 15 5 756 40803 137
aminotransferase
8 TPI00930609 Isoform 1 of phosphoserine 37 21 7.56 40803 349
aminotransferase
9 IP100744692 Transaldolase 12 4 6.36 37690 146
10 1P100418169 Annexin A2 isoform 1 15 5 853 40676 68
11 IPI00217966 L-lactate dehydrogenase 17 6 8.61 40102 132
Isoform 1 of axin interactor,
12 1PI00303602 dorsalization-associated protein 9 3 6.13 35175 82
13 1P100295386 Carbonyl reductase [NADPH] 1 51 15 8.55 30646 402
Electron transfer flavoprotein subunit
14 IPI00010810 alpha, mitochondrial 10 3 862 35406 44
15 IP100793199 Annexin IV 42 19 584 36294 672
16 IP100384051 Putative uncharacterized protein PSME2 51 15 6.05 28758 432
17 1P100479722 Proteasome activator complex subunit 1 24 6 578 28879 115
18 TPI00020906 Inositol monophosphatase 29 6 5.16 30575 152
19 TPI00027681 Nicotinamide N-methyltransferase 24 7 5.56 30019 225
2 IPlogs4sozs  Upiquitinike modifier-activating 3 R 5.49 118876 655
enzyme 1
27 PI00220834 2ATP—dlependent DNA helicase 2 subunit 30 » 5.55 83032 412
» IPlooooss24  1soform 1 of polyadenylate-binding 15 10 952 70858 162
protein 1
23 IPI00375441 Isoform 1 of far upstream element- 12 10 7.18 67692 170
binding protein 1
Insulin-like growth factor 2
24 TPI00008557 mRNA-binding protein 1 17 10 926 63765 166
2 Pio0027834  eterogeneous nuclear ribonucleopro- B 8 8.46 64730 123
2 IPloo00sa7s L ydroxymethylglutaryl-CoA synthase, 4 3 522 57837 53
cytoplasmic
27 TP100328319 Histone-binding protein RBBP4 10 5 4.74 47916 112
Isoform RpnlOA of 265 proteasome
28 IP100022694 non-ATPase regulatory subunit 4 5 2 4.68 40943 77
29 IPI00021808  Histidyl-tRNA synthetase, cytoplasmic 10 6 5.72 57954 105
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Table 1. Continued

Spot Accession Seq. Matched Mass Mascot
No. No. Identified proteins cov. (%) peptide Pl (Da) score
30 IPI0021723  Multifunctional protein ADE2 3 19 744 50402 274
31 IPI00027341  Macrophage-capping protein 7 3 588 38784 120
2 IPI00418471  Vimentin 53 36 5.06 53677 912
33 PI00418471  Vimentin 5 ¢ 11 5.06 53677 367
34 IPI00418471  Vimentin 73 110 506 5%77 271
35 IPI00418471  Vimentin 9 2 5.06 53677 850
36 IPI00549248  Isoform 1 of nucleophosmin 3 29 464 32729 837
37 IP100021700 Proliferating cell nuclear antigen 19 8 457 29098 92
38 IPI00748145 Lsgt;'r;“ é(sf i?ﬁf‘ze s‘l‘;ﬁll‘:g?de’bmdmg 13 5 534 41005 109
39 IPI00008552  Glutaredoxin-3 17 5 531 37698 67
20 IPI00024095  Annexin A3 ) 18 563 36527 438
4 TPI00334587 ?b&%;;fogfﬁms nuclear 8 2 649 36061 73
2 TPI00797148 ﬁgﬁiﬁ;}i’fot};?;e’gﬁm nuclear 4 9.19 29484 220
3 IPIO0027252  Prohibitin-2 35 13 983 33276 19%
“ IPIO0011253 405 ribosomal protein S3 73 37 968 26845 845
5 IPI00643746  High-mobility group box 1 4 4 991 11461 3
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