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Characterization Analysis for Cardiogenic Potential of Three Human Adult
Stem Cells

Seah Park, Hyeon Mi Kang, Eun Su Kim, Jinyoung Kim and Haekwon Kim'

Dept. of Biotechnology, College of Natural Sciences, Seoul Women's University, Seoul 139-774, Korea

ABSTRACT : In the present study, we isolated three human adult stem cells including adipose tissue-derived stem
cells(HAD), umbilical cord-derived stem cells(HUC), and amnion-derived stem cells(HAM) and analysed their characteristics.
And we examined whether HAD could be used as therapeutical cells for the heart diseases.

Both HAM and HUC appeared very similar morphology but HAD was different. Doubling time of HUC was most fast,
but total doubling numbers of HUC was same with HAM. Total doubling numbers of HAD was much more than others.
Expression patterns of genes and proteins of three human adult stem cells were very similar. Also they were differentiated
into adipocytes, osteocytes, and chondrocytes. In addition, they expressed many cardiomyocyte-related genes. But ex-
pression pattern of genes is a little different. When HAD were cultivated in the presence or absence of various com-
binations of BMP and FGF after 5-azacytidine expose for 24 h, expression of Cmlc-1, and «1c genes was significantly
increased. However, expression of troponin T, troponin | and Kv4.3 genes was not changed. Based on these obser-
vations, it is suggested that HAD, HUC, and HAM might be used as potentially therapeutical cells for clinical
application.

Key words : Mesenchymal stem cells, Adipose tissue-derived stem cells, Umbilical cord-derived stem cells, Amnion-derived

stem cells, Clinical application.
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1) HADS] 1%

A" 225 A4 AE 3 0.075% type 1 collagenase
(Gibco, Grand Island, NY)7} 238 Ca®*, Mg**-free Dul-
becco’s phosphate-buffered saline(DPBS)<l] o] 37 CollA
30 RF wwkate] WA ZATE o] & 500xgE 3 AlH
A|ZEE- 100 U/mL penicillin(Gibco), 0.1 zg/mL streptomy-
cin(Gibco), 3.7 mg/mL sodium bicarbonate, Z12]31. 10%
fetal bovine serum(FBS, Hyclone, South Logan, UT)o]
32%E low-glucose Dulbecco’s Modified Eagle Medium
(DMEM-LG, Gibco)dl| 4 37°C, 5% CO7} BFHE w47
Woll A v kataict. wieF 3¢ & w8719 upeol B4 &
S AEZE AASALL, 1570 29 v FA S WA st vk
279 70~80% HE= M7} AehE 0.125% trypsin(Gibco)
3} 1 mM ethylenediamine tetraacetic acid(EDTA)7} &%
Hanks Balanced Salt Solution(HBSS, Gibco)< 387+
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2) HUCY] s

A€ BES 100 U/mLe] penicilling} 100 1 g/mL2]
streptomycin©] 37}l Ca™*, Mg”*-free DPBSE H1% 9] %
o golg AR ool AAY A 9% ot
W71 FY 208 AASYY F& 22 & 1mm’® 27)2
A2 & ke 2yl 9] 0.5% crude type collagenase(Gibco)
Z7yske] 37T A overnight A28t} ] ¥ DPBS
S 40v) F71ske] Ao A 600xgE 1083 YA E 2|5
ot 4% & 45AE A AL DMEM-LGE 23 A
2tk £ 9 AEZ 100 U/mL penicillin, 0.1 g/ mL
streptomycin, 3.7 mg/mL sodium bicarbonate, 28] 3 10%
FBS7} E3He DMEM-LGel A 37C, 5% CO7t 355 <
w 7] ol ekl W 3% & whof §7]2) wieol
A B2 AEE AASIAIL, 15700 27 v FAS wAskA
o} wieF £719] 70~80% H=E AE7} Al2PE 0.125% tryp-
sinZt 1mM EDTA7} 7He HBSSE 387+ A2late] A%
2 gojy &, 2x10%em’e] FE 2 Hj ket

=
=
=

A&l 2 mg/mL collagenase A
(Roche Diagnostics, Rotkreuz, Switzlerland)<} 0.05 mg/mL
DNase(Roche Diagnostics)7} 3% DPBSol| ¥ o] 374
A 2213 FeF aikete] wEEAIZATE o] S 500xgE 3 Al
2 2 MZE 100 U/mL penicillin, 0.1 zg/mL streptomy-
cin, 3.7 mg/mL sodium bicarbonate, 2] 10% FBS7} 3
3l DMEM-LGe]l 377C, 5% CO,7} &&= wl%7] wol
SRS EE DELE DEFBREL 2 K
HEE AASRD, 170 291 vl mA stk ok
4719 70~80% HEE ME7} A2H 0.125% trypsin}
1 mM EDTA7} &% HBSSS 3&3t Aeste] AEE
Hojd F, 4x107cm’e] FER M EES BolFol ujYate]
.
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Cell pellet& Ca®, Mg*'-free DPBSE o] &3}o] | %3}
31500 xL2] Tri-reagentE 7}sk o2 manufacturer?] in-
structionel] w} total RNAS #2]3t94th 5 1ge RNAE
reaction buffer, 1 mM NTP mixture, 0.5 xg/ L oligo(d)
T15, 20 U RNase inhibitor(Takara, Japan), 20 U M-MuLV
reverse transcriptase(Fermentas, Burlington, Canada)’} &
e 20 L W B0l G -AKreverse-transcriptation, RT)
AT BR3-E 42CoA 607 FAHAT Aol RT
products(cDNAs)+= 2 mM MgCl,, 1x Taq buffer, 0.25 U
Taq polymerase(Fermentas), 10 pM<] sense$} antisense
gene-specific primers7} &3¢ 10 pL ¥H8- 8902 PCR
< stk AmplificationS & 35 cycles 43431921,
7} cycleS 94 Col A 3027+ denaturation, 303%7+¢] an-
nealing, 72ColA] 30%7+9] extension FFoZ TAHIA
t}. Annealing ¥4 9] 2% = Table 13} 20 % 7]5}93t} |t
$ $4 ¥, PCR HAEEL 0.25% bromophenol blue,
0.25% xylene cyanol, 40% sucrose’} *3¥ 6xloading
buffero] £33 th2 2% agarose gelS o] &3t H74%
stk A719% ¥ ethidium bromideZ $43}al ultra-
violet lightS o]-8-3lo] DNAS] 948 ATk

2) AERFEY By 24

S HE2F2 2742 S 8-well slide chamber(Nunc,
Rochester, NY)ol|l A i oFet 3 2% paraformaldehyde”}
¥ DPBS &5 o] &3] 4To|A 2417 &2k 7g38k3d
o} 74 % DPBSZ 587t 3W A&t ginh agla 4L
A 10% &3t 0.5% Triton X-1007} $H-¥ DPBSE A 2] ¥
A& gk o endogenous peroxidase activitiesE A A3}7]
18t 3% hydrogen peroxide(Dako, Carpinteria, CA)Z
15587 9h-A1 71 & A F 5193t 2% bovine serum albumin
S 33 DPBSOIA 202 147k Fot uhsA| T}, 1
% TRA-1-60(1:20), SSEA-3(1:50), SSEA-4(1:50), Thy-1
(1:20), Collagen I (1:100), Collagen II1(1:20), Collagen III
(1:200), Collagen XI(1:200), Fibronectin(1:700), «-SMA
(1:50), Vimentin(1:100), CK18(1:50), CD44(1:500), CD54
(1:40), CD106(1:50), FSP(1:500), VWF(1:200), CD31(1:40),
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Table 1. Primers used for the RT-PCR analysis for stem cell marker

Gene Primer sequence Size(bp) Annealing temp.(C)  Accession number

5’-aca act ttg gta tcg tgg aa-3’
GAPDH 456 53 NM_002046
5’-aaa ttc gtt gtc ata cca gg-3’

5’-cgt gaa gct gga gaa gga gaa gct g-3’
Oct-4 gt gag ct goa gaa goa gaa ot 0 245 55 AF268617
5’-caa ggg ccg cag ctc aca cat gtt c-3’

5’-atg gct atg tgt gct atg agc-3°
Rex-1 99 9199 9% 449 57 NM_174900
5’-cct caa ctt cta gtg cat cc-3’ -

5’-cca ttg atg cct tca agg ac-3’
SCF 275 55 M59964
5’-ctt cca gta taa ggc tcc aa-3’

5’-gct gtg tct cal att gta gga ata-3’
FGF-5 9ct 99 9 99 g 99 434 55 NM_004464
5’-tat cca aag cga aac ttg agt ctg ta-3’ -

5’-ga aa gat gcc gtg atg tg-3’
NCAM 989 990 gaa gat gee 919 @19 19 269 60 NM_000615
5’-ata ttc tgc ctg gcc cgg atg gta g-3’

. 5°-cca gaa act caa gca cca c-3’
Nestin 398 54 X65964
5°-ttt tcc act cca gec atc c-3’

5’-agc cat gct agt ttg ata cc-3’
BMP-4 383 55 D30751
5°-tca ggg atg ctg ctg agg -3’

Brachyury >"gag ctc acc aat gag atg at-3 335 57 NM_002052
5°-ggc tca tac tta tgc aag ga-3’ -

5’-gtg ctg cac ttc ttc ata tgc-3’
aFpP 218 54 NM_001134
5’-tga cag cct caa gtt gtt cc-3’ -

5’-ttc ctc ttc cct cct caa at-3’
GATA-4 194 60 NM_002052
5’-tca gcg tgt aaa ggc atc tg-3’

5’-gag cag gaa t aa gaa tg-3’
HNF-4a 92 cag gaa 19 gaa gaa 1 205 62 NM_178849
5’-ggc tgt cct ttg gga tga ag-3’

. . 5’-cct tcg tga ata cca cg acct gc-3’
Vimentin 321 56 719554
5’-taa tat atc gcc tgc cac tga g-3’

5°-ttg cgg ctg ctc agc atg tt-3’
BMP-2 315 55 BC069214
5°-ttg cga gaa cag atg caa gat g-3’

5°-gag atc gag gct ctc aag ga-3’
CK18 9% 989 ¢ 99 357 57 NM_00024
5’-caa gct ggc ctt cag att tc-3’ -

5’-gta ttt ctt cac atc cgt gtc ccg-3’
HLA ABC 394 70 118898
5’-gtc cgc cgc ggt cca aga gecg cag-3’

5’-ctg atg agc gct cag gaa tca tgg-3’
HLA DR 9 29 8% 9 99 % 220 60 X06079
5’-gac tta ctt cag ttt gtg gtg agg gaa g-3’

HLA-ABC(1:200), HLA-DR(1:50) mouse monoclonal an- peroxidase-conjugated streptavidin(Dako)S 2087t #]2]3}
tibodieE 4 ColA 17~244]7F &9t A &, A4}t o] %t 3,3’-diaminobenzidine tetrahydrochloride(DAB, Dako)
3 piotinylated goat anti-mouse 1gG$} anti-rabbit IgGZ 4! G0 st Wao] H A|E= DPBSE A4 st

2ol 4 2087 A skt 3W AlF g ths, horseradish Mayer’s Hematoxylin©. 2 thz 943 % 33}t &u]7(LSM
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Table 2. Primers used for the RT-PCR analysis for cardiac related marker

Gene Primer sequence Size(bp) Annealing temp.(C)  Accession number

5’-gag gtc gag ttt gat gct tcc-3°

Cmicl 989 gic gag Tt Qe 9 300 63 NM_000258
5’-cga agt cct cat agg tgc ctg-3’
5'-ctg gac aag aac cag cga cag tgc g-3'

alc 99 g g cga cag 9e 9 562 68 NM_000719563
5'-atc acg atc agg agg gcc aca tag gg-3' -
5'-ggc agc gga aga gga tgc tga a-3'

nT 99c agc gga aga 9ga 1oc 19 152 57 BC002653
5'-gag gca cca agt tgg gca tga acg a-3'
5’-cct gcg gag agt gag gat ct-3’

Tnl 9°0 gag adt 929 9 218 57 X54163
5’-tag gca gga agg ctc agc tc-3’
5'-cac ccc aga aga gga gca cat-3'

Kv4.3 93 992 992 9 322 63 AF048712

5'-agt agc tgg cag gtt aga att-3’

410; Carl Zeiss, Oberkochen, Germany) a4 234t

_\]j—
AEZES £33 58S 74537 Hste] 3HA passage?]
HEZES 23} F= wfFdol A widatict e 17

AA| 3 A4 (adiopogenic) DMEM-LG®ll 10% FBS, 1
M dexamethasone, 0.5 1M 3-isobutyl-1-methylxanthine,
0.05 mg/L human insulin Z22]3 200 x#M indomethacin®]
A7H g S o8-8kt 25 vl £, oil red O 4=
Aldete] Aol F2E APAE] 4 AR5 Rl
o

FAHXE A 4(osteogenic)> DMEM-LGel| 10% FBS, 0.1
#M Dex, 100 mM S -glycerol phosphate, 50 xM ascor-
bic acid-2-phosphate”} 3718 B %2 o] &35t} 25 #f
& %, von Kossa F4& Aldste] Z<go] I A2E &
13tsAt.

AZFAE A4 (chondrogenesis)2 high-glucose DMEM®]|
0.1 1M Dex, 50 ¢g/mL ascorbic acid-2-phosphate(Asc),
100 pg/mL sodium pyruvaMte, 40 g/mL proline, 10 ng/mL
transforming growth factor- 33(TGF-33 R&D Systems,
Minneapolis, MN), 50 mg/mL ITS puls premix(each 6.25
#g/mL insulin, transferrin and selenious acid plus 1.35
mg/mL BSA and 5.35 mg/mL linoleic acid; BD Bioscien-
ces Becton Dickinson, CA)7} #7148 ujokelS o] -84t
35 #l¢ -, alcian blue B41& At &3} 75 &4l

a3t

5. AFAERY] B3 =

Bl HAo] 2X10%cm’ $E] AT E YolF 3y &
o 10 #M 5-azacytidineS 24417+ 8384t} o] & 7]
Rujokd o2 47k v st AL, 7] Eu) ko] 7} 10 ng/
mL 5%¢ BMP-29} FGF-10, BMP-48} FGF-4 F:
BMP-4¢} FGF-8& #7bste] 437 vttt o §
AZAE #d FH12E 2A8Y B3 A= 2A8HY

o,

N

2 3
1. HAD, HUC 181 HAMS] £4 #-4

1) Fepy 24

HAD, HUC 183 HAM EF Afoldze} faket
Fe|2 Ueon, o F HUCH HAMe] 1§ 413 3
9% ehicFig. 1).

d o,
HAMS 13919 Atjul <k F<t 263 EE3H L, v FA1=
% 96% who] B4S w32tk Doubling time2 HADE
3249, HUCL 2.7¢, HAML 349 = HUC®] 71 &ttt
(Fig. 2).
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Fig. 1. Morphology of HAD, HUC, and HAM. A, B, HAD at
2nd passage; C, D, HUC at 3rd passage; E, F, HAM 3rd
passage. A, C, E: magnification, <40, B, D, F: magni-
fication, x<100.

3) A W 4

HAD, HUC 1211 HAMS] 32 #4] A, A &7
AE BF wfjol Z7|A S wjo} FHAM TN LH =
AR Oct-4, Hjo} Z7|AE, Wiol FUAE, ZHTAE,
D E7H TN Tdste 34120 stem cell factor
(SCF), 9Jul g Ao wHdst= 244 neural cell ad-
hesion molecule(NCAM)Z} FGF-5, ] Ao A wd
= A BMP-4, il AlZellA ddste Akl
GATA-4, vimentin, cytokeratin18(CK18), =2 A4 =
A 422 HLA-ABCS HLA-DRS H&atitt. 12
U wjol S7IAIE, wjol FFATAAN Tt FAA
Rex-17} W@ A ZoA #&st= 74} alpha feto pro-
tein( @ FP)> HUCOI AR ddstA] ekokom, Fulg A
oA W= 84 Brachyuryet =81 2 Wl Al
A ddste BMP-2= Al 27| EA 25 ddstA] o
THTable 3).
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Fig. 2. Cumulative cell numbers and cumulative doubling num-
bers of HAD, HUC, and HAM. A, cumulative cell
numbers; B, cumulative doubling numbers. ll, HAD; A
HUC; @ HAM.

Thy-1(CD90), A7t 718 &42 collagen type- I, -1I, -
11, -XT, fibronectin, A% =2 &322l vimentin, «-smooth

muscle actin(e-SMA), CK18, Alx A% EZ< homing
cell adhesion molecule(HCAM, CD44), intracellular cell
adhesion molecule(ICAM, CD54), vascular cell adhesion
molecule(VCAM, CD106), 18|31 2 XA B34 &
99 HLA-ABCE Yehgtt Hjop E7]M% %4 24
TRA- 1-602 HUCO A dskA] oftal, oA ¥ £
=742! von Willebrand factor(vVWF)& HAMO A7t W& 5}
A &rom, WA E %A B2 platelet endothelial cell
adhesion molecule(PECAM, CD31)3} ZAZAFAETHA
F9¢ HLA-DRE Al 27|41 E 25 2dshA] A3htH(Ta-
ble 4).
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Table 3. Gene expression profiles by HAD, HUC, and HAM
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Table 4. Immunocytochemical analysis of proteins expressed by
HAD, HUC, and HAM

Marker Gene HAD HUC HAM
Oct-4 + + + Marker Protein HAD HUC HAM
ES, EC
Rex-1 + - + TRA-1-60 + +
ES, EC, SCE N . . ES SSEA-3 + + +
HSC, MSC SSEA-4 + : :
NCAM + + +
Ectoderm MSC Thy-1 + + +
FGF5 + + + Collagen | + + +
Mesoderm BMP-4 * * ¥ Collagen 11 + + +
Brachyury - - - ECM Collagen 11 + + +
HNF-4« * * * Collagen XII + + +
Endoderm GATA-4 + + + Fibronectin . . .
«FP * - i ¢-SMA ¥ ¥ ;
Vimentin + + +
Mesoderm Cytoskeleton  Vimentin + + +
Endoderm BMP-2 - - _
Ectod CK18 + + +
ctoderm,
+ + +
Endoderm CcKis CD44 * + +
MHC HLA-ABC + + + Adhesion CD54 + + +
HLA-DR + + + molecule CD106 - -
ES; embryonic stem cells, EC; embryonic carcinoma cells, HSC; FSP + + +
hematopoietic stem cells, MSC; mesenchymal stem cells, ECM,; Endothelial VWF + + —
extracellular molecule, MHA; major histocompatibility antigen. cell CD31 — —
HLA ABC + + +
5) ¥alsy 24 MHA LA DR B )

HAD, HUC 183 HAMS 217t A A X, FA|E, 9
ANEZY B3l 45 23} A 712 SV E BF AA T,

A AEZ 23 FEEHAHFig. 3).

X a8a o
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2. HAD, HUC 1831 HAMS] AAIE dHe fd )
& A

HAD, HUC 1831 HAMO| djste] A2AE &3 {2
2520 W8S ZAE 23} cardiac progenitor marker -3
A1 Islet-1(1sl-1) myocyte enhancer factor-2C(MEF-2C)
T A 7Y E7MEAAM BF 2dEe0n, NK2 tran-
scription factor related, locus5(Nkx2.5)= HADo| A7 @&
= AT} Thick filament component 12121 Cmic-12 HAD
S} HUCO Mt &9l o, atrium myosin light chain-2
(MLC-2a)= HUCY HAMO A Y A E . 18y -
myosin heavy chain(e-MHC)$} A-myosin heavy chain
(B-MHC) 28] cardiac ventricular myosin light chain-2
(Cvmic-2)& Al 7| X &7 EdstA] eksket. Thin fila-

ES; embryonic stem cells, MSC; mesenchymal stem cells, ECM,;
extracellular molecule, MHA; major histocompatibility antigen.

ment component FA}Q1 a-skeletal actin(a-SA)Z} TnT
A 271 E 2% 338loH, a-cardiac actin(a-CA)
3} Tnle= HADS} HUCY &3¢t} Natriuretic peptide

F7212F4] brain natriuretic peptide(BNP)= HUCH| A7+ 2H&
3}4at, atrial natriuretic peptide(ANP)= Al 27|14 25
812 99kt lon channel 34} % potassium channel
AR Kva.3e Al 271ME BF 28t or, calcium
channel §%4121 «1CE= HADS} HUCHH &3 th(Ta-
ble 5).

3. HAD?] AZAERe] £3}

5} = & HADY Fe) #she Uehts]
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Fig. 3. Adipogenic, osteogenic, chondrogenic differentiation of three
human adult stem cells. A, B, C, HAD D, E, F, HUC G,
H, I, HAM. A, D, H, adipogenic; B, E, F, osteogenic; C,
F, 1, chondrogenic. Adipogenic, magnification ><100; osteo-
genic and chondrogenic, magnification x<40.

Table 5. RT-PCR analysis of cardiomyocyte-related genes of
HAD, HUC, and HAM

Marker Gene HAD HUC HAM
Cardiac Isl-1 + + _
progenitor MEF2C + + +
markers NKkx2.5 + — _

a-MHC — — -
Thick B-MHC - — -
filament Cmlcl + + _
components Cvmic2 _ _ _
MLC-2a - + +
) a-CA + + —
Thm a-SA + + +
filament
™T + + +
components
Tni + + —
Natriuretic ANP - - -
peptides BNP — + _
lon Kv4.3 + + +
channels alC + + _
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and FGF for 4 weeks after induction with 5-azacytidine
for 24 h. A, control; B, HAD treated with BMP-2/
FGF-10; C, HAD treated with BMP-4/FGF-4; D, HAD
treated with BMP-4/FGF-8. Magnification, x40.
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Fig. 5. RT-PCR analysis of cardiomyocyte-related genes in HAD
treated or non-treated with combinations of BMP and
FGF after induction with 5-azacytidine for 24 h. Lane 1,
control; lane 2, HAD treated with 5-azacytidine; lane 3,
HAD treated with BMP-2/FGF-10; lane 4, HAD treated
with BMP-4/FGF-4; Lane 5, HAD treated with BMP-4/
FGF-8.
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