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Objective

Mesenchymal stem cells (MSC) have been considered as an ideal source of stem cells because of low immunogenicity and availability
of autologous cells. Although it has been reported that amniotic membrane contains MSC, the difference between amniotic
membrane-derived mesenchymal stem cells (AMSC) and MSC isolated from other tissues is still not clear. This study was designated
to compare the characteristics and gene expression profile of human AMSCs (hAMSC) and adipose tissue-derived mesenchymal stem
cells (hADSC).

Methods

MSC were cultured from human amniotic membranes and adipose tissue by enzyme digestion. We compared the growth rate,
surface marker expression, differentiation potential to adipogenic and osteogenic lineages, and gene expression of hAMSC with
those of hADSC.

Results

hAMSC had growth rate and surface marker expression similar with hADSC. However, cyclopamine inhibited hAMSC proliferation
in a dose-dependent manner without affecting hADSC proliferation. hAMSC showed lower differentiation potential to adipogenic
and osteogenic lineages and lower in vivo tumor growth promoting effect in lung cancer cells xenotransplantion model of nude
mouse than hADSC. Gene expression analysis using microarray revealed that many genes to be expressed differentially between
hAMSC and hADSC are related to development and differentiation processes.

Conclusion

These findings indicate that hAMSC have different characteristics with hADSC, and that to use MSC isolated from different sources
according to therapeutic purposes may provide more promising results in clinical trials than general use of MSC from a specific
source.

Keywords: Mesenchymal stem cells; Human amniotic membrane-derived mesenchymal stem cells; Human adipose tissue-derived
mesenchymal stem cells
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MNZet FArSH HAXAE A2 S LIEFH0| EOE|0f13], LaF2H
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membrane—derived mesenchymal stem cells, hAMSC)2t &&=
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1. S2UFE7| M=z by

KRR O2HE FHEEIIMEE 22[517| /5t (o
M IleiX|Y mMHES At SXZ2EE Sslo| XLEZS AU
Ct. 22|t X[BIZZI2 Hank’s balanced salt solution (HBSS)Z A&
$ X[HERIE 9 X2 k2 0.075% collagenase (Sigma, St. Louis,
MO, USA)Z &7t 10% AEHOF A (fetal bovine serum, FBS)S &gt
St o—Minimum essential medium eagle (MEM) HiX|2 SHERH 37°C,
5% CO, 52| Z7iot0llM 3027F XM2/otUCt B2 = pelletof]
10% FBSZ 315t a-MEM XIS AFR510] 7157 IMEE HS
SIALC.

sixtsfslof &St EfftRRC2RE AAtS HEelotn U9t XX
2 2 X2 5 0.05% trypsin} 0.53 mM ethylenediaminetetraacetic
acid (EDTAZ 2|51 MZE 22|51 15% FBS2} 5 ng HI|A%
OIXHepidermal growth factor, EGF) £ &St o—MEM HHX|OH|A] HHQE
SICE MIETt 70-80%7HK| BAISH Z trypsin/EDTAZ X{2|5t0] MZE
HUMZ= Bt sHEHIXIA ZH MZE AltH i Lstict A
Ol= 3-53] At HHSH MZEE ALSSINILCY.

2. FHEEA

HHQESH MIZoflA EHIEQ| YRS 2QI5H| fIotH RMZEA
[=]

= HABINUCL FHEEMS 21510 MEZE 72417t et = 0.25%
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trypsin/EDTAZ MIZE 22|58t £ 4% formaldehydeZ 3027F 18
AlZIcH D™= MZE flow cytometry buffer (1 x phosphatebutiered
saline, 2% fetal bovine serum [FBS], 0.05% sodium azide)Z A0{
Z1 106M=ZEZ LIE =2 F CD29, CD31, CD34, CD44, CD45,
CD90, CD105, HLA-DR (Becton Dickinson Biosciences, San Jose,
CA, USA) SRIE Z5t5H= flow cytometry buffer2 Zt2h X{2|HLCY.
2t Skx||9] isotype immunoglobuling RO Z ALSSIQICE. &XI=2
X2|E MIZ= FACScan argon laser cytometer (Becton Dickinson
Biosciences)E 0|&5t0{ S&oHACt

310|422 haematometers AE5IH ME 5 SHGIR T M=
O] MZESL trypan blue exclusion EHHO 2 Cr21t 20| SH-SIQICT
0.4% trypan blue2t cell suspension= 1:12 4101 10-15 X
= hemocytometer2 27| BMEX| o= MESS MORQI= MES
2 HAGIACL,

4, FUFEIMIZ| 2| U SHEZO| 3R

ZMEZT|MZL| X2t 2 BhZRe| B3lE Q&S| A X|
BMEZRE 23HHX|(10% FBS, 1 uM dexamethasone, 0.5 mM
3—isobutyl—1—methylxanthine, 200 uM indomethacin Z&Fst o—MEM)
2 ZMZLE 23HiX|(10% FBS, 0.1 uM dexamethasone, 10 mM
B—glycerophosphate, 50 uM ascorbic acid L&t a—MEM)OIA Zt
Z2H 10 o 21LUSOt BiYBIR M, HiXl= 3ol §F B w2ksid
Cf. 23t XLMZE= MZEHO SXE lipidZ oil red OF HAfen,
04710f isopropyl alcohol2 X2[8t Z 510 nmoflM S2=E SH5I¢
MLt 251l BMEE alizarin red SE EAHSH S Meta Morph
Z 2 72(Molecular Devices, LLC., Sunnyvale, CA, USA)S 0]E5104
IR MZZO A 2EHE M| %E 5- X|3lot0] FE6INULC.

o o

SUEETIMZO| ZUNE ZXIHEE SH517| 2ot MF 73
9| Balb/C nude mouse0]| L|5tE HAMIZFO! HAG0MIZ 1 x 10°74
= ZARSHT 0[2H SAI0f 1 x 10°2] hAMSCR} hADSCLt HBSSE AMA

12 FAGIRICE 25 & S22 SMAIF ot ENE U9 24

=
£ S,

6. Expression microarray =41

hAMSC2t hADSC2| REIAt BAIE 2l ME CHE £ 749 &
otob X|ERZRI0A total RNAZ RNeasy mini kit (QIAGEN, Inc,
Valencia, CA, USA)Z £2|5t1 Macrogen (Seoul, Korea)oll 2|
S04 48,095702] probeE EESH= llumina expression bead chip
(Sentrix Human—6—V2, llumina Inc., San Diego, CA, USA)2Z S

Xt erels MG
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7. 824 2 1
2} A3z 7to] EAEHE XI0lE Student’s testS 0I&3I%n,
SEEo2 Ro140| U= P 4XI= 0.05 0|2 SIALCE, 1. BHebo| Eel

hAMSC2} hADSC= MRZEMZ2| HElZ SABIASH, F M 2t
Off SRRl ROt X0l LIEHIR] §LUCHFig. 1). & = MIZ2]

hADSC hAMSC

Fig. 1. The cell morphology hAMSC and hADSC. Photographs were taken under phase microscope (x100). hAMSC, human amniotic membrane-derived
mesenchymal stem cells; hADSC, human adipose tissue-derived mesenchymal stem cells.

A 14 Fig. 2. (A) Proliferation of hAMSC and hADSC. (B) Effect of
o cyclopamine on the proliferation of hAMSC and hADSC. Cell
k= number was determined 5 days after plating of cells in the pres-
E 10 ence or absence of cyclopamine. Data represent mean + standard

£ 8 error of mean (SEM) of three different experiments. (C) Effect of
g 6 — hAMSC cyclopamine on the viability of hAMSC and hADSC. Cell viability
2 = hADSC of hAMSC and hADSC in the absence or presence of cyclopamine
E 4 was determined on days 4 by trypan blue exclusion assay. Data
2 represent mean = SEM of three different experiments. hAMSC, hu-
0 man amniotic membrane-derived mesenchymal stem cells; hADSC,
2 3 4 human adipose tissue-derived mesenchymal stem cells. °2<0.05
Days after plating compared with the data in the absence of cyclopamine.
B C
20 100
18 = hAMSC
“9 16 » 90 = hADSC
X 14 S
o 12 a a 2 8
S 10 a 2
% 8 2
5 i al 60
: “ 50
0 1 5 10 20 0 1 5 10 20
Cyclopamine (mM)
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Fig. 3. Adipogenic differentiation of hAMSC and hADSC. (A)
Cells were grown to confluence and then induced to osteo-
genic or adipogenic differentiation in differentiation media.
Adipogenic differentiation (AM) was determined with Oil Red
0 staining as an indicator of intracellular lipid accumulation
(x200). (B) The quantitation of adipogenic differentiation
was performed by measurement of optical density in isopro-
panol extract of oil red O staining. Data represent mean +
SEM of three different experiments. hAMSC, human amniotic
membrane-derived mesenchymal stem cells; hADSC, human
adipose tissue-derived mesenchymal stem cells. °2<0.05
compared with hADSC.

hAMSC

Fig. 4. Osteogenic differentiation of hAMSC and hADSC. Cells were
grown to confluence and then induced to osteogenic differentiation
in differentiation media. (A) Osteogenic differentiation (OM) was
determined by calcification deposits on the cell monolayer, which
were stained with alizarin red S Alizarin Red S. (x200). (B) The quan-
titation of osteogenic differentiation was performed by determina-
tion of density and area of Alizarin Red S staining with an image
analysis program (Metamorph, Molecular Devices, LLC., Sunnyvale,
CA, USA). Data represent mean =+ standard error of mean of three
different experiments. hAMSC, human amniotic membrane-derived
mesenchymal stem cells; hADSC, human adipose tissue-derived
mesenchymal stem cells. °P<0.05 compared with hADSC.
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Table 1. Expression of surface markers in hADSC and hAMSC

hAMSC hADSC
CD29 96.2+23 95.2+£33
CD90 98.7+1.7 97.7+2.7
CD105 95.2+0.4 946 £ 1.5
CD44 98.1+1.8 96.1 +3.1
Cb31 1.2+04 1.5+£0.8
(D34 1.6 +0.2 1.2+05
CD45 14+05 1.7+0.2
HLA-DR 1.7+0.6 1.4+0.3

Data represent mean + standard error of mean (n = 4 per group).
hAMSC, human amniotic membrane-derived mesenchymal stem cells;
hADSC, human adipose tissue-derived mesenchymal stem cells.
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hAMSC2} hADSC| E4I52 HIY 5Y & MZ4 SO Hluw
St 20 £ 2 MEAL0[Q] ROISt Xt0[7 HEZ|X| LUCHFig. 2A). 2
SR BUFEIIMEL] BAZ F2lsts A2 LZI[14] Sonic
hedgehog (Shh)2| MZZSAl0f thet EatE £8st7| ¢lst0f Shh
o AXMIAMI[15]2! cyclopamine?] H&kS EGIFCE hAMSCOIAE

MZZA10] cyclopamineXi2|0fl oJs sEolEMoz ZAGIAOL
hADSC= 2! 20 mMOllA MIZZAI0] AK|=IACHFg. 2B). Trypan
blue 2MOZ AUEXZ| 4U F M= Chst FES S5 Zat
cyclopamine2 & ¢ MZOA MEMESOH= RISt XH0[7F UL
(Fig. 2C).
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3. 28ks2| Hlw

hAMSC2}t hADSC2| XM=l B35S Hluwsty| $l6t0 F= =
o| ZFBEI|MEE XIU2SHHX|Z 10Y7t Y5ty 2SS
ol red O GMo 2 H|waCt hADSCO! H|SH lipid droplete] 37|
7t M X[HMEZO| £35}50] hAMSCOIAM RUCKFig. 3). hAMSC

o} hADSCQ| ZRMZ 29| E3H5S H|wdt | T|o+04 F 2o 571
ZEIMZEE S2ME EsHiX|IZ 357t HiYstT ESHEE Alizarin
Red SEAHOZ H|WSIFC} MZL|7| R0 Ca®* ZI&to| M7} hADSC

Ol H|5t04 hAMSCOIIA Sixis| 20| BHEEIUCKFg. 4).
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Fig. 5. Effects of hAMSC and hADSC injection on the tumor growth in
vivo. (A) Effect of hASCs cotransplantation on tumor growth from xeno-
transplanted H460 cells. H460 (1x105) were injected subcutaneously and
1x106 hADSC or hAMSC were injected into left ventricle. Representative
photograph of H460-derived tumors in nude mice on 14 days after trans-
plantation. (B) Quantification of tumor weights. Data represent mean +
standard error of mean (n=4). hAMSC, human amniotic membrane-derived
mesenchymal stem cells; hADSC, human adipose tissue-derived mesenchy-
mal stem cells. °P<0.05, significant difference from control data of H460
alone; ’P<0.05, significant difference from H460 + hADSC group.

b

SUEETIMES ZULE ZXISIE BE6E| 2I6H0 100,00074
O HANEZ(HA60) MZEE nude mouse?| L|5H01| O|AIGIT FpAIA
hAMSC2t hADSCE FsIRLE 25 & FyE BYUS M7stod
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Table 2. Genes list down-regulated in hAMSC than in hADSC

Definition Fold Definition Fold

Ectonucleotide Pyrophosphatase/phosphodiesterase 2 -75.50  Six transmembrane epithelial antigen of the prostate 1 -10.48

(autotaxin) (ENPP2), mRNA (STEAP1), mRNA

Erythrocyte membrane protein band 4.1-like 3 (EPB41L3), -64.19  Olfactomedin-like 2B (OLFML2B), mRNA -10.40

mRNA

Cartilage oligomeric matrix protein (COMP), mRNA -53.13 Secreted frizzled-related protein 4 (SFRP4), mRNA -10.20

Proenkephalin (PENK), mRNA -52.67 Periostin, osteoblast specific factor (POSTN), mRNA -9.99

Cholesterol 25-hydroxylase (CH25H), mRNA -42.80 HWKM 1940 (UNQ1940), mRNA -9.89

Procollagen C-endopeptidase enhancer 2 (PCOLCE2), mRNA -39.29  Brain and acute leukemia, cytoplasmic (BAALC), -9.86
transcript variant 2, mRNA

Alkaline phosphatase, liver/bone/kidney (ALPL), mRNA -37.73  Amyloid beta (A4) precursor protein-binding, family B, -9.76
member 1 interacting protein (APBB1IP), mRNA.

Peptidase inhibitor 16 (P116), mRNA -25.70  Tenascin C (hexabrachion) (TNC), mRNA -9.71

Fibronectin type IIl domain containing 1 (FNDC1), mRNA -22.74  H19, imprinted maternally expressed untranslated mRNA -9.70
(H19) on chromosome 11

Gamma-aminobutyric acid (GABA) B receptor, 2 (GABBR?2), -22.49  Forkhead box F2 (FOXF2), mRNA -9.61

mRNA

Early B-cell factor 3 (EBF3), mRNA -18.34  Cl1qand tumor necrosis factor related protein 5 -9.33
(C1QTNF5), mRNA

Crystallin, alpha B (CRYAB), mRNA -17.78  Peroxisome proliferative activated receptor, gamma -9.22
(PPARG), transcript variant 1, mRNA

Transmembrane protein 119 (TMEM119), mRNA -17.42 Chemokine (C-X-C motif) ligand 12 (stromal cell-derived -8.73
factor 1) (CXCL12), transcript variant 1, mRNA

Heme oxygenase (decycling) 1 (HMOX1), mRNA -15.29  Cytokine receptor-like factor 1 (CRLF1), mRNA -8.57

Asporin (LRR class 1) (ASPN), mRNA -14.50  Heparan sulfate (glucosamine) 3-O-sulfotransferase 3A1 -8.31
(HS3ST3A1), mRNA

Placenta-specific 9 (PLAC9), mRNA -14.20  Hyaluronan synthase 2 (HAS2), mRNA -8.21

Interleukin 13 receptor, alpha 2 (IL13RA2), mRNA -13.88  Lysyl oxidase-like 3 (LOXL3), mRNA -7.97

Potassium channel, subfamily K, member 2 (KCNK2), transcript ~ =12.98  Slit homolog 3 (Drosophila) (SLIT3), mRNA -7.85

variant 1, mRNA

Ependymin related protein 1 (zebrafish) (EPDR1), mRNA -12.95 Integral membrane protein 2A (ITM2A), mRNA -7.43

Amphiphysin (AMPH), transcript variant 1, mRNA -12.85  T-box 15 (TBX15), mRNA -1.37

RAB3A interacting protein (rabin3)-like 1 (RAB3IL1), mRNA -12.74  Collectin sub-family member 12 (COLEC12), transcript -7.24
variant I, mRNA

Microfibrillar associated protein 5 (MFAP5), mRNA -11.97 Neurocalcin delta (NCALD), mRNA -7.24

Iroquois homeobox protein 3 (IRX3), mRNA -11.25 Heat shock 27kDa protein 2 (HSPB2), mRNA -7.16

hAMSC, human amniotic membrane-derived mesenchymal stem cells; hADSC, human adipose tissue-derived mesenchymal stem cells.

Bioinformatics Resources ver. 6.7 database (http://david.abcc.
ncifcrf gov)OIME 7ISEE clusteringdt ZaH{18] S231E Z&ist N
LD NZO[S0]| Hofoh= Z2E XEoh= REXI0IM Felet H
317} LIEFRCE,

WL

=

2 SIT0IA] RAMSCE= MIEO] BEl, SALS % ERISII0] wraiosy

WWW.KJOG.ORG

2 hADSCO|CKTable 1, Figs. 1, 2A). Ol= £ A0 Ar2St Efet QF
afeel M7t SZSEET M| 7= FaletE LIEFHTH7].
2L, hAMSCE Shhel AXIHI2! cyclopaminegd] 2|8 MZSAI
H s 2 2 AEMERS| Béts ¥ 3YAY EXisnt S0IM
hADSC2} R2|8t AIOIE LIEHACKFigs. 2B, 3-5). MZ CHE Z X0
M meligt SAES7IMZS| £ K= ChFet XM E0E df
Ch ADSCE Z-a2l SZIEE7 (M0 bI5Ho] AMSETMNES0| =
[9] Y EtXte| B0IM 2a|dt ZZIEETIMZIH ADSCELt ZA|
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Table 3. Genes list up-regulated in hAMSC than hADSC

Definition Fold Definition Fold

Carboxypeptidase A4 (CPA4), mRNA 79.01 Endothelin 1 (EDN1), mRNA 14.29

biglycan (BGN), mRNA 79.00 BTB (POZ) domain containing 11 (BTBD11), transcript 13.55
variant 1, mRNA

Keratin 8 (KRT8), mRNA 53.95 Ovary-specific acidic protein (OSAP), mRNA 13.24

Transglutaminase 2 (C polypeptide, protein-glutamine-gamma- 40.40 Neurexin 3 (NRXN3), transcript variant alpha, mRNA 13.23

glutamyltransferase) (TGM2), transcript variant 1, mRNA

LY6/PLAUR domain containing 1 (LYPD1), mRNA 39.89 Mab-21-like 2 (C. elegans) (MAB21L2), mRNA. 13.23

Hyaluronan and proteoglycan link protein 1 (HAPLN1T), mRNA 38.02 Leukemia inhibitory factor (cholinergic differentiation 12.56
factor) (LIF), mRNA

Regulator of G-protein signalling 4 (RGS4), mRNA 37.24 ST6 (alpha-N-acetyl-neuraminyl-2,3-beta- galactosyl-1, 12.51
3)-N-acetylgalactosaminide alpha-2,6-sialyltransferase
5 (STBGALNACS), mRNA

Actin, gamma 2, smooth muscle, enteric (ACTG2), mRNA. 29.53 Phospholipase D family, member 5 (PLD5), mRNA 12.51

Annexin A10 (ANXA10), mRNA 29.10 Aldehyde dehydrogenase 1 family, member A1 12.34
(ALDH1AT), mRNA.

Deiodinase, iodothyronine, type Il (DIO2), transcript variant 3, 26.38 Integrin, alpha 3 (antigen CD49C, alpha 3 subunit of 11.52

mRNA VLA-3 receptor) (ITGA3), transcript variant a, mRNA

Keratin 19 (KRT19), mRNA 25.63 Collagen, type IV, alpha 5 (Alport syndrome) (COL4AD5), 11.19
transcript variant 3, mRNA

DIRAS family, GTP-binding RAS-like 3 (DIRAS3), mRNA 25.22 EGF-like repeats and discoidin I-like domains 3 (EDIL3), 0.59
mRNA

Ephrin-B2 (EFNB2), mRNA 23.66 Annexin A8 (ANXAS8), mRNA 10.35

Interleukin 1, beta (IL1B), mRNA 22.05 Integrin, alpha 2 (CD49B, alpha 2 subunit of VLA-2 10.29
receptor) (ITGA2), mRNA

Junction plakoglobin (JUP), transcript variant 2, mRNA 20.62 V-yes-1 Yamaguchi sarcoma viral related oncogene 10.29
homolog (LYN), mRNA

Annexin A3 (ANXA3), mRNA 18.05 Neurotrophin 3 (NTF3), mRNA 10.14

bradykinin receptor B1 (BDKRB1), mRNA 16.73 Cyclin-dependent kinase inhibitor 2B (p15, inhibits 9.83
(CDK4) (CDKN2B), transcript variant 2, mRNA

Keratin 18 (KRT18), transcript variant 2, mRNA. 16.47 Solute carrier family 14 (urea transporter), member 1 9.77
(Kidd blood group) (SLC14A1), mRNA

NACHT, leucine rich repeat and PYD (pyrin domain) containing 16.07 Transmembrane protein 88 (TMEM88), mRNA 9.26

1 (NALP1), transcript variant 5, mRNA

Neuropilin (NRP) and tolloid (TLL)-like 2 (NETO2), mRNA 15.99 Transforming growth factor, beta 2 (TGFB2), mRNA 9.25

Nuclear factor (erythroid-derived 2)-like 3 (NFE2L3), mRNA 15.56 Rho GDP dissociation inhibitor (GDI) beta (ARHGDIB), 9.24
mRNA

Laminin, alpha 5 (LAMA5), mRNA 14.94 Aldo-keto reductase family 1, member B10 (aldose 8.96
reductase) (AKR1B10), mRNA

ST3 beta-galactoside alpha-2,3-sialyltransferase 5 (ST3GAL5), 14.43 Transcription factor AP-2 alpha (activating enhancer 8.73

mRNA binding protein 2 alpha) (TFAP2A), transcript variant 2,
mRNA

hAMSC, human amniotic membrane-derived mesenchymal stem cells; hADSC, human adipose tissue-derived mesenchymal stem cells.
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Table 4. Functional annotation clustering by DAVID bioinformatics

Term Count P-value
(G0:0032502—developmental process 195 1.55E-27
G0:0048731-system development 159 9.70E-26
G0:0048856—anatomical structure development 167 1.01E-25
(0:0048513-organ development 121 1.80E-19
G0:0030154—cell differentiation 91 7.05E-09
G0:0001944—vasculature development 32 2.32E-11
G0:0048514-blood vessel morphogenesis 25 2.27E-08
G0:0001525-angiogenesis 18 2.27E-06
G0:0048646—anatomical structure formation involved in morphogenesis 28 8.53E-06
G0:0001501—skeletal system development 40 7.55E-14
G0:0001503-ossification 17 3.36E-07
G0:0001649—osteoblast differentiation 7 0.001505
G0:0030334-regulation of cell migration 23 7.39E-09
G0:0040012-regulation of locomotion 24 1.68E-08
G0:0051270-regulation of cell motion 24 1.85E-08

DAVID, database for annotation, visualization and integrated discovery.
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