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Surface maker and gene expresswn of human adipose stromal cells growing under human serum. Eun
Sook Jur, Hyun Hwa Chd?, Hye Joon Ioo Hoe Kyu Kim?, Yong Chan Bae®’ and ]m Sup ]ung1 2
"Medical Research Institute, Pusan National University Hosipital, Pusan (602-739), Korea *Department of
Physiology, College of Medicine, Pusan National University, Pusan (602-739), Korea, *Department of Plastic
Surgery, College of Medicine, Pusan National University, Pusan (602-739), Korea — Human mesenchymal
stem cells (hMSC), that have been reported to be present in bone marrow, adipose tissues, dermis,
muscles and peripheral blood, have the potential to differentiate along different lineages including
those forming bone, cartilage, fat, muscle and neuron. Therefore, hMSC are attractive candidates for
cell and gene therapy. The optimal conditions for hMSC expansion require medium supplemented
with fetal bovine serum (FBS). Some forms of cell therapy will involve multiple doses, raising a con-
cern over immunological reactions caused by medium-derived FBS proteins. Previously, we have
shown that hADSC can be cultured in human serum (HS) during their isolation and expansion, and
that they maintain their proliferative capacity and ability for multilineage differentiation and promote
engraftment of peripheral blood-derived CD34 cells mobilized from bone marrow in NOD/SCID mice.
In this study we determined whether hADSC grown in HS maintain surface markers expression sim-
ilar with cells grown in FBS during culture expansion and compared gene expression profile by
Affymetrix microarray. Flow cytometry analysis showed that HLA-DR, CD117, CD29 and CD44 ex-
pression in HS-cultured hADSC during culture expansion were similar with that in FBS-cultured cells.
However, the gene expression profile in HS-cultured hADSC was significantly different from that in
FBS-cultured cells. Therefore, these data indicated that HS-cultured hADSC should be used in vivo
animal study of hADSC transplantation for direct extrapolation of preclinical data into clinical
application.

Key words — human adipose stromal cells, human serum, proliferation, surface markers, gene
expression profile
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Fig. 1. Effect of proliferation hADSC growing under human
serum and FBS. Proliferation of hADSC growing un-
der human serum and FBS was determined by direct
cell counting using a hemocytometer for the 3 days af-
ter plating. Date represent mean + SEM of 4 different
experiments.
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Table 1. Expression of surface markers in hADSC grown in human serum (HS) and FBS.

Passage CD117 CD29 HLADR CDh44 CFU
HS 1 5.3+1.41 94.3+9.62 0.4+0.05 98.2+9.74 24+4.52
: S 3.2+1.02 95.2+9.92 0.5+0.08 99.319.85 28+5.64
8 1.2+0.98 94.319.66 0.3+0.04 98.519.78 241498
FBS 1 4.311.52 96.3+10.07 0.410.04 97.519.68 26+4.99
4 3.5+1.27 95.7+9.94 0.3£0.03 98.2+9.81 27+5.01
8 0.9+0.12 94.319.65 0.6+0.09 97.9+9.71 24+4 58

Data represent means + SEM (n = 6 per group).
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Fig. 2. Effect of adipogenic and osteogenic differentiation
hADSC growing under human serum and FBS.
hADSC were cultured at a confluent state before in-
duction of differentiation, and cells were differentiated
for subsequent 14 days in adipogenic medium (AM)
and osteogenic medium (OM). After then, hADSC
were stained with oil red O and alizarin red S. (B)
Quantitation of adipogenic and osteogenic differentia-
tion. The adipogenic induction was washed with iso-
propanol and OD was measured by a spectrophoto-
meter. The osteogenic differentiation was performed
by determination of density and area of alizarin red S
staining with an image analysis program. Data repre-
sent mean of 5 different experiments.
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Table 2. Genes list up-regulated in culture of human serum than FBS.

(ovalbumin), member 3

Gene Name Fold Gene Name Fold
Homo sapiens flavin containing monooxygenase 1 10.2 regulator of G-protein signalling 16 4.6
Homo sapiens CD163 antigen (CD163) 9.3 phospholipase D1 45
WNT1 inducible signaling pathway protein 2 8.9 interferon induced transmembrane protein 1 45
apolipoprotein E 8.8 cAMP-specific phosphodiesterase PDE4D5 4.3
prostaglandin D2 synthase 8.4 membrane metallo-endopeptidase 43
spondin 1, (f-spondin) extracellular matrix protein 8.2 proteoglycan 2 42
lipopolysaccharide binding protein (LBP) 81 hypoxia-inducible protein 2 (HIG2) 42
alpha-2A adrenergic receptor 79 small inducible cytokine B subfamily (Cys-X-Cysmotif), 41

member

mitogen induced nuclear orphan receptor 75 secreted frizzled-related protein 4 4
intercrine-alpha (hIRH) 7.5 interleukin 18 receptor 1 39
matrix metalloproteinase 8 74 adipose differentiation-related protein 39
platelet-derived growth factor receptor-like 7  GTP cyclohydrolase 1 39
leptin (murine obesity homolog) (LEP) 6.9 tumor necrosis factor, alpha-induced protein 6 39
}ung type-I cell membrane-associatedglycoprotein, 67 prostaglandin F receptor (FP) (PTGFR) 38
isoform 2 precursor
nsulin-like growth factor 1 (somatomedin C) 6.6 carbonic anhydrase XII 38
short form transcription factor C-MAF 6.5 vascular cell adhesion molecule 1 (VCAM1I) 38
collagen, type XV, alpha 1 6.2 cyclin-dependent kinase inhibitor 1C 3.6
carboxypeptidase M (CPM) 6.2 glycerol kinase (GK)
cytochrome P450 retinoid metabolizing protein 6.2 extracellular matrix protein 2 34
orphan seven-transmembrane receptor, 6.2 Kruppel-like factor 4 33
stromal cell-derived factor 1 (SDF1) 6 interleukin 7 33
tumor necrosis factor receptor 2 6  heat shock 27kD protein 2 32
STAT inhibitor 3 59 interferon-gamma receptor 32
prostaglandin E receotor EP3 subtype 4 isoform 5.7 angiopoietin-like 2 (ANGPTL2) 31
EXYD domain-containing ion transport regulator6 5.7 peptide transporter 3 31
phospholipase A2, group IIA 56 adenylate kinase 2 31
suppression of tumorigenicity 16 5.6 mitogen-activated protein kinase 10 3
interleukin 1 receptor, type II (IL1R2) 5.5 CEBP-induced protein 3
toll-like receptor 2 (TLR2) 5.5 Rho GTPase activating protein 6 (ARHGAP6) 3
matrix metalloproteinase 13 (MMP13) 5.5 bone marrow stromal cell antigen 2 3
prostaglandin E synthase (PTGES) 54 NOD2 protein 29
G protein-coupled receptor 24 (GPR24) 54 CDC14 (cell division cycle 14) 26
chemokine (C-C motif) receptor 1 (CCR1) 54 transforming growth factor, beta 3 26
matrix metalloproteinase 10 (stromelysin 2) 54 macrophage differentiation-associated 26
prostaglandin D synthase 5.3 B-cell translocation gene 1, anti-proliferative 26
endothelial cell growth factor 1 5 Janus kinase 2 (a protein tyrosine kinase) 22
immunoglobulin superfamily, member 4 5 STAT induced STAT inhibitor 3 22
interleukin 15 receptor, alpha 5 histamine receptor H1 (HRH1) 21
insulin-like growth factor I (IGF-]) 49 intercellular adhesion molecule 1 (CD54) 21
potassium inwardly-rectifying channel, subfamily J 49 heparin-binding growth factor receptor )
member 6
zinc finger protein 145 4.9 interferon induced transmembrane protein 2 2
spinal cord-derived growth factor-B 48 fibroblast growth factor 7 2
serine (or cysteine) proteinase inhibitor, cladeB 47 osteomodulin (OMD) 9
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Table 3. Genes list down-regulated in culture of human serum than FBS.

Gene Name Fold Gene Name Fold
desmoplakin (DPI, DPII) (DSP) 83 hyaluronan receptor (RHAMM) 34
tumor necrosis factor (ligand) superfamily, member 4 6.3 PRKC, apoptosis, WT1 33
TEK tyrosine kinase 5.9 regulator of cytokinesis 1 (PRCI) 33
cyclin A2 (CCNA2) 5.5 collagen type I receptor 32
regulator of G-protein signalling 5 53 LDL receptor-related protein 6 (LRP6) 32
cadherin 2, type 1, N-cadherin 52 cell division cycle 20 3.2
connective tissue growth factor 51 nuclear receptor subfamily 2 3
serinethreonine kinase 6 (STK6) 5  serinethreonine kinase 15 (STK15) 3
diphtheria toxin receptor 5  cellular retinoic acid-binding protein 2 28
annexin 14 (ANX14) 49 pituitary tumor-transforming protein 1 28
coagulation factor II (thrombin) receptor (F2R) 48 dickkopf (Xenopus laevis) homolog 1 27
potassium large conductance calcium-activated channel, subfamily M 47 ring finger protein 3 (RNE3) 26
cytokine receptor-like factor 1 (CRLF1) 4.6 renal tumor antigen 26
insulin-like growth factor binding protein 6 45 protein tyrosine phosphatase 25
PTPL1-associated RhoGAP 1 (PARG1) 44 TIK protein kinase (TTK) 25
kinesin family member 4A (KIF4A) 43 c-myc binding protein 25
enhancer of filamentation 1 43 neurogenic extracellular slit protein 24
PRKC, apoptosis, WT1, regulator (PAWR) 42 TFas-activated serinethreonine kinase 24
leukemia inhibitory factor 3.7 myosin regulatory light chain 2 24

WNT1 inducible signaling pathway protein 1
mouse double minute 2

asparagine synthetase (ASNS)

chloride intracellular channel 3 {CLIC3)
inhibitor of DNA binding 3

tissue inhibitor of metalloproteinase 3

3.7 member RAS oncogene family (RAB3B) 21
3.7 FE65-like protein (hFE65L) 2
3.6 Melanoma associated gene 2
3.6 Melanoma associated gene 2
3.5 proteoglycan 1, secretory granule (PRG1) 2
3.5 inhibin, beta A 2

T & ol oA wjFe Mz vl AANSAHgAM WY
3 A Zol A cell proliferation, cell signaling pathway, cell
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Z71stD 98070 9] §AA WElo] AAsE AL P £
oAtk olE g AAEA ¢ A glofE Ao vt QX
WEIAERY 43T FAA THA e B é%‘ﬂl/‘i
A% 34 5 E‘?ﬂ%z‘?a}&lﬂl/\i gk Aol=
83 & o]-§3to HH"*?SP Mz A
°l%’5‘P°4 WFe AZ} ga2A e
F A AZARAY gl o] 2
ol Ak %1\]61,] Aol AAAE A &

[e}

Fol A ¢ o“lﬁ‘%ﬁl

JlN' )

A
o2

& °1F
3

b
=
)
52
X2
X,
e 2

5ol A

==

oM
o

ot ot
—
olr
oX
file
=
x

o ek

r (o]
&
ofi
r:i
HHN

7)1 M E = (Human mesenchymal stem cells,

hMSC) &4, A%, 3%, 25, Y EAGH, #, 943, A
W, 2%, ABAZE EarbsAdol Husel &4z A
e AT AazART ohle fAAA g WAHZ of
€4 F Sl 7ol AT A
AAFRFE7IMEY HEG gz e & HoldH
(fetal bovine serum FBS)o] 2T HojA B g HEX o=
4 ol Aol tha= 23H 0} Qg Holn AMEA g wiA f
? & eoldA o] G el o HRARUZ o] -?—ﬁﬂq
olul ¢ AFelAM A7MEA oM JAAFETIANE
Z ot AESAA AEH S AN | dAAW %ﬂ*ﬂ
o A58 o £33 Fo] FAHY WHAH "ﬁ-’%ﬂ

o B2HA P CDMUAE o] A M 5& 37
S BHh

B A7 AAAGSIAE AAEA ol A wjokx
A o & Ejo}dA Foll A it o LHse FHIIE
FAEE FAP 2™ microarrayE AHEEH F XW R
e & AE RS Fitd QA ZA stellA ALHo

2 ujgd QARAALEIAEAA HLADR, CD117,
CD29 ¢ CD44 9] Edo] & ejold A ol M wjFg e o
g Bl ehE AT 23y AAEA st A wjFE AA
WE7INES R4 TRHH G & olBA sholM W%
g Axe fAA LAYH Tee AT AolE B



684 BB ILEPIX| 2007, Vol. 17. No. 5

Table 4. Signaling pathway classification of up-regulated genes in human serum

pathway

Pathway Number Pathway Number
Cholesterol biosynthesis 2 Hypoxia response via HIF activation 3
Ubiquitin proteasome pathway 4  Parkinson disease 9
Cytoskeletal regulation by Rho GTPase 3 I@ammaﬁon mediated by chemokine and cytokine 32

signaling pathway

Hedgehog signaling pathway 1 Adrenaline and noradrenaline biosynthesis 2
TCA cycle 1  PDGF signaling pathway 13
- Plasminogen activating cascade 6  Endothelin signaling pathway 15
Metabotropic glutamate receptor group III pathway 3 Apoptosis signaling pathway 16
Ionotropic glutamate receptor pathway 3 Glycolysis 3
JAK/STAT signaling pathway 5  Notch signaling pathway 2
Interleukin signaling pathway 17 VEGF signaling pathway 12
DNA replication 1 Axon guidance mediated by Slit/Robo 2
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