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Abstract Human mesenchymal stem cells (hMSCs)
are able to self-replicate and differentiate into a
variety of cell types including osteoblasts, chondro-
cytes, adipocytes, endothelial cells, and muscle cells.
It was reported that fibroblast growth factor-2
(FGF-2) increased the growth rate and multidiffer-
entiation potentials of hMSCs. In this study, we
investigated the genes involved in the promotion of
osteogenic and chondrogenic differentiation poten-
tials of hMSCs in the presence of FGF-2. hMSCs
were maintained in the medium with FGF-2. hMSCs
were harvested for the study of osteogenic or
chondrogenic differentiation potential after 15 days’
culture. To investigate osteogenic differentiation, the
protein levels of alkaline phosphatase (ALP) and the
mRNA expression levels of osteocalcin were mea-
sured after the induction of osteogenic differentiation.
Moreover, the investigation for chondrogenic differ-
entiation was performed by measuring the mRNA
expression levels of type II and type X collagens after
the induction of chondrogenic differentiation. The
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expression levels of ALP, type II collagen, and type
X collagen of hMSCs cultured with FGF-2 were
significantly higher than control. These results sug-
gested that FGF-2 increased osteogenic and
chondrogenic differentiation potentials of hMSCs.
Furthermore, microarray analysis was performed
after 15 days’ culture in the medium with FGF-2.
We found that the overall insulin-like growth factor-I
(IGF-I) and transforming growth factor-f (TGF-f)
signaling pathways were inactivated by FGF-2. These
results suggested that the inactivation of IGF-I and
TGF-§ signaling promotes osteogenic and chondro-
genic differentiation potential of hMSCs in the
presence of FGF-2.

Keywords Mesenchymal stem cells - Fibroblast
growth factor-2 - Insulin-like growth factor-I -
Transforming growth factor-§ - Osteogenic
differentiation - Chondrogenic differentiation

Introduction

Mesenchymal stem cells (MSCs) are able to self-
replicate and differentiate into a variety of cell types
such as osteoblasts, chondrocytes, adipocytes, and
smooth muscle cells (Caplan et al. 2001; Pittenger
et al. 1999; Wakitani et al. 1995). Based on these
qualities of MSCs, the regeneration of bone and
cartilage has been studied (Ochi et al. 2004; Petite
et al. 2000). Fibroblast growth factor-2 (FGF-2) is
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involved in angiogenesis and tissue repair. It was
reported that the abilities of hMSCs to differentiate
into osteoblasts and chondrocytes decreased with
long-term subculture in vitro; however, FGF-2
increased the potential for osteogenic, chondrogenic,
and adipogenic differentiation of human MSCs
(hMSCs) (Kakudo et al. 2007; Quarto et al. 2006;
Solchaga et al. 2005; Tsutsumi et al. 2001). Our
previous studies showed that the ability of hMSCs
proliferation was decreased by long-term subculture
in vitro, during which the expression level of trans-
forming growth factor-f (TGF-f) mRNA was
increased (Sawada et al. 2006). Furthermore, we also
showed that FGF-2 suppressed the decrease of
hMSCs proliferation by down-regulation of TGF-£2
(Ito et al. 2007). In this study, we investigated the
relation between the TGF-f signaling and the
promotion of osteogenic and chondrogenic differen-
tiations of hMSCs induced by FGF-2.

Materials and methods
Cell culture

hMSCs were obtained from Cambrex Bio Science
Walkersville, Inc. (Walkersville, MD) and seeded in
MSCGM medium (Cambrex Bio Science Walkers-
ville) at 5,000 cells/cm® with or without FGF-2 (BD
Biosciences, Bedford, MA). The first passage was
regarded as the third generation because the cells
were secondary cultures when they were obtained.
The cells were maintained in humidified incubators at
37 °C with 5% CO,. FGF-2 was added to the culture
medium at the final concentration of 1 ng/ml, and the
medium were changed every 2-3 days.

Cell differentiation

The culture medium was replaced with a specific
differentiation-inducing medium after hMSCs were
cultured in the medium with or without FGF-2 for
15 days. For osteogenic differentiation, hMSCs were
cultured in Differentiation Basal Medium-Osteogenic
medium (Cambrex Bio Science Walkersville) at
3,100 cells/cm? and maintained for 21 days. For
chondrogenic differentiation, hMSCs were cultured
in Differentiation Basal Medium-Chondrogenic

&) Springer

medium (Cambrex Bio Science Walkersville) sup-
plemented with 10 ng/ml TGF-f3 at 2.5 x 10° cells
per 15 ml polypropylene tube and maintained for
21 days. The medium was changed every 2-3 days.

Quantitative real-time RT-PCR

Total RNA was extracted from hMSCs using Isogen
(Nippon Gene, Tokyo, Japan) following the manu-
facturer's protocol. The first-strand cDNA was
synthesized from 1 pg of total RNA using a Tran-
scriptor First Strand cDNA Synthesis Kit (Roche
Diagnostics, Tokyo, Japan). Using the cDNAs as
templates, PCRs of GAPDH, type II collagen, and
type X collagen were performed for 40 cycles under
the following conditions: denaturation at 95 °C for
10 s, annealing at 68 °C for 10 s, and extension at
72 °C for 16 s; of osteocalcin: denaturation at 95 °C
for 10 s, annealing at 62 °C for 15 s, and extension at
72 °C for 6 s using the LightCycler Real-time PCR
System (Roche Diagnostics). The primers for GAP-
DH, type II collagen, and type X collagen from a
LightCycler-Primer Set (Search'LC GmbH, Heidel-
berg, Germany) were used. The primer for
osteocalcin was from a LightCycler-Primer/Probes
Set (Search LC GmbH).

Protein levels of alkaline phosphatase

After the induction of osteogenic differentiation, the
protein levels of alkaline phosphatase of hMSCs were
determined using Osteolinks-BAP (DS Pharma Bio-
medical Co., Ltd., Osaka, Japan).

DNA microarray analysis

Total RNA was isolated using Isogen following the
manufacturer’s protocol after hMSCs were cultured
in the medium with or without FGF-2 for 15 days.
One microgram of total RNA was used in each
microarray experiment. cDNA and cRNA were made
using Affymetrix’s Two-Cycle cDNA Synthesis and
IVT Labeling Kits (Affymetrix Inc., Santa Clara,
CA). cRNAs were hybridized to an Affymetrix
GeneChip Human Genome U133 Plus 2.0 Array.
After hybridization, GeneChips were washed and
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stained using the GeneChip Fluidics station and
scanned in a GeneChip Scanner. Gene expression
data were loaded into GeneSpring 7.3 (Agilent
Technologies, Santa Clara, CA), then normalized
and filtered by the flags of Present or Marginal and
the expression levels. Furthermore, the passed genes
were performed by Ingenuity Pathway Analysis.

Statistical analysis

Statistical evaluation was performed with the Stu-
dent’'s ¢ test. A p-value of less than 0.05 was
considered significant. Values are presented as
means = SD.

Results

FGF-2 increased the potentials for the osteogenic
and chondrogenic differentiation of hMSCs

To investigate the effects of FGF-2 on osteogenic and
chondrogenic differentiation, hMSCs were main-
tained in MSCGM medium with or without FGF-2
for 15 days, then osteogenic or chondrogenic differ-
entiation of the hMSCs was induced individually for

Fig. 1 Experimental
protocol and quantitation of

A

MSCGM medium

21 days (Fig. 1A). Then we measured the protein
expression levels of alkaline phosphatase (ALP) and
the mRNA expression levels of osteocalcin to
investigate the osteogenic differentiation potential.
We also measured type II collagen and type X
collagen to investigate the chondrogenic differentia-
tion potential. FGF-2 increased the protein expression
level of ALP (Fig. 1B). FGF-2, however, did not
affect the mRNA expression levels of osteocalcin
(Fig. 1C). On the other hand, FGF-2 increased the
mRNA expression levels of type II collagen and type
X collagen (Fig. 1D and 1E). These results suggested
that FGF-2 increased the potentials for osteogenic
and chondrogenic differentiation of hMSCs.

Inactivation of TGF-f signaling contributed to the
increase of osteogenic and chondrogenic
differentiation potentials in the presence of FGF-2
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Fig. 2 Genes up-regulated

(>2 fold) and down-

regulated (<1/2 fold) by

FGF-2 in hMSCs. hMSCs 1=

were maintained in the
medium with or without

FGF-2 for 15 days. Then,

total RNA were extracted

from the hMSCs and

d)

microarray analysis were

performed. The x-axis

showed the fold-change of
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genes were extracted (Fig. 2), and the canonical
pathways of these genes were investigated using
Ingenuity Pathway Analysis. As a result, IGF-I and
TGF-§ signaling genes were found to be included in
the extracted genes (Fig. 3, see, red arrows). IGF-I
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signaling pathway (7 mapped genes out of 67) and
TGF-$ signaling pathway (6 mapped genes out of 59)
were found to be at upper rank. Furthermore, the
overall IGF-I and TGF-§ signaling pathway was
inactivated by FGF-2 (Figs. 4 and 5).
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Fig. 3 Pathway analysis of genes up-regulated and down-
regulated by FGF-2 in hMSCs. Pathway analysis of up-
regulated and down-regulated genes by FGF-2 (Fig. 2) was
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Fig. 4 Genes up-regulated and down-regulated by FGF-2 in
IGF-l signaling pathway. Genes up-regulated and down-
regulated by FGF-2 (Fig. 2) were mapped with the IGF-I

Discussion

hMSCs are found in adult human bone marrow, and
cells obtained from patients until late adulthood still
exhibit osteogenic potency (Leskela et al. 2003). In
fact, hMSCs may maintain differentiation capacity
in vivo throughout life. However, after 50 days’
culture of hMSCs with or without FGF-2, the protein
expression levels of ALP and the mRNA expression
levels of osteocalcin, type II collagen, and type X
collagen were significantly lower than after 15 days’
culture of hMSCs (data not shown). Those differen-
tiation makers were up-regulated by FGF-2 after
15 days’ culture of hMSCs (Fig. 1), but not after
50 days’ culture of hMSCs (data not shown). These
results suggested that the osteogenic and chondro-
genic differentiation potentials of hMSCs were

Cell Crowth and Proliferation

signaling pathway by Ingenuity Pathway Analysis. The red
color showed up-regulated genes and green color showed
down-regulated genes

decreased by long-term subculture in vitro, as shown
in Fig. 6. Furthermore, in our previous study, we
have suggested that the mRNA expressions of TGF-
fs increased by long-term culture (Sawada et al.
2006). The decrease of osteogenic and chondrogenic
differentiation potentials by long-term culture may be
involved in the increase of TGF-fs levels.

Our data in this study (Fig. 1B-E) were in
agreement with the report that FGF-2 increased the
potential for chondrogenic and osteogenic differenti-
ation of hMSCs (Tsutsumi et al. 2001). Moreover,
since the exposure of adipose-derived stem cells to
FGF-2 before the induction of differentiation
enhanced the adipogenesis (Kakudo et al. 2007), the
treatment by FGF-2 before induction may increase
the osteogenic and chondrogenic differentiation
potentials of hMSCs.

@_ Springer
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Fig. 5 Genes up-regulated and down-regulated by FGF-2 in
TGF-§ signaling pathway. Genes up-regulated and down-
regulated by FGF-2 (Fig. 2) were mapped with the TGF-§

In this study, we extracted 714 genes that were
up-regulated or down-regulated by FGF-2 (Fig. 2),
and investigated which canonical pathway they
were involved. As a result, cell cycle signaling
pathways were ranked first, second and third
(Fig. 3). Cyclin-dependent kinase inhibitors
included in those signaling pathways were down-
regulated by FGF-2 (data not shown). This result
suggests that cell cycle were activated by FGF-2,
in agreement with our previous study (Ito et al.
2007, p. 108). In previous study, it was reported
that mitogen activated protein kinase (MAPK) and
Wnt modulated the differentiation potential of
adult stem cells (Solchaga et al. 2005). In this
study, IGF-1 and TGF-§ signaling genes were
included in the 714 genes (Fig. 3), and the overall

a Springer
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signaling pathway by Ingenuity Pathway Analysis. The red
color showed up-regulated genes and green color showed
down-regulated genes

IGF-I and TGF-f signaling pathway was inacti-
vated (Fig. 4 and 5). Furthermore, since it was
reported that TGF-f decrease osteoprogenitor
fraction in cultures of human bone marrow stromal
cells (Walsh et al. 2003), inactivation of TGF-f
signaling pathway may be important for the
increase of differentiation potentials of hMSCs.

In conclusion, we consider that the exposure of
hMSCs to FGF-2 before the induction of differenti-
ation enhanced osteogenic and chondrogenic
differentiation potentials by inactivation of IGF-I
and TGF-f signaling. However, more studies will be
needed for explanation the molecular mechanisms
that inactivation of IGF-I and TGF-§ signaling by
FGF-2 enhance osteogenesis and chondrogenesis of
hMSCs. '
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Fig. 6 Our hypothesis that FGF-2 increases the osteogenic and
chondrogenic differentiation potentials of hMSCs by inactiva-
tion of IGF-I and TGF-f signaling
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(a) #1hMEC (b) #13 hMSC

_{/ v g b

#EICH L13(81 £#13)® hMSC £ L8 L 72,

2 hMSC OMBEE{LIC DL T (SA- 8 -Gal Staining)

FESHIOL EZICHH L hIMSC 0Bz FREOLE{LO—>12, transforming growth
factor 8 (TGF 8) DZALTH B, TGF 1 &L U TGF 82 OBI=THIH hMSC @ in vitro %
MO ICPEVWIBING 2 Ldibh - o™, Wit TGF A1 7212 TGF B2 % hMSC =i
L7& T A, SA-8-Gal staining I & » TE{LHIAO HRA MR R Y, & 512, pleHw
L EOHEAEHERF ORETHREC LRMESNY, 7o—44 b2 + ) —fTicL b TGF
Bl £/ TGF B2 ifMNC & » THIRAE MG BIET 2 JEI~NE BT 2 2B LTVWB Y
(B3, CnL>7uZlkid, hMSC @ in vitro i EBAFIT B Lics ~» TR 3Z({L LT
o7 LLEDZE bIcoWTER4 It &7z, hMSC % in vitro TOEBAEITZC &Itk -
TEE (SR ELET 2 AR~ T 205, TORIZ TGF B v 7+ VinER, HHESE S|
HEFEEOBRE FRAOEM(LF)Z/4S T LAMBRL 12, /& 51, M EGEEES |-
FAHIBICHMBOBRECEBIZHV SN S C L0 5 MIAEMET fibroblast growth factor
(FGF)-2 22\ T, hMSC @ in vitro ERhOZE Lo 4 2 BEEBRIT L7, FGF-2 12 hMSC
DOEMEEEE EIF3C S BRISGATVAEN, 204 A =X AiclT 35MEAIIcEh TV
HWEZOE W, FES3, hMSC @ in vitro HE&EFIC FGF-2(lng/mD 25BN 2 2 &ic
h, MlaRoE L2 ZENHS 2 LE2RE L2 (EE). & 51z, pl6™" i X o#ka
BBHERTFOREFHRICOWT L, in vitro BEICHS ERE FGF-2 itk - THHIEN 2
CELHEERELAY, TGFBRIt2WTId, TGFAl oRBRc3EBE*RIZ& ¥, TGFB2 OHH
DHEOEREMBILZ(EB6), CB5I, B FETTHL v~ BORRIHWLWTLERT
HBTLEWRELTVWEY, Lo &5, FGF-2 i3 in vitro ¥ % IC hMSC ® TGF 52
DORBEMAZILi1c&) TGF B v 7'+ VicEFR %N L - IaE R eiaELss@m LTV 3
AEEEERH LY, BUAIC, KHAOEE T TIFhMSC %2 » BLUILLEE LET 2 & FGF-



o HHROEEMSIURMEN@EE EHMHERSE

I BHNTEH SN LS, FGF-2 i hMSC mZE(L%ILH 2 HITTIREESES
fERER> I LARMEE NI, 2% D, FGF-20E I~ OFMBRE Ing/mi)ic & - T hMSC #¢

SEFRISAEHEL B AR TRV E VA B,

[%]
Gi S G
Contral 75.71 16.58 1255
TGFB 1 92.72 9.47 661
TGFB2 | 8996 8.89 5.13
3 hMSC O#BEMRICRIZT TGFB mEE "
Gl
2 (o)
e ™
®) |+ G120 [Srmass J«— [T 8 <3
Ele) o R
P J CLIUVE #

B

B4 TGFBEIXin vitroFRIC & 3 hMSC OHEEERIEBEF
OBREFEROECEHERBEAOEE
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#3
(%]
G- S Gs
#3 FGF-2 (—) 74.05 13.85 9.16
FGF-2 (+) 72.56 1€.58 9.83
- FGF=2 (—) 8242 10.79 5.73
FGF-2 (+) 76.60 14.06 848

hMSC B FGF-2 % Ing/mi ML 722 0 L RO b O ThORLRL 3 L11(#3 L5711
@ hMSC ZF v THE L.,

®5 hMSC O#RERICRITY in vito BRI & FGF-2 ORHE

(a) TGFB1
140
7] -
100
80

40
20

0

hMSC D E#iic FGF-2 % Ing/ml L 72 b0 L WMENO b0 FhFLOMRI L., 3.
#3, #7, #O)O WMMSC =RV THE L, 7372 21105135 mRNA #RL~A%E ]

B6 hMSC® in vitrolSBICL S TGFB1(A) & TGFB2(B) D
BEFRERLAIOEEE FGF-2 OER

FGF(—)

| FGF(+)

160

(b) TGFB2

]

40|
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hMSC @ in vitro BB OBETRAOCELE LTHEEFELOOR, TGFAL, B2BLU

pIE™* TH oo, UHTh, ple™ IMRETERER 5> 4 AHIRRTIRB LA ERBVEY o1
M, ple™i ORBAWET I L3 v HEELOBVERZEEO— LD EEL D
Lhisv, 220, #vdilaodicide P FE8Y BRI TS 2 Hela S3 O & 5 I
FRAERERE RIS B A5 b pl6™ HAERE L TV 2L TEAT 5120, pl6™ ™ B ToORE
BRAFIC & » TR BESE(L(F A 2T 2 L ItHBRAR 21255, 72, 2007 £
i Shibata & (2 p16™“* M{=FH hMSC OE(LICKEL b B T LEHELTVE Y, #S5
13, 29 ZH O hMSC 2BV T, 55 25hMSCs T pl6 ™ SBIETFREHH 2 (2 A3 0 WHEHY
BTksdLzRl, BHO4hMSCs TiZ plg™™ B FO 7 o€ — #fRIHIC DNA © 4 F 11
DI > TV EEEELTVWE, T055 1 ZEomia i b~ THBEEMAE L K
¢, EEPBSBIcRREERELEHOATVS, Lo »5, hMSC oEEROEE
RV, EFE R pl6™ B TFRE ORI & MlaE/LAE T 0 EREFEAE T L TV < A5, ple™H
DEFCBIELTVWRNESR 7 o E— 7O 2 FUEERE- L AHBRVD L LI,

g £ BHEESRRMEREME (NMSC) D in vitro ERFICE T 3 RIETFRE
_ OE{LIEDVT OBREIBH

hMSC i3 % in vitro BREEIC L 2 BEFREAOE (DLW ToOHEAKEZRH L T 05
HEFELLDIC, BEESIINETREEO F+ —H¥EDO hMSCic2WTDNA 74 2Hu0
RN 2T > O TEO—E 28N T 5, 4 ¥+ —diko hMSC 20T, HEEERE L
L TIEBCAGEFMEOME & L TRERBMREMOVIISEEHE L. 242 1HE
M(~50 H) TR L. BR~NOICAZZEABICHSF VRENTREVERMMQ » ARL)
HEETEE . HAEERSALEEIRcE VW THETRECELo LW E T2 T 3
SRtk - T, IHEBERRSEOME & LT in vitro I #Eh® hMSC O 28 3 5B OIE
FREAS T2,

FAEFHO hMSC 7 58 L 72 total RNA A FVW T, Affimetorix GeneChip® Human
Genome U133 Plus 2.0 Array 2T mRNA HEEZM#EANAEL 2. £ LT, in vio TD
EEWRM D (50 OLIR)c £ @ mRNA BRICE(LDOLE» - - RETFOMMETS> T &KL,
EEEEAM 3 6. 20 H. 50 Ao KEEh 3 &% Technical duplicate TiTW, FT6 S TicE L
TRALTVWA LA ahiRiETOoh,o, EEPMIBLLELT200H, 508 biczD
HEL AL 08~ 2ETH B " EEMETRIBRE LNV EELZLITHE LA L
o BE. RELAAVOEBRUE(LEAHENZOR, [EE2ELUEE R 0S5ELTI TS
Biw, 05~2{ELINO LM TEEL L] LEFBABED, KRR TRIDMLVELEL LT
08~12{E%&HmmH 54 » & L,

501



BHEBOSMEFRREGH

4 F+r—HKOMMSCLTICHEL T, 3O0&LHLT200, 50 0L bicEDREB L~
0.8~1.2 5T & - 12 M{5F % GeneSpring (Agilent Technologies)ZHUWWTHH Lc(E D& 2
AL 1,053 M=ot E iz, & 512, Ingenuity Pathway Analysis(Ingenuity Systems
H)ERVT, 153 B odhdo s T URECER L rbb LT ZHELAEZEC A
328 BIZT & » e TOWEPCTHOEHEET I RETHER 1SR L, cancer & cell
cycle IZhh B2 O FEN 159 B FEFE N TV, cancer 13 75 B{ETF. cell cycle 13 84 18
ETTHD, LOHLVEIELES TN 2BETFREIZENTNE2 LERIICRLI, £F2T 7,
cancer, cell cycle DEESITEVTH, ELOAF I —ic&Fh3 cmycicHFHL. 25
ICERM ) Ty A4 4 PCRICT comye @ mRNA I L~<UEME L1, BBITRT LI IT,
cmyc BIEFRFF—REBRB LV ALOERIR OIS bOOEEPBRIG0 HIRIcBLTEZD
HEUVSNVICKEBEMEBRSNLOW LWMERaNL, TDOT &5 5. hMSC @ in vitro B
BORRICB VT, BRI c-myc ® mRNA BEL S VICHELSEEMEI DI VWEEZL S
20T, bLLRRL AV KRENFEI RSO IBGRBERP AL ABESLEIED -
reAlBEtESS Tl T E 2 b Ly,

O & iz, hMSC @ in vitro HEERRIPICZ DRBFICE O L VEBE F2E2 T & i3,
hMSC Ot %22 9 A TENTH 2 B4 5N 5, hMSC in vitro I5EDD c-mye ik
LZFRADERICSDVTHRLZ I EZ—oD¥MME L LTRIMTE I LAV, BED
MR L& TR ZEDTED, a5 emyc AT bW 22 OEHIBETERIBELTET
Wh, Stkd o ICTHBURRE T, MIaHREERMEE O & L ThMSC 2V 20 &
HerZetic->WiHET2 R0 VA28 L TV,

IHICEEART208BICHTS & 3BICKARTS0BICEITS
RIBHNO8~12E ERBEN0B~1.218

nd4 Fr—2T

‘ fliit (GeneSpring £ FR)

T L1533 BEF

‘ B (PA E/)

BReErERICERTIED
528 BT
cancer :75
cel Cycle: B4

B 7 hMSC OIZEHEARE (~50 B) ICL 3 HBLAILICEEORLBEF—4 T —BTHE—-0ORL
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£1 hMSC® in vitro238 50 BLAAIC mRNA RBICE(LOR N 27 1,553 BEFNDOSE
BELEFRICEEICHINDZ 528 BESFICDNT

2792
nFAU- mee | R

HWEETER 528
Protein Synthesis 6.79E-16 96
Molecular Transport 1.06E-07 64
Protein Trafficking 1.06E-07 41
Protein Degradation 1.92E-05 32
Post-Translationa Modification 267E-05 104
Cellular Assambly ana Organization 4,68E-05 g
Lipd Metaboksm 1.02E-04 29
Small Molecule Bochemistry 1.02E-04 BS
Gene Expression 2.13E-04 2B
CellF-To-Cell Sgnaling and Interaction 4.55E-04 39
Gastrontesting Disease 5.57E-04 7
Nervors System Development and Function |  557E-04 11
Organsmal Inury and Abnormalties | 557604 3
Cell Death 5.81E-04 132
Cell Marphology 5.98E-04 35
RNA Post-Transcriptional Moedficatien 5.98E-04 27
aiar o TRty B TR U AT S 1 6.226-04 TS
Connectiove Tiesue Disorders 6.22E-04 48
Celiular Compromise 1.30e-03 15
Hematological Diesease 2.09e-03 17
Hematological System Development and Function _ 20903 10
Immune and Lymphatic Sysem Development and Function 2,09=-03 7
Immunclegeal Disease 2.09E-03 13
Celular Function and Mantenance 2.66E-03 46
Connective Tissue Development and Function 2931603 38
Proten Folding 4.15E-03 12
Skeletal and Muscular Disorders 5.31E-03 23
Tumor Morphology 6.40E-03 18
Amno Acd Metabolsm 6.776-03 50
Cardiovascular System Development and Function 6.77E-03 21
Rl Dyl 5 s el a2 T 6.776-03

Cellular Development 6.77e-03 25
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(=) ®1 hMSC @ in vitrot8 50 BLARIC mRNA BRICEEOR N o1 1,553 BEF
OSEHEDPERICEEICNI DS 528 BEFICONT

_ MY s
By = BEE BET
Embryonic Development 6.77E-03 13
Genetc Disorder 6.77E-03 13
Tissue Development 6.77E-03 16
Vral Function 6.77E-03 11
Visual System Development and Function 6.77E-03 2
Resprratory Disease S8.21E-03 6
Metabolic Disease 9.42E-03 6
Celular Movement 1.008-02 41
Neurological Disease 1.00E-02 i
Reproductuve System Disease 1.00E-02 38
Organ Developrment 1.51E-02 5
Organ Morphology 1.51E-02 18
Energy Production 1.64E-02 5
Immune Response 1.79E-02 4
Carbochydrate Metabolisrm 1.92E-02 2
Cardiovasculer Disease 1.92E-02 9
Developmental Disorder 1.92e-02 4
Hepatic System Disease 1.92E-02 2
Reproductve System Development and Function 1.92E-02 5
Respiratory Systemn Development and Function 1.92E-02 4
Vitamin and Mineral Metabolism 1.92E-02 2
DNA Replcation, Recombination, and Repar 2.23E-02 1B
Dermatclegical Diseases and Conditions 2.27E-02 3
Celular Growth and Prokferation 2.55E-02 146
Renal and Urological Disease 299E-02 8
Cell Signaling 3.21E-02 5
Digestve System Development and Function 3.63E-02 2
Nucleic Acd Metabolksm 363E-02 5
Tissue Morphology 3.63E-02 2
Renal and Urological System Development and Function 3.81E-02 6
RNA Damage and Repar 4.58E-02 4
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£2 hMSC @ in vitro 23 50 BLAAIC mRNA BB ICE(EORN > - BEFOOIEHVIC
BEICHMANDHB 75 BEFICDONT

HEE &M (Camter ; 75 BT F) BET 2 RTF
WUMGrNgenesis twrmongenesis of fibroblast cell ines B 8
size size of leukermia cell Ines 3 3
cel desth of bone cancer cel lnes 14
Sl ot cell desth of breast cancer cell Ines 22 £
i volume of tumor 4 4
volumne of papilorna 2
multple hamartoma syndrome multple hamartoma syndrome 2 2
neoplasia of lymphod organ 2
neoplasia neoplasia of organ 6 i
neoplasia of leukermia cel lines 2
transformation of lymphoblastoid cell knes 2
transformation 4
transformation of carcnoma cell ines 2
vascularization vascularizanon of papiloma 2 2
adhesion of lung cancer cels 3
adhesion adhesion of carcinoma cell Ines 3 4
adhesion of lung cancer cels lines 3
interphase arrest in nterphase of melanoma cell Ines 3 3
cel movement cel movement of cervical cancer cell Ines 5 b
migration migration of bone cancer cell Ines 3 3
autophagy of breast cancer lines 2
autophagy = 3
autophagy of tumor cancer Ines 3
cytostasis cytostasis of hepatoma cel lines 2 2
detachment detachment of cervical cancer lnes 2 2
G /S phase transiion (:/S phase transition of cervical cancer cel lines 2 2
Jvenile intestinal polyposis juvelne intestnal polyposis 2 2
latency latency of lymphoma 2 2
formation formation of lymphoma 6 6
BB binding of tumor cells 5 5
binding of cancer cels 4
bladder turmor bladcer tumor 4 4
anoikis anoiws of tumnor cell ines 5 5
growth delay n growth aof tumor 3 3
delay n apoptosis of leukemia cell nes 2
N aportosis of bone cancer cel lines 10 21
o aportosis of B cel lymphoma celis 3
| aportosis of prostate cancer cell nes 15
attachment attachment of melanoma cel lnes 2 2
endometrioid carcinoma endometrioid carcinoma 2 2
G, phase arreset in G. phase of melanoma cell lines Z 2
gliosarcoma ghosarcomia 2 2
invasion mnvasion of kidney cancer cell ines 2 2
polarzatior polarzaton of leukemia cell Ines 2 2
progression progression of gastnc carcnoma 2 2
homing homing of breast cancer cal lines A 4
colonic polyposis | colonic pclyposis 3 3
shape change | shape chance of breast cancer cell Ines 3 3
cell cycle progression \ cell cycle progresson of leukermia cell nes 4 4
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£3 hMSC® in vitrotZ® 50 BLAAIC mRNA BB ICE{LOL N S BTG FOSS
MiaEBMICEEICHON D2 84 BEFICDULT

HBEOBIR (Cel Cycle ; 84 BEF) MiET ZMET
arrest in cell cycle progression of B lymphocytes 2
cell cycle progression arrest m cell cycle progression of biood platelets 2 7
cell cycle progression of leukemia cell fines 4
duplication duplcation of cells 3 q
Gi/S phase transtion G/S phase transition of cervical cancer cel Ines 2 2
remodeling remodeling of chromatin 8 8
rmodification modification of chromatin [e] g
G: phase arrest in G, phase of melanoma cell Ines 2 2
S S nmation of cell stage 7 70
cel stage 70
length length of telomeres 5 5
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(a) 3 ®W%IO hMSC £V T T FNEBLM 3. 20, 50 NI2HH 3 c-myc/GAPDH L <X %R L1,
(b) 3 fE¥HD hMSC AW TENTHhOBEM I HIcB S c-mye/GAPDH L<a%1 2 LTRL7.

8 hMSC @ in vitro IZBREABICE 1T 2 c-myc ® mRNA BIR O E (L
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4 BbYR

LlED X 5z, hMSC o#ttt %255 & & 2 HrE L ThMSC @ in vitro BEBIC BT BRI
FLTORBELNLOTLOAS WBEZETIT2VWT, QELACrRRIELORS O VEIR
Fii2VWTOHEARD LDRETET > TE R, TOHER, pl6™, c-myc & &% hMSC @
in vitro BRPOFEHOE(EZFHIT N ER(ZTOBERHLE LTHESF oN, & S ICHE LRI
WTW3, FhhEcic, MERRMIE LS @HTMEOE T OB EFRIICL > THAT 512
HD2—HBEFICOVTOHE "SI ANT VWS, BEFREORNAEIEENOGBETH
HEBRELBOLIZH, hMSC ZHiHBESREOME L L THVL 255022 H T 5
BICOFIETE S &M E NS, BFENC pI6™Y comyc 2BVHHORIZTEL LMD
FicFHEs B~ — M FELTIERLTWITAL L 2HIEL THEREEDH TV B,

mﬁ. T T o S e e S S e i R e ey

FRTHLAFHSOUER., fIHFe 2 — v 44 =¥ AESUIRTE TTHMIES£ M /i
HESEERERE R OFAR & S E N AR | B L E b X/ 4 - FREIRBSEMA SR TR ) 2 7 O,
B —tEofR, RIERIG, ¥ {EFolif], RUBEMFCLZEFEMOMIIBT HR IcTE
s iR —MTH D,
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