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A Microarray Analysis of the Effects of Serum-free Medium on Gene Expression Changes in
Human Mesenchymal Stem Cells during the in Vitro Culture
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We examined the effects of serum-free medium on the gene expression changes in human mesenchymal stem cells
(hMSCs) during the in vitro culture using a DNA microarray analysis. In this study, we cultured hMSCs with two kinds
of medium; 1) MSCGM (contain 10% fetal bovine serum) or 2) STK2 (serum-free medium developed for mesechymal
stem cells multiplication), and compared hMSCs proliferation, cell morphology, and gene expression changes until 50
days culture. Expression analysis was performed with Affymetrix GeneChip Human Genome U133 Plus 2.0 Array.
hMSC proliferation was significantly higher in STK2 medium than in MSCGM medium. The cell morphology of hMSC
cultured with STK2 was not significantly changed in 50 days culture. The gene expression changes in hMSCs during the
in vitro culture were significantly higher in STK2 than in MSCGM. After 50 days culture, 1991 genes were significantly
changed the expression levels compared with 3 days in STK2 but not MSCGM. The expressions of genes related to cell
cycle, cancer, proliferation, and cell growth were significantly changed by STK2 for 50 days culture. It was also changed
by STK2 that the expressions of genes related to the signaling pathways contain various growth factors, such as IGF-1,
FGF, TGF-f, EGF, proliferation, and cell cycle. These results suggest that STK2 may be useful to obtain an enough
number of hMSC cells for tissue engineered medical devices in short-term, however, it should be recognized that STK2
would alter the expressions of genes related to a variety of signaling pathways in hMSC if the culture period would be ex-
tended to obtain a large number of cells.
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1. Rk UEE t b i A ok ) EE R e i i
(hMSC) (Lonza Walkersville, Inc.) %, 1) Mesen-
chymal Stem Cell Growth Medium (MSCGM) (Lon-
za Walkersville, Inc.) : Mesenchymal Stem Cell Basal
Medium (MSCBM) Z Mesenchymal Cell Growth
Supplement (MCGS) ZMNA7=E:H# (10% 45 V21
HEED) XiE2) STK2 (DS 77— NA T AF
A J1)V) ¢ R EE R A e o v RS T e e N R
F L, BMEHTH S STK2 13, BRI
DO EHICHEINZEMTH D, FGF,
PDGF 72 EQERTARMES N T WS, B
M, SEERIC IR R aR OB & U CTRIZER
Bl = W2 56 2 80E U2 YR E i (2D
EOIZEEL 50 HUW) &Lk

2. Total mRNA DR FEEWIMAY 3 HIH,
20 HfE, 50 HRE DML, S Z <24 RNeasy Mini
Kit (QIAGEN) 7% T total RNA ZHiiH L /=.

3. HEMERFRERBH 2HEOKM
(MSCGM X3 STK2) iz TExNnENOHEREEL
7= hMSC 7 5 @ #l U 7= totalRNA 7% f \» T,
Affymetrix GeneChip Human Genome U133 Plus 2.0
Array 2T mRNA FH 2 WENICHE L=, 21
Z 1 Technical replicate (Duplicate) 12 Tfr - /=.
BAIE THBMENL, GeneSpring GX 7.3.1 (Agilent
Technologies) Z W TIT> /2. INAT = A @i,

Ingenuity Pathway Analysis Software (Ingenuity
Systems) ZFHWTiTo /=,
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50 H M D 5538 TH) 14000 15 DML 2 15 5 /=08,
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Fig. 1. Proliferation of Human Mesenchymal Stem Cells
(hMSCs)
hMSCs were cultured in MSCGM or STK2. They were seeded at a densi-
ty of 6000 cells/cm? and when they were just subconfluent, they were subcul-
tured and the number of cells was counted.
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Fig. 2. Cell Morphology of hMSCs Cultured in MSCGM or STK2
They were observed in 7, 14, 28, and 50 days.
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Fig. 3. Changes in Gene Expressions of hMSCs Cultured in MSCGM or STK2 during the in Vitro Culture
Each mRNA expression in hMSCs for 3 days culture is expressed as 1, and those for 20 and 50 days are expressed relative to that for 3 days.

FEARBHIARE & i U TRERE QAL ESUX 172 80F)
IZ mRNA FHNE(L L 7285 75 % Fig. 4 ITRL
. EBE50MERWEZEAETSY, BEBR S
teis U THEIC mRNA BN E(L LU 2 EE T
B HEITKTE L TN L 7=, hMSC K% 20 H,

50 HENZHUZTBWT, AHIZ mRNA FH L X)L
ML L 728 s 7803 STK2 O 5 23% <, B3 50
H TlZ 2000 DL b O#EET OFEE L X)L o3 e 2% B i
BrE bz L THEEICE L TR, BRIk
Bz T30, MSCGM TOHK:3# 50 H & STK2 TO

B 20 H ENFTFREETH - 72

TIX, ZDOEXDIT in vitro FEBETEORE L
NIV EL LU BT, Enkd7aE (e
EREOBMLRTROEASN? BLEELRTET
NZTNHHE L TY X MMEL, GeneSpring GX 7.3.1
ICTEL LB IR T & Rk OWREZ R DA THE
ZR#BZT DT EITX > ThMSC D in vitro F3 38
HTEDX I BEEZ DB TRNZILL 2D h
BMEt L7z, ZNFNOEMT 20 H X 50 HERE#E
U 7= BRICEE 2 BRI IRE & s U THEICAL L R



1390

Vol. 130 (2010)

2500

2000

1500 MSCGM

W STK2

1000

500

20 50
days

Fig. 4. Number of Genes Whose mRNA Expressions in
hMSCs Were Significantly Different from Those for 3 Days
Culture

Table 1. The Similar Gene Lists to the Genes Whose mRNA
Expressions Significantly Changed during the in Vitro Cul-
ture of hMSCs

Clélrtil(l)r; Media Number Similar over value
I()days) of Genes List? lap b

MSCGM 174 — — —

Cell Cycle 73  5.35E-23

20 603 Cancer 121  5.26E-21
STK2 Proliferation 54 1.08E-08
(Cancer) (69) (1.38E-08)
(395) . .

(Proliferation) (32) (9.56E-04)
Cell Cycle 101 8.15E-34
MSCGM 762  Proliferation 75 1.01E-14
Cancer 117 3.57E-11
Cancer 318 1.37E-23
Cell Cycle 152 3.92E-17

50 2329

Proliferation 151 2.60E-13
STK?2 Cell Growth 40 1.33E-02

(Cancer)  (259) (4.40E-16)
(1991) (Proliferation) (116) (4.52E-07)
(Cell Cycle)  (94) (2.90E-03)

2 The name of lists that resemble the selected list or contain a statistically
significant number of overlapping genes. The overlap is calculated using a
standard Fisher’s exact test and the p-value is adjusted with a Bonferroni
multiple testing correction.

THE, TNETNOEETHICARICEET 2EKR
T-#7% Similar List & L T Table 1 {Z;x0U7=. ()
WiX, STR2ZHEEICK DAL L EELETDI B
MSCGM TR A ERE{NAS5NT STK2 TDOH
BREBEEDNAONTZEBLBTFIIOWVWTEL L.
STK2 5238 TlZ, 20 H D3N S Cell Cycle, Can-
cer, Proliferation |Z1%4 2 E & T DRIRICE(LNH
51, 50 H CIHEZEFROEMZEN S 51T Cell

Growth TR D2 EEFIIENE O 5Nz,
STK2 O & TZL L 2 T1E, 50 HTIiE 2000 i
<IN 7=. MSCGM 552 T, 50 HIE T Cell
Cycle, Proliferation, Cancer |Z{% % &5 T D2
MASNTZ. KIZ, MSCGM Tl 50 HRE DR &
12 D mRNA BHICEBLN RN > B ETFOO S
STK2 Tl in vitro B5&IC X VA RICEL L =5
FRIZDOWT, EOLDIBNAT =1 IXRb5E R
FNEEL TWBDMNiH~N/=. Ingenuity Pathway
Analysis IZ&Z D#Et L, Table 2 12 47 20 DN A
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flaz 4,5 n A2 E Lo EEHBEET S 2 &1
T THIREDODR AN Z B LS |END B —F
T, FHEHRY TOHIENHRS TH hMSC O Kk
BIZLLBDBEBHIZA SNV EDHREDRINT
W, INSOHEDENT, MO RS —OfEE
ZbREL LB EBEZOGNS. LR, hMSC
DEZ LS NERND O TIZ 5 JEHEREE O 528 I T Hi
ZLDERZERT. WTHITL A, invitro }5EH
M ENERNAAED L S et £ L <7 WA ko n]
REMZLDEBTELEZEATEINTHAD. TD
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Table 2. The Related Pathways to the Pathways that Contain Any of the Genes Whose mRNA Expressions Significantly Changed
during the in Vitro Culture of hMSCs
Ingenuity Canonical Pathways | p-value Molecules
IGF-1 Signalin 1.38E-05 IGFBP6, NRAS, CTGF, YWHAH, PIK3R1, IGFBP7, NEDD4, PIK3R3, JUN,
gnating : FOXO03, MRAS, IGFBP3, IRS2, SFN
Hepatic Fibrosis/Hepatic Stel- CTGF, TGFBR1, FGF2, SMAD3, ACTA2, SMAD7, VEGFC, FAS, TGFBR2,
p Lo p 2.00E-05 | MYL9 (includes EG:10398), VEGFA, CSF1, HGF, IGFBP3, PDGFRA, EDNRA,
late Cell Activation EGFR
NRF2-mediated Oxidative Stress DNAJBI12, NRAS, PIK3R1, ACTA2, MAP3K1, DNAJC13, GCLC, MAP3KS5 (in-
Resporse 2.63E-05 | cludes EG:4217), TXNRDI1, PIK3R3, SOD2, JUN, ABCCl, MRAS, CCT7,
p MAP2K3, AOX1, SQSTM1, GCLM, PRKD1
IL6ST, TCF4, NRAS, C1S, PIK3R1, MAP3K1, SERPINF1, BCL3, MAP3K5 (in-
Acute Phase Response Signaling | 7.76E-05 | cludes EG:4217), NR3C1, C1R, PIK3R3, JUN, SOD2, NFKBIA, MRAS, MAP2K3,
SERPINE1, SOCS5
Antigen Presentation Pathway 1.26E-04 | PSMB9, HLA-A, HLA-B, PSMB8, HLA-G, HLA-C, HLA-F
Virus Entry via Endocytic Path- | , e o, | PIK3R3, FLNB, NRAS, HLA-A, PIK3R1, ACTA2, MRAS, HLA-B, APIBI,
ways : B PRKDI1, HLA-C, FOLRI1
53 Sienalin 5 $2F.04 | PIK3R3, JUN, GADD45B, THBSI, FASN, PIK3R1, PERP, CI20RFS5, SFN,
po3 Signaing : HIPK2, SERPINE2, TP53I3
. . NRAS, YWHAH, PIK3R1, BCL3, MAP3K5 (includes EG:4217), EIF4EBPI,
PI3K/AKT Signaling 2.88E-04 | p1K3R3, NFKBIA, GAB1, PPP2R3A, FOXO3, MRAS, HLA-B, SFN
. . . PIK3R3, JUN, NRAS, GABI1, BDNF, SPRY2, PIK3R1, MRAS, MAP2K3, MAP3K5
Neurotrophin/TRK Signaling 3.72E-04 (includes EG:4217)
. . TGFBR2, JUN, NRAS, TGFBR1, SMAD3, SMAD7, MRAS, SMURF2, VDR, SER-
TGF-f Signaling 4.17E-04 PINE!, INHBA
Glutamate Metabolism 7.94E-04 | EARS2, GLS, CCDC92 (includes EG:80212), GLUL, GCLC, GCLM, GOT2
LPS-stimulated MAPK Signal- 8.51E-04 PIK3R3, JUN, NRAS, NFKBIA, PIK3R1, MRAS, BCL3, MAP2K3, MAP3KS5 (in-
ing ' cludes EG:4217), PRKD1
Biosynthesis of Steroids 9.33E-04 | FDPS, SQLE, FDFTI1, IDI1, LSS, SC5DL
Thrombopoietin Signaling 1.82E-03 | PIK3R3, MYC, JUN, NRAS, PIK3R1, MRAS, IRS2, PRKD1
Insulin Receptor Sienalin 1.95E-03 NRAS, PIK3R1, ACLY, EIF4EBP1, PIK3R3, GABI, PPP1IR7, FOXO3, PTPNI,
P gnaing : MRAS, HLA-B, IRS2, STX4
CD27 Signaling in Lymphocytes | 2.00E-03 | JUN, NFKBIA, MAP3K1, BCL3, MAP2K3, TRAF5, MAP3K5 (includes EG:4217)
. . CALM3, NRAS, PIK3R1, MAP3K1, BCL3, MAP3KS5 (includes EG:4217), PIK3R3,
B Cell Receptor Signaling 2.24E-03 | yUN, NFKBIA, GABI, BCL10, MRAS, LYN, MAP2K3
Nucleotide Sugars Metabolism 2.29E-03 | UGDH, UGP2, GLCE
NF-xB Activation by Viruses 3.16E-03 | PIK3R3, NRAS, NFKBIA, PIK3R1, MAP3K1, ITGAV, MRAS, BCL3, PRKDI
Neuregulin Signaling 3.31E-03 | PIK3R3, MYC, NRAS, PIK3R1, DCN, MRAS, HBEGF, ERRFI1, PRKD1, EGFR

HWMERERICHE L e U THEINEZHDTH
%5, T ZTARWPFILTIE, TDSTK2 ZHWNWT,
hMSC % FEFIT A e AL AR gy O MBS U TH
WBIGHEEEE U247 5E2EN (50 HEAN)
THEEL, ZOX572EHMTH hMSC iIZZ& L
ECBHDOMNEDIDRRDL=0IT, HEGERE, MO
BE, B THRBIZOWTHREL .

hMSC DHFEAEIZ DWW TIE STK2 D 575 MSCGM
IHARTELLS @M >/ (Fig. 1). MSCGM Tl

50 HI#THJ 14000 {5 Offfifll = 45 57z 7A3, STK2 T
1320 HREICH SN TH D, STK21E MSCGM 78 50
HEOEETHES N Mz 1 » AREE WSS
MRt/ oD ZEnbnok. £, bhbiud
ZNE TIZ MSCGM LISk D4 1fiL i {8 i Bz it (DMEM)
L LT H STK2 @ 4 A1 hMSC O HABEBE A 5 7
DI EEKERLTVWS. D filaBEDO Az DN
T, K528 50 H# D hMSC 1%, STK2 Tidk MSCGM
EHE U TRBYI OB 2 AR > TV /=3,
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MSCGM T3 n> VRN D RFELL TWhb 0D
NN~ (Fig. 2). —74, 50 HE® hMSC £
#HMFPOENTNOEETHEDE(LIX, STK2
DHHMNMSCGM LD bIEREIZRKEM> 7 (Figs. 3
and4). ZINFETROLONONIEARPE TH W
hMSC &3 oEEHE O T k% F T MSCGM T
DERBIIBITZBEEFRROZBITONVWTHRIFTL T
W39, Epoy bd hMSC HARFEICHIT S
MSCGM K% ERIR IR B DORETH > 2. £z
EE5DEMER WG TS, BRMGAERE S K
L THEIZ mRNA BHNEL L 2B AT RIIR#E
HEICKEFEL THEMLU 7 (Figs. 3and 4). 2D X
S1Z STK2 12 & % 50 HFE D in vitro 53 T, M
fl D HEIC MSCGM & Hrd U T— R b2 A 51
RO DD, BIATHEIIREMIBIITHRT
RELZLTHY, 20 HMEREEBL THE
B U RT3 4 (52 BB T, X512,
STKR2 T LK 2B EICK DAL Z#E B FIT Cel
cycle, Proliferation, Cancer |Z{% %5 T34 <
(Table 1), %7/=, FGF, TGF-B, EGF 7z £k % I3 hk
ERTFICHROLDZ ST FIVERERNDE{LL TV
(Table 2). ZTh 5 DZ1kIE, STK2 TiX MSCGM
E B U C hMSC H#FlRE/S B A L/= 2 LICRAE S
L8 THAD. STK2 T®D 20 HE 5 #HE M &
MSCGM @ 50 HM#EKETIZEBE S B FHE L X)L
(%7 14000 £5) OMfERAFSNTHD (Fig. 1) »
DELETFEHEOELLOEBEDFRL NN TH-o
(Fig. 4) Z&EMBHHEA S, £L T, MSCGM &
tei#z U C STK2 TIIMIBOEEIIH LD A 5N
IRNEEBRICBW T OO EENZEL TV
AIREME BoRIR I Nz, MR AR SR DR & L
THIBERSMEZ W5 7291213 F OBl fatk %
B350 HRNMNS/EEIRD L EDS in vitro
TOMBEEEBREZ R TUI RSN, in vitro
TOREEIT, MBICES>THAEDAN L X ERS
ZEFHENT, ZOMBNEVWANEINWTH A D
ZLERARGICHBTES. TOA, STK2EEICK
D MSCGM <& i U T T2 < oMl z 55
ZEMTEZDEIRELBFETHD EEDONS.
A ECH CMlaEzGons 2 &1d, BEDR
BIIRAZETOHEAICRBICEENS ZETH
S, Lnlians, K0Z2<0oMazmE5k20I12
STK2 TOREEMM 2 MHIXL T < EFNITEWE

GFRHASEOLBMUNLOREL<BD I EHEBATN
ETHAD.

AREFFEDRERMN S, HIZE R A R 28 I i 7 15
Ht STK2 1%, in vitro DEEMB 2 EHEIT2DICH
ThH BN, FAOKICEENMALEET S Z &1
LM OEEN BT 2t b B ETERNT
EMHho e, RN SED 1L TE Mg & Hif
B EEEE R ORI E L THW S NS oML
BENELS L TWAERWI ENBEETIES 50, |
EIIZIX, in vitro IEERBREITB N THIICED X
IBEEME I D TNEDONERHTH I ENERE
ThHO, ZDO LT, ZOEMERDZRXMADITIX
EQXDBEEFMETHTI ONLNWONFEERFT
RNETHAD. BERBMALZT TR < iPS Hil g
HEUDEEEBRIBICBNT, MiEZ2aER0ERK
BEHBAR N EEMARED 1 DL TS, 5%
V&, HRA TSR REBE I K 0 B gE & I My B A
s Z Eizk> THSNMIE DR 2P ARE
NEOEMEREDREL NIUfbns Z &Il
57259,

BEE AL, NEDO [HEBEWFZEH 5 K
WFZE~ DG U (LA B FE 38 R oM e 2 i W
HARBERMERLOZDOBELTOY s
M ICTEBEINMIEDO—HTH 5.
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