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We investigated mRNA expression of c-myc and chromosome aberrations at the c-myc locus in the same passage
number of human mesenchymal stem cells (hMSCs) . To understand the sensitivity of mRNA expression and the induc-
tion of chromosome aberrations, we first tested them in hMSC and cancer cell lines (HeLa S3, HOS, and OUMS-27).
The c-myc mRNA expressions in HeLa S3 and OUMS-27 were significantly higher than those in hMSC, but then those in
HOS were not. On the other hand, c-myc aberrant cells detected by fluorescence in situ hybridization in HeLa S3, HOS,
and OUMS-27 were significantly higher than that in hMSC. Both analyses were performed in hMSCs derived from five
donors for the culture period of 50 days. In hMSCs from one donor, the frequency of c-myc aberrant cells significantly
increased at 20 and 50 days respectively, and each mRNA expressions had a tendency to increase, but there is no sig-
nificant change among 3, 20 and 50 days. In hMSCs from the others, both endpoints did not change for 50 days. For safe
use of somatic stem cells in the regenerative medicine, the investigation of characteristic change of them during the in
vitro culture is important. In the present study, we showed the mRNA expressions and chromosome aberrations of
hMSCs in in vitro culture as the first step for establishing of safety evaluation of tissue engineered medical devices using
normal hMSCs.
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1. flRRUHEE

b MR EMINE 0 5 B —Hkd hMSC (Lon-
za Walkersville, Inc.) %, Mesenchymal Stem Cell
Growth Medium (MSCGM) IZ Mesenchymal Cell
Growth Supplement (MCGS) ZMA /=M TEFRN
TNEELE. shtho B —1E#Hid Table 112
ZNE

b~ FESED A HSRAE : HeLa S3 (JCRB Cell
Bank) |3 Ham’s F-12 Nutrient Mixture K HA(E
KBIEED] 1T 10% fetal bovine serum (FBS) ZflZ
TEEMITRIE L /2.

E NEREMAE  HOS [KH ARG A HE] 1%
minimum essential medium (MEM; Eagle) 2 0.1
mM non-essential amino acid (NEAA) & 10%FBS
(Intergen) ZMA/ZIGHITEE&EL /2.

bt NkE ABERTAE - OUMS-27 (JCRB Cell Bank)
1% Dulbecco’s modified Eagle’s medium [DMEM ;
H/KBEE] 12 0.1 mm NEAA & 10%FBS Z il A
EEMITRIE L /2.

2. Real time (RT)-PCR (C & % mRNA RIHE
DEEAYRRIT hMSC, HeLa S3, HOS, OUMS-27
/n5 RNeasy Mini Kit (QIAGEN) # W\ T total
RNA ZF8 U7, filiti L 7= total RNA @ cDNA ~
DL F1Z First Strand cDNA Synthesis Kit for RT-
PCR (AMYV) (Roche Diagnostics) Z W\ T{T- 7=.
ZTNETNOMILD c-myc ® mRNA FE L X)LizD
T Real time RT-PCREICTHME L7z, Az~

Table 1. Donor Information of hMSCs

Lot No. Age Race Sex

hMSC-A 3F0664 19Y  African American
hMSC-B 4F1560 23Y  African American
hMSC-C SF0138 19Y  African American
hMSC-D S5F0972 20Y  African American
hMSC-E 4F0218 21Y Other?

£

Lonza Walkersville, Inc. @) Except for Asian/Oriental, Caucasian,
African American, Hispanic and American Indian.

71 < —1%, Forward: 5'-GCGAACACACAACG-
TC-3’, Reverse: 5-CAAGTTCATAGGTGATTGC-
T-3' ¢, PCR iz, 95°C T10#), 50°C T 15%p,
2°CTLR2BZE A0 A 7I)ViTol. —hH, NTX
F—Y > 7 iz T & L T Glyceraldehyde 3-pho-
sphate dehydrogenase (GAPDH) (O mRNA #H %
Batl, PCRKISIE A1 YA 277 —&EHE b
mRNA FE27 71—t vk (Search-LC) Z W\
Tiro 7=, EEMMMTIE, Light Cycler Fast Start
DNA Master SYBR Green I (Roche Diagnostics) %
JAUyT Roche Light Cycler (version 4.0) T{7->7~.

3. ZBEBEHEEFISH(CL D ccmyec -
BEE@BW hMSC DR AFREARIZLLT O LD
ICER L2, Dtk R (0.02ug/ml) T—BRLE
L, hUT 2> THlaZEIL 2. 75 mM KCL i
R CEIR 20 pRHEELAELZDE, BV /) 7K
OKEEfg - A% 7 —)b=1:3R#K T3EHEEL
7. MifufRERE A 71 R I XITHFL, BHRE
S ¥/, 3HOMEMkORAMRERT, )b
IR (0.1-0.2 ug/ml) T 2-4 Bl LEE U 72 LASE
&, hMSC ERIBRICIER U 7=, REAERKEHEA O
BEARZF LTREAL, RPHIGZERY L TRAK
¥aFB LUz, comye Y —BEHEMBRITE, Wk
Sy & 0 fEEICE ST & % FISH (fluorescence in
situ hybridization ; #¢ in situ /N1 TV A ¥ —3
a>) EZEBRMAUZD, FISH @t EEARITE R
AZEEHALLEZDIIVRITEHL, —200CITREL
7z,

FISH ###713, c-myc ® DNA 7 O — 7 (Spec-
trum Orange f23% VYSIS #:, KE) Z2HW/E. c-
myc I3 IEH T 8 BROKRDEK D i 7
WINERINDD, TO—TENEW (1 120 kb)
ORI TH S 7 FIVDOIEMIREBIRNTES &
WOREDND B,

7'0—7 DNA % 70°C T 5 /A&, ¢
WKW L7z, Befafk DNA 28I E 572012,
A T4 R F A% 70°C D 70% 7 4+ )V LT 2 RIFHK
4R L, 3<IIKmLEZT0% LY/ —)LicH
L, ZO®%ETT85%,100% L% J —)LIZ L TH
REpIE I, A4 R I RICBEEL -7 0—
7 DNA iz fETHN—F A THEW, [HD %
N=IN=R > R T —IV&, 37°C T—BN1 7 U
ARSH, N TUVFA KT, 45°C D 50%
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T ALY 2 RT3 [E, 2Xsodium saline citrate
(SSC) #T 11[E, 0.1% NP-40 % &% 2XSSC KT
LEPEE L. TORBEALESET, 4,6-diami-
dino-2-phenylindole (DAPI) Counterstain ( VYSIS
) Ty U, #OLEEME (Nikon E600) T
B U722 c-mye O — 58 % OBIRIE, 1 /ey
720 2 LA ED 27 F )L Z& RO R HIH AL 300 &2 D
WTHTW, 27 F)IVoMZIEYR, 37 FIVEL
LTI R OMaE RE & U, AEERE
I P REZHANWE. Y

] R

X9, b MEHMERMERSME (hMSC) & 3
O MESEME (& b TESEN A BRI :
Hela S3, bt MEWEMAL : HOS, b MKEWE
Mif : OUMS-27) & Dz 1> 7. Fig. 1 1§
EARE i 2779, hMSC TORIEZTIZ 46 A1
Y — 0 BRI fERLUZ BEMRICDONWTIE,
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Fig. 1 Distribution of Chromosome Numbers in hMSC-A
and Cancer Cells (HeLa S3, HOS, and OUMS-27)
The numbers in the upper-right corner indicate those of metaphases, for
which the chromosome number was counted. The normal chromosome num-
ber for human is 46 indicated by a dotted line.

HeLa S3 i fd & OF HOS fifigid =2 67 A KT
B ARIZE =7 2RI iU izh, OUMS-27 fl
JATIEEN >7ZE—213/<, 69-18 K&EH &L
TIREWSHiZR U, 46 Kl —27 28 DEHR
Ie kB i 2R L7z hMSC I L, 3 fEsED
M 2 N E N O RAARE A I K ETRE NN
HHN, IXRTEHEFERBREZHBDTH- -,
Figure 2 12 c-myc ® mRNA 8 L N)| & ik
WHR%Z/,RY. mRNA FEH L ~N)L %2 GAPDH DA%t
fEEUTRL, FAEREEIZDNTI 300 Ml
R INZREMEED) 5RO 7= BEaEER L
7. c-myc ® mRNA EE L N)L [Fig. 2(A)] i3,
hMSC {Z [t X T HeLa S3 & UF OUMS-27 T3 HE
WZEDRENE NS 2HDD, HOS TIHAEERE
R LMo (E). —F, kL X
JVTOREMAE [Fig. 2(B)] 1%, HeLa S3 kT
OUMS-27 IZBWNTIZE B 5 H 100% i1 W\ ¥ %K 2%
L, HOS TR I5%FEEOREMIEETH- 2
Y, BHEMIEERN 5% LU O hMSC &g d 5 & 3
TN T OBk TERICEWREREZRL
7= (P HE).

JKIZ, hMSC O in vitro TORGEBEHIZ BT 5
BETFHIL XIVOEE c-mye A — KB FH R
MzE{T>7. £9 5 RF—HKD hMSC (hMSC-A,
B, C, D, E) IZDWT, K;#EHiM 160 HIEEEETO
HpEEAR 2 Fig. 31R L7z, EOMAEH 53 50 A
M<BEWVWE TN I SBEEL TWaA, Z Ok
SRR R > —TREIC R K 100 5L B & &
S TWiz, FLTEDO%RIZE ORI B 5l E A3tk
R TFLTE L, HiEEEIC DN TIRZENZND
RF—FTENA SN, FEHNZ hMSC i
ENH Lonza Walkersville tE X DEA L= H DT,
Z ORISR GIEI—ETH D EEBbNS-D, &
B2 BRI NZZNTNOMAENKRELS FETS
bDEEBEZLEND,

FERE VT R el 7 e L 2 e i 2 ol RIS i D
BEE U THWS R OS5 E, AARNNSED 1
LU T in vitro THAIEET 2 HEITZWEWnT 5 A
DINMZ W, 22T, EBRICHRHEERES - B
BERFEOMEBLE L CHIZERSHIIL 2 HW 2 556 2
E L, ZYBEEEN (ZDEOICEREL 50 H
PAN) T c-myc DZELIZDWTHF L. 5 R —
3% ® hMSC (hMSC-A, B, C, D, E) ZHWT, c-
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Fig. 2 c-myc Gene Expression (A) and Chromosome Aberrations at the c-myc Locus (B) in hMSC and Cancer Cells (HeLa S3,

HOS, and OUMS-27)

(A) The relative expressions of c-myc to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) in hMSC, HeLa S3, HOS, and OUMS-27 were investigated by
quantitative real time-polymerase chain reaction (RT-PCR). Mean values with SDs from three independent experiments are presented. Asterisks denote statistically
significant differences compared with h(MSC (**p<C0.01, *p<C0.05). (B) Frequency (%) of c-myc aberrant cells in hMSC, HeLa S3, HOS, and OUMS-27. 300 in-

terphase cells were analyzed after hybridization with the c-myc probe.
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Fig. 3 Proliferation of hMSCs
hMSCs were seeded at a density of 6000 cells/cm? and when they were
just subconfluent they were subcultured and then counted the cell numbers.

myc ® mRNA EHL X)) &KL X)L TOZEA
WCDOWTHEH L7724 % Fig. 4 I2/89. hMSC-A,
B, C, D TIiZ, B 50 HEWNIZHBIT % c-myc
@ mRNA ¥H L X)L &av—#¥i2ix, ARt
iR osnzho/kz., LML, hMSC-EIZHNWT
i, c-mye I —EUEE MR 20 HRET 7.7
%, 50 HFHIT 13.7% & K53 HE DO #REBITHEW N
L, 3HM (3.3%) IClEXTWwWIhbaEEM
MNBHB SN/, —F, mRNA L XN)LIZ DWW TIIR %
20 HE &N 50 HIET 3 HRENCHERTEBEETIE 2
EREEOHMMEMNA SN DD, WTN b

2WICERLRERR DN Mo 2. T2,
hMSC-A 13 50 HLARR B &2 fel), & A EHHHE

Lis <7z DB RO SN HIRMEY £ THZEL
7=. BEEMAR 152 O OMIleIC BT % c-myc FISH
FRITIC R 2 a8 — R R EMREZHIE LR, R
WA 15.7% TH O 3 HE (5.0%) 1ITH~XRT

**p<0.01 by a chi-square test.

BHRIREMNRD 5Nz,

FEKZF TR S NZEHEI D ~ ES Mgtk T
RIRR MM U 72 c-mye OB — 8L E i Z % Fig. 5
IRY. FEKEHAEER AT AR E A1
MO RS2 3O b ES Mk AR A
IR L TIHW/=., KhES-2 @ 3 5 AREEAT
X, TOREREBREID BHEER ccmye I —$
FOEHIIEOEMMMNBR I N, S 5ICH#EE
7212 5 HHOEARTIIAEEZEITED sNho 7.

% £

c-myc i, MR HERET DT 7 %Erbd
(MMABIET] OF TR LM NZEBLETO I
DT, Z<ONAICEBRL TS ZEN0> TN
%, EMOEBMSAEIIHEDZLTOAL—X
EEMHEET 2GR T THO, Mg b E< %
b3, X5z, ESFEEO PS Mg fEf oI E
AZND4DDBLETDIBED1DTHHD, TD
% IMABET) THD c-mye 0z 3EET
DEAZE>TH iPS MiluNERAJEETH 2 Z &
NHME SN TND, D KRFZEO AR 73 B AR R
fe1 @ in vitro TOMAEBBHOLEMEZHIRTE S
HEDOWLTH D, SwiifaE HANEEREZ R D 2 &
MEZOROBEEREMNELT DA &
NTNWBD, AUFZE TIEMIEBEES A RD S
BILT e-myc IZEH UKL /=

(HAEERE ORMEHANMGEINTWSS, £
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Fig. 4 Change in c-myc Gene Expression and Chromosome Aberrations at the c-myc Locus of hMSC-A, B, C, D, E during the in

vitro Culture

Expressions of c-myc relative to GAPDH were investigated by quantitative RT-PCR. Mean values with SDs from three independent experiments are presented

in the line graph. Frequency (%) of c-myc aberrant cells is presented in the bar graph.

**p<0.01, *p<{0.05 by a chi-square test.
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Fig. 5 Frequency of c-myc Aberrant Cells in the Three Hu-
man ES Cell Lines Supplied by Dr. Suemori (Kyoto Univer-
sity) as Chromosome Preparations

300 interphase cells were analyzed after hybridization with the c-myc
probe. **p<0.01.

BANDLLEEE R BN ST 2 ThHD, E
BICEERICB W T 2RI 52551213, 5
2NN SO HE LD in vitro TH;E L TH

300 interphase cells were analyzed after hybridization with the c-myc probe.

FES BRI RSN, TOREBEBICBWTH
MR AT G NEETLUE > EHE, £
ODHBHEOERNICE L ZBORLEITHMATERR
W, FD7, BHIO in vitro BET OB OE
RPIHEETH D EEZ, AR TIIBREOFEEL
T2EDOHE EETFLNVTOREEIE -
BE) ZHOWTITY, FUEETEc-myclZDWN
TRIBFICHFL 7=

£9, S@MEEEREMEE AW T cemye @
mRNA FEH L X)L & a8 —HREIZOWTHRHL
&l A, TOMPITITENNA SN (Fig. 2).
HeLa S3 J¢TX OUMS-27 O & D ITfKL X)L TD
BLH R EE Y 100 % 5 W S A A I D W TR,
mRNA FH L X)L & @i a2 X TH BITE W E
BaRLUED, REMEEN 15%FE%E Th > 7= HOS
TIX, mRNA EH L N)VI2@flE (hMSC) & @
BRREZRO NN Tz, 51T, FEBRITHH
Rl DER RIS T ORI 2 e U EEIRICB T %
BIFZLIZDOWTD c-myc ® mRNA L)L &
E—HTomaERIIGEVNNA SN (Fig. 4).
AWz 5 R —Hsk® hMSC (hMSC-A, B, C, D,
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E) §XTIZBWT, c-myc ® mRNA ¥ L X)L
ICIEBERAITIFED SNRNo 20, I —HE
WHBERIZOWTES RF—FD 1 RF—
(hMSC-E) IZBWTHERMEM (~13.7%) H58
WHNTE, LLEORERNS, REAKL X)L TORE
BEE D IEH 2B WKL T3 2 @ mRNA FEH L X)L
WHHEBERENHNTL 270, BREMBEEN 15%
FEE OFOEFMENSS%EEEKEL TITR
WHEEZD NV EEENTNSIRE) O
TIX, mRNA HEHL N)VIZBWTHERAELZE KR
HTERBRWAEEZ XL TS, ZOZENS,
hMSC %13 U K & Mg O 5 % OfefE & 72 %
c-myc B THEEIZEAL T, B THREOBRNZT
TR IAE—HROBMFZEITOMBEND D EEZEA BN
2. ¥£77, c-myc DA OFEBIZ DWW T b RO E
EIToTWBEEHDHTHA.

AW T, MO in vitro 553 IR H O 21k
WKOWTERT 200X 0 IWilffiikzE5 720
DFE—#& LT c-myc % T mRNA FH L X))
COAE—BTO2DODHETHFALZ#RZRL
7. THEAEE #HELZBERGH T, M
faD B FECHNIC K SFIHMBEORO HRES
ZEL TN ZENEETHAS.9

BEE EEMOE S ESHEAZRZEL THE
W BIRR A R ER AR ZE R hil R BUR, Rk
ECHEBURIEH B U B R, AR, AR

La—< YA T AREMIEEZE Hillsz A
U 72 S LB P R R R 0D R 6 & R B Ay DA HEA |
MOBEAEREEE R X7 OHRR, [F—M O
T, DAL OIIH] K RS %512 K 56 EEH OB
1EICBE 9 2028 [T TEBI NHFEDO—H TH 5.
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