EErBREAREFENS BIEEBEENRER)

TEHRREE

YA ATSAIBREXICEAT H5HE

MESEE KE FE =
& EFRZE BFE
idc gz

BRES : M7/ 1F5XTREAETS XY (hemoplasma) & HFEIEN, BEEMORK
ML, SMEAMES ST - LAMOR TN, MEEORE TR LIERY,
ST BFHAE TS RTBEES LTRAEC ETRAL, LEA-T, BEIMERD
BEEHIZGECAVLOATVWD Y VIEORBLELIMBITE FTEIANETFIXATEFREIER

EETHIDEEAOND, CHETIT,

2&

BOANETSXINDVICRETHEN

HBALTWS, FOTAMETIEYVDAETTSATEEZEEMICETE - B3 561-8
12 16S-23S rRNA BIEFRERAR—Y — O —XiEE L BE SN ZRIEEDBRITEH A=,

A. HARER/

ANETSATEHEB MO FRMEKKREICHF
£ S EMBERRENORITT, Thic
EMDOTUZYFFTETHFITIXTHOA
ENLERIBHLINETIAY ROV =2
BIZBLTVW-EEDIZL, FHRICEKRS
h-EENEEND, ChoAETFXT
HiEEOThE, 165 rRNA EEFOEER
FItERME, BEMENTOEIE LU
BERTF K5 Y hoORMGEDHERL
BYAATSAYEOEEEL LTRESI
LD THEN, BRENTOAIEEN
1 L7 W OHERER T 42 5 DI 5%
TR HNEN TS, KK TIEE MM

EEICYCIENAVLONS I EITEBL,

ELIZOVEBE LT HBEANETSXATHEHE
[ZDULVT, 0 165-23S rRNA BizFEAR
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—Y—EEOBERFTEENE L, VY
s & U
‘Candidatus Mycoplasma haemobos’ @ 2
BRENEET LI LHNHMBENATVSDT,
Chio®2EEICDONVTHKBEEZ PCR (<
K YEIESE, TOEYDOBEESZIRE
L, SCICZDRIBELTHE LT,

IZ & Mycoplasma wenyonii

B. BIRAE

EFENTHABESATVSIEEN SFEERL
f=21f (EDTA #5in) Z#ii» JILE L T,
AE TS5 AT D 165-23S RRNA SEIZFRIR R
—H—$EEDEIEE T Y KRS > b PRI
LYRH, YA TSXTIZHEDTS
A [T (
5-GTTCCCAGGTCTTGTACACA-3' & & U

< forward

reverse



5-CAGTACTTGTTCACTATCGGTA-3') %
FEtL, —<IYL I 5—FALTIC
30

. 55C24. 12°C2HDEH/ETI 0H A
2 )LD PCR #1To71=,

C. ARKEBER

SEEH LTSI —BRIERAVTIY
FARAFPCR ZT52&IT&Y, I
BETI2BEOANETSIATNDS b,
Mycoplasma wenyonii H 5 IXIEIEEYMMNE
SNEMN DAY,
haemobos’ @ 165-23S rRNA B FRI X X—
Y— B ZBRIE S I LITHDILfz, &
512 PCR EMDBEEFIZREL, ZDE
TR R—H—tRNA BIZFARINL TLVS
CEZEHLMITLEz, —REBEDHERN DS
~NETSXIH Mycoplasma fastidiosum &
BLHERICET S ENTESAI,

‘Candidatus Mycoplasma

S, J,:’f
Pn&umoniae’\‘-\x P N
s ‘)A\ » group
e
... B
Ftf, BESND SRS £~ 0B,

boxA & U boxB ICHHH T HEFINREL
TWAZ EAHBALT=,
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D.

DD 2BBONETSATINDS b 17848
[2DULVT, 0 165-23S rRNA Bz FRIRA N
—H—fEEDEEERETHEICHNHT
B LTz, COEEBITEROEERORK
HAREVWER DT OICMEMPERET
REASINTWEIEND, ThEAVTE
HMDTA TS AYEE L ORMGEREHR
Rfz&Z A, "ETSXIH N
fastidiosum £ CRIFICEFENDHEN
LMoz, Tz, ZREEFFAR:
LA, AETSXTD 165-23S rRNA Ein
FREAR—G—fEEIEHENSH SN T
B5—DOIA TSI TOELMEE LB
OTHELUOEELDOFHERATLHDS I L
AHEBAL, FUFE—IR—4—LLTOD
BEEZRA TS I EARBENT-,

E. &
VVEBEETHEMBETAMITIRAT

‘* Candidatus Wycoplasma haemobos’ @
165-23S rRNA EIZFHEIAN—Y—fEE % T
Y RRAU R PCRICKYIEIESE, ZTDIE
ERINEZNOHTHLMNZ LIz, TOESFIIC
EDOF ANEISAYOZRMSELOME
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BREFBHEAREGYE GIEEAREERARER)
SEMRHEE
REMADOHOMEIL YL a0 DERILGESVICRE L - HiE R ARRKICET 2%
HEBAE: FHAHDOU

MEEE

an EEHEE - FEEITARRIC &L SMBERA MO L EFICET SHRICONT, REER,
ErSHROZBHREERORUERTZRET 520, REKREREKRDL L OREKREE A
DIO—Z VT ERBREEREERERICE T2 BEFREBTETL. 7/ L7414 Pl
EFRBEEFHAE - IPSHBOERLOBEOREREL LTREAESHERE LT,

A: BIREMW

4, BIZERAZE - MR A ARBRZRICH LT, Hidk
RS EREZA T OHRMAOF AN
HFSNTWS, BRERPFRE JCRB #ifE/ N\
2Tl ENEIZE R ERHIAE (Mesenchymal Stem
CellMSC) 21+ /<, EPA L Z #E1EE (induced

pluripotent stem:iPS)#lifa+ 16 %DEHFFXEZIT.

BIRIEZTULDD8H %, EF iPS ffakk(E. ¥R
WIA—URIZEYEENERLY . MEIERIMEA
HEHEZENHLMIZSNDDOH B, LWL, AEE
DHEIZHAT 510D+ EHRAR
fEEShTHLT . EOMBKERIRT HRED,
ZTOEELLGDERNIFLEAELR EE, Ch
SO, BTRY S L CHGNTIEEE
BITE>T, £BELARIL, 2EBEAEHALAIL
BXU—BELRILTEENZREL. ¥ /LLA
ILTORENSIESEIINSIDIENHESNT
W5, FF(C. MABEICEb S EEFIEFT
520BRBATELELNZVNIELAHLNIZESH
Fzo COEXIGERER. BIREHADBRICEENE

BShd, RE. SHRETRHERLZTIRIC,

HMEOEBHELAL, FEAEHALANILE X
U—EBEELRNILDEEE . SREE CGH 7L A
PB XY BITEEDHTULSA, EFPS #lRE
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DERIEIZBLTY /LTAF B FHIE
WIET>TULVEWL, ZCTAME TIE. FH KRS
iPS MRIEAZE AT & Ut 5 Sh f-E MR B iR A SF 4
falkiPS Ml CREBREEKRSE. Thzaon—
ZUTTRERICKYE-RBAREEKREETILE
LT. 7/ LTAFILERTFRETS. BRI
(.
OFEAEEHICOZBAREEHBOIO—
=7
REKRZ PS HlaHARAMIYEESN-EFR
SRS E iPS MO S 1N R e
KREEKRTH 120, TOMBEAMNS, 3
BAREE#EIO—=2TF 5,
QR BREEKRLEERICHE I 2EETRED
EEBITS
R2EAERIO—VEEE/O—20 DNATA
IOTLABHERWT. T/ LTAREEF
REOBREIT,
LEROBFEITOT. Y/ LTARILEEFH
BR@BHHENPS HMBEOERIEDOKEDRER
BLELTRENEINERETEILEBNET
%




B:#IZ A&

OEHREEHEIDOEBEREEMBO
pa—=24

REKE iPS MiREB R LYt EShizER
RERMESFHBE PS MiaDiiFEs
[Z . 80 % Dulubecco’s modified Eagle’s
medium ( DMEM, GIBCO, Grandlsland, NY,

USA)/Ham’ s F-12 medium(F12, GIBCO)I[Z.

20 % knockout serum replacement (Invitrogen,
Carlsbad, CA, USA) . 1 mM L-glutamine
(Sigma, St.

Louis, MO, USA ) . 01 mM
“mercaptoethanol ( GIBCO ) . 1 %
nonessential amino acids (GIBCO) . 5 ng/ml
FGF-2 ( Katayama

human recombinant

Kagaku Kogyo L.T.D., Okayama, Japan) % i
fnL7= KSR-based EihE{ERAL., T/ h<A
DU CIZRYTFEEIESNT= CF-1 YO RAE
R F D 0— 4 — B (MEF, Millipore,
Billerica, MA, USA) £ T, 37 . 5% CO, %48
TTESEL, MlEIE 1 mg/ml dispase
(Roche, Mannheim, Germany)|Zd& > THIBE
L.5 BEICHARLR, REXZE iPS itk
THRLYHEEShizEr iPS RS 1K1K, 2
BAREERTHo 1=, ZTOMBEEAH,
b, a0=Z—%Evo7vIL, LBEEEK
oo——27L(E1),

EEREipsilifal AR EIPSHIlBOIO——207T

\

Pick up cloning

from Shinya Yamahaka

X1

oo—=—JL-BE. BEBFRELV
CGH ITICKVEBARNEETHEHLEHE
LT, Fi-. REKE iPS HREMEMELY
LEAEEKROHEZEZZIT. HEBITICK
YURERE{ToT=,

IEEH

S R F— IR

REEEEH

QEEREERLEERICETLERETH

BOEZBERAITL
EKoEEr iPS %R total RNA (X,
RNeasy Mini kit ZBALNTHH LT -, #MHLT=
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total RNA [, 7L UM AFTFS54F—
2100 IZ&Y RNA RSN TLVEWC EZFERR
L7zo mRNA O Cy3 #ZEH (—&iK) (L. A—H
—DHETREIZLTI=D>T Low input quick amp
labeling kit (Agilent) BLNT{To 1=,

Z:8 L 7= mRNA [, 4x44k v2 Whole Human
Genome DNA Microarray chip (Agilent) & 65
ET17BENIAT)F(E—a sz,
FyT EDERARYMED S T FIVREIL.
G2505C Microarray Scanner System Z{#Ff
LTHIEL. BEEFOHRBI(L Partek

Genomics Suite software program Z{EHL
THEHL =,

C:#58
TORBREREREEEKRDINSVRI)T
F—LZLEELI-EE 121 T0—T (115&45
FINEELT 1.5 BULEOHKBALEFEZTRL

= (E2A),
ThoRBLTRALEBZRLUICEEFHIC
PIZE, RBAEREERICBVDTEEFICTER
AEWVEERFHAR DM -1 (E2B)

clone 2 ABHEBE) vsclone 54 (FH)

B Cheomosonte 19

450

400 -

350 -
§ ?SO E
T 150 -
“0“ 100 -

REEW 158581 L (p<0.05)

,QE&M‘AQ 2 Eﬁﬁ;ﬁ‘%"} s Clone BUEED

% tfémeﬁe LREHRER wokues(EE)
l:ione#). (%Eﬁg )yVSEEQp}e##(J‘.Eﬁ)

i as
FE

TNODBELEFHE. REREEROE Aohd. 46, T WXERETOTHEL
BRIOBOPTHEET LEGFHTH .10 MR OEGFELLEDOLEDFEMLES
ShoDERIE. RBEREERICEVTIR HEIELEZS,

YRRARYM I ELTERIRT 5 ECFHINE
EITBHEEZERL, 2EBHREEDN(4~
—H—ELTCHERLGEGFRIEE THIEE
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D: 2%

Ek ES/iPS fIBADIEEL, 5/ LNTRR
ETHAIENHONTHY., RBHIFTEHRE
BRI D=0. CELRTTAEENELLUE

DTHRBBE. EHICH/OX—ILTES
b 1T THRMEIZEEE L. AL
REDFTRIEESIFEILTWSEHBIESN
%, KURELIEEBLZORAENEENLN

~

BE}YHXEATFEZHRL. RELTHEEEZ —ATEOREEEEIARNEFN TS,

F52ENTE, AVNEETEHHBD AL

)LD ARGRATES LI LY RHEF

WEEHENEFENTVS, LAL, —IZIT EETHEITRETIEHSHAY, T DEMIC

DLMERPOCIERERELTO
Knockout Serum Replacetnt (KSR)&ET(—4
—HEMNERAIh TS, COBEEMNL
BHRETHIZENS, BEEERLRIE
BRETIEICHEREZEFINTOSOMN
BIKTH B, KSR [FHERIT—ARICITAFHES

NTWEWA . EROEYHERR D EE .

FEMEOAFEBRINERTHDHZEM A
SN FL—HEUTA—DEBNHLLF

NMBEREPaRMNE, IGRZRET HLIC
BWT. ZETIRETHDH, SEBHEIT
SIBEFHEOTIS, SR RBHREE
DNAAI—H—HLEETENIL. EH
[CREEEEZTIENTREEES, AHAR
Tk AELEF MR BRETEEER
ETBREHDREEEERFEO—BELD
EEZ D,

f=. OYrENH D, (I REEDREERD E: 5k

BADEREOVNEICHERTILENHY.

mEEEICORMDID D, -, BIYHEE

5 I LITARIEEFREERAEL PS ke
DEFRLDBEDOREREICERATHLIEEZDL

BERSDNEEN, ChEHBIRYAT hi

0. BHEOBIEERICOREEZ ST
HEENH D, T—F—HllaEvI R BRA
SERESFHBENERAINATULSS, ChtW
AIWVARBEDRRADRADEREOVNME
[CHEZRTILENHY. T2HORERICD
ARHhd, ERRRIEBEEERE D«
— S —fOERALERALNTNDN, &
HRBELEDRRNELL, ChoDREE
fRRT DR T— 5 —fliflaERALGLVE
MEEBEBFHEIRESNTOEN, TART
DHREBRAMOBE D ZERANIEEREL,
¥ 2 & Thomoson DT IL—T T TH S,
LML, FhEABFEICTRTORSEER
ES/iPS MRAZREICIEETHDILHLLY,
FHeeh ES/IPS HRIDHERE. FGF-2 &
TGF- Yactivin/Nodal 5 FIVEENBET
HHEEHNTWS, LHL. ThDITFIL

F: REERER
L

_27_



MR OTATICET 5 —E&

RRE KL

L FA VA

E5

PR

AR

Saito S, Morita K, Kohara A, Masui
T, Sasao M, Ohgushi H, Hirano T.

Use of BAC array CGH for evaluation of
chromosomal stability of clinically used
human mesenchymal stem cells and of
cancer cell lines.

Hum Cell

24(1)

2-8

2011

Mimura S, Kimura N, Hirata M,
Tateyama D, Hayashida M,
Umezawa A, Kohara A, Nikawa H,

Growth factor-defined culture medium
for human mesenchymal stem cells.

Int J Dev Biol.

55(2)

181-187

2011

Okamoto T, Furue MK.
B

=fE, EH=E, DEHL, KE
X, FIEZ, PRER ST
- AR

b ZEEMEERAIIA D4 IR O B R
—HRBREIZOWNT.

FAEER

vol.11

2-8

2011

Sugita S, Shimizu N, Watanabe K,
Katayama M, Horie S, Ogawa M,
Sugimoto Y

and Mochizuki M.

Diagnosis of bacterial endophthalmitis
by broad-range quantitative PCR.

Br J Haematol

95(3)

345-349

2011

Ng SB, Selvarajan V, Huang G, Zhou
J, Feldman AL, Law M, Kwong YS,
Shimizu N, Nagami Y, Aozasa K,
Salto-Tellez M and Chng WJ.

Activated oncogenic pathways and
therapeutic  targets in  extranodal
nasal-type NK/T cell lymphoma revealed
by gene expression profiling.

J Phatol.

223

496-510

2011

Abe T, Segawa Y, Watanabe H,
Yotoriyama T, Kai Y, Yasuda A,
Shimizu N and Tojo N

Point-of-Care Testing System Enabling
30-min Detection of Influenza Genes.

LAB CHIP

11

1166-1167

2011

Yagasaki H, Kato M, Shimizu N,
Shichino H, Chin M and Mugishima
H.

Autoimmune hemolytic anemia and
autoimmune neutropenia in a child with
erythroblastopenia of childhood (TEC)
caused by human herpesvirus-6 (HHV6).

Ann Hematol

90 (7)

851-852

2011

Watanabe A, Tagawa H, Yamashita J,
Teshima K, Nara M, Iwamoto K,
Kume M, Kameoka Y, Takahashi N,
Nakagawa T, Shimizu N and Sawada
K.

The role of microRNA-150 as a tumor
suppressor in malignant lymphoma.

Leukemia

25 (8)

1324-1334

2011

Sugita S, Ogawa M, Inoue S,
Shimizu N and Mochizuki M.

Diagnosis of ocular toxoplasmosis by
two polymerase chain reaction (PCR)
examinations: qualitative multiples and
quantitative real-time.

Jpn J Ophthalmol.

55

495-501

2011

Sugita S, Shimizu N, Watanabe K,
Katayama M, Horie S, Ogawa M,
Sugimoto Y and Mochizuki M.

Detection of Candida & Aspergillus
species DNA using broad-range
real-time PCR for fungal
endophthalmitis.

Graefe Arch Clin
Exp

250 (3)

391-398

2011

Ng SB, Yan J, Huang G, Selvarajan
V, Tay J, Lin B, Bi C, Tan J, Kwong
YL, Shimizu N, Aozasa K, Chng W.

Dysregulated MicroRNAs Affect
Pathways and Targets of Biological
Relevance in Nasal-type Natural Killer /
T-cell Lymphoma.

Blood

118(18)

4919-4929

2011

Imadome K, Yajima M, Arai A,
Nakazawa A, Kawano F, Ichikawa S,
Shimizu N, Yamamoto N, Morio T,
Ohga S, Nakamura H, Ito M,
Miura O, Komano J, and Fujiwara S.

Novel Mouse Xenograft Models Reveal
a Critical Role of CD4+ T Cells in the
Proliferation of EBV-Infected T and NK
Cells.

PLoS Pathogens

7(10)

€1002326

2011

Kuwana Y, Takei M, Yajima M,
Imadome K, Inomata H, Shiozaki M,
Ikumi N, Nozaki T, Shiraiwa H,
Kitamura N, Takeuchi J, Sawada S,
Yamamoto N, Shimizu N, Ito M
and Fujiwara S

Epstein-Barr  Virus Induces Erosive

Arthritis in Humanized Mice.

PloS ONE

6(10)

€26630

2011

_28_




KRB KA LA A MVA WKL EBE | N—T | HRE
Ramakrishnan R, Donahue H,|Epstein-Barr virus BART9 miRNAPloS ONE 6(11) €27271 2011
Garcia D, Tan J, Shimizu N, Rice AP|modulates LMP1 levels and affects
and Ling P. growth rate of nasal NK T cell

Iymphomas.
Ohtake, Y., Nishizawa, 1., Sato, M., |Mycoplasma ovis detected in free-living|J. Vet. Med. Sci. 73 371-373 2011
Watanabe, Y., Nishimura, T., Japanese serows, Capricornis crispus.
Matsubara, K., Nagai, K., and
Harasawa, R.
Obara, H., Fujihara, M., Watanabe, |A feline hemoplasma, ‘Candidatus|J. Vet. Med. Sci. 73 841-843 2011
Y., Ono, HK., and Harasawa, R. Mycoplasma haemominutum’, detected
in dog in Japan.
Giangaspero, M., and Harasawa, R. |Species characterization in the genus|J. Virol. Methods 174 166-172 2011
Pestivirus according to palindromic
nucleotide substitutions in the
5’-untranslated region.
Suzuki, J., Sasaoka, F., Fujihara, M., |Molecular identification of ‘Candidatus|J. Vet. Med. Sci. 73 1113-1115 2011
Watanabe, Y., Tasaki, T., Oda, S., Mycoplasma haemovis’ in sheep with
Kobayashi, S., Sato, R., Nagai, K., |hemolytic anemia.
and Harasawa, R.
Fujihara, M., Obara, H., Watanabe, |Acidic environments induce [Microbiol. 55 489-493 2011
Y., Ono, H.K., Sasaki, J., Goryo, M., |differentiation of Proteus mirabilis into[Immunol.
and Harasawa, R. swarmer morphotypes.
Sasaoka, F., Suzuki, J., Watanabe, Y., |Rapid identification of hemoplasmal|J. Vet. Med. Sci. 73 1517-1520 2011
Fujihara, M., and Harasawa, R. species by palindromic nucleotide
substitutions at the GAAA tetraloop
helix in the specificity domain of]
ribonuclease P RNA
Giangaspero, M., Ibata, G, Savini, |Epidemiological survey of Border|J. Vet. Med. Sci. 73 1629-1633 2011
G, Osawa, T., Tatami, S., Takagi, E., |disease virus among sheep from northern
Moriya, H., Okura, N., Kimura, A., |districts of Japan.
and-Harasawa, R.
Watanabe, Y., Fujihara, M., Obara, |Two genetic clusters in  swinelJ. Vet. Med. Sci. 73 1657-1661 2011
H., Nagai, K., and Harasawa, R. hemoplasmas revealed by analyses of the
16S rRNA and RNase P RNA genes.
Giangaspero, M., Osawa, T., Orusa, |Epidemiological survey for visna-maedi|Vet. Ital. 47 437-451 2011
R., Frossard, J.-P., Naidu, B., among sheep in northern prefectures of
Robetto, S., Tatami, S., Takagi, E., |Japan
Moriya, H., Okura, N., Kato, K.,
Kimura, A., and Harasawa, R.
Fujihara, Y., Sasaoka, F., Suzuki, J., |Prevalence of hemoplasma infection|]. Vet. Med. Sci. 73 1653-1655 2011

Watanabe, Y., Fujihara, M., Ooshita,
K., Ano, H., and Harasawa, R.

among cattle in the western part of]
Japan.

_29_




Human Cell (2011) 24:2-8
DOI 10.1007/s13577-010-0006-8

Use of BAC array CGH for evaluation of chromosomal
stability of clinically used human mesenchymal stem cells

and of cancer cell lines

Soichiro Saito - Keiko Morita + Arihiro Kohara -
Tohru Masui - Mari Sasao * Hajime Ohgushi -
Takashi Hirano

Received: 8 September 2010/ Accepted: 16 October 2010/ Published online: 31 December 2010

© Japan Human Cell Society and Springer 2010

Abstract Array-based comparative genomic hybridiza-
tion (aCGH) using bacterial artificial chromosomes (BAC)
is a powerful method to analyze DNA copy number aber-
rations of the entire human genome. In fact, CGH and
aCGH have revealed various DNA copy number aberra-
tions in numerous cancer cells and cancer cell lines
examined so far. In this report, BAC aCGH was applied to
evaluate the stability or instability of cell lines. Established
cell lines have greatly contributed to advancements in not
only biology but also medical science. However, cell lines
have serious problems, such as alteration of biological
properties during long-term cultivation. Firstly, we inves-
tigated two cancer cell lines, HelLa and Caco-2. HeLa cells,
established from a cervical cancer, showed significantly
increased DNA copy number alterations with passage time.
Caco-2 cells, established from a colon cancer, showed no
remarkable differences under various culture conditions.
These results indicate that BAC aCGH can be used for the
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evaluation and validation of genomic stability of cultured
cells. Secondly, BAC aCGH was applied to evaluate and
validate the genomic stabilities of three patient’s mesen-
chymal stem cells (MSCs), which were already used for
their treatments. These three MSCs showed no significant
differences in DNA copy number aberrations over their
entire chromosomal regions. Therefore, BAC aCGH is
highly recommended for use for a quality check of various
cells before using them for any kind of biological investi-
gation or clinical application.

Keywords Validation of cell line - BAC -
BAC array CGH

Introduction

Comparative genomic hybridization (CGH) and array-
based CGH (aCGH) can detect DNA copy number aber-
rations in the entire human genome [1, 2]. In fact, to detect
DNA copy number aberrations, aCGH has been used to
examine many cancers and cancer cell lines for diagnosis
and prognosis [3-7]. Moreover, in Korea an aCGH chip
was approved for use to diagnose hereditary diseases and
inherent chromosomal disorders, such as Down syndrome
and Turner’s syndrome, which are caused by chromosomal
aberrations [Korean Food and Drug Administration
(KFDA; http://www.macrogen.com/eng/macrogen/press_
list.jsp)]. Bacterial artificial chromosome (BAC) aCGH
has attracted attention as a superior method for genome-
wide analysis not only to detect DNA copy number
aberrations, but also to evaluate hereditary chromosomal
disorders.

In recent years, regenerative medicine using mesen-
chymal stem cells (MSCs) has received much attention
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[8, 9]. However, safety issues concerning the MSC appli-
cations, especially with respect to tumorigenesis, remain to
be solved [9-11]. The BAC aCGH method would be useful
for the evaluation of chromosomal stability and instability,
which are closely related to tumorigenesis.

In this study, we performed BAC aCGH to evaluate
chromosomal stability of HeLa cells, Caco-2 cells, and
MSCs. The HeLa cell line was established as the first
human cancer cell line derived from a cervical cancer and
is one of the most widely used cell lines in the world [12,
13]. However, numerous other established cell lines are
now used as a substitute for HeLa cells [13]. The Caco-2
cell line was established from a human colon cancer [14].
Even though the Caco-2 cell was derived from a colon
cancer, it has been available for use as a convenient ref-
erence model for theoretical predictions of intestinal drug
absorption in drug discovery [15]. Therefore, the stability
of Caco-2 cells should be established for such a screening
purpose. MSCs are expected to be applied for regenerative
medicine, and they are already used clinically for the
treatment of various diseases [16, 17]. The safety issue
regarding the chromosomal stability of these cells thus
becomes increasingly important for future clinical
applications.

Materials and methods
Cell lines and DNA extraction

HeLa cells (human cervical cancer cell line) of three dif-
ferent numbers of passage times were used for this study.
HeLa-A was purchased from the American Type Culture
Collection (ATCC, Manassas, VA), and DNA was directly
extracted without cultivation. The number of passage times
of HeLa-A was approximately 100 according to an
attached product information sheet from ATCC. HeLa-B
and HeLa-C were obtained from the Japanese Collection of
Research Bioresources (JCRB, Osaka, Japan), and the
number of their passage times was 122 for HeLa-B and 150
for HeLa-C.

Three different types of Caco-2 cells (human colon
cancer cell line) were also used for this study. Briefly,
Caco-2 was purchased from ATCC and designated as
Caco-2-a, and its DNA was directly extracted without any
cultivation because this DNA was regarded as a control.
Caco-2-b was maintained by a commercial institution and
analyzed after 63 passage times. Caco-2-c was maintained
by the same commercial institution, cultured on micropo-
rous membranes (0.4 um diameter), and analyzed after 58
passage times.

The ACBRI-519 cell line, which was derived from
normal human intestinal epithelial cells, was used as a

counterpart of Caco-2 cells in this study. ACBRI-519 cells
were purchased from Cell System Corp. (Kirkland, WA).

Three MSCs were derived from individual bone marrow
samples that were actually used clinically [16]. MSC-1 was
derived from a 69-year-old female and analyzed at passage
number 3 after primary culture using bone marrow. In a
similar manner, MSC-2 was derived from a 16-year-old
female and analyzed at passage number 3. MSC-3 was
derived from a 34-year-old male and analyzed at passage
number 4. MSC-4 was derived from the same individual as
MSC-3, but analyzed at passage number 7.

Extraction of genomic DNA was carried out by using
SepaGene (Sanko Junyaku, Tokyo, Japan) except MSCs,
and genomic DNA of MSCs was extracted by using the
Gentra Puregene Cell Kit (Qiagen, Hilden, Germany). Each
procedure of DNA extraction was according to the manu-
facturer’s respective protocols.

BAC aCGH

BAC aCGH analysis was carried out as described previ-
ously [7]. Briefly, 500 ng of genomic DNA from a given
cell line as the test sample and 500 ng of gender-matched
reference genomic DNA (Promega Corporation, Madison,
WI) were labeled with cyanine3-dCTP (Perkin Elmer Inc.,
Waltham, MA) for reference DNA or cyanine5-dCTP
(Perkin Elmer) for test DNA by random priming in 50-pl
reaction volumes by using the Bioprime DNA Labeling
System (Life Technologies Corporation, Carlsbad, CA) and
Array Kit (Macrogen, Seoul, Korea, http://www.macrogen.
com). After labeling, unincorporated fluorescent nucleo-
tides were removed by using a QIAquick polymerase chain
reaction (PCR) purification kit (Qiagen). Labeled test and
reference DNAs were mixed and dissolved in hybridization
solution (Macrogen) containing 100 pl Cot-1 DNA solu-
tion and 4 pl yeast tRNA solution (Macrogen). The array
CGH was provided by Macrogen MAC Array KARYO
4000. This array slide had 4030 BAC clone DNAs in
duplicate and covered the entire human genome with
1-Mbp resolution. The hybridization-to-wash procedure
was carried out by using a Hybristation (Digilab Inc.,
Holliston, MA). Hybridization was carried out at 37°C for
48-72 h on the Hybristation with continuous agitation. The
wash procedure was as follows: 50% formamide/2 x stan-
dard saline citrate (SSC) at 46°C for 15 min, followed by
0.1% SDS/2x SSC at 46°C for 30 min, PN buffer (0.1 M
Na,P0O,/0.1% NonDiet P-40, Nakarai Tesque, Kyoto,
Japan) at 37°C for 15 min, and 2x SSC at 37°C for 5 min.
The array slides were scanned at 532 and 635 nm by using
a GenePix4000A (Molecular Devices, Sunnyvale, CA) and
analyzed by Mac Viewer software (Macrogen). The Mac
Viewer software analyzed the results as follows: (1) aver-
aged the fluorescence ratios of the replicates and calculated
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the standard deviation (SD), (2) rejected individual spot
data based on several criteria including weak fluorescent
signals, (3) adjusted Cy5/Cy3 ratios such that ratios of the
normal genomic regions were always equal to 0, despite
variations in dye labeling efficiency, and (4) plotted data
relative to the position of the clones on the human genome,
according to July 2003, University of California, Santa
Cruz cartography. In this study, all BAC aCGH analyses
were confirmed to calibrate by the hybridization of the
normal male DNA versus normal female DNA. The entire
SD value of the log, ratio calculated for chromosomes
1-22 was 0.07. Accordingly, DNA copy number abnor-
malities were defined as more than three times higher than
the SD in order to account for experimental errors. For this
research, a log, ratio of 0.3 was employed to indicate
abnormal differences, with the normalized log, ratio of
fluorescence intensity of over 0.3 being taken as gain and
one of below —0.3 as loss.

Results and discussions
Evaluation of HeLa cells

To evaluate the chromosomal stability and instability of
HeLa cells, we analyzed three different HeLa cells by BAC
aCGH, as shown in Fig. 1. In the case of HeLa-A, DNA
was directly extracted from ATCC HeLa cells without
cultivation. HeL.a-B and HeLa-C were cultured for differ-
ent periods of time prior to DNA extraction (HeLa-B for
122 passages and HeL.a-C for 150 passages). Novel DNA
copy number loss occurred at chromosomes 3 and 13 in
HeLa-C [Fig. 1la, b(i), (iii), respectively]. Moreover, at
9p13.1-p24.3, on the short arm of chromosome 9, CGH
profiles showed a tendency of the DNA copy number to
decrease with increased passage time [Fig. 1a, b(ii)].
Similar results were obtained for the entire regions of
chromosome 1 [Fig. la(*)]. In contrast, the CGH profiles
showed a tendency for the DNA copy number for the entire
regions of both chromosomes 21 and 22 to increase with
increased passage time [Fig. 1a(*)]. Additionally, Table 1
summarizes the average of log, ratios for the above-men-
tioned regions obtained from BAC aCGH analysis. These
results indicate that chromosomal instability including
DNA copy number alterations was generated by long-term
culture of HeLa cells. HeLa-C, in comparison to HeLa-A,
would be distinguished as a variant of HeLa cells or might
be a different cell. To summarize our analysis using BAC
aCGH, continuous cultivation of HeLa cells caused a sig-
nificant change at the chromosomal level. Until now,
chromosomal changes in cultured cells have been recog-
nized only empirically. If a chromosomal change occurs, it
will result in a significant change at the expression level.

@ Springer

For scientific research using cultured cells, such a change is
extremely critical. Based on our present findings, we stress
the importance of validation of experimental cultured cells
even at the chromosomal level.

Evaluation of Caco-2 cells

This colon cancer cell line is well known to be a heter-
ogeneous cell line and to differentiate spontaneously into
small intestinal epithelial cells after its cultures have
reached confluence [18-20]. Such differentiated Caco-2
cells can be cultured as monolayers on permeable filters
and correlate well with the absorption system of normal
intestinal cells. Therefore, Caco-2 cells are used indus-
trially as a simulation model of intestinal drug absorption
in drug discovery [15]. As described above, HeLa cells
displayed chromosomal instabilities including DNA copy
number alterations in a passage time-dependent manner.
To evaluate the chromosomal stability including DNA
copy number aberrations of Caco-2 cells, we analyzed
Caco-2 cells under several different conditions by using
BAC aCGH. The CGH profile for Caco-2-a, which was
used as the control, is shown in Fig. 2. These cells
showed no significant difference in comparison to Caco-2
cells purchased from the European Collection of Cell
Cultures (ECACC, Wiltshire, UK) or from DS Pharma
Biomedical Co., Ltd. (Osaka, Japan; data not shown).
Caco-2-b cells, which were analyzed at passage number
63, and Caco-2-c cells, which had been cultured on the
microporous membranes, showed no remarkable differ-
ences in CGH profile in comparison to Caco-2-a. Other
culture conditions, such as fewer passage times than the
63 passages for Caco-2-b and use of larger diameter
membrane than that used for Caco-2-c, gave similar CGH
profiles (data not shown). These results indicate that the
Caco-2 cell line, in comparison to the HeLa cell, is a
chromosomally stable cell line, even though it was
established from a cancer cell. Therefore, the Caco-2 cell
line would be considered a suitable cell line for use in a
validation system of intestinal drug absorption, as verified
from the aspect of chromosomal stability assessed by
BAC aCGH.

The ACBRI-519 cell line, which was established from
normal human intestinal epithelial cells, was regarded as an
alternative of the Caco-2 cell line. CGH profiles showed no
significant differences between ACBRI-519 and Caco-2
cells, as also shown in Fig. 2. According to the result of
BAC aCGH, ACBRI-519 and Caco-2 cells would be
regarded as the same cell line. Indeed, Yamamoto et al.
[21] reported that the IL-8 response to oxidative stress was
almost the same between Caco-2 cells and ACBRI-519
cells. Thus, BAC aCGH can be used to recognize and to
distinguish cell lines.
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Chromosome number

b () 3p11.1-pl4.2

eLa-iSi Hela-C

Fig. 1 BAC aCGH profiles of three HeLa cells. a Upper panel BAC
aCGH profile of HeLa-A (ATCC), middle panel HeLa-B (JCRB, after
122 passages), lower panel HeLa-C (JCRB, after 150 passages). (i)—
(iii) Correspond to b(i) to (iii), respectively. An asterisk indicates a
tendency for DNA copy number alterations. The ordinate indicates

5
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HeLad T

Evaluation of MSCs

MSCs have been widely used clinically in the field of
regenerative medicines; for instance, they are used for the
treatment of osteoarthritis, bone tumor, acute myocardial
infarction, and graft-versus-host disease [16, 17, 22, 23].
Because the tumorigenesis of MSCs is still a controversial
issue, the safety evaluation of MSCs is very important
[9-11]. BAC aCGH is a powerful method for detecting
DNA copy number aberrations, which are strongly asso-

ciated with tumorigenesis. In this study, we analyzed MSCs

(i) 9p13.1 - p24.3

~A ‘Heha-Bw f?[eia*g

i) 13q12.11 - q21.1

i
o
&
<
5

Hela-A HeLaB

the log, ratio of Cy5/Cy3 and abscissa, the chromosome number (also
applies to Figs. 1b, 2, 3). b Three remarkable regions of DNA copy
number aberrations. Arrows point to regions of remarkable DNA copy
number loss

that already had been used clinically without tumor for-
mation for osteoarthritis patients [16]. As shown in Fig. 3,
the CGH profiles of MSC-1, MSC-2, and MSC-3 followed
the baseline linearly; the SD values for these CGH profiles
were 0.028 + 0.060 for MSC-1, 0.043 % 0.072 for MSC-
2, and 0.029 & 0.063 for MSC-3. In the case of MSC-4,
which was passaged three more times than MSC-3, it also
followed the baseline linearly (SD value was 0.018 &
0.073). These results indicate that these MSCs did not have
any chromosomal instability including DNA copy number
aberrations. Therefore, BAC aCGH was able to confirm the
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Table 1 Average of log, ratios for the regions showing DNA copy number alterations in three types of HeLa cells

Region Average of log, ratio

Chr. 1 3pll.1-pld.2 9p13.1-p24.3 13q12.11—q21.1 Chr. 21 Chr. 22
HeLa-A (ATCC) 0.120 —0.114 0.581 —0.248 —0.180 —0.145
HeLa-B (P122) 0.080 —0.154 0.337 —0.245 —0.170 —0.105
HeLa-C (P150) —0.126 —0.635 0.126 —0.511 —0.146 —0.029
Number of clones 299 . 34 63 50 68 100

Chr. indicates whole region of the chromosome; P122 and P150, analysis after 122 and 150 passages, respectiveiy; number of clones, the number
of BAC clones in the corresponding region; bold type, the value of the log, ratio decreased in comparison to that for HeLa-A,; italic type, the
value of the log, ratio increased in comparison to that for HeL.a-A

Log2 ratio

85889
Chromose

Fig. 2 BAC aCGH profiles of 3 Caco-2 cells and ACBRI-519 cells. Sequentially from the upper panel are the BAC aCGH profile of Caco-2-a
(ATCC), -b (after 63 passages), -c (cultured on 0.4-um diameter microporous membrane), and ACBRI-519 (Cell System Corp.)

safety of these MSCs at the genome level, especially DNA  normal range (considered as normal from —0.3 to 0.3, see
copy number change, which correlates well with tumori-  “Materials and methods”) were possible copy number
genesis. In Fig. 3, several BAC clones that were outside the  variants (CNV). These clones were confirmed as CNV loci
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Chromosome number

Fig. 3 BAC aCGH profiles of four clinically used MSCs. Sequen-
tially from the upper panel the BAC aCGH profiles are shown of
MSC-1 (69-year-old female after three passages), -2 (16-year-old

or in their proximity (data not shown), according to the
Database of Genomic Variants website of the University of
Toronto (hitp:/projects.tcag.ca/variation/).

Although established cell lines are now an essential tool
in biological and clinical studies, no one has seriously
questioned the reliability of such cell lines until now.
Actually, most investigators have noted morphological
and/or biological alterations of cell lines during long-term
culture. For coping with such alterations, these cell lines
have been discarded and renewed from frozen stocks after
a certain number of passages. However, the substantial
alterations caused by long-term culture have not been
seriously considered. Validation to detect cross contami-
nation of cell lines has been made by using various

female after 3 passages), -3 (34-year-old male after 4 passages), and
-4 (derived from the same individual as MSC-3, after 7 passages)

methods, such as HLA typing, DNA polymorphism, DNA
fingerprinting, karyotyping, STR profiling, and SNPs
[24-29]. In particular, STR profiling, which was developed
for forensic sciences [30], was proposed as an international
reference standard for human cell lines [28]. These meth-
ods can only detect at limited partial regions of the human
genome. However, tumorigenesis is known to correlate
with various chromosomal instabilities including DNA
copy number changes throughout the entire human gen-
ome. Therefore, to avoid overlooking the possibility of
tumorigenesis, it is necessary to validate cells by using
BAC aCGH, as it can analyze all regions in the entire
human genome. In this study, we investigated chromo-
somal stability and instability of established cell lines,
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HeLa cell, Caco-2 cells, and MSCs derived from normal
human bone marrow by performing BAC aCGH. Our
results indicate that BAC aCGH is a suitable tool for val-
idation of cell lines. Thus, we propose that BAC aCGH is a
superior method for evaluation of the genomic stability of
established cell lines as well as various kinds of cells and
suggest that all kinds of cellular investigations should
include validation of chromosomal stability by performing
BAC aCGH.
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ABSTRACT Human bone marrow-derived mesenchymal stem cells (hMSCs) are potential cellular
sources of therapeutic stem cells as they have the ability to proliferate and differentiate into a wide
array of mesenchymal cell types such as osteoblasts, chondroblasts and adipocytes. hMSCs have
been used clinically to treat patients with graft vs. host disease, osteogenesis imperfect, or
alveolar cleft, suggesting that transplantation of hMSCs is comparatively safe as a stem cell-based
therapy. However, conventional culture medium for hMSCs contains fetal bovine serum (FBS). In
the present study, we developed a growth factor-defined, serum-free medium for culturing
hMSCs. Under these conditions, TGF-B1 promoted proliferation of hMSCs. The expanded hMSC
population expressed the human pluripotency markers SSEA-3, -4, NANOG, OCT3/4 and SOX2.
Furthermore, double positive cells for SSEA-3 and a mesenchymal cell marker, CD105, were
detected in the population. The potential to differentiate into osteoblasts and adipocytes was
confirmed. This work provides a useful tool to understand the basic biological properties of
hMSCs in culture.

KEY WORDS: mesenchymal stem cell, serum-free culture, TGF-B1

Introduction

Bone marrow-derived cells can differentiate into osteoblasts /7
vitro and /n vivo (Friedenstein ef a/,, 1966) and thus are consid-
ered a useful source of stem cells for bone regeneration. Re-
cently, many studies have reported that human bone marrow
contains a distinct cell fraction referred to as multipotent mesen-
chymal stem cells (nMSCs) which can give rise to a wide array of
mesenchymal cell types, including bone, fat, and
cartilage”(Pittenger et a/, 1999). However, hMSCs can differen-
tiate along some ectodermal and endodermal cell lineages such
as neuronal cells and liver cells (Pittenger efa/,, 1999; Dezawa ef
al, 2004; Dezawa ef al,, 2005). Further, a recent study reported
that hMSCs have the ability to generate the muttiple cell types
derived from the three embryonic germ layers (Kuroda ef ai.,

2010). It has been estimated that hMSCs comprise about 0.001
to 0.01% of total bone marrow mononuclear cells (Pittenger ez al,
1999). For use in cell-based therapies, hMSC populations require
extensive /7 vitro expansion to obtain sufficient numbers. The
conventional culture medium for hMSCs is composed of a basal
nutrient medium supplemented with fetal bovine serum (FBS)
(Haynesworth ef a/, 1992; Lennon DP, 1996). Although these
traditional culture conditions provide robust undifferentiated hMSC
expansion, the ill-defined components of FBS is undesirable for
clinical applications and also hampers analysis of the cell biologi-
cal mechanisms that control cell behavior.

Abbreviations used in this paper: hES cells, human embryonic stem cells;
hMSCs, human mesenchymal stem cells.
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We and others previously described serum-free media consist-
ing of minimum essential components suitable to propagate and
accurately analyze the characteristics of differentiated cells
(Hayashi and Sato, 1976; Furue and Saito, 1998; Sato ef a/,
2002; Furue efal, 2005; Furue efa/, 2008; Hayashi efa/, 2010).
One of these media, hESF9, supports the serial cultivation of
undifferentiated human embryonic stem (hES) cells in the ab-
sence of feeder cells and thus provides an experimental system
for elucidating cellular responses to specific environmental stimuli
(Furue etal, 2008; Na et al,, 2010). For example, either FGF-2 or
heparin promotes proliferation of hES cells in a concentration-
dependent manner although these effects were not detected
under conventional culture conditions. Thus, a defined serum-
free medium consisting of minimum essential components should
be useful in elucidating hES/iPS cell responses to specific cues
that control self-renewal, differentiation, and lineage selection
(Furue et al, 2010).

Because hMSCs have multipotent properties similar to hES
cells, we speculated that hMSCs should be able to grow in similar
culture conditions as hES cells. In the present study, we demon-
strated that addition of TGF-f1 to the defined serum-free medium
for hES cells supports the robust proliferation of hMSCs. The
hMSC population expanded in the absence of serum expressed
the mesenchymal cell markers CD44, CD73, CD90, and CD105.
Further, they expressed human pluripotency surface markers,
SSEA-3, -4, TRA-2-54, and also the transcription factors of
NANOG, OCT34, and SOXZ2 We show that the serum-free
expanded hMSCs can differentiate into osteoblasts and adipocytes.
This work sets the stage for serum-free hMSC cell culture and
thereby provides a useful tool to understand the basic biological
characteristics of hMSCs.

Results

In this study we used a human bone marrow-derived hMSC
line designated UE7T-13 (JCRB 1154). The life span of these
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cells was prolonged by infecting them with a retrovirus contain-
ing human papillomavirus E7 and telomerase reverse tran-
scriptase (nTERT) cDNAs (Mori ef a/,, 2005; Shimomura et a/.,
2007; Ishii et a/., 2008; Takeuchi ef a/., 2007). We first tested
the ability of hESF9 medium, which we had developed for use
with hES cells, to support the growth of UE7T-13 cells. The cells
were harvested using trypsin/EDTA, from cultures in conven-
tional medium containing 10% FBS (POWERDBY10) and trans-
ferred to 0.1% gelatin-coated dishes in hESF9 medium. How-
ever, UE7T-13 cell growth was quite slow. We then investigated
the effects of various growth factors on proliferation of the cells.
UE7T-13 cells were seeded on 0.1% gelatin in hESF9 in the
absence of FGF-2 and heparin (hESF9(-/-)), containing in-
creasing concentrations of FGF-1, FGF-2, TGF-f1, activin A, or
leukemia inhibitory factor (LIF) (Fig. 1). Both FGF-1 and FGF-
2 promoted UE7T-13 proliferation in a dose-dependent man-
ner, and the greatest effect was seen at 10 ng/ml FGF-2.
Neither LIF nor activin A affected on UE7T-13 cell proliferation,
but TGF-B1 slightly stimulated UE7T-13 proliferation. Next all
five factors (FGF-1, FGF-2, TGF-81, activin A, and LIF) or four
factors with increasing concentrations of heparin were added to
UE7T-13 cultures (Fig. 2). When either FGF-2 or TGF-B1 was
withdrawn from the cultures, the cell numbers decreased sig-
nificantly. Heparin promoted cell proliferation in a dose-depen-
dent manner. This result suggested that addition of FGF-2 and
TGF-B1 to hESF9(-/-) medium, is critical for UE7T-13 prolifera-
tion, and heparin also enhanced cell growth. hESF9 medium
supplemented with TGF-f1 was designated hESF10.
L-ascorbic acid-2-phosphate (Asc 2-P) in hESF9 medium
supported hES cells. However, it is known to promote hMSC
cell differentiation into osteoblasts. Therefore, we examined
whether the presence of Asc 2-P in hESF10 medium promoted
osteoblastic differentiation of UE7T-13 cells. We analyzed the
expression of bone sialoprotein (/BSP), osteocalcin (BGP),
osteonectin (SPOCKZ), and osteopontin (SPP7) in UE7T-13
cell cultured in hRESF10 with or without Asc 2-P and in conven-
tional medium (Fig. 2). These os-
teoblast genes were expressed at
significantly lower levels in cells
cultured in the serum-free media
than in those cultured in the con-
ventional medium. These results
suggest that the serum-free me-
dium is suitable for hMSC mainte-
nance. /BSPgene expression was
higher in the cells cultured in the
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Fig. 1. Effect of growth factors on
UE7T-13 cell proliferation in defined
serum-free culture conditions. After
the UE7T-13 cell grown in the conven-
tional culture conditions (POWERDBY10)
were cultured in hESF9(+/-) overnight,
the cells were seeded in a 24-well plate
coated 0.1% gelatin in hESF9(-/-) at 1
x10% cells per well and cultured for 6

days. The cell numbers were counted by Coulter Counter. (A) Each growth factor at indicated concentration was
added into each well individually. The values are the mean + SD (n=3). (B) All five factors of FGF-1 (100 ng/ml),
FGF-2 (10 ng/ml), LIF (2000 unit/mi), TGF-B1 (5 ng/ml), and activin A (10 ng/mi} or four factors of them with varying
concentration of heparin were added into each well. The values are the mean + SD (n=3).
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