A Hrr7orovRxa
(el =S
(—fixiE )
(3) Masaki Kinehara, Miho Kusuda Furue

Development of an alkaline phosphatase
activity-based high throughput screening
assay using human iPS cells with chemically
defined culture conditions. A AFHRES 3%
2F 3 EAR [PEEXR] 5A° MU
(4) =# # AN EX TH &
DOV, #Il K, KB AEY . MR
AL, A A, ) s, ST —
fElE £k TGF-B1 iIREELZ5
fLRE & AfERr L7 & b HE R Epml e 4 FE 2
RET D, BAHBIERTERT 83 [R
= [nEEgk] 54 Ml

(5) faktse, JldmeE =, milfnge, MR
A Tumnse R SCE, L —fEE %
k. KO HEX B FOHEAIZL S E
N ESHfECE N iPS MIfRA S DR N
frapmiia ~D s/ LFFE. 5 16 [ERTH b
e [nEE%Ex] 6 A &M@

(6) #EY5 ~ U AANTLREMERGPS)M
DR & 253 LRE 2 HMERF U 7 Hifg 28
15 553 R OFENL. S 64 [\ HA N ER
RFTER 6 A Atk

(7) @ufnge, farr FE. BARZEAL B
Fask, BIFCEL B —AEEER. )
/=, KO#Z . SOX17 Bz TEAIC
L%t MES- b biPS#ifaA b OPNIREE

B L URERSNIRZEA~ D BRIRE 2 LFE .

8171 JFHIRaAFsES 6 A FkH

(8) mlifnie, faft F. HARIA, I
sk, EEHCHE, AT -REEER. )G
=, KOz : SOX17 EEFEAILL
%5t R ES- b kiPS#Hifan: b ONLES

K ORERS N IRFE~ DRIRH 72 3 (LFFE.
FolE WHREZHEIEFEZ7—~ -
A A7 =7 5201010 A FED

(9) gz~ 7 AN TZREMH(PS)
AR o MM RS R OMENL.  2F 47 [EIA
RO RFRFMRR PR 22
1A E

(10) @mlfnggE, fEFr . JImEE—, W
RICA, FLFnse, I HIL—1M
HER, KOBZ : SOX17 EinFEAIZ
X %E MES: b biPS M) 5 DNIREE
& D WITIR RN A IRHE~ D EIRAY 72 53k
FHEE 10 Bl HABAEEERFIRR
201153 A R

(11) mlfng, fF 7. Jlime=, ®
st #BHCH, AIC—HEER, K
A#Z : HNF4a Bz FEAICEDE |
ES - t b iPS #ifaA b O R MfE~D
EANRSEHEE 131 £ BAEFES
2011 43 H ¢l
VRV T L U= 3 vTE)

(12) HT—HH ER A-1"—FX It
N iPS MR A AWV B in vitro  FEE
RO B F— NUIFEER
OV A% DRI DT A ARSI S
T¥Wms SH HR

(13) LM EHR HHDE RS
FEIE AT, W MlatiELod
RIS THRIFE L REGEE = TR
BEVATLARBSE Ml HE
B RS AAMMBRRTSE 83 \IK
£ S H [l

(14) /MNEASL, HIL—FEH EfE <A =
7T A EROBUR EFMRXERIIBIT D
EFEEIM A A EYSE 83 BAS
V—Zrav7 5H [l
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(15) fil—fm Efx t b iPSlfats®
DFRER S-A 7 ~HEREHI F B A = 5 1
WA E b iPS Hlilans b BRME~D b
FEIHED D TRB JOSEER O
FFEMEE 8H Kk

(16) HiT—HEMH £RE rDevelo‘pment of a

drug toxicity test using iPS cells and

serum-free culture conditions] &5 23 [8] B A&
MR TEE 2010 EEERLSE Vv
RYTUL9H LR

H. FHOMEEOHRE - B&RH (FELZ
ate)

1. FFErEUS

2. ERBFREBGE

3. Z0fth
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K1. 7ARAI/LELBRIZL BESMt~—T—
~D

X 2. HIFQHETERE DFRAT 400

MPOWERDBY10  §,,.
[5
OD-hESF10 2
7 10%
Q
10°
0 2 486 8

Day

3. MiRaFmEHUR R B O fFHT

X 4. BHHARIZ L D2BEFRE~DRE

5. REMECICED
DCHERE~ DR
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FEAFBRENAERMNE (AIREBHEENTEER)
SEFRREE

MRERICBT 2 VA VA RHERERICET 255

SEBFEE  EKR RIR RRERERKY: #EER

MERE

T5Z L BUEATH BN,

NL63) .

iPS MRAVERUEN R R SN TLR, b MEEMRMEEROEEMENF LWL T
5, WM Z R LR OE 2 MR T 572011, HIRaK o &8 & B 2 UK
BN THEEMFERRA~O T A NV ABRICET 1K
FHI+aTbh TR, BEMlam s
fEfE - ZMCSEEO VAN AZBET D FEXZEE L, b MERMEEERD
TANAGRDOEERTEET L ENMNETHDH, AR TIT,
T2 A N AREZ DR R T A VAR E T E L BIICHFE 21TV,
TINZHFTA A (PIV) 18 2R
ABZ=Za—FUANAD TREOVANABHROEREZTET LT,

BIRZER LI EOE 2 & 57120121

IRETITHERL
NIV

3HI RS A LR, aaFA R (0043,

A : BWFEEEH
EIEMBAFES iPS Mila % &0 7 A ERIIE
DA SN TEY , ZHUTfEn e MgEiam
REROBEEMENEL LTS, B, F
AEROPFFRIZHAND b FHEDSLRE & &
ST FEMBAD RV 7 ~OFFEH B NE RN
bb, 5k, BEEROMEOE2EDH 70
i, b S EREH R IE IR O dh B PR A e
S L BFFRICAE T 2 B AR AR 0D DR B A
T 5 Z LR bivd, BEEMRICHMA DA
Prgeie 2 & MlaoMEE - Bt #&is 1
FH NG — | IR LI BR O Ma 0 258
REMOBIS 72 ENRE BT 5 ATREMEA
HHH, ME, v 3T T AR A VARG

ZRIUCET 2 EMIIHARICEETH D, EBR,

SHENZ MR 2 R B BRICIE, U A LV ATHHRR
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PIZET 2EROBMERDODONDENEL,
SHFOLBEMHEIIHL TS bDEEZBN

o

M- Bl -~ A 277X ELE N, UA
JVADEEFHZITA S TS SETH Y, Lo
b A VAT - MR RIS B2, B
BECLVEEEO VA NV ADH B[RRI
BAET 2D Z LIImDTE LW, LA > T, PCR
B2 EOMBEIBIEICL VYA NVAT ) bk
EHERIET D ERNEL D0, TOFEAL
WX Z L DU A N AR [RIRE - @IRE - 20
95 2 L BRFHEZR T LW EE O M N
FNDH, AUFETIE, Ml 7 BRET 5
fatkC A B F T I FRE SN D R EMak o £
HREICHEHET 2R EHBREFR Y AL



AMEBEREZMYTHZEE2AMNE L THIZER
T2 > T 3B, REREIL, RNA VA LV ARE R
OREERE #HELT 2 L 2 BWICHFE AT -
7=,

B: RS

L. YANRAY ) LOHEIE

A VR4 I RNA % RT-PCR 512 & 0 H§I@ L 7=,
OUANABLTFOWEIE - REIZIZT 774 FA
A &Y AT KD ABI-Prism 7300 H 5\ d e v &
24D LyghtCycler 480 Z M L7-,
O RT-PCR )i

< WERERG : 42°Ch 4y

« PCR )& : 95°C15 #, 60°C60 F) 45 A 7 L
O B
PCR 33 : AmpliTaqGold & Gold Buffer (7

TIA RRL FV AT WA % s3) BUER
RT-PCR 3%3K QuantiTect Probe RT-PCRKit (Qiagen)
TIA~— lHEOF) I~—%EH EHNTH
WRELH) BRI 0. 1~1uM CHEH
71— : Taqman Probe ZfEfH (BlHIZ 1XH3REC
#) AR 0.1~0.2u M THEH

2. RT-PCRIZ X % IlE 5k

BUSHR DAELRL

RNA Sample 201
2xBuffer 261
RT-Taq 0.5pu1
RNase Free Water 4.5u1

HIE H 1k

a. U =xzN2ml DIV =) P— =% R L,
Master Mix%330u 1 &Y 7NV FE i iZBtE=a
ha—n220p 12 BET D, TOBE, 7
DORNAIREE S L pg /U =272 % & 9IRS 5,
c. SAFENYyZ—T3REXyT 47 LT
%, HONUDERLIZREHBY VT L —
MInET 5,

d. > =% LT 1000rpm, 3 RELELT S, 7

L—hZ2#SIZLT1 oEBER, =—I—
TEIbIIFRES LT P Ine 74~
— - 7u—T7%&% LRBELZDOL RT-PCR KU
ZBtET D,

e. RT-PCR US4, REREZFT LT, VAL R
DHERLUE (FEE) 2MET D,

3. 794 ~=—, Fu—THJ|

Genbank (2% 4% X 41T\ 5 B {s A% % BLAST
RRAT L. B b RIMEOB & Bbh A5
FC Primer, Probe ZE%7E L7z,

* RNTAL VTN TAL LA 1R

Forward Primer
GTTGTCAATGTCTTAATTCGTATCAATAATT

Reverse Primer

GTAGCCTMCCTTCGGCACCTAA

Probe
6FAM-TAGGCCAAAGATTGTTGTCGAGACTATTCCAA-iow
aBK
*

Forward Primer

NIV TN TA)LAR 2R

F-AGGACTATGAAAACCATTACCTAAGTGA
Reverse Primer
R-AAGCAAGTCTCAGTTCAGCTAGATCA
Probe
6FAM-ATCAATCGCAAAAGCTGTTCAGTCACTGCTATAC-1
owaBK

* RNTGA TN YT A VA A
Forward Primer
F-GATATAAGRATAAAATGGA

Reverse Primer
R-TCCCCATGGACATTCATTGT

Probe
6FAM-CCTGGTCTTGATAGCAC—iowaBK

* RS A /LA

Forward Primer
F-GCTCTTAGCAAAGTCAAGTTGAATGA

Reverse Primer
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R-TGCTCCGTTGGATGGTGTATT

Probe
6FAM-ACACTCAACAAAGTCAACTTCTGTCATCCAGC—iowa
BK

* 2t UALA (0043)

Forward Primer
F-CGATGAGGCTATTCCGACTAGGT

Reverse Primer
R-CCTTCCTGAGCCTTCAATATAGTAACC

Probe
6FAM-TCCGCCTGGCACGGTACTCCCT-1owaBK

* a2t AR (NL63)

Forward Primer
F-ACGTACTTCTATTATGAAGCATGATATTAA
Reverse Primer
R-AGCAGATCTAATGTTATACTTAAAACTACG

Probe
6FAM-ATTGCCAAGGCTCCTAAACGTACAGGTGTT—1iowaBK
* AF=Za—FTANVA

Forward Primer

F-TGCYGTTAGCTTCAGTCAATTC

Reverse Primer
R-GGTGTTATTCCAGCRTTGTCTGAAAA

Probe
6FAM-ACAGAAGGTTCTTAATGTTGTGCGGCA-1iowaBK

4. REROBE, FrRUEOHE

(1) A& % — FOIER
HHTANVAD RT-PCR EE % 7 o—=> 7 L
TR TALS 2 MR L 7= 1%, HIPREESE Sal [ &
721E Neo I THHIEL CT—ASHIZL, 7=/ —
suanaiR/V LR - = F ) —VikEit%, oD fE
% W L 7=, RiboMAX™ Large Scale RNA
Production Systems (71 A 4) (ZX Y RNA %
AR L., Bt O~=a T /VIZHE, 55 DNA O
SFRBIZRNA R L7, BERIE/ER» 6 =
E—#& b L, MS2RNA 10ng/ul ik (v
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2) ZEM L CEBAREEER LT,

(2) RREEMIE

AR A )V A 2t &2 HER L 7o #ifa o RNA 1
pgIZH{ETANADAL L H— K50 Copy %M
ZATobDEERL, BEREIZHNWE,

(3) FrRMOHER

GenBank DFHFEMEMEHTIC L WV BEV AN AT
A~— | 7u—T7EFOrREELHERE LT,
By ha— A LEED YA A AR
NEREEHCT, BEVWORERISHEDH
AT L7,

(B mE ~DELRE)

fi BRI DECRE AN LB AR FEITAT R > TR,

C:®ER

1. WRHEJE ORREY
BRERDBEZBET 720, TR YA VAR
AR L TWHHIFEO RNA Lug IV A NV
ADAL o H— KRNA % 105~10' 2 & —N % 7=
BIERY - TINELETALNVAT EITER LTz,
ERR LTz T2 LRI O/BER, A%
VHE—REMZeho b BRITETEREE -
TS, AFUE— KRN B2 T vinG
T RTHEE 7 AR S, JlERITE
TOUA VAR LT 10
O EREZRFFOZ L 2B LT,
EBREREH 1~ 4177,

copies/reaction

Loths Nl

X1 : 94070040 (1, 2, 3
B) & RS UANADAL o — RORERR



M2 :zaaryA LR (0043, NL63), A4 =

2—F ANV ADKRERR
; T -
3
X3 : RS 7ANADEREMHE
Lo e wum;

B4 : AFZ=a2—FUANADEEMBH

EROFER, THEATOYA NV ZIZEL, 10
copies/reaction fR L & 10805 10" = ' —
DIANRYT ) b EmATRRREN RSN,

2. RFERICYEDRRET

RERDRZZRISDF L REET D720 ik
U A VAR HERE ST D Ml D RANAL 1
gl IANADAL H— K 100~10000 =
E—Mx-RERY I EEET A VA
TEIMER LTz, & UA NV ABERICER L
2 TORERY > F L2 @I ZRE LT
FER, BETANARERDOALZ L F— F&M
AT EDHREHET MO TANVAREY o H—
REMZGEFBEETE -2, SbiZ, AL

ABGPEDFERE L TV 2 BRI & AV 2 EBR
TH, REKSHIIRD bviemole, LIz
ST AEWER L7 D A VAR E O RZK G
PEIXEENZ L SRR S Tz,

D: BE

1. fE8LL 7= RNA 7 A L 2B AR ITA AL %
M U CRREE, ZZEMSHEDFER EIZE L,
ARt RE R RO AR S A%, EBRD T4
WA %W RRIEEREZIT O LERH D, BIfE,
U ANV AEHERRDINE & Y3% 7 A )V A DR
WHeE LT 5 BEOBEFBIKDINE % 2+
LTEY, 5% VANVARERORIEEX %
T TV TFETH D,

2. AEKRFLERYICBNTIX, £774
v —. e —T7RICRERSHEIL R | FrRP
RV AN AERHTEDLEZX TS, 4
BRAERORREME, ERMEL SO T 72D
X BtE T 7t 5E . HIEEY OBR
TFEHIOWRTE, BT AV RIZHT BT Z
A~v—-Tan—T%HEHLIZRE, 7 & DOKRGE
ERZER TV LERDH D,

E: &R

HraE I EIR A A L 72RO & &
D720, i - ZCEREO VAN A%
HIET D FELFRE L, & MEEMIEER
DUANAGEROEREEET 52 L PLE
Thbd, AFETIE, INFETITERLEYA
WARBERDBRENRE VANV AZEZHELTHF
ZHIICHEZITW RIA Iy A
VA (PIV) 181 284 38 RSUANR, =
oA NA (0C43, NLE3), AH¥ =a2—F ¥
ANAD THEEO YA NABREREER LT,
BAZRITIETOT AL R LT 10
copies/reaction DH|EKEZFHOZ &, 5H

ERL U727 A VAR E O ZEE LT
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F: REERIER
2L

G. BFZERX
X FER

1.Sugita S, Shjmizu N, Watanabe K, Katayama
M, Horie S, Oéawa M, Sugimoto Y and Mochizuki
M. Diagnosis of bacterial endophthalmitis by
broad-range quantitative PCR. Br J Haematol. Jul
31,2010 [Epud ahead of print].

2.Nagasawa M., Ogawa K., Nagata K., Shimizu N.
Serum granulysin as a possible biomarker of NK
cell neoplasm. Br J Haematol. 148(5):812-814,
2010.

3.Zhang Y, Ohyashiki JH, Shimizu N, Ohyashiki
K. Aberrant expression of NK cell receptors in
Epstein-Barr  virus-positive gammadelta T-cell
lymphoproliferative  disorders. ~ Hematology.
15(1):43-47, 2010.

4. Kariya Y, Hamatake M, Urano E, Yoshiyama H,
Shimizu N, Komano J. Dominant-negative
derivative of EBNA1 represses EBNA1- mediated
transforming gene expression of Epstein-Barr virus
infection independent of rapid loss of viral genome.
Cancer Sci. 101(4):876-881, 2010.

S5.Iwata S, Wada K, Tobita S, Gotoh K, Ito Y,
Demachi-Okamura A, Shimizu N, Nishiyama Y,
Kimura H. Quantitative Analysis of Epstein-Barr
Virus (EBV)-Related Gene Expression in Patients
with Chronic Active EBV Infection. J Gen Virol.
91(Pt1):42-50, 2010.

6.Miyagawa Y., Kiyokawa N., Ochiai N., Imadome
K., Horiuchi Y., Onda K., Yajima M., Nakamura
H., Katagiri Y., Okita H., Morio T., Shimizu N.,

Fujimoto J. and Fujiwara S. Ex vivo expanded cord
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blood CD4 T lymphocytes exhibit a distinct
expression profile of cytokine-related genes from
those of peripheral blood origin. Immunology.
128(3):405-419, 2010.

7.Chan KK, Shen L, Au WY, Yuen HF, Wong KY,
Guo T, Wong ML, Shimizu N, Tsuchiyama J,
Kwong YL, Liang RH, Srivastava G. Interleukin-2
induces NF-kappaB activation through BCL10 and
affects its subcellular localization in natural killer

lymphoma cells. J Pathol. 221(2):164-74, 2010.

ENFSRER

LI A HE, B 2RA 2 F LSRR,
R, FAKAIKR, ZRRLKE ~NVRATA )L
ADEEREDLN D 5L S BERICHT HIRN
K PCRERA DA MYEOME 55 114 B H ARIRE
¥ 201048 AEHETH

2. /0%, EHE, 3 LE# EKRIR, REGE
B, A8 PREZHWET IV - T A—
ANEIRR OB 5 21 FIERRF A R TR
20106 H BN
.EHHk—. REERL. JIEAB -, T
&, EAKRIR, TAESE, GHRST. LR,
PRGN EB A LA B M ER B R IE R BT
TN AOIER LT 8 EIHAY AV
REELEHTEES 20104F 11 A fERETH

4. SRk —. REEET. )IEAAE 7, )
S KRR, TANESE, GHEEST. ILARER,
FRIFRCNE  EB w7 A L ABGE T/NK U o/ MGl
REBET N~ U AOIER & fEYT 55 7[5 EB ¥
A VARFFES 201047 A FLiRH

5. AWk —. REEXT. JIFMBF. FJILE
T HHF NS, RERE, REE—,
Kafh, HWAKRIR, IWAERS, #EERN : EB
U A VABE T/NK ) VMR RE T L~
U ADBUR & FARER BT, 55 20 M EB U A )V
ARRPERFES . WAL, 2010483 A




6. WAEAD T, IEAERASE . FAHE, NEFEA,
AAER, RIFET, REBEZ, ERERT.
%h g WAKRIR, REKE, KEER Y
B ChEAT L 7= & MM la B R E 12 B 1) 518
FERY PCRIEIZ L DRIV A L A 55 32 [EIH
AEMMRBEFRRS, 2010 F 2 3, &R
ifi

EBRFRRER

1.0gawa M, S. Sugita S, Shimizu N, Morio T,
Mochizuki M. Use off Human Herpes Virus (HHV)
PCR Assays to Detect Viral DNA in Ocular Fluids
of Patients with Herpetic Eye Diseases. ARVO
2010, Fort Lauderdale, Florida.

2.Imadome K, Yajima M, Arai A, Nakagawa A,
Kawano F, Ichikawa S, Miura O, Ito M, Shimizu N,
Yamamoto N and Fujiwara S. A xenotransplant
model of chronic active EB virus infection by use
of NOG mice. The 14™ Biennial Conference of the
International ~ Association for Research on
Epstein-Barr Virus & Associated Diseases, Sept
2010, Birmingham, UK.

H AR EERED HEE « B&IRT
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REF@BUFREEMDE RIRERMEARER)
STHBRHREE

YA AT AIBREEICET HHR

MEEE KA

HRES

RE %
iR EFKE BEN
wH g

—RICEESYHROEECEIBRRERDY VMEZEMEL,E LTRAWSD, 20

MERS &N L CRIEENER TSI LRBLCHMDNTINDG, EE, BRPITAETS
AT ERENZENTA ATSAINELFET 5 ENBETFREICLIYALAICE
TEfo ARRTRHERBICHENSNIOEFORBEGLV VMRICHFET HIANETSX

ReRRICRET 2FEERARE L.

A. BIREH

FM2 4275 X2 (EFMERE MO B
RERZEVORHT, ~ETS5XTED
EEh, Chi2Er2>2TISYYyFT7ET T
TSAIHBOANENLFRTIRHBET
NYZQJ—-VREIZELTLW-EEDIEH,
HrIcERSh-EENEEND, Thb
FmTA TS XAIEFEELThE, 168
rRNAEIZFOHERE 1, #last TDERE, &
SRR TF FJ ) H L ORMGEED
RN DTS ATBOEEL LT
ESn=3DTHSH, BRENTOAL
EEMNRI LAWK G S KICH
FEHNTRENENT D, KR TILE
PfREEICOVDESAALLRS &I
BEL, ECITVVEBIETHANETS
ARIZBRELTEDORRAEERAES S
EzBBELT, 0 ¥ITE Mycopl/asma
wenyoni| & & U ‘Candidatus WMycoplasma
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haemobos’ M 2 HIEMNREET H MM S
hTW3, 22T, ChoZzdZEIZREL,
MEEENTHAHEZHITHEE LT,

B. RAE

EHRANTHEINTLSELS 109 BN S
RELf-2M (EDTAFM) ZHEY>TIL
ELT, AETSATOBRMEERETLE,
R0 2BOANETSAVEEICEENDT
2 4 < — B 5
5-ATATTCCTACGGGAAGCAGC-3'# & U

forward

reverse
5-ACCGCAGCTGCTGGCACATA-3") %%
itL, X¥— kY4149 5— (Cepheid 1)
ZRAWTYTILARA L PR 21TV, REIC
60°Cv i 9 CETHEM 0.2CTFORESHE
T, PR EMORRMAEZRE (/m{E) ZAE
L,




C. HEMB/R
SEEHLEZTSAT—BINEANTY T
WA ALPR ZT52 &ITKY, DR
295 2BEDNETS AT EREICRKRE
TEHIEMNHIBALT, &z,

Tm {&1X M wenyonii H% 82.04=+0.27°C,

‘Candidatus M. haemobos’ 5% 86.98 +

0.12CTHBEMBOLMHEY, Thb
DHEFZEEC L CHEBEERNT I
MElgEE T o T=,

HOBEFEMYA TS5 XT (‘Candidatus
M. haemobos’) M EEhEZRRLRDHI

D. B%
VIDANETSARBFINE TMREHKIF

ATOHEAKDEAICK YIRH SN TERA,

Howel I-dolly /MA & DERIAEEE (LW Th
LAMZEFEL, BHBERICZHL, DN 28
) THAH b, KESFDLGRRE
EEZON, MREEICETANETS
AIDF/BREICOVWTIEIAETICREL %
CFHTHAHN, MBEROBEEMBIZDOUL
THRIEEREHAS.

E. #
)7 L34 L PCR ZALN, Hht THEAE
BEFAETHEICKYILOMmERIC

FETHIANETSAVEHBOERNITZS
CEMBHALMIE ST,

F. BERKRER

HIDAETSIXTIZDONTITHREH 4L
B, EVSELUTEDAETSIIHA
[T 5 LA TRESATLS,

G. MIRER
1. WXHEE
Nishizawa, |., Sato, M., Fujihara, M.,
Sato, S., and Harasawa, R. (2010)

Differential detection of hemotropic
Mycop/asma species in cattle by melting
curve analysis of PCR products. J. Vet

Med. Sci. 72: 77-79.

Fujihara, M., Ishida N.
Matsuda K., Nomura, N.,Nishida, Y., and
(2010) Variation of genes

Asano K.,

Harasawa R.
encoding GGPL syntheses among Mycop/asma

fermentans J. Vet. Med. Sci. 72: 805-808.

Obara, H., and Harasawa, R. (2010) Nitric
oxide cause anoikis through attenuation
activation of

of E-cadherin and

caspase-3 in human gastric carcinoma
AZ-521 cells infected with Mycop/asma

hyorhinis. J.Vet. Med. Sci. 72: 869-874.

Giangaspero M., Orusa R., Nicholas R. A.

J., Harasawa R., Ayling R.D., Churchward
C. P., Whatmore A., Bradley D., Robetto
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S., Sacchi L., (2010)

Characterization of mycoplasma isolated
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J. Wildlife Dis. 46 1070-078

Watanabe, Y., Fujihara, M., Obara, H.,

Matsubara, K., Yamauchi, K., and

Harasawa, R. (2010) Novel hemoplasma
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1527-1530.

2. R2LRK
Obara, H., Fujihara,, M.,
(2010) Mycop/asma hyorhinis infection

in AZ-521

cells. 18™ meeting of the International

and Harasawa R.

induces NO-mediated anoikis
Organization for Mycoplasmology, July
11-16, Chianciano, Italy.

Kozai, M., Yamashita, T., Taira, H., and
Harasawa, R. (2010) Inhibition of human

melanoma cell growth by recombinant

argininedeminase expressed in
Escherichia col/i. 18" meeting of the
International Organization for
Mycoplasmology, July 11-16, Chianciano,
[taly.

Nishizawa, |., Sato, M., Fujihara, M.,
Sato, S., and Harasawa, R. (2010) Bovine

hemoplasmas: Differential detection by
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Abstract Cell misidentification and cross-contamination
have plagued biomedical research for as long as cells have
been employed as research tools. Examples of misidentified
cell lines continue to surface to this day. Efforts to eradicate
the problem by raising awareness of the issue and by asking
scientists voluntarily to take appropriate actions have not
been successful. Unambiguous cell authentication is an
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essential step in the scientific process and should be an
inherent consideration during peer review of papers
submitted for publication or during review of grants
submitted for funding. In order to facilitate proper identity
testing, accurate, reliable, inexpensive, and standardized
methods for authentication of cells and cell lines must be
made available. To this end, an international team of
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scientists is, at this time, preparing a consensus standard on
the authentication of human cells using short tandem repeat
(STR) profiling. This standard, which will be submitted for
review and approval as an American National Standard by
the American National Standards Institute, will provide
investigators guidance on the use of STR profiling for
authenticating human cell lines. Such guidance will include
methodological detail on the preparation of the DNA
sample, the appropriate numbers and types of loci to be
evaluated, and the interpretation and quality control of the
results. Associated with the standard itself will be the
establishment and maintenance of a public STR profile
database under the auspices of the National Center for
Biotechnology Information. The consensus standard is
anticipated to be adopted by granting agencies and
scientific journals as appropriate methodology for authen-
ticating human cell lines, stem cells, and tissues.

Keywords Cell authentication - STR profiling - Consensus
standard - Quality control

Introduction

Animal and human primary cell cultures, continuous (immor-
talized) cell lines, and tissues are of overwhelming importance
to the biopharmaceutical industry and to biomedical research
as reagents, therapeutic modalities, and as proxy materials for
the study of more complex physiological systems. Cell
cultures have, from the beginning, been at risk for misiden-
tification due to labeling errors, incorrect classification by
pathologists, and cross-contamination with other cell types.
Continuous cell lines are potentially jeopardized due to the
extended time these are in culture and the frequent manipu-
lations involved in the course of feeding and subculturing.
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Human stem cell preparations which are propagated in the
presence of non-human feeder cell layers are at risk of cross-
contamination with the feeder cells. Tumor cells propagated
by xenografting onto host animals are at risk of cross-
contamination with the host cells.

We know the risks involved in establishing and maintain-
ing cell cultures. We know that periodic identity testing
(authentication) is the only way to prove that the cell we are
studying is the cell that we believe it to be, and not a
contaminating tumor cell line such as HeLa. Why then are
many investigators blindly assuming that they are using
correctly identified cells? Recent publications appear to
indicate that the problem of cell misidentification is not going
away. For instance, Berglind et al. (2008) evaluated the p53
status of 1,211 cell lines published between 1989 and 2007
and found discrepancies in the p53 status for 23% of the cell
lines. Schweppe et al. (2008) evaluated 40 human thyroid
cancer cell lines and found that only 23 of these actually had
unique genetic profiles, as determined using short tandem
repeat (STR) profiling and single nucleotide polymorphism
analysis. Certain of the presumed thyroid cancer cell lines
were found to have profiles matching colon cancer or
melanoma cells. Another recent revelation was that of
Boonstra et al. (2010) indicating that three widely used
esophageal cancer cell lines are, in fact, derived from other
tumor types. Dittmar et al. (2010) have reported two new
cases of misidentification of supposed human cells. Their
work clearly demonstrates that phenotypic evaluation alone
cannot provide adequate assurance of the authenticity of a
cell line. More extensive lists of misidentified cells are
available from a number of sources (e.g., ATCC SDO
Workgroup ASN-0002 2010; Capes-Davis et al. 2010).

Within the highly regulated biopharmaceutical industry,
cell lines used as production substrates must be characterized
for identity through phenotypic analysis and confirmation of
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animal species of origin (US FDA 1993). This, together with
implementation of current good manufacturing practices, is
believed to have contributed to the relatively low frequency
of cell line misidentification reported in this industry (Nims
and Herbstritt 2005).

Remediation of the problem of cell line misidentification
within the biomedical research community may eventually
need to be driven by requirements for authentication from
granting agencies and journal editors. An international
group of scientists is now preparing a consensus standard
which will provide investigators with guidance on the
appropriate methodology for authenticating human cells. In
this article, we describe the rationale for and the process
involved in preparing this standard.

Efforts to Remediate the Problem of Cell
Misidentification

The earliest efforts toward tackling the problem of cell
misidentification centered on disclosure of the issue
through conference presentations and publications. Gartler
(e.g., Gartler 1967) and Nelson-Rees (e.g., Nelson-Rees et
al. 1974) were among the first and most vocal of those
attempting to convince the scientific community of the
seriousness of the issue. They hoped that such disclosures
would motivate scientists to voluntarily take actions to
remediate the problem.

More recently, Roland Nardone championed a series of
efforts intended to reemphasize the seriousness of the cell
misidentification problem and take any required steps to begin
remediating the various causes for the continuing issue. His
efforts began with the authoring of a white paper, entitled
“Eradication of Cross-Contaminated Cell Lines: A Call for
Action” (Nardone 2007). This paper presented recommenda-
tions for strict compliance measures in addition to continuing
efforts to educate scientists. Nardone believed the time had
come for granting agencies to demand cell line authentica-
tion as a condition for the receipt of funds and for journals to
add a similar requirement to their instructions for authors for
manuscripts submitted for publication.

As part of his efforts to convince granting agencies of
the need for their participation in his overall remediation
strategy, Nardone and a group of prominent cell scientists
composed and signed an open letter to Michael O. Leavitt,
Secretary of Health and Human Resources (Nardone et al.
2007), beseeching the NIH to take appropriate actions. On
November 28, 2007, the NIH published an addition to their
Guidelines for Research—Notice Regarding Authentication
of Cultured Cell Lines (National Institutes of Health 2007)
calling for diligence and more careful peer review.

Communications between Nardone (and others) and
journal editors have achieved the desired result as slowly

and surely, journals are beginning to add the requirement
for cell authentication to their instructions for authors (e.g.,
Cell Biochemistry and Biophysics, In Vitro Cellular &
Developmental Biology—Animal, International Journal of
Cancer, and the journals of the American Association for
Cancer Research).

Attempts to educate scientists in general of the need for
cell authentication must go beyond simply raising the level
of awareness of the problem. In his white paper, Nardone
also stressed the need for training in cell authentication to
be added to conference agendas. He recommended that
societies sponsor conferences, workshops, and/or training
activities to facilitate the adoption of cell line authentication
standards (Nardone 2007).

As the requirement for cell authentication is adopted by
granting agencies and scientific journals, the need for
standardized methods and expectations regarding authenti-
cation itself to be defined becomes more critical. Recog-
nizing this, an effort to prepare a consensus standard on
authentication of human cells was initiated.

The Concept of the Consensus Standard

The idea of the consensus standard is to allow a greater
input from the overall international biomedical community
into standards. The derivation of a standard through the
consensus process improves the chance of universal
voluntary acceptance. In turn, that acceptance will foster
reproducibility and comparability of research employing
human cells. Such a consensus-driven standard, if univer-
sally adopted, should ultimately lead to a marked decrease
in the misidentification of human cells used by the
biomedical community.

The ATCC® Standards Development Organization

The mission of the ATCC" Standards Development
Organization (SDO) is to develop best practices (standards)
for use in the life science industry and to promote their
global use, using a consensus-driven process that balances
the viewpoints of the stakeholder community. Membership
is free and open to all stakeholders in the biomedical
community, including those involved in the development,
production, application, and regulation of life science
products. Stakeholders include, but are not limited to,
members from academia, government, regulatory, and
industry. All members are participants in the consensus
review, comment, and voting process.

In 2007, the SDO became the first biological resource
organization to become an American National Standards
Institute (ANSI)-accredited standards development organi-
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zation. ANSI accreditation ensures that procedures used by
standards developers meet requirements for openness,
balance, consensus, and due process.

The standard development process employed by the
ATCC" SDO is shown in Fig. 1.

ATCC SDO Workgroup ASN-0002

ATCC® SDO workgroup ASN-0002 “Development of a
consensus standard for the authentication of human cells:
standardization of STR profiling” was formally assembled
in early 2009 as a result of a proposal submitted in 2008 by
John Masters and Roland Nardone. The workgroup
constitutes an international group of concerned and expe-
rienced scientists. Chaired by Masters, the workgroup
includes individuals with relevant and current experience
in DNA profiling technologies, as well as “stakeholders” or
representatives from major cell repositories, industry,
academia, and government agencies.

Preparation of the Standard. Working under the auspices
of the ATCC SDO, the ASN-0002 workgroup has met
monthly since early 2009. The overall effort was divided
between two subgroups which have met independently at
monthly or more frequent intervals.

The first subgroup is charged with drafting the introduc-
tion to the Standard, defining what is meant by “human cell
line authentication,” describing the historical aspects, from
early discovery of cell line misidentification through to the
present efforts encouraging remediation of the problem.
The subgroup also is delineating the causes of cell line
misidentification, surveying the existing technologies for
cell line authentication, and providing the rationale for
selection of STR profiling for the Standard. The subgroup
is chaired by Raymond Nims.

The second subgroup, chaired by Yvonne Reid, is
fleshing out the procedural details of the general protocol
to be recommended for STR profiling. This subgroup is
also responsible for determining the format and structure
of an associated public database of STR profiles of

ATCC® SDO Standards Development Process Flowchart

ATCC SDO Consensus Standards
Partnership (CSP) recommends new or
revised standard

—

Recommendations forwarded to ATCC
SDO Steering Committee (SC) for review,
prioritization and balloting

ATCC SDO submits Project Initiation
Notification System (PINS) information to

— =

PINS published in ANS/ Standards Action
for 30-day public comment period
concurrent with CSP Review

ATCC SDO responds to comments from
PINS, Recommendation for Work Group
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Workgroup established and proceeds to
draft ANS” standard

=
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Steering committee for internal review, edits
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concurrent 45 day public review and balloting
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Figure 1. ATCC SDO standards development process flowchart.
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