A 1% . NucleoSpin Tissue Column (ZHsII L |
@0 Ui, Buffer BW 500 ul %7 5 AR
L. B0%. Buffer B5 600 pl %% 5 A
WML, #0177, 70°CICiRD 7
Buffer BE 100 pl 0%, =R C 1 4R
VX a— b Lo, 11,000xg T 1 ZyfH]
WOT DI LD T A AT T,
7/ A Ht i NanoDrop (Thermo Fisher
Scientific f:) Z FIVWTHIE L7z,

B-3  AMRYT

B-3-1 Hufa Al

BRI 300pg/ml TF IV UERTINL
16 B [FIFRES 38 21T - 72, PBS THEH L,
FIVVY Y — R S IR L, 2Lk
I R% 0.02ug/ml JREETIRM LTz, S HIT
1 RSB 21T o /ctk, b Y 7o CHlla
ZIIALTEL L, 0.075M KC1 T 37°C,
20 EMESRAEE L, A& —)b : Bilig=
3:1 OEERCHEAZEEL, AT4A4 K
L IN Y-

B-32 QAVT 47

lpg/ml #EED~F 2 b 33258 IRIRIZ Y
BAREARZ 10 2 FHIEIE L RV T 50pg/ml
DHXF 7Y v AKX — RIRIZ 10 5 EEE

Lizo BB IERI T~ F LTRIE TS

BAER 2R LT,

B-4 AT —4 o —%& FU - Exome
fRAT

EREFIEIC THIH &7z hiPS a0 7
/ 25 DNA [Z31F 5 Exon (CDS) fEIE % i
L R — o —lc kB —4
AEAToTe Db, BEEEZHMH L, &
/ 2 DNA OB Z R ERIE 8 K OVE Rk
B LI X DR, Sug Ll 100ng/

p L LL k. 0OD260/0D280=1.6 LL L .
0D260/0D230=1.6 LA LDHiE 27z L7z
YT NEER UL, I NEE bp
BRI 21TV AR DNA @
W ARG T 4T S — N LT 7 7 A
YT AT T Y —EAERI LT, SureSelect
Human All Exon V5 (7Y V> bk« 52 )
1 —tk) #HWC Exon (CDS) fEE%
Wi L. & 7B EFT DT T4 ~v—%H
WC PCR IR ZATV, or—r v ADEER
L72% DNA A4 77 ) —&{ER LT,
HiSeq A7 A (AW FH) ZHAWT,
100base i KU D o — 4 2 A & 4T,
5Gbase fHYE DL —74r v AT —H 187,
=l VAT —H BB AR (hgl9)
L Ce vy B 7 LT iED~< > v
IR D, Rl R (—EEE
Bk LU IR ERE E COMA, RK)
B L7, & DICEEFBEHRZ DD
BRI BT — & ~_— 2 % A C (BRI
TRERNELYT )T —var i,

B-5 CGH 7 v A ZRWzar—F N
—Z 8 (CNV) f##r

Exome fRATICHEL 729 _XTHF /A
DNA {ZDWT, CGH 7 LA ZFWTT
FTAT—FEREL, A —F  N—Z R
VA MET LT LT 0@ Ei L
7o, 77/ . DNA OREERERERS L O
BRIKEN 72 SIC XD HER%, 2ug PAE,
100ng/ u L LLE, OD260/0D280=1.8~2.0,
0D260/0D230=1.0 LA - DM % 7- L7
U TINVEER L, 7Y Ly MEHERED
FIEICHECCER Y — 7 > MRELEITV,
SurePrint G3 Human CGH 1X 1M (Agilent
) AW, TV HFAB— a3 A
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= VU FVEER DT LA
FENT 24T > 7=, GenomicWorkbench ¥ 7 k

7 = FIZCY 7 /v Raw T —F BT L,

FORBRELVR—FT77ANMIE LD, =
B N—EEB 2 X M LT,

B-6 SNP 7 LA ZRAW=ERENRT L
A FRHT

Exome fEMTICHEL 7= _TD&F /7 A
DNA IZ2WT, SNP 7 LA Z W=7/
LEAC U THUTOBYICERLE, 7
/ . DNA OB ZRERER L OERIK
B LI LD ERRE, 20 g VLB, 100ng/
u L L. 0OD260/0D280=1.6 LA L .
OD260/0D230=1.6 LA EDHMIE A7 L7z
Yo7 FEA L -, HumanOmni2.5-8
BeadChip Kit (4 V2 F ) ZHNT, §
200 FHEEIZOWTE A BV T EI{To 72,
& 577 —# % GenomeStudio {Z & V) fi#
Bri, AR REE (—EEER) B
T a e —F o _R—FREHRH L,

(R EmEm~DELRE)

b RO ARRENIE LTk, RBHE
FIC—UIARFIZER L OFERMES 7200,
NHEWEELEZ B DAV T+ — b Favt
VROH IR SR R AW, E
7o, HERENZE D EENEDMER,
B2HZYUMEICO W TEIERLALE
ERGERT - MRMBRERIC L H5%E - &
FE Bl ECHFYEE e Lz,

C. WroekiR

C-1 HiSeq ¥ AT A (AN F#) &M
Wz — i v AR

C-1-1 %'/ . DNA O SEZHf

EIROFEICTER S 72 iPS MRS
BIL7 AREEFTMET A2, =
K8 DNA DEZAIE L7-fE R, &K1 H
I =TV RAETRAHDEETRETHI &
BTEZ (R, £, BEBEE - T H
0 — X7 VEKIKEN ATV, B E K O
EORBERELITSIZ/ER., TXTOV
VTN RB T RIEDE W L s 7
(&2, 1),
C-12 477V —DREF M
B MR EIT o727/ A DNA IZDWT,
SureSelect XT Human All Exon v5 & U C
T4 7TV —ER-EITH, ENDLTAT
7V —D ' E% Agilent 2100 Bioanalyzer
ZAWTRIELIERER., $XTORIEIC
BNTIm—= %A X035 200 bp £
MHRDTIAT5 ) —RERTHZ LN
TE (K2) &bz, —HomEizon»
T, T 7477V —2HNTy—4
VAETOIRR, —BRIEHTZY 0T
T2 RU— N 5 (BE, wiEEEic
BET D LM 50Gb MY DEFIA L —r
VAINTNWAZ EDRHERTER, £z,
WERIEZL —7r AT 5 & & ITHAET
HrT—FE LT O#EA %A VT Phred
I7FVT 4 AT OEEEH L,
Q = —10logy,p

FOFER, Q30 (T AT —0RAET
DEEEN 0.1%) D7 A VT 4 AT TH,
WTROBEKIZONTE 90%LU ETH B
TR TER (R3),

C2 E—X7 LA IV Agilent
aCGH F#EAT

B IR G CEIN S N7 iPSHERRIZ
FB5 ) UL Rl ) B4 T
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Copy Number Variant (CNV) O 247
DT, ENENDIPSHIAN BT/ I
DNAZ BN L, BERRER « 7 T —A7
JCREPKIN AT, SR R O O i
BEZAT oo, X TOI 7 i
BWCRHBENEN BT L, Zhba e
— AT VA fRMTICHWA Z & & Lz, B
£ . llumina Infinium LCG Quad Assay
(Illumina, Inc.) Ov==7 /)71 h 21—
JAZHE > C, HumanOmni2.5-8 v1.1% FV>
72 SNPFFEHT ¥ L O'"CNVig#T 2 FEhE L T
%, FIERIZ. Agilent aCGHFEATIZ AT 572
DDODNAY > 70 b R R 5 2
EMNTE | BIfE, SurePrint G3 Human CGH
~A7uaT LA 1x1 M&EZBW TR T
HD,

C-3 EHIRERBICRIT 5 iPS MifaokzHy
DFFAM

74— H—7 ) —HEEREREE T T 18 kU
XN iPS HIRA D BB AT & |
Q-Banding &2 THEAT L7255, IEF 7082
2 FoMNaE, 20 a2 2 Mo
HTHY . KFEOHAT BV THEMEN
BETHDHZ EBBESNE (K3),

D. &%

MM TS NEICE BT RIET L
HE SN D BRI RETEANTIIZEF
T D120, ROBMETIE, —2DFET
Juir— 2l LT RO R K O
RO aE RIEFR L AN THED R
BOWEL2DY ) AREEMRIZONT,
WA S — 2 Y —72 8% W T AT I
LI ERB I 2ol BETRED LiRIC
g3 5iPSHila (RAMEICHH D) %,

%o UHE 2 HERE UTo 1 404 - F RIS
FeHAT o120, OEIOFNEIZ BN T, Yuf
BORENPBEIN, ZORFEDOIZEA
EVE, RFEGEER RN Y I—THY | @E
DFAEN B RO & U TidEIC12,
17, 204 (R /o XYL R D 2K B 5
WA IR T D El A S TR Y |
W ORARRSMT W IESR) TH 3
BAROHEERFENEZY 5 5 Z &2V
L7z, iPSHIfEA FAEBERICER T2 &n
BRI DTHE ZDX ) IR BiRRE
NI DHZ LT O CEERMETHY .
B DO RVEMTEO X D e B 2R
TOHREND D EEZ BND AR T,
Z DIPSHINEIZ DV T, R IEE R (18R
DN Z o725 ) DERIZOWT, 3
RITE ORI T 28T v BT,
CGH~A 7 m7 VAT, ©—X7 LA
T DT — 2 B WETHTFETHY . ED
B a2 CH AR R AR & - 72 O DS REE
T&5LBbn3, &b, SEOxTF
Y — MMEPTIXBRE OFEAEE (Depth) &
D HES (S0GHHE Y D ES) v —7
VAISITWDTeD ARBEED S ) LIER
ERET A2 ELFERETHDEEZ LN
D, BB, 7 LZER L GBI OBERT
DOHEERELND Z & BAFRIN, KR
V=l —E A0S ) ARERER
DIESIN b | AHFFERRITE LD H D & H
BEND, FEE T ERICBTZFH%E
SISV EEEAE L OMEE S O RO
FEATHRE R ZINE L R —F Y —7%
PN TR O BB R R 2 BEE L T <
FETH D,

vsA
E. i&5m
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c T = — 7 ) —DORERRET CREH
(18HEMY) B S 7iPSHEfZIZ BV T
BIRE O DS HE LT,
CERBED— AT T T ) —h R
THZENTE, TRTOREITBNT,
50GbFEY DL —F U A EFiieZ ENTE
77

< BIE, &% Y — AN, CGH~ A 7
a7 LA RN, B — R T LA BN ELT
ThHID, WEELURE, 2 b3 Th
AT T HIZIE, ZNETOS /) A5
HERFER & OHERET 21TV, fEENE, &
B ATREME, (B2 BT oWV TREBICEE
flid5Z & T RN IMEICRBTLS
ARLEEMEZTBIZEIC LG E OEEN
FiEwmERET DO TETH D,
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F1. TARHDNAESHER

STV = (ul) BE(ng/ul) #E=E(ug) WATEEE/HIEEEE
454E2 P17 (4) MG coat 87 207 18 1.3
454E2 P20 (7) MG coat 87 331.8 28.9 1.4
454E2 P23 (10) MG coat 87 115.8 10.1 1.4
454E2 P26 (13) MG coat 87 352.8 30.7 1.3
454E2 P24 (11) MG coat 87 134.4 11.7 1.2
454E2 P24 (11) LNES coat 87 63.6 5.5 1.3
454E2 P27 (14) MG caot 87 453.6 39.5 1.3
454E2 P29 (16) MG coat 84 235.8 19.8 1.3
454E2 P32 (19) MG coat 84 402 33.8 1.2
454E2 P30 (17) MG coat 84 64.8 5.4 1.1
454E2#10 P3 (29) MG coat 84 338.4 28.4 1.2

Quant-iT dsDNA BR Assay Kit (Invitrogen) Z=BU\zEEEENTHONIZ.
[RATESBE/HATEERE] (IETEEER T AHEDNA EEREROMEZRY (HRE<3),

SMEIEE & U T, FTICMEBEESNIKEERE. HE. RUBBTESHER (R1) STAXIEDNA

EEERDMRET —FZ1BRICUTFHE LTz,

MG coat: matrigel 1— b> W= 1 THE. LNE8 coat: laminin-E8 01— h> v S 1 TIEE.

BMADET : T+ —45—JU—DIBERIE T CIEEINTHRE
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2. 4 ADNADERHER (Nanodrop & fUNVEIRGLER)

HX IV TRE(U)  FEEE(ng/ul)  #8E(ug) 260/280  260/230
454E2 P17 (4) MG coat 87 264.9 23 1.9 2.4
454E2 P20 (7) MG coat 87 473.4 41.2 1.9 2
454E2 P23 (10) MG coat 87 161.1 14 2 2.3
454E2 P26 (13) MG coat 87 472.2 41.1 1.9 2.3
454E2 P24 (11) MG coat 87 162.3 14.1 2 2.4
454E2 P24 (11) LNES coat 87 82.8 7.2 2 2.3
454E2 P27 (14) MG caot 87 594 51.7 1.9 2.4
454E2 P29 (16) MG coat 84 298.2 25 1.9 2.1
454E2 P32 (19) MG coat 84 488.7 41.1 1.9 2.2
454E2 P30 (17) MG coat 84 69 5.8 1.9 1.8
454E2410 P3 (29) MG coat 84 419.4 35.2 1.9 2.2
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L—->

~

ENBS)

%

O 0 N OO U1 A W N

A-EcoT14 I digest
454E2 P17 (4) MG coat
454E2 P20 (7) MG coat
454E2 P23 (10) MG coat
454E2 P26 (13) MG coat
454E2 P24 (11) MG coat

454E2 P24 (11) LNES8 coat
454E2 P27 (14) MG caot
pHY Marker

H2TIV&

A-EcoT14 I digest
454E2 P29 (16) MG coat
454E2 P32 (19) MG coat
454E2 P30 (17) MG coat

454E2#10 P3 (29) MG coat
pHY Marker

X 1.
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[2Y)] W

1401

o 8 & 8 8

PG0713_01806_H1

g

-HL 1
A R T
15 100 200 300

T T

400 700 1500

454E2 P17 (4) MG coat
E—2o841X:303bp

PG0713_03806_H1

TIT T

(]
180

160
140
“

1004

L. L. T T
15 100 200 300 400 700 1500

454E2 P23 (10) MG coat
E—o5+1X:311bp

(o]

PGO713_05806_H1

1

TTT T
700 1500

454E2 P24 (11) MG coat
E—o5+1X:316bp

1 1 T T T
15 100 200 300 400 [bo)

PGO713_02812_H1

TTT T

Fu
160

l201

1004

LA

15

T T T L
00

200 300 400 700 1500

454E2 P20 (7) MG coat
E—ot1X: 306bp

el

PG0713_04812 _H1

|

T
15

T

T | I | T T T

T N
100 200 300

400 700 1500

454E2 P26 (13) MG coat
E—2t-+1X:329%p

o]

PG0713_06812_ H1

S

TTT
15

T 1 T T T T

L.
100 200 300

400 700 1500

454E2 P24 (11) LNES8 coat
E—2ot5+1X:303bp

o]

(2. Agilent 2100 Bioanalyzer ZBuL\/zU — RERORTERZR
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Rl PGO713_07B06_H1

S0+

L o~

TTT T T T T T T TTr T
15 100 200 300 400 700 1500 [bo]

454E2 P27 (14) MG caot
E—oH+X:312bp

[Fu) PGO713_09602_H1

140
120+

1004

T~

-20 TTT T T T T T T T IT T
15 100 200 300 400 700 1500 (be]

454E2 P32 (19) MG coat
E—2ob+1X:312bp

IFul PG0713_11B04_H1

EH,_.J\_..”M

TTT T 2

T T T FrT
15 100 200 300 400 700 1500 [be]

454E2#10 P3 (29) MG coat
E—2oH9X : 312bp

Fu PGO713_08B01_H1
{
140
126
100
80
60
40 I
|
20 g {
N | R S |
T T L3 T T T T 1T T
15 100 200 300 400 700 1500 [bpl

454E2 P29 (16) MG coat
E—2ob-+1X: 304bp

fFu] PGO713_10803_H1
140

1
20
O_MJ\_—‘_“———_—-/‘.\_
TTT T T T T T T |5 3 e
15 100 200 300 400 700 1500 {bp]

454E2 P30 (17) MG coat
E—2oH-X: 320bp

2. Agilent 2100 Bioanalyzer ZBuU\zU — REOBERER (iE)
ERENTZS - > RS54 TJS U —DmE&E%ZAgilent 2100 Bioanalyzer ZAWTAIE Uz, &
oo SAJSU—(C@FPEHTI—EFRMANEN TV RS, E-OHA XS TH TS5+
X (¥9100base) =W INoO—-Z 01X ERDB,
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#+&3. PhredOAUF+ AOAT(CEDNZS —T > MO

B> TIVE U— R 1EEE Q30R1 Q30R2

454E2 P17 (4) MG coat 474,768,598  47,476,859,800 95.7 92.6

454E2 P20 (7) MG coat 451,422,146  45,142,214,600 95.9 93
454E2 P23 (10) MG coat 467,368,748  46,736,874,800 95.5 92.6
454E2 P26 (13) MG coat 456,948,964  45,694,896,400 95.6 92.6
454E2 P24 (11) MG coat 532,750,982  53,275,098,200 93.9 90.2
454E2 P24 (11) LNE8 coat 463,986,610  46,398,661,000 95.5 92.4
454E2 P27 (14) MG caot 503,181,358  50,318,135,800 94.9 91.6

Q30R1: HiH - MEHEETICHVTL EECHEFMSNDY— FOmE

Q30R2: WSEMEAR(CHLT2 EIEI

=
LN/
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id 89 1t 17 L s

(R § R S |
47,XX,+12

T | I | { I
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i &4 20 Ed 23 &4
TR TEEET )]
46,XX
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1 2 3

4

5

B8 33 83 =% 8% 39 ¥s
6 A 8 9 18 11 12
b4 B8 ap 8% 33 aa
13 14 15 16 17 18
g8 s 4 Py ‘

28 21 22

45 X
<#ZEL>

47 ,XX,+12 (14/20)
45,X (2/20)

46,XX (2/20)
45,X,-11,+12 (1/20)
46,XX,+12,-18 (1/20)

iPSHERE (T —4—JU—RIET TI8HMAIEE) (CH T DRELBITIER



FREHRRIER

1.



YN
F =

s % X E #&

EREBER HEHRNIY/BEERFHAGOREERICET HHI%
WER  BEUEZEGBRRBLEMRR FREF

1. 2LZTHBITH0OE - RRE—H%K

H#RLE-BR (HXREEH. O R LTG0 -~ EMA - 4
5 - RR S —FEDH) RRERE () R LIEH D3
S ] 5 e 1 3 ke [ rish
B anr oD R P m Ey |ZUETFREERTE hoisesmoia =
[ABS - International
Regulatory Endeavour
Lo = B Towards Sound -
Tumorigenicity (CEH) &k B4 Development of Human 201542818~19H EA
Cell Therapy
Products
—— BHAPDARIESFS 54
BEERICEITAHMEYER|KSE & E#MEYS oROY L
DB @M E | [RHoREMEny [O10F2A2E =
EiEl
MR OHFRADOERE—F e . _
%ﬁﬁg%?éangﬁu\ e g [FonB AT hongiigi~188 | @
IO) Eal 17‘}‘— D;El-,.
Japanese Regulations for
Quality and Safety of . 11th Annual Meeting
Regenerative Medicine and femk B DIA Japan 2014, 2014511 716~18R E™
Cell Therapy (CME&)
RAPS Japan BHEEE
#I-EIT 5 BADY A Ay
HEEEICHEH HADHFL as aw BEERE -
LNEsloREs (nmE)  |E% BE sepseaog) |(014F108298 Em
Fasrk)—HA4TY
Al
E FEREREMRISEATS o -
;aﬁﬁmfg - iﬁf@%ﬁ@a@ e |20 BEREEFEX ougogis~ea | @m
EOMREETE (AE
ﬁ%%?.
IR,
HHfAESE,
< - : 2| ERKEE, [FrFEUR
YU ORERICK 2 BRBEE = ' ifd AT
agrirpupih ERAHE, BIEF - TUNY— |201459A88~9H E3f]
Ti{t@nq:{ﬁli‘&@?éﬁﬁ;% 4‘7?5}112, ¢/>l_l_€:)r7-L\2014
1EEIBA,
FERT AR,
HF EE#
ERKEE,
S iRNACD M U B 1 3A v | 53 0 B
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The analysis of in vitro cell senescence/growth after serial passaging can be one of ways to show the
absence of immortalized cells, which are frequently tumorigenic, in human cell-processed therapeutic
products (hCTPs). However, the performance of the cell growth analysis for detection of the immortal-
ized cellular impurities has never been evaluated. In the present study, we examined the growth rates of
human mesenchymal stem cells (hMSCs, passage 5 (P = 5)) contaminated with various doses of HeLa
cells, and compared with that of hMSCs alone. The growth rates of the contaminated hMSCs were
comparable to that of hMSCs alone at P = 5, but significantly increased at P = 6 (0.1% and 0.01% HeLa) or
P =7(0.001% HeLa) within 30 days. These findings suggest that the cell growth analysis is a simple and
sensitive method to detect immortalized cellular impurities in hCTPs derived from human somatic cells.
© 2014 The Authors. Published by Elsevier Ltd on behalf of The International Alliance for Biological
Standardization. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/3.0/).
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1. Introduction

Human cell-processed therapeutic products (hCIPs) are ex-
pected to provide novel breakthrough therapies for currently life-
threatening or incurable diseases. In the clinical applications of
hCTPs to patients, however, one of the major concerns is the
tumorigenic cellular impurities in the products. Since pluripotent
stem cells (PSCs), such as embryonic stem cells and induced
pluripotent stem cells, are tumorigenic [1—3], there is a risk of tu-
mor formation if the products contain the residual undifferentiated
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PSCs [4]. On the other hand, somatic cells are considered to have
little tumorigenic potential even after substantial manipulations
like in vitro expansion, because they consistently pass into senes-
cence [5]. Malignant transformation of the cells is believed to occur
through multiple processes involving the accumulation of muta-
tions in key regulatory genes that promote cell survival and pro-
liferation [6,7]. Although a few individual groups reported the
spontaneous transformation of human mesenchymal stem cells
(hMSCs) during in vitro culture [8—11], two of them retracted their
papers because the results appeared to be attributable to contam-
ination with tumorigenic cells (fibrosarcoma, osteosarcoma, or
glioma cell lines) [12,13]. The rest of the groups found the immor-
talization of the cells, which is closely associated with tumorige-
nicity, during in vitro culture, indicating that the good practices to
avoid contamination with tumorigenic cells and the monitoring of
cell growth are critical for the quality control of hCTPs derived from
human somatic cells.

1045-1056/© 2014 The Authors. Published by Elsevier Ltd on behalf of The International Alliance for Biological Standardization. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Abbreviations

hCTP human cell-processed therapeutic product
PSC pluripotent stem cell

hMSC  human mesenchymal stem cell

STR short tandem repeat

P=n passage n

PBS phosphate buffered saline

RT room temperature

HPV human papillomavirus

Cross contamination of cells with unidentified cells is usually
evaluated by the short tandem repeat (STR) analysis [ 14]. However,
the cell growth analysis which simply monitors the cell prolifera-
tion for a limited period may be adequately sensitive for the
detection of the contamination of somatic cells with immortalized/
tumorigenic cells, because somatic cells usually show slower
growth, compared with that of immortalized/tumorigenic cells, as
well as the attenuation of the growth after serial passaging [15—17].
In fact, the European Medicines Agency has considered that the
evaluation of in vitro cell senescence after serial passaging is suf-
ficient to prove the absence of immortalized/tumorigenic cells in a
somatic cell-based product [18]. However, the performance of the
cell growth analysis for detection of the immortalized/tumorigenic
cellular impurities in somatic cells has never been studied. In the
present study, we examined the growth of hMSCs contaminated
with various doses of HeLa cells, a well-known cancer cell line, to
determine the sensitivity of the cell growth analysis for the
detection of the immortalized/tumorigenic cells in human somatic
cells.

2. Materials and methods
2.1. Cells

hMSCs (Lonza, Walkersville, MD) at passage 2 (P = 2) were
cultured in MSCGM BulletKit, a mesenchymal stem cell basal me-
dium with mesenchymal cell growth supplement, L.-glutamine, and
gentamycin/amphotericin-B (Lonza). HeLa cells (the Health Science
Research Resources Bank, Osaka, Japan) were maintained in Eagle's
minimum essential medium (Sigma), supplemented with 10% fetal
bovine serum (FBS; Sigma), 0.1 mM non-essential amino acids (Life
Technologies), 50 U/ml penicillin, and 50 pg/ml streptomycin (Life
Technologies). Cells were cultured in a humidified atmosphere of
5% CO, and 95% air at 37 °C, and were passaged upon reaching 90%
confluence.

2.2. Cell growth analysis

At P =5 of hMSCs, 1 x 10® of hMSCs were mixed with 1000, 100,
or 10 of HelLa cells and seeded into T175 flasks (Corning). The cells
were maintained in 40 ml of Dulbecco's Modified Eagle's medium
(DMEM; Gibco) supplemented with 10% FBS, 50 U/ml penicillin,
and 50 pg/ml streptomycin. Upon reaching approximately 90%
confluence, the cells were washed with phosphate buffered saline
(PBS) and treated with 0.05% trypsin-EDTA solution (Gibco) for
detachment from the flasks. The cells were centrifuged at 450 x g
for 5 min and suspended with the fresh culture medium. Aliquots of
the suspended cells were stained with Trypan Blue solution and
counted by Countess Automated Cell Counter (Invitrogen) accord-
ing to the manufacture's protocol. One million cells in the

suspension were re-seeded into T175 flasks and cultured until the
next passage. This process was repeated by P = 10. The growth rate
(Rn) at P = n was calculated by the following equation:

Rn = [log2(Nns1 — Np))/(Dny1 — Dy)

where Ni and Dy are the number of accumulated cells and the date
at P = k, respectively.

2.3. Immunofluorescence microscopy

hMSCs contaminated with HeLa cells were fixed with 4% para-
formaldehyde in PBS (Nacalai Tesque) for 10 min at room temper-
ature (RT) and blocked in Blocking One (Nacalai Tesque) for
30 min at RT. The cells, then, were incubated with anti-HPV18 E7
antibody (8E2) (abcam) diluted at 1:500 in the blocking solution
(PBS containing 5% Blocking One) for 1 h at RT for primary staining,
and secondarily stained with goat anti-mouse IgG Alexa Fluor 488
(1:1000; Invitrogen) in the blocking solution for 45 min at RT. The
cells were mounted with VECTASGIELD mounting medium with
DAPI (VECTOR) and observed with a fluorescence microscope (IX71,
Olympus).

3. Results and discussion

In the present study, we added 1000, 100, or 10 of HeLa cells to
1 x 10° of hMSCs of passage 5 (P = 5) and compared their growth
with that of hMSCs alone (HeLa 0) until P = 10. The growth curves
of three lots of hMSCs and the contaminated hMSCs are shown in
Fig. 1. The cell numbers of HeLa O and the contaminated hMSCs
were comparable at P = 5. The growth of HeLa 0 was constant
during the early culture and getting slower with time (Fig. 1), while
the growth of the contaminated cells was accelerated.

To confirm that the increases in the growth were attributable to
the contamination with HeLa cells, we observed the cells with
phase contrast microscopy. In the images of the contaminated
hMSCs, we found small cells clearly different from hMSCs (Fig. 2A),
and their relative abundance increased every passage. Because
Hela cells are infected with human papillomaviruses (HPV), we
performed immunofluorescence analysis using HPV18 E7 antibody
and confirmed that the cells were HeLa cells not transformed
hMSCs (Fig. 2B). At P = 10, hMSCs were hardly identified in images
of HeLa 1000 (Fig. 2C), because almost all of hMSCs were exchanged
for HelLa cells at the five passages.

Next, we examined the growth rates of the contaminated cells
(Fig. 3A). They were comparable to that of HeLa 0 at P = 5, and got
significantly increased at P = 6 (HeLa 1000 and HeLa 100) or P = 7
(HeLa 10). These results indicated that the gross proliferation rate
was not influenced by the spiked cells at P = 5 and then the pop-
ulation of Hela cells in hMSCs increased in dose- and time-
dependent manner. Eventually, the growth rate (doubling/day) of
the contaminated hMSCs increased, and then reached plateau. The
average growth rate of the contaminated cells at P = 9 and 10 was
0.73, suggesting that the growth rate of HeLa cells was approxi-
mately 0.7 in this culture condition. The average growth rates of the
three lots are plotted along the passage number in Fig. 3B. The
growth rates of HeLa 1000 and Hela 100 at P = 7 and Hela
10 at P = 8 were significantly increased compared with the growth
rates at P = 5 (*P < 0.05, two-way repeated measures ANOVA and
Student-Newman—Keulis test). These results indicate that the cell
cultures longer than P =7 (about 20 days) and P = 8 (about 30 days)
detect cross-contaminations of 100 (0.01%) and 10 (0.001%) HeLa
cells, respectively, assuming that 108 hMSCs were contaminated at
P=5.

Please cite this article in press as: Kono K, et al., Characterization of the cell growth analysis for detection of immortal cellular impurities in
human mesenchymal stem cells, Biologicals (2014), http://dx.doi.org/10.1016/j.biologicals.2014.11.007
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Fig. 1. Cell growth analysis of hMSCs contaminated with HeLa cells. At the passage 5 (P = 5) of hMSCs, 1 x 108 of hMSCs were mixed with 0, 10, 100, or 1000 of HeLa cells (HeLa 0,
HeLa 10, HeLa 100, or HeLa 1000). Cells were passaged and counted at the indicated day from P = 5. The results of three lots of hMSCs are presented (Lot 1, 2, and 3).

The tumorigenicity has been evaluated by in vitro assays (e.g.,
soft agar formation assay, karyotype analysis) and/or in vivo assays
(transplantation into immunodeficient animals) {8,9,19,20]. When
these assays are performed to detect a trace amount of tumorigenic
cells in hCTPs, they need to be of high sensitivity. Recently, we
developed a highly sensitive in vivo tumorigenicity test using
severely immunocompromised mice, NOG mice, in combination
with Matrigel. Subcutaneous transplantation into NOG mice with
Matrigel allowed inoculation with 1 x 107 cells and actually ach-
ieved detection of 0.002% HeLa cells spiked into hMSCs in a half of
the mice (unpublished data). However, in vivo tumorigenicity test

A

using immunodeficient animals requires a specific facility, and
takes 3—4 months. In contrast, the cell growth analysis is not only
simple and economical, but also detects as few as 0.001% immortal
cellular impurities in hMSCs within 30 days, in case that the growth
properties of the immortal cells are comparable to those of HelLa
cells. Although immortality does not necessarily indicate tumori-
genicity, it is known to be closely associated with cell trans-
formation in many cases of tumorigenesis. Therefore, the present
study can be said to be the first scientific basis for the usefulness of
the cell growth analysis as one of tumorigenicity tests for hCTPs
derived from human somatic cells.

Fig. 2. Phase contrast and immunofluorescence microscopy of hMSCs contaminated with HeLa cells. (A) Representative image of the contaminated cells (HeLa 100 at P = 8) is
presented. Red arrow pointed at the small size cells which were clearly different from hMSCs. (B) Phase contrast and immunofluorescence microscopy of HeLa 1000 at day 5 was
conducted by using anti-HPV E7 antibody. Green: Alexa Fluor 488 goat anti-mouse IgG; blue: DAPL (C) Representative image of HeLa 1000 at P10 is presented.
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