88 20 NAA7 0/ OV —CREZER/EMEFRREZLKOUECHVIPEREMIHT 21 DTS AvEFRE

Vero fIADEESEF 4 v L 22 FNFNEY% HENZ %
SEUEEH, 36+ 1TCTT3~6 AMIEHTS.
(&iE: BB 15-2:8)

TR

. BrY

Y4377 XTI AR DAY T, ALK
WWEFTRZWNOBENTH S, BHHEYRIIELS
AL, HEENLBREL R, BRIt E
EREECEBICAVLIMESE N L THEEZBL T
L, MRS L THIET A BRI A D
TIABEPELTHMAEE L bRV EHE
(, FMBERETRDOENS L) REREHFEOEB
B ORWEDERIIR IRV 25, ERE
LAV TRENRMIO 7 4 275 X<iE i SEE
BHOOLNDB Y, A4 3T 5 X vOBYC L b BN
ROFREDOERECHET IR+ 2R EZITH 2 LA
LNTEBY, BERMEEPBHOCTEESSEESNS L
BERGEERERLTEERDIH 2. LizhioT, EE
BOBE VAR oW TIE, e FET
TA T I AEERBEEEHT HUEND B,

ASEFREI, A4 Fr2 /0T HEER/ &
YIRS EEROBEICHV 2 MREMIIonwT
A7 XTHEREBETDHIOICERTRELE2
LNBREREE LT, A Btk B EEMME H
WaDNARBEE C A AT - EEHEEK
(PCR) =Xk AHMED 3MBPEORBREERLIZL D
Thb BETT BERERF (HR) oEERESE
KA BEFRONR & 7% 5 EHIIe 2+ 8 ke o R 3
SR shTwizwy, L2l BBRSEMRRICIL

NAFF o/ a Y —ICREERZ COFEEROMEE,

mn FL R S 52 & 72 B BUBRIE £ FURANIC IR T 5 2 &
WIVERLEEQOMEEXIEL, F-REHKOE
EHPREAEFBRTEILVIEMLHLZ 25, H
R13E B (1999) X W EEFHRE L THEEN
TWwa, RREREDINRICE 2 BRECRER: DM %
BHIFH U R BB EN V. TITid, REBREOM
BLHBISHEZBHMTOREZIIOWTDART.
B, BEBRIBBRLEGRTLILTEZ L E
AONLEREFARLALOTHY, LFLHEIKIC
o TERLZTFIUE LR VEVILDOTIdR W,

2. BAWER

YA AT T ATHEERBOEERIRUL, AT
V-t AEES/AEYRIFEHEEEROREICH
WAHHIRBENTHIRNN 2287500 (X%
— e Ny, T—F T N N RUE
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A,

ERPETEDORKRML) ThHs, EPFHRALR
DA 275 AEFERREEZRLEY, 9o F
AAIFHE LA,

3. ABREOHE

B’&E

Bk, v 4 379 X<k AR CREE - 15
SETIRET 2 HET, 777 FREH & AR i
DWMEEFERTZ. H 7 FRERIIRE GRIZE
BW) %% 14 BFMUESEET S BAESEHEKR
& (GRRRRRE W) MR 3 7 RO 14 HERERERIC
BT UTFREMICHAEL, i 4 B EEET
B, KEFELH 7 P ERERIE 100 fE EOEED
BHETHREL, ~M1 377 XAv0E#% (BEHEERK
NAVZ—) DEEEHET LI DDTHAH, ¥
BRI A 275 XAvDEERBIETH 55, RERIC
BT52R#IL28 AU L EFEICEHER» AL &
F- MR 2 FERT B4 375 X BATERT
BELZVSDLFEET S0, STFLLTTO
RAIATFGATRRBTELILITTIREVEVIRA
b,

B. {RiZHMAR £ B\ /- DNA Rtk

DNA #e@ i, #5—7 5 2 BICH%E L =354
Ha (Veroiiha) Cifk (MMass bif) #8BH8L T
3~ 6 HREAE%, MR THBELLZYA 379X
~% DNA RN ELEETLEL, HLEHEMNE A
WTvA 275 X Ml 0N e DNA #555E
KRELTRIEBT2HMBHRBETHS. DNA D
VA AT T XICRERN R RIETIR R, MihE
DNA b#E I N3 - HHEIIIREE2ET 55, M
REMEHERETBE~YA 275 X Iid#MilIc kL T
ST AR ETHHE LSV, BRETIINE
LIk W= A 375 I THIRITE B LS s
H5H, HEBICIHBERNBE 2o 375 A<
B EBEHCTHERTS.

C. RUXZ—-EEBMRIG (PCR) (L& 3Rix

PCRIC X 2 ML, W IIRBHR) » 5
DNA #fili L, =4 375 A<BBRMBT54 < —
FHWTPCR THIETACZ EIZL YA TS5 X<
DNA #3255 ETHE. 7943 —ilidv4
T XIHRNT, roLEov /375 i
I REESNTVEEEERLIILZbDEB VLY
Bhdbsd MBOBRELNREHFZHET-OICII2E
PCR#E (A F v FPCR¥%) »¥3 L, AB%E
I 2EPCRENSERTAETS4<—L & bl
REINTWA, PCRIZ & A2MiiEg, A, MET
R & RS BN RERETH 505, Rt



20. "M F 77 /DY - ICREER/ EMERMREZSOMUSCH O 3MLMIINTS v/ 275 XvEERR

WAETFAT—ETFEL, FoRERERA DTS
AR0T ) AHREAMEE NSO TEESLETH S

BEDLIE Ak Bih CEo320RBIKIE
RENENEFEEMABH LT L5, HEIIZEMR
DRBTRAEL, ERBEAAEDELLEND S

EARMIZIER L D

gt

Rt

DHdAEEBEICLBR

BREEMT 5%, BiEid~4 375 X< 4o DNA
bRYETL2-0BEDABEETRLAESICIE C
BIIY YA a7 S AOBFEREEEETLOE L # 2
LA,

4. WEDEBRUNIES

RAATIAVTBERRHFEEHHRE LTI s 1
THS I0EPEBL, COMICIIICH-h BEI2
SNLEBMERS (EP) o<1 2735 X7 BERE
EAH DO EP 60" CRESPIE SN £/ KB
ZMCH L THBEREERT 2RO RE SN,
HEELZLFEONT &0, REREDHIEITh
NEZL Lol WEILHL-> TR, BRSO Y A
FoA4 2RI (R1)., RERCHTLIERS
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BETHLZBOURSFE N, BICLERISE
DBRS N LIRS, AR ST B TONRIE:

oAy —

HLYBFENLAROCLESETT

(1) BEEOEEEMG

BEAGEI BT D71 375 AV DREREEIL, EE
B 7 AR, WA L [5~10% D
BAAEEBELERP WFROEME)] R [5~10%
DIRBH AL BULERET Ak (MERBIEM) ) TEiK

TOREFTIEVWILDThHo7. LiL, SED
WIET, H 7 FAREMIT [5~10%0 BEEY 2

TBEUCERS AR BIFRNEE) ] O, F Ak
B DB E B2 S R FMO LR SN R
CHEOCIREKOBFB L BB L 20, [#HREL: V0
TRV D 7 SRR LTIE T4400A ) 5 2400
bio~ WS T24) 25 [TARDLES ICBE
SNz Ihi, KESDTAL 375 X< BfiliEs:
WMEHETHY, R, WEROMEDOEYTHBETE S
W, BT R CORE I MITFEEIEANT R
EINDLBENTWE I E? kot EEt
EPICHEL-bDTH o745, EPDHIEI & Bk
DAL FTA i3 o v 7 RS IR

*1

ERANDHI I CBBX A I TS XVEERREOLS (MESCEET 2 5200 % k1)

EP 60 (2008) FDA/PTC A WS g B Sk e JIS (2003)* BE &IERT BB wE#H
(1993)* (1998)® (1999} (2009)
ki

TR HIFR 5~10%|5~10%D REE 7|5 ~ 10%D % B # | EHAR TR B~10%D|MIFH 6G~10%

RN [ ORBTV A 250 (228 0RETNA |22 H50ERANIE]371C KBETAEECR | ORBTF A2 ED

&t EBHEHR) XIEKRFEH A, BE|@mEFR ) LHER 6~ |mENA)

35 ~38T # 05 % kil 35~37TC W%RDOREEN A %]|36x1T
36+x17TC FUELETRA) T
FH4 2, 36+1T
HREE M B | B A RE 36+1TC 3B~37TC TR EN IFREMRTEH(36=1T
EUE-Seg 35 ~38C TARHE W T
37+£1C 61T
DNA Heftik Hh Hh — Hh Hh »HhH

PEYERTEE | M Ayorhinis M. hyorhinis DBS —_— M. hyorhinis M. hyorhinis DBS|M. hyorhinis
ATCC 29052 1050 ATCC 29052, 1050 ATCC 29052,
(=DBS 1050) M.orale CH 19299 IFO 14858 M.orale CH 19299 | ATCC 17981
M.orale (=BTS7) (=BTS7)

NCTC 10112, M.arginini M. orale ATCC
CIP 104969, ATCC 23838, 23714

ATCC 23714 IFO 14478

(=CH 19299}

I 100 CFU X 100CFU L. F X1 - 100 CFU 100 CFU LLF 100 CFU LLF X
CFU-like micro—{100CCU LA F 100 CCU BLF
organisms BT

PCR i NAT & # 55 & /¢ — — 2 B PCR i 2B PCR¥E (FI) 2B PCRE ()
NF—3a v
2V
RGN &[5 % ik & DNA # [ #5 4&  & DNA | seqek 5 ik 313 DNA |5 % 3 & DNA ¥[8 9% &% & DNA %
Shik i iREHo|faE et L PCRE [fik ik
&) DNAZ @& T ODNAR B ETO
NAT {38 8] % X AT R U7 | A2 R L2
JF—vardE & PCRETEE|® PCRETER
s EX T&5 T&
IIDNARGLED
KEELLENES
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20. N A7 7 /07 - CAEZER/AEMEEAREZSOMBICHACIHMREMIIMT 31275 A EEREE

BERDOM, WHEHOREEFMZRENA TTAHSEH
WEWRE L e o/, ERRAMG FWEL TREs
b b0ThHAE LB [HEHRMGEMY) 27EHk
O [HERRENL] ER—0&4THAA. EPOHE
(microaerophilic conditions) (2& b2 T TR

G CERShL

(2) ¥4 275 XvREMLRTFOUEE

VA aT I ATEERBRE, RETIRAEYE R E
NDI4 275 XTREFRILAFPEEINS LIEHLE
REWRONALB, FIT, 94T 75 XREBELE
FOREEZH LI LOREL, BEHILERFZ2ET5
WA, BB LR MR R L oY)k B
INEFHIERFZEEDHHVIETHFFRLTE HEH
Hb INhFECT w4377 XAHEHERTFONE
BliiowTiFiciRik s h T ho7oh, 4ih%n
PR RN ITRWAEH B, TIT, BEBRELT
DHAEOFERZEEL, [vA3 75 AT
IERFOMEE, EYWEHRFLERIIERSN TS
T4 275 A EERILEEORREYEEIZITE S
CEMEREOBMERTICBR SR

(3) DNAZRBFEDIEIZENCEBYN

DNA JeB ik CHMEE LCHREN 2HED
BIEWH (M hyorkhinis DBS 1050 B U M. orale CH
19200) 120V T, BBHERIRE L TR TRV k0
fiddhy, BERKLEEROFRENICALTRE
LAfrhhs:.

s 2HEBEOIBERMKIE, wThd FDAOA A
FS 42 (FDA/PTCPCHIR ST waB, F7z,
EP6.0°Cid, ATCCETRESI ATV IRSDH#
BIREBRIZHEL TWAE I ENFTERIS N EFH
(strain) | & LTHRFBEOI— FESTRENTW
A Lhh, BROBIRICEEIIZVWEZLZ LN,
LAL, 4373 X< RBOSALTRIC L D
EHERT 500, FUEKTDBAKCRTELSE
HIGTTIZ L o THHBRICE S ZWATEEEYNDH B, FC
T, BRI TEHMOELIETIL, EPZHE L CTHRiE
% ATCCa— FHFEFTERL, M hyorhinis
DBS 10501 % [ ATCC 29052 ), M. orale CH
19299 # [ATCC 17981 ICEBFT A L2 LY,
B ERE AFETREL Lz, 72, ABHXUTEY L
ROONHEAL ) AFZETICEB I, [
DEVLD] ¥ HERTAIRE L OETMRELTo T
B, BIZ, ATCCHOLAFL D DITEASRE S
nTwiwnwleo, [EHEVEHO-LOFRELLE
TEALRITRER S RW] Z BRI N

DNAZBEDIIEEER O Y B, M hyorhinis DBS
1050 WiZoWTiE, il oRTFTCEFLTEY,
AL ETa0 =2 TE 2V, 100
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CFUMT] ¢HESN TV [BHERBELTOR
i n%E] PRBETH L LOBW/IDHo7 RL
M. hyorhinis T BTS-7 ¥z # » 7 v FiRFE# TH¥
LTI eamehn, JIS'TRIEERE LT
ATCC 29052 (DBS 1050) X & IFO 14858 (BTS-
7) BIRESNTWSE, IRH6OEFERLT HE
158 — 8 #i & £ T iz, [ATCC 29052 (DBS
1050} J «=iZ T [ATCC 17981 (BTS-7)] b1&iE®
OFRICEBINE N Fh Cho0FEHRERELTIN
FHEALLTNER LW EWIBERKRTIER <,
HFTRBRICHIEZZ GNIAKREFIRLADD
THbHIEFRIVHEICT B0, (RSO ix
Bl ZHOTH LI EPBER SN

—7%, FDA/PTCYTiE, ¥4 a7 5 XA~ DY
WELTHY Ty FREBTOIO - RICET
CFU (o u=—EA) Db, #AEEo R
EAZETC CCU (BREMEMN) bHESLTY
5 BEREMHECFUTIEA T ERECoo =
—JEB LRV A 37T X OEMIRORE L EHIE
R A, WEgETHUIRETCEME IO —%
ERLzwed 275 X CHEETREZSZ L
b, BEROBEHEEMLE LT, #EOCFUIKMAT
[CCUJ »fitgd a7z,

B, ATCC2~ FEFICL2BEHORT L
MEFZOCFULCCULDOHERICET AHIE I,
DNA #BHEICRL LD TIE R L, ¥EXRERUPCR
FEizowTh AT bhRL.

(4) PCR &%

BRIFEOPE LTREBMENR T B 2B PCREEICD
WTIE, v A4 275 X< OfEEIC L o TIZMRIBRE )
BRI LEWIREXEDH L LR, RIEEOEH ¥R
DLEURBENFRONS. CNODERICOVWTIR
HLAEE AIRO2ERPCREBRE LR ICHE
N-HETHY, 754 —b&DTJIS LiZizEMH%
DHETHAHZ &, BEMPAOBEBHMEATHS
AT ATDBY% LEXRETEE T EHHER
ENTVABI L, AR Y2 ORERICHED #H
ENTWAEEMDBH A HETHAH T ENHERENT:.
Iz, ZORMEEOMI, AXKEBRDEBY T4
T—bEDT—PERLIZLDTHY, RUMIUT
ShtvhiEfbors4v—2HwaZ LR, 1B
PCRZEMT 5 &%, RIEEHS2EETHI L
bAETHY, PIROFEREINLZLDOTIER WY
CENL, FIIBIRORBEBETALEIRZVE X
iz, 72720, BAERMASIh T35 PCR OERMSH
TEMLT, BEE2S (34250 F 4 vofEm] &
S A

T/, PCREEKEEH L DNARBEZHET S
HELENTWwEd, PCRELE—FIBLET &L



20, NAFFI /0 -AEER/ EMEEEREEROMECHBV ZMBEM CHT 31375 XvATER

NERLEFE oI PCREWR, SEIEHRICIGE S
N MIFEERROF A F 5 1 TidskiUETH Y, B
KTIETILLHEREE L DNA Rtk 5 D Eiiss
ROLNTW: BRTIdERESL DNA BEBEORH
FOEEFREARE LoD, ThenRikikri=T 2
bod LTAEE, MEE RIBEEICER PCR
EOPIHFPFEENALDOTHSD. EPIERTHEP
6.0 T THMIBIRIRE (NAT) EAMLIE S 1,
AT ATBERRE LT3tk & Bk, sk
& DNA e iEDEMi 2 KD T %25 @YY 7
— I VEEMTAIEICLDNAT 28 28ET I
DNA BRBEORBEL LTHERTLIELTEEE L
TWwa, EPICIE NAT O BfRpy 2 #BriETid % <,
NAT O/ F— 3 VRICET B8 HA K54
YHEEENTW S, —~F, HE®PCREBTR L
LTRSS TE Y, E#EXIE DNA EiEORE
EEBRDZLOTIEREV., LidH-T, PCREDKE
HFIZDWTIE, BEOER L AL 5 SHBOREER
- WA

OO X @ ool
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Characteristics of stem cells based on expression
profile of molecular markers

Shihori Tanabe, Yoji Sato and Kazuhiro Suzuki
Division of Cellular and Gene Therapy Products, National Institute of Health Science, Tokyo, Japan

ABSTRACT

In recent years, the information of stem cells
has been accumulated as the research
progressed. It is important to understand
their characteristics for proper application
of stem cells in cellular therapy. The common
feature of stem cells can be described as their
capacity for self-renewal and differentiation.
Stem cells do, however, have different

features that characterize each species of

stem cells, such as mesenchymal stem cells,
hematopoietic stem cells, neural stem cells,
embryonic stem cells and induced
pluripotent stem cells. Moreover, cancer
stem cells have recently been shown to play
an important role in cancer, which suggests
the possibility of targeting cancer stem cells
for its treatment. This review describes the
characteristics of stem cells to provide a
better understanding of the unique features

of these cells represented by the term of
‘stemness’.

[. INTRODUCTION

Stem cells have the unique capacity for self-
renewal and multilineage differentiation (1).
Recent research has revealed detailed
features of stem cells, which provide us with
the key to understanding the origin of the
cell. This article reviews recent perspectives
in the stem cell research.

2. FEATURES OF STEM CELLS

A. Mesenchymal stem cells

Mesenchymal stem cells, a type of somatic
stem cells derived from tissues such as bone
marrow, can differentiate into osteogenic
cells, chondrogenic cells and adipogenic
cells (2). In recent years, mesenchymal stem
cells have been used in cellular therapy or
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immunotherapy to reconstitute tissue or to
prevent an immune response in
transplantation by exploiting their capacity
for differentiation or their
immunosuppressive feature (3). Bone
marrow-derived mesenchymal stem cell
culture is positive for CD29, CD44, CD71,
CD90, CD106, CD120a and CD124 and
negative for CD34 and CD45 (2).
Mesenchymal stem cells are also
characterized by the positive expression of
Scal, CD29, CD44, CD73, CD90, CD105
and CD106 and are found to be negative for
CD45, CD34, CD14 or CDI1b, CDI9,
CD79, CD31 and HLA-DR (4). It has also
been reported that mesenchymal stem cells
derived from amniotic fluid, amniotic
membrane, cord blood and bone marrow are
positive for CD29, CD44, CD105, CD73
and HLA-A, -B and -C and negative for
CD31, CD34, CD45 and HLA-DR (5).
Furthermore, it has been described that bone
marrow mesenchymal stem cells express the
following phenotype: CD34, CD44, CD45,
¢-Kit, and major histocompatibility complex
class I and Il negative; Flk-1, Sca-1 and Thy-
1 at low levels and CD13 and stage-specific
antigen [ (SSEA-I) at high levels (6). On the
other hand, flow cytometry analyses of stem
cells derived from connective tissue have
shown that the cells stain positively for
CD34 and CD90 and negatively for CD3,
CD4, CD8, CDll¢c, CD33, CD36, CD38,
CD45, CDI117, Glycophorin-A and HLA-
DRII (7). Overall, mesenchymal stem cells
derived from bone marrow may be commonly
characterized by positive expression for
CD29, CD44, and other molecules.

B. Hematopoietic stem cells
Hematopoietic stem cells differentiate into
the blood cell lineage, including T cells, B
cells, NK cells, erythrocytes, monocytes and
megakaryocytes. The hematopoietic stem
cells as well as other types of stem cells have
the capability to self-renew. The cells are
usually found in the bone marrow, cord
blood and peripheral blood. Human
hematopoietic stem cell culture is positive
for CD34 and CD90 and negative for Lin
and CD38 (8,9,10). For mouse
hematopoietic stem cells, Kit (¢c-Kit), Scal,
CD34 and Slamf1 are known as positive
markers, whereas Lin and Flt3 (Flk2) are
negative markers. The combination or
expression of surface markers for
hematopoietic stem cells changes as the cells
develop and differentiate into the several
types of multipotent or oligopotent
progenitor cells. It is known that the
expression level of Flt3 increases, whereas
that of Slamfl decreases as mouse
hematopoietic stem cells differentiate into
progenitor cells. In the human hematopoietic
cell lineage, the expression of CD38
increases in progenitor cells (8). It is also
suggested that the surrounding
microenvironment (niche) is important for
supporting stem cells including
hematopoietic stem cells (11). Myc (c-myc)
and Mycn (N-myc) activities are reported as
key factors for hematopoietic stem-cell
function including proliferation,
differentiation, and survival (12).

C. Neural stem cells
Neural stem cells are positive for glial

-838-



Molecular markers of stem cells

3

fibrillary acidic protein (GFAP), Musashi,
Nestin, PDGFRa and CD133, and have the
ability to differentiate into neurons and
oligodendrocytes (13,14). GFAP is also a
marker of astrocytes, suggesting that the
neural stem cells are somewhat related to
astrocytes (15). The cells are isolated from
the subventricular zone or the hippocampus
in the brain. It was recently reported that
Sox2-positive neural stem cells in the adult
hippocampus are multipotent and can self-
renew, whereas Sox2 deficiency causes
neurodegeneration and  impaired
neurogenesis, indicating the physiological
significance of Sox2 for the stemness of
neural stem cells (14,16). Therefore, Sox2
may be useful as a marker of neural stem
cells.

D. Embryonic stem cells

Embryonic stem cells are pluripotent cells
derived from the inner cell mass of a
blastocyst, an early stage embryo. Wide
varieties of embryonic stem cell lines have
been characterized (17,18), and the some of
the key genes for maintaining the
undifferentiated state and pluripotency have
been described as POUSFI (OCT4),
NANOG, SOX2, and others such as ZFP42
(REX1), UTFI, GDF3, FOXD3, TRET,
FGF4 (19,20,21,22). The assessment of
several human embryonic stem cell lines has
established SSEA-3, SSEA-4, TRA-1-60,
TRA-1-81, POUSF1 (OCT4) and NANOG
as common markers for human embryonic
stem cells (23). It is also suggested that GJA
is a marker for the undifferentiated state of
human embryonic stem cells (24). A report

on gene expression in human embryonic
stem cells and human embryonic carcinoma
cells showed that POUS5SF1 (OCT4) is
upregulated in both types of cells, as
compared to control samples including both
somatic cell lines and normal testis (25).

E. Induced pluripotent stem cells

Induced pluripotent stem cells_are another
type of pluripotent stem cells, which are
artificially reprogrammed from non-
pluripotent cells and resemble human
embryonic stem cells in phenotypic features.
The retroviral introduction of Pou5fI (Oct3/
4),Sox2, Myc (c-myc) and Kif4 was reported
to develop mouse induced pluripotent stem
cells (26). The expression of a set of factors,
namely POUSF1 (OCT4), SOX2, KLF4 and
MYC (c-Myc) or the set of POUSFI (OCT4),
S0OX2, NANOG and LIN28 was shown to
induce reprogramming of human fibroblasts
to pluripotent stem cells by retroviral
transduction (27,28). More recently, valproic
acid, a histone deacetylase inhibitor, was
found to enable reprogramming of primary
human fibroblasts with only two factors,
Oct4 and Sox2, without the need for the
oncogenes c-Myc or Kif4 (29).
Reprogramming of liver and stomach cells
(30) and generation of mouse-induced
pluripotent stem cells without viral vectors
(31) or retroviral integration (32) have also
been reported.

3. PHYSIOLOGICAL ASPECTS OF
STEM CELLS

A. Proliferation of stem cells
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It is known that, with increasing passages
of mesenchymal stem cells in culture, the
proliferation rate and the capacity for
differentiation decrease (33). These changes
are associated with expression of several
genes. For example, the expression of
nephroblastoma overexpressed gene and
EPH receptor A5 in human bone marrow
mesenchymal stem cells is increased in late
stage of cultures, whereas the expression of
runt-related transcription factor 2 and necdin
homolog (mouse) is decreased (34). Genome
change in the cells also occurs in some cases;
however, it is not well known whether this
phenomenon is universal.

Mouse hematopoietic stem cells are known
to proliferate in relatively slow cell cycle
kinetics compared to multipotent
progenitors in vivo (35). The gene expression
pattern of hematopoietic stem cells also
differs in the proliferating state in vivo (36).
An analysis of Foxo3a’/” mice showed that
Foxo3a is important in maintaining the self-
renewal capacity of hematopoietic stem
cells, although the proliferation of the cells
was not affected by Foxo3a deletion (37).
Human embryonic stem cells can be usually
cultured more than 30 to 50 passages (22).
It has been shown that human embryonic
stem cells require feeder cells to grow and
are negative for SSEA-1. Although mouse
embryonic stem cell growth is also feeder-
cell dependent, mouse cells do express
SSEA-1 (38). LIF (leukemia inhibitory
factor) is known to be an important factor
for maintaining the self-renewal capacity of
mouse embryonic stem cells. The
morphology of mouse embryonic stem cells

is relatively diverse, whereas human
embryonic stem cells are round with sharp
boundaries. The expression of SSEA-4 and
vimentin is specific for human embryonic
stem cells (39). It has also been reported that
aretinoblastoma protein is important for the
proliferation of monolayer cultures of
embryonic stem cell-derived cardiomyocytes
(40).

B. Differentiation of stem cells

The features of stem cells that distinguish
them in different species include direction
for differentiation and gene expression. In
osteogenic differentiation of mesenchymal
stem cells, the expression of D4, CRYAB
and SORT are altered (41). Embryonic stem
cells have the capacity for multilineage
differentiation, such as ectoderm, mesoderm
and endoderm. The differentiation is induced
by transfer of the cells from fibroblast feeder
layers, which maintain stemness of
embryonic stem cells, to suspension culture
(42,43). It was reported that neuronal
differentiation is induced with FGF-2 and
medium conditioned by HepG2 (44).
Furthermore, induced pluripotent stem cells
generated from patients with amyotrophic
lateral sclerosis are reported to be
differentiated into motor neurons (45). Gene
expression in human embryonic stem cells
is altered during differentiation. NODAL,
LEFTY A, LEFTY B and PITX2 are
described as marker genes for the
differentiation of embryoid bodies, which
are multicellular aggregates of differentiated
and undifferentiated cells (46). Genes such
as Hex or Hnf6/Oc-1 play an important role
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during the differentiation of liver and
pancreas from their progenitors (47).

4. CANCER STEM CELLS

A. Factors distinguishing cancer stem cells
from normal stem cells

Recent research implicates the involvement
of cancer stem cells in cancer. Cancer stem
cells share features with normal stem cells.
The differences in their features, however,
are under investigation. Even though the
origin of cancer stem cells is not well
understood, several suggestions related to
their microenvironment (niche) have becn
proposed: [ 1] niche around normal stem cells
allows cancer stem cells to grow, [2] cancer
stem cells arise from normal stem cells that
adopt an alternative niche and [3] niche-
independent cancer stem cells arise from
normal stem cells or [4] cancer stem cells
arise from progenitor cells (48). It has been
shown that embryonic stem cell-like gene
sets including Sox2, c-Myc, Dnmtt, Cbx3,
Hdacl and Yyl are activated in human
epithelial cancers, and c-Myc increases the
fraction of tumour-initiating cells in primary
human keratinocytes transformed by Ras and
[xBa (49).

B. Cancer stem cells in cancer

The population of cancer stem cells in cancer
is very rare. Cancer stem cells are defined
as cells with stem cell features that have the
capacity of tumourigenesis in
immunodeficient mice (50,51). Research on
human embryonal carcinoma cells, which are
the stem cells of teratocarcinomas, has
shown that these cells express SSEA-3,

SSEA-4, TRA-1-60 and TRA-1-81, similar
to human embryonic stem cells (38,52,53).
To identify cancer stem cells from solid
tumours, cells are sorted with surface
markers. CD133 and CD44, which are
markers for stem cells, are often used as
surface markers to identify cancer stem cells
from tumours. In one report, the CD133*
subpopulation from human brain tumours
was shown to be tumourigenic, whereas the
CD133" subpopulation did not have tumour-
initiation capability (54). Cancer stem cells
are also known to exist in the side
population fraction (55,56,57). In addition,
breast cancer cells with the CD44CD24"ow
phenotype have a higher tumourigenic
capacity as compared to other populations
of cancer cells, and the gene sets expressed
in the CD44*CD24v population are related
to metastasis-free survival and overall
survival (58).

5. CONCLUSION

In conclusion, stem cells, which have the
capacity for self-renewal and differentiation,
show various profiles in gene expression.
Each kind of stem cell has unique aspects,
but they also share common features. Recent
research advances have added to our
knowledge of the role of cancer stem cells
in cancer_based on the concept of cancer
stem cell niche.
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The most important issue for the safety of biological products and blood products derived from huwman sources is
how to prevent transmission of infectious agents. The hepatitis C virus (HCV) is a major public health problem due to
its high prevalence. HCV is mainly transmitted by exposure to blood and highly infectious during the early window
period with extremely low viral loads. Therefore it is important to develop more sensitive detection methods for HCV. In
the case of blood products, both serological test and nucleic acid amplification test (NAT) are required to detect HCV.
Since NAT is highly sensitive, establishment of a new standard is required for validation of NAT assay. NAT guideline
and establishment of the standard for HCV RNA and HCV genotype panel is introduced in this review. On the other
hand, to enhance the sensitivity of virus detection by NAT, a novel viral concentration method using polyethyleneimine
(PET) -conjugated magnetic beads (PE! beads) was developed. PEI beads concentration method is applicable to a wide
range of viruses including HCV. Studies using the national standard for HCV RNA, HCV genotype panel and serocon-
version panel, suggest that virus concentration method using PEI-beads is useful for improvement of the sensitivity of
HCYV detection by NAT and applicable to donor screening for HCV.

Key words-  -hepatitis C virus (HCV); viral safety; nucleic acid amplification test (NAT); standard; polyethylenei-

mine (PEI); virus concentration
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Table |. Requirements for Virus Test in Biological Products

e Blood Products for Transfusion
NAT for HBV-DNA, HCV-RNA, and HIV-RNA with
individual or mixed blood

» Plasma Derived Medicines
NAT for HBV-DNA, HCV-RNA and HIV-RNA with
original plasma

« Human Urine Derived Products
‘NAT for HBV-DNA, HCV-RNA, HIV-RNA with
pooled urine at appropriate timing

e Cell or Tissue Derived Products
Interview or screening for HBV, HCV, HIV, HTLV and

parvovirus B19
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NIBSC (National Institute for Biological Standards
and Control) (Z& O HCV, HBV, HIV, HAV X
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Belril & = /N D& 12 & O HCV, HBV K Uf HIV
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fEL T, 19742y /747 laZlnTE
OREI AL EE S, (96/790) AN X, BiFIZEE S
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Table 2. International and National Standards for Virus
DNA/RNA NAT Assays

WHQ International

Standard (NIBSC) National Standard

06/100 JCV-1b Nol122
HCV Genotype la Genotype 1b
154881 [U/ml l 100000 [U/mI
97/746 I HBV-129
HEBV Genotype A, . Genotype C,
HBsAg subtype adw ‘ HBsAg subtype adr
5% 10° [U/vial 4.4 108 IU/ml
97/650 HIV-00047
HIV HIV-1, Genotype B HIV-1, Genotype B
5.56 log, 1U/vial 1.4 %105 [U/ml
AV 00/560 .
5 104 1U/vial
99/800

Parvovirus B19 5% 105 1U /vial
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JHT 1999 REIC{EW & 417=. HCV RNA [H R REE
Sho SNz, BH¥EMIZ HCV-NAT 9% L Tl
HW%®7m£@ mL & bl T E DR I
Y- B 2 F LTS Rk WHO BB (967
7%)@%W(BWW4%RW%®hm S !
Z iz kD, FON S E PR O Il AT
100000 IU/ml &7 2 7=, Bl#E, HCV RNA
[ PUZEE L B Y RE TSP i S A FAlHETH D

~J5. NAT OB OFEM, /5147 iﬂ:@
Wy R O FEMT H W B BN R O ERUIR I %
Table 3 17579, EEEENARILIZHCYV & HIVIC
DVWTHEINTWVS, EHNZHR/NRILIE HCY,
HIV, HBV O FEHE S 2L KA & )4 97 )
BlEmrgsivmiih & e 27 mgs & itk 5729
w&mm WAL b B TN i i B R AT B R D B FE 1T
B9 20F9%1 (FALWIFEE SEE DI L O MR E
NTPH ‘9 . SEHOTEE SN D, HCV IR EELE
NI T ORI 7 Table 4 (2R, ;OH%MU\Z
JU VR i & A7 R RS I T & D SITIER =
7~ H®OT. HCV FifkMHIHT % M®uf/%vm
DI EF v U TIOmEHC, RERBLA O i 5 K
OBt IRIm Y 2 I A 7z gt 100 ADNERE SN TN S,
HCV N VICIEEWNICERET 2R EWNRT /¥
4 7 CdHB la, 1b, 2a, 2b O 4 FEIHHEHE SN TH

P s %)) I 4t 00 HCV RNA 1t (copies/ml)
i, RS OIS h DT KD WHO o il (U
/ml) & DOEEMRTINERETH S

Table 3. International and National Reference Paneis

International Reference
Panel (NIBSC)
02/202
6 samples .
HCV ] (5 genotypes and negative
{6 major genotypes)
non WHO reference material

01/466
11 samples
HIV (10 different genotypes  (subtype A, B, E, negative
and a negative control) control)
WHO international standard

National Reference Panel®’

100 samples

controls)

100 samples

100 samples
(genotype A, B, C, D. F;
HBV
subtype adw, adr, adr mu-

tant, ayr, negative)
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2-5. MUEEBNED HCV RLHE w8
%@W«»Zﬁﬁﬁ&th WIS X —H—12id.
OEPIHE P Y e BINRIL ZHWT, BT
FEHLUTWANAT D/ F—2 3 > ZFHEL. Y4
ﬁNAT@@%mﬁmmmumu®%th7&5
FEEMAT S Z &, @i s b o L
F. TN ANTHITRE - AELENTHA &
B TED, PR<EHICLFDTAIN AT
77 AERTHE TREFHATS I &EMiHRo
MO kR enTh5D, £, i
HmaE AN D WTIE, ERRERITEE I L T
M FT# D HCV, HBY, HIV OB LT 5 2 &
DY T A FIZ AR DM MAET 1 512 ) (F
B 17 4 3 A 10 B 38 A 385 0310012 &), S0P 28
AR EBE, FR 204 12 B 26 H -#BSkr)
IZEDRDENTNS

<77, BN ES T A A — F1 — i i o
f 28 2 T SBT3 LT, NAT O

IR 3 bo—IY—XA1 E2EML Thrb,
a2 hO—J)LH—~4 &iZ, HCV, HBV, HIV #
NENOENEELERZ M THIN U =Wk 2 S h&
fig&iz 754 > KTl L Tt 2393 Z &Iz
L0, Bl TEmL TWD NAT OB - ks
DRI % 1’12 JF# U, B A IR S 7= O
DM ERS, JHUTL D NAT OB O |-
baUﬂ'-:tﬁe{L IEDHTND

Table 4. HCV RNA National Genotype Panel for Standardi-
zation of NAT Assay

Genotypel  Classification* N]:J?sbei-r SE};’C:{/‘:}/;’)

la ‘carrier period 2 8.1x105 1.0x100

‘\\'indow pertod 12 9.0x10> 6.9%107
o carrier period 5 4.5x 103~ 2.9%107

Ib+2a ]window period 1 4.5x 107

.window period | 11 1.9% 105 6.7 %107
2 carrier period 10 3.2x10% 5.2x 107
b window period 8§ 4.8x10% 8.5 -107

carrier period 3 3.2x 106 2.3x107
anamnestic infection 46 Not detected

negative control 2 Not detected

window period: HCVAb- 1.0; carrier, anamnestic infection: HCVAD
- 1.0, Data were collected from the original veport.”
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3. NATI([CL D HCV BHOEKED/AHD
74 L RiRREDRS

NAT [ZHMWET DR FE2Rae—nho i O
E—&LWIEETHILTES ik THSDH, il
BRAL DO X SO D S A )L ADEET D855
B AETH B, BNz & D1z, i
WMoY 1 > Byl HCV i34 THCI4-ED 7 1
W ZTHMYENTRNIT 2 Z &, F /AR 1
w%m®¢vm%meUfw2®T%m-me
fTAIWI EMS, REALER O EIEIE L™ 1 L A5
A OMIENTHEN TN S,

NAT 2L BT 1)L Ak 2 & 0 @K Ld 2/
D120 hikE LT, 1)L A%l T
S 2 ETRHREICNT SO RtERINS &% )ik
MHS, HNOIUIHH T 1) Lkl E LT, R
UIFL A I HEHSA E—X (PE] & E— %)
W/ FikERIEL, HCV ZIEDHE£< D1 I

271 PEI 4 £ — X123 L Cli T T 0,

NAT 2L B 1 )L A %

BRELTED I L&

Wi L/ (Table 5).7® v7 )L A kLD R & L

T,

& LT PEI OBPERAL & o1 IV A i 4

T DBEPERE & DIES I EIEIC L D 1L A

MPENLIZWS L TR E ND EBATHS

(Fig. 1),
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HCV Ol i iz DU T, I LA I 1152 55 4 o
Al B~ O & B U ik Bl o HCV, o
RF—=2 51— 2 7D & Mg U 7= it o
HCV oL TN oMb &6, PEI G E — L2k 0iF
EE I S N 5 Z EATER X1 /- (Fig. 2).,
HCV ORHERIE % HCV RNA [E PR 5 % T
Bat L=, ITml @A L Zil 7/ o PEL 44
E— X T 10 (#2175 2 &1 & 0 Bk Hsh)
U, VIU/ml & E gz miinlfig & le» 72, &

Polyethyleneimine

Envelope virus

Fig. 1. Mechanism of Virus Concentration by PEI Beads

Table 5. Summary ol Comenlrauon ol Vlruses by I’Ll beade
Viruses e gE’.il,‘.Zic Emeloe | (0 | concentrtion
Model Vlruses ST - -
Cylomey,alovnrus (CMV) ' e gﬁman 'DNA F B l“80-7007“ o +
Herpes Simplex Virus Type- (HSVBNW” D‘F“‘H:r;{an lA)_I;lAA~;- 1 IS‘(;~200 R 47 .
& M.\/‘e—s‘l::liz.l;é;maum Virus (;S;)_n“. “ Bovine RNA : + o 70—!50k - 1 -
 Amphotropic Murine Leukemia Virus ‘Murine | RNA |+ Cso-t0 | o+
 SindbisVins | Human | RNA |+ | 6070 o
Adenovirus Type 5 - ‘ l-;u;nanr vlw)“;\l;\ I . 70—90 . "; *
‘ Slmlan Virus 40 (SV40) - lef;.lan ) DNA . - 40—50‘ B 7+ o
3 Porcme Pz;rv“o:l—r.u;a’PV) ~ - . Porcme B DNﬁWWL - — ~718 24 4“*
Pollovuus Sabln 1 Human RNA - 25 30 +*
7 Hﬁman Hepatms V|rt?ses L 7 - - -
o i—lepalms B Vuus (HEV) e H Hrﬁ‘lﬁan N DNA e + . 40—4757 W 7 +* 7
‘ 4 Hepanm C Virus (HCV) ’ | 4-¥-lrtllrrnan /7 RNA s l 40-50 I +
Hepatllls A Vlrus (HAV) | Human RNA - ! 25-30 x +

* Concentrated by llu 1dd1uon of .umbodlu

-849-
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(A) =)
25 10
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= 20 = 8-
5 £
c c
g 15] 36
c c
9 o
(] ¥ (2]
= 10— T T4
o s e (5}
= e ! &
g i ki 32
I | | 4 i l | ] I
0 G IS . S 1 0
Hcv PH4 pH5 pHE pH7 pH8 HCV Plasma Serum-
100l HCV 1ml HCV 1ml
100p! "oV A m [T } )
PEl beads - + PEIl beads +
Fig. 2. HCV concentration by PEI beads
(A) HCV was spiked in cell culture medium containing 2% fetal bovine serum, (B) HCV was spiked in human plasma or human serum,
107
10° 1| Cont (0.1m!)
@ 19| |mPEkbeads (1mi)
'a 104 | - I |
[=] 14
3 10: A I !
3 102 . S {
T o S — : | 1
10° ] i J’ ‘ ! 5 + I & 1] |
jlw (o |@ o o v o v © vl v @ [~
%’5%\% |8 |3 5%|$% 3 S |3 3
8 |9 e |2 (g g g 8 /9 /9|2 |9 I =
= IE s el Tl sl ele|R ! N LR s
- i - - ‘ - - ’ -~ l - ( - ~ -~ ; -~ -~ - - L
1 213 4|5 e!l7 89710 11‘12 15 116 |17 19
Panel ID / Bleed Date
Fig. 3. Application of PEI Beads Concentration Method to HCV Seroconversion Panel
f=. HCV il Ok k2 Mat 3 2728, ilo 4. HhHYIC

HCV 2P x /94 7TNRFNIneY )54 T H%k
T BED YIS 10 FilED 28 %)V Y255 /AT 10 %
PaEfT =& 2 A, TRTS (LA LO WA S
N, P /81T NRELHOTHEMETSHS
ZEMRENS EHIZ, HCVOtRoa 2 N—2
a >N (HCV RO D 1 > B oy
BOEP L TERmME N2 > 70 R —iiE) ZH
WTHIHH O G 2B L 28558, PEI i E— X
PR 21T 2 &ITR D, B TR U 72 IR
AT 6 AR IFMESNABAFIZDONTH HCV
MM alaE &m0, A > RO WA S N
(Fig. 3). TN HOFERM S, PEl A E — Xl
13 NAT [2& % HCV Hath o @& ALIZ AT 1 T
0, EHSOT AN LM ICTEES R —0
A7) =2 FICbENEE EA 6N 5.

-850~

i AN D A L R kR E B E LT
HCV DM IC NAT 25 A SN2 &2k D,
HCV DRl L Sy 1 > B W3 e S
N7z LA LS NAT IZIZRIR R 0, voa
SRR LTI LR TERVDE SR
WEE SR EARN. LD —EO%E k% i
THIIE, BIEL D &SIk - SRR 1L
A TFiEOMRENHEND, NATICES Y 1L
MG R0 2 ORI BUEICHER L TH 0
AL AR TL % SOk 2 TR T O FEHED 5 N
T, EHORKINZERD A, 1l OMEA I B
L 2 E 355D A ) AR R Sk 5N 5 Z Ll
e AP

BE  PEI @A —ZI2L 51 )L L ilsfiiko
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BIEIE. HATRAF PRI O RIS L S
DA 7 X S OF JSREWD Bl R HER £ K IH TS5 14
LEDHFEMEDHERETH O, ZOHEED TERH
WL B ET, KIFFRDO -H3, BEES BRI
RO 2= 28 T2 ZIREM FIECGE RSB &
I RED B EZZIT TITHONZHDTT,
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ARTICLE INFO ABSTRACT

We examined the dose-dependency of gene expression changes for 51 genes in mouse liver treated with
two N-nitroso genotoxic hepatocarcinogens, diethylnitrosamine (DEN) and ethylnitrosourea (ENU) by
quantitative real-time PCR (qPCR). DEN (3, 9, 27 and 80 mg/kg bw) or ENU (6, 17, 50 and 150 mg/kg bw)
was injected intraperitoneally into groups of five male 9-week-old B6C3F; mice and the livers were dis-
sected after 4 h and 28 days. Total RNA from pooled livers was reverse-transcribed to cDNA and the amount
of each gene was quantified by qPCR. Results were analyzed by hierarchical and k-means clustering and
ingenuity pathway analysis (IPA). The most characteristic result was a similar dose-dependency of gene
expression changes with DEN and ENU. Twenty-one genes exhibited a distinct dose-dependent increase
Hierarchical clustering in expression at 4 h for both carcinogens [Bax, Btg2, Ccngl, Cdkn1a, Cyp4a10, Cyp21al, Fos, Gadd45b, Gdf15,
k-means clustering Hmox1,Hspb1,Isg20l1,Jun, Mbd1, Mdm2, Myc, Net1, PIk2, Ppp1r3c, Rcan1 and Tubb2c], although the increase
IPA in gene expression due to ENU was generally weaker than that due to DEN. Only Gdf15 showed a dose-
dependent increase in expression at 28 days for both carcinogens. The differences between DEN and ENU
were in the expression of additional genes (7 for DEN and 8 for ENU). IPA extracted five gene networks:
Network-1 included genes related to cancer and cell cycle arrest and associated with Bax, Btg2, Ccngl,
Cdkn1la, Gadd45b, Gdf15, Hspb1, Mdm2 and Plk2 and Network-2 was related to DNA replication, recombi-
nation, repair and cell death and associated with Cyp21a1, Gdf15, Ppp1r3c, Rcanl and Tubb2c. The present
results show a distinct dose-dependency of gene expression changes induced by DEN and ENU. These
changes were associated with cancer, cell cycle arrest, DNA replication, recombination, repair and cell
death and were seen not only at 4 h but also, for some, at 28 days after administration.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction and that O%-ethylthymine may be responsible for the initia-

tion of hepatocellular carcinomas in rats [3]. ENU, which is a

Diethylnitrosamine (DEN) and ethylnitrosourea (ENU) are
potent genotoxic N-nitroso carcinogens that induce hepatocellu-
lar carcinomas in mouse liver [1,2]. It has been reported that after
its metabolic biotransformation, DEN produces the promutagenic
adducts O8-ethylguanine (O8-EtG) and 0%- and O2-ethylthymine
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direct-ethylating agent, forms several major adducts upon reac-
tion with DNA, of which O8-EtG, 0%- and O2-ethylthymine and
N3-ethylthymine have been implicated in mutagenic lesions [4].
Suzuki et al. have reported that mutagenic activity by DEN and ENU
was clearly detected with the lacZ mutation assay in mouse liver
at 7 days {5]. Mientjes et al. have reported that the O8-EtG levels
increased as early as 1.5 h after treatment, whereas at 3 days more
than 90% of the lesions had been removed from the DNA in the livers
of DEN- and ENU-treated mice, based on lacZ transgenic mice [6].
After this period, however, with the bulk of O5-EtG removed, the
induction of lacZ mutations was observed at 3 days and continued
to increase for some weeks.



