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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, S§OX2, and others such as ZFP42
(REX1), UTF1, 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 1

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 POUSF1 (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 Pou5f1 (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 POUSF1 (OCT4),
SOX2, 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 AS 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 ID4, CRYAB
and SORT1 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 been
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, Dnmt1, 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
IkBa (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 CD44*CD24"ov
phenotype have a higher tumourigenic
capacity as compared to other populations
of cancer cells, and the gene sets expressed
in the CD44*CD24" ¥ 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 human 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
(PEI) -conjugated magnetic beads (PEI 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
HCV 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

1. LI DA WABRTRERVRILL, FoNI—2fl0E

b Mk 2 EE & T AEEROL 2RI
BIHEEERBIZY AN AZEOBRIEDRIEE N
MICHET BN TH D, CRFFRYANZ (HCV)
IEHOMETIEH 200 FANBEREL TWB EHEIN
TWBREEEOBO THENWIAINAT, £LLT
MigZEN L TRET S, Hmicksd HCV &)
4%, 1990 FEFIEICE A S Nz MEFERREIZ N
AT 1999 FIZKEIEIERE (NAT) SEAZNE
ZEIZE o THBD TRE LI N/Z. LhLiadis,
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ST, OAEESE 12942 RIIASHI T
RELFEDHBOZPLICERLAEHBDTH B,

BHRERTIE S0ml OmEHICEEND DT H 1-5
A —O HCV T IVAT ) LTEENED SN S
EOHEBLHO,V U1 FUHIZK S HCV KR
EHICE, KDERE - BREERUTIVAREF
EOREMKD SN TWS, PCR Z2HBHET S
NAT o - o ta—&cWSHEDY
AWAT ) LERETEIHRERHIETHO,
MY mkEE ) (Ek 15 FBERBHEERE
210 %5 2003 4E 5 B 20 HHIE, WAk 17 EEEHH
HERE 177 52005 4£ 3 A 31 HHKIE) KT M
SEEBOT AN AT 2REMFEBICET DN
AT RSA2ITDNTY) (ERL 1L E 8 A 30 HEXHR
#1047 SEHEFEEREZLFRBAD) XD, MK
S4H (bt A i 844, MusE o ESED) Tl
FIREIZIA T NAT 12 &% HCV REMNER T
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S5NTWD, —HKT, NAT 2D THRETH 3
7, TOSWHEDFEMIITINE T WENEA
BELINSD,

FHMHETIE, EERZOVANAREHERELEND
BAaMS, NATICK S HCVRIB 2T 578
DONAT A1 RS+ & NAT OFMITHEERLS
FRESP NIV MEOERIIDONTRENTELED
12, NAT OBBE/DIZDD U1 ) A iRiEEDH
FE& HCV OEKERHADKERICETA2HEESD
WEIZDNTHENT 5.

2. EMERBEFEEHLETIEERORL R
fR& NAT (C &£ D HCV &

2-1. EERDVANAREHREFICHTIE
#£-4EH b kR EERETIEERDY
4»x§@ﬁ%ﬁn%ﬁ?§§w%ﬁﬁtbfm
AR D MEYERERELE) © Te ~ (A Bk
MRS EM T U 2ERRBE A ITEFEROR
RURESHEOMHERITDONWT) (20449 A 12 H
HERFEE 0912006 5 E 4 BHAEKERRFEBH)
REBEEZINTNS., INEDOHEAEDIENHICEK
D, EMEERSEREETSE MNREERS, k&
b O(RAFE) BEMEEASENTIEERRZCBNTD
HCV iZ BEIFA 1)L X (HBV), kb hGFELRL
TAI)VA (HIV) % &Rk, NATICK2RENSE
BlLHD2NWTE<HRINTNS (Table 1),

2-2. NATORHBEEL VM EFJH  NAT
& it Nucleic acid Amplification Test (7 & 1EMZ)
DIZET, TANAREDHMBOMET () %
AR L THRREICRE T 2 HEDORHTH
%5, DNARY AS—EE2RWEY—<I)T1 7))

Table 1. Requirements for Virus Test in Biological Products

* 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

Cell or Tissue Derived Products

—Interview or screening for HBV, HCV, HIV, HTLV and
parvovirus B19

RIS & D DNA #3819 % PCR i (Polymerase
Chain Reaction : ;R A 5 —FHEERIE) H—2i2
K<HSNTWBA, EIMIHEETEEZMEYT
% TMA # (Transcription-mediated Amplification :
IRERTIEIEH), LAMP #% (Loop-mediated Iso-
thermal Amplification : $Hif ¥ [z iz %), ICAN %
(Isothermal and Chimeric Primer-initiated Amplifi-
cation of Nucleic Acid : Z{El{Z FHIIEIE), NAS-
BA % (Nucleic Acid Sequence-Based Amplification :
KRB SIIETE) © DNA U —FE2AWEY—<
WS ZIVRIRIZ & Dl %8189 5 LCR % (Li-
gase Chain Reaction : ) H —FE#EKIGE) LED
WA RFENHREEN, YA ARBTHAEINT
W5, FHREEOFERESHEMICDOWTIIME IS
5.2

NAT UM N AKEEZHEEL TRIET 2729,
ik 2T 5 MEEREIC LR TED TEKE
THO, U1 FIREEHETZ I EOHEETH 5.
HCV &, fikBREDOY 1 > Ry 82 B
LanBn, HERTFEHR (BF) TIENAT 0%z

CIZEOTA 2 RN 25 BHERIBIZER SO

7= (L, TNRERERIEKELEKETHD
TRTIZYETEE AT TERY). AFRICBITS
HCV @ NAT it K 2B IR EL 741U/ml & & h
5.9 —%, TM#REBEM (MFELERBOYA )L
AREMEIIDNT R ISE 11 B 7T AEKAES
R4 1107001 B, IMEZHE 1107001 2, HAER
% 1107001 5, FAMFEH 1107001 5, BEEHHE
EXRLRABEEERE REXNERE, HHIE
B RENERE, MENERERM) L5 E,
HCV @O NAT IZ &K 58 H&E & LU Tid HBV, HIV
& EBHIT100IU/ml A3RD 5N TWD, BEE, H
FRTEHLVWREREZEATEEEBIT, REI
ANSREOEREZBRED 4 (SLLLITHERPT LT
NAT OBHBREIZ—BEMmMELEEWD, 5T
S8, UM AIRBEESORARFRICLOBRE
BEZETF5Z2E08TENUL, Y12 Ryox s
RBEHNTREEEZ 5N S,

2-3: NATHA K542 LhRo@ED, mik
HWAESE NREERGTE, Hor—ms#%t+a
E—EWSHBOTA N ARIETORENERS N
LZNATHA VU —Z0FRELLTHE BT TSN
TV, ZoHsE, BHERESOEYSEELTE
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PO TEETHD., I T, MEHEOL LR
& BB & UTNAT 217 5 B&IT@EY) RS EEE
MEMEIND LD, BREBEOHRRUTRRAED
MDD DHERERLIZDOA THKREHIDY
AR T 2REMMHEE BB E UK IEER
& (NAT) OEBIZETIHA KI1 > (EiK 16
£ 8 A 3 HEARE 0803002 AN MEEKES
BRBH) THd. A KT 0T Nl ER
BDT AW AT HREMMEFRICETEIHA KD
12 ZRHETHHOTHO, MEHAFIORF—2
ZU—Z2TBRE, BEROEORETEADOZAN
BFOER, i ERA O MEIERRIZBIT S TEN
BEHARCHRBRURBOBREL L TNAT 2175546
IZEAEN 5. HCV, HBY, HIV R U Z D fth o %
BRI NN ANME LS.

DIV AMEFOREE BN ETSESEREERE
L TONAT ORFECEERIERHIZ, OKEME, O
BHRE, OEiEMETHD. NAT IIBIT 24 RE
iR, ABPICHETZEEZSNIMEDEET
THHNETS2UM I AMEBEFOAZMERIRHTE
BEENTH O, BROTA I RITHT BRER G
GEBRRMRR) AnI &, BMETDIAIA
DX DRETHERETED Z L2 WY ARBEREN
FIV () FATNRIN) ZHWTEHHATSZ &
MRDENS.

MRHEE &I, #BEPICEETN28MT 7L AH
ETFORETREABEKOED Z & %1EL, NAT T
X 95% DR THRIEEINZBIE—ERLZDDY
AN ABREFORBRTHIEED Y M TEER
HEREE L TRET S, RHEET—RICEERD
FRANN ML TRODLELNHS, 5S>k
O—)ViZid, S%OEEERTHREINS2BREBRED 3
BEROTAINVAZEUVFEREEZA NS Z &R
INTNW3B,

FREEME S0, N RGO/NIBEBDSRERICEY
LIBWEWSEREEEZRTHOTHD, BEREK
UBHERE 5% DHERTRIEINHGBRHRED 3
EROVANZAEZINAMI LEDD) %, ThEh
PR LB REEANTHBEERKL, TXT
OfateiE Rt E 20, IXTOBEREIEY
ERBIEINXEOTRTZEMNTES,

NAT T A RS54 2T, BREREOMHRKRUH
BEEOFENDDDHFERELT, LEOEHD

EMT, BREE ORI - BIE R OMBIREY DR D&
Bk, EBEEORMOEREEL, BRYILEODDN
& RFEOBKEIIETIESASHRINTNS,
24. NATRRRAEER, 2BAHCOVT
NAT i B4 IZHE> T NAT ORHEE D
BELLE - MY 2I01E, HEER2EERH D
WIEEYE (BB HApEERS, ZFg el
Tid, OEBEER QOEBEERLOF—YDE
WPEAREE X N E LG, QEPREES ZE
MRS & D5 — & OE it AR S N /- B EYE
W (BRE) SONWThANEHERTHIE0RD
5$, WHO (World Health Organization) <[EMRK
IZBWT NAT B D 7 1 ) AEEER OERNTT
bhTWwa (Table2), WHO O [F B it F 13
NIBSC (National Institute for Biological Standards
and Control) {24 © HCV, HBV, HIV, HAV kU
ISIVRTA VA BISIZDWTHEREINTNS,
NERERIIREEFBHEERESIRNREERS LS
EMFARES/NERRITEL O HCV, HBV R U HIV
WOWTEREIN TS, HCV RNA O [E B %
mELT, 1999 FIP /917 lazl0TE
—REIZHER (96/790) sz h, BREIE=
REEHEUES, (00/560) 7S NIBSC & D AFHFET
HB. —7F, HCVRNA O — K = PS8k 5
(JCV-1b Nol122) iZERNICE WYz /1T 1b %

Table 2. International and National Standards for Virus
DNA/RNA NAT Assays

WHO International .
Standard (NIBSC) National Standard
06/100 JCV-1b Nol122
HCV Genotype la Genotype 1b
154881 IU/ml 100000 1U/ml
97/746 HBV-129
HBY Genotype A, Genotype C,
HBsAg subtype adw | HBsAg subtype adr
5% 105 IU/vial 4.4%10°1U/m}
97/650 HIV-00047
HIV HIV-1, Genotype B | HIV-1, Genotype B
5.56 log)o [U/vial 1.4%x10° IU/ml
00
HAV /560 . _
5% 10% IU/vial
99
Parvovirus B19 /800 . —
5% 108 [U/vial
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HWT 1999 FizfEl Xz, HCV RNA E HiZHE
FOERICIE, BEIZHCV-NAT 2E£/HL T
BENAD THBRBBIML, BHEERIEE OB
H - BIEEE AW TE—K WHO ERERESR (96/
790) =EEICENFERBE#HDONMEZREHET S
ZEITXD, FOEGMEN S ENZLESO A
100000 IU/ml & RE X172, 9 BHE, HCV RNA
E NEEHE R TR RE R ZE R 0y © AFRTRETH 5.
—7%, NAT OREMEOHM, /541 THD
B EE O A WS BRIV OESRR %
Table 3 IZ/RT. EEBER/NRIVIZ HCV & HIV iZ
DWTHEI N TWS., EBRNSE/SXIVIE HCV,
HIV, HBV OfEHEN )V TN b E4E 951
HEMREUMEIE (R mRMKZ2HERT 5D
DE i OFFHEAL R O M A DO BB R ORI
B9 oA (EEMRETEETNCIOEYNS
NTHBY, SBLMTFEELINS. HCV ENELE
ISRV DEEM % Table 4 12779, 2 OREHE)S %
IV SEEER ML X N B M E B S ITERIZ R
7D T, HCVHEMNHERT 2/ DY 1 > Ryl
D s F v ) FHOMIZ, BEBEEHO DR
Ut R % 02 7251 100 AA5EF I N T3S,
HCV X3 )VICRERNICHEET 2RENRY T /¥
A7 T3 la, 1b, 2a, 2b D 4 FHENBRIN TN
5. fEHE)NFR )V IMHE D HCV RNA #t (copies/ml)
&, MEHFITHDMWAERIZEID WHO O Hfi (1U
/ml) EOMBERENEEETH 5.

Table 3. International and National Reference Panels

International Reference

; 6)
Panel (NIBSC) National Reference Panel

02/202
/ 100 samples
6 samples .
HCV . (5 genotypes and negative
(6 major genotypes) controls)
non WHO reference material
01/466
11 samples 100 samples

HIV | (10 different genotypes | (subtype A, B, E, negative
and a negative control) |control)
WHO international standard

100 samples
(genotype A, B, C, D, F;
subtype adw, adr, adr mu-
tant, ayr, negative)

HBYV —

25, MBERHEDO HCY RLFHE Mk i
ZEDOVANAREMNRE LT, WEA—H—ITI,
OEMEERPBELLBRENNRINERNT, T
HALTWS NATONRY F—> 3 V&2 EHBL, 4
#Z% NAT ORBHIBRM 100IU/ml OfgEE 2L D
MEEBETO I &, OmEDEME ORETRIZ
W, DAIARTFTRE - AELEhTnsz &
EHRATED, Ph<EbI0ULOIAILZLY
TS5URAERTHETEZEAT S EMFBO
(UBEELH ILoRDOSNTNS, 7=, M
RAMEHANCDNWTIE, EREEIIBREICYL TH
MAi#%®» HCV, HBY, HIV ORZE 2 LT 2 = &
A% TR MF IR MBBEET A RS51 > (F
AL 17463 B 10 BEASEE 0310012 B/E4AHMHEE
ERBFEEBA, ¥k 204E 12 A 26 H—EBKE)
IZEORDENTN S,

=75, ENZ M ERE A — 1 —RiRm &
ANAREBEEZEET 2HBICK LT, NAT ORE
FEHICRD I MO -1 E2EHL TN,
a2 bo—)bY—~o &3, HCV, HBV, HIV %
NENDOEMNEER ZMETHERL ~REESINE
MERIZT 54 > R TR L TEHBREEBT 2 2 &1
&0, BHEHRTHEMBEL TS NAT OKE - EES
DR IR, BDELNEEZRS =D ORERR
DHEHZERFS, THIZL D NAT OBRHERE DR F
RUOBELIZED TN D,

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

Genotype| Classification*® Nl;ﬁgi:r (]-Cl c?p\i]esr;}nﬁ
ia carrier period 2 18.1X105~1.0x 106
window period 12 19.0x102~6.9x 107
P lameperiod | s asxioasxis
1b+2a |window period 1 4.5x 107
window period 11 1.9%x105~6.7 x 107
# lcamerperiod |00 |35 i0vss 2 %100
window period 8 4.8 % 105~8.5x 107
P Aamerperiod |3 Taaxiozaxio
anamnestic infection| 46 Not detected
" |negativecomtrol | 2 | Notdetected

* window period: HCVAb < 1.0; carrier, anamnestic infection: HCVAb
2 1.0, Data were collected from the original report.®’
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3. NATI(C& D HCV RHDGRE(DI-HD
74\ ZREREDBAFE

NAT (ZHMET Dl A 2o - oo
E—&EWD R TRINTES HiIETHASN, Wil
BRAEL D E SITIEWIRBED A ) ADGEIET 55
IR AETH S, b=k D1z, Y
IO 1 > Koo HCV (3 Mish TG IE D ™ 1
)V AT ORI T H Z &, F - HlafkEm 1
55 3K 5D K O I ST A )L ADATEAL - BrEA
(TABRWT &M, nfEARRRO @KLY 1 )L A
ERBMOMENHENTV S,

NAT 2L 57 1L Akt & X0 @KLY % )
ED1DDSikELT, 1)L AZERIZ BN
%2 ETHEIZMT SO M Z NS 5 )ik
Ndhs5H, HDNOIUIPMY 1L AilkEiEE LT, R
DIFL 213 #EHEAE—X (PEI #B&E—X)
MW iz L, HCV ZIiH <D 1)L
2. 7% PEI @454 £ — ZIZWas L Tl nIiETH O,
NAT (2L 271 Akl & fRELTEZS 2 L%
i L7= (Table 5). 79 71 )L A ki OEE S L
T, E& L TPEl OPEmd & 1V A &Kili5r
- D BEPEff ol & O A EAE I K D AL A
A PELIZWEAG L Tl S N5 EBA TS (Fig. 1),

Table 5.
Viruses Nﬁggal
Model Viruses
Cytomegalovirus (CMV) E Simian
Herpes Simplex Virus Type-1 (HSV-1) ! Hu'man
Versiicrurlar Stomatitis Virus (VSV) ; Bovine
Amphotropic Murine Leukemia Virus f Murine
Sindbis Virus ' Human
Adénoﬁrus Type 5 Hllman
Simiah Virus 40 (SV40) ' Sinﬁan
Porcine Parvovirus (PPV) Porcine
Polioﬁrus Sabin 1 Hﬁman
Human Hepatitis Viruses
Hepatitis B Virus (HBV) Human
Hepatitis C Virus (HCV) Human
Hepatitis A Virus (HAV) Human

* Concentrated by the addition of antibodies.

[
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HCV O iz D Wik, MK HLER 125 35 5 o>
Al B~ i FH 2 KR U 7= 15 3& Lilih o HCV, KX
Kb —2A 7)) —= 27 ~Djii i % 35 L =1tk o
HCV oWLwFholéa s, PELAE —ZXI2L01F
EE RIS NS 2 EMikiE N r- (Fig. 2).
HCV DRk #E 2 HCV RNA [E P RS i i) 2 WL T
Wit U =%, 1ml o A1) Al o PEI {#%

E— X T 10 {56 217D 2 &1k 0 Bt A3
LIU/ml A8 EE R I RRIb e & e 72, &

EL,

Envelope virus

Fig. 1. Mechanism of Virus Concentration by PEI Beads

Summary of Concentration of Viruses by PEI beads

Virus Envelope Size PEl-beads
genome (nm) concentration
7 DNA i + 180-200 ‘ +

DNA | t 150-200 1 +

kNA ; + 70-150 ( s

RNA ' . 80-110 | +

RNA ; + 6070 ; I

DNA | o 70-90 +

DNA | 40-50 { +

DNA 18-24 . +

RNA 25-30 ' A

DNA | i 40-45 | +4

RNA . + ‘ 40-50 +

RNA . . 25-30 ‘ +
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(A) (8)
25 10
g g
'E 20 E 8
c c
315 36
[ [
o o
(5] (%]
] o
=3 L
3 5 5 2
I I
0 - 0
HCcv pPH4 pH5 pH6 pH7 pHS HCV Plasma Serum-
100u! HCV 1ml HCV 1ml
100p! HCV 1 mi ul ( ) )
PEl beads - + PEI beads - +
Fig. 2. HCYV 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° ' m Cont (0.1ml)
7 | @ PEN-beads (1mi)
‘[ 104 |
o
o 1
<>_, 102
T o
0 ‘ " |
10 — === L
e 8|8 2|8 & g g 8 e|s N s
w IS IEISISISISIBRIEISIS SI2|8 |
§§|8|8(8is|S|8|8|8|8 €|t
“eie FF :J:;:i:‘:::‘*‘. 133 |8
[ [ | [ | | |
'1 /23 4|5 6 7 /8 9 10]|n 17 118 19
Panel ID / Bleed Date
Fig. 3. Application of PEI Beads Concentration Method to HCV Seroconversion Panel

7=, HCV it O % WAk 2Bt 4 2729, ililko
HCV 2P 2 /AT mME Y 1 )91 T ¥k
T HED RS 10 FIED /5 3L ifn e 2 5% A C 10 (%
W T & 25, TXT SO S
N, P )HLMTNRIEDHDOTHIEMNETH S
ZEMREINS B, HCVOtrOoa  NN—2
3 2/N%) (HCV &R0 1 > R o gz
BWAER L THm S N=2 > 70 K —miE) ZH
WTHRH O #E %Rt U 7259, PEI g — 2%
217D Z&ICKk D, M I IR L =0
EHARTO6 HR<S<FEMmINABIKIZOWTH HCV
M nlfE &0, o1 > RoMAEHK SN -
(Fig. 3), TNSOREN S, PEI R E — Xl
LI NAT (2K % HCV Bl o i &L IZ 5 1 T d
0, BEIESHOD AN AL TR K —0
AN =2 IZbEMEEE A 5N 5.

4. BBHYIC

L% WG DT A IV A thift &2 i E LT
HCV OB 12 NAT il A S h7=2 &k,
HCV ORI ERIE L I Ny 1 > R NS s &
N7z, LML NAT IZIZBIR R0, o
RO ELSTILIITERAWOREMMRIZ
WEE R EREALL, K0 D% iy
THITE, BIEL D X SIZEKE - SR Y 1L
AN FIEOMENEENS. NATIZLZ 1)
AR A= O N2 BT E L TH 0,
A AL E GO IR TR0 IENHED S N
TWa, O MZIRD AN, kot i
L7zESES D A 2tz i itk 5 5 2 & s
HEhs,

BHEE  PEI WAL — LIk 591 ) Zilkiko
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FEFEE, BER+FHhRFEFROLHRGREL, &
HAFRKY ISRWO H A iEL, MERE#
TEOHEFARDRRTH Y, ZDOBFEED THH
HLUEFET. FARO—EIL, BEHHEEHE
BROE 2—7 281 L2 XIRAMFBERAIZEL S
HRABEOIFEEZZITTTONZBDTY.
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1. Introduction

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
in expression at 4 h for both carcinogens [Bax, Btg2, Ccngl, Cdkn1a, Cyp4a10, Cyp21al, Fos, Gadd45b, Gdf15,
Hmox1,Hspb1,1sg20l1,Jun, Mbd1, Mdm2, Myc, Net1, Plk2, Ppp1r3c, Rcan1 and Tubb2c], although the increase
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, Rcan1 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.

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 O%-ethylguanine (OS-EtG) and O%- and O2-ethylthymine

* This work was a JEMS/MMS/Toxicogenomics group collaborative study.

* Corresponding author at: Department of Chemistry and Biological Science,
School of Science and Engineering, Aoyama Gakuin University, 5-10-1 Fuchinobe,
Sagamihara, Kanagawa 229-8558, Japan. Tel.: +42 759 6233; fax: +42 759 6511.

E-mail address: chiefurihata@gmail.com (C. Furihata).

1383-5718/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.mrgentox.2008.11.004

direct-ethylating agent, forms several major adducts upon reac-
tion with DNA, of which 0-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 O%-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 05-EtG removed, the
induction of lacZ mutations was observed at 3 days and continued
to increase for some weeks.
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Previously, Waring et al. showed by DNA microarray that a num-
ber of genes are up-regulated and down-regulated in rat liver, with
rats dosed daily with DEN for 3 days and euthanized on the 4th day
|7]. Genes up-regulated by DEN included genes related to growth
arrest and DNA damage, such as Bax, Cend1, Cengl, Cdknlalp21,
Gadd45 and jun. However, no studies have focused on either the
DNA damaging time of 4 h or the mutation fixing time of 28 days in
DEN-treated mouse or rat liver. Although it has been reported that
ENU induced expression of Bax, Crp, Cyp2a, Gstm2, Icam1, Mig, and
Mt2 mRNA in mouse liver, little is known about differential gene
expression in ENU-exposed rodent liver [8).

Quantitative real-time PCR (qPCR) is an alternative tech-
nology for toxicogenomics |9]. qPCR is a highly regarded and
reliable quantitative method but analysis of a large number
of genes may be lengthy. It is impractical to examine a great
number of genes with qPCR. Therefore, we selected 51 candi-
date genes (Table 1) based on our previous results using the
Affymetrix GeneChip Mu74AV2 and original DNA microarray to

Table 1
Fifty-one genes examined in the present study.

determined the effects of DEN, dimethylnitrosamine, dipropyl-
nitrosamine, ENU, o-aminoazotoluene, 7,12-dimethylbenz[a]
anthracene, dibenzola,!)pyrene, phenobarbital and ethanol expo-
sure in mouse liver for 4 and 20h and 14 and 28 days in our
JEMS/MMS/Toxicogenomics group collaborative study; results
were reported in part | 10). We examined gene expression changes
at an early time after administration, as we were interested in
whether toxicogenomics was useful for carcinogen screening, In
the previous study, using a single dose for each chemical, gene
expression changes in number and degree were observed to peak
at 4h after administration. it is known that genotoxic N-nitroso
carcinogens induce DNA damage and repair in a matter of a few
hours after their administration; DNA adducts [G), DNA strand-
breaks [11], unscheduled DNA synthesis |12] and other lesions
have been reported. It is also known that mutations are observed
in transgenic mouse liver 28 days after genotoxic N-nitroso car-
cinogen administration |5,6). However, related gene expression
changes at these time points have not yet been fully elucidated.

No. Symbol Gene name Accession number
1 Bax Bcl2-associated X protein NM.007527
2 Bcl2 B-cell leukemiaflymphoma 2 NM.009741
3 Btg2 B-cell translocation gene 2, anti-proliferative NM.007570
4 Casp1 IL-1B converting enzyme; interleukin 1 beta-converting enzyme NM.009807
5 Cenf Cyclin F . NM.007634
6 Cengl Cyclin G1 NM.009831
7 Ceng2 Cyclin G2 NM.007635
8 Cdknla (p21) Cyclin-dependent kinase inhibitor 1A (P21) NM.007669
9 Cyplat Cytochrome P450, family 1, subfamily a, polypeptide 1 NM.009992

10 Cypla2 Cytochrome P450, family 1, subfamily a, polypeptide 2 NM.009993

1 Cyp4a10 Cytochrome P450, family 4, subfamily a, polypeptide 10 NM.010011

12 Cyp21a1 Cytochrome P450, family 21, subfamily a, polypeptide 1 NM.009995

13 Dpyd Dihydropyrimidine dehydrogenase NM.170778

14 Egfr Epidermal growth factor receptor NM_207655

15 Ephx1 Epoxide hydrolase 1, microsomal NM_010145

16 Fabp5 Fatty acid binding protein 5, epidermal NM.010634

17 Fos FBJ osteosarcoma oncogene NM_010234

18 Gadd45b Growth arrest and DNA-damage-inducible 45 beta NM.008655

19 Gadd45g Growth arrest and DNA-damage-inducible 45 gamma NM.011817

20 Gapdh Glyceraldehyde-3-phosphate dehydrogenase NM.008084

21 Gdf1s Growth differentiation factor 15 NM.011819

22 Glul Glutamate-ammonia ligase (glutamine synthetase) NM.008131

23 Gstk1 Glutathione S-transferase kappa 1 NM.029555

24 Gyk Glycerol kinase NM.212444

25 Histlhic H1 histone family, member 2 NM.015786

26 Hspa1b (Hsp70) Heat shock protein 1B NM.010478

27 Hspb1 Heat shock protein 1 NM._013560

28 Hspb2 (Hsp27) Heat shock protein 2 NM_024441

29 Hmox!1 Heme oxygenase (decycling) 1 NM.010442

30 Hprtl Hypoxanthine guanine phosphoribosyl transferase 1 NM.013556

kil Igfbp1 Insulin-like growth factor binding protein 1 NM._008341

32 Isg2011 Interferon stimulated exonuclease gene 20-like 1 NM.026531

33 Jun Jun oncogene NM.010591

34 Kras v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog NM.021284

35 Lig3 Ligase 111, DNA, ATP-dependent NM.010716

36 Lp1 Low density lipoprotein receptor-related protein 1 NM_008512

37 Mbd1 Methyl-CpG binding domain protein 1 NM.013594

38 Mdm2 Transformed mouse 3T3 cell double minute 2 NM.010786

39 Myc Myelocytomatosis oncogene NM.010849

40 Netl Neuroepithelial cell transforming gene 1 NM.019671

41 Pdgfb Platelet-derived growth factor, B polypeptide NM.011057

42 Pli2 Polo-like kinase 2; serum-inducible kinase NM. 152804

43 Pml Promyelocytic leukemia NM_008884

44 Pmm1 Phosphomannomutase 1 NM.013872

45 Pppi1r3c Protein phosphatase 1, regulatory (inhibitor) subunit 3C NM.016854

46 Rad52 RAD52 homolog (S. cerevisiae) NM.011236

47 Rcani1(Dscri1) Regulator of calcineurin 1 NM.019466

48 Trp53 Transformation related protein 53 NM.011640

49 Tubb2c Tubulin, beta 2¢ NM.146116

50 Ube2el (UbcM3) Ubiquitin-conjugating enzyme E2E 1, UBC4/5 homolog (yeast) NM.009455

51 Ung Uracil-DNA glycosylase NM.011677
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In this paper, we report our studies of gene expression changesin
B6C3F; mouse liver induced by multiple doses of two typical alky-
lating agents, DEN and ENU. We investigated the dose-dependency
of gene expression changes at two different time points: 4 h, char-
acterized by the production of many DNA lesions, and 28 days,
characterized by fixing of mutations [6]. If we could show dose-
dependency in gene expression changes at 4h, we could clarify
key genes related to DNA lesions and subsequent various phe-
nomena in liver cells induced by DEN and ENU. If we could
show the dose-dependency in gene expression changes at 28 days,
we could clarify key genes related to effects of mutations and
subsequent changes that may be causal for carcinogenesis. Our
purpose is to determine biological cell responses induced by DEN
and ENU by examining the dose-dependency at these two time
points.

In addition, we examined gene networks using IPA to elucidate
interactions between genes with altered expression.

2. Materials and methods
2.1. Animal treatment

Male B6C3F, mice were obtained at 8 weeks of age from Charles River Japan,
Inc. (Yokohama, Japan). They were kept in plastic cages on wood chips as bed-
ding and given food (Oriental MF, Oriental Yeast Co., Tokyo) and water ad libitum
in an air-conditioned room [ 12 h light (7a.m. to 7p.m.), 12 hdark; 23 £2 C; 55+ 5%
humidity]. All animal experiments were conducted in accordance with the NIH
Guide for Care and Use of Laboratory Animals and approved by the Animal Care
and Use Committee at the Mitsubishi Chemical Safety Institute Ltd.

Mice at 9 weeks of age were injected intraperitoneally (i.p.) with DEN (3, 9, 27
and 80 mg/kg bw; Wako Pure Chem. Ind. Ltd., Osaka, Japan; CAS 55-18-5) dissolved
in sterile water or ENU (6, 17, 50 and 150 mg/kg bw; Wako Pure Chem. Ind. Ltd.,
Osaka, Japan; CAS 759-73-9) dissolved in sterile water. Control animals for the DEN-
and ENU-treated groups received sterile water. At 4h and 28 days after treatment,
animals were sacrificed after which the liver was collected, frozen on dry ice, and
stored at —80 “C until use.

2.2. RNA isolation and relative quantification by real-time PCR

To isolate total RNA, approximately 150 mg from each liver (main lobe) was
placed into TRizol reagent (Invitrogen Corp., Carlsbad, CA, USA) and immediately
homogenized using a Potter homogenizer. The samples were further homogenized
with a 1ml syringe and 18 gauge needle. Finally, total RNA was purified using an
ethanol precipitation method. Complementary DNA (cDNA) was yielded from total
RNA using the SuperScript First strand synthesis system for RT-PCR kit (Invitrogen
Corp.).

qPCR amplifications were performed in triplicate using the SYBR Green 1 assay in
an Opticon 11 (M] Research, Inc., Waltham, MA, USA). The reactions were carried out
in a 96-well plate in 20-.] reactions containing 2x SYBR Green Master Mix (Applied
Biosystems, Lincoln Centre Drive Foster City, CA, USA), 2 pmol each of forward and
reverse primer, and a cDNA template corresponding to 10 ng total RNA. Each primer
sequence and Ct value are shown in Table 2. We selected 51 genes based on our previ-
ous results from the original DNA microarray and Affymetrix GeneChip Mu74AV2 for
samples after treatment of DEN, dimethylnitrosamine, dipropylnitrosamine, ENU,
o-aminoazotoluene, 7,12-dimethylbenz[ajanthracene, dibenzo|a./]pyrene, pheno-
barbital and ethanol in our JEMS/MMS/Toxicogenomics group collaborative study.
Gapdh and Hprt1 were selected as housekeeping genes. SYBR Green PCR conditions
were 95 °C for 10 min, followed by 95 C for 105, 58 °C for 50s and 72 C for 20s,
for 45 cycles. In each assay a standard curve was determined concurrently with
examined samples. In the preliminary experiment the highest group was selected
for each gene and was used as the standard sample in the subsequent assay. In
each standard curve determination, there were six dilution series of standard sam-
ples, diluted up to 1/5, 1/25, 1/125, 1/625 and 1/3125 of the selected standard
liver cDNA for each gene. Finally, relative quantitative values of each sample were
determined with 1/25 diluted cDNA and were normalized with those of the Gapdh
genes. Relative Gapdh expression levels of experimental groups are presented in
Fig. 1.

2.3. Data analysis and clustering algorithm

For the cluster analysis program, we performed a logarithmic (log;) transfor-
mation of the data to stabilize the variance and the gene expression profile of each
DEN- and ENU-treated sample, normalized to the median gene expression level for
the entire sample set. Both hierarchical and k-means clustering were performed
using GENESIS software (http://genome.tugraz.at/) [13] for each data set at 4h and
28 days separately. Gene groups were presented automatically by hierarchical clus-
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Fig. 1. Relative expression of Gapdh. DEN (0-80 mg/kg bw) and ENU (0-150 mg/kg
bw) were given to 9-week-old mice (five per group). Total RNA was extracted from
pooled liver and reverse-transcribed to cDNA. Gapdh expression was determined by
qPCR in triplicate assays. Results are shown as mean +S.D.

tering. Four clusters were set up initially in k-means clustering based on hierarchical
clustering results. Genes which belonged to dose-response groups by both clustering
methods were defined as dose-response genes. Furthermore, genes which showed
less than a 0.5-fold decrease dose-dependently were evaluated as decrease genes by
expression pattern because the decrease genes were few and could not be extracted
using both clustering methods.

The color displays given in Fig. 2 show the log; (expression ratio) as (1) red when
the treatment sample is up-regulated relative to the control sample, (2) blue when
the treatment sample is down-regulated relative to the control sample and (3) white
when the log; (expression ratio) is close to zero.

2.4. Pathway analysis

Numerical experimental data at 4 h and 28 days after DEN or ENU treatment were
separately analyzed by ingenuity pathway analysis (IPA) Software-Complete Path-
ways Database. These data were generated through the use of IPA, a web-delivered
application (www.Ingenuity.com) that enables the visualization and analysis of
biologically relevant networks to discover, visualize, and explore therapeutically rel-
evant networks. IPA information was extracted by experts from the full text of the
scientific literature, including information about genes, drugs, chemicals, cellular
and disease processes, and signaling and metabolic pathways.

Expression data sets containing gene identifiers (Entrez gene identifiers) and
their corresponding expression values as fold changes were uploaded as a tab-
delimited text file. Each gene identifier was mapped to its corresponding gene
object in the Ingenuity Pathways Knowledge Base. To start building networks, the
application program queries the Ingenuity Pathways Knowledge Base for interac-
tions between focus genes and all other gene objects stored in the knowledge
base and generates a set of networks. The program then computes a score for
each network according to the fit of the network to the set of focus genes. The
score indicates the likelihood of the focus genes in a given network being found
together due to random chance. A score of >2 indicates that there is a <1 in 100
chance that the focus genes were assembled randomly into a network due to random
chance.

3. Results
3.1. Dose-dependent alteration of gene expression induced by DEN

3.1.1. Clustering analysis for gene expression

Unsupervised hierarchical clustering results are shown in Fig. 2.
The changes in gene expression are represented colorimetrically
as described in Section 2. The clustering presented four groups
(DEN-4 h-Grp-1 to DEN-4 h-Grp-4) and an ungrouped gene 4 h after
administration, and three groups (DEN-28d-Grp-1 to DEN-28d-
Grp-3) and eight ungrouped genes 28 days after administration.
As unsupervised hierarchical clustering was performed for 4 h and
28-day samples separately, group member genes were different for
4 h groups and 28-day groups.

At 4h, all 20 DEN-4 h-Grp-1 genes showed a dose-dependent
increase of more than 3-64-fold. Twelve DEN-4 h-Grp-2 genes were
suggested to have a gradual dose-dependent increase of less than
that for the expression in DEN-4 h-Grp-1. Two DEN-4 h-Grp-4 genes
exhibited a dose-dependent decrease of less than 0.3-fold.
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Table 2

Primer sequences of 51 genes examined in the study.

No. Symbol Left Right Ct
1 Bax CCAGGATGCGTCCACCAAGAAG GGAGTCCGTGTCCACGTCAGC 28
2 Bcl2 GATGACTTCTCTCGTCGCTACC CATCCCTGAAGAGTTCCTCCAC 3
3 Btg2 ACGGGAAGAGAACCGACATGC ATGATCGGTCAGTGCGTCCTG 24
4 Caspl GTCTTGGAGACATCCTGTCAGG GCATCTGTAGCCTAAATTCIGG 32
5 Cenf AGCACAAAGCCTTGCCACCATC AAGCCAGGTGCGTGTCCTTGTC 25
6 Cengl TGGCCGAGATTTGACCTTCTGG GTGCTTCAGTTGCCGTGCAGTG 22
7 Ceng2 GCCATCAAGCTAGGACTGTTAG CACTTATCAACTCCATTCCCTG 26
8 Cdknla(p21) TCCCGTGGACAGTGAGCAGTTG CGTCTCCGTGACGAAGTCAAAG 22
9 Cyplal TGGCCGATCGGAGGTCTTTC AAGTGTTCACAGCGGGCGTG 29
10 Cypla2 GATGCTCITCGGCTTGGGAAAG CCATAGTTGGGTGTCAGGTCCAC 20
1 Cyp4a10 AGCCACAAGGGCAGTGTTCAGG CCAAGCGGCCATTGGAAGAAAG 23
12 Cyp21al TGTGCTGCCCTTAAAGAAGAGTG TTGAGCATCCCGITCCCGTTTC 25
13 Dpyd GTGCGGCTAAAGGCTGATGTGG CCCATGGTTCACTGGTTTGCATG 24
14 . Egfr AGAACGCCTTCCACAGCCAC ACTCTCGGAACTTTGGGCGG 22
15 Ephx1 CATTGTCTCCTCCCAGCGCTTC GGGCATGCAGGATCTCAGAAGG 21
16 Fabps ACGGTCTGCACCTTCCAAGACG ACCCGAGTGCAGGTGGCATTG 24
17 Fos GTCGACCTAGGGAGGACCTTAC CATCTCTGGAAGAGGTGAGGAC 3
18 Gadd4sb TGTACGAGGCGGCCAAACTG TGTCGCAGCAGAACGACTGG 28
19 Gadd45g GGAAAGCACAGCCAGGATGCAG ATTCAGGACTTTGGCGGACTCG 26

20 Gapdh GCTCTCAATGACAACITTGTCAAG CITCCITGGAGGCCATGTAGGC 22

21 Gdfi5 AGCTGGAACTGCGCTTACGGG CTCCAGCCCAAGTCTTCAAGAG 28

22 Glul GGAATGGAGCAGGAATATACTC ACCGCAGTAATACGGGCCITG 22

23 Gstk1 CGTACTCCTGGCTGGGGCTTTG CAGGTGGTTGGTTGCCGCTGTC 24

24 Gyk GCCTGAAACAACTGCACTAGGC CACAGCTTTCTTCCATGTGGAG 27

25 Histhic CGAGCTCATCACCAAGGCIGTG CCCTTGCTCACCAGGCTCTTC 26
26 Hspalb (Hsp70) GACAAGTCGGAGAACGTGCAG CGAGTAGGTGGTGAAGGTCTG 25
27 Hspb1 CGGTGCTTCACCCGGAAATAC GCTGACTGCGTGACTGCTTTGG 25

28 Hspb2 (Hsp27) CTCACAGTGAAGACCAAGGAAG GGATAGGGAAGAGGACACTAGG 26
29 Hmox! AAGACCGCCTTCCTGCTCAAC CGAAGTGACGCCATCTGTGAGG 28
30 - Hprtt CTTGCTCGAGATGTCATGAAGGAG TAATCCAGCAGGTCAGCAAAGAAC 26
3 igfbpt GATCAGCCCATCCTGTGGAACG TTCTCGTTGGCAGGGCTCCTTC 24
32 Isg2011 TTGAAGGGCAAGGTGGTGGTG GAGCAGGTTTGGGACATAAGTG 24
33 Jun GCCAAGAACTCGGACCTTCIC AGTGGTGATGTGCCCATTGCTG 23
34 Kras GGCAAGAGCGCCTTGACGATAC TGGTCCCTCATTGCACTGTACTCC 28
35 Lig3 TGCGGCTCTACTTGCCACCTTC CATGTGTGGCTGAGCCCATGTC 27
36 Lp1 GGGCCATGAATGTGGAAATTGG GIGGCATACACTGGGTTGGTG 22
37 Mbd1 GGATCCTGACACTCAAGAATGG GTITGGGCTAACACAGGAAGAG 23
38 Mdm2 TTGATCCGAGCCTGGGTCTGIG AAGATCCTGATGCGAGGGCGTC 27
39 Myc B5,6TCAGCAACAACCGCAAGTGCTC AAAGCTGCGCTTCAGCTCGTTC 32
40 Net1 GACCTCCACGAAGAGTGTGAAG CTGTACACTGGAGCCACAATCC 27
41 Pdgfb AAGACGCGCACAGAGGTGTTCC GGCATTGCACATTGCGGITATTG 33
42 Pik2 CTGTTGAGAGCGTCTTCAGTTG CCATAGTTCACAGTTAAGCAGC 28
43 Pmi GGCAAGAAGCGTCCTTACCTTC GGACAGCAACAGCAGTTCAGTC 28
44 Pmmi TGTCCCGAGGAGGCATGATAAG CAAAGTCATTCCCGCCAGGAC 30
45 Ppplr3c TGGAAACCTGACGGAGTGCAG GCAAGCCTTGGACTGCCAAAG 24
46 Rad52 TGACGCCACTCACCAGAGGAAG GCTGGAAGTACCGCATGCITGG 30
47 Recanl GGTCCACGTGTGTGAGAGTG TGGATGGGTGTGTACTCCGG 24
48 Trp53 TTGGACCCTGGCACCTACAATG GCAGACAGGCTTTGCAGAATGG 26
49 Tubb2c TTGGCAACAGCACCGCTATTC TCGGACACCAGGTCGTTCATG 23
50 Ube2el (UbcM3) AACTGGAGCCCAGCCCTAACC . TGGCCATTCTGTCGTGITCTGC 24
51 Ung AACCTGAGTGGCCTCGTCITCC TCTGCATCCCAGGAACCCTCTG 29

Ct values are those of the highest group in the present experimental condition,

At 28 days, three DEN-28d-Grp-1 genes showed a dose-
dependent increase of more than four-fold. Seventeen DEN-28d-
Grp-2 genes were suggested to have a gradual dose-dependent
increase, though less than that for the expression in DEN-28 d-Grp-
1. Ungrouped igfbp1 showed a dose-dependent decrease of less than
0.3-fold.

Unsupervised k-means clustering results are shown in Fig. 3A.
Genes were classified into four clusters based on the hierarchical
clustering results. Gene expression was classified into four clusters
(DEN-4 h-Cluster-1 to DEN-4 h-Cluster-4) 4 h after administration,
and four clusters (DEN-28d-Cluster-1 to DEN-28 d-Cluster-4) 28
days after administration. As unsupervised k-means clustering was
performedfor4 hand 28-day dataseparately, cluster member genes
were different for 4 h and 28 days.

At 4h, all 12 DEN-4h-Cluster-1 genes exhibited a dose-
dependent increase of more than eight-fold. Fourteen DEN-4 h-
Cluster-2 genes showed a gradual dose-dependent increase as

compared to DEN-4 h-Cluster-1 genes. Although Myc and Igfbp1 in
DEN-4 h-Cluster-3 had some atypical dose-response, they showed
an increase of up to or greater than two-fold, as a whole. Two
genesin DEN-4 h-Cluster-4 exhibited a dose-dependent decrease of
less than 0.3-fold [Cyp1a2 and Glul). For 28-day data, 4 DEN-28 d-
Cluster-1 genes showed a dose-dependent increase of more than
two-fold. igfbp! in DEN-28 d-Cluster-3 showed a dose-dependent
decrease of less than 0.3-fold.

Two types of clustering results for the DEN data are summarized
as follows. A total of 28 genes showed a dose-dependent increase or
decrease at 4 h or 28 days after administration. Twenty-six genes in
DEN-4 h-Grp-1 or DEN-4 h-Grp-2 and DEN-4 h-Cluster-1, DEN-4 h-
Cluster-2 or DEN-4 h-Cluster-3 showed a dose-dependent increase
ranging from 2-fold to more than 64-fold [Bax, Btg2, Ccngl, Ceng2,
Cdknla, Cyp4a10, Cyp21al, Fos, Gadd45b, Gdf15, Hspbl, Hmox1,
Hsp27, Igfbp1, Isg2011, jun, Mbd1, Mdm2, Myc, Netl, Pik2, Pmm1,
Ppp1r3c, Rad52, Rcani and Tubb2c). Two genes in DEN-4 h-Grp-4
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Fig. 2. Cluster analysis of gene expression after DEN and ENU treatment. The expression of 50 genes was clustered by hierarchical clustering after DEN or ENU treatment.
Results of 4 h and 28 days were analyzed separately. The color displays show the log, (expression ratio) as (1) red when the treatment sample is up-regulated relative to the
control sample, (2) blue when the treatment sample is down-regulated relative to the control sample and (3) white when the log; (expression ratio) is close to zero.

and DEN-4 h-Cluster-4 showed a dose-dependent decrease of less at 4h, also showed a dose-dependent increase by more than 2-4-
than 0.3-fold [Cyp1a2 and Glul]. fold [Btg2, Cdknla, Cyp21al and Gdf15]. Igfbp1 in the ungrouped

At 28 days, four genes in DEN-28d-Grp-1 or DEN-28 d-Grp-2 group and DEN-28 d-Cluster-3 showed a dose-dependent decrease
and DEN-28 d-Cluster-1, which showed a dose-dependent increase of less than 0.3-fold.
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3.1.2. Identification of biologically relevant networks for DEN
treatment

DEN numerical data of all 51 examined genes were analyzed by
IPA, and 5 gene networks were extracted (Table 3). Five networks
are also shown as bar graphs in Fig. 4.

For the 4h time point, 35 genes were extracted in DEN-4 h-
Network-1 (cancer, cell cycle and reproductive system disease); of
these, 15 genes were examined in this study, and 11 of these genes
showed a dose-dependent response [Bax, Btg2, Ccngl, Cdknla,
Gadd45b, Gdf15, Hspbl, Hspb2, Mdm2, PIk2 and Pmm1] (Fig. 4A,
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Network-1). Network-1 was a highly active network for DEN-4 h.
Trp53 and Cdkn1la appeared to be core genes in DEN-4 h-Network-
1. Trp53 has 15 associations [Bax, Btg2, Casp1, Ccng1, Cdkn1a, Gadd45
complex, Gdf15, Hist1h1c, Hspb1, Mdm2, Plk2, Pml, Pmm1, Pdgf com-
plex and Caspase complex], and Cdkn1la has 9 associations [Trp53,
Plk2, Pdgf complex, Gdf15, Gadd45b, Gadd45g, Mdm2, Caspase com-
plex and Pml].

DEN-4 h-Network-2 (cell cycle, DNA replication, recombination,
repair and cell death) consisted of 35 genes, 15 of which were exam-
ined in this study; 11 of these genes showed a dose-dependent
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Fig. 3. Cluster analysis and dose-dependent expression pattern. The expression of 50 genes was clustered by k-means clustering after (A) DEN or (B) ENU treatment. Results

of 4 h and 28 days were analyzed separately.
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Fig. 3. (Continued ).

response [Ccng2, Cypla2, Cyp4al0, Cyp2lal, Gdf15, Glul, Igfbpl,
Ppp1r3c Rad52, Rcan1 and Tubb2c] (Fig. 4A, Network-2). Network-2
was also a highly active network for DEN-4 h. [I11b and Sp1 seemed
to be core genes in DEN-4 h-Network-2. Il1b has five associations
[Gdf15, Fabp5, Rcan1, Igfbp1 and Hprt1], and Sp1 has three associa-
tions [Gdf15, Igfbp1 and Cyp21al].

DEN-4 h-Network-3 (liver necrosis/cell death and hepatic sys-
tem disease) consisted of 36 genes, 10 of which were examined in
this study; 5 of these genes showed a dose-dependent response
[Fos, Hmox1, Jun, Myc and Net1) (Fig. 4A, Network-3).

DEN-4 h-Network-4 (cell cycle, DNA replication, recombination,
repair and cell death) consisted of 35 genes, 9 of which were exam-
ined in this study; 2 of these genes [Isg20l1 and Mbd1] showed a
dose-dependent response (Fig. 4A, Network-4).

DEN-4 h-Network-5 (cancer, drug metabolism and genetic dis-
order) consisted of two genes, neither of which showed a
dose-dependent response in this study (Fig. 4A, Network-5).

For 28-day data, DEN-28 d-Network-1 consisted of the same
genes and the same top functions as for DEN-4h-Network-1
(Table 3(B)); however, a generally lower dose-dependent response



