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Histone Modification Enzymes Induced during Chemical Hepatocarcinogenesis
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Aberrant methylation patterns of genomic DNA are well-studied epigenetic mutations in cancer. Hypermethylation
of CpG islands in tumor-suppressor genes promotes oncogenesis and hypomethylation of global genomic DNA affects
genomic stability. Cancer is recognized as a genetic and epigenetic disease. However, it is not clear how epigenetic

regulatory factors, including histone modification enzymes, chromatin components and other factors are involved in
carcinogenesis. To gain insights into the molecular mechanisms mediated by these factors at the early stage of hepatocar-
cinogenesis and hepatotoxicity induced by chemicals, we investigated gene expression profiles by DNA microarray and
Western blot analyses. We prepared RNA and nuclear extracts from livers with hyperplastic nodules expressing
Glutathione S-transferase placental form (GST-P) and compared findings with those of normal liver. GST-P is a phase
IT detoxification enzyme and a well-known tumor marker. We identified several epigenetic regulatory factors that
showed dysregulated expression during chemically induced hepatocarcinogenesis. Here I review the characterization and
functions of these factors and discuss the mechanisms of tumor marker gene expression during chemical hepatocarcino-

genesis.
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KBFIE, AARBEERE 126 2T 2RI IALSIE T
FELZDBDOZEHRLIZEBRLEZBDTH 5.

@D DNA MREEZWEX T LAY —LAEHARLL &
LTWa, ZorOxF i DNA NS
DHEEREIZ T TR, BETRBEFAS/REOEELET
HERERIENC H REBEEL TS ZENHSMNTE
NTW3, Thwzx, ZoOrOXFUICBITZERE
PREREIVBAZEDERICES T2 ENEHITHE
%>O<. DED, DNAEHOERLNDERIC K
HMICHEREIZDONWTHEE T ILEND 5.
IT4E, DNA OELFIZEA % DT I T H iR
KiREINSELRTHEECEL, T/khbb TIE
PIFRT AU A RN AEICEATNWS, IE
T I RT 4 7 AIZIE DNA AF)UERE X b > D1t
BN ST 5H, MAT, ATP KTFERIICHEAE
570 F 2 UETY TRF, 7OF B
W5 T5A b vy RO, I5IEEETEH
INTWD microRNA 72 EiIC X 2HlH B E TN S
(Fig. 1). F£7/2, THNSIIHMTHEEL TWaET
T <, NS HIEIKT O EMER BB R THERE
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Fig. 1. Representative Epigenetics Regulatory Factors
Many epigenetics regulatory factors contribute regulation of gene func-
tion.

HHICEETHD ZENHGNIIINDDH
5.7 —RICE X h 27 F IR EGIE L E
BE, ZOMKISTH 27 £ F LI ARERLIC
DIEMMB, THUTH LT, EX b2 AFIEIEED
AFIUELENDZT X BFREDALE IR D BEREN R
5. FIZIE, EANCH3IDOIFBHDY DA
DAFIUILBE T HRIAOESLICBE ST 50, &
ZARHAD20FBHDY D 2FRIED AFIVLIEAR
EHELICBERLTWS, Z0X51Z, X b &
INE — VBT RBE ORI E DERE S A THE
REL TWA ZEMHLEMIIN, BEXA > a— R
ODEEMEHFLDDH B, 49

MAUEIE Y 3T 1 7 ZDRE%RIZ, DNA A F
INEEREIZDWTORNED 51, NANEHER
FOTOE—F —HBO & A F IV K 2 FEHIH]
7 ) LADILFH DA FILIZ L BT ) L DA%
EDRHSNTND. O FIRDOEDIC, TEY X
T 1 7 AIZIE DNA A F)UELSMIC e R b &7
ENEET 5. Pz, DNA X F ) LEEHHE
72T Tla<, EX BT 2 FIALEEERER S
PIMAFIE U TERRIGHIZAN D TWA, 7Y 22K
EORITICED, DAEIE D 23271 7 A8 &
OBEBROAANEREINDDH 5), DNA AF)L
CUADITE Y 23T 1 7 X BH EN AL & DB
WA ENELERINTNS., KRFTITBNT
&, INE T CELRFEPAYIBRITB VTR
BRETZ2IE Y 2327« 7 AHIEICEE 59 2K+
DRZE EHEBREMATIC DO W T T 5.

2. (EFERVABRCESOCTRRELTZ2EAFD
HHFERY AT

HENABREOBRIICBNWTREEAST 70X F
CEERET, TEY kT« 7 AHlEREF = FET
HHET, bnod T v IR NAEHE
IWE REIZBWTRYMI 707 LA Z2HWE
RNA L X)VOFBELIZDWTHATS.9 £z,
REIZBNWTEE A D> 72 FIVLEESE (histone
acetyltransferase, HAT) O 4% > /N7 B L X)L D F
BEBIZTDOWTHRRT 5. 10

2-1. Solt-Farber Z(C k2 EE~—H—BH
Tr—HAOFE EOHMHEHRFETHLI v b
M I INYFA N T AT 2T —F
(glutathione transferase placental form, GST-P) |3,
EHEFE THRENZERICMA SN TNS, ZTDORH
HMEERPABBIZB WY THESFEMNICHEEINS
ZENS, BNZEBEY—HA—D1DEINTH
5 WD 2T, BPAMZSIT—F—THHT T
FI)=—bkov 7 3> (diethylnitrosamine, DEN) #%
HBIZX VAU % GST-P [ —MIRI, i3 AW
ZOmBMdEEZNTWS. DI hbb,
GST-P 5t 7 + —H A1 IZB I D@ THRE(LD
fiEe ATV 5L D M 20 A (AR O iR B AL 22 E D
mVE BRI D723 5.

ZZTOHNONIEHBEICHINARE Z R I S
5 Solt-Farber i£12 & D GST-P G 7 +—Y 1 23
B W ZOHETIE S Bt 2 Z v M 200
mg/ml O DEN ZEENFG- L, 2 BRI 0.02%
2-7vFINT I 7I)IVA L > (2-acetylaminofluo-
rene, 2-AAF) ZMAZfHICA Z, DEN #5%D 3
T O FUIBRICE D, # 8 HEITITRTAK
BINFHFHIND. FEPEKIT 70—80% D FEIHIZ GST-P
e 7 + — 1 NFEINTNVWS Z & &Hi GST-P
Pk W B RAIC I DR L T o,

22, BEY—N-—BE7+—Y4 EEBFRC
T2 EBLFRADOBENEN DNA X1 7 1O
T LA RITEAN O FERITHY, IEEIRE & AR
DEETFRBLBOTFT—FNEEINTNVS., T5
2, B, LY —Fr I Fr -0y 1t
2 3 > (laser capture microdissection, LCM) 7% f
WT, WABMLOMALD A5 RNA 2L, 2
AEBAL EIEMATRAL E DI BITHON TS, L%
FENABRICBT S GST-P BT +—H 1 &20
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JE DA D AR T HBIDZED cDNA XA 707 L
1ZAVWTHRFEEINTHD, BEHICHEET R
REREORB EANPHSMZINTWS. D bhb
NI GST-P BIE T + — 91 SIEHWIITB T DEIR
FRIFOEZFH MM T 572017, Affymetrix £
DAVIXVLAFRIYA 2707 L1 (GeneChip
Rat Expression Array 230A) & W /=@t 2175 7=.

Solt-Farber {KIC K DRIV ARE ZFESE/ 3
LD Z -y bD GST-P [T + —H 1 5L, KUK
& LT, DEN OO D ICEM BIEK % B ENTE
HL, B@EOAZHEX, MoHURET> Thiz
WZ o b3S ORFIEY 7 5 total RNA % G
#17~. kiZ, MEGAscript T7 kit (Ambion) &K
Enzo BioArray High Yield RNA Transcript Labeling
Kit (Enzo Diagnostics) 2T, EFF HEi#Hy —
7 K RNA Z{ERk U7z, 3 L3 DR DIER S —
Ty bEELZOYLVAIRBEE, 1787 LA
fEtzfroz. a>ho—=)b7 v k3N 5ELN
T FIENS XA F v vy —T 0y MENTETT
W, HHEIRE O FEEEIE R2=0.93+0.035 L7020,
R DT S D EIEN 2 EAUR SNz, FERIC,
GST-P 5tk 7 + —H 1 12 B 2 7% H OB R D
- E1E R2=0.95+£0.0068 TH > 7z. —F, GST-
P GtE T + —8 1 CIEWAF 2 i 9 2 SAHBE R I D
V- EIE R2=0.74£0.026 £72 0, Bz THEICE
{bnd 2 LRSI NI

KRIHE % DH#E 15923 #in T OFHAITEH
L, EFWHICHBT 2 FEBITHT S GST-P 1t~
F+—HAIBTBRIDOE G % log ratio & L TH
U7z, ZOfER, 375 BETH 2 5L EFHEH L5
(log ratio>1 : p<0.05) L, 199&#= T3 1/2 L0 F
WCHEEE A (log ratio<< —1 : p<0.05) L TW/-,
BAE I ER U CWEEETOHITIE GST-P 21510,
aldehyde dehydrogenase, aflatoxin Bl aldehyde
reductase, NAD (P)H dehydrogenase, glutathione
peroxidase 272 E, ZNETIKRHEFTH &N
WMEIN TV LMRERHAICHAGET 2EETNEEN
Tz, 1L —HOBRFIZDNWTIE, FER RT-
PCR 17y, 7 LA OFBBORRNMEL W
LR,

23. BECEASYI2EGCTFRAOENL #H#
SN TWSEETIT Gene Ontology 12D &,
RIZATAV)—IZHEENS.9 57T —D1D

Td 5 Tltranscription, $55| IZ/HEINSELET
FET DTN AL EE 1T K % MR FE B RS
EEZDITYED, FRABEBREGAS. = I T
BIZHHEIND@BIET THREMN 2520 L (log ratio
>1:p<0.05) #HL<LIZ1/28F (log ratio<<—1 :
p<0.05) 1221l TWBiEE T % Tables 1 KU 2
ICEEDE INSDEETOE I EEREN A
HERICBIT LR EANRESNTRVWELETTH
> 7/=. il 21X, Pawr j&{sF (prostate apoptosis
response gene-4 (Par-4) & HIEIND) OFIE LR
M SMNEIRS 2. PAWR IS AMGIERTED
Td % DNA # & 8K G K Wilms’ tumor 1 (WT1)
WHEMERL, WT1 oL 7L yd—& U THERE
9 5.7 WTLIZAAHGNELE T & U TOEENH
HINTWDA, 1 HIIE R &2 A B W TEAR
AMEBREZ R T Z ENAHNTWS, 19 £z, WT1
P R b — 2 X{EMEE RS Bel-2 O 7B Z il 3
20, FOIEWAL/AEETHLOfERE, WT1 O
TAV T+ —ACKODEBDZZENHSN TN
%, 2020 i 21X, KRS AMBEKEIZHENT, Pawr
EFEHIT WTL 2 LT, Bel2 FB G %8 <
ZENHEINTNS. 2 bnbnDT L1 OfFtT
IZH W T Bel-2 7 BIL B (log ratio, 0.776 :
p=0.0330) L TW/kZ&ns, Bel-2 OIEBHIHEIZ
FFRTDY AR ZE EXE B AVRIIIARIC B W TR R 7s 5 &
TIN5, PAWR O FHEM 72 T I 7103 A ZE
2B 2D WT1 D7 b/ DY A BRI BERE T IC D7
MdEEZBNS.,

—7, AVATO—)LSENBREGRICEET 5k
‘H.IK-¥ Sterol-regulatory-element binding factor 1
(Srebf1) /Sterol-regulatory-element binding protein 1
(Srebpl) @ F B W A (logratio, —1.57 : p=
0.00424) 2SN ETR> 7. 2L C, SREBP1 D%
HE(E T Cdd 5 fatty acid synthase (logratio, —3.04 :
p=0.00266) , apolipoprotein A-II (log ratio, —2.74 :
p=0.00183), thyroid hormone-responsive protein
(Thrsp) (log ratio, —2.46 : p=0.000254) DFIHIZ
GST-P G 7+ —H A THAL Tk, 561
THRSP FEHMGENT K 0 FEH BT @R T 00
HINTHBO, D ZNSORBEPWODNUTFTOLIIZ
RS 17z, Fatty acid synthase (log ratio, —3.04 : p
=0.00266), ATP citrate lyase (log ratio, —1.51 : p
=0.00105), malic enzyme (log ratio, —0.508 : p=
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Table 1. A List of Genes Involved in Transcription Induced in GST-P-positive Foci

Gene symbol Gene title rIa;?i%) P-value acgzgi]cg)inllflo.
Rnf30_predicted Ring finger protein 30 (predicted) 3.54 2.56E-04 NM _001013217
Copeb Core promoter element binding protein 1.92 2.21E-02 NM_031642
Baspl Brain acidic membrane protein 1.69 1.50E-02 NM_022300
Copeb Core promoter element binding protein 1.66 1.70E-03 NM 031642
Htatip2_predicted HIV-1 Tat interactive protein 2 (predicted) 1.61 6.54E-04 XM_214927
L3mbtl2_predicted 1(3) mbt-like 2 (Drosophila) (predicted) 1.59 1.29E-03 NM_001033695
Ppp2ca Protein phosphatase 2a, catalytic subunit, alpha isoform 1.58 3.77E-03 NM_017039
Ppp2ca Protein phosphatase 2a, catalytic subunit, alpha isoform 1.56 2.53E-03  AI009467
Maged1 Melanoma antigen, family D, 1 1.41 9.41E-03 NM_053409
Als2cr3 Amyotrophic lateral sclerosis 2 (juvenile) chromosome region, 1.41 4.83E-02 NM 133560

candidate 3 homolog (human)

Hmgb2 High mobility group box 2 1.35 4.16E-02 XM_573272
Npml Nucleophosmin 1 1.34 4.18E-02 NM_012992
Pdlim1 PDZ and LIM domain 1 1.27 1.22E-02 NM 017365
Mdm?2_predicted Transformed mouse 3T3 cell double minute 2 (predicted) 1.24 2.64E-02 XM _235169
Sox4_predicted SRY-box containing gene 4 (predicted) 1.19 2.36E-02 XM 344594
Npml Nucleophosmin 1 1.18 3.92E-03 NM_012992
Carml_predicted Coactivator-associated arginine methyltransferase 1 (predicted) 1.14 2.07E-02 NM_001030041
Tgif predicted TG interacting factor predicted 1.14 3.74E-03 NM_001015020
Ivnslabp predicted Influenza virus NS1A binding protein (predicted) 1.09 1.09E-02 XM 213898
Pawr PRKC, apoptosis, WT1, regulator 1.07 4.28E-03 NM_033485
RGD1304726_predicted  Similar to RIKEN ¢cDNA 6330509G02 (predicted) 1.06 2.49E-02 NM_001024993
Ets2 V-ets erythroblastosis virus E26 oncogene homolog 2 (avian) 1.03 1.24E-02 XM _239510
Rbbp7 Retinoblastoma binding protein 7 1.02 4.15E-03 NM 031816

Log ratio indicates a logarithm of the fold-change vs the expression level of the control rats. Statistics of differential expression between genes was estimated us-
ing the linear modeling features of the limma library of the R. Limma computes p-values of moderated ¢-statistics by emprical Bayes shrinkage of the standard er-
ror toward a common value.

Table 2. A List of Genes Involved in Transcription Repressed in GST-P-positive Foci
Gene symbol Gene title rI;?i%) P-value acgzgi](a)inllfl o.
Thrsp Thyroid hormone responsive protein —2.46 2.54E-04 NM_012703
Thrsp Thyroid hormone responsive protein —1.82 2.14E-02 NM_012703
Thrsp Thyroid hormone responsive protein —1.68 6.14E-03 NM_012703
Srebfl Sterol regulatory element binding factor 1 —1.57 4.24E-03 XM 213329
AtfS Activating transcription factor 5 —1.39 8.82E-03 NM_172336
Sec1412 SEC14-like 2 (S. cerevisiae) protocadherin 1 (cadherin-like 1) —1.36 5.06E-03 NM_053801
(predicted) —1.27 8.40E-03 XM_225997
Gls2 Liver mitochondrial glutaminase —1.22 1.40E-02 NM_138904
Per2 Period homolog 2 —1.14 7.45E-03 NM_031678
I1db4 Inhibitor of DNA binding 4 —1.12 9.70E-03 NM_175582
Clpl1 Cardiac lineage protein 1 —1.11 3.12E-02 NM_001025136
Tgfbli4 Transforming growth factor beta 1 induced transcript 4 —1.10 5.86E-03 125785
Rxra Retinoid X receptor alpha —1.02 1.24E-03 NM_012805
Hes6_predicted Hairy and enhancer of split 6 (Drosophila) (predicted) —1.01 5.41E-03 NM_001013179

Log ratio and p-value are described in Table 1.
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0.00221), pyruvate kinase (log ratio, —2.05: p=
0.000531). ZDO&XDIT, MEIXHHINDIKET &
%@1“55’]1_‘@?@%%@&5”{*73\7 LAMBEERETS
ZEMHRETH D Z EMRI N,

24. 70OVF BHEREERFEZI -T2
BIETFORBEZL(L DNA Bl 2583 L CIER 9
HEREHRESE 7 O F 205 OFE T HR IR
HFERATFEZLEET S, TOERGHERFITE X
r 27 2F IR A TFIUEIE ED 7 O~ F AEHE
FERZEDER DI LNV W £, EFDS
DN BEREREITICE D, IS OEERERT O
Z<I3EEERO 1 DOV T 1=y F&E U THREL T
WD ZENMHSMZINTNS. D SEOTA 70
7 LA OEMHER XD, coactivator-associated argi-
nine methyltransferase (Carml) &7\ retinoblasto-
ma suppressor-associated protein 46 (RbAp46) &I
X315 Rbbp7 OFEH FEMNHS MM E/ > 7= (Table
D.

Carml IIEN RV & > ZHERDOIRG LB R T &
MEFEHT2EUTHEL, EXMH3ID1TH
HOYWNFZDEEE AT ILT HBEEREEZ GO
BRDZEMNRINTNDS, 262D 7 )L F = AT
T/ AFIULE D AFIALDIRENFEL, PAF
IMEIZS HIC2DDREE, A MY v I RUT >
A NY YT OEMNEFEET S, Carml 137 I)LF
ZIUBREERE I ATIUERDTT AR w7 DA
FIALIEM 2D, Carml N ZHAK EHAEE
9 27 Tld7e <, NF-E2-related factor 2 (Nrf2),
pPS3 /R EDE IR F & U THEEL, 2 I 51T
EA N7 EFIEREZE CBP S HHFAMICH Z &
H|EIN TS ONR2 IFFERA O > Dy
)N— (basic leucine zipper, bZIP) DB A
TThO, /NMaf FEGRTEANT O 2 BARZE
BL T DNA IZH G L, REEIR T OEREG 2 Gt L
T 5. Nrf2 OERER TS R R IR
TOBETHNGEND. B MHMEHEICETS
GST-P & Nrf2 iICX O EHAFIHEND Z LA 5
MIZENTHO (&), BifE, Carml H3HifEA A
{E X GST-P HHIC 5 A 52 E &I TH 5.

RbAp46 1328 A Ml il & 15 T # W T & % retino-
blastoma protein (Rb) ¥ > /N7 E EHEEMAT S
ELUTHEESISNEZRTFTHD 20,30 D% OMHTIT
K0, EAN BT EFILEESE, sOovFUE

FU TR FEGRRE 7O F D BEEK T EAR
oY 71y FELUTHRET 2 2 EmEIN T
%3239 F 7=, RbAp46 O FIFE BT A A bR
fa DERER M 12 B % a0 = —BkEE 2 HET
5Z&, X=RIYTARXBWTHIBERZRET 2
ZENRESIN TS, ¥ X512, RbAp46 D T
FBITR— X 2FETHILITKD, BEE
FHFICRE G T2 ENMHEINTNS. W ZOK
SIMEEEZGDOE D&, GST-P Bk 7 +—4
TIZBNWTBEFEI L TWb RbAp46 1, HEAA
BHfHIR T & U THEBEL T B HIREMEDY B 2 5 5.
2-5. 70XFBHEFO GST-PFHET7 + —
Y AICEITDHRE High mobility group box
(HMGB) % >N\ BRBENICEEICHEET S E
ARHNIETHD., A 707 LA MK
v, HMGB ¥ > )NZ7E® 1 D, Hmgb2 @ GST-P
Bl 7 + —H A 1B 2HB LR SN LR Tz
HMGB % > )N 7 813 DNA # S IR 2 DD
HMG-box % & &, iﬁ%ﬁﬂﬂ ZIERFHLYIZ DNA |
AL, Healshamikae %5?6&&/A7§@
GO OXF OANOEEITHEET 5.3 Hmgb2
HEICIZEEHRZR T E L TOMEEIZ RV, Z 0
RF NS DEEMHERINIZBITIBEA ST EF
IALEER DIEA OERICET 592 Z LN NITE
NTW5, 3 Hmgb2 O EIF NI H B RE BT
DHEE, INENAICBNWTHREINTHD, 78 )
MEEA OB LR TH S et E 2 5 5.
FRROXDIZ, DNAXAZ7O7 LA fETIcLD
GST-P B 7 5+ — A1 ITBVWTHRBELELLL TV
B 5T 2 BETFNHZITHSNCE . 2
N5 OHT, W ONDBETFIEINAILTEREE L <
WEWAMENZE G T A5RTFTHD I ENHLMNITS
NTW%, £z, GST-P HEHICB 5T 5 alHEM 2
DBIETHEELZ. 7O F UEM, TP
T 7 Al ZE A U 7= MR A A bR g BA K O
FUE O HMEFRBEBMH O 01T INS DR T
DHEREMRMT 2 HETTH TH 2.

3. (EEENABEICEVTREZLTZEX L
> T FIALBERDET
—RICEBTFIERITEEINTVWSHEEDO E X
cOT7EFIMEOEIGITEL, HFiIATOrZOR
F U EDERTVAMEEMREIIBTISEA N>
B3Ry tEFIbEnTnsd, EX 207 EFIVE
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/7 2 F I DREIZE A > 72 FIVLEEHE
(histone acetyltransferase, HAT) KO\ 7Y & F )L
{t#2 3% (histone deacetylase, HDAC) |2 & % A] ¥
IS EDHHINTND, 7 LA OENS B
S5INTENTX DT, HRIDAREIZB N TIEE<
DBETFIZHERABMNRLETHBO, EaFrREHE
DEENELCTVBEEZOENS. £ T, Solt-
Farber {512 & U #i23 AJRZS V35 36 S N2 IR I B
1} % HAT OFEHRICOWTHRETL /=,

3-1. {ERERERNABIRICETIER I T7EFIL
{EBXORIRLTIL Solt-Farber %12 & 0 fF i A3
WIREZEFE L =Ty MO > hO—)VITIAT,
DEN O A 5.8, 2-AAF OB 5.2 58, S99
roBsEmLUIZHEDMBELT, TNENOT Y K
DIzt ERE L. 2L T, YRS T
O METIZ K DLEFRD ABEFEICHB T 5 HAT O
B Z BT L2 (Fig. 2). HATIZ7 3/ EERd
FIOMEAEN S W DD T 7 I Y —=IZaEINh
5 W EBEISMEINTNLIHATD 7 7 2 —
D1 DTdH3 GNAT (GCN5-related N-acetyltrans-
ferase) 7 7 2 U —IZ/&9 % GCNS5, PCAF O ¥ H
WA bR I N o7z, —F, %< O DNA fE
AR FHRES R T O LER T TH % p300, CBP D
R, AMEHEKOAEHGAza> bOo—)LiZth
NTEAPDL TW, ZoWEAE, DEN K5O A
EOMMBBEITBNWTIRBIREI NN ENS,
T ARERFRITEE S 2 ENFZE A 5N,
2-AAF (3 JH-#l s 5 i BH 2=9E P &2 # D 7%, GST-P B
PRS2 D HEFERL EE A S N THIGE L el 5.
2-AAF 13 cyclin-dependent kinase inhibitor p21 %%
BYHZlicky, MlwEM O T2HFEL, Ml
Wi 2 JIH 9 5.3 p21 OFBITF I AMEE G
TTHDpS3ITKDHHENTHED, £Dp53 D
& ML 1213 p300, CBP LB T dH 5. 404 p300,
CBP DOFHHMANZ p53 OIEHEZEIHI D 2 &I
DIEMO, GST-P MM OMBEIEIZ D/an %, Z
5D &3 p300, CBP 23 AMENICE < 2 &%
XRL, 205 ORTF ORI NN AL —EBIZ
BIEL TWAZEEEKRL TS,

GNAT 7 7 S U — ERBRICK <IN TN S
HF# & L TMYST (MOZ, Ybf2/Sas3, Sas2, and
Tip60) 7 FILEEZE T 7 IV —0dHbD. D7
72— BT 2R FITE R TFHRBEDOEEICE S

A
0 2 3 7 weeks
| [ |
saline S
y A 4
control BD
DEN PH S
y v v
HN [ BD | 0.02% AAF
DEN S
4 A 4
DEN BD
saline S
y y
AAF [ BD | 0.02% AAF
saline PH S
y v 1
PH BD
B
control HN DEN AAF PH
p300
CBP
PCAF
GCN5
MOz
GSTP

Fig. 2. Expression Profiles of HATs during Hepatocarcino-
genesis
(A) The Solt-Farber protocol for chemically induced hepatocarcinogen-
esis in rats.!¥ HN: hyperplastic nodules, BD: basal diet, DEN: diethyl-
nitrosoamine, AAF: 2-aminoacetylfluorene, PH: partial hepatectomy, S:
times at which rats were sacrificed. (B) Expression profiles of HATs were in-
vestigated in livers with hyperplastic nodules and control.

T30 TR, BETYAL 2275 DNA
{&15 5> DNA 8T 592 Z & s MicEINT
W%, 2 MYST 7 v 2 U —IZJ&9 % Tip60 1L ainHs
WIRERIZ BT 2 RBBTBR I N> 7208,
AN f= H1CHE— monocytic leukemia zinc finger protein
(MOZ) O3Bl EFMN I EN/ (Fig. 2). MOZ
IZHEBIO KT MOZ related factor (MORF) (3t
SNz

32. EXFTEFIERMOZLORE LR
MOZ 132 M5 M B IR O s FEERAL N S BEE S
ZRFT, TO@&RT &L Tid p300, CBP, tran-
scriptional intermediary factor (TIF2) W53 T\
5. 8N INSRBERERTFTHD, ZOME
& NI BT KD IEE ISR T ORRERE DY, M,
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AMEICEE T 5 EEZEZ 5N T NS, 9 22T, il
MATREIZ BN T HRAKIZENFHEIN TN S )
BN DONTHRET 572012, MOZ O N HKif &
C RunfE iz i 2R 2R L, it ARE
IZBT 5 MOZ DRBFHEZICTDOWTHEF Lz (Fig.
3). TR, EE50FKEHWEEEBFEUS
TEOHRFNFEIN TSI EN RN, 35
12, MYST I Z28# T 5Pk EHWz & EB[HE
HOBENMESNZZ &S, FRIDAREIZBN
TIIERBMOZNHEINTND I ENHLNE
2o,

3-3. MOZ D GST-P RHCH52 D22 2
B B 1 I8 O BR FEERAL N S [FE S 172 MOZ 13%
DELE S >IN B DOEREMITN/IZINTWVWS, % 5
T, MOZ /w77 NI %N @TNG,
MOZ 3 BRI D HERFIC LB TH D, FRIMER
IMEICEE B2 RZL TWD I ENHL N ET
S48 UL, MOZ OIFRIMAIREICBIT S
BRENIAHATH 5. bNOIVIFRIDNARE R EM
BETHRBEICMOZ N2 E+MNT2HM
T, B~ — 75— GST-P ¥HIZXT % MOZ O%)
RzEmF U, 7 v MY A BRIk HALLE (2
—IBMIC MOZ ZBFIRHI TS &, TOHIEK
712 GST-P OF BN EF L /- (Fig. 4. UL,
G3PDH OB RICEIZE U ok, 2D &
1% MOZ 73 i 2% A 28 55 LY GST-P R BLICB &
LTWASAREME 2R L TWd,

3-4. MOZ (C &3 GST-P ORI _+ F %4 D AREA
MOZ 12 & % GST-P %8l LA O T2 B S »
292 HMT, GST-P FHHEGIHEREZ L R—%—
BETFICDRWETIAIREMOZBHT I A
R % H4IIE fifgicE AL, V> 7zo9—tE7 vt
A Z{To. INETOMITICTELD, GST-P O
RS AR 8 s BN R B3R G B B s & LR
2.5kb OFEENBETH S I ENHLSNITINTY
5. 950 £§ . FOMEEZ S —2.5GST-luciferase
ZHAWT, MOZ ® GST-P 7' O & — % — &Ikt
TOEEEMGNLEZ. TOMKE, MOZIZ—2.5
GST-luciferase DG 2#) 3 5 LRI 5 Z E00R
IN/= (Fig. 5). =L T, ZOiEMEIT MOZ O
MEBREFEHTHD ZENHSNER S (FERE
&), Z#FE TOD GST-P j& T D 76 B il 18 58 4% D
fRMTIC LD, Z OFEEICIZ GST-P enhancer, GPE

N-terminus MYST C-terminus

s - - .;. T T
1 2 3 4 5 6 7 8 9

Fig. 3. Induction of the Intact Form of MOZ during
Hepatocarcinogenesis
Nuclear extracts were prepared from control (lanes 1, 4, and 7) and
livers with hyperplastic nodules (lanes 2, 3, 5, 6, 8, and 9), separated by
SDS-PAGE, and immunoblotted using polyclonal antibodies against the
amino- (lanes 1-—3) or carboxy- (lanes 7—9) terminal region of MOZ or the
anti-MYST antibody (lanes 4—6) .

0 el \\OZ
— — GST-P
. G3PDH
1 2 3 4

Fig. 4. MOZ Induces Endogenous GST-P Expression

HAIIE cells were transfected with MOZ expression plasmid, and cell ly-
sates were prepared. Endogenous GST-P and G3PDH were detected by im-
munoblotting.
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Fig. 5. MOZ Activates the GST-P Promoter Activity through
the GPE Enhancer

(A) Diagram of the 5’-flanking region of the rat GST-P gene and the
reporter constructs for observing the effect of MOZ on the promoter activity
of the GST-P gene. (B) The reporter plasmid was cotransfected with (gray
columns) or without (white columns) MOZ expression plasmid into H4I1E
rat hepatoma cells. Relative luciferase activity was calculated from mean
values relative to the activity of —2.5GST-luciferase in the absence of MOZ.

(=2.5kb ;5 —2.15kb) KUY A1 L 28— (-39
bp 705 —140bp) NEET S T ENHLNITETN
TWa. .9 ZZT, TONY—ZRWETITAI
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K (—2.15 GST-luciferase), &L <%, T>/)\>
Y—KROYA L =2 RWETITZIR (—91
GST-luciferase) 2 MOZ TS5 A I R&E L DIT
H4IIE fliflgicE A L7~ (Fig. 5). D%, MOZ
INLDLR—F =TI A2 ROEEE LREE
o= Z &nn, MOZIE GPE #41 L T GST-P
JOoE—F—EEE FRERIETWS EEZ 5N

Z®GPE 37 o0& —% —EM LICEE 7 GPEI
&, LT, GST-P RBEHIHEMEEZ MW~ b
FOATYTZw I Ty NOBHFiMS, ZO GPEI
7% GST-P ORI AR AR R RBUCHE TH 5
ZEMNRINTIND, 05D Z DfEs Dfd #1113 antiox-
idant response like element (ARE), Maf recognition
element (MARE) & U} TPA response element (TRE)
WWEBIL TWa, RIEOHIRICKD, Z ORI
nuclear factor erythroid 2-related factor 2 (Nrf2)/
MafK N7 0O 2 B8SERT S 2 &R N TN
5.0 ZZ°T, MOZZh o DT EHAERNT
DZMEMITONT, [PS] AFA= 2 TEH#LZ
MOZ % 7z pull down IEIC K DEMTL 7=, b
bhiF N XTI, MOZ N5 KT c-JUN O
DNA #& & 838, Td 5 basic region leucine zipper
(bZIP) EHMHERTZZEE2RLTWVD, Y Nrf2.
MafK & 12 bZIP fHlf % & DI G 7 Th 5
73, MOZ X Nrf2 @ bZIP fEI & 13fEE Lisho 7z
(R REmE), [PS] &% MOZ X GST @t &
MafK # >NV EEMHEEHAT A Z ENREI Nz
(Fig. 6 (A)). RICHIFANIZ BT 5 MOZ & MafK
MEMERZ2 GEEREIC X DR L2, MOZ 38
TI A2 REHA Y TIPS N7z MafK 87
FAIRELLZE TR ENTWizn MafkK
KBTS A REDHIT HeLa il B AL, &
Wz EL L 7=, 1 HA Pk Z F W 72 e LR 217
W, LY EBRKENC X D Bk, T MOZ Fifk
ICKBDIITREY 70y Mg ElTo /2. TORER,
HA ¥ 703 nE 7z MafK Z2HBH 372 Z20
H, LM MOZ i E N/ (Fig. 6(B)). Z
Nns oOfERMNS, MOZ 13 MafK 247 L T, Nrf2/
MafK N7 0O 2 B8R EHEEREETH S Z VUK
N7z,

MOZ /8 GST-P O /O & —% —iEE%2 LR &
%52 &, MU'MafK EMHAERETHL I L%
EZ2HbESE, MOZ 7 Nrf2/MafKk N5 0 2 &

A
@“
> A K
& @ &
B :s)-moz
1 3

2

+ -+ - HAtag

1 2 3 4
WB: a-MOZ (N-terminus)

Fig. 6. MOZ Interacts with MafK in vitro and in vivo

(A) [33S]-MOZ protein was incubated with GST (lane 2) or GST-MafK
(lane 3) . MOZ protein retained on the GST-conjugated beads was detected
by autoradiography. The amount of input (lane 1) is equivalent 10% of the
reaction volume in the assay. (B) MOZ expression plasmid was cotransfect-
ed with HA-tagged MafK (lanes 1 and 3) or nontagged MafK (lanes 2 and 4)
into HeLa cells, and nuclear extracts were prepared. Immunoprecipitation
(IP) experiments were performed with anti-HA antibody. Immuno-
precipitates (lanes 3 and 4) and 5% of input (lanes 1 and 2) were detected by
Western blotting using anti-N terminal MOZ antibody.

KOAT 7 FR—%—& U THAET 2 nlfEtENE 2
5%, ZOZLEEMIT 57/7-0IZ, Nrf2/MafK
ATO2EBAEKEZN LT OE—Y —IEEICHT S
MOZ Ozt Lz, midd K 512 GPEL T
TRE #RECHI2NE £ TWS. GPEIIZIZ AP-1 23
MAd 20T, AP-1 EMEZ RN\ FOfifaz LT D
BEICHWZ, ZNEToMmIc& D, Foffuic
1< MafK B L THD, Nrf2 DADEAIZLD,
GPEL 2/ L7 O —4% —1EHE R nE T H
HTZENRINTNS. D 22T, GST-PEMLETD
JOE—4%—IZGPEl 2D0RWELR—=F—T 5
ZIRZ2MOZELLKWENRFEHITITIZXIREE
HIZFOMRICEA L=, ZTO/E, ThEzhaH
MIZLR—F =T ITZAIREEDHITEALZEEX
D6, MHOFHHTIAIREZBEALZEZDHN
mWEEZRL, HEMRN RSN (Fig. 7).
COMBEHFITEAL - MOZ BT 523 REI
KFEL ., LEEOMIEREI D, MOZIZ Nrf2/
MafK N7 02 &8RO I7 7 FX—4%—& L THAE
THIENHSNER SR, ZOXDIZ, HEiNA
REIZBWTHRER LR L MOZ 3G~ —H—0
FBICEET 5 EREING. MOZIIZ@aES >
INTBORELONBAICEGT 2 EEZEZ5N TN
7y, EEFEBNIC KD MR AKITBE B9 S AT REME
HEZ 6N, BE, MOZ BRIFEH D& & T
FIHNC 5BA D EEOHMIEEEZMITT2EED
12, MRS AT T & e it Th 5.
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Fig. 7. MOZ is a Coactivator of Nrf2

Nrf2-mediated transactivation by MOZ was examined in mouse em-
bryonic carcinoma F9 cells. The reporter plasmid (GPE1-luciferase, in the
panel) was cotransfected with MOZ expression plasmid in the absence (—)
or presence (+) of Nrf2 expression plasmid.

4. BHYIC

ARFITBWT, ZNETITHEITL TEZRIDA
WA BWTRELT2IE Y =37« 7 Al
KTzl 7z. & BEARCH4AD 16 FHD
U 2BREOTEFIVE, KO20FEHDY > 25
HO RN AF)IALDDE N DN AKIFRIZHBNT
FE XN 54 2O £ DNA A F )L LA
IZ, EXA RO LB DA T O—/N)LiC
HETWDHZEZERLTNS, 5BBIDOLIR
ZAEMHSMIZEIN TS THAHD, TDEH N
ERDZRTORENBEIIRDEEDIZ, TORT
H ST AABIEED B 2 M DN T DT AT E
BWEIND, INETONANZEL DNA ITERZ
MABY 22T 4 7 ARENRLTH> =, P x
TAVAREEIE D 2327 10 7 A REITMII LT
MR 2N AABIZENT VWS DT, EWIHE
EHZTWAZENTFHINS., BIAK, 7/ L%
DA F TS ) LOARRERESZS L, &
G HEBECRARORBREDY T 3T 1 7 AR
56T, £RMIZ, EAN T EFIVLEEZEE
I— R BBIETOWMEREDY TR T 1 7 ALR
kD, BERBEsy N7 ENEL, #Eolzbe R
N AEHINRE, T X T 0 7 ARENFEHES
NaEEZND. Z0OLDIT, BB +T+1
AR, T 2R T 7 AREOMEN S BT
THBENDS. £/, I 2371 7 Xil#HK

FIIAEWCHEEZ T LdH > THEET S Z ENHS
MIZEINTWD, BIE, FIBAREICBNTHREE
tT 2D %7 1 7 ZHIERTOHENERZ
U7l Akt 2 et Th 5. &ill, B A
W/ HBEERTERETHD v T ILEMD, &
AR>OT7EFIALL NIV EEDZIE 2T TR
<, EARHIDIFZHDY > 2REDT AF)L
bR e X k> H2A, H2B O L EFF 1tz Hhn
IR/BHZENHASNIZEINAE. D ZOLDICES
BESDLEYOBEERBNIE S 22T 1 7 A
bkt L TWhWaalgEZ2 R T 5MENZI TN
5. bbIULENTH O R T OBEREMRIA & B3 D
B ET D EEBIT, (MFPEIZLDZIEY =X
T 1 7 AL AL F W E OB/ AT BIEE A
IHENIT 5 2 L 20 S L TR 2T Tn5.

HiEE KRFHDOONON DRI KA FEKRTE
PR E T R A W BY B2 53 B S O 44 T B T LK 2
KBS EM IR o T A WS 3 B TIT O N iR
ThHO, WEIE—EE, R HEE, SIER
BIRITE<S BB L B ET. £/, HRZRLI
EIT U722 < OEAEREK, HLFEZEE O BRI LN
SEHH L BT ET. AFKO—ERITHARLFETE
R E EFHE (LRD, ) RFE0ZE 2B,
S A AR ET TR ELEE [ D Bh R 4B N OV R AR 57 (8
A, XEREE, HARZZINRE S ORHAIF7E & A
LIZEVITONEZBDOTHY, ZITEH#HEL BT
7.
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