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Abstract

Arsenic and its derivatives are widely distributed in the environment and
are seriously harmful to human health. Although many epidemiological studies
have shown that inorganic arsenicals are human lung carcinogens, there is
currently no accepted mechanism for arsenic-induced carcinogenesis, which
requires further investigations in this area. Since arsenic-induced
carcinogenesis is chronic and very complicated, it is most important to
establish a cell model to emulate this process. So, we executed the
transformation of normal rat lung epithelial cells (LECs) with chronic arsenite
treatment and gained the arsenite-transformed LECs (TLECs). Then, a series
of relevant experiments were carried out to verify the successful

establishment of TLECs for the following studies.

Reactive oxygen species (ROS) pathway was supposed to play an
important role in arsenite-induced cell transformation with the intracellular
redox system being disrupted. NAD(P)H:quinone oxidoreductase 1 (NQO1),
one significant member of the system, is a phase Il flavoenzyme catalyzing
reduction reactions that protect cells against electrophiles and oxidants. For
its detoxification of quinones and the effect on increasing the stability of p53 in
cells, NQO1 was also confirmed to be involved with the cell tumorigenesis.
Here we first report the NQO1 exhibited expression differentiation in
arsenite-transformed LEC (TLEC) whose ROS level was elevated. That is, the
gene became either inactive or hyperactive in the subclones. It indicated that
the change of NQO1 expression was an important event in arsenite-induced
cell transformation and carcinogenesis. So, the study on the mechanism of its
aberrant expression is necessary and meaningful. Our laboratory have found
that the NQO1 gene of rat displays tissue-specific methylation in the non-CpG
island promoter and it seemed to be inversely correlated with the transcript
level in corresponding tissue. In addition, more and more studies have shown
that the epigenetic signatures of such promoter are almost identical to CpG
island promoter. We speculated that the changes of TLEC NQO1 could result
from the aberrant methylation of non-CpG island promoter. Next,

Bisulfite-sequencing was carried out to revealed that non-CpG island
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promoter is hyper- or hypo-methylation in subclones with inactive or
hyperactive transcription of NQO1 respectively. Treated with demethylating
drug 5-aza-2'-deoxycytidine (5-Aza-CdR), NQO1 in the hypermethylated
subclones was restored drastically in transcript level. Further, the NQO1
promoter ( -306 to +229) containing the ARE (Antioxidant response element)
enhancer in 5end was fused into the CpG-less vector pCpGL-Basic with
luciferase gene to generated the reporter as pCpGL-NQO1. Luciferase assay
showed that the pCpGL-NQO1 construct in vitro methylation was completely
silenced in contrast to its mock methylaton control. Together, our results
demonstrate for the first time that hypermethylation of the non-CpG island
promoter could repress NQO1 expression in rat arsenite-transformed lung

epithelial cells.

Key words : Arsenite-transformed cells; NQO1; Methylation; non-CpG island
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(Reactive oxygen species, ROS ), ifiid ROS &2 15 T4 o L5513, 14].
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BlalP | i AFAE AT A G, i i A B SRR RS [17]. B
FRINAIFEE R — PR SR ) DNA KA, B LR VES A3 K AR iRk T30
Yy B Ik b ) 2= 51 ke B R (18] o FRATTVBCTE LK AEAG )R B b s 4 il (LEC) H
JEI Blo]P AR A IR B R 16 JE K HARF SR S A S0 U MRS SO sh P 4
WEAE X PPV Qe B2 & 0 [FAE D R A ek, B8 B Sk bR 3

BT ) ST e 15 ) 75 B AT — R A BIFE bR A 06 . JATTRNTE b B2 2 i AN
IEFE RSB LW EUEM T SR ER T — RAVE IR, 5 W2 -
8] 78 Jii ¥ 1k, (Epithelial-mesenchymal transition, EMT). f:pEIX—it 2, 4ii
A RS R A E SN SAE, IMRIGTE. R RMEe R E R, 2
i 2 FOEE R RHE . BT RS WSS F AR EE TR AR EIR e b
T B A S 20 B A 55 1R 22 5 40 b S 6 T SR R A0 i e A B2 R i S R ). i T
LEC R AL R AL R T e 25 R AE & AL (R AL i3, prbAfE i e
TLEC 20 % vl BB A0 2 2 FiURe 1tk (0 R 20 . (Tumor stem cells) , 73&5
4lifk TLEC £k FRI 5T lE (Subclone) REMSTS EIPEMR AR H A2 52 0 R 41 Ay
MRAE NIRRT R NIRATH BIE IR e 55 9% TLEC BRI E (Refg
K R VR — AN Al [19], FEH A S 5e IR o 58 H R T b,
JRBEH AL Gy G55 TR . RIS RDIEEE TSPk TLEC Wod BN, 20 aldn 4N
Subclone 1. 2. 3. 4. 5. 6, HELT T LRm 5.

1.4 NQO1 B/t

i a4 R B B T/ B 2K Atk & B 1 (. NAD(P)H:quinone
oxidoreductase 1, NQO1) tH##xJy DT-fi Mt i /i 8§ (DT-diaphorase), /&
—HhEL NAD(P) H Jyfitfak, LB - ot Ak A2 i IR I B 1) 3 2% 2 1 B [20]
NQO1 MEARFMELE T 0 5 iR SR = 2 I ) EH R S5 =T . NQO1
TELH B 6 RS I AR VR . Db T MRSl (ROS) TE R, fR474H/ DNA
S HAm A M 25 G 32 95 45 05 T %+ EERER (WK 1.) [21-23]. NQO1
VR M A 1R TDAE S Sl 2 BT RIE 7 3 2 50 FLO LA 4 B i A Al 25 D e
{HIE S4B NQO TEAI I 2 558 2 fF,  S2mm b S Nz .
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Figure 1. A diagram of the plasma membrane redox system including NQO1.
The redox cycle is shown in blue. CoQ indicates oxidized form of coenzyme Q ;
CoQ-", semiquinone radical; CoQHo,, reduced form of coenzyme Q.
ZRRIR: Zoltan Ungvari et al., Circulation Research, 2008

1.5 NQO1 5hhiE

% B0 Y AL 40 B AR BRSO EIRREYESE (ROS) MRk E[24]. ik
AR PTG YA R (R R 4H AT 22 7y R S B MG 5, [R]INE 5] S 24 P 2 DRI 2H 1)
AR, Wne AR, G SR K4S K E[25, 26]. NQO1 fefill
B T A AL AR, A RS PR A R, OR AP 20 il 38 S 35 0 R S 2 45
7, YRR 40 M B I W AR BRI BE AR LB R A AR [21, 28] BIEFEIE KB NQO1 i
g4 p53 17z 3 B I BE A 845 B A AT A2 18 p53 TE4H L N )21k 7K 1 [27, 28]
P53 & MOCHE IR FE LR, BENE S IN 5 1E 52 45 40 1) A A AN 43 BT AT
BE B HFHFAT . NQO1 i T E A RIBCIRES ikt pb3 4 H £k
PR E P N 58 (28], I 1] A2 H B IR A0 MR PRSI — A B 2, T
PR T o6t 4 i 5 5 B30 Hh 1 — AN AT RE ML B ROS &4 [14], Mk
NQO1 7E K BT -5 41 LEC (¥ififiids 3 55 A 72 o R Ik AW (A FRATT OGTE
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