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[757%] ERARERER NaAsO,(0. 2.5, 5. 10< 20 pmol-L™") AR HELF A 48 h, KA 3-(4,5-
ZEREMEW.2).2,5- " REORMIRIE(MTS) A ARRRE S ; FAMEN RSN LR
BEF SBE Y CES(T-50D) . Bt HE RS EWHIES(GSH-Px) BISE M LUK A —E&E (MDA)
& 2; BBEREWHIERNMIEE RNA A m°A BELKE; SRR HEEE PCR A
m°A 1E1hES: BRERSEE 3(METTL3) . RERBEE 14(METTL14) . BEMEE 1 XBXE
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YTHDF3. #Z A F £2 X EF 2(NRF2) NEH FIX BT KA RNA BE R B HIE- LAY
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[£552] {6 0. 2.5, 5. 10. 20 pmol-L™" NaAsO, LB 5, MTS SLIRE R B, B T IR
8, 20 pmol-L ™" AARIARREE FIFRMEE 84%(P<0.05) LLEBIEINILE R B 7R, SR T XTHRA, 10,
20 pmol-L™ 48 T-SOD & 14 B 1K (39 P<0.05); 2.5, 10 pmol-L™ 28 GSH-Px & M PR (19 P<
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0.006) %. (0.23320.006) % (0.262+0.010) %, AR FXFHRA, FH m°A BEMMKFHAZ(Y
P<0.05) XK NEE PCRERE R, HETXWERA, METTL3 BY mRNA XTI RIAEE
NaAsO, & E 7 2.5. 10, 20 pmol-L™* B P& 1l (33 P<0.05), FTO B mRNA B X RIX 2 7E
NaAsO, SR E 59 20 pmol-L™ BFFEME(P<0.05) , YTHDC2 BY mRNA 13T RIX E7E NaAsO, iRE
79 10, 20 umol-L™ B¥FE (38 P<0.05), YTHDF3 BJ mRNA 833 FRIXE7E NaAsO, ;REH 2.5,
10. 20 pmol-L" BSFHE (34 P<0.05) » Western blotting Z5R B 7, 1R T IHHB4H, METTL3 MIZE
BT RIZETE NaAsO, FKEA 10, 20 umol-L* B FE{E(3Y P<0.05), FTO MEBRMENRIEE
1F NaAsO, JRFEE /7 5. 20 umol-L™" BFPEE (Y P<0.05), YTHDC2 BZE B AEIT FRIAETE NaAsO,
A 20 pmol-L BY R (P<0.05), NRF2 FUBE 1% A HB X RIXE 1E NaAsO, K /9 10,
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REAN m°A SELLFIBAEEIN(P<0.05), IEFRIX FTO /5, FTO A FTO B9 mRNA R E A HH
X FRIXERITBAF S, NRF2 BIIZE QAN RASRGBAH S (3Y P<0.05); NaAsO,+
FTO £BEY FTO B9 mRNA K HHEXT FRIAE IR NaAsO, LAFBE A& (39 P<0.05) , NRF2 BIAEIZ
EHMEITRIZELR NaAsO, HFAE(P<0.05),
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Arsenic can be toxic to human by triggering oxidative stress, which is companied by epigenetic modifications.

To investigate the modification of N®-methyladenosine (m°A) in human embryonic lung fibroblasts (HELF) during oxidative
stress induced by sodium arsenite (NaAsO,).

HELF cells were treated by designed concentrations of NaAsO, (0, 2.5, 5, 10, and 20 umol-L™) for 48 h. Cell viability was
detected by 3-(4,5-dimethylthia zol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfopheny)-2H-tetrazolium (MTS) method; the activities of
total superoxide dismutase (T-SOD) and glutathione peroxidase (GSH-Px) as well as the content of malondialdehyde (MDA) were
detected with corresponding kits; the level of m°A methylation in total RNA was detected by enzyme-linked immunosorbent assay; the
mMRNA expressions of m°A modified enzymes were detected by real-time fluorescence quantitative PCR, including methyltransferase-like
3 (METTL3), methyltransferase-like 14 (METTL14), Wilms' tumor 1-associated protein (WTAP), fat mass and obesity-associated protein
(FTO), alkB family of Fe(ll)/a-ketoglutarate-dependent dioxygenases 5 (ALKBH5), YTH domain containing protein 2 (YTHDC2), YTH domain
family protein 2 (YTHDF2), and YTH domain family protein 3 (YTHDF3); the protein expressions of METTL3, FTO, YTHDC2, YTHDF3, and
nuclear factor erythroid 2-related factor 2 (NRF2) were detected by Western blotting. The enrichment of m°A in NRF2 mRNA was
detected by RNA methylated immunoprecipitation combined with real-time fluorescence quantitative PCR (MeRIP-qPCR).

After the 0, 2.5, 5, 10, and 20 umoI-L’1 NaAsO, treatment, the MTS results showed that compared with the control group, the
cell viability of the 20 pmol-L™* group decreased to 84% (P < 0.05). The colorimetry results showed that compared with the control group,
the activities of T-SOD in the 10 and 20 pmol-L™" groups decreased (P <0.05); the activities of GSH-Px in the 2.5 and 10 pmol-L™" groups
decreased (P < 0.05); the contents of MDA in the 10 and 20 pmol-L™" groups increased. The results of enzyme-linked immunosorbent
assay showed that the overall m®A methylation levels in the 0, 2.5, 5, 10, and 20 pmol-L™* groups were (0.193 + 0.023)%, (0.247 + 0.021)%,
(0.253 + 0.006)%, (0.233 + 0.006)%, and (0.262 + 0.010)%, respectively, and compared with the control group, the m°A methylation levels
in all the NaAsO, treated groups increased (P < 0.05). The real-time fluorescence quantitative PCR results showed that compared with the
control group, the mRNA relative expression level of METTL3 decreased in the 2.5, 10, and 20 umol-L™ groups (P <0.05); the mRNA
relative expression level of FTO decreased in the 20 pmol-L™" group; the mRNA relative expression level of YTHDC2 increased in the 10
and 20 pmol-L™ groups (P < 0.05); the mRNA relative expression level of YTHDF3 increased in the 2.5, 10, and 20 pmol-L™* groups (P<
0.05). The Western blotting results showed that compared with the control group, the relative protein expression of METTL3 decreased
in the 10 and 20 umol-L™ groups; the relative protein expression of FTO decreased in the 5 and 20 pmol-L™* groups; the relative protein
expression of YTHDC2 decreased in the 20 umol-L™ group (P < 0.05); the relative nuclear protein expression of NRF2 decreased in the 10
and 20 pmol-L™ groups (P < 0.05). The MeRIP-gPCR results showed that m°A enrichment was significantly increased in the 20 pmol-L™"
NaAsO, exposure group compared with the control group (P<0.05). After over-expression of FTO, the mRNA and protein relative
expression levels of FTO and the relative expression level of nuclear protein of NRF2 in the FTO group were higher than those in the
control group (P<0.05); the mRNA and protein relative expression levels of FTO in the NaAsO, + FTO group and the nuclear protein
expression level of NRF2 were higher than those in the NaAsO, group (P < 0.05).

In the process of oxidative stress induced by NaAsO,, m°A methylation level, m°A modified enzymes, m°A modification of
NRF2 mRNA, and NRF2 expression could change in HELF cells.

arsenic; oxidative stress; Ns-methyladenosine; human embryonic lung fibroblast; nuclear factor erythroid 2-related factor 2
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MIEANEEHRRE", BaAANENHEHK
AR EENH 2 —, R BRI ETEIEEY,
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LUF LM EsthEIEE: (1) ABE NINEENRERBES,
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protein, WTAP) &, (2) BEIE EPF m°A BEMERE
1L BE, UNRERH £ 5 BB ¥ AH X ZE A (fat mass and obesity-
associated protein, FTO). Fe(Il) ¥ a-KG &k #i Y XN &
B AIkB &R 52 5[alkB family of Fe(ll)/a-ketoglutarate-
dependent dioxygenases 5, ALKBH5] Z, (3)I2 % m°A
I mHAFEE T HEERRANRIRER, 90 YTH £E13915
K & &EH 2(YTH domain family protein 2, YTHDF2) .
YTH 45913 S i5 & H 3(YTH domain family protein 3,
YTHDF3). YTH £5#915%{ & B 2(YTH domain containing
protein 2, YTHDC2) &, m°A {21 BEHZIEE mRNA BY
B, RIAMENFE, HES5HEAE. A0 L. HE
BEREHEIE", m°A BIFHNREJESHRE
RREFE, HERTHERTS. BREERT LM
BERESI R B R E "IN &k . RIEMA R FRE,
m°A IS5 70, R _HBRE" RAIEE
UNHBERERBEFTFIESNE AR IE, 5
EARAT. AREAHREFNERERARER, RE
BE SRR, AT, BEIXT m°A BIRIERE S
HENUNHREPHVEREMZE D, AL, #AB
m°A BIRTEIE SR W REE PN T L, BFF
e AMNERWEF KT XSmRS MERIAIR,

A 5% LA A BE Bifi B £F 2 £ B (human embryonic
lung fibroblast, HELF) ATARXT R, AR ERERNIE
B8 ES SR ( sodium arsenite, NaAsO,) {0 IBAARE [, @316
MEYREEF. 2 m°A BRI KT, m°A 1BinEs
BIRIEIE AR NRF2 mRNA B9 m°A &1 7K 3, & 8E
RS HELF AR EIBI 2 H m°A BIHEL
T, A SIEN SRR, #mAomp SRR
RSB,

1 #ME5RE*E
1.1 FENZESEHF

NaAsO,(ZBE 99%, F [E Al &R LR A F]) , HELF 48
(PERNZEEZEQT), m°A BEAYEEHK NI
2. mABELRFBE ST S (EE Epigentek 22
&l), CellTiter 96 AQueous One Solution Reagent ZHfE 1%
BRAE. REFAFE. LK AEE PR IAFE
(2 & Promage &), DB E Y I 1t B (total
superoxide dismutase, T-SOD) #MIXFI & &L H AL
I &1 B8 (glutathione peroxidase, GSH-Px) 3 M3x 1
&. A (malondialdehyde, MDA) ¥ iX 7 & (A [EH
EOXEEIBRAT), FIOo EREAHAR(FEREREH
IWAR)D), RIH HEE-3-BEER A SUEE (glyceraldehyde-3-

phosphate dehydrogenase, GAPDH). METTL3. NRF2.
FTO MBBE I | YIEE TR (EE cST A7), YTHDC2
1 YTHDF3 F1{& (3 [E Abcam A F]) , Histone H3 Fi{&
(FEIRERELR), HttEM XTI RE =D
AT it
1.2 ZHRRIE ST R AR

HELF iR E 7 fa, M T & 10%(FFR D80 Ba4
MmEH DMEM SHEIEFES, T 37 °C. 5%({FF357 30
Co, NIZEAMPIER, B 2~3d FIR—RIBHRE. K
HELF 4R L 10° FLHEM T 6 FLIR, IZFE4M
NEEEfS, ¥ FTO T RIAF (KRR ZH AR, (R SCAY %=
Y EE PCR 7&K Western blotting 3£ 16 3% 2 84 K,
PREEIESFE 24 h G TIREREL,
1.3 3-(45-—FEIEM.-2)-2,5- " FE PO FHMREL [3-
(4,5-dimethylthia zol-2-yl)-2,5-diphenyl-2H-tetrazolium,
MTS] & TIRRRE 7

& HELF ZARE L 5000 N-FL 7' & FTF 96 FLIR AR,
FFLINN 100 pL 7RE A 0. 2.5. 5. 10, 20 pmol-L™ BY
NaAsO,, IE 7+ 48 ho ¥z IR IGIE I S5 BB BIR(E,
£ = B BhESAR(IREN 490 nm QMY E(E, Fit
BAE S,
1.4 HAFESRNENEHEF

& HELF 4B LA 4x10° M % FF 100 mm 48
fEiZFMeE, M0\ 10 mLRE A 0. 2.5, 5. 10,
20 umol-L™ BY NaAsO,, 1% # 48 h, %R T-SOD. GSH-
Px AR MDA IFI Z W BA B #H1TIR(E, AR 2 EthEs
R 9 B1)3EEN 5504 412 532 nm I BEE, Hit
8 T-soD # GSH-Px BYEM U MDA IE &,
1.5 ESEXGBEIRMEE m°A BEW KT

& HELF 4B BB LA 2x10° - $# F F 60 mm 4
EEFME, EMMN 4mLRE A 0. 2.5, 5. 10,
20 umol-L™ BY NaAsO,, 157+ 48 h f5, IR EXVAAE 2 RNA,
BB m°A REAEER MR 2R HITIRE, &
B4 B ehBES R IREY 450 nm AN ZEE, HitE
m°A BBELKT,
1.6 LHRXEE PCRIZEE m°A {2 IHES mRNA
KFE

¥ HELF AAELL 10° 7L T 6 FLIRAP, B0
AN 2 mLIREER 04 2.5. 5. 10. 20 umol-L™" Y NaAsO,,
1277 48 h [SIREVAHME S RNA, REEF XS cDNA, IR
LAY EE PCR AT Z IR PE B HITIRIE. LL GAPDH
NRBEER, B 2T R ERENRAE, ARER
M550 1 Fimo
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Table 1 Primer sequences of m°A modified enzymes

HE& ER3I#(5'>3) k31453
Gene Forward Reverse

GAPDH TCGTGGAGTCTACTGGCGTCTT CATTGCTGACAATCTTGAGGGAG
FTO ACTTGGCTCCCTTATCTGACC TGTGCAGTGTGAGAAAGGCTT
METTL3 TTGTCTCCAACCTTCCGTAGT CCAGATCAGAGAGGTGGTGTAG
METTL14 GAACACAGAGCTTAAATCCCCA TGTCAGCTAAACCTACATCCCTG
ALKBH5 TGAGCACAGTCACGCTTCCC TCCGTGTCCTTCTTTAGCGACTC
YTHDF2 CCTTAGGTGGAGCCATAGTTG TCTGTGCTACCCAACTTCAGT
YTHDF3 GGTGTATTTAGTCAACCTGGGG AAGAGAACTAGGTGGATAGCCAT
YTHDC2 CAAAACATGCTGTTAGGAGCCT CCACTTGTCTTGCTCATTTCCC
WTAP GGCGAAGTGTCGAATGCT CCAACTGCTGGCGTGTCT

1.7 Western blotting ;%100 m°A {&imEEE B 7K FF0
NRF2 % E B RIEKTE

& HELF 40 A LA 2x10° ™M #& # F 60 mm 48
REFIF, SMMN 2mLARE A 0. 2.5, 5. 10,
20 umol-L™" B9 NaAsO,, 125 48 h [FIR NI 2 EA T
%2 8, 8 A Z W B B (bicin choninic acid, BCA) I

FIE(FEILREEEAB NEEFREGFIR. B

K BRRR. BEF, IIAN—, 4 CHE IR, FEEMN
AN, ERES 1h, BXEG, £ Image Lab 5.2.1
BEDMETIKEE,
1.8 RNARE W RBHINE- LR KHXESE PCRIE
(methylated RNA immunoprecipitation combined with
real-time fluorescence quantification PCR, MeRIP-qPCR)
12 NRF2 mRNA B m°A EE1E)

fEF SRAMP ZX {4 XF NRF2 mRNA BY m°A fif = i#
77 3N, 7% 355 Y NRF2 mRNA 55 1164 4 ﬁ@z%(NRFz-
1164) , FHKEFTEUERRY HELF 4BRE(ERT 0. 20 umol-L™
B9 NaAsO, &b 32 48 h [, IR EXAH AR S RNA, F2ER m°A
RENMREE
1.9 FHitEDH

/8 SPSS 22.0 B HITHRITFE 4T, KA ANOVA
N SNK AL IR B AER, IR AEN =0.05,

2 4
2.1 NaAsO, Xt HELF ZHBEE HRIRZ0E

REIRER NaAsO, 2032 HELF 40 48 h [5, B
F T ER£H(0 umol-L™ NaAsO,, ~[a), NaAsO, ;K E Hy
20 pmol-L™ BY HELF 40 B8 & /1B 1K = 84%(P<0.05),
2.5, 5. 10 umol-L™* NaAsO, SbIRLHARARSE H TEREE X
Z5(14 P>0.05)

ST IRPARHITIRE, HEEELLG,

2.2 NaAsO, XX R E FHI 20
RERE NaAsO, A2 HELF 4ARE 48 h 5, 303K 2
Ffi, FEETF3FEBLH, 10, 20 pumol-L™" NaAsO, £B T-SOD
246, 2.5, 10 umol-L™ NaAsO, 2H GSH-Px SEMEFEIE,
10. 20 pmol-L™" NaAsO, A MDA 2 EFH = (1Y P<0.05),
£ 2 NaAsO, WRKEHEFHFMm (x £s, n=3)

Table 2 Effects of NaAsO, on oxidative stress factors (x + s, n=3)

NaAsO,RE T-SODJE M GSH-Px;EME MDAZ &2
(NaAsO, concentration)/  (T-SOD activity)/ (GSH-Px activity)/ (MDA content)/

(umol-L™) (Umg™) (U'mg™) (umol-g™)

0 409.80£36.00 0.011040.0011 0.53+0.03

25 401.10+43.57 0.0052+0.0004"  0.60+0.04

5 347.06+21.54 0.0071+0.0019 0.65+0.10

10 291.20+13.73 0.0066£0.0013"  0.97£0.19"

20 179.36+26.86 0.015040.0016 1.52+0.21°

[3E1*: SXIERAHMLL, P<0.05
[Note] *: Compared with the control group, P < 0.05.
2.3 NaAsO, ¥t m°A BRE {7k RIS

ERARRERE NaAsO, {12 HELF 4HRE 48 h /5, 0.
2.5, 5. 10. 20 pmol-L™ NaAsO, £ S 1k m°A BB E 1Kk
{2 79(0.193+0.023) %. (0.247+0.021) %. (0.253+
0.006) %. (0.233+0.006) %+ (0.262+0.010) %, 13X F
XTHRLE, B4H m°A BEMKFIIA R (Y P<0.05)0
2.4 NaAsO, ¥ m°A {&IHES mRNA FRiXRIEZ0

X3 m°A & IRESHY mRNA FBXY RIAEHITRT R
FEE PRI, £ RWNE 1P, IR TXERA,
METTL3 BY mRNA 18X #R3iX £ £ NaAsO, K E A 2.5,
10 20 pmol-L™ BYFE1E, FTO B9 mRNA HEXT RIEXE T
NaAsO, ;& E 59 20 umol-L™* BY P&, YTHDC2 BY mRNA
FEXTFRIAETE NaAsO, JRE /T 104 20 pmol-L ™ BYF &=,
YTHDF3 BY mRNA 18X} £RiX £ 7 NaAsO, RE 7 2.5,
10« 20 umol-L™* BYFA = (34 P<0.05),
2.5 NaAsO, X m°A {&IFEsE B KFRIR M

Xt m°A BIREEN & B AN FRIAEH TN, 4
WE 2 Fiw, BT ITIBA, METTL3 E BAETRE
B7E NaAsO, JRE A 10. 20 umol-L™* BFFEER, FTO B9ZE
AHEXRIZETE NaAsO, FRE Y 5. 20 umol-L™ BFFEAE,
YTHDC2 HYEBHEXFRAETE NaAsO, JRE 20 umol-L™
BYBEME(3S P<0.05) 6
2.6 NaAsO, Xt NRF2 mRNA 7 m°A &Y E2IM

65/ MeRIP-gPCR £ Xt NRF2 mRNA B9 m°A B &
TBEREITICN, SYPRAFMBEALN m°A BEELLHIS 5!
73(0.00011+0.000021) %7 (0.000 32+0.000 043) %, 1
RFXIRA, REABN m°A BEELLHIEIN(P<0.05),
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NaAsO,

00 pumol-L* @ 2.5 umol-L™ @ 5 umol-L*

5 2 10 umol-L™* @ 20 umol-L™*
5 1.2
3 A
K £ 10
ﬁ 308 | T
=< 06 T
e
< €04
Z 202
EE | ‘ ‘ ‘
K METTL3 METTL14 WTAP
s
220
318
K 516
K3 1.4
=g l2
=210
i< £ 0.8
< €06 x
Z o
Z 204
g€ E£02
o 0
2 FTO ALKBHS
c
§4s "
g 2 4.0 C
K £ 35 . X *
W 530 a
T < 25
@220
< E 15
Z 210
e Eos
E L L
YTHDC2 YTHDF2 YTHDF3

GE]A: m°A REMLETEESH) mRNA FBXTRIAE; B: m°A fﬁ%ﬂa&ﬁ%
@@E’J mRNA FEXTFRIXE; C: m°A 5312 E BB mRNA FE3TRIE
*: 533E82A48Lk, P<0.05,

[Note] A: Relative mRNA expression of m°A methyltransferase; B: Relative
mMRNA expression of m°A demethylase; C: Relative mRNA
expression of m°A reading protein.*: Compared with the control
group, P<0.05.

1 NaAsO, 3t HELF 4Hff m°A &1 mRNA
FEMRIE (n=3)
Figure 1 Effects of NaAsO, on m°A modified enzyme mRNA
expressions in HELF cells (n=3)

NaAsO,

Opmol-L* 2.5 pumol-L™* 5 pmol-L™ 10 pmol-L™ 20 umol-L™*

GAPDH l— — = - —— —‘|

METTL3 | |

FTO I‘ = : |

YTHDC2

YTHDF3 l |

1.4

1.2

0 0 umol-L™* © 2.5 umol-L* @ 5 umol-L™*
0 10 umol-L™* @ 20 pmol-L™

0

]

K] 1.0

"
0.8 *
0.6 *

0.4 *

0.2
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