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Abstract:

Inorganic arsenic (iAs) is a widespread environmental toxicant that has been classified as a human
carcinogen by the International Agency for Research on Cancer. It is associated with increased risks
of bladder, lung, and breast cancer via a variety of ways. How arsenic exposure promotes diseases
remains unclear. Researchers have explored the genotoxicity and carcinogenic mechanisms of
arsenic from many aspects, and have found significant changes in the expression of long non-coding
RNAs (LncRNAs) in occupational arsenic-exposed population, indicating potential risk for cancer
initiation. This article reviewed various metabolic patterns of arsenic methylation and associated
contents and proportions of its metabolites, as well as the role of abnormal expression of LncRNAs
induced by arsenic in tumors. LncRNAs as proto-oncogenes (MALAT1 and HOTAIR for example) in
arsenic-exposed population can promote tumor initiation by coordinating hypoxia inducible factors
and transcription factor nuclear factor-erythroid 2-related factor 2 (Nrf2) signaling pathway; as anti-
oncogenes (MEG3 and LincRNA-p21 for example) they can inhibit the proliferation and invasion of
cancer cells; they also participate in the co-regulation of tumorigenesis with competing endogenous
RNA or p53 network. The article aimed to provide new ideas for screening high-risk population with
arsenic exposure and for the early diagnosis and treatment of related diseases.

Keywords: arsenic; methylation; cancer; long non-coding RNA; microRNA; p53; competing
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KRERRBREYIERXKIEIESES RNA (long non-coding
RNAs, LncRNAs) FYFRIACH L, J0E A (8] LincRNA-p21
RTRIA. ABRRKRIAEXR 3 (maternally expressed gene
3, MEG3) {kZRIA. HOX ¥5 R & X RNA (HOX transcript
antisense RNA, HOTAIR) B&Rix%E, B=&1H5 MVA
A _BEPFEL (dimethylarsinic acid, DMA) 72 1E IE4B
X7, LncRNAs B— K E RAKEET 200 bp HIIESR
PBRNA, HFRAFTRER I E IR ER p53. 5/ RNA
(microRNA, miRNA) FHYIEIT. LncRNAs FIRIZAHR
NEri<EEEYE, HRERAEAMERRZ
W EM IR EY), WMEG3TERHIB AL PHEE
X, BEHERAGHETHEUBERP WX TE
fazs B0, RHIHREE ABEX LncRNAs B &
REMBEELXRPIIERHITLRR, NTIAHESE
ABE R R AR E R HAIE,

1 LncRNAs #RFIThEE

LncRNAs FH RNA R B8 || B R, B EEHRD
EHR, WIFN HREE", RIBERESERS R
EAREERMNAEX MBS AES LncRNA. & X
LncRNA. X[ LncRNA FIPN & F LncRNA PO IF 3 )
IRIBEINEEARIE, LncRNAs AJEAIBESD F. X535
F. 559 FM3IFEDF ", LncRNAs TEE T EY) S
BHRAEEXBENEZER, NRERER. BERE
FNENFE, ERETUEMBRAEXRBRTEEE®
ESER b,

2 HEREREARBSEESYE

ek TAZMESREN=MNiAs, HpH{EE
4~10BEINEZFIMMEHNAR, B=1MEt
ENHEERREENNES. ERMER. ST
A ), RRETR, REER R EKTEFS, LincRNA-
p21-DNA 5 15 31 7& #8 5% 3F 4% 15 RNA (p21-associated

noncoding RNA DNA damage-activated, PANDAR) E[#
KiIEAE, BSRFMMA ZIEME X, AELIOHR
ET, EHASREAS, RREAEERATF1
(nuclear enriched abundant transcript 1, NEAT1) FRiAFt
=, AT BE 2 R BT 2B S NEATT RiAFH =,

g AR SR IA 9, e AY R A A5 AR =X 19 BT BE S
FELncRNAs RIAEN T, BES=MHREXZE
[arsenic (1Il) methyltransferase, AS3MT] FIEFEE X
BXo XM Al gENREIRT, — @SBRI —F
wERENER (B 1), Z—MHEMmNAHER—
AMERBEERR (B 2), RMIERXIYES- BREFR
i & B2 (S-adenosy-L-methionine, SAM). & Bt H RK
(glutathione, GSH) MIASSMTEZ X BRE F5 56 7,
AS3MT Bl B il 52 % 75 M. LncRNAs Hl miRNA B & &
REREBAFRPARAREURBENTIEE
LB R BB E S E A EEXREE D 1520, K Fehed
REARSEL=YEEMLLHIEMBESFE KBS
FEAESER, IMMA% (MMA 5 S8 EEF), &
) A= ShEXIEINE X, iAs%h. MMA% FH S5
DMA% F& 18 5 Rz Bk 22 XL B& 38 10 8 5% 25 LncRNAs.
AS3MT. miRNA BJ Be 5T ERIFRFEEEE XK,
Ltb, & RE MBI/ NTFH RNA EEXTEITER AS3MT 41
5 B B A AZ S A 0 R A AR R R E (L
M, #H MR R EAHXT B M. LncRNAS
A miRNA BYFZME,
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3 METEHEXAEE LncRNAS KA (L3S AdyE
SEA

PR BRI LIES LncRNAs ZAZE1E, LncRNAS
ENEIEEEENLEHMERRANAN RN, H
IR Re BBt R AR E .
3.1 HWREEAEELNCRNASKRIEARE

ERRET ALK I ALncRNAs & E
lincRNA-p21. MEG3. HOTAIR. p21 %8 % 3E 4% £3 RNA F1
fifi BR 22 B FE HE X 5% R ¥ 1 (metastasis-associated lung
adenocarcinoma transcript 1, MALAT1) IRAE 55X
BATABLLEEEEER ; A, ps3 REIINETF
FREMEIHS LncRNAs TR 2 [BIfETEAE X4 (P<0.05) 7,
XA R E MRS RIBEIE S LncRNAs RiIXFE
Kz p53 T BB, T LncRNAs RIRFE. p53 IEEIF
TERMEZF N ENE L ERRBRLIZRIEER.

REZI, EAERBEECLHELERXT, A
E+3EZR IS RNA (non-coding RNA, ncRNA) HER MR E
FLUERRK, pS3/hEF s~ 8 RACEHMEEE
EEH 12, | ncRNAs & ncRNABITE 2R, ERR TR
BERFNEEREHBAEARTHETEENR
=1ERA,
3.2 LncRNAs RIEREEMEPIIER

R LR ETR, &M LncRNAs, W HOTAIR.
HISMIMALATIE S5 7 B THRMA L, X
L5 LncRNAs BT LU S5 B A e BERG . FLARSE. AT
EREMEERE RSB TARBEXNERRAF
Sox2. Octd. Nanog FIZRIK 221, Iboh, B ABERITIR
FIRELM, MTKERESRBEERAERIEMNEFE
XM, Sk EFHEEAFEMEXKILS, B
5p53 B FXEBEE. mRNAREBRIAURERE
+ NF-E2 A8 % [AlF 2 (transcription factor nuclear factor-
erythroid 2-related factor 2, Nrf2) 15 5 18 B AV N &I 7%
EEEBARY, 24 LncRNAs A 5 p53. miRNAFEE
ER, BJJEE Nrf2 (51818 &, $E71 LncRNAs B] B2 TE B
BB ER AIFEEEER.
3.21 MEEFELnRNASTEREFRHIER HBHRR
BN, EZRBREMEHRENBAEERT, 7ER
AhRiEfih T AR, S ERIRfAAEMELL, FFifih4A
T A&ER BIRER 1ERE, TRfpANFiRmA
T AMEG3{RZRZA, 1R A T ARERENL
AR5 I 5 98B M LncRNAs RIRFEE B X B P,
LncRNAs {EA N EE, 0 MEG3. LincRNA-p21, TE48

FEIETE. REEER. ARAT. BARIBREREREE
It 2 R IR ER

b A] 1% S DNA R B #1551 5 R 9X, M DNA
BB THERABARTINEMEGIEES
BEY, SBMEGIRIATRK, HMINGE ps35S18
18 B2 MEG3 B—NEMEE R, (U T RB1K 140323
LB DLKI MEG3 5=, #E5 LncRNA-MEG3 RNA, 7EA
HhhyE, fmRE. AP, S9aERE, £EMERA. &
SR B4, IERFRR 4R R SMMC-7721 Fl HCCLM3
FIREMEG3 [, AMKIERRERER, =8K=
he 22 5B O] {2 3 BT 22 40 B B9 3E 78 )5 LincRNA-p21 il
F B A HA A 1= B K p21/Cdknia £ 5549 15kb &b,
LincRNA-p21 YE 7 p53 kB B REBE R B E/I2
Wrin S S 540155, AR, K ERRE, HE
B, BIIBREE. I ARfhEEE TR, HELM
P 5 4K 40 A 22 4R 4R @ HD 1 Janus 2B B BE RUER BN
B8 2/ 15 S ¥ S M FHEF 3 (Janus kinase-2/signal
transducer and activatior transcription-3, JAK2/STAT3)
=S IBEAAUEMAEINREY, &5k M BHRA
FRERRZRMEHE B Y, RIS, MEEL
R T SR EE B &) F X DNA B E KT

5. p53FEE, ¥ LncRNAs RIALIK p53 155

BE, #MSENAELE TR, FSMENLE
Ko
3.2.2 JFEEFE LncRNAs TERMERRITER KHIS
B ABEYMNE M LncRNAs (PANDAR. HOTAIR F1 MALAT1)
FEFHE be 3 IR NaAsO, 235 A BT E 2 AR SE
10 R EA MALATI T R IK, NaAsO, B RBEALZRE
I 57 41 A 52 38 55 4R 2 8 X LncRNA (long non-coding
RNA reprogramming, LncRNA-ROR) &%k B, 127
MALAT1. LncRNA-ROR & 5 T81% S 4 BT M4 B (L F
3 %2 2 72 LncRNAs1E 9 [ f2 E A, U0 HOTAIR Al
MALAT1, ERBHER. 2iE. B%. FTRIGEHE
BEREE ol

MALATI ;&2 — T 5% R & K E 798.5kb B9 B &
LncRNAs, I FHRE K 11913 £, mALATI 5RTESR
EWGRFRRIBRHEZUIMEX ), £ AINET MR
AR ERRMINRERAMP S RIE, BN MALATI
AP E R MO R AR E S, I B M ONE
BARNIBEMERE", BkimE“FRERTIE
INBIERMSMHBERE, LI MALATI S ZRIXHDH
LR, M MALATLRRANE S 2L AR B4R i
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o £ NaAsO, TEFA T, MALATI BLEZINGIREIES
AF-1afERIEFSAF 2022 UHER, FEHER
KM, REIFEERF -1a BREAIE R R/REMR,
A RFERREEER 4REFFRE L ERFH
NER-6MANE -8B S5RIERN, HMLIMMETE
BATSEBERES, BRABERED ¥,

LncRNA-ROR B — M T R B K 18q21.31 £ B
LncRNAs ¢ NaAsO, IBMERE AT RE ERAATIN
Hl Nrf2 {5 S 3838, MIE 1 LncRNA-ROR Y i& TR K,
LncRNA-ROR 5 Nrf2 0] gEth [E R iR EX A B B0 & & &
& B9, LncRNA-ROR TEHI 7R EBAR AR S RIK,
A RE@ I A5 & B3B8 B (protein kinase B, PKB, X
FRAKT) 15 S @B R H 17 R AR TE. ERMT
%, miEaE i IS E IR S R EH (mammalian
target of rapamycin, mTOR) /AKT/ 5% g B AL BZ 3- (BB
(phosphatidylinositide 3-kinase, PI3K) &% S &4
HpEEE (L e,

Itb4h, HOTAIR BB HOXC B (A& Iw X 35 5% R 3K,
I FF 1K 12913.13 £ BI HoxC11 F] HoxCc12 2 i8] ',
HOTARF] A SRR ESARERET 2SR BARREERR
BERAMRE, "SHKEREFENMFMH3QIE
BEEW, #MSHERTRK, REMBENLEAELR
B, MR EN=SHERREERMN HOTAIR IR
RFHE 72505t HOTAIR TE BT AR HiE & miR-217
TiA, 25 ENIEEMNE K, FARBEALNSE
1T miR-20a-5p/HMGA2 HIE 1% #L AR e A AR B9 38 B AN 4%
%, {23 FE AR SN E K 525, LncRNAs 5 miRNA
o] th E A B AR = 1T, MER b B fi A B¥
miRNA-548 51 B BV A1 (L XA F ASSMT 7772
A el
3.3 LncRNAs &5F &4 AR RNAF p53 ML tHE
kR beped =

MRER, HEEABELncRNAs RIAZE , miRNA
EREE, p5s3hNEF 5-81RAAE " 1%, LncRNAs.
mRNAs ] E ft RNA, 1833 H=Z=— 3 % > miRNA R
7 7T {4 SR 3N 1 ZA BE PN miRNA BYZHAE, LncRNA-miRNA-
mRNA Z [B]BIFZZ 4 NJR RNA (competing endogenous
RNA, ceRNA) JE#% Xk 5 W 7T &2 B R JE 17 K 2 4h p 3
E. AREEER. AT, BEMIBEEYIREFA
BEEER, FIb, FL LncRNAs BITI{EH p53
BRETF, A% ps53MIFIKERIK, ST AR H
2R 7,

3.3.1 LncRNAs-miRNAs-mRNAs 1[5 8% B &8 & 4 &
B iAABRBEIFEFREAmRNASEREARIE, NTF
HmRNAB R RIAWHRE ), mRNAR—HKKE S
17~24 kb BY/NEUESRED RNA, A LUES %I E B3 &%
WIRBIEMRNATE R RE K FRATERRE, B8
4 miRNA RT BETE Rt B ThEER R IEE B,
SNVE R BRI B R B E R 5, ceRNARIZIAS,
mRNA. ncRNAFIREFFE R A LIBE R EHEHEHN
miRNA R RZ ST SRABEIAIE, 187 7 RNABRRAHEE
TERBIFRMEI ), FhE A SEFF4HRE AT S 38 LncRNA-
FRE& £ R BRIRIR 113 3RaA, #HimPERT S H B 4 miR-
184 FYFRIX, bR miR-184 X N BRI EIESE
K HDHIEF 1 (oxidative stress induced growth inhibitor
1, 0SGIN1) BN, %S 0SGINI mRNAE FKIX, fRIF
AR ZHIE S HARIE T ', thoh, WHERELA]IE
i _EiA miR-21 KX HTMIPHIFZ AL T E T 4 7K
T, FS AL SE LMK ERRE L Y, Mk
ZIFRETR, IncRNAs E ceRNA, 258, E£EHA
BEEMENLERRE S, REAED RS
10, #RIT ceRNA TERREN AR & L BV E R AN H1o

3.3.2 LncRNAs 5 ps3thEAEMEAERE WE
= A 55 p53 IRV HNERTNRE, BRI L & SR
X450, LncRNAs BE A] LUFEA p53 B “ BT A F”, 40
MALAT1. MEG3%5, W8] LAYEJT p53 B9 “ Nz 28 7,
LincRNA-p21. p21 f8<IE4RED RNA S 52, Wei & ) B
RER, MEG3 A] 1 N p53 B9 FRIK, 18T 1 58 p53 HY
REMMEREME, F2Mps53 HEREING MEHE,
LincRNA WT1-ASTEETEALH EE TE, TEIRE
WT1-AS B BE 2 I B 4R R 4 K AR 28, 01 BdhyEg
E Ko WT1-AS 5 miR-330-5p IR RIE A RES,
miR-330-5p B 1ZEE A B TR A A p53 mRNA, MM
833 WT1-AS/miR-3-30-5p/p53 5HIAIE S S AR AV &
K. FREFEL ), p53“ RN 28 ”LincRNA-p21 TE 330
SRR AL TR R PRTRIR, Mps532—H
o452 DNALEEEH, 5 LincRNA-p21 BEhFX
fimEs, FEHEER, BB LincRNA-p21 5 STAT3 1
B {EF, PRUTSTAT3 BEER L, 3 D Sk 20 &P B 1K 48
Al R STAT3 5 S @R FT AT TR E R, =&Y
JAK2/STAT3 {5 S8ES, MHIpE L E R E B,

4 £5iE
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2 &8 2, LncRNAs. miRNA. p53 & & 1A B BE 1T i
BEAEELBRTPAERKER. MBEABRENLS
BIFEHIE S LncRNAs R E RIA. p53 S EFRF MR
5 LA Kz miRNA TRIAZ 1K, LncRNAs @A IEE EES
R Esh R AAME(L, BES 5 LncRNAs-miRNAs-
mRNAs ceRNAJAIZ M 48, X 1Ep53 T M LE L 15
EER, ERAKRG e SMM M E B FHIXH#
=, Bal, R— LS HMEEIOIE LncRNAs &
2T, HMmel LOUESMHELE, BEIMEIRE
WA R RIET RAEBRHREE A7 A LH
3%, A BEEBAEHIE S LncRNAs BUERIAR X ALK, I%
KENERARIBES MM TRBAEENES, &
1158 B BB W11 35 5 LncRNAs. miRNA RIANZT, UK
LncRNAs. miRNA Z0a] 1€ F8 F £ T i & H 1 AS3MT,
NEMBEELRHER, SBERF=YWEEMLL
HES, BEET, AXNGZERITONTHEESH
LncRNAs RIAR B EMEPISHNEZERNG, #
— S HMEREEESBARKENEXEREZE
AR T BB
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