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RHE JEXL AR HHSC AR
AP1 adaptor proteinl fEEA 1
DMA Dimethylarsinic acid B9
16HBE Human bronchial epithelial cells NAE FR 4R
iAs Inorganic arsenic y IR
LncRNA Long non-coding RNA KA IS RNA
MMA Methanearsonic acid — H R
mRNA Messenger ribonucleic acid BERZEZIR
NaAsO» Sodium arsenite VAR
OD Optical density A
PMI Primary methyiation index — R AR E
PBS Phosphate buffered solution TR IR Eh 22 ik
PI Propidium iodid Al g
qRT-PCR Real-time Quantitative PCR SEI 5 E BAZ IR K A
siRNA Small interfering RNA /N RNA
SMI Secondary methyiation index TR TR L
tAs Total arsenic PSR
TUGI taurine upregulated gene 1 AR R AR 1
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AFREE RIS, TUGL ARG, DA AR =% TUGT 2R RIA 5. F
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R A s R AR | i 74 LR G T AAE v R Ee 4, iz & T
>10 km Kbk #% 25 LA A TGS — AR RA, RA NS RERN T 25
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2. T R FR N BEAN A MM B4 TUG1 mRNA RiEE AR, BET . H
RIFFFEAFEF TUGL mRNA Rk &5 JKEH ] iAs. MMA. DMA M tAs & & & IE4H

3. ARSI KB, HYLE 16HBE i/ TUGI mRNA RIAR B FWN, 2
P B AR . TR AR MMA F1 DMA %1155 TUG1 mRNA Fik &8 22K T iAs.

4. TUG1 JLBRJ5, 16HBE 4 i 40 M v /7 2 25 FR A, I ELm e 4 B 5 40 a3 77 1%
IR BE R I AL PR A 4R B SE N B2 3% . TUGT YUBRJS, 16HBE 4 (190 T 5 35 8.

5. mf% TUGL H%£i5, B3 Western bloting S25% & ¥l 16HBE 41 ittt f) MDM2 .
FAS. BCL2. Caspase7 LA J¢ p53 WEEEHRIAE EJF, H p53 BIBEER LA & (Ser392)
Tt

&R
1 MR i 5 e N A P A il B HEAG S DR P S 25 T vy, ELABR R A\ R TUG
Tk E O R

2. 155 16HBE 40t b %) TUGL 33k, AR R % MMA il DMA 5 &
TUG! ()57 I8 B Z KT [F— IR FE R oA LA

3. YUER TUGH &340 T 16HBE 41 il 40 f v /9 B2 3k T4y 2, TUGI
IRRIEIESE T pS3 (Ser392) N mifffRik, FELL pS3MESHITETIEES, il T FAS.
MDM2. BCL2 & HFRIE, G T Caspase7 SKAEFANMIIH T,

R4 TUGL: ZfRET; il DMA; p53
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ABSTRACT

ABSTRACT

Inorganic arsenic-mediated upregulation of TUG1
promoted apoptosis in human bronchial epithelial by

activating the p53 signaling pathway

Objective

Arsenic and its compounds have been classified as human carcinogens by the
International Agency for Research on Cancer and the U.S. Environmental Protection Agency.
In this study, we analyzed the distribution pattern of arsenic in different urinary arsenic
compounds by detecting the content and morphology of arsenic elements in the urine of
arsenic-exposed people and analyzing the expression level of TUG1 gene in their bodies. To
investigate the changes of TUGI in human normal lung epithelial cell line 16HBE after
exposure to different concentrations of arsenic, and the effects of arsenic metabolites on
TUGI1 gene expression. To observe the apoptosis of 16HBE cells induced by inorganic arsenic
after TUG1 knockdown using Rfect; to further explore the mechanism of action in TUG1 on
proliferation and apoptosis of 16HBE cells, and to provide theoretical support for the
molecular mechanism of arsenic carcinogenesis and about the function of TUGI.

Methods

Seventy-four arsenic-exposed workers at a highly contaminated arsenic plant in Yunnan
Province were selected as the arsenic-exposed group, and 25 people who had lived at the site
for more than one year were selected as the control group at a location >10 km away from the
plant, using a questionnaire in which participants provided an additional 10.0 mL of morning
urine sample and 5.0 mL of venous blood. The levels of iAs and its metabolites MMA and
DMA in the urine samples of the study subjects were measured by hydride generation-ultra-
low temperature trapping-atomic absorption spectrophotometry. Peripheral blood RNA was
extracted for reverse transcription, and TUG1 mRNA expression levels in the arsenic-exposed
population were detected using qRT-PCR. The correlation between TUGI gene expression
and arsenic exposure was further analyzed, and the statistical characteristics of the

relationship between arsenic exposure and TUGI1 gene expression were derived. Specific
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silencing fragments were designed for TUGI to transfect cells to reduce intracellular TUG1
expression in 16HBE cells, and the viability and apoptosis of transfected cells were observed
by Hoechst/PI two-color assay as well as MTS assay. Western Blotting assay was performed
to determine the apoptotic gene expression after low expression of TUGI1 and to explore its
mechanism in the proliferation and apoptosis process in vivo.

Results

1. iAs, MMA, and DMA concentrations as well as iAs% and MMA% were significantly
elevated in the arsenic-exposed group, while DM A%, PMI, and SMI were lower than those in
the control group.

2. TUG1 mRNA expression in peripheral blood lymphocytes was significantly elevated
in the arsenic-exposed population compared with the control group. And TUGI mRNA
expression was found to be positively correlated with iAs, MMA, DMA and tAs levels in
urine in the study population.

3. Cell staining experiments revealed that TUG1 mRNA expression was significantly
increased in arsenic-stained 16HBE cells in a dose-dependent manner. And the metabolites of
arsenic,c MMA and DMA, were significantly lower than iAs in inducing TUGI mRNA
expression.

4. cell viability of 16HBE cells was significantly reduced after TUGI silencing, and the
degree of reduction in cell viability was more significant after arsenic treatment than that of
cells without arsenic treatment. apoptosis of 16HBE cells was significantly increased after
TUGTI silencing.

5. knocking down the expression of TUGI, the protein expression of MDM2, Fas, BCL2,
Caspase7 and p53 were found to be increased in 16HBE cells by Western blotting assay, and
p53 phosphorylation sites (Ser392) was also increased.

Conclusion

1. The concentrations of arsenic and its compounds were significantly higher in the
occupational arsenic-exposed population, and the expression of TUGI was higher in the
arsenic-exposed population than in the control group.

2. Arsenic exposure induced TUGI expression in 16HBE cells, while the arsenic
metabolites MMA and DMA induced a significantly lower abnormal expression of TUGI

than the same concentration of inorganic arsenic.
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ABSTRACT

3. Silencing of TUGI significantly inhibited cell viability and promoted apoptosis in
16HBE cells. Low expression of TUG1 enhanced phosphorylation of the p53(Ser392) site, the
apoptotic pathway mainly by the p53 pathway, upregulated protein expression of FAS,
MDM2, and BCL2, and activated Caspase7 to promote apoptosis.

Key Words: TUG1; apoptosis; arsenic; dimethylarsinic acid (DMA); p53
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T RE R A SR EA <™. #ilin, LncRNA-TUGI 78 A Z53E /N0 Jes oh #5558 i,
WIS EZH2 15 LIMK2b {358 40 i (6 A 4 DL 38 A0 it 269
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VIR FE P B B, 78— F LncRNA-TUGI 2 75 75 fi75 5 (1) 411 25 1 A0 S0 1 o
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1. fAIRAR

1.1 f R T A FRA B ROIEEE

AHEFTT 2018 4 10 A E =B W mis Jeflb /g | HhabAr, 21 L) HBEdLhE 74
G BARN T AE A RGRH, KNy : TAEREI>3 N, FERTE 20-60 A%,
WA B RBAR . R R SE . A RGESEE LA o TN FRZELIR 25 N Uk AR v A
Z L S T 10 2 B DL KB HoAt RT i B kA 2 5 B LA £ 5 T
M7, FERSAE 20-60 i %, HLE4HbEAER G 14, ir 34N H o & H I i e R/ B
s BR BRI R P 52 0 DRy KPR 2 3 e N AE RAME R R R 3R, e 32 i IR IR
BT . RRHERAKHEWNREN S, A ANESSHHEEMERR, I
A RHAERS . MEA). ZBEBE . WA KR LG iHE . i, 5%
AL 10.0 mL B JRIBFEAFD 5.0 mL HIFFBKINL . AT 5877 2248 2= B 48 5193 197 45 )
O AL

2. EmBIRTE

2.1 FRABHER

KRR B PRIBFEA A7 T 50. 0 mL B0 1, 4°CUKE T ERAE, 7E 8 /N NIAE
THEARAET LS, 20°CUKFEIRAE, SE ORI S5 B ANE .

2.2 ShE Mk

SREIMZ 2 D 1R (5.0 mL) Prikt)E, HU3.0 mL FRsh 0 B AR A, 21
BT S ORI 2 AT A, SEICAT A MR R4 A RNA, Rk ELAH 2 RNA
HEAT T3 55 % cDNA,  JIN-80°CIRAE .
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3. YHpRSCIE

3.1 ZmpEAk: il BN R 16HBE W B BBl B s i 7t sl .

3.2 MEM e2i&5ENECH

R4 ME (55.0mL) 5FHEER (5.0 mL) MRS MEM (500.0 mL)
Regpderh, HT ETEE, BA, BT 4°CHrvkiET.

3.3 AR

AT SEIRTF AR 30 min, H4-20°CHIJEREE T 37°CHHIE/K A H T, PR IMRLT R
A 15 min, MAHMUREFRFEHHEGH 16HBE 40, TS558 P, il EZ) 90%, 3+
T25 JHAN IR, A 1.0 mL PBS #EATE¥E, JEGEE FINA 0.5 mL JkEE T 37°CIE RS
FEFATE AL 6 min, MR KELTE, IO 2.0 mL 40 RT R & I E A RN, FHE
IR B AT 55 I8N 4B VR 5, [ 4l MR AE 4B i S S A, #2008, 800
rpm fICEES L S min 5, F BB, FEOEHRMFABR (1.0 mL) R E4 M 78508
51, BEE B ERAAE T, TON-20°COKAE I AE 2 h, B B LS $1-80°C UK AR
HURAE 24 h 5, B NTREGRE T ORAE L& 5 SRS B0f H

3.4 A7

(1) BEHEFMAMRE T 37°CRIBHR P g .

(2> F 75% B A5 F8 BREEAZE AN, A RE G E RS 4.0 mL 1)
MEM 4 i 58 4 55 F= 2L 1) T25 Il .

(3) BAsE PSR, ANPNGEEEAE KRS RIF, SO 5 R R 7R

3.5 R

(1) Bl TSN, Frdf i T25 i 90%M, FFJR A 7Rk,

(2) H 1.0 mL PBS Z2M R BER40ME 2 IR, FEPRERM.

(3) /im0 0.5 mL T 37°CoKH fA P F et i) JRRgE N\ T25 i de, B IR IR
J&, BN 1.0 mL JERE, BN 37°CEIRF HHAL 6 min. I %40 T25 BrFi, ME2
SR i 7%

(4> JA 8.0 mL MEM 4 i 58 4x 35 77 2% 1 b JRBEH A
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4. SELEIRFFIFN A4S

4.1 SRR (R 1D

1 FEEREFA]
%l PR R
IR 41 P 8 R TR ] R PR A
RNA Later Thermo Scientific 2445 fR A &
RNA ¥ % 553207 & Roche Y H PR A
7t PCR X7 & S [E INVITROOGE /A 7]
Trizol Invitrogen £ FRA 7
ToIK L L1 2R R 307 A P A PR A

5% 97% I
DEPC #bFEK
SRS E R PCR A&
e 1iE (FBS)
HHEHRIEEW (100%)
MEM #5327
[ 2 (A H§-EDTA JH 16
BRI Hh 2z il (PBS)
NaAsO, (4li[%#<99%)

— FEEAIR D (ZHE<99%)
TR (ZHEE<99%)
Reect 2 i ik /IMZ R G4 1771
siRNAs F B
K LT
i
W A
MTS 5l
I TR AR T
Q-PCR 5%

W B

VO 1T o4 Bl A= A7 BR 22 =)
AT A TREARAF
FHEE R REYAE R A
RENEMRHA IR A7
e IR R A 7

Corning A=) PR A 7]
A S RAEMA R AT
A S RAEMAERAE
AR P L 57 A R A 7
JAR P L5 A R 22 7]
JIHR P L5 A R 22 7

wWINEREY A
FEE AN 2
AT AE

RHE B AL G A PR A 7
R LA RIEAT IR 2 7]

MCE 494 R 24 7]
FHEE A REYA R A A
EHEARER ) TREA IR A F

Takara =¥ H BR A 7]
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BeyoFast™ SYBR Green qPCR Mix (2X)

R RAEVA IR AT

R 1 EELHWN (82

Lt EIE
Forward and Reverse Primer Mix g E S R R A T
PAGE #E e bk 46 W71 Bio-Rad "LV IR 22 7]
BeyoColor™ 6,1 e 2 1943 - Rk bifl Bio-Rad A H IR 22 7l
IP 24 i 2P Fig R R RAEYARAF
0 L 35 0 R A AT R R RAEMAIRAF
& IR A KNG EMAIRA T
BCA & [k ARl & FIER R REYE IR AT
ARG (40 Bio-Rad W FRA 7]
MFERE: (APS) R EAEMHIR AT
PUFI3Z, — % (TEMED) RREEMARA A
Tween20 A EMH R AF
Ak FEAREDA R
o BEIR B 1 5 S5 1 RICEDEIRA T
+ R ERIER 4N SDS ERAVAH R A7
PVDF Ji& Bio-Rad A4 fR 22 7]
HER FACEDA TR 2 7]
A i L ZRVE M 7 R B AL A B 2 ]
To & A OEE R (10 HERE A= PR AT PR 2 7]
Tris FAEMARA A
ECL 022 R 3¢ i W E S REYHRA A
Quick™Western — i/ — i Bk FEIZREMARAF
pS3 £ mEHTA BN A2 AR IR )
P33 (Ser392) %Kik MM S LR A R A A
MDM2 £ b Hifk Santa cruz A=) A 7]
BCL2 £ S ik Protein Tech £ A IR 7
B-actin % T HT A Protein Tech A4 /A &]
FAS £ v [k itk Protein Tech 44 /A ]
Protein Tech A4 /A &]

Casepase-7 HLik
2P 1gG-HRP Ptk

BN 22 D RHATBR 24 7]
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PEH R, 1eG-HRP $Hifk Protein Tech 44/~ ]
HO/PI SR TR NRVEIRA AT
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4.2 SLIERH (R 2)

R 2 KRR
€ EIE
-80°CAIR R VK FE Thermo Scientific 2 ]
4°C, -20°CUKAH T SR AR~ A
- JEAX Bio-Rad /A 7]
R Sk Eppendorf 2 #]
HAFE . BLE. EPE RN H IR A A
LGN AR = HBESER AT
Tl IAN Eppendorf 2 #]
S %t € & PCRAX Roche A ]
B E RO RIAL A IR A7
e A I Thermo Scientific /A 7]
T3 IR AH H B R A R
REEARAX Bio Tek 2\ ]
T3 M F A A Shimadzu 2 ]
JE IR B R Shimadzu /A 7]

L RF AR AT
RO KIPEETFHL
LIRS GrrazE Il

YL FE 6. 124 96 LK Coning A fR A ]
THR CO» 377 46 Thermo Sciencetific /A 7]
15 5 Wi Olympus H R 2 #]
TR HRAR Bio-Rad i fR 2 7
Western blot 15 4t 1X g SE SRR PR A 7
gk E Millipore £ R 2 7]
PR B 2 A R EBEHRAF
B IR KV 4 P A R A 7
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5. SRR
5.1 REEENE

W NUKFE B I R FEAE A B T 300 TR, I 4E Milli-Q 7K, 2 mol/L

SEEAC BB UM NGB JG I RS (L mol/L) w1, 95°Chn# 3 /i, whagAEIA]bg 1
N B IR, S EASE MMA. iAs fl DMA MES. MIESS &0 ik
RSN KA — B IGRAHE — R TR e 7. IRy 1.0mL, A 2%H]
RN 10% IS AN R N, RS R, AR S S, SR AR R %
Br2KIR, ARG ESE M KRR IR b 4, S5 H T B Bk 2N FE 2 5
I3 B WA IR S JE I SR T 6 B, BRI ATR 2 IR iAs. MMA A1 DMA [f)4
B, R As R ENETHI iAs. MMA 1 DMA KUK B, FIEAL e BOR B 5T RE
JIRkRE, TFEFRM R WIRFEEATES (PMD = (MMA+DMA) /& As. 2 H
FEAFEPR (SMIEDMA/MMA) o JRIEFE i o & A AL 0 5 70 B (GAs% MMA%.
DMAY%) i ot R P i) % B2 o DA Al PR B8R v BRI

5.2 kB ZmAaiE BN

(1D R4 N -20°COKFE TR B, E=IR SRR E, FBIASEL 500.0 pL
HIINTE RNA Jig 550

(2)  WREL 300.0 uL ] PBS I &4 300.0 pL FILEE TS RNA BF 208 F, 7
IIIRAT .

(3) KIRZIR PBS— LI 500.0 uL Ik AR b, HAEEEEEER
BREZS, {f PBS— MR EM T B4R L2 =R T, 20 (12000
rpm,4 min) o

(4) BLJa, Wl BiERET, RS b R 2 bk A4 P 258 1) 6 RNA
FE BP &+, fEWRIECR ] EREEAHR S, BT TR0

(5)  WREL 300.0 uL [ PBS 25 Atk &0, fFEZEEE 0 (13 000
pm, 15 min) J5, EF_EIEWH, T8 RMUTERD ARk 4.

5.3 # A2 RNA 12

(1D HEKHEEWRF 6 LR EA IR, A PBS MGk Mk, 1£64L
BREFAFLH S IO 1.0 mL [ Trizol 40 LAV, T =i F# E 10 min, ikHR SR
fift o

(2) HARAR RS 1.5 mL BO08 T, EE THE 5 min.
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(3)  MEOEFMA 200.0 uL SR 30s, WS R B CE 1 H I 2 BL R 4k
SRR ER N ERFE 8 min.

(4) 12000 rpm, 4°CEC> 15 min, MR EOLEFHHIHE R 2 EHER, /Do
WY B3R 510.0 uL 2= —NMH1 1.5 mL &0

(5)  [FEFTEOE A 510.0 uL R NEE, ETREUENRS), =R T#FE 8 min.

(6) 12000 rpm, 4°CE.L» 10 min, %7 BIEW, AN 1.0 mL 1) 75% 67K L B2,
XPUTUE AT dif . EREENRAIE, TN SR EGAL 12 000 rpm, 4°CESCr 6 min,
7 FIEW, MEERNE R TE B 9 ER BN RNA.

(7)) {EZEE FBKYIE T 8 min, SN 65.0 uL [1] RNase-free (& RNA FEgHIH| 7))
KR, FMCSKEBRREWRITIRS), ff RNA JUIEE SRR

(8) #HUK RNA A UV-VIS Spectrophotometer £l FL ik FE R 465, #56 & 4 5
AT 1037 55 SR

5.4 RNA i#i#2 cDNA

IR 3 Wi 5 3 S B

X3 WEFER
el & (ul)
5 xRT-Buffe 4.0
10mM dNTP 0.75
5%RT Reaction Buffer 3.0
DTT 2.0
HiFiscript enzyme 1.0
Total RNA 0.25
M-MLV(200 UpL) 0.5
RNase Free H,O %20

B 200. 0 pL o GEE T UKE L, & EIRRP RN ieikziR>, HH
HE, EEE EREBICEEREIR, WERF N 37°CHE 30 min,

10
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(D 5Bt 56
M NCBI 3% Chttps://www.ncbinlm.nih.gov/) 2 3845 TUG1 FlB-actin ¥ 3£ K 7
F, F primer3 Wit 5140 -
* 4 ZEF5

LA intis s 2] il

TUG1 5-GAGACACGACTCACCAA-3' 5'-GAAGGTCATTGGCAGGTCCA-3'
B-actin 5'-CCCTGTACGCCAACACAGTGC-3' 5-ATACTCCTGCTTGCTGATCC-3'

(2) SER % E B A &

R 5 L RGR PR
A i &E (ub)
BeyoFast™ SYBR Green qPCR Mix (2X) 7.0
Forward and Reverse Primer Mix 0.5
Template cDNA 1.5
RNase-Free Water 6.0
Total volume 15
Forward and Reverse Primer Mix 0.5
Template cDNA 1.5
RNase-Free Water 6.0
Total volume 15
(3) %M RHAT IRV
R 6 LB R R S
IR i i 1]
AR M 95°C 10 min
At 95°C s
Bk 60°C 10s

ZEAH 72°C 15s

11
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(4) WGERT

it LightCycler® 96 SW1.1 K H15 2 /& Mt 4, R4 419 i 4 3815 TUG1 AIp-
actin ) CTAH, MM 2° @A TEREM, FRERES 3K, CTEH= (F#&4 TUGI
FH Ct{— # T4 B-actin F[H Ct{E) — WTHRZL TUGT FE[K Ct {H — %I & 41 B-actin FE[H]
CtfE) -

5.6 E{K 16HBE ZAfEH) TUG1 EH

(1) BEATH YL SEIO AT, Redi B 70 A 1) 16HBE 21 g #2 i 2.5x105/FL#%A T 6
FLARH, A MEM B:32i e » &AL 4. 0 mL.
(2) ¥ 10D/E ) TUGI-siRNA (JFFI WK 7) THr, 4°CHEL (12000 rpm, 1
min) , JIA 125.0 uL J& RNase 7K¥R2], 733 B T-20°CHIUKFE H IR AT -
£ 7 si-TUG1 %]

TUG1 %A 52l

siRNA1 Forward:5'-CCACCUUACUACUGACGAATT-3'
Reverse:5'-UUCGUCAGUAGUAAGGUGGTT-3'
siRNA2 Forward:5'-CCAUUGGGAUCAAAUCAAATT-3'
Reverse:5'-UUUGAUUUGAUCCCAAUGGTT-3'
Negative control Forward:5'-UUCUCCGAACGUGUCACGUTT-3'
Reverse:5'-ACGUGACACGUUCGGAGAATT-3'

(3) #MuiEsR 19h )5, #EREMADELE, Al TUGL-siRNA &7 12. 0 pL
H124.0 uL ] Rfect, 28J5 73l [/ BN E SN 600. 0 pL (G MG R 725, IR G =R
THCE 5 min.

(4) 5min /5, ¥ TUGI siRNA JREHIMA 2 &H Rfect 1RGN ELEH, H
MRARATIRA) G, =i F4REE0FE 20 min.

(5) fESAF 20 min B, 7 6 FLAREA 5T EE, BFLINA 800.0 pL BBt
BRI, ARIGIN 37°CHI B FE46

(6) [ 6 FLA B I TUG1-siRNA Al Rfect Ji& &V K78 & 200.0 uL, 40
B IR RS2 R5 9% 24 ho

(7) 24h ¥y MEM 58 & 559738, 4k4R859%. 72h 5, #RHRNA #1T PCR
A, A TUGL RIATE 0L, e e Gl 3
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PN T e DATES'S

5.7 MTS 30L&

(1) fE 96 FLAR T, #FEMab TXHECERK I (LR 7000 4 , IR
LA FE A REFR L 100.0 pL.

(2) 19h G, FATREGRFERFX TUGL #4789y, SFLINA 50.0 pL ) siRNA-
RFect VR GRS, THMBE =M 1% 72 he

(3) 72hJ5, ®FLMA 10.0 mL () MTS WG, TREFFNIEE, IR
b 15 min B HEEARC (490 nm) A2 0D 1H

(4) IFHEMMAFER= (siIRNA-TUG1 ] OD H— 241 OD1H) / (siRNA-NC
HODEH—ZH4 ODE) X100%

5.8 ApAT- 5IFFE L8

(1) AR E R 2.5x103 A /LM T 6 LR, FEREFRFATEFR 19h, A
siRNA-RFect VR A1, 4k8:3559% 72 ho

(2) FFEAEEFRE, FFLIA 1.0 mL ¥ PBS #ei%k. &FLINA 5.0 uL ] Hoechst
JeBf 5.0 ul (19 PI Yttt TR, =R NEDEIFE 20 min.

(3) HIPBSBEEZRYEM, FEAEZFLANN 100.0 pL 1) PBS LA f 4L (15 L,
2¢ Hoechst Y0 J5 n] AN W (om0, X RN R TR DL, 1 PLYL B 140
Al LR, N T IR .

5.9 ZMRaALIE

(1) BEH)E A ERENA T F B FRERRE 0.0761 T IEAEREN, H DMSO & f#, %
2 & 500.0 mL K&, HRALWREN 2.0 mmol/L. ffH MEM ¥ 3= MR N 1.5
umol/L, 3.0 umol/L, 4.0 yumol/L, 4.5 pmol/L, 6.0 umol/L, 7.5 umol/L.

(2) FC]— P AR A RN — A B RV . F TR ATEAR 0.1619 g — ARG
BAAN 0.2140 g — HEEMERENE T D E LA E T/K, B2 500.0 mL FEMPES, IE
% 2.0 mmol/L ¥, F MEM 85 %358 il 4.0 pmol/L.

(3) JInzj. 16HBE 4Hff#efh T 6 FLAR h T H 346 5598 24 h, mEALINAAE
WE R T EREN: 1.5 umol/L, 3. 0 umol/L, 4. 0 pmol/L. %54k 5 855% 24 h, W TG
EERAE.

13
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6. Western Bloting SEI&

6.1 EEHRGIF

(D) fEAfFEG 720G, FEARFRR, BSIMA 1.0 mL PBS BEE MR, TiK
& F AT

(2) FCHl 1P 24, HFLAIECHI TR : 200. 0 uL Z4AEHE +4. 0 uLAEBSF+2. 0 pL
H BRI 0+2. 0 uL 8 I RERR AL 177 o

(3) FERAFLHINA 200.0 pL ZARBIR G, BT UK E 15 min,

(4) 15minJ5, F4IMEIRAS 6 FLBGLZ MM MARE], B 55 40 i 2L &
WA BB O E .

(5) JAlE 3R, BR30s, BEKRIARG 5 min, EMIZMHTE . WiREH, 4°C,
12 000 rpm, E.C» 8 min.

(6) BOER, B EEW 160. 0 uL 2E M EOEH, I 53.0 pL 1) Lodding
buffer (4x) F 97°C, 5 min BTN, -20°CIRAT

(7) H4E BCA B4, B 2.0 pL & A TR EACE AR E.

6.2 SDS-PAGE H jKSCLf

(1) $ZMEEHC /7 BCH) 4> e . 3.75 mL 1] ResolverA+3.75 mL ] ResolverB+35
uL ) APS+3.5 uL ) TEMED ¥ iR S L2, M 1.0 mL 5 R E

(2) FRAEAFEERAEERS), FRABEMANEETKIGH, BiE 587K,
Pl K73 FIIE AR 25 o

(3) BAERBRZEBLLNEC 7 : 1.0 mL [ stackerA+1.0 mL ) stackerB+2.0 pL [
APS+10.0 pL TEMED J& i e S L2 EKS, i1 DA B A SE Rl AR, iR E
30 min.

(4) 30 min J&, 7EHUKMPTONBCHILF B Rk, e R BRI T .

(5) (AR EFEES, DL BCA M AR B NIRRT B .

(6) fEFLIKIEIN IKAL 120V, 110 min HJK.

6.3 FEIE

(1) HI IR I M Friggn s, HIHEEE L PVDF I 2 min.

14



RBR AR 22 AR

(2)

EAD TRERIATUI, B, SRR, B R, R 2 5 il

NPEEFE A, P20V, #EATHCE 20 min.

6.4 A

(D
(2)
(3)
(4)
24 h.
(5)
(6)

6.5 L&

(D

=
Il o

(2)

FEREEET, HUH PVDF B, DL 5 min (IR A TBST ek 4 XK.

FHICHE BB AV PVDF EEAT 351, I 18] 15 mins

BHSR)E, FH TBST ¥k 4 ¥k, TBST & 5 min B #—X.

B —PRB (2.0 mL) JIAF| PVDF i, {E 4°C4F T REIR 15 3%

WE S, IR TBST Bk 4 X, [EIRFE A8 5 min, FFUEWEE P 2 he
THIWB WG, FEIRAER TBST ¥Rk 4 7%, FIXIERS 5 mine

B ECLALZEROGI A T B ZEARR ST, BISIHMIRER R E, BER5% 2

Rl B 2 RO B, AR TINR .

7. Gt FE S

VB SIS0 25 R HE Mean £ SEM 7~ . SPSS 21.0 8¢ GraphPad Prism 7.0 &5 11344
AT IRAT IR o0, B IEAVERES PR A S OLARU 1. W ARSI AR & IEA D
fii, ¥ tAs. iAs. MMA 1 DMA BEURE AT 70 80 # . R 8dE 45 258 P SR
HERERR, EFESHIEE R P EN G 565 (Ps, Prs) R, W35 MR350 K
0=0.05, {# ] GraphPad Prism 7.0 % AFET G it B R Bl
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1. R AB—RIER

TR 74 TR T NBE, R 36.01£5.21, LE B, YidEir 2R
NG OB 25 44, JRRTE 35.2543.45, PWIALFEYER], WO, AR0E A6 iR E St
HEN (P<0.05) , GRINTE,

K 8 HFRANBEH—RIFM

F SR (n=25) BEH (n=74)
R xts) (FF) 35.25+3.45 36.01+5.21
WO SR G/ 5D (4D 15/10 45/29
Peml B/ 20 16/9 46/28
s (/) () 12/13 36/38
B RE (D
<6 6 19
6-9 10 28
>9 9 27

2. PRAP RN K RN ER B LR

SEREIR, SXTHRAM, WRELHTN iAs. MMA. DMA KEMRET &, If
H iAs%M MMA% B4 2 & T+ 5, 1 DMAY%UME T4 BLL,  ELis a4l i fis 640 3R 50
R FE 2 5 X A AL, PMIAT SMI ¥ RFE, ZRASRIFFEN (P<0.05), iR
T&:
R 9 FTNBER T RRHKF

e~V XHHEZH (n=25) EFHEH (n=74)
(HHIEL, Pas~Prs) (HOIEL, Pas~Prs)

iAs 1.56 (0.88-2.60) 104.69 (51.51-253.35) **

MMA 1.57 (0.94-2.12) 156.43 (62.81-351.61) **

DMA 15.25 (10.20-22.59) 603.66 (174.92-1233.24) *

tAs 18.82 (12.01-27.03) 822.39 (325.59-1906.47) ™

16



KBRS0 2 A8 S

R BIANBERFPHEIAT (8%

e~V X (n=25) il (n=74)
(FPAL%, P25-P75) (FPAL%, P25-P75)
1As% 9.72 (5.46-15.83) 13.71 (9.21-20.79) *
MMA 8.15 (6.51-10.34) 19.07 (17.02-22.70) **
DMA 83.30 (76.59-86.54) 64.36 (56.28-74.05) **
PMI 90.27 (84.16-94.53) 86.28 (79.20-90.78) *
SMI 90.49 (8847-91.96) 76.46 (71.42-80.50) **

vE: iAs: THU; MMA: —HEMER; DMA: “HEMER; tAs: Sf; PML: —HHFREMFEE; SMI: g
WwIe$. *SXHBALLLE, P<0.05. 55 BALE, P<0.05.

3. 5p A MK EZAAE TUGT mRNA ik

SIESMHRRE, BEAANNIEZ TUGI mRNA #2835 155 5 R FH P ST RE A 56
HEAT 00T, G5 EN, MREZEARTH TUGL RiZBX AR E FTF, ZRE%tH%
B (P<0.05) , 2B A A A R sk 240 i rh i) TUG1 mRNA A &2 15m, 45
Rk 1 Fios.

g 107 .
= g- [
3
=
=1
&
2
=
g 4
@
2
5
L
22
0- L]
Control Exposure

A1 FAHNEESNE MARE M TUGL mRNA Rk B

e THXTHA R, P < 0.05,
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4. ESHE TUG1 mRNA FHABHE XM

gE R, P BT 7R GANE M E 4 TUGT mRNA ik 5 tAs. iAs. MMA.
DMA &R IEMHRR R, 458 WE 10 F1H 2.
F 10 [REEMEE TUG1 mRNA RiEKFERR

AR E Log(tAs) 1As% MMA% DMA%

TUG1 3% R1H P1H R P1H R P R1H P
KK L
0.06257  0.0125  0.05745  0.0169  0.06995  0.0082  0.069  0.0742

A B
1.51 1.5-
Y =0.03998*X + 0.8015 Y =0.03911%X + 0.8366
P<0.05 P<0.05
1.0- O s T
+ & PPPC LT T

e
IR H;."++++ t
+

Reletive Expression of TUG1
Reletive Expression of TUG1

0.51 4 051 :
0-0 T T T 1 0-0 1 T T 1
0 1 2 3 4 0 1 1 3 4
Log(tAs+1) Log(iAs)
C D
1.5 1.57

Y =0.03986*X + 0.832
P<0.01

Y = 0.04003*X + 0.8087
P<0.05

1.01

0.51

+4

0.5 %

Reletive Expression of TUG1
Reletive Expression of TUG1

0.0 - : T - 0.0 T T
¢ 1 2 3 4 0 1 2 3 4

Log(MMA+1) Log(DMA+1)

& 2 SME L TUG1 mRNA RIE 5 JR A 2-Fi 8080 548 < 20 i B

18
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5. MEBELIEHS TUGI mRNA FTiAKFEREXER

KH ANOVA [¥] LSD 7715, Al EAR SR A (n=51) FRACIA (n=48) it
TR, SR WE 3. 5 PMI 4{H TUGI mRNA FikKFE K PMI A 5 (P <
0.01) , 7 SMIZH TUG1 mRNA FRiE/KFFAUE SMI AR LLAE PR, WE SR TTHE L.

A B
g L5p . §1.0-
= =09 —l_
L . ——
e °
= £
s 1.0 — - £0.84
e == N
2 z0.
< 2
o 0.5f e ] « 0.6 ]
2 =
g — g -
< < 0.57
z E
0.0 - T 0.4 T T
High PMI(n=51) Low PMI{n=48) High SMl(n=51) Low SMl(n=48)

B 3 mF RS TUGI mRNA Rk

v THX AR, P <0.05,

6. f%} 16HBE ZHfE® TUG1 mRNA FTiARIR N

6.1 NEIRE NaAsO, ¥t 16HBE ZHfH TUG1 mRNA RiZHI& M

%ﬁﬁﬁ%ﬁi,W%%%%Hm¢TmﬂmMMM%LAﬂm,m%%%%%
LR S0 33— 2B I0AIE 16HBE 4l /il 5 7% T /5 TUG1 mRNA [RIERL ., @i SEmf 2
BREMFERMN. (QRT-PCR) 43#r, W& 1 =Mk EER AR ER (1.5. 3 F1 4.5 pM/L)
AbFE 16HBE 41/t J5 TUGI ) mRNA RKIA/KF. SR ER, Mk ERIEIN< 33 TUG]
MFEEBEEZERN (P<0.05) , JFHEHEKBMELE 4.
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#
o
- 2.59 ok
&) T
e 2
- #
e |
= #
S 154 *
2 ==
L
g,
> 1.04
@
¥
w
‘= 05
U
)
4
0.0~

control 1.5pm  3pm  4.5pum

Bl 4 NEWRERNT 16HBE 4l TUGT FikKE M
7E: 16HBE 4 # 8% T ARIWKE iAs (1.5, 3, 4.5uM/L) 48 h, control ZH & /RA NI, *SXFIEA LR, P<
0.05." SxIIRM LA, P<0.01."5niAs (1.5uM/L) HE, P <0.05."5j0iAs (1.5 uM/L) H#, P < 0.01,

6.2 TE{X 5149%F 16HBE 4HAsh TUG1 mRNA A&

PL 4.5 uM/L [ iAs A1 E BER S 1Y) MMA AT DMA %} 16HBE 41 i 445 48 h, Fill4H
Hir TUGT £ 55 ) mRNA AR R IEKF, SR WE 5, Fifdd B ATRR A i 47) b 22 20 1)
TUG] RIAHEEmTXRA (P<0.05) , HPHEWE iAs T TUGL RiLRE 1
F T EAEREE ) MMA fil DMA.

r
9

= =
> =

=
n

Reletive expression of TUG1

=
i

control DMA MMA iAs

& 5 EpAnEACEAXT 16HBE 4H1+ TUG1 mRNA REKR M

7E: 16HBE ZHf % iAs (4.5 uM/L) , MMA (45 uM/L) , DMA (4.5 uM/L) %488, H control ANINAALFE, *
ExRALLLE:, P<0.05 "5MiAS (4.5 uM/L) ELEE, P <<0.05. %51 iAS (4.5 uM/L) i, P<0.01,
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7. W%t 16HBE ZRPRSE 118922

7.1 AEIRE R NaAsO: %t 16HBE AR TE SRR

N T WA S ) 16HBE 40 M A0 55 1%, K597 16HBE 20T,  FHAS R 1
it (1. 1.5. 3. 4.5, 6 F1 7.5 uM/L) , ff ] MTS A E i 2 55 5 s A s . 4%
BN, THALIRZH Y 16HBE 41 M s o ZH (0 uM/L) BEEAL (P<0.05) , H
TR EAE 3-7.5 uM/L 255 48 h J5i, 16HBE 41 (40 3% 77 DAFR) A bk S 35 A, 3
GBS, WK 6. Bk, fERZSL N 7 ismA s, RNk ELsE
16HBE R 1.5 uM/L 3 pM/L 1 4.5 uM/L.

100

=24 w
e
*

ok

-
b
¥*
*

ook
T £

!

Control1 15 3 45 6 75
Aresnic concertration(pM)

cell viability(%o)

o o
e <2

N
=)

B 6 A~ [EIR RNt 16HBE ZHE /7 g2

T AR E T ARWRE NaAsO, (0. 1. 1.5, 3. 4.5, 6. 7.5 uM/L) 4HHE JIB&A%, b control 203 75 AN i
P, CEXPREA R, P<0.05 SRR E, P<0.01.

7.2 FFRFRK 43S 16HBE ZHHEFERAR N

N T IRFCEA )T 16HBE 40 J 7% 1 2, RATIE#4% 16HBE 40 M 5 75 T
MMA (4.5 uM/L) . DMA (4.5 uM/L) LA NaAsO: (4.5 uM/L) , Z5REIR, 5X}
HRZLAHLE, Y4BEM0 16HBE 40 (1 40 A is /) 38 BRAK, (HRIFEIR 1Y iAs FRARAH RS )
KPR 1Y) MMA 1 DMA B 525, L MMA AT DMA o148 i 55 P4 2 1% T AH 7]
WEEI iAs.
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ey
=
T

o
b

ok

cell viability(%o)

=]
T

40

T T T T
Control MMA DMA  NaAsO,4.5pM

B 7 mRRRAS Y% 16HBE 41 B 77 FIsE R

W MR FET NaAsO, (4.5 uM/L) , MMA (4.5uM/L) , DMA (4.5uM/L) , HA control ZHFR/RANINAALEL .
YHPRIE I RRAG, " SXTIEALELE, P <0.05. " EXtHELALELE, P<0.01.

8. iixt 16HBE £ AR RN

8.1 FEIRE R NaAsO: % 16HBE B4R A TR R0

W BRI 9% 72 h J5, #E47 Hoechst/PT I T4 (o s206 . 45 RN 8 i, 5
TR (0 uM/L) AHEL, 385 A9 16HBE 40 f G 2 K E W giE - g (&
Hoechst J4 4 J5 40 il B IR0 NI R AT TR, & PL B G HRE I L Bl
MR I TS, HBEEQEAIEMIGM, WO EEREE, HTRgRER
ERHEIE D, N NaAsO, (4.5 uM/L) JET- 40 3% 2 T NaAsO, (1.5 uM/L) I
oA, 1 NaAsOz (1.5 pM/L) (V8 T 40 80 2 w8 T A AL FE 1) 5 R 41

RS
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I apoptotic cells
Nen-apoptotic cells

g 45M 11.9%
&
E
5 M 2.8%
=
4.5uM:P1
i E 1.5%
9
2
4

0 5 10 15 20
Apoptosis rate(%)

&l 8 AEWREEH NaAsO, %t 16HBE H {7 £ B T i B2 il

8.2 X 5149%F 16HBE ZHAh I 4mp A TR0

16HBE ZHfi 7% T MMA (4.5 uM/L) . DMA (4.5 uM/L) FIUAH [EE ) iAs, f#
11 Hoechst33342/PT U4 AR M A0 AR T2, SR T2 — P A R R A st T, 3
REAE 2T V2 I DNA F BRS040, T4l R IUAZ RO B2 0 Ao 45 R ER,
MMA 1 DMA A TN T- R LR EZ R, (HRMEA A (0 uM/L) T35
i, 9.

OpM:Hoechst33342 MMA:Hoechst33342 DMA:Hoechst33342 Mon-apoptetic cells
B apoptotic cells

DMA4.50M 8 0.8%

MMA4.51M$9.5%

M :PT

1L.9%

0 5 10 15 0
Apoptosis rate(%)

Bl 9 iR YI%F 16HBE A 40 8 T B R
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9. B TUG1 FRiABE{K 16HBE 4ARRAY7Z5E 3R A8 hn thiF S A9 AR =

9.1 TUG1 EFE BRI KN

I Rfect /IMZBREL Gk FI4E Ml FEMEAS, FEU8UR m . P NC-siRNA A1 ZHAN [F]
F BLf) TUGI-siRNA # %43t 16HBE 41, 153% 72 h 5, LA PCR &I TUG JE [ %
KK, BLUE R B 8 TUGL-siRNA Fr BE 19 % G2 3%, P 40 TUGI1-siRNA ] TUGI
mRNA FKiEWKT TUGI-NC A, ZRAARIEE L, £ TUG] £H7E 16HBE 41
MO DG, HRIE BRI,

)
=

._.
4

._
=

=
o

Reletive expression of TUGI1

=
==

NC siRNA1 siRNA2
B 10 Y12k H Bt siRNA1 F siRNA2 75 16HBE 41 & 7T BR 30 R

E: 5% NC E#, p<0.05, 75 NC H#, p<0.01.

9.2 BUE TUG1 [F4AREIE RN

N TR TUGL ST ME 105600, % TUGL 2R TTER B 44 % 16HBE 41 i
72 h )G, AT MTS 3G 3R . S5 R Box, HX4 (NCA) Mk, 47
TUG1 2 [A (1) 16HBE 4140 MLIE /14K K TUGT ARRIERIANA AT 3 uM/L 1) 1As 4b
48 h, FEULHBIMMINE 1B NC HEZEFEIK (P<0.05) , K TUG KK IE I ff i
5 16HBE 40 T390, H48 7S /AR B LA I 1As K. RBIneRfE, 201 si-
TUG! A% S 4 M E T- 1) Re
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NC HHI 5iRNA] Il iRNA2

g |

bility(%4)

cell viabili

[ %
2]
1

o

Opm 3pm
B 11 TUGI )5 40 BaE Al

E: "5XNC L, P<0.05, 5 NC H#, P<0.01, TUGI-siRNA ¥ 4%J5 16HBE 40 jiE /7 B3 5%, i 3
uM/L 1] iAs §¥ B 16HBE 41l 48 h, AHLLHAIEMK TUGT G40 S J1 FRFE N B,

9.3 TUG1 B /5 4R A T=Fn 3RS 42 )

F HO/PT XUt iE B uE 4 S 0 T FIERBE, 45 R Box, 5 NC-TUG1 4Aflt, TUGI-
siRNA ZIF T4 (Bt MRPE4nf (atyds) HEREM M, WHE 12,
FEREALFE R 3 uM/L 85 2difurh, 5 RANHEE ) TUG1-siRNA ZHAHEE, HO/PT W 4 i 56
PAZIRIEA M EE 2, W 13,

B
NC:Hoechst33342 sTRNA1:Hoechst33342 SIRN2: Hoechst33342

Non-apoptotic cells
B apoptotic cells

39.57%

NC 22.89%

0 10 20 30 40 50 60 70 80 90 100
Apoptosis rate(%)

B 12 TUG1 K5 X 16HBE 40 8 T3 58 (I 52 )
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M L:NC:Hoechst33342 3uM/LsiRNA L Hoeehst33342 | uMAL;siRNA2: Hoechst33342

IpuM/LsiRNALPL

IpM/L:siRNAZ:PL

B apoplotic cells
Non-apoptotic cells

SiRNAZ(?)[IM/L) 28Y,

SIRNAT(3pM/L) 68.23%

NC(uML)

0 10 20 30 40 50 60 70 80 90 100
Apoptosis rate(%o)

Bl 13 TUG1 RifRJ5 0 NaAsO, (3 pM/L) %t 16HBE 40 & T- 3R 58 HI S

10. TUGI B{RETHFEEENTL

Western blotting S % F K E Sk TUGI mifiCf5 X 16HBE 40l p53 {5 il BXAH K 2
HREWIAEEN. W& 14 s, 4R ER, TUGI-siRNA 4 p53. MDM2,
Caspase 7. FAS #1 BCL2 ()8 H/K-FRE TH &, KON p53 e UL #3618 1 2 i 1R
. WiEt Western bloting SZ56 /3 HTHfi i€ 1 p53 (Ser392) A IR ALIRTS, 45 R E
7N, {E TUGI-siRNA 41, p53 7E Ser392 i s BB AL AT 1.
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A B
A
NC_SRNAT SRR NC  SRNAT siRNA2
- .
MDM2
Pro-Caspase/ 30
FAS o & | 38KD
(leaved-Caspasse7 M g -
B-Actin 42KD B-Actinm KD

NC GRNAL siRNAD
053 (Ser3g) -

Y
p33

B-Actin m

B 14 TUGI /5 p53 BB E 3R {k

i 1T Western blotting 52 4% 4% Ml TUG1 YT 2R /5 # 16HBE 4 g ' Caspase7. MDM2. FAS. BCL2. p53. p-p53

(Ser392) M HEFIX.
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i

T — P ERREEITER, A0 NS Rl R e U A 2 5 HE 4
FE— iz EHUEARE YL A s AR (R AL 250
BEAHLE R SO BSINBIRE R EREGILE) . SREE R R ST
MV T, A BB R B R 1000 ng/m3 ™ * . TSI 4SERZ) 1.6 12 N R,
PR T R AER N B —AMERE R A B LR U TAS™Y, MIRBEM RIS AR
I k. WRRG . AR AR SSBEMR Y, ERETAESAARS KT
FUEMIR RS B, B a s N BB

Chen %5 N AE 68 R JL I — TN 7 12 4F BB U7 A S 7e b R B, RISk B2 <
100 pg/L, AE & A fi (14 A\ Jeg AP 36988 RE 1A RGBS B84 0 %0 49 A 77 W R N o DR e o
KGR, RIEZHNRRBTH iAs. MMA 1 DMA &3 5 X B4l ()& &,
Hrp R EHN GRS (tAs) HALECN 822.39 pg/mL, @il 13 E Tk
B2 ) 52 R PRIV B BRI 35 pg/mL™, XA ATERA I T 1BV A TN BRI At
mEEE NBE, XA AFERAE AR R PO R BN K S e i, BT
DA Bl fb Sk B . R T N A B AT OIS AR 4, BRI 3R 58
TN I 3 I T R R JER B Al il , 1 7 RO PR B 4 25 i o 22 AT 3 RN P 2 i 38 e
SRR RE . R, BRSSP PR R SRR, PMI AT SMIT I
TXHENBE. R AL, TN Ak N & AR A A R, BiE IR T BT
NHT K TR RS, R NA REMIC R R A, H2imim
I T R R AL R T, BRI IITE RN B R, SUERIKE R . X
PG H L M T ACEAERN AR R E, XM ERNSE SN ST Ea
T, AR FEURT.

RIUIFR G P = T TUGL BI7KF, BEE KRS, TUGL ) mRNA /KPR 2
FE, 5 iAs. MMA. DMA R 2 ILEMAC. R\ELEYH iR TUGL RIEMTE
Fl. MMA #1 DMA & EHUME N NG, 23t — R FIEA B 5 8 B s A AR
BT MMA 1 DMA [EE LG iAs 5, ASETK, Brblfg/RPumd 5 e ks
H T A [ A& B e AR Y AR SR AN, o R R R IR M et 2R )™ — 3
TR 5 — WAL b 2 16HBE 415, & ¥ MMA #1 DMA i3 TUGI £k i g J11%
TIRREENT iAs, #78 TUGL Al RE R A RER M RIS,  FRAERE 5 10 25 1 A0 80
R EREAEA . RS TUGT 2 1 RE 119859 .«
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EAFVER ML, ] i I e 5 D 2k RGE B AR A Sk A S T . e
W, TUGL B2 BT 7 40 R TS d R . 8 R R DUER TUGH,
RIEFIE TUGT AT{E 3 16HBE 40 T-. LncRNA TUG JE[K, — AN 58 A 5% 1)
B, BHHALRER R EBEMRAEH Tha LA, 7T LURIE S0 )
e, (RIS n] DAVE I SE DR o 24 TUGH A oy 8 00 1) 355 A1 B, 38 sk o o] &40 i 384 77 A
St M98 - R EAEH - TUGH B9 R 8] LA Bel-2+ CyclinD1 3R 1A5, 34 m
Caspase3 )28 15 A4 i) N\ 28 B 0 R A M A 3 5 ™ . TUGT 78BS J3988 TR AV A Iifee
A F, 18I EOE Caspase-3 Fl1 Caspase-9 /T N EE L, #H] Bel-2 /- ST T
R, e TR AN TR Y . AU TR AN N SRR AR S ) B R AT
TIRERE™, &Pl bR I A T B T PR R AR B A 4T 8 R 4 R T Bh A
R R . FEARXBEFEH, 16HBE 40fifE TUGL mfIK/5 75 /) T 1%, $&7s si-TUGI &
ZHH T 16HBE 40fu 3858, S5 F4RMAT IR, S WiRmgeea, Jeid
(20 s ) B BT AR e s 4. 20 R 0 0 SR T 4 A O T 4 e e = ) L
B, AL LERER, £ TUGL IR AMHE SAMFE T E B ERm. R iAs
AR 16HBE 2 iR 1 R 40 il 40 v 77

L0 pS3 A T WIS 5 15 Sl B0 VA 5 40 MR T R AR R S EORVE . T pS3
A SR TR SN p53 KA E R ps3 dEMHi kiR 2. Horp pS3 ARk IR AR 2
8 pS3 WA BEEA A PUAT R [ Bel-2 R MLBR R s EomE M, i et an @,
EARR TS, MUt TUGL B I et N3] 16HBE 4l . 230 pS3 & H
TUG] &% pS3 M E BRI A, 24 TUGL LBk, pS3 #ids, £t pS3 i
JHT SR a0 Bel-2 f1 MDM2 fRIE S kA i, AHFFIESE, 24 MDM2 ${B0ER, &
ot P F S BB R B E L, UL S BB R A . MDM2 /& p53 KRR,
pS3 AEEHE 45 A E mdm2 JEH S )T IX 38, M B % IR ) e s

20 R R A LR SR, 2l i B B I S R SR A B IX — AR T A T
PR Ak 2 EAZ Al B DL B 7 ™. 24 TUGH MR, pS3 BRERILAT &5 392 4%
BoE, HEAKPFAEERASA, pS3 HfE M kS RN IS A eI R A AR .
M pS3 KABERRALE , AE SR 7R YE 2 M R IR B R 1 R0k, T i3 20 4 i &) 4
BEYE . WD, RSN . Bt vk, AMIEZLRILT % T p53 #ik
R 30 Mz, AR SAEFANE . 40 Ser6 £ 9 FIBERR AL AT A I TGF-Bif #4482
JifJ8g AR R A I 8582 « pS3 Serl5 Al Ser20 [l R A AS 1 ] LA S 1 40 it i) ) 9 L s
1 DNA #5155 ™,
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M 7F 16HBE 41 i, TUGI #f @i fik 5 Caspase7 fl FAS KA L. Fas & H
FAS & — RSB E A0 7, BT IRBEA™ . Caspases? VEA— Rl FAI7LE,
A FAS #0h, SEEIRET™ . Wik, —NEHEMERZE, U TUGL /E 8 —7T L
W& FAS/Caspase 7, MIIAEHE 7 4RI T,

FEARWT TR, Gl SEEe R BT A ARV 5 S TUGL I3RIE, BLI p53 15518
% 7E LncRNA TUGI VA B0 E B, p53 & A E0OE IF A 7 85 S0 40 i 45245
TUG! B3Rk, I 5E 8 B 1 s S 88 1% 5 LncRNA-TUGT IR R, $m TER
WAL K o e PE BN IR . FEREAE T, 3R 7 LncRNA-TUGL 5 p53 3 (1) 5%
B, FFHFFT T LncRNA TUG1-p53 Y5 4% 2 15 5 T A 5.

KHFFE IREKH TUGL 25 7 16HBE 40X (1) S N AE DI #E . 75 BE R 5 411
WEFERUE SERAMTAIZE B, AR FE 45 AT A A RN IX — B Fe st 17 26t o Rk
— B I TUGL Z 500153 B4 M 3 T2 1 43 L o
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i

1. HRMP & B A TN AN & I TUG1 mRNA Rk, H TUGI mRNA FERIA 5 R
1 tAs. iAs. MMA fll DMA EIEMIZEE &

2. WAHEREN T 16HBE 41 TUGT IRIA, A RS =4 — AR 5 —
BRI 51 TUGT 3RIA F 0 I8 B B K T R — R B 1) A R 4

3. RS Sl pS3 KA T TUGL BRI, BUSFHCHR T3 A Bel-2. MDM2 4%,

4. K TUG1 IR IAREFE(K 16HBE A0 AIAIARIS 71, 1EMES NI T HuE
JiI

RESE

AW, IS8, R TR E KT S TUGL 3Rk, BAJ p53 13
SIEEEYE LncRNA TUGT W E B . AN p53 & A0S - Ll 7 0% S 1 41 i
R TUGL FIRIE . AR EREH TUGL 25 7 16HBE 41 Bl Xt it i) S o7 1 AE #id
Fo ARSI S DY), 52 28 2 HHT FORIUESEIRATEE B, H it 52
SE RN AR IX — F B FPRE T72EAY, 4RV TUGT 5 1 miRNA $E 55
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23T

5 circRNA BIFRIHR

FHE: g MRS, FEAAE T /KRR BEE T, Rl
PRI SR, i EE I R ANG B A SR SRR N R A E IR,
X AFRLT 1.6 AC N BB RREF O™ B . WAT IR R E RN, KIPER T 282 Mok
TR, AR Wi e AT, DANBREG, O VBB, e L AR R
Lo AT F RN SR NSRRI 32—« R RNA  (Circular RNA) & —fif
AEgmhS RNA B IEN AR E5H, 7E NSRRI m hfi 22 A 0. BRth, AN
TELEN 2% circular RNAs (I VR, B S 20 40 1 HL SR AL BSR4 .
FHRIA]: W circular RNAs; 0%

Advances in the study of arsenic and circRNA

ABSTRACT: Arsenic is an environmental pollutant that is mainly found in water resources
and the food chain. With the rapid development of industry, agriculture and medicine, arsenic
has been released into the human living environment mainly through mining and smelting of
arsenic-containing minerals, semiconductors, and herbicides, posing a serious threat to the
health of about 160 million people worldwide. Epidemiological surveys show that long-term
arsenic exposure can lead to the development of a variety of diseases, such as skin, lung,
bladder and liver cancers, cognitive deficits, cardiovascular disease, hypertension and diabetes.
Epidemiology classifies arsenic as one of the risk factors for human health. Circular RNA, a
non-coding RNA with a covalent closed-loop structure, plays an important role in human
health and disease. Therefore, this study will detail the role of arsenic in Circular RNAs and
provide a theoretical basis for studying the molecular mechanism of arsenic carcinogenesis.

Keywords: Arsenic; circular RNAs; Diseases.
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JeHLEf (inorganic arsenic, iAs) & —Fh Z WA B, FEXF A A FE
BRI A R A S — e AT BB, ORK AR, BUA
SIL6 UE 3 2 AT DU SR B S A R AR VA T Aok R L B R AR
Fio R RNA (cireRNAs) & —Fh B EYEEZER ST, FE 6 RNA RFEFZ,
IR RNA PA—Fh RS540 P& IR S5 T RAFAE ™ . PR RNA TE 40 Z4ERT Rt R
W, FORHAEMR, $EER RNA B RITE S . PR RNA BT 5200 5 9 iE A7 ¢
HERNEE, ERMRrgE. T8, RENRE TR REEEEEH, I/ AREE
LW, TS R PR BEARRAE 0 AT AT R 25 B ) A AR B, AL A A R S A
b AR, BRI FUEE R I, PRIR RNA FEGH 5 B8 A OO I R 45 h R 35
FEER

1.circRNAs Y854

circRNAs ) & Bl 45 T Sanger™ 25 N 7E 1976 FE RS2, KR IHEYIE &5 2 i
circRNA JE R S8 AN PAFR 73 7. Hsu MT F R B 7 S 00088 R AR 75 JIF CV-1 4
PR B Z0 B 5 A7 E — B cireRNA™ . 1996 4E, KILAGIHH RNA F g AR K48 T45H,
BEE 7 B R B RS, KRB RYIM b cireRNA I Et H a2, B2
circRNA CLZ 5% 30000 ZF" . circRNA 2 —FhIEgwiY RNA, 14065 RNA 2574
i % RNAs (tRNAs) . #F#{K RNAs (RNAs) . /) RNA (U1 microRNAs) Fl
ncRNAs (LncRNAs) "“, circRNAs F=Z AR o, AN L& B84m0 2 (1 5 1 2h
REo I A B SR LR RNA, O RREE M, FrRAFIZE 4 mRNA #H
i, SEAERSKAZ Rnase BEAITHAL, RMEMEMEERE, BEMAT" . circRNA G
PORpFR2E: (1) AR T circRNA, H%& 5 miRNA 556225010, cirecRNA B R
FOREAE: FEFRENFESR G, ATLAOABEREREY . (2) WE T RIER circRNA, EEE
% RNA. (3) #MEF—WET circRNA, FEFETHMZ, SRFEEFMEN, FiE
B, HFREEE VISR, MR EThRE7E R R RIA L R R EE HEMIEM .

2.circRNAs BIIh&E

circRNAs /& 22 FhAE W 2 30 B b B B8 g R ik # ik ™ . AR N RIEE T Z 1Y
ATEER . AT LLE N RNA #8475 miRNA 454, i #14 mRNA 5 miRNA 7£ 3°3JF
BV XA 45, Ta) e i R o H bR R R i 22", i mRNA B4 S E
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(RNA binding protein, RBP) 254G mMRNA 257 2048, M e A8 3L 8 2 1 =0 sl A e
M R AR 4 B R DR () A, cireRNAs 3@ i 5 mRNA P45 & 8E A (RNA
binding protein, RBP) 454", HEM ot BY a4 0 E mRNA Fase :,  HE i o8 15 2 A 4
ML RIE™ . — 2 circRNA 4 7 F A 0 4 i 28 13 10 F B B2 e, 388 3o 1) 0
AR, BEMIFEARZKRIATEYFINAE" . circRNAs AT LUE I 5 RNA
AW 1S A Y0H B AR k(R it 356 H #5207

3.circRNAs 8iFiBIE LS

A 8 7 A PR, bR i R PR AL 25E RNA B B A e, R
N-6— IR IR (m6A) &1, BRI, KA R, A
m6A BT & B SEAE, EATRE I L MR AR S 2K, SRR AE cireRNA
FPER P In— /> RNA ZhREocft, BUIRES (PNEBREMEARRERL £ JofF. fERA
Gt B 7, IRES AT BASE cireRNA EF= WA 750, LUREEIE. BN
circRNA SR IR G5, A2 IRES fH 5520068 sl i

4.circRNAs i 55y

circRNAs 1] DA/ESIE b P2 A i e BB OB A B, HOEBUEMER ™. Yang Y A K
Bl Circ-FBXW7 1] LA fi% % (4 i FBXW7-185aa, Circ-FBXW?7 [t FF 2% 34 W (5 31 Jie
FRIR IR AR R . 2018 4F, WEFIRIE T circ-SHPRH FT##1% /) SHPRH-146a & H,
EA 146 MEIERR, PR MEI R A %R A FRIE T R R AR R TR 4
TR, KRR B AR AE I )™ fE BT, cire-MAPKI1 A] At —Fhog L &
A (HA 109 MR , YZEARIRMN, SREETUEICREE™ . circRNAs
DR 2 0 1) 2 1 R IE AL AT DU R T e S e 1 2, AR N 2 Wi iitn &8, HT
TN RE R T3S

5. circRNAs VR [E)(E S8 & 5= fiE

circRNA T 2 iy §ijf& mRNA @i 8047245, % RNA-seq [N . k%mﬂWA
FAK AR ATE SR RE (R T AR At e vh R S AR o B AT AT LUl I &0 ) AH OGS 5 i % 5
e i A4S . circTTBK2 B8 miR-217 4R /&, i miR-7 KL, @it —
RO, s PIBK/AKT FI ERK {5 5 38 B, M1 390 1 J6 5 00 f 0% k 3dk Je ™
circITCH #3818 3% Wnt 388 2 R 40 1 £ &5 iR 41 8 10 & J2 ™. circPIPSK 1A 1
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AR, A miR-671-5p @ik E, BOE B I KRTSO0 A1 PI3BK/AKT i@ #% e (g it ity
ﬁ-@i&%mﬂ s

6. circRNAs {E A5 Figmic 5=E

cirRNAs 7] LLAE A R 2 i 40 45 & miRNA, W76 5% 5% )5 B A 5 /K7
R ERE™, H— DS S5EIENMREENRAERE . Zhang % N KL
circ100269 T 1F 4 miR630 (MiE4nik, SHMHEIMEM, S5BEENRERE. LSS
ESE cire-ITCH /E 4 miRNA 73 745, 52 miRNA 454, @35 miR-7 M miR-17
gEAIE, AR B N & Witk b R A 96 i AP 1 miR-7 A1 miR-17 I RIE . B 5
miR-216b 45 & i, £ 7E 8 e & & b = A Il AE F ™ . Zhong 25 & BIL circ TCF25 7]
PAAE N miR-103a-3p LA & miR-107 ] 73 F ¥ 45, 1 circTCF25 [k B 58 1k g 4% 410 )
miR-103a-3p & miR-107, MIfi3G5H CDK6 K1k, FUEEARA . A 40 386 5E AN 4 78 1
gi[mo

7. il

ERIB AR TR0 [ R AR S, AR RN ER SR A 27 i B 2 B e AN SRR
TAPIAET Y AR R, KT BTRBE A R, SRR A, UK
2] 3 S B AFAE RN VE T B B (K15 DL o 07 PR A mp 2 A0 A A = e By Je 02
ff TN R E F Y, RERMG R EER L —. RS AW
fRE, KR FE g R R . R PR BRI I A U

8. il 5 cirRNAs

KA 2 R 251 T cirRNA TR, RAEEE IR 5 A S A . X e 25 A
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