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Sodiumarsenite induces the trans — spliced TIMP2 ( ts - TIMP2) to

enhance viability in A549 cells: an experimental study
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Abstract ; Objective To investigate the effect of sodium arsenite( NaAsO, ) exposure on the expression of trans — spliced tissue
inhibitor of metalloproteinase 2 (ts — TIMP2) in A549 cells and to analyze the role of ts — TIMP2 in arsenic — induced cell
viability. Methods  Specific primers were designed to amplify ts — TIMP2, and their specificity was validated via qRT - PCR,
agarose gel electrophoresis, and DNA sequencing. CCK -8 assays were used to determine appropriate NaAsO, concentrations
and exposure duration. mRNA levels of TIMP2 and ts — TIMP2 were quantified by qRT — PCR. siRNA — mediated knockdown
and lentiviral overexpression systems( carrying GFP and 3 x Flag tags) were established to modulate ts — TIMP2 expression, and
CCK -8 assays were performed to assess cell viability under various conditions. Results  The results from all three methods
confirmed the specific amplification of ts — TIMP2 by these primers. NaAsO, reduced A549 cell viability in a dose — dependent
manner, with an IC;, of 48. 48 pM. TIMP2 mRNA was significantly upregulated at 30 and 45 uM NaAsO, (P <0.01) , while
ts — TIMP2 expression increased significantly only at 45 pM (P <0.05), indicating concentration — dependent regulation.
Knockdown of ts — TIMP2 decreased cell viability by 13. 18% compared to the negative control (P <0.01) , co — treatment with
NaAsO, further significantly suppressed cell viability (P < 0.01). Conversely, ts — TIMP2 overexpression enhanced cell
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viability by 24. 66% (P <0.01) and maintained significantly higher viability than the NaAsO, — only group even under co —

treatment conditions( P <0. 05). Conclusion
(ts = TIMP2) , thereby enhancing the viability of A549 cells.

Sodium arsenite( NaAsO, ) can induce the expression of trans — spliced TIMP2

Keywords : Inorganic arsenic; ts — TIMP2; A549 cells; Cell viability
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B TR, R s BT 2 RNA (trans — spliced RNA,
ts = RNA) 770 243 S B 0] 3 PR (A7
TETARAE EAZ A W) P i SL( Spliced ~ leader) — 2, [
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1 #MREF*

L1 XALAE R RPMI - 1640 HiFil S

IMF (AR A KA YRR R AR s R R - B
BRIBAW (AR AEYEARARAF ) 5 PBS,
B P T A A 1 R R A AR R TR S
(I8 FH2L,100 x ) H1 BCA £ P B2 0 5 3500 & (1 16F
Ao REYHARAIRAE]) 3 RNA Tsolate 52 U] &
(P % A P R A2 ) B R B A R 2 W] ) 5 HiFiSeript
¢DNA Synthesis Kit,DL500 DNA Marker ( VT.75 5 A tH:
LAY FHBCA R F]) 5 NaAsO, (Al o I 324057 2
) 5 L IRUIE BEEGR] ( BIOWEST 22 7)) 5 RFect /M
PR e (o M AUE IR A BR A R 5 siRNA-
1T 208 RNA (B B 25 5o R A BR A WD) 5
CCK -8 (5 [H MCE A #]) ; TIMP2 A 545t B WlshiE
FI(Actin) | Flag ARZHUAR (BRI Z 28 v AL RHA
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HIEE (> #1 ( Shanghai Techcomp Bio — equipment Ltd,
Velocity ISR Pro) ; i 5% ¢ 2] ‘& 2 't 12 i 52 ( Nikon,
Eclipse Ts2R ) ; % & % 1% 0 #F & 4 ( Bio — Rad
Laboratories Inc, Universal Hood 1I) ; 22 Tfj Bt fiff £ {3
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(GE Healthcare Bio — Sciences AB, Amersham Imager
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FEAA AT ARG AR, B 2 ~ 3 RAZA—1R (0. 25% Ji%
BEH AL 2 ~3 min) .

SZIE K AS49 AL 1.0 x 10° cells/FLEEFP T
6 fLAR, ¥ 7% 24 h F£f H 52 2N EE (RlG B2 2 50% ~
60% ) , AR e SE L IR AL, 7 B AL BE Ry 15,
3045 uM FEAFREN (NaAsO, ) £ 3 48 hiy X HRZH fin
NEERFBANE YR 58 2358 A PRES AAT, X) ]
YA Bl A S 80% ~90% , 4 ULAH kbl . %
LGSR, VS PBS PR IR, # TRIzol ¥4 £ HUE
RNA T Je 22525 .
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4 25 CHIFE 10 min,42 CHEF 60 min,80 °C ik
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(B —actin) fERNSILRH . 5IWIFFIH (5 —37) 8
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TGGACTTGGGAGAGGACTGG; ts — TIMP2 % 1 1F
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AGAGGGTGATGTGCATCTT; ts — TIMP2 5|4 2 1E [f]
CGTTTTGCAATGCAGATGTA , 2 ]
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IR 280 ST 3 IREA
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& ] DL500 DNA Marker , B39k 254245 100 v 30 min, %
S R HBE I G o3 T R Gtk R

PCR ¥ 34 7 W) 28 3% Bt e WEBE I FR VK Sk fs L 22
FE_ M g AR ) TR A BR A R A7 8] Sanger T
JIFAS 7 5 fdf FH Chromas R A4 E 47 B X FTLE X 530#7 , )7
B0 Y A 0L [ 5 85 SR A LB IE
1.2.5 %% siRNA B Bab T K
A549 AN LAEEFL 1 800 A1) % FE R 96 fLAR , fifi
F RPMI - 1640 582537 W G 19 h, Bf5 , ff
FH RFect /MZFRIG YA 4T siRNA 7 Belte e, &%
)5 24 h, ffi ] RPMI - 1640 55 4> 5% 0 T #1935
FRUE (200 pl/fL)  AREE3E S 48 h 5 kil A i ) .

FEHEAT siRNA T35 60 i A SC g i, 7% Y Jm
24 h, AL 200 pl B2k iE Sk 40 pM NaAsO, 1
RPMI - 1640 58 43535, A B 48 h J5 dEA TRl ts
- TIMP2 ) siRNA f [ 75 36 258 R A PR A 7 &

B, ¢ s kK (57 — 37): NC IE [
UUCUCCGAACGUGUCACGUATAT, 7 Ii]
ACGUGACACGUUCGGAGAAATAT;Si —ts — TIMP 1F [f]
CAUUGCAGUGAUCAGGGCCATT, I3 If]
GGCCCUGAUCACUGCAAUGATAT,

1.2.6 185#EdEE & s - TIMP2 £K CDS F5

(873 bp) M 55 2 IR B A ey L T 517 3 4 25 B R
ARA TR, Bk L5 GFP & 3 x ) Flag #r% . A

PR IR AAOR AR AE S0 h TR RS 72 h
(BRI f5 48 h) i o 7 i BT 5% GFP 33k
Ot BEMLEEORDF 3 ASILEF (20 x $9%5%) , 455 %
PS50 GFP BH: 40 5 6 20 5, T H 8 BE A L 491
SRIMST SRS A R R, PR RE y 88.3%  +
5.0%

LABEFL 1.0 x 10° AN 20 0 %% 5 3 R T 6 FLAR, 42
F 19 h 5 BEF T R R YL, R BB YL 24 h 5 S8 4 b
FEWAT WL, W7 48 h J5 AR 1 o ELS AG U s -
TIMP2 J& Pl i 63K I I8R5 25 2008 0 B A hy B M X
e

W AS49 20 (ORI I8 422 4£L 1 500 A1 %
JEHERIT 96 LR, RIAE 4R 19 h 5 AT Bk,
TR EEERYL 24 h J5 S R IR IR, 5 NaAsO, (X
G A PR T RIS, 2 B 40 M, R E 48 h 5 i
1T I S AN G 1R
1.2.7 CCK -8 yEKll AS49 ZHfIE F1 96 FLAR4H
FRLF2 AR LA B AR SR A Qs T 3 00 2 s W Dk £ L
20 pl cck8 FERAN 80 wl 5E B IR IR 5T, THH I
KiFRFEM B 20 min J5 H 2 BERE AR % 450 nm
BARAR R . RN BT & 3 IR, G5 R Em
X HRLL B A3 L, A AEG R = (SEIR Al O R (E -
25 LG RE () / (O B WO BE A — 28 (4O i
{ED) , % HE AL A LTS 7 9 100%
1.2.8 GEFIEEND  (HH & S S 5 e 1P
20 2R A O 2o ek AN M A T SR, R 2 O R R
ME M. ) BCA L e & A WE 5, 17 SDS -
PAGE HLIK /M85, BT L 200 mA H i 76 10 4 20 8
FeRE2.5 h B HAraE A (TIMP2) KNS H (B -
actin) ¥ 8% % PVDF 5 I, 45 FH JC 28 11 DRk 8 P T
FEE IR T B 30 min, 2 540 S E B 0 E APk
TIMP2(1:1 000) Flp Z404k B - actin(1:2 000) ,4 C
. WH i TBST 2% Ml Yk i i 4 Wk, Bk 5
min, MRYE—HOR IR BE AR B BT, EWPEF 2 h,
PR BEAR R 5 RV B . B i AR 22 R OB R )
P RERR . RN Image J X5 88 1 5% #E4T
JREESYHT T A ek K. R kN B
HHREESNSEARKEEAE,
1.2.9 it 248 2Bl A GraphPad Prism
9.3.0 ¥/, R SPSS 26. 0 A TH 0 Hr , 4L1H]
Fede i FH P AR ST FEAS ¢ K50, K96 7K E @ =0. 05,

2 5 R

2.1 s —TIMP2 £ AS49 fmje b TA 4 F By s
- TIMP2 5 H [/]— TIMP2 3£ R 9 fz 5542, B & A N
B9 BT 4%, ts — TIMP2 % TIMP2 % /M & 48 i+ 2
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AN 3,ts — TIMP2 K 3 862 bp, It TIMP2 £
210 bp, ARMFAEINEF 3 FISMEF 2 ACHWA B 1
TSI 514 1 F519 2 35 0 7= K 4y
%2k 266 bp 1244 bp,ts — TIMP2 5[4 1 4" 34 751 il
J¥ 45 J-. GGAATATCTCATTGCAGTGATCAGGGCCAA
AGCGGTCAGTGAGAAGGAAGTGGACTCTGGAAACGA
CATTTATGGCAACCCTATCAAGAGGATCCAGTATGAG
ATCAAGCAGATAAAGATGTTCAAAGGGCCTGAGAAG
GATATAGAGTTTATCTACACGGCCCCCTCCTCGGCAG
TGTGTGGGGTCTCGCTGGACGTTGGAGGAAAGAAGG

TIMP2 A {ARNA

TIMP2 {if {ARNA

3l
I"(?.JMbp)“I
[1]2]3[2]3T4]5]

/ [T 7T

(266bp) |
ts-TIMP2 bp M

ts-TIMP2 mRNA

ts-TIMP2

AATATCTCATTGCAGGAAAGGCCGAGGGGGACGGCA
AGATGCACATCACCCTCT; ts — TIMP2 | ¥y 2 ¥ ## )¢
B3] 5 4% 5 . CGTTTTGCAATGCAGATGTAGTGATCAG
GGCCAAAGCGGTCAGTGAGAAGGAAGTGGACTCTGG
AAACGACATTTATGGCAACCCTATCAAGAGGATCCA
GTATGAGATCAAGCAGATAAAGATGTTCAAAGGGCC
TGAGAAGGATATAGAGTTTATCTACACGGCCCCCTCC
TCGGCAGTGTGTGGGGTCTCGCTGGACGTTGGAGGA
AAGAAGGAATATCTCATTGCAGTGATCAGGGCCAA ;
THOHE W BE I L Uk LA S e 25 SR an il 1 s

W

=3

i

T € & T T 4 © a

19

TE:A, ts = TIMP2 mRNA S5 R R B BRI LUK S5 SR8 o T 07 BEME F DR 5 R s, AR o 5 S 5 0 ( T30 7 49 203310 266 bp 11 244 bp ) £
A549 7 F I Y B B — H A9 4% . M:DNA 3722 sifE, B, P8I0 Sanger PIFFUEIR] . A REAAR R T ts — TIMP2 H 951 8 1 4%

S P AN G RAESE T2 SRA ) B AE KT | R R 4

1 ts - TIMP2 £ A549 4ilffg v nl g5 S v 4 44
Fig.1 Specific amplification of ts — TIMP2 in A549 cells

2.2 RF % NaAsO, 3 AS49 4 it 75 7% 5 49 % v
50 AL, B % NaAsO, b BV B (1 i1, A549 4

BEEYAFIE R EER (P <0. 01,181 2) , H ¥4 NaAsO, Jy
1507

100

501

MPATER( %)

0 15 30 45 60 75
NaAsO, K& (uM)

E: 504, « P <0.01, [,
2 R NaAsO, X ASA9 4o A 1 2 i
Fig. 2 Effect of different concentrations of NaAsO, on the

viability of A549 cells

48.48 uM I}, 4l A7 15 20 50% , R, 78 M Y 52
gy, BEPE 1530 45 uM S SEE R

2.3 FREKRE NaAsO, 422 A549 g jie TIMP2 % ts -
TIMP2 mRNA # %% 50 441,30 #1145 pM 4
A549 #fififgrh TIMP2 mRNA 22357K°F B, 2 5 HA
Gt E L (P <0.01,E 3A) ;50 4448 1k,15 .30 45
M 2 AS49 i ts — TIMP2 mRNA 2ik/KF 14,
H 45 uM H 5% B Z ) 22 7 BA G (P <
0.05,& 3B),

2.4 A549 zmje siRNA 34K ts — TIMP2 sk 5 35 4%
i qRT — PCR 3467 ts — TIMP2 mRNA ik, & 4
R R, SRR A LL , S IRZH Y ts — TIMP2 mRNA
FHXS IR K - i 2 FEAR (P < 0. 01) , 1] TIMP2 %% 5
(IR A KA W R4k, BT AS49 4RAfrh ts — TIMP2
5 S A o

2.5 &k ts — TIMP2 % B %+ NaAsO, 4 #2575 A549
mpeE e Hem  CCK8 K2 R RIA (K 5) , 5 NC
HAH G, B @I ts — TIMP2, AS49 4 fu % ) F B&
13.18% (P <0.01) ; Z7E Ak ts — TIMP2 (1 [7) i M B¢
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3B, R [RIMk A NaAsO, 4bFH AS49 40 )5 ts — TIMP2 mRNA %3k /K
-, # P <0.05, FIF,

B3 KRR E NaAsO, 4bF AS49 41 il J5 TIMP2 % ts —
TIMP2 mRNA ik /K-
Fig.3 Effects of varying NaAsO, concentrations on TIMP2 and ts
— TIMP2 mRNA expression in A549 cells
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2 £

= 0.5 505

2 g

= =

£00 700

NC  Si-TIMP2 = NC  Si-ts-TIMP2

ARG s - TIMP2 J5 A549 4 fifgh TIMP2 J& K mRNA ({4 %}
Fikhr; B, UK ts - TIMP2 5 AS49 ZHfh ts — TIMP2 &K mRNA fiy
AHXF R K

4 A549 4jifd siRNA 4k ts — TIMP2 3%
Fig. 4 Efficiency of siRNA interference targeting ts — TIMP2 in
A549 cells

4 NaAsO, f/EH, 40 L3 S W R s £ (P <0.01),
FEH FAR ts — TIMP2 H1 NaAsO, 3¢ & &b B 75 3 451
AS549 4 iE Iy R AR PFEIVE R

2.6 ts—TIMP2 £ B & AS49 mia eyt £k &
6A ,GFP Z5 R WoR 4% Y it . ¥l 6B | Flag & M
& 55 ts — TIMP2 K /N2y 35 kd; fir JH TIMP2 $i4k 5
ts — TIMP2 & A5 AH [A] B B, iZ 044 AT [] B Az ) TIMP2
1 ts = TIMP2, WB 25 5L /R ts — TIMP2 i &35 1.
Kl 6C, £ E R Flag 8 A X ik mAE ot A 41
FR T (P <0.01) , 47 EFRIR ts — TIMP2 B4R
FIARXT IR e Fe TR 2 R A 0 v T BRAH (P <
0.01) . iXSLZEIILRE] 7R ; Flag A5 ic D7 5 A
FEE A, s — TIMP2 & [F7E AS49 41 i v 52 30 A 2L
2.7 it A& ik ts — TIMP2 4 B st NaAsO, 4 2 %7 5
AS49 wafaiE AW Hea 187, CCKS Kl 45 S 1,

5 X HRALAH L, Bph i 3k ts — TIMP2, AS49 4ff i 17
R T 24.66% (P <0.01) ; 5 WA ER 4 VR HH Aoyt
HELLAR EL , 76 S A R A PR S ad 365K ts - TIMP2,
AS49 HIMIAFETR % F Tk 12.05% (P <0.05) , £ 8] ts -
TIMP2 A[ 358 AS49 400 7E NaAsO, ZREE T (Y 4 Ml 1%

P
A B
150 150
= 100 = 100
s Ho
7 s
E 50 = 50
g §
0 0
NC  Sits-TIMP2 NC  Si-ts-TIMP2

NaAsO, K E40(uM)

TE: A BT ts - TIMP2 A549 ZHJ771% % ; B, i fI ts - TIMP2
B4 NaAsO, 403 AS49 4HIfFTG R,
5 CCK8 A6 AL ts — TIMP2 J5 NaAsO, ZbHRT/S A549
20 M A Ak
Fig.5 CCK - 8 assay detecting changes in A549 cell viability

before and after sodium arsenite treatment following ts —
TIMP2 knockdown

XA M FIAE
Flag oo 35kd
Actin = @D @ 42kd

M4 Pl

ts-TIMP2 ;| 35kd
Actin @ e 42kd
€ 8 Hﬁ_ 8
% =
®g "6
B =
. it
b 4 2 4
2 ®
52 =)
s g
= =
20 Eo
XA A & M Risa

2 A B B LB S b I (918 35 e e 45 585 B, 1s — TIMP2
IR Ak C s — TIMP2 25 TR 235K
B 6 IR s I 1s - TIMP2 i 33k %F A549 4B
TR 5 )

Fig. 6  Lentiviral transduction efficiency and the effect of ts —
TIMP2 overexpression on protein expression in A549
cells

3% 8

AT B YO R S A I ts - TIMP2. 536
BB R A ORI, s HAE WA R ENiA S T W3 1
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A B
150 150
= 100 = 100
4 Ha
& &
:%\ 50 2 50,
& =
0 0
NC ov NC ov

NaAsO, ¥ E40(uM )

WA, Bl 35k s - TIMP2 AS49 4 I f73% %, B, i ik ts -
TIMP2 1564 NaAsO, 4bBE AS49 ZHIAETE 5,
7 CCKS EH it 23k ts — TIMP2 K& PRI Rij 5 SV A /% 47t Ak B
HiJG A549 4ii i 71451k
Fig.7 CCK - 8 assay of A549 cell viability following sodium

arsenite treatment and ts — TIMP2 overexpression

UL IE R AR AE TS E R . IR ts — TIMP2 W] g/
AR R XU POV AR o Fhm i . SRR, Al
i ts — TIMP2 2 F&A% A549 400055 F1, H 5 W AR
IR FH IS, 0 IR T AR T R IR i Rk
ts — TIMP2 WU GE-45 T+ 200 i 1% g, I e 2 8 2510 T 4
FRC AP IE K o 1E BOIE 8 — 3507 15 W A R 44 15 3
ts — TIMP2 &3k , 1fij i S =X 57 #2255 440 1A 3 a1 52 200 i
T T3 X B P 3 O 2 o

T B ts — TIMP2 [ 0 384075 S 45 v % H: A
TR AATE R, AR T ek e 8y 427~ 4 e it
THNEF . AT, 2 X550
1o VR AR TR S DR A v A S PR A 8, 2B LA R
IHAERH R AR I FHLIR AT 6 200 M B % o 4
FEELR IR, Lhma O AR AL, X — WS A S5
UEPE S RE , B9 28 W ZL AR 4 i rh 22 R ) mRNA 2
A BYHE =4 1) ADIPOR2 ; : FAMT2B i & 55 5 A VEN
TR EUE IR S T B R A B g AT AT X
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