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Arsenic is a toxicant that can affect the expressions of the cellular anti-apoptotic gene BCL-2 and its protein, but the effects
of arsenic on BCL-2a and BCL-2( transcripts have not been reported.

To investigate the potential effects of arsenic and its metabolites, methylarsonic acid (MMA) and dimethylarsonic acid
(DMA), on BCL-2a, BCL-2f3, and BCL-2T (total of a and B transcripts) in human bronchial epithelial cells (16HBE) and human lung
adenocarcinoma cells (A549).

16HBE cells and A549 cells were randomly divided into three categories of exposure after in vitro culture: single-selected
arsenic compound exposure groups with isoconcentration (16HBE cells were treated with 4.5 pmol-L™" of MMA, DMA, and sodium
arsenite, respectively, while A549 cells were treated with 60 umoI-L’l of MMA, DMA, and sodium arsenite, respectively), sodium arsenite
exposure groups with different concentrations (16HBE cells were treated with 1.5, 3.0, and 4.5 pmol-L™" of sodium arsenite respectively,
while A549 cells were treated with 20, 40, and 60 umol-L™" of sodium arsenite respectively), and combined exposure groups (i.e.
MMA+sodium arsenite, and DMA+sodium arsenite; the exposure concentrations of 16HBE cells were both 1.5 pmol-L™ and both
4.5 umol-L™ respectively, and those of A549 cells were both 20 pmol-L™" and both 60 pmol-L™" respectively). Meanwhile, a blank control
group was also set up in each exposure category. After 48 h of continuous exposure, the relative expressions of BCL-2a, BCL-2f3, and BCL-
2T in both cells were detected by real-time PCR.

Regarding the single-selected arsenic compound exposure, in 16HBE cells, the expression levels of BCL-2a and BCL-2T under
4.5 pmol-L™* MMA treatment were lower than those in their control groups (g=3.27, 2.93, both P<0.05), and the expression levels of
BCL-2a, BCL-2B3, and BCL-2T under 4.5 umol-L™ sodium arsenite were lower than those in their respective control groups (g=11.06, 3.65,
10.70, all P<0.05). In A549 cells, the expression level of BCL-2T treated with 60 pmol-L™* DMA was lower than that in the control group
(g=3.12, P<0.05), and the expression levels of BCL-2a, BCL-28, and BCL-2T treated with 60 umol-L™* sodium arsenite were lower than
those in their respective control groups (g=7.59, 7.27, 8.06, all P<0.05). Regarding the sodium arsenite exposure: 16HBE cells treated
with 1.5 umol-L"1 sodium arsenite had a lower expression level of BCL-2a and a higher expression level of BCL-28 than those in their
respective control groups (g=6.06, 11.92, both P <0.05); the expression level of BCL-2a under 3.0 umol-L™ sodium arsenite was lower
than that in the control group (g=12.72, P<0.05); and under 4.5 umol-L™" sodium arsenite treatment, the expression levels of BCL-
2a, BCL-23, and BCL-2T were lower than those in their respective control groups (g=15.72, 6.79, 6.62, all P<0.05). The expression levels
of BCL-2a gradually decreased with increasing concentrations of sodium arsenite (F, y.,=144.80, P <0.001), while BCL-23 and BCL-2T
decreased in a dose-dependent manner in the range of 1.5-4.5 umol-L™" (Fg trend=135.40, F7eng=38.24, both P<0.001). In A549 cells, the
expression levels of BCL-2a, BCL-2f3, and BCL-2T under each concentration of sodium arsenite treatments were lower than those in their
respective control groups (all P<0.05); the results of further trend tests showed that their expression levels gradually decreased with
increasing concentrations of sodium arsenite (Fy yend =31.97, Fgiens=549.50, Fr eng=252.40, all P<0.001). Regarding the combined
exposure, under MMA+sodium arsenite treatment at both 60 p.moI-L’l, the expression levels of BCL-2a, BCL-2f3, and BCL-2T in A549
cells were higher than those in their respective control groups (g=6.37, 14.91, 5.33, all P <0.05); under DMA+sodium arsenite treatment
at both 60 umol-L™, their expression levels in A549 cells were also higher than those in their respective control group (g=8.60, 17.29,
6.91, all P<0.05).

Exposure to a high concentration (16HBE: 4.5 umol-L™, A549: 60 pmol-L™") of a single arsenic metabolite has no effect on
BCL-2 transcripts in 16HBE cells and A549 cells. Exposure to a low concentration (1.5 pmol-L™") of sodium arsenite alone would decrease
the expression level of BCL-2a and increase the expression level of BCL-2( in 16HBE cells, and exposure to all designed concentrations of
sodium arsenite alone would decrease the expressions of all transcripts in A549 cells. The combined exposure to high concentrations
(both 60 pmol-L™") of MMA plus sodium arsenite or high concentrations (both 60 umol-L™) of DMA plus sodium arsenite would increase
the expressions of BCL-2a, BCL-2[3, and BCL-2T in A549 cells, which are different from the effects presented by single exposure.

BCL-2; transcript; arsenic; MMA; DMA; A549 cells; 16HBE cells

E— M RAGFENEFEESY, TEARPEE
UE ). 4. EXSFEX 0. WAKKRKE,
] A2 BT AR BR E AL X159 — ER B BRER ( methylarsonic
acid, MMA) 1 — A 2 BRER (dimethylarsonic acid, DMA)
%, MEAGRRNEBEENEEY)FE U, BEREIE N2 fh
BENEREY, WEPMREMRRTHER | K5
Y, XS e iEMEAamTErNn ZMEARAE
L, = 2l 2N BT ar SR sk
i B MRS ME, BiHEE RS~ 8
GHESHBARNEMEMN", xFEBEIEEN

ZHAH B Fi R T2EER, BT AR AT A
ENERESIRMREN ZXT, BcL-2 BATR
RHIEEEENTUATER", ENIEEREMRRIE
5K, Bt 4 AR T BY 2 e B R FE XS BCL-2 B9 IE R,
BRRATH—MERBEIE R R —MEZME]
HRIDE E BRI mRNA, AR BARIHAEE £ E
EEREYHEAEER National Center for Biotechnology
Information, NCBI) 184 I BCL-2 B R AELEAY
RS BCL-2a(6 881 bp) 1 BCL-28(1595 bp) , BXFH
5% SRASTE AR E T A2 R R AL 6 RO = B LA B A

www.jeom.org


www.jeom.org

80 #445-57238&% | Journal of Environmental and Occupational Medicine | 2022, 39(1)

HAHFY I RN InE G ¥ 4HRE, £THRE
A X AEER L 4 7 B BB 09 = B3R R 9 IE MR IR N
i, RERRIERAE B [E 4RI 16HBE) Al
N FfiBR e 4B B ( AS49 4HAR) fE AR IO XT R, FH¥SFRFH
MAEHY BCL-2a BCL-2BM E B0 BCL-2T, 1% 1t % ¢H
Zs5R0, STEMRILHERM. MMA. DMA LKz I
ERENFN IS = YIBE & R EXT BCL-2 NREIFERZASHIFNM,
NEERR AR R R A THEEN HITR 4 B ..

1 MESHE*®
1.1 FINFEM RIS

A549 4R, 16HBE 4BAE( R FLBx B RATHIER PR,
FE). Mco-15AC B8 S E R co, ¥ & F& (Sanyo, H
Z), LC96 B qPCR E A ¥ 1E (Y. SYBR Green | ‘RILTE
=218 7= (Roche, i 1) o RPMI-1640 IEFE. MEM 1F
F*E(Hyclone, E[EH), BEBB(ILRIHXIELE, HE),
F-HREBRREMEALRERSE, PE), R4
FE>99.0%, A EBPEIL IR, A [E) , MMA. DMA(ZE >
99.0%, Sigma, 3=[&), Trizol R A5 B F(Invitrogen,
EE) , BatMiA(Gibeo, EE),
1.2 ZHREIEST

MBRRAENE As549 4HAE. 16HBE 4R T 37°C &
REL, 7 EEREDFNETE 10.00%0 4 M5
1.00% 5 - B HE AR RPMI-1640 F1 MEM EFE R
18, 7E 37 °C. 5.00%C0, FIEBIME T RIEHARAE K
WIEBT R L o
1.3 FFHFZE

B EAEREI oM 3 K4A: FRENREH
HEMBEMESH, FRRENTHRMEIMES
AMBELREAH, KIEBRTARTHRAR 4
WEREEHR(MT X)) ERBERSTIZE. £F
FERYE R SHP: 16HBE A 77 F L
4.5 umol-L" B9 MMA. DMA. IFFHERFRAM IR, AS49 A
2 3FLL 60 pmol-L™" BY MMA. DMA. L FHESShALIE;
EIERER FH R S5 2A F: 16HBE AARE S 5IF L 1.5,
3.0\ 4.5 umol-L ™ Y TL R ER SR AL I, AS49 4R AR 53 51 F
PL 20, 40, 60 umol-L™ RUIPFHERFARMIE ; TEEX SRS
28 16HBE 4HEDFIFLL 1.5 umol-L " MMA+1.5 umol-L™
T ER$K. 1.5 pmol-L'DMA+1.5 umol-L™" I Fi 2 54 .
4.5 pmol-L"MMA+4.5 pmol-L* TERER$H Kz 4.5 pmol-L™
DMA+4.5 umol-L™" TERRER A0 IR ; AS49 HRAE S 51 LA
20 pmol-L"MMA+20 umol-L™* IFAHESSH. 20 pmol-L'DMA
+20 pmol-L I HRER $h. 60 pumol-L"MMA+60 pumol-L™

TR EL$8 %% 60 umol-L'DMA+60 pmol-L™ I A ES £ 4b
12, [T, 7 3 PREAFINEI T AXTRBA, F—7F
WIBIRE 6 MNFATIL, ELREF 48 h FRAITE, IR
FRYBA,
1.4 HIRAFREAPHER

YRR Trizol SEIRENMATN A PR B R4, N
RIERAEBERTE PCR B3R, RS BINE (A
HNBE, YL E(Dye/Daso) A 7E 1.8~2.0 Z BT AE
o LIREBHEREEANER, SR WAL
B RS AR cDNA, .
1.5 S|¥IMi&It5E/K

RHEM NCBI X5 H) DNA F 5!, 3 Primer-BLAST
&1t BCL-2 1 B-actin 5|1¥) 5!, 7 ZFE GenePharma
NEER. BXERFTINE 1

R 1 BCL-2BEKB-actin 5|1¥1F5!
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ATTGCCGACAGGATGCAGAA GCTGATCCACATCTGCTGGAA

B-actin

1.6 qRT-PCR 1@ illl 3% R & BCL-2a. BCL-2B 1 BCL-
2THIRIA

KIBAF A PEIEENRNER, HRME
96 FLHY PCR 1Ro E—FIZ4H 1% 3 MEMFL. & qPCR
NRNAZR: FT7E 95 °C TR 520 s, BLL 95, 60 72 °C
B 105 7 1 RIEIF, EEYIE 40 R, FHEUE,
B2 RREBERAWEITRIARE, 44ct IRSFEHE
FERSRKNESEREB-actin B ct B2 ERENRAR
FEESWSER B-actin B Ct BEZE,
1.7 FHitERZE

FIFB GraphPad Prism 8.0 R5ER B D47, &5 R
X + sk, ZARMLRE, RINEAE—E, i
BREREFEDT, NEF—H NiEF Kruskal-
Wallis St E#HITH I, FALLIRE, BROAE—K, F
FB Tukey B Dunnett & 1T10 L0 ; BRIA—E, N
FB Games-Howell #1710 30, KB E MR IHE T
2-REXR. HIEANMIELE, 101K E a=0.05,

2 #R

21 MEEYPREINEES BCL-2a. BCL-2B F1 BCL-2T
BFRIX

2.1.1 16HBE #HiE  &£AI8) BCL-2a. BCL-2BF] BCL-2T BY

wWww.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(1) 81

HEDIERDF ) F=48.11. 8.88. 55.12,15 P<0.01o
WNE 1A B, 7F 4.5 umol-L'MMA 03B 7R, BCL-2a #l1
BCL-2T IRERIIR T EEXI IR (g=3.27. 2.93,3F P<
0.05), 1B7E 4.5 umol-L'DMA S0 IEF, REFREARIKS
STERAEZRHI TR ITER N FY, £ 4.5 umol-L I
B SN ER T, BCL-2a. BCL-2BF] BCL-2T BYRIRIKF
RTF S BEXTEEA(g=11.06. 3.65. 10.70,1J P<0.05),

2.0 O TEXER
3 MMA-4.5 umol-L-*
O =1 DMA-4.5 pmol-L?
¥ 15 = TFEFEASA-4.5 pmol L
#®
+—
™
1.0 a a
k2
+ a g
% 0.5 a
ﬂ i
0.0 | |
BCL-2at BCL-2B BCL-2T
O EAXE
15 — MMA-60 pmol-L™*
. 1 DMA-60 pmol-L*
s = T FHERER-60 pumol-L™
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f2 (B) ff BCL-2a, BCL-2B 1 BCL-2T HIFRIE (n=4, x +5)
Figure 1 Expressions of BCL-2a, BCL-23 and BCL-2T in 16HBE
cells (A) and A549 cells (B) singly exposed to selected arsenic
compounds (n=4, X  s)
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2a. BCL-2BH BCL2THIRIA K FEIPRFEZE XTI B A
(g=15.72. 6.79. 6.62, 13 P<0.05), b4, BCL-2a BYR
IR 7K S FE T AR ER SR R FE FH = K A T PR (F, 122=144.80,
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Figure 2 Expressions of BCL-2a, BCL-23 and BCL-2T in 16HBE
cells (A) and A549 cells (B) singly exposed to selected
concentrations of sodium arsenite (n=4, x £ s)
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(P<0.05); BHEKRINER BN, BCL-2a. BCL-28F] BCL-
2T BYERIA 7K T35 Bl JF B BR B 0K B 18 0 1 3% 4 T e
(Fo1=31.97, Fa=549.50, Fr 35=252.40,3 P< 0.001) o
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2a. BCL-2BF0 BCL-2T TIBITGITFR N NERIELA(E]
EbES, {NF 4.5 pmol-L'DMA+4.5 umol-L ™ ILARESSHA S
4.5 pmol-L"MMA+4.5 pmol-L™ IZ B $K 4R [8] BCL-2a.
BCL-2BH BCL2THIRIAKFERBERITERN(Y
P<0.05),

R 2 BCL-2a. BCL-2B7%1 BCL-2T xB£& %58 16HBE 41
FFRRYRIX (n=4, x +5)
Table 2 Expressions of BCL-2 a, BCL-2[3 and BCL-2T in 16HBE
cells under designed combined exposures (n=4, x £ s)

483 BCL-2a BCL-28 BCL-2T
TEXR 1.65+1.31  1.34+0.89 1.230.71
1.5 umol-L*MMA+1.5 pmol-L ' TEFHERSA  0.98+0.50 1.13+0.37  0.98+0.55
1.5 umol-L"DMA+1.5 pmol-L " TEBHES 5 1.58+0.82  1.27+0.59  1.07+0.54
4.5 pmol-L'MMA+4.5 pmol- L IEFREASA  0.25£0.10  0.23+0.08  0.18+0.04
4.5 umol-L'DMA+4.5 umol- L TP FRER S 3.21+1.07° 2.15:0.16° 1.73%0.08°

[¥1d: 5 4.5 umol-L*MMA+4.5 pmol-L™ TEFHESSRZA LLER, P < 0.05,

B ERSRE, F4i8 BCL-2a. BCL-2B
N BCL-2T WA ERERDH: F=17.38. 91.75. 9.19,
14 P<0.01, W15% 3 AT, SXBBALLER, 3979 60 pmol-L™
By MMA+IE 5 B2 S 2B F0 DMA+IE R ES S 4H & BCL-2a.
BCL-2B F1 BCL-2T BOFRAKFEIAR( 95! 9=6.37. 14.91.
5.33,39 P<0.05; g=8.60. 17.29. 6.91,}3P<0.05) ; HF
ATBITGITFR N NeEPRELALER, /9 60 umol-L™
B MMA+IPFHRES $W4E BCL-2aF] BCL-2BRIRIBIK TS
F1979 20 pmol-L* B MMA+TERRES Sh£H (13 P<0.05),
199 60 umol-L™" BY DMA+IFERER S4B HFR A ¥ R A
RIXKFHIYFTF 20 pmol-L™ BY DMA+IL B ER $h 20
(33 P<0.05), EREBAEERIEHITFE N,

&3 BCL-2a. BCL-2B# BCL-2T 7EB:&ZE0) A549 4T
FREYRIE (n=4, x+5)
Table 3 Expressions of BCL-2 a, BCL-2[3 and BCL-2T in A549 cells
under designed combined exposures (n=4, x * s)

£B5)(Group) BCL-2a BCL-28 BCL-2T
Z=HXTER(Control) 1.02#0.20  1.01#0.15  1.00£0.06
20 pmol-L*MMA+20 pmol-L " TZAHEREA  0.90+0.41  0.65:0.15  1.24+0.28
20 umol-L'DMA+20 pmol- L TEFERSA  1.18+0.21  0.98+0.16  1.12+0.11

60 umol-L'MMA+60 pmol-L"TEEHERSH  3.47+0.82°° 2.69+0.34°° 1.83+0.09°

60 umol-L'DMA+60 umol-L IFFHEREA  4.3341.14°° 2.96+0.06°° 2.08+0.51°°

[ 1a: STAWBALL, P<0.05; b: 5 20 umol-L*MMA+20 pmol-L™
TR ER S 4H LB 3R, P < 0.05; ¢; 5 20 umol-L'DMA+20 pmol-L™
T HRER LA LL IR, P < 0.05,

B AR &I, =R E(16HBE: 4.5 umol-L™;
A549: 60 pmol-L™) BY B 15 == ¥ BB R e 5 XT 16HBE

R Asao B Y BCL2 B RAZ X7, HKE
(1.5 pumol-L™) A9 I F8 B2 54 B8 Jh 22 25 O] P& 1 16HBE 4
il BCL-2a BIFRIK, S H BCL-28MIRIA; FZREILFH
R 0 B I 5 AT PR AS49 AR R B R AR
Ko BARE(60 pmol-L™) BY MMA 5T 8 ER FHEX & 2
F LUK AKE(60 umol-L ™) BY DMA ST 8RR INEX &
REF X FE AS49 AR BCL-2a. BCL-2BF] BCL-
2T ERIK, B 5 pEs 2MBAR R F,

BCL-2 B 20 M2 EEREPHRALZIME, B
Tsujimoto EFVHMEGFEMM AR TENERAE o
MBo BCL-2 BEEMH 3 MIMNEFHM, 81 2 MIMNEFTE
ATIEEREIBEEERE XM 4 BCL-2 BRE
(BCL-2 homology, BH) "\, BEETFER/VE 3 NMIMNEF, R
IEMNEBERT o B 1 NEEEENSESE, B
% 1 BREFYIREIRY, T8 EM/1+FES BCL-
2 EEFIBEEEMENEMINGERZEE T a &EH
MR, EEEEEHE o« EATEWEEEARK
MELEH L, M ERFFHAAGRZEBELEHN
o B, HEYMEEN R HREE AT, EEAEIE
ESE, FRAETE ZFhRRE Eid LR R N SRR TR
TR R HNE BCL-2 RiX, BIF BCL-2/BAX | —BR{K4E
1, #SR I AT HE S . BRIMNRDRIA
NXBHESRARESERESHEENHZ 2,8
DEMFTEEHMD T BCL-2 RE)ZEBIIER,.

ALHBEFHAAR D PP MTs ER, BE
16HBE BB TE WL FRER S8 R R RY 1C5, 2979 6 umol-L,
A549 AR TE TP ERER FR7A R R BY 1C5, £979 70 pmol-L ™
K tEXT 16HBE (B IEF BRIV S RE N 1.5,
3. 4.5 umol-L™", X3 A549 AHRE R FEMN T R A RS
REEA 20, 40 60 umol-L™s £, X7~ MMA.
DMA B Jh 2t 5 /5, 16HBE 40 8 F0 A549 40 B BCL-a.
BCL-2BF BCL-2T "X KF LB U ZTERITFER X =M
= 4( B0 MMAIILFD DMAIND EELL R BB E5am
FH, BEARRERE R, WHERTAXT BCL-2 FTRiA
A ERENIEIER, XAIES 3 MEMTEHMEF
B ERMEIRREE X%, BiRiEREE MMA Fl DMA
BETE R AR h@id | LB, DNA HRrZE S HIES
BATREY, MEFSRNIERES BCL-2 F1EX
BN EFHE—PHRRAE.

RIBFTR, B E = A BCL-2 IRIEKTF, X8
EARMANERE(4.5 pmol-L™ T 60 pmol-L™) ILARER
A IRA PSR T ENIE, BEERE(1.5 pmol-L™)
TFRERFR{EA T, 16HBE AR H I BCL-2a FRIAFRE
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M BCL-2BFRAFABHIIN R, XIMERE(1.5 umol-L™)
IV B 2 Sk AT BEXT BCL-200 F11 BCL-2BTETE RN EIRI R o 7E
BERENBERT, BCL-2pFIRE FHEWH HH
FEEFFR M LI, #EminGIAENERMET, &
BT RGN, Tang F°" W FIEHAAIN, 2.0 pmol-L™
BB BE 18 1T 22 N R E X & 2 IBS ( mitogen-activated
protein kinase, MAPK) S8 & I A IE & i - R 4 AR
(BEAS-2B) HF BCL-2 B9%RiX, BIESL T BCL-2 EHBESR
EMAXBRETARZASSERHABRNEE BT,
KRR EIR T FEE N A BHE R E R EBUE S
HEREEEEHENER,

AT fed— 4 I b K H A5 = %Y BCL-2 ¥
AR F M, A5 A XS F AP A 1T T I AR AR A
MR EEESHKN, BRFRELES, £
60 umol-L"MMA BX & 60 pumol-L™" IF B B2 $h LA Kz
60 umol-L"'DMA BX & 60 pmol-L™ L EREL SR E AR T A9
A549 ZARE BCL-2a. BCL-2BF0 BCL-2T MR EAFHH
HNIR, XEBRRAERREASTEMNERHT—
B, HTHBEAEASIRNNGITTFESR, ETEa
BYIEIBASH 55 18 A BEXT 1245 R S IERIARRR

RETFEHMXTF BcL-2 BATHHIBHAR, 2R
PR MEFE ZOFIVFE RASAMAL &, BREYT BCL-2a.
BCL-2BFA BCL-2T it H A, FEZAETF: H
AR EREHRSHREAXRZNINTRE, HRLE
RN EEE ZIHE,

4R b, AN FREE, =K E (16HBE: 4.5 umol-L™;
A549: 60 pmol-L™) BYFR LIS ) SR IR Ge S Xt 2 FhA AR
B BCL-2 B RAZTF MM, HIRE(LS umol-L™) BITE
Be R £ B2 S 22 5 S PR 16HBE 4B A BCL-2a B R IX,
FAEH BCL-2BRIFRIE, 127 BCL-2 BRI BEXY AR
BEEEARERN; ERE BTN RN S O] EE
AS49 HREFRFR BT RARIFRIX. BRE(60 pmol-L™)
BOBRACIE =4 5 AR FR T BX S J B T BER XY AS49 4H
FEESRMBABERRNUL, RESHARRETT
RN BHER, BHERAESEMRIRE T FZH
E’Jﬁ'&ﬁ%o AT REH—TREERABINEENH, KK

AT IHMERELFRER IS BCL-2a FIpZREME
&E’\H)u%, Eﬁmﬂﬂﬂlﬂiﬁizw‘ﬁﬁﬂ’@qﬂE’\JEJM%%'I‘%
0, NIRH B S E S BRI RIZIE R,
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