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ARG M5 B BOEEALE], )25 [ B T S A RAR
BRI TBBPATE (A AR v Xof A AT 22 558 1T /i A i
FREfEE.

1 M55k

(i) iX%]. TBBPA(Sigma Aldrich, ZE[E; 4fijF
>97%) AT I B A(DMSO, Sigma Aldrich, )
o, LA SR 43 310, 0.08, 0.4, 2, 10, 50 mmol/L
(R DT R AR S B SR Ao B VA TBBPAJELWR I A B
—ERR R A 8 AR R IR A, S R A R R
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TR 1%o.
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(i) ZHMaI% S35 . A FHCell Titer 96 AQueous One
Solution Cell Proliferation Assay (Promega, 3¢ &)1 741
PTG sz, e 1 1040 AL O AR T 96 FL 40
MERE IR, FFINASE 4 A K R IR S Al H AR A
0.1 mL, JEFTANMIRESR. 75 40 MO B 77 1. 70%~80% LA
b, FE IR, A TBBPARYSEA: KRk, (i
HR AR FZWRE 10, 0.08, 0.4, 2, 10, 50 pmol/L, K5 7
224 hJr ARG B A5 X LA My A TR, A
20 uL MTSIKFE EREFRAR NI E 1 h, 6, 2805 G
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AL B BE ODAE P AT .
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ME SRR, IR A 5E 4 A K B R Al R
3mL, PEATARMEANAERG SR, 1 A0 M I R 2R L 70%~
80%LA I, F#d: LIS, IMA T TBBPAKE &4 K157
JE, (HTBBPARZAZEEUE K0, 0.08, 0.4, 2, 10,
50 umol/L. 4ffIR#E24 h/5 $RHUAEAFLAN M RE SR 1
THWAI2 mL, 1000 t/min#.0015 minf FiEWR, FFH R
PR EUBH A5 7 BIAG I ¥ KT FH 96 F LA ik 2] Bt
A, FE450 nmiE T EA TR AR OGBSI I 12 SR
E5.

(V) 40P T-I2E. K Annexin V-FITC/PIJHT=
R & (A TR A R F], )T 40
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Ji0 52 75 24 b e BR R0 e I R AR 4 g (o A% it
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T E D CY R FITCHIPT DGR, M TR e R T
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Sight, JE[E)%F 100004 AEFEATIHECI 73 B, Hrh 4
P R T AR R T BRI T




(Vi) IS MR BT SRS T . b T
fiff 5 TBBPA % 5 1< A2 P A 4 it SE AL I oo, 1 e
7E 16HBEHIBeas2 BAI L A I NROSs7KF-. 27, 7'-54%K¢
R T LREL(DCFH-DA, 38 7 KA AR A R
Hl, VR A0 P A TIRAT . R 110741
BUFLA AT 1 2FLA B RE Fep b, I ImA T 2K R
FERAFHANRFU 1 mL, FHATAIRG 5. FR sl 1y
FEFL70%~80%LA I+, 32 VG, IAf TBBPAIW T4
AR KRR, i TBBPARZZ TR E MO0, 0.08, 0.4, 2,
10, 50 umol/L. ##%24 hi, U453 ADCFH-DA
BRET TS A AR A 73

VE— A5 ) FH i 4 A U (C AT) RS 3 77) 6 A 4
ez Ak B (SOD) Kl il £ (138 = RAEMHE AR
RR-Z 5140 0 %2 T 410 B P9 C AT FISOD Y i 1 A8 {1
B PERR3x 1040 B0 AL A T 6 FLAR ML B S b b, IF:
TG G A KRG R HLUABUN3 mL,  SEF 7404
MudEFE. FEANEAS BT RE70%~80% A I, F2: 1
T, IMATBBPARSE 4 K 3R 5, [ HR A R TR
J& 40, 0.08, 0.4, 2, 10, 50 umol/L. FH, XfCATHISOD
F4) T35 P 0 7 2 1) P 4 A 1 R A T A R R
K AT 0 2100 0% v (V38 s KA EE ARG BRA A
HEAT 3R AR, A Pierce™ BCAE AR R &
(Thermo scientific, J&FE)#H T M H T &.

(vil) JATAHDCHE BRI B B9 € . FH Trizoli%(Invitro-
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JEiT(Thermo Scientific Wilmington DE, &)l &
RNAME LR, H500 ng RNA I FiPrimeScript’™
RT3 145 & (Takara, HZAR) T 10 nLE AR R AT
S 53 SN

K SE I 98 2 B PCRAT A ML I T A S FE K p 5 3,
Survivin, bax, bel-2, Caspase-3, Caspase-9I kT T
I, VUB-ActinfE NS EER, Fe5tes Pk 1k
A T ¥, SRJG FISYBRIURKEX Taq'(Takara, H
A)FECFX96 Touch JPHIKIN Z 48 (Bio-Rad CFX96,
FEEN)FPEFTQ-PCRIN. FIWAKR B A25 ul, H
12.5 uL 2xSYBR®qPCR(TaKaRa, H7Z). %110 pmol
5141, 2.5 LA DNA(FE K41 DNA)FI7.5 nL TG
dd H,O41p%. PCRY /P ILE AR FlA P LIRTEIR,
94°C R AR M3 min; 45KTEIF, 94°CFAEM:30's; 60°C T
1B k30s, 72°CE 530 s.
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FITA SEI0 A2 3UR, 45 R IR 22 K.
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wmol/LFF4R AT LAAI A WSS EI X6} 1 A 40 B 736 1 3] 74
HIVER(*P <0.05, **P<0.01), 50 pmol/Li}16HBEF
Beas2 BN L7713 480.9%F186.2%, 3% 546 SCHik
[20~23 B M EERIEA — 3. (EERNE, A
T XA F M 16HBE, i b % 41 ffiBeas2BXf
TBBPAELAH B SR AT 3214, 31X T BES2: B A AN [] B4 41 ik
SER) PN ZPER 22 50k, Ak, AR LB T ARG i
KA TBBPAVKJE, —SERfF5R R HI T Ry i Wk FE U TBBPA,
S i BN ] P 40 A 3 3R 11 ] 2,

— PR, A R I R 4 45 B R LD HIME R 7K -
e S e, T A 2 200 () LDHUH 28 7K 7 ] 1 Ay 240 i
BEPEMTEAR. 0 T2 T M AN 2 s O, X eh
ZARA A LDHAKCE- 43 53T T, anE2poR, 18
TBBPAFE<10 pmol/LH, #&§%24 hJm % PR 41 Y
LDHB UG P 5 (2P <0.05), X5 LiRBiFh
YHHAENG A0 S5 RO — 3. S PRI [
B SIL I, TETBBPAZEFEHE }150 umol/LIY,
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Figure 1 (Color online) Cell activity after exposure to different
concentrations of TBBPA for 24 h
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Figure 2 (Color online) The release of lactate dehydrogenase after
exposure to different concentrations of TBBPA for 24 h
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2RI R ROSsHY™ A= nl RES MO TEIE . RAEYA AN
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P, FAE AR =1, 1A R G P —EXL
18, FeHE UK b, ROSSTEAAE N 15 514 S A 55 vh
FE R I BE . XTSRRI
PROSsZK- (- RAR 7 OCHE R, FF HAIAROSs
AN B T R e 2 AR R Tk A S R AN
SETC. — RO, A PN 4 S S L ) A A 2 vl
20 32 B — g A AN, AR s2 B B A A RE T S T
AL B EARZS AP, A0 B P A AL B (TS OD,

CATEF) W 2 A= e, DTG A 8 B3 4 a5,
5 R 5 P AR o %o i s e SR A E .

HE, T IZMAR R TR AR P ROSs Y 7K F-iE
T, mEBATLUEH, PRI N B ROSs/KFEEY
H G Y T E(1~204%). X R IAANE 28 Bt
FALIRES, FEFSAE N B AR I A i T, P fbtk
fiff O 4 TCIEHIROSs I A A E . X —id Bt oR &
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L 4 L P 3 AR AR K %G 16HBE RS . 31X 5 A 5% i
T MM T AT ST S5 R —2, RiBeas2 B4 A L,
16HBE4H g %t TBBPA HLA7 B 5 b it 52 1.
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PN B SODHE 247 H BN BT (0 4 1. 3 28 B 40 i 1 S Ak
N R T ok, IR M f o E AR, SR
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FREEAR, X AT RS P R 40 2 S BE 4 SOD Y
MRS AN, X T SODEHS i 5 BA RIFEAY#4
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Figure 3 (Color online) Change of intracellular ROS level in 16HBE (a) and Beas2B (b) cells exposed to different concentrations of TBBPA
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Figure 4 (Color online) SOD activity of 16HBE (a) and Beas2B (b) cells exposed to different concentrations of TBBPA
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Figure 5 (Color online) CAT activity of 16HBE (a) and Beas2B (b) cells exposed to different concentrations of TBBPA
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W RGN T/ & 4, B Annexin  V-FITC/PI14
R s Ve 1), O N S W e e v e R 11 ) e
5. mEerT LIA S, WaNanpir 4R 2R 16HBEA
MIAE2F150 pmol/LAYY TBBPAZE £ 24 h)m I 1720%

~2T7%MIPAT- B0 T, 5 XT RE L LA 43 Sl 38 N 29 5%
7%, FHHALTF R IR T A 08 T B A A BT,
1EH 1S A0 KR L. Beas2BANEAE2FI50 pmol/L
I TBBPAZ 7524 hJF HHEL6.5%~12.5% M T- 8 5L T,
5T R B A S N 295%M16%, FH-HA TR T
B HAE T B A A, IE R TR A A B e D
X — 25 R — R HIE T Beas2 B AL AH L T 16HBEX)
TBBPAfS B 5w A2 1. 1Ak, B % TBBPAZ #571 £ 1)
P, ORI T et 2Bl T

SR 25 B U 240 A 4 2ok AR s B B T R,
XT A RELE T A DG BE PR R G L T T, AR 7 AT
VWA, PIFPIER RS AIME Caspase-3, SurvivinFEH
TEZ B[R] B2 ) TBBPA 2 55 U 3 B0 T 2R
X3k FIHQ~91), Caspase-9, bel-2, baxILH HIBL T 4%
M FRE LI(~61%), pS3ERERRBTRE. BIE
Caspase-9, Caspase-3, bcl-2, baxiX4MHRFFIEM I
L, T LA 20 R T SO (AR K T RE RIS . TEZ
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Figure 6 (Color online) The apoptosis of Il6HBE and Beas2B cells after exposure to different concentrations of TBBPA for 24 h. (a) Flow cytometry

images; (b) stacked bar charts of cell apoptosis rate
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Figure 7 (Color online) Expression of apoptosis genes in 16HBE (a) and Beas2B (b) cells after exposure to different concentrations of TBBPA for
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TBBPAZ I, 3R 1 3 R ™ & i 40 iR 4 175
SR TR KA. (H IR R E50 pmol/LE,
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Toxicity mechanism of tetrabromobisphenol A to human
respiratory system cells 1l6HBE and Beas2B

Meilin Ning, Junjie Hu, Lirong Lu, Yiwei Cai, Guiying Li & Taicheng An’

Guangdong Key Laboratory of Environmental Catalysis and Health Risk Control, School of Environmental Science and Engineering, Institute of
Environmental Health and Pollution Control, Guangdong University of Technology, Guangzhou 510006, China
* Corresponding author, E-mail: antc99@gdut.edu.cn

Tetrabromobisphenol A (TBBPA) is a high-production chemical widely used in printed circuit boards and other polymeric
materials for inflaming. As an environmental pollutant, it is widely found in various abiotic and biological media. Usually,
the TBBPA could enter the body through skin contact, respiratory exposure and the dietary intake, among which respiratory
exposure may be a most important exposure route. Previous studies reported that TBBPA possesses the endocrine, liver and
kidney toxicity. However, few studies focused on the effects of TBBPA on respiratory toxicity. Therefore, it is urgent to
study the toxic effects of TBBPA on respiratory system. In this study, human bronchial cells Beas2B and pulmonary
epithelial cells 16HBE were used as subjects to study the exposure toxicity of TBBPA. Firstly, the viability and
permeability of cells were assayed during the TBBPA exposure process. When TBBPA was in low concentration range
(0—0.4 umol/L), 24 h of exposure cannot significantly affect cell viability. When concentration of TBBPA was greater than
10 umol/L, the inhibitory effect on cell activity was obviously observed. When concentration of TBBPA was up to
50 umol/L, the cell viabilities of 16HBE and Beas2B cells decreased to 80.9% and 86.2%. It is worth noting that, as
compared with bronchial epithelial cell 16HBE, lung epithelial cell Beas2B has a higher tolerance to TBBPA, which may
be due to the different cell structures.

In addition, the oxidation stress of cells was also determined by assaying the cell intracellular reactive oxygen species
(ROSs), antioxidant enzymatic activity of superoxide dismutase (SOD) and catalase (CAT) during the whole expose
duration. The results showed that the levels of intracellular ROSs obviously increased in both cells, indicating that
peroxidation occurred in the cells during TBBPA exposure. Correspondingly, the enzymatic activities of SOD and CAT
also increased, indicating that oxidative stress happened in cells.

After that, flow cytometry was applied to analyze cell apoptosis. The results showed that partial apoptosis occurred after
24 h of TBBPA exposure, indicating that TBBPA could induce cell apoptosis. Besides, with the increase of exposure
concentration, the apoptosis rate of the two kinds of cells also increased. Furthermore, the q-PCR was used to determine the
apoptosis-related gene expression. The results revealed that the expression levels of apoptosis-related genes p53, Survivin,
bax, bcl-2, caspase-3, caspase-9 were all up-regulated to different degrees, further confirming that cells were apoptotic
caused by TBBPA. Further, compared with the 12-h exposure data, 24-h exposure would stimulate more intense expression
up-regulation.

In all, this research mainly investigated the toxicity of typical generation bromide flame retardants TBBPA on human
bronchial epithelial cells 16 HBE and lung epithelial cells Beas2B. Results showed that the exposure of TBBPA could
cause damage to cell viability and elicit oxidative stress in cells, which could further induce cell apoptosis. The results of
cytotoxicity related to human respiratory system in this work can provide a scientific basis for revealing the health risk of
toxic organic pollutants to human respiratory system.

tetrabromobisphenol A (TBBPA), cytotoxicity, cell apoptosis, oxidative stress, up-regulation of gene expression
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