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The effect of bisphenols on the secretion of exosomes

SHI Zhipeng'"*? OIN Hua** GAO Jie” ™ QU Guangbo'? JIANG Guibin'?

(1. Advanced Research Institute of Hangzhou, University of Chinese Academy of Sciences, Hangzhou, 310024, China; 2. State
Key Laboratory of Environmental Chemistry and Ecotoxicology, Research Center for Eco-Environmental Sciences, Chinese
Academy of Sciences, Beijing, 100085, China; 3. Sino-Danish College, University of Chinese Academy of Sciences, Beijing,
101408, China; 4. College of Sciences, Northeastern University, Shenyang, 110057, China)

Abstract Bisphenols are common endocrine-disrupting contaminants that are widely used in
industrial production. Among them, bisphenol A (BPA) and its substitutes bisphenol S (BPS) and
bisphenol AF (BPAF) can enter the body through diet, respiration, and skin absorption, and affect the
health of the body. Exosomes, as vesicles secreted by cells, play an important role in cellular
communication and are involved in a variety of physiological and pathological processes. The
secretion of exosomes can be influenced by environmental pollutant. However, the effects of
bisphenols on exosome secretion have not been reported. This study focuses on bisphenols and
investigates their effects on the secretion of exosome. High-concentration exosomes are extracted
using ultracentrifugation method, and the exosomes are characterized through transmission electron

microscopy, nanoparticle tracking analysis (NTA), and western blot techniques. Our results
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demonstrated that BPA significant promoted exosome secretion of HepG2 cells at the concentration
of 200 nmol-L™" and 500 nmol-L™" after exposed for 24 h, while BPS and BPAF had no effect on
exosome secretion at physiologically relevant concentrations (50 nmol-L™). The study will provide
new view for toxicity evaluation and mechanism research of bisphenols.

Keywords bisphenols, exosome, human-relevant concentration.

XU ) T2 DL A P9 0 TR, VRSB el pk vz BT8Rk BERR L MR IR K RN ) 4
Tl = S R A e 3 FE SRS A B B AR s R B YA R T U R R R B2 O DR T
A S AR AMRPE R TR R e L AEBE R G A R G I D RE I R M g R 12,
X A( bisphenol A, BPA) & H A W FH &5 | f9 XU 25 9 i M. XUy S( bisphenol S, BPS) 1 X i
AF(bisphenol AF, BPAF) 1} 8 B it BPA AR N (S5 AN 1 TR ), J& H AT AR FEREERE 5 b A R
A v B KU 4 S 10 1, i 5 2 B, BPA FE 2 ) 0l YA DR Y R A R EE 43 0 AT LA B 291 nmol- L N
567 nmol-L™" 2~ 2" BPS 7£ J 1 JR W FE 78 v ik B 7T 3k 48.3 nmol-L "' ¥, BPAF 7£ A ML 3 vk i 7] 3k
49.3 nmol-L™' &), A5 W53 £ B, BPA 7£ 1000 nmol-L™" ¥ J& T 2 7% HepG2 41, 5 d J& AN TG 1 & & FRAIK,
7E 100 nmol-L™' ¥ B T 7 % 3 4 i & A= B 5 & K $1 . BPS F1 BPAF 43 4| 7£ 80 pumol-L™ Al
45 ymol L' Mk JF T R &R 40 M, 72 h )5 5 5% 20% (1) 40 Mo € 7= . 44 Py 52 56 45 S B R, BPA 1
5 mg-kg'-d™ YR ER R &= T/ A GE AN L B R FEEH, (A S BUNRME S T helper cell 17
(Th17) 41 45 A9 36 227, e F BPA X 28 (14952 Wi WU £ i 48 42 SR e Sz 1 ol it 2 4% H % A i (TDI)
0.2 ng-kg!-d P HRETHYWFGE R, BPA i#E A ARG 32 294 A58 w4 0 1 R SR AR PR R S A W,
FF 258 1 FRGHE AR, AR 251K 29 1.5 h9. BPS 3 SE7E JFFIE A 35 i R, 21 ik
2574 6.8 h™\. BPAF £ 14 P 3= ZE A 4 A0 L %) 3005 1 R 0, (H BPAF AAARFCIH A 0 B Firok O 4. — i
FER B N A B 55 32 B, BPAF £ 1L 2% v > 5 B 29 8 3.35 WO, B8R WU 28 4 ot 76 AR b A0 ok B 4
P, BE R B8 TR O, XU 289 AT SR A7 PRI 2 8 UG

OH

OH OH OH
BPA BPS BPAF

B 1 BPA. BPS. BPAF fk2z45 4 &l
Fig.1 Chemical structure of BPA, BPS, BPAF

SIS 2 rh 20 0 A Y ELAE D 30—150 nm Y UUZ S8, 615 3 H 0, BRI AR D RETE
5, TR ML TR AP A5 T BRI, SN B R S AR 18 W SRR T A AR ) e b
TE TGRS SM AR b AN A 22 W R ) N ZEIE A, G 2 AR R B, o R 2 AR A
R . E A WTFEUEN], 23857 K8 n] (2 2 AT 40 H B s AR, SR BRI i Ye Wyl ad i b s
PRE it it R S B, e FEB 4 4 A2 A Jie . SR, L T U5 21 490 Jor ok &/ A A - 4 582 W) i AS B
PRI, ASSCHITSE T BPA, BPS, BPAF 7R AR TT A ¥ B2 Y il A XoF 1008 4% 7000 9 52 00, BT B 42 TR M 3
ik XS S o A B R AR, g R SR BSR4 il 7 41 3t B e T A 4K A0

1 MBLE )7 (Materials and methods)

1.1 SRR
FH L 21 4 % (R097528-100g) . HE iR (R096488-25g) , W F | i 5 BAL 2~ B R A R Al 5 1
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(P1126), 4 A At 5 & 3 E B A B T 5 40 g 14 58 /23 M A L 55 & (BMU106-CN) , 11 [ WE R A (2
IO A= W 3 AR A BR 2 ) ; CD81 Hii 44 (ab109201) . TSG101 Hi {4 (ab125011) | 4% 3% 7K 4 ( Calnexin) B /&
(ab133615), Wy F 40 ( FifE) 52 5 A R 2> 7 ; DMEM K5 32 3 (C11995500BT) . Ji 4~ IfiL. i ( FBS,
10099141) . H %5 2 -55 %5 RIA K (15140 - 122), 14 H FEERCHER B (3D A BR 2> w5 39 P e 2 B i
7% (CS - FBS, 04 - 201 - 1B), Il H Biological Industries; X/} A(BPA, CAS: 80-05-7, B108652, >99.0%),
W BT T A AR I A BR 2 75 AUy S(BPS, CAS: 80-09-1, B0495, >98.0%) . AL f#} AF(BPAF,
CAS: 1478-61-1, B0945, >98.0%) , W [ 6 7y % (11 ) ALl Tl & e A PR

ST I FH G A A I 7 {4 1B 4 (UFC910024, 100K B8 7 25 34 23 7] ) £ 3000 g, 55 min, 4 °C 5%
P IR AR AR
1.2 SLEik
1.2.1 MUY el 5 2 5

BPA. BPS. BPAF i T — 1 8K (DMSO) At il i 100 mmol- L™ A ¥, JF7E-20 C T {47 fili 1]
B, 7 TC TR A% AT X6 45 T YRR A 7 6 R s R LA A A [R) v B 1) TV ARk 3 2y ot Ay A A e e
BPA % &% ¥ J¥ 2~ 50, 100, 200, 500 nmol-L™', BPS Il BPAF % &% ¥ J& & 50 nmol-L™". 40 il 2 && i}
DMSO [ 28 AT 0.1%. 405 3 F075 Y i) 52 55 S 56 BT ) 240 15 3 Wi L6 1.

=1 M SR E AR

Table 1 Reagent formula for cell culture

AR [69]
Name Formula
e R DMEM (=8 {532 35 I 10%FBSFT1 % BT
TR TCEY2I DMEMES 32501 A 10% CS - FBSHIT %At
HMMASE R IR T2 DMEME; 323611 A 10% JCAMBACS - FBSFI1 %L

P20 i 22 HepG2 {81 1 58 2 55 F5 WA 37 °C 5% CO, 514 F 1535, AMM0IC A B ik 5] 90% I kA7
FRAR. R 2 ) J57 7% 5% T 24 hoe 58 4 45 R W 4 1 2 588 45 77 VR AT ARV 3R 13, HE IR 0T XU 2 4y o &4
I (T AN A 13 28 40 Jo o) 40 G PR ¥ 2 i i, FH 2951354 0 10, 100, 1000, 10000, 10000 nmol L™
XLy 28 1) I 11 2 5 55 3 VA AL PR 24 hy 78 AGHIN L 2 0 o SN A 4 8 1 B e B, P 5 A XL 2K 9
T H A A HR B 75 VAL BRI 24 h, LA 0.1% DMSO Ab FH i1 4 it g Xof FE2H .

1.2.2 X2y 0k 20 B 36 P e R i)

BB K S A, LAEFL 8000 /™ 114 241 Jif 2% 2 il 1 96 FLAR M, e A sl £ FH 2 8% 4% 7 W LA TH #E 3K
Z 4. 24 h 5 FEd R S SR, IR Eh 2% vh il (PBS) W R ML 1 Yk, 43 9d &4 0. 10, 100, 1000,
10000, 10000 nmol-L™" XUy &4 Jit 1% 2 588 5 772 W 355 7% 24 h. BE SR 45 5 4 35 372 240 iU 5 10% 41 it 3
B/ T R 003 ) 4 5 5 R A 00 T 5 SR AR v R A 40 min. (5 FH B RR ARG T 4% S FLTE 450 nm % K Ak
OD B, 1534 77 2 ZH A X X BELZEL 740 R X 40 o 3% 42
1.2.3  HMIMA P $E BRI RAE

(1) F s E

BOCHECAE K 20 i, DUREIL 3x10° /4> A9 200 JifL % B 7F 60 mm ML &4, 24 h J5 H PBS W VR4 3 ¥k,
J 4 FH AP AR B IS SRR R SR A AL, 24 h S5 WACHE AR I 1 % D Y VRO X A0 MR AT 1T R IS B ) 4
g LI WAL 4 °C 4 F MR 2 1983 r'min™, 5 min; 3967 r'min”', 10 min; 8870 r-min”', 30 min,
28000 r'min', 70 min 50>, DL 3R HCH WA A . ) Hh 6 A T 3E A PBS DL EE B AP MK, IR T 4 C,
28000 r'min"', 70 min LA3A B VEAMBAR B 9. 75 B WA 100 pL PBS 5 &SN ] T 5 22 R AR
B T80 °C VKA IRAE.

(2) FM A 5 T FL AR R AIE

AL AH ] Théry B R 5 Bk A7 A0 M43 S5 rL B A ot 1l 25190 (1 4% PFA Fl 1% [ X A0 ik
PRFEAS AT [ IR 0 4 I, T pH oy 7 0% B0 Rl PR VR PP L4 4 22 - U A A R 5 O 1 R
SR 25, W B 2 A B D AR 0 1 3 S F - R R A T AR
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(3) S MAARL AR 5 ik i FRAE

AR S {7 FH 499 K IR 38 57 43 M1 (NanoSight N'S300, 2 [ T /R 32 7)) Xof 41 A ) 6 44 91 Fl e JBE
AT I, A SO I B R 27 107—10° A~ -mL". I A (R A s, ] A8 2 7 X A o b % 7 6 s
TFIEI Ve BRUCRAEZAR 1 min, BRE R RAE 5 W BPE A St S il vh SN AR i v

(4) ey N i a6

K FH A 52 BV 38 5 R N 0 WA AR bR 35 PR AR AT A, DURAE S i 44 ffE ] RIPA 24 /i WK (Radio
Immunoprecipitation Assay Lysis buffer) 24 fift 4 W4 14 5 48 g D) 345 &5 11, {f i} BCA(Bicinchoninic Acid
Assay) 8 [ 22 sl 0] &out o B 2 . fifi ] SDS-PAGE ¥ i f Uk %t 25 (1 UEAT 20 85, T35 B A PR 4T 4k
FME L (G A4 K b AN AR AR ] TSG101, CD81., Calnexin Fif&#% &, H Calnexin /4
AR Y B XS B 1. PRI 7 4 RS AR 2 RO R R AT B 68, O AR 22 42 (ChemiDocTM
MP, SEEMA SR ) 17 4. it Tmaged B A4-XF UL 04T RE 747
124 HEitotr

JIi A 45 1 GraphPad Prism 9 X PFHEAT G153 M AR 18], S0 K0 LA S (E bR i 22 7R . Z2 41 1H)
ook HI 5 R 2R 07 22 70 BT (ANOVA) #1758 143 M. P<0.05(*) Fom A A Geit2% 22 7, P<O.01(* *) K
N BB G 28 5, P<0.001 (% * *) RoR A A1 A I & Ge it 22 7.

2 5B 54718 (Results and discussion)

2.1 AMIMARFRAE

T o R R O AR I AN I AT S T ] 2(a) , HUAR AR S BRI B A MR NTA (25 R R
RiAE F B A R (141.3+54. 1) nm( & 2(b) ). IEHTE L T AMBA R R ARTE 30—150 nm 2247, TEFRATAYSE
T UL EE B R AR K, P E R PR T A e O i R R A AN AR A T A SR, i — 3 e G
B 5 AT i 5 B S IR HE A T 2R AE , LASMBAAR IR Y HepG2 A IAE 2 BR, A T A6 AR 1 s 7 1
% M TSG101 A1 CD81, LA K PN 5t W A5 & % 25 14 Calnexin. &1 /& 2(c¢) ff s, AN AR EEA () TSG101 Fl
CD81 &t = T AN MR AR, i Calnexin & AR T ANMAEAR, 33X 2% B AC SC 0 P2 A SN A AR T8 A3 52 2 i iR 20
B4 75 .

(a) T IX107F () (©
§ 8X10°F Exosome  Cell
§ 6x100F Calnexin 90 kDa
% 2% 108 “‘
§ L L1 1 CDSI| seiem TOBE | 26kDa

O0 100 200 300 400 500 600
Size/nm

B2 AMBARAE (a)if S HEERAE; (b) QK URLE 5540015 (o) B 1 S BNl
Fig.2 Characterization of exosomes (a) Transmission electron microscopy; (b) Nanoparticle tracking analysis;
(c) Western blot

2.2 AMEFIHET BPA, BPS, BPAF X 4N A 43104 )5 1

Y0 0 EE PRSI 45 S22 0, BPA . BPS 11 BPAF 78 10 pmol-L™" & AN %2 85 77 1 5 X6 48 g 15 4 JC 5% Wil
(&l 3a). X FEHI7E AMRAH W 2R, BPA. BPS. BPAF 7 24 h PIX HepG2 2 itd 1) 18 PR A 23 77 4k W 35
AU

TEAS S 0 40 M 356 R A5 00 T, E— 254610 BPA, BPS. BPAF X 21 Jifd A1 W0 1A 43 00 Fi 55 Wi . SE2 T 445 SR
SR, 75 AARAH EVE BE (50 nmol-L™") T, BPS 1 BPAF X 2 Jifd 41 s 44 iy 43 WA 1% A5 W b 5% (&1 3b) . 4R
M, 24 BPA 3¢ 5% 200 nmol-L™' 5 500 nmol-L™" i, ZMAA G 43 h it g 38 (18] 3¢). LA &5 5%
W AE AR AH S 1 S L P, BPS 11 BPAF X HepG2 41 il /M AR 14 43I AS P2 A 520, 1] BPA 1] LIAE #E 41
WA 53005
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£10 20l 210k
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EE T2
0 0 0 L !
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Relative number of exosomes

Relative number of exosomes

0 0
Ctrl BPS BPAF Ctrol 50 100 200 500
50 nmol-L™! bisphenols Concentration of BPA/(nmol-L™")

B3 XUy J50d 2 3% P A0 A A A 53 4 52
(a) [ B XU 2% HepG2 AR PERIS2; ()50 nmol-L™" ¥EET BPS. BPAF X HepG2 AMMMAREHLIHKIN; () A [FWEEE BPA X
SR YR
Fig.3 The effect of bisphenols on cell viability and the secretion of exosomes
(a) The effect of different concentrations of bisphenols on the viability of HepG2 cells; (b) The effect of BPS/BPAF on the secretion of

HepG2 exosomes at 50 nmol-L™"; (¢) The effect of different concentrations of BPA on the secretion of exosomes

SN ARG R BAT S M. e, AR B IR AR PN A I AR, DA AR 2 I o O S A PN 1) £ 2
SRR, SR AR S 20 221 AT 5 S AR R A AR Rl R, B A0 B BT TR R, DT R T
N i B, T8 MR, i FE 9 K A8 1 B R RO R, 5 Qn i i R DU o i R A P AR A A
FERWI, BPA A4 B A 6 1 Bl 1) 375 1, B3 APR 4 AR P i B 1 G 0, 2 1T AT X A1 A A P B Bl A
i) IR A 248 it 22 ] B 2 A9 A S A S A, PR O 5 Rt 28 08 55 R DG 4311 2 IR 26
YT TR R E I — 22 S B AL . M B PR AN AN . Rk, AU 264 J5T AT g ) 5
M) 24 Y47 A AR 11 4 A T 90 200 L ARG sl o 22 8 el R, TS BOREL D 1) A, AR DG A 2 ot AR
FVEAE 3 T B A 77 2k — 2P AR 5T

H RTET X PN 4306 TP % S0 AR 53 1 By 5% M SR AR 2D . B0 — I 58 ZE AR SR BRUA R4 it
% T 3R 2RI, 145 K I [a] tE ( Benzo[a]pyrene, BP) . — 7K Jf [a,h] & ( Dibenzo[a,h]anthracene,
DBA) . t£ (Pyrene, PYR), 7£ 100 nmol-L™" ¥ B T X LA AN A Sy =3 % 201 B /138 760 43 98 B4 5 1 U1, S22 F 5%
FWITE 100 nmol L™ VR FE R, 288 5 h i, 3 P B ¥ wl 42 1 LA IA A SRy 3 i 4 B A0 5% 0 19 73, O &2
IR TR M . 255 A SRR 45 IR, X IR TR T G ) 110 R R AT S e AN IAAR 1 5305

T BRI, A IR AR I T XL 2 ) i 55 24 h X AN IAAR 43 A (A SRE W 17T S G PR BILAAR B
FRAEAT ARG o Y, PR A R A T 5 v 7 B 4K 2% % B[] LAk — 25 PF A BPA . BPS. BPAF 5211
AN IR Gy WA (R R RN . AR, ASBIF 5T 25 S A3 T HepG2 41 MO AR 7RY , XU 248 497 J5 v e X HE & 4 fifg 2 7Y
AAE RN . NFEPAEEA R 22 57 H R FR iR 1R 2R, X L PR 25 mT BB XS XL 25 4 o i A = AR 5
). i — 20 BRI N 22 7% SR S PR 2 8 5, I KAEAR FIASE DA e 285 A %) W] S P 4538 1) 53k 2k

25 LT, AW A5 R BN, BPA 78 AR PN 28 85 A DGR BT 0] LUGE 25 20 i 73 D B8 2 A AR, B8R
AN T2 R W A TR, (T ) 2 R TT I 5 M 40 B AT AR (14 TE 0 W T LR 77 A AN RS L 3%
FURA T A AU S0 ot 1 7 i g XU HL A E 2 7 3L

3 %58 (Conclusion)

AT T BPA, BPS, BPAF 76 AARAH I HE B R X 21 i A0 WA A 4 W6 ) 2 i) . 235 SR e I, 3 b XLy
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FW T SN IR 43I0 T PR B 22 5% . BPS, BPAF A2 RE MR ANAA B 53304, 11 BPA 1 5 25 42 U 71 il
PR3 U5, BPA T-HJ0 40 Mg SM AP TE 5 733 B9 7T WL A 1o 2 — 2P AR 5.
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