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Abstract; Benzo[a]pyrene, as a carcinogenic polycyclic aromatic hydrocarbon (PAH) compound, has received

great concern due to its high health risk. 1-hydroxypyrene, a metabolite of pyrene, is widely used as one biomarker

for PAHs. Previous studies demonstrated that both benzo[a]pyrene and 1-hydroxypyrene related with cardiac dys-

function, but the biological mechanisms have remained unclear. In the present study, toxic mechanisms of these two

PAHs were evaluated using human embryonic stem cell derived cardiomyocytes (hRESC-CM). The results showed

that both benzo[a]pyrene and 1-hydroxypyrene enhanced the intracellular level of ROS and induced DNA damage.

Benzo[a]pyrene also induced an expression of cell mitochondrial proapoptotic gene. Overall, the oxidative stress

and DNA damage contributed to PAHs toxicity in cardiomyocytes and probably associated with heart diseases.

Keywords: polycyclic aromatic hydrocarbon; human embryonic stem cells derived cardiomyocytes; DNA damage

Z 7712 (PAHS) & A ML AR 78 0 B 7™ A= 1 Ak
G, HEZORIEA AR AR ICIFN K ILER
%, PAHs R EZMAEME MG Y, & T
PAHSs fER N SL PR 545 1L K o 95 i Lo I 75 52 05 14
KU ZET AN 150 438 PAHs H, 8 F [a] tEAE
i B PAH K LR N T T35 PEA(ROS)
AT EABURIER . BLAh, Bk £ ()4 2 B
R [a]th 2 58 50 WEB N 2 YT AR OG> il S 800
JREAE R U 2 T e I8 R0 850 i i B i e JOFE 5 252
AR [a] B8 AT LR B A KA AN i ok, 2 1, B nT DLAE
A S E YR T R AR RO [al g N A
AR, AT 5752 R (ADR)Z5 4, T30 AhR %%
UM , 5 PR (A0 CYPLA D sk
5 RS AR YA S 1) A A R I [a]
(benzo[a]pyrene-7,8dihydrodiol-9,10-epoxide, BPDE)-
DNA fil&- Y08 1%, 1 — ELO R ) G5 DNA J7 51
KAHEGAR i e AR RAEE I A R

T VEAL PAHs BB EEOK T IR 1- R 5T
Bz FHAE PAHs BEEMAR ST, 1- BRI H
CYP1AL by e (AR, e IR PR . P4l
1B, PAHs HV B 55, |- 5.0 0 [ 3 6
L UIRERE A P SR, H AT T BRI [a] i
T 1 -F2 5 18 X6 O I 95 95 5% W) () AT 5 A i, )
HAT ML, I [a]tE 1525 & A0 MEHR 1)
HLI G ANTEHE AR 43 Tt R T e 6 1 AU
WA R BFFERERY 4Rk VRS — Rl 24 i 0 UL
Y MR A VRG240 B 434600 L4 i (hRESC-CM)
SHE T T Z B0, BRI D IERE HE
g B AR A S R AL T — SR X (S B R (5
UL, hESC-CM RE % i &3 + 4 i 1% 77 1431k
FReififs, H5 HALSh Y A Ar L, xF AR 5 A
Ym 2SS P hESC-CM Bk #2219 1.0 I
YEIi IFFE R

TV AR R A G 38 3 73 B 2R - [a] £
-2 S 7% J5 hESC-CM f4 ROS , CYP it [H % ik
Fil DNA #1405, 3 4[]t A 1-F2 3L 28 X0 iE AT
Ry EEPEDLED

1 ##l57% (Materials and methods)
1.1 SEEepbel

H7 4f Bl 1 F WiCell #f 5% fir (WiCell Research
Institute, Inc., 3% [E), E8 55354 RPMI 1640 J% F7 3k |
DMEM/F12 £53%3%& B27+supplement  Geltrex 1 Pre-
stoBlue i3] 1§ T35 [§] Life Technology Z\ W], Matri-
Gel 14T [E B&D A H, Y27632 (4l =99% )4 T
2 [E R&D A ), CHIR 99021 (4l 99 2% ) T35 [
Selleck Chemicals 23], OxiSelect™ comet asssay i
£ F 3£ [F Cell Biolabs 23/, CYP1A1 i iA T
Y5 [H Abcam /) , BPDE-DNA $i{4&(5D11)il T3 [H
Santa Cruz Biotechnology /3 Al , IWR-1(4li & =98%) .
I [altE (DL =96% ) Al 1- I (4L 98% )l T
2 [H Sigma 27,6 FLFT 96 FLAR M T 38 B B T4
A, PrimeScrip RT i 7| & I T H A TAKARA A
A TP RS A ) G T 38 = R AE R AR AT
1.2 SEETk
121 A5G0 LA Hi oAk

ffiH E8 #%5 77 £ 3% 5% ARG T 40 e & (H7 4
fiL), ARSI HT A LLEEFL 1x10° 4204
7t Matrigel 095 1) 6 FLAL L L2 80% ~90% L4,
SRJGTESS 0 KHNA 6 wmol-L™" CHIR 99021, M2
KIFUh , E ok RPMI/B27 55373 SRS TE4S 3 KN
A 10 pmol - L™ IWR-1 755 5 K H 4 RPMI/B27
Rigike—Wk . ¥ hESC-CM 4E {5 7E RPMI/B27+15 5+
Ferh B3R, ARG SR 28 d I TR SRS,
1.2.2  #ifis fpise

i FH — I L0 B (DMSO) 4 il 5 3 [a] EE F1 152
LB I BORREAL 200 ~6.25 wmol - L™ R BN
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ooz 4R 15 &

PR REE B 2R I [a] EE A 1 -2 B VA I A B Gel-
trex Tl 40 ¥ () & 4 hESC-CM 4 96 L& 35 b |-,
0.1% DMSO fER*FHE4 . 24 h )5, % PrestoBlue izt
FIIMALAL,37 CHI 5% CO, & FiH¥H 30 min,
fii/} ELx800Biotek fiff 77 {¥ }2 GeneS #% {f (Biotek,
USA) K 41 i 2 YA
1.2.3 ROS i

FEFITE Geltrex TALHERE IR _ ) hESC-CM £
ROV BRI [a] BB 1 -FRIETEAL T 24 h )5, B5 5%
FEE RN A 10 pmol- L™ DCFH-DA( |2 = K
ARG PR R B RPMI/B27 +55 35 3537 C 4
35 F2 46 IR 20 min, 1 xD-PBS(FE [ IR £h 28 vl
W, AN S Ca” R Mg PRI 2 IR, 1 PO B iR (-
clipse 800, Nikon, H A8 | {8 F] Tmage J #X{F1E47
AT
1.2.4 RNA $£HUF1 qPCR 431y

fdiFH 50 wmol - L™ 4 [a]iE ki 1 -2 EE LbFH 48
h &, ffi F Trizol if 57 (Invitrogen , 3& [#)$£ J hESC-
CM % RNA, fdi ] PrimeScrip RT &7 & & i cD-
NA, HMFEEHETE StepOnePlus™ (Applied Biosystem,
FZ[E)F 45 EJH SYBR® PremixEx Taq™ #EAT4" 4
qPCR %144 95 °C 3 min TZSPE 35 MEER, HAK
995 °C 155,60 C 30 s, KM GAPDHAERNZ
PCR 519755 1 fiR,
1.2.5 REETOEL

i 50 pmol- L™ K If[a]tE o 1-F2FL e AL H 48
h J& , 0% 19 D-PBS P 2 K, 885 H 4% 258
FI % [ %2 15 min, D-PBS ¥E¥% 3 K, iR T H &
10% JiG 4 1L T% 09 3 A 22 0P & 1 h, CYPLAL $it

*1 3519F%
Table 1 Primer sequence
B 519
Gene Primer
F 5’ -ACAACTTTGGTATCGTGGAAGG-3’
GAPDH

R 57 -GCCATCACGCCACAGTTTC-3’

F 5’ -CCCAGAGTTTGAGCCGAGTG-3’
R 5’ -CCCATCCCTTCGTCGTCCT-3’

bad

F 5’ -CCCGAGAGGTCTTTTTCCGAG-3’
R 57 -CCAGCCCATGATGGTTCTGAT-3’

bax

F 5’ -GGTGGGGTCATGTGTGTGG-3’
R 57 -CGGTTCAGGTACTCAGTCATCC-3’

Bcl-2

F 5’ -TCGGCCACGGAGTTTCTTC-3’
R 5’ -GGTCAGCATGTGCCCAATCA-3’

CYPIAI

A5 BPDE-DNA $iik 4 C 5 i %, SR )5 D-PBS
VB3 WG, “HEIR T#EE 1 h, &5 7 H D-PBS
Yk 3 UK, 7¢O B3 B% (Eclipse 800, Nikon, H A%)3f]
I8 Image J S TR 53HT .
1.2.6 EHEKK

TR 50 wmol - L™ A If [al i Bk 1-F2HEEE 15
19 DNA #1455, £ F OxiSelect™ comet asssay 5]
S TR e ARG, ANfAbFE 48 h J5,D-PBS ¥t
Uk, SRR SE AN, SR 5 R AR B A% F2 #1 1.5 mL EP
1,700 g #5.0> 2 min, B H D-PBS %2 K, %
J VR A M KRR R 1 10° AL KA S B
(VIV=1:10)IR 4%, A 75 uwL LG R#I A -4 C
TNCE 15 min, SR 5K 2B B RS BT 1) 240 2%
MR 2% 1 b, FEE T A0 B A W 30 min, i
Jei A B H K R K 30 min, IR #EFT DNA 3
{0, 8 FH2¢ % B 3084 (Eclipse 800, Nikon, H A) % 4]
MIBEATHA IR {8 Tmage T #4785 04T
1.2.7 S5

K H Image J 1.52a AT G B 04T, R
SPSS 22.0 # {17 HL K 27 2253 BT (ANOVA), B di
DI +SD R, P<0.05 M EA S92 5,

2 453 (Results)
2.1 2RISR

VA [ BRygahi o 7 A LA B 2 1) — AP 30U PAHS,
B A SIS E AT [a] EEREFF RIS 1 (3 2).
R 20 4% 75 25 A A B [) A A 2R fr) 22 5 R
I [a] &I 4H % g iV FEE L 1 ~ 50 wmol - L™
(#2), SR, Sirenko %53 i 45 8 4 K - 2 it F B
(Calcein-AM)5 5 K I & B0, AV B2 1) 28 9 [a] 2 (1
wmol - L™")GEHE /il hiPSC-CM 2 3% 77 , T 1w 1 J& (10
pmol - L™ )i BRI A0 BTG 17 5 An 26 VIBIFSE R 80, 2K
FF[alEEXT LO2 4ifis S s, Rk, - [a]tE
XA R 240 B B PR AT REAAFEANIA] o AR A RS A
TE RGBT R A R AR | 25 - [a] B AL B hESC-CM Ji7 , IF:
RO FANLE S5, BEAh  1-52 35X hESC-CM 11
IEWARUR R TE S AN
2.2 ZEIf[aliE A 1-BRIEEEIAE S ROS 7=

i DCFH-DA Rl 728 H-[a] b Al 1-FR I EE AL
JHJ5 hESC-CM 4 ROS /K3, 4bFH 48 h )&, 50
pwmol - L™ Y & ¥R B 1-¥2 L EE B W% [ % 15 % hESC-
CM N ROS 1y A4 EARVE FE 15 B8 (5 1 25
wmol-L™")%t ROS 477 A= Jo i 52 i (& 1(a)), 1H
XFF2R I [a]iE , hESC-CM PN i) ROS 7K -5 Bl B 2.
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FFR - B N 2R (] 1(b)), X 5 C A B 45 SR A1 — CM i ROS 7KF, BT T hESC-CM, #If-[a]iE
FH 10 wmol - L YA [a] e BE L E WG N hESC- 55 ROS AURE 158 T 1-FR 5L

— K3k
00 @ . ! 20re)
%
. 200
S 8
=2 =z
B g 2E 150
2 1
B2 52
g K8 100
¥ £
Es *35
= = 50
—pmMso 3 25 50 0= DbMso s 10 50
e /(umol- L") R EE/(umol - L)
Concentration/(umol-L") Concentration/(umol-L")

El1 7 hESC-CM A1 1-B2ETE (a) MEFH [a] B (b) FFEHER (ROS) K EMKF
T : DMSO K78 BTN, * F7R P<0.05,* * £ P<001,
Fig. 1 The reacitve oxygen species (ROS) production induced by 1-hydroxypyrene (a) and benzo[a]pyrene (b) in hESC-CM
Note: DMSO stands for dimethyl sulfoxide, * represents P<0.05, * * represents P<0.01.

R2  FI[alrEx 4 RE R RN
Table 2 The cell activity under benzo[a]pyrene treatment

AT I [l B /(umol - L7 )* A FH A ) /b oAU S L] Z:7% 3k
Cell type Benzo[a]pyrene concentration/(umol-L™")* Time/h Method Activity Reference
. } S AR
hiPSC-CM 1;10 24 Calcein-AM [11]
Increase; Decrease
L02 i ffd Ttk
50 2 MTT [12]
L02 cells No change
ik R A
40% 1 XTT [13]
Haemocytes Decrease
BEAS-2B 4 ifi FEAK
5 24 48 MTT [14]
BEAS-2B cells Decrease
HL-7702 4iififl FEAK
20 24 48 MTT [15]
HL-7702 cells Decrease
HepG2 411 . e
324 72 MTT [16]
HepG2 cells Decrease
AS549 4l FeEAR:
32 .64;16 .32 64 2472 MTT [17]
A549 cells Decrease
P ABES
hESC-CM =50 24 PrestoBlue )
No change This study

I : Calcein-AM FRE 4k FE - HEH G, MTT %5 3-(4,5- H B HEME-2)-2,5- R 36 DU UM R ER  XTT % 2,3-X0(2- Y 4 B -4l 255k AR 2
F5)-5-[(CR R Bk B 1-2H- S AU AL DU MK, PrestoBlue 2R7R 56T 71 K 19 BRI BLVA R s #, 55 % BRZEAA LU, 240 03 0 A3 G112 22 57:(P<0.05) ;% ,50%
M%ﬂﬁi@?&f}f(mso);& ,$1jj‘7 ug'mL’l °

Note: Calcein-AM stands for Calcein acetoxymethyl ester; MTT stands for 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide; XTT
stands for 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino)carbonyl]-2H-tetrazolium hydroxide; PrestoBlue is a ready to use cell permeable
resazurin-based solution; #, compared with the control group, there were statistically significant differences in cell activity; *, 50% inhibitory concentra-

tion (ICs,); &, the unit is pg-mL™".
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Gene

2(b)), 1-FRIEPERERIBIY, O A B9 £
SE—FPEEHIIE ROS F= A ) PAHP?Y ) 12 3L 2 4
FHXT hESC-CM £ ki {4 6 1~ 3 [H 1) 3 34 TG Wk 25 3¢
i), B2 7R A AL BE T 1-F2 v Y S il —— 4N e
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Gene

B2 FFH[altE(a) N 1-HFEE(b)FES hESC-CM L ETHXERERIL
Fig. 2 hESC-CM apoptosis-related gene expression induced by benzo[a]pyrene (a) and 1-hydroxypyrene (b)

2.4 CYP RN R AFREKF

I [altEALBRANM 48 h )5, CYPIAI [ FRihH
X R AH L AN (E 3(a)), MM, R G
S H 1R EE R E WM T hESC-CM 1Y
CYPIAI Fik&E(P>0.05, K 3(b)), #F— it e
PECTIAGI T CYPIAL AR E LK, 450 %
B, R [a]tE M 1 - PR B EE AL BEIS RESE N CYPLIAL 2
F Y ZRIB(# 3(c)FI(d)), 5 TR 1 45 FAH— 3,
2.5 DNA Jin&9k:m

H T R [a]EE M 1 -2 BEEEXT hESC-
CM VPR 3 S e o A I 1 4 i DNA i
YK, BERFW, RO [a] A DL H ik R
hESC-CM DNA Ml & #1177 A= (4 (a)), TH1E N
PAHs 7E/R PG 7 H F 1A PAHSs 2 5 ) Ao
PR, 1 -5 55 26 2 5 BB 3 3 hESC-CM DNA il
AW (E 4(b)), #n 1-RFEE WAFFETE 0
JULZEE 453 3 18 XU
2.6 DNA fifjite:m

A T 2RI [altE I 1-F23EAEH T hESC-CM
JE AN DNA P15 00, 25 R an Kl 5 frs . 5%t
MRZHAH G, 50 wmol - L' 2K [a] 44 i1 T hESC-CM
) DNA #if5i7KF-(P=0.05), Ak, BIR 1-F 5K

A B 15T DNA i, (HE B A B hESC-CM
DNA #17i f)#%(P=0.06),

3 132 ( Discussion)

1EDHEN ,ROS 25 LR 41 il 5515 T8 12,
e 2 Y B R E AN, R[]
VAN ROS M= AL O 8 2 il ™ {H R IF [a]
EEF 1 -2 KL P 27515 S hESC-CM 77 /E ROS AT
R, BT, ACH /DR GE 1R S 2oL
FEAE AL 3 B D LN i K W % 8% T ROS
SFECOEE, B FRE B, IR S S0 BE
JEK IRFEMEF AL FHOONEFR I Bush, 1R
—Fh S EAE LR T A [ B ERT, ROS fERSE
THE SRR AT TR DI RN ps3 R I FRIB KA S0
WLAR M 8 TR0 I, K9 [a] 5§ hESC-CM
RRARIHT- I bad 1363k 5 ROS F VMK,

NAK5EE T PAHSs J7, PAHs 239 A& A 4 4% 51
T ARH . Horh, CYP IR Y 2 B e X P R 1
FANEYEAL & D it AT 546, B, e 7L sh )
CYP FiETE KM T JLFI S5 PAHs R ILA
TEXEEIE R o | CYPIAT FEZ - [a]tE AU & 14
FEAMEH ., CYPLAIL 1540 RN 20 20 rp %k 2 K5
MM FEFE T PAHs 515 % CYPIAI 3Rk (A
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A TFE-9,10- 4 {1k ) (BPDE),, PAHs Y HETE 34
JWAEAR N AR A b . B PAHSs 77 2E 1Y
R AT LA — 2 5 DNA R, 2 i BPDE-DNA
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(Fold change)
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0
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&K 4), FEEEH DNA Fd G 3] T #yh
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Jitl DNA i #6175 5 DNA #5114 s g ) 45 2
POERY FECR VAN T A R I, R | &
J17E B Aar 5 S 0 T 2R 1) kAR R ERY B4,
DNA 5417538 55 4l 52 2 28 UIAH G, O LA 3 2 fig
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; (b)
=}
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HH
Gene
20r
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=
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0 TR
DMSO S
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CYPI1ATI protein

B3 FIH[altEf 1-EEEFS hESC-CM CYP1A1 EFEMEAKFRIE
TE : () FI(b) g 4T [atE A 1-FREEE AL IS SE PR 3R 35 , (c)FI(d) Ty 45T [al BB Al 1-JR BB AL IS 6 11 W3R 35 5 * FR P<0.05,
Fig. 3 The gene and protein expression of CYP1A1l in hESC-CM induced by benzo[a]pyrene and 1-hydroxypyrene

Note: (a) and (b), gene expression after benzo[a]pyrene and 1-hydroxypyrene treatment; (c) and (d),

protein expression after benzo[a]pyrene and 1-hydroxypyrene treatment; * represents P<0.05.
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50r
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<40 [
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=8
=g 10}
=
B 4]
DMSO SR
Treatment

4 EF[altE(a)F 1-FHEE(b) S DNA AW~ £
E* 7R P<0.05,
Fig. 4 DNA adducts induced by benzo[a]pyrene (a) and 1-hydroxypyrene (b)

Note: * represents P<0.05.
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Fig. 5 DNA damage of hESC-CM induced by benzo[a]pyrene (a) and 1-hydroxypyrene (b) respectively
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