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Abstract

Objective: The effect of early pregnancy exposure to BaP on the ovarian corpus luteum was analysed
by RNA-Seq. Methods: A BaP-contaminated pregnant mice model was constructed using female SD
rats. The pregnant rats in the BaP group were given 0.2 mg/(kg/d) BaP by daily morning gavage up
from the first day of pregnancy (d1), while the control group was given an equal volume of maize oil,
and ovary tissues were collected from d7 rats. Treating human ovarian granulosa cells KGN with 0.5
pmol/L BaP to establish the cell models. The transcriptome sequencing (RNA-seq) technology was
used to detect differentially expressed genes (DEGs) in ovarian corpus luteum tissues of the control
and BaP groups, and the screened DEGs were further subjected to bioinformatics analyses and mo-
lecular functional validation. Results: A total of 300 DEGs were screened by RNA-seq, including 86
up-regulated genes and 214 down-regulated genes. Gene Ontology (GO) functional annotation and
KEGG enrichment analyses of DEGs showed that BaP exposure may impair ovarian function in early
pregnancy through cellular senescence signalling pathways. The results of f-galactosidase staining
showed a significant increase in -galactosidase activity in the BaP-treated group compared to the
control group. Western blot, IHC and IF results revealed that BaP exposure down-regulated the ex-
pression of CDK4 and CyclinD1, while up-regulating the protein levels of p53, p21 and p16. Conclu-
sion: BaP exposure might induce ovarian granulosa cell senescence, which leads to impair ovarian
luteal function in early pregnancy rats.
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1. 5|8

% ¥R 75 J& (Polycyclic aromatic hydrocarbons, PAHSs) &4 ML 58 4 R Be I FE v Al = A 1045 #8300 B3 75
W, TRAETIRE RS TS . TOWHEBC P A s 1 58 £ 5 & v [ 1] Hoh 2K 9F tE(Benzoapyrene,
BaP);& PHAs i BACRMER—Fh, HABUSMEBCRANE2] (3], BB IAE . MM 4)]
[5]. AMI/EH &S R Bh@E RN Bk AR & NS5 7 U 8 T BaP [6]. BaP J& T W WT44,
HAWRROP R, REHRINRI7], 252 EE T BaP <im i 36 s 0 il I MEA I
BT R RN K& B N EBURA SRR, TR 4ERR . Horbr, iR 2 OF 5L N J2 B AR LE I N 3 A It
A WA DL AERF R IR DI RE(8] . MbAh, PR BT AR ST IR UESE[9], 22 R 2R BaP 2 3/ RN
ZH 2PN 1 %U(Reactive oxygen species, ROS) 77 4k o A B /K P ROS X - 1E 5 U 55 Th g () i 4% 8 G 28,
EetnZ 5T IR A A L I AR ORI B A2 [ R & BAE[10]. JRTTT, 451§ 85 T s il B2 1) 48020 1
FEfb B A EAPE R 2 AT AP, IX R B T B OF S R AR R TR, sena IR AN ORI T, BT
PR LR & S i, H2 5 AT BEA 42 (Luteal phase deficiency, LPD). 5. 3%F (Premature
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ovarian failure, POF)Z 5505 I K A2 [11] [12]HF 58 R B[ 13], BaP 7] 5/ RAS RE4H M DNA SN E BaP-DNA
&Y, il ps3/p21 KR SRR EL ., AR, Saha 25 At kKHI[14], BaP ZFEAEHEITIFE S
ROS WIAE e N BRI IE % . LA B eI EERBUR T I A1y, 2K S aR
OO BT RS RE, RN 2R BRI R IAMAG R B 1X — RIVEROCE F 1, Wi fh Ltk Ed
RE M ER S RAZE . WA BIEIRSE R R A[15] [16]. HET BaP 35S 80K KB U0 S H AR
O R A OC R M ANIE R . R, ARHTTT B AR AN RS (1 A FE AR T BaP S oK B P S BT 4
AL DRE IFENE , BE T EE Rk NIRRT BaP 5200 G 5D 58 (AL S SE N4 TR 1 fi# BaP (RREN: A TE 55
PEBE AL I SR A DL

2. MRIFITTE
2.1. SEEAARL

2.1.1. SEEGEh4)

ASZIG FT ) SPF R SD A BR(6~8 A, 200~260 g), T 5 PR EERLA 2SI 50 O [S256 Sh W
VEAT 5 SCXK (jfiT) 2007-0002, SZEGENEH VAT 5 : SCXK (1) 2007-0001]. /)N A 7% TR & 22 £ 2°C
FHXHARSE 55+ 10% M5, RE H BHUOKERE . AR0FFRFE BTIE SR SLIG S A6 B2 B 2= 52 I AR 2
bt
2.1.2. FERF

ARSI I FH 2 () BaP+ K f-actin H1/A. DMEM mibis 738, P12 R B ¥ H 35 [H Sigma 2 7 ;
i - R iR & DEPC /K. BCA M ERA & RIPA HORMK. SDS-PAGE
IRECE IR G HHER - HEHEEMPL. PUReHKE (& DIPABRINE FE A RAEVHARGRAF;
SDS-PAGE [ PRGN F H 3 E MR A IR AR, NSRBI IR ISR (hCG)W F 35 E Millipore
AT R IE BRI E SUEME ARG IRAF]; CyclinD1 Hifk. pl6 fiiktsng 5 il = AR
HIRAF; p21 PiikE B RUEREDRH AR A ; ps3 PLAIHE CST AF; HRP FRic —#i. PBS Z&if
R A BERE WK « — 2Bl B B A3 5 SR A iR /R 40) 3900 B AL 50 h A2 S R B BR A A .

2.1.3 FENH

AFFFRFEH A E B FERME. fE R (HA Olympus AF), LML RIER
4t(3 1 Bio-Rad A H]), A7RA =i S0 A0S 38 (T OB ZAEM R IR G BR A 7], 2 Dhfelebr (3 E
Molecular Devices A F]), WOGILRERR BAMEL(H A Nikon A #]), #AE(4EE Eppendorf A H]).

2.2. SEWFE

2.2.1. FNSRIE S RE

4 SD KR THFR M AT — FRE MPERIR G, TR0 17:00~18:00 siizfEt 3:1 BBl &
BB KHIR 8 B4, FMETHHIE Wi v, 4 BAEE T2k T MErE SD K T
FRic, e AMAE — K& “d1” K)o Fhric /g HERBENL 2 0 AR BaP 4120 H/4H). BaP
HEARME Al B2 47 RT R HRAEEREFEELS T 0.2 mg/kg/d KJE BaP (T T oK), XA
R E S5 4% 0.1 mL/10g ZhA AR s HE B 45 T HIRLARR 5K o 7642 d7 RIS SRR A A0 2 U5, Tok b
> B FUCE IR SR AN, JEAE A N SRR, F TR SR

2.2.2. HfALESE
AW FCRTH N B S BRLAH I R KGN 4 ieie 5 92 E ATCC A Al . KGN 4UffE & A 100 U/ml 5 %R
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- R 10 Uml BPEFE R B 1 20%054° & DMEM-F12 5 7R G728 37°CiRE. 5% CO,
W) EEE K ¥ KGN 4Hig 7 Xt B ZH . hCG 2H A1 BaP 4H. X HEZH A DMSO (R E AL 0.1%)
YE AR . hCG #4H: ] hCG (1.0 IU/mL, ¥ T Hank’s P47 27115 S KGN 4 & 4F # k4l AbF
KGN 4iiJf 24 h. BaP 4H: F|H 0.5 umol/L BaP (¥ DMSO H)H# 1.0 IU/mL hCG 43 KGN 4Hfig 24 h,
DAHEAT 5 4RS00

2.2.3. ERENF(RNA Sequencing, RNA-seq)

{5 1 TRIzol 50551 AWSCER 21 0 HEZH AN BaP 2K 5 5P 5L SR ZH 243 /MFEA/2H ) 42 HUE RNA, $2 4
BESRFRE 5 AT IR R R R A R A 7 3517 RNA-seq. W H R % 5 #4401 RNA-seq ATk i3 O 50d
Rt R4S BaP 41 % 5 %A F K (Differential expression gene, DEGs), ffiikbruEi% i NiH% P H
(Adjusted P value, P adj.) < 0.05, Z 5 {5%(fold change, FC)Xf 2 X {Ei[logFC| > 2. & DEGs £xffill K 1L
MBI, S HAmE. 257 K0 RZEREEWEE S P HEEE 2 R A 4% (Gene ontology, GO)
A ERHE R 5 2 R 20 B2 15 KEGG VEREEAT ThRE & 0T -

2.24. - EEEREE

i p-2F-FUREFRE G kA M N A 21 f KGN ZH N4l 215 0. 5 TRl 4y, F KRN
HIuKE Y A 2 JG, {EH PBS U A, N 100 pl g-2F-FU0H T 4 (o [ 5 7 5 15 8 %€ 20 min;
XIF KGN 41, ffiH HBSS Prigkkb3 /51 KGN 4HHE, BEE A 500 wl B-2 7L 1 B 4L 0[5 e i = 6 1
SE 20 mine i ZTEE R V)R AR NN IE R G Gt TR, 37CE K. IRH, TR
BFWEE, REEFA.

2.2.5. EAREENEEE(Western Blot)

i H RIPA & 2R IO BN 5L & KGN AN 8, I BCA 8 AR I e w7 & €
i, ARIEBEAR ORI F I BE (T SRR IR T . TSR EE AN NN SDS-PAGE _EAEZZ M
N 100CEJEHAANE 10 min, JFET-80CIRIE. FE 12%7 B S%k4iRdkAT EFERVK, #
HVk e R B AR ED S PVDF I o JEEUH 2%, (] S% MRk (5 T PBST) T 37 CHERE H]
2h, HT 4CHE — P B PUARE B UWTR : Bt p21 HL4(1:200). FT pS3 HL4(1:1000). T p16 HiiA(1:200).
Pt CDK4 Hi4£(1:500)« #T CyclinD1 Fif4(1:1000)FIHT S-actin HT4(1:3000). K H, H PBST &K )5,
IIANZH1(1:3000)F 37°CHFE 1 h, M5 LA R ER IR G R (. LL B-actin NN Z, {H Quantity
One B PE4>HT & E 46 K A

2.2.6. ﬁE,EéE{{(lmmunohistochemistry, IHC)

WOR BN SLH gk AT A 3, (A S ) A LG 3 AT U, e AS U0 v BT 5 3047 4
PEAACSE . KR R BT AR RS, TR BSOS K, I F MR SRS AT DR Hvig
o INE &K IR B RE WA B s B N IEYE S, 1 E —PU(CDK4, 1:100) T 4Cid
W kH, M PBS ¥t £V Bl E MR sE, W& =M L FEdt/h /R 1gG REY) 37°CHEE 20 min,
FIH DAB #EAT RO R A RO TR AT 8 R, TR PUEE, RERRAER.

2.2.7. BFERIEImmunofluorescence, IF)

¥ KGN 4 8mh T 24 FUBUE b, Inziabsd 24 h 5 #5859 . (] PBS R ue€ R 5, FIH 4%
Z R S R Er) KGN 40/, 5 5%!10 2 ik B A E 1, IA—$i(CDK4, 1:100)F 4°CHF
Bida. WHEER)G, 6 PURBR(1:200)8 6 E 1 h, J5 A& DIPA KPR e KilE H, I
TR BB TSR,
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2.2.8. GitE S

iZ | GraphPad Prism 7.0 A BT HE ST MGt I, AR S/ ER 3 . FRERRHSE +
PRUEZE( X £ S )RR, 43 HIEF ¢ KSR IR 3 7 22 40 Mkt B AR 2 S8 AT et b p < 0.05 R
ERBAGGER L.

3. 58
3.1. BaP REFIL T Z RN A MRF E T2
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Figure 1. Differentially expressed genes and related pathways in luteal tissue of BaP-treated rat ovaries
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A Pathway Analysis
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Figure 2. KEGG functional enrichment analysis of significantly differentially expressed genes
2. BEERFIEEFN KEGG IREEE T

RNA-seq #4411 DEGs 7 HT 7w, AU P SAF4EAR 300 NI FIZEXT I ZH AT BaP 2H A7 165 % 5
FIA(86 MR I, 214 ANFEEKR ), HoA p21. p53. Bel6. Sle34a2. Cdkn2a. Prss35. Cdkn2b 254
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K2k 5% Fif, 1 Akrle3. Cypl7al. Cendl. Cdk4. Nempl. Reanl ZFJEPRIRIAEZE R 1(A)M
K 1(B)). BJEXT BaP 491 23 DEGs #47 GO Mg/ #r, 45 R & 8 DEGs HERELE 10 MEEM GO
o, BRI GUS SR r B AR S OB R S AN A0 e S BEL A S AR R () 1(0))e
I, AT — XX e DEGs #4177 KEGG & 470, UK 45 R E/RIX L DEGs £ 2 AEMMWEE .
I 1 250 40 B A Sm S = 4, 1T enetplot BEINIE /R TEIX 2 DEGs & IE AT p21. p53. Cdkn2a Al
Cdkn2b, HEIA MM Cendl. Cdk4 5 742 I BRI 2). DL EXEE RS, BaP %k
Al AR AN R MO R 7 3RIE, Fifs e o0 56k .

3.2.BaP RE{RHZ R HAPEFR MR E

N Wt BaP 2550t 25 O LA S 2 A0 RO, FRATTAEH] p-2F FURE M AL iR A 1 O SRAL IR Hb
FAML KGN A N2 2 it L. 45 R SR, SXTREAUAHEL, BaP ACBRAL p-2fFUNE GG (o A LA
PR HE B B I, B KGN 4 A 5 32 BH M4 A TE BaP AR ZH Hh (1 i R e 34 5 i P e 3AH — B 3).

A 10X 20X 40X

CON

BaP

10X

40X ]_ -
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W& bRiT p-21- FLRE T I FH P40 P

Figure 3. Detection of cellular senescence
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3.3. BaP REFSMFER, RiTMHAREETFHIRE
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Figure 4. Diagram of cellular senescence signalling pathways
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Figure 5. BaP exposure induces cell cycle arrest and cellular senescence in ovarian tissue

[ 5. BaP R HFSINEBAMEE AR FMMBRE

HF RNA-seq B HT 45 R, FATLH THREZHE S EEE, FMRIEE 1 FE 2 RNA-seq 44
TEE T PRIC T IEZ A5 DEGs BB 4). A, FATH—DIIE T BaP AMHXTIX Lo ol i 3% 2 S 4
7RIS . Western blot 1 THC 4578, BaP Z&5s 2> N iH 22 53K B U0 5520 21 P9 4 i 5 A o I 1
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CDK4. CyclinD1 f13iA, AR i p53. p21 F1 pl6 HI7KF(1E 5). 7A4h Western blot Fl TF 25 5 544 Pyt
P, EFBAGUFRE L (p<0.05) (K 6). FARSLIGILFIER, BaP 585215 40, (22
FHTON B R R .
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Figure 6. BaP exposure induces cell cycle arrest and cellular senescence in KGN cells

6. BaP B E 155 KGN R E HAE#FMpa =&

4. Wig

BaP & —FFR N A AT, T 2 ORI AR 17]. BRATTRRT IR C R IR [7], B
B BaP Jo/b 1 AEFHTRAT L UOME . F R A ARG 4. S A s Py o R A B S —,
S A 6 2 P 0 A 0 B S BT I 43 T M B R SR T T, XA )L T RS R T R
PR FAR] 18 B AT 26 T2 53 BaP 5525500 U0 L3 UK D AR IO ML 503 AR, IR — B4R 2 . ML,
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KT E T HEDE BT UURAR NS, 3E— AR R T BaP #0542 53 51 5L 5 1R (1 5200
P53 R B ZH Je BaP ZH 0K R OP B3R H 24T T RNA-seq, PAPRZ BaP 520 22 150 3k T g
MRELENLH. RNA-seq 70 BT 7w, BaP ZFE 51 7 KR UPEH LN 300 ANEEE HILZEFRIE, ARl
B 86 NN _EIHIER, 214 AN TR . AT HRIXEE DEGs YR, AR T RIA N EE
ff] DEGs #4177 GO Ml KEGG B/ Hr. 78 GO 1 KEGG &4, i1k Iix Lk )y B 21 DEGs
FESE THMIE LG T REN R, $2R BaP ol fEE N T-H040 M 2 i B 5 20 30 00 SR R Tk

M ZENE S SIS —M, 23RN R DIREREAT . (T 259, TR BeE
BRI SE 2 3R 5 18], 3 BERRAE R 7K AT I 4 L 453, T S 80K B I F2 b R i Ja 421
HIBAE ST R, AR RRE R, B T AR MR R AE[18] [19] [20]. FEE2R A 2 AUHE DNA it
A9 SIS P T84 2 ) S0 2 1 AR SR AR (U pl6 p21 S)IE B, R S g e A AR .
HEREBAR T UARBY(SASP) . FEEAG p- AN RV R NS5 (18] [21]. [FINF, %2245 5 K 0HeE
PEAE 2 BRI 40 B B 300 8 (3 M P B (CDK) G P [22] [23]. MZEZ4NAE AR, p21 Al pl6 2 5410 & 15
H Cyclin-CDK KA &, 2 S0 I8t ag b, st — e gtam i 5222 1 & 2E[24] [25].
WFFERIL26], TEMREANAE AS49 1, BaP JEIIIGHN p21 MREIH] T AS49 (ANPIEE, IR T 4pE
HABERE . Yu Feng S8 AR B[27], KIAZEE T BaP mI /)N BRI AT 4E40 B2 mLFC H p53 Al p21 K
KK, 155 mLFC KAEFEZ . AiCT BaP S9N 52 MR 7T F B h 72 5 BaP 5 #2051 S IhRE 52
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