1432

#4455 J2 &% | Journal of Environmental and Occupational Medicine | 2024, 41(12)

BaP BN XM ETE R SRR M K BB IE
HUER R R

s, o

1. B IHRELGKRE, BRI IR/RE 150000

2. BWITHREAKRFEHEE —ER, BRI FB/RIE 150036
BE

K3 [0 EBE(BaP) RE VT B BRHEERENIMRSEY, T 22 TER. K & X
ERCRFR M. 78 AKAR OB R AYIEA BaP, IR ERAR BaP B EES M, B M
SRR W, TR RERATIRE(FMON SRR , MR A B (T4 R4
T, 2% 185, AL, EMiREAIHEE, S5 TMEERFEXER. ACEETEFEXR
ERIMERIAR, X BaP BREWNAIE ML EERBINGERE SR EERGHBEPIARHE
B#1T R4, AR R RIREKIBS A .

FKEEIE B (o] BB ; KRR TR ; WAL ; TR

Progress on effects of BaP exposure on female reproductive system and pathogenic mechanisms
GAO Qiangian', FENG Xiaoling’ (1. Heilongjiang University of Traditional Chinese Medicine,
Harbin, Heilongjiang 150000, China; 2. The First Hospital Affiliated to Heilongjiang University of
Traditional Chinese Medicine, Harbin, Heilongjiang 150036, China)

Abstract:

Benzo[a]pyrene (BaP)isthe mostabundantenvironmental pollutantamong polycyclicaromatic
hydrocarbons (PAHs), and is widely distributed in air, water, soil, barbecue, and fried foods. Human
beings are inevitably exposed to BaP. Studies have shown that BaP is reproductively toxic and is
involved in diseases related to the female reproductive system by affecting the secretion of
ovarian hormones, interfering with the function of ovarian mitochondria (affecting oocyte matu-
ration), affecting embryo development (interfering with the migration of trophoblast cells, inva-
sion, proliferation, apoptosis) and the process of metaplasia. This article summarized the research
progress on the associations between BaP exposure and female reproductive function, miscar-
riage, and reproductive system tumors based on relevant studies at home and abroad in recent
years, with a view to providing a basis and new direction for future research.
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155, BaP BRZ M FIRHNHAMR, TEBIEA.
e\ B2 BR$EfAL = Mo 2 A A, BRI, AL
OU3ER S BaP & & 9(1.3240.68) ngmL ™, & F AL A
$322(0.0320.01) ng-mL™?, # — S W 5 & I & K A
12~24 Z MM IMEF BaP BV K E B IEK A& B 7R
Y, 2010 FLE  FYEFESHIRET 45 A
MNEEM 36 MAHBRENKEFDR, NS H
BARPERERNKLS BaP 0.014~41.3 ugo. BaP HE
PR ER RAATI N ANLBEY, EAERIKE, &
ZMRE 52 P450 1A1(cytochrome P450 1A1, CYP1A1) Al
FERZEEFSNIAE U KEBENERTEZER
BUEN, REREEH (0] EE-7,8-“ETE2-9, 10-1F
= 1 ¥(benzo[a]pyrene-7,8-dihydrodiol-9,10-epoxide,
BPDE) , BPDE i#—3F 5 DNA FRAYARIZNS o SIZMS &
4 R 7, 2B BPDE-DNA II&Y), M- EE S,
53 DNA 1115, REMEE. BaP Al BT IR R R IE,
BEBET BaP WZYT, HEARE . B M Bar KE A5
¥) BPDE & 21 NY, BRI 4 ) L B4R A BPDE-
DNA &Y & EWIE M, MXMEEIE NS5
BR%FEINRE. REBEN. REME £ . WRK
g, dMSEORT. FRaiHh. BB LE KRR, i
BELMEERTER.

NRBEME D 2
HENBE, NREFTEZRHINERTHIAMARR,
ORER EARFR AR 415 E B B A IR S Z I IREA DR
BEED W ZRERNXEIE, W THFERTE
IRENXEKR, TEREMRLI, BaP BRERS|EE
SH/NEMBFPFIENER. ZHERME. ZHESHIE
IREGIK TR, 127 BaP EB R MMINE R IATHAE, A
BHZAR N & 3 BPDE 2288 P d FREE AR B HA VA 5
A F KT, HPHI R R Bk ARG 5E., BT 4HRRIESE =
RHeeEHen, MEEEINRERSHREEEHE
M HEEEN T E2MMEE, LA M MEEE
BERF=E, Yang FUBTR T BapP K E 1414 BPDE
BT INHI LKA R AR R R R AR RIZK, IR LLRLA
R, IR R bk ZES Mo LI, BaP KR ELACHE
%) BPDE & B i@ 1d F IR SE R F 2 AKX AE K A F 2(TN-
FR-associated factor 2, TRAF2) /%[ F kappa B( nuclear
factor kappa B, NFkB) /¥ Bt X L E§ 1(caspase 1) 5=
BREH LN AR AT EREY], SHONE M

AT, MINHEIEIRPHADNE M. ZHENERS
S, GRABFRIEN—FEEEREN BT IE,
A E PR IRRLE, X B R RIPVLEI BB T4 4
FEEEFHE. RERZER IEME 1(adenine nu-
cleotide translocator 1, ANT1) 2l ERESFI 5K D= H A
TEYNESES 1( PTEN-induced putative kinase 1, PINK1)
KM LD ROXBN R, ZRZEHERBEER
RIERARN I BT FRFIESKITIRFHA BaP R EE
SRR ANTL RIX, S5 ARRIMRELE S RY PINKL
L, B2 R E B EREBN LA ENIES, IDF &
RBELDHY, & EFR, BaP RE &I H T INET
KRR RV ZHRE E HR . (e S DR E TR ABREA . IR L
KIAF SR INRE. INHIONR BB LN MINRINEE,

P B RE AR A TR 42 [0 R EK
DRRE. EEBAEER. EHEEF—RIIEALE,
RN SARLIRZENETFMIR R BNEES ), EF
R ZE BT BaP N B EF R IERELHMN
AN AEET. BEEINFAMER", BZRA/)
RERINFAEMRAREE", Bap BRNEFEETER
WENF RS KBRS H, 1995 F, Zenzes FiET
RIS F D TR AR, IRIE SRR DN S RREIR D 3
T2, ETF Uk, # i BaP AlgES S HRIAEXTINF A
BB HBINE, L EVE— PR A T BaP BE
EERRE—MEHLER BF5ERFTEEHE,
IOIF BaP BEESVLELIN MBI D T IE, 4Rk
HREZBEN A BB, X—IEX IS RRLEE
S ERBNRIEEXY, K, Sadeu FHIARTILR
ERTF BaP REIMR, I E BTN IR E D R
AEREL L. ENXAMHE N =L TS NE S
NEUREEX, 45 L, BRITAR KA BaP R E AIFEE
NEARRE, MXTZRBERREE T MINS A0
BB RHAENBRRH—TEE,

A B NEENENEmT
12, W RERNAR S . BREREIE, 2T
X— 3 EPREE TR TR, UAGRMEBAMAIE
BRREEK, WBMHRKRAE Bap RHEH M54 BPDE
B EmEAFEAETE. RR SHMKREAER
70, RBEMIRTHIE N B ER LA BAREERERE,
BRITIR#HBAN IR 14~16 [, FItb A B IRREST(E)
FBESa]_ L&A =& IRH. B FE L HTR-8/Svneo 4l
RAKRWIEE, 1B BaP BB BT BUEHRIMES
& 73 B ES( mitogen-activated protein kinase, MAPK) «
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N 8 & 16 & B ¥ B8 (stress-activated protein kinase,
SAPK) . B EB %55 BT BIES (focal adhesion kinase, FAK) /
R EE R ES/ RSB AES 3-3(E8 (phosphatidyli-
nositol-3-kinase, PI3K) /& H B B8 B(protein kinase B,
AKT) 15 S BRI 2 A7 B AR EBME RS, 7
Swan 71 4B & FR, BaP S EL X514 BPDE 1@ T 1
PI3K/AKT/ZHRE 53 34 B HBZE B 42(cell division cycle 42,
CDC42) /34 5E B B8 1(extracellular signal-regulated ki-
nase 1, ERK1). PI3K/AKT/E F1 & /& & B B8 2(matrix
metalloproteinase 2, MMP-2) & 15 5@ &, NG T2
BRI, RFFE, 2] RNA(microRNA, miRNA)
R BERASZFEMAOINEERFEX. BERFEELUL
AN R AT BPDE £1 miRNA-hz01 RiX, T
BRFBIBREERD AKT FRIX, FHMIDHZ 7T E MM
TEMERY, RItkA N, BaP KRE A% BPDE 1@
TSI BT RS, T RERRENEHE,
FERR R IHIE NG, FEE BY
B, RELERTIMLE. BEMERMD W
B RERIERABES, EENATEHEP L
1EEEER. Swan 71 2B AR, BPDE BE LiA(EA
T ZH—— M ZE B 53(tumor suppressor protein,
p53) FiX, MAMUATER——8 AEMEE/B MR-
2(B cell lymphoma/leukemia-2, Bcl-2) X, [EBYFEE
F 55T BPDE BY[B]FIREIE N, A ARI S EBRIR
IRIKFBEE, SR B R C(cytochrome ¢, Cyt-C) B
A caspase 3 BUE, MR B S AT Z4ME
", Al 0, BPDE AIEIE S A EAEE ERAT T
RS- PUREN
BaP Al AR RREEH 2
ISR, FRREZMER M BaP S HHERENELK
2RV, Z2RIER BaP A5, SIEMBEERLE, SET
0, M2 RB BaP ML NI~ 4 RAVEE",
BRRIEEMEAMB—TARER, 7 BaP BREE
BeENzEEART. BEEMEREFENNKREE
1 10° Yamaguchi B REET 018 1 mgL" B9
BaP 2 h [§, MR U IMH AN KB A EE 1, 0
MELZBREBUREEZH., DNA HEFI D8R L
OIMEEFRNBEZTREEERNER, 177 BaP AJ6E
HERBREHBMAEEY. RbE—IHEPATIFRZIE
L&A BaP BB M FRBEZITALE AR
ZEAFHMEA4EE BPDE-DNA NS &, BB 2
fih BaP BV 221 RLMHTFHFHK 2 S E#HITHEN, &
IR BPDE-DNA 825 ) LERIEEH. BN, 1BF

MDA RGH E2RMEX, BN BPDE-DNA 22
W5, ) LE 2 $RBETHAREHEE. th)LKR
B RENGIATEE N Z2HE BaP B E AT R AWML R
NBEBERERERAKTE, GREFERZAEFERER
1K 1z %% &z &8 2(aryl hydrocarbon receptor nuclear
translocator 2, ARNT2) BYAE EL{EF, M T &2 01 A I 1 18
FEFRTFREY, Wi, FEXLHNEN BaP &
I FRERERALAE, SR FREREERERHE
BE AMBBEFENARNESBMEEREAE
BPDE-DNA IIEMER A EA B EEER, ALLE
"H-—THRUBEX TS BRREZFHFE T L
MR HIEZHA BaP BB AEIRERRE, mFH
HEXRLOE. B8 MEZFRALBLER.

T2 RBR 5 IR 1 A0 d BR [ B 4 pY B i IR R HARR
R NT IR X B, BIEFHRLIZRE
BaP ZBEINE/NRFENBRA SRS R CERE,
R B EFE KEFEEEB-1(insulin-like growth fac-
tor binding protein-1, IGFBP-1) @ RN IAMF B N IR 5 iE
WAREY), ARIBRBET BaP LUK EM Y8 & K
AR RAREN, SHREEFEKATF-1 RE
L, R R R E, MEERE— 1 ZE
£, REL BE ISHEE, RRE. B, ATHF
ZHMEFRIET, MEFERIERE—IFATRIESERR
B SHERBERIINLIEIN, XKIEEH((fork-
head box, FOX) 01 It R I P EHERZ AL R
DIATIEF, shiR R 2REA/ N R 1Eft BaP £ FOX01
RMERNEEKEAFRENRE RERHERZIE,
BDHENSRHE, SRR ELE Y
B b, BRI IZPREEE N A KR
TBo ¥ 1K & F(chemokine ligand, CXCL) [ 72 RIAT &
IRAE, E5FERENELN. MEFEEEIRE. BR
TR I IEPREE RN KERIR. FEIE BaP
BENZERE LI, BaP FEE A {IH] cXCL12 FRIX,
A& PIBK/AKT (55 BRENIFS B, &MFERER
RIS IE, Bk AT, Bap REEL TR R
EMEERKL. BeEXEES RS THERHE,

EEFR, FEY BaP ZRESTMEERAKRRLZ
EJRYRRFHIT T REMR. AT, BXMRDLETE
THER. AXEELIR BaP RE S~ FRIE. &
SERSERAEXE, FENE—THREHEEL,
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nrERE MNARERERZz — HE#MA
R A IRRIS /& REE™, BHEINTRARRAR
P AR F MK AF 24 BPDE-DNA TN & HIHIKTE
S TREXERYA, I8 Bap 2ESHHEX, HR
14 BPDE-DNA I EMKFEERIHEZHRYRFIRER
ZIEMREXS, RAR LI P HREAR Bap A1 T
WIEFIEARIET. ABREARFREZBRMNT.
I T HAE AN EERAH
MBI HE B, fF A —M NIRRT AR
SERXBERNEE LR, MEARKRA P BE
AESARULTEHAMR A LETRIET, M5 T IRE
KERT, AP EBOE | 1LYIBS 4(glutathione peroxi-
dase 4, GPX4) BEFE T R ER IR E PRV —F X
MAES, Zhang TR A, BaP BT LR &
B A 3 E M — — R XIF-cH 22 F 18 1(mem-
brane associated ring-CH-type finger 1, MARCH1) 7K %,
RHBEFUI &N GPxa TR WEAR, FISHKIET, 1
FIRARME LR, RERFLELMRT. ZAREL
M4 FE GPX4 PIEMEMRRZ T BaP MM E/INRRVIRF
MR, AMZAR KRN EIERANG, #—FHRARE
ExtiaRB o b, BRiERZEXARH TR
ZRIE GPx4 BN ERIL T IRF B ETE BaP BA M
R RIFREER.

ML T E— MR ENERY
RRMEEIET 7530, FTH NOD # 2 A AE QL
13 3( NOD-like receptor family pyrin domain containing
3, NLRP3) RAE/MARE T, 5 SR AR AK , 5T S 1R 2k e
RURIRRABAFRERR. AR, Rr-EE
FEALPEESKFENET, 5K NLRP3 RIEUR
DRIRRRETHERR BaP BIHVNERS, MEBN -
1B(interleukin-1B, IL-1B) 7K =] {& J9 S AT 7= XU B2 B9
BRENELT BT, SHRBENETHEXA
FED FRFZ AR I XTI LS,

BT BB R RI B 5 4
FRIMRIRE MAMARZEFEARIE T IR, Ktk
#mh3 RNA(long noncoding RNA, IncRNA) 1 miRNA 7E£4H
RBATHIERBE® 2k, —E @Y ZMHIRE
HEIEE, BIEERETF IncRNA EAR S MHRIREME
RNA 5 miRNA T& M S, #iHISE miRNA X T iff
EREFHINE, FEMR A BPDE IR A
F R _EAM Inc-HZo4 A1 FIAHI miR-hz04 F &
MLEE, BEE miR-hz04 3¢ P13K AYINEIIER, s MECE

R TS PL3K/BER LSRR AT R R s
lI( calcium/calmodulin-dependent  protein
CaMKIl) /% E BR IF 14 B8 (guanylate cyclase, GC) i@ &,
Rt BRARBET, SBURM™, UM, Inc-HZ03/
miR-hz03/p53/+ — i B R ER A5 5% #2 B8 1(spermidine-
acetyltransferase 1, SAT1) B vl # 24 T B4R
TiE& A 7], BaP M E 1§14 BPDE ol @id {F
FAF IncRNA I miRNA BF M4 S T1E MR (e H 4
AT, SR,

kinase I,

N6 -FF & BR & (N6 -methy-

BB RMENFRIN, [ 7255 RNA BRI [FRRE
IR ARAMBET BaPNERERTEE
Swan 71 #] HTR-8/SVneo 4l il /0 BR E 1k #% ¥ BB
14( methyltransferase-like protein 14, METTL14) &RiA
1A, 1L meA 181, £if Inc-HZ01 TRk, H—F{BHE
1% &1 1% 2 98 [l F 4E(eukaryotic translation initiation
factor 4E, elF4E) ¥, IH 47 B HMILTE, RELIFR
Y, BEEELI IncRNA Fl miRNA TR EES
B[@d FOX03a/ERK1/ZARE B HAZE B AR F M BB 2(cy-
clin-dependent kinase 2, CDK2) i@ &N 24 7 B 4H R 12
FERY, AT, RIMBEEFEIMEIER LD FIRAET
TERLE, 12T B ARIETE, SMARITIRE B,

ZMERZE N ETETIE— D E I B R AR
SRR, FIMELY 8%~12%MEB L, KREZF
F AP, REERES %, HREZHARA, K5
EEFIBERAZENEEIFHEZ—, Rekhadevi F"
34 1 umol-L™ A0 3 pmol-L™ By BaP 5 & IR E 4R
LIRS 15 min, BIERREBBESNES
), £ 7€ B A ZER = fE K1 & — —BaP-3,6- _Ef, BaP-6,
12-ZFf. BaP-7,8- _EEE N, RABIFREE.
MEERRRET BaP WM AR ARRERNNK
EE EF. DNARBWINABR L ERZNEERE,
m AR iR HAY DNA B £ AR EY]
PRI&RME, ZEE SR X ZEEREEMER 1(X-
ray repair cross complementing protein 1, XRCC1) 1T 5
89 Z BSR4 BT, Sahota F @it F BT R 5%
EI, XRecl ERZ S SENERICE SRR
Ko H—TERITENGEDH1FH BaP 5 XRCC1 3
MA&S, HRZ BPDE, &7 BaP REAR B NFZ
TEMREEZR, 74T, BaP BB FHAEENS FI7
ENSILEE—T 5.
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3.3 BaP BESEERAME

1245 A1k, BaP BIBURIF I EE S4B
FEIEL, A AZL LR S(human papillomavirus,
HPV) B S IRMNETEE— MR ELRLMRERN
&R, FER HPv FEMEBI A STz Hela AREAD HPV
FRMERYA S FRE C33A AHREEIRYTRETRES 10 pmol-L™
89 BaP H1 24 h, #0715 HH Hela 4HA AR BPDE-N2-# &
BEMEYEEN(124+5) M INEY /106 NEE, T
C33A BRI R HIZ M &Y™, 27K BaP 5 HpV
HEEF S DNA A FTBER E IR L £ HI 2
— FEARRBEEEATEBRENE LT EME,
FEWNEFE BaP Y ENFI RN, ARIELS
BaP 1X151V BPDE &, 2SR FEANEREAMAE T,
CYP1A1 NI:E BPDE E S4BT HIXEEEY, i F“
1857~ BaP BV 3- IR B HTHE Y (+)-anti-BPDE 2 BaP &
BENETEWIREY, BT T Bar EEHEEN
B, 3T FIRERTAPE R X E R, 45 EFAIR, BaP BERE S
HaMEEAFGENSRERR.

4 LHESRE

4R _E PR, BaP e H L5147 BPDE EBE £ EE 4,
FEBIEMONEINEE. AW AE L HEIZ. TS
AEERRESBLMEERSER, TEERS R
BHRRRINZ. ERARMBEF N EHAIMRRORS,
m6A BRE 1K, IncRNA A1 miRNA 7 BaP A FH £ M &
R AR E M, AMESAIEFENETEGH
HTR-8/SVneo. Swan 71 ZBR RIS BaP BEXT LT TR
HRETHAERY B2, SRR BT LU R A F 4. & 1A%
FAMR A RWREH — P IRR BaP BEE LA TN
BAEYFINEE. HaTERZYSEeMiGRARIBR
BaP REME F WA I8/ LEREKZREZERTH
DFERNE], R RELEF B R UHBIETR BaP K&
H A5 BPDE X4 & R TFIRH A ER B AR, Lok
BaP M0 R R EMIREYN AR B BET, KK
FEHR—IPREELEVNEYRERE. TBEE
SRR 7 A LRSS F IR R FABA A $E B35 T o
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