#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(2)

141

EF HIF-1a/VEGF 3##Ri1Z5) PM, s ZEXY
INERERENE SN

TRFEHE, FKICE, ESCHE, T, XkERE, kL
WAERAEATEDEZF R, LT K& 030001

BE .

(B KEATHYI(PM, ) AIS RIEIREIHABERE, SEKRBRFES. BARTFERAREIR
ZER. REFEFEF-1a( HIF-10) /I E R 4 K E F( VEGF) HiEE Y B R S S 25
AR HI A B YR BIF T,

[E Y] MBZET PM, s REXW/NEZZA1FERSNZ 2SR EME EMEM, HiR
71 HIF-10/VEGF HiITE EFREVIAIEER,

[757£] 1EEY 8 B M AR c578L/6) /NERMENYE 40 R, MME T (B, MUTMALE), &
RMEETE 1 B BiE DN PV, BEAMIIERA, 548 20 R, PV, REA/NBLATEE
T 3 mgkg™ BI PM, s B, BBR 10X, 1548 4 ; MBAL FTRSHEXTAFRFELIE
HER. 2SHEESAICRMERAEE, 2ELERESHSI 6 RUERMLASE, BRFEFE
FitEEHES AL, 7B HE REVNRFEHLRBFRE, BN HIF-1a. VEGF RES
1A Flt-1 F Flk-1 B9 mRNA 35, BRAFISR 14 D RIRBIEE 2.1 8B13%K, Hit= 2L
Bl 3E8REE 10 X(GD10) Wik &b 3E, iR 75, FI A HE REMB MR ALREFRR
S, BN REMEERD FIREY HIF-lo. VEGF &2 E 21K Fit-1 0 Flk-1 A mRNA
FKiko

[(455] SXtERAMLL, 251 PV, BREXTHRAEIZKERAE LM, Ee] 5 F B R
(&1, IR+ E TFEARETESRIEFIGN, & HIF-1a. VEGF REZAE Fit-1 1 Flk-1 B9
mMRNA RIXTBE(3Y P<0.05) 22l PM, IR E#H —F 5|l B2 2 AR K (TR
4H: 9/14; BEA: 5/14), FEAHTIARST, K BRE, BET/), Bk nEEETE (IR
#8: 1.00:0.06; 2F=4H: 0.8620.08; P=0.01) Z/RIEFTS(K, HIF-1o. VEGF ZESHMA Flk-1 BY mRNA
RIXPFETFE(Y P<0.05)0

[50E] 2280 PM, s RE PSR R FEREFROMMEERZ T, H—2
FEMME B, HIF-10/VEGF 3BT RERIZTIIE(ER,

XA ¢ ZeRl; AR ; METCR ; REBFEF-10; MEAREKRAF

FIn=ZaEhn

Effects of pre-pregnancy PM, exposure on vascular remodeling in mother-fetal interface of
mice via HIF-1a/VEGF axis ZHANG Yingying, ZHANG Wenping, BAl Wenlin, LI Ben, LIU Nannan,
ZHANG Zhihong (School of Public Health, Shanxi Medical University, Taiyuan, Shanxi 030001,
China)

Abstract:

[Background] Atmospheric fine particulate matter (PM,;) can induce abnormal early embryo
development, resulting in adverse pregnancy outcomes such as embryo damage and
spontaneous abortion. The vascular remodeling of maternal-fetal interface regulated by hypoxia
inducible factor-1a (HIF-1a)/vascular endothelial growth factor (VEGF) axis is a key link in early
embryo development.

[Objective] To investigate the effects of pre-pregnancy PM, exposure on the uterine state of
mice before conception and the vascular remodeling of maternal-fetal interface after
conception, and to further explore the regulatory role of the HIF-1a/VEGF axis.

[Methods] Forty eight-week-old C57BL/6J sexually mature female mice and several males (for
mating, without any treatment) were adaptive fed for 1 week. The female mice were divided
into a PM, s exposure group and a control group, 20 mice per group. The PM, s exposure group
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was given 3 mg-kg™' PM, 5 suspension by nasal instillation, once every other day for four weeks; the control group were treated with the
same dose of blank sampling membrane suspension. Body weight of the mice was recorded every week during the experimental period.
At the end of the exposure, six mice from each group were sacrificed. Then the uterus was weighted and its organ coefficients were
calculated, a histopathological morphology evaluation was conducted by HE staining, and the mRNA expressions of HIF-1a, VEGF and its
receptors Flt-1 and Flk-1 in the uterus samples were further examined. The remaining 14 female mice in each group were caged with
male mice overnight with a sex ratio of 2:1, then we calculated the pregnancy rate. On gestation day 10 (GD10), the female mice were
decapitated and the uterus was dissected, the histopathological morphology of embryo and placenta were observed by HE staining, and
the mRNA expressions of HIF-1a, VEGF and its receptors Flt-1 and Flk-1 were detected as well in the uterus samples.

Compared with the control group, the pre-pregnancy PM,s exposure had no significant effect on body weight gain of the
female mice, but decreased uterine organ coefficient, accompanied by pathological damage such as endometrium thinning as well as
decreased mRNA expressions of HIF-1a, VEGF and its receptors Flt-1 and Flk-1 (all Ps<0.05). After mating, the pre-pregnancy PM,
exposure induced a decrease of the pregnancy rate (control group: 9/14; exposure group: 5/14) and abnormal embryo arrangement,
small placenta, narrowing of spiral arteries (control group: 1.00+0.06; exposure group: 0.86+0.08; P=0.01), as well as significant

decreases in HIF-1a, VEGF and its receptor FIk-1 mRNA expressions. (all Ps <0.05).

Pre-pregnancy PM,; exposure has adverse effects on the pathological structure and angiogenesis in female mice uterus,

leading to abnormal vascular network remodeling at the mother-fetal interface after conception, and the HIF-1a/VEGF axis may play a

regulatory role.

pre-pregnancy; fine particulate matter; angiogenesis; hypoxia inducible factor-1a; vascular endothelial growth factor

2021 FHADPELARFHABH (KRR
25/ 5, TSR MARALXZEAIRNRAK
Bz —, R FEMINENEZREREEE LN
ERIREY, AERIY)( fine particulate matter with median
aerodynamic diameter <2.5um, PM, ;) & S5 R~ Y)8Y
FERD, AMUEBEREFNY, MEAEESMWE
B, I AEKERAG. DMERFAUNBERY
EEERREMT,

PEEFN Y ESNREENRERER K
UK BESERABERRIEILHIGE, PM, BIBRRR
EEFUNRES FNGIRREAERINENE S,
RERTRFZRAER AL, 28 PV, BE KR
PHAERE REEUAERRENRERER, B
FEE SRMIKENAS, EXNMEL LA, 225
3 PNARKBRAE DR XEAR, AR E R
WIMAD+2RES, BN ZEIERR, FLt, 2250
3TMARMABERREENRRAERE ZERER
XEMEBEEHOY, A, BRI PM, RE SRR
ABHNMRABLETTFZRZEHNRE", W T&
HIX—8REO, BERTHRFIAETHIEE"Y, &8
EP SN [ n SR

EBEEZNGT, FEEBTREAE(0, AR
2 ER 2%)™, R | iE T E F -1a( hypoxia inducible
factor-1a, HIF-10) fE A F ERN R & AT EHEF, 686
BT HIF-1o/0 8 P K2 % K F F (vascular endothelial
growth factor, VEGF) 3EEE1ETY VEGF ReEZZK 1(Flt-1)
M=K 2(FIk-1) FENRIAX, S5 FEREREFHAMRE

MENMELERRES, ERMFENBEAZEENSE
EIAFE; BB, HIF-1/VEGF 31X Al 315 22 S HRZ
TeshBkE S, ERRAEMEMNEL UMK ERA
B AEEEER, ALk, F HIF-1a/VEGF
HMASRESEZZRENEERNEWL, EBHE
I PM,s RESI M A B REND FHHIHRTRM
WA M. ANRRRAY R BRI, RITZH PM,
SEEWNEZ2HFERSNZT2ERRAEMNE
ERMEAERNREM, 1T HRE HIF-1o/VEGF HITEHEH P
RIEWIER, NI ARH B A B EERRGIPRM
SCIOERAN I I,

YEEY 8 A WS c57BL/6) MR PN MM 40 2, 1
MET, KEIE 16~18g £, HILRAEBFELLK
MY BRABRLABRE. SNEETEEERE
(2442)°C. R 50%+5% LA K 12/12 h JEBR /AR B E AR
BIAR AR T AT, Hisnl B HIRKF#H B, RIE
BARESLAERN KZEYEFNNCIEERSE
E(#HAES: 20216LL077),

ANSRISFRFR PM, s REES N
XKETHANEERBRO, RIFREMASEN
1.5 m, XEEBYIE] 9 2015 £F 5—7 B, Y8 EL R 9: 00—
21: 00, REFIGE NEXKIIB A RETRI Y KIE2S,
FHEAEA 1000 L'min™, PM,, ¥ G R E R ER

www.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(2) 143

FoPM, ITHERBERBREIFUT: BEHE PM,,
RS T BRI 1 com® KN, IIEEEB FK, B8
7 20 min, E4E 30K, 6 B2V IE, Bl EERIRIA
BT RFATIER, RET-80°C KkFE&E A,

1.2.2 mY)mHRAE BN RS 1B R, KR
89 40 R EREN > AFEE, §4E 20 B, 25 AXERA
M pM, s REAH, RIBETHRTHATLIOEM" ', PV,
ZEHA/NEEA 3 mgkg” B PM, s BERFITERTE
A WRAFEIETHARERELIENER, BX 1K,
R4t 4 B, ZSHEIMEoBERIUKEE, /812
RIER 40 RINERIAE,

RELER, AT 6 R/NEIRE, Bk b JLEY
HBFE, MEHAITHFEMRBDARY, #—THTH
41 7 /K &= (hematoxylin and eosin, HE) ¢ &, IR X420
FEHAR{RBFERLS, #1717 —HRIBH T HIE R,
X B X EE PCR(reverse transcription-polymerase
chain reaction, RT-PCR) AR FEHLR HIF-1a. VEGF
R EZA Fit-1 F Flk-1 B9 mRNA KiK.

BEAF RN 14 RS EEERITRILE
2:1 LB E IR, LRSS AE 2 RF RE
R, FH 2T IRSE 0 X(GDO), it Z AT Z L7,
GD10 Z R #{THT KA 58, MR EI 7=, FIFA HE Z
BMREBEMBRRALRREFES, #1773 — IR
FIMT (L IB R, 455 RT-PCR AN FE W EE A
£ HIF-1a. VEGF SZEZA Fit-1 7 Flk-1 BY mRNA KiK.
123 HEZ® NWFREBE/NBEFE. RE/F 6D10
INBRFEMEBRAEL HE R EIREIT: Mrkab3t
IR FEHARMBERAR, EFRINABERS, B
0.9% IR EL K Ao TIENERSI2A4R, 0.1 mol-L™ RUBAER
R ARZRFR, 10%6HEBREMHPERZATR,
RB, BB ALRAAEEIE, MERBEARETIR, E
FE7 5~6 um, #1T HE R, BT N F BMIR(BX53,

22 0.15
A

. —=— YFBR (Control)
21| ... PM, . @ 0.12

oo -

=20 2
) E@ §° 0.09

[

ﬂ i 19 : oo 2
& \L £ 006

2 18 ]

=)
- 0.03

L)

o

t/ & (Week)
[E] A: n=20; B. C: n=5~6, *: P<0.05,
[Note] A: n=20; B, C: n=5~6. *: P<0.05.

S$H& (Control)
4851 (Group)

BARMEI MRFERNEEE. REKE, HiE—
T AT &L, SR iE sk 2 EEEEHITU
g D=

BEHFE HE B R #E#1T 20 BB, BENIEE
4 MIEF, PRSI MEPIRALE; FEVLEE 4 D
EF, PRSI S AT IR IEIBRkI R E; BRAT
F#1T 150 fBHUK, BENLIERE 5 NMILEF, 23AITE
ME RNk B EE BN FII(E,
1.2.4 RT-PCRIGII Rk RERI FEHLR (R
PRE ) R Z 5 F S HEE LR 30 mg, 300 pL Trizol
HBERDEK, RKANM=8BE. FREHITE R,
5% BRI, RERAEERS RNA BERIIGAHR, K
BIZBREATEEMNE RNA KE, AEEARERIR
FE(AERBEXLFEDREEERAED, 3§ RNA R 5%
FX 1xcDNA, H#%HE 5 1Z, LLB-actin fEANS, FIRZ
FLE 2 PCR X (CFX96, EERERAT]) X HIF-1o. VEGF
T B 24K Fit-1 F Flk-1 B9 mRNA RIXFITHET E=
g[8
1.3 FHitEDH

SR F3 Origin 8.0 ZN 3T SRR FIB R THIT DT K
SR IR, FrfS SRR SR LU R E RN, XA
Mem,s REHAZEIHIBNLLR, EEEREBRAS

W, EEARIKA t 1L, MIUKAE a=0.05,

2 4R

21 ZEilERTK

2.1 RERFERZEZAL SXTERANELL, fEE PV,
FEEINIER, PM, REAMRAEIEKEIHE
B, EERRTRAITFEEN(E 1A), ANELNZFE
E. RBRKER. A REREMIETHTHES
o #H—FHITRI, PM, BBRAMR FERE N

PSRBT IRARAE TFE(3Y P<0.05) (B 1B C)s
0.8 *

o
)

o
IS

=
=

e
o
)

FrE2s 2 50/%
Uterine organ coefficient/%

0
PM, 5 SFB (Control) PM,
285! (Group)

B 1 Z] PM,; EEMNEREAE (A). FERE (B) RFEMHBHRE(C) WM

Figure 1 Effects of pre-pregnancy PM, s exposure on body weight (A), uterine weight (B), and uterine organ coefficient (C) of female rats
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Figure 3 Effects of pre-pregnancy PM, exposure on molecular
markers of uterine angiogenesis in female mice (n=5~6)
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[Note] Figure A1 and B1 show embryonic morphology, and blue arrow

shows anatomical position; A2 and B2 are the pathological
morphology of an embryo sample after dissection; A3 and B3
show the pathological appearance of placenta, and the decidua
layer is indicated by black double-headed arrows; A4 and B4 show
the pathological morphology of spiral arteries in decidua layer.
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Figure 4 Effects of pre-pregnancy PM, s exposure on embryonic
morphology and pathological morphology of embryo, placenta,
and decidua layer
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Figure 5 Effects of pre-pregnancy PM, ; exposure on molecular
markers of angiogenesis in decidual layer of maternal-fetal
interface in female mice (n=3~6)
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