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(HE) B WR T EZX T (preeclampsia, PE) i 487 7~ 40 1 B #ik o 08 BT e 09 1E R AL, T3 BOABR B 7
2 HTR-88vneo 411, % F 6t 4.2 4. 1 h(hypoxic—reoxygenation 1 h, H\R )% F#L PE 48 A 18 MTT 3430 ¥ 3 & stHTR-8/
Svneo 40 i 2 V£ By % 71, B 404 K H1 By HTR-8/Svneo 401/, 2 )7 3t B 41 H\R, 41  JR ¥ B 7& 1t & & B (adenosine monophosphate—
activated protein kinase, AMPK)3# 7% 7| f] & 337 (acadesine, ATCAR)%1(1 mmol/L)  # ¥ £ H| B4 (10 pmol/L) KX X HH &
(20 wmol/L) . H 3 Z+AICAR 4 (F 3% 20 pmol/L+AICAR 1 mmol/L), & MTT 3463 40 o7& 7 ; 7% St v T BB & 40 0 B

VI U 5 RIJE 5L 36 Fn Transwell /N % 523640 40 3T &% 12 2 6t F7 ; Western blot 347 40 6 AMPK/"H 3130 4 & 18 E & ¥ & & (mam-

malian target of rapamycin, mTOR)E#fn B vk (ZE£AEKXE AR, BR 5B A LE, 10,20 pmol/L F 3 % 4 HTR-8/Svneo
21 JL 58 7 AT (R SR AE AT (P<0.05), 5 3t BR 41 H 30, HUR, 41 40 M7 24 .48 72 h HE40 ML TE A XDR A 5 o B 4n 3 N-45 348 &1 (N-
cadherin) & 3A .,p-mTOR/MTOR .1 & & BAK (P<0.05) , & H % & & 1 %4 3- Il (microtubule—associated protein 1 light chain 3-
I, LC3I )/ A< 2 A 1 % 4% 3— 1 (microtubule—associated protein 1 light chain 3—1, LC3 1 )fE Beclin-1 f2 E-45 %5 % & (E-
cadherin) % .p-AMPK/AMPK {8 2 7 75 (P<0.05), B W /NMAF EH £ (P<0.05); 5§ HR, Ak, F X EZ R FHAEAEME )
XJR A A 340 % J 240 i 30 N—cadherin & # .p-mTOR/mTOR .1 % % 7% (P<0.05),LC3I/LC31 .18 Beclin—1 1 E—cadherin %
ik . p-AMPK/AMPK | 2 R K.(P<0.05) , B " /MAZ B D (P<0.05); 5 EZ = B4 E, % Z+AICAR 440 M7 24 48,
72 h BT GIRE A KRR A A 5 Fn 5 4 i 4% N-cadherin %35 p-mTORMTOR A8 2 & &K (P<0.05) ,LC3IVLC3I thff Beclin-147 E~
cadherin %3 ,p-AMPK/AMPK & | 2 # & (P<0.05), B " /MAB EH £ (P<0.05), &5 FEF R EErmMNEEES K F
PE, H-AE AL 7T 8 5 474 AMPK/mTOR 3# ¥/~ 5 i e ALk s a0 o i 5 B %
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Effects of apigenin on autophagy of placental trophoblast cells in
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(Abstract] Objective To explore the effects of apigenin on autophagy of placental trophoblast cells in preeclampsia (PE) and
its possible mechanism of action. Methods Human chorionic trophoblast HTR-8/Svneo cells were taken and hypoxia—reoxygenation 1 h

(H/R)) was used to induce the establishment of PE cell models. The effects of apigenin on HTR-8/Svneo cytotoxicity was tested by
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MTT method. In addition, HTR-8/Svneo cells in logarithmic growth phase were taken and divided into control group, H,R, group,
adenosine monophosphate—activated protein kinase (AMPK) activator acadesine (AICAR) group (I mmol/L), low—dose apigenin group
(10 pmol/L), high—dose apigenin group (20 wmol/L), and apigenin+AICAR group (apigenin 20 pmol/L+AICAR 1 mmol/L). Cell
viability was determined by MTT method; cell autophagy was observed by transmission electron microscope; cell migration and
invasion ability were tested by scratch assay and Transwell chamber assay. Western blot method was used to examine the related
protein expressions of cellular AMPK/mammalian target of rapamycin (mTOR) pathway, autophagy, and invasion. Results Compared
with the control group, 10 and 20 pmol/L apigenin had a promoting effect on the proliferation of HTR -8/Svneo cells (P<0.05).
Compared with the control group, the cell viability at 24, 48, and 72 h, scratch healing rate, number of transmembrane cells, N—
cadherin expression, and p-mTOR/mMTOR ratio of the H,R; group were significantly lower (P<0.05), while the microtubule-associated
protein 1 light chain 3 I (LC31I )/microtubule-associated protein 1 light chain 3 I (LC3 I) ratio, Beclin-1 and E-cadherin expressions,
p-AMPK/AMPK ratio were significantly higher (P<0.05), and the number of autophagosomes increased (P<0.05); compared with the
H\R, group, the cell viability at 24, 48, and 72 h, scratch healing rate, number of transmembrane cells, N—cadherin expression, and
p-mTORMTOR ratio in low— and high—-dose apigenin groups were significantly elevated (P<0.05), while LC3IVLC3I ratio, Beclin—-1 and
E—cadherin expressions, and p~AMPK/AMPK ratio were significantly reduced (P<0.05), and the number of autophagosomes became
lower (P<0.05); compared with high—dose apigenin group, the cell viability at 24, 48 and 72 h, scratch healing rate, number of
transmembrane cells, N-cadherin expression, and p-mTOR/mTOR ratio of apigenin+AICAR group were significantly lower (P<0.05),
while LC3II/LC3I ratio, Beclin—1 and E—cadherin expressions, and p—AMPK/AMPK ratio were significantly higher (P<0.05), and the
number of autophagosomes increased (P<0.05). Conclusion Apigenin can enhance the invasion ability of trophoblast cells and thus
improve PE, and its mechanism of action may be related to the inhibition of the excessive autophagy of placental trophoblast cells
mediated by AMPK/mTOR pathway.

(Keywords] apigenin; preeclampsia; placental trophoblast cells; autophagy; migration; invasion; adenosine monophosphate—

activated protein kinase; mammalian target of rapamycin
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H5IEEAEM I, & PE BE IR RRIE LA

fiff (adenosine monophosphate-activated protein kinase,

+ X IEE A & F 2 CHEE, AMPK 1Y
i RS 21 PE TSR AN AR 22, mTOR
J& AMPK Y Tl bR 2 — , AMPK Al mTOR F3 P
FE H IR 7 T A R PUE R, AMPK B0 £ ) A
7 mTOR 5P | IE [ P8 F TGP, S, S
PE [ HREH mTOR 16T B, BE 4Ny A v B
PO R 2B 08T EAIK 0 it 28500 R A0 B 1y W, T A
2% PE YEEW X8 , PE BEIREL T AMPK A3
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HW R A BR A D) 5 BT R Hi#T (acadesine, AICAR)
(AMPK 3035 7, 41t 5 1 20210724) MTT i %) & (4t
520210805 ) . RIPA Z4fi# i (Ht55 . 20210622)3
W R KA ARA R A G4 M (it
45 :210316) \RPMI1640 K537 35 (45 .210409) | fi%
G (5. 210420) ¥ H 3£ E Gibeo 24 5 LR
—PUHEE A G M 1 #248% 3 (microtubule—associated
protein 1 light chain 3, LC3) II/ I (#1t5:20210812),
E-45%4 25 1 (E—cadherin) (#1t5:20210524 ) \N-45 %%
1 (N—cadherin) (1t 5 :20210608) AMPK (it 5 .
20210519) . p-AMPK (#£5-:20210420) .mTOR (#£5
20210615) ,p-mTOR (#£*5:20210617) Beclin—1 (it
*5:20210506) BT A FE[E Abcam A
1.3 FE{NEH

HE YR HL(H S Leica EM UC7, {2 [H Leica
L) s ZIIRERFFRY (L5 1 iMark680, 92 [E Bio—Rad
o)) s B E PO B (B . 1XT73, H A Olym-
pus 23] ) B HFH B AREE (A5 JEM-1230, H A
Jeol AH]),
2 ik
2.1 PEHRIERIEYT R ARENARSETE

KA % 1 h(hypoxic-reoxygenation 1 h,
H\R)EFE PE AMEAAIN, B HTR-8/Svneo 4
It (1x10° 4~/mL) , B FhF 96 FLH (200 pL/AL), K
3% 24 h, FRAMIIK R 70%~80% fl A I e H
KEAWE N 0.5.10.20.40 80 pmol/L f55 55k
AbFE 24 h, SR KAl E T IREIREE (1%0,.5%
C0O,,94%N,) H1355% 1 h, AT 4 (219%0,) A0 FE
HR, &, [AE LA 40 WL MTT A (5 mg/mL),
ARZEEE 2 ho MRS 570 nm AT &AL
WOGRE (A, HARG SR AL B XS BEAHMIAH L
THR SRR A BB AT o AR =R &
AbFRAL A {25 AL A )/ CRE T RR LA A
fH-25 1L A {i)x100%,
22 HpasrESAE

HU HTR-8/Svneo 41, 73 XF BERAH (4R 2190,
Regd AMEALBR) HR, 41 (1%0421%0, £557) AICAR
H (45T AMPK 30557 AICAR 1 mmol/L AbHE) 535
FAGREEZH10 pmol/L) JraR il E2H (20 wmol/L) |
JTRZR+AICAR H (45 T3 K 20 umol/L FIAICAR

1 mmol/L ZbFH) . AN, AICAR 41 JERR & HIE 4
FUTSREZR +AICAR 2535 45T AN 71 8 1 25 40
AhEE 24 hJE AT HR, S 8T PE 4RHAREAL
2.3 MTT ;&#&NZH AR

HTR-8/Svneo ZHfILA 2x10* 4>/FL Ak %5 B b T
96 FLA T, BHfL 200 WL(AMAEZEERE R 1x10° 4¥ml) , #%
MR2.27 W4y 4l AT AL BR)S , 7F 24 .48 .72 h 4351 )
BALIMA 40 pL MTT % (5 mg/mL), 558 2 h,
A5 ALAAETE 570 nm AL A (E (Aso o 8 , PFAR 20
W& 77
24 EHETFRAEENEMME BN

P55 AL AN 2.5% 1% % - 1%k R [ % , PBS
VRIS, BB RE CIEFN DI BREA T K S8 5 AR AR 2 812
AR TE 60 CHEARTIRG 48 h; i THwY) A
HLKAE S DK 60~80 nm HMBTHEYI R, V1A H 3%0H
T il — e A T A L 8, | 378 5 PR S R LS
L 1
2.5 XIYR SIS MIZHA TR 68

OB KIIHTR-8/Svneo i, LA 1x10°4~/mL
B % FE R AE 60 mm BEFRILA I 24 b,
FH TG (R VRS I A & 80— T R B,
FR2.27THEAT /3 2 S5 A0 B -4 4 P15 5% 24 b,
F£ 0 h F1 24 h BEEE A —{7 B RS s g, 11
ARIRAS R, WIS HR=(1-24 h RPIYETIRE/0 h
RIIRTEE )x100%
2.6 Transwell LG4 M ZARR{EZE6E

HU HTR-8/Svneo 2 4% i “2.27 T 47 43 41 il
PRI HASAETC MG B IR0 (2x10* ~/mL) . B
200 wL ARBEERIMA L2 (S8 Matrigel) 600 pl
BEFREE(CF 10% B4R ) IR %, Bi95 48 h e,
W 2 FE 20 B 1] 2 T 4% 22 S 30 min, 745 fh
LU YR 20 min JT , 7B B AGE N MR R4
MIHEFT 4R
2.7 Western blot ;&#&ZAR AMPK/mTOR 1& #&#0
B EEEXEANRIL

RIPA 24 P2 U2 73 2 F0 HiR, A0 315 1Y
HTR-8/Svneo L S 1 M A8 IR J b
R TR B — SR DR A T P M P Dk 0 8 A et B L RE o
(30 pg), I B RAM IR LIRME L KB P AE
5%WARA W 1 h WGHEAE 4 CF SEES MR
Fii B¢ 19 — HT (AMPK ,p—AMPK .mTOR ,p-mTOR ,
Beclin-1.LC3 I/ I E-cadherin N-cadherin B-actin,
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1:1 000)FE LK., ¥IAEZ IR T H 3 (1:4 000)
WEE 1 hJa, W, Kl S R, T H H A A
Fiki,
2.8 FEitEHHH

K SPSS 22.0 #AF#EAT S o3 b, TR R
FH“xes" 7R , B0 3 A0 (0 1E A ANy 2257 M40 5l
it Kolmogorov—Smirnov 15 35 F1 Levene £ %0 #£47 /7
BT, ZALIA AT IE A5 B 225 B R B A
R 2250 AR LU R LSD—¢ K35 5 254
FEE , HEHE Dunnett—3 f % ; AR IEZS 531 &, R
FHRRAIRSS . P<0.05 /R A guit=#m 5L,

3 #R

3.1 ARREMAEREX HR, FSH HTR-8/Sv-
neo 2B &4 IR0

50 wmol/L AR HLH ,5.10.20,
40 pmol/L f T3 ZE X HTR-8/Svneo i I ICH i 75
PEAER, 10 pmol/LiT3EE X} HTR-8/Svneo 4 U35
AREHEAEHI(P>0.05),20 mol/L IRHZFEAE AT B,
ZRAGFE X (P<0.05) , 4578k F] 80 wmol/L
B BT HTR-8/Svneo 2l B384 5 1 #4 #4 (P<0.05) . 1
D2 1, BG%E#E 10,20 wmol/L JF38 EH TR S23L 5,

Fz 1 AFXEXT HTR-8/Svneo ZHRATE 1 BIFLME (v£5,n=6)

TSR/ (pmol/L) YIS 71/%
0 100.00+0.00
5 103.12+14.58
10 110.39+17.06
20 129.05+15.42*
40 105.70+13.98
80 83.68+12.11%

5 0 wmol/L BIA3ER MR LU, *P<0.05,

32 FEEX HR, F5SH HTR-8/Svneo ZHETE 5
A
5% a4 B, HR, SH40MIAE 24 48 .72 h B

X fEZl HR 4 AICAR 4

TR AR

A 1 B FEAK (P<0.05) ;55 HIR, ZH b4L, AICAR
SIS 1 5B AR (P<0.05) , FESEEAR 3 ) ikl
TG J1 B THE (P<0.05) ;5 AICAR 4 HL#, 7%
HZE +AICAR 4140 i % 7 1 2 T+ 55 (P<0.05) 5 5T
KR A A, TR R +AICAR 414015 J) B
IR (P<0.05), FEILFE 2,

R 2 &LH HTR-8/Svneo ZMBEIE 1L %L (ks ,n=6)

- A T (Aso o TH)
24 h 48 h 72 h
Xt HR AL 0.427+0.039  0.638£0.067  0.981%0.075

HR, 41 0.316£0.028"  0.415£0.046"  0.524+0.063"

AICAR #H 0.205£0.024*  0.299£0.035*  0.41320.049*

FEREMFEH  0.384£0.041%  0.496£0.052%  0.615+0.074*

FREBAELA 0412£0.045%  0.52420.061*  0.70220.085*
FEZ+AICAR 41 0.320£0.0364% 0.421£0.05544 0.548+0.0624
S AR b A, 'P<0.05; 5 HiR, 41 L3, #P<0.05; 55 AICAR 4

HAR, AP<0.05; 53R 2 w41 H gk, 4P<0.05,

3.3 FREX HR, S BIHTR-8/Svneo 40 Al B I
:9EA

S50 A LA HOR, AR R 3 /A R
% (P<0.05) ;5 HR, 2H 4%, AICAR ZH 40 v 15 1k
INMRBCEIE 2 (P<0.05) , 3R AR 41 40
H W/ IMAE /D (P<0.05) 3 5 AICAR 2H 04, /3%
Z+AICAR AN [ W MABRR D (P<0.05); 55
FEE R B AL, 3R +AICAR LA A
W/ IMABE I 22 (P<0.05), TEWLZ 3 Bl 1,

FR 3 &4H HTR-8/Svneo AR B ME/IMEELELER (x5, n=6)

4157 P/ AR (AR )
of HR AL 2.85+0.39
H.R, % 5.22+0.56"
AICAR 4 7.0320.62*
TR R 4.19+0.50%
TrRFR A 3.24+0.48%
FEEZ+AICAR 4 5.10£0.6244

L SR AL, *P<0.05; 5 HiR, 413, #P<0.05; 5 AICAR 41
LLAE, 4P<0.05; 5 AR R vl a4l LA, 2P<0.05,

B Frk R e FESEZ+AICAR 41

1 %% HTR-8/Svneo 4 B M/ IMATE A 15 GBS T W ABE , x11 500)
e kR A MA,
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34 AXREX HR, FSH HTR-8/Svneo 4 AT
EREESPlikA

555t B2 HO A HOR, ZH 4N R A A R A 25
20 it K L2 IR (P<0.05) ; 5 HUR, 41 L %%, AICAR
2 240 MR IR A 3R N 2 R RS B IR (P<0.05)
TSR AR 1 7 S A A0 AR I A S A 2 A A i A
T (P<0.05); 5 AICAR 4 I0ES , FEEE+AICAR
A AR A A A 2R AR 25 T (P<0.05)
5 RE AR L, FrEE +AICAR 440k
TR A R A2 B A MBS R IR (P<0.05) . TEILER
4 K2,

R4 &4 HTR-8/Svneo ARIRIIE RIS RINZE
YRR ETEL 3 (X5 ,n=6)

415 RIRAAR%  SFIRAEY (A )
poitiil 63.85+7.64 142.63+15.42
HR, 41 38.34+5.81* 74.67+10.13*
AICAR 41 27.46+4.92% 53.05£7.72%
SR 2 49.22+6.54* 86.42+9.85*
S enil= ¢l 56.45+7.12% 109.7128.67+
FE3REZ+AICAR 41 453355444 83.25+11.0944

L SXIRAL A, "P<0.055 5 HIR, 413, #P<0.05 ;5 AICAR 41
LbAE, 4P<0.05 ; 5 fr 2 i i L3, 4P<0.05

3.5 FEEX HR, FSH HTR-8/Svneo AAEH H
g EREXEARENN

I R HOR, LA LC3 TGS T 1
{H Beclin—1 A1 E—cadherin &3k 2. 2 7115 (P<0.05) ,

Xof B2 HR, 4 AICAR

B e T - T 3 5
d?g&*ﬂ E‘ "J‘f ,'».“.,4:2 et G0 ﬁaﬁ Qf‘b’» ‘igﬂ}
‘B'rf‘ o ' '

-

o S TN &
Fﬁ i ﬁmf. e Cay %4 /:
i AN SV AR &

oy m CY S SR RV
T,Hﬁiﬂ HR, 4 AICAR 41

. !" 1 r
%:::’S:‘:&" ._r.h %}2‘ ‘}":v‘ & ‘::,‘;

N-cadherin 21k i EFFIK(P<0.05) ; 5 HiR, 41H0#K,
AICAR 140 LC3 M /LC3 T HAE  Beclin-1 il E-
cadherin 3k B % T+ 5 (P<0.05) ,N-cadherin 335
B ERER (P<0.05) , T3 2 A e 77 10 2L 40 v 1LC3
M/LC3 T HAf Beclin—1 il E-cadherin 235 .35 |4
fik (P<0.05) ,N—cadherin 235 i % 15 (P<0.05) ; 5
AICAR ZH HAZ, T3 +AICAR 44Erh L3 T/LC3
[ Hff Beclin—1 #l E—cadherin 263k i 3 F& 1% (P<
0.05) ,N-cadherin %35 i T+ (P<0.05) ; 572K HR
L AL RS R +ATCAR L4000+ 1L.C3 11/LC3
[ Al Beclin—1 #l E-cadherin 2535 .2 7H & (P<
0.05) ,N-cadherin ik 2 FFEK(P<0.05) . FHEILIE3
%5,
3.6 AXEX HR, F5H HTR-8/Svneo 4l il 1
AMPK/mTOR 18 2% K9 840

55X A e HR, A4 p-~AMPK/AMPK
FAE TF 5 . p—mTOR/mTOR LA FEAIK (P<0.05) 5 5
H.R, 41 b3, AICAR 4140+ p~AMPK/AMPK HLAE
FHE . p-mTOR/MTOR HAEREAL (P<0.05), iR 2 AIK
AR 2H p-AMPK/AMPK (P& . p-mTOR/mTOR
FABFHE (P<0.05) ; 5 AICAR 4 H0E: , FE3EZE+AICAR
4 p-AMPK/AMPK L AH F# A% . p-mTOR/mTOR U1K
F 85 (P<0.05); S R m A g, fre & +
AICAR ZH4Hft3H p-AMPK/AMPK LU A& .p-mTOR/
mTOR FEREMK(P<0.05), FEWLIE 4 3% 6,

FEIRB AR AL FERE AL FFRR+AICAR 41

& ﬁfw;

4 ;n b.hl “‘ “(‘

PR EA FEEFE FZE+AICAR 41

2 &40 HTR-8/Svneo ARHITF BEEFR LR
VE A AHGE RS SR s BANMUE 22 B0
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LO3T - S S—_———— |5 kDq
LO3|| — s — —— | | Da

Beclin-] " S S ——— 52 [ Da
B-cadherin “=—————— 07 | Da
N-cadherin SEG_——————— | | () kDa

B-actin WEGEGC_G_G———— i LD
A B C D E F
3 &4 HTR-8/Svneo ZHFEH B  REEXEBHRIE
T AXTHRZL  BHR, 415 C.AICAR 415 D F R Z R4 E 7R R
AR FTSR+AICAR 4,

K5 KL HTR-8/Svneo AR HIE EEEEER
FIEHI LB (ks ,n=6)

215 LC3MAC3T Beclin-1 E-cadherin  N-cadherin
pOpicE:] 0.34+0.05 0.21£0.04  0.40+0.06  0.65+0.08
HR, H 0.65+0.08"  0.48+0.07" 0.71+0.09*  0.41+0.06

AICAR4l  0.78+0.09% 0.59+0.08* 0.82+0.10% 0.30+0.05%
HRZEMAEA 0.55£0.07%  0.40£0.05% 0.59+£0.08* 0.48+0.07*
HREmAEA 046£0.06%  0.3420.04* 0.48£0.07* 0.560.08*

FEE+AICAR 41 0.58+0.0844 0.45+0.074% 0.63+0.0842 0.44+0.0644

L 5B A, 'P<0.05; 5 HiR, 4H AR, #P<0.05; 55 AICAR 4H
HA, AP<0.05; 5130 R il 4l H g, 4P<0.05,

P-AMPK o S S———— | | () [ ]Dq

AMPK S S S | (0 kD
p-mTOR  SE————— )39 kDa

mTOR S ©co (D
Boactin T > D

A B C D E F
4 %4H HTR-8/Svneo B H AMPK/mTOR 18 #%4H &
EAMRIE
T AXTIEZ  B.HR, 2 C.AICAR 21 ; D PR £G4 B3
F R F TR +AICAR 4,

R 6 £ HTR-8/Svneo 4R AMPK/mTOR i B& 5%
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