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Abstract: Objective To explore the effects of autophagy on endometrial receptivity during the peri-
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implantation period in mice. Methods Thirty-six pregnant ICR female mice were randomly divided into a blank
group and an autophagy inhibitor group, with eighteen mice in each group. The autophagy inhibitor group received
daily intraperitoneal injections of the autophagy inhibitor 3-MA starting from the Ist day of pregnancy (PD1) until
sacrifice. The blank group received daily intraperitoneal injections of an equal volume of PBS as a control. Six mice
in each group were sacrificed by cervical dislocation on PD4, PDS5, and PD6. The uterine morphology of the mice in
each group was observed, and the number of embryo implantation sites was counted. The mRNA and protein
expression levels of the autophagy-related factors Beclin-1, LC3-1, and LC3-II, as well as the endometrial receptivity
markers ERa, PR, and HOXA10 in the endometrial tissues were detected by qRT-PCR and Western blotting. The
morphology of pinopodes on the endometrial surface was observed by scanning electron microscopy, and the
autophagic structures in the endometrial cells were observed by transmission electron microscopy. Results In the
blank group, the uterus on PD4 showed no obvious bead-like changes, while the implantation sites were enlarged on
PD5 and PD6, exhibiting a bead-like appearance with uniform distribution and a pinkish coloration. In the autophagy
inhibitor group, the uterus on PD4 appeared pale and thin, with no obvious bead-like changes. The implantation sites
in the uterine body were slightly enlarged, with fewer embryos, uneven distribution, and a pale red coloration.
Compared to the blank group, the implantation site numbers in the autophagy-inhibitor groups PD5 and PD6 were
reduced (P < 0.05). Compared with the blank group, the expression of LC3-II mRNA was decreased in the
autophagy inhibitor group on PD4, PD5, and PD6 (P < 0.05). The expression of LC3-II protein and the LC3-1I/LC3-1
ratio were decreased (P < 0.05), while the expression of LC3-I protein was increased on PD4, PD5, and PD6 in the
autophagy inhibitor group (P < 0.05). Compared with the blank group, the expression of PR mRNA was decreased
on PD4, PDS5, and PD6 (P < 0.05), and the expression of HOXA10 mRNA was decreased on PD4 and PD5 in the
autophagy inhibitor group (P < 0.05). The expression of ERa protein was increased on PD4, PDS, and PD6 (P <
0.05), while the expressions of PR and HOXA10 protein were decreased on PD5 and PD6 in the autophagy
inhibitory group (P < 0.05). Scanning electron microscopy showed a small number of pinopodes on the endometrial
surface on PD4 in the blank group, while numerous pinopodes homogeneous in size presented on PD5 and PD6. In
the autophagy inhibitor group, pinopodes on the endometrial surface were unobvious and wrinkled on PD4, and a
few of pinopodes heterogenous in size were observed on PDS and PD6. Transmission electron microscopy
demonstrated abundant autolysosomes in endometrial cells of the blank group on PD4, with a decline on PD5 and
PD6. In the autophagy inhibitor group, only a small number of autolysosomes were observed on PD4, and none were
evident on PD5 and PD6, indicating a significant reduction compared with the control group. Conclusions
Autophagy may participate in the establishment and regulation of endometrial receptivity during the peri-
implantation period and is involved in the process of embryo implantation.
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ERHEARAT, 5. R1200), @5 k50 &
(Ll EAEYRHARA R, #5: 11141ES60),
T SR RIS I 26 O i SRS B BE SV (quantitative
real—time polymerase chain reaction, qRT-PCR ) i\ 5f] &
(7 30 25 A R A IR AL #HE 52 11201ES08)
YL H WEROV [ Beclin—1 Fiiik (TLAERHAEY
WEFE LA R, HE5 . AFS128), UEAHCE
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1E[[] :5'- TGGACGTGGAGAAAGGCAAG -3' 20
Beclin—-1 .

1) :5'- CAGGCAAGACCCCACTTGAG -3' 20

I 1E [ :5'= CTGCCTGTCCTGGATAAGACC -3 21

LC3-

JZ 1] :5'= AAGGTTTCTTGGGAGGCGTAG -3' 21

1 1E 1] :5'= GACCCTAACCCCATAGGAGC -3 20

LC3-

JZ ] :5'= TCTCCCCCTTGTATCGCTCT -3 20

1EM]:5'- ACAGGCCGAACGGTATGAAG -3' 20
ERa

JZ 1] :5'= GCATCTCCAGCCCCTTTGAT -3 20

1EM] :5'= CCCTTGACGGTGTTGCTCTC -3' 20
PR

S :5'- TCATGCCCTGCATAGACCAC -3 20

IEM] :5'- CAAAGGCGAAAATGCAGCCA -3 20
HOXA10

JZm]:5'- ACTTGTCTGTCCGTGAGGTG -3 20

1E[1:5'- GTGAAGGTCGGTGTGAACGGATT -3' 23
GAPDH

J2m1:5'-CGTGAGTGGAGTCATACTGGAACAT-3' 25
1.3.5 Western blotting ¥ -F & 1 BE 442 P @ % 48
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W, R BCA M 2 85 vk B2, FF 4 A o B AR
FIWE PR3 —%, 99 C& 10 min M. #liE, b
FERLDK, B, HMA, A —d4ChE i,
GAPDH#% 1 : 5000 Fi &, Beclin-1, LC3-1 . LC3-
I . ERa. PR, HOXAI0¥% 1 : 2 000 F5BE, Jin—#t
Fi21: 10000 F5 B, =IRIFE 1 h, ECLEE, i
Image J 35173 BT K A
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W) O BE P AT B K, 15 min/iK, FET
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A, BTG AR TR Y, B e TR .
{687 VR P M T 2 L, S R AR AR AR
PEATPE R . A B AN N
PR R IIER, I REEIR.
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PNy Ay e A R A N A A= E A -

0.1 mmol/L PBS (pH 7.4) #¥E3 W, 10 min/IK; £
4 CHAFT, HEBRE 3 h, FH 0.1 mmol/L. PBS
(pH 7.4) e 33K, 10 min/TR . ¥ 408U Uil A
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WP AT BRI K, 15 min/IR, HEE T 100% A
BRI 2 K, 15 min/WR o (H A IR IS EHEE, 70 C
KA 48 ho Al D) 7 HLY) 60 ~ 80 nm it ## )
Fo BT 2% B R SUECRIAS W . Fr s R A R A T Al A
WYL, 4915 min, KU HETERT T,
i FH 2 G e B GUBE W ERRE A T B R AR 5 R, OF
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1.4 Sit=FiE
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FHNMRFERSSHRRERULSE
SHYNRPDA T E IR CHERRT S,
PD5S IEIGE R H I 2, BRSO EERIE R, B
CHERIRT, M0, @EFLE; PD6 “CHIERIR”
BB PDS W A8, 5o, BPRLLIE . g
MHIFIA/NR PD4 T 5 AR A, Kdl, TR &
AR s PDSIMRE IR B RREE K, &
IRECH B, A5, BIR4; PD6 “Hi
R AR PDS R, AL, IR,
L1,

24 /NR PD4. PD5. PD6 IR I 3 PR AV 5 8k
I, & Hf S, Z2RA%01%E L (H=13.470,
P =0.001); PD5. PD6 JIkJit 25 KA 5 803 £ T PD4
(P<0.05), FWESHIFIZ4 /N PD4. PD5. PD6 it
NGB RN SRR, 4 HIGE, 2R A%I#EX
(H=7.132, P=0.028); PD6 k& KA EHEZ T
PD4 (P <0.05). 75 H4 5 A Wil 57 41 PD4 IR Jis
ERD SIS, & 268, 2RI E X
(P>0.05). 25 HA5 AWM FIZ2H PD5. PD6 iffin
EFEIRNMEELE, 2288, 2R AERITFEXL
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*2 £K4H/NF PD4.PD5.PD6BERSE PR S5
M(st’P75)

e 0(0.00,2.50) 9.0(5.50,9.50) 12.5(11.75,14.25)
AR 000.00,1.25) 3.5(1.50,6.50)  6.5(3.75,10)
AL -0.123 -2.266 -2.330
P 0.937 0.026 0.015

22 FHHMNRFE MR F Beclin-1,LC3-1 .
LC3- I mRNAE3fFRILZ bbiE

221/ Bl Beclin—1 mRNA HIX} 58 o #s, &
TR, ZFEGEITFE L (P>0.05), 54/
FLLC3-1 . LC3-11 mRNA X RB R L, &0
Zohr, ZEHARITFEL (P<0.05). 550
24 PD4. PD5. PD6 Lt #, 1 Wi 4 il 5 24 PD4 .
PD5. PD6 LC3- 11 mRNA A%} £ ik EEH M (P<
0.05). W3,

*®3 &H/NRBeclin-1,LC3- .LC3-11 mRNA
HMFEELE (xxs)

2 H PD4 1.01£020  097+0.06  1.03%0.27
2 HALPDS 094+0.09 103011  1.16=0.11
2 44 PD6 0.92+0.15  1.19+036  1.18£0.06
H AR 2H PD4 0.96+0.07  1.00£0.01  0.70 £0.09
H A 5726 PDS 095+0.04  1.07+0.08  0.66+0.07
B A 57 2H PD6 0.96+0.07 1.67+0.07  0.52£0.03
F{§ 0.210 34.453 14.139

P 0.952 0.000 0.000

&H/INR PD4.PD5.PD6 F B

PD5 PD6

23 HFH/PMRFEMNEEH Beclin-1,LC3- 1
LC3- T EAMEXMRIEELE

&4/ Beclin-1. LC3-1 . LC3- 11 & HAHXT
Fh KM LC3-T/LC3- T Wil Hb#, 405 240 ¥r,
ZRME G HE X (P<0.05); 525144 P4,
PD5. PD6 L%, H mEH) |7 41 PD4. PD5. PD6
LC3- T MY Rk, LC3-1M/LC3- T FefE %
it (P<0.05), LC3- I &FAAMXFRLEFFE (P<
0.05). %4, K2,

F 4 HKH/MNEBeclin-1,LC3- [ \LC3- [ ERMHEMFIEE

Lk (xxs)
25 41 PD4 1.16 +0.23 0.62+0.17 1.15+0.09 1.92+0.40
25 140 PD5 1.14 £0.03 0.71 +0.09 1.08 +0.18 1.52+0.08
25 41 PD6 0.99+0.02 0.69+0.14 1.05+0.07 1.55+0.27

HBEIHIFI4 PD4 1.00 £ 0.19
HEEIHIFIZLPDS 0.90 £ 0.01
B EEHIFI4LPD6 0.99 £0.13
FE 27.933

PAH

1.14£0.20 0.73+0.10 0.65+0.08

1.16 £0.05 0.66+0.16 0.58 +0.15

1.08 £0.22 0.67+0.16 0.62+0.16

7.883 8.609 21.495

0.000 0.002 0.001 0.000

2.4 FHNMNRERa.PR.HOXAT10 mRNA 833 &
B2

&4 /NE ERa. PR. HOXA10 mRNA A%t ik
WAL, @ ESN, ZR¥ASRITFEXL (P<
0.05)., 52541 PD4. PD5. PD6 LLAG, [ mEmif
FIZH PD4. PD5. PD6 PR mRNA AH X 3¢ 35 it 15 FAAIK
(P<0.05); 52541 PD4. PD5 bbAe, [ Wi
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A B C D I F
Beclin—1 e s s s o s 52 kD
LC3—T (W s c am— —" — 14kD
LC3-T1 [ w— - o - 16kD
GAPDH =~ " o o w37 kD

A: ZSHA PD4; B: 25 HALPDS; C: 25 AL PD6; D [ W71 26
PD4; E: [BEMIHIFILIPDS; F: [ WEMIHIFIL] PD6,
E2 &HNRF=HEEBeclin-1.LC3-1 .LC3-1I

E=E

ZH PD4. PD5 HOXA10 mRNA AH %} % ik & 25 F& %
(P<0.05)., W#Es5,

£5 KA/NFRERa.PR.HOXA10 mRNABXRIZE

Eb# (xxs)

251 ERa mRNA PR mRNA HOXA10 mRNA
25 140 PD4 1.01+£0.14  1.01+£0.16  1.00+0.05
2514 PDS 126+0.04 088013  0.96+0.02
% 141 PD6 1.63+£0.03  092+0.03  091%0.07
HIWEHIFIZLPD4 1372002 072+030  0.64+0.27
BIEAMEIFI4LIPDS 158011 0.57+0.05  0.57+0.16
BIEMEIFI4PD6  3.55+021  0.54+0.05  0.71+0.03
F{8 5.338 4.963 5.659

P8 0.008 0.011 0.007

25 £A/NRERa.PR.HOXAI0EHMENMRIZE
Ay
HH/NRERa, PR, HOXA10 2 (AN 355
Wi, @l 2inth, ZR¥AZRIT¥EX (P<
0.05). 5254 PD4. PD5. PD6 LbAL, [ mgdmi
FI4L PD4, PD5. PD6 ERa 25 H M % 26 1k 5 ¥ TH
(P<0.05); 52540 PD5. PD6 HL&E, A W il 51
40 PD5. PD6 PR. HOXA10 &R [ 4H % 32 35 H 2 B A%
(P<0.05), W36, K3,
2.6 PHEBETIUZEEE/NRFERNERKRREN
HAf 5 T 0 FIAL . W i 550 4/ B
PD4. PD5. PD6 T & INJBE IR 2 454 . 25 140 PD4
TEHNBELEmY TR, Rl aEikE, B
A, RN, KAV —; PD5. PD6 T
BEARERHMAEFEE, MKEEEZ, BESH
W, RN —o AW 41 PD4 5 P RS2 1 4%
BR, RMEMIKEEB AR, HR2BERRE;
PD5. PD6 B PR 1H 48 B HEF R HLI, ok
REH D, BABMWN, KAOAARY ., WKA4,

BF P
A

*6 #&HE/NEERa.PR.HOXA10E QB FILZELLE

(x+s)
205 ERa [ PREM  HOXA10ZE[M
25 141 PD4 066004 143+0.15 127+021
25 141 PD5 080005 143+0.09 128008
22141 PD6 082+0.16 139+005 128+0.18
HUEMHRFI4 PD4 1362015  0.64+0.09  1.00+0.16
HUEMRFI4PDS 1112008  055+£0.03  0.86+0.13
FIMEAHRFI4PD6  1.24+020  059+0.03  0.90+0.16
FAE 13.983 124.483 4.760
Pl 0.000 0.000 0.013
A B C D E F
ERo W s s GEED WS W 55D
PR e — - “ s 100kD
HOXATO e S - e 01
GAPDH =~ " w o o g . 37kD

A: ZHAPD4; B: 25 HALPDS; C: 25 HALPD6; D A R4
PD4; E: HEEIEIFIZE PD5; F: [H Wl 514H PD6.,
B3 &ANRFEHEER«.PR.HOXAI0EHE&HE

EE

400 1) 50 £

PD4

PD5

PD6

SR E B T I
B4 PAHEHETSANRFEREMEKRE (x3000)
27 ESHEETARSENRTENE B ERE
R 544
5T LB T LA AR LA L A W R 2 )
PD4. PD5. PD6 1B M A MEAALS# . 25 (14

PD4. PD5. PD6 T & PN IR 40 i v £25 w] Il 5 W 45 fifg
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&, Hh PD4 A EREBF RS Z, PDS. PD6 4L
B L IR R 4L PD4 TR P LA g T DL /b

PD4

F AT ) 51 21

ik R BT T 1 VI A

B WG, PD5. PD6 A< UL BH Wb [ I 75 i 14
o A B, WES,

E5 BEHREETEHNMNRFEANRBEAEMELE (x2500)

T B N A 2 R RS E N TR R E B B
TG RENL . B AR A RRE S, X — kR B B
PRl “FPAETE O, Gl H o EHER S 1A 6 ~
10 K, XFNF 2otk E & A & JJ I 5 20 ~ 24 X7
XA ZRS RS S EE, KRBT 2R TR
) D 285 900 FR 4 0 O IRV AE L s e IR 3R 0
PENLHI W e 24 ™, FEEMEMENT, F
BN B R A M ) s AR AR AL, AR F REAE
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