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H E

H K B A R E 2 & %R 7 (unexplained recurrent spontaneous abortion, uRSA)/N AR )5/
RNA (miRNA)-494. PI3K/AKT/mTOR [H¥.3)¥EHE R E H (mammalian target of rapamycin,
mTOR)] i3RI ALt s 55 Wk 57 40 Mo 3 A A4S DL RS 7 5 RG34 40 RE I LN 5 88 Th BB R /B R AL
#l. Frik: BHEMET miRNA-494 T RIEE M, LI HmiRNA-494EYH . BRI HR 4.
miRNA-494 %) H . HIFIXF A, XK R420004 5] % 4 miRNA-4944 141 (50 nmol/L)-
miRNA-494301#I7](50 nmol/L), f#FEK%HEEEPCR HARMMmMIRNA-494 WA . IR
4. miRNA-494MHIFIZE . FMHFIFIXFIRERIFTIEKT; SR 50 R TR i S A 0 % £ iy 5 ¥ 5 4 B P 3 5
ge/1, transwellyA Il &-4H G AL TR RSN I AEE, western bloth Il &40 fs #7477 E 41 U PI3K.
AKT. mTORMIFIEKF. 4558 : miRNA-494% 3448 hj5, miRNA-494830 140 %5 40 i Y miRNA-494
FiEK P E R TN BA. 4575 B A miRNA-494#] 5522 (P < 0.001); X miRNA-494
141 57 25 3% 57 40 B B miRNA-494 3R 15 7K °F B B K T X F 4 A miRNA-494 W H (P < 0.001);
miRNA-494 1 1] 5] 41 f] PI3K/AKT F1 mTOR & i& /K “F B & % T 3 i I 0 R4 . AR 39 xd B 4 0
miRNA-4941EMIZH (P < 0.001); miRNA-4945N 37 2 F34 57 40 f 3 S AT A8 LU A5 S22 T 3l )
R4, R RAN MiRNA-49MERDMA (P < 0.01). %58: miRNA-4943F1d I35 Akt/PI3K/mTOR
FERERRIE, o MEHRRUEFAENENTE, S5 RTFERNRARNRERPMMGZEIIRE, KH
T AT miRNA-494 ) 3R5E K 7T B /E AuRSA B TG AYE 7 B HE .

K217
miRNA-494, PI3K/AKT/mTOR, 340, AHJEFEE KR~

MiRNA-494 Regulates the PI3K/AKT/mTOR
Pathway to Promote Trophoblast
Proliferation and Migration
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Abstract

Objective: To investigate the expression of miRNA-494, PI3K/AKT/mTOR [mammalian target of
rapamycin, mTOR] in a mouse model of unexplained recurrent spontaneous abortion (uRSA), and
their mechanisms in promoting placental trophoblast proliferation and migration, as well as re-
gulating inflammation and immune function in the uterus and placenta. Method: Firstly, an over-
expression vector of miRNA-494 was constructed, and the experiment was divided into miR-
NA-494 mimic group, mimic control group, miRNA-494 inhibitor group, and inhibitor control
group. Liposome 2000 was used to transfect miRNA-494 mimic group (50 nmol/L) and miRNA-494
inhibitor group (50 nmol/L), respectively. Real time fluorescence quantitative PCR technology was
used to detect miRNA-494 mimic group, mimetic control group, and miRNA-494 inhibitor group
The expression level of the inhibitor control group; The proliferation ability of placental trophob-
last cells in each group was detected using clone formation experiments, the migration degree of
placental trophoblast cells in each group was measured using Transwell method, and the expres-
sion levels of PI3K, AKT, and mTOR in placental trophoblast cells in each group were detected us-
ing Western blot. Result: After 48 hours of miRNA-494 transfection, the expression level of miR-
NA-494 in the trophoblast cells of the miRNA-494 mimic group was significantly higher than that
of the mimic control group, inhibitor control group, and miRNA-494 inhibitor group (P < 0.001);
On the contrary, the expression level of miRNA-494 in trophoblast cells in the miRNA-494 inhibi-
tor group was significantly lower than that in the control group and miRNA-494 mimic group (P <
0.001); The expression levels of PI3K/AKT and mTOR in the miRNA-494 inhibitor group were sig-
nificantly lower than those in the inhibitor control group, mimic control group, and miRNA-494
mimic group (P < 0.001); The proportion of trophoblast proliferation and migration in the miR-
NA-494 inhibitor group was significantly lower than that in the inhibitor control group, mimic
control group, and miRNA-494 mimic group (P < 0.01). Conclusion: miRNA-494 can promote the
proliferation and migration of placental trophoblasts by regulating the expression of Akt/PI3K/
mTOR genes, and participate in regulating the inflammatory response and immune function of the
uterus and placenta, indicating that regulating the expression level of miRNA-494 may serve as a
new target for the prevention and treatment of uRSA.
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TERRYER = H URSA 5 60%, URSA B3 JF & F HIGEURIEAR % 2% (early pregnancy embryo loss,
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EPEL), /&4 ImIKISIEIIME s, B ™ 8 f5 55 10 A B DI Re ARG R 18 1) 75 LR e R R S8 2 RE [1] o
T uRSA SR IRANTE £, HARIEHLE] A B, BT LA H TSk = 12 EPEL (AR S RAE 20367 F B 2] [3].
TEIEE GRS FE S, BEIGE Ml 52k 2PARIRAS s WSz P wdTaE, Wk A EPEL. uRSA FIUEgR A&
M S ER A UR IR [4] o I AE SR T miIRNAS 1E AR A KR G R A RSl R ki
HEMIEH, JLHZ miRNA S50 IRG & 8 FAE RS O R SR fu % R G h B SR (3]
MIRNA fEME G R B2 i E G E A, R AM S SEN REREHIRA . EAFRRHR L
MIRNA Bk KB R ER, XL miRNA 7825 6 78 AR Wik R & b #6 k 75 5 2 4E 5],
microRNAs (MiRNAs) & — KN 18~24 ML I ARSI 77 RNA, X 2R A=Yl fE L S
FIAEIER . mIRNA 25 THUARKIS M ARRE SR, WAk, K8 ot S5E. MERE 6.
AR TSR BT . mIRNA-494 75 U Uk G % Th BE VA 5 A BRI ) LG S B A 2 S8 AE A » miIRNA-494 54
T FEULHFEA RIEURZE JR[7]. miRNA [3RIA 75 1T RE S 58 RIEURAUE IR I AR Rk Re, IHAE B
-JiE T ) R 2 5 T R AR AL, k2D IR I [ G 4 i A S B e Th R . A AR
B, EARIEGREIHE T, miRNA Al@E 20 NF-«cB. STATL 255 554 5 i 42 i fIE 005 24 Ff bl A4, 2 74 B
Hge, Wiz 55FNELEKRKES]l. mIRNA S 51 RMREHE. T8, =25 FT. nEEmN,
PAAE 52 R M= (1 R AR ML o R 4 E B2 4] 5]

OB T~ mTORCL 7 /™ Bl g JI6 356 57 40 B A% 7= 48 i v 39 3205, mTOR ZE[Rdd i Akt/PIBK
FEWAEZ S uRSA BIRIEHLHRI[O] [10]. AW mIRNA-494 (21 7= MG TE AT RS, o2 A5ox
AKt/PI3K/MTOR & K R IAH i # 2m A 5 ThRERIME A, 4 miRNA-494 75 uRSA H (11 FHH2 At 3T i Bl i
fitlio

2. MRIE A%
2.1, SCIG#H

2.1.1. 4HpE
WFEEME R HTR-8/SVneo W H _EiF BRVEYAH] .

212, FERFIRIEE

Gk M5 (FBS). RPMI-1640 3577500 B Fifg mAVEY) A F; DMEM 53238008 Rl 519 K&
BEF B T B AE A F1HR 4L, cDNA Synthesis Kit. SYBR Green PCR Master Mix Kit. Applied Bio-
systems ABI 7500 401 [ 3£ [E Applied Biosystems /A &]; Lipofec-tamine 2000 4 48 /1 25 i 2E 428 7 5
RIPA 2R 0.25%I1 kAR RS A AL 2% A OEAT IR &0 B RifE 2 0015 BCA B A Iasm &l [ 36
FE[ZEER K5 Annexin V-FITC/PI T4 MR &% B Jb 3¢ Biosea: FL i xC4H A B 36 [F DL ve & 22 /R HE
TLR4. NF-kB. FI/M% 6 (IL-6). TNF-a 40 A H e B o AR AR i S A g g by — Hu3 08 15 95 1E Abcam
AH; miIRNA-146. TLR4. NF-kB. TNF-a. IL-6 FINZ GAPDH 5|4 S 4R %t i) N i A A R 2
A2 miRNA-146 #0157 (50 nmol/L). miRNA-146 7% . miRNA-146 F4(50 nmol/L)A!
MiRNA-146 S0 B Eifg A THRR A A

22. SEWAE

2.2.1. EEFFYMpALESE
HTR-8/SVneo #7740 kS 77 T 10% KIG RG24 IMiE . 100 U/mL % % ) RPMI-1640 K75+,
JWE T CO, ¥4, 5% CO,, 37.0°CAHI 100% /% 56 TR 7%, Fag M AUR WA B Ak K 4E i k47 /=
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2.2.2. miRNA-494 g RIEHFRHE

B 5 H Primer 5.0 #1HE & miRNA-494 BitR 28 L FE51 90, FAE_LESI YR 55l in A~
PHEFEF BamH TEEEINA 575 (CGGGATCC), RiFgI i) 55 EARP B8 Al EcoR THERIAL 5 7 4]
(CGGAATTC). SIMEIt Ll TAEMARA BT &R, HFFHWZE 1 FiR:

Table 1. Target genes and primer sequences
< 1. BERRSIHFTI

H A ElEER ]l
MiRNA-494 _bi#: 5-TGAAACATACACGGGATCCACTC-3'

TiF: 5-GCGAGCACAACGGAATTCACGAC-3'
TLR4 Fii#: 5-CGCTTTCACCTCTGCCTTCACTACAG-3'
TF: 5-ACACTACCACAATAACCTTCCGGCTC-3'

NF-xB -Jif: 5-CTGAACCAGGGCATACCTGT-3'
Tif: 5-GAGAAGTCCATGTCCGCAAT-3'
IL-6 Fii#: 5-GAGAAGGGGGACCAACTCAG-3'

Tif: 5-GGTCTGTTGGGAGTGGTATCC-3'

TNF-a FJ%: 5-CACACAAGTCTCCGCTAT-3'
Ti#: 5-GTGCGATCCAGTCGCG-3'
GAPDH Fi#%: 5-TGCACCACCAACTGCTTAGC-3'

Tif: 5-GGCATGGACTGTGGTGATGAG-3'

2.2.3. qRT-PCR #ill] miRNA-494 1 miRNA-494 ¥3:Fn045¢H

K FH qRT-PCR 5l miRNA-494 [f)3R1%, TEMERZHZIF I Trizol AFREUMIE B RNA, i if;
ST S e %, LI R 4200 B AT 1 . miIRNA-494 IE[ AR 51 L% 1, W2 U6 514
FAREE TN T B A AR A 32 4E, U6 IEM 548 CGCTTCGG CAGCACATATACTA, K514
4 AACGCTTCACGAATTTGCGTAC.

MIRNA-494 #:J%. VSMC JHWES O )G LA TGS FEFRERRBIREIRIN, 24 h J5 40 HRl& 2] 60%~70%H 4%
& Lipofec-tamine2000 6B B HEATHRE, 70 miIRNA-494 Bt M 2H AR S0 BH 4 0 BB 4H . miRNA-494 #71
TR ANFDE TSP B AL, 230 % 4 mIRNA-494 BE4U47)(50 nmol/L). miRNA-494 ffii]57)(50 nmol/L),
AECUNA77 ISF) = e HE 2EL AN 1) 7] B 1 ot R ZEL i X [ 26 771) & lipofectamine2000 & PBS, 5 h J& il 5e 415 773,
S RTA T TN -2 Y B

2.2.4. EEEXGIEIRME

K P it BBk S 2 W B4 (EL ISA) R L375 1L-6 A1 TNF-a (13834 7K °F-, 7E Thermo Scientific Varioskan LUX
4= E BhEEFRA_EREATHERVE, 1L-6 A1 TNF-aL [¥] ELISA 77 & ) M i e i AL MRl A TR A =] 4t
225, WFEEREFA

TE/N BB R K 1~3 ml Z8 A I, JREADUEET R, W 20 10~15 438, YO & Al
MEBER . 2%, KA Cobas 601 27 2 6 ASOR: I s e 3 AR K, TWE 2 IR(H E) %A R

DOI: 10.12677/hjbm.2024.143041 372 W=


https://doi.org/10.12677/hjbm.2024.143041

XE= &

/L\\#

&l

2.2.6. EEFFUMREAEKTEIRIEE

KA MTT [3-(4, 5-— HIFEmEmE-2-J%)-2, 5- 0 KE-2- PY M AL [3-(4,5)-dimethylthiahiazo (-z-y1)-3,
5-di-phenytetrazoliumromide, MTT]E ikl g 7= A A A K 3% 77 . mIRNA-494 % Y i 7R a0 fu b T4
FEA 1 x 10° AN M/FL . BERR AR S E K Pk iU, 10 pL MTT 38R 5 mog/mL, gl —FL+ .
BREFRILAE 37°C N 597 10 4380 4 h, SRJG7I0 150 uL 19— FIEDAK, BHRR HKEE S 10 24 s, F
SEERYI IR TR . AE BRI S 2 A A OD 490 nm Ab & %L IIROGAE -

2.2.7. EEFFMRRISTEAAT KIS

SR FH 4 P e o S B AS 4 T AN B A B 6 0 AEAE KGN 0.25% 1) RAR 1B, W4k 5 kT
AN, SEIR VPN LT AN B RE T . BOWBUE KIARIAIA, F 0.25%(1) ik 8 1 BT A0 I E T Ry s
YT, B0 JE TR B B4 Y i (200~500 AN/FL) H T B R 7R, Beph T AR SR . T 37°C .
5% CO, S AAME FE A M3 7R AE N 1597 2~3 i, AR AU ™ RE L2 40 Mt v e P 17500

TEFEAH ML T2 525048 Annexin V-FITC/P R TR 71 & (b 52 Biosea A= PH AR BR 2 &) EAT 5%
YHMLE TR . S5 E A E BRI T ANAE . B mIRNA 5 L 40 M 3 R (R 25 1 x 10° AN /LAY 6 FL
B, A BERR Eh G ih Eh/K B A FRA B 0, R L H B B AE S A 10 pL AR V F 5 uL P
200 pL 45 GGl b . KNG EELN MRS AN &, IR ULEHERE, A FL X4 M f (36 B v 2
JRUF)I & L, DA PE T4 AR (IR AR 11V PHAEEART PI S ) RO R E40 M (BEECZR (1 V A1 PIBEE).

2.2.8. EEFFUMRAIT LIS

K transwell /N5 SEE6EAl G SR AN AT RS RE F1 . $208 1 x 10°/ml (4 EL K 32 3% 40 =i N
transwell L% Py, BEFL 100 pl /£ =AM 200 ul 7 20% FBS 1) DMEM ¥ 753, JA 37°C. 5% CO;
B FEA I E 12 h, H PBS IEUEE, I HEERE E 20 min, 2.5%[145 45 de 15 min, FIFREEEE
HENEAMAnE, A6 EEME TRSaDR/NEN 5 MLEF N g g

2.2.9. western blotting &3

% western blotting ¥l Akt. PI3K. mTOR. NF-xB. IL-6 Al TNF-a & KR IEKF, ikl E
Abcam . K FHEE R ECL b 2% KGR G (i 52 W3 AE RS A BR A 71) 47 &6 252, H Imagequant TL
AR A %A .

2.3. Gt FE S

SPSS21.0 AT it 2= B im0, THREEEERAR £s R, HAIBCRA tAL, THEsR 6
B KR, R Spearman 37/ BAE Y miRNA-494 ik 5 Akt. PI3K Al mTOR /K- FiAHSEE, P <
0.05 NZEFAH G2 R o

3. &R
3.1. FLAMEE E2. Py miRNA-494, IL-6. TNF-a 7KFHCEBREEER

EXTHZHAHLE, uRSA BEAYZH (R HE — BE(E2) /K1 5 3% T F#[92.27 + 10.29vs.36.59 + 7.22(P < 0.001)], %*
B P)/K T B, 66.31+8.78 vs. 13.53 +3.12) (P < 0.001)].

L0 B ZH LA, uRSA /N BRI miIRNA-494 RiIA7KF R4 511 24[1.51 + 0.47 vs. 5.83 + 1.86 (P < 0.001)] .
URSA ZH J&5E R T FI A R (IL6) IR PR BE R 1 (TNF)-a (3R IE /Kl B FFm, SRR LU B 1L-6
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20.13 = 5.79 vs. 109 + 18.73 (P < 0.001), TNF-a 13.27 + 5.79 vs. 86.74 + 13.85 (P < 0.001), W% 2.
mMiRNA-494 F ik /K F & FI[(151 £ 047)% L (5.83 + 1.86)%, P < 0.001]; BeWo 4f i i 4t
MiRNA-494mimics 24 h J& )40 f 3G 58 16 & 70 20 & AR T A [(17.2 £ 3.2)% L (5.1 + 1.8)%] Al
miRNA-494 inhibitors ZH[(17.2 + 3.2)%Lt.(2.5 + 0.7)%],

Table 2. Comparison of serum miRNA-494, I1L-6, and TNF-a levels between two groups (X +s )
52 2. FHLAINSE miRNA-494, IL-6, TNF-a /KEELE (X +s)

2 % (n) MiRNA-494 M KB = IL-6 (ng/ml) TNF-a (ng/ml)
xof B2 10 5.83+1.86 20.13 £5.79 13.27 £5.79
uRSA %4 10 1.51+0.47 109 £ 18.73 86.74 + 13.85
T - 10.431 59.146 48.689
P - 0.001 0.000 0.000

3.2. miRNA-494 T FixE ik aHiE

SEHG P e E ) mIRNA-494 Tl A K /Ny 560 bp, § 3810 H 10 BE S U/ —8, HARM 8 —. ok
o SRHUURIZE A LEXT, SURETUIARRT, ToA T, PRI Ok 4% R B R P R ARG o
KIS s e, AT H] T 40 Jesiss .

3.3. MiRNA-494 5315 IL-6. TNF-a #H{THX ST

URSA B 75 F miRNA-494 F£iA/KFIHE NI, IL-6 1 TNF-a £is/K T E . miRNA-494 435
5 IL-6 #1 TNF-a £ /A<, 7058 r=-0.683, r=-0.721, ¥ P <0.01,

3.4. miRNA-494 fE3EFR AR TRIE

R EIR, mIRNA-494 BV H A FFA T 25K F3RIE, mIRNA-494 JH W AE 7= b &
/K FFRIZE, WA 1),

3.5. mMiRNA-494 & 3RiAK T 53555 ARIETEEE 1

M T B SIS BoR, mIRNA-494 B iz = 40 R s Ll 3 i miRNA-494 id3RiA B
HIe M PAIEGTERIRE 71 A miIRNA-494 FHI| 44124 7% 40 () S B L R, 0 30 57 400 i ) 44 7
VE (& 1(0)).

3.6. MiRNA-494 535 ML KED

MTT Z5 1578, 75 miRNA-494 FL41(100 nmol/L) e F IR mikasan A &id 1. B2 Bk P&
i%(P < 0.001); #H /x miRNA-494 411 47(100 nmol/L) ¥4 F T #i il 4 7% 4l A= K 3% 71 (P < 0.01) (WA 1(c))-

3.7. miRNA-494 FRE 5 FF AR ET

53R EL, miRNA-494 R0 404 2 2 PR AT B T2 (P < 0.001), miRNA-494 1|57 2H & 35 18
InZm MR TR (4 1(d)).

3.8. MiRNA-494 3 RiL 5k AT B EE S

Transwell S25545 2 B 7, HTR-8/SVneo 4184 miRNA-494 #4045, miRNA-494 B30 M4H (0% 32 40
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R AE K AE RS e 77 53 T 5 R AL AT miRNA-494 4 7 ZH (K 1(e) A1 1(f)); miRNA-494 i FRIA (e i3k
FEYMI A K AT R (P < 0.001), H5, T miRNA-494 255 7K 4151904 35 40 M i £ K AT # (P < 0.01),
DL 1(e) A 1(F).

R AL b s IR A (¢) Mimic Control miR-494 mimic
(@) miR-494 3 541 (b) miR-494HE 441 LA R 2 SRR T -
1.0 . mm AR AL @ 80 RS B s 2] |
e = miR-4941IHIHI4L o miR-49441 2L .
4 0.8 2 60 T
= E 40 “TE
R 20 -
= B*a
S )

- p S X HR A TInhibitor Control ~ miR-494 inhibitor
SR miR-494 111
© mMRAMIEHR @ m ® S
AP R - iR-494 41 71401 300 e RUYIRT RS
6 . o miR-494 45141 S W RS e miR-494 AL

AR AL
s miR-494 7T AL

¥ L

(a): miR-494 4. HNHIFE LT PCR A3 37 4 A A1 Xt BE 20 miRNA-494 [/)3R1E/KT*P < 0.01, #P < 0.01; (b):
MiR-494 AU . PN 7 Ik 7 b SR BGAG WI BE TR AN G 5E ;s *P < 0.05, #P <0.01; (c): miR-494 AWy, i 7538 ik
MTT &I EE T2 M A A K3E M, *P < 0.001, #P <0.01; (d): EHE A Annexin V-FITC/PI 8 T8 0§k 40 M F T 1
Hor#; *P < 0.001; (e): ¥ % miRNA-494 {EF 7= MMA K88 77, mimic control JyASHbl4st BE 2H 3 = A B ) A=
#E 3. miR-494 mimic 415y HTR-8/SVneo 4114 miRNA-494 FE4DI % YL 5 1136 55 40 B i A2 K45 55 inhibitor control
SRR PR AL TR A A A AR K 45 S, miR-494 inhibitor 4 HTR-8/SVneo 4145 miRNA-494 Hliki| #s Yx 5 (1) B35 57
MAAEKLER; (F)A HTR-8/SVneo 41 B4 miIRNA-494 B AN 405 Ye J5 M= AT #8688 /7, * P <0.001, #P
<0.01.

100

Figure 1. Effects of miRNA-494 on proliferation, growth, migration, and apoptosis of trophoblast cells
& 1. miRNA-494 3% MARIETE .. £K. ERFFTHEN

3.9. miRNA-494 i3 FiE%} Akt. PI3K Fl mTOR ZE2BAFRIZHIE M

KA westrn blotting £l Akt. PI3K F1 mTOR &, X E, miRNA-494 i Rk nl B E 4
Akt. PI3K F1 mTOR fIZIA/K (P < 0.01, P < 0.001), /& ] & # (K Akt. PI3K Al mTOR FIFIiAK
(K 2(a)~(c)), H miRNA-494 /KF-5 Akt F1 PI3K Fl7KF-4r il 2 IEAH < (r = 0.699, r = 0.736, P < 0.01), 5
MTOR 7K 2 1EAH X (r = 0.725, P < 0.01)

4. i

NEIER S ) UM BHARR A &z, W B0 TR ERT, 5 MR E sl 1R =a
B FIEHPHRRA UL EANH” A miIRNASs 76 157 A0 B 4R 3 9] v] B R I R IR DO A (1] fRd
MiRNASs EL357ESMMARRYE ) BEARI/EUG ) LA 25 I8 MR IR 45 45 [12], 78 S L AN BE- iR S it 52 L o
VAR, (EARFA AU T mIRNA X & A R R IR 15V R 2 S, AEBIRAS T miRNA 25 1#%
PR SZVE ST G T IR A AR 28 L BE - 628 TS S5 IR AR R N O 78 o 1) B B A W 44T R e R AR OR8]
U O 9 1138277 240 SRR ) U A 5538 miRNA 175 5 B 40 i 55 B N 20 A0 K U 1 BRAR S, T W 2 41k
WA IE IS 5 ANEYE mIRNA 2 51155 AR ARV 2#Thee, A SEieE - JEXHE[5].

MTOR HE R e Ar T AR QL ik 1p36.2, HAIA W AL sh V) e inds R AR e — ML &R 75 2 R
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® s
(@) ) miR-494 HOHIA] miR-494 < s AN AL
KRIAT? Z. B 7
FURAL BEIAL 3 HRAL ML 2 2 % S miR-A494HHL 4]
. o AR
PI3K e - 110 &= % miR-494f11# f1241
Akt — R 60
MTOR =~ G - —— 289 © 20 (d) 20
' <
Pracli e GED @ @ 40 %?\515 T
1.0
1Thre -
SeeE 2
0.0 % i

(a) 9% western blotting 7347/ UAE S miRNA-494 5 Akt. PI3K #l mTOR B & 1%Lk KF; (b)N PCR HA
K PI3K 75 /s B RL 3R IE 7K T, *P < 0.001, #P < 0.01; (c)2 PCR i ARAG M Akt 75 /s BUAR AL {3 IE KT, *P < 0.001,
#P <0.01; (d)A PCR i AKM mTOR &/ AR R R IEIKF, *P <0.001, #P <0.01.

Figure 2. Expression analysis of miRNA-494 and Akt, PI3K, and mTOR proteins
[l 2. miRNA-494 5 Akt, PI3K 1 mTOR BB RIASH

FIEE, Ed BERRAGE T IE B TSRS I KRB A R, AR BRI A AR S
&, R i BT T R S BEIE % s mTOR Jd i s iR b 40 i & e K &
HAENRIEIEAE I S IRIGE R PR 2 EZMEM[13]: CABIFIES mTOR £/ B L 5 241 i
Mg FRAM b5 E RIE, EMMEFE . AR E R RN E ) /EH[14]. mTOR/RPS6KBL i@
PR BT MR IR, mTOR Kk R BR b 1) FE R A1 2 4 R Al M D R R o AR SOl RS 30 B
MiRNA-494 £k Fi mTOR & B &g F= I TE M 734, $278 mTOR £ I AR R AE 7 v 45 L %L
FIVER, {HJ2H % miRNA-494 i1 AktY/PISK/MTOR 15 58 -5 NJSULUR ARG J7 TH 26 78 H 5T A& AR
iE.,

MIRNA 1 575 BB 5 A R IR R AR EA L. RIET ML W A 0 40 fa 4h /)N 16 3 5%
miR-146a-5p 1 miR-146b-5p, i it # 7] TRAF6 i 52 K& M H AR ™ Higd 7 )= L # 112 2%, miR-146a-5p
F1 miR-146b-5p (KK T # ik 2 G HA RIEHRES 5 [15]. miR-206 157 5 #1845 Wit 15 54% $145 $4E
JEFIRAA RIFGR K A2[16]. MiR-148a-3p ] G it 115 HOXCB8 1M T £ 5 i MEAE N 2R I gt e A4 Sk
AR RUEURESJS[17]. Liu % AIESE miRNA-100-5p T30S JAK/STAT {55l B e ik 7 s AR R
UEYREAT: ()R [18]. A SCHIBT TR I, mIRNA-494 it %L E AKUPI3K A1 mTOR [{£IiAK T, [FK
SUMA M R RN 2 KK T R, ez, MIFI41 miRNA-494 EiA/KFI R . Akt/PI3K Fil mTOR ik
AKE R, MEBCR A K R R4, #2708 miRNA-494 (/K- T3R8 SIMEM R A K FEAEYIR R,
AANA, URSA 35 BT MIRNA-494 iR IA /KT FIME 2238 25K P2 6L, SR 344 P 1) AKt/PI3K AT mTOR
AR, 75K BRSSO S 0E SN, HEMI miIRNA-494 ] G — AN 4R G 28 38 I 1) 8 R 75 X
T, St AN SRR B B OCE B IEH . AL, miRNA-494 TF G R GURI1 58 i S 87 HH R 47 21
MR, R ST R R MR . ARBFFC AT IR EE T miRNA-494 ({1t RiaHik,
SRR X B RN R PR A b, i 2Rk mIRNA-494 W S $R st 5 4m i A= K% 77, miRNA-494 #i]1
P 2 PR TR A M AR K TS 71 [19]: - [RIET, 3 3RIA miRNA-494 N TRz IR 40 M3 B . PR =
SHARIR T 36, [ 2 G774 PR FE Sk P Dk 12 R 8 v R A A T2 % . AR I miRNA-494 75 A B 4 A o R 4%
(AT VER, HALHI AT RS2 mIRNA-494 535 RIAE F AR A B2 T, SR RAEIRSS S
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[20].

AT BT miIRNA-494 5 JE R T 1L-6 A1 TNF-a (KB 7T - i 75 miRNA-494 R 11-6 A1 TNF-o
(IZIE K, EATZ SR AR SE, BT W miRNA-494 AT 6EiET mTOR kS 54 R 1%
i R BERR S G S NEAT 2 ISR, 1B mTOR MISGHEES, WifE 55 5K 1 Mg %
0 K1 3 signal transducer and activator of transcription 3 (STAT3){5 5 i % t12: 55 4 8 40 it 1% AL A0 I £t 7
i, STAT3 FIiAFIThAE Fw LG A%, STAT3 3 rs1053023 £ A1 5 uRSA KUK AHF[21], F#E
se i AKUPIBK/MTOR {5 5 B R FE A AE FH , FLALHI AT 55 R I SRE DR 12 5 e I N 3 DI ORI
MiRNA-494, miRNA-155 Fl miRNA-124 ¥ WAE T & 5/ 3 8F - la 50 STATU/STAT3 X figfit e 44
MR ThAE, I UEA ST SEIG 45 F

R BTk, ABFFURRIIE T miRNA-494 i ik siigk, IE KL miRNA-494 (K& ik g2 5 RN
PP AAS BAEGR 13 2 « miIRNA-494 il it g 3 AKU/PI3K/MTOR R 131k, 535 7 5 MG R 48
RSN G RETRE, AT LARDAS RAEGRFAF I AR, R T 7T miRNA-494 1335 7K-F A BBAE N uRSA 1)

T AR T R A
EE U H
1) J7ARAHA S N B A S X (B )G e EOUH, %5 (2021B1515140035) £
(2022A1515140097);
2) TARA I DAETHERWIIR H 45 (Y23077).
Bk

[1] Plagais, L., Kolanska, K., Kraiem, Y.B., et al. (2020) Intralipidtherapy for Unexplained Recurrent Miscarriage and Im-
plantation Failure: Case-Series and Literature Review. European Journal of Obstetrics & Gynecology and
Reproductive Biology, 252, 100-104. https://doi.org/10.1016/j.ejogrb.2020.06.017

[2] Li, TY. Li, R, Zeng, L., et al. (2021) In Vitro Fertilization-Embryo Transfer in Patients with Unexplained Recurrent
Pregnancy Loss. Chinese Medical Journal, 134, 2421-2429. https://doi.org/10.1097/CM9.0000000000001657

[3] Annual Capri Workshop Group (2020) Early Pregnancy Loss: The Default Outcome for Fertilized Human Oocytes.
Journal of Assisted Reproduction and Genetics, 37, 1057-1063. https://doi.org/10.1007/s10815-020-01749-y

[4] Lee, J.Y., Kim, J.O., Park, H.S., Ryu, C.S., Kim, J.H., Kim, Y.R., Lee, W.S., Lee, J.R. and Kim, N.K. (2020) Study of
the Association between MicroRNA (MiR-25T > C, MiR-32C > A, MiR-125C > T, and MiR-222G > T) Polymor-
phisms and the Risk of Recurrent Pregnancy Loss in Korean Women. Genes, 11, Article 354.
https://doi.org/10.3390/genes11040354

[5] Cui, Y.Z., Lyu, X.H., Ding, L., et al. (2021) Global miRNA Dosage Control of Embryonic Germ Layer Specification.
Nature, 593, 602-606. https://doi.org/10.1038/s41586-021-03524-0

[6] Li, L., Huang, X., He, Z., Xiong, Y., et al. (2019) MiRNA-210-3p Regulates Trophoblast Proliferation and Invasive-
ness through Fibroblast Growth Factor 1 in Selective Intrauterine Growth Restriction. Journal of Cellular and Mole-
cular Medicine, 23, 4422-4433. https://doi.org/10.1111/jcmm.14335

[7] Tian, S., Yu, J., Zhang, Y.C., et al. (2020) Overexpression of PTEN Regulated by MiR-19b and MiR-494 in the Vill-

ous of Recurrent Spontaneous Abortion Patients. Journal of Reproductive Immunology, 140, Article ID: 103133.
https://doi.org/10.1016/j.jri.2020.103133

[8] i, BkIk, BXEAK, 5. BE-IG S miRNA XL B REgE M AG B R E D). shAed sl Sl 4 e &, 2023,
43(9): 974-981.

[9] Liao, W., Deng, X., Chen, G., et al. (2023) MiR-150-5p Contributes to Unexplained Recurrent Spontaneous Abortion
by Targeting VEGFA and Downregulating the PI3K/AKT/MTOR Signaling Pathway. Journal of Assisted Reproduc-
tion and Genetics, 41, 63-77. https://doi.org/10.1007/s10815-023-02959-w

[10] Yang, Y., Cheng, L.Y., Deng, X.H., et al. (2018) Expression of GRIM-19 in Unexplained Recurrent Spontaneous
Abortion and Possible Pathogenesis. Molecular Human Reproduction, 24, 366-374.
https://doi.org/10.1093/molehr/gay020

4

DOI: 10.12677/hjbm.2024.143041 377 AW


https://doi.org/10.12677/hjbm.2024.143041
https://doi.org/10.1016/j.ejogrb.2020.06.017
https://doi.org/10.1097/CM9.0000000000001657
https://doi.org/10.1007/s10815-020-01749-y
https://doi.org/10.3390/genes11040354
https://doi.org/10.1038/s41586-021-03524-0
https://doi.org/10.1111/jcmm.14335
https://doi.org/10.1016/j.jri.2020.103133
https://doi.org/10.1007/s10815-023-02959-w
https://doi.org/10.1093/molehr/gay020

X|E= &

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Stefanski, A.L., Martinez, N., et al. (2019) Murine Trophoblast-Derived and Pregnancy-Associated Exosome-Enriched
Extracellular Vesicle microRNAs: Implications for Placenta Driven Effects on Maternal Physiology. PLOS ONE, 14,
€0210675. https://doi.org/10.1371/journal.pone.0210675

Li, H., Ouyang, Y., Sadovsky, E., et al. (2020) Unique microRNA Signals in Plasma Exosomes from Pregnancies
Complicated by Preeclampsia. Hypertension, 75, 762-771. https://doi.org/10.1161/HYPERTENSIONAHA.119.14081

Ning, S., Li, Z., Ji, Z., et al. (2020) MicroRNA-494 Suppresses Hypoxia/Reoxygenation-Induced Cardiomyocyte
Apoptosis and Autophagy via the PISBK/AKT/MTOR Signaling Pathway by Targeting SIRT1. Molecular Medicine
Reports, 22, 5231-5242. https://doi.org/10.3892/mmr.2020.11636

Hao, K., Wang, J., Li, Z., et al. (2022) PPARy/MTOR Regulates the Synthesis and Release of Prostaglandins in Ovine
Trophoblast Cells in Early Pregnancy. Veterinary Sciences, 9, Article 649. https://doi.org/10.3390/vetsci9110649

Ding, J., Zhang, Y., Cai, X, et al. (2021) Extracellular Vesicles Derived from M1 Macrophages Deliver MiR-146a-5p
and MiR-146b-5p to Suppress Trophoblast Migration and Invasion by Targeting TRAF6 in Recurrent Spontaneous
Abortion. Theranostics, 11, 5813-5830. https://doi.org/10.7150/thno.58731

Schlosser, K., Kaur, A., Dayan, N., et al. (2020) Circulating MiR-206 and Whnt-Signaling Are Associated with Cardi-
ovascular Complications and a History of Preeclampsia in Women. Clinical Science, 134, 87-101.
https://doi.org/10.1042/CS20190920

Zhang, Q., Ni, T, Dang, Y., et al. (2020) MiR-148a-3p May Contribute to Flawed Decidualization in Recurrent Im-
plantation Failure by Modulating HOXC8. Journal of Assisted Reproduction and Genetics, 37, 2535-2544.
https://doi.org/10.1007/s10815-020-01900-9

Liu, S., Xie, X., Lei, H., et al. (2019) Identification of Key CircRNAs/LncRNAs/MiRNAS/MRNAs and Pathways in

Preeclampsia Using Bioinformatics Analysis. Medical Science Monitor, 25, 1679-1693.
https://doi.org/10.12659/MSM.912801

AL, TRBGE, AR, 25 MIRNA-494 75 AN B J5 K] 52 R 1A 3L 7™ 96 20 23 r (1 3 ik o JHL 09 57 4 L 48 3 A0 17
ToRIgEm[I]. BUARTE AL A N2 )T 44 &, 2022, 27(S1): 1275-1276.

Su, S., Zhong, L., Huang, S..et al. (2023) MiRNA-494 Induces Trophoblast Senescence by Targeting SIRT1. Hyper-
tension in Pregnancy, 42, Article ID: 2219774. https://doi.org/10.1080/10641955.2023.2219774

Han, D., Jiang, L., Gu, X,, et al. (2020) SIRT3 Deficiency Is Resistant to Autophagy-Dependent Ferroptosis by Inhi-
biting the AMPK/MTOR Pathway and Promoting GPX4 Levels. Journal of Cellular Physiology, 235, 8839-8851.
https://doi.org/10.1002/jcp.29727

DOI: 10.12677/hjbm.2024.143041 378 AW


https://doi.org/10.12677/hjbm.2024.143041
https://doi.org/10.1371/journal.pone.0210675
https://doi.org/10.1161/HYPERTENSIONAHA.119.14081
https://doi.org/10.3892/mmr.2020.11636
https://doi.org/10.3390/vetsci9110649
https://doi.org/10.7150/thno.58731
https://doi.org/10.1042/CS20190920
https://doi.org/10.1007/s10815-020-01900-9
https://doi.org/10.12659/MSM.912801
https://doi.org/10.1080/10641955.2023.2219774
https://doi.org/10.1002/jcp.29727

	miRNA-494调控PI3K/AKT/mTOR通路促进滋养细胞增殖和迁移
	摘  要
	关键词
	MiRNA-494 Regulates the PI3K/AKT/mTOR Pathway to Promote Trophoblast Proliferation and Migration
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 实验材料
	2.1.1. 细胞
	2.1.2. 主要试剂及设备

	2.2. 实验方法
	2.2.1. 滋养细胞培养
	2.2.2. miRNA-494过表达载体的构建
	2.2.3. qRT-PCR检测miRNA-494和miRNA-494转染和分组
	2.2.4. 酶联免疫吸附法
	2.2.5. 化学发光技术
	2.2.6. 滋养细胞生长活力的实验
	2.2.7. 滋养细胞增殖和凋亡实验
	2.2.8. 滋养细胞迁移实验
	2.2.9. western blotting检测

	2.3. 统计学分析

	3. 结果
	3.1. 两组性激素E2、P、miRNA-494、IL-6、TNF-a水平比较比较 
	3.2. miRNA-494过表达载体的构建
	3.3. miRNA-494分别与IL-6、TNF-a进行相关分析 
	3.4. miRNA-494在滋养细胞的表达
	3.5. miRNA-494过表达水平与滋养细胞增殖能力 
	3.6. miRNA-494与滋养细胞生长活力
	3.7. miRNA-494的表达与滋养细胞凋亡
	3.8. miRNA-494过表达与滋养细胞迁移能力
	3.9. miRNA-494过表达对Akt、PI3K和mTOR蛋白表达的影响

	4. 讨论
	基金项目
	参考文献

