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# E: B #rinE fuﬁﬂ'—émﬁa_ﬁ‘a:mbﬁm»m&dﬁ%%ﬁﬁé-3614-5p( miR-3614-5p ) sHA# A X & 9k 98 ( preeclampsia,
PE) #HE 6T AE M A AR, FiE 1536 2 SD XK (24 AdptiAe 12 A ) DRG] 2 0 1 628K R
T, 24 PRk R ALS A RF AL (sham 41 ) | PEA#£A140 (PE 41 ) #edlibfk miR-3614-5p 20 ( PEtexo 20 ) , 4
208 2, PE il id & F 24t 100 me/kg 69 NG- 58k -L- 4% 88 F A5 32 = X % PE #4); PE+exo Ay PE # 4, [ B
FE g 14 RPLAZES 160 weg/ml 9 9bibk Ak (05ml/ R/ K ), #4286 K, F1F4 21 X; sham WL TF 40
ok, EERE 0, 7, 144021 Kl B R G E . RT-qPCR #7) miR-3614-5p K- & B @k &5 5% -2 ( Bel-
) . Bel #1% X & & (Bax) 4 mRNA /K-F; ELISA #&m| Caspase-3 &1, #FHA (ROS) K-FA&HZE (MDA) |
Stk (GSH) #e 4k 3 F (Fe™ ) 4% ; Western blot #i| & kH Ak it AL H s 4 ( GPXA) Faig AR F ok 7 A
11( SLCTALL YR @K F . ER  BLsham#a X fA8rk PEA X K49 1552022 0.43 £ 0.05 vs 1.01 £ 0.07 Mw 95 f2( 0.51 +0.07
vs 1.01+0.12) + miR-3614-5p F 2 2F T8, £ FAA%HFE3L (19070, 10180, ¥ P<0.01) . 5 biizdnrs,
& B MSCs #4 #hisk kP miR-3614-5p 23§ % . 15 sham 28481, PEA K R F 21 RAY&K/E (17543 +6.02 mmHg vs
113.26 £5.11 mmHg ) . # % /& (123.57+5.63 mmHg vs 82.63+5.26 mmHg ) Z /& & 4% (17548 +13.21 mg/ml vs
67.65+5.76 mg/ml ) ¥+ (1=22.606, 16.440, 23.168,3 P<0.01) ; 55 PE #a4art, PE+exo fH4F7KIE (124.57+5.33
mmHg vs 17543 +6.02 mmHg ) . # 4 /& (89.76+3.88 mmHg vs 123.57+5.63 mmHg ) Z /% & 4% (97.69+7.23 mg/
mlvs 17548 + 1321 mg/ml ) 2HFHL, 2 F LA %TFEL (18493, 13.577, 16.713, 3 P<0.01) . 5 sham 2048}k,
PE 8 K H M4 #4047 W Caspase-3 7 (238.56% + 13.22% vs 100.12% +5.93% ) . Bax & (3.18+0.71 vs 1.01 +0.11)
ROS #-F (387.65% +25.98% vs 100.51% + 5.89% ) . MDA 4% (3321+3.17 pmvl,ﬁng
#HE (38.77+6.53 nmol/ml vs 17.51 +3.15 nmol/ml ) 5 3 &, & Bel-2 &-F ( 04740.08 vs 1.01£0.12), GSH &=
(4.12+1.22 nmol/mg vs 9.76 +0.93 nmol/mg ) . GPX4 & & (0.48+0.06 vs 1.01 +0.24) F= SLCTA1l & & (0.51+0.11
vs 1.01+0.11) 7&K -F 0 2 3% B AL (7=6.459~32.863, ¥ P<0.01); 5 PE 4847 1, PE+exo 41 5 % 41 22 7 Caspase-3 &%
(117.35% + 8.67% vs 238.56% + 13.22% ) ., Bax /& F (1.13+045vs 3.1840.71) . ROS sk F (128.73% + 14.37% vs
387.65% +2598% ) . MDA 4% (18.13+3.89 nmol/mg vs 33.21 +3.17 nmol/mg ) #= Fe’™ # /& ( 19.05 + 3.45 nmol/ml vs
38.77 +6.53 nmol/ml ) .3 4%, # Bel-2 -F (1.04+£0.11 vs 0.47+0.08 ) , GSH 4% ( 7.86+ 1.07 nmol/mg vs 4.12 + 1.22
nmol/mg ) , GPX4 & ¢ (0.98+0.14vs 0.48+0.06 ) # SLCTAIl &% (1.11+0.09vs 0.51+0.11 ) K-F0 2HHAFH, £
F B A it FE L (1=6.093~20.633, ¥ P<0.01) . £ miR-3614-5p & PE #£8) X R 69 is s 40 o s e P 2 35 T,
MSCs # i 6% 71k Ak miR-3614-5p il i 3] £k 76 v 2L-& X S 49 PE #H& . MSCs A if o9 4364k miR-3614-5p T4k % PE 5
e — AR AR AR E .
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Abstract: Objective To investigate the regulatory effects of exosome microRNA-3614-5p (miR-3614-5p) derived from
mesenchymal stem cells on the progression of preeclampsia (PE) in model rats and its related mechanisms. Methods Thirty-six
SD rats (24 females and 12 males) were housed in cages at a female-to-male ratio of 2:1 for natural conception. Twenty-four

pregnant rats were randomly divided into sham group (sham group), PE model group (PE group) and exosome
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miR-3614-5p group (PE+exo group), with 8 rats in each group. The PE model was established by subcutaneous injection of 100
mg/kg NG-nitro-L-arginine methyl ester in PE group. PE model was constructed in PE+exo group. Meanwhile, 160 p g/ml
exosome suspension (0.5 ml/individual/day) was intraperitoneally injected on the 14th day for 6 consecutive days, and the
experiment lasted for 21 days. Sham group was given an equal amount of normal saline. Blood pressure and urinary protein
concentration were measured on days 0, 7, 14 and 21 of pregnancy. The levels of miR-3614-5p, B lymphoblastoma-2 (Bcl-2) and
Bcl-associated X protein (Bax) mRNA were detected by RT-qPCR. The activity of Caspase-3, the levels of reactive oxygen
species (ROS) and the content of malondialdehyde (MDA), glutathione (GSH) and ferrous ion (Fe2+) were detected by ELISA.
Western blot was used to analyze the protein levels of the iron death-related protein glutathione peroxidase 4 (GPx4) and solute
carrier family 7 member 11 (SLC7A11). Results Compared with the sham group, the expression of miR-3614-5p in the
placental tissues (0.43 + 0.05 vs 1.01 + 0.07) and peripheral blood (0.51 + 0.07 vs 1.01 + 0.12) of rats in the PE group was down-
regulated, with significant differences (/=19.070, 10.180, all P<0.01). Compared with supernatant liquid phase, miR-3614-5p in
exosomes derived from MSCs was enriched. Compared with sham group, the diastolic blood pressure (175.43 + 6.02 mmHg vs
113.26 + 5.11 mmHg), systolic blood pressure (123.57 £ 5.63 mmHg vs 82.63 + 5.26 mmHg) and urinary protein content
(175.48 £ 13.21 mg/ml vs 67.65 + 5.76 mg/ml) of rats in PE group were increased on the 21st day with statistical significante
between groups(r=22.606, 16.440, 23.168, all P<0.01).Compared with PE group, diastolic blood pressure (124.57 + 5.33
mmHg vs 175.43 + 6.02 mmHg), systolic blood pressure (89.76 + 3.88 mmHg vs 123.57 + 5.63 mmHg) and urinary protein
content (97.69 + 7.23 mg/ml vs 175.48 + 13.21 mg/ml) in PE+exo group were decreased, and the differences between groups
were significant (7=18.493,13.557.16.713, all P<0.01). Compared with sham group, Caspase-3 activity (238.56% + 13.22% vs
100.12% + 5.93%), Bax level (3.18 £ 0.71 vs 1.01 = 0.11), ROS level (387.65% = 25.98% vs 100.51% + 5.89%), MDA content
(33.21 +£3.17 nmol/mg vs 14.83 + 2.69 nmol/mg) and Fe concentration (38.77 + 6.53 nmol/ml vs 17.51 + 3.15 nmol/ml) in
placenta tissue of PE group were increased, while Bel-2 level (0.47 £ 0.08 vs 1.01 £ 0.12). GSH content (4.12 + 1.22 nmol/mg vs
9.76 + 0.93 nmol/mg), GPX4 protein (0.48 £ 0.06 vs 1.01 + 0.24) and SLC7A11 protein (0.51 £0.11 vs 1.01 £ 0.11) levels were
decreased(r=6.459~32.863.all P<0.01); Caspase-3 activity (117.35% + 8.67% vs 238.56% + 13.22%), Bax level (1.13 £ 0.45 vs
3.18 £ 0.71), ROS level (128.73% + 14.37% vs 387.65% + 25.98% ), MDA content (18.13 + 3.89 nmol/mg vs 33.21 + 3.17 nmol/
mg ) and Fe” concentration (19.05 + 3.45 nmol/ml vs 38.77 + 6.53 nmol/ml) in placental tissues of PE+exo group were
decreased, while Bcl-2 level (1.04 +0.11 vs 0.47 + 0.08 ), GSH content (7.86 + 1.07 nmol/mg vs 4.12 + 1.22 nmol/mg), GPX4
protein (0.98 +0.14 vs 0.48 £ 0.06) and SLC7A11 protein (1.11 £ 0.09 vs 0.51 + 0.11) levels were increased compared with PE
group, with significant differences between groups (=6.093~29.633,all £<0.01). Conclusion In the placental tissues and
peripheral blood of PE rats, miR-3614-5p was down-regulated. Exosomes overexpressing miR-3614-5p derived from MSCs
suppressed PE progression in rats by inhibiting ferroptosis. These results suggested that exosomes miR-3614-5p derived from
MSCs may be a novel potential biomarker for PE treatment.
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w] ) 3 TRIzol i # ( Life Technologies, Carlsbad,
CA) ; ExoQuick exosome #2 It i 77| £ ( System
Biosciences, ¢ [ ) ; exoRNeasy Il i / il 3% i
# & (Qiagen, Hilden, 7% [# ) ; Prime Script RT
i 7] #r (Takara, K%, *[E ) ; miScript SYBR
Green %<6 7 PCR A& ( QIAGEN, fli[H ) ;
RIPA %4if 2% piif Al BCA 1R i 52 17 £ ( Beyotime
Institute of Biotechnology, iff ) ; ECL k2= % 6
77 & ( Thermo Scientific, FE[E ) ; B JFHEABEH
Jik ( glutathione, GSH ) . § /% ( malondialdehyde,
MDA ) FliE#£ % ( reactive oxygen species, ROS)
(19 ELISA 5 I 3850 & (g 5t ol TR UF 58 FIr A7
FRZS ®), ) ; B-actin PT & (ab8227) , 4
I BK iF 4 Ak 9 Wl 4 ( Glutathione peroxidase 4,
GPx4, abl25066) 47T &, i i % /& 5 % 7 5 51
11(Solute Carrier Family 7 Member 11, SLC7All,
ab275411 ) ik, (L4 1gG (ab6721 ) Hiik Jz
B AR A £ (ab83366 ) ( HE[E Abcam /A H] ) .
MK3 AR ( % [E Thermo Fisher Scientific 237 )
Multizoom AZ100 FUS27 4 1 BAHCEE [ Je EAGs (1
13 ) AR ] CentrifugeS804R Bl v 14 25 0
#L ( {% [ Eppendorf 22 & ) ; Tanno 5200 %Ik 25 %
JCEERE AR (i RRERHE AR A ) 5
Maxi3x B Z IR bR (SE[E MD 24d] )
13 Fik

1.3.1 PE K FUBL R 45 2 F1 AR MATR YT 5 36 1
SD AR (24 HMEMEFD 12 HErE ) IR Ho ] 2:1
BAEAE, EMERUHIE O A S04 0 B TR o A PR
A — K o G IR BB 7 M R FAR ( sham,
n=8) , PE LRI 4] (n=8) F14p W {K miR-3614-5p
¢H (PE+exo, n=8) . WIFifFik ™, #idiELE T
#5245 100 mg/kg/ KM NG- % -L- K5 %= F BR7E4T
PRA B %S PE; PE+exo 41 KB4 PE, [H]Bf7E
55 14 KR TSR AR 160 o g/ml 1) 74 4
B, 05 ml/ HRR/ R, $te K TARAKK
{d FHAR R) AR A B R K . fERETRES 0, 7, 14 AN
21 R R PR AR AW . 521 K, BHKR
JiE R 3 4 250 mg/kg 1B HGZ A, AL kAT
17 RS2 50 LA B 2~3min 4380 A I PP TR A%
SRAERLE . B e R AT R B SR Al I
132 J5f A O &b 3 1A 13 23 5 70 e 5 o i il
exoRNeasy IfiLiF / 1fil 2 12050 £ H2 IO 7 A9 I i 2
WAL MRS R ], RIS AELE il XE AR
B2 100 ml SMEA, 85T Western blot 5l 71 i
RFmbRICEH CD63, CDY fil CD81 i) # ik ) H
HATHE

133 RT-qPCR 73 #r: R4S & g ui i, A

Spectra-

Trizol i 77 MK GG 8 20 25 P FR B S RNA L
Prime Script RT il & #4754 5%, 78 ABI 7500 5
By PCR 4t |, ffi [l SYBR Premix Ex Taq II iz 5]
EAELUT F#F P #7920 PCR 7308 : 95 °C 1 min,
95 C.20s, 56 C 10s fll 72 °C 15s, 35 M.
PCR A8 F: 442 ul cDNA 5 0.4 ul Taq SB457,0.8
ul F RS 140F 6 ul ddH,O FEHNE] 10 ul 2 x SYBR
46 PCR BIRA WP, MARBIN 20 . 514
J¥F 40T : miR-3614-5p-F:5°-AAC AAG CCA CTT
GGA TCT GAA GG-3°, miR-3614-5p-R: 5°-CAG
TGC AGG GTC CGA GGT-3", U6-F:5’-CCA GUU
UAC CUA ACG CAA UTT-3’, U6-R:5’-TTC ACG
AAT TTG CGT GTC AT-3°, Bax-F:5°-CGG GGT
TAT CTC TTG GGC-3’, Bax-R:5’-GTG AGA GCC
CCG CTG AAC-3’, Bcl-2-F:5°-TTA TCC AGC AGC
TTT TCG G-3°, Bcl-2-R:5°-GGC GGC AGA TGA
ATT ACA-3’, GAPDH-F:5°-ACC AGG AAA TGA
GCT TGA CA-3, GAPDH-R:5’-GAC CAC AGT
CCA TGC CAT C-3’, U6 #l GAPDH - h N, If
g 27 A AR FA K

1.3.4 Western blot 73 #f7: i RIPA 4 fif 2% v 24
R LIREA . SR J5 8 i BCA & 11 i 70 A il i
FE 1 e B %%%ﬁhﬂ? H1EAE 100/d1 SDS-PAGE

HARKE. % F FAE 10g/d] SDS-PAGE
TR, HE:R2F PVDF IR b, iR A Sy
dl BiREFLE 2 h, ST PIEGUARE . Anti-B -
actin ( 1:1 000, Abcam, ab8227) , Anti-GPX4(1:1
000, Abcam, ab125066) , Anti-SCL7A11(1:1
000, Abcam, ab275411) , 4 CHFFE%., W HHK
IS R o AR AR A 2 5 1) LU SE AT %R TgG ( 1:1000,
Abcam, ab6721) EZE R F#HH 1h, B -actin {EH
W2, il ECL b & Gl il Goxd Sair ATl 94k,
Hlrd b2 E ROC IR R G ra .

13.5 Fe”*, MDA, ROS, GSH /K V- # Caspase-3
TEPERE I . i N8 ELISA i 7 & i AT B, 4351
KA 2R 513 WP i Fe™, MDA, ROS H1 GSH /K-,
1.4 “%itF o4 I geila R SPSS 22.0
AL b TR TERL R T £ fRiEE
(x+s) o B 2 A0 B 25510, Mdz
(8] R Student’s ¢ ki 55 i#E 77 L fir, 242 AR
AR T 22531 (one-way ANOVA ) #EATIE#E .
P < 0.05 h2m A SR L

2 H#R

2.1 miR-3614-5p # PE X 5 J5 2k 40 42 e 5 3] fo of
# & &= RT-gPCR £ il 2% 't 7%, 5 sham £ 4
It, PE £HAKRUAREZHZ % miR-3614-5p (0.43+0.05
vs 1L.01+£0.071) FiKBFFH, ERHAGRIHE
S (1=19.070, P<0.01) . [A]A} PE £ K F 21 A o
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1 miR-3614-5p (0.51+0.07 vs 1.01£0.12) % ik /K
R4 sham 2 i FHFRAL, ZRBEASITFEEX
(+=10.180, P<0.01) .

22 MSCs kiR &9 shabih g %% Western blot £l
A DL AN A PH Ry 57 e e bR 54 CD63, CD9 #il
CDS81, Lt BANBAE BT I MSCs H i 1432
LI 1. RT-qPCR &5l % ¥, 5 &ML, miR-
3614-5p (13.12+1.24vs 1.02+0.03 ) FEANMA A %
W& (=-16.897, P<0.01) ; miR-3614-5p 1) i 57
N AR T Ah i A rh miR-3614-5p Ak F. VUL
FW, MSCs REA SO miR-3614-5p £, i 4 il
A,

23 PERARMARE, KR | REGLER WEL
5 sham 41, PE 4RI H AET ok He B bR
M BT (222,606, 16440, 23.168, ¥4 P<0.01 ) ;
Y PE L%, PErexo AR . ATIKH R EFAAL,
Xt HLAT 48 i oF 3% % (1-18493,13.577.16.713, 1
P<001) .

2.4  $hik 4k miR-3614-5p #r 4 PE X & 49 fm fe iR
= W3 2. 5 sham L, PE 4K Caspase-3
1% PE A Bax & 38 /KF W35 FH &5, Bel-2 ik KF
WEEREM, 25 A 5058 L (28402,
8.867, 10313, 1 P<001); 5 PE 4 # Ik,
PE+exo 2 K Caspase-3 15 PEF] Bax Fik /K-8
FEAIL, Bel-2 #ib/KFFE, ZREAGITFEX
(1=24.867,8.377.10.886, 2] P<0.01) . DL 45547
RANEA miR-3614-5P Hillifil PE SRR,

MSCs MSCs-EXO

cD81 - -
cDez  M—_—_—

CDO s S—

Bl 1 MSCs #5Mipflsh CD81,CD63 1 CD9 EAFRIA

*1 ShiiAfR miR-3614-5p Xt PE KREFHKE. WHIE. REBMFM (xxs)
mH sham 4] PE4 PE+exo 4 F P
EF3KHE (mmHg) 11326 £5.11 175.43 £ 6.02 12457533 289.981 <0.001
W48 (mmHg ) 82.63+5.26 12357 +5.63 80.76 + 3.88 154264 <0.001
FREH (mg/ml) 67.65+5.76 175.48 +13.21 97.69+7.23 285911 <0.001
=2 S miR-3614-5p 3t PE K FR Caspase-3 i&1E, Bax 1 Bcl-2 EERIEM (Y +5)
WA sham %] PE 4 PE+exo #] F P
Caspase-3 &1 (%) 100.12 +5.93 238.56 +13.22 117.35+ 8.67 479.188 <0.001
Bax [ 1.01£0.11 3.18+0.71 113045 49677 <0.01
Bel-2 &1 1.01£0.12 047 £0.08 1.0420.11 75.064 <0.01
3 Sl miR-3614-5p Xf PE A FR ROS MDA Fe’" GSH,GPXA4T F1 SLCTALL fIS40E (x +5)
| sham % PE 4 PE+exo # F P
ROS (%) 10051 +5.89 387.65 +25.98 12873+ 14.37 656.161 <0.001
MAD(nmol/mg) 14.83 £2.69 3321+3.17 18.13£3.89 71.089 <0.01
Fe** (nmol/ml) 17.51+3.15 38.77+6.53 19.05+345 52321 <0.01
GSH(nmol/mg) 976 +0.93 412:122 7.86+ 1.07 56.494 <0.01
GPX4 &M 101024 0.48 +0.06 0.98+0.14 26321 <0.01
SLC7ALL & 1.01£0.11 0.51+0.11 111009 76.780 <0.01

25 bk miR-3614-5p 474 PE X & 40 jo sk 5t
Tk A K3, B2, 5 sham fHAH L, PE#H
K ROS 7K, MDA & #fll Fe™ 5 % 7 e,

GSH &} GPX4 #1 SLCTA11 4 (/KF- i E &K,
LR HAFG I E L (32863, 11.183, 9.173,

10.446, 6.459, 9.637, ¥JP<0.01) . 5 PE#HHLL,
PE+exo Z K fill ROS /K F-. MDA % & fl Fe® &
HE EFEAR, GSH & & GPX4,SLC7All & H /K
BETE, EREAGTHEE Y (229633, 9.175,
8.508, 6.927, 6.093, 11.565, ¥ P<0.01) . L I

SERFN, AMIMA miR-3614-5p 18 i 4 40 2k 6
T-2&fi# PE KB R

Sham PE PE+exo
GPX4 (D S S—
o

-

SLCTAT! W —
B-AClN — — —

2 HpiME miR-3614-5p X & H K B AMKIE TIREE
B GPX4 1 SLC7A11 RIS



BAHMIREYSAE $39% 938 202445 A T Mod Lab Med, Vol. 39, No. 3. May 2024 57

3 Tig

PE J&— R ™ T 4T U i, XA 3L AR A%
THEAMM P, PE LA IR A S iR s A A F) 5
PERFAE, IS5 Z RN I RERE AT )G PE
1 & AL ih T 2 A IR N, S 380 TR I ]
un, bR AMNE SR 2 A0 P A R e 2 Ik B
HSE) o e, KENNFEETFNEE A
SRR, RPN E E LS RN ZRE )
RERERS MAFAERY PEY. BT iGE , A i
fU2E miRNA/DNA FIEEE &8 A LA 2 W A5 i
0 7 AR MR A0 B T A © L I R A A ) miIRNA
i B WIE G PE (45 FEA: BEDEAS A 0 Fiim B
B M E T, e SN AR T B R SRR
24 HfL O T AR A0 AR 2R R B . PE 105 B4R B ek
AR S HGE s, T ARSI A 1A ) s 2520
MO T ARG S H AU A AR AR, DA AR Y
A T PE KRR AR MIEEY . BATZw5 M
o, ARRELSM A T B ) A, il T
U OE R SAAZ AN B S A 4 B B 27 GU
Wil B, JREEAM A 4 B N B 4
RARRESE | RERET RS, B 20 L A A T
W WA e Thhe, mEmELE, TR
PRI & A . YAN 55 PUBR ST s, AR E)
T4 AR R A A 1 DR e K B 3R 2 A AR S D R
UM A, PGB AT 1 SR 2 A A E, A
MMl PE #E R, ABFIT A, Iy I [a] 72 5 140
SR 5L 1 A1 DA A miR-3614-5p il /b PE K Bl 114 44t A
JATHDCHE AR, M BRAE T Ak, 400l R By
Pk R T, b T KB RE A,
MITZEf# 1 PE KB E, X—LkM58H
il s AN PE i A — 3L

SR N L, B B B B R A RRE
B, WFSEERE I o328 Ak n] LATS Bl Bs A g
T AERE LIRS B 4RI, miRNA FAR L
AR NI RELE PE [9) A2 ML vh 2 #E E B MR ] B9
H Y K28 miRNA #n] DL AR A e s i 3],
H H AN A 5 33 miRNA 25 4= 4015 B 75 24 40 g
[ A T, PAN ZE A PP RS, PE SR IRAY I
WM A 157 Fh2s 7 238 19 A miRNA, 3T
H 96 Ff' miRNA # I, 61 fl' miRNA # F .
JIANG %5 PV B B, B A) 78 B+ 40 M B i
A9 4MIMAE (hue-MSCs-EXO ) H1 miR-140-5p i 3 &
£, huc-MSCs-EXO il i ¥ £ miR-140-5p 111 ifil 5l
MM EARE 3 ( follistatin like protein 3, FSTL3 ) ik,
T4 4 7 % 2 A M 1 R PEAE T, I PE E & .
ZOU %458 ™ | 75, miR-134, miR-31-5p, miR-
655, miR-412, miR-539, miR-409 Fil miR-496 7F

PE 4 153 15 1) A0 i A v 223k 7K OT- (i 38 fIK Tl R
MR, o R miR-31-5p, M Ah ik & B miR-31-
5p 5 PE B H IR MIZWiTstr it A X, AW
KB, PE KEUREAIZU miR-3614-5p B3 T i,
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