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FoiE B4R 2019 55 5 A—2021 4 3 A 4220497 69 PCOS &% (PCOS 41,85 #]), B BF 21k iRk 409 A LU 694 e &tk 40 %
AL, R A A A A AU R A A R (LH) EER(T) A b = B F= 97 26 k1 3 & (FSH) 89 2R -F |, qRT-PCR #&-m)
miR-132.SMAD4 mRNA 48 £ & K-F, 547 A L3547 B ALIE) 64 £ 5t % PCOS 28 % miR-132 #= SMAD4 948 %t , 5514 si-
NC i %5 . si—-miR—132 Ji#: .miR-NC /& %5 .SMAD4 mimic /i #2 2 SMAD4 mimic+miR-132 mimic /i #¥:45 £ KGN 28 &P ,MTT #=
TR 2 R AR S A AR 5 4 2 R A4 38 7 A OB T L B8 E BRAR S B4R M miR-132 A= SMAD4 Yo X A ZER:PCOS 41 LH .\ T A
M —BR 2 miR—132 AR AT R A KF 3 T 3 B4, FSH A= SMAD4 mRNA A8 %4 & ik /K -FAK T 4 B 40 (1=3.618.4.253.15.412.30.921 .
5.207.24.194, 3% P<0.05), PCOS 28 % miR-132 = SMAD4 mRNA #9483+ & iA K-F 2 i 485 (r=—0.876,P<0.001 ), si-miR-132 #8
d miR—132 A8 F ik AP 0.5820.07, 4% T si-NC £8(2.68+0.24,1=5.201,P<0.001 ), SMAD4 mimic 28 SMAD4 mRNA 7K 4
1.89+0.21, % F miR-NC £8(0.8220.10)#= SMAD4 mimic+ miR-132 mimic 28(0.63+0.08,:=3.251.4.012,P<0.05), si-miR-132 48
20 B 38 78 % (30.544.1 ) %A% T si-NC 20(65.3+4.8)%(1=8.512,P<0.001 ), 2m L 8 == % (23.744.2 )% & T si-NC 21(5.7£1.8)%
(1=7.625,P<0.001 ), SMAD4 mimic i 40 #1358 78 5 (25.3+4.6 ) %A% T miR-NC 21(63.3£3.6)%AF» SMAD4 mimic+ miR—132 mimic 28
(63.7+5.8)%(1=3.210.3.515,P<0.05) , 2 L 8 = % (25.6+3.7)%, & T miR-NC 28.(6.3+2.0)%#» SMAD4 mimic+ miR—132 mimic
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Effects of miR —132 and SMAD4 expression in peripheral blood of polycystic ovary syndrome on the
proliferation and apoptosis of granulosa cells

DONG Lei, SHI Tian—yun

(Department of Gynecology , Nanyang First People’s Hospital , Nanyang 473200, China )

Abstract Objective:To detect the expression levels of miR—132 and SMAD4 in peripheral serum of polycystic ovary syndrome (PCOS ),
and analyze their effects on the proliferation and apoptosis of ovarian granulosa cells. Methods: A total of 85 patients with PCOS who
received treatment in our hospital from May 2019 to March 2021 were collected as the PCOS group,and 40 healthy women with regular
menstruation who came to the hospital during the same period were collected as the control group. An automatic biochemical analyzer was
used to detect the levels of luteinizing hormone(LH ) , testosterone (T),and rostenedione and follicle stimulating hormone(FSH ). qRT-PCR
was used to detect the relative expression levels of miR-132 and SMAD4 mRNA ,and the above indicators differences were analyzed
between the two groups and analyzed correlation of miR-132 and SMAD4 in the PCOS group.The si—-NC plasmid,si-miR-132 plasmid,
miR-NC plasmid,SMAD4 mimic plasmid and SMAD4 mimic+miR-132 mimic plasmid were transferred to KGN cells respectively,and the
proliferation and apoptosis rate of transfected cells were detected by MTT and flow cytometry.The dual luciferase reporter experiment
detected the targeting relationship between miR-132 and SMAD4. Results: The relative expression levels of LH, T, androstenedione and
miR-132 in the PCOS group were higher than those in the control group,and the relative expression levels of FSH and SMAD4 mRNA were
lower than those in the control group(t=3.618 ,4.253,15.412,30.921,5.207,24.194 ,all P<0.05). The relative expression levels of miR—132
and SMAD4 mRNA in the PCOS group were negatively correlated (r=—0.876, P<0.001 ).The relative expression level of miR-132 in si—
miR-132 group was 0.58+0.07 ,which was lower than that in si—-NC group(2.68+0.24,:=5.201,P<0.001 ). The SMAD4 mRNA level in
the SMAD4 mimic group was 1.89+0.21, which was higher than that in the miR-NC group(0.82+0.10) and the SMAD4 mimic+miR-132
mimic group(0.63+0.08 ) (1=3.251,4.012, P<0.05 ).The cell proliferation rate in the si-miR—~132 group was(30.5+4.1)% ,which was lower
than that in the si-NC group (65.3+4.8)%(1=8.512,P<0.001 ) ,and the apoptosis rate was (23.7+4.2)% ,which was high than that in si-NC
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eroup(5.7£1.8)% (1=7.625,P<0.001 ).The cell proliferation rate in the SMAD4 mimic group was(25.3+4.6)%, which was lower than
that in the miR=NC group (63.3+3.6)% and the SMAD4 mimic+miR—~132 mimic group (63.7+£5.8)% (1=3.210,3.515,P<0.05) ,the
apoplosis rate was (25.6+3.7)% higher than that in the miR-NC group (6.3+2.0)% and the SMAD4 mimic+miR-132 mimic group (6.3+
1.5)% (1=9.415,10.320,P<0.001). Conclusion:miR —132 promoles granulosa cell proliferation and inhibits apoptosis by largeting

SMAD4,which may be involved in the pathogenesis of polycystic ovary syndrome.
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% ¢ 9 B 25 5 1F (polycystic ovary syndrome,
PCOS)J& B L MR & UL N 43U , 2 33
B RERFER Z—0, PCOS &P 5k
FHESR B TIAH DG 1 BURLA AL ( granular cells, GC)FR I
S H I T, BT R, BGE GC AR EE
MO AT AU PCOS SEARY, miRNA J2IEZmAdir)/s
HUBE RNA 707, KN 18~24 MRZHFIR , 18 i #0 7)
{5 RNA [ 3" —AE R X 35 P 5 3L, Bl oy
ANTRIEE s A0 ST AR W h R R P R TR A Y, miRNA
TEAEFH RGP T B E I 2 51 )2 e,
miR-132 i T A 17 YR g LR N &+
b iR TE A h A AN RIS VE AT, Qi 8 N
FERAE AT YRIIE DRI AN il 550, W S5 i
7, miR-132 AJ 520 B S R0RE 20 A v i e — e 1y
YERMLE . 1A, AR ER miRNA 38 2 #2 m)
SMAD4 7E5EAb A K T (TGF)-B 1 Hl 345 7 B 5.5t
REAHAE R AP EZE ) AP E M, T miR-132 &1
AL HE T SMAD4 7E PCOS & #E—E1ER], Bl
WA . A0S AE4 P miR—-132 F1 SMAD4 £
PCOS HYFIRAK-, LA SOGT B SR 20 A rr 33 46 1 o
T-RYREN , FFiE— B 00— A R
1 Mg5FH%E
1.1 AR % WEE 2019 45 5 H—2021 4£ 3 H
FEZIRIT I PCOS Hi 3 85 1, AR5 21~35 %, A
BE WA A (PCOS H [E 127 #5 /1 )1, HEBR
T HEVRCER MUAE R R R G AE AR 2 LA S KR 1
JU e B A R BB b G A R VR ER A PR L T
REPE T il P 28 FROR R v 0 L AL 7
AN E I EAN A5, 5y AR ROk BE st i2 1Y
A Z R R Lot 40 44 R X IR, 4R 1Y 23~
36 % AN 9Y 48 R B AR B 2R 51 A b vfE (HEHE SO
20192154) , ‘BH MG R &

1.2 A ADPSRIZN KGN T ATCC 4 i
i, I RNA 43 B0 6 T B0 C it R B,
Trizol 354 T 0 3 R 3 EFHE A PR/ 7], TagMan
miRNA 30 5% S 7 £ 0 T S8 8L KRB, SYBR
Premix Ex Taq I TM PCR i3 &0 F &£ 9 T 72
(K )ABRA T, si-NCREEE miR—-132 X HE AL ) |

si-miR-132(Fflk miR-132 k7 ) .miR-NC(SMAD4
R T IR Sk ) \SMAD4 mimic(SMAD4 #542147) )
F1 SMAD4 AH N2 il kL (BY AR R WT 58 A8 7l
MT) ¥ H JeAE AR (i) e A R 76
Annexin V=FITC 41 i 08 T4 7] & A0S G &
PR A S PR ARG IR 0] B (RGO27 ) W T35 = KA W 4%
ARABR ]

1.3 AP IgAReg e n U S W 2~
5K 23 i IR KL 5 mL, iE 4 CE.O AL
L3 000 r/min FEEFEEL 15 min, K FIERZE EP
B, iE -80 CUKFEHIRAT . 4 B SR BT R
I A A 2R (LHD) SRR (T ) s — B R0 D 6
ZE(FSH) AR,

1.4  qRT-PCR # ) & F] 28 18] miR -132,SMAD4
mRNA #8535 &k K-F ML RNA 433K 7] & ik
IO B2 AT PCOS 2408 it 5 RNA, i Trizol
IRFHEE KGN 4ilfifg = RNA . FF NanoDrop 2000
O3 6 A I RNA () ¥ B F 46 . TaqMan
miRNA W05 SR 0B RNA 300750 ¢DNA L [ 4%
4:37°C 15 min W& 3 PMEH,85C 5 s. LL cDNA
FREAR ,#% SYBR Premix Ex Taq II TM SEZHF2¢ G E
i PCRAFI & 1A T PCR 9788 . U6 19 EIF5 149
JF41) 5'-GCTCCGCACGCAGGAG-3', FiiF5 | #F 51
4 5'~CTACACGGGCGGACGT-3" ,GAPDH 1 I ¥
SIS 5'-CATGGAGACGGCCAGCGTC-3", Fiif
219 :5'-GTAGTCCGTGGTGAGATATC-3' ,miR-132
1) E WS4 .5 ~-CTGGTAGGGTACAGTACTGTGA-
TA-3', FiE514:5'-ATCGTGACCTGTAGGCCG-3' .
SMAD4 L5 |4 :5'-GACGGAGACGCTGGTGATA-
GCGTC-3', Fii5 9.5 -CGGCAGTTATACCGCCAA -
GTCAACG-3', PCR ¥ ¥4k Z 4t 25 pL(#iHk DNA
1 pL, EWESI 1 pL, MUE514) 1 pL,Taq DNA R &
fili 0.25 wL, 10xBuffer 2.5 wL,dNTP 2 pL,ddH,0
17.25 pL)o W EAF :95°CHIAE Y 5 min, 95°CASPE
30 5.60°CiE & 30 s.72°CHEfH 30 s 3 40 PMEHF. R
FH 2785 e 158 H G FE R A X 234 B, SMAD4 mR-
NA FHXF 57K 2L GAPDH SN2, miR-132 A%t
FKiIKAFLL U6 HNZ, WLIE 1~3,
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Fig1 Amplification curve in primer test
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Fig2 Dissolution curve in primer test
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Fig 3 Standard curve for calculating amplification efficiency
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15 ##FFE WUE 3 A UK A KRS
KP4 KGN 4 il . B fL 4x10° J5 A~ 4, 22 Fh T
6L, BT 37°C.5% CO, A, 1555 24 h )5,
Bt HL A si-NC 41 ,si-miR-132 41 .miR-NC 411
SMAD4 mimic 2 .SMAD4 mimic +miR =132 mimic
2, lipofectamine 2000 FEUL ST BRI AA | 40 1) 5
si-NC Jii 7 .si-miR -132 Jfi b2 .miR -NC J5i Hi .
SMAD4 mimic [tk Fil SMAD4 mimic+miR—132 mimic
FORL FEG% 6 h T, SRR IR IR0 AkEERE 5% 48 h,
AR A A AR, R qRT-PCR AR 5% G R

1.6 MTT itbemmiegss  WERSHLYLAEIE 48 h
Jii si-NC #H .si-miR-132 20 .miR-NC #H Il SMAD4
mimic 2 .SMAD4 mimic+miR—132 mimic 20840,
Fie i Sx10° AN AHLIY B EERD T 96 fLAR,, R 6 4>
L. WUE 37°C.5%CO, EiRAR PR 72 h, LN
A 5 mg/mL MTT %5 20 L, 75 e fE AR rh 44 2 0
B 4 ho FF LW, AALINA DMSO 150 plL, 7253k
5 ABZE S ST . BEARCT 570 nm P AN
A5G BE AR, TS A A3 5 %

1.7 AR miaRen mie R & IS Y
AL P48 h J5 si-NC 4 .si—-miR-132 4| .miR-NC
1 SMAD4 mimic 2 .SMAD4 mimic+miR—-132 mimic
L ARME, DABFFL 3x10° N R RN 2 6 FLiR, T
37°C.5% CO, fHIRFHIFE 48 ho UL T 1.5
mL [ EP &, BCE B.OHLF L 1 000 v/min (958
B B0 S min, 5 Vs . BN Annexin V-FITC
255 W 500 pL HEAMML, SRS Annexin V-
FITC 5 pL.PI 10 pL, BRIRS), HiREOCHEE 10
min, b 37 A SR T 20 B 0 7%

1.8 miR-132 $e&if 45 SMAD4 # %4E L) KGN
YA cDNA AR, il 3 PCR 9738 , JRHUES A Al
AR R 41, 3% 42 1) #F A= 7 SMAD4 3'UTR Fl
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RASKI SMAD4 3'UTR % KGN 4Iffi%Fh T 12 FLAR
i, BEALST R SMAD4 WT 24 .SMAD4 WT+miR -
132mimic 41 .SMAD4 MUT #4{ .SMAD4 MUT +miR -
132 mimic ZH , HEATH PRGS04 2 809% I,
4% W %% Y SMAD4 WT i k. .SMAD4 WT it 4 Al
miR-132 mimic [fi k. .SMAD41 MUT J&i ki .SMAD4
MUT JF 4 1 miR-132mimic Bk, 4% 48 h, I8
ERL 44 U252 Tl T P ARG e 791 3 15 P ARG T 5 41
HOCER BTGV

1.9 it as W SPSS21.0 k4474834
B TR TR A LS00 SR aes 2, 4L
) LR AR ST RS ¢ K5, Z2 40 0] LR FH B R 2R
J5 22570 ARG LU AR LSD— K45, LA P<0.05
hESRAGIFERE .

2 H#R

2.1 P — ks KRR A2 miR-132.SMAD4 &K
Fag i PIZLBIAERY RN BMI LS ST 2422 5,
PCOS £ LH T 4 B Al miR—132 FHX} ik K
T X BEZH  FSH FT SMAD4 mRNA AH X ik 7K 7
T XS A, 4 m) g 22 3 Ge it (P<0.05) , DL
2% 1 F1%% 2, PCOS 4H miR-132 F11 SMAD4 mRNA ¥
AN IR IK 2L Pearson FH M 45 5 o8, A
H A (r=—0.876, P<0.001 ).,

F1 WAB—MRIERZELH.T 1 FSH /K FRI L (xss)
Tab 1 Comparison of general clinical data, LH, T and FSH levels

between the two groups( x:s )

YUl B AR (%) BMI(kg/m?) TH(TU/L) T(nmol/L) FSH(TU/L)

XHHRZ] 40 28.41+4.52 24.14+2.54 5.32+0.86 0.84+0.14 7.51+1.24
PCOS#L 85 27.63+5.21 24.84+2.63 6.98+1.08 1.51+0.21 5.14+1.09
t 1.251 0.954 3.618  4.253 5.207
P 0.095 0.146 0.026  0.008  <0.001

4 BMI: AR TS50 LH : 8 1A s ER T 520 s FSH : BR i i
E;PCOS: ZRINELEAE

£2 WARES ZM.miR-132 1 SMAD4 7K A b8 (x5 )

Tab 2 Comparison of androstenedione, miR -132 and SMAD4
levels between the two groups( xzs )

gl B HEMS T El(nmol/L)  miR-132  SMAD4 mRNA

X HRZH 40 8.01+1.04 0.87+0.06 2.08+0.24
PCOS 41 85 11.62+1.74 3.3+0.14 1.04+0.21
t 15412 30.921 24.194
P <0.001 <0.001 <0.001

VE :miR-132:{#/)y RNA132;SMAD4: A E:3E DPP A4 4;PCOS:
AT AHE
2.2 miR-132 i# 4 SMAD4 *F KGN 49 Jit 3 74 F= /8]
%% si-miR-132 407" miR-132 AR F35KFEHy
0.58+0.07, kT si-NC £H(2.68+0.24,:=5.201,P<0.001).

SMAD4 mimic 2 SMAD4 mRNA 7K F-% 1.89+0.21,
BT miR-NC £1(0.82+0.10) Fl SMAD4 mimic+miR-
132 mimic £H(0.63+0.08,:=3.251 .4.012,P<0.05). si—
miR-132 21 20 Jf 3 58 2K T si-NC 41 (1=8.512,P<
0.001), 40 B I8 -2 & T si—-NC 41 (1=7.625, P<
0.001). SMAD4 mimic ZH 4 HE 38 FE R AKX T miR-NC
ZH F1 SMAD4 mimic +miR =132 mimic 2H (:=3.210.
3.515,P<0.05), ZHAMLHT- %5 T miR-NC 41/l
SMAD4 mimic+ miR=132 mimic 20 (:=9.415.10.320,
P<0.001), W55 3,

%3 miR-132 %% SMAD4 3§ KGN 8 A EFE F1R T30 (xs )
Tab 3 The effect of miR—132 reversal of SMAD4 on the prolifera—
tion and apoptosis of KGN cells( xs )

il HRR (%) FTR(%)
si-NC 20 65.3+4.8 5.7+1.8
si-miR-132 4 30.5+4.1 23.7+4.2
miR-NC £ 63.33.6 6.3+2.0
SMAD4 mimic 4 25.3+4.6 25.6+3.7
SMAD4 mimic+miR—132 mimic Zf 63.7+5.8 6.3£1.5

23 miR-132 ¥ & 9 % SMAD4 miR-132 5
SMAD4 frfeftm 2 A0, U 4. SMAD4 WT+
miR -132 mimic 2 % )t Z B 76 AL T HAl 3 4
(1=3.015.3.521.3.628, 1 P<0.05) , HiAth 3 4H[a] %5t
KBS L 22 R T 2008 (34 P>0.05). UL
4.

SMAD4 3'UTR WT 5' GAUCUACCGUGCUUGCACUU 3'
has-miR-132 5' UACGGUACGGCAUACGUGAG 3'

SMAD4 3'UTR MUT 5' GAUCUACCGUGCUCAGCAAU 3'
TE:WTBFLE R MUT : A8 Y
4 miR-132 $B[iE75 SMAD4
Fig4 miR-132 targeted regulation of SMAD4

®4 HETHREFE LR (xs)

Tab4 Comparison of luciferase activity between groups(xzs )

Gagil POLZEMHEE
SMAD4 WT 41 3.54+0.58
SMAD4 WT+miR-132 mimic 2 1.32+0.16
SMAD4 MUT 4 3.47+0.49
SMAD4 MUT+miR-132 mimic 3.52+0.50

TEWTBF A8 MUT 58268
3 it

GC 1 51 38 58 FBR IL45 0 5 PCOS MY R JBA
K, KGN 4 il 2 02—l R Ok 40 i ey, (R BA
T GC MIEH AR AL, TN THRE GC 1E
Z R TR A AR YT RE R LG . TEARESE
BRI PCOS ZH A A il miR-132 AHXF ik
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IV TXT B2, SMAD4 mRNA AN 34 AKCEAR T
XFARZE . HERT miR-132 [l 215 F1 SMAD4 AR
KATHES PCOS By & ImALHIA 5%,

9T W, miR 132 76 AN [A) 2% B o 3 R 5 4E

FUe-tel FRATBFSE SR 7E PCOS FR g8k S H

GC WM EFIE A . KGN dif vk 2T

W95 GC A K AE T, BRAEMFoEda & B,

miRNA B35 AT 5200 KGN 40 M s e 1=, 5

PCOS &A1 8, [alAE , ARMFFEUESE miR-132 3Rk

) AT P KGN 4 A i 14 58 I T4 o LR T, U

B miR—132 W] AEE i 0] KGN it 384 4 A 1k 4

T, 25 PCOS B &mtILEl. PaAfFot & B,

miR-132 7] LAJEF5 SMAD4 £ 5 PCOS 18 & i1t

F 7t SMAD4 i %35 ) KGN 40 il 5 % i ,SMAD4

1o FEk AT B A KGN 40 36 5 e sE g 1, 4%

TMi# 2 miR-132 HI SMAD4 ¥t 35 #9 KGN 4 i

Ja &P, 5 SMAD4 mimic 20 #H Fb it 3 ik SNAD4

mimic+miR—-132 mimic ZH ZHIEIGFERIE I, JHT-%

FEAK, DA miR-132 n]i%% SMAD4 4] KGN 4 fifg

HEFERIVEF o 0E—2 th X 2 TG A I3

7~ ,miR=132 A B 4% ] 25 & SMAD4 mRNA F:[A

JEHI, BB RNA 5 U8R G A, a5 2040 il #E1

H i, IR SMAD4 2 1 235, i BE T miR-

132 3% %% SMAD4 ikl KGN s s ag /e

2 LR , ARWFFERIE T PCOS B E4ME Il
miR-132 FRIKF-1 55 T , SMAD4 SRk 7K F- [

%o ARAMSZIGAIFSE , miR—132 R4 E A OREHR 40

ORI T, SMADA ] $ sk A S0k 20 B s 5 I

PRI T 4 FALE ) — PR R, miR-132

ATAE AT SMAD4 [k Tl PEAE miR-132 A1

SMAD4 7£ PCOS H i E ) 2# D RE , 158 T 5 4 14 3L i

miRNA 7E PCOS & AR JETHIMER], b PCOS
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