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REFERAE ST BALIP SRR AR /N RS, 2 BRI AR & TR E, 4 B Goil /N RATEIRG, g
RIS AL SR T, ELISA L S0 8 5 YA IS T JRE A 2H 2L i A AL 108 (MPOD KT citH3 Al s . &
R YfIseE: 5 NC-miRNA 4H/si-Control LM EE, miR-143-5p mimics ZH/siTIMP1 £ Fh MR 40 T ) TIMPI . citH3
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The inhibitory effect and mechanism of miR-143-5p on ovarian cancer cells and growth of transplanted tumors
by targeting TIMP1
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Hangzhou 310053, Zhejiang, China)

[ Abstract]Objective To investigate the inhibitory effect and mechanism of miR-143-5p on ovarian cancer cells and gro-
wth of transplanted tumors by targeting tissue inhibitor of metalloproteinase-1 (TIMP1). Methods The miR-143-5p mimics,
miR-143-5p agonist, siTIMP1, shTIMP1 and negative control vector were constructed, the targeting relationship between
miR-143-5p and TIMP1 were validated by dual luciferase assay. The expressions of TIMP1 and NETs-related proteins [cit-
rulline histone3 (citH3), lymphocyte antigen 6G (Ly6G), histone2A (Histone2A)] in neutrophils were detected by western
blot; the location of TIMP1 and number of NETs in neutrophils were detected by fluorescence method. The culture mediums
of the above groups were collected for co-culture of human ovarian cancer cells SKOV3. The activity, apoptosis, invasion
and migration of SKOV3 were detected by cell count kit-8 (CCK-8), annexin V/PI staining, transwell assay and scratch hea-
ling assay, respectively. A mouse model of ovarian cancer transplanted tumor was established by injecting SKOV3 cells
through the tail vein; two weeks after intervention, tumor volume and weight were measured. Four weeks after intervention,
survival status of mice was statistically analyzed. The pathological changes of tumors and tissues apoptosis were observed
by HE and TUNEL staining. The expressions of TIMP1 and NETs-related proteins in tumor tissues were detected by western
blot. The level of myeloperoxidase (MPO) and number of citH3 cells were detected by immunofluorescence assay. Results

Cell experiment showed the expressions of TIMP1, citH3, Ly6G and Histone2A in neutrophils were increased than those
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in induction group (all P < 0.05); the mean optical density of TIMP1 and number of NETs were increased (all P << 0.05);
the SKOV3 activity, number of invasion cells and scratch healing rate were increased, and apoptosis rate of SKOV3 was
decreased (all P << 0.05). Compared with NC-miRNA group/si-Control group, the expressions of TIMP1, citH3, Ly6G and
Histone2A in neutrophils were decreased in miR-143-5p mimics group/siTIMP1 group (P << 0.05); the mean optical density
of TIMP1 and number of NETs were decreased (P << 0.05); the SKOV?3 activity, number of invasion cells and scratch hea-
ling rate were decreased, and apoptosis rate of SKOV3 was increased (all P << 0.05). Transplanted tumor experiment sho-
wed the tumor volume and weight in miR-143-5p agonist group/shTIMP1 group were lower than those of miRNA-NC gro-
up/sh-Control group, survival rate was higher at four weeks after intervention (P < 0.05); the necrosis area of transplanted
tumor tissues was increased, invasive growth was decreased, cell atypia was relieved, number of apoptosis cells was incre-
ased (all P < 0.05); the expressions of TIMP1, citH3, Ly6G, Histone2A, MPO and number of citH3 cells in tumor tissues
were decreased (all P << 0.05). Conclusions MiR-143-5p can inhibit malignant biological behaviors of ovarian cancer cells
and growth of transplanted tumors by inhibiting TIMP1-mediated NETs formation.

[Key words] Ovarian carcinoma; MiR-143-5p; Tissue inhibitor of metalloproteinase-1; Neutrophil extracellular

trap; Growth of transplanted tumor
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H PR AR AT SR A U P R A B AR
F 5 38 0] DL I A R B A B (neutrophil extracel-
lular traps, NETs) JE A2 8 Sl oA 85", 2 e
¥, FL4JE B H B F-1 (tissue inhibitor of met-
alloproteinases 1, TIMP 1) figitie #l1i| 5 57 42t il ik
PR ARG TR P Ao R rp L SR S M P . R
TEYCAFH AT LU A2 AR NETs 2R Y. BFFCEREY,
TIMP1 1] DA b 5z 14 59 S5 20 M Fr T A A g, H
Hem#Rik BH SR miRNAs FIAEYIE B
Hr R, miR-143-5p P LM E A RE R #% 1R AR W0AR 64,
1) miR-143-5p FRiA, FiERAE S AT lathypoxia-indu-
cible factor-1o,, HIF-1a0 1 LA g R fiaa (19K E A T F A
WAL AW 78 Tragetscan 73BN TIMP] ) miR-
NAs, & miR-143-5p 5 TIMPImRNA 3’ UTR fEES &
5, FEFIEAWF MRS FEAE TR 526 BT
miR-143-5p/TIMP1 X} B S E E ML, ARIE LT T .

1 EREEE

1.1 4z GRS EA R R SKOV3 GEH
ATCC A ARAE M TR 0, B85 : CM-H143),
BT 10%06 4 MG MR 7Rk b i 9%, S50 N
5% CO,.37 CH:5546. SPF it et BALB/c 4
B, 5 ~ 6 JEWS, R 14 ~ 16 g, RIFETIRIMEFRIK
S [SEEENYIVF AT IES - SCXK () 2020-0001], T+ SPF
PRI N AT . AW AR R 225256
S HEZ R 2 GREHE 5 - wydw 2025-0490) .

12 FERFAALE  miR-143-5p mimics. miR-
143-5p B4zh7).siTIMP1.shTIMP1 A% B 4 % HE 24

R & R 2R R A FD , #h 9k (PMA) (b5
IS ERHE AR A F], 85 YT1702), APii R
RIRM A A (citH3) A TUR 6G (Ly6G) 215
4 2A (Histone2 A) A (J£ [ Abcam, 775 : ab302920.
ab121272 % ab229914) , il E 4l (MPO) ik 71) & (|
IR AR AR A ], 315 EK-M2801D . itk
ALY . SEFE & PCR X (3£[H Thermo fisher scien-
tific, /5 : Attune™ NxT. QuantStudio 5), EVOS 1%
A5t (3 [H Invitrogen, 15 : M7000) .

1.3 ZHp s

1.3.1 miR-143-5p 5 TIMP1 ¥ % RIFE 2 Tar-
get Scan 4} ¢ 5 miR-143-5p 5 TIMP1 {456 741
frei, & TIMP1 BF/ERY 37 UTR # 4k (pGL3-
TIMP1-3”-UTR-WTD) FIZAERY 37 UTR % BRI 5 %K
4 (pGL3- TIMP1-3’ UTR-MUT) . ¥ SKOV3 4 fitd $2 Fil
2 6 LI, B IR FFFRITE Lipofectamine® 2000 %4 %%
WFNWEH T 43515 miR-143-5p mimics B¢ BH 1%} i
IR SKOV3 21, 48 h JE k6 28 6 KRG .
1.3.2  ZufE#ede Ktk gn R 2 24 FLA fr
il 2 50%M), K miR-143-5p mimics 5% NC-miR-
NA.siTIMP1 5% si-Control 437 % 4t i P4 40 i , 5%
H 6 h J5 B F M5 55 7R R B 97, 48 h AR 4L .
1.3.3 gRT-PCR £iilll miR-143-5p. TIMP1 mRNA %
ik Trizol EFEELANE RNA, 55 —%5% cDNA A%
R B A ik cDNA {4 RT-PCR ™ #4545 , 95°C 10 min,
95 ‘C 20 s; 55 °C 20s, 72 'C 20's, 38 ML,
miR-143-5p. TIMP1 [N ZEK 5 5108 U6, GA-
PDH, 2 2“4 miR-143-5p K TIMP1 mRNA ik .
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1.3.4 M0 FAbEE (D B34 miR-143-5p
mimics. NC-miRNA. siTIMP1. si-Control f%Ih ¢ &
R0 A 43 id N miR-143-5p mimics 2 . NC-miR-
NA 4. siTIMP1 4. si-Control 41, [ K s 4L
H R A A A IR i S AL BRI RSN, &R
HAHAMP R FRE P S IN PMA S HRAWRE N
25 nmol/L, % & 4h, WHELHA A T W5 NETs JE R
1.3.5 S ENsAa I TIMP1 J NETs A6 & [ & ik
PRI R0 B B 1, X 70 pg 5 &, 1T SDS-
PAGE Hi3KPVDF A% 5% M g A 3 A 2 h, i
NFBAT I 5470 B TIMPL . citH3 . Ly6G. Histone2A
J GAPDH —¥it, 4 Cig Hid &, BS54k
YIRS L 2P 91, =M A 2 h, BECL b4 &
5, B R R GRS IR Image J AT Gt o0 i iR
27 IR AR BE AR
1.3.6 BBl iR R0 il TIMP1 3Rk K&
NETs 308 WHEL AP R4, FH 4%2 %
P ] 5 15 min, BERRZE PHRMTEE S » I 0.1% Tri-
ton X-100 {EH 15 min, 112 1f13% 3 4] 30 min, 4351
BN TIMP1. citH3 $ifk, 4 CHFE LR, A FITC
Fric ) L EPi s —ht 37 CEEJEAEA 1h, ii A\ DAPI
37 CHEYEIEH 15 min, fJEINPro e K,
T EVOS B4 54t FREHLIEH 3 -5 H S 08 3k 47
MG, ] TIMP1 P35 B %o TIMPL Kk, B
MLEF T citH3 B4 M3 2 %K 7R NETs 3= .
1.3.7 CCK-8 ¥ SKOV3 4Hiffii% /1 % SKOV3
YHMIFERN 22 96 FLARL, 73 Tl 4 25 ZH Hh It R A0 i PR 5 7
£ 5 SKOV3 il Jt 15 5% 48 h, I\ CCK-8 ¥kt
JEEE 1 h, BEARAX 450 nm K ALKS TR, 5
I L PR AF X VS
1.3.8  Annexin V/PI J+ta kil SKOV3 41 i1
We4E SKOV3 4115 1000 r/min 550> 5 min, Y HE4H
JIYTVE » 300 ul 1xBinding Buffer F 40, i1 5 ul
Annexin V/FITC 1 10 pl PIVE&147%]), IR EEE ¥
H 15 min, BRSO, R AR IE T2
1.3.9 Transwell 325031 SKOV3 412 28 /e
W4 SKOV 3 21 i I TG I35 455 77 B B, B T
A H A Matrigel [l (/N (1x10° ), FREIIAE
B IMLIER TR, AR IR A5 9% 24 h, IO /N E IR &
bR 2 R IR, 4% 2 B[ E J5 A 0.1%45 &
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SO, BB NS N LT AR H .

1.3.10 RPYRE &SIkl SKOV3 4 il #% 5
Bl SKOV3 giffudzfh & 12 LA (3x10° /4L, £§
A EF U, IS BLIE] 1.3.7, 48 S RS A
SLTEANER TR R — B2, Pk 3 1K, 4Rel85 9% 24,
AU N id3% 0 ha24 h P RIR AR A2 4k, Image J %X
PR ERIR A%,

14 BB (D PRI /N R
A AT 171 75 St BALB/c #R BB IS
SKOV3 4 (1x10° 4, FyE5 24 H A H TVIS JE Ak
18 R GRLIRR AR A Rg ZR s 0, 4 B Ak B
100 mm’ i, F7R AR /N RS ARG S R« K R AE IR
/INERBEMLE 2 S R 4H - miRNA-NC 2H . miR-143-5p
Wish74H | sh-Control A1 shTIMP1 20, £34H 15 R, 4%
ST /N T3 miRNA-NC  miR-143-5p 3457 sh-
Control, shTIMP1, 3 {X/Jl, 42 2 Ji . 2 JES, RFZHRE
HUEEL 6 /N, A FH b~ RSB ARAFS, R
SRR EE IR B, 1 ] QRT-PCR A4 418 miR-143-5p
FTIE; FIANRAREAZR, 4 R Got MR ()
TR B A TGS, RIFALIEARER, 42 B
TR, 10% R AL, ] SE e AT H UK L 1%
B A 0 KU F (S um) , 3 AN EE B A0 N Lg%
AR FEAR 1L . (3) TUNEL %L e W S FE AR 4H M I T~
ORI, I /K Ak, SR T K125, 3%H.0, &
S0, TAT Bl AR, ARG AR ) BERE BN 1 35 AR
7, DAB S f8, SRR Y, oK, &/, 35, 75 400 fi
TR 3 ANANE S A TR T BH 4 A s O
BHYE e it 40 AEAZ I AR o AT Ry B
PR, T = CSE PRI N A AL 250 < 100%.
(D G BN R AR ZH 21 TIMP1  NETs MR FHRIA,
EEVEJ7ER) 13,5, (5) ELISA Rliks R4 23 MPO
K FE R A . (6) S YA A
PRI citH3 A e, #R1E77%E 1.3.6.

1.5 itk Bk SPSS 25.0 #Aar 4, it
BRI bR E TR, ZHRBECRH F &
¥, ZE B LSD-t /. EA7 R ELECR Hy?
4. P <0.05 RREFAGIFE L.

2 R

2.1 miR-143-5p 5 TIMP1 i) 55 R43F  TIMPI-



- 788

WT/miR-143-5p mimics SKOV3 4Hfd FRIAE N5 2B
P£0.31£0.07) , & T TIMP1-WT/miR-NC SKOV3(1.02+
0.05) (:=2021,P < 0.05); TIMP1-MUT/miR-143-5p mim-
ics SKOV3 4 FIAHXS 5t 3R M 14 79 (1.01£0.06) , 5
TIMP1-MUT/miR-NC SKOV3 ZHifif2 1 (1.00+0.07) EL4%,
ZEREGHERE L (=0.26,P > 0.05) .

2.2 miR-143-5p. TIMP1 X H R4 s NETs 2 Rl
o 5ot AL M E, S A b ok gE
miR-143-5p FiEEML (P < 0.05), TIMPI1. citH3.
Ly6G . Histone2A £ F ik T+ (33 P < 0.05), TIMP1
SEHEE L NETs 20 (3 P < 0.05); 5 NC-
miRNA #/si-Control Z4H ¥, miR-143-5p mimics 2H/
SiITIMP1 4L MR 4R ) TIMP1, citH3. Ly6G. His-
tone2A 1 [ FIELIFFK (¥ P < 0.05), TIMP1 “F-3
J655 B NETs $a B/ (B P < 0.05), & 1~ 2,
2.3 miR-143-5p. TIMP1 %f SKOV3 4ifi& /1. 12
2. RN EmN SXRAML, BS54
SKOV3 4iijfli% /1. 122840, YREERTE,
SKOV3 4H i - [EA% (5 P < 0.05) ; 5 NC-miR-
NA 4 & si-Control ZHAH Lt , miR-143-5p mimics 2 %
siTIMP1 20 SKOV3 4H i /1 2 2 A Bkl R i &
R P < 0.05), SKOV3 ZET- %5 T+ 5
(%P <0.05, W% 3,

# 1 6AhMKIAR TIMP] I EFI NETs HE2ELE

21 5 TIMP1 P NETs 3o (ANED
X B 2H 0.38+0.09 58.62+4.88
e 0.760.05 218.31+£7.19
NC-miRNA #1 0.74+0.06 215.48+8.69
miR-143-5p mimics 41 0.48+0.05 141.92+7.22
si-Control ZH 0.73+0.07 216.82+8.37
SiTIMP1 41 0.33+0.04 127.21+7.36

F 18 59.71 469.11

PiE < 0.05 < 0.05

1 TIMP1 D92 )5 <6 28 A MEHIFR-1, NETs Jyvh P4 i o1 b Bk
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2.4 miR-143-5p. TIMP1 X §F 595 # M98 A= KA
NETs JERC I A 4 . miRNA-NC 41 /% sh-
Control ZHAHIM AR TIABE . BiIRiEMEAK . 40
Ji 5 B, miR-143-5p #Bh 540 . shTIMP1 4 ¥ F2 1E
Jo R U X G AN IR A K ek A 4 i S Y
PR, Wk 4~ 5.
3 g

AR R TR, £ PMA %5 NETs LR,
NETs #3EME A citH3.Ly6G. Histone2 A 1 [ £ ik
Y7t H NETs 20, R &I miR-143-5p
(IR IE FAIK, TIMP1 SRIE T, S5 R 2= E 1
SEIGIE S miR-143-5p 7] $E [ 4] TIMP 3Rik, H ik
455308 miR-143-5p/TIMP1 5 NETs JE UGS 2.
H R R TE I AR BDRAS N E R R I E . B
A FH R 5 At 6 92 20 L AE B4R PR R 3 G 5 R T 1
F 5 [RIE 3w AR5 8 S B oA S i itk g 4 4%,
X5 NETs JE VIR . iRg 4 fa fir 28 87
A %-8 25 0] i S b Mok 40 ff JE 7% NETs, NETs fig
% H ORI S R0 A 25-10 15 KB CD43'B
My 3G, MG Treg #&, MMATIX —E&RAL A4S
AR T T MR O AR FUE R gl Rk
miR-143-5p- JTER TIMP1 FR1A H ki 4 A 30, B4k
T PMA 755 MRS T, X EAIML R 1 NETs brEd)
HEFRIAA TIMP1 ~F3416%5 % NETs #35F#AK,
45 BAIESE miR-143-5p/TIMP1 1] DL NETs F2 Rk

AW Tt 45 BB IR, PMA 1755 o b 4 i ) 885 77
FILHE IR SKOV3 4 S 77 = 2240 M3 KR &
T iR 20 BRI T 2R AR, 1 I R IA miR-143-5p. It
BR TIMP1 #5550 ) SKOV3 4HiE /7. 12 2240 iy
. KRB AR LT R RATT PMA 530 2

£2 64AHMRIA miR-143-5p. TIMP1 & NETs X EARIE

2H 51 miR-143-5p ®&i%X  TIMP1 mRNA NETs #X&EH

TIMP1 citH3 Ly6G Histone2A
Xof R 2 1.03+0.05 1.02+0.06 0.36+0.06 0.28+0.04 0.31+0.04 0.22+0.05
ik 0.46+0.06 3.51+0.11 1.12+0.06 0.94+0.06 0.88+0.05 0.91+0.06
NC-miRNA 4 0.44+0.07 3.49+0.18 1.1140.08 0.96+0.05 0.89+0.06 0.93+0.04
miR-143-5p mimics 41 4.3240.18 0.76+0.08 0.82+0.04 0.52+0.04 0.63+0.05 0.59+0.05
si-Control ZH 0.45+0.05 3.47+0.20 1.13+0.06 0.94+0.05 0.88+0.07 0.90+0.08
siTIMP1 41 0.47+0.08 0.27+0.03 0.17+0.02 0.41+0.05 0.46+0.07 0.37+0.05
F1a 1649.71 913.73 336.35 237.62 112.23 179.18
P1H < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

TE: TIMP1 25 428 8 ARG 71)-1, NETs yrfhna o1 i Bt
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3 640 SKOV3 HfiES RERITBEE LR
2H5 Y AE XS 1 (%) T2 (%) 12 2240 M2 (AN ARET) VIR EE % (%)
xR ZH 100 12.99+1.33 52.36+4.31 32.95+3.56
ikR! 186.41+8.11 5.61£1.12 79.35+4.19 52.46+4.34
NC-miRNA #1 184.82+7.99 6.01+1.07 78.11+5.39 53.95+5.01
miR-143-5p mimics 41 151.88+6.92 41.85+6.24 41.68+5.01 26.84+3.07
si-Control 41 183.98+10.44 5.83+1.11 80.37+4.82 51.99+5.24
SiTIMP1 #1 130.42+7.26 35.12+5.04 36.01+4.03 21.33+3.22
F 18 134.68 137.55 11522 73.83
PiH < 0.05 < 0.05 < 0.05 < 0.05
F4 5 ETBETE miR-143-5p ik BEBEE KB R MPO KFLLE (n=6)

A miR-143-5p Fik 2 AN BEBAR (mm) 2 FNBEEERE( 4 HAEER) MPO(U/L)
e 2iER R 1.02+0.05 426.55+12.66 1.32+0.11 1(11.1D 26.82+2.81
miRNA-NC £ 1.010.07 418.84+14.48 1.28+0.14 111D 25.98+3.01
miR-143-5p W EhFIL 3.99+0.18" 326.77+10.63° 0.88+0.09" 7(77.78)* 14.6942.15°
sh-Control 41 1.02+0.06 420.93+14.03 1.30£0.14 111D 26.3442.94
shTIMP1 #1 1.03+0.05 297.95+12.36" 0.73+0.05" 8(88.89)° 12.2942.33"
F 18 1 153.09 134.22 37.08 — 42.62
P1a < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

7E:a A5 miRNA-NC 4L, b 45 sh-Control 4L, ¥ P < 0.05. MPO Jyid S ALk
=5 5 EABEBBTX . TIMPl 1 NETs HXBEAHRIE W=6)

2 5] FT-E (%)  TIMPl EARIE citH3 BEARIE Ly6G EAKIE Histone2A H KA citH3 4 3= (N/AED)
iR A 14.88+3.36 0.79+0.08 0.86+0.07 0.79+0.05 0.93+0.04 51.36+4.84
miRNA-NC 41 12.67+3.28 0.81+0.06 0.84+0.08 0.80+0.06 0.91+0.05 50.49+5.06
miR-143-5p WBh7I4H  34.88+5.08° 0.52+0.05" 0.43+0.05" 0.37+0.04" 0.48+0.06" 38.66+4.31°
sh-Control 41 13.4244.07 0.78+0.07 0.83+0.08 0.77+0.09 0.90+0.06 52.08+5.12
shTIMP1 #1 48.34+4.88" 0.21+0.06" 0.31+0.05" 0.29+0.06° 0.33+0.05" 31.34+4.66

FAd 87.61 95.95 91.36 98.16 174.89 22.54

PAE < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

¥:a 95 miRNA-NC 44, b A5 sh-Control ZHHHZ, ¥ P < 0.05. TIMP1 AEEH 4@ & BEIHI77-1, NETs Jyrh ki gu sk

FH A o IX ] NETs X SKOV3 iy /1. 12 28
TR R A R E R, RN REsZ> SKOV3 41
JE TS, Ak miR-143-5p/TIMP1 #] DL #1041 NETs
RAFEXT SKOV3 i is SRR E - oGP S04 KA
SR AR S R FE AT N ERMEEFERH, A
Tt FIE I A 3 A LR S 6 i IR R 98 miR-143-5p. 7T
ER TIMP1 FR 0 FEAERT HEAT T , 35 ] PR AERE
AR BT, IF BB REHR e /N BRI AR AR SRR A
AT E, B0 KR 24 TIMPL.
citH3 Ly6G . Histone2A £ [ & 1EF1 MPO 7K. citH3
ARSI FEAR, U B miR-143-5p/TIMP1 7] LA 147
il NETs J&2 scdii] 5p S Aee AR

FIZEZE A (18 75 A i ¢

YRR STRRASER  BEHORL (L. SR SIS TR | S
SRR GELH AT TS G B B e
2 % X M
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