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Mechanism of microRNA-144 regulating the proliferation of fibroblast-like synoviocytes
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Abstract: Objective To explore the effect of microRNA-144 (mir-144) on the proliferation and expression profile of fibroblast-like
synoviocytes (FLS) in an inflammatory environment through regulating MDM4. Methods Primary FLS and chondrocytes were isolated from
C57BL/6 mice. Immunofluorescence staining and Western blot were performed to test the protein expression of MDM4 in FLS. BrdU and
CCK-8 methods were used to detect the regulation of MDM4 on FLS proliferation. Dual-luciferase assay was used to detect the targeting
relationship between mir-144 and MDM4. Real-time fluorescent quantitative PCR was used to detect the effect of mir-144 on FLS expression
profile. Tunel method was used to detect the effect of mir-144 on the apoptosis of chondrocytes. Results The level of MDM4 was upregulated
and mir-144 was downregulated in FLS stimulated by IL-1B3. mir-144 could bind to the 3’ UTR region of MDM4. MDM4 could regulate the
proliferation of FLS,and mir-144 could significantly inhabit the proliferation of FLS,but the overexpression of MDM4 could antagonize this
inhibitory effect. Overexpression of mir-144 could reduce the expression levels of MMP-9 , TNF-o and IL-6 in FLS. FLS secretion of mir-144
overexpression could inhibit the apoptosis of chondrocytes. Conclusion mir-144 can inhibit the proliferation of FLS in inflammatory environ-
ment through regulating MDM4.
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NGBS S 55 Y% mimics NC + MDM4 Wt mir-144 mim-
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TEZE AL (EI3b) ot — 2Pl 3 RO R Wl 5
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2.4 mir-144 @133 MDM4 649 &k %k FLS 693854
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B 5 1b Feik MDM4 7] LUAE i FLS 3458 Iﬁlﬂﬁﬁﬁ%fb’ﬁ
% agomir-144 Xf FLS H474 i i il /E A (Bl 4a.b) .

FE ARG Cyclin D1 F1 CKD2 1 mRNA FiA/K 5,
5 BrdU 455 & (K 4c d) o
2.5 mir-144 Fp4) FLS A-F-09 35 4w Jo 8 =

SR PN E i PCR 25 2 7R, mir-144 3 Rk 41
tfi MMP-9 . 1L-6 1 TNF-a ffj mRNA 3 1% 7K - 2 [ 1%
(Bl Sa~c), it H FLS [ 55 3% 3 0 3 40 4n i,
Tunel P& T304 37~ , mir-144 35 FE 3840 55 37 FE AL B AY
BCE 20 R T 3 T B T mir-144 4100 20 15 55 HEAb

PR UE mir-144 @ MDM4 45 FLS 7E8  BRAYHCE NI 1 W25 & (18 Sd Le) .
JEFREE PG, AL YL T agomir-144 [ MDM4
. ———— =mW3UIR
= # MDM4 3'UTR 2 154 ——  =mNC+Wt-3UTR
g | ' - & mimic mir-144+Wt-3UTR
210 AL CCUCCAUGGCUUUAGAUACUGUG =)
= A UAUGGCUUUAGAUACUGUGA =% 1.01
05 N CAUGGCUUUAGAUACUGUGA =
3 i) CAUGCCUUUAGAUACUGUGA 35 5
o 0 mmu-mir-144 UCAUGUAGUAGAUAUGACALU N
= N =
e \\%“\\:3!‘&-,\. =
e\ @ ® MDM43UTR  (®
= Mut-3'UTR . S—
= NC+Mut-3'UTR 4 == agomir NC
ol = mimic mir-144+Mut-3'UTR o 2 # r 4 " 1 = agomir-144
w15 MDM4 = —r—r— = antagomir NC
= |-" — — -I =% 20 = antagomir-144
1.0 22
= GAPDH [ - - -] = s
= & & & s =S 05
2 $ & &S 2"
£ 0 o =
= 7 MDM43UTR @ v &S ® 0 ®

o A SRR
A8 mir-144 5 Wi Mut MDM4 3’ UTR 3%

PCR #:-] FLS * mir-144 # RNA £ i K ;b. MDM4 3’ UTR %% mir-144 & Fan] 4

A B e d: MR EIIRE A

B 3 0 5% FEeAA e & G P A MDM4 69 % & & & K- ;£: MDM4 #= GAPDH % & %&.i&

REALAE % P <0.05;#.P <0.01
3 MDM4 2 mir-144 50 E F
= agomir NC
A1 000 K perenR1111'%! ey o = agomic NC+pcDNA3.1-MDM4
500 r\. - 516 | &00 K 168 - agomir I\‘C‘ " m agomir-144
- 0Kl 0 magomic NC+peDNA3I-MDM4 g agomir-144+pcDNA3. 1-MDM4
| N | ok i = agomir-144
ws (! - @ | = agomir44+pcDNA3I-MDM4 .
— 200 }\ 200 E\? 9 - # W
O h|T;E-_|'u_Iu_hr_|]. P 10 10° 100 10 ; Q- | F £ 2.0 g —
(4 1000 K4 apome veopemmiat i | 1 000 K o 140 i 1- 5 ié .
| s | D i e I..'.‘
H00 K4 605 | SDOKS 470 Mo 60 i
¥ - | S R =
600 K4 600 K4 a ‘{ 10
400 K4 o | ‘ 400 K4 OI 5 | = 40 o
200 K4 200 K4 | = =
ol ] I =2 05
m IH LLER [ [V (VR 107 107 100 17 10* 107 :
» 20 0
BrdU A

®

®

©

Cyclin DI

= aoomir NC
= ggomic NC+peDNA3.1-MDM4
= agomir- 144
= agomir-144+pcDNA3. 1-MDM4

—_—
# # %
259 e
;%‘.5‘..(]-
‘_'<j 1.5
F 1.0
5
= 0.5
0
CKD2 @

arA X wE AN TL-18 k)% F mir-144 F A & it & ik MDM4 5 5L F BrdU Fat: FLS yof) ;b &40 BrdU Fat: FLS bt 84 % %

e d: R R AT F

PCR #-m)| IL—lB A 224y FLS Cyclin D1.CKD2
g4 mir-144 18

# mRNA # ik K -F

T iE = MDM4 i FLS g8

* :P<0.05;#:P<0.01
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; - 0
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mm agomir NC  ggantagomir NC
m agomir-144 = antagomir-144
#
4 4 . . P —
1000 K1 agomir NC |1 000 KJI agomir-144 |1 000 K- antagomir NC | 1 000 K4 antagomir-144 * # .
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= | 600Kq o{alJKl . 600K: 600 kJ| 7
PYELISH 400 K1 (‘l' 208| | 400Kd ﬂ_! Mo 400K+ @ 334
= | 200kd = 200 KJ | 200K W | 200 K 4
e IO od- I} R " .
10°10° 10° 10° 10° 107 10°10° 10° 10° 10° 107 10°10° 10* 10° 10° 107 0107 107 10° 10° 107
Tunel @ i ®

a.b.c:IL-1p 425 FLS 2t MMP-9 TNA-o IL-6 45 mRNA & & K F ;d. i X i KA 2 R 4069 FLS & 4h33 R A AT, 8

B 4a i, P Tunel PR/ 89 2856 0045) e 33 (d) 69 2 547

B 5 mir-144 i§i3iA$E FLS R EIEMH RS

3 itig
T RS A8 X6 G 98 S 2 AR O 1T AR s 17 e
AABEZENREER, & X REFENEES S B

2 B T 2 i 58 22 ol S8 A 200 IR 00, TL-17
TNF-o 258 Tkt W] B i 0 o 7EIX S 484
LN S8 E PRI , FLS 23t B A (228 P
SR AL HRR I I AE R T e 4 SR A AR 1, 5
FURCB IR B AN T2 B B R T 4
TEUEE L1 B SR ARAMERIC Y 4 FRBE Y 28 B A SE
T AT IL-16 3% FLS J5 , HHE 5k
A 08, 4R A E PR BE REAS AL JE FLS M7, X 5
| IRBETELE FAHAT o
FIRTIE 2 B0 FLS 138 58 52 22 4% 18 3% 1 o 4%
Wnt/B-catenin ji % . NF-kappaB i@ . SPRY1 45142
S AU MDM4 S — A SR S R, REAS 1] P53
BB g A, HLAE 2 R st . MDM4
B FEIR S 2 R0 I Y B A U 5T L RS R
TR KGRI 4 R WM 2 40, MDM4 (3% 5
FLS fr58 52: IE A 5% , R MDM4 J2 75 98 4% FLS fi93%
B R AR S A P IR M T e — B9 o ASBTSE
RIVRI I TR T FLS 40 g 4% b 1) MDM4 75 (15
IAKF S ] MDM4 [ #6385, FLS (13 5 1]
SEFEARG 5 T 3E S8 A R 8% P, 40 ) MDM4 J5 FLS )38
BEAE I TCH] ks, 1 ] MDM4 5 R A7E 48 BR 35
ﬂ#’ FLS ff3858 , 76 1F # PREE o X H s 6 535 5%
M, A58 B MDM4 7E1E 5 FLS v 1) 3% 35 7KV

*:P<0.05;#:P<0.01; A:P<0.001

AT

5, PRGN g MDM4 3 1F 8 3455 v FLS [ 384 5 R 424
PR, X n] R A oy HoalE B SR R s . X —
R IAER] MDM4 R 5 1 8 45 28 RE BR B8 v (1% FLS, I %
FLS HyZ 747 BAT FHZ A0

FHWFFE R, microRNA % FLS & MDM4 ¥f &
FEREEAE R, mir-155 . mir495  mir-101-3p 25 1] )4
52 FLS 19 54 58 A 980 B i B2 . 55 — D5 T,
mir-661 #] D) 3@ 1 N 8 MDM4 119 35 35 1 8 7% P53,
mir-1307 7] LU A8 5455 MDM4 4G 2L g8 20 1 04 I
i 24 , mir-128 7] LA3# 3o 40 i MDM4 1) 3% 35 75 5 e i
FEANML AP TP X BRI B4R microRNA 25
5 IR 98 A A1 MDM4 %55 1) 5 22 R 45 B 1. I 4h,
mir-144 7 58 525 18 455 1 005 00 552 Wi 258 XU O 7 %
T, AW A B NE PR P mir-144 7E FLS
23R8 T B, 456 A W 05 5 2% 70 i K 8L, MDM4 2
mir-144 ({58 5L K 22 — s AL, 55 MDM4 1) siRNA
YERI A, mir-144 0] DL o )8 45 MDM4 (1) 3% 32 411
il FLS 7E 5 AE P45 P O S 5, U W] mir-144 J2 FLS 7
RAEFET I — A R P45 P 3R, MDM4 S H o %
R Z —, Wi AT FLS 3 58 58 3| 1 o 28 1) 45
YEM .

H1 T MDM4 Rl i 2 b 453 i ik o 28 1 il ) B
fii mir-144 Y45 T MMP-9 . TNF-o Al TL-6 %5 2 Fh 4 Ji
PR ek 5 X 6 R 7 Al A S A T
HIREE . NIEABFFEE— R T mir-144 2%
SN X 26 ] - 1 e 0k, A5 R L B mir-144 31 KRB )T,
FLS o 580 BN S DI AR OC 1 [ - (MMP-9 [ TNF-o il
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TL-6) 7KF- 245 W) S5 T e, 17 40 B 40 L 00 1 R 52 B 4
PR mir-144 REAS DS FLS 26361, 7 1M ol 36 0B
ML
L5 TR, AW G & I MDM4 S mir-144 1) #E 5L
L W I AH A6 FLS (3451 B 63k 435 B i 2
HRFEAER], B mir-144 GRS L S0 FLS B 14 5 Fi
WP B B DA G R 118 38 T3S o A L 1 O
mir-144 F MDM4 ®] 8 B h B 567 23R 97 BB #E A
TESN AR N FAFRAS th it — 2D AT 3 B TR A T
i mir-144 @it P4 MDM4 754 3¢5 K& FLS 4017
SRy R )R SO AE PR i R A FH B (B
[ &% 30k ]

(1] AT, S+ ARk SEMEREIM]. 583 . bt AR%E

B i Wi ,2005.
[2] Hou CF, Wang D, Zhang LH. MicroRNA34a3p inhibits proliferation of

theumatoid arthritis fibroblastlike synoviocytes [ J]. Mol Med Rep,

2019,20(3) ;2563 —2570. doi; 10. 3892/mmr. 2019. 10516.

[3] Xu NW, Wang YJ,Li DW, et al. MDM4 overexpression contributes to
synoviocyte proliferation in patients with rheumatoid arthritis [ J ].
Biochem Biophys Res Commun,2010,401 (3):417 - 421. doi: 10.
1016/j. bbre. 2010. 09. 069.

[4] Yin YQ,Cai JJ,Meng FD, et al. MiR-144 suppresses proliferation , inva-

[

sion,and migration of breast cancer cells through inhibiting CEP55[ J].
Cancer Biol Ther,2018,19 (4) :306 - 315. doi: 10. 1080/15384047.
2017.1416934.

Han SC,Zhu JM, Zhang YL. miR-144 potentially suppresses prolifera-

—
W
fa—

tion and migration of ovarian cancer cells by targeting RUNX1[J]. Med
Sci Monit Basic Res, 2018, 24. 40 - 46. doi; 10. 12659/msmbr.
907333.

—
=)}
[

Ren YF,Zhang TH,Zhong S, et al. miR-144 suppresses proliferation and
induces apoptosis of osteosarcoma cells via direct regulation of mTOR
expression[ J ]. Oncol Lett,2018,15(1):1163 - 1169. doi: 10. 3892/
0l.2017.7364.

Song J,Kang YH, Yoon S, et al. HIF-1a; CRAT; miR-144-3p axis dys-

—
~
[

regulation promotes osteoarthritis chondrocyte apoptosis and VLCFA
accumulation[ J ]. Oncotarget,2017,8 (41) :69351 - 69361. doi: 10.
18632/ oncotarget. 20615.

Rinaldi N, Willhauck M, Weis D, et al. Loss of collagen type IV in rheu-

—
oo
[

matoid synovia and cytokine effect on the collagen type-IV gene expres-
sion in fibroblast-like synoviocytes from rheumatoid arthritis [ J].
Virchows Arch, 2001, 439 (5). 675 - 682. doi; 10. 1007/
s004280100432.

—
o
[

Liu YS,Peng H,Meng Z et al. Correlation of 1L.-17 level in synovia and

severity of knee osteoarthritis [ J]. Med Sci Monit,2015,21:1732 -

1736. doi: 10. 12659/msm. 893771.

[10] #& &, st Foki, 5. A AR MO R R A A 3 A
-1 AR IR FE I F-o B 5E M [J]. £FHIF5E,2007,32(2) -
115 —118. doi:10. 1016/0368 — 1874 (84 )83298 - 0.

[11] Angiolilli C, Grabiec AM, Ferguson BS, et al. Inflammatory cytokines

epigenetically regulate rheumatoid arthritis fibroblast-like synoviocyte

[12

[14

[15

[17

[18

[19

[20

[21

[22

[23

[24

]

—

[

]

[

[

[

]

]

]

]

]

[l

activation by suppressing HDAC5 expression [ J ]. Ann Rheum Dis,
2016,75(2) :430 —438. doi:10. 1136/ annrheumdis-2014 —205635.
Yang GJ,Wang YS,Chen Y, et al. UFLI attenuates IL-1beta-induced in-
flammatory response in human osteoarthritis chondrocytes[ J ]. Int Immuno-
pharmacol ,2020,81 :106278. doi : 10. 1016/j. intimp. 2020. 106278.
Bastiaansen-Jenniskens YM, Wei W, Feijt C,et al. Stimulation of fibrotic
processes by the infrapatellar fat pad in cultured synoviocytes from
patients with osteoarthritis: a possible role for prostaglandin f2a[J].
Arthritis Rheum,2013,65(8) :2070 —2080. doi;10. 1002/ art. 37996.
Dinesh P,Kalaiselvan S, Sujitha S, et al. MiR-145-5p mitigates dysreg-
ulated Wntl/beta-catenin signaling pathway in rheumatoid arthritis
[J]. Int Immunopharmacol, 2020, 82 106328. doi; 10. 1016/j. in-
timp. 2020. 106328.

Lee WS, Yasuda S,Kono M, et al. MicroRNA-9 ameliorates destructive
arthritis through down-regulation of NF-kappaB1-RANKL pathway in
fibroblast-like synoviocytes [ J ]. Clin Immunol, 2020, 212 108348.
doi;10. 1016/j. clim. 2020. 108348.

Jiang F,Zhou HY ,Zhou LF,et al. MicroRNA421 promotes inflamma-
tory response of fibroblast-like synoviocytes in rheumatoid arthritis by
targeting SPRY1 [ J]. Eur Rev Med Pharmacol Sci,2019,23 (19):
8186 —8193. doi:10. 26355/ eurrev_201910_19125.

Jiang KH, Sun F,Zhu JG,et al. miR-33a inhibits cell growth in renal
cancer by downregulation of MDM4 expression[ J ]. Mol Genet Genomic
Med,2019,7(8) :e833. doi:10. 1002/mgg3. 833.

Francoz S, Froment P,Bogaerts S, et al. Mdm4 and Mdm2 cooperate to
inhibit p53 activity in proliferating and quiescent cells in vivo[ J]. Proc
Natl Acad Sci USA,2006,103(9) :3232 —3237. doi: 10. 1073/pnas.
0508476103.

Liu T,Zhang HL,Yi S, et al. Mutual regulation of MDM4 and TOP2A
in cancer cell proliferation [ J]. Mol Oncol, 2019,13 (5) 1047 -
1058. doi:10.1002/1878 —0261. 12457.

Migliorini D, Lazzerini Denchi E, Danovi D, et al. Mdm4 ( Mdmx )
regulates pS3-induced growth arrest and neuronal cell death during ear-
ly embryonic mouse development[J]. Mol Cell Biol ,2002,22(15) :5527 —
5538. doi:10. 1128/mcb. 22. 15. 5527 —5538.2002.

Zhang Q ,He XY ,Chen L, et al. Synergistic regulation of p53 by Mdm2
and Mdm4 is critical in cardiac endocardial cushion morphogenesis
during heart development[ ] ]. J Pathol,2012,228(3) :416 —428. doi:
10. 1002/ path. 4077.

Wang JW, Yang HM, Ma H, et al. MiR495 inhibits fibroblast-like
synoviocyte proliferation and inflammation in rheumatoid arthritis rats
via Wnt signaling pathway [ J ]. Panminerva Med, 2020. doi: 10.
23736/50031 - 0808. 20. 03855 - 0.

Wang YX, Feng TY, Duan SS, et al. miR-155 promotes fibroblast-like
synoviocyte proliferation and inflammatory cytokine secretion in rheu-
matoid arthritis by targeting FOXO3a [ J]. Exp Ther Med, 2020,
19(2) :1288 —1296. doi:10. 3892/ etm. 2019. 8330.

Wei QF,Lv F,Zhang HJ, et al. MicroRNA-101-3p inhibits fibroblast-
like synoviocyte proliferation and inflammation in rheumatoid arthritis
by targeting PTGS2 [ J]. Biosci Rep,2020,40 (1) : BSR20191136.
doi;10. 1042/BSR20191136.



B F RK%$2%E JREG ANAT OPER SURG 2020,29(11) http://www. jjssxzz. cn 861

doi:10. 11659/jjssx. 01E020111 - ERAFEE -
2HARBARBELTFAEEELEENREARPEIN AL

ke LH OB OF,E LRSS OB (L SNE A RBERIRARL, SN SR 5500022, T EE R MR
S =R BEIRA, E K 401120)

[ ZE] BB AN m i A S R g 1) 2 Aok B SGHR IS T AR, ISR A I MR R AN 45 Ik ik v 5 0 e AR
SEMRHRIE BGOSR . e F 30 HSD KBRS M R AR AR A, b gE il A 15 215 IRCR A gl Mg A 15 H 15 IR A
Beo AP TARFIAARSG 3 d. 1 )& .2 J5 4 JEIAGI R SRR ., WL T2 R DX 495 R % i B8 20 2R 1) e K A5 00 T 5 1 0 S ol e 7%
b, i SRR AT A AR (8] B AR AR AR S 4 JE A i B 2 2R BRIR BRI ME A U0 1 4T HE Y€t R R AR 21 Y 0 AR Z5 1) 11 (1Y
WAL . &R 24RE3 dREHW BT ARA;2 AFPWRELAHL, MARE 1 HERBASIHT¥EX
(P<0.05) ,KJ53d2 4 HESHIEIHFEL(P>0.05), ZFRIARE LRSS HIES R, ARG 2 FILTFWEAR] Mg A
ARJE 1 s i AR A SR R (., RS 2 SRR B R B, 25 IR A 3 PE SR i, RS 4 OO SRR 1 X 25 IR R 2
PE &R o SR AL I 4RI (R 3 ~ 5 d, (3.5 0. 64) d; A 10 ~ 14 d, P34 (12.5 +1.85) d, SEREARSE 1 JEAHE A
IR AEAF22(26.25 £3.25) % 1= T 2R RIZH Y (10.50 +1.86) % , 2 R B A G EE XL (P <0.05), AR5 4 MARY 60
78,2 HFAR X EE R GU T LR B R U0, A B AR XSS R U B4R . 858 REROT D Ml SAE S EL ] s oh gt
S OGIR IS TR SR, HARE T A R TS U VTR A SRR TR 8, AT A & DGR A S HUBRAH G 5% o

[ R ] FHOOM IR TET A BR  Sh R RL KR

[HE42KS] R779.6 [ X#kiRiIRA] A [WFHEEE] 2020-01-26

Application and comparison of two rat glaucoma filtering models in the conjunctival anti-scarring study
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Abstract: Objective To compare the establishments of two different models of glaucoma filtering surgery in rats by the anterior
chamber puncturation and catheterization, and observe the postoperative intraocular pressure, conjunctival filtering blebs and postoperative
conjunctival scar formation process. Methods Totally 30 SD rats were divided into the puncturation group and catheterization group,15 rats

with 15 eyes were included in the puncturation group and 15 rats with 15 eyes were included in the catheterization group. Intraocular pressure
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