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IncRNA ADIRF-AS1 promotes intrauterine adhesions by regulating epithelial-mesenchymal
transition in human endometrial epithelial cells through the miR-185-5p/SIX4 axis

SUN Kaixuan,ZHANG Lingxue, YU Yang, LU Xiaoli, YU Xintong, YU Shanshan, GAO Xueqi,ZHOU Jing, YU

Yuexin
(Department of Reproductive Medicine , General Hospital of Northern Theater Command , Shenyang 110003, China)

Abstract Objective To investigate the effect of the long non-coding RNA (IncRNA) ADIRF-ASI on the proliferation of human endo-
metrial epithelial cells (HEECs) and its underlying mechanism in intrauterine adhesions (IUA) . Methods Endometrial tissues and
peripheral blood samples were collected from 20 patients with moderate-to-severe IUA and 20 healthy individuals with normal endome-
trium (control group) who visited the Department of Reproductive Medicine in our hospital between January 2022 and June 2024. Quan-
titative real-time PCR (qRT-PCR) was performed to determine ADIRF-AS1 expression levels in endometrial tissues, peripheral blood,
and HEECs treated with transforming growth factor-B1 (TGF-B1). Bioinformatics analysis and dual-luciferase reporter assays were used to
verify the relationship between the ADIRF-AS1 and miR-185-5p. qRT-PCR and Western blotting were performed to measure the expres-
sion of epithelial-mesenchymal transition (EMT) -related proteins in HEECs transfected with miR-185-5p or SIX4. Results Compared
with the control group, ADIRF-AS1 expression was significantly upregulated in endometrial tissues and peripheral blood of patients with
moderate-to-severe IUA and TGF-B1-stimulated human endometrial cells (P < 0.05) . High ADIRF-ASI expression promoted the pro-
liferation , invasion , and migration of HEECs (P < 0.05) . Notably,the ADIRF-AS1 sponged miR-185-5p. Downregulation of miR-185-5p
promoted the proliferation,invasion, and migration of HEECs by targeting SIX4 to mediate EMT, thereby facilitating the occurrence and
progression of [UA. Conclusion The IncRNA ADIRF-ASI promoted the proliferation of HEECs by regulating EMT through the miR-
185-5p/SIX4 axis, thus contributing to the development of IUA.

Keywords long non-coding RNA; ADIRF-AS1; miR-185-5p/SIX4 axis; human endometrial epithelial cell; epithelial-mesenchymal

transition; intrauterine adhesion
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B 3% (intrauterine adhesions, TUA) & T &
BT AEAL ) 2R IR, S22 PR fe iy LAY 2B B R S
Z—. IR R ALEH 20 AR EY O
i 2R , FE R T R 4B (endometrial epithelial
cells, EECs) BEWS - JiZ—[8] Jii 7% 1L (epithelial-mes-
enchymal transition, EMT) #1147 [] 75 5t 2 ffd 19 454k
AT IR 25 2 Ak . 4K T H i 1 R D TU AR 46 B B
5 HE R I BV AR S TR F ST R, SR
SN ERAFAERAEAE S RNA (long non-coding RNA , Inc
RNA) 55 3B G, [R) B I 25552 ) 92 5 %) o0 e
B A WFFE B XTTUA SR 2 LI R IE 3 A 75 9,
i Bl 5 S L0 e £ R 98 i T RNA-Seqil] 7, 3845
5258 4 FIA B Al Ine RNAZE 55 6 7K 1%, & B IncRNA
ADIRF-AS1ER IA A I 35 22 5 SR T8 K 78 43 B
IUA 5IncRNA ADIRF-AS1Z [A] (B R o AR SE 50
IncRNA ADIRF-AS 1%} AEECs34 5 (4 5 i K Hox) ey
JEERE 322 AV AL, & A S BB TU A RS & S L ] 32
BRI

1 HRE7®

L1 AT e P A = 2R

W HE20224F 1 F Z520244E6 1 36 Bt 4F 5l B2 24 B
12 12001 i EE FETUA S 35 LA S 2001 1F 5 5 P4 B
SR T e NSRS URN A1 A 1 AS RIS AR AR AL 5 K
DN Bt =~ AR B 2 1 2341t v (202H2023KPJ018),
JIT A RIS G 4 28 M TR 1

EECs 293 T4 il 41 [ v = FF 2% B L 16 240 i
=

lipofectamine 3000 §% J4 151 H 5% [ Invitrogen
23 7] ; ADIRF-AS13d 33K iR (oe-ADIRF-AS1) A
PEXT R R (0e-NC), miR-185-5p 44 (mimics ).,
si-miR-185-5p X 7 A4 B X T B (mimics NC inhibitor
NC) K SIX[F] 5 £ 25 F14 (SIX homeobox 4, SIX4) i3 %
K BUREL (p-SIX4) 25 A BRI Fi o3 M 3 35 B A1 i
1y A BR2 w4 1 E-45 %6 25 H (E-cadherin, E-CA).
ff1 5 F118 (cytokeratin-18, CK-18) | 1l £T 4 41 ff 45 5=+
1 (fibroblast specific protein 1,FSP-1) .a—F 1 JLIL
7 [ (a-smooth muscle actin,a-SMA ) . ZEB1 .SIX4
K GAPDH—HL Y [ 9 [ abcam /A F] s HRPHR IE 1)
THUW A R S RAEYE AR R AL TRIzZolK
2 S PCRIA & R skl i & ¥ A H

A TaKaRaZs vl 5 XU 2R Pl A A PR I v 171 200
B R OTAE R BR 2 A 5 20 A R Tl &
CCK-81 7 & \BCAZE M & f 1 /1] & .SDS-PAGE#E
i il £ G ECL A YR G 4 F R i
A= WRHEE B A BR A 7 5 4% % W E L0.5%45 45
Je i B AE 5 2R E R BRA A s EAU (5-ethynyl-
2’ -deoxyuridine) 44 (5 350 G A )N B AE YR
HA R F) s RIPAZE I 240 0 B B = KA
HARAIRAF,

1.2 SEEiE

121 4008 3% 5% Yk . EECs 29340 ity 44 2% i &
10% 5413 (FBS, £ EGibeo A H]) 51%7 5 2% -
FEREZRPL A DMEM =575 3 (32 E HyClone /A H)),
B T37°C 5% COMM IR IS IR 46 Th 55 5%, Fr 20 o Rl
B BEIRT0%~80% I A T AR Us e Ye A 7™ A%
% Flipofectamine 30003z 71 156 B 45 #E 47 . % 41 fitg LA
5 x 10°/4LEF F6 LA, 553724 W5 EHIC I 1% Toht
5 5% 3 5 B B T4 5 4 I R/ FRNA (microRNA
miRNA) % /1« 208 4), & | F20 min J5 A
YNAFL P, G2 376 WG B4 o8 g IR 3k B 9%
48 hJi5 WA M4 T I LS50 o Iy BORH R A R Y
EECs T ZE 4T 4 Ak 20 MR , 158 240 B Ut e it 5 i
iK509%~60%H , S5 AL IN ALV FE10 ng/mLE %5 4k
K 7RI (transforming growth factor-B1, TGF1;
& E PeprotechZy 7)) JC L& £5 785 , X B2 i A 4%
RRUEINE B3, 37°C 5% CO,K57724 W4
i, A

122 SEEFE SEPCR: F1) FHTRIzol 42 HCZH 22 F0 4 g
RNA, J 5% 5% e DNA , fiff 1 52 i) 22 1t PCRIR 5] &
AR 20 261F 195 °C 305,95 °C 55,60 C 10 s,
72 C 15 5,35~40ME . WS R HGAPDH 5 U6 . 5|
YIF 5 W . ADIRF-ASI, 1E [[1]5° -GCCAGTGGTTGT
TGGTGATT-3", JZ []5 -CCAGCAGCAAGATGATGA
GG-3’ ;miR-185-5p, iF[]5 -GCCGGTGAGTTCTCCA
GGTG-3", FZ [1]5° -CAGTGCAGGGTCCGAGGT-3 ;
SIX4, iF [1]5° -GCATTGAACCCACCAAAAATGT-3’,
F2 115 -GGAAGTAGACCCCAGTATGTCA-3" ;E-CA,
1E 115’ -CGAGAGCTACACGTTCACGG-3, JZ [[]5°-G
GGTGTCGAGGGAAAAATAGG-3" ;CK-18, 1E[[5°-G
GAAGATGCTGAAGATGCTG-3’, JZ [1]5°-GCTGTTG
TTGTTGCTGTTGG-3" ;FSP-1, 1E [1)5° -ATGGCAGAT
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GATGATGATGG-3", I []5’-TCAGTTGTTGTTGCTG
TTGG-3" ;a-SMA, 1E [5 -GAGAGGGAAATCGTGC
GTGAC-3", JZ []5”-CATCTCCAGAGTCCAGCACA-
3’ ;GAPDH, 1F [1]5 - GCACCGTCAAGGCTGAGAA
C-3", I 5" -TGGTGAAGACGCCAGTGGA-3" ;U6,
1E [7]5°- CTCGCTTCGGCAGCACA-3", JZ [7]57-AAC
GCTTCACGAATTTGCGT-3" 4 fH2 2 2Oy 44 A
X Fik i,

123 AEWME B #0017 K HstarBase 3.07E4 848
J& (https: //starbase.sysu.edu.cn/) UM ADIRF-AS15
miR-185-5p#l [ 25 51 55

1.2.4 XU G E Wl 2 DA S0 0 AR A= 15
0 9 285 B 0 05, F HEADIRF-AST B AR 780 2 5
Z R 45 244K (ADIRF-AS1-WT)., 98 75 #4745 % 14
(ADIRF-AS1-MUT), LA }2SIX4 3" UTREF A B4R 5 28
A (SIX4-WT) ZAE AU 284K (SIX4-MUT), Irf 4%
AR5 R 25N 75 3 DR A A PR R 5 o 1293 T4
HILA2 x 10° /LR TO6FLH , 153724 hIm KR53k
4 5 miR-185-5p mimics/mimics NCFIE1 : 13L4E
Z293TH0M, BRLH B3 FLFL L4 W, #ic BRRE
O 2R Tl A5 ik AL 1200 & e BH 1 4 R T 2 )
AEMEFRY (3€[E ThermoFisher ScientificZA 7)) K il 2%
FEER BT

1.2.5  CCK-8KM B X8 A KA 45 4HEECs A3 x
10°FLIEFI 6 LA, AU IS A AL, B TR R4
W IR A NTESE 570,24 148 .72 Wik, BEfL AN AL0
pL CCK-8 iR 7], k£ 572 him >Rk H 2 DI RE M AR UK
M450 nmipe KA ISR (optical density, OD)
1.2.6  EdUZL 6 R MR T35 584k, G RE
AE EEAUSKSE B 77, 40 2 5 38 10 5 i A R
WL g8 B PO R T AR I IR, S TEdU
FFPE 20 A v, 20850 S B S EAU BH P 40 i,
85 N D APTBH A 20 it o At FH Image J A1 154
EdU FH 4= 40 Jd FTDAPLIH 14 40 i, 157 20 it 43 5 %
G 5E % (%) = EAURHE 48 i 20D APTFH P4 44 it
BEL % 100,

1.2.7  Transwell 25 : 7ETranswell I % HAIA & 10%
Jia AR MLV B35 SR B A2 n 1 5] A & rh s
AN G AR L3 0 A0 MR RO BB =
EE 24 hJg M E 3 i G R BRI R 5= A B 4H
TR BARE A B 20 M 4% 22 3 FH S 81 22 10 minfe , fiff

FHO.5%%5 i 5 g o, 7 (5 B 0 s I BEALALET rp it
A
1.2.8 4R JR 52 50 - o 45 HHEECsLAT x 10%/mLE)
W JE RERPOALA, BEFLINAL2 mLANMLE, B 9% 2 40
JfL Rl A %6909~ 100% . F JC 10 w46 3k 76 4
2 E 9 BRI, FHPBSIE VE3 YR, Pk 2 %174 Y 40
Jt, 0 TG L35 855 35 gk 2 55 55 L BITERIR S 0.
48 h B, 7EE] & R (H AOLYMPUSZY H]) TR
I IR, 2R Image JER A4 1 R0 9 i RIR A &
R (%) = (0 hBYRTEE—48 hWRIIETERE) /0 hRIR %
J&F % 100,
1.2.9  Western blotting: It 8 #5 ZHEECs, I TH¥ 4
RIPAZE 2R (5 1% 85 AR, 0K E24#%30
min, 12 000 r/min 4 °C&5.0>10 min, B 75 R HEHL
(926 1R FIBCAYE & 140 T, B2 11 H110% SDS-
PAGEHL VK 73 55, Fifi Jo 4 25 1 5% BN = PVDFJEE (5%
MilliporeZ ]) o % B 58 15 FH5% 5 R A= 1% 3 A
FEZE T N EH1~2 h SR 5 FHTBSTISLE 3, 4K 10
min, iITA—4 (E-CA 1 : 1000,CK-18 1 : 1000,
FSP-11 : 1000.a-SMA 1 : 2000.ZEB11 : 1000,
SIX41 : 1000.GAPDH 1 : 10000),4 CHF &K,
TBSTELE3 UG , A HRPHRICA P (1 = 10 000),
FIRMFE2 ho i FHIECLA G & Wi IR I,
FH Tmage 354341 £5 26 U455 1 BEAEL, LGAPDH
KNS RS E A AT A &, Sgh sy F 43
/e
1.3 Geiteeardr

A FHSPSS 22.04K AT Ge it r o TR BERER
Fix + s8R, Z 20 W] WECR AT ER R 3R 7 265307, T 7
He 358 2R FHSNK-g K 56 o % FHSpearmantf 5¢ #5417 4H ¢
53T P<0.05 2R G124 L

2 #R

2.1 ADIRF-ASI7EIUASR 55 N ZH 21 A1 J i
DL TGF-B1AL B (Y EECs H1 8 2 1k 7K K S EECs
B N2 78 ST RS

SEOL R X IR AR TUA SB35 R4
AU AN I T ADIRF-AS 12235 B 1 75 (P < 0.05),
ULETA 1B, 8 3 TGFB1AL FEEECs , A4 # £F 4 {1k 41
OB | SR RE B PCRAG I ADIRF-AS 16k 15 I o 245
REM, 5K HEECSH H, TGF-B14L FE Y EECs 1
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ADIRF-AS1 35 & T (P < 0.05), lWA1C. EECs
H: Ytoe-ADIRF-AS1 M oe-NCJT K7 45 4 5 75, ADIRF-

AS1 FIHRENS B 2R HFEECSIS 5 (228 M TR RE N
(P<0.05), WWEI1D~1G,

E 4 g 4 E 3 *
17 ® 7] 7
;:% 3 "wa m = % 3 L % 2
= 2] .. L L =2 i =
- — - 1
Z | s 2. 5 z
= = =
= 0 . . =20 =0
< Control IUA A < Control TUA B < EECs EECs+TGF-31 c
<
-moe-ADIRF-AS1 E
g 3 et oe-ADIRF- Z 60
g AS1 D’?‘ *
. = ¢ 40
s 2 ) 52
g e
£ 1 g © 20
! =
= . oe-NC § 0
. 0 % 48 7o, £ 0e-NC  o0e-ADIRF-ASI .
Time/h
oe-NC oe-ADIRF-AS1

oe-NC

Number of invasion cells
o~ N W A
*

oe-ADIRF-AS1

oe-NC oe-ADIRF-AS1
F
£ 20 -
E
g
= 1.0
Ry
E 05
o)
< 0.0
0e-NC  oe-ADIRF-ASI
G

A, ADIRF-ASI1 expression in endometrium tissues; B, ADIRF-AS1 expression in peripheral blood;C, ADIRF-ASI expression in EECs; D, the prolifer-

ation ability of EECs transfected with oe-NC and oe-ADIRF-AS1 plasmids by CCK-8;E,the proliferation ability of EECs after transfection with oe-NC

and oe-ADIRF-AS1 plasmid by EdU (Scale bar = 100 pm) ; F, the invasion ability of EECs after transfection with oe-NC and oe-ADIRF-AS1 plasmid by

transwell ( x 100) ; G, the migration ability of EECs transfected with 0e-NC and oe-ADIRF-AS1 plasmids by scratch healing assay ( x 40) . * P < 0.05 vs.

EECs or 0oe-NC group.

E1 ADIRF-AS1ZEIVAREFEHAEALS, SMNEMLRTGFR1 4B HEECSH Y FRIEKTFERITEECSIETE, EZRTBAIM

Fig.1

ADIRF-AS1 expression level in endometrium tissues, peripheral blood of IUA patients and EECs treated with TGF-31 and its ef-

fect on the proliferation, invasion and migration ability of EECs

2.2 ADIRF-ASTHL[ 4% miR-185-5p

B R KB, Inc RNAXT FmiRNA LA W [
AT AR AL . starBase 7E LR R (1 731
IMZER W], ADIRF-AST R BE 5 miR-185-5pZ &, UL
P12 o XU ' 2 A1 5 R DA I 45 2R 1 7, ADIRF-

AS15miR-185-5p45 4, WIEI2B. miR-185-5pki 2
R ADIRF-AS1id R IAREME I & N IREECs
miR-185-5pf %35 (P < 0.05), H — & 133k B &
I (P<0.01), WLE2 C.2D,

2.3 miR-185-5pfEIUAZ# 75 N4l 21, A1 ] o
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ADIRF-AS1 5' AUAAAUUGAAAGUGAUAAGCUA 3'
UL 1] (RANRRARN

miR-185-5p 3' AGUUGUAGUCAGACUAUUCGAU 5'

— —
(=] W

154
n

miR-185-5p expression

I
=}

oe-NC oe-ADIRF-AS1

=3 NC
‘E 1.57 = miR-185-5p
g N
)
§ 1.04
<
<
= 0.5
)
2
=
< 0.0
A ~ s " . - B
ADIRF-AS1-WT ADIRF-AS1-MUT
g (0.87 Spearmanr=-0.8134
7 ® P<0.01
§
g,
b
o,
w
v
-
&
E T T T 1
0 2 4 6 8
C ADIRF-ASI expression D

A, the binding sites between ADIRF-ASI and miR-185-5p by bioinformatics analysis; B, luciferase activity in treated 293T cells; C, the expression level
of miR-185-5p in EECs transfected with oe-ADIRF-ASI and its oe-NC plasmid; D, the correlation between ADIRF-ASI expression and miR-185-5p ex-

pression. * P < 0.05.

E2 IncRNA ADIRF-AS1#B[mi#EmiR-185-5p
Fig.2 IncRNA ADIRF-AS1 targeted the regulation of miR-185-5p

LI K TGF-B1AL B AUEECs R ) 3¢ ik K H XFTEECsHE
i 278 KA RS 5

g B R, 5% B8 41 L 55, miR-185-5p7ETUA
SBE B N L2 A A 1 Rk B R A (P <
0.05), UL KI3A 3B, TGF-R14b Hil JFEECsAYmiR-185-
Sp#eik gl R WoR, 5 AR A BEECsH L, TGF-B140 B
EECsH miR-185-5p#ik 2 8 (P < 0.05), WL
3C.si-miR-185-5p 5si-NCE R YL EECs , 45 R oK,
miR-185-5p I i BEMS I 2 (2 HEEECSHY BRI ) (=R 2%
KiT#%REST, WIEI3D~3G,
2.4 TGFR14L B L K %% Gsi-miR-185-5pfEECs
EMTAHOCHE A KR

S E FEPCRAG I 45 2R 7R, 5 1E W EECsAH
o, TGF-B1HI 34 5 BIEECsH | % 41 i b s WIE-CA
HICK-18 mRNAZ 35 12 2 [ Ik (P < 0.05) ; 4] 5t 4
Jii b 75 WIFSP-1F1a-SMA mRNAZE 35 B 3 TH i (P <
0.05) #%Y4si-miR-185-5p Msi-NCJFkr 5 EECSHYEMT
FRBEYIFImRNAFRIA G R BoR , 554 Yesi-NCHYEECs
I, 7% Ysi-miR-185-5p i EECs U E-CA FICK-18
mRNAZ ik [ A% (P < 0.05), FSP-1Flla-SMA mRNA %
IR (P <0.05), VL4,
2.5 miR-185-5pfll[a] HESIX4 K AfEHEEMT

ZEHWon, 50T IR R TUA KR 3 8

HA A MM P SIX43RA W] 8 T (P < 0.05), ULIE]
5A 5B, 5 KA P EECsHH HE, TGF-B14L # AYEECS
HHSIX43R38 W E G (P < 0.05), WLEISC.

XU ' 2 i 4 55 R RS U IE S2miR-185-5pig
% 5SIX445 4, W EISD . 5 i % S PCRAS MISIX41)
FRER BN, 55 Yemimics NCZH FL#E, 5% YemiR-
185-5p mimicsZH EECsFHSIX4361k B Z A% (P < 0.05) ;
555 YLinhibitor NCZHAH L, %% J4si-miR-185-5pZHEECs
MYSIX43e 3k B % F T (P <0.05), WLIKISE, % HmiR-
185-5p [ JHISIX4f\ ik .

Western blotting Kz EMTAHCE 1 (ZEB1 \E-CA |
CK-18 .FSP-1H1a-SMA) ik , 45 R R , 5 25 i
K ZHAH LG, 5% Yep-SIXAZHEECSHYE-CA (1.00  0.05 vs.

0.32 +0.04) FICK-18(1.00 + 0.06 vs. 0.28 + 0.03) &
13235 F [ (P < 0.05),ZEB1 (1.00 £ 0.04 vs. 1.85 +
0.12).FSP-1(1.00 + 0.05 vs. 2.51 = 0.15) Flla-SMA (1.00 +
0.03 vs. 2.56 = 0.18) & 1 & ik F+ 15 (P < 0.05), UL &l
SF ESE T FIASIX4 5 FEECs & 4EEMT.,

3 it

TUASE T 3 % Lo PR Y A FE A B, JC R v o
TUAJE: T 5 PRI 2 MR e SR B IR DRIk, WA
BATUA R AL BAT H 25
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*
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[ ]
miR-185-5p expression
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*
"%’ ]
L]
n|
miR-185-5p expression
S S = -
> W o
i *

Control 1UA B EECs EECs+TGF-B1  C

2
g - si-miR-l 85-5p *5 60
SR ” si-miR-185-5p = *
S =)
32 x4
£ - i
g1 / & 20
= =
T0 si-NC £ 0 : -
~ 0 24 48 72 & si-NC si-miR-185-5p
Time/h D E
si-NC si-miR-185-5p

si-NC si-miR-185-5p

Number of invasion cells
W
*

si-NC si-miR-185-5p F
N -
h -

A, in endometrium tissues; B, in peripheral blood; C,in EECs;D,the proliferation ability of EECs transfected with si-NC and si-miR-185-5p plasmids by

si-NC si-miR-185-5p
G

Cell migration index
(=) —_— 5] w
E *

CCK-8;E, the proliferation ability of EECs after transfection with si-NC and si-miR-185-5p plasmid by EdU (Scale bar = 100 um) ; F, the invasive ability
of EECs after transfection with si-NC and si-miR-185-5p plasmid by transwell ( x 100) ;G ,the migration ability of EECs transfected with si-NC and si-

miR-185-5p plasmids by scratch healing assay( x 40) . * P < 0.05 vs. control or EECs or si-NC group.
E3 miR-185-5pFEIUARE FEMARAL . SMNEAMIARTGFR1 A RRIEECSHHIRIAR EXEECSIETE ., BERITHHIFIM
Fig.3 The expression of miR-185-5p in endometrium tissues, peripheral blood of IUA patients and EECs treated with TGF-f1, and its

effect on the proliferation, invasion and migration ability of EECs

g 15 515 g 8 * £ 10 *
= Z z 7 8
¢ 10 £ 1.0 e g 6 £
z < g4 = 6
g * 5 g €y
- 05 x 0.5 ) =
S Z & 5 2
=00 < 00 =0 g 0
EECs EECs+TGF-81 EECs EECs+TGF-81 EECs EECs+TGF-1 EECs EECs+TGF-81
= 1.5 = 1.5 = 4 £ 4 ®
k £ 2 . s
7 Z £ 3 g3
£ 1.0 £ 1.0 < £
% * % - :E“ 2 32
0.5 % 0.5 ~ =
3 3 ;. 7
= 00 < 00 =0 g0
si-NC  si-miR-185-5p si-NC  si-miR-185-5p si-NC  si-miR-185-5p si-NC  si-miR-185-5p

* P <0.05 vs. EECs or si-NC group.
E4 ZTGF-P14bIE LR 4 si-miR-185-5p/FEECSHHEMTHE X E E I KX
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