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ATF3 55 Smadd AE 5N B8 AR 46k e M HLFiE

B a7 U BRAAE X , BB ok
(BAFRFEHE—WEERRA, AT 832003;a FRFEFR, 67T 832003)

WE BHM WIPHRAERBOGKE T 3(ATF3) 5 Smad KGR 4(Smadd) TEFARB AP RE LKA EAEM ., FiE @it
AW B 3 NCBI B e P (1 I 55 55 GSES1995 1 GSE2513 , ik H LA TE H 5 AR S o BR B, BR8P 1ty 6
FERFIRFER ATF3 . I3k S 9 R 1 S S R GBS SOy (RT-qPCR) it — 2P Rl A= ) 15 B 7 o AR s i 22 e B . B
Ji 456 SCHRES $R 9138 4 F R 7% S R 4 4005 2 ( GTRD) T2 A2 7RI e 5 H ARk R 45 B 1 L 56 X Smad4 , RT-qPCR K iE
Smad4 TE1EH 25 IS FUR S A U 9 23R8 00, 3158 33 3% SLUTTE ( Co-1P) FRFT ATF3 Y Smadd 7E I AE 3RS A P2 B A7
EHEAER. &8 AYEBHSERER, UIE S5 EHLUN R, 3R G A HA P HER S5 EROEREER

ATF3(P <0.05), RT-qPCR 5K 7R , 5 1E 7 25 B 2UMH L, ATF3 7E30R 8 A 21 I3k (P <0.001) , ()% (GTRD)
R L Smadd BeH 5 ATF3 BEASEG AL AORTTRES ATF3 fAEM BAEN . 5IEH Z5 AR L, RT-qPCR 7R SR A ZH Y
o Smad4 Fik N (P <0.01) ,Co-IP 5 IR FEME ] ATF3 HLIRHEAT G PUIERT , LR 4121 Smadd 255234 (P <

0.05), Z5it ATF3 5 Smadd FEFARE WA EAER, A EFRE RA LR P AR ERS LA EAER TR 5 FEARE W
R HE I

KR FRE P ATEFS ;Smadd s FHAE T WP RS

FESES RT77
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SRR AR R Sa0001TL o35 R T O S L AE AL F

EERA e 2,4, LTI . . .
R o B, L S e g, B P RO DL e AL 2 K B B (transforming
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and the expression of IncRNA H19, BMP2, OCN, OSX, RUNX2 and OPN significantly decreased, and the ex-
pression of miR-149-5p increased in the osteogenesis + si-H19 group (P <0.05). Compared with the osteogenesis
+ si-H19 + miR-inhibitor-NC group, the ALP activity, the degree of cell mineralization and the expression of In-
cRNA H19, BMP2, OCN, OSX, RUNX2 and OPN increased in the osteogenesis + si-H19 + miR-inhibitor group.
The expression of miR-149-5p significantly decreased (P <0.05). Compared with the osteogenic + si-H19 + pcD-
NA-NC group, the alkaline phosphatase activity, the degree of cell mineralization and the expression of BMP2,
OCN, 0OSX, RUNX2 and OPN significantly increased in the osteogenic + si-H19 + pcDNA-BMP2 group (P <
0.05). Compared with the sham-operation group and the model group, the alkaline phosphatase activity and the
expression of IncRNA H19, BMP2, OCN, OSX, RUNX2 and OPN decreased, and the expression of miR-149-5p
increased (P <0.05). Compared with the model + pcD-null group, the alkaline phosphatase activity and the ex-
pression of IncRNA H19, BMP2, OCN, OSX, RUNX2 and OPN significantly increased, and the expression of
miR-149-5p decreased in the model + pcD-H19 group (P <0.05). Conclusion IncRNA H19 promotes osteogenic
differentiation of BMSCs and bone regeneration in mice with foot fracture through miR-149-5p/BMP2 axis.

Key words IncRNA H19; osteogenic differentiation; foot fracture; mice; bone morphogenetic protein 2 ; alkaline
phosphatase
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SIS " Smad FE K5 4 (Smad family mem-
ber 4, Smad4 ) ff 2} TCF-B {5 Sl .0 A BT, B
PEPR RS R i SRS TR T 3 (ac-
tivating transcription factor 3, ATF3 ) #% /& P 7] 3 i3 I8
15 b Fz [8] 5 %5 4k, ( epithelial-mesenchymal transition,
EMT) 2 52F 4 fb gk >, wFse” %9, TGF-B1
U] F 95 Smadd 23 I 410 1 R B P ST 4E 2
il (human pterygium fibroblasts, HPFs) #4%g , {HYE
TGF-B/Smad j# b 5 4715 D3 7] 8 92 R 545 A
A

ARk, AR B, TRV Z 2P A b, 4
ATF3 ) i 4% 23 5% W TGF-B/Smad {5 5 8 # (1) £
IR ATF3 ) 2634 AT RE LM T TGF-B {55
EH o B ATF3 AT figiE it Smad 155 [ 4% 521
YR . ATF3 FESRE A A9 2B R ik &
55 Smad {55l # 1Y CHRHL T DA HGE . R E
UCRHE Y B WO 5 7 1 HARENESE, RGEor
ATF3 5 Smad4 & PR7E SR B A H i A= 027 AR
B TESE 5B AT AL P AL, 3R 8 N FE 813
T PR

1 #MH5FZ%

1.1 FE=iKF TRIzol. ) # 3357 & . DNase/
RNase-Free water , Pierce™ TP ZLfi# 2% wh i W T 2 [
Thermo Fisher Scientific /3 &) ; SYBR GREEN 3R & fitf
SO IR & A A KR AP\l =R
BRI T 384 R DU A AR A BR A F 5 T
K EWE S ABE T8 TS T A R LN 2O0
T ¥ 5 B4 B 5% I W (reverse transcription
quantitative polymerase chain reaction, RT-qPCR) 5|
YT A T AEY) TR BR 2 | SDS-PAGE ¢
J P i 170 & BCA 2 1 kB2 I 1R & i i
¥y ECL WM T B = KA A5 ILFEHLAR 1eG
LG TeG HURIE T st h 2 20 A IR A A ;
PBS JE ¥ W F 25 [ Gibeo 2y i) ; ATF3 i {4 , Smad4
PRI T3 [E Abcam 24 7],

1.2 7k

1.2.1 AW &F o AUFFEALE NCBI &
PErhoREE GSES1995 (GSE2513 W &4 5 5., il it
AW AT % T 5 SRR Y AR O Y 22 S ik
o PEPRAN B P v A R TR AT R PR )
I s e 4030 e [ B, SRR Y R HE S T R
F ISR 5T — 2 O EAE ] (protein-protein
interaction networks, PPI) R4% [ #g% , {di F| STRING

B4 FE (https : //string — db. org/cgi/input. pl ) R 5
F1Z [8) AT BE /Y 3% #%, i 1] Cytoscape 3. 9. 1 Xf
STRING %4 4 5 Hh A it 204 Tl AAL AL 2

1.2.2 il IR4E 2023 4 5—12 71
REFE— MR BE BT A MEFAR B W PIERA + BK
LENERE A T ARARA 21 451, 4F 1% 49 ~ 76 (58. 95
+8.00) %, 1 8 i, Ltk 13 il ARt BRI 4
SENRAEACRAE B 10 0147 I A PR SLAR B A DI BR AR +
AR S5 BRFE AR A B 119 222 o 1E 5 25 B2 21, A 1% 43
~66(56.70 £5.83) %, BT W, 2ok 3 i), Ak
BAFE ORI ), S 1R 5 — e B2
BEAEREZE B 2o 4l vfiE (No. KJ2023-354-01), Fir A i
BRI B A R

1.2.3 RT-qPCR KU A IE 45 I 21 5 3R
B LTI S AT R RO, SR AT TRIzol
TR IE H 25 B4 2R BRI A1 2 b R IR
RNA , i f§ NanoDrop 1000 UV 435651 FE 1l 22 RNA
e RN 260 nm 5 280 nm W 53 ( Absorbance, A) Fb
z‘l&*:":</426()/14280) P /I\fiyz:%fiﬁ\ii/ﬂﬁﬁﬁ 1 g RNA,
AR S5z 7 s a0 & i U B, K RNA SU8% s i eD-
NA, J5ZeAR 4% SYBRGREEN PCR master mix {57 &
UL AT S O E it PCR. ffi ] SYBR Green
RIS, DL B-actin NS, LL2 M ATFS
5 Smad4 75 1E K 45 R 2H UM B AR B N 2P g A
XF7KFo RT-qPCR 519175 W& 1.

®1 5[¥F5

Tab.1 Primer sequences

Genes Primer sequences (5'-3")
Homo-ATF3 CCTCTGCGCTGGAATCAGTC
TTCTTTCTCGTCGCCTCTTTTT
CCACCAAGTAATCGTGCATCG
TGGTAGCATTAGACTCAGATGGG
AACCGCGAGAAGATGACCCA
GGATAGCACAGCCTGGATAGCAA

Homo-Smad4

Homo-Bactin

mPRRRPAA

1.2.4 W45 F A3 43 % (The Gene Transcrip-
tion Regulation Database, GTRD) ¥ ATF3 A 4 %
PRI W %09 H 3 il GTRD (http://gtrd. biouml.
org) M %, ¥ TF binding site location &% & %
[ -1000, + 100 ], Organism 1% & A, Human ( Homo
sapiens) , Transcription factor ¥t ATF3 P18847 15
PN 5 ATF3 RUnTRE4s G N 1o JF&5 & I B AH
RICHR, e s ATF3 A] R4 G 3B Smadd,

1.2.5 Western blot B3 faf [F 5 25 N SR N
HLRTE VK BYREIT A 2 BB , 1) HT RTPA
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VRO T B 1 R 4R I, 7E 12 000 r/min 4 C R
L 15 min, CETE R, I BCA 1257 & i 2 1
M R, O DUE BRSSO, A B AR SE vk
95 CHn#A 8 min, i id HL YRR A [8] 437 15 1 2 1 5
PR BIBEIRLT AE RN b, S % JBAR WA 141 )i v
B ATF3 .Smad4 #Hif& (1 : 500) ,4 CIFH K. 62
K TBST $E# 3 U, {5 i F & — s bt ik 47
W IR N RRRIEE 2 h, TBST whik 3 K, .52
B

1.2.6 % % 3% % ( Co-immunoprecipitation, Co-
IP)  ARSLHAKYE Pierce ® Co-IP 1557 & Ui W] 4 #
Yo WOBGE #4515 DL FIR B A ZH 21, PBS ¥4 3 ik,
1 FHZH SV {SCHs ZH ST S RSO/ N UKL , T 7% 224
SR, UK B S min, WIE]TR S) JLIR . A& B0 AL
> 13 000 r/min, 4 °C F B> 10 min, HIASFEPLIK
(ATF3 Smadd ) K [FJJ5 R0 BRBTIA , B ATEREAL, 12
4 Cit i, ARG HH A 25 pl Pierce F5FH A/
G MmEEk RS ETEM T 1 h RIEREER , KERIF
BIRE S IR LS IS 2250 B o B 500wl 1) %
FEUUVE R/ BER G PR B 2.0 b R B 1
5o WUERERR , ZF BB W, FFUTEBE 2 3, i 500
pl AR B8 b RRIR G5 IR T 4%
RESRWCHERE AR, 257 B WG ARG #5100l A L 3K
EREGE P (S AR RE) INA BB LA R, 7R 96 ~
100 C 2644 T Ik 10 min, FI#E 3 SR G 3R 73 25, B
N H PR IR R B BT R EP RN 1R
0B 1.2. 5 Wk T Western blot SZ56 , 4610 i 40 il 25
W (input) FEAS ( RPFELIR A 4 SUREAS IR 45 B 20
ZUREAS) FIA P2 UTUE (TP) AL RS (BRI A ATE3 444
AL E ) Ve Smadd Y IR L,

1.3 Sit=438 K GraphPad Prism 10 {4
gt e A SO VE I B R T80 = dri 22 35
Mo TR N5 255 W2 AE T, R ¢ K it
WL ph ST REAS S R 2 TRl A, DL P <0.05 Sy 22
A E X

2 HR

2.1 FIAEYMEEESWEN. GEAGHEFER
ATF3  {fi[] limma 3fF6L, & AFEA AT T NHE
IH—fAb B, IF AR B T ATF3 B PR A AH O
B TEEWEE GSE2513 il GSE51995 w485+ i i /0
ARG B 22 5 5 420 A (B JRZE 246 4,
TR 174 ) A1 395 A4S ( A 829 4, F
PEFER 566 14~) , % ] centered pearson correlation 43

B0 1, X A S8 A 1 22 S R R AT XL j) 2 IR
RIS, AR5 Il TR AR AL P D7 1) B
WA BRI RAE (B 1A ~ D) o PR Rdi e o
MR IREE N BCHAS SR B N 15 2 B0 2. 25 1 22 5 i
ATF3( 1E ~G) o ik, NEEPUKF E& , IR
LM S FORES N L ZUh ATF3 (KR 22 5%
(P<0.05),
2.2 BRBAALASD ATF3 RiZKF  RT-gPCR
GERIIT IR N ATF3 FEFARE WAL IR BR T
IEHERAR, ZRA G 2B L (1=13.39,P <
0.001), HLK2A,
2.3 F A GTRD HiEETHIE ATF3 MR RERRE
BLR Smadd , FWITEARRERNARPHRIE
it GTRD, 85 ATF3 5 Smadd A7AEP B AELS
BN (K 2) o RT-qPCR Z5R IR, 5 IEH 45 1E4H
ZUMIEL , Smad4 (EFUIRES A H A P RARR BB H, 22
FAGI AR (1=4.93,P<0.01), W& 2B,

R2 ATF3 5 Smadd %8S EE
Tab.2 ATF3 and Smad4 binding site information

Site number  Chromosome location  Binding region
BS1 Chrl8:48 ,567,232
BS2 Chrl8:48,567,589

Smad4 promoter region( —352)
Smad4 promoter region( +89)

2.4 ATF3 5 Smadd EREEREANFHEEER
S Co-IP 5 KW (& 3) , 7€ input 4 : 5 IEH 45
LA EE, BRI P L Smadd B 115 i ATF3
FEORIKFEM, P AR E R EFRRE R, M
FHATE3 S70RAE IR A 4l AR 40 1A B, AT 8 2 9 92 3L
TESS 5 Smadd B [ 5 M AE1E K 45 2, fif I ATF3 $1
TRAVEFIVE AR BT , 2 UL 5 ) Smad4 25 14 45
o LSRR AFRE RS P ATF3 5
Smad4 {775 B WA EAEHI (P <0.05) .

3 i

SRBE PR R AE B 5 A RS % T 240 B S 4
G AT AL BERE A 5 o RS TR 2 2 iy
I R IT W E 2 F B, Bl TR G & &R K
O H B LRI T AR . AR R B,
TGF-B1 JH Rt TGF-B/Smad {53 I 76 i ¥ 4F
Uk R b R HER O AR T WSS R WD, TGF-
B1 AbFE AT 53 HPFs F1 45 B plL 2T 4 4 M 2 4 Ak
FERURG TR, I D 2 A T A0 M A 3G B RS AR 2R
PERT S DA AR SRR TR BUIR B 1A R Y
BLH], 75 22 2 G i M HL 2T 4 AL BR R RE b 1) 3 2593
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Bioinformatics analysis of ATF3
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A: Heat maps of significant differential genes in the database GSE2513; B: Volcano map of significant differentially identified genes in database
GSE2513; C: Heat maps of significant differential genes in the database GSE51995; D: Volcano map of significant differential genes in database

GSE51995; E: The down-regulated genes in the two databases were found to have 48 common intersection genes through the venn diagram; F: PPI protein

interaction network of co-down-regulated gene in two databases; G: After visual analysis of the common intersection genes in the two databases through cy-

toscape,, hub genes were screened out according to the degree value.
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Fig.3 The interaction between ATF3 and Smad4 protein in

normal conjunctival tissue and pterygium tissue detected by Co-IP
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Fig.2 The expression of ATF3 and Smad4

input: The antibody used in Western blot was Smad4; IgG: Nega-

tive control; IP; The antibody attached to the magnetic bead was ATF3

antibody.

PERREHR

A; Comparative analysis of ATF3 expression levels between pterygium

and normal conjunctival tissues by RT-qPCR; B: Comparative analysis of
Smad4 expression levels between pterygium and normal conjunctival tissues

by RT-qPCR; ** P <0.01, *** P <0.001 vs conjunctival tissue.

ATE3 FEA[RI P 14 £ 4EAL b 1 D RE 25 57 7] g
SR [ 4 AL R AL A O 1 AR 2
ATF3 38X 1E 5 A 40 i A= 23 0 Rt 2 285G T 2L
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gL ST RRES A EL A T A 2T A AL R 2
(G TE FVR 22 RE T, TOAS SCHRE Hh R - ATF3 2 300K
BRI R A R R T B4R ] T, Smad & TGF-B
KGRI 245 5 5% 5 [+, TGF-B/Smad {5 53 %
)2 I S ST A i T B EOR AL
Kt Z 5T 3R W] ATEF3 5 Smad4 22 W] £7 46 A B
1. Rohini et al'" £ F| gt 98 40} ) B 5% h %% B,
Smad4 JZif i TGF-B1 76 N FLAR I 40 i 42 {1t ATF3
FE ERY etk 254, 72 ATF3 Fi1 Smad4 Z [A]JE B 1)
RELESYRRERN 552 5H0E TCF-B1 /- FLIR
TR RAIER . Zuo et al ™ FERRZS IR ROBIFSE bk
P, Smad4 j@it 5 ATF3 254, Rk ATF3 f3% 517,
WG p38 22 3G AL AR M5 5 B, 5 A &
S LR T, B R A A R SRR B A
ATF3 Y5 Smadd 2 [8] A] g £7 7€ M BAE L, = 5 %)
TGF-B/Smad {5538 #1157

ST BE R T IE 45 I UK B A 2 S
RWFFEXT G, WEE ATF3 5 Smad4 1EWFP L2 P iy
KM, RT-qPCR 455 i 7R, ATF3 5 Smad4 £
FLRB AR P RAEIR T IERZBEAL, &
/N ATF3 55 Smad4 (KR35 T BE- 5 3RS I K
IFEAAOC, Co-IP SLERE5 R IR, 2 ATF3 {E R ffi ik
PO, 55 15 5 S5 AL AH B, TR A A Gy e 45
A1 Smadd HE IR L, DL ESS R, ATF3 &5
Smad4 FEFLARBS A A7 LEAH BLVE A, T 6 1E 5 45
PAFAEX P EAER . 25 b, ATF3 5 Smad4 1
FLRB R IR S EAER, v RE S B 1
R R JRBEVIANOG , SR, LB 1 1 AL ) 3 5 22
2 BIRARF ST o

B Lk
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The expression and interaction of ATF3 and Smad4 in pterygium
Hua Yun'?, Han Huanhuan®, Chen Dongmei’, Liu Jialin®, Zhao Xinrong'
(' Dept of Ophthalmology , the First Affiliated Hospital of Shihezi University ,Shihezi 832003 ;
*Shihezi University School of Medicine, Shihezi 832003)

Abstract Objective To investigate the expression and interaction of activating transcription factor 3 (ATF3) and
smad family member 4 (Smad4) in pterygium. Methods In this study, two sets of data GSE51995 and GSE2513
in NCBI database were analyzed by bioinformatics methods to screen out the key difference-expressed gene ATF3 in
pterygium when normal conjunctiva was used as the control. The differential genes identified by bioinformatics anal-
ysis were further detected by reverse transcription quantitative polymerase chain reaction ( RT-qPCR). Finally, the
literatures were searched and The Gene Transcription Regulation Database ( GTRD) was used to predict whether
there was a target gene Smad4 that might bind to the target gene. The expression of Smad4 in normal conjunctival
and pterygium tissues was verified by RT-qPCR, and the interaction between the target protein ATF3 and Smad4 in
the pterygium was investigated through Co-Immunoprecipitation ( Co-IP). Results The results of bioinformatics a-
nalysis showed that compared with normal conjunctival tissue, there was significantly different expression of ATF3
gene in pterygium tissue (P <0.05). RT-qPCR confirmed that ATF3 was less expressed in pterygium tissue than
normal conjunctival tissue (P <0.001). Genomic data from the GTRD database revealed that Smad4 contains two
ATF3 binding motifs, suggesting functional interaction potential. Compared with normal conjunctiva, RT-qPCR re-
vealed Smad4 downregulation in pterygium tissues (P <0.01); Co-IP demonstrated enhanced interaction between
Smad4 and ATF3 in pterygium tissues following immunoprecipitation with anti-ATF3 antibodies (P <0.05). Con-
clusion ATF3 interacts with Smad4 in pterygium, and the low expression of both in pterygium tissues and their in-
teraction may be associated with the pathogenesis of pterygium.
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