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ATF3 Y5 Smad4 {E¥AR B3 PP R 2638 B L1

e G RO R IR, BB ok
(' BAFREE—WEERRA, AF 832003, FRFEFR, 67T 832003)

WE BN WPHRRERMER T 3(ATF3) 5 Smad KGR 4(Smadd) AEFARBG AP RE LKIAHEER ., AiE @it
AW BT Bk 4 B NCBI B0 1 b 0 SR 4 GSES1995 il GSE2513 , §ifi e H LA 1E 5 &5 A S sk RIS, FR0IR 55 1) A e
R FRIBEEN ATF3 . JF38 1 S0 9O i SO S 3R A WS SO, ( RT-qPCR) i — 2B Rl A= W15 8 2 o0 B ik th i 22 e 2R IR,
Ji 456 SCHREE R 9138 2 Fk R 7 S R 4 40 0% 15 ( GTRD) TN & B A2 7E T B 5 H bRk R 45 B 1 ML 36 X Smad4 , RT-qPCR 5 iE
Smad4 FEIEH Z5 B 5 FRE AL LU 2815 00, 38 2 G B L UTTE ( Co-IP) #£59Y ATF3 5 Smadd 2 AR B A B EBAF
EAHEAER. &R AWEB¥IER TR, LUE RS20 IR, 3R 8 N P 7E R BE 2 IRk A
ATF3(P <0.05) , RT-qPCR 5255 /R , 5 IEH G5B 2 LG , ATF3 ZEFDREE AL ZUP IR 3K (P <0.001) . 4% %2 (GTRD)
KR Smadd FER 5 ATF3 GGG AL IR TTRE S ATF3 fAAEA HAE M . 5IER 45 LG, RT-qPCR R FDIR B P H L
H Smad4 Fik NI (P <0.01) ,Co-IP 5 7R 7Eff F ATF3 HUARHEAT SR UUTE B , BRI ZH 4L Smadd 245G B3I (P <
0.05), &5t ATF3 5 Smad4 FE3ARE PP AELEAN EAE T, Z 8 7E BB N AL b i R 3Rk SO B AR AT e 5 3R
PRI

KR FURB P ATEFS ;Smadd s FHAE T WIS

hESES RT77

TERARER A SCELHS 1000 - 1492(2025)06 - 1068 - 06

doi:10. 19405/j. cnki. issn1000 — 1492, 2025.06. 013

FURBT A — 1 2R AL AR, LGS 2T 48 i

2025 ~04 =26 fislk | TR SRR BT . i) T T AR
mERS ARARRIRS AT D #e35 JRI TH O S B AL F

T T g BB ‘ ' |
BRI 4 M B B o 5 1 LB BLE] S AL ZE KK T-p (uransforming

mail ; zxr_yk@ 163. com grOWth factor beta , TGF'B)/Smad 1%%@%%‘7%2%4&

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 + peD-
NA-NC group, the alkaline phosphatase activity, the degree of cell mineralization and the expression of BMP2,
OCN, 0SX, 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 K 5 4(Smad family mem-
ber 4, Smad4) {f: 2} TGF-B {5 T HHI .0 T, B
PEPRYE PP R L o SR T 3 (ac-
tivating transcription factor 3, ATF3) #¥ & i o] i 13 7
¥ b Bz [8] 5 %5 1k, ( epithelial-mesenchymal transition,
EMT) & 5 2F 4 fb ke > . #F58"> %W, TCF-B1
PO AT F 95 Smadd 23K I 410 ) FR B Y ST 4E 2
Jifg (human pterygium fibroblasts, HPFs) 3%  {H7E
TGF-B/Smad jil b 5 47-AE W3 [] 45 ] 545 A
A

AR, AR ], TRV Z 2R 4B v, 4
ATF3 f) I8 £ 25 % 0 TGF-B/Smad {5 5 1 19 %
7T ATF3 3235 7T RE AR T TGF-B 55
W SR ATF3 AT AESE L Smad {55 [ 4 5
YRR . ATE3 TEFDIRE A Y 2B R ik X
55 Smad {553l # 1Y CHEHL T DA HGE . R E
UCR ARG B2 100 5 73 5 BARBESE, |G
ATF3 5 Smad4 3P 7E IR ES A i A= 02741 1
S TEAR R BT LT 4E AL IR AL, D 3R N HE e
IT ALK o

1 #ESE

1.1 FEZKF TRIzol. ¥ 5% 1R 55 & . DNase/
RNase-Free water , Pierce™ TP 24 fi# 2% wh i W) T 2 [
Thermo Fisher Scientific /3 7] ; SYBR GREEN IR -4 fiff
AN A & A AC s RIRA Y 4wl =R
BRI T 38 4 R DU A AR A BR 23 15 T8
KW S NEEE T R8T T T AR S5O0
T 5 B4 Bl 5% I W (reverse transcription
quantitative polymerase chain reaction, RT-qPCR) 5|
YT b A T AR TR PR v 5 SDS-PAGE
JEEHE il 70 & BCA 2 e I 5 1R & i 93
¥y ECL B2 T B3 = KA w5 I F4i e 1eG
ALY TeG HURIE T st 2 a0 A IR A A 5
PBS ¥4 & W T2 [E Gibco 2\ F); ATF3 ${ 44 , Smad4
LA T3 E Abcam 24 7]

1.2 &

1.2.1 AHEE&EFHH  AOFEIUTE NCBI £
FEFRRAE GSE51995 . GSE2513 Wi EE R {E 8., it
AW DT s T 5 SRR Y AR DG Y 22 S Ak
5 P A R i = S O 1 B S A B S s o B
F IO AR 4R 2L [ #E f, SE ) A B AL RS R R4
IR B~ 2 E B EAE ] (protein-protein
interaction networks, PPL) R4% 44 %, {#i i STRING

B ZE (https : //string — db. org/cgi/input. pl) (R 5 E
H Z [a) m] B8 /Y i 3%, 6 J1] Cytoscape 3. 9. 1 Xf
STRING $ir4fs A5 th BBl R4 T Al ML AL BE

1.2.2 il I4E 2023 42 5—12 J7EfA 1
REEH— W JE BEBeAT IR MEFDIR B N IBRAR + B
ENERA AR T ARARAS 21 ], 4% 49 ~ 76 (58. 95
+8.00) % , 1 8 ], Lotk 13 il A hoxt BRI
SERREACRAE B 10 147 U VSR B A VIBR AR +
AR5 REAS R S0 R i T 75 25 B2 21, 4R 43
~66(56.70 £5.83) %, BT i, ik 3 ], AL
WA G OM/REFRET) , a1 K5 — M E =
BEAEREZE B 2x 4t vfiE (No. KJ2023-354-01) . i i
BRI B AR R

1.2.3 RT-qPCR KU iy IR W 45 20 21 5 3R
B LU 20T B AT I IR IR, R T TRIzol
TR IE 25 R 4 2R BRI AL 2 b R IR
RNA , {#i i NanoDrop 1000 UV 43656 EE 11 22 RNA
W1 260 nm 5 280 nm W 5 ( Absorbance, A)
(Ao Asgo) s BT S W 2] 1 g RNA,
HRAfE B2 e 530 G U, R RNA RC8% SR eD-
NA, 544 4E SYBRGREEN PCR master mix i 7| &
(88 B 47 S I 9 5E 1 PCR., i ] SYBR Green
LAY, DL B-actin NS, LL2 7ML ATFS
Y Smad4 TE1E K 25 I 2H 3N 3R B N H 2 b i A
XK. RT-qPCR 5141 FF 5 W3 1.

®1 519F5

Tab.1 Primer sequences

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

Homo-Smad4

Homo-Bactin

FRRRPAR

1.2.4 X W45 % A3 43 % (The Gene Transcrip-
tion Regulation Database, GTRD) ¥ ATF3 A W # %k
PRI W %09 il GTRD (http://gtrd. biouml.
org) M %, ¥ TF binding site location % B Ji%
[ -1000, +100 ], Organism 1% & i, Human ( Homo
sapiens) , Transcription factor ¥E$& ATF3 P18847 1%
PN 7 ATF3 RUnTRESS G N 1o JF&5 & I EEAH
RICHR, T s ATF3 RIRESS G I EEHE DY Smadd

1.2.5 Western blot K37 fif 1F 5 25 I S 3R B A
YLYUE VK b B IRl AL SURIF B (T IS , 1 RIPA
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VE RO T HE 1 B R 2 R, 7E 12 000 1/min 4 CF
B30 15 min, B VEW, A BCA 12070 &0 7 25 1 o
Mk B, O DUE BRSSO MK, S B AR SE vk
95 Chin#A 8 min, 38 it B UK 45 A [) 73 £ 1 2 1 ot
PR BIBEIRLT AE R ME B, S % JBAR WA Jt P ) o
B ATF3 .Smad4 #if& (1 : 500) ,4 CIBHIH. 52
K TBST e 3 W, fd X0 R A s — H oAk kA7
WEE L TEEIR TRRREE 2 h, TBST wpijsk 3 ¥, 5
Bt

1.2.6 % J% 3% i ( Co-immunoprecipitation, Co-
IP)  ARIEAKYE Pierce @ Co-IP 1357 & i W] 43 #
Yo WOIBUIE 5 45 I DL S BELIR 8 R 4H 21, PBS 3k 3 il
T FHAH U (SORF 2H 2T B FC i/ N DR , o v 284
FR, UK BB S min , HIE]TR 5) JLIR . TR B0 AL
A 13 000 r/min, 4 °C FES.L> 10 min, HIASFEPLIAE
(ATF3 Smad4 ) J [a] 5 1) %t BRBUIA, B ATEREAL, 18
W4 Cid SR IE T H P A 25 L Pierce 25 A/
G REER IRA G B TER T 1 h RERLER, 251
BIRE M IR LIS S5 2600 Hr o #% 500 i) 4
PEUIVE SR/ TR G P UM B B O b R RIR G 1
5y WOHERLER, B3 B FRUETE 2 i, i 500
pLAEB AR RS R RIR G 15 IR 284
RESRWCSERE R , 237 B ARG 4% 100 L i L ik
ARG o (S AR RE) AR B0 A R AE 96 ~
100 C &4 T I 10 min, FI7% 3 SR G 3R 73 25, B
T HBPUR IR R BB B R EP N, 1R
0B 1.2.5 Wik T Western blot SZ56 , #6105 40 M
T (input ) FEAS ( RIZLAREF Y 4L SVREAS FIIE 3 45 I 20
ZUEA) FGRBEUTVE (IP) Ab 5 (RP{EA ATE3 $ifAk
TPHLE ) Ve Smadd B H AR IL R,

1.3 Fit=F4aiE %A GraphPad Prism 10 Ak 3k
gt b BRI B0 R %0 = bR e 22 3%
IR TEIEZS MG RT3 255 B AAE T R ¢ KB it
T ML ph ST AR A S B 2 TR A, DL P <0.05 Sy 22
A E

2 #HR

2.1 FMAEYEEFSHENFEFIERER
ATF3  {fiJ] limma 3fF4L, X &AFEAR AT T MR
IH—AAb B, IF I T ATF3 5L R A DG AR
B TERUREE GSE2513 F1 GSES1995 2 i i % 43
SR 22 5 5 420 A (B IRZE 246 4,
TIREEL 174 ) F1 395 A ( R 829 4, F
JEAHEER 566 4~) , 2% ] centered pearson correlation 43

BT, X6 T 5080 P v ) 22 S PR A B T] 2 4R
RS, I RELS KL E AT FEAR P D )
WA RS (1A ~ D), SO BlE e
)RR O A SR B, 15 30 (3 Y 22 S ik
ATF3(E1E ~G) . B, NIERIKF &/, IEH
5NN GEARB WAL ATF3 1 RBAAAE 2 5
(P<0.05),
2.2 BREARMALT ATF3 RixKFE  RT-qPCR
GO JATF3 TEFURE WAL P IR IBIT
IEREEREHR, 2R A% E L (1=13.39,P <
0.001) . ULIE2A.
2.3 #F A GTRD HHEEFi% ATF3 B 7] gEF R &
B Smadd , FHRIEHAERBRBERNELPHRIE
it GTRD, 2| ATF3 5 Smad4 fE1E W MIGTES,
AP (F22), RT-qPCR 459 W5, 5 1E % 452
ZUHLL , Smad4 TEFERE R L RR BB, 2%
SAEGIEE N (1=4.93,P<0.01) , WLE 2B,

R2 ATF3 5 Smadd ZEMRER
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 ERHERKBEAHRHEEEM
fBSL Co-IP Z2REEWI (8 3) 1k input 4. 5 IEH 45
BRALAARS LG, FLAR B P AP L Smadd 8 5 5 6L ATFE3
HARBEAR, TP AHER TR EFRE AL, i
FTATE3 LR FIAE 94l AR BT A, ol Ji 20 e 22 1L
TS5 Smadd 3 5 MR IE R 254, 6] ATE3 $i
PR TR AR BT A I, R DLW I ) Smadd 25 1125
Fo MBSV RBVIMEIRBE WAL B ATF3 5
Smad4 77 7E W] A ELAE (P <0.05) .

3 g

TR A ) A LE BN 5 A1 % T 20 L S5
TR AL IR A OC o R F AR 4 5
I PR 36 97 19 2T B, B TR A 2 Kk KR B
F U R AL AT R AT AR R B,
TGF-B1 KL T iy TCF-B/Smad {551 #% 15 I 1% £F
UeAb e R R SRR OV T BESE R W, TGF-
B1 AbHn] G2 HPFs F1 A ULS IR ISAT 4E A 2T 4k A
PTG, I 0 P TH AR M 1 3G 5 A AR R T
P DL AR R BT R FLR S Y R 1
B, 752 2R GUM AT 2 4k A S AR v 18 30 25 0
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Fig.1 Bioinformatics analysis of ATF3
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 GSES51995; 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.2 The expression of ATF3 and Smad4

in pterygium and normal conjunctival tissue

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.

pterygium conjunctival
input IgG IP  input IgG IP
Smadd4 | W —_— 60 ku

3 Co-lP M EFLRARSERERNARH
ATF3 5 Smad4 EAMBEER
Fig.3 The interaction between ATF3 and Smad4 protein in
normal conjunctival tissue and pterygium tissue detected by Co-IP
input; The antibody used in Western blot was Smad4; IgG: Nega-
tive control; IP; The antibody attached to the magnetic bead was ATF3
antibody.
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7 ST RORES A B 5 H b 2T 4 Ak 505 25 10
(3 BE AR 2B RE T, WA SCHE R ik - ATE3 2 3R
BB R R R T, Smad J& TGF-B
KR BS54 TN, TGF-B/Smad {5 5 1 %
2k R B ST A i T B ORI
Kb Z 5 RN ATF3 5 Smadd4 Z [A] f#7EAH B G
., Rohini et al'" 75 7L 98 240 g i) BF 5 b % B,
Smad4 Ji:il i TGF-B1 16 A FUIRE A0 R ik ATF3
FaEVER Sork 261, 75 ATF3 il Smadd 2 [6]7F 510
R 2 AT REM TS 5 0% TCF-B1 /v T FLIR
TR EL . Zuo et al P FER IR B 5E T Kk
P, Smad4 @1t 5 ATF3 254, ek ATF3 $i% 517,
PG p38 2L AL R UG S %, R A
SR T, R A SO, R B A o
ATF3 5 Smadd 2 i) /] RE A7 76 M1 AR, 2 5 %
TGF-B/Smad {558 B 15

PSRRI T IF 45 B SRS 8 LS
HBFFERS G2, WEE ATF3 5 Smadd 1EPiRILLLH 1
FikE M . RT-qPCR %5 R B/~ ,ATF3 5 Smad4 1r
FURES AU R IR T IE W 25414 . 42
7R ATF3 5j Smad4 (%335 7T fE-5 3R B 1A 1 % 0
IFRAIE . Co-IP SZEGZE S B 7R, 24 ATF3 £ i gk
PUARR, 515 S5 AL A He , 30K B R 4 e e Dl ve 445
411 Smadd T [T I L L)L S5 RULH], ATF3 5
Smad4 FEFCRES R HAEFE A AT 1 78 1E 5 45 1
A AEX P BEAE . 25 b, ATF3 5 Smad4 1E
BLAR S P P ROR IS S M ELAE T, AT RS % Y
R RSB IRISE SR , LR B 5 2
HE— L ERADIA .
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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
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

smad family member 4 ( Smad4) in pterygium. Methods

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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