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BWE B T Runt HIEHRE T 3 (RUNX3) EHLAEKET-B1 (TGF-B1) % FHI/M
BRI AR AT 4R 20 (PFs) VAL IR, DASHXT AT e B0 B (FAP) Rk,
ARG S IR R A R . J5EE A C57BLI6 /MR 4r B IR 3% PFs, AN RNA
(SIRNA) HEARF i RUNX3 LRI STBREAY, FRe 4 i 43 = 6 REZH. (Control 4D TGF-py
4 (TGF-Pr4l) « FAMEXTHEA] (TGF-B1+siRNA-NC 4H) K RUNX3 It BR4H (TGF-Bi+si-RUNX3
Y1), FF1E TGF-B1 HIEZEAE 1 iE47T RUNXS i 3Rk [ml &2 5256 . 5% H 8 11 )i Bl 28 (Western blot)
HISEIN 50 € B % PCR (RT-gPCR) farill RUNX3. FAP 2 I BUJRJE (COL1AL) H)%
i%; PL CCK-8 Fl EdU PPAL4HMIAETE: See v b AR W% COLIAL 5 FAP IRIE. 5% 5
Control Z1AHLL, TGF-B1 2 PFs H' RUNX3. FAP & COL1A1 f3RiA il (P <0.01) . CCK-8
A EN, SRR L, RUNX3 YR EEE FFE (P <0.01) : EdU SE5 IR,
S B EE B, RUNXS JTERZH K EdU PRPEAIIIZFEAC (P < 0.01) o Syiaxbn 4
iR, SHMXTRA R, RUNXS JIBAA COL1IAL 5 FAP %65 kIS 7 RUNX3
HRIERE LGS, ERRIESHIEF (P<0.0D) . £ RUNX3E TGF-B ST T
HM PFs ZH MG AL, W BEIE IS IF AR FAP ik (2 i g Ho g 5l 5 15 J 2 . B ) T
RUNX3/FAP il A il 21 4EA0 16T 2 L 78 7 S
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Abstract Objective  To investigate the role of runt-related transcription factor 3 (RUNX3) in
transforming growth factor-B; (TGF-Bi)-induced activation of mouse primary pulmonary
fibroblasts (PFs), and its effects on fibroblast activation protein (FAP) expression, cell
proliferation, and collagen synthesis. Methods PFs were isolated from C57BL/6 mice and
cultured. A RUNX3 knockdown model was established using small interfering RNA (siRNA).
Cells were assigned to the control group (Control), TGF-f;-treated group (TGF-B1), negative
control group (TGF-B1+siRNA-NC), and RUNX3-silenced group (TGF-Bi+si-RUNX3). In
addition, a RUNX3 overexpression rescue experiment was performed based on TGF-B;
stimulation. Protein and mRNA levels of RUNX3, FAP, and type I collagen (COL1A1) were
measured by Western blot and reverse transcription quantitative real-time PCR (RT-qPCR). Cell
proliferation was assessed using CCK-8 and EdU assays. Co-expression of COL1A1 and FAP was
examined by double immunofluorescence staining. Results Compared with the Control group,
RUNX3, FAP, and COL1A1 expression levels were upregulated in PFs in the TGF-B; group (P <
0.01). The CCK-8 assay showed that the absorbance value was reduced in the RUNX3
knockdown group compared with the negative control group (P < 0.01). Consistently, the EAU
assay demonstrated a lower proportion of EdU-positive cells in the RUNX3 knockdown group
than in the negative control group (P < 0.01). Immunofluorescence double staining revealed
decreased fluorescence intensities of COL1A1 and FAP in the RUNX3 knockdown group relative
to the negative control. Under RUNX3 overexpression conditions, these fluorescence signals
exhibited a partial rebound (P < 0.01). Conclusion RUNX3 in TGF-Bl-induced PFs may
promote cell proliferation and collagen synthesis by positively regulating FAP expression.
Targeting the RUNX3/FAP axis may represent a potential therapeutic strategy for pulmonary
fibrosis.
Keywords RUNXS3; primary pulmonary fibroblasts; fibroblast activation protein; proliferation;
pulmonary fibrosis
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R YENT£T4E4L (idiopathic pulmonary fibrosis, IPF) & —Ff K A B 18 gk A7 1 )
SRR, DA 45 40 S S Ak L AR A SE R Cextracellular matrix, ECMD it
FEDTRRN R BAHE, IRA FEUMSEMBIA R DhRe gl 2, S LR e il 5 Jé ik Je A n]
IEZBR IR, IPF SR TS AR, 50— 20 ) W G 40 L) AR 28T 1) T4 A

[3-4]

o

JIts PG AL 20 B A I Rl LR 4R A0 B R R Ak /2 IPF SR MR L IR 0-6). B Gk &
Y o-"FIEWINLEHE A (a-smooth muscle actin, o-SMA) 4t, FLF4ELNMIBEISEE A (fibroblast
activation protein, FAP) #I N HA H mdeitk, A5 Z T4 ), Runt
FHCHE LK ¥ (Runt-related transcription factor, RUNX) SR i3 RUNX3 1 2 5 40 i 434k«
B ST AR, ol LA K R F--B (transforming growth factor-B, TGF-B)
55k MRy, fEAF. AR R, HAEMA 4 b2 55 FAP #H%
I 5 It S 21 24k 40 6 T e AT 5 B 2t U SR A RUNX3, 545 siRNA ik 5 ik o &2 5
B, W% RUNX3 5 FAP KEFYEAb A R B LN FRIA AL, NELFE IPF 43 THLHI SR L
1 MRS5S
1.1 SEEeEhY) % 20 Kk SPF 2% C57BL/6 /N,  H 2 BE RIS 55 — B 5 B S2 3k
B0 Rt FrE /N RIS TEZE T ARSI S B A, FRBE A PR A S0 3 M1 7R B
Vi, DA OR LA BEIR L S5 S AU TR R A A ) REZBIERER S SER A e B A 2
HFALE (45 LLSC20231701) .
12 SEREFFAEE %Pl RUNX3 ZpEdifk (185 27099-1-AP) | H¥it FAP £ 7k
Pifk (185 27596-1-AP) K fudi I BKRIRE T (type I collagen, Collagen I ) . £ wifEHt
i (1%%5: 14695-1-AP) . FITC bricHIEPif 19G (185 SA00003-2) 5 Cy3 fric It
% 19G (525 SA00009-2) 40 H iXIX Proteintech /A & /MR BT B-actin FATEFEH A (T8 5
3700) W2 [E Cell Signaling Technology 7 &) : TGF-B1 4 [ 3% E PeproTech 2 ;
SIRNA-RUNX3 K M5t B SiRNA (si-NC) Hi B B A& A s RUNXS I 34 i i
(pPCMV-RUNX3) J 2= # 50k (pCMVO I H s #x R AE PR A B A 7] s Lipofectamine 3000
Fegeulifl. TRIzol 7204 B & [ Invitrogen A 7]; CCK-8 B5fl & H & L Biosharp A
5-Zd-2" -JRAESRTF (5-ethynyl-2' -deoxyuridine, EdU) 43 5 k6 ik 77 & 0 (5 _F g
BAREVEARBRAF: LB 5858 & 0 S 5 & 5 ) B (reverse transcription



quantitative real-time polymerase chain reaction, RT-qPCR) 7 H iR Y e i A4 L%
HRRAF: g CREERFREE. Mig%) WH M Gibco A .
1.3 JHEMRRG LM (primary fibroblasts, PFs) KI5, x5 %E

BC1~-3 d BRI, T LB A R T (A% 55 3 FRIEE,  1.5%~2.0064E4F)
TEAT BRI, @I 3 I S S SR B DRI P o B SR FH STME B 1V Sl 22 SR AE . B S
KL R E T 75% 2B IR 30's, LUAENH T H K, PR URCE T LEG L. @il
T s AT O =N TA IR IR SE R v (PBS) , X Al ZUHEAT BER AL T . BERUS 1)
Pl AR B O BT RE R ELAR 20 1 mm /N, BEJS D PBS ik 3 LA Ik Y ML R 40
B . TR, KA GOS0 R, RN 5 mL BSGECHIAF R (X%
T HT 0.25% K R EE ARG . 0.2%1 1T Y i SR g A s FR B o4 2 0 2 0 1 LR ST AD o
K BN 37 COKIBHAL 30 min. YA AREEAHE, A 3 uL e AR LA LT
SN, AR B HLLA 200 r/min (3 E0 6 mine B 5, R LIRS BT R O
B e BT T IL g, BEJS E ST TR AOE RE 2~3 Yk, DA CRAE R 78
SRR TESERUITE MEA IR G, A BT LIE A I DUE T /5 S A . R B i B
OBH, EFE RETR, BEEA 1 mL R IR A AT R, SRR IR AR R R
ApuL. KM B BREFRAVILRIR S h 5, SEHOR BRI W3 VR 4 A 0 R e T
FELARCENIMGEERIBE T, S A MG SIS, B\ AT B4 A PFs.
14 ZHfibE 5seisrda

A% TGF-B1 (5 ng/mL) (TG MLIEES FRIL M PFs 24 h,  ERSZARSMN T EAL AR Y .
B J5 2H M 5>y 4 4 23 AXTIRE (Control 1) , AN E TGF-y 158 235 77 564557 TGF-py
., 14 5 ng/mL TGF-B1 I TCILIE £ 7R FALHE 24 h; B XS B85 4 (TGF-B1+siRNA-NC
), 7F TGF-Py FlEEAE E, HYeBHTEXT IR siRNA; RUNX3 JTER4L (TGF-B1+si-RUNX3
Y1), {E TGF-By MllER b, # YLl RUNXS [ siRNA. Aitt— B8 1F RUNX3 78 1%
R R, BT R [ 5L, RUNXS R F E SL58 50 2 4: TGF-Bi+pCMV 4,
76 TGF-By LR B, # Y= H TR pCMV: TGF-B1+pCMV-RUNX3 4, 7E TGF-By fill
Bt b, B4 RUNXS i35 Fikl pCMV-RUNX3. il 3% 4L 5256 % F Lipofectamine 3000
WA, gy )T 48 h USCEAN Mt 4T Jo ekl .
15 KWERSTE
151 ZHfBERY ST



PFs 7£ 37 'C. 5%CO, {HIR}EF=A 3%, WHUEH e s i 4e R AR K, P K
IRZS BRI HL4H i % 21 24 709% - 80%, 44 401 fifd 5 4 4y JE ML i 45 77 HE I I\ TGF- B 1(5 ng/mL)
Hl¥ 24 ho {E TGF- B Fl3ERE 1, SR Lipofectamine 3000 2 i B P ECHI U &40, 43
SlEL YL A X I SIRNA (SIRNA-NC) « L H] RUNX3 1] siRNA (si-RUNX3) | 253 ki p)CMV
J RUNX3 i 35 Tk pCMV-RUNX3. # YL 5e il fa gk 8 77, #e 44 48 h W4 T
SR il 8
1.5.2 Western blot K| & F %5

PFs Z&3d /3 ZHACER 5, MIEHHUII 150 pl i) RIPA+PMSF 24, LI 100 ul. Bl
Ja, BYMET 4 CHELTHETEEIRS 30 min LISCELANMAAE, I 20 (40 i 4
TEOE . FAARIR B O 40 BT B9 O AC T IF 3 B 4, SR 5K BCA VL&
EAWE. BTk, i@id SDS-PAGE [ HL Ik V0 8 FIREAT 70 B HIKTERUG, KR
FHE AR B PVDF L, B R SR 200 mA, BRI 18] 4R 140 1B A 55 (2 1 min/ku)
BEAT o« H M TE UG A5 SO0 2 Wl EEAT 35 PR AR B 2 h, I F TBST Bigft 3 k. 25,
£ 4 CUKFET SARRL K — BUdt AT 12 R % 7 A 1, IFIE)h 12~14 he B9 E 565, F TBST
VEBRIE 3 ¢, ARJEAE =R N ISR R B 9t 2 he B A TBST ¥k 3 /&, 10 min/
o IFFERE G LT R . i ORI B e A M A AT 0, AN S o AT
T 3 LA UE S, 5L — Bk
1.5.3 RT-qPCR Il mRNA ®i&

MG B ZUREAS FP R AL RNA,  FEIGAE RNA FR MR 5 I FH 3000 S K S B £
RNA W50y cONA; i Ree L5149, FI T35 18 H bR SE R AN Y S8R 1R g ) S A ¢ Dl o
B & hFaE R U= B (quantitative polymerase chain reaction, qPCR) V& &4, £13% cDNA FAR .
et 5P, ROGY R gPCR IR AY): % E qPCR IEM 28, GFETRME. &, BK
FIEMAARR: 81T QPCRIGIN, IFAEREMER G M EIOCE T iy 14 th A g ih 2%,
SR PCR F=4IAS ks SR N S B R BEAT AR kAL, 15 H BRI R AR X Rk i
154 4 fsFEA T
1541 CCK-8¥& MLl 5>103/FL 1% FE R T 96 FLIR, 4 4L AL I . 435 T Ab 3 24,
48, 72h Jj5, BALIIA 10 uL CCK-8 i), 4k4iFE 2he HEGFRXAE 450 nm A AL &
"% 6FE (absorbance, A) 1fH.

1542 EdUR@EE KT 24 SUBRHR4EME v b, r AL EE . 40 & v i,
RALIMAE EdU (35920 E 2h, B, @EWE, #-47 Click-iT Mkl EdU B, I



H Hoechst 33342 4% . 0GR GUE M ULEATIE, BENLEH 5 MLETHE EAU FHIEZHM A 5>
tt.
155 SEFTOCIARGEMI COLIAL 5 FAP FLRZX

KA RD T 24 FLARIMAMIE 5 |, 32040 . AE 4% % 5 EE[E 2 15 min,
0.5%Triton X-100 J&i% 10 min, 5%BSA ¥ 1h. BE/5, MA%$Pt COLIAL —Hi (1 :200)
Mt FAP —#t (1:200) HIEAW, 4 CHEEA. PBS Wilk/a, A FITC FridHIFEHT
% 1gG (1 :200) A Cy3 dric I EHTH 1gG (1 :200) MIVRATR, =FiREEHHE 1h. PBS
ek JE, F DAPI Bt 5 min. & F 5T 506 Bbt TR,
16 GitFaes

S [¥) #5047 GraphPad Prism 8.0 HH kAT Gi i o0 A1 22 R LU, SR SRR 307 2
JrHr CANOVAD 55 Tukey % H LLEUG LG . BT A LRI E 2 /b 3 MEY)#H A, A P<0.05
NESA G R L.
2 4R
2.1 RUNX3 ViERRT TGF-p1 %S PFs 5t FAP J COL1A1 RiEHIR M

Western blot 5 RT-gPCR £5 R &7x (K 1) , 5 Control ZHAHLL, TGF-B1 20+ RUNXS.
FAP J COL1AL )5 FIF1 mRNA FIA/KF (P <0.01 8¢ P <0.001) . 7£ TGF-B1 Hl T,
SR PEXT R LA L, RUNXS TERZH RUNX3. FAP Fl COL1AL [k P& (P < 0.001 3% P <

0.01) . &R, RUNX3 AJRE Ll T FAP f1 COL1AL fFRIA.



Bl 1 RUNX3 J1ERX TGF-B; %5 FAP } COL1A1 Fi& K0

Fig.1 The effects of RUNXS3 silencing on TGF-Bi-induced FAP and COL1A1 expression

A: Western blot analysis of RUNX3, FAP, and COL1A1 protein expression levels in Control
group, TGF-B1 group, TGF-B;+siRNA-NC and TGF-B;+si-RUNX3 groups and corresponding
quantification; RT-qPCR analysis of relative mRNA expression levels of RUNX3, FAP, and
COLIA41 in each group; B-actin was used as the internal control; a: Control group; b: TGF-B;

ek

group; c: TGF-B1+siRNA-NC group; d: TGF-Bi+si-RUNX3 group; “P<0.01,""P<0.001 vs

Control group; #P<0.01, #P<0.001 vs TGF-B1+siRNA-NC group.

2.2 RUNX3 JTBRY i AT 4 41 a7 A8 1 RIS

CCK-8 55 i, 15 Control ZHAHEL, TGF-By 4LIIANARLE 450 nm Ab IO BE (B T (P
<0.001); M 7E TGF-By AR I, RUNXS JTER 2 i IR ' B 48 45 FH 1 5o HELZH AR (P < 0.01).
EdU o g5 878, 5 Control ZLEL%, TGF-p1 4LA EAU FHPEAEZRTFm (P<0.001) , #

WA AL T R AR SRS o TIIAE RUNXB JTER S, S RAPEXT IR ZLAH EE, RUNX3 JTER4 EdU



FHAEZH A B (P < 0.01) , 3t — P 7E AL /K-T-IESE T RUNXS X il BT E 39 5

WK 2.

B2 RUNX3 PRI fif s T 4 4 i i 3 S B A

Fig.2 RUNXS3 silencing inhibited lung fibroblast proliferation

A: Cell proliferative viability in each group was assessed by CCK-8 assay (absorbance at 450 nm);
B: DNA synthesis activity in each group was evaluated by EdU staining (x200); EdU (red)
indicates S-phase proliferating cells; Hoechst (blue) marks nuclei; Merge (pink) denotes
EdU-positive proliferating cells; a: Control group; b: TGF-B1 group; ¢: TGF-f;+siRNA-NC group;
d: TGF-Bi+si-RUNX3 group; = P<0.001 vs Control group; #P<0.01 vs TGF-B1+siRNA-NC

group.

2.3 RUNX3 JIEBR%} COL1AL 5 FAP 3Lk KF B
T PE TR Yt 55 B R: Control 41 COL1IAL (Z0f5) 5 FAP (4:h) KWL S
Y, 4 TGF-Lfil)E, COL1IAL 5 FAP Ry LRI (P<0.01) ; 4RI, 7 RUNX3
UUBRJG, RUNXSB UTERZH COL1AL 5 FAP [R5 R FE R TGF-Bo 2R 911 %ot 1 2 9 55
(P<0.001) . %45 R#&W], RUNX3 JTBR AT [#{Ik COL1AL Fll FAP #% H {1k, $&7r RUNX3

R RE PR RIS B BRI RIE 50 A . WL 3.



B3 GRBEFEIRLRE (A REHMM P COLIAL (LA t) §FAP (4) KREK
HEFEGHER (B) 00

Fig.3 Immunofluorescence double staining (A) was performed to examine COL1AL (red)

and FAP (green) expression in each group, with histogram-based quantification shown in (B)

200

Scale bar: 50 pum; a: Control group; b: TGF-B; group; c: TGF-Bi+siRNA-NC group; d:
TGF-Bi+si-RUNX3  group; ~P<0.01, “P<0.001 vs Control group; *#P<0.001 vs

TGF-B1+siRNA-NC  group.

2.4 RUNXS3 TRIE[E K L5 & IhRETEL



Ihfig ] 2 S2 56 45 AR, 5 TGF-Bi+pCMV 41 L5, TGF-B1+pCMV-RUNXS 41 H RUNX3.
FAP K COL1AL (RIE/KFFHE (35 P <0.00D) o [Hif, EAU &M E7R, 5 TGF-i+pCMV
HELEL, TGF-Bi+pCMV-RUNX3 A1) EdU FHPEAZE T (P <0.001) 5 A 5% 6 NR 4L
RS R, 5 TGF-pi+pCMV 4LHL#HE, TGF-B1+pCMV-RUNX3 4191 COL1AL 5 FAP f%
el SR, Rl R SN MR THESE T RUNXS 0T FAP 3RIA K ALk 7 4 i 3% fh 3k
R T 4 L ) 164 B A



B 4 RUNX3 ZFR&EBEELKIIFEIIEE

Fig.4 RUNX3 overexpression rescue experiment verified its function

A: Western blot analysis of the effects of RUNX3 overexpression on the protein expression of
FAP and COL1A1 under TGF-pB; stimulation; B: EdU staining assessing the impact of RUNX3
overexpression on cell proliferation >200; C: Immunofluorescence double staining evaluating
the effects of RUNX3 overexpression on the expression of COL1A1 (red) and FAP (green). DAPI
(blue) was used to stain nuclei. Scale bar: 50 pm. a: TGF-B1+pCMV; b: TGF-B1+pCMV-RUNX3
group; “*P<0.001 vs TGF-B1+pCMV group.
3 Wig

AW I AL T He 3 K7 RUNXS FENEF 4E AL A0 B s B b OV, o e 5 il T 4 40 i B
HH FAP RIS TAEAH IR 45 R BoR , 78 TGF-By 155 1/ B AR R 4T 4E4m i H , RUNX3
ik B, JFIEAEEE FAP J COLIAL [3RIk. ThREs=sci ], Uik RUNX3 REA 2L
I A IG5 (CCK-8 Az EdU SERRIESE) o Ak, SiZ PR thimzs, RUNX3
UUBRFEAC T COL1AL 5 FAP [ uREKF o 1 2E A1 92360 M S TG IE 1 RUNX3 7
ZIS R PIRSIER . DL R, RUNX3 FIReEER TGF-B1 15 5 5 M et 4E 4 is
T — A B AR L0,

FAP Ey—Fh Il R iR ez IR 5 A Mg, AEVE AL AT g b s 3205, AT Ry 4m
MG AL bR B, EE S SN AMNE R B AR KA KR 15 S I, R
ML E] RUNX3 Z21L Y FAP K& —#, #&/8 RUNX3 AJ Bl # 5 2 i IE [ 4% FAP, A
T HE AT A0 N AL SR SR A B o S5 T3 IE ChIP-QPCR . XU it R AR 42 [ 45 S 06 6
ilE RUNX3 /& 5 HZ4 & FAP B8 I LSRN, AR & o-SMAL FNL 88hn 54
BE— B SE B IE AR AL IPAG IS,

AWFFAAFAERBRE: H AT 4518 3 2R T RSN EAAI RS, RUNX3-FAP Hli7E {4 A il
AR E AN R SRUE: th4h, RUNX3 1% FAP I E % X H G 5 M %% 1 AR B
o RRATEF R AR5 SR L e R hF R SUKTIGAE, JF4 SR IE 2591
TR R A H AL AN .

25 LATR, RUNX3 7E TGF-Py 55 MR PFs iffk, HALHI TR KA FAP ik IE
TR, BET RSN YH M KI5 JEA SRR A B R . 4B [T T RUNX3/FAP filif 82 Al 2f

UL IR T SR BRI 7> T HE AL
225 3Lk
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