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IFN -y alleviates intestinal fibrosis in Crohn’ s disease through inhibiting the SRC/Areg
signaling axis

LIN Junjie, SUN Junjian, WANG Lu, WANG Shu, ZHANG Hongjie, ZHAO Xiaojing’

Department of Gastroenterology , the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: This study systematically investigates the regulatory role and mechanism of interferon - gamma (IFN-+v) in
Crohn’ s disease (CD)-associated intestinal fibrosis. Methods: Intestinal fibroblasts were isolated from CD patients and treated with
various cytokines[ IFN-vy, interleukin (IL)-17A, IL-1B, IL.-33, IL.-36a, tumor necrosis factor (TNF)-a] in vitro. The mRNA expression
level of amphiregulin (Areg) in human intestinal fibroblasts was detected using RT-PCR. Following treatment with 20 ng/mL IFN-y for
48 h, transcriptome sequencing (RNA -seq) was performed, and a protein-protein interaction (PPI) network was constructed using the
STRING database. Immunofluorescence was employed to detect myofibroblast markers such as alpha-smooth muscle actin (a-SMA)
and antigen Kiel 67(Ki67), evaluating the effects of IFN-y on the activation and proliferation of human intestinal fibroblasts. Results:
Areg significantly promoted the activation, proliferation, and collagen synthesis of intestinal fibroblasts, whereas IFN -y markedly
suppressed Areg expression in intestinal fibroblasts and downregulated fibrosis - related genes including o - SMA, COL1A1, and
COLO6A1, while also inhibiting fibroblast proliferation and activation. RNA -seq analysis revealed that differentially expressed genes
regulated by IFN-y were significantly enriched in the extracellular matrix (KCM) remodeling pathway. PPI network analysis identified
SRC as a core node, suggesting its potential role in mediating the anti-fibrotic effects of IFN-+y. Conclusion: Areg is a key mediator
promoting intestinal fibrosis in CD. IFN-+vy inhibits Areg expression through transcriptional regulation, and it is found that SRC may be
a key effector molecule downstream of IFN-+vy. IFN-y may exert its anti-fibrotic effect by inhibiting the SRC/Areg signaling axis. These
findings provide a theorectial basis for the development of anti-fibrotic strategies targeting the IFN-y/SRC/Areg pathway.
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Beond])s 1A R & A Ceollagen 1, COL1ATD VI
Ui JiR B 1 PUAK (eollagen VI, COL6A 1) (Ki67 LA
(Abcam A7, £ H) | a-FIF W) & A (a-smooth
muscle actin, a-SMA) HTLA (Santa Cruz A F], FEED .
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SIE IR 37 CIE A IR (L NG BE J5 4 2 10 mIL 58
REFREL, B3 d RS mL R R A R 4T d R A
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Ny AT 4 4 M 53 7 41, 43 3 oh s i R AL
S 6 Flt 240 Jfa PR 7~ Rb B 2H , A 2R 2H 3 S 45 DA 40 g
IR~ SR B AT 4E 2 P 48 h: IFN-y(20 ng/mLL)
H /& Cinterleukin, IL) -17A (50 ng/mL)  IL-18
(10 ng/mL)\IL-33(100 ng/mL)\IL-360.(200 ng/mL) . Jif
JRIRFEIRF-(tumor necrosis factor, TNF)-a(20 ng/mL).
1.2.3 Real-time PCR

K F TRIzol 7% #& HU % 2H 40 }fd & RNA J5 , &
Nanodrop £ I RNA ¥ & A 26 & [ D (260 nm)/D
(280 nm): 1.8~2.0]. Z Ml % il S AR VAR
B 1 pg i RNA 347 <DNA & . qPCR Sz S A
SYBR Green i£7E ABI 7500 & 4t 521, 5107 51
R AEY) 4 A COLIATL(F: 5" -GAGGGCCAAGAC-
GAAGACATC-3', R: 5" -CAGATCACGTCATCGCA-
CAAC-3"); COL6A1(F: 5 -ACAGTGACGAGGTGGA-
GATCA -3’ , R: 5" - GATAGCGCAGTCGGTGTAGG -
3'); COL6A3(F: 5’ -ATGAGGAAACATCGGCACTTG-
3',R:5'-GGGCATGAGTTGTAGGAAAGC-3") ; Acta2
(F:5'-AAAAGACAGCTACGTGGGTGA-3', R: 5'-GC-
CATGTTCTATCGGGTACTTC - 3" ) ; GAPDH (F: 5' -
GGAGCGAGATCCCTCCAAAAT-3",R:5'-GGCTGTT-
GTCATACT-TCTCATGG-3"). PCR M FEF:95 C
A 30 ;95 °C 55,60 °C 34 s, 40 MEH . K
28y o M R A X R IA &, GAPDH /R A N 2 5[]
BT HRAELL o
1.2.4 Western blot

B ARE SN T 4 1¥) SDS-PAGE %% LA
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Jii s F 5% Wi i 2R W & iR A P 1 h, TBST 88 5 A
—PL4CHBEELR (=120 . KH, TBST¥EE 3 &
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UCTBST e 3 YR ¥ N ECL 2 5, 4 FH e i il %
REGRMES .
125 EdU#&

K EAU Ax e A6 0 40 386 FE 5 . A5 4
L LA 20 pmol/L EAU 35 77 3 57 & 4~6 h (4K 40 g
G 5E R A S 4% %2 T W [E 32 15 min, 0.5%
Triton X-100 3% X 20 min J& , B AL 55 10 2%
SR RL(Click-iT®) ¥ 2 A bR id B Z A ) (Alexa Fluor
594) 5 EdU A 254, EE [ 87 30 mino 2 A% DA
Hochest33342 & 4, %¢ 6 0 M 22 11 5 EdU FH

PRI LA CEAU BH 14 20 A £ 40 i 20< 100% ) -
1.2.6 e %05 % I &R Ki6T F &

2 20 it i P 3K 3 90%~95% I, - 0.25% ik i
HACFETHEL, % A0 AN FLEEF T 12 FLIR, 37 CHs
FRak R . AP MG BE JS , B 4G 5 55 7R R 34T 6~
12 h LA, B J5 53 700 i N B 240 TFN -y (20 ng/mL)
FITGF-B(5 ng/mL) 48 ho SZH6 L FE A, 4 PBS
VeV 3K, 4% % 5 W I = IR 8] 52 20 min, PBS F IRk
&5 5 0.1% Triton X-100 4b 3 20 min S HL 4 g 5 18
%, 10% 1 2E i B A 2 he K H o-SMA Hi4R(1:
100) F1 Ki67 Fi44 (1:100)4 CRL % F , Alexa Fluor
594 Fric B ZH0 37 CHREOLIF E 1 h, DAPI 4% 4 4
Mi4% 10 min, BT A BEG P IR IR H PBSIR BE 3 1K,
BEIR S mine ¢ Jad A I AE Leica THUNDER & 75 7%
PG T MR R
1.2.7 % %4805 (RNA sequencing, RNA-seq)

AW 72K F 20 ng/mL IFN-yAb A i 1% 2T 4 21
148 h (R4 15 3 /N2 E D, b Ji5 18 H TRIzol
TR [F] 25 2 TFN -y b 23 20 70 %5 8 20 41 Al I B B A
RNA, FEAIE 2 A K IR R 4T RNA-seq /7 & A1)
1Z B2
13 %itgrnk

fdi Fil GraphPad Prism 8.0 % 11 #F 1T 45 it 2% 4t
H L, B DA B AR EZE (0 + )RR, AL EL iR
FABRASEAE A o K60 565 5 22 2 TR) B8R F SR DKL R O 22 4
B, 5 22 55 1 B 3% FH Tukey K5 56, 5 22 R 55 B 1
Games-Howell K38 3E4T S5 7001 . BT Gt Al
K FHSUMIASE 6, 235 1 7K~ 1 8 N a=0.05

2 % R

2.1 Areg 42 gt W i nx 4T 4 tm o i AL R I A

Western blot & ] 45 2 2. 7x , 28 Areg A0 35 48 h
J& 5 Wy T8 R AT 4 40 i b IR R B COL1AL. COL6AL
FAg bR B o-SMA [1) 235 7K T 500t JR 20 35 5 3
FCE 1A o EdU 240 J 34 58 S50 3k — P UE S, Areg
A S A T R 2T 4 AT I B B e 0 (BB .
IR 2 R, Aveg 38 I R 1 7 A R ZT 24 4 1 1) i
Ji B A B A LS AL AN B, 7R CD AR G T 21 44k
R R E TN .

2.2 IFN-y#p &1 1 s 4T 2 tm R Areg & &

Jor T8 G R T BE X L& CD BB I A 4L R B Rk
JeH) BN 3R, Z AR+ 2 Hix — iR B AR
TGF-BAE Sy B R 45 40 PR 7, T 3@ i i 1k 40 i
SMEER G S 5 HLME R R AT T K
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A: Intestinal fibroblasts derived from CD patients were treated with Areg for 48 h, and the expression levels of collagen proteins (COL1AT,

COL6A1) and the activation marker a-SMA were analyzed by Western blot. B: The proliferation of intestinal fibroblasts derived from CD patients was

assessed using the EAU assay (scale bar=200 pm). P < 0.05, "P < 0.01,and ""P < 0.001(n=3).
1 Aregf®3t CD B2 KR BIBAIE B AT 4E 2R AR E L R IB7E

Figure 1

B, TGF-Br] il i {2 i Treg A K1k Areg /3 CD
AT e R G VAG A [F] 40 B R X Areg ik
BIRFEAE H , ASHE TR H CD A W 28 4 v 48 i
BN I8 A e Y, W B 1 IR IR K
6 Ff 41 it [ 7 Ab FE 4 (TFN-y  TL-17A JTL-1B . 11L-33
IL-36aTNF-a) » RT-PCR &5 F 27K, A [B] 40 i [+
XT Areg 15 I Y15 B I 2 e 1 TL-18 i 5 (i i i
TR Areg FRIFEIA , T IFN—y I 220 H 0 2 A 0 |
TER(E2) o X —RIRAMEHIE 1 PR 58 R R 72
SEOUCL HRIR TR & R AR A A R % T i B
ER . T IFN-yX Areg (P45 5 MM /R A, HEII L
Al REEIE N A Areg FIARINZ A AEAHERE .
2.3 IFN-yAp & M ni 4T 4 20 IO IR & B R iR

BT R WARE 78 K I Areg AT 35 5 2 1E i B 4T 4
41 ff iz Jir B 1R IAMY . ARHIE T — AR IFN -y 2
1318 9% Areg 52 IR R H A . #RELCD & FF
WA AL 78 5825 [0 N il AT e, 1B S R
HEZH S TGF-B (BT HED 41\ IFN-y41 & TGF-B+IFN-y
AbFEZH . RT-PCR 458 27w, IFN-y AU Areg 32
B (E3A), I8 23 T IHa-SMA (ACTA2) . COLIAL.
COL6A1 F1 COL6A3 [f) mRNA 7K *F- (& 3B~E) , 3% I
IFN-y 7] 638 1 1] Aveg 18 S 5 145 g B AT 4E 24
i Jise J5 e A
2.4 TFN-yApH] M n) 4T 4 2 i & A B 3G 78

FSCET R 20 ) 3% A 5 38 5 2 i 21 4 A gk A R

Areg promoted activation and proliferation of intestinal fibroblasts derived from CD patients
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The mRNA expression levels of Areg in intestinal fibroblasts treat-
ed with various cytokines (IFN-+y, IL-17A, IL-18, IL-33, IL-36a, and
TNF-a) were assessed by RT-PCR. "P < 0.05 and ""P < 0.001(n=3).

2 IFN-vyiID I B% A £F L 4R BE Areg T35
IFN - v inhibited Areg expression in intestinal

fibroblasts

Figure 2
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Human intestinal fibroblasts were treated with TGF-B(5 ng/mL), IFN-y(20 ng/mL), and the combination of TGF-B + IFN-y for 48 h. Subsequently,
the mRNA expression levels of Areg(A), a-SMA/ACTA2(B), COL1A1(C), COL6A1(D), and COL6A3(E) were detected by RT-PCR. "P < 0.05, "P <

0.01,and P <0.001(n=3).

3 IFN-y3NHI A7 A T 4 AR RR RS R & B Rk

Figure 3 IFN-vy suppressed the expression of collagen in intestinal fibroblasts
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YEGH S 650 N EE R FRIA B3 I, 795 AR
BETHESA . dE—Pilid STRING d 2 i) e
72 AR K A 1) 8 1 B BAE (protein-protein interac-
tion, PPD) (X 2% , 3t F Fi| Cytoscape #4147 AT 414k 43
WTo DRBRAX ALY s BT 4858 HY 4 SR FE>2 %O
A, 4390 Stat] . Stat3 . SRC A Gjal (I 5B) . W5
F2H, Stat1 F1 Stat3 J2& IFN-y/5 5 18 4% () <8 20N 43
T, s 590t Y S R AR F L]
CUBCONWIHE . MIELZ N, SRC I F TFN -y il #
IThREDT FOA XD . [EAREREIE, AR
B SRC e 5 2 Fh I 52 7k (AL 36 G 8 B B 52 4k
GPCR. 32 4 i & 2 4 I RTK 41 MET/PDGFR/EGFR
DL K B4 22 50O AH AR a3k 17 B0 PI3KL RAS/
ERK F1 STAT3 55 R 5 = i i, i 455 40 M 8 5 L A7

W M ML A . A, SRC-FAK A5 5 b A 3 i
FR AL p130CAS M 2 [ A RhoA 254, th [F 3 & &
W5 ECM E 9, e & (e ki i R B 5 F5 il
FEP . 50 7 R TE SRC A H5 1) Areg H 43 W
WOEE N AT B R 3G 5 S A . Rk, #E
I TFN-y 1] BE38 3 4001 SRC B 1 375 1 PG Areg %
3, 13 T B T R 4T 44 4 A ) s AL IS AR B R T
TE LT YA R AE R

3 3t it

AR RGHARVT T IFN-y-Areg £ CD 4T 4
e AR VE R 78 T Areg it HE AT 45 41 i % AL
R SRR R AT A AL, (]R30 TR N -y m] e ik
TN Areg 21k [ T UL AEAUAH SR DR R HE BT 44k
YER . XER AR 1% CD F£F4Edk 71 Hli
(IR, A ) T TRAT AL B RE SR AL T I 7R SR

AHFFCUESE, Areg fe 2 (2 1 i 2T 44t R )
IR (COL1A1.COLOA D& il A Gt br ) (a-SMA)
(1R IE, JE 38 5m L IG HE A8 /), 1X 5 BEAE B T 408 1)
Aveg £ H ZUE G AL A4 B — 8. Areg
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A: Representative immunofluorescence images showing the expression of the proliferation marker Ki67 (red) and the activation marker a-SMA

(green) in human intestinal fibroblasts treated with or without TGF-B and IFN-y. Nuclei were counterstained with DAPI(blue, scale bar=100 pwm). B:
Quantitative analysis of the percentage of Ki67-positive cells. C: Quantitative analysis of the percentage of a-SMA positive cells. P < 0.05, P < 0.01,
and 7P < 0.001(n=3).
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Figure 4 IFN-v inhibited activation and proliferation of intestinal fibroblasts
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A: Transcriptomic profiling by RNA-seq revealed the quantity of differentially expressed genes in fibroblasts. B : Protein-protein interaction network
depicting genes (as nodes) and their interactions Cedges). Node size corresponds to the degree of connectivity. “Up”and “Down” indicate upregulated
and downregulated genes, respectively.

El5 IFN-yA] el %] SRC T8 Areg A AT RA AL AT 4E4RRRIE 1L
Figure 5 IFN-vy regulated the activation of intestinal fibroblasts by downregulating Areg expression through inhibiting SRC
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