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Abstract This study aimed to investigate the role of MIF (macrophage migration inhibitory factor) in

regulating the proliferation and activation of atrial fibroblasts through Src kinase. An atrial fibrillation-susceptible
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mouse model was first established using Ang II (angiotensin II). Western blot was performed to detect MIF expres-
sion and Src phosphorylation levels, and Sirius red staining was used to evaluate the effect of MIF knockout on atrial
fibrosis. Subsequently, primary cells were isolated from the atrial tissue of adult mice and characterized by immuno-
fluorescence. Cells were treated with recombinant MIF (rMIF, 20 ng/mL) and the Src kinase inhibitor PP1 for 24 and
48 h. Cell proliferation and activation were assessed using CCK-8 and EdU assays, while the expression of fibrosis-
related proteins was detected via immunofluorescence and Western blot. The results showed that MIF expression and
Src phosphorylation were significantly elevated in atrial fibrillation mice. MIF knockout reduced Src phosphorylation
and attenuated fibrosis. /n vitro experiments showed that the isolated cells exhibited a characteristic profile of high vi-
mentin expression and low a-SMA (a-smooth muscle actin) expression, and were identified as atrial fibroblasts. rMIF
significantly promoted the proliferation and activation of atrial fibroblasts, whereas PP1 effectively inhibited these
effects. Furthermore, MIF activated Src kinase, upregulating the expression of fibrosis-related proteins including CO-
L3Al1, COL1A1, MMP-2, and TGF-B1, and induced Smad2/3 phosphorylation. These effects were attenuated by PP1
treatment. In conclusion, MIF plays a key role in atrial fibroblast activation through the Src-Smad2/3 signaling axis.

Keywords  macrophage migration inhibitory factor; Src kinase; atrial fibroblasts; cell proliferation

20 5 B3] (atrial fibrillation, AF) IR L WL BEREZNTC 55 AT 4EAN LI A A AT
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IR A0 s AT dE A M Ak T BRSSP AR
SRR 2 AR AR BT A s SR, AERFEE)
PRI, O 5 LT AR Mo 5 A0 R LRS- 4 4 i
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O AT 4E4H L 1 h, CCK-85256 45 427K PP15E 4
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i EAU S5 45 SRR IR MIF 5 S0 55 T 4 41 i 18

(A) WT-NaCl WT-Ang II (B)
GAPDHI -
2.5
2.5+
2.0
2.0 *
o
E & 1.51
a 1.5+ )
< &
2 104 & 107
= 0.5

',
@
Fibrosis (% of LA area)

(D)

Sirius red |

Sl -\é ;\\[\ oY \§ /20 \‘ X s

iy

3y

A: Western bloth&r il MIFE {5178 0 J TP R 3]

1% L; B: Western blothilllp-Sre 8 (A 750 5 FF IR IE TSI, C: 220 3 SR AL T A D: HESL (A RIT R AR

Yt *P<0.05, HWT-NaCl4H L #%; “P<0.05, 5 WT-Ang AL LLES; "P<0.05, 5 MIFKO-NaCIZH LL4S .
A: Western blot was used to detect the expression of MIF in the atrial tissue; B: Western blot was used to detect the expression of p-Src in the the atrial
tissue; C: left atrial fibrosis area; D: HE staining and Sirius Red staining. *P<0.05 compared with WT-NaCl, “P<0.05 compared with WT-Ang II,

'P<0.05 compared with MIFKO-NaCl.

Bl MIFEERPRRE OB R4k
Fig.1 The knockout of the MIF gene alleviates fibrosis in the atria
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Ar RIBIE0 b A AN A B: S BB ekl -0 55 AT 2k 40 2R T b 5 ) - SMA I Vimentin (1R I 5 100«

A: observation of the morphology of atrial fibroblasts with microscope; B: immunofluorescence was used to detect the expression of the fibroblast sur-

face markers a-SMA and Vimentin in atrial fibroblasts.

E2 MENROCBRAEMBRERIETREE

Fig.2 Primary culture and identification of atrial fibroblasts from adult mice
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A B: AFVREEMrMIFAL 24 W48 hots i AT 4E 20K B G 1% s C: CCK-8KTIIPP 1 XS tMIF 155 140 b5 i 21 4 40 i 38 5 1) 52 ;. D: EdURE
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A,B: the proliferation of atrial fibroblasts after treatment with different concentrations of rtMIF for 24 h and 48 h; C: the effect of PP1 on rMIF-induced
proliferation of atrial fibroblasts was assessed by CCK-8 assay; D: the EdU assay demonstrated that PP1 inhibited the proliferation of atrial fibroblasts

induced by rMIF. *P<0.05 compared with control group; “P<0.05 compared with rMIF group; “P<0.05 compared with rMIF+PP1 group.
B3 SrcHBEHIFIFIPP 1A rMIF{R i3t 5B B AT 4E MR 1S5
Fig.3 The Src kinase inhibitor PP1 suppresses rMIF-induced atrial fibroblasts proliferation
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MIF7KF- Tt iz MIFA] BEAECa i3 B 1 AL
L HE AR HI PO, MIF5 B 18 T8 7 # AL by 27 44



FLLANAE: B AR sh i X T IE A Scrifi i 5 B B A 20 b AT YRR G I 5 i 4L 2471

(A) 0-SMA

Control

rMIF
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(B) 0.04
Control rMIF *
e 0.03 1 g
>
-SMA - i —— —— <
* S 0.02-
<
=
xR
GAPDH . — — — O —— - S 0.01-
0 T T

Control  rMIF

A: IR IGK M control ZH AIrMIFZHa-SMA % Y6 3RIA 17515 ; B: Western blot3£ 3645 llcontrol ZHFIrMIFAH Ha-SMA R (R IA M. *P<0.05, 5

control ZHAH L o

A: immunofluorescence staining was performed to assess 0-SMA expression levels in the control and rMIF-treated groups. B: Western blot analysis was

performed to detect the expression of a-SMA protein in the control group and the rMIF group. *P<0.05 compared with control group.
El4 MIF{EEt 0 Fs AT HELRRRENTE 1L
Fig.4 MIF promotes the activation of atrial fibroblasts
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Fig.5 MIF regulates the activation of atrial fibroblasts via the Src kinase signaling pathway
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MIF activates Src kinase, which subsequently triggers the TGF-B1/Smad2/3 signaling pathway. This cascade upregulates the expression of fibrosis-

associated genes in atrial fibroblasts and drives their differentiation into myofibroblasts.
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Fig.6 MIF promotes atrial fibroblast activation
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