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IncRNA FAIF1 regulates the inhibitory effect of miRNA-424-5p/Smad7 axis against cardiac fibroblast dysfunction
induced by advanced glycation end products

YUE Wenheng, HUANG Kun, WU Yue, WEN Jiayu, LIANG Chun’
Department of Cardiovasology, The Second Affiliated Hospital of Naval Medical University (Second Military Medical University),
Shanghai 200003, China

[Abstract] Objective To explore the mechanism of long non-coding RNA fibroblast activation inhibitory factor 1
(FAIF1) regulates the proliferation, activation, and fibrosis of human cardiac fibroblasts induced by advanced glycation end
products (AGEs). Methods Human cardiac fibroblasts were assigned to control group, AGE group, FAIF1 recombinant
lentivirus (Lv-FAIF1)-+AGE group or control lentivirus (Lv control)+AGE group. The expression levels of miRNA-424-5p,
FAIF1, and Smad7 in myocardial fibroblasts induced by AGEs were detected by quantitative polymerase chain reaction
(qPCR) and Western blotting. Bioinformatics analysis was used to predict the interactions between miRNA-424-5p, FAIF1,
and Smad7; and luciferase reporter assays were used for verification. Cell proliferation activity was measured by cell counting
kit 8 assay, the expression and secretion of collagen I / Il were observed by immunofluorescence staining, and the effect
of Lv-FAIF1 on cell activation markers a-smooth muscle actin (a-SMA4) and migration proteins matrix metalloproteinase 9
(MMPY) induced by AGEs was evaluated by qPCR. Results qPCR and Western blotting results showed that AGEs
significantly reduced the expression of FAIF1 and Smad7 in myocardial fibroblasts and upregulated the level of miRNA-424-5p

(compared with the control group, all P<<0.05). Bioinformatics analysis revealed that the 3'-untranslated region of Smad7
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mRNA contained a binding site for the miRNA-424-5p seed sequence “UGCUGCU”, and FAIF1 sequence contained 3 identical
binding sites. Luciferase assays showed that miRNA-424-5p inhibited the expression of Smad?7, while FAIF1 competed
with miRNA-424-5p for binding, thereby relieving the inhibitory effect of miRNA-424-5p on Smad7 mRNA. Functional
experiments showed that Lv-FAIF1 significantly inhibited AGEs-induced cell proliferation, collagen I/l expression and

secretion, as well as a-SMA and MMPY expression (compared with AGE group, all P<<0.01); and it promoted the expression of
Smad7 (compared with AGE group, P<<0.01). Conclusion miRNA-424-5p can inhibit the expression of Smad7, and FAIF1
effectively suppresses AGEs-induced over-activation of cardiac fibroblasts by regulating the miRNA-424-5p/Smad7 axis, which

provides a new molecular target for the prevention and treatment of diabetic cardiomyopathy.
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Fig1 Volcano plot of differentially expressed IncRNAs
in human cardiac fibroblasts induced by AGEs for 72 h
AGE: Advanced glycation end product; IncRNA: Long non-

coding RNA; FC: Fold change; P,q;: Adjusted P value.
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Fig2 Expression of miRNA-424-5p, FAIF1, and Smad7 in cardiac fibroblasts induced by AGEs

A: miRNA-424-5p expression (normalized to U6) detected by qPCR; B: FAIF1 expression (normalized to U6) detected by qPCR;

C: Smad7 protein expression (normalized to B-actin) detected by Western blotting. The final concentration of AGEs used was 200
pg/mL. "P<<0.05, “"P<<0.01 vs control group; “P<0.05, ““P<0.01 vs AGE group treated for 24 h; #P<<0.05, *4P<<0.01 vs AGE
group treated for 48 h. n=3, x+s. AGE: Advanced glycation end product; miRNA-424-5p: MicroRNA-424-5p; FAIF1: Fibroblast

activation inhibitory factor 1; Smad7: SMAD family member 7; qPCR: Quantitative polymerase chain reaction.
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Fig 3 Bioinformatics analysis and luciferase reporter gene assay

A: Bioinformatics analysis of the binding sites between miRNA-424-5p and the 3-UTR of Smad7 mRNA, as well as FAIF1; B, C:

Luciferase reporter gene assay (luciferase activity was measured 48 h after transfection in cardiac fibroblasts). ~P<<0.01 vs control
group; ““P<<0.01 vs pGL3-wt-Smad7 group; **P<<0.01 vs pGL3-wt-Smad7+miRNA-424-5p mimic group. n=3, x&s. miRNA-
424-5p: MicroRNA-424-5p; 3-UTR: 3"-untranslated region; FAIF1: Fibroblast activation inhibitory factor 1; Smad7: SMAD family

member 7; wt: Wild type; Lv: Lentivirus; NC: Negative control; mt: Mutant type.
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Fig4 Proliferation activity and collagen I /III expression and secretion in cardiac fibroblasts under different

treatments

A: CCK-8 assay for cell proliferation activity with the AGE induction for 24, 48, and 72 h; B, C: Immunofluorescence staining to
detect collagen 1 /Il expression and secretion in cardiac fibroblasts under different treatments with an AGE induction time of 48 h.
Blue fluorescence represents DAPI staining for nuclei, red fluorescence indicates collagen I protein (Alexa Fluor 594), and green
fluorescence indicates collagen Il protein (Alexa Fluor 488). The final concentration of AGEs used was 200 pg/mL. Recombinant
virus treatment was conducted 72 h before AGE induction. ~P<<0.01 vs control group; 44Pp<0.01 vs AGE group. n=3, x+s5. CCK-
8: Cell counting kit 8; AGE: Advanced glycation end product; Lv: Lentivirus; FAIF1: Fibroblast activation inhibitory factor 1; DAPI:
4’ 6-diamidino-2-phenylindole.
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Fig5 miRNA-424-5p, FAIF1, Smad7 mRNA, a-SMA mRNA and MMP9 mRNA levels in cardiac fibroblasts under
different treatments
The miRNA-424-5p, FAIF1, Smad7 mRNA, a-SMA mRNA and MMP9 mRNA levels were detected by qPCR, and U6 and B-actin
were used as internal controls. The final concentration of AGEs used was 200 pg/mL, with an induction time of 48 h. Recombinant
virus treatment was conducted 72 h before AGE induction. "P<<0.01 vs control group; ““P<<0.01 vs AGE group. n=3, x+s.
miRNA-424-5p: MicroRNA-424-5p; FAIF1: Fibroblast activation inhibitory factor 1; Smad7: SMAD family member 7; qPCR:
Quantitative polymerase chain reaction; AGE: Advanced glycation end product; Lv: Lentivirus; a-SMA: a-smooth muscle actin;

MMP9: Matrix metalloproteinase 9.
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