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Kriippel-like factor 4 suppresses the proliferation and phenotypic transition of pericardial interstitial cells via
PI3K/Akt signaling pathway
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[ Abstract ] Objective To identify the expression profiles of mRNA and circular RNA (circRNA) in pericardial
interstitial cells (PICs) that overexpress Kriippel-like factor 4 (KLF4) through microarray analysis, and to explore the potential
regulatory mechanism of KLF4 in pericardial fibrosis. Methods PICs were infected with adenovirus carrying KLF4 (Ad.
KLF4) or enhanced green fluorescent protein gene (Ad.EGFP). Microarray analysis was used to identify differentially
expressed mRNAs and circRNAs. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) were
used to analyze gene functions and signaling-pathway enrichment. The effects of KLF4 on PIC proliferation and phenotypic
transformation were evaluated by cell counting kit 8 (CCK-8) and Western blotting, and a circRNA-miRNA-mRNA regulatory
network was constructed. Results Compared with PICs infected with Ad.EGFP, significantly differentially expressed mRNA
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(n=6 197) and circRNA (n=393) were identified in PICs infected with Ad.KLF4. GO analysis showed that the differentially
expressed genes were significantly enriched in biological processes related to cell proliferation and differentiation. KEGG
pathway enrichment analysis showed that the differentially expressed mRNAs were associated with the PI3K/Akt signaling
pathway. Western blotting and CCK-8 assays confirmed that KLF4 could inhibit TGF-B1-induced cell proliferation and
phenotypic transition, and this effect might be achieved through the PI3K/Akt signaling pathway. Bioinformatics analysis
revealed that the circRNA host genes enriched in the PI3K/Akt pathway included lysophosphatidic acid receptor 3 (LPAR3),
thrombospondin 1 (7HBSI), and protein phosphatase 2 catalytic subunit a (PPP2CA); and based on this, a KLF4-regulated
PI3K/Akt pathway-related circRNA-miRNA-mRNA network was constructed. Conclusion KLF4 may inhibit the
proliferation and phenotypic transition of PICs by regulating the cirtcRNA-miRNA-mRNA network related to the PI3K/Akt

signaling pathway, providing a new target for anti-fibrotic therapy.
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Fig 1

Isolation and culture of PICs, KLF4 overexpression, and identification of differentially expressed mRNAs and

circRNAs
A: Isolated and cultured PICs; B: KLF4 protein expression in adenovirus-infected PICs ("P<<0.01. n=6, x*s); C: Volcano plot
showing 3 743 upregulated and 2 454 downregulated mRNAs in Ad.KLF4-infected PICs compared with Ad.EGFP-infected PICs;
D: Volcano plot showing 212 upregulated and 181 downregulated circRNAs in Ad.KLF4-infected PICs compared with Ad.EGFP-
infected PICs. PIC: Pericardial interstitial cell; KLF4: Kriippel-like factor 4; circRNA: Circular RNA; Ad.KLF4: Adenovirus

carrying the KLF'4 gene; Ad.EGFP: Adenovirus carrying the enhanced green fluorescent protein gene; FC: Fold change; GAPDH:

Glyceraldehyde-3-phosphate dehydrogenase.
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Fig2 GO (A) and KEGG (B) enrichment analyses of differentially expressed mRNAs in Ad.KLF4-infected PICs
compared to Ad.EGFP-infected PICs

Ad.KLF4: Adenovirus carrying the Kriippel-like factor 4 gene; PIC: Pericardial interstitial cell; Ad.EGFP: Adenovirus carrying the

enhanced green fluorescent protein gene; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; ListHit: Number

of genes enriched in the given term or pathway; Process: Biological process; Function: Molecular function; Component: Cellular

component; MAP: Mitogen-activated protein; PI3K: Phosphoinositide 3-kinase; Akt: Protein kinase B; ECM: Extracellular matrix;

SNARE: Soluble N-ethylmaleimide-sensitive factor attachment protein receptor; MAPK: Mitogen-activated protein kinase.
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Fig3 GO (A) and KEGG (B) enrichment analyses of differentially expressed circRNA host genes in Ad.KLF4-infected PICs
compared to Ad.EGFP-infected PICs

Ad.KLF4: Adenovirus carrying the Kriippel-like factor 4 gene; PIC: Pericardial interstitial cell; Ad.EGFP: Adenovirus carrying the enhanced

green fluorescent protein gene; circRNA: Circular RNA; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; ListHit:
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process; ATP: Adenosine triphosphate; TGF: Transforming growth factor; AMPK: AMP-activated protein kinase; TCA: Tricarboxylic acid.
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Fig4 Effects of KLF4 on PI3K/Akt signaling pathway in PICs

A: PICs were infected by Ad.KLF4 or Ad.EGFP, followed by treatment with or without TGF-Bf1 (20 ng/mL) for 3 d. Protein
expression levels were analyzed by Western blotting. B: The effect of KLF4 on PIC proliferation was evaluated using the cell counting
kit 8 assay (‘P<<0.05. n=6, x+s). C: Bioinformatics analysis revealed the presence of KLF4 binding sites in the promoter regions
of LPAR3, THBSI, and PPP2CA. KLF4: Kriippel-like factor 4; PIC: Pericardial interstitial cell; PI3K: Phosphoinositide 3-kinase;
Akt: Protein kinase B; TGF-B1: Transforming growth factor f1; Ad.EGFP: Adenovirus carrying enhanced green fluorescent protein
gene; Ad.KLF4: Adenovirus carrying KLF4 gene; p-Akt: Phosphorylated Akt; 0-SMA: a-smooth muscle actin; PCNA: Proliferating
cell nuclear antigen; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; LPAR3: Lysophosphatidic acid receptor 3; THBSI:
Thrombospondin 1; PPP2CA: Protein phosphatase 2 catalytic subunit o.
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Fig5 KLF4-regulated circRNA-miRNA-mRNA network associated with PI3K/Akt signaling pathway
A: Schematic diagram illustrating the construction of the circRNA-miRNA network regulated by KLF4 and associated with the
PI3K/AKkt signaling pathway; B: Interaction network of differentially expressed circRNAs and their host genes (LPAR3, THBSI, and
PPP2CA), predicted miRNAs, and their target mRNAs. KLF4: Kriippel-like factor 4; PI3K: Phosphoinositide 3-kinase; Akt: Protein
kinase B; circRNA: Circular RNA; miRNA: MicroRNA; LPAR3: Lysophosphatidic acid receptor 3; THBS1: Thrombospondin 1;
PPP2CA: Protein phosphatase 2 catalytic subunit a.
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