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Screening and analyses of core molecules in calcium oxalate nephrolithiasis based on microRNA-mRNA
regulatory network
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[ Abstract ]  Objective To construct a microRNA (miRNA)-mRNA regulatory network in rats with calcium oxalate
nephrolithiasis using bioinformatics technology, and to screen for the related core molecules regulating the formation of
calcium oxalate nephrolithiasis. Methods The miRNA and mRNA datasets of rats with calcium oxalate nephrolithiasis
induced by glycol feeding for 14 d were screened from the Gene Expression Omnibus (GEO) database. The differentially
expressed miRNAs (DEMs) and differentially expressed genes (DEGs) were analyzed by GEO2R online tool, and displayed
by heatmap diagrams. The target genes of DEMs were predicted by miRWalker and then were intersected with DEGs to
identify the regulatory genes by “venn.diagram” package of R software according to the principle of negative regulation of
miRNA to mRNA. “Clusterprofile” package was used to perform Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment analyses of the regulatory genes, and the protein-protein interaction (PPI) analysis was
performed by String database. Lastly, Cytoscape software was used to visualize the PPI and miRNA-mRNA regulatory
network and screen the hub genes. Results A total of 38 DEMs and 364 DEGs were screened. Totally 116 regulatory
genes were obtained through the intersection of DEMs’ target genes and DEGs, and they were enriched in 24 GO items
and 22 KEGG signaling pathways. The miRNA-mRNA regulatory network was successfully constructed, and the miRNAs
at the core regulatory position were miRNA-6215, miRNA-758-5p, and miRNA-214-3p. Five hub genes were identified
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from PPI network, namely forkhead box M1 (FoxmI), nuclear division cycle 80 (Ndc80), cyclin dependent kinase inhibitor 2B
(Cdkn2b), Cdc10-dependent transcript 1 (CdtI), and inhibitor of nuclear factor kB kinase regulatory subunit gamma (Zkbkg).
Conclusion Through constructing miRNA-mRNA regulatory network, miRNAs and genes that play key regulatory roles in the

formation of calcium oxalate nephrolithiasis are obtained, which provides new research ideas for the prevention and treatment of

calcium oxalate nephrolithiasis.
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Fig1 Heatmap diagrams of differentially expressed miRNAs (A) and mRNAs (B)

Red rectangles represent high expression, and blue ones represent low expression. Color depth represents the degree of difference.

CaOx: Calcium oxalate; miRNA: MicroRNA; FC: Fold change.

2.2 miRNA 32k B Fn A= 4e L B/ sk A FH7E
2R 40 L PR 1500 T E miRWalk Tl DEM fi4 3 A,

15 MK IR B miRNA T 2] 7 662 UL, 4R
JE AR E miRNA 17 [ ##% mRNA 53 5 DEG H 225
MR FIB W IE RS AE, 155 65 N 1E RS B 45
ARREHLh FJRRR IR, 23 A~ Ek
IS miRNA T F] 10 798 NHEILH, S5{RFIKM
139 > DEG US55 51 4 N IRZak it H
23 GO#KEGG g &4 # I “custerProfiler’

LN L Y 116 42 5 IRl R B RS B 45418
AU DEG #H17 GO Dfig e 2 #r, JLE4E%] 11 &
Yrid . 6 AL 7 S FOIRESH, £
W B PR B e ) R S TS i . BHE Tl
SIS 8RR ] 007 S 7 N EZENS L iy = Pl
% (K 2A) . KEGG il i & F it s 45 24 5%
SESES, B8 % PIBK-Akt, MAPK., TGF-B. #i
ZNHPERCIR - ZAH AR RIS Sl SE (K 2B)

2.4 miRNA-mRNA 83 W % 5] ] miRWalk 7£
2 T % 38 /> DEM F1 116 /45 35 R 22 ]
AR 2256 5 A Cytoscapes 3.9.1 #4347 A #iAk
G3HT, AL 152 A5 55UFN 272 S5 AR I 4%,
Hirh R 8 28 3% 19 miRNA-203b-3p F1 miRNA-190a-3p
K25 IHE MY, RIE miRNA 7115 7% mRNA
W JEEE, PR 45 &5 R b 2258 miRNA P84 41K
#3509 mRNA (& 3A) MR 8 2 35 miRNA I %
i #25 mRNA (& 3B) 2 #64r. DEM %
fix Z ) H miRNA-6215, P T 19 4~ mRNA; FH
X N miRNA-758-5p F1 miRNA-214-3p, £ ##% T
154~ mRNA. 1M mRNA H13% 421 i £ 1Y A3 FH i
SR C P 4 ( general transcription factor Il C
subunit 4, Gtf3c4) Fl Ctif, 4332 10 A~F19 4
miRNA 1) 4%, X 6 miRNA F1 mRNA A fE7E £
T R B RS 4 AP s R R B DG
YEH.



WREEE RS2 2023459 H 55 44 %

1053

Response to organophosphorus

Synapse assembly

Transformation of host cell by virus

Positive regulation of protein localization to kinetochore
Response to nicotine

Leukocyte migration

Cell chemotaxis

Optic nerve development

Mast cell activation

Positive regulation of presynaptic calcium channel activity
Postsynaptic neurotransmitter receptor activity
Extracellular matrix structural constituent
Laminin-5 complex

GABA-ergic synapse

Basement membrane

Collagen-containing extracellular matrix
Extracellular matrix

External encapsulating structure

Cell-substrate adhesion

Nerve development

Ion channel activity

Passive transmembrane transporter activity
Cation channel activity

Gated channel activity

o0
[}
0°00° Lo
Q
=]
=1
=
=

0 0.01 0.02 0.03 0.04

g value

Neuroactive ligand-receptor interaction ‘
PI3K-Akt signaling pathway ‘
Rap] signaling pathway o
MAPK signaling pathway
Human T-cell leukemia virus 1 infection
Lipid and atherosclerosis
Hepatitis B
Toxoplasmosis
Transcriptional misregulation in cancer
Chemokine signaling pathway
Cell adhesion molecules
Phospholipase D signaling pathway
TNF signaling pathway
Prostate cancer
Small cell lung cancer
IL-17 signaling pathway
Osteoclast differentiation
Leukocyte transendothelial migration
C-type lectin receptor signaling pathway
TGF-B signaling pathway
p53 signaling pathway
Acute myeloid leukemia
Cocaine addiction |
Nicotine addiction | B

0.03 0.06 0.09 0.12 0.15
Gene ratio

B2 116 MEAEEEK GO (A) F1KEGG (B) E&ESH
Fig2 GO (A) and KEGG (B) enrichment analyses of 116 regulatory genes

P value

—0.01
—0.02
—0.03
—0.04

Count

XXX
0o -
o N B~ N

GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genome; BP: Biological process; CC: Cellular component; MF: Molecular

function; GABA: y-aminobutyric acid; PI3K: Phosphatidylinositol 3-kinase; Akt: Serine/threonine kinase; Rapl: Ras-related protein 1;

MAPK: Mitogen-activated protein kinase; TNF: Tumor necrosis factor; IL-17: Interleukin 17; TGF-B: Transforming growth factor p.
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A: The regulatory network of up-expressed miRNAs to low-expression mRNAs; B: The regulatory network of down-expressed
miRNAs to high-expression mRNAs. The dots represent mRNAs, and triangles represent miRNAs. Red indicates up-regulated
expression, blue represents down-regulated expression, and color depth reflects the number of connected edges of that node. miRNA,

miR: MicroRNA; rno: Rattus norvegicus.
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Fig4 PPI network diagram of regulatory genes and hub genes
A: PPI network diagram of regulatory genes. Circles represent genes and lines represent associations between genes. Deeper colors
represent more connected nodes. B: Venn diagram of 5 groups of top 20 genes screened by different algorithms. C: The interaction
network of hub genes. Red nodes indicate up-regulated expression, blue ones represents down-regulated expression, and color depth
reflects the number of connected edges of that node. PPI: Protein-protein interaction; EPC: Edge percolated component; MCC:
Maximal clique centrality; MNC: Maximum neighborhood component; DMNC: Density of maximum neighborhood component;
Foxml: Forkhead box M1; Ndc80: Nuclear division cycle 80; Cdkn2b: Cyclin dependent kinase inhibitor 2B; Cdt1: Cdc10-dependent

transcript 1; Tkbkg: Inhibitor of nuclear factor kB kinase regulatory subunit y.
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