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Identification and bioinformatics analysis of differentially expressed

microRNAs in mice liver tissues with a high
fat diet-induced insulin resistance

YU Manli WANG Wendong RAO Xiaojiao HAO Min WU Yaliu CHANG Xiaotong

Key Laboratory of Clinical Diagnostics Hebei North University Zhangjiakou 075000 China

Abstract: Objective To identify the expression levels of miR48973p miR-690
and miR7a-5p in mice liver tissues with a high fat diet<induced insulin resistance using a
stem-oop reverse transcriptional real-time fluorescence quantitative PCR ( RT-qPCR)
method and predict microRNAs( miRNAs) —regulated target genes and their functions to
investigate the relationship between insulin resistance and differentially expressed
miRNAs. Methods The total of 30 liver tissue samples were obtained from 15 normal

control mice and 15 test mice with a high fat diet-induced insulin resistance. The stem-—
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loop reverse transcriptional primers and the primers of real-time PCR were designed to
establish a RT-qPCR method and then the expression levels of miR48973p miR-690
and miR7a5p of 30 liver tissue samples were detected and analyzed. Using
bioinformatics methods  the target genes of differentially expressed miRNAs were
predicted and then enriched gene ontology( GO) related signal pathways and target gene
protein—target gene protein interactions were analyzed respectively. Results Compared
with control group the expression levels of miR48973p miR-690 and miR7a-5p
detected by RT-qPCR in the group with a high-fat diet-induced insulin resistance were
significantly decreased ( P <0.05) which exhibited the similar pattern of down regulation
to the previous microarray results. Bioinformatics analysis results showed that a total of 16
target genes were regulated by two differentially expressed miRNAs. Among of the 16
target gene protein 8 proteins had interactions with =4 proteins. Racl Rhoa Prkez
Tefbr2  Itch and Ube2d3 protein were located in the central node of the network and they
were associated or cross-dinking with insulin signaling pathway. Conclusion miR-1897-
3p miR-690 and miR7a-5p in liver tissues may be involved in the physiopathologic
process of insulin resistance which may be affect the normal insulin signaling pathway
cascade by regulating the expression of target genes.
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Table 1 Stem loop primers

miR-48973p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTCACC

miR-690 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTTTGGT

miR7a-5p GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACAACA
2 PCR

Table 2 Real-time fluorescence quantitative PCR primers

miR18973p TCGTTCTGTCCGGTGAGGTC CGCAGGGTCCGAGGTATTC
miR-690 AAAGGCTAGGCTCACAACCAAAG CGCAGGGTCCGAGGTATTC
miRTaSp GTGGAAGACTAGTGATTTTGTTGTGT CGCAGGGTCCGAGGTATTC
U6 ATTGGAACGATACAGAGAAGATTAGC TGGAACGCTTCACGAATTTG
1.4 RNA 95 C 3 min c¢DNA
TRIZOL 15 PCR o
RNA o 1.7 SYBR Green I PCR
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18S 2 DNA ; 3 : 2 x SuperReal PreMix Plus 10 L.
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Table 3 Relative quantitative results of miRNAs in mice liver
miR-48973p miR-690 miR7a-5p
ACt AACL 27 42% ACt AACL 27 528¢ ACt AACL 27 88¢
-6.39+0.3 0 1 1.07 £0.6 0 1 1.01 0.5 0 1
-4.12+0.2'"" 2,27 0.2 3.59+0.38'" 2.52 0.17 2.26+0.23'" 1.25 0.42
(1) P<0.01
2.3 miRNAs 1425 miR7a-5p 3114 ; GO
GO
GO 4 o
3 miRNAs 3 miRNAs
miR-48973p 745 miR-690 o



6 microRNAs 901
4 GO
Table 4 Number of target genes and mainly GO classification
miRNAs co
mmu-miR48973p MIMATO0007865 745 GO: 0006355 GO: 0016020 GO: 0005515
mmu-miR-690 MIMATO0003469 1425 GO: 0006355 GO: 0016020 GO: 0005515
mmu-miR-7a-5p MIMATO000677 3114 GO: 0006355 GO: 0016020 GO: 0005515
KEGG 8 4
miRNAs ( 3. ; Racl. Rhoa+ Prkez.
KEGG 16 Tgfbr2 \Itch Ube2d3
miRNAs ( 6)s 16 ( 3.
5 miRNAs  KEGG
Table 5 Differential expressed miRNAs and KEGG pathway
miRNAs P
mmu-miR-48973p 04144 Endocytosis 12 0. 00576
04120 Ubiquitin mediated proteolysis 6 0. 0108
04360 Axon guidance 7 0.0194
04350 TGF-beta signaling pathway 4 0.0143
00310 Lysine degradation 5 0. 000249
03018 RNA degradation 5 0.033
00600 Sphingolipid metabolism 3 0. 00751
02010 ABC transporters 3 0. 0381
00410 beta—-Alanine metabolism 1 0. 0305
mmu-miR-690 04144 Endocytosis 19 0. 00576
04120 Ubiquitin mediated proteolysis 16 0. 0108
04360 Axon guidance 12 0.0194
04350 TGF-beta signaling pathway 10 0.0143
00310 Lysine degradation 8 0. 000249
03018 RNA degradation 8 0. 033
00600 Sphingolipid metabolism 7 0. 00751
02010 ABC transporters 6 0. 0381
00410 beta-Alanine metabolism 5 0. 0305
00430 Taurine and hypotaurine metabolism 3 0. 0495
mmu-miR-7a-5p 05200 Pathways in cancer 80 0. 0000000917
04010 MAPK signaling pathway 62 0.0000231
04810 Regulation of actin cytoskeleton 54 0. 00000903
04510 Focal adhesion 44 0.001
04722 Neurotrophin signaling pathway 42 0. 000000077
04141 Protein processing in endoplasmic reticulum 41 0.00023
04020 Calcium signaling pathway 39 0.00205
04910 Insulin signaling pathway 35 0.000207
04514 Cell adhesion molecules ( CAMs) 35 0.00178
04062 Chemokine signaling pathway 35 0.037
04120 Ubiquitin mediated proteolysis 34 0.000788
04310 Wnt signaling pathway 34 0.00339
05152 Tuberculosis 34 0.035
05160 Hepatitis C 33 0.000838
04380 Osteoclast differentiation 32 0.0001
05145 Toxoplasmosis 30 0.00224
04660 T cell receptor signaling pathway 30 0.000208
05142 Chagas disease ( American trypanosomiasis) 30 0.0000255
04110 Cell cycle 28 0. 00846
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miRNAs P

mmu-miR7a-5p 04912 GnRH signaling pathway 27 0.00031
04360 Axon guidance 27 0.0227
05222 Small cell lung cancer 27 0.0000271
04270 Vascular smooth muscle contraction 26 0.0186
04012 ErbB signaling pathway 26 0.0186
04670 Leukocyte transendothelial migration 26 0.0123
04724 Glutamatergic synapse 25 0.0493
04650 Natural killer cell mediated cytotoxicity 25 0.0353
04664 Fc epsilon RI signaling pathway 25 0.000047
05212 Pancreatic cancer 25 0.00000448
04620 Tolldike receptor signaling pathway 25 0.00231
05146 Amoebiasis 24 0.0268
04370 VEGF signaling pathway 23 0.000161
05220 Chronic myeloid leukemia 22 0.000295
04512 ECM-receptor interaction 21 0.00591
04666 Fc gamma R-mediated phagocytosis 20 0.0252
05214 Glioma 20 0.000417
05215 Prostate cancer 20 0.0201
05218 Melanoma 20 0.00141
04621 NODHike receptor signaling pathway 20 0. 0000567
04070 Phosphatidylinositol signaling system 19 0.00883
04662 B cell receptor signaling pathway 19 0. 00659
05210 Colorectal cancer 19 0.000943
05410 Hypertrophic cardiomyopathy ( HCM) 18 0.0333
04622 RIGHHike receptor signaling pathway 18 0. 00502
04520 Adherens junction 17 0.0256
04920 Adipocytokine signaling pathway 16 0.0244
00514 Other types of O-glycan biosynthesis 15 0.000412
05221 Acute myeloid leukemia 15 0.00918
05223 Non-small cell lung cancer 15 0. 00646
05014 Amyotrophic lateral sclerosis ( ALS) 14 0.0183
00860 Porphyrin and chlorophyll metabolism 13 0. 00208
00140 Steroid hormone biosynthesis 13 0.0347
04150 mTOR signaling pathway 13 0.0261
00040 Pentose and glucuronate interconversions 12 0.00101
04930 Type 1I diabetes mellitus 12 0.0373
00500 Starch and sucrose metabolism 12 0.0277
00565 Ether lipid metabolism 10 0.0213
00053 Ascorbate and aldarate metabolism 10 0.00162
04710 Circadian rhythm-mammal 9 0.00167
04140 Regulation of autophagy 9 0.045
00910 Nitrogen metabolism 8 0.0095
04964 Proximal tubule bicarbonate reclamation 6 0.0485
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Table 6 KEGG analyses of targeted genes miRNAs
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