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Background: The underlying mechanism of insulin resistance is complex; bioinformatics analysis is used to explore the mech-
anism based differential expression genes (DEGs) obtained from omics analysis. However, the expression and
role of most DEGs involved in bioinformatics analysis are invalidated. This study aimed to disclose the mecha-
nism of insulin resistance via bioinformatics analysis based on validated insulin resistance-related genes (IRRGs)
collected from public disease-gene databases.

Material/Methods: IRRGs were collected from 4 disease databases including NCBI-Gene, CTD, RGD, and Phenopedia. GO and KEGG
analysis of IRRGs were performed by DAVID. Then, the STRING database was employed to construct a protein—
protein interaction (PPI) network of IRRGs. The module analysis and hub genes identification were carried out
by MCODE and cytoHubba plugin of Cytoscape based on the primary PPI network, respectively.

Results: A total of 1195 IRRGs were identified. Response to drug, hypoxia, insulin, positive regulation of transcription
from RNA polymerase Il promoter, cell proliferation, inflammatory response, negative regulation of apoptotic
process, glucose homeostasis, cellular response to insulin stimulus, and aging were proposed as the crucial
functions related to insulin resistance. Ten insulin resistance-related pathways included the pathways of in-
sulin resistance, pathways in cancer, adipocytokine, prostate cancer, PI3K-Akt, insulin, AMPK, HIF-1, prolactin,
and pancreatic cancer signaling pathway were revealed. INS, AKT1, IL-6, TP53, TNF, VEGFA, MAPK3, EGFR, EGF,
and SRC were identified as the top 10 hub genes.

Conclusions: The current study presented a landscape view of possible underlying mechanism of insulin resistance by bio-
informatics analysis based on validated IRRGs.
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Background

Insulin resistance is a pathological condition with impaired
sensitivity to insulin in target tissues including liver, heart,
muscle, and adipose tissue [1]. Insulin resistance is strongly
related to most metabolic disorders, such as obesity, dyslipid-
emia, hypertension, atherosclerosis, and endothelial dysfunc-
tion [2-5], and it is one of the key contributors to diabetes,
cardiovascular disease, metabolic syndrome, and Alzheimer’s
disease [6-9]. The incidence of insulin resistance and related
complications is still rising [10]. Thus, it is essential to explore
the underlying mechanism of insulin resistance, which may
be conducive to guide relevant clinical diagnosis and therapy.

The underlying mechanisms of insulin resistance include
multi-fields crossed inflammation, endoplasmic reticulum
stress, oxidative stress, and mitochondrial dysfunction [11-14].
Accordingly, hundreds of key molecules have been identi-
fied [15-17], such as insulin receptor substrates (IRSs), GLUT4,
protein-tyrosine phosphatase 1B (PTP1B), tumor necrosis fac-
tor-o. (TNF-a), interleukins (ILs), and so on. Signaling path-
ways like PI3K-Akt, ERK, and adipocytokine play crucial roles
in the development of insulin resistance [18-20]. The underly-
ing mechanism of insulin resistance is intricate, and it is hard
to get a clear overview by looking at a few molecular or sin-
gle-pathway studies.

Recently, bioinformatics analysis as an interdisciplinary field
has been viewed as an efficient tool in the study of complex
mechanisms [21]. Two studies of insulin resistance were re-
ported based on differential expressed genes (DEGs) between
insulin sensitive and insulin resistant tissues extracted from
the Gene Expression Omnibus (GEO) [22,23]. One study dis-
closed insulin resistance related transcription factors, including
ETS1, AR, ESR1, and Myc [22], and the other revealed functions,
signal pathway, and hub genes significantly related to insulin
resistance [23]. The DEGs obtained from omics analysis have
been commonly used in an overwhelming majority of bioin-
formatics analysis. However, DEGs require further validation
of expression level by quantitative real-time PCR (qPCR) [24]
and identification of their real roles in insulin resistance: act-
ed as regulators of insulin resistance, or only genes regulated
by insulin resistance. Although validated DEGs based analysis
could provide more solid evidence, there have been no vali-
dated DEGs based analysis reported, as it is difficult to vali-
date massive DEGs. Recently, several databases have collected
disease-related genes that provide an alternative insulin resis-
tance-related gene (IRRG) collection. Therefore, we developed
a bioinformatics analysis based on validated IRRGs extracted
from published disease-gene association databases to disclose
the underlying mechanism of insulin resistance. In the pres-
ent study, we collected IRRGs from 4 disease databases includ-
ing The National Center for Biotechnology Information’s Gene
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database (NCBI-Gene) [25], the Comparative Toxicogenomics
Database (CTD) [26], the Rat Genome Database (RGD) [27] and
Phenopedia [28]. Our study aimed to provide comprehensive
understanding of biological functions, pathways, and key mol-
ecules of insulin resistance by bioinformatics analysis.

Material and Methods

IRRGS collection

IRRGs were collected from the databases of NCBI-Gene [29],
CTD [30], RGD [31], and Phenopedia [32] on January 21, 2019.
The IRRGs were searched from NCBI-Gene database with the
following text words [(insulin resistance OR insulin resistant)
AND Homo sapiens], from RGD with a disease category of in-
sulin resistance, from CTD database of the genes with a curat-
ed association (marker/mechanism) to insulin resistance, and
from Phenopedia of the genes linked to insulin resistance dis-
ease by at least 2 publications. All the IRRGs from the 4 data-
bases were aggregated and duplicated genes were removed.

Functional annotation and signaling pathway analysis

Gene ontology (GO) analysis of cellular component (CC), molec-
ular function (MF), and biological process (BP), and the Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis of sig-
naling pathway enrichment were performed via the Database
for Annotation, Visualization and Integrated Discovery (DAVID)
Bioinformatics Resources 6.8 [33,34] based on IRRGs. P<0.05
was set as statistically significant.

Protein—protein interaction (PPI) network construction,
module analysis and hub genes

The IRRGs were mapped in the Search Tool for the Retrieval
of Interacting Genes database (STRING) [35,36], and the in-
teractive relationships with confidence score >0.4 were iden-
tified. Both primary network contained overall protein-pro-
tein interactions (PPIs) and sub-clusters were achieved by
using Cytoscape software package (version 3.6.1, U.S. National
Institute of General Medical Sciences) [37] plus Molecular
Complex Detection (MCODE) plugin at degree cutoff of 2, node
score cutoff of 0.2, the k-core value of 2, and the maximum
depth of 100. Moreover, DAVID were employed to GO analyses
in the modules. The hub genes were identified by degree meth-
od [38] using the cytoHubba plugin of the Cytoscape software.
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Figure 1. A flowchart of collecting IRRGs.
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Results

Collection of IRRGs

A total of 1195 IRRGs were obtained from the 4 databases.
The flow chart of collecting IRRGs is shown in Figure 1.

GO

The biological process of response to drug, hypoxia, insulin,
positive regulation of transcription from RNA polymerase I
promoter, cell proliferation, inflammatory response, negative
regulation of apoptotic process, glucose homeostasis, cellu-
lar response to insulin stimulus, and aging were main terms
of BP. The genes were primarily enriched in cellular compo-
nents of extracellular space, extracellular region, cytosol, cell
surface, and membrane raft. Protein, enzyme, receptor, tran-
scription factor binding, and protein homodimerization activ-
ity were among the top enriched in MF. The top 20 enriched
terms of GO analysis are shown in Figure 2A-2C.

Signaling pathways

There were 138 signaling pathways enriched IRRGs from KEGG.
The main pathways involved in insulin resistance, pathways
in cancer, adipocytokine signaling pathway, prostate cancer,
PI3K-Akt, insulin, AMPK, HIF-1, prolactin signaling pathway,
and pancreatic cancer. The top 20 terms of KEGG pathway
are shown in Figure 2D.

PPI networks
The PPI network involved 1119 nodes and 15 308 edges. Then,

MCODE was performed to detect significant modules in this
PPI network, and there were listed the top 10 modules of the

networks in Table 1. BP of the top 4 modules are displayed.
The results are shown in Figure 3. The most significant BP en-
riched in module 1 was inflammatory response. Other signifi-
cant BP included positive regulation of nitric oxide biosynthetic
process, and ERK1 and ERK2 cascade. In module 2, negative
regulation of apoptotic process, response to hypoxia, and sig-
nal transduction were documented. The BP in module 3 were
linked to metabolism, included high-density lipoprotein parti-
cle remodeling, reverse cholesterol transport, and lipoprotein
metabolic process. Module 4 was linked to negative regula-
tion of apoptotic process, response to nutrient, and cellular re-
sponse to insulin stimulus.

Hub genes

Insulin (INS), AKT serine/threonine kinase 1 (AKT1), interleu-
kin 6 (IL-6), tumor protein P53 (TP53), TNF, vascular endothe-
lial growth factor A (VEGFA), mitogen-activated protein ki-
nase 3 (MAPK3), epidermal growth factor receptor (EGFR),
epidermal growth factor (EGF), and SRC proto-oncogene, non-
receptor tyrosine kinase (SRC) were suggested as the top 10
hub genes (Figure 4).

Discussion

In this study, we explored the key molecules, functions, and
pathways to display a comprehensive molecular mechanism
of insulin resistance based on IRRGs collected from public dis-
ease databases. Although basic researches of insulin resistance
mechanism were prevalent, the responding bioinformatics
analysis reported by Yang et al. in 2014 [22] and Zhang et al.
in 2019 [23]. In the previous studies, bioinformatics analysis
was performed to construct regulatory networks and identi-
fy molecular biomarkers for insulin resistance based on DEGs
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Figure 2. The GO and KEGG pathway analysis of IRRGs in DAVID. The top 20 terms were displayed. (A) Biological process. (B) Cellular
component. (C) Molecular function. (D) KEGG pathway. GO — Gene Ontology; KEGG — Kyoto Encyclopedia of Genes and

Genomes; IRRGs — insulin resistance-related genes; DAVID — Database for Annotation, Visualization and Integrated Discovery.
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Table 1. Top 10 modules of networks.

Modules Score Nodes Edges Node IDs

1 57.25 99 2805 CCL2, CCR2, ADRA2B, CX3CL1, CX3CR1, PTEN, IL10, EDN1, CASR, SERPINE1,
TIMP1, MMP9, INS, MCHR1, PMCH, ADRA2A, TGFB1, MMP1, PYY, SSTR2, SSTR5,
VCAM1, CDKN1A, MTNR1A, CSF2, BDKRB2, IGF1, APP, IL6, PTGER3, TP53,
CASP3, APLN, CDH1, MAPK14, STAT3, MAPK1, SMAD3, BDNF, CCR5, CCL5,
P2RY12, SAA1, ANXA1, AGT, BDKRB1, JUN, NPY2R, NPY, EGFR, SRC, MYC, TNF,
CCND1, SPP1, IL4, MTNR1B, CD44, CORT, TNFSF11, IL1B, VEGFA, POMC, GNAI2,
ADORA1, MCL1, PTGS2, GAL, AKT1, CXCR4, IL13, HCAR2, HCAR3, CXCL8, HCAR1,
TLR4, CXCL5, KRAS, DRD2, TLR2, CNR1, MAPK3, AGTR2, GNB3, IFNG, GPER1,
ADCY5, MAPK8, OPRM1, MMP2, CTGF, HGF, MMP3, ERBB2, ICAM1, TNFRSF1A,
CXCR3, TLR3, C3

2 32.40 115 1847 NGF, ADAM17, IL1A, TXN, TNFSF10, CRP, ADRA1B, FOXP3, RETN, MPO, EDNRA,
UTS2, PLAU, UTS2R, PPARG, NLRP3, MIF, ESR1, PARP1, CCK, SIRT1, THBS1,
CREB1, AR, CAV1, IL15, CDKN2A, HTR2C, IGF2, CTNNB1, AVP, FFAR4, LGALS3,
IL18, CASP1, BCL2L1, IGF1R, FOXO1, IL6R, SOCS3, GNRHR, KISS1, MDM2,
HTR2A, HIF1A, RPS6KB1, ARG1, TSC2, ELN, IDO1, HSPA5, HNF4A, MAPK11,
CAT, CD40LG, SMAD2, SOD2, NR3C1, ATM, SOCS1, ADRA1A, ADRBK1, MTOR,
ADIPOQ, FASLG, REN, XIAP, RAF1, MAPK9, EGF, GPRC6A, PDGFRB, TNFRSF1B,
GPT, FOXO3, CDK4, KDR, IL1R1, FAS, CASPS, LEP, IL2, ACE, IL2RA, STAT1, ERBB3,
BRCA1, NOS3, RELA, HSP90AA1, HMGB1, HMOX1, GNAQ, IRS1, PTPN11, GHSR,
APOE, TERT, NOS2, EGR1, TIMP2, LYN, GZMB, MET, SELL, NFKB1, PGR, EDNRB,
IL17A, NFKBIA, SELE, SDC1, CTLA4, STAT5A, JAK2

3 15.72 100 778 IGFBP1, SAA4, CDH5, BMP4, ATF3, NOX4, ALK, LTA, WNT5A, AHSG, COL1A1,
SPARC, ESR2, SLC2A1, AKT2, CFLAR, APOA4, PLTP, FOXM1, PTPN1, FGB, TF,
FGA, AKT3, GSK3B, F5, IRS2, STK11, APOC4, CST3, PLA2G7, PCSKO9, LIPC, IL1RN,
APOAS5, H2AFX, SOD1, SHC1, PTK2, IGFBP7, APOA2, VDR, FGFR1, ALDOA, FGF1,
FSTL1, VEGFB, SP1, VTN, TWIST1, VIMP, MEN1, SERPIND1, B2M, APOC1, CTSB,
APOC3, NOD2, APOA1, LCAT, MUC1, GGT1, PDGFB, SELP, CD163, TNFRSF11B,
AGER, VLDLR, IKBKB, IKBKG, F13A1, RB1, CXCL12, DNMT1, PROC, BCAR1,
GAS6, ABCB1, VWF, F8, ABCG2, PGF, ABL1, RET, NFE2L2, NOX1, FGF23, PIK3CA,
PIK3R1, HBEGF, AHR, LCN2, TEK, PON1, APOM, CETP, F3, WFS1, CXCL10, CFD

4 9.93 111 546 GOT2, AGMO, NCOA3, PRLR, MTTP, PIK3CD, RIPK2, GC, NOD1, VAMP2, PLIN1,
FGF19, AFP, INSR, PTX3, ACSL1, PLK1, BCL10, ANGPTL3, TGFBR2, DPP4, KRT18,
DGKB, KRT8, MAP3K5, CDKN2B, HMGCR, BACE1, ADIPOR2, TSPAN8, HMGA?2,
ITGB3, BIRC5, BMP7, CDK5, SLC2A4, TH, HSPD1, PIK3CB, ADAMTS9, ELOVLS,
NAMPT, HNF1B, MLXIPL, TSC1, UCP2, GDF15, PCK1, AKT1S1, ZFAND6, GCK,
RAD51, PDPK1, ADIPOR1, MAF, PLIN2, YWHAZ, SIRT3, CHUK, ACACB, SREBF2,
KCNJ11, CPT1A, CTNND1, TGFA, FASN, ACACA, YAP1, CBL, SCD, ARAP1, MAPT,
SQSTM1, LIPG, ABCA1, IGFBP3, FADS2, ABCG5, AGTR1, ABCGS, LEPR, E2F1,
PTPN6, PIK3C2A, CYP7A1, TGM2, SLC27A4, FABP1, LIPE, ZBED3, GPX1, NOS1,
IGF2R, CIDEC, C2CD4B, STUB1, THBD, WT1, GHRL, OLR1, PDGFA, F2, NR4A1,
UBE2I, GHR, ELAVL1, KLF14, PIK3CG, GSTP1, SRF, UCP1

5 8.45 59 245 ADM, GNAS, PRL, RAC1, SLC27A1, EPHA2, PLAT, SERPINA1, CGA, GPBAR1, UCP3,
BGLAP, MC4R, FABP3, PKM, MC3R, PDK4, KLK3, DRD1, IAPP, CEBPA, CPT1B,
DGAT2, GLP1R, CD24, BMI1, DGAT1, CYP19A1, PRKCZ, PTK2B, GHRHR, XBP1,
TFRC, FABP4, CPT2, CIDEA, CD4, CD36, ADRB1, EIF2AK3, CYBA, TRAF1, ANXA2,
LHCGR, FOXA1, GLI1, EPOR, SGK1, FADD, RPS6KA1, ADRB3, GIP, GIPR, ATF4,
CHEK2, CRK, BRCA2, TSHR, LMNA

6 7.80 51 195 NR1H2, HK1, JAZF1, TFAM, NR1H3, APOD, ACSL4, BCL11A, CDKAL1, THADA,
SREBF1, CAMK1D, FADS1, SIRT4, YBX1, IL6ST, LPIN1, NR1H4, PRKCB, PRKCD,
PNPLA2, GCG, SLC2A2, LPA, GRB10, RBP4, PPARGC1A, HK2, DIO2, ACADVL,
CDC123, MSTN, SLC30A8, IGF2BP2, INSIG1, PSEN1, HHEX, BCL2, FTO, SCARB1,
LPL, LDLR, INPPL1, GH1, CNTF, FURIN, PRKCA, KCNQ1, COG2, HNF1A, APOB
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Node IDs

NEDD4, NCOA1, TFAP2B, KCTD15, HTT, PRKAA1, ITGA2B, AGTRAP, CFTR,

SEC16B, HP, FGF21, SPRY2, MTCH2, PPARA, NEGR1, PTGS1, FOXA2, GNPDA2,
PTGES, TMEM18, AP3B1, PPARD, SNCA, ACSL3, PARK7, CCNC, KSR2, HMGCS1,
ITGAV, CBLB, PRKAG3, S100A8, PLA2G4A, MSRA, S100A9, SH2B1, FAIM2,
ARNT, ANGPTL4, NR4A2, AGPAT2, MSMO1, LYPLAL1, SYP, CLU, CD14, HMGCS2,
NRXN3, PNPLA3, ADRB2

TXNRD1, PDK1, G6PC2, CYP4A11, ATP5B, ATP5J, H6PD, SLC2A3, TCF7L2, GYS1,

ZFAND3, CES1, GFPT2, PLA2G6, GPX3, ATP7A, EPRS, GSTO1, GSTA4, CYP2C19,
GCLC, GCKR, PTPRD, PON3, SLC6A4, ABCB11, DBH, CYP2)2, GSTM1

Modules Score Nodes Edges
7 5.56 51 139

8 5.00 5 10

9 4.14 29 58

10 4.00 4 6

HSD3B1, CYP17A1, SRD5A1, SRD5A2

shared in the GEO databases. Several transcription factors or
hub genes were identified as potential biomarkers of insulin
resistance. The 2 papers provided excellent examples for un-
derstanding of insulin resistance and exploring the biomark-
ers. For the limitation of the previous studies that most DEGs
involved in the analysis were without validation of either dif-
ferential expression or correlation to insulin resistance, we con-
ducted the bioinformatics analysis based on validated IRRGs
from public diseases database in the present study.

There were dramatically boosted research studies focused on
IRRGs that provide a huge resource for bioinformatics analysis.
However, how to comprehensively collect IRRGs from overload
information has been challenging work. For our study, the 4
databases, including NCBI-Gene [25], CTD [26], RGD [27], and
Phenopedia [28] were integrated. The 4 databases manually
or automatically retrieve disease related genes from published
literature. Moreover, these databases additionally included
the genes related to human diseases from other databases,
such as GeneCards and OMIM, to make sure comprehensive
coverage of genes. A total of 1195 IRRGs were involved in the
present study. The size of genes was moderate and compa-
rable to the reported study by Yang et al. [22] but larger than
Zhang et al. [23]. On this basis, we sketched the landscape of
biologic feature and got the key molecules of IRRGs.

The biological function related to insulin stimulus, response
and secretion, hypoxia, apoptotic process, cell proliferation,
inflammatory response, and response to lipopolysaccharide
and glucocorticoid, were enriched as the crucial functions of
insulin resistance. Recently, inflammatory response, hypoxia,
and apoptosis were proposed as hot spots for publications.
Hypoxia is one of the key factors that induces inflammatory
and apoptosis to enhance insulin resistance [39,40]. During
the progressive development of obesity, the adipocytes be-
came hypoxic and hypoxia-inducible factor 1 (HIF-1), nuclear
factor kappaB (NF-xB) and adipocytokine, such as TNF-q, IL-6,

and transforming growth factor-beta (TGF-f), are upregulat-
ed [41,42]. Also, the induction of adipocyte apoptosis is an al-
ternative mechanism to explain hypoxia which contributes to
inflammation in obesity [43]. Besides, hypoxia inhibits glucose
uptake by reducing insulin receptor-$ (IR-B) and IRS-1 to en-
hance insulin resistance [43]. Cell apoptosis, such as p53 in-
duced apoptosis of adipocyte and fatty acid induced apoptosis
in skeletal muscle, also contribute to insulin resistance, more-
over, inhibiting caspase-3 reversed insulin resistance [44-46].

The enrichment pathways have been associated with insulin
signal transduction, inflammation, cancer, hypoxia, cellular
proliferation, differentiation and apoptosis, and energy me-
tabolism. Dysfunction of the insulin receptor and signal trans-
duction should be a crucial contributor [47]. Insulin signaling
pathways activated by the insulin binding to the insulin re-
ceptor [48], induced insulin receptor auto-phosphorylation and
then recruited insulin receptor substrates [49]. Signaling mole-
cules downstream of insulin receptor substrates activated via
phosphorylation by different kinases, such as PI3K and AKT,
mTOR, ERK, FOXO, AMPK, and GSK3 [50]. The defect of insulin
signaling pathways results in abnormal glucose homeostasis
and ensued insulin resistance [47].

Of the top 10 node genes, INS, AKT1, and MAPK3 were proxi-
mal insulin receptor substrates, and played a key role in insu-
lin signal transduction [47]. IL-6 and TNF were inflammatory
mediators and always featured as candidates promoting insu-
lin resistance [41]. VEGFA was related to hypoxia [43]. TP53 in-
duced apoptosis and contributed to insulin resistance [45]. EGF
was reported that played an insulin-like role in glucose trans-
port and lipolysis [51]. EGF binding to EGF receptor (EGFR) in-
creased the tyrosine phosphorylation and augmented the in-
sulin-mediated downstream signaling in the insulin resistance
state [51,52]. Src participated in cellular processes such as gene
transcription, cell adhesion, and apoptosis [53]. It regulates in-
flammation-mediated metabolic disorders by phosphorylating
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Biological process Module 1
Term p-Value  Count
Inflammatory response 8.84E-25 30
Positive regulation of nitric oxide biosynthetic process ~ 1.37E-21 15
Positive regulation of ERK1 and ERK2 cascade 8.31E-18 19
Positive regulation of gene expression 3.86E-17 21

Lipopolysaccharide-mediated signaling pathway 1.64E-15 n

Module 2
Term p-Value _ Count
Negative regulation of apoptotic process 2.06E-18 28
Response to hypoxia 1.84E-15 18
Signal transduction 2.31E-15 37
Positive regulation of cell proliferation 5.30E-14 24
Positive regulation of MAPK cascade 2.28E-13 13

Module 3
Term p-Value _ Count
High-density lipoprotein particle remodeling 2.61E-17 10
Reverse cholesterol transport 4.19E-14 9
Lipoprotein metabolic process 7.65E-13 10
Cholesterol homeostasis 1.14E-10 10
Cholesterol metabolic process 2.00E-10 10

Module 4
Term p-Value  Count
Negative regulation of apoptotic process 6.47E-09 18
Response to nutrient 2.76E-08 9
Cellular response to insulin stimulus 3.79E-08 9
Cholesterol homeostasis 3.79E-06 7
Glucose homeostasis 4.43E-06 8

Figure 3. The top 4 modules PPl networks and responding biological process. PPl — protein—protein interaction.
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Figure 4. The top 10 hub genes of IRRGs.
The more forward ranking was
indicated by a redder color.
RANK GENE Score IRRGs — insulin resistance-related

genes.

1 INS 635

2 AKT1 503

3 IL6 444

4 TP53 39

5 TNF 376

6 VEGFA 369

7 MAPK3 353

8 EGFR 333

9 EGF 317

10 SRC 304

peroxisome proliferator-activated receptors y (PPAR-y) and in- Conclusions

hibiting pro-inflammatory genes in adipose tissue [54]. Another
study reported that saturated fatty acids activated Jun N ter-
minal kinase (JNK) and induced insulin resistance by altering
the membrane distribution of c-Src [55].

Several limitations of this study should be addressed. The IRRGs
were collected from publications. The criterion of IRRGs includ-
ed in the 4 databases varied. And the heterogeneity of the
validated methods in original researches should be consid-
ered. The roles of genes required to further verify that a gene
caused insulin resistance or gene expression was altered by
insulin resistance. Moreover, the insulin resistance occurred
in different tissues and the mechanism related to insulin re-
sistance may be different. However, the mechanism disclosed
in the present study was an overview without tissue indepen-
dent. In addition, all the included molecules had been previ-
ously validated and reported, and no outstanding findings of
individual genes. However, it was a novel model of bioinfor-
matics analysis based on validated molecules, it provided sol-
id evidence for the regulatory network of insulin resistance.
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