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Background: Although increasing evidence has suggested an interaction between heart
failure (HF) and Type 2 diabetes mellitus (T2DM), the common mechanisms of the two
diseases remain unclear. Therefore, this study aimed to obtain the differentially expressed
genes (DEGs) and potential biomarkers or therapeutic targets in HF and T2DM.

Methods: The communal DEGs of HF and T2DM were identified by analyzing the two
microarray datasets (GSE84796 and GSE95849), and functional annotation was performed
for the communal DEGs to uncover the potential molecular mechanisms of HF and T2DM.
Subsequently, STRING database and Cytoscape software were used to construct the protein—
protein interaction (PPI) network and screen the hub genes. Finally, co-expression and drug—
gene interaction prediction analysis and mRNA-miRNA regulatory network analysis were
performed for hub genes.

Results: A total of 233 up-regulated genes and 3 down-regulated genes were found between
HF and T2DM. The functional enrichment of DEGs and genes in each four modules were
mainly involved in immunity. In addition, five hub genes were identified from PPI network,
including SYK, SELL, RAC2, TLR8 and ITGAX.

Conclusion: The communal DEGs and hub genes identified in this research contribute to
discover the underlying biological mechanisms and presents potential biomarkers or ther-
apeutic targets in HF and T2DM.

Keywords: bioinformatical analysis, therapeutic targets, heart failure, type 2 diabetes
mellitus

Introduction
Heart failure (HF) is the inability of the heart to transport sufficient amounts of
blood to meet the demands of our body at normal filling pressures, finally causing
a complex and severe disease syndrome.' HF is a rapidly growing public health
issue with an estimated prevalence of >37.7 million individuals globally, which
confers a substantial burden to the health-care system.”’ Type 2 diabetes mellitus
(T2DM) is a prevalent metabolic disorder characterized by obesity and chronic
insulin resistance.® Globally, the number of people with diabetes mellitus has
quadrupled in the past three decades, and diabetes mellitus represents the ninth
major cause of death. T2DM comprises about 90% of all diabetic cases.’

Nearly 20 years of research found that T2DM and HF ordinarily occur concomi-
tantly, and each disease independently increases the risk for the other.*” On one hand,
the prevalence of HF in patients with T2DM (9-22%)) is 4 times higher than the general
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population.®® And among patients with HF, those with dia-
betes have a higher risk of mortality and hospitalization for
HF than those without diabetes.”'® On the other hand, in
many HF trials, the incidence of diabetes in patients with
heart failure was significantly higher than in the general

observation.®!!!12

population during follow-up and
Recently numerous studies have attempted to uncover the
mechanisms behind the association between heart failure and
diabetes. Causing left ventricular concentric remodeling and
damaging cardiac microcirculation could be the mechanism
of T2DM inducing HF,"* "> and HF could further promote
systemic insulin resistance by increasing sympathetic tone
and stress-dependent perturbation within metabolic
pathways.'® However, the potential mechanisms of the two
diseases remain far from being clarified. Simultaneously,
some advances in drugs have also suggested there may be
a latent common pathway between HF and T2DM.® For
example, hypoglycemic drug SGLT-2 can improve the prog-
nosis of patients with heart failure regardless of whether
complicated with diabetes.”'” Hence, there may be latent
common biological mechanisms between HF and T2DM,
which are currently unknown, and they will become potential
biomarkers and therapeutic directions.

Common transcriptional signatures may provide
further insight into the communal molecular mechanisms
in HF and T2DM. Therefore, this article aims to reveal
the association and potential targets between the two
diseases by identifying and analyzing DEGs and hub
genes. In this article, we analyzed two gene expression
datasets (GSE84796 and GSE95849) which were down-
loaded from the Gene Expression Omnibus (GEO) to
identify the communal DEGs of HF and T2DM. The
functional enrichment of DEGs and genes in each four
modules were used to uncover the potential molecular
mechanisms of HF and T2DM. After that, we con-
structed a PPI network to screen core modules and hub
genes by using STRING database and Cytoscape soft-
ware. In summary, a total of 236 DEGs, four modules
and five hub genes identified in this research contribute
to discover the latent biological mechanisms and pre-
sents potential biomarkers or therapeutic targets in HF

and T2DM.

Materials and Methods

Data Source
GEO (http://www.ncbi.nlm.nih.gov/geo) is a public data-

base containing high throughout sequencing and microarray

datasets.'”® We screen HF/T2DM datasets based on strict
inclusion/exclusion criteria from GEO. The inclusion cri-
teria were as follows: (1) Sporadic heart failure (HF) or type
2 diabetes mellitus (T2DM); (2) Datasets that included
patients and healthy controls. Exclusion criteria included:
Patients had participated in a clinical trial for drugs or other
treatments. Finally, GSE84796 (8 HF patients and 10
controls)'® and GSE95849 (6 T2DM patients and 6
controls)*® were selected from GEO.

Identification of DEGs
GEO2R
a web-based tool that based on limma package.'®

(http://www.ncbi.nlm.nih.gov/geo/geo2r)  is

Differentially expressed genes (DEGs) were identified by
GEO2R with the condition that |logFC| > 1 and adj.
P-value < 0.05. Subsequently, the overlap DEGs among
HF and T2DM datasets were detected and visualized by
the online Venn software.

Enrichment Analyses of DEGs

GO and KEGG pathway enrichment analyses were per-
formed to elucidate the biological characteristics of the
overlapping DEGs by the online tool DAVID (https://
david.nciferf.gov/).>! KOBAS 3.0 (http://kobas.cbi.pku.
edu.cn) was used for further pathway enrichment analyses
from 5 pathway databases (KEGG PATHWAY, PID,
BioCyc, Reactome and Panther), and P-value less than

0.05 was considered as statistically significant.”* The
genes in four modules were also analyzed in the same way.

Protein—Protein Interaction Network

Construction and Module Analysis

Protein—protein interaction (PPI) network was constructed
by STRING (http://string-db.org, version 11.0) database
with the threshold of the combined score >0.4,> and the
interaction networks were visualized by the Cytoscape
(version 3.7.0).* In addition, MCODE plug-in was used
to screen densely interconnected modules in the PPI net-

work with default parameters.?

Hub Genes Selection and Analyses

CytoHubba plug-in in Cytoscape was used to select hub
genes in the PPI network.”® We randomly select five of the
12 algorithms in cytoHubba plug-in, and take the intersection
of the five algorithms results to determine hub genes.
Subsequently, the biological processes enrichment analyses
for the genes were conducted by Metascape (https://metas

6550 "

Dove!

International Journal of General Medicine 2021:14


http://www.ncbi.nlm.nih.gov/geo
http://www.ncbi.nlm.nih.gov/geo/geo2r
https://david.ncifcrf.gov/
https://david.ncifcrf.gov/
http://kobas.cbi.pku.edu.cn
http://kobas.cbi.pku.edu.cn
http://string-db.org
https://metascape.org
https://www.dovepress.com
https://www.dovepress.com

Dove

Wang et al

cape.org), which is an online platform specialized in com-
prehensive gene annotation and analysis resource,”’ and the
enrichment analysis of pathway was through KOBAS 3.0.
GeneMANIA  (http://www.genemania.org/), a convenient
web platform for analyzing gene lists and predicting gene

function, was used to analyze and construct a network of hub

genes and their co-expression genes.”® Finally, Drug-Gene
Interaction database (DGIdb) 3.0 (http://www.dgidb.org/),
which used to predict drug-gene pairs, was applied here to
predict drugs based on the hub genes.” After that, we formed
the network map of drug—gene interaction by Cytoscape.

Construction of mMRNA—mMiRNA

Regulatory Network

Mirwalk, a convenient online database that mainly focuses on
miRNA-target interactions,”® was adopted here to predict
corresponding miRNA of hub genes by the screening

condition that the predicted miRNA could be verified by
experiments or other databases. We construct the regulatory
network by Cytoscape based on the prediction of mRNA—
miRNA.

Results

Identification of DEGs

Two gene expression datasets (GSE84796 and GSE95849)
were selected in this research (Figure 1) based on inclu-
sion/exclusion criteria. Subsequently, we used GEO2R to
identify the DEGs in the two datasets with [logFC| > 1 and
adj. P-value < 0.05. Compared to the controls, 1742 genes
(1243 upregulated and 499 downregulated genes) were
identified as DEGs in patients with HF (Figure 2A and
Supplementary Table 1). Meantime, 2821 DEGs (2697
upregulated and 124 downregulated genes) were screened
in patients with T2DM (Figure 2B and Supplementary

Exclusion criteria.

Microarray datasets GSE84796 (8 HF patients and 10
controls) and GSE95849 (6 T2DM patients and 6
controls) were selected by inclusion criteria and

DEGs of two datasets were identified by GEO2R, based
on the |logFC| > 1 and adj.P-value < 0.05.

l

l

PPI network of overlap DEGs among two
datasets was constructed by STRING database,
and visualized using Cytoscape software.

GO and KEEG enrichment analyses of the
overlap DEGs among two datasets were
carried out by DAVID 6.8.

l

the densely connected modules from the PPI
network was identified with the criteria of K-
core = 2, degree cutoff = 2, max depth = 100, and
node score cutoff = 0.2 by MCODE plugin of
Cytoscape.

hub genes was chosen by the overlap of the top
10 genes in five classification methods
(BottleNeck, Closeness, MNC, Radiality, Stress)
in CytoHubba.

Subsequent analysis of hub genes : analyzing a
network of the hub genes and their co-
expression genes, predicting drug-gene
interactions and constructing mRNA-miRNA
Regulation Network.

Figure | Flow diagram of the study design.

Pathways enrichment of the genes in the each
module were carried out by KOBAS 3.0

functional annotation of hub genes were
carried out by Metascape and KOBAS 3.0

International Journal of General Medicine 2021:14

6551

Dove!


https://metascape.org
http://www.genemania.org/
http://www.dgidb.org/
https://www.dovepress.com/get_supplementary_file.php?f=325339.docx
https://www.dovepress.com/get_supplementary_file.php?f=325339.docx
https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove
A HF vs Normal B T2DM vs Normal
144 79
124 64
10 .':‘5‘.‘ 51
s £ =
g 4
e S
' 44 21
24 1
0+ 0+
-4 2 ] 2 z 6 8 10 2 1 o 1 ; 3 4 5
log2(fold change) log2(fold change)
C D
GSEB8479 GSE8479

GES95849

GES95849

Figure 2 Identification of differentially expressed genes in the two datasets. (A) Volcano plot of HF microarray data. (B) Volcano plot of T2DM microarray data. (C) Venn
diagram of the 233 communal upregulated DEGs in HF and T2DM. (D) Venn diagram of the 3 communal downregulated DEGs in HF and T2DM.

Table 2). A total of 236 genes overlapped between
GSE84796 and GSE95849 datasets as shown in the Venn
diagram, consisting of 233 upregulated genes and three
downregulated genes (Figure 2C and D).

Analysis of the Functional Characteristics
of DEGs

GO enrichment analysis was used for uncovering the bio-
logical roles of the communal DEGs, and results were
divided into three functional categories, including biologi-
cal processes (BP), cell component (CC), and molecular
function (MF) (Figure 3A and B). In terms of BP, DEGs
were mainly

(GO:0045087),
immune

involved in innate immune response

(G0O:0007165),
inflammatory

signal  transduction
(GO:0006955) and
response (GO:006954). In the CC group, the genes were

response

mainly enriched in plasma membrane (GO:0005886), inte-
gral component of plasma membrane (GO:0005887),
external side of plasma membrane (GO:0009897) and

immunological synapse (GO:0001772). For MF, DEGs
were significantly enriched in receptor activity
(GO:0004872), receptor binding (GO:0005102), non-
membrane spanning protein tyrosine kinase activity
(GO:0004715) and G-protein coupled purinergic nucleo-
tide receptor activity (GO:0045028). According to the
KEEG pathway analysis results from online database
DAVID6.8, DEGs were mainly involved in Chemokine
signaling pathway (hsa04062), B cell receptor signaling
pathway (hsa04662), Cytokine—cytokine receptor interac-
tion (hsa04060) and Fc gamma R-mediated phagocytosis
(hsa04666) (Figure 3C). These results indicate that
immune-related play an important role in the communal
mechanisms of HF and T2DM.

Protein—Protein Interaction Network

Construction and Module Analysis
Based on STRING database, the PPI network of DEGs
was constructed with combined scores greater than 0.4 and

6 5 5 2 https:;
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Figure 3 The function analysis of communal DEGs. (A) The GO enrichment analyses of communal DEGs with P-value and (B) gene count. (C) The pathway analysis of

communal DEGs via KOBAS 3.0.

visualized by Cytoscape software, which contained 178
nodes and 1013 edges (Figure 4 and Supplementary
Table 3). Four important modules are obtained from PPI
network by MCODE plugin. Then, we use online database
KOBAS 3.0 to analyze the pathways enrichment of the
genes in each module. As a result, genes in each module
all clustered in immune-related areas. In the module A,
genes were mainly enriched in Immune System (R-HSA-
168256) and Innate Immune System (R-HSA-168249)
(Figure 5A). Genes in the module B were mainly enriched
in Signal Transduction (R-HSA-162582) and G alpha (i)
signalling events (R-HSA-418594) (Figure 5B). In the
module C, genes were mainly enriched in Immune
System (R-HSA-168256) and Interleukin receptor SHC
signaling (R-HSA-912526) (Figure 5C). Genes in the
module D were mainly enriched in Immune System
(R-HSA-168256) and Innate Immune System (R-HSA-
168249) (Figure 5D).

Hub Gene Selection and Analysis

Five classification methods (BottleNeck, Closeness, MNC,
Radiality, Stress) in cytoHubba were used to screen hub
genes in this research and the top 10 genes selected by
each classification methods are listed Table 1. After that,
we determine five central genes by overlapping the top 10
genes in five classification methods (Figure 6).

As expected, functional annotation obtained from
Metascape suggested that hub genes were mainly enriched
in myeloid leukocyte activation (GO:0002274), leukocyte
migration (GO:0050900) and regulation of protein

transport (GO:0051223) (Figure 7A). The pathway ana-
lyses of the hub genes were conducted using KOBAS 3.0
and pathways with the top four P-values were Innate
Immune System (R-HSA-168249), Immune System
(R-HSA-168256), (R-HSA-109582) and
GPVI-mediated (R-HSA-114604)
(Figure 7B). Similarly, these results emphasize the impor-
tant role of Immune System in the HF and T2DM.
Besides, a network of the hub genes and their co-

Hemostasis

activation cascade

expression genes was analyzed by GeneMANIA online
platform (Figure 7C). The six genes showed the complex
PPI network with the Physical interactions of 67.64%, Co-
expression of 13.50%, Co-localization of 6.17%, Predicted
of 6.35%, Pathway of 4.35%, Genetic Interactions of
1.40%, and Shared protein domains of 0.59%. Finally, 47
drug—gene interaction pairs were predicted by DGIdb and
visualized by Cytoscape, which contained five hub genes
(SYK, TLRS8, SELL, RAC2 and ITGAX) and 47 drugs
(Figure 8). These results may provide clues to therapeutic
targets of HF and T2DM.

mMRNA-miRNA Regulation Network

Construction

Based on the MiRwalk databases predictions of six hub
genes, we obtained a total of 109 miRNAs which could be
verified by experiments or other databases. After that,
a regulatory network of hub genes and predicted
miRNAs
(Figure 9). These results uncover the potential relationship

was constructed by Cytoscape software

and mutual regulation between hub genes.
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Figure 4 Based on database STRING and Cytoscape software, PPl networks of the DEGs were constructed. The red point represents upregulated genes, and blue point

represents downregulated genes.

Discussion

In this study, we identified 236 overlapping DEGs in both
HF and T2DM, of which 233 were upregulated and three
were downregulated genes. GO and pathway analysis
showed DEGs are mainly enriched in immune response
and inflammatory response. Subsequently, we performed
pathway analysis on the genes in the four modules respec-
tively, and we found that all four modules were related to
immunity. After that, five hub genes (SYK, SELL, RAC2,
TLR8 and ITGAX) were found in the PPI network.
Functional annotation shows that hub genes are mainly
involved in

immune-related. Finally, we analysed

a network of the hub genes and their co-expression
genes, predicted drug—gene interactions and construct
mRNA-miRNA Regulation Network.

Interestingly, the functional enrichment of DEGs,
genes in each four modules and Hub genes all pointed to
immune-related, suggesting that the potential common
pathway between T2DM and HF could lie in immune
system. Recent 20 years of studies have provided preli-
minary evidence for the immune mechanism and treatment
of T2DM and HF. Studies have presented that immune
response activating mechanisms in the heart inducing car-
diac adverse remodelling and causing left ventricular

https://doi.org/10.2147/)GM.S325339
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Term 1D Count _P-Value
Immune System R-HSA-168256 23 2.13E-24
Innate Immune System R-HSA-168249 17 7.22E-20
Cytokine Signaling in Immune system R-HSA-1280215 9 6.45E-09
Leukocyte transendothelial migration hsa04670 4 1.62E-06
ion i by ch kine and
cytokine signaling pathway Po003L 4 1558-05
Term 1D Count _P-Value
Signal Transduction R-HSA-162582 14 4.35E-13
G alpha (i) signalling events R-HSA-418594 8 9.57E-12
Immune System R-HSA-168256 10 1.14E-08
Innate Immune System R-HSA-168249 7 3.65E-07
Cytokine-cytokine receptor interaction hsa04060 4 1.15E-05
Term 1D Count _P-Value
Immune System R-HSA-168256 13 4.05E-12
Interleukin receptor SHC signaling R-HSA-912526 4 1.64E-09
Interleukin-2 family signaling R-HSA-451927 4 1.16E-08
Interlgukm-3, Interleukin-5 and GM-CSF R-HSA-512988 4 149E-08
signaling
Signaling by Interleukins R-HSA-449147 7 243E-08
Term 1D Count _P-Value
Immune System R-HSA-168256 5 4.59E-05
Innate Immune System R-HSA-168249 4 5.70E-05
Neutrophil degranulation 'R-HSA-6798695 3 0.000145
Vasopressin synthesis P04395 1 0.002748
NF-kB activation through FADD/RIP-1 R-HSA-933543 | 0002977

pathway mediated by caspase-8 and -10

Figure 5 Top modules from the protein—protein interaction network. (A) Module A and the enriched pathways of module by KOBAS 3.0. (B) Module B and the enriched
pathways of module by KOBAS 3.0. (C) Module C and the enriched pathways of module by KOBAS 3.0. (D) Module D and the enriched pathways of module by KOBAS 3.0.
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Table | The Top 10 Hub Genes Rank in cytoHubba

BottleNeck Closeness MNC Radiality Stress
CCR5 PLEK PLEK SELL PLEK
RAC2 SYK SYK PLEK SYK
SYK SELL TLR2 TLR2 RAC2
PTAFR TLR2 TLR8 SYK SELL
MNDA TLR8 SELL TLR8 TLR2
STATI RAC2 ITGAX RAC2 ITGAX
IKZFI FGR FGR FGR TLR8
TLR8 ITGAX RAC2 ITGAX MNDA
SELL CD53 CD53 CD53 STATI
ITGAX CCR5 CCR5 LCK CD53

Abbreviations: HF, Heart failure; T2DM, Type 2 diabetes mellitus; DEGs, differ-
entially expressed genes; GEO, Gene Expression Omnibus; PPI, protein—protein
interaction; BP, biological processes; CC, cell component; MF, molecular function.

dysfunction.’'”? Meanwhile, some experiments have
found that elevated levels of circulating pro-inflammatory
biomarkers in patients with HF correlate with disease
severity and prognosis.®>** All the above studies suggest
that adaptive immunity and innate immunity play an
important role in the development of HF. Hence, the public
has invested a great deal of effort in the immune modula-
tion therapy of HF in the past 10 years, but the results so
far have been disappointing and controversial. This reality
might be explained by the complex nature of the interplay
their
inflammatory mediators.**>> Many recent studies have

between immune cells and pro- and anti-

Clo Sep,

aod?

Figure 6 Five hub genes were identified by overlapping the first 10 genes in the five
classification methods of cytoHubba.

made good progress in the immune mechanism of
T2DM. Altered proliferation, function, or infiltration of
components of adaptive immunity and innate immunity
is critical in the progression of T2DM, such as increased
number of CD45+ T cell, leukocyte shift toward a pro-
inflammatory phenotype, and a reduction in the number of
suppressive regulatory T cells and protective NK cells.***
Recently several studies focused on the immune effects of
hypoglycemic drugs or the use of immune system modu-
lators to improve glucose and lipid metabolism and the
results were proved to be meaningful. >’ In summary,
immune-related directions may be the potential common
biomarkers and therapeutic directions of HF and T2DM,
and more experiments are needed to uncover the immune-
related associations of HF and T2DM.

SYK (spleen-associated tyrosine kinase), this gene
encodes a member of the family of non-receptor type Tyr
protein kinases. This protein is widely expressed in hema-
topoietic cells and is involved in coupling activated immu-
noreceptors to downstream signalling events that mediate
diverse cellular responses, including proliferation, differ-
entiation and phagocytosis.>®*° The relationship between
SYK and diabetes development was found to be mainly
related to immune receptors. Konigsberger et al found that
disrupting SYK expression resulted in the alteration in
BCR signalling quality which could cause the generation
of anti-insulin antibodies.*' In addition, some experiments
revealed that cardiovascular events in diabetic patients
were closely associated with SYK, mainly related to plate-
let dysfunction caused by SYK. Yamagishi et al reported
that hyperglycaemia increasing phosphorylation of SYK,
which in turn result in platelet dysfunction, played an
important role in the pathogenesis of diabetic micro- and
microangiopathies.*” Meanwhile, Calverley et al found
that increased platelet FCR-mediated sensitivity to col-
lagen, which could be induced by the enhancing levels of
tyrosine-phosphorylated SYK in diabetic platelets, may
result in cardiovascular morbidity and mortality among
patients with diabetes.*> As above, there is no denying
that SYK is a potential target for heart failure and diabetes.

TLRS8 (Toll-like receptor 8) is a member of the Toll-
like receptor (TLR) family. As we all known, Toll-like
receptors (TLRs) play essential roles in generating innate
immune responses, and then recognized by ligand activat-
ing signalling cascades. Beyond this, recent evidence sug-
gests that it plays even broader roles in pathogen-specific
adaptive immune responses and immunity.** TLR8 pro-
filed over expression in enterovirus-associated dilated
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G0:0002274: myeloid leukocyte activation
1 G0:0050900: leukocyte migration

GO:0051223: regulation of protein transport
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Figure 7 Functional annotation and interaction network analysis of the hub genes. (A) The GO enrichment analyses of the hub genes by Metascape. (B) The pathway
analysis of the hub genes via KOBAS 3.0. (C) Hub genes and their co-expression genes were analyzed by GeneMANIA.
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Figure 8 Based on the prediction of drug-gene pairs associated with the hub genes, the network map was formed by Cytoscape, including five hub genes (SYK, TLR8, SELL,
RAC2 and ITGAX) and 47 drugs. Yellow circle indicates the hub gene and blank square indicates the drug.
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cardiomyopathy and chronic chagasic cardiomyopathy, a macrophage/dendritic cell marker, also could be used
which may eventually develop into HF.***® Meanwhile, as an indicator. Some experiments have found that islet
TLRS8 is elevated expression in adipose tissue among inflammation could promote beta cell dysfunction in
patients with T2DM.*” Thus, TLRS8 could be an immune T2DM via islet inflammation with increased expression
marker of metabolic inflammation in HF and T2DM. of ITGAX.*** Unfortunately, the association between
Similar to TLRS, ITGAX (integrin subunit alpha X) is ITGAX and HF has not yet been found. To sum up,

International Journal of General Medicine 2021:14 heeps: 6557
Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove
hsa-miR-193b-3p samiR-1207-5p nsa-miR-6503-3p
; hsa-miR-4786-3p
hsa-miR-3128 / e —— hsa-mR47685p | y
hsa-miR-4763-3p | / V \ M'RW hsa-miR-215-3p
— hsa-miR-3190-3p
R hsa-miR-1184 hsa-miR-4496 ,.sy,..mm . °
AN hsa-miR-376b-5p  hsa-miR-12117
hsa-miR-770-5p hsa-miR-6133
hsa-miR-6074
hsa-miR-4510 Rore ——
hsa-miR-6127
S—— hsa-miR- 190&39
iR- nsamIR-6845~5p
s
hsa-miR-5190 nsa-mIR-6130
rsammnmp hsamlR-4766—3p ' hsa-miR-6722-3p hsa-miR-6734-5p
hsamlRQGsb-Sp < 4 hsa-miR-2392
hsa-miR-6742-3p nsa4mR-6836—5p // / hsa-miR-4708-5p
I hsa-miR-6420-3p
" hsa-miR-7113-6p \, hsa-miR-6856-5p /
hsa-miR-642a-3p \ " hsa-miR-6504-5p
hsa-miR4701-5p /. LEDIIEIE) "sa‘""Rmf‘MP?— hsa-miR-197-5p ~~ -
hsa-miR-675! » hsa-miR-6772- hsa-miR-6804-5p hsa-miR-661
hsa-miR-6819-5p _ \ /% = hsa-miR-1269b «__ =2
nsamir-4265 . X N [\ ~
N iR-4643 i hsa-miR-25-5p
hsa-miR-4 > x
hsa-miR-6872-3p
e — —nsa mR47013p ’ / hsa-miR-3684
nsa-miR-10394-5" hsa-miR-99b-3p \‘\“-/ \ hsa-miR-23a-5p hsa-mlR-{7?5p -
hsa-mi : hsamiR-1273n-3p ;
/ f\ R-61 5—3p hsa-miR-1343-5p
hsa-miR-4448 -~ R“%'sp hsa-miR-4322 hsa-miR-377-5p N
hsa-mlR4199 o
hsa-mR-4292  hsa-miR-126%a [EZT5 7847‘” hsa—mlR-3085-3p hsa-miR-6827-3p
7 hsa-miR-3064-5p ~ Sy, 7
nsa-mlR—6812—5p
hsa- R—6796-5p o
hsa-miR-4726-5p - [EBILSE) \\ 25 hsa-miR-4742-3p
/ * nsamiR-2276-5p hsa-miR-3120-3p hsa-miR-455-3p
hsa-mIR-65(15- nsamiR-4722-39 ~— hsa-miR-6831 % }
hsa-miR-6728-5p hsa-miR4296 “iY - ; -5p
| nsa-mIR-4279 hsa-miR-2861 \ hsa-miR-1296-3p
hsa-miR-629-3p
hsa-miR-548a0-5p hsa-miR-676-5p

hsa-miR-769-3p

/ hsa-miR-5693 /
\

hsa-miR-5003-3p hsa-miR-450b-3p

hsa-miR-664a-3p

Figure 9 mRNA-miRNA regulation network of hub genes was constructed by MiRwalk.

TLR8 and ITGAX could be potential biomarker for HF
and T2DM, but more experiments and research are needed
before it.

SELL (selectin L) encodes a cell surface adhesion
molecule that belongs to a family of adhesion/homing
receptors. The gene product is required for binding and
subsequent rolling of leucocytes on endothelial cells, facil-
itating their migration into secondary lymphoid organs and
inflammation sites.’® Some experiments have shown that
SELL combining with its monoclone antibody and ligand
can cause cellular morphologic change, cellular frame-
work rearrangement, oxygen respiration explosion,
increasing IL-8 and TNF-o gene expression. Based on
the fact that TNF-a is one of the main factors that induces
insulin resistance, we speculate SELL may take part in the
development of the insulin resistance.’'* Moreover, in
some cases, measuring serum adhesion molecules may
help predict, early diagnose, prevent and monitor the treat-

ment complications of type 2 diabetes.”>>* Currently,

there is no evidence of association between SELL and
HF, and most of the evidence focuses on coronary heart
disease. The high expression of SELL can damage cells
and platelets, and then induce coronary atherosclerosis or
even acute coronary syndrome.”> However, the role of
SELL in ischemic heart failure still needs to be further
clarified. RCA2 encodes a member of the Ras superfamily
of small guanosine triphosphate (GTP)-metabolizing
proteins.’® RAC2 was found to be involved in the biolo-
gical process of insulin-secreting INS-1 cells against cyto-
kine-induced apoptosis.”’ However, there have been few
studies and no clear evidence of an association between
RAC2 and HF or T2DM. More experiments are needed to
clarify the relationship between RCA2 and HF or T2DM.

The limitations of our study are as follows: the sample
size of our study was relatively small and external valida-
tion is needed to confirm our results. Hence, our conclu-
sions need to be validated by large sample sizes and
further mechanism experiments.
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Conclusion

In conclusion, the communal DEGs and modules identified
in our study and subsequent analyses reveal potential
common mechanisms of HF and T2DM. Besides, five
hub genes (SYK, SELL, RAC2, TLRS8, ITGAX) have
been identified, which can be used as biomarkers or ther-
apeutic targets for HF and T2DM.
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