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Abstract
Background

Diabetes mellitus (DM) is a major risk factor for the development of heart failure (HF). Sodium-glucose
co-transporter 2 (SGLT2) inhibitors have been demonstrated consistent bene�ts in the reduction of
hospitalization for HF in patients with DM. However, the pharmacological mechanism is not clear. To
investigate the mechanisms of SGLT2 inhibitors on HF and DM, we performed target prediction and
network analysis by network pharmacology method.

Material/Methods

We selected targets of SGLT2 inhibitors according to SwissTargetPrediction and DrugBank databases
and collected therapeutic targets on HF and DM from the Human Gene (GeneCards) and Human
Mendelian Inheritance (OMIM) databases. The “Drug-Target” and “Drug-Target-Disease” networks were
constructed by using Cytoscape_v3.6.1. Then the protein-protein interaction (PPI) was analyzed by using
the String database. Gene Ontology (GO) biological functions and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways were performed to investigate by using Bioconductor tool for analysis.

Results

There were 125 effective targets among SGLT2 inhibitors, HF and DM. Through further screening and
analyzing, 33 core targets were obtained, such as SRC, MAPK1, NARS, MAPK3 and EGFR. And it is
predicted that Rap1 signaling pathway, MAPK signaling pathway, EGFR tyrosine kinase inhibitor
resistance, AGE-RAGE signaling pathway in diabetic complications and other signaling pathways were
involved in the treatment of HF and DM by SGLT2 inhibitors.

Conclusions

Our study elucidated the possible mechanisms of SGLT2 inhibitors from a systemic and holistic
perspective based on pharmacological networks. The key targets and pathways will provide new insights
for further research on the pharmacological mechanism of SGLT2 inhibitors in the therapy of HF and DM.

Introduction
Diabetes mellitus (DM) is a metabolic disorder characterized by hyperglycemia due to partial or complete
insulin de�ciency and/or insulin resistance, which affects 1–2% of the population worldwide[1]. Heart
failure (HF) is a substantial but frequently overlooked complication of DM[2]. Several studies showed that
the incidence of HF is 2–5 times higher in diabetic patients than in those without DM[3]. Furthermore,
diabetic patients with HF have longer HF-related hospital stays, more frequent HF-related readmissions
and higher risk for cardiovascular mortality than patients with HF but without DM[4–6]. However, treating
patients with these concomitant diseases can be challenging. Some drugs have been recommended for
the treatment of HF and DM, such as metformin and sulphonylureas. But they are insu�cient in the
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therapy of HF and DM. For instance, metformin alone is often not enough to keep glycemia under control,
which is not well improved the condition of patients with HF and DM[7]. Sulphonylureas are commonly
prescribed in DM but associated with weight gain and hypoglycemia which are detrimental in heart
failure [8, 9]. Therefore, there is a compelling impetus to explore the potential strategies to reduce the risk
of HF in patients with DM.

Sodium-glucose co-transporter 2 (SGLT2) inhibitors, a class of glucose-lowering therapies, including
dapagli�ozin, canagli�ozin, empagli�ozin and ertugli�ozin, have been approved by the US Food and Drug
Administration for the treatment of type 2 diabetes mellitus[10]. SGLT2 inhibitors can inhibit proximal
renal tubular sodium and glucose reabsorption to increase the urinary excretion of glucose, thereby
reducing blood sugar[11]. Data to date suggest this agent appears to moderately reduce the risk of major
adverse cardiovascular events beyond simply reducing plasma glucose levels[10]. Particularly, most
attention has focused on the pleiotropic effects of SGLT2 inhibitors on cardiac function and their
potential bene�ts with regards to heart failure and mortality rates. Three large cardiovascular outcomes
trials, the EMPA REG OUTCOME trial, the CANVAS Program 30, and the DECLARE-TIMI 58 trial, have
demonstrated the signi�cant and consistent reduction in heart failure events and other cardiovascular
events with SGLT2 inhibitors[12–14]. Based on these composite data, SGLT2 inhibitors represent an
important new therapeutic approach for the prevention of heart failure in at-risk patients with diabetes
mellitus. However, the therapeutic targets and mechanism of SGLT2 inhibitors acting on HF in patients
with DM have not been revealed, which needs to be further explored and analyzed.

With the development of high-throughput sequencing and computer technology, huge and brand-new bio-
information networks have emerged. Network pharmacology, one of the bio-information networks, aims
to construct a multi-level network through various database searches, high-throughput omics data
analysis and computer simulations to analyze the relationship of medicines, diseases and targets[15].
Compared with traditional experimental pharmacology methods, network pharmacology is based on a
comprehensive system, which is relatively e�cient to explore the target and pathway relationships
between drugs and diseases. Therefore, we applied network pharmacology analysis to systematically
excavate the action targets of SGLT2 inhibitors on HF and DM to establish the network of protein
interactions to analyze the biological pathways involved, which will lay a good foundation for further in-
depth exploration of the mechanism of SGLT2 inhibitors acting on HF and DM. The study �owchart of
this network pharmacology-based study of SGLT2 inhibitors is shown in Fig. 1.

Methods

1. Prediction of SGLT2 inhibitors related targets
The chemical structures of four SGLT2 inhibitors, namely as canagli�ozin, dapagli�ozin, empagli�ozin,
and ertugli�ozin, were obtained using Pubchem (https://pubchem.ncbi.nlm.nih.gov/), which is an open
chemistry database with 96,502,248 compositions of which 3,151,393 have been tested. Then
SwissTargetPrediction (http://www.swisstargetprediction.ch/), a tool for target prediction according to 2-
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dimensional and 3-dimensional similarity measures with known ligands, was selected to predict potential
targets for four SGLT2 inhibitors by putting their chemical structures into this platform [16]. Additionally,
SGLT2 inhibitors related genes were also collected from DrugBank (https://www.drugbank.ca/), which is
a unique bioinformatics and chemical informatics database, containing 11,628 drugs and related
chemical information, drug targets, protein data, and so on [17]. And with further correction and
transformation by the retrieval of Universal Protein Resource (UniProt, http://www.uniprot.org/), all the
SGLT2 inhibitors related genes were normalized into consistent symbols for subsequent analysis.

2. The prediction of known therapeutic targets on HF and
DM
With the keywords of “heart failure”, “diabetes”, and “diabetes mellitus”, target genes related to HF and
DM were found in GeneCards (https://www.genecards.org), and OMIM (https://www.omim.org)
databases. The GeneCards database includes more than 7000 human genes, and each gene has an
approved gene symbol. And the OMIM database is a knowledge base of human genes and hereditary
diseases. The two methods have a good reference for the collection of disease targets. According to the
targets of SGLT2 inhibitors and diseases, the repeated targets of the two were screened by Excel, and
their intersection targets of SGLT2 inhibitors were obtained. According to their intersection, we get the
Venn diagram on the website (https://bioinfogp.cnb.csic.es/tools/venny/).

3. Construction of the Network Model
The four SGLT2 inhibitors and their corresponding targets and the intersection targets of diseases and
drugs were sorted out and input into Cytoscape_v3.6.1 to construct the following networks: (1) network
between four SGLT2 inhibitors (canagli�ozin, dapagli�ozin, empagli�ozin, and ertugli�ozin) and their
corresponding targets; (2) network between four SGLT2 inhibitors, intersection targets, and diseases (HF
and DM). Cytoscape is a kind of software which can express the interaction between protein and protein,
protein and DNA or gene e�ciently and can visualize network relationships[18].

4. Screening of Core Targets of SGLT2 inhibitors in HF and
DM Treatment
The STRING (https://string-db.org) dataset is now one of the largest PPI datasets, including co-
expression data, biomedical literature data, high-throughput data, and genomic back-ground data [19]. In
the platform, “Multiple proteins” was selected and the organism was selected as “Homo sapiens.” The
intersection targets of SGLT2 inhibitors, HF and DM were then imported to construct the protein-protein
interaction network. In order to ensure the high con�dence of information, the scoring condition was set
to > 0.90, and the isolated proteins in the �gure were hidden. The �le was exported in “TSV format,” and
then, Cytoscape_v3.6.1 was used to analyze the topological properties of the PPI network. To detect the
core targets in the common targets between drugs and diseases, the degree of targets were calculated
using Cytohubba plugin based on Cytoscape[20].
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5. Construction of Protein-Protein Interaction (PPI) Network
of Core Targets
String online platform was used to build the PPI network of core targets. After selecting the multiple
proteins module, the Gene Name list of target proteins was uploaded to the network, limiting the species
to Homo sapiens. And the con�dence score was set to > 0.9. In the PPI diagram, each solid circle
represents a gene, and the middle of the circle shows the structure of the protein, while the circles are
connected by lines of different colors. Each line represents the biological process between protein and
protein, including regulation of gene expression, signal transduction, cell migration and so on.

6. GO Enrichment Analysis and KEGG Pathway Enrichment
Analysis
In order to better understand the potential biological process of core genes, KEGG (Kyoto Encyclopedia of
Genes and Genomes) and GO (Gene Ontology) were analyzed for pathway functional enrichment using
clusterPro�ler software package on the R platform[21, 22]. The interaction network was constructed by
using the Top-Go package of the R platform [23].

Results

1. Screening potential related targets of SGLT2 inhibitors
PubChem platform was used to acquire the molecular structure of dapagli�ozin empagli�ozin,
canagli�ozin and ertugli�ozin. The details of their structure were shown in Table 1. After importing their
structures into the SwissTargetPrediction database respectively for target matching and prediction, we
screened the 213 targets with probability > 0, of which 71 targets were in dapagli�ozin, 65 in canagli�ozin,
61 in ertugli�ozin and 16 in empagli�ozin, respectively. We also adopted the DrugBank database to �nd
37 targets on the four SGLT2 inhibitors, with 11 targets in dapagli�ozin, 10 in empagli�ozin, 8 in
canagli�ozin, 8 in ertugli�ozin. By integrating and eliminating duplicate targets in the two databases, a
total of 135 targets with potential effects of SGLT2 inhibitors were obtained. Then introducing them into
Cytoscape_v3.6.1 software to analyze, we constructed a visualized drug-target network (Fig. 2). There are
139 nodes (135 targets, 4 drugs) and 252 edges shown in Fig. 2, where the pink nodes represent SGLT2
inhibitors, the blue nodes represent the drug targets (the predicted target) and the edges represent the
interactions between the drugs and the targets. It re�ects the potential mechanism of interaction between
SGLT2 inhibitors and multitarget.

2. Construction and analysis of drug-target-disease network
After the repetition was removed, a total of 13523 targets related to HF and 15291 targets corresponding
to DM were collected from the GeneCards database and the OMIM database. Among these, 125 common
targets were shared between potential targets of SGLT2 inhibitors, known HF-related targets and DM-
related targets by Draw Venn diagram online platform (Fig. 3). And 125 “drug-disease” common targets
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were introduced into Cytoscape_v3.6.1 software to construct a visualized drug-target-disease network
(Fig. 4). There are 131 nodes (125 targets, 4 drugs, 2 diseases) and 441 lines shown in the network. The
purple nodes are the four SGLT2 inhibitors (dapagli�ozin, empagli�ozin, canagli�ozin and ertugli�ozin);
the red nodes are HF and DM; the green nodes represent 125 common targets. In this network, the
average target number of each SGLT2 inhibitor is 6.73. Thus, there is an interaction between one SGLT2
inhibitor and multiple targets in the treatment of HF and DM. With regard to the targets, the top three in
the degree are SLC5A2, SLC5A1, and SLC2A1, well known as the sodium-dependent glucose cotransporter
gene, which can interact with four SGLT2 inhibitors respectively. These targets connect the relationship
between SGLT2 inhibitors and disease, which provides a better reference for exploring the mechanism of
SGLT2 inhibitors in the treatment of HF and DM.

3. Core Targets of SGLT2 inhibitors on HF and DM
125 common targets were imported into STRING online platform, and a �le in “TSV” format was
exported. Then, it was imported into Cytoscape_v3.6.1 and the function of "Cytohubba" was used to
calculate the degree of targets to �nd the core targets. 33 core targets of SGLT2 inhibitors in HF and DM
treatment were screened (Fig. 5), among of which, red, orange, yellow and purple nodes represent the
gradual decrease of degree value from large to small. The speci�c information of core targets is shown in
Table 2.

4. Analysis of 33 core targets protein interaction network
(PPI)
The STRING database platform was used to construct a network of target protein interactions, and the 33
core targets of SGLT2 inhibitors-HF-DM were imported. By selecting species as “Homo sapiens” and
setting the combined score > 0.9 thresholds, the �nal protein-protein interaction network was obtained
(Fig. 6). As can be seen from Fig. 6, there are a total of 33 solid circles of many colors, each circle
represents a key target gene, and the center of the dot shows the protein structure of the target gene. And
the statistical analysis was performed on each target gene to obtain the top targets with the number of
adjacent genes ≥ 10 (shown in Fig. 7), revealing that SRC, MAPK1, NARS, MAPK3 and EGFR are the top 5
hub targets, which might be the key targets for SGLT2 inhibitors treatment of HF and DM.

5. GO biological function annotation and KEGG pathway
enrichment analysis for targets
To study the mechanism of SGLT2 inhibitors on HF and DM more systematically, the 33 core target genes
of the SGLT2 inhibitors-HF-DM intersection were introduced into R statistical programming language to
analyze the GO biological function and KEGG signaling pathway. Filtering with P value = 0.05 and Q
value = 0.05 as threshold values, we mainly selected the 10 biological processes of 33 core targets, as
shown in Fig. 8. The results indicate that the targets mainly are associated with positive regulation of
MAP kinase activity, positive regulation of protein serine/threonine kinase activity, regulation of MAP
kinase activity, activation of protein kinase activity, regulation of phosphatidylinositol 3-kinase signaling,



Page 8/25

response to reactive oxygen species, phosphatidylinositol 3-kinase signaling, muscle cell proliferation,
cellular response to reactive oxygen species and positive regulation of reactive oxygen species metabolic
process.

Based on the KEGG enrichment analysis of 33 key targets, we found that the top 15 signal paths with
high con�dence (P-value < 0.05) are selected for analysis in Fig. 9. According to the result, it is
demonstrated that the core targets might affect some signaling pathways, such as Rap1 signaling
pathway, MAPK signaling pathway, EGFR tyrosine kinase inhibitor resistance and AGE-RAGE signaling
pathway in diabetic complications, which predicts that SGLT2 inhibitors might achieve treatment of HF
and DM by regulating the aforementioned signal pathways.

Discussions
Heart failure (HF) is a major complication of diabetes mellitus (DM). It is necessary to prevent HF in
patients with DM. In clinical studies, SGLT2 inhibitors were effective in treating HF among patients with
DM, which aroused great interest and attention. However, the mechanism is not clear. Based on the
network pharmacological analysis, this study explored the mechanism of SGLT2 inhibitors in the therapy
of HF and DM. In the present study, four SGLT2 inhibitors (canagli�ozin, dapagli�ozin, empagli�ozin, and
ertugli�ozin) were obtained to analyze the effects on HF and DM based on the network pharmacology
analysis. According to the drugs-diseases target network and PPI network, the 33 core genes of the
SGLT2 inhibitors acting on HF and DM were obtained from 125 common genes. Among the 33 core
genes, the top 5 hub targets SRC, MAPK1, NRAS, MAPK3 and EGFR were screened according to the
degree. The module analysis con�rmed that SGLT2 inhibitors have the potential to in�uence varieties of
biological pathways that play an important role in the pathogenesis of HF and DM. The key pathways
were screened by KEGG analysis, mainly involved Rap1 signaling pathway, MAPK signaling pathway,
EGFR tyrosine kinase inhibitor resistance and AGE-RAGE signaling pathway in diabetic complications,
etc.

1. Further analysis of the core genes
Among the top 5 core genes, the �rst one, SRC, is a non-receptor tyrosine kinase that serves roles in
numerous biological process including cell adhesion, cell cycle and cell migration. Haendeler et al.
demonstrated that SRC kinases could be activated by Ang II, which plays an important role in Ang II-
mediated processes, including the pathophysiology of cardiac hypertrophy and remodeling, vascular
thickening and heart failure[24]. Meanwhile, Pandey et al. found that SRC activation would contribute to
the alteration of non-myo�brillar tension, which will impact the baseline tension in �brotic hearts after MI
or in dilated cardiomyopathy[25]. And inhibition of SRC(c-Src) activation can decrease endogenous ROS
production and increase ATP production in diabetic GK rat islets [26]. Safari-Alighiarloo et al. also
identi�ed that SRC is one of the key genes for type 1 diabetes through analysis of gene expression
pro�les[27]. SRC may be a potential target for HF and DM disease.
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And the next two hub genes, MAPK1(mitogen-activated protein kinase 1) and MAPK3(mitogen-activated
protein kinase 3), also named ERK1 and ERK2 respectively, are the members of the MAP kinase (MAPK)
family. MAPK family act as an integration point for multiple biochemical signals and are involved in a
wide variety of cellular processes such as proliferation, differentiation, transcription regulation and
development. Bueno et al. indicated that the activation of ERK1/2 seems to be related to a bene�cial form
of myocardial hypertrophy, which may be advantageous to a failing or dilated myocardium[28]. Besides,
stimulation by glucose can activate the ERK1/2 signaling pathway in rat islets, and blocking the
activation of the ERK1/2 signaling pathway can reduce glucose-stimulated insulin secretion (GSIS)[29].
This suggests that MAPK1 and MAPK3 may be the potential targets in HF and DM.

Next, the following gene is, NRAS, an N-ras oncogene encoding a membrane protein that shuttles between
the Golgi apparatus and the plasma membrane, works in various differentiation processes and signal
transduction, involving the regulation of cell survival and growth, T cell activation and apoptosis. Katoh et
al. has reported that NRAS was one of the representative targets on cardio-miR-214 that were upregulated
in human heart failure, showing that NRAS might be associated with the progression of heart failure[30].
And it’s observed that NRAS expression elevated with tumor advancement in diabetic rats owing to
increased levels of IRS-1, leading to the activation of MAP kinase cascade[31]. Thus, NRAS has the
potential to be the one target of HF and DM.

And the last one of top 5 hub gene is EGFR, epidermal growth factor receptor, a cell surface protein
binding to epidermal growth factor, can regulate cell growth, proliferation, and survival, which involved in
blood pressure regulation, neointimal hyperplasia, atherogenesis and reactive oxygen. Xu et al. revealed
that the enhanced myogenic constriction of the mesenteric artery in heart failure might be related to the
loss of plasmalemmal caveolae in mesenteric VSMCs, while the increased activity of EGFR and AT1 –
receptor was considered to be one of the mechanisms leading to this result[32]. Furthermore, EGFR
transactivation also could mediate the Ang II to affect the pathophysiology of left ventricular (LV)
hypertrophy[33]. And Belmadani et al. found that elevated EGFR phosphorylation contributed to
resistance artery dysfunction in type 2 diabetes[34]. Zhang et al. concluded that inhibiting EGFR could
slow the progression of diabetic nephropathy by decreasing endoplasmic reticulum stress and increasing
autophagy[35]. The �ndings demonstrate that EGFR plays an irreplaceable role in HF and DM. Above all,
the top 5 core genes of the present study based on network pharmacology are supported by previous
studies.

2. Enrichment analysis based on core targets
GO functional enrichment and KEGG pathway analysis have illustrated the role of the SGLT2 inhibitors in
the gene function and signaling pathway. According to the biological processes that mainly re�ects the
GO functional enrichment, these core targets are focused on kinase activity, primarily in positive
regulation of MAP kinase activity, positive regulation of protein serine/threonine kinase activity, regulation
of MAP kinase activity, activation of protein kinase activity and so on. In the enrichment of the KEGG
pathway, Rap1 signaling pathway, MAPK signaling pathway, EGFR tyrosine kinase inhibitor resistance
and AGE-RAGE signaling pathway in diabetic complications are the signi�cant pathways.
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Rap1 signaling pathway is implicated in a wide range of biological processes from cell proliferation and
differentiation to cell adhesion[36].Rap1 has been proved to play a part in the regulation of integrin
a�nity, adhesion, and migration in postnatal neovascularization[37], mainly mediating in the
angiogenesis pathway served an important role in cardiac hypertrophy. Furthermore, Rap1B can prevent
excessive vascular leakage in early diabetes mellitus by inhibiting VEGF signal transduction. Through
controlling telomere length, Rap1 can decrease the occurrence and development of diabetes-related
cardiovascular disease [38]. Downregulation of Rap1B to reduce VEGF signal transduction can impede
excessive vascular leakage in early diabetes mellitus [39]. At the same time, Rap1 also regulates MAP
kinase (MAPK) activity in a manner highly dependent on the context of cell types[40].

Consistent with the core target results above, the MAPK pathway is also predicted to play a role in HF and
DM. It’s demonstrated that the MAPK signaling pathway cascade initiated in cardiomyocytes through
activation of g protein-coupled receptors, receptor tyrosine kinases, and stress stimulation [41]. Zhang et
al. informed that the MAPK signaling pathway could regulate cardiomyocyte apoptosis in mice with heart
failure after MI, indicating that this pathway has a potential role in heart failure disease [42]. During the
process of insulin resistance, there exists a chronic in�ammatory response, which makes the MAPK
pathway serve on the in�ammatory response of type 2 diabetes, such as diabetic nephropathy and liver
disease[43, 44].

EGFR tyrosine kinase inhibitor resistance, acts on EGFR tyrosine kinase, also identical with the core genes
predicted based on the PPI. Previous studies had indicated that inhibition of EGFR activity protected
against progressive DN in T1 DM and T2 DM [45]. And Zeng et al. inferred that EGFR inhibition reduced
ROS production in the left ventricle and blunted hypertensive myocardial hypertrophy in spontaneously
hypertensive rats [46]. Therefore, the EGFR tyrosine kinase inhibitor resistance may have a common
effect to accelerate the progression of HF and DM.

AGE-RAGE signaling pathway, is a well-studied cascade in DM. It's found that the AGE-RAGE signaling
pathway can directly mediate vascular calci�cation in diabetes[47]. Additionally, the pathway can also
impact diabetic complications, as it leads to oxidative stress, increased in�ammation, and enhanced
extracellular matrix accumulation resulting in diastolic and systolic dysfunction[48]. Fukami et al. proved
that the activation of the AGE-RAGE signaling pathway in diabetic complications could cause excessive
production of advanced glycation end products to hurt cardiomyocyte, leading to HF[49], which pointed
that the AGE-RAGE signaling pathway in diabetic complications predicted in the study may mediate the
progression of heart failure, as the same as the results of pathway analysis in another study[50].
Therefore, our results suggest that the 4 signaling pathways might be involved in the mechanisms of
SGLT2 inhibitors affecting HF and DM.

Network pharmacology is indeed considered to be a new method to study the relationship between drugs
and diseases. In our study, the network pharmacology revealed the potential targets of SGLT2 inhibitors,
as well as HF and DM related targets, and bioinformatics was used to study the main enrichment
pathways. Based on the network pharmacology, our study predicted the potential therapeutic targets of
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SGLT2 inhibitors on HF and DM, revealed its action on the main pathways through core genes, which
explained the mechanisms of SGLT2-inhibitors on HF and DM and provided scienti�c evidence for
SGLT2-inhibitors to HF and DM. However, the main limitation of this study is the lack of experimental
veri�cation. Consequently, it is of great signi�cance to undertake pharmacological studies to research the
relationship between SGLT2 inhibitors in HF and DM. Moreover, the validation of molecular levels of our
�ndings is necessary for the future.

Conclusions
Taken all together, our study systematically predicted, screened and analyzed the targets and pathways
that might play a vital role in the biological process, which elaborated the possible mechanisms of SGLT2
inhibitors on HF and DM. Most importantly, these results provide evidence and new insights for further
researches on the pharmacological mechanism of SGLT2 inhibitors.
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Due to technical limitations, table 1, 2 is only available as a download in the Supplemental Files section.

Figures

Figure 1



Page 17/25

The work�ow of the network pharmacology strategies for determining the pharmacological mechanisms
of the SGLT2 inhibitors on HF and DM through cluster and pathway analysis.

Figure 2

Interaction network to indicate drug-target composited of 4 SGLT2 inhibitors (blue) and 136 targets
(pink).
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Figure 3

The numbers of SGLT2 inhibitors, HF and DM related targets were shown in the venn diagram. There were
13523 targets of HF (left), 15291 targets of DM (right), 135 targets of SGLT2 inhibitors (down) and 125
common targets between SGLT2 inhibitors, HF and DM (middle).
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Figure 4

The drug-target-disease networks of SGLT2 inhibitors, HF and DM. The yellow nodes represent DM and
HF; the green nodes represent four SGLT2 inhibitors; the pink nodes represent 125 common targets.
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Figure 5

The process of screening core targets by Cytohubba according to degree value. From 125 common
targets (left), 33 core targets (right) ranked in the front of the degree value were selected.
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Figure 6

The protein-protein interaction (PPI) network based on 33 core targets of SGLT2 inhibitors on HF and DM.
Network nodes represent different proteins. The structures in the nodes are the protein structures. Edges
represent protein-protein associations, and the line thickness indicates the strength of data support.



Page 22/25

Figure 7

Protein interaction relationship histogram of SGLT2 inhibitors.
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Figure 8

Enrichment analysis of Gene Ontology (GO) biological process of 33 core genes related to SGLT2
inhibitors on HF and DM.
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Figure 9

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway for 33 core targets of SGLT2 inhibitors on
HF and DM.
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