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Coronavirus disease 2019 (COVID-19) and diabetes mellitus (DM) are two
major diseases threatening human health. The susceptibility of DM patients
to COVID-19 and their worse outcomes have forced us to explore efficient
routes to combat COVID-19/DM. As the most active form of Vitamin
D, 1,25-dihydroxyvitamin D (1,25(0H),D) has been shown a beneficial
effect in the treatment of COVID-19/DM. However, the anti-COVID-19/DM
mechanisms of 1,25(OH),D remain unclear. In this study, an approach
combining network pharmacology and molecular docking was performed
to reveal the potential hub target genes and underlying mechanisms of
1,25(0OH), D in the treatment of COVID-19/DM. The hub targets and interaction
pathways related to 1,25(0OH),D were identified by integrating the key
1,25(0OH),D-target-signaling pathway-COVID-19/DM networks. Fifteen hub
targets of 1,25(0OH),D against COVID-19DM were determined, including EGFR,
PIK3R1, PIK3CA, STAT3, MAPK1, ESR1, HSPO90AAL, LCK, MTOR, IGF1, AR,
NFKB1, PIK3CB, PTPN1, and MAPK14. An enrichment analysis of the hub
targets further revealed that the effect of 1,25(0OH),D against COVID-19/DM
involved multiple biological processes, cellular components, molecular
functions and biological signaling pathways. Molecular docking disclosed
that 1,25(0OH),D docked nicely with the hub target proteins, including EGFR,
PIK3R1, and PIK3CA. These findings suggested that the potential mechanisms
of 1,25(0H),D against COVID-19/DM may be related to multiple biological
targets and biological signaling pathways.

COVID-19, diabetes mellitus, bioinformatics, network pharmacology, molecular
docking, 1,25-dihydroxyvitamin D
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FIGURE 7
1,25-dihydroxyvitamin D—targets—GO and KEGG pathways—COVID-19/DM network diagram.

FIGURE 8

Molecular docking details of the original ligands and 1,25-dihydroxyvitamin D to the target protein. 634-5HG8 (A), 1,25-dihydroxyvitamin
D-5HG8 (B), 1LT-4JPS (C), 1,25-dihydroxyvitamin D-4JPS (D), P5J-6PYS (E), 1,25-dihydroxyvitamin D-6PYS (F).

were identified by applying network pharmacology that is studies indicated that most of these hub targets may be vital
a frequently-used approach to pharmaceutical research for to clarify the therapeutic mechanism of COVID-19 and
multiple diseases included COVID-19 and DM. Previous DM diseases.
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EGEFR, serves as a member of the epidermal growth factor
receptor (HER) family, has physiological functions in regulating
epithelial tissue development and homeostasis (47). Numerous
cells in the lung infected with SARS-CoV-2 cause EGFR
overexpression, which contributes to worsening the pulmonary
disease and triggering fibrosis (48). In addition, deletion of
EGFR in podocytes also leads to delaying the development of
diabetic nephropathy (49). EGFR activation also leads to STAT3
phosphorylation, which can induce inflammatory responses
and imbalanced anti-virus adaptive immune responses, inhibit
anti-virus interferon responses, and promote M2 macrophage
polarization, pulmonary fibrosis, and thrombosis (50). Besides,
activation of STAT3 not only contributes to involvement in the
development of diabetic insulin resistance in DM (51) but also
participates in the progress of diabetes-associated cardiovascular
disease, such as myocardial interstitial fibrosis and myocardial
infarction (52, 53). The Class I phosphoinositide 3-kinases
(PI3Ks) included PIK3R1, PIK3CA, and PIK3CB, are a group of
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heterodimeric lipid kinases that regulate vital cellular processes
involving survival, growth, proliferation, and metabolism (54).
Previous studies show that PI3Ks play a crucial role in regulating
the development of DM (55-57).

Our results also revealed that the mitogen-activated protein
kinase family members, such as MAPK1 and MAPK14, were
potential targets of 1,25(OH),D against COVID-19/DM. These
two targets can be activated by provoking phosphorylation
during changes in the internal environment, including oxidative
stress, osmotic viral infection, inﬂammatory factors and pressure
changes (58). ESRI is a crucial sex factor that provides a
protective umbrella to COVID-19 patients by suppressing
the immune and inflammatory responses induced by SARS-
CoV-2 infection (59) and protects DM patients by improving
glycemic homeostasis (60). In addition, recent studies reveal that
inhibition of HSP90OAA1 activity contributes to reducing SARS-
CoV- 2 viral replication and tumor necrosis factor (TNF) mRNA
levels (61), and enhancing glucose-stimulated insulin secretion
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and expressions of genes tightly associated with B-cell function
(62). LCK, serves as a cytoplasmic tyrosine kinase, is expressed
in natural killer cells and T cells and plays an irreplaceable
role in activating T cells. Hence, selective inhibition of LCK
expression can lead to immunosuppression (63). MTOR is a key
protein in the mTOR pathway that appears to play a crucial role
in regulating the immune dysregulation processes underlying
COVID-19 in diabetic patients (64). In addition, continuous
hyperactivation of MTOR in diabetic myocardium has been
demonstrated, which makes MTOR become a potential target
in the prevention of diabetes-related cardiovascular disease (53).
Current evidence also shows that MTOR activation plays a
crucial role in the pathogenesis of insulin resistance in type 2
diabetes mellitus (T2DM) (65, 66). Furthermore, recent studies
show that higher IGF1 level is associated with lower incidence of
T2DM and lower risk of COVID-19 mortality (64, 67).

In the next section of this paper, the enrichment analysis
of hub targets revealed their importance in diverse biological
processes. In this paper, we focused on the functions
and signaling pathways involved in the pathogenesis of
COVID-19/DM. The signaling pathways, including HIF-1
signaling pathway, FoxO signaling pathway, T cell receptor
signaling pathway, PI3K-Akt signaling pathway and so on
(Figure 4; Supplementary Table S6), were found to be targeted
by 1,25(OH),D. HIF-1 acts as a regulator of oxygen homeostasis
and has been reported to enhance immunity by regulating
the tasks of neutrophils, lymphocytes, dendritic cells and
macrophages, which are disrupted in COVID-19 infections,
contributing to hypoxic conditions (68). Research has also
demonstrated that inhibition or activation of the HIF-1
signaling pathway was associated with B-cell dysfunction, insulin
resistance and glucose intolerance (69). The FoxO signaling
pathway plays a critical role in multifarious physiological and
cellular processes, including cell proliferation, regulation of
programmed cell death, cell cycle regulation, and regulation
of glycogenolysis and gluconeogenesis. Fang et al. found that
FoxO signaling pathway was related to diabetic complications
and COVID-19 by analyzing the differentially expressed genes
in those patients (70). In addition, the complex molecular
mechanism mediated by T cell receptor signaling pathway can
cause the activation of T cells, thereby affecting the immune
response of the body (71). It was reported that T cell receptor
signaling pathway might represent the main pathological
mechanism of gestational diabetes mellitus (72). Furthermore,
the PI3K-Akt signaling pathway has been confirmed to be
participated in a variety of cellular processes including synthesis,
glucose transport and breakdown in DM (73), and also to
be involved in the pathogenesis of pulmonary fibrosis and
immune response process of the host cell to resist viral
invasion (74).

Finally, the interaction of 1,25(OH);D and its targets was
identified by conducting molecular docking. Molecular docking
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is a frequently used tool for predicting possible interactions
between two molecules and is a potent approach for structure-
based drug discovery (75). In this paper, we applied molecular
docking to analyze the binding affinity of 1,25(OH),D to EGFR,
PIK3R1, and PIK3CA. Our results revealed that 1,25(OH), D has
a strong binding affinity with these three targets by forming of
hydrogen bonds and hydrophobic interactions, indicating the
drug-protein interaction and the anti-COVID-19/DM activity
of 1,25(0OH);D. Nonetheless, all of the findings in this paper
were predicted only by integrated bioinformatics analysis and
in silico approaches. However, the current network information
technology is not comprehensive enough, and the real-time
update and accuracy of these databases need to be improved.
Thus, all of the findings obtained in this paper should be further
validated from a pharmacodynamic perspective, and preclinical
studies are needed to account for the multiple biological
targets and biological signaling pathways of 1,25(OH),D in the
treatment of COVID-19/DM.

Conclusion

In summary, our results identified the possible hub
targets and underlying pharmacological mechanisms of
1,25(0OH);,D in the treatment of COVID-19/DM by applying
network pharmacology and molecular docking. The hub
targets including EGFR, PIK3R1, PIK3CA, STAT3, MAPKI,
etc,, and the biological signaling pathways including HIF-
FoxO T cell
receptor signaling pathway, PI3K-Akt signaling pathway,

1 signaling pathway, signaling pathway,
etc. involved in these targets are considered to play
a critical role in 1,25(0OH);D against COVID-19/DM.
Therefore, the effect of 1,25(OH);D in the treatment of
COVID-19/DM may be achieved by targeting multiple
biological targets and biological signaling pathways. However,
preclinical validation is required to confirm these findings in
further studies.
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