Table 1. Vitamin D effect on RAS components in different tissues and/or conditions

Condition / Tissue

Treatment / experimental
model

Outcome

References

Lung tissue

SARS-CoV-2
inhibitor
screening kit.
Cultured
HaCaT
keratinocytes

MetS
Liver tissue

Diabetes
Serum
Renal cortex
TECs

Diabetes

Hypertensive
rats

ALI
PMVECS
Lung tissue

VDR KO mice

As4.1 and
HEK?293 cells

Intraperitoneal VD to mice

Evaluation of VD
hydroxymetabolites ability
to inhibit
SARS-CoV2-ACE2
interaction and their effect
on TMPRSS2 and ACE2
gene expression

VD supplementation to rats
with MetS

Paricalcitol
supplementation to diabetic
rats and treatment in
cultured TECs

Calcitriol supplementation
in diabetic rats

Calcitriol treatment to
hypertensive rats

Calcitriol administration to
LPS-challenged rats

VDR Deletion in vivo
Calcitriol supplementation
to VDR-KO mice.

Calcitriol treatment to As4.1
mouse kidney epithelial
cells.

Calcitriol effects in vitro on
REN gene promoter by
luciferase reporter assays.

VD treatment significantly upregulated Ace2 mRNA expression by more
than six folds, while downregulated the expression of Tmprss2 by 2.2 folds.

The binding between SARS-CoV2 RBD with human ACE2 was significantly
inhibited by various VD derivatives, including calcitriol, as showed by
using a SARS-CoV-2 inhibitor ELISA screening kit.

The gene expression of ACE2 and TMPRSS2 was significantly inhibited by
various VD derivatives, including calcidiol and calcitriol.

VD-treatment significantly reduced SBP, DBP, and hepatic ACE1 gene
expression, while upregulated that of ACE2, in MetS affected rats.

The VD analog Paricalcitol reduced Ang II levels and ACE2 activity in rat
serum, while increased ACE2 expression in the renal cortex and in cultured
TECs.

There was no effect of paracalcitol on serum renin activity or blood
pressure, but a high dose inhibited REN gene expression.

Calcitriol reduced ACE1 levels and ACE1/ACE2 ratio, while increased
ACE2 levels in diabetic rats.

Calcitriol modulated brain RAS in spontaneously hypertensive rats.
Calcitriol enhanced ACE2/Ang(1-7)/MasR axis in vivo and in vitro, reduced
Ang II formation and enhanced expression of ACE2, MasR and Ang(1-7)
generation in microglial cells.

Calcitriol reversed the LPS-dependent ACEl increased and ACE2
decreased gene expression in cultured PMVECS. Calcitriol downregulated
the LPS-induced REN gene expression and Ang II release into the culture
media. Calcitriol reduced ACE1 and AT1R expression, while increased that
of ACE2 in LPS-treated rat lung tissue.

In VDR-null mice, REN expression and plasma Ang II production were
increased, causing hypertension, cardiac hypertrophy, and increased water
intake.

In WT mice, calcitriol inhibition increased REN expression, while calcitriol
injection suppressed it. In cultured As4.1 cells, calcitriol markedly
suppressed REN transcription by a VDR-mediated mechanism.

Calcitriol-VDR blocked the binding of CREB to the CRE by interacting with
CREB, thus blocking the formation of CRE-CREB-CBP complex at the REN
promoter.

(1]



Normotensive Individuals with VD insufficiency/deficiency had significantly higher

individuals in Analysis of the relationship circulating Ang Il levels and blunted renal plasma flow responses to infused

high sodium between plasma calcidiol Ang II. Plasma renin activity was higher among individuals with VD [10]
and RAS components . . o

balance insufficiency, although not significantly.

Normotensive

and Circulating calcitriol levels A negative correlation was found between plasma calcitriol levels and renin [11]

hypertensive and plasma renin activity activity in all patients.

individuals

VD active hydroxyderivatives showed to be capable of binding ACE2 and
TMPRSS?2, affecting their ability to recognize and prime SARS-Cov2 spike

protein. Also, docking studies identified VD derivatives as potential ligands  [12,13]
of the free fatty acid pocket of the Spike, capable of stabilizing the locked
conformation of the spike, thus inhibiting viral entry.

Molecular docking,
Computational ~ molecular dynamics
study simulations and binding

free energy analyses

Genomics-Guided tracing of The VDR gene was identified as a putative repressor of ACE2 gene

SARS-CoV2 targets in expression. Databases from gene expression profiling experiments of WT
In silico analysis ~ human cells to identify and VDR-KO bone marrow-derived macrophages demonstrated increased [14]
potential activators and expression of the ACE2 gene in VDR-KO cells. Same in human bronchial

repressors of the ACE2 gene smooth muscle cells.

Global gene expression

frll\;IA-ssies‘qof one study in In breast cancer cells, TMPRSS2 gene expression was significantly [15-18]
signZtures & calcitriol/inecalcitol upregulated by calcitriol. Inecalcitol was more potent to induce TMPRSS2.

treated breast cells

Acute Lung Injury (ALI), Angiotensin I (Ang II); Angiotensin Il type 1 receptor (AT1R); cAMP response element-binding protein (CREB);
cAMP response elements (CRE); Diastolic blood pressure (DBP); Lipopolysaccharide (LPS), Mas receptor (MasR); Metabolic Syndrome
(MetS) ; Pulmonary microvascular endothelial cells (PMVECS), Renin (REN), Receptor binding domain (RBD); Systolic blood pressure
(SBP); Tubular epithelial cells (TECs); Wild type (WT); Vitamin D (VD); Vitamin D receptor (VDR) ; Vitamin D receptor knockout (VDR-
KO)
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