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Background and aims: The COVID-19 pandemic has prompted researchers to look for effective thera-
peutic targets. The effect of endocannabinoid system against infectious diseases is investigated for
several years. In this study, we evaluated the expression level of CNR1 and CNR2 genes in patients with
COVID-19 with and without diabetes to provide new insights regarding these receptors and their po-
tential effect in COVID-19 disease.
Methods: In this study, peripheral blood monocytes cells (PBMCs) were isolated from eight different
groups including COVID-19 patients, diabetic patients, and healthy individuals. RNA were extracted to
evaluate the expression level of CNR1 and CNR2 genes using real-time PCR. The correlation between the
expression levels of these genes in different groups were assessed.
Results: A total of 80 samples were divided into 8 groups, with each group consisting of ten samples.
When comparing severe and moderate COVID-19 groups to healthy control group, the expression levels
of the CNR1 and CNR2 genes were significantly higher in the severe and moderate COVID-19 groups.
There were no significant differences between the mild COVID-19 group and the healthy control group. It
was found that the expression levels of these genes in patients with diabetes who were infected with
SARS-COV-2 did not differ across COVID-19 groups with varying severity, but they were significantly
higher when compared to healthy controls.
Conclusion: Our study suggests the possible role of endocannabinoid system during SARS-COV-2 path-
ogenicity as the expression of CNR1 and CNR2 were elevated during the disease.

© 2022 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

In late 2019, the world has encountered a new coronavirus,
SARS-COV-2, which has led to a worldwide pandemic. The virus
results in a wide range of clinical presentations (most commonly
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associated with respiratory symptoms) causing COVID-19 disease
[1].

According to reports, the elderly and comorbid patients are the
most sensitive to the infection as compared to healthy people [2,3].
Several studies have suggested that the disease is associated with
severe manifestations in patients with diabetes and uncontrolled
blood glucose level [4,5]. Although the exact difference between
diabetes types 1 and 2 outcomes in COVID-19 patients has yet to be
determined, both groups have been found to have a higher risk of
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disease progression than the general population, [6].
While the immune system response (particularly the innate

immune system) is critical in controlling viral infections, the
exacerbated immune response and cytokine storm are two of the
most common consequences in COVID-19 patients, which have
been linked to disease severity [7]. Several COVID-19 therapies have
been proposed to address this issue, and their efficacy is still being
assessed [8].

Since the emergence of COVID-19, a number of studies have
discussed the potential effect of cannabinoid use in these patients
as a potent immune modulator [9e11]. The endocannabinoid sys-
tem is found in several systems in human body, including CNS and
the immune system. It is comprised of three key elements: 1)
cannabinoid receptor 1 (CNR1), which is mostly expressed in the
CNS, and cannabinoid receptor 2 (CNR2), which is expressed
peripherally by the immune cells; 2) endogenous cannabinoid
ligand (anandamide and 2-arachidonoylglycerol); and 3) metabolic
enzymes [12]. Furthermore, multiple studies have highlighted the
possible effect of targeting the endocannabinoid system in diabetic
patients, as this system has been hypothesized to have a significant
role in metabolic disorders [13e15]. To develop successful strate-
gies to prevent or reduce SARS-COV-2 morbidity, a greater under-
standing of cannabinoid receptors and their role throughout the
virus's pathogenicity is required. Therefore, in this study, we eval-
uated the expression level of CNR1 and CNR2 genes in patients with
COVID-19 with and without diabetes to provide new insights
regarding these receptors and their potential effect in COVID-19
disease.

2. Methods

2.1. -Study population

Present study was conducted in “Imam Ali” hospital, Alborz
province, Iran, in JuneeDecember 2021. A trained infectious disease
specialist confirmed the diagnosis of COVID-19 disease based on
clinical manifestations, a computed tomography (CT) scan, and
SARS-CoV-2molecular detection (RT-qPCR). The status of COVID-19
patients is defined as: 1) severe: patients with O2 saturation less
than 90%, 2) moderate: patients with respiratory rate�24 per
minute and O2 saturation between 90 and 93%, 3) mild: patients
with respiratory rate <24 per minute and O2 saturation
between�94% (out-patient). All groups were matched on age and
sex. Participants with a history of hypertension were excluded due
to potential bias that can arise in the expression of endocannabi-
noid receptors in these individuals. Eligible participants were
included in eight groups: A) Diabetic patients with severe COVID-
19 disease, B) Non-diabetic patients with severe COVID-19 dis-
ease, C) Diabetic patients withmoderate COVID-19 disease, D) Non-
diabetic patients with moderate COVID-19 disease, Diabetic pa-
tients with mild COVID-19 disease, F) Non-diabetic patients with
mild COVID-19 disease, G) Diabetic patients without COVID-19
disease and H) Non-diabetic patients (without COVID-19 disease).
This study was approved by the ethics committee of Alborz uni-
versity of medical sciences, Alborz, Karaj, Iran.
(IR.ABZUMS.REC.1399.042).

2.2. -Sampling, RNA extraction and reverse-transcription
polymerase chain reaction (RT - PCR) amplification of the CNR1 and
CNR2 genes

Blood sample were collected from the participants after written
informed consent was taken using EDTA tubes. Peripheral blood
mononuclear cells (PBMCs) were isolated from the blood samples
using Ficoll density gradient medium (Lympholyte H, Cedarlane,
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CANADA). Total RNA was extracted from PBMCs using RNA
Extraction RNJia PB Kit (Roje, Iran) based on the manufacturers'
guidelines. The RNA was then reverse transcribed using oligo dT
primer as recommended by the RT-ROSET kit (ROJE, Iran). Gene
expression of CNR1 and CNR2 was evaluated using SYBR Green-
based RT-qPCR (TaKaRa, Otsu, Japan), and the Q-6000 machine
(Qiagen, Germany) was used to perform relative 5 standard curves
real-time PCR on the cDNA samples. The RPLP0 gene was used as a
housekeeping gene for data normalization (Table 1).

2.3. -Outcomes

The primary outcome was to compare CNR1 and CNR2 gene
expression levels in healthy individuals and patients with different
COVID-19 status. The secondary outcome was to address whether
diabetes could change the expression level of these genes across
the groups.

2.4. -Statistical analyses

All the statistical analyses were performed using Graph-Pad
Prism software version 8 (GraphPad Software, Inc., San Diego, CA,
USA). KruskaleWallis test was applied to determine between group
differences. P-value < 0.05 was considered statistically significant.

3. Results

3.1. Study population

Total 80 participants included in this study, of them 43 (53.75%)
were women and 37 were man (46.25%), with median age [IQR] 48
[21.25e54.75] years. A total of 10 participants were included in
each group.

3.2. CNR1 gene expression

Based on the KruskaleWallis test, a significant difference was
observed in CNR1 expression across groups (p < 0.0001). The mean
(±SE) expression of CNR1 (Diabetic þ severe COVID-19:
95.63 ± 28.26; non-diabetic þ severe COVID-19: 115.3 ± 54.73;
Diabeticþmoderate COVID-19: 67.45 ± 17.01; Diabeticþmoderate
COVID-19: 126.7 ± 82.71; Diabeticþmild COVID-19: 58.85 ± 50.22;
non-diabetic þ mild COVID-19: 3.63 ± 0.95; Diabetic þ without
COVID-19: 0.002 ± 0.001; non-diabetic þ without COVID-19:
0.004 ± 0.001) was compared pairwise using Dunn's multiple
comparisons test. Significant statistical differences were observed
between the following groups: 1) Diabetic þ severe COVID-19 and
Diabetic þ without COVID-19 (p < 0.0001); 2) Diabetic þ severe
COVID-19 and non-diabetic þ without COVID-19 (p ¼ 0.0002); 3)
non-diabetic þ severe COVID-19 and Diabetic þ without COVID-19
(p ¼ 0.0001); 4) non-diabetic þ severe COVID-19 and non-
diabetic þ without COVID-19 (p ¼ 0.0012); 5) Diabetic þ moderate
COVID-19 and Diabetic þ without COVID-19 (p < 0.0001); 6)
Diabeticþmoderate COVID-19 and non-diabeticþwithout COVID-
19 (p ¼ 0.0005); 7) Non diabetic þ moderate COVID-19 and
Diabetic þ without COVID-19 (p ¼ 0.0095). (Fig. 1A).

3.3. CNR2 gene expression

Based on the KruskaleWallis test, a significant difference was
observed in CNR2 expression across groups (p < 0.0001). The mean
(±SE) expression of CNR2 (Diabetic þ severe COVID-19:
61.07 ± 13.61; non-diabetic þ severe COVID-19: 38.49 ± 9.64;
Diabetic þ moderate COVID-19: 44.35 ± 12.27; non-
diabeticþmoderate COVID-19: 1.11 ± 0.50; Diabeticþmild COVID-



Table 1
Forward and reverse primers used for determining CNR1 and CNR2 gene expression.

Forward Reverse

CNR1 5ʹ-CACCTTCCGCACCATCACCACT -3ʹ 5ʹ-ACCTGGTCTGCTGGGACTAGCT-3ʹ
CNR2 5ʹ-CCTGTTCATTGGCAGCTTGGCT-3ʹ 5ʹ-CGCAGGCAGAGGTATCGGTCAA-3ʹ
RPLP0 5-GACAAAGTGGGAGCCAGCGA-3 5-ACACCCTCCAGGAAGCGAGA-3

Fig. 1. The expression levels of cannabinoid receptor 1(A) and cannabinoid receptor 2 (B) in COVID-19 and healthy individuals. Overall, a significant difference was observed in
cannabinoid receptor expression level between the SARS-CoV-2 infected group compared with non-infected individuals, suggesting the possible role of the endocannabinoid
system during the infection. Error bars represent minimum and maximum values in each group. Outliers were shown by black dots in the figure. Abbreviations: Group A: Diabetic
patients with severe COVID-19 disease, Group B: Non-diabetic patients with severe COVID-19 disease, Group C: Diabetic patients with moderate COVID-19 disease, Group D: Non-
diabetic patients with moderate COVID-19 disease, Group E: Diabetic patients with mild COVID-19 disease, Group F: Non-diabetic patients with mild COVID-19 disease, Group G:
Diabetic without COVID-19 disease, Group H: Non-diabetic patients without COVID-19 infection.
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19: 1.74 ± 0.74; non-diabetic þ mild COVID-19: 2.75 ± 0.94;
Diabetic þ without COVID-19: 0.006 ± 0.004; non-
diabetic þ without COVID-19: 0.010 ± 0.006) was compared pair-
wise using Dunn's multiple comparisons test. Significant statistical
differences were observed between the following groups: 1)
Diabetic þ severe COVID-19 and non-diabetic þ moderate COVID-
19 (p ¼ 0.033); 2) Diabetic þ severe COVID-19 and
Diabetic þ without COVID-19 (p < 0.0001); 3) Diabetic þ severe
COVID-19 and non-diabetic þ without COVID-19 (p ¼ 0.0001); 4)
non-diabetic þ severe COVID-19 and Diabetic þ without COVID-19
(p < 0.0001); 5) non-diabetic þ severe COVID-19 and non-
diabetic þwithout COVID-19 (p ¼ 0.0003); 6) Diabetic þmoderate
COVID-19 and non-diabetic þ moderate COVID-19 (p ¼ 0.025); 7)
Diabetic þ moderate COVID-19 and Diabetic þ without COVID-19
(p < 0.0001); 8) Diabetic þ moderate COVID-19 and non-
diabetic þ without COVID-19 (p < 0.0001). (Fig. 1B).
4. Discussion

To our knowledge, this is the first study investigating the
expression levels of cannabinoid receptors (CNR) in COVID-19 pa-
tients with and without diabetes mellitus. The precise role of this
receptor implicated in the pathogenicity of COVID-19 patients is
3

still unknown. Herein, we tried to shed a light on the differences
between the receptor expressions in 8 different groups.

The result obtained from this study revealed elevated both CNR1
and CNR2 expression in patients with COVID-19 in comparisonwith
healthy individuals. This difference was statistically significant
primarily between COVID-19 patients with severe and moderate
disease and healthy individuals who did not have the disease.
Generally, there was no significant difference in CNR1 and CNR2
expression across the COVID-19 groups, except for diabetes with
the severe COVID-19 group and non-diabetic with moderate
COVID-19, and diabetes with moderate COVID-19 group and non-
diabetic with moderate COVID-19, where the difference was sta-
tistically significant in CNR2 expression.

Till now, many treatments have been proposed for treating
COVID-19. A number of these drugs deliver their efficacy through
regulating the over-reacted immune system. A massive release of
cytokines that contribute to the cytokine storm might cause
extensive lung inflammation in some people causing fatal COVID-
19 cases [16]. Based on this fact, corticosteroids, which operate as
an immune suppressor, are one of the most beneficial treatments
for severe patients [17]. Because of the limited results available,
additional therapeutic approaches must be considered until certain
medications are developed. One of these approaches was the use of
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cannabinoids (CBDs) in treating COVID-19 patients based on their
modulation function in immune system [9e11]. As previously
stated, the endocannabinoid system is comprised of endocanna-
binoids such as anandamide (AEA) and 2-arachidonoylglycerol (2-
AG), enzymes that degrade ligands, and cannabinoid receptors
(mostly CNR1 and CNR2, but other receptors such as GPR55, GPR18,
PPAR-a, PPAR-b, and TRPV1 are also activated by ligands, although
they are not considered as an individual cannabinoid receptor)
[10,18]. Exogenous cannabinoids are mainly derived from Cannabis
sativa L [19]. Some of which is D9-tetrahydrocannabinol (THC) and
cannabidiol, which are partial CNR1 and CNR2 agonists, respec-
tively [20,21].

CNRs' increased expression suggests that they may play a role in
immune system functions [22]. Until now, few research has been
done when it comes to the effect of cannabinoids in viral infections.
An in-vitro study recently publisehed by Breeman et al. indicates
the possible effect of Cannabinoids in blocking SARS-COV-2 cell
entry. The use of cannabigerolic and cannabidiolic acids prevented
infection by blocking pseudoviruses producing spike protein and
the live SARS-CoV-2 virus from entering the living cell [11]. A study
done by Krishnan et al. investigated the role of endocannabinoids
on modulating innate immune response during HIV-1 Tat cyto-
toxicity [23]. By eliciting a cytokine response in CNS cells, the HIV-1
Tat protein has been linked to neurodegeneration. The results of the
study showed that both endocannabinoids had a potent role in
regulating cytokine production by altering the NFeB complex,
which includes IRAK1BP1 and TAB2, at the transcriptional level
[23]. Another study by Mestre et al. showed the AEA effect on
Theiler's virus (a murine virus of the picornavirus family) induced
VCAM-1 in CNS endothelial cells. Their findings imply that VCAM-1
suppression mediated by the CNR1 is an unique mechanism for
AEA-reduced leukocyte transmigration suggesting the immune
modulatory effect of the cannabinoid system [24]. Several studies
on respiratory syncytial virus (RSV) infection also revealed the
CNR1 and CNR2 activation could potentially reduce the signs of
infection [25,26]. Furthermore, a CNR2 gene polymorphism (Q63R,
a missense mutation that reduces the endocannabinoid system
response) has recently been associated with a greater risk of
COVID-19 disease severity [27]. According to the present study,
patients with COVID-19 disease had a higher level of CNR gene
expression than healthy people. It's worth noting that the rate of
expressing these receptors increases as the disease advances,
which could be attributed to the increased necessity for immuno-
modulatory effects of this system during disease pathogenicity.
However, the differences between COVID-19 groups were not sta-
tistically significant and are just based on observational findings.

Many studies have been conducted to determine the exact role
of the endocannabinoid system in energy homeostasis and meta-
bolic diseases such as diabetes [13e15,28]. Despite the numerous
debates in this sector, it has been widely accepted that the use of
CB1 receptor antagonists and CB2 receptor agonists have potential
therapeutic effects due to the signaling disruption caused by
metabolic disorders. [29]. Therefore, in addition to our primary
outcomes, we also investigated whether COVID-19 patients with
diabetes have different CNR expression compared with non-
diabetics. As the study findings show, there were no notable dif-
ferences in the expression levels of CNR1 and CNR2 between dia-
betic and non-diabetic COVID-19 patients. The scope of this article
extends beyond a detailed explanation of the endocannabinoid
system's function and its pathogenic role during diabetes.

In conclusion, the outcomes of this research supports the
possible role of endocannabinoid system during SARS-COV-2
pathogenicity as the expression of CNR1 and CNR2 were elevated
during the disease. Moreover, despite their limitations due to
psychiatric side effects, the regulated use of cannabinoids should be
4

examined by researchers to identify their potential effectiveness as
a therapeutic target in COVID-19 disease.
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