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Abstract
Background  This study aims to explore the potential of utilizing the expression levels of cannabinoid receptor 2 
(CB2), μ-opioid receptor (MOR), MCP-1, IL-17, IFN-γ, and osteopontin as predictors for the severity of SARS-CoV-2 
infection. The overarching goal is to delineate the pathogenic mechanisms associated with SARS-CoV-2.

Methods  Using quantitative Real-time PCR, we analyzed the gene expression levels of CB2 and MOR in nasopharynx 
specimens obtained from patients diagnosed with SARS-CoV-2 infection, with 46 individuals classified as having 
severe symptoms and 46 as non-severe. Additionally, we measured the circulating levels of MCP-1, IL-17, IFN-γ, and 
osteopontin using an ELISA assay. We examined the predictive capabilities of these variables and explored their 
correlations across all patient groups.

Results  Our results demonstrated a significant increase in MOR gene expression in the epithelium of patients with 
severe infection. The expression of CB2 receptor was also elevated in both male and female patients with severe 
symptoms. Furthermore, we observed concurrent rises in MCP-1, IL-17, IFN-γ, and osteopontin levels in patients, 
which were linked to disease severity. CB2, MOR, MCP-1, IL-17, IFN-γ, and osteopontin showed strong predictive 
abilities in distinguishing between patients with varying degrees of SARS-CoV-2 severity. Moreover, we identified a 
significant correlation between CB2 expression and the levels of MOR, MCP-1, osteopontin, and IFN-γ.

Conclusions  These results underline the interconnected nature of molecular mediators in a sequential manner, 
suggesting that their overexpression may play a role in the development of SARS-CoV-2 infections.
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Introduction
The global impact of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection has led to 
substantial public health challenges, with elevated rates 
of illness and death worldwide [1]. Ongoing research 
efforts to comprehend the pathogenesis of COVID-19 
highlight the critical role of the host immune response in 
determining infection severity and disease outcomes [2, 
3].

Recent studies have underscored the significance of the 
opioid and cannabinoid systems in regulating immune 
system responses, influencing factors such as inflam-
matory cytokine production [4], cell growth regulation 
[5, 6], and immune system balance [7]. The cannabinoid 
receptors, specifically CB1 and CB2, belonging to the 
G-protein coupled receptor (GPCR) family, have distinct 
distribution patterns and biological functions [8]..

CB2, in particular, plays a pivotal role in immune 
response by mitigating inflammation and modulating sig-
naling pathways [7, 9].. Similarly, the μ-opioid receptor 
(MOR), another GPCR member, exerts various effects on 
the immune and nervous systems, as well as cell growth 
regulation [10–12].

In the context of viral infections, inflammation plays 
a crucial role, and targeting these receptors could offer 

therapeutic benefits in managing viral diseases [13, 14]. 
Research has shown that blocking the CB2 receptor dur-
ing respiratory syncytial virus (RSV) infection led to 
altered immune cell responses and increased damage in 
the lungs, indicating a potential link between CB2 and 
RSV pathology. Conversely, activation of CB receptors 
during influenza infection led to reduced immune cell 
recruitment but increased viral replication, hinting at 
their involvement in viral replication processes [15]..

Additionally, studies in Balb/c mice infected with RSV 
post-vaccination demonstrated that blocking the opi-
oid receptor resulted in heightened immune responses 
and exacerbated infection outcomes, while also enhanc-
ing vaccine efficacy in reducing reinfection rates [16].. 
Blocking the opioid receptor with nalmefene in Balb/c 
mice infected with respiratory syncytial virus (RSV) post-
vaccination (FI-RSV) led to elevated IFN-gamma levels, 
increased immune cell presence in BAL fluid, and inten-
sified host immune response. Despite this, the blockade 
enhanced the vaccine’s effectiveness in lowering rein-
fection rates. These findings underscore the complex 
interplay between opioid and cannabinoid receptors in 
immune modulation and viral pathogenesis [10, 15, 17].. 
In this context, the opioid/cannabinoid systems have 
gained recognition for their immunomodulatory effects 
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and their regulatory functions in cell growth, apoptosis, 
as well as the modulation of inflammatory cytokines and 
regulatory T cells [9, 10, 18, 19]. It is important to high-
light that the expression of CB receptors can be triggered 
by innate immune cells, leading to the production of 
endogenous cannabinoids and the regulation of homeo-
stasis and inflammatory responses [20]. Additionally, 
opioids have been observed to exhibit both immunosup-
pressive and immune stimulatory effects, which can vary 
depending on the specific type of opioids, opioid recep-
tors, host factors, dosage, and timing of administration 
[21]. It should be noted that inflammatory and immune 
responses can have diverse effects on viral replication, 
either compromising and eradicating it or facilitating it, 
depending on the type of virus and infection [7, 19].

Despite attempts made, there remains a gap in under-
standing the potential influence of these receptors on the 
progression and intensity of SARS-CoV-2. It is crucial to 
comprehend the involvement of opioid and cannabinoid 
receptors in COVID-19 infection to enhance clinical care 
and advance treatment strategies. Various biomarkers 
were tested as predictors for the severity of COVID-19 
[22–24]; however, little is known about utilizing MOR 
and CB2 receptors as predictors of severity.

Hence, this study aims to examine the expression of 
MOR and CB2 receptors, along with the levels of associ-
ated cytokines and modulators, in both pharyngeal epi-
thelial cells and blood samples from patients with varying 
degrees of COVID-19 infection severity. The objective is 
to assess the potential predictive value of these factors 
and their correlations with the severity of SARS-CoV-2 
infection.

Materials & methods
Patients features and sample collection
Ninety-two participants were included in this study, 
with 46 experiencing severe SARS-CoV-2 infection and 
the remaining 46 having non-severe SARS-CoV-2 infec-
tion. Sample gathering, analysis, and variable evaluation 
were carried out following the guidelines of the Dec-
laration of Helsinki, our institution’s ethical approval 
[25],, and in alignment with our prior research [26]. 
The research focused on adult individuals aged 18 and 
above who exhibited COVID-19 respiratory symptoms 
and tested positive for SARS-CoV-2 through PCR test-
ing. The patient enrollment took place from September 
2020 to October 2022 from National Research center of 
Tuberculosis and Lung Diseases. Nasopharynx speci-
mens were collected from each patient, and viral RNA 
was extracted using the High Pure Viral RNA Kit (Roche 
Life Sciences). The virus presence was confirmed through 
RT-PCR testing of SARS-CoV-2 nucleoprotein (N) and 
ORF1ab genes, following national and established assess-
ing protocols. The study excluded patients with clinical 

complications like immune system deficiencies, concur-
rent viral or bacterial infections, pregnancy, and breast-
feeding. Patients were divided into two groups based on 
clinical symptoms, radiographic and laboratory results, 
and the viral load in nasopharyngeal samples. The severe 
group included patients with acute symptoms, high virus 
concentration (CT value < 20), and required hospital-
ization. The non-severe group had mild symptoms, low 
virus concentration (CT value > 30), and did not require 
hospitalization. Notably, all patients were evaluated at 
their first visit to clinics, and the samples were collected 
before hospitalization and none of the patients had 
received COVID-19 vaccine at the time of investigation 
and sampling. The study focused on patients who were 
not currently undergoing prescribed or self-administered 
drug therapy and were in a fasting state during sampling. 
Table 1 outlines the demographic characteristics of these 
patients, detailing their age, gender, and clinical symp-
toms. The gender distribution was equal, with 78.26% 
of both male and female patients being above 40 years 
old. Male patients with severe infection had a mean age 
of 47.78 ± 11.83, while female patients had a mean age 
of 49.55 ± 15.67. Patients with a higher degree of dis-
ease severity displayed more intense clinical symptoms, 
including fever and muscle pain, which were present in 
approximately 70% of cases. Furthermore, more than 70% 
of these individuals experienced symptoms like cough, 
sore throat, and fatigue; in contrast, symptoms like vom-
iting and diarrhea were less commonly reported among 
this group of patients.

CB2 receptor and MOR gene expression analysis
To measure the gene expression level of CB2 and MOR, 
the total RNA of the epithelial cells of patients was 
extracted from the nasopharyngeal swab specimens using 
TRIzol (Invitrogen). The cDNA Synthesis Kit (Roche Life 
Sciences) and the SYBR Premix Ex Taq II (Takara, Japan) 
were applied for cDNA synthesis and gene expression 
analysis, respectively. The details of methodology, primer 
sequences and analysis are described in our previously 
published studies [26–28].

Assessment the serum levels of interleukin-17, MCP-1, 
osteopontin and IFN-γ
Patients’ serum levels of IL-17, MCP-1, OPN, and IFN-γ 
were assessed using the ELISA technique, in accordance 
with the manufacturer’s instructions. A sandwich ELISA 
technique was employed for all variables, utilizing a con-
jugate of Streptavidin-horseradish peroxidase (HRP), 
specific capture antibodies, and detection antibod-
ies. Samples and standards, each at a volume of 100μL, 
were simultaneously introduced into assigned wells on 
the plate and left to incubate for 2  h. Post incubation, 
the wells were carefully aspirated and washed before the 
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addition of 100μL of detection antibody to each well, fol-
lowed by another 2-hour incubation period. After thor-
ough washing, 100μL of a streptavidin-HRP solution 
was added to each sample and incubated for 20  min in 
a light-protected environment. Subsequently, a substrate 
solution of 100μL was introduced, and after an additional 
washing step, the reaction in each well was halted by the 
addition of 50 μL of stop solution. The optical density at 
450 nm was then determined using a microplate reader. 
A human IL-17 RA/IL-17 R quantitative ELISA kit 
(R&D# DY177), an Osteopontin (OPN) quantitative kit 

(R&D# DOST00), IFN-γ quantitative kit (R&D# DIF50C) 
and CCL2/MCP-1 quantitative kit (R&D# DY279-05) 
were applied for detection with an analytical sensitivity 
of 31.2 pg/mL, 0.3 ng/mL, 5.69 pg/mL and15.6 pg/mL for 
lL-17, OPN, IFN-γ and MCP-1, respectively.

Statistical analysis
Statistical analysis was conducted using Graph Pad Prism 
Version 6 (Graph Pad Software, San Diego, California). 
Continuous data were reported as median (range), while 
discrete variables were presented as numbers (%). The 
Kolmogorov-Smirnov test was selected for assessing 
normality due to its robustness and suitability for larger 
sample sizes. The Kolmogorov-Smirnov test is known for 
its effectiveness in detecting departures from normality 
across various distributions, making it a reliable choice 
for our dataset.

Additionally, before employing non-parametric tests, 
data transformations were explored to ensure the valid-
ity of the statistical analysis. The nonparametric Mann-
Whitney U-test was employed to analyze differences in 
gene expressions, and the parametric unpaired t-test was 
used to compare the levels of IL-17, MCP-1, OPN, and 
IFN-γ between groups. Correlation analysis was per-
formed using Pearson analysis if both variables had a 
normal distribution, and Spearman analysis was utilized 
if one or both variables had a non-normal distribution. 
The ability to differentiate markers between the inves-
tigated groups were analyses using receiver operating 
characteristic (ROC) curve analysis, and the area under 
the curve (AUC) and optimal cut-off values were deter-
mined based on the Youden index [29]. Separate ROC 
analyses were conducted for each marker to assess the 
discriminative power between male patients with varying 
infection intensities and to evaluate the differentiation 
capability between female patients with different infec-
tion intensities for each marker individually. The ROC 
analysis was performed using Statistical Package for 
Social Science software (SPSS v.16) for statistical analysis 
and P-values < 0.05 (two-tailed) were considered statisti-
cally significant.

Binary multivariate logistic regression was utilized to 
examine the predictive values of the variables in disease 
severity. The regression coefficient (B) and odds ratio 
(OR) were employed to gauge the degree of association 
of biomarkers with mortality in the regression model. 
Statistical significance was determined by P-values < 0.05 
(two-tailed).

Results
The CB2 receptor and MOR expression levels in patients
Among patients diagnosed with SARS-CoV-2, individu-
als with severe infection exhibited notably elevated lev-
els of CB2 receptors in nasopharyngeal swabs compared 

Table 1  Demographic features of the enrolled patients
Variable Groups Severe patients

(N = 46)
Non-Severe patients
(N = 46)

Gender (N,%) Male
Female

23(50%)
23(50%)

23(50%)
23(50%)

Age (N, %) ≤40
40<

10(21.7%)
36(78.26%)

10(21.7%)
22(78.26%)

Age (Mean ± SD) 47.78 ± 11.83 49.55 ± 15.67
Weight 
(Mean ± SD)

Male
Female

73.32 ± 10.32
70 ± 11.31

74.21 ± 11.65
71.42 ± 11.12

Fever Yes
No

32(69.56%)
14(30.44%)

27(58.69%)
19(41.31%)

Dyspnea Yes
No

26(56.52%)
20(43.48%)

24(52.17%)
22(47.83%)

Cough Yes
No

36(78.26%)
10(21.7%)

25(54.34%)
24(45.46%)

Sore throat Yes
No

33(71.73%)
13(28.28%)

27(58.69%)
19(41.31%)

Myalgia Yes
No

31(67.39%)
15(32.61%)

21(45.65%)
25(54.35%)

Headache Yes
No

20(43.48%)
26(56.52%)

17(36.95%)
29(63.04%)

Tiredness Yes
No

34(73.91%)
12(26.09%)

24(52.17%)
22(47.83%)

Diarrhea Yes
No

11(23.91%)
35(76.09%)

2(4.34%)
44(95.65%)

Vomiting Yes
No

9(19.56%)
37(80.43%)

4(8.69%)
42(91.30%)

** The table presents demographic features of the enrolled patients categorized 
as severe (N = 46) and non-severe (N = 46) for SARS-CoV-2 infection. Gender 
distribution, age groups, mean age, and the presence of symptoms such as 
fever, dyspnea, cough, sore throat, myalgia, headache, tiredness, diarrhea, and 
vomiting are outlined

Gender distribution shows an equal split between male and female patients in 
both severe and non-severe groups

Age distribution indicates a higher proportion of patients aged 40 and above in 
both severity categories

Fever, cough, sore throat, myalgia, and tiredness were common symptoms 
reported by patients, with varying prevalence between severe and non-severe 
cases

Dyspnea, headache, diarrhea, and vomiting were also noted, with differences in 
occurrence between severe and non-severe groups

Mean age was slightly higher in the non-severe group compared to the severe 
group

These demographic features offer insights into the clinical profile of patients 
enrolled in the study, highlighting key characteristics relevant to disease 
severity assessment

Analysis methods for each entry in the table include statistical tests for group 
comparisons and descriptive statistics for demographic variables
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to those with milder symptoms (P = 0.0019) (Fig.  1.A). 
In patients with severe infection, the average mRNA 
level of CB2 receptors was 0.47 ± 0.05, while in patients 
with non-severe infection, it was 0.26 ± 0.03. In male 
patients, those with severe infection exhibited a nota-
bly higher mRNA level of CB2 receptors (0.56 ± 0.08) 
compared to male patients with non-severe infection 
(0.30 ± 0.06) (P = 0.02) (Fig. 1.B). Likewise, female patients 
with severe infection (0.3 ± 0.06) demonstrated elevated 
CB2 receptor levels compared to female patients with 
non-severe infection (0.20 ± 0.02) (P = 0.01) (Fig.  1.B).

Furthermore, the expression level of MOR was evalu-
ated in patients with different SARS-CoV-2 severity, 
revealing that the mRNA level of MOR was higher in 
patients with severe infection (0.42 ± 0.04) compared to 
non-severe infection (0.24 ± 0.02) (P = 0.002) (Fig.  1.C). 
Additionally, male patients with severe infection dem-
onstrated a significantly elevated mRNA level of MOR 
(0.47 ± 0.06) compared to their non-severe counterparts 
(0.29 ± 0.02) (P = 0.03) (Fig.  1.D). A similar pattern of 
expression was observed in female patients, with severe 
patients (0.37 ± 0.06) expressing a significantly higher 

Fig. 1  CB2 receptor and MOR expression pattern in patients
Relative expression of Cannabinoid receptor 2 (CB2 receptor) and MOR (μ-opioid receptor) was evaluated in patients with different disease severity using 
specific CB2 and MOR primers by real-time PCR and normalized to the level of β-actin, as a housekeeping gene. Severe patient had acute clinical manifes-
tations of the disease and high virus concentration in the nasopharyngeal specimen (CT value of gene expression below 20) and were hospitalized; while, 
non-severe patients had mild respiratory symptoms and low virus concentration in the nasopharyngeal specimen (CT value of gene expression greater 
than 30) and were not assessed for hospitalization. (A): An elevated level of CB2 receptor was detected in severe patients; (B): The CB2 receptor expres-
sion level increased in male and female patients with severe infection versus their opposite groups. (C): The mRNA level of MOR enhanced significantly 
in patients with severe infection; (D): MOR gene expression enhanced in male and female patients with severe SARS-CoV-2 (Severe acute respiratory 
syndrome coronavirus 2) infection versus their non-severe counterparts. Statistical significance was determined by P-values (two-tailed) and showed by 
asterisks on bars (*= P < 0.05, **= P < 0.01)
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level of MOR mRNA compared to non-severe patients 
(0.20 ± 0.03) (P = 0.02) (Fig. 1.D).

The level of lL-17, MCP-1, OPN and IFN-γ in patients
Our findings demonstrate a significant increase in the 
circulating level of IL-17 in severe patients (48.10 ± 1.17) 
compared to non-severe patients (38.39 ± 1.91) 
(P = 0.001) (Fig. 2. A). Similarly, male patients with severe 
infection (47.47 ± 2.6) exhibited a higher level of cir-
culating IL-17 compared to non-severe male patients 
(40.18 ± 2.18) (P = 0.04), while female patients with 
severe infection (49.12 ± 1.6) demonstrated a higher 
level of IL-17 compared to non-severe female patients 
(33.08 ± 2.85) (P = 0.001) (Fig. 2. A). Furthermore, patients 
with severe SARS-CoV-2 infection had a higher level of 

OPN (22.11 ± 1.06) compared to non-severe patients 
(17.37 ± 0.45) (P = 0.0005) (Fig.  2.B). When compar-
ing male and female patients, a significant increase in 
OPN level was observed in male patients with severe 
infection (21.14 ± 1.31) compared to non-severe coun-
terparts (17.39 ± 0.57) (P = 0.014), as well as in female 
severe patients (23.56 ± 1.72) compared to non-severe 
female patients (17.33 ± 0.87) (P = 0.03) (Fig.  2. B). Addi-
tionally, MCP-1 was found to be elevated in patients 
with severe infection (133.2 ± 14.7) compared to non-
severe infection (81 ± 8.8) (P = 0.003). This pattern was 
consistent when comparing male patients with severe 
infection (139.1 ± 17.73) to non-severe counterparts 
(94.9 ± 10.66) (P = 0.038), and female patients with 
severe infection (124.5 ± 28.16) to female patients with 

Fig. 2  The circulating levels of lL-17, MCP-1, OPN and IFN-γ in patients
The levels of lL-17 (Interleukin-17), MCP-1 (Monocyte Chemoattractant Protein-1), OPN (Osteopontin) and IFN-γ (Interferon-γ) were measured in the 
serum of patients with SARS-CoV-2 (Severe acute respiratory syndrome coronavirus 2) using ELISA assay. The patients were divided into two categories: 
severe and non-severe; Severe patient had acute clinical manifestations of the disease and high virus concentration in the nasopharyngeal specimen 
(CT value of gene expression below 20) and were hospitalized; while, non-severe patients had mild respiratory symptoms and low virus concentration in 
the nasopharyngeal specimen (CT value of gene expression greater than 30) and were not assessed for hospitalization. (A): A significant elevated level of 
lL-17 was detected in severe patients, also in male and female patients with severe infection. (B): The OPN level increased in patients with high severity of 
the disease and in male and female patients with the same pattern, separately. (C): An increased level of MCP-1 in patients with severe infection as well 
as male and female severe patients. (D): The level of IFN-γ increased in severe patients also in male and female patients, separately. Statistical significance 
was determined by P-values (two-tailed) and showed by asterisks on bars (*= P < 0.05, **= P < 0.01, ***= P < 0.001)
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non-severe infection (59.17 ± 12.17) (P = 0.03) (Fig.  2. 
C). Lastly, the serum level of IFN-γ was significantly 
enhanced in patients with severe SARS-CoV-2 infec-
tion (520.4 ± 33.43) compared to non-severe patients 
(323.8 ± 21.33) (P = 0.0001) (Fig.  2.D). Moreover, an 
elevated level of IFN-γ was observed in male patients 
with severe infection (466.9 ± 40.28) compared to male 
patients with non-severe infection (343.8 ± 28.31) 
(P = 0.02), as well as in female patients with severe infec-
tion (585.7 ± 49.50) compared to female patients with 
non-severe infection (287.8 ± 26.70) (P = 0.001) (Fig. 2.D). 
There was no statistically significant difference in any of 
the measured variables between male and female patients 
with severe infection.

The association of CB2, MOR, lL-17, OPN, MCP-1 and IFN-γ 
with demographic features of patients and their assessing 
and predictive values
The assessing values of the measured variables in 
COVID-19 patients were assessed using ROC curve 
analysis. The results, including cut-off values, AUC val-
ues, sensitivity, specificity, and P values, are summarized 
in Table  2. Figure  3 displays the ROC curves for CB2 
and MOR gene levels, and IL-17, OPN, MCP-1, and 
IFN-γ levels. Our findings indicate that the CB2 receptor 
level can effectively distinguish between female patients 
with severe and non-severe infection (P = 0.04), as well 
as between male patients with severe and non-severe 
infection (P = 0.02). Our findings indicate that MOR 

expression levels can effectively distinguish between 
male patients with severe and non-severe infections 
(P = 0.04), whereas this distinction was not statistically 
significant in female patients (P = 0.06). Additionally, 
both male and female patients showed significant varia-
tions in IL-17, MCP-1, OPN, and IFN-γ levels, which 
effectively differentiate between female patients with 
severe and non-severe infections Furthermore, accord-
ing to the findings presented in Table  3, the expression 
level of the CB2 receptor in patients is significantly cor-
related with the levels of MOR (P = 0.0001), MCP-1 
(P = 0.008), OPN (P = 0.042), and IFN-γ (P = 0.002). Nota-
bly, our data reveals a significant correlation between the 
MOR expression level in infected patients and the levels 
of MCP-1 (P = 0.011) and IFN-γ (P = 0.001). Although no 
significant correlation was observed between the level of 
IL-17 and CB2 and MOR, it was significantly associated 
with the levels of MCP-1, OPN, and IFN-γ (P = 0.0001). 
Based on our data, it appears that the level of MCP-1 is 
significantly associated with the levels of OPN and IFN-γ 
(P = 0.0001), and there is also a correlation between OPN 
and IFN-γ (P = 0.0001). Thus, the significant correlations 
between CB2 and MOR receptors and MCP-1, OPN, and 
IFN-γ suggest the possibility of a cascade effect of these 
mediators on each other in this infection. Furthermore, 
a logistic regression model was constructed to assess 
the predictive value of the independent variables (CB2, 
MOR, MCP-1, OPN, IL-17, IFN-γ) for determining the 
severity of SARS-CoV-2 infection (Table  4). Our data 

Table 2  ROC curve for predicting severity in patients with SARS-CoV-2 via assessing immune relating factors
Variable Group Sub-Groups Cutoff 

point
Sensitivity 
(%)

Specific-
ity (%)

AUC P-value 95% CI 
Lower 
Bound

95% 
CI 
Upper 
Bound

CB2 Female Severe Vs. Non-Severe > 0.151 94 60 0.74 0.04 0.54 0.93
CB2 Male Severe Vs. Non-Severe > 0.242 84 62 0.76 0.02 0.58 0.94
MOR Female Severe Vs. Non-Severe > 0.211 66 60 0.72 0.06 0.51 0.92
MOR Male Severe Vs. Non-Severe > 0.295 84 64 0.74 0.04 0.53 0.94
lL-17 Female Severe Vs. Non-Severe > 35.44 94 86 0.97 0.0001 0.91 1
lL-17 Male Severe Vs. Non-Severe > 42.91 87 67 0.75 0.01 0.57 1
MCP-1 Female Severe Vs. Non-Severe > 67.70 100 86 0.93 0.0001 0.82 1
MCP-1 Male Severe Vs. Non-Severe > 97.65 83 65 0.80 0.04 0.58 1
OPN Female Severe Vs. Non-Severe > 17.84 94 86 0.98 0.0001 0.94 1
OPN Male Severe Vs. Non-Severe > 18.26 85 60 0.89 0.0001 0.77 1
IFN-γ Female Severe Vs. Non-Severe > 333 94 93 0.93 0.0001 0.93 1
IFN-γ Male Severe Vs. Non-Severe > 350 81 67 0.76 0.04 0.54 0.98
In Table, the Receiver Operating Characteristic (ROC) curve information for CB2, MOR, IL-17, MCP-1, OPN, and IFN-γ in discriminating between severe and non-severe 
groups of SARS-CoV-2 patients is presented. Key details include:

Cutoff points indicating the threshold values for each biomarker

Sensitivity (%) and Specificity (%) values reflecting the diagnostic accuracy of the biomarkers

The Area Under the Curve (AUC) representing the overall performance of the biomarker in distinguishing between severe and non-severe cases

P-values indicating the statistical significance of the AUC values

Confidence interval (CI) displays the probability that a parameter will fall between a pair of values around the mean

These metrics provide valuable insights into the discriminatory power of the biomarkers studied, aiding in the assessment of their predictive potential for SARS-
CoV-2 infection severity
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demonstrates that the levels of IL-17 (P = 0.058), OPN 
(P = 0.003), CB2 (P = 0.002), and MOR (P = 0.016) can sig-
nificantly predict disease severity when examined indi-
vidually and might affect virus replication.

Discussion
The onset of SARS-CoV-2 infection has been associated 
with a range of clinical challenges, including disability, 
hospitalization, high mortality rates, and financial bur-
dens. These issues are partly due to the incomplete com-
prehension of its intricate pathogenesis and the 
inadequacy of existing treatment methods [30]. One 

Fig. 3  ROC curves of CB2 receptor and MOR gene and lL-17, OPN, MCP-1 and IFN-γ levels between patients
The ROC curves of CB2 (Cannabinoid receptor 2) and MOR (μ-opioid receptor) gene levels and lL-17 (Interleukin-17), MCP-1 (Monocyte Chemoattractant 
Protein-1), OPN (Osteopontin) and IFN-γ (Interferon-γ) levels between different groups are shown. Assessing values were calculated using receiver oper-
ating characteristic (ROC) curve analysis, and the area under the curve (AUC) and optimal cut-off values were determined based on the Youden index. 
Notably, the patients were divided into two categories: severe and non-severe; Severe patient had acute clinical manifestations of the disease and high 
virus concentration in the nasopharyngeal specimen (CT value of gene expression below 20) and were hospitalized; while, non-severe patients had mild 
respiratory symptoms and low virus concentration in the nasopharyngeal specimen (CT value of gene expression greater than 30) and were not assessed 
for hospitalization. (A): Indicates CB2 receptor expression level in female group with severe and non-severe SARS-CoV-2 (Severe acute respiratory syn-
drome coronavirus 2); (B): Indicates CB2 receptor expression level in male group with severe and non-severe SARS-CoV-2, (C): Indicates MOR expression 
level in female group with severe and non-severe SARS-CoV-2, (D): Indicates MOR expression level in male group with severe and non-severe SARS-CoV-2.
(E): Indicates lL-17 level in male group with severe and non-severe SARS-CoV-2; (F): Indicates lL-17 level in female group with severe and non-severe 
SARS-CoV-2, (G): Indicates MCP-1 level in male group with severe and non-severe SARS-CoV-2, (H): Indicates MCP-1 level in female group with severe 
and non-severe SARS-CoV-2; (I): Indicates OPN level in male group with severe and non-severe SARS-CoV-2; (J): Indicates OPN level in female group with 
severe and non-severe SARS-CoV-2, (K): Indicates IFN-γ level in male group with severe and non-severe SARS-CoV-2; (L): Indicates IFN-γ level in female 
group with severe and non-severe infection. Statistical details are presented in Table 2
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prevalent theory among many proposed to elucidate the 
workings of SARS-CoV-2’s pathogenicity highlights the 
significant involvement of the innate immune system in 
driving disease advancement, viral replication, and sub-
sequent clinical complexities [31].. Our data showed that 
The expression of CB2 receptors was higher in both 
female and male patients with COVID-19, and this was 
linked to the severity and outcome of the disease. In our 
current study, we have the opportunity to utilize naso-
pharynx specimens from patients, which contain epithe-
lial cells that are known to be a major site of virus 
replication in the respiratory tract. These cells are partic-
ularly adapted for acute respiratory infections, and the 
higher expression of CB2 receptors observed in these 
cells may suggest their involvement in viral replication 
and inflammatory conditions [32]. Furthermore, our 
findings indicated an upregulation of CB2 receptor 
mRNA in bronchoalveolar lavage (BAL) samples from 
mice following RSV infection, while there was no change 
in lung CB2 receptor expression between infected and 
healthy mice [15].. Interest is growing in the interaction 
between CB receptors and sex hormones, as well as the 
shared molecular pathways between estrogen and 

Table 3  The correlation of CB2, MOR with lL-17, MCP-1, OPN, IFN-γ
Gene expression Serum

Variable CB2 MOR IL-17 MCP-1 OPN IFN-γ
Gene expression

CB2
Correlation 1 0.541** 0.249 0.335** 0.261* 0.394**

P value 0 0.053 0.008 0.042 0.002
MOR
Correlation 0.541** 1 0.206 0.322* 0.231 0.424**

P value 0 0.112 0.011 0.073 0.001
Serum

IL-17
Correlation 0.249 0.206 1 0.636** 0.476** 0.482**

P value 0.053 0.112 0 0 0
MCP-1
Correlation 0.335** 0.322* 0.636** 1 0.441** 0.646**

P value 0.008 0.011 0 0 0
OPN
Correlation 0.261* 0.231 0.476** 0.441** 1 0.636**

P value 0.042 0.073 0 0 0
IFN-γ
Correlation 0.394** 0.424** 0.482** 0.646** 0.636** 1
P value 0.002 0.001 0 0 0

**. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed)

Table 3 presents the correlation coefficients and corresponding P values for the relationships between CB2, MOR, IL-17, MCP-1, OPN, and IFN-γ. Key points to note 
include:

Significant correlations (**P < 0.01, *P < 0.05) are denoted by the respective symbols

The correlation values indicate the strength and direction of the relationships between the variables

CB2 and MOR show significant correlations with IL-17, MCP-1, OPN, and IFN-γ, providing insights into their interplay in the context of SARS-CoV-2 infection severity. 
The analysis method employed for calculating these correlations was Pearson analysis

These correlation results contribute to understanding the potential interactions and associations among the studied biomarkers, shedding light on their roles in 
the pathophysiology of SARS-CoV-2

Table 4  The regression model of variables (Logistic regression)
Dependent 
variable

Inde-
pendent 
variable

OR 95% CI P value

Severity
(Severe vs. 
non-severe)

IL-17 1.208 0.993–1.470 0.058
MCP-1 0.993 0.953–1.035 0.751
OPN 2.113 1.280–3.489 0.003
IFN-γ 1.007 0.995–1.020 0.247
CB2 124.483 5.700-2718.392 0.002
MOR 49.264 2.067-1174.294 0.016

Table 4 presents the results of the logistic regression model analyzing the 
relationship between the dependent variable (Severity - Severe vs. non-severe) 
and independent variables (IL-17, MCP-1, OPN, IFN-γ, CB2, MOR). Key points to 
note include:

Odds Ratios (OR) with their corresponding 95% Confidence Intervals (CI) and 
P values are provided for each variable

Logistic regression was utilized to assess the predictive values of the 
independent variables in determining disease severity

These results contribute to understanding the impact of IL-17, MCP-1, OPN, IFN-
γ, CB2, and MOR on the severity of SARS-CoV-2 infection, providing valuable 
insights into potential prognostic factors
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cannabinoids [33]. Previous studies have indicated that 
CB2 receptor expression is enhanced in response to 
17β-estradiol in osteoclasts, implying a potential direct 
influence of estrogen on CB receptors [34]. In our study, 
we observed an increased expression level of CB2 recep-
tors in female patients, which had significant assessing 
value and showed a correlation with disease outcome. 
This heightened expression may be related to estrogen 
levels, though further mechanistic investigations are 
required to confirm this association. Additionally, we 
detected an elevated expression of MOR in both male 
and female patients, which was associated with disease 
severity. Studies on COVID-19 have shown that opioids 
interact with the angiotensin-converting enzyme-2 
(ACE-2) transmembrane protein, the primary receptor 
for SARS-CoV-2 entry in host cells. Opioids also interact 
with Toll-like receptor 4 (TLR4), an innate immune sys-
tem receptor involved in the immune-pathogenesis of 
SARS-CoV-2 [35–37]. In our study, we noted an increase 
in the expression of a critical opioid receptor in patients, 
which correlated with disease severity. These findings 
support the potential use of opioid receptor blockers or 
agonists as treatments for COVID-19, yet further investi-
gation is needed to determine the optimal timing and 
dosage for such interventions [38, 39].. It is well-estab-
lished that SARS-CoV-2 infection leads to alterations in 
the levels of various circulating pro-inflammatory and 
anti-inflammatory molecules [40].. In line with these 
findings, our study detected higher levels of MCP-1 in 
the serum of COVID-19 patients, and this elevation was 
associated with disease severity. MCP-1 is a well-investi-
gated chemokine that plays a vital role in attracting 
monocytes and macrophages to inflammatory sites, 
known to stimulate the expression of inflammatory cyto-
kines [41]. Consistent with our results, a study by Chen Y. 
et al. also suggested that elevated serum MCP-1 levels in 
COVID-19 patients may indicate a higher risk of severe 
disease. It has been proposed that the transcription of the 
MCP-1 gene is influenced by IFN-γ and the peripheral 
cannabinoid receptor CB2 [42, 43]. Interestingly, it has 
been postulated that the transcription of the MCP-1 gene 
is induced and regulated by IFN-γ [44] as well as the 
peripheral cannabinoid receptor CB2 [45]. In line with 
this, our study revealed a significant enhancement of cir-
culating IFN-γ levels in patients with severe infection, 
which is consistent with the study by Gadotti et al., show-
ing an increase in IFN-γ levels in early stages of severe 
SARS-CoV-2 infection [46]. Conversely, we observed a 
significant rise in serum OPN levels in COVID-19 
patients, correlating with disease severity. OPN is a gly-
coprotein that binds to integrin and has multiple func-
tions including cell proliferation, invasion, migration, 
leucocyte differentiation, and activation. During acute 
and chronic inflammation, OPN secretion is expected to 

increase along with other inflammatory cytokines [47, 
48]. Activation of the CB2 receptor has been linked to the 
upregulation of OPN and other mediators in human peri-
odontal ligament cells, suggesting a potential interaction 
between CB2 receptors and OPN [49]... Additionally, it 
has been theorized that SARS-CoV-2 infection may 
directly impact IL-17 through the binding of ORF8 to the 
IL-17 receptor, triggering IL-17-induced inflammatory 
responses [50]... Our data consistently showed increased 
circulating IL-17 levels in patients with severe infection, 
underscoring the significant role of IL-17 in this disease. 
Research by Mu et al. indicated that MOR agonist treat-
ment disrupts IL-17-related lymphocytes post-infection, 
proposing a potential regulatory function of MOR in IL-
17-mediated inflammation during infection [51].. Fur-
thermore, the activation of p38 MAPK pathways, leading 
to MCP-1 production, is a downstream mediator that 
recruits inflammatory cells and causes lung injury. IL-17 
potentially upregulates this process [52].. Additionally, it 
is suggested that OPN regulates IL-17 production during 
hepatitis infection, highlighting a regulatory relationship 
between OPN and IL-17. The concurrent elevation of 
these compounds in our study’s patients underscores the 
interconnected regulatory dynamics between OPN and 
IL-17 [53].. Finally, it should be mentioned that this study 
had some limitations; first: despite the widespread occur-
rence of Covid-19, it was necessary for the patients in our 
study to be individuals who were not undergoing treat-
ment at the time of sampling. Finding such participants 
was challenging, leading to a meticulous selection pro-
cess from a large pool of patients, resulting in limited 
sampling. However, in order to ensure the reliability of 
the results, it is essential to examine the specified profile 
in a larger number of patients. Second, the absence of a 
healthy control group for comparative analysis is the next 
limitation of this study. While the focus of our research 
was on assessing the prognostic power of specific molec-
ular markers in predicting the severity of SARS-CoV-2 
infection, the inclusion of a healthy control group could 
have provided valuable insights into the diagnostic 
potential of the assessed marker. Future studies may ben-
efit from incorporating a healthy control group to 
enhance the comprehensive evaluation of μ-opioid and 
cannabinoid receptors, alongside immune mediators, in 
the context of SARS-CoV-2 infection. Third, it is impor-
tant to note that crucial clinical markers such as SpO2 
and Body Mass Index (BMI) as well as laboratory mark-
ers like CRP, D-Dimer, ferritin, IL-6, IL-1B, and TNF-α 
were not included in the study. These markers could have 
contributed valuable information regarding the relation-
ship between the assessed markers and established sever-
ity biomarkers. Therefore, future research should 
incorporate these clinical and laboratory markers to 
improve the thorough assessment of the predictive 



Page 11 of 13Tavakoli-Yaraki et al. BMC Infectious Diseases          (2024) 24:398 

capabilities of μ-opioid and cannabinoid receptors, in 
conjunction with immune mediators, in determining the 
severity of SARS-CoV-2 infection. Fourth, it is recom-
mended to conduct a more comprehensive assessment of 
the diagnostic and prognostic significance of the factors 
under investigation in this study. In addition to analyzing 
ROC, it is important to examine the negative predictive 
value, as well as evaluate the positive predictive value 
based on the prevalence of the disease. The fifth, MCP-1, 
IL-17, IFN-γ, and osteopontin were selected based on 
their established roles in inflammation, cytokine regula-
tion, and immune response modulation in the context of 
viral infections. While these markers were chosen for 
their significance in predicting disease severity in 
COVID-19, future studies should explore the interplay 
between other inflammatory mediators associated with 
cytokine storm to gain a more comprehensive under-
standing of their impact on SARS-CoV-2 infection. The 
sixth, further investigation into the gene and protein 
expression of receptors, including mediator receptors, in 
relation to SARS-CoV-2 severity across genders is recom-
mended. Additionally, exploring the correlation between 
receptor expression and clinical indices using robust sta-
tistical methods can enhance the depth of future studies 
in this field.

Conclusion
The concurrent elevation of OPN, IFN-γ, MCP-1, and 
IL-17 levels in patients, their association with disease 
severity, and their assessing significance underscore the 
importance of these factors. Moreover, the heightened 
expression of MOR and CB2 receptors indicates poten-
tial pharmacological interventions for managing this 
infection. Further research is necessary to elucidate the 
involvement of Th1 subtypes and the opioid/cannabinoid 
systems in preserving immune balance and modulating 
immune responses in the context of COVID-19.

Abbreviations
ACE-2	� Angiotensin-converting enzyme-2
AUC	� Area under the curve
BAL	� Bronchoalveolar lavage
CB2	� Cannabinoid receptor 2
CB	� Cannabinoid receptors
GPCR	� G-protein coupled receptor
HRP	� Horseradish peroxidase
IFN-γ	� Interferon-γ
IFN-γ	� Interferon-γ
IL-17	� Interleukin-17
MCP-1	� Monocyte Chemoattractant Protein-1
MOR	� μ-opioid receptor
NK cells	� Natural killer cells
OD	� Optical density
OPN	� Osteopontin
ORF8	� Open reading frame 8
PBMC	� Peripheral blood monocytes cell
ROC	� Receiver operating characteristic curve
RSV	� Respiratory syncytial virus
RT-PCR	� Real time polymerase chain reaction

SARS-CoV-2	� Severe acute respiratory syndrome coronavirus 2
SEM	� Standard error mean
TLR4	� Toll-like receptor 4

Acknowledgements
We are thankful to the patients whom generously provided their samples.

Author contributions
Masoumeh Tavakoli-Yaraki: Investigation; Methodology; Roles/Writing - 
original draft; Funding acquisition, Aida Abbasi: Writing - review & editing, 
Fatemeh Nejat Pishkenari: Formal analysis; Investigation, Saeed Baranipour: 
Methodology; Software, Alireza Jahangirifard: Resources, Clinical examination 
Seyed Bashir Mirtajani: Resources, patient sample collection, Zahra Noorani 
Mejareh and Bahare Abdollahi: Formal analysis, Mohammad Amin Vaezi: 
Software; Visualization, Jila Yavarian: Molecular assessing and data curation, 
Talat Mokhtari-Azad: Data curation Vahid Salimi: Conceptualization; Project 
administration; Validation; Writing - review & editing.

Funding
This work was financially supported by Iran University of Medical Sciences 
(Grant Number: 99-1-4-17629).

Data availability
All generated data are available within the manuscript and raw data can be 
provided by Masoumeh Tavakoli-Yaraki upon request.

Declarations

Ethics approval and consent to participate
The project was ethically approved by the ethic committee of the Vice 
president of research of Iran University of Medical Sciences (IR.IUMS.
REC.1399.035). The methodology and sample collection protocols were 
obeyed the ethical standards indicating in Declaration of Helsinki. The 
methods of this project were implemented based on relevant guidelines and 
regulations. Patients were informed about the details and purposes of the 
study and provided with written consent and in the case of their agreement 
and signing the consent form, they were included in the study. Therefore, 
informed consent was obtained from all subjects.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Biochemistry, School of Medicine, Iran University of 
Medical Sciences, Tehran, Iran
2Department of Virology, School of Public Health, Tehran University of 
Medical Sciences, P.O. Box: 1417613151 Tehran, Iran
3Lung Transplant Research Center, National Research Institute of 
Tuberculosis and Lung Diseases (NRITLD), Shahid Beheshti University of 
Medical Sciences, Tehran, Iran
4Student Research Committee, School of Medicine, Iran University of 
Medical Sciences, Tehran, Iran

Received: 27 October 2023 / Accepted: 2 April 2024

References
1.	 Borczuk AC, Yantiss RK. The pathogenesis of coronavirus-19 disease. J Biomed 

Sci. 2022;29(1):87.
2.	 Yang L, Liu S, Liu J, Zhang Z, Wan X, Huang B, Chen Y, Zhang Y. COVID-19: 

immunopathogenesis and immunotherapeutics. Signal Transduct Target 
Therapy. 2020;5(1):128.

3.	 Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of COVID-19: immu-
nity, inflammation and intervention. Nat Rev Immunol. 2020;20(6):363–74.



Page 12 of 13Tavakoli-Yaraki et al. BMC Infectious Diseases          (2024) 24:398 

4.	 Cabral GA, Griffin-Thomas L. Emerging role of the cannabinoid receptor CB2 
in immune regulation: therapeutic prospects for neuroinflammation. Expert 
Rev Mol Med. 2009;11:e3.

5.	 Taghavi SF, Shahsavari Z, Adjaminezhad-Fard F, Ghorbani M, Ghorbanhos-
seini SS, Salimi V, Tavakoli-Yaraki M. Evaluating the expression pattern of the 
opioid receptor in pituitary neuroendocrine tumors (PitNET) and the role of 
morphine and naloxone in the regulation of pituitary cell line growth and 
apoptosis. Biomed Pharmacother. 2023;157:114022.

6.	 Hosami F, Manayi A, Salimi V, Khodakhah F, Nourbakhsh M, Nakstad B, 
Tavakoli-Yaraki M. The pro-apoptosis effects of Echinacea purpurea and Can-
nabis sativa extracts in human lung cancer cells through caspase-dependent 
pathway. BMC Complement Med Ther. 2021;21(1):37.

7.	 Tahamtan A, Tavakoli-Yaraki M, Rygiel TP, Mokhtari-Azad T, Salimi V. Effects 
of cannabinoids and their receptors on viral infections. J Med Virol. 
2016;88(1):1–12.

8.	 Ye L, Cao Z, Wang W, Zhou N. New insights in cannabinoid receptor structure 
and signaling. Curr Mol Pharmacol. 2019;12(3):239–48.

9.	 Hosami F, Ghadimkhah MH, Salimi V, Ghorbanhosseini SS, Tavakoli-Yaraki 
M. The strengths and limits of cannabinoids and their receptors in cancer: 
insights into the role of tumorigenesis-underlying mechanisms and thera-
peutic aspects. Biomed Pharmacother. 2021;144:112279.

10.	 Tahamtan A, Tavakoli-Yaraki M, Mokhtari-Azad T, Teymoori-Rad M, Bont L, 
Shokri F, Salimi V. Opioids and viral infections: a double-edged sword. Front 
Microbiol. 2016;7:970.

11.	 Dever SM, Costin BN, Xu R, El-Hage N, Balinang J, Samoshkin A, O’Brien 
MA, McRae M, Diatchenko L, Knapp PE et al. Differential expression of the 
alternatively spliced OPRM1 isoform μ-opioid receptor-1K in HIV-infected 
individuals. AIDS. 2014;28(1).

12.	 Finley MJ, Happel CM, Kaminsky DE, Rogers TJ. Opioid and nociceptin 
receptors regulate cytokine and cytokine receptor expression. Cell Immunol. 
2008;252(1):146–54.

13.	 Kim Y-M, Shin E-C. Type I and III interferon responses in SARS-CoV-2 infection. 
Exp Mol Med. 2021;53(5):750–60.

14.	 Smail SW, Saeed M, Khudhur ZO, Younus DA, Rajab MF, Abdulahad WH, 
Hussain HI, Niaz K, Safdar M. Inflammation, immunity and potential target 
therapy of SARS-COV-2: a total scale analysis review. Food Chem Toxicol. 
2021;150:112087.

15.	 Tahamtan A, Samieipoor Y, Nayeri FS, Rahbarimanesh AA, Izadi A, Rashidi-
Nezhad A, Tavakoli-Yaraki M, Farahmand M, Bont L, Shokri F, et al. Effects of 
cannabinoid receptor type 2 in respiratory syncytial virus infection in human 
subjects and mice. Virulence. 2018;9(1):217–30.

16.	 Karmaus PW, Chen W, Crawford R, Kaplan BL, Kaminski NE. ∆9-tetrahydrocan-
nabinol impairs the inflammatory response to influenza infection: role of 
antigen-presenting cells and the cannabinoid receptors 1 and 2. Toxicol Sci. 
2013;131(2):419–33.

17.	 Salimi V, Mirzaei H, Ramezani A, Tahamtan A, Jamali A, Shahabi S, Golara M, 
Minaei B, Gharagozlou MJ, Mahmoodi M, et al. Correction to: blocking of 
opioid receptors in experimental formaline-inactivated respiratory syncytial 
virus (FI-RSV) immunopathogenesis: from beneficial to harmful impacts. Med 
Microbiol Immunol. 2018;207(5):345–345.

18.	 Tahamtan A, Tavakoli-Yaraki M, Salimi V. Opioids/cannabinoids as a potential 
therapeutic approach in COVID-19 patients. Expert Rev Respir Med. 
2020;14(10):965–7.

19.	 Rossi F, Tortora C, Argenziano M, Di Paola A, Punzo F. Cannabinoid receptor 
type 2: a possible target in SARS-CoV-2 (CoV-19) infection? Int J Mol Sci. 
2020;21(11).

20.	 McCoy KL. Interaction between Cannabinoid System and Toll-Like Receptors 
Controls Inflammation. Mediators of inflammation. 2016;2016:5831315.

21.	 Liang X, Liu R, Chen C, Ji F, Li T. Opioid system modulates the immune func-
tion: a review. Translational Perioperative pain Med. 2016;1(1):5–13.

22.	 Smail SW, Babaei E, Amin K. Hematological, inflammatory, coagulation, and 
oxidative/antioxidant biomarkers as predictors for severity and mortality in 
COVID-19: a prospective cohort-study. Int J Gen Med. 2023:565–80.

23.	 Smail SW, Babaei E, Amin K, Abdulahad WH. Serum IL-23, IL-10, and 
TNF-α predict in-hospital mortality in COVID-19 patients. Front Immunol. 
2023;14:1145840.

24.	 Smail SW, Babaei E, Amin K. Ct, IL-18 polymorphism, and laboratory biomark-
ers for predicting chemosensory dysfunctions and mortality in COVID-19. 
Future Sci OA. 2023;9(2):Fso838.

25.	 Dale O, Salo M. The Helsinki declaration, research guidelines and regula-
tions: present and future editorial aspects. Acta Anaesthesiol Scand. 
1996;40(7):771–2.

26.	 Kianfar S, Salimi V, Jahangirifard A, Mirtajani SB, Vaezi MA, Yavarian J, Mokhtari-
Azad T, Tavakoli-Yaraki M. 15-lipoxygenase and cyclooxygenase expression 
profile and their related modulators in COVID-19 infection. Prostag Leukotr 
Ess. 2023;197:102587.

27.	 Hosami F, Salimi V, Safizadeh B, Abedini A, Ghadimkhah MH, Tavakoli-Yaraki M. 
Evaluation of the local and circulating expression level of cannabinoid recep-
tor 2 in patients with lung cancer. Gene Rep. 2022;29:101671.

28.	 Taghavi SF, Shahsavari Z, Adjaminezhad-Fard F, Ghorbani M, Ghorbanhos-
seini SS, Salimi V, Tavakoli-Yaraki M. Evaluating the expression pattern of the 
opioid receptor in pituitary neuroendocrine tumors (PitNET) and the role of 
morphine and naloxone in the regulation of pituitary cell line growth and 
apoptosis. Biomed Pharmacotherapy = Biomedecine Pharmacotherapie. 
2023;157:114022.

29.	 Hajian-Tilaki K. Receiver operating characteristic (ROC) curve analysis for 
medical diagnostic test evaluation. Caspian J Intern Med. 2013;4(2):627–35.

30.	 Mehedi N, Ismail Hossain M. Experiences of the frontline healthcare profes-
sionals amid the COVID-19 health hazard: a phenomenological investigation. 
Inquiry: J Med care Organ Provis Financing. 2022;59:469580221111925.

31.	 Diamond MS, Kanneganti T-D. Innate immunity: the first line of defense 
against SARS-CoV-2. Nat Immunol. 2022;23(2):165–76.

32.	 Bonnin P, Miszczak F, Kin N, Resa C, Dina J, Gouarin S, Viron F, Morello R, Vabret 
A. Study and interest of cellular load in respiratory samples for the optimiza-
tion of molecular virological diagnosis in clinical practice. BMC Infect Dis. 
2016;16:384.

33.	 Dobovišek L, Hojnik M, Ferk P. Overlapping molecular pathways between 
cannabinoid receptors type 1 and 2 and estrogens/androgens on the periph-
ery and their involvement in the pathogenesis of common diseases (review). 
Int J Mol Med. 2016;38(6):1642–51.

34.	 Rossi F, Bellini G, Luongo L, Mancusi S, Torella M, Tortora C, Manzo I, Guida F, 
Nobili B, de Novellis V, et al. The 17-β-oestradiol inhibits osteoclast activity 
by increasing the cannabinoid CB2 receptor expression. Pharmacol Res. 
2013;68(1):7–15.

35.	 Bourgonje AR, Abdulle AE, Timens W, Hillebrands JL, Navis GJ, Gordijn SJ, 
Bolling MC, Dijkstra G, Voors AA, Osterhaus AD, et al. Angiotensin-converting 
enzyme 2 (ACE2), SARS-CoV-2 and the pathophysiology of coronavirus 
disease 2019 (COVID-19). J Pathol. 2020;251(3):228–48.

36.	 Sohn KM, Lee SG, Kim HJ, Cheon S, Jeong H, Lee J, Kim IS, Silwal P, Kim YJ, 
Paik S, et al. COVID-19 patients upregulate toll-like receptor 4-mediated 
inflammatory signaling that mimics bacterial sepsis. J Korean Med Sci. 
2020;35(38):e343.

37.	 Zhang P, Yang M, Chen C, Liu L, Wei X, Zeng S. Toll-like receptor 4 (TLR4)/
Opioid receptor pathway crosstalk and impact on opioid analgesia, immune 
function, and gastrointestinal motility. Front Immunol. 2020;11:1455.

38.	 Choubey A, Dehury B, Kumar S, Medhi B, Mondal P. Naltrexone a potential 
therapeutic candidate for COVID-19. J Biomol Struct Dyn. 2022;40(3):963–70.

39.	 Eagleton M, Stokes S, Fenton F, Keenan E. Therapeutic potential of long-
acting opioids and opioid antagonists for SARS-CoV-2 infection. Br J Anaesth. 
2021;127(6):e212–4.

40.	 Zhang W, Zhao Y, Zhang F, Wang Q, Li T, Liu Z, Wang J, Qin Y, Zhang X, Yan 
X, et al. The use of anti-inflammatory drugs in the treatment of people with 
severe coronavirus disease 2019 (COVID-19): the perspectives of clinical 
immunologists from China. Clin Immunol (Orlando Fla). 2020;214:108393.

41.	 Cranford TL, Enos RT, Velázquez KT, McClellan JL, Davis JM, Singh UP, Nagar-
katti M, Nagarkatti PS, Robinson CM, Murphy EA. Role of MCP-1 on inflamma-
tory processes and metabolic dysfunction following high-fat feedings in the 
FVB/N strain. Int J Obes. 2016;40(5):844–51.

42.	 Chen Y, Wang J, Liu C, Su L, Zhang D, Fan J, Yang Y, Xiao M, Xie J, Xu Y, et al. 
IP-10 and MCP-1 as biomarkers associated with disease severity of COVID-19. 
Mol Med. 2020;26(1):97.

43.	 Smail SW, Babaei E, Amin K. Demographic, clinical and genetic factors associ-
ated with COVID-19 disease susceptibility and mortality in a kurdish popula-
tion. Ann Saudi Med. 2023;43(3):125–42.

44.	 Valente AJ, Xie J-f, Abramova MA, Wenzel UO, Abboud HE, Graves DT. A 
complex element regulates IFN-γ-stimulated monocyte chemoattractant 
protein-1 gene Transcription1. J Immunol. 1998;161(7):3719–28.

45.	 Jbilo O, Derocq J-M, Segui M, Le Fur G, Casellas P. Stimulation of peripheral 
cannabinoid receptor CB2 induces MCP-1 and IL-8 gene expression in human 
promyelocytic cell line HL60. FEBS Lett. 1999;448(2):273–7.

46.	 Gadotti AC, de Castro Deus M, Telles JP, Wind R, Goes M, Garcia Charello 
Ossoski R, de Padua AM, de Noronha L, Moreno-Amaral A, Baena CP, et al. 
IFN-γ is an independent risk factor associated with mortality in patients with 
moderate and severe COVID-19 infection. Virus Res. 2020;289:198171.



Page 13 of 13Tavakoli-Yaraki et al. BMC Infectious Diseases          (2024) 24:398 

47.	 Nazarizadeh A, Alizadeh-Fanalou S, Hosseini A, Mirzaei A, Salimi V, Keshipour 
H, Safizadeh B, Jamshidi K, Bahrabadi M, Tavakoli-Yaraki M. Evaluation of local 
and circulating osteopontin in malignant and benign primary bone tumors. J 
bone Oncol. 2021;29:100377.

48.	 Wang KX, Denhardt DT. Osteopontin: role in immune regulation and stress 
responses. Cytokine Growth Factor Rev. 2008;19(5):333–45.

49.	 Qian H, Zhao Y, Peng Y, Han C, Li S, Huo N, Ding Y, Duan Y, Xiong L, Sang H. 
Activation of cannabinoid receptor CB2 regulates osteogenic and osteoclas-
togenic gene expression in human periodontal ligament cells. J Periodontal 
Res. 2010;45(4):504–11.

50.	 Hasan MZ, Islam S, Matsumoto K, Kawai T. SARS-CoV-2 infection initiates 
interleukin-17-enriched transcriptional response in different cells from 
multiple organs. Sci Rep. 2021;11(1):16814.

51.	 Ma J, Wang J, Wan J, Charboneau R, Chang Y, Barke RA, Roy S. Morphine 
disrupts interleukin-23 (IL-23)/IL-17-mediated pulmonary mucosal host 

defense against streptococcus pneumoniae infection. Infect Immun. 
2010;78(2):830–7.

52.	 Liao X, Zhang W, Dai H, Jing R, Ye M, Ge W, Pei S, Pan L. Neutrophil-derived 
IL-17 promotes ventilator-induced lung injury via p38 MAPK/MCP-1 pathway 
activation. Front Immunol. 2021;12:768813.

53.	 Diao H, Liu X, Wu Z, Kang L, Cui G, Morimoto J, Denhardt DT, Rittling S, 
Iwakura Y, Uede T, et al. Osteopontin regulates interleukin-17 production in 
hepatitis. Cytokine. 2012;60(1):129–37.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Beyond prediction: unveiling the prognostic power of μ-opioid and cannabinoid receptors, alongside immune mediators, in assessing the severity of SARS-CoV-2 infection
	﻿Abstract
	﻿Introduction
	﻿Materials & methods
	﻿Patients features and sample collection
	﻿CB2 receptor and MOR gene expression analysis
	﻿Assessment the serum levels of interleukin-17, MCP-1, osteopontin and IFN-γ
	﻿Statistical analysis

	﻿Results
	﻿The CB2 receptor and MOR expression levels in patients
	﻿The level of lL-17, MCP-1, OPN and IFN-γ in patients
	﻿The association of CB2, MOR, lL-17, OPN, MCP-1 and IFN-γ with demographic features of patients and their assessing and predictive values

	﻿Discussion
	﻿Conclusion
	﻿References


