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ABSTRACT

Background and Aim: COVID-19 is caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) as a pandemic
infectious disease. So far, it has been known that this virus uses several receptors to enter the host cell, one of which is
neuropilin-1 (NRP1). Also, one of the main causes of clinical manifestations, severity of disease, and mortality of patients is
cytokine storm syndrome, one of these cytokines being interleukin (IL)-6. Our aim was to study the level of expression of NRP1
and IL-6 genes in COVID-19 patients by using peripheral blood mononuclear cells (PBMCs).

Materials and Methods: Our study population included the test group (80 patients with COVID-19) and the control group (30
healthy individuals). Venous blood was taken from all subjects. After isolating PBMCs from blood using Ficoll, RNA was
extracted. Then, cDNA synthesis, the expression level of NRP1 and IL-6 compared to GAPDH housekeeping gene was measured
by real-time PCR.

Results: The level of NRP1 gene expression was increased significantly in COVID-19 different groups compared to the control
group. Surprisingly, it was observed that the amount of NRP1 gene decreased in the vaccinated group compared to non-
vaccinated groups. IL-6 gene expression was also significantly increased in all groups except vaccinated patients compared to
the control group. Also, the results indicated that there was a positive and statistically considerable relationship between IL-6
expression level and NRP1 expression level (p = 0.03).

Conclusion: The significant increase in the expression of NRP1 and IL-6 genes in COVID-19 patients, especially in moderate
and severe cases, indicates their potential involvement in the progression of the disease, which may serve as biomarkers of
disease severity. Also, since these genes play an important role in causing severe inflammation, cytokine storm, and im-
munopathological complications of COVID-19, further investigations maybe needed to achieve therapeutic goals to control
COVID-19 and similar diseases.
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1 | Materials and Methods

1.1 | Sample Election and Data Gathering

Our study was performed on 110 subjects in five groups in 2020.
Also, COVID-19 patients who contracted the disease despite
injection with COVID-19 vaccines were enrolled in a separate
group. Therefore, vaccinated cases were collected after COVID-
19 vaccines were made available globally. Overall, this study
included 20 ICU COVID-19 (severe), 20 hospitalized COVID-19
(moderate), 20 COVID-19 out-patients (mild), and 30 healthy
persons as controls. Also, 20 vaccinated patients were later added
to these samples. In this study, the eligibility criteria for healthy
controls were no history of any critical hyperinflammatory
disease, including diabetes, excessive weight (evaluated by
body mass index [BMI] higher than 30), severe cardiovascular,
kidney, cerebral-vascular, or autoimmune conditions. COVID-19
cases were enrolled without age restriction. Demographic data,
COVID-19 clinical symptoms, and previous medical history were
collected for patients. Supplementary laboratory data, namely
CBC, Na, K electrolytes, C-reactive protein (CRP), ESR as well as
essential symptoms and O, saturations were obtained for hos-
pitalized and ICU COVID-19 patients. Diagnosis of COVID-19
patients was certified by IgM/IgG serological rapid test and (RT-
PCR). Additionally, hospitalization or acceptance of cases to ICU
was based on various clinical features, including CT-scan, pulse
rate, SpO,, and various blood parameters such as IL-6, CRP,
LDH, CPK, ferritin, and troponin similar to criteria published by
the National Guidelines of the Diagnosis and Treatment Com-
mittee for COVID-19 as well as National Institutes of Health
(NIH) (covid19treatmentguidelines.nih.gov) [19]. Also, this work
was approved by Ethics Committee of Babol University of
Medical Sciences, Babol, Iran (IRMUBABOL.REC.1401.038).
The patients/participants prepared their written informed con-
sent to participate.

1.2 | Preparation of PBMCs, RNA Isolation, and
Synthesis of cDNA

Whole blood samples (5cc) were collected in EDTA tubes.
PBMCs were separated by lymphocyte separation media (Ficoll,
Capricorn, Germany). Then, blood specimens were added to
cover Ficoll. The biphasic mix was centrifuged at 800 x g for
20 min. Washed PBMCs were used for RNA isolation using
Total RNA Extraction Kit (Yekta tajhiz Azma, Tehran, Iran).
Reverse transcription of RNA to cDNA was carried out using
the Easy cDNA Reverse Transcription kit (ParsTous, Iran).

After cDNA synthesis steps were performed, the reaction was
halted by incubating at 85°C for 5 min. Synthesized cDNA was
kept at —80°C [19].

1.3 | Expression Analysis of NRP1 and IL-6 by
Real-Time PCR

The utilized sequences were oligonucleotide primers designed
to detect NRP1 and IL-6 genes. Moreover, National Center for
Biotechnology Information (NCBI) blast was performed to
assess the primer by exploring the human genome. Glycer-
aldehyde 3- phosphate dehydrogenase (GAPDH) was chosen as
the reference housekeeping gene [20]. The mentioned
sequences were reassessed for suitability via Oligo7 software. To
quantify relative mRNA expression, RT-PCR was performed.
Following cDNA amplification by PCR using SYBR Green
gqPCR Master Mix 2X (ParsTous Biotechnology, Mashhad, Iran),
RT-PCR assay was run by Applied Biosystems 7300 real-time
thermocycler (Applied Biosystems, Massachusetts, USA). The
presentation of NRP1 and IL-6 mRNA in severe, moderate, and
mild COVID-19 cases, vaccinated patients, and control subjects
was investigated by RT-PCR based on normalized expression
ratios and reported as fold change. Also, primer sequences that
were utilized in this study are displayed in Table 1. Addition-
ally, protein-protein interaction (PPI) by STRING database was
evaluated for major proteins corresponding to genes studied in
the present research as well as key proteins in COVID-19. The
STRING tool (https://string-db.org/) systematically gathers and
interconnects PPIs—both physical interactions alongside func-
tion relationships. The information is derived from a handful of
origins: automatic text mining of the scientific evidence, com-
putational interaction forecasts from co-expression, conserved
genetic background, databases of action and reaction tests, and
identified complexes/signaling from curated references [21, 22].

1.4 | Statistical Analysis

In our study, gene expression was analyzed using the 2-DDCT
method for NRP1 and IL-6. Nature of each parameter, histogram,
and Shapiro-Wilk test were used to evaluate normality of data.
Gene expression was reported as fold change, which was calcu-
lated based on normalization using GAPDH. Spearman correla-
tion test was employed to explore the relationship of NRP1 and
IL-6 expression. We specified the use of the Mann-Whitney U
test for nonparametric comparisons and calculated effect sizes by

TABLE 1 | Primers for genes of interest and housekeeping gene.
Gene Primer sequence Primer length
NRP1 forward TTCAGGATCACACAGGAGATGG 22
NRP1 reverse TAAACCACAGGGCTCACCAG 20
IL-6 forward AATCATCACTGGTCTTTTGGAG 22
IL-6 reverse GCATTTGTGGTTGGGTCA 18
GAPDH forward ACAGTCAGCCGCATCTTC 18
GAPDH reverse CTCCGACCTTCACCTTCC 18
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bootstrapping independent samples for all key outcomes. All
analyses were performed by Prism 9 (GraphPad Inc, USA).

2 | Results
21 | Comparison of NRP1 Gene Expression
Changes Between Different Study Groups

The NRP1 gene showed significant changes in sick people with
mild, moderate, and severe COVID-19 evaluated in the healthy
group (Mann-Whitney U p < 0.0171, p <0.0001, and p < 0.0001,
respectively). This indicates that NRP1 possibly plays a role in the
process of this disease. The fold change diagram shows the gradual
increase in NRP1 gene expression from mild to severe cases of
COVID-19 sicks, and the differences are greater in the last two
groups (moderate and severe). Also, the difference in expression of
this gene between patients with mild form compared to moderate
and intensive form of the disease was significant (Mann-Whitney
U p<0.0050 and p<0.001, respectively); Additionally, boot-
strapping to determine the mean difference of fold change as the
effect size showed a change in NRP1 expression when comparing
mild with moderate and severe groups, respectively (95% confi-
dence interval [CI| [—12.69, —2.40], two-tailed p = 0.021; 95% CI
[—43.10, —7.05], two-tailed p =0.060). Our observations show a
potential relationship between NRP1 expression levels and disease
severity in different groups of patients. Also, the expression of
NRP1 increased significantly in vaccinated individuals compared
to the control group (Mann-Whitney U p < 0.0018) (Figure 1).
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FIGURE1 | Comparison of fold change of NRP1 gene expression

between different studied groups. According to this graph, the expres-
sion of NRP1 gene in mild, moderate, severe groups, and vaccinated
patients increased by 8.848 +25.73, 2.407 +9.924, 1.030 + 2.561, and
1.129 +3.122 times, respectively, compared to the control group. Sig-
nificance levels are shown as follows: *p < 0.05, **p < 0.01, ***p < 0.001,
and ****p < 0.0001.

2.2 | Comparison of IL-6 Gene Expression in
Different Study Groups

Similar to NRP1, IL-6 gene showed significant changes in sick's
with mild, moderate, and intensive COVID-19 evaluated to the
healthy group (Mann-Whitney U p =0.0097, p <0.0001, and
p <0.0001, respectively) which indicates the potential involve-
ment of this pro-inflammatory cytokine in this disease. Also,
the difference in expression of this gene between patients with
mild form compared to moderate and severe forms of the dis-
ease was significant (Mann-Whitney U p = 0.0089, p = 0.0021).
Mean difference between mild and severe fold change values
was significant (bootstrapped 95% CI [—48.51, —12.44], two-
tailed p = 0.016). Fold change diagram shows a similar pattern
of increased IL-6 gene expression from mild to moderate cases.
These findings show that IL-6 plays an essential role in the
development and severity of COVID-19. Also, a significant
increase in IL-6 gene expression was observed in severe and
moderate COVID-19 patients evaluated to vaccinated in-
dividuals (p < 0.0001), which indicates the main role of IL-6 in
the severity of COVID-19 (Figure 2).

2.3 | Comparison of the Relationship Between
NRP1 Gene Expression and Gender in Different
Study Groups

The highest expression of NRP1 was related to the severe form
of the sick in women, and the lowest expression of this gene was

IL-6 expression
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FIGURE 2 | Comparison of fold change of IL-6 gene expression

between different studied groups. According to this diagram, IL-6 gene
expression in mild, moderate, and severe groups increased by
1.831+4.698, 3.544+10.70, and 17.98 +48.65 times, respectively,
compared to the control group. No significant difference in IL-6 gene
expression was observed between vaccinated patients and healthy
subjects (1.049 + 0.1944).
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Gender analysis
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FIGURE 3 |
severe COVID-19 group have the highest NRP1 expression.

FIGURE 4 | Heatmap for the gene expression of NRP1 in various
COVID-19 groups and healthy controls.

related to the mild form of the sick in women. In all groups
(except the mild form), the expression of this gene was higher in
women than in men, but this difference was not significant
(Figure 3).

A correlation analysis was also performed to investigate the
relationship between IL-6 and NRP1 expression levels in
COVID-19 patients. Our findings in this project indicated that
there is an affirmative and statistically remarkable correlation
between IL-6 expression level and NRP1 expression level
(p value = 0.03, r=0.2, 95% CI [0.18-0.46]). This shows that the
increase in the expression level of IL-6 and the enhancement
in the expression level of NRP1 play a role in the function of
each other in COVID-19 patients. Heatmap of gene expression
is provided in Figure 4. PPI analysis of NRP1, NRP2, IL-6, and
other major proteins involved in COVID-19 is provided in
Figures 5 and 6.

Comparing the relationship between NRP1 gene expression and gender in the study groups. This graph shows that women in the
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FIGURE 5 |
teins involved in this study.

3 | Discussion

The 2019 coronavirus disease is an acute respiratory disease that
was caused by SARS-CoV-2 in Wuhan, China, in December 2019.
Therefore, the high mortality rate caused by this disease as well
as its possible complications in the future prompted us to
investigate the expression level of two important genes. In this
study, we investigated the expression levels of two genes, NRP1
and IL-6, in different groups, including the control group, the
group with mild, moderate, and severe forms, and vaccinated
patients. The aim of this study was to investigate gene expression
levels between different studied groups, to identify differences
and the potential role of these genes in the immunopathogenesis
of this disease and the effect of vaccination. NRP1 is one of the
two homologous neuropilins that play an important role in
physiological and pathological conditions in the body.

Castelvetri et al. showed that SARS-CoV-2 binds to NRP1 by the
S protein, and upon entering neurons, the expression of NRP1
and the two proteases furin and TMPRSS11A increases in virus-
infected cells [23]. Also, a study by Davies et al. showed that
NRP1 is expressed in the CNS and affects areas related to smell,
indicating the potential role of NRP1 as another entry pathway
for SARS-CoV2 [24]. In a study that aimed to evaluate the
relationship between cytokine and NRP1 expression in COVID-
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FIGURE 6 |

19 patients in Egypt, they observed that the expression level of
NRP1 in patients was remarkably higher than in healthy in-
dividuals [25]. Hasan et al. observed that the serum level of
NRP1 was higher in patients with the severe form of COVID-19
compared to the moderate form and control group. If confirmed
in future studies, this may indicate that high concentration of
NRP1 in the early stages of COVID-19 should be carefully
controlled to prevent pulmonary fibrosis and damage to other
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Extended protein-protein interaction for NRP1 and major proteins involved in this study.

organs as soon as possible [26]. We also observed in our study
that the expression of the NRP1 gene increased in different
groups of patients, which confirms the previous studies. Similar
to the aforementioned studies, we also observed that the ex-
pression of NRP1 gene in patients with severe and moderate
forms was upper evaluated to the healthy group (p < 0.0001),
which shows that the increase in the expression of this gene is
correlated to the intensity of the sick and mortality, which we

50f9



mentioned in our previous research [19]. The olfactory dys-
function after coronavirus infection in adults is caused by about
10%-15%. Recently, COVID-19 has become one of the causes of
parosemia. Zamzami et al. introduced a 38-year-old healthy
man who developed parosemia after the second dose of the
AstraZeneca vaccine and 2 weeks after the injection [27]. In the
study of Ohla et al., out of 12,313 patients with COVID-19, after
infection and complete recovery, they reported loss of sense of
smell and taste in 1468 individuals [28]. Increased expression of
NRP1 may enhance virus entry into the CNS that collaborates to
the development and progression of neurological symptoms and
disease. In our previous study, which was conducted on the
same patients, we saw a strong increase in IL-6 concentration
and observed and reported myalgia signs in 30 sicks (45.45%)
and neurological signs in 22 patients (33.33%) as the most
clinical symptoms [19]. These results show the central role of
IL-6 and NRP1 in the occurrence of neurological and muscular
symptoms, as well as the prevalence and progression of neu-
rological diseases after contracting COVID-19. However, to
date, the potential role of NRP1 in neurological side effects after
COVID-19 vaccination has not been elucidated. The COVID-19
pandemic may be a factor in the spread and progression of life-
threatening diseases such as cancer [29]. In a study regarding
the relationship between oral squamous cell carcinoma and
COVID-19 infection, Norouzi et al. showed that the evaluation
of NRP1 on tumor cells and its interaction with the membrane
protein CMTM6 and PDL-1 (an inhibitor of immune check-
points) caused resistance to treatment with antibody against
PD-1. Also, the interaction of NRP1 with ACE2 causes resist-
ance to the anticancer drug cisplatin and facilitates the entry of
the virus, because hypoxia caused by the infection of COVID-19
leads to the expression of NRP1 [30]. Since in our project, the
expression of NRP1 was enhanced in different groups of pa-
tients compared to healthy individuals and considering the role
of this receptor in angiogenesis and increasing tumor prolifer-
ation mentioned in the above studies, increased NRP1 expres-
sion may make patients with COVID-19 prone to various
tumors in the future or make individuals with cancer face a
worse prognosis, which can be a big alarm for global health and
increase the problems of cancer patients in the future. In the
outbreak of this disease after public vaccination, we sampled
additional cases. In this study, we showed that the NRP1 ex-
pression was greatly reduced in individuals who were reinfected
with COVID-19 after vaccination. This shows that vaccination
can reduce and control NRP1 gene expression.

In addition, one of the cytokines produced during the cytokine
storm of this disease is IL-6. IL-6 is released upon recognition of
DAMPs or PAMPs by innate immune cells such as macro-
phages as part of the host's defense strategy to eliminate in-
fected cells or damaged tissue [12, 13]. The researchers showed
in their studies that the high concentration of IL-6 in the
peripheral blood as well as the high level of expression of this
gene can be one of the factors of the severity of COVID-19. IL-6
is correlated with worse sick outcomes and is critical for the
progression of COVID-19 [25, 31-37]. In our study, we also
showed that the significant increase in IL-6 gene expression in
patients with severe moderate and COVID-19 evaluated to the
healthy group can indicate the main role of IL-6 in the intensity
of the sick, which confirms previous studies. These findings
about the potential role IL-6 provide noteworthy insights into

the immunopathogenesis of COVID-19. Several studies also
found that baseline levels of IL-6 were significantly higher in
those who required ICU compared to those who did not. They
concluded that IL-6 can be considered as an early predictor of
the exacerbation of COVID-19 [38-40]. In our study, a valuable
increase in IL-6 gene expression was observed in intensive
COVID-19 sick (ICU) evaluated in the healthy group
(p <0.0001), so our findings while confirming previous studies,
show the potential role of IL-6 in the immunopathogenesis of
COVID-19 and disease severity. In a cross-sectional study con-
ducted by Setyo Nugroho et al. with the aim of investigating the
severity of the disease of COVID-19 in dead patients in terms of
IL-6 expression in lung tissue, they observed that the mean
tissue IL-6 expression was 72.63 with the highest frequency of
47.4%. They concluded that increased expression of IL-6 in lung
tissue indicates the severity of COVID-19. Therefore, they sug-
gested more research to clarify the role of IL-6 in predicting the
mortality of patients with COVID-19, especially in its severe
form [41]. In our previous research, it was found that increased
IL-6 serum concentration was associated with disease severity
and mortality in patients with COVID-19 [19]. We also showed
in the present study that the expression of this gene increased
significantly, which confirms our previous research on the
increase in its production in COVID-19 patients. Therefore, IL-6
can be one of the risk factors for determining the severity and
mortality of COVID-19 patients and one of the therapeutic goals
of this disease and similar diseases. In a study, Malekpour et al.
identified the “cytokine storm” created by SARS-CoV-2 as
another proposed mechanism of the autoimmune pathway that
could possibly lead to Guillain-Barré syndrome associated
with COVID-19 [42]. It was proven long ago that viruses are a
main part of environmental factors that play a role in the pro-
duction of autoantibodies and causing autoimmune diseases
[43]. Tt seems that the possible mechanisms that may lead to the
development of autoimmune disease in these patients include
the creation of neutrophilic extracellular traps (NETosis) with
an increase in peptidyl arginine deiminases, molecular simi-
larity between antigens of host tissues and virus (molecular
mimicry) such as the existence of some similar peptide
sequences between the virus and host tissues and the ability of
the virus to overstimulate the immune system and create
chronic inflammation that leads to the stimulation of the ex-
pression of costimulatory molecules that are effective in the
formation of autoimmune diseases. COVID-19 is correlated
with leukocyte subsets and an extreme increment in the con-
centration of pro-inflammatory cytokines, which is known as
cytokine storm syndrome [44]. There are many similar reports
of the occurrence of autoimmune diseases as one of the com-
plications after contracting COVID-19 [45-47]. IL-6 signaling in
liver sinusoidal endothelial cells (LSECs) leads to epitheliopathy
and liver damage in patients with COVID-19. According to this
study, IL-6 signaling indicates a link between coagulopathy/
epitheliopathy and liver failure associated with COVID-19 [48].
Therefore, in our study, the excess in the expression of NRP1 in
different groups of patients, followed by the increase in the
expression of IL-6, may be related to the increase in enzymes
and liver damage.

Our study provides novel insights on the role of NRP1 in
COVID-19 immunopathology and the effect of vaccinations;
however, this study is limited by limited sample size, variations
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in types and dosages of vaccination, and demographics variations
even while probability sampling. The present work used robust
statistical tests to analyze gene expression data, and bootstrapping
technique was used to calculate the effect size. Although non-
parametric analysis of our hypothesis and the calculated effect
size confirmed a dysregulated expression of NRP1, in some in-
stances, the bootstrapped significance was not reached which
could be due to variability in data and sample size limitations.
Further study with larger sample size and grouping by type and
dosages of COVID-19 vaccinations is warranted.

4 | Introduction

COVID-19 is an acute respiratory disease with pneumonia
symptoms that broke out in Wuhan, China, in December 2019.
The cause of this disease was a new virus called severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2). This virus
enters the upper respiratory tract mainly through droplets in
the air [1, 2].

It has been shown that SARS-CoV-2 uses NRP1 as an entry
factor for exacerbating viral infection [3]. NRP1 is best known
for its role in cell signaling and its function as a cell surface
receptor [4]. The membrane form of NRP1 has a ligand-binding
site that is naturally reserved for growth factors such as vascular
endothelial growth factor, but it can also bind to viruses such as
human T-cell lymphotropic virus (HTLV)-1, Ebstein-Barr virus
(EBV), and SARS-CoV-2 [5-7]. Analysis of NRP1 gene expres-
sion in cells isolated from bronchoalveolar lavage of patients
with severe COVID-19 showed increased NRP1 gene expression
[3]. NRP1 may serve as an additional mediator of SARS-CoV-2
infection involved in the neurological manifestations of COVID-
19. NRP1 is also expressed in the olfactory epithelium as well as
olfactory neurons. Therefore, NRP1 may be a factor in the
development and progression of olfactory and neurological
disorders in COVID-19 [8]. Also, Sherafat et al. showed that
activated microglia express Nrp1, which plays an important role
in promoting the proliferation of oligodendrocyte progenitor
cells in early postnatal white matter tracts [9].

On the other hand, most of the COVID-19 patients have mild to
moderate symptoms. Moreover, some cases may experience a
critical form of COVID-19 with symptoms such as sepsis, res-
piratory failure, and acute respiratory distress syndrome [10].
This set of features is reminiscent of a family of syndromes
known as “cytokine storm syndromes,” in which severe
inflammation and disease and multiorgan involvement occur
through excessive cytokine release due to uncontrolled activa-
tion of the immune system [11]. An increase of TNF-a, IL-1,
IL-6, IL-18, and IFN-y levels in the serum is a typical feature of
a cytokine storm. In particular, the high level of IL-6 is one of
the hallmarks of cytokine storms. IL-6 is a prominent pro-
inflammatory cytokine that is appeared upon recognition of
pathogen-associated molecular patterns (PAMPs) or damage-
associated molecular patterns (DAMPs) by innate immune cells
such as macrophages as part of the host's defense strategy to
eliminate infected cells or damaged tissue [12, 13]. As men-
tioned, the brain is susceptible to infection with SARS CoV-2.
Dey and Bishayi showed that microgliosis causes the release of
inflammatory cytokines such as IL-13, IFN-y, and IL-6, creating

a cytokine storm that can increase the likelihood of cognitive
and neurological disorders [14]. Many times, clinical trials have
been performed to investigate the influence of tocilizumab on
cytokine storms caused by SARS-CoV-2 infection, which
showed that suppression of IL-6 signaling is possible beneficial
in the cure of cytokine storms [15].

Evidence supports the possible importance of the novel entry
factor of COVID-19 NRP1 through hyperinflammation and
mediation of IL-6 secretion in COVID-19 patients, leading to
severe complications and multiorgan damage in COVID-19
[16-18]. In the present research, we investigated the expression
of NRP1 and IL-6, as well as the relationship between NRP1 and
IL-6 in different severities of COVID-19 patients.

5 | Conclusions

The significant increase in the expression of NRP1 and IL-6
genes in COVID-19 patients, especially in moderate and severe
cases, indicates their potential involvement in the progression
of the disease, which may act as biomarkers of disease severity.
Also, since these genes play an important role in causing severe
inflammation, cytokine storm, and immunopathological com-
plications of COVID-19, with more investigations, it is possible
to achieve therapeutic goals to control this disease and similar
diseases.
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