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ABSTRACT

Objective: To explore expression level of interferon-stimulated 
genes PKR, OAS1, MX1, and ISG15 in peripheral blood mononuclear 
cells of COVID-19 patients.
Methods: In this study, changes in the expression of four interferon-
stimulated genes (ISGs), including PKR, OAS1, MX1, and ISG15, in 
peripheral blood mononuclear cells of 45 COVID-19 patients with 
different severities were evaluated by real-time PCR method.
Results: OAS1, MX1, PKR, and ISG15 were differently expressed 
in COVID-19 patients with different severity. The results showed 
that the expression of OAS1, MX1, PKR, and ISG15 genes was 
significantly (P=0.001) lower in severe patients.
Conclusions: Weak and defective IFN response and subsequent 
disruption of ISGs may be associated with COVID-19 severity.
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1. Introduction

In late 2019, the world was faced with an emerging virus from the
Coronaviridae family called SARS-CoV-2, which rapidly spread 
throughout the world and turned into a pandemic. The resulting 
disease, called COVID-19, is undoubtedly considered an important 
health and social problem[1-3]. Although more than four years have 

passed since the onset of the coronavirus disease 2019 (COVID-19) 
and the outbreak is almost under control, there are still major 
knowledge gaps in our understanding of the pathogenesis of the 
disease and immune response against SARS-CoV-2. The virus 
mainly affects the human respiratory system, but can also impact 
other organs, such as the kidneys, heart, and brain. The clinical 
manifestations of COVID-19 are characterized by cough, sore throat, 
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Significance

The risk factors of severe COVID-19 are not fully understood. 
The development of severe disease could be related to a defective 
interferon response. This study shows a significant increase in the 
expression of ISGs including ISG15, OAS1, MX1, and PKR in mild 
COVID-19 patients compared to severe COVID-19 patients. The 
data shows different expressions of immune response genes in 
COVID-19 patients based on the severity.
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nasal discharge, headache, and malaise in mild and moderate disease, 
shortness of breath, acute respiratory distress syndrome, pneumonia, 
and multi-organ failure in severe and critical disease[1-3]. Since the 
beginning of the COVID-19 pandemic, one of the main questions 
has been why some infected people develop severe disease while 
others can be asymptomatic or experience mild or moderate forms 
of COVID-19. Studies show that the severity of the disease depends 
on viral factors including virus strain, viral load, and host factors 
including genetics, age over 50 years, gender, various underlying 
conditions, and immune system characteristics[4-6]. Currently, little is 
known about the immune characteristics and molecular mechanisms 
involved in the severity of COVID-19 however, evolving pieces 
of evidence show that dysregulated immune responses to SARS-
CoV-2 are thought to underlie the progression of COVID-19. The 
host immune response to SARS-CoV-2 infection involves innate 
immune system and adaptive immune system. The innate immune 
system recognizes pathogens and induces production of pro-
inflammatory cytokines and chemokines that trigger the adaptive 
immune system. SARS-CoV-2 infection activates the innate immune 
response through pattern recognition receptors. Recognition of viral 
components, especially the viral genome, with pattern recognition 
receptors, activates the NF-κB and IRF3 signaling pathway, which 
ultimately leads to induction and production of inflammatory 
cytokines or interferons (IFNs) respectively. The activation of the 
IFN system subsequently leads to the activation of hundreds of 
interferon-stimulated genes (ISGs). On the other hand, disruption 
in the regulation of the innate immune response leads to excessive 
production of inflammatory cytokines and cytokine storm and severe 
disease[4,7-10]. It has been reported that defects of TLR3 and IRF7 
dependent type-栺IFN pathway and type-栺IFN may be a hallmark 
of severe COVID-19. ISGs are one of the most important genes 
induced by the activation of interferons, which play a vital role in the 
antiviral response and control of viral infections. ISGs have a wide 
range of functions and can target the key stages of a viral infection 
to fight viral infection. Examples include ISGs that modulate nucleic 
acid integrity (OAS/RNAse L, ADAR1, and APOBEC family 
members), prevent virus entry (IFITM3), disrupt protein translation 
(PKR, IFIT family members), and prevent virus egress (BST2/tetrin)
[7,11-14]. Hence, ISG deficiency may be a risk or increase factor 
of developing severe or critical COVID-19. To better understand 
the role of ISGs in the severity of COVID-19 disease, this study 
investigated mRNA expression of ISGs in COVID-19 patients.

2. Patients and methods

2.1. Study population

  This study was performed among patients with COVID-19 referred 

to Afzalipour Hospital in Kerman City, Iran, from February to April 
2021.

2.2. Inclusion and exclusion criteria 

  The inclusion criteria were as follows: Persons ≥18 years old with 
laboratory-confirmed COVID-19 infection. The exclusion criteria 
were as follows: individuals with any immunodeficiency (for 
example, those with HIV, individuals receiving immunosuppressant 
medication, and those with cancer), tuberculosis, and other 
respiratory diseases.

2.3. Grouping

  According to disease severity, the study population was divided 
into mild/moderate cases (15 COVID-19 patients with mild clinical 
symptoms e.g., cough, sore throat, with or without fever, and no 
pneumonia on lung CT or lung CT with mild pneumonia) and severe 
group (15 COVID-19 patients with respiratory rate, ≥30 breaths per 
minute, and hypoxemia (oxygen saturation, ≤93%).

2.4. RNA extraction, cDNA synthesis, and quantitative real-
time PCR

  Peripheral blood mononuclear cells (PBMCs) were isolated from 
the whole blood samples of patients and healthy controls. PBMCs 
were stored by suspending in RPMI with 20% fetal bovine serum in 
liquid nitrogen at −196 °C. Total RNA was extracted from PBMCs 
using the Trizol reagent (Yekta Tajehiz, Iran). RNA concentration 
and purity were determined by Nano DROP ND1000 Nanodrop 
spectral photometer (Peqlab, Erlangen, Germany). cDNA synthesis 
was performed by reverse transcriptase kit from Yekta Tajehiz, 
according to the manufacturer’s guidelines. mRNA expression of the 
ISGs genes was tested by SYBR green master mix (AMPLICON) 
using ABI 7500 StepOnePlus Real-Time PCR System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) via specific primer sets 
(Table 1). Quantitative Real-time PCR technique was conducted to 
measure the relative amounts of target genes in each sample, based 
on the 2−∆∆ct method for data analysis. The mean of GAPDH gene 
expression was considered as an internal control gene to normalize 

the expression levels of target genes.

2.5. Statistical analysis

  Statistical analyses were conducted in the SPSS software 19.0 
version and Graph pad prism 9. The data were presented as 
mean±SD or frequency and analyzed by t-test, chi-square test, and 
Fisher’s exact test. The differences were regarded as statistically 
significant when P<0.05.
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2.6. Ethical statement

  Sample collection was performed according to the rules and 
regulations set by the ethical committee of Kerman University of 
Medical Sciences (ethical number: IR.KMU.AH.REC.1400.196).

3. Results

3.1. Demographics characteristics

  A total of 30 COVID-19 patients were included. They were 
divided into two groups (mild/moderate and severe). Demographic 
information of patients is collected, including sex, age, symptoms, 
and the presence or absence of underlying diseases such as diabetes, 
hypertension, or heart diseases (Table 2). The average age of 
all subjects was (50.4±15.5) years and there were no significant 
differences in age or sex (P>0.05).

3.2. mRNA expression of ISGs

  Expression levels of PKR, MX1, OAS1, and ISG15 were 
significantly lower (P<0.05) in the severe group (Table 3). 

Table 2. Patients characteristics.
Variables Mild /moderate(n=15) Severe (n=15) t/χ2 P
Age
(years, mean±SD)

47.4 ± 6.0 53.4± 15.5 1.397 0.173

Male (n) 7 6 0.135 0.712
Symptoms (n)             
  Fever 1 3 1.154 0.597
  Cough 2 5 1.677 0.389
  Sore throat 2 4 0.833 0.561
  Pneumonia 1 3 1.154 0.597
Underlying diseases (n)         
  Diabetes 2 4 0.833 0.561
  Heart diseases 1 3 1.154 0.597
  Hypertension 2 5 1.677 0.389

Table 3. mRNA expression of ISGs.
Gene (fold) Mild /moderate(n=15)     Severe (n=15) t P
PKR 1.00±0.11 0.15±0.02 31.108 <0.01
MX1 1.00±0.11 0.26±0.03 24.699 <0.01
ISG15 1.00±0.14 0.46±0.06 13.722 <0.01
OAS1 1.00±0.16 0.43±0.11 11.382 <0.01

4. Discussion

  Like other viral diseases, in SARS-CoV-2 infection, the host’s 
innate immune system is activated as the first line of defense to 
fight this foreign agent, and by recognizing the pathogenic patterns 
of SARS-CoV-2 (mainly RNA genome), leads to the production of 
cytokines and chemokines, including interferons and inflammatory 
cytokine. Cytokines released from innate immune moreover to fight 
the virus in the early stages of infection, also stimulate the acquired 
immune system. Interferons are one of the most important cytokines 
produced by innate immunity in viral infections and SARS-CoV-2 
infection. The activation of interferons in virus-infected cells leads 
to the expression of interferon-stimulated genes (ISGs) in nearby 
cells, which have strong antiviral effects. ISGs are thought to be the 
primary effectors against many viral infections including human 
coronaviruses[7,8,12,14,19]. In various studies, the decrease in the 
expression level of ISGs has been mentioned as one of the reasons 
for the death of severe COVID-19 patients and the severity of the 
disease. In this study, the expression level of 4 ISG genes including 
ISG15, OAS1, MX1, and PKR was investigated. The data of the 
study showed different expressions of immune response genes in 
COVID-19 patients based on the severity of the disease. In line 
with the results of our study, several studies have reported increased 
expression of ISGs in patients with mild form of the disease 
compared to severe form. For example, in a study by Li et al., the 
expression of interferon alpha, as well as several genes stimulated 
by interferon ISGs such as APOBEC3G, MX1, and ISG15, which 
plays an important role in antiviral activities, were significantly 
lower in severe /critical COVID-19 patients compared to mild 
and moderate COVID-19 patients[7]. Another study described the 
clinical characteristics of COVID-19 patients including high viral 
load, low expression of type 1 interferon, low expression of ISGs, 
lymphopenia, and increase of TNF-α, NF-κB, IL-6, CXCR2, CCL2/
CCR2. They showed by examining PBMC in patients with different 
severity of COVID-19, that the responses of type 1 interferon in 
patients with severe or critical COVID-19 were very damaged 
and the expression level of ISGs was significantly lower in severe 
patients compared to mild patients[12]. Also, these findings, i.e. a 
regular pattern of interferon-stimulated ISG gene expression in 
patients with mild COVID-19 compared to severe COVID-19 
patients, have been confirmed in the study of Combes et al[11]. 
Several factors can disrupt the interferon signaling pathway and the 

Table 1. Primer sets used to determine the mRNA expression levels of ISGs by Real-time PCR.
Primer Forward (5’-3’) Reverse (5’-3’) Annealing temperature (°C) Reference
ISG15 CTCTGAGCATCCTGGTGAGGAA AAGGTCAGCCAGAACAGGTCGT 60 [15,16]

OAS 1 AGGAAAGGTGCTTCCGAG GGACTGAGGAAGACAACCAGGT 58 [15,16]

MX GGCTGTTTACCAGACTCCGACA CACAAAGCCTGGCAGCTCTCTA 60 [15,16]

PKR TCTTCATGTATGTGACACTGC CACACAGTCAAGGTCCTTAG 58 [17]

GAPDH CCCACTCCTCCACCTTTGAC CATACCAGGAAATGAGCTTGACA 60 [18]
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expression of ISGs, including autoantibodies against interferons, 
deficiency of interferon proteins due to inherited mutations in the 
genes of the interferon signaling pathway, and disruption of the 
interferon response due to escape mechanisms of SARS-CoV-2. 
Zhang et al, found the presence of autoantibodies against interferons, 
especially interferon α, in at least 10% of patients with severe 
COVID-19[6]. These autoantibodies lead to the reduction of type 1 
interferons, thereby reducing the production of ISGs and weakening 
the host’s immune response, facilitating the viral replication cycle 
and increasing the chance of the patient suffering from a severe or 
critical form of the disease[6,20]. Other studies indicate deficiencies 
in interferon proteins, specifically, type 1 interferon through inherited 
mutations in genes of the type 1 interferon signaling pathway. Zhang 
et al, also showed that the mutation in these genes of signaling 
pathways such as TLR3 and TLR7 is much higher in patients with 
severe COVID-19 than in people with mild disease[6,20]. In addition, 
an impaired type 1 interferon response can occur due to the escape 
mechanisms of SARS-CoV-2, which allow the virus to escape the 
host’s immune response. It seems that the proteins of SARS-CoV-2 
can interfere with the interferon pathways and inhibit some of the 
interferon signaling pathways and the production of ISGs[6,20-22]. 
The limitations of this study are its small sample size and also miss 
detection of more ISGs. In the future, more studies will be included 
and more ISGs will be detected. 
  In conclusion, this study demonstrated the low expression level 
of ISGs, PKR, OAS1, MX1, and ISG15 in severe and mild patients. 
These data suggest ISG activation could contribute to controlling 
SARS-CoV-2 infection, while impairment of IFN responses and 
subsequent downregulation of ISGs could be associated with 
progression to severe COVID-19. 
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