ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/362886756

Expression Pattern of Inflammatory and Anti-Inflammatory Cytokines and Key
Differential Transcription Factors in Peripheral Blood Mononuclear Cells of

Iranian Coronavirus Disease 2...

Article in Viral Immunology - August 2022

DOI: 10.1089/vim.2021.0224

CITATIONS
0

10 authors, including:

, Majid Khoshmirsafa
Iran University of Medical Sciences

66 PUBLICATIONS 1,528 CITATIONS

SEE PROFILE

Morteza Fallahpour
Iran University of Medical Sciences

17 PUBLICATIONS 16 CITATIONS

SEE PROFILE

All content following this page was uploaded by Mohammad-Ali Assarehzadegan on 29 November 2022.

The user has requested enhancement of the downloaded file.

READS
36

Mohammad-Ali Assarehzadegan
Iran University of Medical Sciences

91 PUBLICATIONS 1,247 CITATIONS

SEE PROFILE

Maryam Azimi Mohammadabadi
Massachusetts General Hospital

32 PUBLICATIONS 577 CITATIONS

SEE PROFILE


https://www.researchgate.net/publication/362886756_Expression_Pattern_of_Inflammatory_and_Anti-Inflammatory_Cytokines_and_Key_Differential_Transcription_Factors_in_Peripheral_Blood_Mononuclear_Cells_of_Iranian_Coronavirus_Disease_2019_Patients_with_Di?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/362886756_Expression_Pattern_of_Inflammatory_and_Anti-Inflammatory_Cytokines_and_Key_Differential_Transcription_Factors_in_Peripheral_Blood_Mononuclear_Cells_of_Iranian_Coronavirus_Disease_2019_Patients_with_Di?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Majid-Khoshmirsafa?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Majid-Khoshmirsafa?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Iran_University_of_Medical_Sciences?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Majid-Khoshmirsafa?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammad-Ali-Assarehzadegan?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammad-Ali-Assarehzadegan?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Iran_University_of_Medical_Sciences?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammad-Ali-Assarehzadegan?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Morteza-Fallahpour?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Morteza-Fallahpour?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Iran_University_of_Medical_Sciences?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Morteza-Fallahpour?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maryam-Azimi-Mohammadabadi?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maryam-Azimi-Mohammadabadi?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Massachusetts-General-Hospital?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Maryam-Azimi-Mohammadabadi?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammad-Ali-Assarehzadegan?enrichId=rgreq-dde0171b72dd856a32b2e50cf3c67473-XXX&enrichSource=Y292ZXJQYWdlOzM2Mjg4Njc1NjtBUzoxMTQzMTI4MTEwMzYwMjkzMkAxNjY5NzM4MjgyMjk5&el=1_x_10&_esc=publicationCoverPdf

Downloaded by 194.225.187.186 from www.liebertpub.com at 09/26/22. For personal use only.

VIRAL IMMUNOLOGY
Volume 35, Number 7, 2022
© Mary Ann Liebert, Inc.
Pp. 474-482

DOI: 10.1089/vim.2021.0224

Open camera or QR reader and
scan code to access this article

and other resources online. %k

Expression Pattern of Inflammatory and Anti-Inflammatory
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in Peripheral Blood Mononuclear Cells
of Iranian Coronavirus Disease 2019 Patients
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Majid Khoshmirsafa,? Mohammad-Ali Assarehzadegan, Morteza Fallahpour® Maryam Azimi
Fatemeh Faraji; Taghi Riahi* Sara Minaeian® Davood Fassahat?
Farshad Divsalarf and Mohammad Amin Abbasi®

Abstract

The purpose of this research was to investigate the gene expression levels of inflammatory cytokines
interferon (IFN)y, tumor necrosis factor (TNF)q, interleukin (IL)1f, IL2, IL6, ILS, and IL17, and anti-
inflammatory cytokines IL4, IL10, IFN«, and IFNf, as well as relevant key transcription factors (TFs),
including GATA3, PUI, NF-kB (nuclear factor kappa-light-chain-enhancer of activated B cells), IRF3
(interferon regulatory factor 3), BCL6 (B cell lymphoma 6 protein), FOXP3 (forkhead box P3), RORyt, and
T-bet (T-box expressed in T cell) in Iranian patients with moderate and severe coronavirus disease 2019
(COVID-19). Fifty-six patients with COVID-19, and 25 healthy controls (HCs) age and sex matched were
investigated. Based on the interim guidance of COVID-19 from the World Health Organization, the
patients were classified into 33 moderate and 23 severe patients with COVID-19. The gene expression
levels of cytokines and relevant TFs were quantified in peripheral blood mononuclear cells by quantitative
real-time polymerase chain reaction (QRT-PCR). The gene expression levels of TFs RoRy (RAR-related
orphan nuclear receptor y), NF-xB, and T-bet were significantly higher in patients with COVID-19 com-
pared with HCs. Furthermore, the gene expression levels of cytokines, including IL2, IFNy, IL6, TNFq,
IL1p, IL8, and IL17, were significantly higher in patients with COVID-19 than HCs. However, there was a
significant increase for IL6, TNFo, and IL17 in severe compared with moderate patients with COVID-19.
Finally, The Spearman correlation analysis revealed a significantly positive correlation for IL6 and TNFa,
IL6 and IL2, IL6, IFNy, and IL2 and IFNy. These data suggest that expression of IL6, TNF«, and IL17 as
well as the synergic effect of elevated values of IL2 and IFNy should be considered in the treatment and
management of patients with severe COVID-19.
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Introduction

HE CURRENT PANDEMIC of coronavirus disease 2019

(COVID-19) caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has affected all aspects
of our daily lives, including lifestyle as well economic, po-
litical, and international affairs. Based on the COVID-19
dashboard of the World Health Organization (WHO), as of
February 20, 2022, the SARS-CoV-2 had infected more than
420 million people worldwide (confirmed by tests) and re-
sulted in more than 6 million deaths. Despite the start of the
vaccination program with different types of vaccines, to date,
many new cases of COVID-19 infection with different types
of COVID-19 with different variants have been reported
worldwide (World Health Organization, 2022). Also, due to
the huge demands as well as the conditions of some countries,
the implementation of the national immunization program
may take more than a few months.

In addition, with several mutations observed in the ge-
nome of the virus and the different efficacy of the vaccines,
it seems that we will meet new cases of COVID-19 for a
longer period of time (Forni and Mantovani, 2021; Mills and
Salisbury, 2021; Wouters et al, 2021). Consequently, un-
derstanding the pathophysiology of COVID-19 disease is
still essential and effective to treat patients with COVID-19.

Numerous studies have shown that one of the most im-
portant causes of mortality in patients with COVID-19 is the
unrestrained production of inflammatory cytokines due to
increased cellular immune responses, also known as cyto-
kine storms (Del Valle er al, 2020; Han et al, 2020; Long
et al, 2020). Studies of different countries have assessed the
expression levels of some cytokines and reported elevated
serum levels of tumor necrosis factor (TNF)a, interleukin
(IL)6, IL1p, and interferon (IFN)y in severe and critical
patients with COVID-19 (Del Valle et al, 2020; Han et al,
2020; Long et al, 2020; Meftahi et al, 2020; Parisi and
Leosco, 2020). However, few studies investigated the gene
expression levels of an almost complete panel of cytokines
and their relevant transcriptional factors in peripheral blood
mononuclear cells (PBMCs) of patients with COVID-19.

Therefore, the purpose of this research is to investigate
the gene expression levels of inflammatory and anti-
inflammatory cytokines and relevant transcription factors
(TFs) in Iranian patients with moderate and severe COVID-
19 to evaluate the discrepancies between them. Also, the
possible correlations of them are analyzed to associate with
cytokine storms of COVID-19.

Materials and Methods
Selection of patients

In this study, we investigated 56 patients with COVID-19
(mean age: 61.8+18.9 years, range 22-93 years), including
24 female (42.9%) and 32 male (57.1%), compared with 25
healthy individuals age and sex matched (mean age:
61.48+18.7 years, range 22-90 years). The participants
were recruited from April 2020 to May 2020 in the infec-
tious department of Rasoul-e-Akram and Firoozabadi Hos-
pitals, which are two referral COVID-19 centers in Tehran,
Iran. The COVID-19 diagnosis was based on a real-time
polymerase chain reaction (PCR) assay of both RdRp
(RNA-dependent RNA polymerase) and N (nucleocapsid)

genes of SARS-CoV-2 in nasopharyngeal swab samples
(Pishtaz Teb, Tehran, Iran). Patients with diabetes, hyper-
tension, cardiovascular disease, body mass index >25, au-
toimmune diseases, and a history of other underlying
diseases were not included in our study. In addition, all
patients were sampled before starting treatment, especially
anti-inflammatory and immunosuppressive therapies.

According to the clinical signs of pneumonia and oxygen
saturation (measured by pulse oximetry in the room air) from
interim guidance on the management of COVID-19 from the
WHO patients with COVID-19, patients were classified as
moderate (equal or more than 90% oxygen saturation) and
severe (oxygen saturation less than 90% with severe respira-
tory distress). As mentioned, patients with COVID-19 were
classified into 33 (58.9%) moderate patients (mean age:
5791 17.9 years) and 23 (41.1%) severe patients (mean age:
66.9 £ 19.3 years) during the early phase of infection (less than
10 days after symptom onset). We included 25 healthy indi-
viduals with negative SARS-CoV-2 real-time polymerase
chain reaction and IgG antibody tests as the healthy controls
(HCs) group. This study is approved by the Medical Ethics
Committee (IR.IJUMS.REC.1399.010). Written informed
consent was obtained from all participants.

PBMC isolation and total RNA extraction

Five milliliters of peripheral blood from each subject
were collected in K3;-EDTA tubes. Fresh PBMCs were
isolated from whole blood by density gradient centrifugation
using Ficoll (Sigma Aldrich). To deplete platelets, cold
phosphate-buffered saline (pH="7.4) was added to PBMCs;
samples were centrifuged at 200 g for 10 min at 4°C. Total
RNA was extracted from ~ 2 x 10° PBMCs using 750 uL of
QIAzol reagent (Qiagen) following the manufacturer’s in-
structions. Briefly, the cell lysate was mixed with 200 uL. of
chloroform and centrifuged at 12,000 g for 15 min at 4°C.

The upper, colorless fluid phase was aspirated and mixed
with 600 uL. of isopropanol and centrifuged at 12,000 g for
10 min at 4°C. The RNA pellets were washed with 1 mL of
70% ethanol, centrifuged at 7,500 g for 6 min at 4°C, then,
air dried, and dissolved in nuclease-free distilled water. The
concentration and purity of extracted RNA were analyzed
by measuring absorbance at 260/280 nm using a NanoDrop
spectrophotometer (ND1000 Technologies, Wilmington,
DE). The samples were stored at —80°C.

Complementary DNA synthesis
and mRNA quantification

Complementary DNAs (cDNAs) were synthesized from
the extracted RNAs by Oligo dT and random hexamers
using an Easy cDNA synthesis kit (PARSTOUS, Tehran,
Iran) based on the manufacturer’s protocol. mRNAs were
quantified in duplicate reactions using a Rotor-gene Q
thermal cycler (Qiagen, Germany). Reactions were carried
out in 20 pL total volumes, including 10 uL. of SYBR Green
PCR Master Mix (Amplicon, Denmark), 0.5 uL. of both
forward and reverse primer, 1 uL. of undiluted cDNA, and
8 uLL of nuclease-free water (CinnaGen, Tehran, Iran). The
p-actin and GAPDH genes were used as internal controls for
normalization. The relative expression levels of cytokines
(IFNo, IFNS, IFNy, TNF«, IL1S, IL2, 1L4, IL6, IL10, and
IL17) and TFs (BCL6, FoxP3, IRF3, GATA3, NF-«xB, PU.1,
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TABLE 1. THE FORWARD AND REVERSE
OF PRIMER SEQUENCES
No Gene Primer sequence
1 GAPDH

Forward 5’-GCA CCG TCA AGG CTG AGA AC-3’
Reverse 5-TGG TGA AGA CGC CAG TGG A-3’
2 f-Actin
Forward 5-AGACGCAGGATGGCATGGG-3’
Reverse 5-GAGACCTTCAACACCCCAGCC-3’
3 T-bet
Forward 5-GAT GTT TGT GGA CGT GGT CTT-3"
Reverse 5’-CTT TCC ACA CTG CAC CCA CTT-3
4  GATA3
Forward 5’-ACC ACA ACC ACA CTC TGG AGG-3’
Reverse 5’-TCG GTT TCT GGT CTG GAT GCC T-3’
5 Rorpt
Forward 5-ACC TCA CCG AGG CCA TTC AG-3’
Reverse 5-TAG GCC CGG CAC ATC CTA AC-3’
6 PU.1
Forward 5-CGT GCA CAG CGA GTT CGA-3’
Reverse 5-GCT CTG GAG CTC CGT GAA GT-3’
7 FoxP3
Forward 5’-ATT CCC AGA GTT CCT CCA CAAC-3’
Reverse 5’-ATT GAG TGT CCG CTG CTT CTC-3’
8 TNFua
Forward 5’-GCC CAT GTT GTA GCA AAC CC-3’
Reverse 5-TAT CTC TCA GCT CCA CGC CA-3’
9 IFNux
Forward 5-GCCTTGATACTCCTGGCACA-3
Reverse 5-TCCTCCTGGGGAAGTCCAAA-3
10 IFNR
Forward 5’-ACG CCG CAT TGA CCA TCT AT-3’
Reverse 5-GTCTCATTCCAGCCAGTGCT-3’
11 IFNy
Forward 5-GAGTGTGGAGACCATCAAGGA-3’
Reverse 5-TGGACATTCAAGTCAGTTACCGAA-3’
12 ILIB
Forward 5-AGCCATGGCAGAAGTACCTG-3’
Reverse 5-CCTGGAAGGAGCACTTCATCT-3’
13  BCL6
Forward 5-TTGAGTGACTGGCACTTGGG-3’
Reverse GAGGCCATTTTGTCTTCACCAA-3’
14 IRF3
Forward 5-GAGGTGACAGCCTTCTACCG-3’
Reverse 5-TGCCTCACGTAGCTCATCAC-3’
15 1IL6
Forward 5’-GGTACATCCTCGACGGCATCT-3"
Reverse 5-GTGCCTCTTTGCTGCTTTCAC-3’
16 IL10
Forward 5-TACGGCGCTGTCATCGATTT-3’
Reverse 5-TAGAGTCGCCACCCTGATGT-3’
17 1IL4
Forward ATCTTTGCTGCCTCCAAGAACAC-3’
Reverse GCGAGTGTCCTTCTCATGGTG
18 1IL2
Forward 5-TTTACATGCCCAAGAAGGCCA-3’
Reverse 5-GCACTTCCTCCAGAGGTTTG-3’
19 1IL17
Forward 5-GGGCCTGGCTTCTGTCTGA-3’
Reverse 5-AAGTTCGTTCTGCCCCATCA-3’
20 NF-xB
Forward 5-TTATGTATGTGAAGGCCCATCC-3’
Reverse 5-TGGTCCCACATAGTTGCAGATT-3’
21 IL8
Forward 5-GAAGTTTTTGAAGAGGGCTGAGA-3’
Reverse 5-TGCTTGAAGTTTCACTGGCATC-3’

BCL6, B cell lymphoma 6 protein; FoxP3, forkhead box
P3; IFN, interferon; IL, interleukin; IRF3, interferon regulatory
factor 3; NF-kB, nuclear factor kappa-light-chain-enhancer of
activated B cells; Roryt, RAR-related orphan nuclear receptor vy t;
T-bet, T-box expressed in T cell; TNFa, tumor necrosis factor
alpha.

KHOSHMIRSAFA ET AL.

Roryt, and T-bet) were calculated using the 2744 method.

The primer pairs, which were used for the quantification of
each gene, are shown in Table 1.

Statistical analysis

SPSS (version 24) and GraphPad Prism (version 8.01)
software were used for the statistical analysis and data
presentation in figures, respectively. The D’Agostino-
Pearson test was used to analyze the normality of data dis-
tribution. Non-normally distributed variables were analyzed
using the Mann—Whitney and Kruskal-Wallis test, and
normally distributed variables using the 7-test and one-way
ANOVA (analysis of variance).

For all comparisons, multiple comparisons test with the
Bonferroni method was used between the studied groups.
The Spearman correlation was used to investigate the pos-
sible associations among gene expression levels. The diag-
nostic accuracies of severe and moderate COVID-19 were
analyzed by receiver operating characteristic (ROC) and the
area under the curve (AUC). Univariate and multivariate
logistic regression were performed to identify predictors
associated with severe patients with COVID-19. (Each cy-
tokine showed statistically significant difference from the
univariate analysis, and these were next analyzed by mul-
tivariate logistic regression by the Enter model.) Results
were considered statistically significant at a p-value less
than 0.05.

Results

In this study, 56 patients with COVID-19 in the mod-
erate (n=33, mean age: 57.9117.9 years) and the severe
(n=23, mean age: 66.91+19.3 years) groups were com-
pared with 25 healthy individuals as the HC group. De-
mographic and laboratory findings of COVID-19 and HCs
were shown in Table 2. Gene expression levels of cyto-
kines and relevant TFs were evaluated in the PBMCs of
moderate and severe patients with COVID-19 compared
with HCs. The gene expression levels of RoRy (RAR-
related orphan nuclear receptor y) (Fold Change [FC]:

TABLE 2. THE LABORATORY FINDING OF CORONAVIRUS
DISEASE 2019 AND HEALTHY CONTROL
Groups IN THiS STUDY

Healthy

Characteristics ~ COVID-19 controls Unit p

White blood cell  9.34+3.72 64129  10%/uL **
Lymphocyte  1.45+0.78  1.65+£0.82 103 /uL **
Hemoglobin 12.6+2.14 144+32  g/dL *
Platelet 2882+ 111.1 302+120.5 10°/uL ns

Serum creatinine 1.25+0.82  091+0.12 mg/dL *
CRP 44.18+38.9 <10 mg/dL  ***
ESR 26.7+38.8 9.25+6.82 mm/h F**
ALT 29.75+£349 26.25+15.82 U/L ns
AST 24.1+£19.48 22.25+11.82 U/L ns
PT 14.75+2.05 14.25+1.82 sec ns

ns, Nonsignificant, *p <0.05, **p <0.01, ***p<0.001.

ALT, alanine transaminase; AST, aspartate transaminase; COVID-19,
coronavirus disease 2019; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate; PT, prothrombin time.
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FIG.1. The gene expression levels of TFs in patients and HCs. The levels of RoRy, NF-«B, and T-bet were significantly higher
in the patients with COVID-19 compared with HCs. However, there was no significant difference between moderate and severe
patients with COVID-19 for these TFs. The gene expression levels of PU1, Bcl6, and GATA3 did not show a significant
difference between patients with COVID-19 and HCs. Although there was no significant difference in the IRF3 and FOXP3
levels in patients with COVID-19 compared HCs, there was a significant increment of them in the severe patients compared with
moderate patients with COVID-19. *p <0.05, **p <0.01. Bcl6, B cell lymphoma 6 protein; COVID-19, coronavirus disease
2019; FOXP3, forkhead box P3; HC, healthy control; IRF3, interferon regulatory factor 3; NF-xB, nuclear factor kappa-light-
chain-enhancer of activated B cells; RoRy, RAR-related orphan nuclear receptor y; TF, transcription factor.
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2.06, p=0.002), NF-xB (nuclear factor kappa-light-chain-
enhancer of activated B cells) (FC: 2.1, p=0.003), and
T-bet (FC: 1.82, p=0.02) were significantly higher in pa-
tients with COVID-19 compared with HCs.

However, there was no significant difference between
moderate and severe patients with COVID-19. Furthermore,
gene expression levels of PU1, Bcl6 (B cell lymphoma 6
protein), and GATA3 did not show a significant difference
between patients with COVID-19 and HCs. Although there

KHOSHMIRSAFA ET AL.

was no significant difference in the IRF3 (interferon regu-
latory factor 3) and FOXP3 (forkhead box P3) levels in
patients with COVID-19 compared with HCs, there was a
significant increment of them in severe patients compared
with moderate patients with COVID-19 (Fig. 1).

The gene expression levels of IL2 (FC: 3.15, p<0.001),
IFNy (FC: 2.32, p<0.001), IL6 (FC: 8.53, p<0.001), TNF«
(FC: 2.04, p=0.018), IL1p (FC: 2.1, p=0.001), IL8 (FC:
1.96, p=0.002), IFN« (FC:2.3, p<0.01), IFNS (FC:2.0,
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FIG. 2. The gene expression levels of cytokines in patients and HCs. The gene levels of cytokines, including IL2, IFNy,
IL6, TNFa, IL1p, IL8, and IL17, were significantly higher in patients with COVID-19 than HCs. However, there was
significant increase for IL6 (FC: 2.47, p=0.005), TNF« (FC: 1.88, p=0.019), and IL17 (FC: 2.04, p=0.005) in severe
compared with moderate patients with COVID-19. *p <0.05, **p <0.01, ***p<0.001. FC, Fold Change; IFN, interferon;
IL, interleukin; TNFo, tumor necrosis factor alpha.
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FIG. 3. The ROC curve analyses. The comparison of cytokines differentiating severe versus (n=23) moderate (n=33)
patients with COVID-19. The AUCs (95% CI) and p-values of cytokines that significantly increase in the severe group
compared with the moderate group of patients with COVID-19 were analyzed. 95% CI, 95% confidence interval; AUC, area

under the curve; ROC, receiver operating characteristics.

p<0.05), and IL17 (formally IL17A) (FC: 1.84, p=0.04)
were significantly higher in patients with COVID-19 than
HCs. However, there was significant increase for IL6 (FC:
2.47, p=0.005), TNFa (FC: 1.88, p=0.019), and IL17 (FC:
2.04, p=0.005) in severe compared with moderate patients
with COVID-19 (Fig. 2).

ROC curve analysis showed the gene expression levels
of IL6 (AUC=0.75, p=0.002) and IL17 (AUC=0.72,
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p=0.006) could differentiate moderate from severe patients
with COVID-19. However, the other cytokines and TFs did
not show significant AUC for severe discrimination of se-
vere patients with COVID-19 (Fig. 3).

The Spearman correlation analyses revealed signifi-
cantly positive correlation between IL6 and TNFu«
(r=0.39, p<0.001), IL6 and IL2 (r=0.31, p<0.05), IL6
and IFNy (r=0.35, p<0.01), and IL2 and IFNy (r=0.33,

High Correlation

Low Correlation
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FIG. 4. The heat map depicts Spearman correlation analyses between cytokines and TFs. The analyses revealed signif-
icantly positive correlation for IL6 and TNF« (r=0.39, p<0.001), IL6 and IL2 (r=0.31, p<0.05), IL6 and IFNy (r=0.35,
p<0.01), and IL2 and IFNy (r=0.33, p<0.01). Interestingly, there was a weak positive correlation for IL6 and FOXP3

(r=0.26, p<0.05).
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TABLE 3. UNIVARIATE AND MULTIVARIATE LOGISTIC
REGRESSION ANALYSIS OF GENE EXPRESSION

OF CYTOKINES TO PREDICT SEVERE FROM MODERATE
PATIENTS WITH CORONAVIRUS DISEASE 2019

Standard
Variable P error Wald

Odds ratio
(95% CI)

Univariate logistic regression analysis to predict severe risk
(moderate vs. severe patients with COVID-19)
IL6 0.012 0.024 628 1.063 (1.013-1.115)
IL17  0.018 0.121  5.602 1.33 (1.051-1.691)
IL1I0  0.015 0206 5974 1.656 (1.105-2.48)
L2 0.84 0.085  0.039 0.983 (0.833-1.16)
TNFo 0.046 0.123 396 1.277 (1.004-1.624)
IFNy  0.41 0.108  0.672 1.093 (0.884-1.35)

Multivariate logistic regression analysis to predict severe
risk (moderate vs. severe patients with COVID-19)
IL6 0.041 0.026 4.16 1.054 (1.002-1.108)
IL10  0.032 0.22 4.576 1.6 (1.04-2.462)

The significance values (<0.05) are shown in bold.
95% CI, 95% confidence interval.

p<0.01). Interestingly, there was a weak positive corre-
lation between IL6 and FOXP3 (r=0.26, p<0.05). The
gene expression correlations among cytokine and TFs are
shown as a heat map in Figure 4. The cytokine and TF
levels as predictors for severe COVID-19 were assessed by
univariate and multivariate logistic regression. In the uni-
variate analysis, the gene expression levels of IL6, IL17,
IL10, and TNFa were significant severe predictors. How-
ever, in the multivariate analysis, only IL6 and IL10 were
significant severe predictors (Table 3).

Discussion

There are numerous reports on the investigation of serum
cytokine levels in patients with COVID-19. However, few
studies are available on the dysregulation of gene expression
of cytokines and their associated TFs in the PBMCs of pa-
tients with COVID-19 (Gardinassi et al, 2020; Sadanandam
et al, 2020). In this study, a wide range of inflammatory and
anti-inflammatory cytokines and their associated TFs were
evaluated by quantitative real-time polymerase chain
reaction in moderate and severe Iranian patients with
COVID-19 compared with the HCs. Besides, their role and
correlation with each other in the formation of cytokine
storms were investigated.

The results of this study showed that the levels of IFNy,
T-bet (T-box expressed in T cell), and IL2 in patients with
COVID-19 were higher than HCs. However, this differ-
ence was not observed in the severe compared with
moderate patients with COVID-19. Conflicting results
have been reported regarding the association between se-
rum level of IL2 and the severity of COVID-19. Tjan et al
(2021) showed that IL2 serum levels were higher in
asymptomatic and mild patients than moderate and severe
patients, while Long et al (2020) showed that serum levels
of IL2 were directly correlated with the disease severity.
In our study, gene expression levels of IL2 and IFNy were
positively correlated with IL6 and TNF in COVID-19
patients.
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Recently, reports emphasized that the increased gene
expression of IL2 and IFNy in lymphocytes could be
syngeneic effects for systemic overexpression of IL6 and
TNFa, resulting in cytokine storms in severe and critical
patients with COVID-19 (Qin et al, 2022; Hu et al, 2021;
Kim et al, 2021; Mangalmurti and Hunter, 2020). The
most elevation of cytokine levels was observed for IL6
(FC: 2.47) and TNF-a (FC:1.88) in severe COVID-19
patients compared with moderate patients. Furthermore,
the IL6 expression levels showed a positive correlation
with TNFq, IL2, IFNy, and FOXP3.

Although the levels of other inflammatory cytokines, in-
cluding IL1p and IL8, were higher in patients with COVID-
19, this increase was not observed in severe patients with
COVID-19. Consistent with our results, Del Valle et al
(2020) showed the serum levels of TNFoa and IL6 were
associated with disease severity and other inflammatory
parameters. They reported elevated serum levels of TNFo,
IL6, and IL8 were the most important cytokines in the
production of cytokine storms (Del Valle et al, 2020).
However, the results of this study support the over-
expression of IL6, TNFa, IL2, and IFNy in severe COVID-
19 conditions.

Although the levels of other inflammatory cytokines, in-
cluding IL1p and IL8, were higher in patients with COVID-
19, this increase was not observed in severe patients with
COVID-19. Similar to the pattern of IL8 and IL1f expres-
sion levels, the values of IFN« and IFNf§ showed an increase
in patients with COVID-19 compared with HCs, but this
increase was not seen in severe disease conditions. Besides,
the expression levels of IFNo and IFNfS did not show a
significant correlation with inflammatory cytokines, in-
cluding IL1, IL2, IL6, IFNy, and TNFa.

The gene expression levels of IL10 as an anti-
inflammatory cytokine were increased in severe patients
compared with moderate patients. The results of multivari-
ate logistic regression showed that the simultaneous increase
of IL6 and IL10 was a significant indicator for predicting
severe patients versus moderate patients with COVID-19
(odds ratio [OR]=1.6). Han et al (2020) reported that serum
levels of IL6 and IL10 were higher in critical and severe
than mild and moderate patients with COVID-19 so that
these cytokines could be applied as a biomarker to predict
disease severity. However, our results showed no significant
correlation between IL10 and inflammatory cytokines, es-
pecially TNFo and IL6 levels in patients with severe
COVID-19. It seems that in severe COVID-19 patients with
elevated levels of IL6 and TNF, the values of IL10 did not
increase considerably.

Although an increase in GATA3 and IL4 gene expression
was seen in patients with COVID-19, this increase was not
significant. Some studies showed an increase in serum levels
of IL4 in the patients with COVID-19 compared HCs; this
increment was not observed in moderate and severe condi-
tions (Han et al, 2020). The TF NF-kB showed a significant
increase in patients with COVID-19 compared with HCs.
However, this difference was not seen in moderate and se-
vere patients. In several studies, the NF-xB pathway is
mentioned as one of the most important for controlling
cytokine storms in critical patients (Kandasamy, 2021;
RECOVERY Collaborative Group et al, 2021; Kircheis
et al, 2020; Seif et al, 2020; Liu et al, 2017).
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Interestingly, the expression levels of IL17 and RoRy were
higher in patients with COVID-19, especially severe ones.
However, this increase did not show a significant correlation
with the increase of other inflammatory cytokines such as
TNFa, IL6, and IL1J. The results of the ROC curve analysis
and univariate logistic regression in our study showed that, in
addition to IL6 expression, increasing IL17 expression could
also predict severe COVID-19 patients compared to moderate
ones (AUC=0.72, OR=1.33). Rare studies have reported
elevated levels of IL17 in severe COVID-19 patients (Bulat
et al, 2021; Balestri et al, 2020; Pacha et al, 2020; Ricardo
and Lipner, 2020; Wu and Yang, 2020).

Few studies are available on the various levels of IRF3,
PU1, and BCL6 TFs in the PBMC:s of patients with COVID-
19. In vivo and ex vivo studies have shown that strong im-
mune responses of IFN are not induced after exposure to the
MERS and the SARS-CoV family. Salman et al showed
that, despite the production of IFNo, the IFNf responses
were not strongly generated after exposure to the mentioned
viruses, especially SARS-Cov-2, which is related to the in-
complete activation of IRF3 (Salman et al, 2021), although
the results of our study showed that IRF3 levels increased in
severe patients with COVID-1, which did not result in an
increase in the expression levels of IFNo and IFNS.

Recently, several studies have shown that IL15 has in-
creased significantly in people with a critical condition of
the disease, who have died. It seems that due to the complex
pathophysiology of the disease and the systematic destruc-
tive effects of the production of inflammatory different cy-
tokines, supplemental studies are needed to determine the
exact reasons for the development of widespread inflam-
matory responses, especially in patients with severe and
critical conditions of COVID-19.

Conclusion

The results indicated that expression of TFs, including
RoRy, NF-xB, and T-bet, and cytokines, including IL2, IL6,
IFNy, IL1p, IL8, 1IL17, IFNa, and IFNp, significantly in-
creased in patients with COVID-19 compared with HCs. If
the results of this study are confirmed by the evaluation of
their protein products, they suggest that should be consid-
ered in the treatment and management of patients with
COVID-19. Also, the gene expression levels of IL6, TNFa,
IL17, IL10, IRF3, and FOXP3 were significantly higher in
patients with severe COVID-19. The data suggest that these
cytokines and TFs could be used as predictive factors for
disease severity in patients with COVID-19.
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