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Graphical Abstract

Lung injury

Abstract.

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is responsible for the greatest
pandemic of the 21st century. Since December
2019 until now more than nine millions have been
infected by the virus and almost five hundred
thousand people lost their lives for Coronavirus
disease 2019 (COVID-19). Some mechanisms
were associated to COVID-19 pathophysiology
and specially in severe cases a specific
dysregulation in the immune system could be
identified, the cytokine storm. In that situation
occurs a decrease in the anti-inflammatory and
protective immune compounds and an increase in
peripheral blood of pro-inflammatory, such as
interleukin-2 (IL-2), IL-6, IL-10 and interferon-
gamma (IFN-y) that cause lung injury and
worsens the patient's prognosis. So, this work
aimed to review the role played by cytokine storm
in SARS-CoV-2 infection, in order to better
understand the molecular events behind out-of-
control cytokine response in severe COVID-19
patients.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was first notified in Wuhan,
China, in December 2019. It is a virus with greater transmissibility and pathogenicity than the severe
acute respiratory syndrome coronavirus (SARS-CoV-2), that emerged in 2002. SARS-CoV-2 is the
pathogen responsible for coronavirus disease 2019 (COVID-19) that has a wide range of clinical
presentations since asymptomatic or with mild, moderate and severe symptoms.

Mild COVID-19 cases have a range of clinical manifestations, including cough, fever, malaise,
myalgias, gastrointestinal symptoms, and anosmia but without great complications. On the other hand,
these critically ill and dead patients did not develop severe clinical manifestations in the early stages of
the disease. However, the conditions of these patients deteriorated suddenly in the later stages of the
disease or in the process of recovery. Pneumonia, acute respiratory distress syndrome (ARDS) and
multiple-organ failure occurred rapidly, resulting in death within a short time [1].

COVID-19-induced severe respiratory symptoms are due to prominent alveolar damage with
eosinophilic exudates, hyaline membrane formation, mononuclear inflammatory cells, multinucleated
giant cells, severe pneumocyte hyperplasia, and interstitial thickening [2]. Furthermore, a subsequent
peripheral flow cytometry analysis found a decrease in CD4* and CD8" T-cells but an increase in the
Th17 cell proportion [3]. These findings indicate that a key mechanism associated with the deterioration
of the COVID-19 is the cytokine storm [4], an exacerbated immune response of the host to some
conditions, as already observed in some viral infections, e.g. HIN1 or H5N1 influenza viruses.

Therefore, this work aimed to review the role played by cytokine storm in SARS-CoV-2
infection, in order to better understand the molecular events behind out-of-control cytokine response in
severe COVID-19 patients.

Results and Discussion

Cytokine storm or cytokine release syndrome (CRS) is a systemic inflammatory response that
can be caused by infection, some drugs and other factors, characterized by a sharp increase in the level
of a large number of pro-inflammatory cytokines. CRS is more common in immune system related
diseases and immune-related therapy such as chimeric antigen receptor T-cell (CAR-T) therapy, organ
transplantation sepsis and viral infections. SARS-CoV-2 binds to alveolar epithelial cells via
angiotensin-converting enzyme 2 (ACE2) that is presents in these cells. The virus then activates the
innate and adaptive immune systems, resulting in the release of a large number of cytokines, including
IL-6. Then, vascular permeability is increased by pro-inflammatory factors, resulting in a large amount
of fluid and blood cells entering the alveoli, resulting in dyspnoea and even respiratory failure [5] (Figure
1).

Another observed event is a significant reduction of the number of regulatory T cells. Severe
lymphopenia is a very early sign of the disease, preceding pulmonary problems, and tends to normalize
as the patient improves. Lymphopenia is included among diagnostic criteria in China. Despite low
numbers, both CD4 and CD8 positive lymphocytes express the high amount of HLA-DR4 and CD38
showing hyperactivity [SOY].Generally, the number of CD8 T lymphocytes recovers in 2—-3 months,
whereas it may take nearly a year for the memory CD4 T lymphocytes to recover in SARS-CoV infection
[6]. Additionally, monocytes and macrophages are increased, which may explain elevated levels of pro-
inflammatory cytokines such as interleukin (IL)-6, IL-1, tumor necrosis factor (TNF)a, and 1L-8, which
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in some patients turn out to be a real cytokine storm, causing a harmful effects to lung and several body

systems.

Figure 1. lllustrative mechanism of cytokine release syndrome in COVID-19 patients.
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Adapted from Zhang et al., 2020 [7].

IL-6 plays a central role in the cytokine storm. It is a multi-effective cytokine with both anti-
inflammatory and pro-inflammatory effects. IL-6 can promote T-cell population expansion and
activation and B-cell differentiation, regulate the acute phase response, and affect the hormone-like
properties of vascular disease, lipid metabolism, insulin resistance, mitochondrial activity,
neuroendocrine system and neuropsychological behaviour. In addition, IL-6 promotes the differentiation
of osteoclasts and angiogenesis, the proliferation of keratinocytes and glomerular membrane cells, and
the growth of myeloma and plasmacytoma cells [8].

During COVID-19 infection, T lymphocytes could be hyperactivated, and there is an enormous
amount of pro-inflammatory cytokines including, specially I1L-6, which contribute to vascular
permeability, plasma leakage, and DIC, thereby causing pulmonary damage and ARDS, as well as multi-
organ failure. A rational strategy to combat this damage scenario could be use tocilizumab (TCZ), an IL
receptor antagonist. Currently, TCZ is used for therapy of rheumatoid arthritis, temporal arteritis, and
many other autoimmune rheumatic diseases [9], in addition to having already been reported to control
cytokine storm, which may be induced by CAR-T treatment [10]. Some reports indicated that TCZ was
used in patients with severe COVID-19 infection complicated with cytokine storm and ARDS and
resolved the fever and hypoxemia and improvement in serum CRP levels and pulmonary CT findings
[11].
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A recent preliminary study from the UK showed that dexamethasone reduced deaths by one third
in ventilated patients and by one-fifth in COVID-19 patients that were on oxygen only [12]. It was
postulated that early treatment with corticosteroids in patients with rising C-reactive protein and
worsening hypoxemia may help prevent or attenuate the hyper-inflammatory response associated with
this condition. In this way, due to its abilities as immunosuppressive, the corticosteroids could be a
plausible tool to control the cytokine storm in COVID-19 patients.

Conclusions

Taken together, the above observations indicates that cytokine storm can be improve the
COVID-19 severity. Understanding the immune dysregulation in patients with COVID-19 not only
provides a greater understanding of SARS-CoV-2 pathogenesis but also identifies targets for immune
therapeutics. In special, drugs as the IL-6R antagonist tocilizumab and the corticosteroid dexamethasone
may be an important drug to reduce infection symptoms and save patients’ lives.

References

[1] Special Expert Group for Control of the Epidemic of Novel Coronavirus Pneumonia of the Chinese Preventive Medicine.
Association An update on the epidemiological characteristics of novel coronavirus pneumonia (COVID-19). Chin J
Epidemiol, 2020, 41, 139-141.

[2] Tian, S.; Hu, W.; Niu, L.; Liu, H.; Xu, H.; Xiao, S.-Y. Pulmonary Pathology of Early-Phase 2019 Novel Coronavirus
(COVID-19) Pneumonia in Two Patients With Lung Cancer. J Thorac Oncol, 2020, 15, 700-704.

[3] Xu. Z.; Shi, L.; Wang, Y.; Zhang, J.; Huang. L.; Zhang, C. et al. Pathological findings of COVID-19 associated with
acute respiratory distress syndrome. Lancet Respir Med, 2020, 8, 420-422.

[4] Shimabukuro-Vornhagen, A.; Godel, P.; Subklewe, M.; Stemmler, H.J.; Schl6Ber, H.A.; Schlaak, M.; Kochanek, M.;
Boll, B.; von Bergwelt-Baildon, M.S. Cytokine release syndrome. J Immunother Cancer, 2018, 6, 56-70.

[5] Chen, C.; Zhang, X.R.; Ju, Z.Y.; He, W.F. Advances in the research of cytokine storm mechanism induced by Corona
Virus Disease 2019 and the corresponding immunotherapies. Zhonghua Shao Shang Za zhi, 2020, 36, E005.

[6] Xu, Z.; Shi, L.; Wang, Y.; Zhang, J.; Huang, L.; Zhang, C.; Liu, S.; Zhao, P.; Liu, H.; Zhu, L. Pathological findings of
COVID-19 associated with acute respiratory distress syndrome. Lancet Respir Med, 2020, 8, 420-422.

[7] Zhang, C.; Wu, Z.; Li, J-W.; Zhao, H.; Wang, G. Cytokine Release Syndrome in Severe COVID-19: Interleukin-6
Receptor Antagonist Tocilizumab May Be the Key to Reduce Mortality. Int J Antimicrob Agents, 2020, 55, 105954.

[8] Hunter, C.A.; Jones, S.A. IL-6 as a keystone cytokine in health and disease. Nat Immunol, 2015, 16, 448-457.

[9] Ding, C.; Jones, G. Anti-interleukin-6 receptor antibody treatment in inflammatory autoimmune diseases. Rev Recent
Clin Trials, 2006, 1, 193-200.

[10] Dholaria, B.R.; Bachmeier, C.A.; Locke, F. Mechanisms and management of chimeric antigen receptor T-cell therapy-
related toxicities. BioDrugs, 2019, 33, 45-60.

[11] Stebbing, J.; Phelan, A.; Griffin, I.; Tucker, C.; Oechsle, O.; Smith, D.; Richardson, P. COVID-19: combining antiviral
and anti-inflammatory treatments. Lancet Infect Dis, 2020, 20,400-402.

[12] Selvaraj, V.; Dapaah-Afriyie, K.; Finn, A.; Flanigan, T. P. Short-Term Dexamethasone in Sars-CoV-2 Patients. R | Med
J, 2020, 19, 39-43


http://sciforum.net/conference/mol2net-06
http://sciforum.net/conference/mol2net-06

