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ABSTRACT

A brand new virus that is known as Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) is the  
cause of this new disease called Coronavirus Disease 2019 (COVID-19). This new disease may lead to severe  
illnesses and eventually become fatal due to many complications related to cytokine storms. Cytokine storm  
could be described as pro-inflammatory cytokine response that is not controlled due to infection and other  
stimuli. The increase in cytokine levels can cause multiple organ systems damages. To protect the patient from  
tissue damage caused by the pro-inflammatory cytokine, a balanced immune response is needed. Many efforts  
have been tested to manipulate or prevent the cytokine storm. One of the potential targets is IL-10. IL-10 is a key  
role cytokine. The information regarding IL-10 that is currently available will be reviewed in this article, its  
role in the cytokine storm, and its potential as a curative agent in COVID-19.
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INTRODUCTION

In December 2019, a “strange pneumonia” was 
found in Wuhan, one of city in Hubei Province. 
From the 18th of December to 29th of December 
2019, there were several patients diagnosed with 
Acute Respiratory Distress Syndrome (ARDS) getting 
treatment. From the 31st of December 2019 to  
3rd of January 2020 these cases have increased  
rapidly. It is possible for this virus to be disseminated 
through human to another human being and in less  
than a month, both in China and a bunch of countries, 
this brand new virus has been beginning to outspread. 
Novel coronavirus (2019-nCoV) was initially the name 
of this new virus. Then on February 11th, 2020, WHO 
called the new virus as SARS-CoV-2 and then the 
cause as COVID-19 (1, 2). As of July 6th, 2020, there 
were about 11.5 million cases and 532,804 deaths  
worldwide. Meanwhile, in Indonesia currently, there  

are 64,958 cases of COVID-19 positive and 3,241 
deaths (1, 3).

SARS-CoV-2 can increase uncontrolled inflammation, 
termed as cytokine storms, which can eventually 
lead to ARDS, respiratory failure, sepsis, and other  
complications proved to be fatal. Cytokine storms,  
which are uncontrolled systemic inflammatory 
responses, could happen because there are huge 
amounts of pro-inflammatory cytokines and  
chemokines being released (4, 5-6). There is no doubt 
that the cytokine storm has contributed to a high  
death toll.

As of now, effective drugs or vaccine have yet to be  
found to cure COVID-19 or to avoid the SARS-CoV-2 
infection, the only choice for many affected countries 
is to apply strict limitation on almost all social activities 
(lockdown) and the attempts to use some antiviral  
drugs for viral control, as well as some medication to 
curb or prevent the cytokine storm. The sign of main 
reaction of normal macrophages in human to lower 
the dose of intracellular pathogens is IL-10 being 
produced. IL-10 may defend hosts from a large amount 
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of inflammatory reactions and tissue injuries secondary 
causing infections (7). The information regarding 
COVID-19 and the cytokine storm that is currently 
available will be reviewed in this article, the available 
targets for intervention, IL-10’s part in cytokine storm, 
and its potential as a therapeutic agent in COVID-19.

The pathomechanisms of COVID-19 and the cytokine 
storm
SARS-CoV-2, for the most part, infects the respiratory 
tract’s epithelial cell. SARS-CoV-2 binds to receptors 
and makes its way into the cell. The glycoprotein 
in the envelope spike virus will bind itself to the 
cellular receptor, the shape of it would be ACE2 in  
SARS-CoV-2. Inside the cell, SARS-CoV-2 releases an 
RNA genome and synthesizes the proteins needed,  
and then forms new viral that appears on the cell  
surface which then more cells would be spread 
on. While the immune system diagnositcates the 
antigen of viral, in the conditions of crucial tissue  
histocompatibility (MHC) antigens APC will be 
processing viral antigens and presenting both of them 
to the NK cell and CD8-positive cytotoxic T cells, 
which occurs at regular intervals. The presentation 
of antigen then further stimulates humeral also 
cellular immune responses, the exaggerated of pro-
inflammatory cytokines materialized because of them 
(3)  and chemokines (5, 8). Pro-inflammatory cytokines 
(Interferon-α, Interferon-γ, Interleukin-1β, IL-2, IL-6, 
IL-7, IL-10, IL-12, IL-18, IL-33, TNF-α, and TGF-β) and 
chemokines (CCL2, CCL3, CCL5, CXCL8, CXCL9, and 
CXCL10) that came in immoderate amount, responding 
SARS-CoV-2 is known as a cytokine storm. Whether 
the inflammation gets out of control, the possible cause 
of ARDS, sepsis, various organ damages and can even 
lead one to pass away in serious cases of SARS-CoV-2 
infection is cytokine storms (4-6).

The chance of modulating the cytokine storm
It has been shown that cytokine storm is a serious  
case in COVID-19. Efforts to dampen the cytokine  
storm are still a subject of ongoing studies. For example, 
one clinical trial in China (ChiCTR2000029765) 
discovered high levels of IL-6 in patients that badly suffer 
COVID-19 and associated those with poor outcome 
(9). The trial used tocilizumab (a monoclonal antibody 
that targets IL-6) in 21 patients severely diagnosed  
with COVID-19. The result shows that all patients  
without significant side effects were not deteriorating, 
thus have been released from the hospital. This 
promising study suggests that it could be beneficial  
to use neutralizing monoclonal antibodies (mAbs) to 
dampen inflammatory cytokines in larger trials with  
other possible targets such as IL-17 or IL-1 with their 
receptors (9-10). Another trial that is still ongoing 
is with the use of TNF-α as target and registered as 
ChiCTR2000030089 (cited by 12). TNF-α has a lot of 
roles such as mediator of the inflammatory response 

and promotes other cytokines and chemokines. The 
spike of SARS-CoV-2 that renders the TNF-α-converting  
enzyme (TACE), allows the host cell to be infiltrated 
with the virus and TNF-α levels, is increased if this 
pathway is facilitated (8, 11-12). TNF-α levels were 
found to be high in COVID-19 patients and positively 
have correlation to the seriousness of this disease (13). 
It could be concluded that TNF-α may be a potential 
option as treatment for COVID-19. In line with those 
findings, balancing the inflammatory response may 
represent an effective treatment for COVID-19. The 
immunomodulatory treatment has the potential to 
control cytokine storms.

The role of IL-10 in the cytokine storm
Cytokine synthesis inhibitory factor (CSIF) in human  
that is also usually called Interleukin-10 (IL-10) (14) 
and has the ability to suppress Th1 response indirectly.  
IL-10 has two kinds of receptors that form a 
heterotetramer, i.e. two chains of IL10R1 and two 
chains of IL-10R2 (15). The ligand-binding subunit  
and the signalling subunit are IL10R1 and ILR2, 
respectively (16-17). Massive amount of immune cells 
secrete a cytokine specifically IL-10, in which its effect 
on the immune system and inflammation is pleiotropic. 
When it comes to immune regulation, IL-10 is  
proved to have multiple roles. It has shown to inhibit 
production by dendritic cells and macrophages  
of many inflammatory molecules such as IL-12,  
MHC and other costimulatory molecules. It has also 
shown to have a role in B cell survival, proliferation 
and antibody production. It also has a role in 
tumour immunity (17-18). In one hand, IL-10 has 
the role in remodelling damaged tissues and wound 
healing, but on the other hand, it can limit antiviral,  
antibacterial responses (18).

IL-10, as how they have been displayed in several  
studies, is able to suppress pro-inflammatory cytokine 
in HIV, HBV, influenza virus, dengue, and other virus 
infection (19-22). Dendritic, natural killer (NK) cells  
and cytotoxic T cells are the main immune cells  
involved in viral detection and elimination during the 
beginning stage of viral infections. In the first phase, 
viruses typically trigger the involvement of pathogen 
recognition receptor (PRR) after a recognition via 
pathogens-associated molecular patterns (PAMPs) 
or danger-associated molecular patterns (DAMPs). 
Once virus infects the host cells, PAMPs molecules 
are recognized by the dendritic cells (DC). These cells 
can secrete cytokines (Type I IFN, IL-2, and IL-15)  
in recruiting further cells to the infection’s site. These 
include NK cells. NK cells use their surface receptors 
to detect foreign molecules in the body such as  
viruses. DCs that detect viruses also can activate  
T cells that specifically recognize the virus based on 
its surface antigens. The antiviral state in antigen-
presenting cells (APC) was getting elicited because  
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of the recognition of PAMP and DAMP, then  
produces type I IFN, the innate immune response will 
immediately start (23). In countering or limiting the 
pro-inflammatory defense that is activated by PRR s 
ignalling, cytokine IL-10 is induced in DCs. The  
existence of IFN-γ is possible to antagonize APC that 
produces IL-10. In the phase of infection that was  
late, higher levels of IL-10 could be found as a response  
to a hyperinflammatory state or cytokine storm (24).

The potential of IL-10 as immune modulator
IL-10’s effect is depending on the condition. At the 
time when the inflammation is at a high level, it is  
important to down-regulate the immune response 
to keep away from tissue damage. This means that 
immunopathology occurs when the production of  
IL-10 is insufficient. However, if it was indicated that 
the damage risk of immune-mediated as high, IL-10’s 
activity is potentially useful for the host. The activity of  
IL-10 immunosuppressive could be considered 
beneficial for the host when the immune response to 
non-harmful stimuli is overreacting. This is to ensure 
how the immune response is non excessive but just 
preservative to the host. In contrast, it is then not 
appropriate for suppression of IL-10 to be too much 
and clearing the viral infection sufficiently is failed  
due to the overall effect, which may lead to infection 
that is more chronic. Some studies reported that IL-10 
was produced by APCs in the late phase of activation 
(23, 25), suggesting that IL-10 was induced by viral 
PAMPs to balances the pro-inflammatory signals.

The potential role of IL-10 in COVID-19 cytokine  
storm
It is well known that COVID-19 patients showed a  
cytokine profile which is consistent with a 
hyperinflammatory condition triggered by viral 
infection (26-28). The excessive release of cytokines  
and chemokines into the circulation caused some 
impact on numerous organs that is very much wide and 
detrimental. When this pathological state or condition 
occurs, it is important to try to dampen the exaggerated 
immune response by giving immunosuppressive 
cytokine such as IL-10 or induce its secretion by the 
immune cells, in order to produce an immune response 
that is not damaging the host in the process but enough 
to clean the pathogen.

Systemic protein of IL-10 administration is not decent 
because of the rapid breakdown of protein. Fortunately, 
there have been some developments regarding several 
methods that is used so that IL-10 can be escalated  (e.g. 
protein administration, viral vectors, naked plasmid 
DNA, plasmid DNA packaged in polymers to enhance 
their uptake into target cells, and adenosine 2A agonists) 
(29). When it is deemed as necessary for something 
like in the cytokine storm of COVID-19 to be relieved 
immediately and transiently then it is possible for IL-10 
protein administration to be straight up useful in clinical 

circumstances. Their other use is to be an adjuvant to 
longer-term gene therapies, they could provide relief 
immediately during the period exactly when therapeutic 
onset of the gene therapy got delayed (29).

CONCLUSION

Due to its immunoregulatory and immunosuppressive 
effects, IL-10 can be seen as an alternative cytokine 
treatment for patients that suffers badly from COVID-19 
with the experience of a cytokine storm. Although several 
pieces of evidence suggest that IL-10 might be a target 
that is very much invaluable for the treatment of this 
disease caused by viral infection (30), further research 
about this is necessary to determine the appropriate 
timing and the full scope of impacts related with  
IL-10-based therapy.

REFERENCES

1.	 World Health Organization. Coronavirus disease 
2019 (COVID-19) Situation Report -70 [Internet]; 
2020 [cited 2020 July 06]. Available from : https://
www.who.int/docs/defaultsource/coronaviruse/
situationreports/20200330-sitrep-70-covid-19.
pdf?sfvrsn=7e0fe3f8_2_.

2.	 Unhale S, Bilal Q, Sanap S, Thakhre S, Wadatkar 
S, Bairagi R, et al. A review on corona virus 
(Covid-19). WJPLS. 2020;6:109-115.

3.	 Susilo A, Rumende C, Pitoyo C, Santoso W, 
Yulianti M, Herikurniawan, et al. Coronavirus 
Disease 2019: Tinjauan Literatur Terkini. Jurnal 
Penyakit Dalam Indonesia. 2020;7(1):45-67.

4.	 hang H, Penninger JM,  Li Y, Zhong N, Slutsky 
AS. Angiotensin-converting enzyme 2 (ACE2) as a 
SARS-CoV-2 receptor: molecular mechanisms and 
potential therapeutic target.  Intensive Care Med. 
2020;46(4):586-590.

5.	 Li X, Geng M, Peng Y, Meng L, Lu S. 2020. 
Molecular immune pathogenesis and diagnosis of 
COVID-19. J Pharm Anal. 2020;10(2):102-108.

6.	 Leng Z, Zhu R, Hou W, Feng Y, Yang Y, Han Q, et al. 
Transplantation of ACE2-Mesenchymal stem cells 
improves the outcome of patients with COVID-19 
pneumonia. Aging and Disease. 2020;11(2):216.

7.	 Mege JL, Meghari S, Honstettre A, Capo C, Raoult D. 
The two faces of interleukin 10 in human infectious 
diseases. Lancet Infect Dis. 2006;6(9):557–569. 

8.	 Soy M, Keser G, Atagündüz P, Tabak F, Atagündüz 
I, Kayhan S. Cytokine storm in COVID-19: 
pathogenesis and overview of anti-inflammatory 
agents used in treatment.  Clin Rheumatol. 
2020;39(2020):2085–2094.

9.	 Cao, X. COVID-19: immunopathology and its 
implications for therapy. Nat Rev Immunol. 
2020;20(2020):269-270.

10.	 Luo P, Liu Y, Qiu L, Liu X, Liu D, Li J. Tocilizumab 
treatment in COVID-19: A single center experience. 
J Med Virol. 2020;92(7):4–8.



Mal J Med Health Sci 17(SUPP2): 165-168, April 2021168

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

with Chronic Hepatitis. West Indian Med J. 
2015;64(2):71–75. 

21.	 Cunningham L. Influenza infection: the origin and 
role of IL10. Thorax. 2009;64(9):805.

22.	 Malavige GN, Jeewandara C, Alles KM. 
Suppression of virus specific immune responses by 
IL-10 in acute dengue infection. PLoS Negl Trop 
Dis. 2013;7(9):e2409.

23.	 Rojas JM, Avia M, Martín V, Sevilla N. IL-10: A 
Multifunctional Cytokine in Viral Infections. J. 
Immunol. Res. 2017;2017:1–14.

24. 	 Saghazadeh A, Rezaei N. Immune-epidemiological 
parameters of the novel coronavirus – a perspective. 
Expert Rev. Clin. Immunol. 2020;16(5):1–6. 

25.	 Howes A, Gabryšová L, O’Garra A. 2014. Role of 
IL-10 and the IL-10 Receptor in Immune Responses. 
Reference Module in Biomedical Sciences.

26.	 Rahmati M, Moosavi M. Cytokine-targeted therapy 
in severely ill COVID-19 patients: Options and 
cautions. EJMO. 2020;4(2):179-181.

27.	 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et 
al. Clinical features of patients infected with 2019 
novel coronavirus in Wuhan, China. Lancet. 
2020;395:497–506.

28.	 Wang J, Jiang M, Chen X, Montaner LJ. Cytokine 
storm and leukocyte changes in mild versus  
severe SARS-CoV-2 infection: Review of 3939 
COVID-19 patients in China and emerging 
pathogenesis and therapy concepts. J Leukoc Biol. 
2020;1-25.

29.	 Kwilasz AJ, Grace PM, Serbedzija P, Maier 
SF, Watkins LR. The therapeutic potential 
of interleukin-10 in neuroimmune diseases. 
Neuropharmacology. 2015;96(Pt A):55–69.  

30.	 Sun X, Wang T, Cai D, Hu Z, Chen J, Liao H, et 
al. Cytokine storm intervention in the early stages 
of COVID-19 pneumonia. Cytokine Growth  
Factor Rev. 2020;53(20):38-42.

11.	 Puttini PS, Valeria G, Silvia S, Daniela M, Sandro 
A, Giuliano R, et al. COVID-19, cytokines and 
immunosuppression: what can we learn from 
severe acute respiratory syndrome?. Clin Exp 
Rheumatol. 2020;38:337-342.

12.	 Iannaccone G, Scacciavillani R, Del Buono MG, 
Camilli M, Ronco C, Lavie CJ, et al. Weathering 
the Cytokine Storm in COVID-19: Therapeutic 
Implications. Cardiorenal Med. 2020;1–11.

13.	 Ferro F, Elefante E, Baldini C, Bartoloni E, 
PuxedduI, Talarico R, et al. COVID-19: the new 
challenge for rheumatologists. Clin Exp Rheumatol. 
2020;38(2):175–180.

14.	 Mühl H. Pro-inflammatory signaling by IL-10 and 
IL-22: bad habit stirred up by interferons?. Front. 
Immun. 2013;4(18):1-18.

15.	 Moore KW, de Waal Malefyt R, Coffman RL, 
O’Garra A. Interleukin-10 and the interleukin-10 
receptor. Annu Rev Immunol. 2001;19(1):683-
765.

16.	 Donnelly RP, Sheikh F, Kotenko SV, Dickensheets 
H. The expanded family of class II cytokines that 
share the IL-10 receptor-2 (IL-10R2) chain. J Leukoc 
Biol. 2004;76(2):314–321.

17.	 Wilson EB,  Brooks DG. The Role of IL-10 in 
Regulating Immunity to Persistent Viral Infections. 
Negative Co-Receptors and Ligand. 2010;350:39–
65.

18. 	 Saraiva M, Vieira P, O’Garra A. Biology and 
therapeutic potential of interleukin-10. JEM. 
2019;217(1):1-19.

19.	 Brockman MA, Kwon DS, Tighe DP, Pavlik DF, 
Rosato PC, Sela J, et al. IL-10 is up-regulated in 
multiple cell types during viremic HIV infection 
and reversibly inhibits virus-specific T cells. Blood. 
2009;114(2):346–356.

20.	 Özgüler M, Akbulut HH, Akbulut A. Evaluation 
of Interleukin-10 Levels in Patients Diagnosed 


