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COVID-19 is an acute infectious disease of the respiratory system caused by infection with the SARS-CoV-2 virus

(Severe Acute Respiratory Syndrome Coronavirus 2). Transmission of SARS-CoV-2 infections occurs through

droplets and contaminated objects. A rapid and well-coordinated immune system response is the first line of

defense in a viral infection. However, a disturbed and over-activated immune response may be counterproductive,

causing damage to the body. Severely ill patients hospitalised with COVID-19 exhibit increased levels of many

cytokines, including Interleukin (IL)-1β, IL-2, IL-6, IL-7, IL-8, IL-10, IL-17, granulocyte colony stimulating factor (G-

CSF), monocyte chemoattractant protein 1 (MCP-1) and tumor necrosis factor (TNF). Increasing evidence

suggests that Th17 cells play an important role in the pathogenesis of COVID-19, not only by activating cytokine

cascade but also by inducing Th2 responses, inhibiting Th1 differentiation and suppressing Treg cells.

COVID-19 pneumonia  SARS-CoV-2  cytokines  Th17 response  IL-17  IL-23

1. Introduction

COVID-19 is an acute infectious disease of the respiratory system caused by infection with the SARS-CoV-2 virus

(Severe Acute Respiratory Syndrome Coronavirus 2), belonging to the coronavirus family. Coronaviruses (CoVs)

are a large group of enveloped, positive-strand RNA viruses that infect mammals and birds. So far, seven species

of human pathogenic CoVs (HCoVs) have been identified. Two of these, with high virulence Severe Acute

Respiratory Syndrome Coronavirus (SARS-CoV) and Middle East Respiratory Syndrome-related Coronavirus

(MERS-CoV), caused widespread epidemics, which were limited by sanitary and epidemiological control methods.

Other HCoVs are a common (15–30%) cause of upper respiratory tract infections in humans . Transmission of

SARS-CoV-2 infections occurs through droplets and contaminated objects. Due to the presence of the virus in

many bodily fluids (including nasal and pharyngeal secretions, sputum, tears and blood), other transmission routes

are not excluded . The incubation period is five days, and the symptoms include fever, cough, dyspnea and

muscle pain .

Upon hospital admission, patients exhibit many abnormalities in laboratory test results, including a decreased

lymphocyte, monocyte and platelet count, as well as an increased level of C-reactive protein (CRP), D-dimers,

lactate dehydrogenase (LDH), alanine transaminase (ALT) and aspartate transaminase (AST) . Chest CT

findings in patients with COVID-19 pneumonia include ground glass opacities (GGOs), crazy paving patterns and

peripheral consolidation .
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Cytokines play an important role in the immunopathology of viral infections. A rapid and well-coordinated immune

system response is the first line of defense in a viral infection. However, a disturbed and over-activated immune

response may be counterproductive, causing damage to the body. Excessive activation of immune system in

response to both infectious and non-infectious agents causing production of pro-inflammatory cytokines is

described as “cytokine storm syndrome” (CSS), an acute inflammatory reaction that leads to multiple organ failure.

Severely ill patients hospitalised with COVID-19 exhibit increased levels of Interleukin (IL)-1β, IL-2, IL-6, IL-7, IL-8,

IL-10, IL-17, granulocyte colony stimulating factor (G-CSF), monocyte chemoattractant protein 1 (MCP-1) and

tumor necrosis factor (TNF) .

So far, CSS recognition criteria have not been well established, and the term is used for critically ill patients with

high levels of pro-inflammatory cytokines . Increasing evidence suggests that Th17 cells play an important role in

the pathogenesis of COVID-19, not only by activating cytokine cascade but also by inducing Th2 responses,

inhibiting Th1 differentiation and suppressing Treg cells .

The present review focuses on a Th17 pathway in the course of the immune response in COVID-19, and explores

plausible targets for therapeutic intervention.

2. Mechanisms of SARS-CoV-2 Invasion

There are four distinguishable structural proteins: the spike (S), the membrane (M), the nucleocapsid (N) and the

envelope (E) protein in SARS-CoV-2 structure. Furthermore, in SARS-CoV-2 infection, the entry-point receptor on

the host cell is also angiotensin-converting enzyme 2 (ACE2). Interaction of SARS-CoV-2 spike protein via the

receptor-bind domains (RBDs) with the cell receptor ACE2 induces the endocytosis, and enables entry into many

different types of cells, including type II alveolar epithelial cells, monocytes and macrophages. Priming and

activation of S protein by the transmembrane serine protease (TMPRSS) 2, TMPRSS4, Factor Xa or by cathepsin

is needed in order to facilitate cell surface entry, thus enabling the fusion of SARS-CoV-2 virus with the host cells

and viral replication . It has been shown that SARS-CoV-2 has 10–20 times higher binding affinity to ACE2

than SARS-CoV, which may result in more effective viral transmission through droplets from individuals with

COVID-19. More efficacious transmission and a longer incubation period may explain a much greater number of

cases infected than of Severe Acute Respiratory Syndrome (SARS) .

The role of ACE2 is the conversion of angiotensin II (Ang II) into angiotensin  (Ang ), which shows

cardiovascular protective function through its vasodilatory, anti-inflammatory and antiproliferative effects. SARS-

CoV-2 infection causes a decrease in ACE2 expression, resulting in the inhibition of its regulatory and protective

functions. Moreover, the downregulation of ACE2 causes an increase of Ang II concentrations in the serum, which

in addition to being a vasoconstrictor, has proliferative and pro-inflammatory properties .

The ACE2 is expressed in most tissues, but the highest expression has been found in the endothelial cells of blood

vessels and epithelial cells of the respiratory tract, gastrointestinal tract and kidneys. Therefore, there is a variety of

cell lines susceptible to SARS-CoV-2 . New evidence suggests that among these, the highest replication
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rate occurs in pulmonary and intestinal cell lines. Furthermore, significant replication occurs in the hepatic and

renal cells lines .

3. T Cells Differentiation

Naïve CD4  T cells differentiate into several subgroups of effector cells, depending on their function and released

cytokines. The main subsets are T helper type 1 (Th1), T helper type 2 (Th2), T helper type 17 (Th17) and

regulatory T (Treg) cells .

Increased expression of signal transducer and activator of transcription 1 (STAT1) and T-box transcription factor 21

(TBX21) induce Th1 phenotype cells and production of interleukin 2 (IL-2), interferon-γ (IFN-γ) and tumor necrosis

factor (TNF). Th1 cells are responsible for the mediation of immune responses against intracellular pathogens by

promoting the activation of macrophages, B cells, NK cells and CD8  T cells. Even though Th1 cells are essential

for the clearance of intracellular pathogens, exaggerated Th1 response have been associated with diseases such

as rheumatoid arthritis and multiple sclerosis . Recent studies in COVID-19 provided evidence for the

beneficial role of Th1 responses directed against SARS-CoV-2 for the resolution of symptoms and infection in

convalescent individuals. In contrast, Th2 cells activated by the increased expression of STAT6 and GATA binding

protein 3 (GATA3) produce IL-4, IL-5, IL-10 and IL-13, and are responsible for the mediation of immune responses

against extracellular pathogens by promoting the activation of eosinophils, basophils and mast cells. Dysregulation

of Th2 responses have been associated with the exacerbation of allergic reactions and autoimmune diseases such

as systemic lupus erythematosus . Th17 cells, induced by RAR-related orphan receptor (ROR) γt, RORα and

STAT3, produce IL-17A, IL-17F, IL-21 and IL-22, and have been suggested to be crucial for autoimmune

inflammation . In comparison to the Th1 immune responses, the antigen-specific Th2 or Th17 responses were

not detected in a convalescent state, since they have been suggested to play a role in the immune-driven lung

injury and contributed to the ARDS progression through facilitating neutrophil recruitment .

In contrast, Treg cells are essential for inhibiting immune responses by suppressing the activity of a variety of cells.

Tregs are induced by forkhead box protein 3 (Foxp3), and produce anti-inflammatory cytokines TGF-β and IL-10

.

The direction of differentiation depends on many factors, but the most important role is played by the cytokines

present during activation. Cytokines promoting Th1 cell differentiation are mainly IL-12 and IFN-γ, while IL-4 and

IL-2 contribute to Th2 cell formation . Many cytokines contribute to the differentiation of Th17 cells. Naïve CD4

cells differentiate into Th17 under the synergistic exposure to TGF-β and IL-6. In addition, IL-21 and IL-23

contribute to the formation of pathogenic Th17 cells, while IFN-γ, IL-2 and IL-4 inhibit the process .

4. Th17 Lineage

In the immune system, Th17 cells have both a protective and pathogenic role. Therefore, the Th17 phenotype has

been associated with chronic inflammation and autoimmune diseases. A wide array of cytokines, including IL-17A,
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IL-17F, IL-21, IL-22, granulocyte-macrophage colony-stimulating factor (GM-CSF), IL-10 and IFN-γ are produced

by the Th17 subset .

IL-17 attracts neutrophils and monocytes to the infected tissue and induces production of cytokines like G-CSF and

IL-6 that promote innate inflammation and chemokines such as the C-X-C motif chemokine ligand (CXCL) 1,

CXCL2 and CXCL10, which recruit myeloid cells to the site of infection. IL-17 is produced mainly by CD4 , CD8

and innate lymphoid cells (ILCs), but under certain circumstances may be also produced by neutrophils. Studies

have shown increased levels of IL-17A in patients with diseases such as psoriasis, asthma, rheumatoid arthritis

and multiple sclerosis .

IL-21 plays an important role in the differentiation and function of T follicular helper (Tfh) and Th17 cells.

Furthermore, IL-21 is responsible for differentiation of B cells into plasma cells and the enhancement of

immunoglobulin production. IL-21 has been associated with diseases such as systemic lupus erythematosus,

primary Sjogren’s syndrome, type 1 diabetes and psoriasis .

In contrast, IL-22 promotes proliferation in non-hematopoietic epithelial cells and fibroblasts in many tissues,

including skin, lungs and the gastrointestinal tract. In addition, IL-22 is involved in tissue regeneration and the

regulation of defense mechanisms at barrier surfaces. Nonetheless, increased concentrations of IL-22 have been

demonstrated in patients with ulcerative colitis and Crohn’s disease. Moreover, IL-22 is strongly linked to cancer in

many sites, including the skin, lung and colon, by its contribution to tumor growth and malignancy .

GM-CSF is produced at inflammation sites, and is involved in the proliferation of myeloid cells from progenitor cells.

Furthermore, evidence shows its importance in managing functions of mature myeloid cells. Increased levels of

GM-CSF have been found in patients with lung and colorectal cancer, rheumatoid arthritis and multiple sclerosis

.

IFN-γ plays a crucial role in the clearance of virally infected cells through the promotion of cytotoxic T-cell

responses. Additionally, IFN-γ is responsible for the activation of macrophages to produce a wide array of

inflammatory mediators and increase tumoricidal activity of NK cells. Nevertheless, IFN-γ has been associated with

autoimmune diseases such as dermatomyositis, rheumatoid arthritis and systemic lupus erythematosus 

.

5. IL-23 Influence on Th17 Pathogenicity

As previously mentioned, the synergistic influence of TGF-β and IL-6, inducing transcription factor RORγt, is

needed for the development of Th17 cells. However, it has been demonstrated that exposure to IL-23 is essential

for expansion of Th17 cells, and triggers their pathogenicity (Figure 1). IL-23 is a heterodimeric pro-inflammatory

cytokine formed by a unique subunit p19, and shared with IL-12, subunit p40. IL-23 is produced by monocytes,

macrophages and dendritic cells, as well as signals through transcriptional factors IL12-Rβ1 and IL-23R. In

pathological states, excessive IL-23 signaling induces the production of pathogenic mediators, such as IL-17, IL-
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22, GM-CSF and TNFα promoting the recruitment of monocytes and granulocytes causing damage at the

inflammation site, thus inducing chronic inflammation and the development of clinical symptoms .

Figure 1. Development of pathogenic Th17 cells. Synergistic exposure to TGF-β and IL-6 induces transcription

factors RORγt and Foxp3 to produce IL-17, IL-21 and an anti-inflammatory cytokine IL-10. Another way of inducing

Th17 cells is synergistic exposure to IL-6 and IL-1β, which are produced under influence of TNFα. However,

exposure to IL-23 induces receptor IL-23R to produce IL-17, IL-21, IL-22 and GM-CSF, therefore making Th17 cells

pathogenic. Furthermore, it has been shown that IL-23 reduces the concentrations of IL-10, additionally

contributing to Th17 pathogenicity.

6. Th17 and Tc17 Cells in COVID-19

Increasing evidence suggests that the Th17 inflammatory response plays an important role in the pathogenesis of

COVID-19 pneumonia. Exacerbation of the immune response occurs through the release of cytokines such as IL-

17 and GM-CSF, the promotion of neutrophil migration and the downregulation of the Treg response. Unlike Th17

cells, Treg cells express anti-inflammatory mediators (IL-4, IL-10 and TGF-β) and play an important role in

weakening overactive immune responses . The Treg/Th17 cell ratio is decreased in patients with severe COVID-

19 due to the decreased number of Treg cells, indicating the insufficient regulation of pro-inflammatory responses

. Furthermore, prior evidence shows that the Treg/Th17 balance is associated with the severity of

uncontrolled systemic inflammation in Acute Lung Injury (ALI) and Acute Respiratory Distress Syndrome (ARDS)

. Therefore, the dysregulation of the Treg/Th17 cells ratio skewing towards the Th17 phenotype may

contribute to the uncontrolled release of cytokine and chemokine cascades in COVID-19 patients, leading to

aggravated inflammatory responses and tissue damage . Several studies demonstrated increased levels of IL-

17 and GM-CSF in peripheral blood and tears of patients with COVID-19, and a higher fraction of Th17 cells in

bronchoalveolar lavage fluid of these patients . Similarly, robust Th17 responses were

observed in patients with MERS-CoV and SARS-CoV infections . A strong Th17 response was also

observed in H1N1 influenza virus infection ; moreover, prior evidence associated IL-17 with Acute Respiratory

Distress Syndrome and Neonatal Respiratory Distress Syndrome (NRDS) . Increased concentrations of IL-17
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were found in plasma and alveolar fluid of patients with ARDS. In addition, when compared to survivors,

significantly higher levels of IL-17 were found in a group of non-survivors. Furthermore, a negative correlation

between the PaO /FiO  ratio and level of IL-17 was found in these patients . Interestingly, it has been shown

that in macaques infected with the simian immunodeficiency virus, the percentage of CD161 CD8  Tc17 cells

producing IL-17 in lung tissue was four times higher than in peripheral blood. Additionally, these cells could secrete

more IL-17 than those present in peripheral blood . Thus, IL-17 might promote pulmonary inflammation,

following the infection by neutrophil and monocyte migration to the lungs, and by activating other cytokine

cascades (G-CSF, TNFα, IL-1β and IL-6) . In addition, plasma from COVID-19 patients revealed a fourfold

increase of the IFN-γ levels, which activates macrophages to produce proinflammatory cytokines, indicating a

Th1/Th17 response . Elevated levels of IFN-γ were also found in MERS-CoV infections . Moreover,

prior evidence shows that high concentrations of IFN-γ in rapidly progressive interstitial lung disease associated

with dermatomyositis positively correlated with the ground-glass opacity score (G-score) in CT .

Studies have shown increased levels of IL-21 and IL-22 in plasma of patients hospitalised with COVID-19 .

Moreover, prior evidence shows that IL-22 plays a crucial role in LPS-induced ALI . Interestingly, higher

concentrations of IL-21 and IFN-γ have been also demonstrated in COVID-19 convalescent plasma .

Taken together, the evidence supports the involvement of a Th17 mediated response in the pathogenesis of

pneumonia caused by SARS-CoV-2. Therefore, targeting the Th17 phenotype might be beneficial in patients with a

dominant Th17 response.
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