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Abstract

Interleukins (ILs) are the group of cytokines firstly identified as expressed by leukocytes 
and playing different immunomodulatory functions. With increasing evidence of a 
constant crosstalk between leukocytes and endothelial cells in the regulation of immune 
cell differentiation and activation, a role of ILs also in endothelial cell stimulation and 
vascular inflammation has been shown. ILs act on endothelial cells both in an autocrine 
and a paracrine manner. In fact, a cross regulation is present among ILs expressed by 
different cell types, leading to amplification or blocking of the initial inflammatory signal 
with the secretion of additional ILs or involvement of other adjacent cells and tissues. 
Based on selective structural features, ILs can be divided into four major groups, a fifth 
group comprises ILs that do not fit into any of the other four. Most of the ILs playing a role 
in endothelial cell activation belong to the IL1-like cytokine group, but the number of ILs 
involved in vascular inflammation is constantly growing, and a special contribution of IL6, 
IL8, and IL17 has been underlined. This review aims at presenting current knowledge and at 
underling missing information about the role of IL in activating endothelial cells in selected 
pathological settings such as tumours, psoriasis, systemic sclerosis, and viral infection.

Introduction

Interleukins (ILs) are the group of cytokines firstly 
identified as expressed by leukocytes and playing different 
immunomodulatory functions. In recent years, with 
increasing evidence of a continuous crosstalk between 
leukocytes and endothelial cells (ECs) in the regulation 
of immune cell differentiation and activation, the role of 
some ILs in EC stimulation and vascular inflammation has 
been underlined.

Based on selective structural features, ILs can be 
divided into four major groups: the IL1-like cytokines, the 
class 1 helical cytokines (IL4-like, γ-chain, and IL6/IL12-
like), the class 2 helical cytokines (IL10-like and IL28-like), 
and the IL17-like cytokines (1). A fifth group comprises 
ILs that do not fit into any of the four other groups.  

IL1-like cytokines are mainly secreted by activated 
monocytes and macrophages, but they are produced also 
by other immune (neutrophils, lymphocytes) and non-
immune (keratinocytes, fibroblasts, chondrocytes, ECs, 
and smooth muscle cells) cell types (2). IL1-like ILs are 
secreted as precursor proteins that are then proteolytically 
cleaved to give the active, mature molecule (3). This 
processing strictly regulates the availability of the effective 
IL. Class 1 helical cytokines include short- (γ-chain and 
IL4-like) and long (IL6/IL12-like)-chain cytokines. They are 
immunoregulatory molecules that bind to heterodimeric 
receptors. In some cases, the receptor complex shares a γ 
chain (4). The IL6/IL12-like cytokines act as monomers 
or heterodimers, composed of disulphide-linked α and β 
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chains, each signalling through a specific combination 
of dimerized receptors (5, 6). The class 2 helical 
cytokines, despite structural similarities, display different 
expression patterns and functions, acting either as anti-
inflammatory and immunosuppressive proteins or 
having an immunoregulatory role in the defence against 
microbial and viral pathogens (7). IL17A and IL17F are the 
most well-characterized members of the six that compose 
the IL17-like family. They act both as homodimers and 
IL17A/IL17F heterodimers. IL17A is produced by activated 
CD4+ T lymphocytes and innate immune cells (8) and 
induces inflammatory reactions such as secretion of 
chemokines and expression of adhesion molecules in 
receptor-expressing cells (9). The ‘non-classified’ ILs are 
cytokines with immunomodulatory actions showing 
unique structural characteristics or for which no structural 
information is available so far. This group comprises IL8, 
taxilin-α, -β, and -γ (TXLNA, TXLNB and TXLNG), IL16, 
IL32, IL34, and colony-stimulating factor-1 (CSF1).

ILs are strictly interconnected and often one IL can 
prompt a cell type at secreting additional ILs that, in turn, 
act on the same cell type or on different cells and tissues, 
amplifying or blocking the initial IL input. Therefore, to 
present the role of a single IL in EC activation, it is necessary 
to consider the pathological context in which it operates 
and the other ILs present in the same microenvironment.

ILs and their involvement in pathologies 
where ECs play a prominent role

It is now fully accepted that acute and chronic 
inflammatory processes are associated with vascular 
remodelling. Typical signs of inflammation are increased 
blood flow, due to vessel dilation or angiogenesis, oedema 
formation because of increased vessel permeability and 
altered lymphatic vessels, augmented expression by ECs 
of adhesion molecules that enable leukocyte interactions 
with the vessel, and extravasation towards the inflamed 
tissue. Different pathological conditions are characterized 
by important tissue inflammation, and ILs play a major 
role in all these inflammatory processes. An additional 
component of tissue inflammation is the presence of 
the senescence-associated secretory phenotype (SASP), 
activated by senescent cells (10). Diverse ILs are present 
in the SASP, mainly IL1A, IL1, IL6, and IL8 (11), and they 
can act on ECs in an autocrine, when secreted by senescent 
ECs themselves, or in a paracrine manner (12). Table 1 
summarizes the ILs known to play a role in EC activation. 
Below, we reported about the involvement of specific ILs in 

modulating EC inflammation in pathological conditions, 
presenting novel concepts that should be considered in 
future research in the field.

Tumours

ILs have been associated to cancer since their first 
characterization, but only in the last decade, they have 
been associated to tumour angiogenesis. Moreover, 
role of IL in regulating the presence of inflammatory 
infiltrate within the tumour tissue has been investigated  
only recently.

As indicated in Table 1, most of the ILs acting on ECs 
in an autocrine or a paracrine manner belong to the IL1-
like cytokine group. IL1B is the founding member, and it 
represents a major mediator of innate immune reactions. 
Binding of IL1B to the IL1 receptor (R)1 induces the 
enrolment of the IL1R accessory protein (IL1RAP) into 
a signalling receptor complex that in turn, by recruiting 
additional adapters such as myeloid differentiation factor 
88 (MYD88), IL1R-associated kinase (IRAK), and TNF 
receptor-associated factor 6 (TRAF6), activates the NFKB 
and the mitogen-activated protein kinases (MAPKs) 
pathways. IL1B actions are tightly balanced, and several 
endogenous inhibitors, such as IL1R antagonist (IL1RA), 
have been isolated (13). IL1B contributes to vasorelaxation 
through altering EC responsiveness to nitric oxide and to 
reduction of endothelial barrier functions (14). IL1B can 
also act indirectly on ECs by stimulating the production 
of angiogenic factors. In the tumour microenvironment, 
expression of IL1B by cancer cells converts the neighbouring 
vascular endothelium into a pro-inflammatory one (15). 
Presence of an incremented expression of the inflammatory 
IL1B in respect to the anti-inflammatory IL1RA leads 
to stimulating tumour cells, such as melanoma cells, to 
produce IL8 and IL6 that, in turn, activate ECs (16, 17).

The angiogenic switch that characterizes tumour 
progression towards a more aggressive phenotype is due 
to an unbalance between pro- and anti-angiogenic factors 
(18). Considering what was previously reported for IL1B 
in the tumour environment, the angiogenic switch could 
be also due to an unbalance in the production of pro- and 
anti-inflammatory ILs (Fig. 1). This aspect should be better 
analysed in the future to evaluate the relative importance 
of ILs or angiogenic factors in the initial phases of  
tumour angiogenesis.

IL8 is the only cytokine of its group for which a role 
as pro-angiogenic molecule has been clearly recognized 
so far, especially in tumour angiogenesis (19). IL8 is also 
a member of the chemokine family (CXC group) and was 
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firstly identified as a chemotactic factor for neutrophils, 
basophils, and T lymphocytes. IL8 binds with high affinity 
to two homologous chemokine receptors, CXCR1 (IL8RA) 
and CXCR2 (IL8RB), activating a signal pathway that 
involves extracellular signal-regulated kinases (ERK1/2), 
MAPK, and phosphoinositide 3 kinase. Both receptors are 
expressed by ECs, at a greater level by microvascular ECs 
than by larger vessel endothelium, and IL-8 stimulates 
EC proliferation and chemotaxis as well as capillary tube 
formation in vitro and angiogenesis in vivo. IL-8 has also 
a role in blocking EC apoptosis and in augmenting the 
secretion by ECs of different proteases necessary to modify 
the basement membrane and the extracellular matrix in 
the early phases of angiogenesis (19).

ECs are both a direct and indirect target of IL6. ECs do 
not express transmembrane IL6RA, but they can be activated 
by IL6 through a trans-signalling pathway that involves the 
soluble form of IL6RA and the membrane-expressed gp130 
receptor subunit (IL6ST) (20). When stimulated with IL6, 
ECs proliferate and produce inflammatory molecules such 
as the same IL6 and IL8. IL6 can also induce the expression 
of angiogenic factors that then act on ECs as well (21). 
Differently from IL6, acting as a monomer, IL12 acts as 
a heterodimer, composed of IL12A and IL12B subunit, 
and signals through a heterodimeric receptor (IL12RB1/
IL12RB2). In 1995, Folkman and colleagues were the first to 
connect the antitumor and antimetastatic activity of IL12 
to its anti-angiogenic properties (22). IL12 inhibits tumour 
growth by inducing cancer cells to secrete anti-angiogenic 
factors such as interferon-γ (23) and other chemokines that 
possess angiostatic properties (24).

Since tumour growth strictly depends on oxygen and 
nutrient supplies and therefore tumour cells are forced to 

promote tumour angiogenesis, the first utilized therapeutic 
approach was based on anti-angiogenic compounds 
such as those against the vascular endothelial growth 
factor (VEGF)-A and its receptors (18). More recently, an 
alternative concept has emerged that has the intent to 
therapeutically target tumour vessels and reported them 
to normalization. A normal circulation without vessel 
leakage and tortuosity would improve drug delivery, 
facilitate immune cell entry into the tumour tissue and 
the host immune response against cancer cells, and would 
reduce metastasis dissemination, contrasting tumour cell 
entry into the vessels (25). Different therapies in this field 
are under examination in clinical trials. However, these 
therapies are mostly based on low doses of growth factors, 
and a possible action of anti-inflammatory ILs, such as 
IL1RA or IL-2, is not considered. Instead, this possibility 
should be studied to deep characterize tumorigenesis and 
propose novel therapeutic approaches.

Psoriasis

Psoriasis is an autoimmune skin disease with a complex 
pathogenesis. Even if disease triggers are autoimmune 
mechanisms and altered inflammatory infiltrates in the 
tissue, ECs play a role in maintaining the inflammatory 
context. Vascular enlargement, vessel permeability, EC 
proliferation appear in the lesional psoriatic skin even 
before the development of epidermal hyperplasia. ILs have 
been targets of therapeutic intervention in psoriasis, and 
IL17A repressors are now actively used in the clinics.

IL-7A receptors IL17RA and IL17RC are expressed on 
ECs that respond to IL17-stimulation both in vitro and in 
vivo (26, 27). IL17A promotes EC proliferation, migration, 
and tubule-like vessel formation, as well as the production 
of inflammatory cytokines. IL17A regulates neutrophil 
transmigration across the endothelial layer (28, 29). In 
vivo, IL17A promotes angiogenesis indirectly too, through 
stimulating the production of angiogenic cytokines and 
chemokines by epithelial cells. IL17A cooperates with TNF 
in the induction of VEGFA in synovial fibroblasts (30) and 
in keratinocytes (26).

As shown in Fig. 2, IL17A activates ECs via recruitment 
of the adaptor ACT1 that can bind to TRAF6, TRAF3, and 
tumour growth factor β-activated kinase 1 (TAK1), ending 
to phosphorylation of either the p38 MAPK (31), ERK1/2, 
c-Jun N terminal kinase (JNK), or the NFKB pathway (32). 
IL17A induces EC proliferation by both the MAPK and the 
NFKB pathways, whereas contributes to the inflammatory 
phenotype only with NFKB activation (26). Considering 
that a functional cooperation between IL17A and TNF exists 

Figure 1
An IL unbalance could be responsible for the tumour angiogenic switch. 
Differential expression of the pro-inflammatory IL1B in respect to the 
anti-inflammatory IL1RA could act on melanoma cells, leading to 
upregulation of angiogenic factors as well as of IL8 and IL6 that, in turn, 
stimulate (green arrows) ECs to produce and secrete additional ILs or 
proteases, inducing an inflammatory response and tumour angiogenesis.
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in ECs, IL17A is likely capable to induce CCAAT/enhancer-
binding protein (CEBP) family members. Indeed, IL17A 
causes CEBPB phosphorylation in umbilical vein ECs. An 
additional mechanism involved in the synergistic pro-
inflammatory effects of IL17A and TNF is the stabilization 
of mRNAs. This is achieved through involvement of a 
kinase called IKKi, two other adaptors, TRAF2 and TRAF5, 
and either the mRNA splicing regulatory factor (SF)2 or an 
RNA-binding protein, human antigen R.

IL17A shares numerous signalling mediators with 
another group of ILs greatly involved in psoriasis 
pathogenesis, the IL36 family (33), and it is also a potent 
inducer of IL36 secretion by different cell types (26). Four 
different isoforms of IL36 have been identified: IL36A, 
IL36B, IL36G, having pro-inflammatory functions, and 
IL36RA, that acts as an anti-inflammatory mediator. IL36 
cytokines and IL36R are mainly present in epithelial cells 
at the organism barrier sites such as skin, respiratory 
tract, intestines, where they protect the organism from 
pathogens by activating pro-inflammatory pathways that 
prompt the antimicrobial activity of immune cells (34). 
After binding to their receptor, IL36A, IL36B, and IL36G 
recruit IL1RAP and, subsequently, MyD88, as described 
above for IL1B, eventually activating the NFKB and MAPK 
signalling pathway (Fig. 2). Binding of IL36RA to IL36R 
does not lead to the recruitment of IL1RAP and gives no 
later signalling. IL36G directly stimulates EC proliferation, 
mainly through the activation of p38 MAPK, JNKs, and of 
the ERK1/2 (Fig. 2) (26), whereas IL36G-mediated activation 

of NFKB leads to an inflammatory phenotype in ECs (26). 
IL38 does not belong to the IL36 family, but it binds to the 
same IL36R and has anti-inflammatory activity like that 
of IL36RA (35). Likewise, IL37, binding to IL18R, prevents 
the formation of an active receptor complex and triggers 
intracellular signals that block inflammation (36).

From what is reported above, it is evident that the 
resolution of the inflammatory status in psoriasis, or in 
other autoimmune diseases, would require therapeutic 
action on more than one ILs. This could explain the 
psoriasis patient’s primary and secondary resistance 
to anti-IL17A treatments observed in the clinics. In 
the future, combined approaches should be thought. 
Moreover, having better understood IL signalling 
mechanisms, a therapeutic intervention on molecules 
that could block more than one pathogenetic pathway 
could be considered.

Systemic sclerosis

Systemic sclerosis (SS) is an autoimmune multi-organ 
connective tissue disease characterized by the presence 
of autoantibodies, vasculopathy, inflammation, and 
fibrosis (37). As SS pathogenesis is poorly understood, it is 
difficult to identify the trigger cell type between ECs and 
T lymphocytes, whereas activation of macrophages and 
fibroblasts/myofibroblasts is considered to depend upon 
cytokines secreted by T cells afterward. In the clinics, 
onset of SS is represented by initial changes in dermal 
microcirculation causing damages to the endothelium. 
Vascular intimal proliferation and remodelling, 
vasoconstriction, and defective angiogenesis are present 
(38). These vascular manifestations can precede other 
disease manifestations by several years.

To improve the understanding of the role of ECs in SS 
pathogenesis, it is necessary to consider ECs in the context 
of the tissue in which they are embedded. In fact, interplay 
of dermal microvascular ECs with skin keratinocytes, 
fibroblasts, and both innate and adaptive immune cells 
is extremely important for the development of SS (39). 
Maehara et al. recently showed that cytotoxic T lymphocytes 
accumulate nearby ECs that were upregulating HLA-DR 
molecules and undergoing apoptosis. Increased apoptosis 
of other skin cells was also observed as well as production 
of pro-fibrotic cytokines by T lymphocytes that could act 
on both ECs and fibroblasts (40).

A pivotal role for ILs belonging to the IL1 family has 
been disclosed in the pathogenesis of SS (41). In addition, 
IL6 and IL17A are now considered as possible therapeutic 
targets. Indeed, an anti-IL6 receptor antibody, tocilizumab, 

Figure 2
Comparison of IL-36γ and IL17A signalling in ECs. After IL36R binding, 
IL36γ recruits IL1RAP and the adaptor proteins MYD88, TRAF6, IRAK, 
eventually activating the NFKB and MAPK signalling pathways. In ECs, 
IL36γ promotes cell proliferation through MAPKs and inflammation 
through NFκB. IL-17A binds to the heterodimeric receptor complex 
IL17RA/IL17RC and recruits as adaptor proteins ACT1, TRAF3, TRAF6, 
TAK1. IL17A-mediated activation of NFKB and/or MAPK pathways induces 
cell proliferation. Activation of ERK1/2 is involved in cell survival. IL17A can 
also induce a C/EBP-dependent signalling (32).
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or anti-IL17A antibodies, secukinumab, brodalumab, and 
ixekizumab, are present in ongoing clinical trials (42, 43).

More recently, the IL36 group and IL33 have been 
considered as possible therapeutic targets.

A functional implication of IL36s in SS has not 
been directly found so far, but IL36A is considered a 
profibrotic IL (44). Different from other components of 
the family, IL33 binds to ST2, a member of the IL1R/Toll-
like receptor superfamily. IL33 was initially discovered 
as a nuclear protein in quiescent ECs where it functions 
as a transcriptional repressor (45). Upon release, IL33 
stimulates ECs, in particular the quiescent ones, inducing 
inflammation and angiogenesis (46). Therefore, human 
ECs constitute the major source of IL33 in resting, 
physiological conditions, and in chronic inflammatory 
diseases. IL33 is emerging as a major regulator of tissue 
regulatory T lymphocytes (45). In SS patients, high serum 
level of IL33 has been detected and correlates with vascular 
involvement (47).

It is evident that additional studies are required to 
clearly understand the implication of the IL36 and IL33 in 
SS pathogenesis.

An additional IL that should be deeply studied in 
SS is IL11. This IL is a member of the IL6/IL12-like group, 
and little is known on a direct effect of IL11 on ECs. IL11 
production can be stimulated in ECs by cytomegalovirus 
infection (48) or by exposure to metal nanoparticles (49). 
IL11 induces EC migration and vessel formation in vitro 
and angiogenesis in vivo (50). IL11 is upregulated in SS, 
but no data have been reported on its contribution to the 
vasculopathy typical of this disease (51).

Viral infection severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2)-mediated 
vascular inflammation

These recent years have seen subsequent outbreak of 
viral infections, starting from the H1N1 influenza in 
2009 up to nowadays with the SARS-CoV-2 pandemic. 
These viral infections culminate with an acute respiratory 
distress syndrome, characterized by diffuse alveolar 
damage with perivascular T lymphocyte infiltration and 
by widespread thrombosis with microangiopathy (52). 
Further specific analysis of SARS-CoV-2-infected lungs 
has underlined the presence of angiogenesis, mainly 
through the intussusceptive mechanism, the existence 
of the virus into ECs as well as in the extracellular space, 
and the expression of several angiogenesis-related genes, 
some of them specifically induced in SARS-CoV-2-
infected lungs in respect to H1N1-infected samples. These 

data emphasize the role of ECs themselves in vascular 
dysfunction, thrombosis, and inflammation associated 
with SARS-CoV-2 infection (53). It is not clear so far in 
which part EC activation is due to direct viral infection, 
and in which one to leukocyte- or epithelial cell-mediated 
activation and secretion of inflammatory cytokines. This 
aspect deserves additional investigations to better address  
therapeutic treatments.

As reported in Fig. 3, ECs express the angiostatin-
converting enzyme 2 (ACE2), the main receptor of SARS-
CoV-2, and the transmembrane protease serine 2, necessary 
to cleave the viral spike protein and permit the virus to 
enter the cell (53). ACE2 is part of the renin/angiotensin 
system, and it is involved in cardiovascular homeostasis by 
controlling blood pressure and promoting vasodilation. 
ACE2 expression is reduced in older individuals and in 
patients with cardiovascular disease, two groups that 
are at high risk to develop severe syndromes upon SARS-
CoV-2 infection. For this reason, presence of additional 
receptors has been investigated. Indeed, the two identified 
alternative receptors, neuropilin-1 and CD209L, are also 
highly expressed in ECs (53, 54).

Neuropilin-1 binds to the spike viral protein and 
mediates viral entry into different tissues. Neuropilin-1 is 
a semaphorin receptor involved in neuron guidance and 
can mediate virus access to the CNS. Neuropilin-1 is also a 
co-receptor for selected isoforms of the VEGF family and is 
highly involved in the angiogenesis process. Infected ECs 
augment membrane expression of neuropilin-1 further 

Figure 3
SARS-CoV-2 infection and ECs. ECs are the main characters of the vascular 
disfunctions that characterized viral infection and that are represented by 
capillary leak, a pro-coagulant state, and hypo fibrinolysis (53). In fact, ECs 
are the target of the ‘cytokine storm’ produced by viral-infected lung 
epithelial cells and by associated immune cells. The IL types identified in 
the ‘cytokine storm’ are indicated. It is not clear so far in which part EC 
activation is due to direct viral infection (ECs express every known 
SARS-CoV-2 receptor) (54), and in which one to leukocyte- or epithelial 
cell-mediated activation and secretion of these inflammatory cytokines.
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enhancing viral infection, vasodilation, and angiogenesis 
(54). Interestingly, neuropilin-1 has not been effectively 
considered so far as a therapeutic target to block viral 
infection and the related angiopathies.

CD209L is a C-type lectin transmembrane glycoprotein 
involved in carbohydrate and protein binding. CD209L 
physiological role is to mediate cell–cell adhesion by 
acting as a high affinity receptor for intercellular adhesion 
molecule 2 and 3. Highly expressed in alveolar epithelial 
cells and in the ECs of lung and kidney, CD209L binds to 
the spike protein of SARS-Cov-2 (54). Once infected, ECs 
switch to a pro-coagulant state by increasing the production 
of von Willebrand factor and factor VIII, which participate 
in clot formation, and the expression of plasminogen 
activator inhibitor 1, which blocks plasminogen 
conversion into plasmin and clot degradation. CD209L-
targeting molecules have not been used in therapeutic 
protocols, and additional trials are required to validate this 
kind of treatment in viral-infected patients.

The most remarkable aspect connected with the 
action of ILs on ECs during viral infection is the cytokine 
release syndrome, also known as the ‘cytokine storm,’ 
elicited by SARS-CoV-2 infection as well as by some 
drugs, sepsis, or cancers, and characterized by a major 
increase of proinflammatory cytokines in the circulation 
and in the bronchoalveolar fluid (55). A rapid, well-
organized, and controlled innate immune response is the 
first defence against viral infection. However, when this 
immune response is unbalanced, it will cause damage 
and organ failure. In fact, rapid increase of chemokine 
and cytokine secretion by infected lung epithelial cells 
attracts inflammatory cells such as neutrophils and 
monocytes, resulting in excessive infiltration of immune 
cells in the tissue, additional cytokine secretion, and lung 
injury. Different proinflammatory ILs participate in the 
SARS-CoV-2-induced ‘cytokine storm’: IL1B, IL4, IL6, IL8, 
IL18, and IL33 have been isolated. Augmented secretion 
of the inflammatory inhibitor IL10 was also observed 
(55), probably an attempt of the host tissue to block the 
virus-mediated inflammation. Most of these ILs cause 
endothelial fenestration and vascular leakage as well as 
production of excessive extracellular matrix, angiogenesis, 
and secretion of supplementary inflammatory ILs, 
especially IL6 (Fig. 3). Indeed, changes in circulating IL6 
amounts and, even more, in the IL6/IL10 ratio, predict 
outcomes in SARS-CoV-2-infected patients (56). Thus, it is 
evident why IL6 is considered a potential therapeutic target 
for the treatment of SARS-CoV-2-infected patients (57). 
Tocilizumab is a humanized MAB against IL6 receptors, 
usually employed for rheumatoid arthritis treatment, that 

can block both the IL6 classic and the trans-signalling 
pathway. At least two studies have shown clinical 
improvement in SARS-CoV-2-infected patients treated 
with tocilizumab, with an important recovery of oxygen 
supplement and reduced fever. Therapy with tocilizumab 
at an early stage of the disease reduces the mortality rate 
of the infection (57). However, IL6 blockade could reduce 
host immune responses against the virus, and the timing 
of IL6 administration needs to be carefully considered. 
Other IL6 antagonists, sarilumab and siltuximab, have 
been approved for treatment of either rheumatologic 
pathologies or for the lymphoproliferative Castleman’s 
disorder. These therapeutic agents have demonstrated to be 
effective also in SARS-CoV-2 infection (57), but additional 
trials are required before they could be safely used in  
the clinics.

An inflammatory circuit that needs further 
investigation in respect to viral infection is the IL36, 
described above for autoimmune diseases such as psoriasis 
and SS. At present, no definitive data are available to 
understand whether IL36 could have a protective role, 
boosting the host immune response, or a detrimental one, 
contributing to amplifying the ‘cytokine storm.’ IL36 was 
first characterized in mouse keratinocytes after infection 
with herpes simplex virus type 1, but influenza viruses can 
also stimulate the release of IL36 by epithelial cells. IL36G is 
upregulated in the lung following H1N1 infection and has 
a protective role, stimulating macrophage activation (58). 
However, IL36 are also potent inducers of inflammatory 
cytokines such as IL6 and may augment the inflammatory 
status. So far, only indirect evidence is reported on 
expression of IL36 in SARS-CoV-2 infected patients (59). 
It should be also considered that IL36 is highly expressed 
in the lungs of allergic and asthma-affected patients, but 
studies have shown that asthma is not a risk factor in 
SARS-CoV-2-infected patients (60). Therefore, there is the 
possibility that IL36 inflammatory circuit contributes to 
protect patients with asthma against detrimental outcomes 
of SARS-CoV-2 infection.

Conclusions

Contrasting data have been obtained for the effects of 
ILs in vascular inflammation. ILs can act as pro- or anti-
angiogenic molecules depending on the different context 
examined, such as normal vs tumour cells, or on the 
specific tissue or pathological situation considered. This 
could be due to the amount of pro- or anti-inflammatory 
ILs produced by different cell types or by ECs themselves. 
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Moreover, ILs strictly interconnect one another, with 
feedback regulation mechanisms that aim at reducing 
the inflammatory state. Such interconnections make 
it difficult to introduce a specific anti-IL therapy in 
inflammatory diseases, and often therapy side effects 
can be even more damaging than the treatment itself. 
Therefore, the relative quantities of pro- and anti-
inflammatory and angiogenic ILs should be always 
examined in the different pathological situations prior to 
properly act with an IL-based therapy.

Timely immune responses and punctual signal 
transduction are fundamental to avoid vascular chronic 
inflammation and long-term damage. This aspect 
is particularly evident in the SARS-CoV-2 infection 
where an excessive immune response with the so-called 
‘cytokine storm’ seems to be the leading cause of vascular 
dysfunction and fatal thrombosis. Likewise, timely and 
punctual therapeutic intervention should be considered 
when using IL-based treatment approaches.

In conclusion, despite ILs have been studied for years, 
deeper and deeper knowledge of IL role and crosstalk is still 
necessary to lead us to disclose and apply novel IL-based 
therapies.
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