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Abstract
Undoubtfully, the normal immune system can make a potential response to variable pathogens and neutralize or kill them 
depending on the type of infection through innate and acquired immunity. Cytokines have poly-peptide nature and are con-
sidered as signaling molecules that could amplify or alleviate immune responses besides their other biological functions. 
Interleukin 38 (IL-38) is a member of the IL-1 family cytokine that, however, its anti-inflammatory role has been observed 
in different autoimmune diseases like systemic lupus erythematosus (SLE), psoriasis, and Sjogren’s syndrome; there is a 
controversy about the cytokine pro-inflammatory function. In the current review, we skimmed IL-38 structure, signaling 
mechanism, and its immunological functions, IL-38-producing immune cells. Also, we argued about the role of this cytokine 
in viral infections including hepatitis B (HBV), hepatitis C (HCV), influenza (Flu), and COVID-19. Also, it illustrated the 
IL-38 protective effects on sepsis. Moreover, we explained the modulatory role of IL-38 in the COVID-19 cytokine storm.
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Introduction

Undoubtfully, the efficient immune system can induce poten-
tial responses to different pathogens and can neutralize or 
kill them based on the type of infectious agent through 
innate and acquired immunity [1]. Cytokine production is 

recognized as a prominent response induced by specific and 
nonspecific immune cells. Cytokines with a poly-peptide 
nature act as signaling molecules that could amplify or 
alleviate immune responses besides their other biological 
functions [1, 2]. Interleukin 38 (IL-38) is a new member of 
the IL-1 family that exhibited anti-inflammatory function in 
different autoimmune disorders [3, 4], while there is contro-
versy about its pro-inflammatory functions [4, 5]. Regarding 
the pro- and anti-inflammatory properties of IL-38, studies 
describing the association between IL-38 and infections are 
little and its role in infectious diseases is not well understood 
yet. In the current review, we described the structure, signal-
ing pathways, immunological functions of IL-38, and its role 
in different infectious diseases, especially in COVID-19 as 
a newly emerging disease.

IL‑38 structure

Presently, the IL-1 family consisted of 11 members named 
from IL-1F1 to IL-1F11. IL-1F10 (IL-38) is known as a 
novel member of the IL-36 subfamily; [6] and its gene 
locates on chromosome 2q13-14.1 surrounded by IL-1 
receptor (IL-1R) and IL-36R genes which act as a recep-
tor antagonist [4]. IL-38 gene is involved in five exons that 
encode a 17-kDa molecular weight protein without N- and 
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O-linked glycosylation sites and signal peptides [4, 5]. Like 
other IL-1 family members, IL-38 needs N-terminal ampu-
tation for activation. Nonetheless, a protease that exerts to 
cut the N-terminal portion of IL-38 still is not determined 
[4, 5]. Elaborate studies showed that IL-38 has 7 h half-
life [3, 4] and sequence analysis reported that IL-38 shares 
the highest protein homology with IL-36Ra and IL-1Ra, 
and lowest homology with IL-1β, respectively [3–5, 7]. 
After elementary translation, IL-38 found as a soluble form 
releases two products: a large/major form consisting of 152 
amino acids (molecular weight ~ 25 kDa), which could be 
the consequence of posttranslational alterations such as 
phosphorylation and a small/truncated form consisting of 
133 amino acids with 17-kDa molecular weight. Moreover, 
scientists produced a recombinant form of IL-38 (rIL-38), 
in vitro [3–5, 7], constructed from amino acids 3 to 152 
(Fig. 1).

IL‑38‑producing cells and tissues

Based on quantitative real-time PCR analysis, IL-38 is 
expressed in different non-immune organs such as the heart, 
placenta, and lungs as well as immune organs like the fetal 
liver, skin, spleen, thymus, and salivary glands [4, 8, 9]. A 
recent study by Camarillo et al. demonstrated the produc-
tion of IL-38 in intestinal tissues [10]. Although the high-
est expression level of IL-38 was detected in the skin and 
salivary glands [4, 7, 8] and a basal expression level has 
been observed in keratinocytes and proliferating B cells [4, 
5, 7, 8, 10], some factors like inflammatory mediators and 

bacterial lipopolysaccharide (LPS) can alter this circum-
stance [5]. Various types of cells for instance cytotoxic T 
cells, plasmacytoid dendritic cell (PDC), monocytes, epi-
thelial cells, endothelial cells, parenchymal cell, fibroblast-
like synoviocytes, chief cells, parietal cells, and perivascu-
lar inflammatory  CD123− cells are potent to secret IL-38. 
Like live cells, Mora et al. found that apoptotic cells could 
also secrete IL-38 [11]. Among the variations in the level of 
IL-38, an increased level of IL-38 has been observed in the 
different autoimmune diseases such as inflammatory bowel 
disease (IBD), ulcerative colitis [2], rheumatoid arthritis 
(RA), and psoriasis [4, 8, 10, 12]. Nonetheless, further study 
must determine other IL-38-producing cells and tissues as 
well as the levels and roles of IL-38 in different infectious 
diseases (Fig. 2).

IL‑38 signaling pathways

IL-1R1, IL-36R, and Interleukin 1 Receptor Accessory Pro-
tein Like (IL-1RAcP and IL-1RAP-1), which are also called 
TIGIRR-2 or IL-1R10, are considered the main receptors for 
IL-38 [4, 7, 10]. There are three distinct scenarios that each 
noted receptor exerts a special signaling pathway which can 
determine different properties and roles of IL-38 (Fig. 3).

The first IL‑38 signaling pathway

The first signaling pathway scenario is induced by IL-38/
IL-1R1 axis in which IL-1α and IL-1β bind to IL-1R1 
and consequently activate the corresponding pathway. 

Fig. 1  (a) IL-38 structure. Major IL-38 includes amino acids 1–152 and truncated IL-38 consists of amino acids 20 to 152. Unknown protease 
cuts IL-38 N-terminal for its full-activation. (b) Ribbon structure of IL-38 and protein interaction sites
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Interaction between IL-1 pro-cytokines (IL-1α and β) 
with heterodimer complex of IL-1R1 and IL-1RAcP or 

IL-36R results in the recruitment of myeloid differen-
tiation primary response 88 (MyD88) through toll-IL-1 

Fig. 2  The effect of IL-38 on the liver- and lung-mediated infectious diseases. Immune and non-immune IL-38-producing cells could modulate 
the severe inflammation in these organs. Nevertheless, the role of IL-38 in liver infectious diseases such as HBV and HCV is not clear

Fig. 3  Different scenarios of IL-38 signaling pathways. (a) Bind-
ing of IL-1 pro-cytokines (IL-1α and IL-1β) to IL-1R1 employs 
IL-1RAcP and recruits MyD88 adapter protein. Then, the secretion 
of IRAKs to switch the pro-inflammatory cascade activates both 
NF-κB and MAPK pathways. Major IL-38 can block these pathways 
after interaction with IL-1R1. (b) Interaction of IL-36 pro-cytokines 
(IL-36α, IL-36β, and IL-36γ) with IL-36R activates the pathway like 
IL-1R1. These responses can be precluded by major IL-38 since it 

collocated with IL-36R. (c) Both major and truncated forms of IL-38 
can bind to IL-1RAPL1 and consequently prohibit the JNK/AP1 
pathway. TIR, Toll-Interleukin 1 receptor; MyD88, myeloid differ-
entiation primary response 88; IRAKs, interleukin-1 receptor-associ-
ated kinases; NF-κB, nuclear factor “kappa-light-chain-enhancer” of 
activated B-cells; AP-1, activator protein 1. IKK, inhibitory kappa B 
kinases; MAPK, mitogen-activated protein kinases; JNK, Jun N-ter-
minal kinase
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receptor (TIR) domain that launches the extracellular 
regulated protein kinases (ERK) 1/2 [8], p38 mitogen-
activated protein kinase (MAPK), nuclear factor-kappa 
β (NF-κβ) (Fig. 3a), and c-Jun N-terminal kinase (JNK) 
signal transduction cascade and consequent release of 
inflammatory cytokines. Contrary to the stimulatory 
pathway, IL-1Ra acts as an inhibitory factor for IL-1R. 
This pathway happens through IL-1RAcP dismissing 
and single immunoglobulin IL-1R-related molecule 
(SIGIRR) recruitment, which acts as a negative regula-
tor of Toll-interleukin 1 receptor signaling, which can 
disrupt the inflammatory signals [8, 13, 14]. Regarding 
the noticeable homology of IL-38 with IL-1Ra, it seems 
that IL-38 plays an anti-inflammatory role as same as IL-
1Ra (Fig. 3a). Overall, IL-38/IL-1R axis indicated anti-
inflammatory properties; however, the role of IL-1R1 in 
this pathway remains blurred.

The second IL‑38 signaling pathway

The second scenario comprises the interaction between 
IL-38 and IL-36R (IL-38/IL36R axis). The pro-inflam-
matory and anti-inflammatory signaling pathway in 
this axis is similar to IL-38/IL-1R1. Briefly, IL-36 pro-
cytokines (IL-36α, IL-36β, and IL-36γ) and the IL-36 
receptor antagonist (IL-36Ra) are considered as the main 
stimulators and the inhibitor of the IL-36 signaling path-
way, respectively [3–5, 13, 14]. The striking point is that 
nine N-terminal amino acids of the A–x-Asp conserved 
motif should be amputated to boost the initiators’ activ-
ity, extremely. The cytoplasmic TIR domain constitution 
originates from IL-1RAP-1 employment and reciprocation 
between IL-36 pro-cytokines and its receptor. The role of 
the TIR domain is to prepare a binding site for MyD88, 
which triggers numerous transcription factors such as 
NF-κβ, MAPK, ERK, JNK, and activator protein 1 (AP-
1). Finally, IL-36 downstream signaling occurs (Fig. 3b). 
The outcome of this process upregulates the production of 
pro-inflammatory cytokines (TNF-α, IFN-γ, and IL-17) 
[4] as well as cytokines involved in the differentiation and 
expansion of Th17 such as IL-23 [4]. It is proved that 
IL-36a represses IL-36R inflammatory responses via con-
current usage of SIGIRR and the blockade of IL-1RAcP 
recruitment. IL-36R is considered a unique receptor for 
IL-38. This cytokine has an antagonist effect for IL-36R 
(Fig. 3b); therefore, it acts similar to IL-36a with the 
exception of SIGIRR recruitment [3–5, 13, 14]. In addi-
tion, IL-38 function is pertinent to its truncated or full-
length form and its concentration [3–5, 7]; nonetheless, 
more specific receptor study demands to appoint after 
binding of IL-38 to IL-36R whether the pro-inflammatory 
effects are to be mitigated or not.

The third IL‑38 signaling pathway

The last scenario is started following the binding of 
IL-38 with its recently discovered receptors, IL-1RAPL1. 
IL-1RAPL1 (TIGIRR-2), likewise TIR8 (SIGIRR) and 
TIGIRR-1 (IL1RAPL2), is an orphan receptor. However, 
IL-1RAPL1 is a member of the IL-1 receptor cluster; the 
existence of some differences may distinguish this orphan 
receptor from the others. Like the other members of the 
IL-1 receptor family, IL-1RAPL1 consists of three extra-
cellular immunoglobulin (Ig) domains and an intracellular 
TIR domain, which can trigger the JNK/AP1 pathway. Both 
forms of IL-38 could link to IL-1RAPL1; however, after 
binding, they exhibit a contradictory effect [4, 5, 7, 8, 10, 
14] (Fig. 3c).

Multiple biological functions of IL‑38

IL-38 plays various roles depending on its forms (major or 
truncated), concentration, posttranslational modifications, 
environmental inducers, and interactions with different 
receptors [4, 5, 7]. This cytokine is considered as a criti-
cal biomarker for immune regulation, tumor survival, and 
neurobiology [4]. Although most investigations are unani-
mous about the anti-inflammatory properties of IL-38, its 
pro-inflammatory effects remain unanswered question.

The anti‑inflammatory properties of IL‑38

It is supposed that after binding to IL-36R, low doses of IL-
36Ra and IL-38 act as anti-inflammatory factors, whereas 
only their cooperation leads to inflammatory signal transduc-
tion [3, 5, 7, 8, 10, 13]. Veerdonk and colleagues reported 
that in the presence of a low concentration of IL-38 com-
pared with its higher concentration, peripheral blood mono-
nuclear cells (PBMCs) produced a lower level of IL-17 and 
IL-22 in response to Candida albicans. Also, it reported 
that activation of the IL38/IL-36R axis could diminish the 
production of pro-inflammatory cytokine IL-8 from PBMCs. 
Moreover, IL-38 expression impresses either M1 or M2 
macrophage (MQ) activities through decreasing IL-6, TNF-
α, IL-23 produced by M1 macrophages and THP-1 cells or 
IL-6 and IL-8 produced by M2 MQs [15]; thereby, IL-38 
indirectly participates in the efferocytosis process [3, 7, 13, 
16]. Furthermore, it has been reported that in the presence of 
IL-36Ra, IL-38 amplifies the production of IL-6 by dendritic 
cells (DCs) stimulated with LPS. It is notable, however, IL-6 
is known as a pro-inflammatory cytokine; it could attenu-
ate inflammation in the injured and burned tissues [4, 7, 
13]. Additionally, it has been shown that IL-38 induces the 
expansion of regulatory T cells and enhances the produc-
tion of IL-10 by these cells [3, 17] that are involved in the 
modulation of the immune responses.
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On the other hand, albeit some investigations displayed 
that the small form of IL-38 had a plausible affinity for 
binding to IL-1R1 somehow could diminish IL-6 secre-
tion by activated macrophages induced by IL-1β [3, 13], 
the same experiments on the major form of IL-38 did 
not manifest its anti-inflammatory effects [4]. Besides, 
another finding revealed that IL-38 precludes adverse 
effects of angiogenesis via decreased levels of human 
umbilical vein endothelial cell (HUVEC) proliferation 
and migration [3].

The pro‑inflammatory properties of IL‑38

In contrast to its anti-inflammatory, it has been reported 
that IL-38 is produced in conditions such as apoptosis, 
necrosis, or inflammation. Although apoptosis is a pro-
cess to decrease inflammation, necrosis can augment the 
inflammatory status [16]. A study around tumor biol-
ogy showed that apoptotic cells assist tumors to survive 
against macrophage phagocytosis by cytokine secretion 
[11]. However, data is lacking regarding the pro-inflam-
matory effects of IL-38 as well as its biological function 
and it could be a research field for the future study.

Taken together, as shown in Table 1, IL-38 by multi-
functional properties and a wide range of effects on tar-
get cells and tissues can play pro- and anti-inflammatory 
roles in the body and act as a pivotal regulator of the 
immune system. However, further researches are war-
ranted to clarify its exact mechanism and functions in 
the immune responses.

IL‑38 and viral infections

However, plentiful studies have assessed the role of IL-38 in 
autoimmune diseases (such as RA, UC, IBD, systemic lupus 
erythematosus (SLE), psoriasis, and Sjogren’s syndrome) 
[10, 22–24], cancer [11], and cardiovascular diseases [12], 
and we found limited investigations about the functions of 
IL-38 in the infectious diseases and especially viral hepatitis 
induced by hepatitis B and C viruses. Strikingly, IL-38 in 
viral infections acts as an inflammatory suppressor to regu-
late the level of inflammation and tissue damage, especially 
in viral respiratory infections. Regarding the increasing 
number of COVID-19 patients, its physiopathology similar 
to the flu and IL-38 double-edged sword function of IL-38 
under different inflammatory conditions, we reviewed the 
role of IL-38 in the mentioned diseases.

IL‑38 and HBV

Based on the type of immune responses to clear HBV infec-
tion, the disease may prolong short- or long-term that the 
patients with chronic HBV are more susceptible to develop 
hepatocellular carcinoma and liver cirrhosis [25, 26]. The 
chronicity of disease may result from the imbalance between 
the produced T cell cytokines as well as the potential of 
HBV to escape from the immune mechanisms [9, 27].

As previously explained, IL-1 clone members are asso-
ciated with inflammation besides their effects on T cell 
population differentiation. Previous investigations have 
reported that anti-inflammatory members of IL-1 family, 
such as IL-33 and IL-37, participate in CHB inflammation 

Table 1  The effects of IL-38 
on the immune and endothelial 
cells

PBMC peripheral blood mononuclear cell, TH1 T helper 1, TH17 T helper 17, T reg regulatory T cell, M1 
macrophage type 1, M2 macrophage type 2, DC dendritic cell, HUVEC human umbilical vein endothelial 
cell, THP1 human monocytic cell line derived from an acute monocytic leukemia patient

Types of cell IL-38 effects Alterations Ref

Ascending Descending

PBMCs IL-8 production ✓ [13]
TH1 cells IL-1β, TNF-α, and IFN-γ production ✓ [13]
TH17 cells IL-6, IL-17, and IL-22 production ✓ [13]
γδ T cells IL-17 production ✓ [13, 18]
T reg cells Frequency ✓ [17, 19]

IL-10 production ✓ [17, 19]
M1 cells TNF-α, IL-6, and IL-23 production ✓ [13, 18]
M2 cells IL-6 & IL-8 production (assist to effero-

cytosis process)
✓ [13, 18]

THP1 cells TNF-α, IL-6, and IL-23 production ✓ [13, 20]
DCs IL-6 production ✓ [13]
HUVECs Cell proliferation ✓ [21]

Migration ✓

320 Immunologic Research  (2022) 70:316–324

1 3



and consequently can cause liver damage. IL-38 as another 
member of the IL-1 cluster manifested anti-inflammatory 
features that are insignificantly argued about its role in CHB 
inflammation. In 2015, Wang et al. reported the serum level 
of IL-38 was significantly higher in CHB patients than that 
in the normal controls (P = 0.01); in addition, IL-38 serum 
level had a noticeable direct correlation with aspartate ami-
notransferase (AST) levels in patients with CHB. After treat-
ment by nucleoside analog like telbivudine (LdT), the IL-38 
serum-level comes back to the basal level. Also, the upregu-
lated IL-38 was associated with a more possibility of viro-
logical response (VR) to LdT treatment at 24 weeks. They 
suggested that IL-38 act as an indicator of liver-damaging, 
based on a positive correlation with AST. Moreover, it is 
possible that upregulated IL-38 results from hepatic necro-
inflammation reflecting viral resolution through infected 
hepatocyte destroying. So, it could justify the direct cor-
relation between IL-38 serum level and the possibility of 
VR during treatment by LdT [9]. In contrast to the study by 
Wang et al.and Shakir et al., it has been demonstrated that 
IL-38 serum level was lower in CHB patients than healthy 
control and they assumed a high level of this cytokine could 
be pathogenic in HBV circumstances [28]. Overall, it is 
obvious that IL-38 play important roles in HBV infection 
responses and its fruitful or detrimental effects depend on 
the disease stages, IL-38 concentration [4], form, and sign-
aling pathways. Thereby, more detailed investigations are 
demanded to clarify its effectiveness.

IL‑38 and HCV

The majority of HCV infection challenge accounts for 
approximately 3% worldwide. It may progress to chronic 
infection in about 80% of HCV-infected individuals [29–31]. 
However, interferon types I and III are the main actors in 
HCV infection resolution; the IL-1 family also play a role. 
For instance, several studies have proved that IL-1β and 
IL-18 serum levels increase in HCV patients. Like HBV, 
simultaneously elevated serum levels of IL-33 and IL-18 in 
HCV patients could lead to a specific immune cell recruit-
ment for potentiating the viral clearance [32, 33]. However, 
the role of IL-38 as a member of the IL-1 family in HCV 
disease is still undefined. Our recent study revealed the effect 
of IL-38 on HCV disease (unpublished data). We observed 
that the serum levels of IL-38 were lower in HCV pretreat-
ment patients rather than post-treatment patients as well as 
healthy controls (P < 0.014 and P < 0.0001, respectively). 
In addition, there was a negative correlation between IL-38 
serum level and alkaline phosphatase (ALP). This study 
suggested that the decreased level of IL-38 in untreated 
patients is the consequence of immense amounts of inflam-
matory cytokines presence. Moreover, similar to HBV, the 
phase of the disease, the type of intervention (Sofosbuvir 

and Daclatasvir), and IL-38 properties can impact its func-
tion. Nonetheless, further studies must determine the role of 
IL-38 in HCV disease.

IL‑38 and influenza viruses

Human influenza virus infections have a worldwide distri-
bution [34]. In terms of pathogenicity, influenza viruses in 
human causes a broad spectrum of clinical disease mani-
festations ranging from asymptomatic infection to death 
[35]. Pathological studies showed that an imbalanced host 
immune response to viral pathogenicity contributed to fatal 
lung injury in respiratory viral infection, characterized by 
high viral load, excessive cytokine expression, and over-
whelming immune cell influx [36]. These dysfunctional 
immune responses are often associated with fatal outcomes 
during respiratory viral infection, and downregulation 
of excessive immune response is crucial in minimizing 
severe immunopathology. Many studies are developing in 
an attempt to mitigate viral-related lung injury through tar-
geting pro-inflammatory molecules. Among them, IL-38, 
a novel anti-inflammatory cytokine with suppressive prop-
erties, exerts immunomodulatory roles in respiratory viral 
infections [37]. A study showed that IL-38 expression was 
extendedly upregulated in response to different kinds of res-
piratory viral infections to suppress the induced inflamma-
tion. Demonstrated for the first time, the clinical relevance of 
IL-38 expression in patients with influenza virus and SARS-
CoV-2 infection suggests the predictive role of IL-38 in the 
prognosis of respiratory viral infection [37]. Therefore, a 
detailed understanding of the factors that regulate the bal-
ance between viral clearance, tissue damages, and resolution 
of inflammation is necessary for the identification.

IL‑38 and COVID‑19

In late 2019, severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) emerged as the new species of virulent 
agent and become eventually pandemic around the world. 
Based on the involvement of the lungs and the induction of 
severe acute respiratory syndrome, the induced disease was 
named coronavirus disease (COVID)-19 by the World Health 
Organization (WHO) [38, 39]. Inflammatory cytokine storm 
or secondary bacterial infections are known as the main 
causes of severe disease complications and even patient 
fatality [35, 38, 40]. Clinical studies showed that the SARS-
Cov-2 triggers extensive inflammatory responses through 
linking to TLR that switches on IL-1 secretion, the prime 
cause of fever and fibrosis. The monocytes are the princi-
pal source of pro-inflammatory cytokines and chemokines 
such as IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IP-10, 
IL-12, IL-13, IL-17, TNF-α, CCL-2, CCL-5, and CXCL-
10. It is supposed that the high levels of cytokines IL-1β, 
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IL-7, and IL-8 can aggravate lung involvement [35, 37, 38, 
40, 41]. Apart from drug interventions like antiviral and 
antibacterial agents, novel therapy exerts anti-inflammatory 
cytokines in which IL-38 with immunomodulatory prop-
erties may become critical [39]. Although we previously 
described immensely the immunomodulatory roles of IL-38, 
Gao et al. investigated precisely animal models and observed 
that IL-38 can control respiratory inflammation and cytokine 
storm mediated by protective mechanisms. They found that 
circulating IL-38 levels with IL-36α raised meaningfully in 
COVID-19 patients rather than healthy individuals [37]. Gao 
and colleagues reported in the mice model of poly (I:C) that 
in induced lung inflammation, IL-38 increased the frequency 
of  CD4+  CD25+  FOXP3+ splenic T reg cells in the lung. 
Furthermore, IL-38 declined the proportion of IL-17-pro-
ducing T γδ cells and reduced neutrophils that are known as 
the source of IL-1β, TNF-α, and IL-6. Table 2 demonstrates 
IL-38 immune-regulatory effects and its consequences for 
improving respiratory inflammation during SARS-CoV-2 
infection in an animal study [39].

IL‑38 and bacterial infection

There are limited studies in the world on the function of 
IL-38 in bacterial infections. The most important of which 
is the association of interleukin-38 with sepsis.

IL‑38 and sepsis

Sepsis is known as life-threatening acute organ dysfunc-
tion [42, 43]. Although bacterial infections are defined as 
the most in-vogue cause of the disease, viral, fungal, and 
parasite infections are also introduced as possible causative 
agents [44]. Sepsis is correlated with significant morbidity 
and mortality and its signs manifest as fast heart rate, quick 
or short breathing, fever, chill, and mental disorientation 
[43, 44]. The disease leads to immune system imbalance 
and releases continuously huge number of pro-inflammatory 
cytokines including IL-1, IL-6, and TNF-α [42, 45, 46]. Sev-
eral studies showed anti-inflammatory cytokines are effec-
tive for inflammatory response contraction [18, 39, 47]. We 

found two studies that investigated the protective role of 
IL-38 in lipopolysaccharide (LPS)-challenged mice, cecal 
ligation and puncture (CLP)–induced sepsis models, and 
human volunteers. Ge et al. observed not only IL-38/IL-36R 
axis was overexpressed in murine CD4 + CD25 + T reg cells, 
but also its secretion was enhanced after LPS stimulation 
(49). Moreover, IL-38 induced upregulation of forkhead box 
P3 (FOXP3) gene and cytotoxic T-lymphocyte-associated 
protein 4 (CTLA-4) in CD4 + CD25 + T reg cells. They 
reported that the treatment of CD4 + CD25 + T reg cells 
with IL-38 enhanced the production of anti-inflammatory 
cytokines (IL-10 and TGF-β1) and potential lymphoprolifer-
ation suppression compared with untreated ones. Also, they 
found that IL-38 as a therapeutic factor can reduce CLP-
induced death when administered at the early phase of the 
disease [48]. In another study, Xu and colleagues reported 
that serum IL-38 levels had a noticeable rising in adult and 
pediatric patients with sepsis compared with correspond-
ing healthy controls. Furthermore, it reduced inflammatory 
responses through dwindling IL-6, TNF-α, IL-10, IL-17, 
IL-27, CXCL1, and CCL2, which could result in lessening 
tissue injury in CLP-induced sepsis. Besides, bacterial clear-
ance in CLP-induced polymicrobial sepsis was an invaluable 
anti-inflammatory effect of IL-38. Therefore, IL-38 can play 
a modulatory role in the immunopathogenesis of sepsis and 
it could be exerted as antisepsis therapy along with IL-5, 
IL-7, IL-30, IL-33, and progranulin [49].

Conclusion

Although it is suggested that IL-38 play anti-inflammatory 
roles in HBV, HCV, influenza, and COVID-19 infections, 
controversy is around its function in HBV infection. Further-
more, in patients with severe COVID-19, the overexpressed 
IL-38 can confer its function in the immunopathogenesis 
of COVID-19 and it could be considered a predictive fac-
tor for the prognosis of induced respiratory inflammation. 
Given the limited studies exploring the functions of IL-38 in 
bacterial infections such as its anti-inflammatory properties 
in translational models of sepsis, further studies are recom-
mended to clarify its role in other bacterial life-threatening 

Table 2  IL-38 protective effects and its consequence in mice poly(I:C) induced lung inflammation [39]

Target The effects Consequence

CD4 + CD25 + Foxp3 + splenic Treg 
cells

Upregulation Improving severe acute lung injury
Rising blood oxygen level

Myeloid and lymphoid cells Mitigate their numbers and the production of IL-17, CXCL-1, 
CXCL-10, CCL-2, and CCL-5

Improving lung inflammation

Neutrophils Reduce their number leading to downregulation of IL-1β, TNF-α, 
and IL-6

Alleviate cytokine storm
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diseases such as pneumonia and meningitis. Nevertheless, it 
is remained obscure to determine the role of IL-38 in other 
infections induced by the parasite and fungal agents. To 
determine the exact mechanisms, optimal doses, different 
forms, and signaling pathways involved in bacterial, fungal, 
and parasite infections, further study is warranted.
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