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Abstract

Background: Hepatitis C virus (HCV) is the main cause of acute and chronic liver failure. It seems that interleukin-38 (IL-38), a
member of IL-1 cytokine family, has an anti-inflammatory function through binding to receptor of several cytokines.
Objectives: To examine serum levels of IL-38 in HCV-infected patients and its correlation with liver enzymes.
Methods: We measured serum levels of IL-38 and liver enzymes in 26 untreated and 11 treated HCV-infected patients and 26 healthy
individuals using ELISA and biochemistry assay kits, respectively.
Results: Serum levels of IL-38 were significantly lower in untreated HCV+ patients compared to treated patients (P = 0.014) and the
control group (P < 0.0001). In addition, IL-38 levels negatively correlated with alkaline phosphatase (ALP) levels in untreated HCV+

patients (r = -0.905, P = 0.042). However, no significant correlations were detected between serum IL-38 and the levels of other liver
enzymes.
Conclusions: Our results suggest a potential anti-inflammatory role for IL-38 in chronic HCV infection which can be implemented
to prevent severe hepatic failure in patients with hepatitis C.
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1. Background

Hepatitis C virus (HCV), a hepatotropic and non-
cytopathic RNA virus of the Flaviviridae family, is consid-
ered one of the major causes of liver diseases, such as acute
and consequently chronic hepatitis, liver cirrhosis, and
hepatocellular carcinoma (HCC) (1, 2). World Health Or-
ganization (WHO) has recently estimated that 58 million
people live with chronic hepatitis C virus infection world-
wide, and approximately 290,000 deaths from hepatitis C,
mostly from cirrhosis and HCC, occurred in 2019 (3). In HCV
infection, both innate and adaptive arms of the immune
system are engaged in the activation of antiviral immunity,
and defects in each part of the immune system can lead to
persistent virus replication in hepatocytes, which partic-
ipates in the activation of inflammatory cells in the liver
and promotes progressive liver fibrosis and damage (4).
Recognition of HCV RNA by the cytosolic RNA-binding pro-
teins initiates the activation of antiviral responses (5). In-
terferons, natural killer (NK) cells, NKT cells, dendritic cells

(DCs), monocytes, and macrophages from the innate im-
mune system, along with both CD4+ and CD8+ T cell subsets
and T cells’ immunoregulatory cytokines from the adap-
tive immune response play crucial roles in defense against
HCV infection (5-7). It has been proved that during viral
infection, cytokines, as intercellular soluble proteins se-
creted by both innate and acquired immune/non-immune
cells, contribute to viral clearance (8). In the acute phase
of HCV infection, several pro-inflammatory cytokines such
as interleukin-1 (IL-1), IL-8, antiviral type 1 interferon (IFN)-
alpha/beta, IFN-gamma, and IL-12 play important roles in
the inhibition of viral replication (8, 9). However, it has
been observed that HCV can impair the balance of circulat-
ing pro-and anti-inflammatory cytokines and chemokines,
and cause chronic infection, which triggers liver damage,
hepatitis, and cirrhosis (10).

Interleukin-38 (IL-1F10) has been characterized as a
member of IL-1 superfamily and shares certain construc-
tional characteristics with IL-1 receptor antagonist (IL-
1Ra) (41% homology) and IL-36Ra (43% homology) as
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well. Hence, IL-38 can bind to the IL-36R and exert anti-
inflammatory function by preventing the binding of IL-36R
to agonist ligands and reducing inflammation (11, 12). Am-
plification of multi-tissue cDNA using polymerase chain re-
action (PCR) method disclosed the mRNA expression of IL-
38 in a wide range of normal tissues, including fetal liver,
spleen, thymus, heart, placenta, and particularly in the
skin and tonsillar proliferating B cells (12). Besides, associ-
ation of IL-38 polymorphisms with susceptibility to psori-
atic arthritis, rheumatoid arthritis, human cardiovascular
disease, and ankylosing spondylitis has been reported in
previous studies (13, 14). A study was done on patients with
systemic lupus erythematosus showed that IL-38 had pro-
tective anti-inflammatory activities, and silencing endoge-
nous IL-38 in PBMCs resulted in a noticeable rise in the ex-
pression of pro-inflammatory mediators IL-6, chemokine
(C-C motif) ligand 2 (CCL2), and a proliferation-inducing
ligand (APRIL) (15). However, the expression pattern and
functional features of IL-38 in viral hepatitis, particularly
HCV infection, remain vague and need to be explored in
further research.

The conventional treatment landscape of HCV infec-
tion has been revolutionized with the advent of an oral
direct-acting antiviral (DAA) regimen with a high rate of
sustained virologic response (SVR) and short treatment du-
ration (16). Sofosbuvir (SOF) and daclatasvir (DCV) possess
some inhibitory features against HCVNS5B polymerase
and NS5A protein of HCV, respectively, and are utilized as
Food and Drug Administration (FDA)-approved treatment
for HCV-infected patients with 1 and 3 genotypes. Addi-
tionally, the results from clinical practice of the SOF and
DCV combined regimen in the treatment of Iranian with
hepatitis C, demonstrated a 98% SVR rate in both 1 and 3
genotypes (17). Analysis of the treatment outcomes from
HCV-infected patients can help us to find the mechanism
of viral-host interactions. To increase our knowledge about
the expression pattern of IL-38 in HCV-infected patients
and recognize the effects of therapeutic regimen, we evalu-
ated serum IL-38 levels in HCV-infected patients before and
after treatment with DAAs along with healthy subjects, as
well as identified the correlation of IL-38 level with liver en-
zymes levels, including aspartate transaminase (AST), ala-
nine transaminase (ALT), and alkaline phosphatase (ALP).

2. Methods

2.1. Subjects

Twenty-six newly-diagnosed patients with HCV infec-
tion (25 men and 1 woman) along with 26 age- and sex-
matched healthy subjects (25 men and 1 woman) were re-
cruited in the present study from Motahari Clinic affiliated

to Shiraz University of Medical Sciences, Shiraz, Iran, from
September to October 2019. All patients were checked to be
positive for HCV by detecting HCV-RNA (real-time PCR) and
anti-HCV antibodies (EIAgen HCV Ab, Adaltis, Italy). HCV-
infected patients were then treated with a pangenotypic
antiviral regimen comprising sofosbuvir 400 mg/day and
daclatasvir 60 mg/day for 12 weeks (n = 11). The efficacy
of treatment was assessed by detection of viral RNA in pa-
tients’ sera. Participants who received antiviral drugs or
had a history of non-alcoholic fatty liver disease (NAFLD),
non-alcoholic steatohepatitis (NASH), cholestatic liver dis-
eases, cardiac cirrhosis, primary biliary cirrhosis, and im-
munodeficiency states were excluded from the study. The
clinical characteristics of enrolled cases, including age and
gender, as well as the serum levels of AST, ALT, and ALP, are
shown in Table 1.

Table 1. The Clinical Characteristics of Participants a

Untreated HCV
Patients (n =

26)

Treated HCV
Patients (n = 11)

Healthy Group
(n = 26)

Age (y) 42.26 ± 9.8 41.6 ± 9.3 42/20 ± 10

Sex

Male 25 11 25

Female 1 0 1

ALT (U/L) 37.79 ± 30.3 49.9 ± 54.4 17 ± 12.4

AST (U/L) 39.41 ± 28 34.5 ± 11.8 24 ± 9.1

ALP (U/L) 180.13 ± 61.2 166.5 ± 73.9 157.2 ± 22

Abbreviations: HCV, Hepatitis C virus; AST, aspartate aminotransferase; ALT, ala-
nine aminotransferase; ALP, alkaline phosphatase
a Values are expressed as mean ± SD.

2.2. Sampling

5 mL of peripheral blood was collected from healthy
controls (n = 26) and HCV-infected patients before (n = 26)
and after (n = 11) receiving antiviral therapy by venipunc-
ture. After resting for 30 min at room temperature (RT),
samples were centrifuged at 3,000 × g for 10 min, and the
sera were separated and stored at -70°C until use.

2.3. Ethics Statement

The study was ethically approved by Med-
ical Ethics Committee of Shiraz University of
Medical Sciences (IR.sums.med.rec.1399.81, link:
ethics.research.ac.ir/ProposalCertificate.php?id=133659)
and written informed consent was obtained from each
participant according to the Declaration of Helsinki.
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2.4. Serological Analysis of Interleukin-38, Aspartate Transami-
nase, Alanine Transaminase, and Alkaline Phosphatase

The serum levels of IL-38 in subjects were measured us-
ing Enzyme-linked Immunosorbent Assay (ELISA) kit (Bio-
hippo Inc, Gaithersburg, United States of America) fol-
lowing by manufacturer’s instructions. Briefly, 100 µL of
standard and sample was added to each well of 96-well
ELISA plate and incubated for two hours at 25 ± 2°C. Af-
ter washing, the plate was incubated with 100 µL Biotin-
Conjugate antibody for 1 hour at RT. Afterward, the plates
were washed, and 100 µL/well of Streptavidin-HRP work-
ing solution was added. After incubating for 30 minutes
and three washes of each well, 100 µL TMB substrate was
added, and the plate was incubated in the dark place for
15 minutes at RT. Finally, 50 µL stop solution was added to
each well, and the optical density of samples was read us-
ing a microplate reader (R & D, USA) at 450 nm. IL-38 con-
centration was determined using a curve created based on
standard optical density. The minimum and maximum de-
tectable dose of IL-38 in this assay were 15 ng/L and 4,000
ng/L, respectively.

Regarding liver enzymes, serum levels of ALT, AST, and
ALP were measured by Pars Azmoon reagents kits (Iran) us-
ing automatic biochemistry analyzer (Roche Hitachi 912,
Japan).

2.5. Statistical Analysis

Data were analyzed using the GraphPad Prism version
6.0 (GraphPad Software, Inc., CA, US) and expressed as
mean ± SEM. P-values < 0.05 was considered statistically
significant. Comparisons between two groups and corre-
lations were performed using student t-test and Pearson’s
correlation test, respectively.

3. Results

3.1. Serum Interleukin-38 Levels in Untreated and Treated Hep-
atitis C Virus-Infected Patients Compared to Healthy Controls

ELISA was used to investigate levels of IL-38 in the
serum of enrolled participants. As displayed in Figure 1, the
serum levels of IL-38 were significantly lower in untreated
HCV patients compared to those who were treated with a
combination of sofosbuvir and daclatasvir (11.22 ± 1.1 vs.
37.95 ± 9.64, P = 0.014) and the healthy individuals as well
(11.22 ± 1.1 vs. 53.26 ± 7.37, P < 0.0001). However, there
was no significant difference between serum IL-38 levels of
treated HCV patients and the control group (37.95 ± 9.64
vs. 53.26 ± 7.37, P = 0.17) (Figure 1).

3.2. Relationship Between Serum Interleukin-38 And Liver En-
zymes Levels

To explore whether the IL-38 serum levels correlated to
the changes of liver enzymes level, Pearson’s correlation
analysis was applied. As is shown in Figure 2, serum IL-
38 levels negatively correlated with serum ALP levels (r =
-0.905, P = 0.042) in HCV-infected patients prior to treat-
ment; however, no significant correlations were detected
between IL-38 levels and the other enzymes (AST and ALT)
(data not shown). Similarly, there were no significant cor-
relations between serum levels of IL-38 and liver enzymes
in treated patients and healthy controls (data not shown).

4. Discussion

Emerging evidence supports that cytokines play a key
role in the elimination of viruses and the induction of
protective immunity. The balance between pro-and anti-
inflammatory responses is very important during the
course of HCV infection; so, disturbing this balance leads
to HCV persistence and extension of liver damage (18, 19).
Therefore, the knowledge about the production and se-
cretion of different cytokines during acute and chronic
phases of HCV infection can contribute to the identifi-
cation of helpful immunotherapeutic strategies. Several
studies have shown some variations in serum pro- and anti-
inflammatory cytokine levels, such as IL-2, IL-4, IL-10, IL-6,
IL-8, TNF-α, IL-12, IL-35 and IFN-gamma during HCV infec-
tion (2, 20-23). Our previous studies reported a significant
increase in IL-18 and IL-35 serum levels in HCV-infected pa-
tients (24, 25).

IL-38, a new member of IL-1 family, is recognized by im-
munosuppressive function in the inflammatory responses
by binding to IL-1 family receptors (IL-1R, IL-36R). Van de
Veerdonk et al. reported that the addition of IL-38 to the pe-
ripheral blood mononuclear cells culture, reduced the pro-
duction of IL-17A, IL-22, and IL-8 under inflammatory condi-
tions; however, at high concentrations, IL-38 elevated the
IL-17 and IL-22 levels (11). The anti-inflammatory features of
IL-38 have been reported in allergic asthma as well as au-
toimmune diseases like SLE and rheumatoid arthritis (15,
26, 27). These findings indicate that IL-38 is linked with the
immunopathogenesis of chronic inflammatory diseases.
However, the role of IL-38 during the course HCV infection
has not been elucidated yet. The present study aimed to
evaluate the expression pattern of IL-38 in HCV-infected pa-
tients and recognize the effects of therapeutic regimen.
For these purposes, we measured serum IL-38 levels in HCV-
infected patients before and after treatment with DAAs,
and healthy individuals. Our results indicated that the
levels of serum IL-38 were significantly lower in untreated
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Figure 1. Serum levels of interleukin-38 in hepatitis C virus-infected patients before and after treatment and healthy group. Serum levels of IL-38 in untreated patients (n =
26), treated patients (n = 11) and healthy individuals (n = 26) were measured using ELISA. The level of IL-38 in the serum of HCV-infected patients before treatment was lower
than the post-treated patients and the control group. No significant difference in serum level of IL-38 was detected between post-treated patients and healthy controls. Data
are presented as mean ± SEM and P-value < 0.05 was considered statistically significant.

HCV-infected patients as compared to the control group (P
< 0.0001) and this may be due to the predominance of in-
flammatory responses in the early phase of HCV infection.
After treatment with sofosbuvir and daclatasvir, however,
the serum IL-38 levels increased remarkably in the treated
group (P = 0.014), which indicated a relationship between
IL-38 and HCV viral replication. By contrast, Wang et al. ex-
amined the serum levels of IL-38 in patients with chronic
hepatitis B (CHB) and revealed IL-38 levels in untreated
CHB patients with existing liver injury were higher than in
healthy controls and returned to normal after treatment
with telbivudine for 12 weeks. Moreover, a positive correla-
tion has been found between the serum levels of IL-38 and
aspartate aminotransferase in cases with CHB, which indi-
cated that IL-38 level may be a marker reflecting liver in-
jury (14). In the present study, however, correlation analy-
sis of serum levels of IL-38 with AST and ALT demonstrated
that serum IL-38 levels were not associated with serum AST
and ALT levels in all groups (data not shown), but a neg-

ative correlation was found between serum IL-38 and ALP
levels in untreated HCV+ patients. As damaged liver cells
release increased the levels of AST, ALT, and ALP, monitor-
ing serum AST, ALT, and ALP levels can indicate the grade or
stage of liver damage and fibrosis (28). Based on our find-
ings, it seems that IL-38 inhibits the progression of chronic
hepatitis. In 2016 Mora et al. demonstrated that the IL-38
released by apoptotic cells could limit inflammation (29).
They found that apoptotic cells increased the expression of
IL-38 mRNA and released high amounts of IL-38, which sup-
pressed the production of IL-6 and IL-8 by macrophages.
In addition, they indicated that macrophages cultured in
apoptotic cell-conditioned medium reduced the produc-
tion of IFN-γ, IL-17, and IL-10 by T cells. As the presence of IL-
6 is necessary for Th17 differentiation and expansion, sup-
pressed IL-6 production by IL-38 can explain this reduction
(29).

It must be considered that this study measured the
serum IL-38 levels of HCV-infected patients for the first
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Figure 2. Pearson correlation analysis of the interleukin-38 levels with ALP levels in
hepatitis C virus-infected patients prior to treatment. There was a negative correla-
tion between IL-38 and alkaline phosphatase levels in untreated patients.

time, so further research is necessary to focus on the car-
dinal mechanisms exerted by the IL-38 in both innate and
adaptive immune responses against HCV in the large-scale
population surveys which may be a valuable weapon for
preventing the hepatic severe damage and failure in pa-
tients with hepatitis C. One of the limitations of this study
was the absence of measured levels of inflammatory cy-
tokines such as IL-6, IL-1β, and TNF-α and their correlations
with IL-38 levels among untreated, treated HCV-infected
patients and healthy individuals.

In conclusion, our results indicated that the levels of
serum IL-38 in untreated HCV-infected patients were lower
than those who were treated with SOF/DCV for 12 weeks as
well as healthy subjects. In addition, there was a negative
correlation between IL-38 and ALP levels in untreated pa-
tients with hepatitis C. Thus, we propose that IL-38 can be
implemented as a prognostic biomarker for assessing the
severity of disease in chronic HCV infection and designing
an appropriate treatment choice.
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