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Role of tumor necrosis factor-α, interleukin-1β, interleukin-6
in liver inflammation in chronic hepatitis B and chronic
hepatitis C
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ABSTRACT
Aims: Cytokines play important roles in the immunopathogenesis of chronic hepatitis B (CHB)
and chronic hepatitis C (CHC) infections. The aim of this study was to examine the changes in
serum levels of interleukin (IL)-1β, IL-6 and tumor necrosis factor (TNF)-α cytokines in patients
with CHB and CHC, and the relationship of these cytokines with chronic inflammation, disease
progression and fibrosis.
Methods: We prospectively enrolled patients with CHB and CHC and control subjects from
August 2016 to August 2018. Liver biopsy samples were obtained as a part of the routine care.
Serum levels of IL-6, IL-1β, and TNF-α were determined by the enzyme-linked immunosorbent
assay method.
Results: The final sample included 90 patients with CHB (age, mean±SD: 42.6±11.8) 40 patients
with CHC (age, mean±SD: 45.1±13.6) and 50 controls (age, mean±SD: 39±15.0). IL-1β, TNF-α and
IL-6 serum levels were statistically significantly higher in patients with CHB and CHC than in the
control group [IL-1β (ng/mL): 133.7±37.0, 125.92±12.7, 85.7±9.8; TNF-α (ng/mL): 307.9±68.9,
286.0±43.2, 72.0±14.01; IL-6 (ng/mL): 50.6±10.1, 55.07±9.79, 8.85±7.07, respectively, p=0.001].
TNF-α level was statistically significantly higher in patients with significant fibrosis (320.5±36.9)
than those with mild fibrosis (257.3±21.6) (p=0.04). Alpha-fetoprotein level was statistically
significantly higher in CHC patients than CHB and control groups.
Conclusions: This study showed increased levels of IL-1β, IL-6 and TNF-α in CHB and CHC
patients. TNF-α level further increased in patients with documented liver fibrosis.

Introduction
Hepatitis B (HBV) and hepatitis C (HCV) viruses are
important health problems because they cause serious

Cytokines play a fundamental role in the immunopathogenesis
of HBV infection and may affect the susceptibility to HBV
infection and the natural course of the infection (4). HCV

consequences such as chronic hepatitis, cirrhosis, fulminant

infection stimulates the production of inflammatory cytokines

hepatitis, and hepatocellular carcinoma (HCC) (1). Chronic

and chemokines, resulting in hepatic inflammation and chronic

liver disease occurs as a result of the relationship between a

hepatitis (5). Many cytokines that affect the progression of liver

progressive wound healing process and inflammatory response

disease and play an important role in the fibrotic process have

(2). The mechanism of persistent and progressive HBV infection

been reported. Cytokines can reduce viral replication and control

is not clear yet, and it is thought that host immune and genetic

the host immune response. Accordingly, it can be said that the

factors may play an important role (3).

serum level of cytokines affects the outcome of the disease (6).
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Interleukin (IL)-1β is one of the powerful proinflammatory
cytokines, a multifactorial inflammatory cytokine that has
a central role in host defense and is an important immune
response regulator (5). High IL-6 level may reflect more active
hepatic necroinflammation. Therefore, it is a sensitive index for
disease severity and progression (7).
Tumor necrosis factor (TNF)-α is a pro-inflammatory and
antiviral cytokine secreted by macrophages and cytotoxic T
lymphocytes in the liver, regulating immune reaction, cell growth
and apoptosis. Therefore, TNF-α expression is considered to
be an important molecular link between liver inflammation,
steatosis, and fibrosis (8).
The aim of this study was to examine the changes in serum
levels of IL-1β, IL-6 and TNF-α cytokines in patients with chronic
hepatitis B (CHB) and chronic hepatitis C (CHC), and the
relationship between these cytokines with chronic inflammation,
disease progression and fibrosis.

Methods
Patients and Controls
In this prospective clinical research study, a total of 90
CHB patients, 40 CHC patients, and a 50 controls without a
history of hepatitis B surface antigen (HBsAg), anti-HCV and
anti-human immunodeficiency virus (HIV) negative, acute and
chronic hepatitis and any chronic disease, who came to the unit
of infectious diseases between august 2016 and august 2018,
were included. When the study started, CHB and CHC patients
had not taken any medication.
Patients with a co-infection of hepatitis A and HCV, HIV
patients who could not undergo liver biopsy, patients with
positive autoimmune serology, and patients with HCC and
cirrhosis were excluded from the study. The diagnosis of CHB
and CHC was made according to the criteria of the European
Association for the Study of the Liver (with laboratory and
pathological evaluation) (9).
Data Collection
All of the CHB and CHC patients underwent liver biopsy.
Liver biopsy specimens were scored using the Ishak histological
scoring system (fibrosis was evaluated out of 6). CHB and CHC
cases were divided into two groups as prominent fibrosis (stage
3-4) and mild fibrosis (stage 1-2) (since there were no stages 5
and 6).
As a part of routine patient analysis, the standard blood tests
that were performed included HBsAg, HBV viral load (HBV DNA),
HCV viral load (HCV RNA) serum alanine aminotransferase and
aspartate aminotransferase, gamma glutamyl transferase, and
alpha-fetoprotein (AFP) levels. Liver biopsy was performed as
a part of routine clinical assessment (in HBV DNA >2000 IU/mL
and HCV RNA positive cases).

Determination of Serum Levels of IL-1β, IL-6, TNF-α
Approximately 5 cc of blood was drawn from the
peripheral venous blood from the patients and separated into
ethylenediamine tetraacetic acid-containing tubes. Within
40 minutes after collection, the obtained blood samples were
centrifuged for 10 minutes at 3500 rpm. Serums were stored at -80
ºC in a deep freezer. Serums were brought to room temperature
and melted in weekdays. Serum IL-6, IL-1β, and TNF-α levels
were determined by the enzyme-linked immunosorbent assay
method (R&D Systems, Minneapolis, MN, USA). Test results are
expressed in ng/mL.
The study protocol was in accordance with the Helsinki Declaration
of ethics and the study was approved by the Firat University Clinical
Research Ethics Committee (Code: 14.12.2017/05). Patients’
informed consent was obtained with the form.
Statistical Analysis
Data analysis procedures were carried out using Statistical
Package for the Social Sciences 22.0 (Chicago, USA) package
statistics software. The Kolmogorov-Smirnov and Shapiro-Wilk
normality analyses were performed to determine the conformity
of continuous variables to normal distribution. Student’s t-tests
were used in the analysis of continuous variables conforming
to normal distribution. The “chi-square test” was used in the
analysis of categorical data. Numerical data were expressed
as mean±standard deviation, and categorical data as %. Oneway ANOVA (Tukey, Bonferroni) test was used for multiple
comparisons. P<0.05 value was considered significant in
statistical comparisons.

Results
The final sample included 90 patients with CHB, 40 patients
with CHC and 50 controls. Overall, 49 of CHB cases were
female while 41 were male (age range: 42.6±11.8). There
were 15 female and 25 male (age range 45.12±13.6) cases of
CHC, while the control group consisted of 30 female and 20
male cases (age range: 39±15.04). There was no statistically
significant difference between CHB, CHC and control groups in
terms of age, gender and biochemical parameters (p>0.05). The
demographic characteristics of CHB and CHC patients and the
control group are shown in Table 1.
IL-1β, TNF-α and IL-6 serum levels were higher in CHB and
CHC cases than in the control group and this was statistically
significant [IL-1β (ng/mL): 133.7±37.0, 125.92±12.7, 85.7±9.8;
TNF-α (ng/mL): 307.9±68.9, 286.0±43.2, 72.0±14.01; IL-6 (ng/
mL): 50.6±10.1, 55.07±9.79, 8.85±7.07, respectively] (p=0.01).
However, there was no significant difference between CHB and
CHC cases in terms of the levels of these cytokines (p=0.22,
p=0.20, p=0.10, respectively). Serum IL-1β, TNF-α and IL-6
levels and p values of CHB, CHC cases and control group are
shown in Table 2.
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Table 1. Demographic characteristics of chronic hepatitis B, chronic hepatitis C cases and control group, average values of
laboratory tests
CHB (n=90)

CHC (n=40)

Control (n=50)

p value

Age

42.6±11.8

45.1±13.6

39±15.0

0.24

Gender (female/male)

49/41

15/25

30/20

0.27

AST (IU/mL)

28.4±18.0

25.0±11.7

21±7.76

0.23

ALT (IU/mL)

40.7±41.3

27.4±19.0

23.7±14.8

0.32

GGT (IU/mL)

22.8±19.9

30.3±24.9

21.9±13.1

0.32

AFP (µg/L)

2.19±1.09

4.03±2.94

2.15±1.03

0.04

Total bilirubin

0.53±0.33

0.63±0.35

0.43±0.25

0.13

PTZ

11.6±0.84

11.7±1.03

11.1±1.36

0.18

PLT (x10 /µL)

274±95.8

301±10

231±23.6

0.12

HBV DNA (103 IU/mL)

85189±372100

3

HCV RNA (103 IU/mL)

5602.7±2947.5

Data were expressed as mean±standard deviation. AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, GGT: Gamma glutamyl transferase, AFP: Alpha
fetoprotein, PTZ: Prothrombin time, PLT: Platelet, HBV: Hepatitis B virus, HCV: Hepatitis C virus

Table 2. Serum cytokine levels and p values of chronic
hepatitis B, chronic hepatitis C cases and control group

and IL-8 may be effective in the development of tumors and
chronic inflammatory diseases (11,12). In chronic viral hepatitis
cases, increased cytokine levels cause inflammation in the

CHB
(n=90)

CHC (n=40)

Control
(n=50)

p1

p2

IL-1β
(ng/mL)

133.7±37.0

125.92±12.7

85.7±9.8

0.01

0.22

information about the activity and prognosis of the disease (13).

TNF-α
(ng/mL)

307.9±68.9

286.0±43.2

72.0±14.01

0.01

0.20

that the increase in IL-1β activity caused the development of

IL-6
(ng/mL)

50.6±10.1

55.07±9.79

8.85±7.07

0.01

0.10

liver (1). Therefore, measuring cytokine levels provides useful
In a study conducted on patients with CHC, it was reported

Data were expressed as mean±standard deviation. p1: p values between
CHB, CHC and control group; p2: CHB-CHC p value.
CHB: Chronic hepatitis B, CHC: Chronic hepatitis C, IL: Interleukin, TNF:
Tumor necrosis factor

In CHC and CHB cases, there was no statistically significant
difference in serum levels of IL-1β and IL-6 cytokines between
patients with significant fibrosis and mild fibrosis (IL-1β: p=0.44,
p=0.49; IL-6: p=0.50, p=0.38, respectively). However, TNF-α
(ng/mL) level of patients with CHC with significant fibrosis
(320.5±36.9) was significantly higher than that with mild fibrosis
(257.3±21.6) (p=0.04). Serum TNF-α levels of CHB cases were
higher in those with significant fibrosis than those with mild
fibrosis. However, this was not statistically significant (p>0.05).
IL-1β, TNF-α and IL-6 serum levels and p values according to
the fibrosis scores are shown in Table 3.
AFP (µg/L) levels of patients with CHC (4.03±2.94) were
statistically significantly higher than those of the patients with
CHB (2.19±1.09) (p=0.01) and control groups (2.15±1.03 µg/L)
(p=0.01).

fibrosis and inflammation to be more severe. In addition, it is
stated that IL-1β plays a role in the pathogenesis of chronic
hepatitis by reducing interferon-induced antiviral activity (1). It
has been suggested that IL-1β mediates immune responses by
inducing other proinflammatory genes. There are several studies
documenting increased serum IL-1β levels in CHB cases (14).
Watashi et al. (15) have shown that IL-1 can protect against
HBV infection.
It has been suggested that the high production of IL-1β can
help increase the production of other cytokines such as IL-2,
IL-6 and TNF-α and trigger complex immunological processes
to eradicate the virus (16). In this study, in accordance with the
studies, IL-1β serum levels were statistically significantly higher
in CHB and CHC than in the control group (p=0.01). This may
indicate that IL-1β may be effective in the pathogenesis of CHB
and CHC.
IL-6 is a multifunctional cytokine, important in inflammation,
cell differentiation and tumor development (11,17). Levels of
IL-6 have been shown to be significantly higher in CHB patients
than in healthy humans and are expressed at significantly

Discussion

higher levels in those with severe liver disease (12,18). Again,

Despite advances in medicine and technology, morbidity and
mortality rates of CHB and CHC are high, especially in developing
countries (10). In recent studies, it has been reported that the
increase in proinflammatory cytokines such as IL-1β, TNF-α,

a number of studies have shown that serum levels of IL-6 are
increased in patients infected with HBV and are significantly
higher in patients with severe acute infection than in patients
with chronic active infection (2).
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Table 3. Interleukin (IL)-1β, tumor necrosis factor-α and IL-6 serum levels and p values according to the fibrosis scores
CHB (n=90)

IL-1β

CHC (n=40)

Mild fibrosis
(stage 1-2)

Significant fibrosis
(stage 3-4)

121.7±13.0

124.4±7.69

p value

Mild fibrosis
(stage 1-2)

Significant fibrosis
(stage 3-4)

p value

0.44

130.5±14.3

69.6±81.9

0.49

TNF-α

302.3±68.9

317.3±24.2

0.46

257.3±21.6

320.5±36.9

0.04

IL-6

54.0±12.9

51.2±4.69

0.50

57.7±6.65

48±5.65

0.38

Data were expressed as mean±standard deviation. CHB: Chronic hepatitis B, CHC: Chronic hepatitis C

It has been reported that IL-6 levels are high in autoimmune
and chronic inflammatory diseases, and therefore IL-6 can be
a good marker for disease progression associated with HBV.
Various studies have shown that IL-6 can suppress HBV
replication and inhibit HBV entry (6). Kuo et al. (19) demonstrated
that IL-6 suppresses HBV proliferation in the HBV replication
cell line. Hösel et al. (20) showed that IL-6 participates in the
inhibition of HBV replication in hepatocytes, provides early
control of the virus, and limits the adaptive immune response.
Many studies have shown that serum IL-6 levels increase in
the progression of HBV disease. It has been reported that IL-6,
the main immunomodulatory cytokine, plays an important role in
CHB pathology and that increased levels of IL-6 are an index of
increasing disease severity (21). In another study, it was stated
that serum IL-6 levels were increased in HCV-infected patients
compared to healthy controls (22). In this study, in accordance
with the studies, IL-6 serum levels were higher in cases with
CHB and CHC than in the control group and this was statistically
significant (p=0.01).
Produced in the liver and many organs, TNF-α plays an
important role in all types of viral hepatitis and participates in
the regeneration of liver cells in CHC. Serum concentration
increases significantly in chronic hepatitis (9). In many studies
conducted with CHC patients, TNF-α concentration values
were found to be significantly higher than in healthy individuals
(23). Neuman et al. (24) found that serum TNF-α values were
significantly higher in patients with CHB than in patients with
CHB and in patients with CHB than in the control group.
Recent publications have observed high levels of TNF-a in
the serum of HCV-infected patients. It has been reported that
the increase in TNF-a levels may also cause an increase in
other proinflammatory cytokines such as IL-6 in HCV infection
(25). TNF-α levels increase in serum and liver tissues of
patients with CHB and CHC infection (9). Some studies have
found significant relationships between serum TNF-α levels and
hepatic inflammation (4).
In this study, in accordance with the studies, serum levels
of TNF-α were significantly higher in cases with CHB and
CHC than in the control group (p=0.01). In addition, TNF-α
was significantly higher in patients with CHC than those with
significant fibrosis and those with mild fibrosis.

AFP is a marker used to predict HCC development not only in
patients with cirrhosis but also in HCV-infected chronic hepatitis
patients (26). In this study, the AFP levels of the patients with
CHB were statistically significantly higher than in the patients
with CHB (p=0.01) and the control group (p=0.01) (12).
The study has some limitations. There was no patient group
with fibrosis 5 and 6 and HCC. The study had a small sample
size, especially a few cases with KHC.

Conclusion
In conclusion, we found higher IL-1β, IL-6 and TNF-α levels
in patients with CHB and CHC compared to healthy individuals.
The findings suggest that these cytokines may play a role in
chronicity and hepatic inflammation and immunosuppression,
and may also affect the progression of CHB and CHC. Besides,
circulating TNF-α level can be used for early detection of fibrosis
and determining prognosis in cases with CHC. Nevertheless,
these findings need to be explored in larger studies.
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