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Abstract Hepatitis B viral (HBV) infection, which is one

of the global public health concerns, is among the most

common causes of cirrhosis and hepatocellular carcinoma.

It was proposed that cytokine-mediated immunity plays a

critical role in determining the outcomes of hepatitis B

virus infection. Interleukin 12 (IL-12) is a heterodimeric

cytokine that shows a broad range of immunoregulatory

properties during immune responses and combats host

invading pathogens. The main purpose of this study was to

investigate the possible association between expression

levels of IL-12 gene with HBV infection in patients with

HBV infection. This clinical study was performed on 30

HBV patients and 30 healthy controls. SYBR Green Real-

time PCR was performed to examine the expression level

of IL-12 gene in HBV patients. Then, the rate of expression

was calculated using the Livak (2�DDCT ) method. DCT of

samples in the two groups were compared using t test

method. PCR was also used for HBV-DNA evidence. The

results of our study demonstrated that the difference in

mean of IL-12 gene expression between healthy subjects

and HBV patients is statistically significant.
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Hepatitis B viral (HBV) infection that causes acute and

chronic hepatitis as well as hepatocellular carcinoma is one

of the major global health concerns [5, 14, 15, 18, 19, 21,

23, 29, 32]. It is estimated that over 300 million people

throughout the world are chronically HBV carriers [5, 14]

and it is known as top 10 causes of death [5, 21] with

around 1 million deaths every year. Furthermore, a large

proportion of HBV-infected individuals do not clear the

virus which may progress to persistent infection with or

without liver disease [32]. The hepatitis B virus is non-

cytopathic as a member of the Hepadna virus family and

the pathogenic mechanisms responsible for assorted out-

come are unclear [9, 15, 19, 23, 29] but the host’s defence

mechanisms may be critical in the revealing the outcome of

HBV infection [2, 17]. Cytokines (secreted proteins/sig-

naling molecules) are critical players in the pathogenesis of

various diseases [30]. According to some studies, cytokines

have essential role in the developmental regulation of naive

CD4? T cells into T helper 1 (Th1), Th2 cells or the

recently identified IL-17 producing (Th17) helper T cells,

which the appropriate T helper cell development is essen-

tial for promoting different aspects of the immune response

[26, 28]. Th1 cells express interferon-gamma (IFN-c) and
develop cell-mediated immunity which is critical for the

response against intracellular pathogens [7, 28]. Signals

from interleukins are essential for the development of these

different types of T cells and for their effector functions

[1]. Interleukin-12 (IL-12) is the main cytokine that regu-

lates cell-mediated immunity, Th1 differentiation, Th1

maintenance and IFN-c production in T and NK cells [3,

10, 11, 13, 24, 27, 28, 30]. IFN-c, tumor necrosis factor-

alpha (TNF-a) and IL-2 as inflammatory cytokines are

critical molecules for modulating the intensity and duration

of the host immune responses against HBV infections. As a

matter of fact, they are able to inhibit HBV gene expression
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and replication and play pivotal roles in the clearance of

viruses from the rest of infected cells by non-cytolytic

mechanisms [3, 32]. IL-12 is an important pro-inflamma-

tory cytokine that consists of p35 and p40 subunits [3, 20,

27, 30]. The genes encoding human p35 and p40 are

located on chromosomes 3 and 5, respectively [28]. IL-12

is mainly secreted by antigen-presenting cells (APC):

macrophages (MQ) and dendritic cells (DCs) in response to

infection caused by intracellular pathogens and host

immune stimuli [3, 4, 25, 27, 28, 30]. The cellular effects

of IL-12 are mediated by binding to its receptor (IL-12R)

which includes b1- and b2-plasma membrane-traversing

proteins [10, 13, 22]. Interestingly, IL-12 signaling results

in the phosphorylation of TYK2 (Tyrosine kinase 2), Jak2

(Janus kinase 2) and STAT4 (signal transducer and acti-

vator of transcription) proteins [25, 28]. Nevertheless, IL-

12 may play a key role in the evolution of virulence

mechanisms shaping host–pathogen interactions. Hence,

based on these unique properties of IL-12, we studied the

expression levels of IL-12 gene in HBV patients from the

Southeast of Iran.

In the present study, to evaluate the expression level of

IL-12 gene, peripheral blood samples with anticoagulant

were collected from 30 HBV patients as well as 30 healthy

controls from Zabol Blood Transfusion Services (Zabol,

Iran), the southeastern regions of Iran. Buffy coat and

plasma were isolated from each EDTA-treated blood

samples using Ficoll/paque solution (Sigma Chemical Co.,

USA). Exclusion criteria for HBV patients were HCV or

HIV co-infection and under treatment with immune-mod-

ulator drugs. Normal adults from faculty and students in

Zabol University, age- and sex-matched to the patients,

were selected as healthy controls. This study was approved

by the ethical committee of the University of Zabol.

HBsAg positivity of samples was evaluated by enzyme-

linked immunosorbent assay (ELISA) (Behring, Marburg,

Germany) according to the manufacturer’s guidelines.

HBV DNA was extracted from plasma using a DNP TM

Kit (CinnaGen, Iran) according to the manufacturer’s

protocol and then the genomic HBV DNA was identified in

patient samples using specific primers to amplify a frag-

ment of the surface gene by a qualitative hepatitis B virus

PCR detection Kit (CinnaGen, Iran) according to the

manufacturer’s instruction.

Total RNA was extracted by RNX-Plus solution (Cin-

naGen, Iran). The quantity of extracted RNA was evaluated

by Nanodrop (measuring the optical density 260/280), and

the quality of extracted RNA was assessed by running 3 ll
in 1 % agarose gel. The quality of RNA was indicated by

the lack of a smear on the lower part of the gel (a smear

indicates RNA degradation) and by the presence of 28S

ribosomal RNA twice as intense as that of 18S rRNA. After

good-quality total RNA was obtained, cDNA was

synthesized by Takara Kit (Dalian, Japan) according to the

manufacturer’s guidelines.

For the quantitative analysis of IL-12 mRNA expression

profile in studied groups, SYBR Green Real time PCR

method was performed. The results were normalized to the

expression level of GAPDH as a housekeeping gene.The

primer was originally designed for transcripts of IL-12

(AF101062.1) and GAPDH (NM_002046.5) as the internal

control. The primer sequences for amplification of IL-12

and GAPDH transcripts sequences were: IL-12F: 50-CCA
AGAATGAGAGTTGCCTAA-30, IL-12R: 50-CACCTGG
TACATCTTCAAGTC-30; GAPDH F: 50- GGACTCAT

GACCACAGTCCA-30 and GAPDH R: 50-CCAGTAG
AGGCAGGGATGAT-30. The DCT (the subtraction of Ct

of IL-12 gene from the Ct of GAPDH gene) in HBV

patients and DCT (obtained by subtracting the Ct of IL-12

gene from the Ct of GAPDH gene) in the control group

were calculated and then the rate of increased expression

was calculated using the Livak (2�DDCT) method.

The statistical differences in expression level of IL-12

gene and the fold changes in patients and controls were

compared via independent t test and the Livak (2�DDCT)

methods, respectively. The statistical software (IBM/SPSS

Statistics version 19) was used for data analysis and p

values of less than 0.05 were considered significant.

Patients and controls were matched by age and gender.

The mean age of the patients and control groups was

26 ± 6 and 27 ± 6, respectively. The profile of patients

with HBV infection and control group are given in Table 1.

HBV-DNA was detected by PCR (Fig. 1a). Results of real-

time PCR showed that, IL-12 gene relative to GAPDH

gene was expressed significantly (9.06 times) higher in the

PBMCs of HBV patients compared to control groups

(Fig. 1b). Statistical analysis showed that the difference

was significant (p\ 0.001).

Hepatitis B infection with more than 300 million HBV

carriers makes it one of the most hazardous viral pathogens

for worldwide public health [2, 18, 31]. The immunological

features of the liver may help the maintenance of

immunological tolerance present in chronic HBV infection

[19]. Cytokines as potent immune modulatory molecules

Table 1 Demographic and laboratory information of hepatitis B

virus-infected patient and controls

Variant Patient Healthy control

Age 26 ± 6 27 ± 6

Sex

Female 9 (30 %) 9 (30 %)

Male 21 (70 %) 21 (70 %)

HBsAg positive All of them 0

HBV-DNA All of them 0
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play crucial roles in the inflammatory and immune

responses. Recent studies suggest that, Th1 and Th2 cell

responses may contribute to successful treatment of hep-

atitis B and C and may be associated with the persistence of

HBV infection, respectively. A number of investigations

have indicated that HBV? is characterized by type Th1

cytokines. In fact, IL-4 and IFN-c are effective in the

chronic progression of hepatitis [6]. IL-12 regulates innate

and adaptive immune responses during infection [10], as

already mentioned, this mediator is required for treating

many diseases because of its Th1-inducing activity and

stimulating cell-mediated immunity such as viral and

bacterial infections and also cancers. Based on these

studies, we assessed the expression rate of IL-12 in two

different groups: HBV patients and healthy controls

(Fig. 1c). Based on our results, we found that IL-12 is

expressed at high levels in HBV patients, suggesting that

IL-12 expression may be associated with the progression of

HBV infection. T tests demonstrated that the difference of

mean DCT for IL-12 gene between healthy subjects and

patients with hepatitis B infection is statistically significant

(p value\ 0.001). In a transgenic mouse model study by

Cavanaugh et al. [4] was shown that IL-12 can suppress

replication of HBV by induction of IFN-c. In previous

researches, Rossol et al. [20] have shown that IL-12 serum

levels are raised during viral clearance induced by IFN-a
therapy. Milich et al. [16] reported that autoantibody pro-

duction in HBeAg-transgenic mice mediated by self-reac-

tive Th2-type cells can be suppressed by IL-12. Rizvi et al.

[18] shown that no significant difference was found in

serum IL-12 level in CHB patients, while, they showed

both IFN-c and IL-12 were higher in hepatitis B e-antigen

(HBeAg)-negative patients than HBeAg-positive patients.

Also, Researches show that IL-12 is involved in the control

of various intracellular pathogens [8, 12]. IL-12-induced

Th1 responses could be detrimental in some autoimmune

disorders, such as MS, rheumatoid arthritis, inflammatory

bowel, and graft versus-host disease [8]. Following and

confirming the work of these researchers, for the first time,

the results of our study indicate that IL-12 may have an

Fig. 1 a HBV-DNA PCR. Lane 1 DNA ladder marker, Lane 2 a

negative control, Lane 3 a positive control showing the expected

353 bp product, Lanes 4 and 5 positive samples. b Comparison of

expression level of IL-12 gene relative to GAPDH gene between

HBV patients and control groups. c BoxPlot of mean of IL-12 DCT in

HBV patients and control groups
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essential role for viral clearance in HBV infection.

Therefore, the host immunity through interaction of dif-

ferent cytokine expression profiles with HBV may affect in

the disease progression of hepatitis. In Conclusion, HBV

infection can lead to overexpression of IL-12 gene in

patients with HBV infection. Thus, by knowing this fact, it

may be possible to have prevention programs for pre-

venting progression of this virus by using antiviral drugs

for these patients and also achieving a better understanding

of the role of IL-12 in regulation of gene activation and

mechanism of the antiviral effect may aid in the develop-

ment of a novel immunotherapeutic strategy for HBV

infectious diseases. Therefore, our findings may lead to

improvements in the clinical management of patients with

HBV infection. However, other aspects of the immune

response in this disease need to be investigated.
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