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Background:  Few  studies  showed  the  changes  in  cytokine  profiles  after  infection  by hepatitis  B virus
(HBV),  the  most  common  viral  liver  disease  worldwide.  This  study  examined  the relationship  between
interleukin  (IL)-32,  IL-1,  and  interferon  (IFN)-�  levels  and  HBV  load.
Methods:  IL-32,  IL-1,  and  IFN-�  levels  in hepatitis  B  patients  serum  and HBV-stimulated  PBMCs  were
measured  by  ELISA.  Gene  transcripts  in  PBMCs  from  hepatitis  B  patients  and  HBV-stimulated  PBMCs
from  healthy  controls  were  measured  by  real-time  PCR.
Results:  IL-32,  IL-1, and  IFN-�  protein  levels  in  serum  from  hepatitis  B patients  were  significantly  higher
than  those  in  healthy  volunteers  (P <  0.05).  Hepatitis  B patients  showed  significantly  higher  expression  of
IL-32,  IL-1,  and IFN-�  transcripts  than  healthy  volunteers  (P  <  0.05). IL-32,  IL-1,  and  IFN-�  levels  in  PBMCs
stimulated  by different  amounts  of  HBV  were  significantly  higher  than  those  in HBV-unstimulated  PBMCs
(P < 0.05).  Real-time  PCR  results  were  consistent  with  the  ELISA  results.

Conclusions:  The  levels  of  IL-32,  IL-1,  and  IFN-�  protein  and  transcripts  in  serum  and  PBMCs  from  hep-
atitis  B  patients  were  higher  than  those  in healthy  volunteers.  Similarly,  both  were  higher  in PBMCs
from  healthy  volunteers  stimulated  by  HBV  in  vitro.  However,  the  changes  in  cytokine  levels  were  not
proportional  to the  viral  load.

© 2018  The  Authors.  Published  by Elsevier  Limited  on  behalf  of King  Saud  Bin Abdulaziz  University
for  Health  Sciences.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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ntroduction

Hepatitis B is a prominent infectious disease caused by hepati-
is B virus (HBV). Global assessment by Aparna Schweitzer showed
hat some 248 million people have been infected with hepatitis

 [1]. Although HBV infections are decreasing, 686,000 people die
rom hepatitis B infections every year [2]. Continuous replication
f HBV in host liver cells is crucial for HBV infection and disease
rogress [3]. The HBV viral load in serum is a reliable and direct

ndicator of virus replication [4]. According to the World Health
rganization’s guidelines for HBV guidelines issued in 2015, HBV
NA nucleic acid test (NAT) following a reactive HBsAg serological

est result, is recommended to help further guide who to treat or
ot treat if there is no evidence of cirrhosis, and to monitor for treat-
ent response [5]. Kim et al. performed a study of IL-18-inducible

enes and identified human interleukin-32 (IL-32) as a member of
he interleukin family [6]. IL-32 is produced by a variety of cells,
ncluding mitogen-stimulated human peripheral blood lympho-
ytes (PBMCs) [7], epithelial cells stimulated by human interferon
IFN)-�,  and NK cells stimulated by IL-12 and IL-18 [6,8]. IL-32 and
L-1 are pro-inflammatory cytokines that play a role in diseases
aused by infection by avian influenza [9], HIV [10], hepatitis B [11],
epatitis C [12], andhuman papilloma viruses[13]. IFN-� is secreted
y T cells and NK cells, and has antiviral, immunoregulatory, and
nti-tumor properties [14,15].

Here, we examined the relationship between serum levels of
L-32, IL-1, and IFN-� and the HBV viral load in patients with hep-
titis B. We  used real-time PCR and ELISA to measure IL-32, IL-1,
nd IFN-� transcript and protein levels, respectively, in serum and
n the culture supernatants of PBMCs derived from HBV patients
nd healthy volunteers. The results provide insights into the early
etection, diagnosis, and prevention of hepatitis B.

aterials and methods

nstruments and reagents

A Biological Safety Cabinet (Class II, Type A2, Thermo Fisher,
hanghai, China), a centrifuge (Allegra 64R, Beckman Coulter,
ullerton, CA, USA), and a real-time PCR Gene amplification instru-
ent (ABI 7500, Carlsbad, CA, USA) were used for the study. A

everse transcription PCR Kit, SYBR
®

Premix Ex TaqTM, and Trizol
egent were purchased from TaKaRa (Shiga, Japan). Tissue culture
lates, EP tubes, and tips were purchased from Corning (Corning,
Y, USA). Fetal bovine serum was purchased from Hyclone (Logan,
T, USA).
ollection of human blood samples

Blood samples were obtained from 113 patients (79 male and
4 female; age range, 18–68 years) with hepatitis B and from
 . . .  . .  . . . . .  . . . .  . . . .  . . .  . . .  . . .  .  .  . . .  . . . .  .  . . . . . . .  . . . . .  .  . . .  . . . . . .  .  . .  .  .  .  .  . . . .  . . .  . . . 11

60 healthy volunteers (33 male and 27 female; age range, 21–60
years) attending a public hospital in Tai’an, Shandong province. The
study was  approved by the local ethics committee. The hepatitis B
patients were hospitalized from January 2015 to February 2016.
The inclusion criteria for hepatitis B patients were as follows: i) the
patients did not receive any antiviral treatment or immunotherapy;
ii) the patients did not receive liver-protective treatment in the 6
months prior to the study; and iii) the patients agreed to blood
sample collection. Blood samples were collected from patients and
controls, and added to vacuum blood collection tubes with separate
gels and centrifuged to obtain supernatants. Hepatitis B patients
were classified into three groups according to viral load: high, inter-
mediate, and low. Information on patients and controls is listed in
Table 1.

Detection of IL-32, IL-1, and IFN-� in serum from HBV  patients
and healthy volunteers

IL-32, IL-1, and IFN-� were detected using commercial ELISA
kits in accordance with the manufacturer’s instructions. Samples,
standards, and blanks were run in triplicate. Finally, the OD450nm
was measured, and the concentrations of IL-32, IL-1, and IFN-� were
calculated from the standard curves.

Detection of the gene transcripts in PBMCs from hepatitis B
patients and healthy volunteers by real-time PCR

Isolation of PBMCs
Fresh blood samples with EDTA anticoagulants (2 ml)  were

mixed with an equal volume of PBS buffer (pH 7.4) prior to layering
onto the surface of human lymphocyte separation medium (Ficoll)
(Solarbio, Beijing, China, 2 ml). After centrifugation at 1500 g for
25 min, the PBMC cell layer was collected by centrifugation and
washed three times with PBS buffer.

Extraction of total RNA
PBMCs were lysed with Trizol reagent (0.5 ml per

1 × 106–1 × 107 cells). Chloroform (0.1 ml)  was  then added to
each tube and homogenized by shaking vigorously for 15 s.
Tubes were then incubated at room temperature for 3 min. After
centrifugation for 15 min  (4 ◦C, 12000 × g), the supernatant was
transferred to a new tube and 1 ml  of ethanol (75%) was added.
RNA was precipitated by gently inverting the tubes. Total RNA was
collected by centrifuging the solution for 5 min  at 4 ◦C (7500 g).
The supernatant was discarded, and the RNA pellet was air dried
for 10 min  at room temperature before being dissolved in 20 �l of
DEPC water and storage at −80 ◦C.
Reverse transcription
Total RNA was reverse-transcribed using the following reaction

system: 5 × buffer (2.0 �l), RT mix  (0.5 �l), random primers (1.0 �l),
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Table  1
Information on patients and controls.

Healthy controls Patients infected by HBV

Low HBV load (copies/ml) Intermediate HBV load (copies/ml) High HBV load (copies/ml)

Number (male/female) 60 (33/27) 29 (19/10) 46 (36/10) 38 (24/14)
Age  (mean ± SD) 32 ± 8.33 42.11 ± 9.14 45.86 ± 12.55 38.87 ± 12.69
ALT  (U/L) 21.3 ± 6.82 40.43 ± 27.31 65.95 ± 63.79 132.4 ± 159.3
AST  (U/L) 20.11 ± 7.31 38.82 ± 26.43 56.88 ± 31.21 89.43 ± 106.47
ALB  (g/L) 47 ± 4.13 44.9 ± 7.04 42.4 ± 8.29 45.08 ± 6.89
HBV-DNA 0 2.39 × 103 ± 1.99 × 103

Note: SD: standard deviation. ALT: alanine aminotransferase. AST: aspartate aminotransfe

Table 2
Sequences of the primers used to amplify IL-32, IL-1, and IFN-�.

Target gene Primer sequences

IL-32 Forward primer P1: 5′-GCGAATTCATGTGCTTCCCGAAG-3′

Reverse primer P2:
5′-GCAAGCTTTCATTTTGAGGATTGGG-3′

IL-1 Forward primer P1:
5′-CGGGATCCGCCGCCACCATGGCAGAAGTACC-3′

Reverse primer P2: 5′-CCCTCGAGTTAGGAAGACACAAA-3′

IFN-� Forward primer P1:
5′-CGGAATTCATGTGTTACTGCCAGGAC-3′

Reverse primer P2:

N

a
w
f

R

a
p
(
p
d
d
f

D
H

o
t
t
s
r
i
4
o
w
n
w
�
w
w

S

(
(
u

5′-CGGGATCCTTACTGGGATGCTCTTCG-3′

ote: IL: interleukin. IFN: interferon.

nd total RNA (6.5 �l [1 �g]). The PCR amplification parameters
ere as follows: 42 ◦C for 30 min, 99 ◦C for 5 min, and 5 ◦C for 5 min,

ollowed by holding at 4 ◦C.

eal-time PCR
The reverse-transcribed products were diluted with DEPC water

nd used as templates for real-time PCR. The reaction mixture com-
rised SYBR Premix Ex Taq (10 �l), forward and reverse primers
0.4 �l each), Rox reference Dye II (0.4 �l), ddH2O (6.8 �l), and tem-
late (2.0 �l). PCR amplification was carried out as follows: initial
enaturation at 95 ◦C for 30 s, 40 cycles of amplification (including
enaturation) at 95 ◦C for 5 s, and annealing and extension at 60 ◦C
or 34 s. The primer sequences are listed in Table 2.

etection of IL-32, IL-1, and IFN-� transcripts and protein in
BV-stimulated PBMCs from healthy volunteers

PBMCs were isolated from anticoagulated blood (6.0 ml)
btained from healthy volunteers, and the cell density was  adjusted
o 1.5 × 106/ml. The PBMCs were inoculated into 12-well cell cul-
ure plates, and RPMI 1640 medium (1.0 ml)  containing 10% calf
erum and 20 g/ml Con A was added to each well. After incubating at
oom temperature for 40 min, RPMI 1640 medium (1.0 ml)  contain-
ng 10% calf serum and differing amounts of HBV virus (6.20 × 103,
.97 × 105, or 3.26 × 107copies/ml; representing low, intermediate,
r high HBV viral loads, respectively) was added. Three replicates
ere included for each viral load. The negative control contained
o HBV virus. After 60 h incubation at 37 ◦C, 0.5 ml  of supernatant
as taken from each well and used to measure IL-32, IL-1, and IFN-

 by ELISA. In the meantime, PBMCs were collected and total RNA
as isolated as described above. IL-32, IL-1, and IFN-� transcripts
ere examined by real-time PCR as described above.

tatistical analysis
Data are presented as the mean and standard deviation
mean ± SD). All statistical analyses were performed using SPSS v16
SPSS Inc., Chicago, IL). Differences between groups were analyzed
sing single factor analysis of variance. Two  groups were com-
1.45 × 106 ± 2.21 × 106 1.29 × 108 ± 1.49 × 108

rase. HBV: hepatitis B virus. DNA: deoxyribonucleic acid.

pared using least squares differences. Differences were considered
statistically significant at P < 0.05.

Results

IL-32, IL-1, and IFN-� levels in serum from hepatitis B patients

The amount of IL-32, IL-1, and IFN-� in the serum of 113 hep-
atitis B patients with low, intermediate, or high HBV viral load,
and in serum from 60 healthy volunteers, is shown in Table 3. The
amounts of all three cytokines were significantly higher in hepatitis
B patients than in healthy volunteers (P < 0.05). The changes in the
levels of the three cytokines were not proportional to viral load.

Expression of IL-32, IL-1, and IFN-� in PBMCs from hepatitis B
patients and healthy volunteers

Analysis of the IL-32, IL-1, and IFN-� transcripts in PBMCs
revealed a significant difference between hepatitis B patients and
healthy volunteers (P < 0.05). Expression of all three cytokines was
higher in hepatitis B patients. However, there were no significant
differences between the low, intermediate, or high HBV viral load
groups (P > 0.05) (Fig. 1).

Amount of IL-32, IL-1, and IFN-� protein in HBV-stimulated
PBMCs from healthy volunteers

The amount of IL-32, IL-1, and IFN-� protein in HBV-stimulated
PBMCs from healthy volunteers (Table 4) was  significantly higher
than that in the control group (no exposure to HBV). However, there
was no consistent trend between IL-32, IL-1, and IFN-� levels and
viral load.

Expression of IL-32, IL-1, and IFN-� transcripts in HBV-stimulated
PBMCs from healthy volunteers

The amounts of IL-32, IL-1, and IFN-� transcripts in HBV-
stimulated PBMCs from healthy volunteers stimulated with
differing HBV loads were significantly higher than those of con-
trols not stimulated with HBV (P < 0.05); however, there was  no
significant difference between transcript levels expressed by the
stimulated groups (P > 0.05) (Fig. 2).

Discussion

Since Kim et al. first identified IL-32 in 2005, many studies have
examined the relationship between IL-32 and disease. For example,
IL-32 is closely related to the occurrence and development of many
diseases, including autoimmune diseases [16], tumors [17], and

diseases caused by bacteria [18] or viruses [11,12,13,19]. IL-1, the
same as IL-6, is a pro-inflammatory cytokine. It is not only essen-
tial to innate immune defense, but is also an important mediator of
adaptive immune response to viral infections [20]. Interferon-� is
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Table  3
Amount of IL-32, IL-1, and IFN-� protein in serum samples from patients and healthy volunteers.

HBV-DNA content (copies/ml) Gender (male/female) IL-32 (ng/l) IL-1 (ng/l) IFN-� (ng/l)

0 33/27 117.93 ± 32.19 111.84 ± 34.84 81.25 ± 20.07
2.39  × 103 ± 1.99 × 103 19/10 410.78 ± 71.23* 366.80 ± 93.41* 174.13 ± 103.91*

1.45 × 106 ± 2.21 × 106 36/10 394.94 ± 85.45* 324.50 ± 89.81*,� 181.22 ± 106.38*

1.29 × 108 ± 1.49 × 108 24/14 359.90 ± 77.74*,� ,# 324.09 ± 107.44*,� 145.07 ± 112.80*

Note: IL: interleukin. IFN: interferon. HBV: hepatitis B virus. DNA: deoxyribonucleic acid.
* Compared with the respective healthy control group (P < 0.05).

� Compared with the low HBV viral load group (P < 0.05).
# Compared with the intermediate viral load group (P < 0.05).

Fig. 1. Ct values for IL-32, IL-1, and IFN-� mRNA in PBMCs isolated from hepatitis B patients and healthy volunteers. *Compared with the healthy volunteer group (P < 0.05).
Note:  IL: interleukin. IFN: interferon. HBV: hepatitis B virus. CT.

Table 4
Amount of IL-32, IL-1, and IFN-� protein in PBMCs from healthy volunteers stimulated by HBV.

Group HBV-DNA (copies/ml) IL-32 (ng/l) IL-1 (ng/l) IFN-� (ng/l)

Control 0 60.51 ± 17.86 71.27 ± 13.89 47.28 ± 15.34
Stimulated by low HBV load 6.20 × 103 91.25 ± 11.49* 104.13 ± 42.56* 75.92 ± 24.06*

Stimulated by intermediate HBV load 4.97 × 105 119.17 ± 28.87*,# 128.69 ± 37.61*,# 86.75 ± 24.05*

Stimulated by high HBV load 3.26 × 107 98.31 ± 29.71* 102.83 ± 27.66* 85.95 ± 24.27*
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* Comparison between each stimulated group and the control group (P < 0.05).
# Comparison between groups stimulated with an intermediate HBV load and th

n antiviral cytokine, and often used in the treatment of HBV. How-
ver, little is known about the relationship between these three
ytokines and HBV infection in hepatitis B patients. The results of
his study demonstrate that the serum of hepatitis B patients har-
ors higher levels of IL-32, IL-1, and IFN-� transcripts and protein
han that of healthy controls. Also, HBV-stimulated PBMCs from
ealthy volunteers harbor higher transcript and protein levels than
nstimulated PBMCs from healthy controls, suggesting that these
ytokines have utility for the early detection and monitoring of HBV
nfection.

We examined blood samples from hepatitis B patients and per-
ormed in vitro infection of PBMC cells from healthy volunteers to
xamine changes in cytokine levels. We  found that the amount of
L-32, IL-1, and IFN-� protein in serum from hepatitis B patients was
ignificantly higher than that in healthy volunteers. Among hep-
titis B patients with different HBV loads, IL-32 levels decreased
s the HBV load increased. The amount of IL-32 in the serum of
epatitis B patients with a high HBV load was significantly higher

han that in serum from patients with an intermediate (P < 0.05) or
ow (P < 0.01) HBV load; however, there was no significant differ-
nce between hepatitis B patients with intermediate or low HBV
oads. Similarly, the amount of IL-1 in hepatitis B patients fell as
p stimulated with a low HBV load (P < 0.05).

the HBV load increased, and there was  a significant difference
between patients with high or intermediate HBV loads and patients
with a low HBV load (P < 0.05); there was  no significant difference
between patients with intermediate or low HBV loads. By contrast,
the amount of IFN-� did not differ significantly between hepatitis
B patients harboring different HBV loads.

Consistent results were obtained from in vitro analyses of
HBV-stimulated PBMCs isolated from healthy volunteers. HBV
stimulation led to a significant increase in the amount of IL-32, IL-1,
and IFN-� expressed by PBMC cells when compared with controls
without HBV stimulation (P < 0.05). The amount of IL-32 and IL-
1 secreted by PBMCs stimulated with an intermediate HBV load
was significantly higher than that of PBMC cells stimulated with
a low or high HBV load (P < 0.05). There was  no significant differ-
ence between PBMC cells stimulated with low or high HBV loads
(P > 0.05). The amount of IFN-� secreted by PBMC cells stimulated
by different HBV loads was similar.

At the gene transcript level, we detected significantly higher

numbers of IL-32, IL-1, and IFN-� transcripts in PBMCs from
hepatitis B patients (P < 0.05). Also, numbers were higher in HBV-
stimulated PBMCs from healthy volunteers than in PBMCs not
stimulated with HBV (P < 0.05). However, transcript numbers were
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BV infection leads to complex regulation of cytokine abundance.

We  speculate that infection by HBV stimulates proliferation of
mmune cells, which increase cytokine production to inhibit viral
eplication. IL-32 and IL-1 might function as pro-inflammatory
ytokines, whereas IFN-� probably interferes with the virus repli-
ation. Notably, we found that the amount of IL-32 and IL-1 protein
ell in hepatitis B patients with higher HBV loads, a finding not
eported in the literature. Thus, it is possible that a feed-back inhi-
ition mechanism regulates production of IL-32 and IL-1. When
he HBV load reaches a certain level, HBV itself might inhibit pro-
uction of IL-32 and IL-1. Another possibility is that IL-32 and IL-1
re consumed during the process of virus inhibition. The relation-
hip between the HBV load, IL-32, IL-1, and IFN-� levels, and the
echanisms regulating HBV inhibition will be the focus of future

tudies.
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