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Abstract: Growing evidence supports the notion that serum NAPDH oxidase 2 (NOX2) is an important regulator that
contributes to the initiation and progression of various types of diseases. However, so far, it remains elusive about
the relationship between levels of serum NOX2 and HBV-related diseases. The overall purpose of the study is to get
a better insight into whether or not serum NOX2 is involved in HBV-related disorders. Serum levels of NOX2, from
105 patients with chronic hepatitis B, 58 patients with HBV-related cirrhosis, 48 patients with HBV-related hepa-
tocellular carcinoma and 104 healthy individuals, were measured with sandwich ELISA kits that we developed. In
this study, we found that NOX2 values were significantly higher in patients compared to healthy control (P < 0.01)
and that the levels of serum NOX2 were significantly correlated with the serum levels of superoxide dismutase
(SOD), interleukin-6 (IL-6), interferon-stimulated gene 15 (ISG15), alkaline phosphatase (ALP) and gamma glutamyl
transpeptidase (GGT) in chronic hepatitis B, cirrhosis and hepatocellular carcinoma patients. Interestingly, we found
that a significant positive correlation between NOX2 and HBV viral load only in patients with chronic hepatitis B and
cirrhosis. Therefore, Serum NOX2 levels maybe an important indicator of the pathogenesis of progression of HBV-

related disorders.
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Introduction

Hepatitis B virus (HBV) infection is a major glob-
al public health issue, which leads to acute and
chronic hepatitis, liver cirrhosis and hepatocel-
lular carcinoma (HCC). Note that (i) approxi-
mately 2 billion people have been infected with
HBV worldwide [1], (ii) more than 240 million
people have been developed chronic HBV infec-
tion [2], and (iii) 25% of HBV-infected children
will develop HBV-related cirrhosis and HCC as
adults [1]. Remarkably, it has been reported
that nearly 780,000 people die every year due
to HBV-related complications such as liver cir-
rhosis and HCC [3]. However, despite the wide-
spread distribution of HBV infection and its
serious complications related to the persistent
infection with the virus, there are limited effec-
tive treatment options available for HBV related
disorders. Therefore, to ameliorate the disease
burden of HBV infection, it may be crucial to
early identify patients at risk of development to

cirrhosis and HCC, which could allow clinicians
to initiate early preventative treatment.

Reactive oxygen species (ROS) are a group of
short-lived and highly reactive molecules includ-
ing hydrogen peroxide (H,0,), superoxide anion
(0,) and hydroxyl radicals (‘OH), produced as
natural byproducts of cellular metabolism [4].
Over the years, it is widely accepted that an
imbalance between ROS generation and detoxi-
fication can result in disturb the cellular redox
homeostasis, which in turn can initiate and pro-
mote a variety of diseases such as ischemia
reperfusion injury, atherosclerosis, neurodege-
neration, cancer, and hypertension [5-7]. How-
ever, there is also mounting evidence that ROS
may act as important intracellular signaling
intermediates in diverse physiological process-
es, such as cell development, differentiation
and survival [6]. For example, it has been dem-
onstrated that reactive molecules H,0, play an
important role in cytokine-, insulin-, growth fac-
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tor-, and NF-kB-mediated signaling pathways
[8, 9]. At present, growing evidence indicates
that HBV infection and cellular oxidative stress
are closely intertwined [10]. This is perhaps
best illustrated by the observation that HBV
infection related mitochondrial ROS production
triggers the up-regulated expression of the
transcription factor Snail, which in turn results
in the repression of suppressor of cytokine sig-
naling 3 (SOCS3) via DNA methylation with
DNMT1 and HDAC1 [11]. Moreover, a recent
study by Yu et al. has shown that HBV infec-
tion suppresses lipopolysaccharide (LPS)-in-
duced NLRP3 inflammasome activation and
IL-1B expression through inhibiting ROS pro-
duction and the NF-kB signaling pathway [12].
However, the mechanisms underlying how ROS
participate in the pathogenesis of HBV-related
diseases remain to be established. Therefore,
more future research is needed to elucidate
the role of ROS in HBV-related pathological
processes.

NADPH oxidase 2 (NOX2), encoded by the CYBB
gene, is a key protein of the innate immune sys-
tem via generating superoxide anion [13]. So
far, it has been reported that the protein is
mainly present in monocytes, leukocytes, plate-
lets and endothelial cells [14]. The significance
of NOX2 for human health and development
is best illustrated by the existence of severe
inherited metabolic diseases (e.g. chronic gran-
ulomatous disease) that are caused by a par-
tial or complete dysfunction of the enzyme [15].
Over the past few decades, NOX2 is considered
as a critical regulator in mediating the genera-
tion of ROS, which plays a pivotal role in devel-
opment of cardiovascular diseases [16, 17].
This hypothesis is mainly based on the obser-
vations that (i) the circulating serum levels of
NOX2 in hypercholesterolemic patients are sig-
nificantly higher than those in healthy controls
[14], and (ii) a significant correlation between
up-regulation of serum NOX2 levels and cardiac
Troponin T elevation is observed in patients
with myocardial injury [18]. Furthermore, a
study by Martinez et al. has shown that NOX2 is
a key component of the LC3-associated phago-
cytosis (LAP) pathway, and that mice and
human lacking NOX2 initiate and drive the
pathogenesis of systemic lupus erythematosus
(SLE) [19].

Recently, it has become increasingly clear that
virus infection and NOX2-induced oxidative
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stress are inextricably linked processes. For
example, it has been reported that (i) inhibition
of NOX2 oxidase activity suppresses influenza
A virus replication in vivo, which in turn amelio-
rates virus-induced lung inflammation [20]; (ii)
NOX2 is a crucial player in Human respiratory
syncytial virus (RSV) and Sendai virus-induced
NF-kB activation via the phosphorylation of
IkBa at Ser32 and of p65 at Ser536 [21]; and
(iii) HIV-1 infection can lead to the increased
platelet oxidative stress in vivo, which is associ-
ated with the activation of NOX2 [22]. However,
to date, the interplay between HBV infection
and NOX2 remains to be determined. In this
context, it is also noteworthy that very little is
known about the role of NOX2 in HBV-related
diseases.

In this study, we aim to investigate the changes
of serum levels of NOX2 in patients with HBV-
related disorders and get a better insight into
the relationship between serum levels of NOX2
and HBV-related complications.

Material and methods
Human subjects

From February 2015 to April 2017, 105 chronic
hepatitis B (CHB) patients, 58 patients diag-
nosed with HBV-related cirrhosis, 48 HBV-
related hepatocellular carcinoma (HCC) pa-
tients, 42 patients with alcoholic liver cirrhosis
(ALC), 54 patients with alcoholic cirrhosis who
abstained from alcohol after contact with the
Gastroenterology & Hepatology unit, 39 pa-
tients with non-HBV HCC and 104 healthy in-
dividuals were enrolled in the study. Written
informed consent was obtained from each sub-
ject. Patients with CHB, cirrhosis and HCC we-
re diagnosed in accordance with the guidelines
on prevention and treatment of chronic hepati-
tis B (2015 version), issued by the Chinese
society of infectious Diseases and Chinese
society of Hepatology of Chinese Medical As-
sociation. The diagnosis of CHB was based on
detectable hepatitis B surface antigen (HBsAg)-
positive or HBV-DNA for more than six months.
In our study, we also employed imaging tech-
niques including computerized tomography
(CT) and magnetic resonance imaging (MRI)
to distinguish CHB and other hepatic patho-
logy. The diagnosis of cirrhosis and HCC was
confirmed by histological examination of the
resected material from patients. The study was
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Table 1. Clinical characteristics of subjects in this study

Healthy individuals

CHB patients

Cirrhosis patients HCC patients

Number of subjects 104 105 58 48

Age (year, ranger) 25-64 17-63 29-76 33-78
(year, mean) 39.3 37.2 49.3 51.5

Sex (male:female) 58:46 64:41 40:18 36:12

HBsAg positive No Yes Yes Yes

NOX 2 (mean + SD) pg/ml 930.64 + 474.10 2944.10 + 1078.74 3605.63 + 857.92 4482.48 + 1086.98

SOD (mean + SD) U/ml 168.1 + 16.9 137.5 + 31.0 135.8 + 33.6 122.7 + 33.8

IL-6 (mean + SD) pg/ml 1.69 + 0.54 4.06 +1.48 16.98 + 4.65 22.48 +7.19

ISG15 (mean * SD) ng/m 3.21+0.93 6.74 £ 2.88 15.93 + 5.30 9.21+2.99

ALP (mean + SD) U/L 69.0 £ 17.0 94.2 +46.7 128.8 +43.6 210.2 £ 119.0

GGT (mean + SD) U/L 23.1+13.3 58.5 + 87.0 1329+ 71.7 188.9 + 150.4

ALT (mean + SD) U/L 24.0+14.3 118.7 + 244.9 248.1 + 361.9 93.5 +89.7

AST (mean + SD) U/L 241+49 79.5 +117.8 240.66 + 293.4 98.1 +103.1

HBV DNA (mean + SD) copies/ml

10242588 + 24242785

2837049 + 6971344 846385 + 1833953

carried out according to the principles of the
Declaration of Helsinki and was approved by
the medical ethics committee of the Second
Affiliated Hospital of Chongging Medical Uni-
versity. The clinical characteristics of study
subjects are demonstrated in Table 1.

Quantification of HBV DNA

The serum levels of HBV DNA were quantified
by CFX manager™ software (Bio-Rad, Califor-
nia, USA) using the CFX Connect™ real time
PCR detection system (Bio-Rad, California,
USA) according to the manufacturer’'s spe-
cifications.

Liver function test

Hitachi Modular 7600 chemistry analyzer
(Hitachi, Takyo, Japan) with the liver function
test kit (Maccura, Sichuan, China) was
employed to measure the liver enzymes activity
in serum, including alkaline phosphatase (ALP)
and gamma glutamyl transpeptidase (GGT).

Serum analysis of SOD

Serum levels of SOD were detected by Hita-
chi Modular 7600 chemistry analyzer (Hitachi,
Takyo, Japan) with the SOD test kit (Medi-
calsystem Biotechnology, Ningbo, China).

Serum analysis of NOX2, IL-6 and ISG15

Serum soluble NOX2-derived peptide was mea-
sured by an ELISA method as previously
described by Pignatelli and his colleagues [14].
Here we modified this protocol to evaluate the
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serum levels of NOX2 in HBV patients. 100 yL
of Serum samples or standard (gp91°"* pep-
tide from the sequence LFNVEWCVNARVNN-
SDPYSVALSELGDRQNESYLNFARKRIKNPEG--
GLYLAV of gp91rh; Abcam, USA) were added
into each capture antibody-coated well (Anti-
NOX2/gp91r" antibody; Abcam, USA) and
incubated 2 hours at room temperature. After
aspirating and washing each well 3 times, 100
puL of diluted detection antibody-conjugated
HRP (Rabbit anti-human IgG H&G antibody;
Abcam, USA) was added and incubated 1 hour
at room temperature while gentle shaking.
Repeating the aspiration/wash of each well,
100 pL of substrate solution was added and
incubated at room temperature for 20 minutes.
Next, adding 50 uL of stop solution (1 mol/L
H,SO,) to each well. The absorbance of the col-
ored solution of NOX2 was measured at 450
nm by using a Multiskan™ FC microplate rea-
der (Thermo Scientific, MA, USA).

Serum IL-6 and ISG15 were analyzed utilizing
human IL-6 ELISA kit (Multisciences, Hangzhou,
China) and human ISG15 ELISA kit (LifeSpan
Biosciences, Eching, Germany), according to
the manufacturer’s guideline. The absorbance
of IL-6 was also read at 450 nm. All samples
were run in triplicate and the mean value was
used for statistical analysis.

Statistical analysis

Statistics were performed using SPSS soft-
ware, version 19.0 for windows (SPSS Inc, IL,
USA). The biological and clinical characteristics
of human subjects were shown as means + SD
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(mean value: 2944.10 g/ml)
were significantly higher than
those of healthy individuals

Peo.0t (mean value: 930.64 pg/ml, P

< 0.01). Here, it is informative
to note that (i) the serum con-
centrations of NOX2 in patients
with CHB were considerably
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Figure 1. Serum NOX2 concentrations in subjects. A. The scatter dot plot
shows the serum levels of NOX2 in healthy individuals and patients with
CHB, cirrhosis and HCC patients. B. The scatter dot plot demonstrates the
serum levels of NOX2 in patients with HBV-related cirrhosis and alcohol-
ic liver cirrhosis patients. C. The scatter dot plot shows the serum levels
of NOX2 in patients with HBV-related HCC and non-HBV-related HCC. The
middle horizontal line in the scatter dot plot represents the mean. And the
horizontal lines below and above the mean line represent respectively the
mean minus and plus one standard deviation. Statistical significance (P) is

indicated.

(standard deviation). Two groups were com-
pared with a Mann-Whitney test. Spearman’s
rank correlation analysis was employed to ana-
lyze association between two variables. The
significance level was chosen to be P < 0.01.

Results

Serum levels of NOX2 in patients and healthy
individuals

As discussed before, it has been reported that
NOX2 activity can affect influenza A virus repli-
cation in vivo [20]. However, so far, the cross-
talk between HBV infection and NOX-derived
oxidative stress remains to be established. In a
first series of experiments, we examined wheth-
er or not the concentrations of serum NOX2
could be elevated in patients with HBV-related
disorders. As shown in Figure 1A, we found
that the serum levels of NOX2 in CHB patients
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lower compared to those with
HBV-related cirrhosis (mean
KX ®  value: 3605.63 pg/ml, P <

T 0.01), and (ii) the NOX2 values
in patients with HCC were
much higher than any other
groups (mean value: 4482.48
pg/ml, P < 0.01, Figure 1A).
Next, we analyzed the levels of
NOX2 in patients with alcoholic
liver cirrhosis. We observed
that there was significant dif-
ference between patients with
HBV-related cirrhosis and pa-
tients with alcoholic liver cir-
rhosis (mean value: 2995.95
pg/ml, P<0.01, Figure 1B). Re-
markably, the serum concen-
trations of NOX2 were signifi-
cantly lower in patients with
abstinence compared to tho-
se without abstinence (mean
value: 2029.35 pg/ml, P <
0.01, Figure 1B). In addition,
we also found that there was
no significant difference be-
tween patients with HBV-re-
lated HCC and patients with non-HBV-related
HCC (mean value: 4611.11 pg/ml, Figure 1C).

Furthermore, to strengthen our observation
that HBV infection can induce NOX2-related
oxidative stress, we also investigate whether
or not the presence of HBeAg in patients has
an impact on the levels of serum NOX2. Our
data demonstrated that serum NOX2 expres-
sion was clearly affected by the presence of
HBeAg in patients with CHB and cirrhosis
(Figure 2A, 2B). Intriguingly, no significant dif-
ference could be observed between HBeAg (-)
and HBeAg (+) patients with HCC in Figure 2C.

Correlation between serum levels of NOX2 and
HBYV viral load

To gain better insight into the link between
serum NOX2 levels and HBV-related complica-
tions, we assessed whether or not NOX2 is
correlated with HBV viral load. In our setting, we
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levels of serum SOD in pa-
oy tients with HBV-related disor-
Y ders. As demonstrated in Fi-
s, gure 4A, our data indicated
that (i) the levels of SOD in
patients with HBV infection
were significantly lower than
those of healthy subjects, and
(ii) serum SOD levels in CHB
patients and in cirrhosis pa-
tients are comparable, but
considerably higher than those
in HCC patients. Here, one
should keep in mind that our
findings were consistent with
the results from previous stud-

Figure 2. Serum NOX2 concentrations in HBeAg-positive and HBeAg-neg- ies in which a slightly different
ative patients. A. The scatter dot plot shows the serum levels of NOX2 in experimental set-up was used
patients with HBeAg-negative CHB and HBeAg-positive CHB. B. The scatter (23, 24]. In addition, we also

dot plot demonstrates the serum levels of NOX2 in patients with HBeAg-neg-
ative cirrhosis and HBeAg-positive cirrhosis. C. The scatter dot plot shows

found that there was a signifi-

the serum levels of NOX2 in patients with HBeAg-negative HCC and HBeAg- cant and negative relationship
positive HCC. The middle horizontal line in the scatter dot plot represents between the NOX2 values and
the mean. And the horizontal lines below and above the mean line represent SOD levels in patients with

respectively the mean minus and plus one standard deviation. Statistical HBV-related

significance (P) is indicated.

found a moderately positive correlation be-
tween NOX2 and HBV viral load in patients with
HBV-related cirrhosis (r = 0.3009, P < 0.0001).
Regarding patients with CHB, our data indicat-
ed that there was a strong correlation between
these two factors (r = 0.4581, P < 0.0001).
Here, it should be noted that there was no cor-
relation between NOX2 and HBV viral load in
patients with HCC (r = 0.0141, P = 0.4208)
(Figure 3).

Serum levels of SOD in patients and healthy
individuals and correlation between serum
levels of SOD and NOX2

Numerous clinical and experimental studies
have provided clear evidence that there is a
good relationship between type and severity of
HBV-related diseases and SOD level in the
blood [23]. For example, it has been reported
that serum SOD levels were significantly
reduced in patients with chronic HBV infection
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liver disorders
(Figure 4). In this context, it
should be mentioned that
there existed a strong correlation between
NOX2 and SOD in HCC patients (r = 0.5087, P <
0.0001).

Serum levels of IL-6 and ISG15 in patients and
healthy individuals and correlation between
serum levels of IL-6 and NOX2

Currently, substantial evidence has been col-
lected that the cellular inflammatory cytokines
play a crucial role in development and pro-
gression of HBV-related disorders [25]. Im-
portantly, given the fact that the levels of pro-
inflammatory cytokine IL-6 can be up-regulated
in HBV patients, one may also question wheth-
er the observed increases of IL-6 in patients
with HBV-related complications are associated
with NOX2-induced oxidative stress. Our ex-
periments showed that (i) the levels of IL-6 in
healthy subjects were significantly lower than
those of HBV-infected patients (P < 0.01);
(ii) serum IL-6 concentrations were significantly
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Figure 3. Correlation between NOX2 and HBV viral load in patients. A. Serum
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with HBV viral load in patients with HBV-related cirrhosis. C. There is no cor-
relation between NOX2 and HBV viral load in patients with HCC. Correlation
coefficient (r) and statistical significance (P) are indicated.
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Figure 4. Correlation between NOX2 and SOD in patients. A. The scatter
dot plot shows the serum levels of SOD in CHB, cirrhosis and HCC patients.
The middle horizontal line in the scatter dot plot represents the mean. And
the horizontal lines below and above the mean line represent respectively
the mean minus and plus one standard deviation. B. Serum NOX2 values
are negatively correlated with SOD levels in patients with CHB. C. Serum
NOX2 concentrations are negatively correlated with SOD levels in cirrhosis
patients. D. Serum NOX2 values are negatively correlated with SOD levels
in HCC patients. Correlation coefficient (r) and statistical significance (P) are
indicated.
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associated with the degree of
HBV-related liver diseases,
and (iii) a strong and positive
correlation between NOX2 and
IL-6 existed in CHB patients (r
=0.5445, P < 0.0001), cirrho-
sis patients (r = 0.4563, P <
0.0001) and HCC patients (r =
0.5991, P < 0.0001) (Figure
5).

Furthermore, several studies
have indicated that ISG15
plays an important role in the
progression of HBV-related li-
ver diseases [26]. In this study,
we confirm and extend these
findings by showing that se-
rum ISG15 levels in HBV pa-
tients were higher than those
in healthy individuals and posi-
tively associated with HBV-
related disorders (Figure 6).
Here, it should be noted that
the concentrations of serum
ISG15 were correlated with
serum NOX2 values in HBV
patients (Figure 6).

Correlation between serum
levels of NOX2 and liver en-
zyme markers

To gain a more complete pic-
ture of how changes in NOX2-
induced oxidative insults may
affect the levels of liver en-
zyme marker, including ALP
and GGT, we here also investi-
gated the serum levels of ALP
and GGT in patients with HBV-
related disorders. In a final
series of experiments, we fou-
nd that a strong significant
correlation between NOX2 and
ALP was observed in patients
with CHB (r = 0.3196, P <
0.0001), cirrhosis (r = 0.4145,
P < 0.0001), and HCC (r =
0.5823, P < 0.0001) (Figure
7). Interestingly, we also sh-
owed the same phenomenon
regarding the relationship be-
tween NOX2 and GGT. As sh-
own in Figure 8, a significant
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viation. B. Serum NOX2 values are
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nificance (P) are indicated

positive correlation between
NOX2 and GGT was observed
in CHB patients (r = 0.4318, P
< 0.0001), cirrhosis patients
(r = 0.4304, P < 0.0001) and
HCC patients (r = 0.5119, P <
0.0001).

Discussion

Recently, strong arguments
have been put forward that a
dysregulation of ROS may con-
tribute to the etiology and pro-
gression of human pathologies
related to HBV infection [11].
This postulate is mainly based
on the observation that HBV
infection-induced mitochondri-
al ROS accumulation down-
regulates SOCS expression
via Snail-mediated epigenetic
silencing, which results in the
sustained activation of IL-6/
STAT3 pathway and initiation
of hepatocarcinogenesis [11].
So far, the precise role of ROS
on HBV infection is not yet
clear and has generated much
controversy. Mounting eviden-
ce has been collected that
ROS can create a localized oxi-
dative environment for facili-
tating HBV infection. This is
perhaps best illustrated by the
fact that ROS-triggered Hsp90
(heat shock protein 90) confor-
mation change is a crucial for
HBV production via promoting
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Serum NOX2 values are positively correlated with ALP levels in HCC patients.
Correlation coefficient (r) and statistical significance (P) are indicated.
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Figure 8. Correlation between NOX2 and GGT in patients. A. Serum NOX2
values are positively correlated with GGT levels in CHB patients. B. Serum
NOX2 values are positively correlated with GGT levels in cirrhosis patients.
C. Serum NOX2 values are positively correlated with GGT levels in HCC pa-
tients. Correlation coefficient (r) and statistical significance (P) are indicated.

HBV capside assembly [27]. However, this
model is challenged by a recent research group,
who provide evidence that HBV infection inhib-
its ROS production and the NF-kB signaling
pathway which in turn suppress LPS-induced
NLRP3 inflammasome activation and IL-1(3 ex-
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pression, and evade antiviral
immune responses [12]. Re-
gardless of this debate, it
is widely assumed that HBV
infection and cellular redox
state are closely linked [10].

Over the years, it has become
evident that NOX2, a major
ROS-generating enzyme, can
act as crucial players in cellu-
lar redox metabolism, and that
the NOX2 is involved in a vari-
ety of diseases, including ch-
ronic granulomatous disease,
myocardial infarction, and SLE
[15, 18, 19]. Recently, more
attention has focused on the
relationship between NOX2
and virus infection. For exam-
ple, Grandvaux and her col-
leagues have provided evi-
dence that NOX2-related ROS
are crucial to initiate an effi-
cient RIG-I-mediated IRF-3
activation, which triggers the
expression of antiviral genes
IFNB and [FIT1 [28]. Addi-
tionally, it has already shown
that NOX2 plays a pivotal ro-
le in influenza a virus, RSV,
Sendai virus and HIV infection
[20-22]. However, until now,
whether or not serum NOX2 is
involved in HBV-related liver
disorders remains to be deter-
mined. In this study, we pres-
ent strong evidence indicating
that the serum NOX2 concen-
trations are significantly high-
er in patients with HBV-related
complications than those in
healthy subjects. In addition,
we also have shown that (i)
serum NOX2 values are much
lower in CHB patients com-
pared to cirrhosis patients,

and (ii) the levels of serum NOX2 are more ele-
vated in patients with HCC than in patients with
HBV-related cirrhosis. Therefore, our findings
support the concepts that the serum NOX2
value may be a useful biomarker of the clinical
severity in HBV-related disease, and that NOX2
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plays an important role in the progression of
HBV infection.

To further our understanding of the changes of
serum NOX2 values in other types of liver dis-
eases, we also examined the serum NOX con-
centration in patient with alcoholic liver cirrho-
sis and Non-HBV-related HCC. Interestingly, we
found that a clear significant difference could
be observed between patients with HBV-related
cirrhosis and patients with alcoholic liver cirrho-
sis. Here, it should be mentioned that the
serum NOX2 levels are significantly lower in
patients with abstinence than those without
abstinence. Furthermore, our data indicated
that serum NOX2 levels were significantly up-
regulated by the presence of HBeAg in CHB
patients and cirrhosis patients. Importantly, it
is well-known that HBeAg is an important indi-
cator of active viral replication, and that it par-
ticipates in persistent infection development
via regulating adaptive immunity response [29,
30]. Thus, these findings strongly support the
hypothesis that HBV infection can induce the
expression of serum NOX2, which in turn may
participate in the progression of HBV-related
disorders. However, there is no significant dif-
ference in serum NOX2 concentration between
HBV-related HCC patients and Non-HBV-related
HCC patients. This phenomenon may be
explained by the fact that several important
risk factors for developing HCC, including HCV,
alcoholic liver disease, nonalcoholic fatty liver
disease, and intake of aflatoxin contaminated
food, are associated with an increase in oxida-
tive stress [31, 32]. For example, it has been
demonstrated that (i) HCV core protein local-
ized in the outer mitochondrial membrane and
endoplasmic reticulum, which in turn enhance
oxidative stress [33]; and (ii) alcohol abuse can
induce mitochondrial injury, which result in an
increase in production and propagation of ROS
[34, 35]. Note that no difference could be
detected between HBeAg negative- and HBeAg
positive- patients with HBV-related HCC. This
observation stimulates the need to explore in
more depth the mechanism underlying this.

Until now, substantial evidence supports the
view that oxidative stree may serve as an
important player in the pathogenesis of HBV-
induced HCC [36]. In order to maintain intra-
cellular and extracellular redox homeostasis,
human body contains various antioxidant en-
zymes, including catalase, SOD, GSTK1 (gluta-
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thione S-transferase kappa 1), and peroxire-
doxin V (PRDX5) [37]. Recently, growing evidi-
ence indicates that SOD plays a pivotal role in
onset and progression of HBV-related diseases
[23, 24]. Chrobot et al. investigated the SOD
activity in 100 children with chronic HBV and/
or HCV infection, and found that the SOD activ-
ity is significantly decreased in children with
viral hepatitis compare to the healthy individu-
als [38]. Additionally, a siginificant decrease of
serum SOD activity is observed in patients with
acute HBV infection, CHB and HBV-related cir-
rhosis [23]. Moreover, a recent study by Zhang
et al. has demonstrated that serum SOD levels
in HCC patients are much lower than those of
HBV patients without HCC and healthy sub-
jects [24]. Here, our data also confirm previ-
ous observation that the serum SOD levels in
patients with CHB, cirrhosis and HCC are much
lower than in healthy controls (Figure 4A).
Interestingly, regarding serum levels of SOD,
there is no difference between CHB patients
and cirrhosis patients. Therefore, our findings
imply that SOD may be a key biomarker for pre-
dicting risk and outcome of HBV-related compli-
cations. However, to our knowledge, few stud-
ies have assessed the relationship between
NOX2 and SOD. In this work, we demonstrate
that the serum concentrations NOX2 are signifi-
cantly negatively correlated with the serum
levels of SOD in patients with HBV-related dis-
orders. In this context, it should be mentioned
that a stronger correlation is observed between
NOX2 and SOD in patients with HCC compared
to the two factors in CHB patients (r = 0.5087
vs. 0.4352, respectively). Thus, our data sug-
gest that an increase in serum NOX2 concen-
trations, combined with serum SOD levels, may
become a useful marker for the activity of HBV-
related liver diseases.

Currently, it is commonly accepted that the
cytokine IL-6 acts as a double-edged sword in
HBV-related disorders [39, 40]. Several lines of
evidence indicate that (i) IL-6 could impact on
HBV infection by interference with viral DNA
replication and HBV transcription [41, 42], and
(i) IL-6 down-regulate the expression of the
HBV reporter sodium taurocholate cotransport-
ing polypeptide (NTCP), which results in the
suppression of viral entry [43]. On the other
hand, as a pro-inflammatory player, IL-6 is
involved in initiation and development of HBV-
induced cirrhosis and hepatocellular carcino-
ma [39]. This is nicely illustrated by the obser-

Am J Transl Res 2018;10(8):2350-2361



NOX2 in HBV-related diseases

vation that IL-6 levels are significantly elevated
in severe viral hepatitis, which riggers the acti-
vation of natural killer cells and CTLs. These
lymphocytes may induce the Killing of hepato-
cytes via necrosis and apoptosis [44]. Fur-
thermore, a recent research work has reveal-
ed that IL-6 plays an important role in HBV-
associated hepatocarcinogenesis via activa-
tion of the STAT3 pathway [11]. Although the
effect of IL-6 on HBV infection is controversial,
results from various clinical and experimental
observations indicate that IL-6 concentrations
are significantly higher in patients with HBV-
related liver diseases [45-47]. Our findings are
also in consistent with these previous reports
suggesting that IL-6 is a sensitive indicator for
assessing stage or severity of HBV-related com-
plications. Important, we found a strong posi-
tive correlation between NOX2 levels and IL-6
concentrations in CHB patients (r = 0.5445, P <
0.0001), cirrhosis patients (r = 0.4563, P <
0.0001) and HCC patients (r = 0.5991, P <
0.0001). Several recent studies have reported
that ISG15 acts as a proviral factor in HBV rep-
lication, and that this cytokine plays an impor-
tant role in the progression of HBV-related liver
diseases [26]. In our study, we also found that
(i) serum ISG15 levels in HBV patients are sig-
nificantly higher than those of healthy subjects;
and (ii) serum ISG15 concentrations are signi-
ficantly associated with the degree of HBV-
related disorders. Importantly, we found that
ISG15 levels are significantly positively corre-
lated with the serum NOX2 concentrations in
patients with HBV-related disorders. These
findings suggest that a combination of NOX2,
IL-6 and ISG15 is a suitable prediction tool in
the diagnosis and risk assessment of HBV-
related liver disorders.

Over the past few decades, it is well known that
serum liver enzymes, ALP and GGT, may serve
as important markers in HBV-induced liver in-
flammation and disease progression [48]. Mo-
reover, these authors also showed that ALP and
GGT are good parameters for predicting the
prognosis of HCC patients [48]. Interestingly,
our data also clearly indicate that serum NOX2
values have significant positive correlations
with ALP and GGT in patients suffered from
HBV-related diseases. Therefore, NOX2 in com-
bination of ALP and GGT may enhance the
assessment and prediction of clinical out-
comes in HBV infection-related diseases.

2359

In summary, our findings, combined with these
previous reports, strongly indicate that serum
NOX2 may be one of crucial mediators that
contributes to the initiation and development
of HBV-related liver diseases. These findings
open up the way to potential new candidate for
assessing clinical severity in HBV-related dis-
eases. Importantly, further research with a
large number of patients also needs to be do-
ne to investigate the molecular mechanisms
underlying the role of NOX2 in HBV-related
pathologies.
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