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Abstract

BACKGROUND

Previous studies have suggested that the costimulatory molecule 4-1BB plays
pivotal roles in regulating immunity during chronic viral infection. However, up
to now, there are few studies about 4-1BB in chronic hepatitis B (CHB).

AIM

To clarify this issue, we report our comprehensive study results on the expression
levels of 4-1BB in patients with CHB.

METHODS

From September 2018 to June 2019, a total of 64 patients with CHB were recruited
from the Department of Hepatology, The First Hospital of Jilin University.
Peripheral blood samples were collected from 52 treatment-naive and 12
entecavir-treated patients with CHB as well as 37 healthy donors (including 24
healthy adults and 13 healthy children). The levels of soluble 4-1BB (s4-1BB) in
plasma were measured by ELISA. 4-1BB mRNA expression in peripheral blood
mononuclear cells was detected by real-time quantitative PCR.

RESULTS

The s4-1BB levels in the plasma of patients with CHB were significantly higher
than those in healthy adults (94.390 + 7.393 ng/mL vs 8.875 + 0.914 ng/mL, P <
0.001). In addition, the s4-1BB level in plasma was significantly increased in
patients with a higher viral load and a disease flare up. However, there were no
significant differences between treatment-naive and entecavir-treated patients.
Interestingly, among treatment-naive patients with CHB, the levels of s4-1BB in
plasma had a significant positive correlation with hepatitis B surface antigen,
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hepatitis B virus DNA, hepatitis B e antigen, and triglyceride levels (r = 0.748, P <
0.001; r = 0.406, P = 0.004; r = 0.356, P = 0.019 and r = -0.469, P = 0.007,
respectively). The 4-1BB mRNA expression was higher in the peripheral blood
mononuclear cells of patients with CHB than in the peripheral blood mononuclear
cells of healthy adults, but the difference was not statistically significant.

CONCLUSION

These results suggest that the levels of s4-1BB may be associated with
pathogenesis of hepatitis B virus and therefore may be a promising biomarker for
disease progression.

Key Words: Hepatitis B virus; Hepatitis B; Chronic; 4-1BB; Soluble 4-1BB; Hepatitis B
virus serum marker
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Core Tip: Over 240 million people all round the world are chronically infected with
hepatitis B virus, resulting in > 1 million deaths per year. Previous studies have
suggested that the costimulatory molecule 4-1BB plays a pivotal role in regulating
immunity during chronic viral infection. However, up to now, there is no study about
4-1BB expression in chronic hepatitis B to clarify the role of 4-1BB in the process of
chronic hepatitis B clearly. Here, we report our comprehensive study on the expression
levels of soluble 4-1BB in plasma and 4-1BB mRNA in peripheral blood mononuclear
cells to further explain it.
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1BB is associated with serum markers of hepatitis B virus in patients with chronic hepatitis B.
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INTRODUCTION

Hepatitis B virus (HBV) infection is a global health problem, and over 240 million
people worldwide are chronically infected with HBV, resulting in > 1 million deaths
per year from cirrhosis and liver cancer!"l. Infants clear HBV at much lower rates than
adults according to a report that infection persists in approximately 90% of infants
infected at birth, and adult patients who were infected before age five represent the
major global reservoirl. The interaction between HBV and host immune cells is
crucial for the process of HBV persistence and clearance. Inmune regulation is one of
the most important factors of the antiviral effect, and an HBV functional cure can be
achieved by properly orchestrated activation of antiviral immunity™. It is well known
that T cells play an important role in the host immune response to HBV infection*l. T
cell activation requires not only antigen receptor signaling but also a second or
costimulatory signal to provide contextual information®.

4-1BB, also named CD137, belonging to the tumor necrosis factor receptor
superfamily, is an inducible costimulatory receptor expressed on activated T and
natural killer cells!l. The interaction of 4-1BB with its ligand 4-1BBL, which is
constitutively expressed on a fraction of dendritic cells and inducible mainly on
activated monocytes, macrophages, B cells, and a small fraction of T cells!"""”, provides
a costimulatory signal to enhance the proliferation and cytolytic activity of T cells!"**!
leading to enhanced T cell responses against viral infection in animal models!>""..
There were reports showing that 4-1BBL or 4-1BB deficiency impairs the primary
CD8+ T cell response during acute infection with lymphocytic choriomeningitis
virus!''¥l, vesicular stomatitis virus'"’, and some influenza strains”’. In addition, the 4-
1BB costimulatory pathway affects CD4+ T cell responses to mouse hepatitis virus
68”1 and HSV-1, which cause latent infections. Furthermore, studies have reported
that activating CD137 signaling and blockade of programmed death-1 increase the
responses of intrahepatic HBV-specific T cells and circulating hepatitis C virus-specific
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T cells”, and 4-1BB signal enhancement inhibits hepatitis B virus replication in a
noncytolytic manner™!. These results indicate that 4-1BB signaling plays an important
role in the process of viral infection and certain inflammatory responses.

Soluble forms of 4-1BB are generated by differential splicing and seem to be secreted
by T cells and able to antagonize the activities of mouse 4-1BB (m4-1BB), thereby
reducing T cell activation”*1. Soluble 4-1BB (s4-1BB) is detectable in patients with
inflammatory diseases. Elevated levels of s4-1BB have been detected in the sera of
patients with rheumatoid arthritis, systemic sclerosis, multiple sclerosis, systemic
lupus erythematosus, and Behcet’s diseasel'l. Additionally, s4-1BB is increased in
patients with acute pancreatitis and is associated with subsequent complications!”.

However, there have been few studies on the expression of 4-1BB in patients with
CHB. In this study, the soluble form and mRNA level of 4-1BB in peripheral blood
were analyzed to determine whether the costimulatory molecule is aberrantly
produced in this disease and to reveal whether 4-1BB is also age-dependent, similar to
OX40", to further reveal the significance of 4-1BB in CHB.

MATERIALS AND METHODS

Subjects and samples

A total of 64 patients with chronic HBV infection were recruited at the Department of
Hepatology, The First Hospital of Jilin University from September 2018 to June 2019.
The diagnosis and phase classification of chronic HBV infection were based on the
EASL 2017 Clinical Practice Guidelines on the management of hepatitis B virus
infection. Patients who had a history of HBV infection for > 6 mo and had no treatment
with any nucleos(t)ide analogs or immune regulatory agents, including interferon
(IEN), at study entry were included [except for the 12 entecavir (ETV)-treated
patients]. Patients with alcoholic liver disease, autoimmune disease, malignancy, or
serious illness of other systems were excluded. All patients tested negative for human
immunodeficiency virus, hepatitis C virus, hepatitis E virus, and hepatitis delta virus.
Thirty-seven age- and sex-matched healthy donors (including adults and children)
were enrolled as controls (Table 1). Informed consent was obtained from each subject,
and the study protocol was approved by the local medical ethics committee of The
First Hospital of Jilin University in accordance with the guidelines of the Declaration
of Helsinki.

Peripheral blood mononuclear cells (PBMCs) were freshly isolated from the
peripheral blood of patients with CHB and healthy individuals by Ficoll (GE
Healthcare, Sweden) density gradient separation and were analyzed by real-time
quantitative PCR for 4-1BB mRNA expression. Paired plasma was collected and
immediately stored at -80 °C until use.

Virus detection and biochemistry assays

The levels of hepatitis B surface antigen (HBsAg) and hepatitis B e antigen (HBeAg)
were measured using a Roche COBAS 411 Immunoassay System (Roche Diagnostics,
Grenzach, Germany). Serum HBV DNA levels were measured using the COBAS
AmpliPrep/COBAS TaqMan assay (Roche Molecular Diagnostics, Grenzach,
Germany) with a 15 U/mL lowest detection limit. Liver function, including aspartate
aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin, y-glutamyl
transferase, and alkaline phosphatase, was detected using a Biochemistry Automatic
Analyzer (Roche Diagnostics). In addition, the serum was regularly subjected to
measurements of kidney function and blood fat tests.

Isolation of CD4+/CD8+ T lymphocytes and RNA preparation

PBMCs were washed by centrifugation in RPMI 1640 medium after 24 h of culture and
subsequently resuspended in cold phosphate-buffered saline containing 2.5% fetal
bovine serum at a cell density of 1 x 107/mL. CD4+ and CD8+ T cells were prepared
from freshly isolated PBMCs by using the magnetic cell sorting separation kit
(Miltenyi Biotec, Bergisch Gladbach, Germany). The purity of CD4+/CD8+ T cells was
95%-98% as determined by flow cytometry using specific antibodies: CD4-PE (BD
Biosciences; Cat 555347) and CD8-APC (BD Biosciences; Cat 555369). Total RNA was
isolated from cell pellets using an RNeasy plus Mini Kit (Qiagen, Hilden, Germany).
RNA was stored at -80 °C until use.
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Table 1 Clinical features of the study population

CHB, n=64 Healthy donors, n = 37
Feature Treatment naive, n ETV treated, n= Healthy adults, Healthy children,

=59 12 P1 value =24 n=13 P2 value P3 value
Ageinyr 4323 £11.15 4242 +11.27 0.821 45,58 +11.29 485+3.71 <0.001 0.397
Sex, male, asn (%) 37 (71.15) 7 (58.33) 0.388 15 (62.50) 9 (69.23) 0.682 0.451
ALTin U/L 303.61 +511.12 28.09 +12.51 <0.001 38.77 +9.48 13.05 + 4.28 <0.001 <0.001
AST in U/L 176.37 + 269.94 27.37 +24.17 <0.001 26.98 +7.12 32.88 +8.63 0.057 <0.001
GGTinU/L 136.863 + 274.897 33.700+33.330  0.002 24.059 + 24.006 9.462 +2.218 0.303 <0.001
ALPin U/L 91.877 + 33.706 66.320+16.710  0.006 68.109 + 21.576 249692 + 61.245 0.003 0.002
TBIL in pmol/L 46.09 + 88.60 16.78 +10.85 0.294 13.45 +5.91 5.91 +3.63 0.002 0.047
BUN in mmol/L 570 +1.84 = = 546 +1.45 3.94+0.68 <0.001 0.764
SCr in pmol /L 66.50 +19.72 5 - 57.36 +13.08 29.47 +11.08 <0.001 0.042
HBsAginIU/mL 1092133 +17128.93  4024.78 +3602.66  0.460 . . . .
HBV DNA as 5.74 +1.98 1.28 +0.68 <0.001 = = = =
log10 IU/mL
HBeAg, positive, 29 (55.77) 5 (41.67) 0.378 = = - -
as 1 (%)
TC in mmol/L 4.055 +1.100 - - = = - -
TG in mmol/L 1.40 +0.84 = - . . _ _
HDL in mmol/L  1.26 +0.52 - - - - - -
LDLin mmol/L  238+0.79 = . - . _ _
[FNainpg/mL  60.60 +39.43 75.23 + 33.69 0.115 = = - -
IFNyin pg/mL  18.25+19.46 15.86 + 7.56 0.389 . . = =
IL-12in pg/mL  13.80 £11.01 15.97 +7.01 0.247 = = - -
IP-10 in pg/mL  3523.89 +3095.67 89217 +4396.24  0.001 . . . .
TNFa in pg/mL  40.68+19.13 26.08 +11.41 0.005 = = = =

The P value is based on the statistical analysis by the Mann-Whitney U test or unpaired f test according to the characteristics of the data assessing overall

group differences and comes from the chronic hepatitis B group and healthy adult group. P1, P2, and P3 values separately denote the significance of

comparisons between the treatment-naive group and Entecavir-treated group, healthy adult group and healthy children group, as well as the treatment-

naive group and healthy adult group. ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; BUN: Blood urea
nitrogen; CHB: Chronic hepatitis B; ETV: Entecavir; FBG: Fasting blood glucose; GGT: y-Glutamyl transpeptidase; HBeAg: Hepatitis B e antigen; HBsAg;:
Hepeatitis B surface antigen; HBV: Hepatitis B virus; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; SCr: Serum creatinine; TBIL: Total
bilirubin; TC: Total cholesterol; TG: Triglyceride.
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¢DNA synthesis and real-time PCR

First-strand cDNA synthesis was performed using a PrimeScript™ RT reagent Kit with
gDNA Eraser Kit (Takara, Japan) with random hexamers as the primers. mRNA
expression of the gene encoding 4-1BB mRNA was determined by real-time PCR using
TB Green™ Premix Ex Taq™ II according to the manufacturer’s protocol (Takara,
Japan). The following PCR primer sequences were used: forward: 5'-
AGCTGTTACAACATAGTAGCCAC-3" and reverse: 5- ATGGTGGTGAAGACG
CCAGT-3 for 4-1BB. Additionally, forward: 5-GGACAGGGACTGCAAATCTGAT-3’
and reverse: 5'-ATGGTGGTGAAGACGC CAGT-3’ primers for GAPDH were used as
an internal control to normalize target mRNA levels. In brief, real-time PCR
amplification was carried out in a reaction volume of 25 pL containing 12.5 pL of 2X
SYBR Green Premix Ex Taq II, 1 uL of each pair of primers (10 pmol/L) for the target
gene or reference gene, 2 uL of template cDNA and RNase-free water up to 25 pL of
reaction volume. Thermal conditions were initial denaturation at 95 °C for 3 min,
followed by 40 cycles of denaturation at 95 °C for 5 s, primer-specific annealing and an
extension step at 60 °C for 30 s. Melting curve analyses starting from 65 °C to 95 °C
were performed after each run to confirm the presence of specific PCR products. All
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reactions were performed in duplicate on an Mx3000P/3005P detection system
(Applied Biosystems). The threshold cycle (threshold cycle, Ct = 18) value was
measured in accordance with the formula ACt = [Ct (target gene)] [Ct (reference gene)]
and AACt = [ACt (Study Group)] - [ACt (control group)]. The 24 was calculated to
reflect the target gene expression at the study group level in comparison with the
control group.

Detection of s4-1BB and cytokine molecules by ELISA

Concentrations of s4-1BB were measured quantitatively in plasma using ELISAs
(Jingmei Biotechnology, Jiangsu, China) according to the established protocol. Plasma
protein levels of IFNa, IFNy, IL-12, IP-10, and TNFa were determined by the
MILLIPLEX MAP Human Cytokine/Chemokine Magnetic Bead Panel - Immunology
Multiplex Assay (Merck-Millipore, United States) according to the manufacturer’s
instructions.

Statistical analysis

Statistical analysis was performed using the IBM SPSS statistic 21 software (Chicago,
IL, United States). Clinical demographic data were presented as the mean * SD. Data
for the expression of 4-1BB was presented as the mean + SE of the mean. For statistical
analysis, differences in continuous variables between two independent samples were
evaluated by the Mann-Whitney U test or a 2-sided Student’s ¢ test according to the
characteristics of the data. Dichotomous variables were compared by the y* test. The
correlations between s4-1BB and detection markers were assessed by Spearman’s rank
correlation test. The statistical software GraphPad Prism 7.0 (GraphPad Software, La
Jolla, CA, United States) was used for graph creation. A P value < 0.05 was considered
statistically significant. P values in the figures are shown as P < 0.05; P < 0.01; and P <
0.001.

RESULTS

Demographic and clinical characteristics of the subjects in this study

A total of 64 patients with CHB and 37 healthy controls were included for analysis. All
patients were Chinese. The demographic characteristics, such as age and sex, and
clinical parameters, such as liver function tests, HBV-DNA load, inflammatory
cytokines and so on, are presented in Table 1. There were no significant differences in
age between the treatment-naive group and ETV-treated group (P = 0.821) or the
treatment-naive group and healthy adult group (P = 0.397), except for the healthy
adult group and healthy child group (P < 0.001). Sex had no significant differences
according to the above three methods of comparison (P = 0.388, P = 0.451, and P =
0.682, respectively). The levels of ALT, AST, y-glutamyl transferase, and alkaline
phosphatase were higher in the treatment-naive group than in the ETV-treated group
and healthy adult group, as shown in Table 1. The level of HBV DNA was significantly
decreased in the ETV-treated group compared to the treatment-naive group. IP-10 and
TNFa concentrations in the treatment-naive group were significantly higher than
those in the ETV-treated group (P = 0.001 and P = 0.005, respectively).

Distribution of s4-1BB titers in various phases of disease

Previous studies have shown that s4-1BB exists in patients with inflammatory
diseases. In the present study, plasma levels of s4-1BB were determined by ELISA. As
shown in Figure 1A, the concentration of s4-1BB in the plasma of treatment-naive
patients with CHB was significantly higher than that of healthy adults (94.390 + 7.393
ng/mL vs 8.875 £ 0.914 ng/mL, P < 0.001). Then, these patients with CHB were
classified into two stage groups according to either disease flare or inactive and HBV
load. The CHB flare group had the highest s4-1BB levels, followed by the CHB inactive
group (103.731 + 8.131 ng/mL vs 67.087 + 14.640 ng/mL, P = 0.048), and the two
groups were both higher than the healthy adult group (P < 0.001, and P < 0.001,
respectively) (Figure 1B). Similarly, the high virus load group (log,,HBV DNA > 5) had
the highest s4-1BB levels, followed by the low virus load group (log,,HBV DNA < 5)
(107.249 £ 8.463 ng/mL vs 67.319 £ 13.143 ng/mL, P = 0.028), and the two groups were
also higher than the healthy adult group (P < 0.001, and P < 0.001, respectively)
(Figure 1C). In addition, we compared the s4-1BB levels in plasma between treatment-
naive patients with CHB and ETV-treated patients with CHB and found no significant
difference. One study suggested that several costimulated molecules were lower at a
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Figure 1 Plasma soluble 4-1BB levels in various groups of treatment-naive patients with chronic hepatitis B (except for the comparison
between treatment naive group and entecavir treated group). A: Soluble 4-1BB (s4-1BB) levels in healthy adults and chronic hepatitis B (CHB); B and C:
s4-1BB levels in patients with CHB in various phases of disease (CHB flare means infection exhibiting a disease flare up, elevated alanine aminotransferase; CHB
inactive means patients with inactive disease, normal alanine aminotransferase); D: s4-1BB levels before and after treatment in patients with hepatitis B virus; E:
Plasma s4-1BB levels in healthy adults and healthy children; F: Plasma s4-1BB levels in healthy male donors and healthy female donors. P values were obtained by
the Mann-Whitney U test or unpaired t test according to the characteristics of the data.°P < 0.001 vs healthy adult group; °P < 0.05 vs chronic hepatitis B inactive
group; ®P < 0.05 vs log,,HBV DNA < 5 group. CHB: Chronic hepatitis B; s4-1BB: Soluble 4-1BB; ETV: Entecavir.
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young age, which may explain why infants clear HBV at much lower rates than
adults™. Therefore, we collected plasma from children and measured the plasma
levels of s4-1BB and found that there was no significant difference between the healthy
adult group and the healthy children group (Figure 1E). Meanwhile, we analyzed the
relationship between the s4-1BB concentration and sex and found no difference
between the sexes (Figure 1F).

High s4-1BB levels were correlated with viral replication markers in treatment-naive
patients with CHB

HBV markers in serum are important indicators of viral replication and activity. To
explore whether s4-1BB is involved in the development of CHB, we analyzed the
relationship between s4-1BB and HBV serological markers in the treatment-naive
patients with CHB (Table 2). We conducted a correlation analysis and found a positive
correlation between s4-1BB expression and HBsAg (r = 0.748, P < 0.001), HBV DNA (r
=0.406, P = 0.004), and HBeAg (r = 0.356, P = 0.019). Patients with CHB with higher s4-
1BB expression levels had higher HBsAg, HBV DNA, and HBeAg levels (Figure 2A-C).
These data suggest that the expression of s4-1BB may correlate with HBV replication in
patients with CHB. We evaluated the association between the s4-1BB levels and the
inflammatory parameters in patients with CHB and found that there was no
correlation between the s4-1BB concentration and inflammatory parameters, such as
ALT and AST, and cytokines (IFNa, IFNy, IL-12, IP-10, and TNFa) in plasma
(Figure 2E and 2F). To evaluate whether s4-1BB was correlated with other parameters
associated with disease fluctuation, we analyzed the relationship between s4-1BB and
those parameters. We found that only triglyceride levels were negatively correlated
with the s4-1BB level (r = -0.469, P = 0.007) (Figure 2D).

The 4-1BB expression in PBMCs of treatment-naive patients with CHB seemed to be
higher

To investigate whether m4-1BB expression is related to CHB disease activity, we
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Table 2 Correlation between clinical features and the level of soluble 4-1BB

s4-1BB
r P value
HBsAg in IU/mL 0.748 <0.001
HBV DNA as log10 IU/mL 0.406 0.004
HBeAg in s/co 0.356 0.019
ALTinU/L 0.234 0.102
ASTinU/L 0.165 0.246
GGTinU/L 0.076 0.595
ALPinU/L -0.065 0.651
TBIL in pmol/L 0.063 0.662
BUN in mmol/L -0.075 0.623
SCr in pmol/L -0.226 0.135
WBC as x 10°/L -0.171 0.229
HGBing/L -0.063 0.662
PLT as x 10°/L -0.150 0.293
INR 0.344 0.014
PTA, % -0.353 0.012
FBG in mmol/L -0.002 0.988
TC in mmol/L -0.350 0.050
TG in mmol/L -0.469 0.007
HDL in mmol/L 0.148 0.481
LDL in mmol/L -0.360 0.077
IFNa in pg/mL -0.282 0.146
IFNy in pg/mL -0.314 0.104
IL-12 in pg/mL -0.076 0.702
IP-10 in pg/mL 0.154 0.434
TNFa in pg/mL -0.031 0.874

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; BUN: Blood urea nitrogen; FBG: Fasting blood glucose;
GGT: y-Glutamyl transpeptidase; HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; HDL: High-density
lipoprotein; HGB: Hemoglobin; INR: International normalized ratio; LDL: Low-density lipoprotein; PLT: Platelet; PTA: Plasma thromboplastin antecedent;
s4-1BB: Soluble 4-1BB; SCr: Serum creatinine; TBIL: Total bilirubin; TC: Total cholesterol; TG: Triglyceride; WBC: White blood cell.
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evaluated the 4-1BB mRNA levels of PBMCs, CD4" T cells and CD8'T cells in
peripheral blood by real-time quantitative PCR after magnetic cell sorting and
compared them in patients with CHB and healthy adults. We found that the 4-1BB
mRNA expression levels in total PBMCs (Figure 3A), CD4* T cells (Figure 3B), and
CD8" T cells (Figure 3C) of patients with CHB seemed to all be higher than the
expression in healthy adults, but there was no statistical significance.

DISCUSSION

Chronic hepatitis B infection is a global health burden. However, current therapies
such as Peg-interferon and nucleos(t)ide analogs cannot achieve a functional cure, and
the development of immunological therapeutic strategies is urgently needed. Previous
studies showed that HBV infection can be partially or completely cleared by the
activating or blocking of immune checkpoints OX40"*! and programmed death-1>1,
However, the role of costimulatory molecule 4-1BB in patients with CHB is not clear.
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Figure 2 Association between plasma soluble 4-1BB levels and hepatitis B virus markers as well as clinical parameters in treatment-
naive patients with chronic hepatitis B. A-C: The positive correlations of plasma soluble 4-1BB (HBsAg) levels with quantitative hepatitis B surface antigen
(HBsAg), hepatitis B virus DNA, and hepatitis B e antigen (HBeAg); D-F: The correlations of plasma s4-1BB levels with alanine aminotransferase (ALT), IFNy, and
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Here, we detected the expression of the soluble form of 4-1BB and 4-1BB mRNA in
PBMCs in patients with CHB and analyzed the correlation with disease activity to
determine their clinical significance in CHB for the first time to provide more evidence
for 4-1BB-targeted therapies for curing HBV.

Our results showed that s4-1BB was associated with chronic HBV infection, as
demonstrated by the significantly higher s4-1BB levels in treatment-naive patients
with CHB than in healthy adults. Previous studies have shown that the activity of
immune cells varies with the disease status of CHB[**!. When taking HBV DNA into
consideration, we found that patients with a high viral load had higher s4-1BB levels.
s4-1BB is thought to compete with mCD137 for binding to the CD137 ligand, thereby
counteracting the m4-1BB-mediated inhibitory effects on immune cells™!. It is well
known that the persistent exposure of T cells to high viral loads is a key determinant of
functional T cell impairment and inhibition, including the tolerogenic effect of the liver
environment!”. Therefore, the elevated s4-1BB level in patients with a high viral load
supported this hypothesis. In addition, the s4-1BB levels were higher in patients with
CHB with disease flares, indicating that s4-1BB may be an indicator of liver
inflammation. However, compared with treatment-naive patients, ETV-treated
patients had a similar level of s4-1BB. It suggested that ETV does not improve the
function of T cells although it can effectively inhibit HBV. More evidence is needed to
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Figure 3 Expression of 4-1BB in the peripheral blood mononuclear cells of treatment-naive patients with chronic hepatitis B and healthy
adults. A-C: Soluble 4-1BB (s4-1BB) mRNA levels of peripheral blood mononuclear cells (PBMCs), CD4* T cells, and CD8" T cells in peripheral blood were
compared between patients with chronic hepatitis B (CHB) and healthy adults. Horizontal lines indicate the median values + standard error of the mean, and P values
were obtained by the Mann-Whitney U test or unpaired t test according to the characteristics of the data.
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address these issues.

The correlation between serum s4-1BB and other clinical parameters provided
additional cues regarding the role of s4-1BB in CHB disease progression. Our data
demonstrated that the s4-1BB level positively correlated with HBV markers (HBsAg,
HBeAg, and HBV DNA) in treatment-naive patients with CHB. However, there was
no correlation between s4-1BB levels and ALT, AST, total bilirubin, and other liver
injury inflammatory values. Combining these results, it appears that s4-1BB may be an
important factor related to viral replication. Interestingly, we found that the s4-1BB
level was negatively correlated with triglyceride levels. A previous study suggested
that stimulation of CD137 by agonistic antibodies lowers liver fat storage and most
likely circulating levels of triglycerides!™l. Increased soluble CD137 antagonizes CD137
functions and may eventually contribute to dyslipidemia. The study results could
partly explain why the s4-1BB level was negatively correlated with triglyceride levels.

It has been reported that s4-1BB is released by activated lymphocytes and seems to
reflect a negative feedback control of inflammation by reducing T cell activation****!l,
Hence, we detected the expression of 4-1BB mRNA by real-time quantitative PCR in
the PBMCs of patients with CHB and healthy adults. We found that the 4-1BB mRNA
levels in total PBMCs and CD4'/CD8" T cells all increased in patients with CHB
compared with healthy adults. In addition to the increased s4-1BB levels in patients
with CHB, we hypothesize that there is a regulatory mechanism by which s4-1BB
interacts with 4-1BB in T cells to maintain a balanced immune response. High levels of
soluble molecules may be the consequence of two different processes, such as high
production or decreased depletion. 4-1BB expression can be induced by Epstein-Barr
virus according to previous reports®*l. Similarly, in patients with CHB, we speculate
that soluble levels increased because HBV infection induces increased 4-1BB mRNA
expression in PBMCs and transforms into soluble forms, leading to higher s4-1BB
levels in peripheral blood compared with healthy individuals.

The age-associated change in the function of the immune system contributes to the
increased susceptibility to infectious diseases!™***!l. There was a study indicating that
the expression of the costimulatory molecules OX40/OX40L, also belonging to the
tumor necrosis factor superfamily, was age-dependent during HBV infection, which
can explain why in adult-acquired infection HBV antigens are usually cleared,
whereas in infancy-acquired infection they persist™]. Hence, we detected the s4-1BB
protein in the plasma of healthy children but found that there was no difference
between healthy children and adults and no correlation between s4-1BB and age in
healthy donors. In addition, the s4-1BB levels in healthy female donors were not
different from those in males. Perhaps more subjects are needed to determine the
relationship between 4-1BB expression and age as well as sex.

CONCLUSION

In conclusion, this study shows higher levels of s4-1BB in plasma in patients with CHB
than in the control groups, especially during a disease flare. The s4-1BB level
positively correlated with HBV markers. This reflects that the 4-1BB/4-1BBL pathway
may be involved in the disease process. However, further studies of this costimulatory
pathway in the HBV infection process and after antiviral treatment are needed to gain
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better insight into the significance and potential therapeutic implications of our
findings.

ARTICLE HIGHLIGHTS

Research background

Chronic hepatitis B infection is a global health burden. However, current therapies
cannot achieve a functional cure, and the development of immunological therapeutic
strategies is urgently needed. Previous studies have suggested that the costimulatory
molecule 4-1BB, a member of the tumor necrosis factor superfamily, plays pivotal roles
in regulating immunity during chronic viral infection.

Research motivation

Recently there was a study suggesting that 4-1BB signal enhancement inhibits hepatitis
B virus replication in a noncytolytic manner, which indicates that 4-1BB may be a
promising target to control hepatitis B virus (HBV) infection. However, there are no
studies about 4-1BB in chronic hepatitis B (CHB) up to now.

Research objectives

Our main purpose was to analyze the soluble form and mRNA level of 4-1BB in
peripheral blood to determine whether the costimulatory molecule is aberrantly
produced in this disease and to provide more evidence for 4-1BB-targeted therapies for
curing HBV.

Research methods

Peripheral blood samples were collected from a total of 64 patients with CHB and 37
healthy controls in this study. The method of ELISA was used to measure the levels of
soluble 4-1BB (s4-1BB). 4-1BB mRNA expression in peripheral blood mononuclear cells
was detected by real-time quantitative PCR. The cytokines in plasma were assayed
using the MILLIPLEX MAP Human Cytokine/Chemokine Magnetic Bead Panel -
Immunology Multiplex Assay.

Research results

We found a higher level of s4-1BB in the plasma of patients with CHB compared with
healthy adults. The s4-1BB level in plasma was significantly increased in patients with
a higher viral load and a disease flare up. However, the level of s4-1BB in treatment-
naive patients was not significantly different from that in entecavir-treated patients.
Interestingly, among treatment-naive patients with CHB, the levels of s4-1BB in
plasma had a significant positive correlation with hepatitis B surface antigen, HBV
DNA, hepatitis B e antigen, and triglyceride levels (r = 0.748, P < 0.001; r = 0.406, P =
0.004; r = 0.356, P = 0.019; and r = -0.469, P = 0.007, respectively). The 4-1BB mRNA
expression was higher in the peripheral blood mononuclear cells of patients with CHB
than in the peripheral blood mononuclear cells of healthy adults, but the difference
was not statistically significant. The number of subjects limited the ability of this study
to clarify causality between 4-1BB and CHB.

Research conclusions
The levels of s4-1BB may be associated with pathogenesis of HBV and therefore may
be a promising biomarker for disease progression and a target for curing CHB.

Research perspectives

The mechanism of aberrantly produced 4-1BB needs to be investigated in the future,
and whether agitating the target of 4-1BB can cure hepatitis B needs to be also further
studied.
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