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Purpose: Chronic hepatitis B virus (CHB) infection is a worldwide health problem. Polyethylene glycol (PEG)ylated interferon
(PEG-IFN) is an available therapy for CHB that has antiviral and immunomodulatory effects. However, PEG-IFN therapy is limited by
the fact that only a subset of patients show a sustained response, its severe side effects, and high cost. The aim of this study was to
explore novel biomarkers for the early prediction of PEG-IFN treatment response and to uncover its underlying mechanism.
Patients and Methods: We enrolled 10 paired patients with Hepatitis B e antigen (HBeAg)-positive CHB who received PEG-IFN
-02a monotherapy. Patient serum samples were collected at 0, 4, 12, 24, and 48 weeks and serum samples were collected from eight
healthy people as healthy controls. For confirmation, we enrolled 27 patients with HBeAg-positive CHB receiving PEG-IFN therapy
and serum samples at 0 and 12 weeks were obtained. Serum samples were analyzed using Luminex technology.

Results: Among 27 assessed cytokines, 10 cytokines were identified to have high expression levels. Among them, six cytokines had
significant differences in their levels between the patients with HBeAg-positive CHB and the healthy controls (P < 0.05). Potentially,
treatment response could be predicted using the early time points of 4, 12, and 24 weeks. Moreover, after 12 weeks of PEG-IFN
treatment, increased levels of pro-inflammatory cytokines and decreased levels of anti-inflammatory cytokines were observed. The
fold change of IP-10 between 12 weeks and 0 weeks correlated with the decrease in ALT levels from 0 to 12 weeks (r = 0.2675, P =
0.0024).

Conclusion: In patients with CHB, we observed a certain pattern in the levels of cytokines during treatment with PEG-IFN, and the
cytokine IP-10 might be a potential biomarker for treatment response.
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Introduction

Chronic hepatitis B virus (HBV) infection is endemic in Asia, the Pacific islands, Africa, Southern Europe, and Latin
America. There are approximately 300 million carriers of chronic HBV surface antigen (HBsAg) worldwide, which have
an increased risk of developing liver cirrhosis, hepatic decompensation, and hepatocellular carcinoma (HCC).' Moreover,
there are almost 1 million deaths annually from acute or chronic HBV infection.® Chronic HBV infection is a very
dynamic process, involving five phases, characterized by fluctuating levels of inflammation and viral replication. The five
phases, which are not necessarily sequential, are the base of patient management and decisions to treat. Progress in our
understanding of the pathogenesis and biology of HBV has led to the development of antiviral treatment to inhibit viral
replication and decrease liver injury, thereby improving patient survival;, however, few patients achieve a functional
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Currently, the available Food and Drug Administration (FDA)-approved therapy regimens for patients with CHB
included six nucleos(t)ide analogs (NA) and polyethylene glycol (PEG)ylated interferon (PEG-IFN) alfa-2a and alfa-2b.*
The six approved NAs for HBV treatment are lamivudine (LAM), adefovir (ADV), entecavir (ETV), telbivudine (TBV),
tenofovir (TDF), and tenofovir alafenamide (TAF). The two therapeutic regimens have different antiviral mechanisms
and treatment responses. NA therapy directly inhibits viral replication, while PEG-IFN has antiviral and immunomodu-
latory effects. NA therapy can cause rapid viral suppression and normalization of serum transaminases in the vast
majority of compliant patients. In addition, NA therapy is convenient to take and its safety profile is favorable. However,
serological response rates remain low and NA has to be given lifelong.” By contrast, PEG-IFN, has a finite course and
can induce a long-lasting therapeutic response.® However, the limitations of PEG-IFN therapy include a sustained
response in only a subset of patients, severe side effects, and high costs.” These disadvantages make a significant number
of patients ineligible or unwilling to take PEG-IFN therapy, limiting its use as a first-line treatment for most HBV
patients. Thus, the exploration of novel biomarkers that can predict PEG-IFN treatment response early and reveal its
underlying mechanism are urgently needed.

Luminex bead array assays are widely used for rapid biomarker quantification, and their most active research areas
are in allergy, asthma, autoimmunity, and toxicology.®® Currently, the application of Luminex technology in infectious
diseases has received much research attention. Several recent studies have reported the use of Luminex technology in
HIV'? and HCV.'"'? Meanwhile, there have been a few reports of the involvement of Luminex technology in the area of
HBV. In this study, Luminex technology was used to evaluate the expression pattern and levels of cytokines and
chemokines in patients with CHB treated with PEG-IFN. We analyzed 27 potential cytokines in 10 paired patients
with CHB treated with PEG-IFN and identified highly expressed cytokines. To explore novel biomarkers to predict the
response to PEG-IFN therapy, a subset of the highly expressed cytokines were further verified at 0 and 12 weeks.

Materials and Methods

Patients and Serum Samples

In the exploratory experiment, we retrospectively enrolled 10 paired patients with HBV e antigen (HBeAg)-positive CHB
who were treated with PEG-IFN-02a monotherapy between 2010 and 2012 in the Department of Infectious Diseases,
Shanghai Public Health Clinical Center, Fudan University. In the 48-week treatment course, five patients achieved
a virological response and five did not (virological response was defined as HBeAg loss and HBV loss). Patient serum
samples were collected at 0, 4, 12, 24, and 48 weeks and stored at —80 °C. We monitored the levels of HBV DNA,
HBeAg, HBsAg, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and Albumin during treatment.
Moreover, eight serum samples from healthy people were collected as healthy controls.

In the confirmatory experiment, we prospectively enrolled 41 patients with HBeAg-positive CHB from two partici-
pating centers in China (the Department of Infectious Diseases, Huashan Hospital, Fudan University; and the Department
of Hepatology, the Second hospital of Yinzhou of Ningbo). These 41 patients received PEG-IFN-02a or 2b treatment
between 2013 and 2015 and their treatment regimens were PEG-IFN monotherapy or PEG-IFN + NA combination
therapy. Patient characteristics were monitored during treatment and serum samples were collected and stored at —80 °C.
After 48 weeks of treatment, 27 patients were qualified for the confirmatory experiment. This study was carried out
according to the ethical standards laid down by the responsible committee on human experimentation and according to
the tenets of the Declaration of Helsinki. All participants provided written informed consent.

Cytokine Measurements

All participants provided serum samples, which were stored at —80 °C. A Luminex 100/200 analyzer (Luminex Corp.,
Austin, TX, USA) and a Milliplex Map Kit Human Cytokine/Chemokine Magnetic Bead Panel (Sigma-Aldrich,
St. Louis, MO, USA), and a 96-well Plate Assay (catalog numbers HCYTOMAG-60K, HCYP2MAG-62K,
HCYP3MAG-63K, TGFBMAG-64K-03, and HTHI7MAG-14) were used in this study. The minimum detection level
of each of the 27 cytokines was: granulocyte colony stimulating factor (G-CSF), 2.72 pg/mL; interferon alpha 2 (IFN-
02), 2.99 pg/mL; interferon gamma (IFN-y), 0.88 pg/mL; interleukin (IL)-10, 2.42 pg/mL; IL-12p70, 2.43 pg/mL; IL-13,
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2.42 pg/mL; IL-17, 2.68 pg/mL; IL-1B, 2.96 pg/mL; IL-2, 1.92 pg/mL; IL-3, 2.86 pg/mL; IL-4, 3.30 pg/mL; IL-5, 2.95
pg/mL; IL-6, 2.53 pg/mL; IL-7, 21.24 pg/mL; IL-8, 2.89 pg/mL; IP-10 (also known as C-X-C motif chemokine ligand 10
(CXCL10)), 3.12 pg/mL; macrophage inflammatory protein 1-alpha (MIP-1a), 3.10 pg/mL; tumor necrosis factor alpha
(TNF-a), 2.93 pg/mL; IL-29, 189.3 pg/mL; C-X-C motif chemokine ligand 9 (CXCL9), 45.89 pg/mL; IL-16, 7.68 pg/
mL; IL-33, 18.80 pg/mL; IL-21, 10.22 pg/mL; IL-27, 0.01 pg/mL; transforming growth factor beta 3 (TGF-$3), 5.77 pg/
mL; transforming growth factor beta 2 (TGF-$2), 9.16 pg/mL.

In the exploratory experiment, we evaluated the levels of the 27 Cytokines in the 10 paired patients with HBeAg-
positive CHB at 0, 4, 12, 24, and 48 weeks. In the confirmatory experiment, baseline and week 12 serum levels of eight
cytokines (TGF-B2, TGF-B1, IL-16, TNF-a, IP-10, IL-8, IFN-y, and G-CSF), were determined in the 27 patients. All
experiments were carried out following the manufacturer’s instructions.

Statistical Analysis

Statistical analyses were performed using SPSS software version 19.0 (IBM Corp., Armonk, NY, USA). Before analysis,
log transformation of skewed laboratory values was performed. Data are shown as the mean + SD or frequency (%).
Pearson correlation, Chi-squared, and Student’s t-tests (or their non-parametric equivalents when appropriate) were used
to test the associations between variables. Statistical significance was accepted at P < 0.05.

Results

Characteristics of the Patients
Table 1 and Table 2 summarize the clinical characteristics of the patients in the exploratory experiment and the confirmatory
experiment. In the exploratory experiment, 10 paired patients with HBeAg-positive CHB were treated with PEG-IFN

Table | Baseline Characteristics of the 10 Paired Patients with HBeAg-Positive
CHB Receiving 48 Weeks of PEG-IFN Monotherapy

Response (N =5) | No Response (N=5) | P
Male (%) 5 (100%) 5 (100%)
Age (years) 302 £ 10.0 29.8 + 444 0.937
HBV DNA (log IU/mL) | 7.19 +7.30 7.56 £ 729 0.142
HBsAg (log IU/mL) 4.67 + 4.85 4.72 + 4.56 0.898
HBeAg (S/CO) 391.18 £ 291.02 713.32 £ 435.25 0.206
ALT (U/L) 174.2 + 99.31 276.60 * 147.99 0.235
AST (U/L) 134.60 + 82.23 94.40 + 46.29 0.369
Albumin (g/L) 45.86 + 2.79 46.84 + 3.98 0.664
HBV Genotype
B 2 2
C 3 3

Table 2 Baseline Characteristics of 27 Patients with HBeAg-Positive CHB Who
Received PEG-IFN Monotherapy or PEG-IFN and Nucleos(t)ide Analog Combination

Therapy
Response (N = 6) No Response (N = 21) P

Male (%) 66.67 (%) 71.43 (%)

Age (years) 34 £ 832 32 +5.18 0.474
HBV DNA (log 1U/mL) 7.58 £ 7.79 742 £759 0.627
HBsAg (log IU/mL) 3.68 + 3.74 4.30 + 4.37 0.390
HBeAg (S/CO) 356.31 + 396.25 646.63 + 525.62 0.223
ALT (U/L) 165.67 + 209.11 132.90 + 162.10 0.685
AST (U/L) 82 + 82.64 73.14 £ 60.47 0.830
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monotherapy for 48 weeks: Five achieved virological response and five did not. The dynamic levels of HBV DNA, HBeAg,
HBsAg, ALT, AST, and Albumin in the response group and non-response group are shown in Figure 1. There were no significant
differences in the clinical characteristics between the two paired groups (P > 0.05). In the confirmatory experiment, among 27
patients treated for 48 weeks with PEG-IFN monotherapy or PEG-IFN and NA combination therapy, 6 patients reached
virological response and 21 did not. The clinical characteristics were not significantly different between the two groups (P >0.05).

The Levels of 27 Cytokines in the 10 Paired Patients with HBeAg-Positive CHB

Receiving PEG-IFN Monotherapy

Serum samples of the 10 paired patients with HBeAg-positive CHB treated with PEG-IFN monotherapy were acquired 0, 4, 12,
24, and 48 weeks, and serum cytokine levels were measured. Eight serum samples were lost; therefore, 42 serum samples were
processed for Luminex detection. Serum samples with lower than the minimum detection levels for a cytokine were considered
to be negative at that time point. The detection rate of a particular cytokine was calculated as the number of samples detected as
positive/the total number of samples. The detection rates of the 27 cytokines are shown in Figure 2. Among them, we chose 10
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Figure | The dynamic levels of hepatitis B surface antigen (HBsAg), hepatitis B e antigen (HBeAg), hepatitis B virus (HBV) DNA, aminotransferase (ALT), aspartate
aminotransferase (AST), and Albumin in the response and no response group among 10 paired patients with HBeAg-positive chronic hepatitis B receiving polyethylene glycol
(PEG)ylated-interferon (PEG-IFN) monotherapy for 48 weeks.
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Figure 2 The detection rates of the 27 cytokines in the 10 paired patients with HBeAg-positive chronic hepatitis B receiving PEG-IFN monotherapy for 48 weeks.

Abbreviations: IP-10, C-X-C motif chemokine ligand 10; TGFI, transforming growth factor beta |; CXCL9, C-X-C motif chemokine ligand 9; G-CSF, granulocyte colony
stimulating factor; TNFa, tumor necrosis factor alpha; IFNYy, interferon gamma; IL, interleukin; TGFB2, transforming growth factor beta 2; IFNo2, interferon alpha 2; MIP-1a,
macrophage inflammatory protein |-alpha; TGFf3, transforming growth factor beta 3; PEG-IFN, polyethylene glycol (PEG)ylated-interferon; HBeAg, hepatitis B e antigen.

cytokines with high detection rates (high levels) for further study, which included IP-10, TGF-B1, CXCL9, G-CSF, TNF-a, IFN-
v, IL-8, IL-16, TGF-B2, and IL-27.

Comparison of the 10 Cytokines with High Levels in the |10 Paired Patients with
HBeAg-Positive CHB and Healthy Controls

We evaluated the differences in the levels of the 10 highly abundant cytokines between the 10 patients with HBeAg-
positive CHB and the healthy controls. Among the 10 cytokines, there were significant differences in 6 cytokines
between the two groups (IL-27, TGF-B2, IL-16, IFN-y, CXCL9 and IP-10) (Figure 3). The levels of IP-10, CXCL9, IFN-
v, and IL-27 were higher in the patients than in the healthy controls. The levels of IL-16 and TGF-B2 were lower in
patients than in the healthy controls.

The Levels of the 10 Highly Abundant Cytokines in Paired Patients with
HBeAg-Positive CHB Receiving 48-Weeks of PEG-IFN Treatment

The levels of the 10 cytokines in the virological responders and non-responders among the 10 patients with HBeAg-
positive CHB during PEG-IFN treatment are shown in Figures 4 and 5. PEG-IFN treatment induced the expression of
certain cytokines in the virological responders, such as IP-10, IFN-y, G-CSF, TNF-a, and IL-8, compared with those in
the non-responders. The early time points, such as 4, 12, and 24 weeks are potential time points to predict the treatment
response.
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Figure 3 Six cytokines with significant differences between |0 paired patients with hepatitis B e antigen (HBeAg)-positive chronic hepatitis B (CHB) and healthy controls. *P < 0.05.
Abbreviations: IP-10, C-X-C motif chemokine ligand 10; CXCL9, C-X-C motif chemokine ligand 9; IFNy, interferon gamma; IL-16, interleukin 16; TGFpB2, transforming
growth factor beta 2; IL-27, interleukin 27.
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Figure 4 The levels of IL-27, TGF-B2, IL-16, IFN-y, CXCL9, and IP-10 in virological responders and non-responders among 10 patients who were hepatitis B e antigen
positive during PEG-IFN treatment.

Abbreviations: IL-27, interleukin 27; TGFp2, transforming growth factor beta 2; IL-16, interleukin 16; IFNy, interferon gamma; CXCL9, C-X-C motif chemokine ligand 9;
IP-10, C-X-C motif chemokine ligand 10; PEG-IFN, polyethylene glycol (PEG)ylated-interferon.

The Levels of Eight Highly Abundant Cytokines in Virological Responders and
Non-Responders at Week 0 and Week 12 in the Two Experiments

The error rate between the same detection kits of Luminex technology is basically negligible; therefore, we
combined the experimental results of 10 patients in the exploratory experiment and 27 patients in the con-
firmatory experiment together for analysis. A heat map of 8 highly abundant cytokines in the 37 patients at week
0 and week 12 is presented in Figure 6. After 12 weeks of PEG-IFN treatment, IL-16, IP-10, IFN-y, G-CSF,
TNF-a, and IL-8 levels increased in most of the 37 patients. However, the levels of TGF-f1 and TGF-2 were
downregulated. At week 0, there were no significant differences for the eight cytokines between the virological
responders and non-responders (P > 0.05). To further explore the difference between the virological responder
and non-responder groups, the fold change in cytokine levels at week 12/week 0 was used as a parameter. The
results showed that between the two groups, there were no significant differences in the fold changes of the eight
cytokines (P > 0.05).
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Figure 5 The levels of TGF-f1, G-CSF, TNFo, and IL-8 in virological responders and non-responders among 10 patients who were hepatitis B e antigen positive during PEG-
IFN treatment.

Abbreviations: G-CSF, granulocyte colony stimulating factor; IL-8, interleukin 8; TNFa, tumor necrosis factor alpha; TGFf 1, transforming growth factor beta |; PEG-IFN,
polyethylene glycol (PEG)ylated-interferon.

Correlation of the Eight Highly Abundant Cytokines with Patient Clinical

Characteristics

We evaluated the correlation between the fold changes of cytokine levels at week 12/week 0 and HBV DNA, HBsAg,
HBeAg, and ALT levels. The results showed that there was no association between the fold change of the eight highly
abundant cytokines with the decreasing values of HBV DNA, HBsAg, and HBeAg from week 0 to week 12. However,
there was a correlation between the fold change of IP-10 week at 12/week 0 and the decreasing level of ALT from week 0
to week 12 (r = 0.2675, P = 0.0024) (Figure 7).

Discussion

Although PEG-IFN has a wide range of side effects and is administered parenterally for 48 weeks, the advantages of this
treatment are its a finite duration of administration, sustained virological response, and its higher rate of HBeAg and
HBsAg clearance compared with that of NA monotherapy.'*'* Thus, further exploration of the underlying mechanisms
and the identification of response predictors for PEG-IFN treatment are urgently needed. Luminex is a technology
developed by Luminex corporation and is based on Luminex xMAP.">!'® Luminex technology has been widely used in
pre-clinical and clinical research applications for the past 20 years and has attracted increased research attention in the
area of infectious diseases, such as HIV'® and HCV."' However, the application of Luminex technology in HBV is rare.
In this study, this technology was used to explore cytokines that are potentially associated with HBV infection and PEG-
IFN treatment, to uncover the mechanisms and predictive factors of the response to PEG-IFN treatment.

Our study enrolled 10 paired patients with HBeAg positive CHB treated with PEG-IFN monotherapy for 48 weeks, among
which five were responders and five were non-responders. We assessed the levels of 27 cytokines, including 5 proinflammatory
cytokines (IL-1pB, IL-8, IL-6, IL-12p70, and IL-7), 4 Thl-related cytokines (IL-2, TNF-a, IFN-a2, and IFN-y), 3 Th2-related
cytokines (IL-4, IL-5, and IL-13), 2 Th17 related cytokines (IL-17 and IL-21), 4 regulatory T cell (Treg)-related cytokines (IL-
10, TGF-B1, and TGF-B2, and TGF-B3), 3 chemokines (CXCL9 (MIG), CXCL10 (IP-10), and MIP-1a), and 6 other cytokines
(G-CSF, IL-29, IL-16, IL-27, IL-3, and IL-33). The results revealed that 10 cytokines were highly abundant in patient serum:
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Figure 6 The heat map of eight highly expressed cytokines in the 37 patients at week 0 and week 12.

Abbreviations: G-CSF, granulocyte colony stimulating factor; IFNy, interferon gamma; IL-8, interleukin 8; IP-10, C-X-C motif chemokine ligand 10; TNFa, tumor necrosis
factor alpha; IL-16, interleukin 16; TGFBI, transforming growth factor beta |I; TGFB2, transforming growth factor beta 2.

IP-10, TGF-B1, CXCL9, G-CSF, TNF-0, IFN-y, IL-8, IL-16, TGF-B2, and IL-27. Among them, G-CSF,'” IFN-y,'® IL-8," IP-
10, CXCL9,*! and IL-16** were reported to be associated with PEG-IFN therapy, which was confirmed in the present study.
However, IL-21,%%* which has attracted research interest in chronic hepatitis B infection, was hardly detected in the serum
samples from our PEG-IFN treatment cohort. This could be because the level of IL-21 in the PEG-IFN treatment cohort was
very low or because different technologies were used to detect the IL-21 level in the other studies. During PEG-IFN treatment,
IP-10, IFN-y, G-CSF, TNF-a, and IL-8 levels were higher in the virological responders and at early time points, such as 4, 12,
and 24 weeks, which were thus identified potential time points for the early prediction of the treatment response. A previous
study showed that pre-treatment and on-treatment IP-10 levels were associated with the treatment response.>> Moreover, Yang
et al had reported that IL-8 had a major function in CHB pathogenesis and was related to IFN- antiviral activity.”® Thus,
additional experiments are required to verify these cytokines as predictive factors of the response to PEG-IFN treatment.

In our data set, the levels of IL-16, IP-10, IFN-y, G-CSF, TNF-a, and IL-8 increased and those of TGF-B1 and TGF-
B2 decreased after PEG-IFN treatment for 12 weeks. This indicated that PEG-IFN therapy could induce an early
inflammatory cytokine storm with via pro-inflammatory cytokine upregulation and anti-inflammatory cytokine down-
regulation. We also evaluated the correlation between the cytokine levels and clinical parameters. The results suggested
that there were no correlations between the fold changes of the eight highly abundant cytokines and the clinical
characteristics HBV DNA, HBsAg, and HBeAg. Interestingly, the IP-10 fold change between week 12/week 0 correlated
with the decreasing of ALT levels from 0 to 12 weeks, which indicated that IP-10 might be associated with the extent of
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Figure 7 The correlation between the fold change in the C-X-C motif chemokine ligand 10 (IP-10) level from week |12 to week 0 and the decreasing aminotransferase (ALT)
value week 0 to week 12.

liver inflammation. This observation was consistent with the fact that IP-10 could be a potential marker for the response
to PEG-IFN therapy.”®*

Conclusion

In conclusion, we identified 10 highly abundant cytokines during treatment with PEG-IFN and observed that early time points
might be potential time points to predict the treatment response. After treatment with PEG-IFN for 12 weeks, pro-inflammatory
cytokines were upregulated and anti-inflammatory cytokines were downregulated. Moreover, our data identified an association
between IP-10 and ALT, indicating the potential role of IP-10 as a serum marker for the PEG-IFN treatment response. Taken
together, our study provided novel insights into the responses of patients with CHB to PEG-IFN treatment. This study had
limitations. First, the number of patients enrolled in our study for the application of Luminex was small. Thus, we did not find any
specific cytokine that could distinguish responders from non-responders. This limitation could be solved by a large cohort study
in the future. In addition, the potential underlying mechanism of the cytokines identified this study and their biological functions
during HBV infection require further study.
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