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Abstract

Objective     To  investigate  the  changes  in  the  cytokine  profiles  of  chronic  hepatitis  B  (CHB)  patients
undergoing antiviral treatment.

Methods    Hepatitis B e antigen (HBeAg)-positive patients were treated with Pegylated interferon (PEG-
IFN)  and  entecavir  (ETV).  Clinical  biochemistry  and  cytokines  were  detected  at  baseline  and  every  3
months.

Results    In all, 200 patients completed 48 weeks of treatment, 100 in the PEG-IFN group and 100 in the
ETV  group.  During  3–6  months  of  treatment,  compared  with  baseline,  the  PEG-IFN  group  showed  a
significant  decrease  in  interferon-gamma  (IFN-γ),  interleukin-17A  (IL-17A),  interleukin-6(IL-6),
interleukin-10(IL-10), and transforming growth factor beta (TGF-β) (P < 0.001) and a significant increase
in interferon-alpha 2(IFN-α2) (P < 0.001). In the ETV group, IL-10 and TGF-β1 decreased significantly (P <
0.001). After 3 months, the levels of IFN-α2, IL-17A, and tumor necrosis factor-alpha(TNF-α) in the PEG-
IFN group were significantly higher than those in the ETV group (P < 0.01). The levels of IL-6 and TGF-β3
were significantly lower than those in the ETV group (P < 0.01). After 6 months, the levels of IFN-α2, IFN-
γ, and TNF-α in the PEG-IFN group were significantly higher than those in the ETV group (P < 0.01), while
the levels of IL-6 and TGF-β3 were significantly lower than those in the ETV group (P < 0.01). Compared
with ETV, PEG-IFN had higher HBeAg and HBsAg disappearance rates.

Conclusion    During antiviral therapy, a change in the cytokine profile occurred; in the aspect of immune
control and functional cure, PEG-IFN was significantly better than ETV.
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INTRODUCTION

C hina  has  a  high  prevalence  of  chronic
hepatitis  B (CHB).  There are 20–30 million
patients  with  CHB,  1  million  patients  with

cirrhosis,  and  300  thousand  patients  with
hepatocellular  carcinoma  (HCC)[1,2].  Patients  with
liver  cirrhosis  and liver  cancer,  which  are  caused by
HBV  infection,  account  for  60% and  80% of  CHB
cases, respectively[3]. Clearly, CHB remains one of the
most  prevalent  infectious  diseases  in  China.  CHB
occurs  as  a  result  of  viral  stimulation  of  the  host’s
immune system. To reduce the incidence of cirrhosis
and  hepatocellular  carcinoma  in  CHB  patients,
antiviral  therapy must  be used to achieve sustained
immune control  of  HBV,  which is  manifested by the
serological  conversion  of  hepatitis  B  e  antigen
(HBeAg)  on  the  basis  of  HBV  deoxyribonucleic  acid
(DNA)  conversion,  disappearance  of  hepatitis  B
surface  antigen  (HBsAg),  and  a  sustained  virological
response.  Interferon  (IFN)  and  nucleoside
(nucleotide)  analogs  (NA)  are  two kinds  of  effective
antiviral  drugs  for  chronic  hepatitis  B  (CHB).
Interferon  is  advantageous  over  NA  in  achieving
seroconversion  of  the  immune  control  target  of
HBeAg or HBsAg disappearance. Recovery from HBV
infection  is  dependent  on  the  immune  response,
which  is  mediated  by  a  variety  of  cells,  including
dendritic  cells  (DC),  natural  killer  cells  (NK),  CD4+T
lymphocytes  (CD4+T),  and  CD8+T  lymphocytes
(CD8+T),  as  well  as  the  cytokines  secreted  by  them.
The helper T lymphocytes (TH),  DC and cytokines of
cellular  immunity  in  CHB  patients  are  abnormal  in
many  respects,  which  are  closely  related  to  the
pathogenesis,  chronicity,  and  antiviral  efficacy  of
hepatitis B[4-8].

The purpose of this study is to explore changes in
the  cytokine  profiles  of  patients  with  chronic
hepatitis B treated with different antiviral drugs. The
outcomes  of  this  research  will  aid  clinicians  in
choosing an effective antiviral therapy for hepatitis B. 

MATERIALS AND METHODS
 

Study Design

This  was  a  prospective  cohort  study.  Patients
with  HBeAg-positive  CHB  were  selected  from
November  2017  to  November  2018  in  the  Second
Department  of  Hepatology,  Beijing  Ditan  Hospital.
PEG-IFN  and  entecavir  (ETV)  were  administered  for
48 weeks.  Patients were divided into a PEG-IFNα-2a
treatment  group  and  an  oral  ETV  treatment  group

according  to  their  clinical  data,  drug
contraindications,  and  wishes.  In  the  PEG-IFNα-2a
group, the patients received a weekly subcutaneous
injection  of  PEG-IFNα-2a  180  μg/wk.  In  the  ETV
group, the patients received ETV 0.5 mg/d. Virologic
and  serologic  markers,  biochemistry,  and  AFP  were
measured  every  3  months  during  the  treatment
period.  Liver  imaging  was  performed  every  6
months.  Cytokines  were  measured  at  baseline,  3
months,  and  6  months  (fms-like  tyrosine  kinase  3
ligand (Flt3-L), IFN-α2, IFN-γ, IL-10, IL-17A, IL-6, TGF-
β1,  TGF-β2,  TGF-β3,  and  TNF-α).  To  analyze  the
changing trend of cytokines in antiviral therapy. 

Inclusion Criteria for Subjects

The  subjects  of  this  study  were  HBeAg-positive
CHB  patients.  The  inclusion  criteria  for  HBeAg-
positive  CHB  patients  were  1)  persistent  HBsAg
positivity  (HBsAg ≥ 0.05  IU/mL)  >  6  months;
2) HBeAg-positivity, HBeAg ≥ 1.0 S/CO; 3) HBV DNA-
positivity  (104 IU/mL);  4)  abnormal  ALT  (≥ 80  IU/L)
lasting  for  more  than  3  months  or  marked  liver
inflammation (above G2) in histological examination;
5)  Age  18–65  years;  6)  clinical  condition  meeting
with the diagnostic  criteria of  China’s Guidelines for
the Prevention and Treatment of Chronic Hepatitis B
(2015)[1]; 7) male or female gender.

The  exclusion  criteria  were  1)  co-infection  with
another hepatitis virus (HCV, HDV); 2) presence of an
autoimmune liver disease;  3)  infection with another
virus, such as ebolavirus, cytomegalovirus, or human
immunodeficiency  virus;  4)  chronic  alcohol  abuse
and/or  use  of  other  drugs  that  damage  that  liver;
5)  mental  illness;  6)  evidence of  liver tumor (clinical
diagnosis  of  liver  cancer  or  AFP  >  100  ng/mL);
7)  presence  of  hepatic  fibrosis  or  cirrhosis,  as
evidenced by Fibroscan[9];  8)  serious  diseases  of  the
heart,  brain,  lung,  kidney,  or  other  systems  that
preclude participation in long-term follow-up; 9) use
of  hormones  and/or  immunosuppressants  or  other
hepatoprotective agents; 10) presence of other liver
diseases (fatty liver and metabolic liver disease). 

Adjustment of Treatment Strategy

Considering  that  the  antiviral  mechanism  of
interferon  is  mainly  immune  regulation,  the  direct
antiviral effect is limited. Patients in the PEG-IFNα-2a
treatment  group  were  treated  with  PEG-IFNα-2a
180 μg/w alone for 12 weeks, and those with an HBV
DNA  load  above  103 IU/mL  were  treated  with  PEG-
IFNα-2a  combined  with  ETV  until  the  end  of  week
48,  according  to  response-guided  therapy  (RGT).
Patients  in  the  PEG-IFNα-2a  treatment  group  were
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treated with PEG-IFNα-2a alone for 12 weeks and, if
their  HBV  DNA  load  was  less  than  103 IU/mL  but
more  than  20  IU/mL  at  week  24,  PEG-IFNα-2a
combined with ETV until the end of week 48.

The  main  outcome  of  this  study  was  the
response  of  the  two  groups  over  the  course  of  48
weeks  of  treatment.  After  the  48-week  treatment
period,  PEG-IFNα-2a  treatment  was  discontinued  or
changed to nucleotide (side) treatment according to
the patients’ wishes and the situation at that time; in
the  ETV  treatment  group,  if  the  response  was
favorable,  ETV  treatment  was  continued.  If  the
response was unfavorable,  other nucleosides (tides)
or  interferon  alone/in  combination  were  used
according to the patient’s wishes and responses. 

Detection  of  HBV  DNA,  HBV  Serology,  and  Clinical
Index

A  Hitachi  automatic  biochemistry  analyzer  was
used to assess liver (Wako Pure Chemical Industries,
Ltd.,  Japan)  and renal  function (Sekisui  Medical  Co.,
Ltd.,  Japan).  Routine  blood  testing  (Sysmex  Corp.,
Japan), alpha-fetoprotein (Abbott Ireland Diagnostics
Division,  Finisklin  Business  Park,  Sligo,  Ireland),  and
serum  HBV  DNA  load  were  detected  with  Roche
(Cobas  AmpliPrep/Cobas  TaqMan  96)  automatic
real-time  fluorescence  quantitative  polymerase
chain  reaction  detection  reagent  (detection  limit
<  20  IU/mL).  An  HBV  DNA  level  of  <  20  IU/mL  was
defined  as  a  complete  virological  response.  The
HBsAg/anti-HBs  and HBeAg/anti-HBe were  detected
with  Abbott  Architect  i2000  chemiluminescence
reagent. The detection range of the HBsAg level was
0.05–250 IU/mL, samples with an HBsAg level higher
than  250  IU/mL  were  automatically  diluted  500
times,  and the actual  HBsAg level  was calculated by
multiplying  the  detected  value  by  500.  HBsAg
0.05  IU/mL  was  defined  as  the  disappearance  of
HBsAg. There was no upper limit of HBeAg detection.
The lower limit of HBeAg detection was 1.0 S/CO. An
HBeAg  level  <  1.0  S/CO  was  defined  as  the
disappearance of HBeAg. 

Quantitative Detection of Plasma Cytokines

Cytokine  levels  were  measured  by  the  Luminex
technique and analyzed with a FLEXmap 3D analyzer. 

Statistical Analysis

Descriptive  analysis  and  percent  expression  were
used for enumeration data, and Fisher’s exact test or
the  chi-square  test  was  used  for  comparisons
between  groups.  Mean  ±  SD  was  used  to  describe
normally  distributed  measurement  data,  ANOVA and

independent-sample t-tests  were  used  to  compare
the  two  groups.  For  non-normally  distributed  data,
median  with  interquartile  range  (Q1,  Q3)  and  the
Mann–Whitney  U  test  were  used  for  comparisons
between groups.  Analysis  of  covariance was used for
comparisons  of  measurement  data  with  significant
baseline  differences  between  the  two  groups.
Spearman’s rank correlation test was used to analyze
correlations  between  variables.  All  data  were
analyzed  with  SPSS  Statistics,  Version  21.0  (Armonk,
NY:  IBM  Corp.)  and  GraphPad  Prism  5  software.
Spearman or Pearson correlation analysis was used to
test  for  correlations  between  cytokines  and  dynamic
changes in HBsAg. All statistical tests were two-sided.
If P <  0.05,  the  result  was  considered  statistically
significant. Note: *P < 0.05, **P < 0.01, ***P < 0.001. 

RESULTS
 

Baseline Clinical Characteristics of Patients

From  November  2017  to  November  2018,  221
of  250  HBeAg-positive  chronic  hepatitis  B  patients
in  the  Second  Department  of  Hepatology,  Beijing
Ditan  Hospital  Affiliated  with  Capital  Medical
University  gave  written  informed  consent  to  enter
our  study  group,  and  29  patients  could  not  be
followed  up  continuously  at  home.  Of  these  221
patients with CHB, 116 were treated with PEG-IFN-
2a,  and  105  cases  were  allocated  to  the  oral  ETV
treatment group. Three patients in the PEG-IFNα-2a
group withdrew from the study because they could
not  tolerate  the  side  effects  of  PEG-IFNα-2a,  five
patients  withdrew  from  the  study  because  they
were ready to conceive,  and eight  patients  did not
complete the 48-week follow-up. One patient in the
ETV  group  withdrew  because  of  the  side  effect  of
elevated  lactate,  and  four  patients  did  not
complete  the 48-week follow-up.  Finally,  a  total  of
200  CHB  patients  completed  the  48-week  follow-
up,  including  100  patients  in  the  PEG-IFN-2a
treatment  group  and  100  patients  in  the  ETV
treatment  group,  as  shown in Figure  1.  The  age  of
the patients ranged from 28 to 38 years, comprising
121 males and 79 females. In the PEG-IFN-2a group,
55 patients were treated with ETV after 12 weeks of
PEG-IFN-2a  treatment,  and  10  patients  were
treated with  ETV after  24 weeks.  Age,  white  blood
cell  counts,  HGB,  PLT,  biochemical  indicators  (ALT,
AST, TBil, ALB), and virological indicators (HBV DNA
load,  HBsAg  level,  HBeAg  level)  of  the  two  groups
are  shown  in Table  1.  There  were  no  significant
differences  in  age,  WBC,  HGB,  PLT,  ALT,  AST,  TBil,
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Table 1. Clinical characteristics of the PEG-IFN and ETV groups

Clinical characteristics Total patients (n = 200) PEG-IFN (n = 100) ETV (n = 100) Z/χ2 P

Male (%) 121 (60.5%) 60 (60%) 61 (61%) χ2 = 0.021 0.885

Age (y) (median, range) 32 (28–38) 31 (28–36) 32 (28–38) Z = 0.718 0.473

ALT (U/L) (median, range) 232.95 (126.45–353.70) 240.70 (129.30–359.25) 227.70 (123.03–345.20) Z = −0.204 0.838

AST (U/L) (median, range) 108.70 (61.95–173.98) 121.50 (65.60–172.35) 103.35 (61.10–181.60) Z = −0.739 0.460

TBil (μmol/L) (median, range) 14.30 (11.60–20.40) 13.25 (11.80–18.23) 15.70 (11.60–21.58) Z = −1.679 0.093

ALB (g/L) (median, range) 45.50 (42.60–47.40) 45.25 (42.70–47.10) 45.70 (42.30–47.90) Z = −0.400 0.689
HBsAg (log10 IU/mL) (median,
range) 3.88 (3.63–4.10) 3.88 (3.63–4.10) 3.88 (3.63–4.10) Z = −0.051 0.959

HBeAg (S/CO) (median, range) 852.62 (472.32–1188.79) 859.25 (488.81–1193.45) 811.69 (452.44–1173.23) Z = −0.071 0.944
HBV DNA (log10 IU/mL) (median,
range) 6.66 (6.34–7.31) 6.66 (6.26–7.31) 6.65 (6.40–7.37) Z = −0.088 0.930

WBC (109/L) (median, range) 5.07 (4.56–5.82) 5.02 (4.48–6.24) 5.07 (4.74–5.65) Z = −0.522 0.602
HGB (g/L) (median, range) 151.50 (140.00–163.00) 150.00 (142.25–161.00) 153.00 (136.75–165.85) Z = −0.535 0.592

PLT (109/L) (median, range) 178.50 (154.00–220.50) 180.00 (147.50–222.00) 175.10 (159.00–219.00) Z = −0.270 0.787
Flt3-L (pg/mL) (median, range) 16.49 (0.53–82.42) 16.49 (0.56–83.56) 0.14 (0.02–30.77) Z = −1.607 0.108

IFN-α2 (pg/mL) (median, range) 42.66 (21.12–76.52) 41.60 (19.75–86.86) 42.66 (26.46–74.17) Z = −0.622 0.534

IFN-γ (pg/mL) (median, range) 21.27 (6.46–61.48) 22.47 (8.39–62.15) 20.16 (3.92–58.41) Z = −1.365 0.172

IL−10 (pg/mL) (median, range) 9.07 (3.94–18.61) 9.04 (3.32–19.26) 9.07 (4.94–18.31) Z = −0.04 0.968

IL-17A (pg/mL) (median, range) 5.60 (2.75–36.75) 7.16 (3.21–37.39) 5.20 (2.74–36.75) Z = −0.903 0.367

IL-6 (pg/mL) (median, range) 2.27 (0.90–7.58) 2.15 (1.01–8.27) 2.46 (0.84–6.33) Z = −0.986 0.324

TNF-α (pg/mL) (median, range) 9.72 (7.42–16.62) 17.93 (14.76–43.36) 8.79 (6.61–14.73) Z = −4.589 < 0.001

TGF-β1 (pg/mL) (median, range) 4079.00
(2584.00–7503.75)

4794.50
(2911.00–8057.25)

5167.00
(2553.00–7885.00) Z = −0.797 0.426

TGF-β2 (pg/mL) (median, range) 425.81 (351.88–698.40) 435.48 (355.05–716.21) 412.21 (224.29–537.31) Z = −1.226 0.220

TGF-β3 (pg/mL) (median, range) 160.09 (133.50–207.50) 156.35 (131.69–200.38) 173.92 (160.74–209.12) Z = −1.506 0.132

 

250 eligible HBeAg-positive CHB patients from November 2017 and November 2018 enrolled

29 patients withdrew consent and returned to local hospital  

221 patients received antiviral therapy

Patients in PEG-IFN group (n = 116):
Treated with PEG-IFNα-2a 

Patients in ETV group (n = 105):
Treated with Entecavir 

16 patients withdrew before week 48
   -3 could not tolerate the side effects of 
    PEG-IFNα-2a
   -5 were not willing to 
    continue due to pregnancy preparation
   -8 were lost to follow-up before
    week 48 

5 patients withdrew before week 48
  -1 was not willing to
   continue due to the
   side effect of
   increased lactic acid
   -4 were lost to follow-
   up before week 48

PEG-IFN group: A total of 100
patientscompleted treatment and observation

ETV group: A total of 100 patients
completed treatment and observation

A total of 200 HBeAg-positive CHB patients completed 48 weeks of treatment and follow-up

Figure 1. Patient enrolment and deposition.
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ALB,  HBV  DNA  load,  HBsAg  level,  and  HBeAg  level
between  the  two  groups.  The  baseline  cytokine
characteristics  between  the  two  groups  were
analyzed, and the results are shown in Table 1 and
Figure  2.  There  was  a  statistically  significant
difference  in  TNF-α  between  the  PEG-IFN  and  ETV
groups  (17.93 vs. 8.79  PG/mL, Z =  −4.589, P <
0.001).  Other  cytokines  were  not  significantly
different. 

Comparison  of  Cytokines  Levels  between  the  PEG-
IFN and ETV Groups During Treatment

Figure  2 shows  that,  in  the  PEG-IFN  group,  the
level  of  Flt3-L decreased, and the levels  of  IFN-γ,  IL-
10,  IL-17A,  IL-6,  and  TGF-β1  decreased  significantly
after  3  and  6  months  of  treatment,  as  compared
with baseline (IFN-γ: 1.355 vs. 1.08 and 0.84 PG/mL,
P <  0.001;  IL-10:  0.97 vs. 0.465  and  0.41  pg/mL,
respectively, P <  0.001;  IL-17A:  0.855 vs. 0.54  and
0.52  PG/mL, P <  0.001;  IL-6:  0.33 vs. 0.15  and  0.04
PG/mL, P <  0.001;  TGF-β1:  13.61 vs. 3.47 and 3.395
PG/mL, P <  0.001);  IFN -α2  levels  were  significantly
higher (1.62 vs. 2.66 and 2.69 PG/mL, P <  0.001).  In
the ETV treatment group, the levels of Flt3-L, IL-17A,
and IFN-α2 increased,  while  those  of  IFN-γ  and IL-6
decreased,  but  there  was  no  statistical  difference
(P =  0.903,  0.284,  0.099,  0.368,  0.795,  respectively);
IL-10 levels decreased significantly (0.96 vs. 0.82 and
0.74 pg/mL, P < 0.001); and TGF-β1 levels decreased
significantly  (3.61 vs. 3.05  and  2.605  PG/mL, P <
0.001). 

Comparison of Clinical Indexes between the PEG-IFN
and ETV Groups During Treatment

We  analyzed  the  clinical  characteristics  of  the
PEG-IFN and ETV groups during treatment (Table 2).
At  baseline,  there  was  a  statistically  significant
difference  in  TNF-α  between  the  PEG-IFN  and  ETV
groups,  but  there  were  no  statistically  significant
differences  in  biochemical  indexes  (ALT,  AST,  TBil,
ALB),  virological  indexes  (HBV DNA,  HBsAg,  HBeAg),
or  other  cytokine  levels.  After  3  months  of
treatment,  the  biochemical  and  virological  indexes
were  statistically  significantly  different  between the
PEG-IFN and ETV groups. The levels of IFN-α2, IL-10,
IL-17A,  IL-6,  TNF-α,  TGF-β1,  and  TGF-β3  differed
significantly  between  the  PEG-IFN  and  ETV  groups.
After 6 months of treatment, there were statistically
significant differences between the PEG-IFN and ETV
groups  in  biochemical  indexes,  virological  indexes,
and cytokines, except ALB and Flt3-L. After 9 months
of treatment, the biochemical and virological indexes
between the PEG-IFN group and the ETV group were
significantly different. After 12 months of treatment,
there  was  no  significant  difference  in  ALB  between
the  PEG-IFN  and  ETV  groups,  while  other
biochemical  and  virological  indexes  were
significantly different.

The  difference  in  baseline  TNF-α  levels  was
statistically significant between the PEG-IFN and ETV
groups (Table 1),  so we used analysis  of  covariance.
Taking  the  baseline  TNF-α  level  as  a  covariate  to
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Figure 2. Comparison of cytokine levels during treatment between the PEG-IFN and ETV groups.
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eliminate  the  bias  of  the  baseline  effect  on  the
results,  univariate  analysis  of  covariance  for  TNF-α
showed  no  significant  difference  between  the  two
groups  at  3  and  6  months  after  adjustment  (F  =
1.449, P = 0.231; F = 0.003, P = 0.956, respectively).

Supplementary  Table  S1 (available  in  www.
besjournal.com) shows an analysis of the correlation
between cytokines and dynamic changes in HBsAg in
the  PEG-IFN  and  ETV  groups.  In  the  PEG-IFN  group,
the  kinetic  changes  in  IFN-α2  and  IL-10  at  3  and  6
months  were  significantly  correlated  with  those  of
HBsAg (IFN-α2: r = −0.227, P = 0.025; r = −0.262, P =
0.009;  IL-10: r =  0.366, P <  0.0012; r =  0.277, P =
0.005); in the ETV group, the kinetic changes in TNF-
α  at  3  and  6  months  were  significantly  correlated
with those of HBsAg (r = 0.226, P = 0.024).

Table  3 shows  an  analysis  of  the  clinical
characteristics  of  the  PEG-IFN  and  ETV  groups  after
48  weeks  of  treatment.  In  the  PEG-IFN  group  after
48  weeks  of  treatment,  HBeAg  serological
disappearance  occurred  in  38  cases,  and  HBeAg
seroconversion  occurred  in  25  cases;  In  the  ETV
group,  HBeAg  serological  disappearance  was  found
in  13  cases  and  HBeAg  serological  conversion  in
three  cases.  The  serological  disappearance  rate  and
conversion  rate  between  the  two  groups  were
statistically  significantly  different.  (χ2 =  16.450; P <
0.001; χ2 = 12.324; P = 0.002). In the PEG-IFN group,
HBsAg  decreased ≥ 1  log10 in  23  cases,  in  which
HBsAg  disappeared  in  nine  cases  and  HBs-Ab
appeared  in  eight  cases.  In  the  ETV  group,  the
decrease  in  HBsAg ≥ 1  log10 was  found  in  seven
cases,  but  no  HBsAg  disappeared.  The  decrease  in
HBsAg ≥ 1 log10 was statistically significantly different
between  the  two  groups  (χ2 =  13.324; P <  0.001).
There  were  72  cases  of  complete  virological
response  in  the  PEG-IFN  group  and  87  cases  in  the
ETV  group;  this  was  not  statistically  significant
between the two groups (χ2 = 12.430, P = 0.670). ALT
normalization  was  achieved  in  64  patients  in  the
PEG-IFN group and in  90  patients  in  the  ETV group;
this  was  statistically  significant  between  the  two
groups (χ2 = 17.850; P = 0.042).

In  conclusion,  the  levels  of  IFN-α2,  IL-17A,  and

TNF-α in the PEG-IFN group were significantly higher
than  those  in  the  ETV  group  after  3  months  of
antiviral  therapy  (P <  0.01);  IL-10,  IL-6,  and  TGF-β3
were significantly lower than those in the ETV group
(P < 0.01). After 6 months of treatment, the levels of
IFN-α2,  IFN-γ  and TNF-α  in  the  PEG-IFN group were
significantly higher than those in the ETV group (P <
0.01), while the levels of IL-6, IL-10, and TGF-β3 were
significantly  lower  than those in  the  ETV group (P <
0.01).  Compared  with  ETV  treatment,  the  PEG-IFN
group  had  a  higher  HBeAg  disappearance  rate,
HBsAg response rate, and HBsAg disappearance rate. 

DISCUSSION

In  China,  the  hepatitis  B  virus  remains  a  major
burden  on  the  health  system[10].  Prevention  of
mother-to-child  transmission  and  antiviral
management of CHB patients should be the focus of
hepatitis  B  prevention  in  the  future[11].  Control  of
HBV  replication  and  improvement  of  immune
function  are  important  means  of  alleviating  liver
inflammation  and  preventing  disease  progression.
NA  and  interferons  have  become  first-line  antiviral
drugs in the treatment of CHB[12,13].

The application of NA can effectively inhibit viral
replication  and  delay  the  progression  of  liver
disease, but it often recurs after discontinuation and
requires  long-term  maintenance  therapy[12,13].  The
advantage  of  interferon  therapy  over  NA  is  that  a
limited  course  of  treatment  allows  a  higher
proportion  of  patients  to  achieve  HBeAg
seroconversion or even HBsAg disappearance[14-16]. In
other  studies  of  changes  in  cytokine  levels  during
antiviral  therapy,  the  conclusion  has  been
consistent: cytokine levels during PEG-IFN treatment
may  be  a  potential  biomarker  for  the  selection  of
CHB  patients  who  respond  to  PEG-IFN[17],  and  the
changes  in  immune  cells  may  be  related  to  the
response  to  PEG-IFN-α  treatment[18].  ETV  treatment
significantly  reduced  the  HBV  DNA  load  in  CHB
patients,  while  the  percentage  of  immune cells  was
not significantly different from that in untreated CHB
patients[19,20].  In our study, IFN-γ,  IFN-α2, and TNF-α

Table 3. Comparison of clinical indicators between the PEG-IFN and ETV groups after 48 weeks of treatment

Group PEG-IFN ETV χ2/P

HBeAg disappearance (n, %) 38 (38%) 13 (13%) 16.450/< 0.001

HBsAg decline ≥ 1 log10 IU/mL (n, %) 23 (26.74%) 7 (7%) 13.324/< 0.001

Complete virological response (n, %) 72 (72%) 87 (87%) 12.430/0.670

ALT turn to normal (n, %) 64 (64%) 90 (90%) 17.850/0.042

450 Biomed Environ Sci, 2021; 34(6): 443-453



were significantly higher in the interferon treatment
group, compared with the ETV group, and IL-6, IL-10,
and TGF-β3 were significantly lower in the interferon
treatment group, compared with the ETV group, at 3
and  6  months  of  treatment.  This  suggests  that
interferon therapy may further enhance the levels of
immunostimulatory  effector  cytokines  and  reduce
the levels  of  immunosuppressive effector  cytokines;
moreover,  interferon  therapy  has  the  effects  of
improving  immunity,  anti-inflammation,  and  anti-
fibrosis in the antiviral treatment of chronic hepatitis
B[21].  Immune  control  and  clinical  cure  are  mainly
achieved with interferon therapy.  In our study,  liver
inflammation and the immunosuppressive cytokines
IL-6,  IL-10,  and  TGF-β3  were  downregulated  by
interferon-based  treatment,  whereas  factors  IFN-α
and  TNF-α,  which  have  stimulatory  effects  on
immune  cell  function,  were  upregulated[22],  and
factor  IFN-γ,  which  has  a  viral  clearance  effect,  was
upregulated[7].  Through  the  clearance  of  virus-
infected  hepatocytes,  HBeAg  and  HBsAg  decreased
or  even  disappeared,  and  seroconversion
occurred[21].

In  our  study,  the  level  of  IL-17A  in  the  PEG-IFN
group  was  significantly  higher  than  that  in  the  ETV
group at  3  months and significantly  lower than that
in the ETV group at 6 months. IL-17A, a factor with a
virus-clearing  effect,  first  increased  and  then
decreased  in  the  PEG-IFN  group,  which  may  be
related  to  the  timing  of  immune  clearance:  after  6
months,  the  immune  clearance  ability  of  interferon
decreased[5,23]. TGF-β1 was significantly higher in the
PEG-IFN  group  than  in  the  ETV  group  at  3  and  6
months  during  treatment.  TGF-β1  is  an
immunosuppressive  cytokine[5,24].  In  fact,  this
abnormal phenomenon may be related to the small
number of cases detected and the large dispersion of
cytokines.  Although  the  level  of  TGF-β1  in  the  PEG-
IFN  group  was  significantly  higher  than  that  in  the
ETV  group  at  3  months  and  6  months,  the  level  of
TGF-β3 in the PEG-IFN group was significantly lower
than  that  in  the  ETV  group  at  3  months  and  6
months,  which  may  suggest  that  interferon  therapy
has different effects on the function of different cell
subsets. Because ETV was added to 65 patients with
a  poor  early  virological  response  in  the  PEG-IFN
group,  there  were  72  patients  with  a  complete
virological  response  in  the  PEG-IFN  group  and  87
patients  in  the  ETV  group,  and  there  was  no
statistically  significant  difference  between  the  two
groups. The ALT normalization rate of 90% in the ETV
group  was  significantly  higher  than  that  of  64% in
the  PEG-IFN  group  after  48  weeks  of  treatment,

which  was  related  to  the  increase  of  immune
function  after  PEG-IFN  treatment  and  the  elevation
of ALT caused by the activity of NK cells[25].

In our study, the antiviral efficacy of PEG-IFN was
significantly  better  than that  of  ETV.  In  the  PEG-IFN
group,  HBeAg serological  disappearance occurred in
38 cases (38%), and HBeAg seroconversion occurred
in  25  cases  (25%).  In  the  ETV  group,  HBeAg
serological  disappearance  was  found  in  13  cases
(13%) and HBeAg seroconversion in three cases (3%).
The  serological  disappearance  rate  and  serological
conversion rate of HBeAg in the PEG-IFN group were
significantly  higher  than  those  in  the  ETV  group.  In
the PEG-IFN group, 23 cases (23%) had a decrease of
HBsAg ≥ 1  log10,  in  which  nine  cases  (9%)  HBsAg
disappeared  and  eight  cases  (8%)  HBsAb  appeared.
Seven patients (7%) in the ETV group experienced a
decrease  of  HBsAg ≥ 1  log10,  but  there  was  no
disappearance  of  HBsAg.  The  rate  of  decrease  of
HBsAg ≥ 1  log10 in  the  PEG-IFN  group  was
significantly higher than that in the ETV group. There
were  no  significant  differences  in  baseline
biochemical  indexes,  virological  indexes,  and
cytokine  levels  between  the  two  groups.  However,
the levels of HBsAg and HBeAg in the PEG-IFN group
were significantly lower than those in the ETV group,
and the levels of ALT were significantly higher in the
PEG-IFN group than those in the ETV group at 3, 6, 9,
and 12 months of treatment. Interferon can not only
play  a  direct  role  in  viral  replication  but  also
stimulate  immune  cell  function  and  eliminate  virus-
infected  liver  cells.  NA  mainly  inhibits  viral
replication and has no immunostimulatory effect[12-13].
Therefore,  patients  treated  with  interferon  have  a
higher  HBeAg  seroconversion  rate  than  those
treated with  NA and even achieve clinical  cure,  and
patients  who  achieve  treatment  goals  through
interferon  treatment  can  bring  about  long-term
good clinical outcomes[16,21,22,26].

In the PEG-IFN group, the kinetic changes in IFN-
α2  and  IL-10  at  3  and  6  months  were  significantly
correlated with that of HBsAg. Our study has shown
that  during  PEG-IFN  therapy,  the  HBsAg  level
decreased  with  the  increase  of  the  IFN-α2  level,
which stimulated immune cell  function[7,8].  With the
decrease  of  the  IL-10  level  in  immunosuppressive
cells,  the  level  of  HBsAg  decreased.  In  clinical
practice,  interferon  can  effectively  inhibit  virus
replication  and  reduce  HBsAg  and  HBeAg  to
eliminate  the  inhibitory  action  of  the  virus  on
immune  cell  function  and  directly  stimulate  the
maturation  of  immune  cells  and  the  secretion  of
cytokines.  In  the  ETV  treatment  group,  the  NA  had
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no immunomodulatory effect but only inhibited viral
replication, so the changes in cytokines were not so
significantly  correlated  with  the  changes  in  HBsAg.
Therefore,  immune  control  and  functional  cure  can
be achieved mainly  through interferon therapy[14-16].
Pegylated interferon will  probably play a key role in
future  combination  therapy  for  a  functional  “CURE”
For CHB.

In  conclusion,  our  study  showed  changes  in
cytokine  levels  during  antiviral  therapy.  PEG-IFN
treatment was significantly better than ETV in terms
of immune control and functional cure. 
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Supplementary Table S1. Correlation between cytokines and HBsAg dynamic changes
in the PEG-IFN and ETV groups

Group Interaction

IFN ETV

3 months 6 months 3 months 6 months

r P r P r P r P

Fit3L*HBsAg 0.159 0.182 −0.017 0.887 0.149 0.542 0.003 0.990

IFNα2*HBsAg −0.227 0.025 −0.262 0.009 0.007 0.945 0.075 0.461

IFNγ*HBsAg 0.084 0.408 0.101 0.319 0.137 0.175 0.035 0.734

IL10*HBsAg 0.366 < 0.0012 0.277 0.005 0.183 0.068 −0.027 0.793

IL17A*HBsAg 0.181 0.075 0.104 0.303 0.143 0.157 −0.046 0.654

IL2*HBsAg −0.117 0.606 −0.065 0.774 0.097 0.338 −0.015 0.882

IL6*HBsAg 0.173 0.089 0.140 0.167 0.097 0.337 −0.082 0.421

TNFα*HBsAg 0.226 0.338 −0.055 0.808 0.226 0.024 −0.073 0.475

TNFβ1*HBsAg −0.015 0.884 0.113 0.263 −0.105 0.300 −0.135 0.183

TNFβ3*HBsAg −0.089 0.459 −0.022 0.858 − − − −

TNFβ2*HBsAg −0.110 0.359 0.023 0.850 − − − −
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