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Introduction: The adaptive immune response may reflect the immunomodulatory efficacy during peginterferon alfa-2a (PEG-IFN α-
2a) treatment in chronic hepatitis B (CHB) patients. We evaluated the predictive efficiency of T-cell subsets on patient’s response to PEG-
IFN α-2a treatment.
Methods: The proportions of CD8+PD-1+, CD8+Tim-3+ and CD4+CD25high T-cells were measured at baseline and week 52 in CHB
patients who underwent PEG-IFN α-2a treatment. The proportions of T-cell subsets were compared among different responders and
non-responders (determined by biochemical, serological, and virological responses).
Results: The baseline proportions of the three T-cell subsets were significantly higher in CHB patients (65 cases) than in healthy
controls (28 cases), while the proportions declined significantly after 52 weeks of PEG-IFN treatment. Responders (ALT < 40 IU/L,
89.2% [58/65]; HBV DNA < 2.7 log10 IU/ml, 66.2% [43/65]; and HBeAg seroconversion [SR], 53.9% [35/65]) experienced more
pronounced declines in the proportion of T-cell subsets compared to non-responders. In particular, the baseline proportions of
CD4+CD25high T-cells displayed significant difference between SR and non-SR groups. The stepwise logistic regression analysis
identified that CD4+CD25high T-cells combined with baseline HBV DNA and ALT can predict SR and CR (ALT < 40 IU/L, HBV DNA
< 2.7 log10 IU/mL and HBeAg seroconversion) after 52 weeks of PEG-IFN treatment with high accuracy.
Conclusion: PEG-IFN therapy induces significant declines in the proportion of some key T-cell subsets in HBeAg-positive patients.
The model constructed with CD4+CD25high T-cells combined with ATL and HBV DNA may help to predict the efficacy of PEG-IFN
α-2a therapy.
Keywords: PEG-IFN α-2a, chronic hepatitis B, clinical response, HBeAg seroconversion, T-cell subsets

Introduction
Hepatitis B virus (HBV) is a hepatotropic, partially double-stranded DNA virus that causes HBV infection in humans,
which represents a major global health challenge.1–3 In 2019, it was reported that ~1.5 million people were newly
diagnosed with chronic hepatitis B (CHB) infection (WHO, 2021). Currently, CHB infections are treated with two types
of antiviral medications: IFN-α/PEG-IFN-α and nucleos(t)ide analogs.4 Nucleos(t)ide analogs directly suppress HBV
replication and require a long course of treatment, while IFN-α therapy not only modulates interferon-stimulated genes
(ISGs) but also possesses immunoregulatory activity, both of which are important for the elimination of HBV.5 PEG-IFN
can induce a long-term off-treatment sustained response in about 25% of patients after a finite treatment course,
especially in hepatitis B e antigen (HBeAg)-positive patients.6–8 For the duration of PEG-IFN α-2a treatment, it was

International Journal of General Medicine 2022:15 4441–4451 4441
© 2022 Zhu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 31 December 2021
Accepted: 14 April 2022
Published: 27 April 2022

https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


reported that 48-week treatment led to higher rates of HBV DNA suppression and HBeAg seroconversion than 24-week
treatment.9

There remains an urgent need to investigate promising predictors or novel biomarkers capable of accurately
predicting the response of CHB patients to IFN-α therapy. It is well established that the host and viral factors, including
on-treatment HBsAg quantification, baseline ALT and AST, HBV genotypes and HBV DNA levels, may influence and
predict HBeAg seroconversion and sustained response to IFN-α treatment in HBeAg-positive patients.7,10–15 While, there
is still a great need for development of novel biomarkers with higher prediction accuracy and convenient operation.

It is well recognized that the adaptive immune response plays a critical role in HBV clearance, while CHB patients
display impaired and inhibitory HBV-specific T-cell function with persistent viraemia.16,17 As inhibitory receptors,
programmed cell death protein 1 (PD-1) is the most highly expressed on exhausted T cells in patients with HBV
infection.18,19 PD-L1 is one of the ligands for PD-1, which is normally found on cells within the liver, but its expression
is increased in HBV-infected hepatocytes.20 In the course of chronic HBV infection, T-cell immunoglobulin domain and
mucin domain 3 (Tim-3) are remarkably overexpressed on the surface of exhausted T cells, which can negatively regulate
T-cell responses by promoting CD8+ T-cell exhaustion.21–24 CD8+Tim-3+PD-1+ T-cells are significantly more abundant
in CHB patients with active rather than inactive disease.23 It was shown that the frequency of CD4+CD25+ T-cells
increased significantly in CHB patients when compared with healthy controls and positively correlated with the levels of
ALT and AST, both of which are indicators of the extent of liver injury.25

As an important first-line treatment option, PEG-IFN-α, the immunomodulator plays a critical role in the recovery of
CHB patients, while the dynamics of some co-inhibitory molecules on T-cells during IFN-α treatment remains to be
elucidated. Due to the importance of HBeAg seroconversion achieved in the treatment of HBeAg-positive CHB patients,
the aim of this study was mainly to investigate the association among some key co-inhibitory molecules on T-cells with
PEG-IFN therapy, and identify the predictive efficiency of certain co-inhibitory molecules for HBeAg serological
response, which may be helpful to improve the personalized treatment during the antiviral therapy.

Materials and Methods
Study Participants
A total of 65 CHB patients hospitalized in the Fifth People’s Hospital of Suzhou during the year 2018 were enrolled in
the study, all of them met the criteria of the guidelines of prevention and treatment for chronic hepatitis B,26 and were
HBeAg-positive, had a serum HBV DNA load over 5 log10 IU/mL and an elevated serum ALT level 2–10 times the
upper limit of normal (ULN, 40 IU/L). None of the patients received immunomodulator treatment, including immune
enhancers or immunosuppressive agents, as well as antiviral agents including nucleos(t)ide analogs for at least 6 months
before PEG-IFN-α therapy initiated. All patients were ruled out for co-infection with hepatitis A, C, D, or E viruses, as
well as other liver diseases caused by alcohol, drug, autoimmunity, and so forth. All the patients received subcutaneous
injection of PEG-IFN α-2a 180 µg once a week for 52 weeks. If HBV DNA load declines less than 2 log10 IU/mL
compared to baseline level after 24 weeks of PEG-IFN α-2a treatment, entecavir (Baraclude) will be added on 0.5 mg
once a day. During PEG-IFN α-2a treatment, liver function and blood cell counts were tested monthly, and HBV
serological markers and HBV DNA load were tested every 3 months.

According to the responses of patients to PEG-IFN α-2a treatment, the enrolled patients were divided into the
following groups: i) the groups of ALT < 40 IU/L and ≥ 40 IU/L; ii) the groups of HBV DNA < 2.7 log10 IU/mL (~500
copies/mL) and ≥ 2.7 log10 IU/mL group; and iii) the groups of HBeAg seroconversion and no HBeAg seroconversion.
At week 52, the patients who achieved ALT < 40 IU/L or HBV DNA < 2.7 log10 IU/mL or HBeAg seroconversion were
defined as responders, and the remaining patients were defined as non-responders. In addition, the serological response
(SR) was defined as HBeAg seroconversion (the loss of HBeAg and the development of anti-HBe antibody), and
combined response (CR) was defined as HBeAg seroconversion combined with ALT < 40 IU/L and HBV DNA < 2.7
log10 IU/mL at the end of treatment (at week 52).

Twenty-eight healthy controls were recruited from the Department of Physical Examination in our hospital. All of
them had normal liver function and were tested negative for serum immunological markers of hepatitis B, C, and D virus
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infection. All participants provided written, informed consent before inclusion in the study. The study conforms to the
ethical guidelines of the 1975 Declaration of Helsinki and was approved by the ethics committee of the Fifth People’s
Hospital of Suzhou (No.2018–009).

Laboratory Measurements
Peripheral blood samples were collected from all participants before the initiation of PEG-IFN α-2a treatment. HBV
serological markers (HBsAg, HBeAg, anti-HBs antibody, anti-HBe antibody, anti-HBc IgM and IgG) were detected
using the Chemiluminescent Microparticle Immunoassay (Abbott Ireland, Sligo, Ireland). HBV DNA was quantified
using quantitative PCR (Roche, Basel, Switzerland) with the detection range from 2.7 log10 to 8 log10 IU/mL.
Biochemical tests, including serum ALT levels, were measured using an automatic biochemistry analyser (Hitachi,
Tokyo, Japan).

Flow Cytometric Analysis
In order to isolate peripheral blood mononuclear cells (PBMCs) from each sample, 1 mL of heparinized whole blood
from CHB patients or healthy controls was collected and subjected to Ficoll-Hypaque density gradient centrifugation.
After centrifugation, PBMCs were collected and washed with FACS buffer (phosphate-buffered saline [PBS] containing
0.5% BSA, BD Biosciences). For T-cell staining, the collected PBMCs were stained with the following fluorochrome-
conjugated anti-human antibodies: CD3-APC, CD8-FITC, PD-1-PE, Tim-3-PE, CD3-APC, CD4-PerCP and CD25-FITC
(Biolegend, San Diego, CA, USA) for 30 min. The stained cells were then washed with FACS buffer (BD Biosciences)
and resuspended in a Fixation/Permeabilization Solution (BD Biosciences), prior to being washed and resuspended with
PBS, and acquired on a FACSCalibur flow cytometer (BD Biosciences). After gating, the proportions of CD3+CD8+PD-
1+, CD3+CD8+Tim-3+ and CD3+CD4+CD25high cells were determined. The data were analyzed using FlowJo software
(Tree Star, Ashland, OR, USA).

Statistical Analysis
The statistics and comparison of all data were conducted with GraphPad Prism 5.01 software. The gender composition
was compared by chi-squared test between CHB patients and healthy controls. The normality analysis of the data was
tested by KS normality test. Mann Whitney test was used for non-normal Gaussian distribution, and unpaired t test was
used for normal Gaussian distribution. The correlation between age and three T-cell subsets was calculated using the
Spearman rank correlation test. P value <0.05 was considered statistically significant. Stepwise logistic regression
analysis was conducted with SPSS 18.0 software and used to determine the capacity of baseline factors in predicting
the therapeutic effect of PEG-IFN therapy in CHB patients. The final predictors and parameters of the logistic regression
were fitted with the maximum likelihood procedure. The area under the ROC curve (AUC) was calculated for the
predictive model, and AUC values closer to 1 indicated higher prediction accuracy. According to the optimization
combination of sensitivity and specificity, the best cutoff value of combined indicators was determined.

Results
Patient Cohort and Clinical Characteristics
A total of 65 CHB patients were enrolled and received PEG-IFN α-2a therapy for 52 weeks. At week 52, 58 cases of
patients (89.2%) achieved ALT level lower than ULN (<40 IU/L) and 7 cases (10.8%) remained an elevated ALT level
(≥40 IU/L); 43 (66.2%) achieved HBV DNA load <2.7 log10 IU/mL (of them, 3 cases added on to entecavir treatment at
week 24), while 22 (33.8%) still ≥2.7 log10 IU/mL; and 32 (49.2%) achieved SR and 3 (4.6%) were HBeAg-negative but
without development of anti-HBe antibody. The remaining 30 (46.2%) were still HBeAg-positive. Of the patients who
achieved SR, 34 cases (52.3%) achieved CR.

The baseline characteristics of the enrolled CHB patients are shown in Table 1, including gender, age, baseline levels
of ALT and HBV DNA, haematological cells and hemoglobin, and the frequencies of CD8+PD-1+, CD8+Tim-3+ and
CD4+CD25high T-cells. The CHB patient and healthy control groups were matched for gender and age, showing no
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statistical differences in these parameters between the two groups (P > 0.05). Among the variables of T-cell subsets, the
frequencies of CD8+PD-1+, CD8+Tim-3+ and CD4+CD25high T-cells were significantly different between CHB and
control groups (P < 0.05), which were all higher in CHB patients group than those in healthy controls (P < 0.05).

During PEG-IFN treatment, no patients had interrupted antiviral therapy due to adverse events. Besides the flu-like
symptoms at the start of treatment, the most common adverse events were neutropenia, thrombocytopenia, and so forth.
Recombinant human granulocyte colony stimulating factor (rhG-CSF) 100 μg would be injected subcutaneously if the
count of neutrophils decreased less than 0.75 × 10*9/L. And likewise, recombinant human interleukin 11 (rhIL-11)
1.5 mg would be injected subcutaneously if the count of platelets declined less than 50 × 10*9/L. 2 patients were just
treated with PEG-IFN dose reduction (135 µg). Changes in haematological cells and hemoglobin at baseline and at the
end of treatment (EOT) can be seen in Table 2.

PEG-IFN α-2a Therapy Can Modulate the Proportions of T-Cell Subsets in the
Peripheral Blood of CHB Patients
In order to clarify the correlation between the efficacy of PEG-IFN treatment and the expression of T-cell subsets in the
peripheral blood of CHB patients, the expression ratios of CD8+PD-1+, CD8+Tim-3+ and CD4+CD25high T-cells were
analyzed before and after PEG-IFN treatment. The data showed that the ratio of CD8+PD-1+ T-cells declined slightly
after treatment but without statistical significance compared to that before therapy (Figure 1A); the proportions of
CD8+Tim-3+ and CD4+CD25high T-cell subsets, however, were significantly decreased after PEG-IFN α-2a treatment

Table 1 Baseline Characteristics of the Enrolled Cohort

Characteristics HC (n=28) CHB (n=65) P value

Gender (male/female) 21/7 50/15 0.8413※
Age (year) 29 (25–32) 27 (24–32) 0.4858Δ
ALT (IU/L) NA 147 (102–200) NA

HBV DNA (log10 IU/mL) NA 7.5 (6.8–8.0) NA
Leucocytes (10*9/L) 4.9 (4.1–6.3) 5.3 (4.7–6.1) 0.2647#

Neutrophils (10*9/L) 2.9 (2.2–3.5) 3.1 (2.6–3.5) 0.4485Δ
Lymphocytes (10*9/L) 1.5 (1.1–1.8) 1.7 (1.4–2.1) 0.1040#
Hemoglobin (g/L) 151 (137–162) 147 (134–165) 0.8338#

Platelets (10*9/L) 176 (127–224) 185 (150–224) 0.7937#
CD8+PD-1+T cells (%) 29.1 (23.7–32.8) 35.5 (25.9–46.0) 0.0143Δ
CD8+Tim-3+T cells (%) 3.5 (2.9–5.2) 4.9 (3.7–6.9) 0.0033Δ
CD4+CD25highT cells (%) 8.6 (7.6–10.1) 11.3 (9.7–14.8) <0.0001Δ

Notes: The data was shown as median (25% percentile – 75% percentile). The levels of HBV DNA were log10
transformed. ※Chi-square. The normality analysis was conducted by using KS normality test, Δ non-normal Gaussian
distribution, Mann Whitney test was used; # normal Gaussian distribution, unpaired t test was used.
Abbreviations: HC, healthy control; CHB, chronic hepatitis B; IU, international units; ALT, alanine aminotransferase; HBV
DNA, hepatitis B virus deoxyribonucleic acid.

Table 2 The Comparison of Haematological Values Between the Levels at Baseline
and EOT in Enrolled CHB Patients

Characteristics Baseline (n=65) EOT (n=65) P value

Leucocytes (10*9/L) 5.3 (4.7–6.1) 3.2 (2.8–4.1) < 0.0001Δ
Neutrophils (10*9/L) 3.1 (2.6–3.5) 1.7 (1.2–2.0) < 0.0001Δ
Lymphocytes (10*9/L) 1.7 (1.4–2.1) 1.2 (1.1–1.4) < 0.0001Δ
Hemoglobin (g/L) 147 (134–165) 139 (130 −155) 0.0361Δ
Platelets (10*9/L) 185 (150–224) 120 (96–139) < 0.0001#

Notes: The data was shown as median (25% percentile – 75% percentile). The normality analysis was
conducted by using KS normality test, Δ non-normal Gaussian distribution; Mann Whitney test was used, #
normal Gaussian distribution, unpaired t test was used.
Abbreviations: CHB, chronic hepatitis B; EOT, end of treatment.
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(Figure 1B and C). Compared to healthy controls, the frequencies of CD8+PD-1+, CD8+Tim-3+ and CD4+CD25high

T-cells were all higher in CHB patient group before PEG-IFN α-2a treatment, while the proportions of the three T-cells
subsets at the end of treatment were not significantly different between the two groups, respectively (Figure 1A-C).

The Proportions of T-Cell Subsets Significantly Decreased in CHB Patients with ALT <
40 IU/L at Week 52
In order to further analyze the association of the T-cell subsets with biochemical response to PEG-IFN therapy, the
enrolled 65 CHB patients were divided into two groups based on ALT < 40 or ≥40 IU/L at week 52. In ALT < 40 IU/L
group (n = 58), the frequency of CD8+PD-1+ T-cells did not show an obvious change with treatment (Figure 2A), while
the proportions of CD8+Tim-3+ and CD4+CD25high T-cells were significantly decreased (Figure 2B and C). In the group
of ALT > 40 IU/L (n = 7), however, the proportions of the three T-cell subsets presented no significant difference before
and after PEG-IFN treatment (Figure 2). Furthermore, it was found that the proportion of CD4+CD25high T-cells was
lower in ALT < 40 IU/L group than in ≥40 IU/L group after treatment (Figure 2C).

The Proportions of T-cell Subsets Significantly Decreased in CHB Patients with HBV
DNA < 2.7 log10 IU/mL at Week 52
To evaluate the association of the three T-cell subsets with virological response to PEG-IFN treatment, two groups of
HBV DNA < 2.7 and ≥2.7 log10 IU/mL were divided according to patient’s HBV DNA levels at week 52. The data

Figure 1 PEG-IFN alfa-2a therapy can modulate the proportions of T-cell subsets in the peripheral blood of CHB patients. Comparison of the proportions of CD8+PD-1+T-cells
(A), CD8+Tim-3+T-cells (B) and CD4+CD25highT-cells (C) among healthy controls and CHB patients before and after treatment. The lines in the boxes represent median values,
and the deviation bars represent min to max. N.S., p>0.05; *, p<0.05; **, p<0.01; ***, p<0.001.

Figure 2 The proportions of T-cell subsets significantly decreased in CHB patients with ALT < 40 IU/L at week 52. Comparison of the proportions of CD8+PD-1+ T-cells
(A), CD8+TIM-3+ T-cells (B) and CD4+CD25highT-cells (C) before and after treatment between ALT < 40 and > 40 IU/L groups. The lines in the boxes represent median
values, and the deviation bars represent min to max. N.S., p>0.05; **, p<0.01; ***, p<0.001.
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showed that the ratio of CD8+PD-1+, CD8+Tim-3+ and CD4+CD25high T-cells significantly decreased in the group of
HBV DNA < 2.7 log10 IU/mL (n = 43), respectively (Figure 3A-C). The proportions of the three T-cell subsets, however,
showed no significant difference in HBV DNA ≥ 2.7 log10 IU/mL group (n = 22) before and after treatment (Figure 3).
Meanwhile, the proportion of CD8+PD-1+ and CD4+CD25high T-cells was significantly higher in HBV DNA ≥ 2.7 IU/mL
group than in <2.7 log10 IU/mL group at the end of treatment, respectively (Figure 3A and C).

The Proportions of T-Cell Subsets Significantly Decreased in CHB Patients Achieved
SR at Week 52
A response to achieve HBeAg seroconversion is a key efficacious indicator of PEG-IFN therapy for HBeAg-positive patients.
Based on the loss of HBeAg and the development of anti-HBe antibody after treatment, 35 patients achieved SR and the
remaining 30 were classified as non-responders. For SR group, the proportions of CD8+PD-1+, CD8+Tim-3+ and CD4+CD25high

T-cells significantly decreased after 52 weeks of treatment (Figure 4A-C). The expressions of PD-1, Tim-3 on CD8+ and CD25
on CD4+ T-cells were remarkably down-regulated in responders than in non-responders. Importantly, the baseline proportion of
CD4+CD25high T-cells was higher in SR group (n = 35) than in non-SR group (n = 30) (Figure 4C). In addition, the proportions of
the three T-cell subsets were significantly higher in no-SR group than in SR group after treatment (Figure 4A-C).

Performance of the Key T-cell Subsets Combined with Clinical Characteristics in
Predicting the Response to PEG-IFN α-2a Treatment
From the above, the data showed that the CD8+PD-1+, CD8+Tim-3+ and CD4+CD25high T-cells subsets may influence the
response of CHB patients to PEG-IFN treatment. In order to clearly clarify the association of these T-cell subsets with the

Figure 3 The proportions of T-cell subsets significantly decreased in CHB patients with HBV DNA < 2.7 log10 IU/mL at week 52. Comparison of the proportions of
CD8+PD-1+ T-cells (A), CD8+TIM-3+ T-cells (B) and CD4+CD25highT-cells (C) before and after treatment between HBV DNA < 2.7 log10 and ≥ 2.7 log10 IU/mL groups.
The lines in boxes represent median values, and the deviation bars represent min to max. N.S., p>0.05; *, p<0.05; **, p<0.01; ***, p<0.001.

Figure 4 The proportions of T-cell subsets significantly decreased in CHB patients achieved SR at week 52. Comparison of the proportions of CD8+PD-1+ T-cells (A),
CD8+Tim-3+ T-cells (B) and CD4+CD25highT-cells (C) before and after treatment between HBeAg seroconversion (SC) and no HBeAg SC groups. The lines in boxes
represent median values, and the deviation bars represent min to max. N.S., p>0.05; *, p<0.05; **, p<0.01; ***, p<0.001.
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efficacy of PEG-IFN therapy, the correlation between T-cell subsets and clinical characteristics of CHB patients was
analyzed. Our results showed that the baseline levels of ALT were negatively correlated with CD8+PD-1+ and
CD4+CD25high T-cells after treatment (Figure 5A and B). And, the baseline levels of HBV DNA were positively
correlated with CD8+PD-1+, CD8+Tim-3+ and CD4+CD25high T-cells after treatment (Figure 5C-E). In addition, the
baseline proportions of CD4+CD25high T-cells were positively correlated with baseline levels of ALT (Figure 5F) and
negatively correlated with baseline HBV DNA, CD8+PD-1+, and CD8+Tim-3+ T-cells after treatment (Figure 5G-I).

Based on the dynamics of T-cells subsets during PEG-IFN treatment and the correlation between T-cell subsets with
clinical characteristics, baseline levels of ALT, HBV DNA and the key T-cell subsets were further analyzed for the
prediction of PEG-IFN α-2a therapy. Stepwise logistic regression analysis led to the final identification of baseline
proportions of CD4+CD25high T-cells, baseline ALT and HBV DNA as independent constituents of predictive model for

Figure 5 The correlation analysis was displayed between T-cell subsets and clinical characteristics of CHB patients with PEG-IFN therapy. Correlation between baseline ALT
level and T-cell subsets at EOT (A and B); correlation between baseline HBV DNA load and T-cell subsets at EOT (C-E); and correlation between the baseline proportions
of CD4+CD25highT-cells and baseline ALT and HBV DNA levels as well as the proportions of CD8+PD-1+ and CD8+Tim-3+ T-cells at EOT (F-I). P values were calculated
using Spearman test, and r represents correlation coefficient.
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CHB patients achieving SR. As candidate models, all the predictive efficiency of the models were displayed and
compared in Table 3. Considering the sensitivity, specificity, simplification and the value of AUC, the combined
model consisting of ATL, HBV DNA and CD4+CD25high T-cells was definitely the best predictive model for our study.

The selected model for the prediction of SR, logit (p) = 5.572 + 0.028 * ALT + 0.178 * CD4+CD25high T-cells - 1.583
* HBV DNA, yielded the predictive value of 0.940 (95% CI, 0.883 to 0.997; sensitivity = 85.7%, specificity = 93.3%)
(Figure 6A). Besides, for the prediction of CR at week 52, logit (p) = 10.852 + 0.006 * ALT + 0.158 * CD4+CD25high

T-cells - 1.848 * HBV DNA (0.903, 0.828 to 0.979; sensitivity = 79.4%, specificity = 93.5%) (Figure 6B). In clinical
practice, the combined model may guide clinicians in predicting the possible response to PEG-IFN therapy. If 0.028 *
ALT + 0.178 * CD4+CD25high T-cells - 1.583 * HBV DNA ≥ −5.13, the patient can be predicted to achieve SR. And, if
0.006 * ALT + 0.158 * CD4+CD25high T-cells - 1.848 * HBV DNA ≥ −10.256, the patient can be predicted to achieve
CR. Collectively, the predictive model consisting of CD4+CD25high T-cells and baseline ALT and HBV DNA could be
used to improve personalized treatment for HBeAg-positive patients.

Discussion
Several studies have demonstrated that CHB patients display weak T-cell proliferation and have higher levels of
inhibitory molecules in T-cells.27,28 It was found that the dysfunction of HBV specific CD8+ T-cells in CHB patients
is closely related to the up-regulation of inhibitory molecules on HBV-specific CD8+ T-cells.16,23 The blockade of the
PD-1/PD-L1 axis has been proven to help reverse T-cell exhaustion and improve specific anti-HBV T-cell responses,
which have been evaluated as potential therapeutic strategy.28–34 It was also established that appropriate stimulation may
enhance the function of HBV-specific CD8+ T cells in immune-tolerant phase of CHB patients.35 It was reported IFN-α/γ
stimulation augmented PD-L1 expression on hepatocytes in vitro, which induced T-cell apoptosis.36,37

In order to clarify the immunomodulatory effect of PEG-IFN treatment on adaptive immune response, our study focused on
CD8+PD-1+, CD8+Tim-3+ and CD4+CD25high T-cells in the peripheral blood of HBeAg-positive CHB patients. The baseline
frequencies of these T-cells were higher in CHBpatient group than in healthy controls. At week 52, the proportions of these T-cell
subsets decreased and showed no difference with healthy controls. The frequencies of CD8+Tim-3+ andCD4+CD25high T-cells in
ALT < 40 IU/L group were significantly lower at the end of treatment. Similarly, CD8+PD-1+, CD8+Tim-3+ and CD4+CD25high

T-cells significantly decreased both in HBVDNA< 2.7 log10 IU/mL group and SR group, while these changes could not be seen
in non-responders. Overall, we revealed that the baseline frequencies of CD4+CD25high T-cells combined with baseline ALTand
HBV DNA can reliably predict SR and CR in HBeAg-positive patients with optimal efficiency.

Our results suggest that PEG-IFN treatment can decrease the proportion of the three T-cell subsets in the peripheral
blood of CHB patients, and the T-cell subsets decline may further contribute to the efficacy of PEG-IFN therapy. Our data
are consistent with a previous study that more CD4+CD25+ and CD8+PD-1+ T-cells were detected in CHB patients than
in healthy controls, and the treatment with telbivudine could reduce the number of these cells in CHB patients.38

Moreover, it was demonstrated that the percentages of circulating CD8+PD-1+ T-cells and CD4+CD25+ T-cells were
significantly higher in CHB group than in healthy controls.25,39 Meanwhile, the expression levels of PD-1 on CD8+

Table 3 The Predictive Efficiency of Candidate Combined Models for CHB Patients Achieving
Serological Response

Combined Models AUC 95% CI Sen Spe

ALT+HBV DNA+Factor 1 0.932 0.873–0.991 88.6% 90.0%

ALT+HBV DNA+Factor 2 0.933 0.875–0.992 88.6% 90.0%
ALT+HBV DNA+Factor 3 0.940 0.883–0.997 85.7% 93.3%

ALT+HBV DNA+Factor 1+Factor 2 0.934 0.876–0.992 85.7% 90.0%

ALT+HBV DNA+Factor 1+Factor 3 0.936 0.876–0.996 85.7% 93.3%
ALT+HBV DNA+Factor 2+Factor 3 0.941 0.881–1.000 85.7% 96.7%

ALT+HBV DNA+Factor 1+Factor 2+Factor 3 0.940 0.880–1.000 85.7% 96.7%

Notes: Factor 1: CD8+PD-1+ T-cell, Factor 2: CD8+Tim-3+ T-cell, Factor 3: CD4+CD25high T-cells.
Abbreviations: AUC, area under the curve; CI, credibility interval; Sen, sensitivity; Spe, specificity.
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T-cells in the prior-treatment group were significantly higher than in the post-treatment and healthy control groups.40

These studies demonstrate that antiviral treatment correlates with the expression of costimulatory molecules on T-cells
and may restore cellular immune response by modulating T-cell phenotypes of CHB patients.

Our study shows that the expression of costimulatory molecules on CD8+ and CD4+ T-cells significantly correlates with
the treatment response to PEG-IFN in CHB patients, and that the lower CD8+PD-1+, CD8+Tim-3+ and CD4+CD25high

T-cells were significantly associated with an improved response to PEG-IFN treatment, suggesting the key regulatory roles
of these T-cell subsets in determining the efficacy of PEG-IFN treatment. The results have shown that the percentage of
CD8+PD-1+ T-cells in CHB patients was positively correlated with serum HBV load and ALT level.39 It was also
demonstrated that both CD4+CD25+T-cell numbers and PD-L1 expression on Tregs were positively correlated with ALT
and AST levels.25 The results imply that specific T-cell subsets may potentially predict the efficacy of IFN-α treatment.

It has been reported that the immunomodulatory effect of IFN-α treatment results in a decrease in intrahepatic
cccDNA, and the cccDNA level is a valid predictor of a sustained response at the end of treatment.41–43 Microarray
analysis of intrahepatic mRNA profiles identified a list of candidate genes associated with enhanced immune activation,
which can predict the sustained response to IFN-α therapy.44 Furthermore, Jin et al. have reported that a model composed
of circulating microRNAs and ALT can predict the early virological response of IFN-α therapy in training phase and
validation phase.4 However, clinical utility is limited because these can only be assessed invasively.

Song et al showed that on-treatment HBsAg quantification predicted off-treatment CR (HBeAg seroconversion
combined with HBV DNA level <2000 IU/mL) after 48 weeks of PEG-IFN therapy.14 Based on a total of 474 IFN-α
treated HBeAg-positive CHB patients, Mao et al. demonstrated that ALT, HBV DNA level, AST, HBV genotype, activity
grading (G) of intrahepatic inflammation, score (S) of liver fibrosis, age and gender were the most significant baseline
predictive factors.15 Wang et al. also reported that baseline ALT level was associated with HBeAg seroconversion, while
baseline HBsAg levels of <250 IU/mL and HBV DNA <2.5 × 107 IU/mL were strongly associated with sustained off-
treatment response.45 Patients who do not experience HBsAg levels decline during the first 3 months of therapy have
a low chance of achieving response (<5%) and no chance of HBsAg loss and should be advised to discontinue therapy.46

Our study may provide an early model for predicting the clinical response to PEG-IFN therapy.
In summary, we identified baseline levels of ALTand HBVDNA, CD4+CD25high T-cell as reliable predictors of PEG-IFN

efficacy in the context of CHB patients. Models constructed with three variables may provide a promising tool for the
assessment of the efficacy of PEG-IFN therapy with high value of AUC. However, there are still some shortcomings in our
research, which will be further investigated in future. Firstly, we will focus on the measurement of the T-cell subsets at more

Figure 6 The performance of the key T-cell subsets combined with clinical characteristics in predicting the response to PEG-IFN treatment. Receiver operating
characteristic (ROC) curve analysis was analyzed for the prediction of serological response (A) and combined response (B) to PEG-IFN. Area under curve (AUC) depicts
the predictive power of the combined model. The green line represents the AUC reference line at 0.5.
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time points during the treatment, including week 4, 12, 24, 48 and even more, in order to demonstrate the response of patient’s
treatment with the changing trend of these T-cell subsets, especially in the early stage of treatment. Second, more detailed
clinical data, including HBV genotype, on-treatment quantification of HBsAg and HBeAg levels will be detected. Finally, the
training phase and validation phase will be constructed to improve the predictive model.

Conclusion
In conclusion, the baseline levels of CD8+PD-1+, CD8+Tim-3+ and CD4+CD25high T-cells are higher in the peripheral
blood of CHB patients than in healthy controls. At week 52 of the treatment, the frequencies of the three T-cell subsets
were significantly decreased in responders to PEG-IFN therapy. In particular, it was demonstrated that baseline
frequencies of CD4+CD25high T-cells combined with baseline HBV DNA and ALT can reliably predict the efficacy of
PEG-IFN α-2a treatment. Therefore, this study provides a clinical clue for exploring the dynamics of adaptive immune
response during PEG-IFN treatment, some of which may become new targets for establishing the predictive model for
the clinical response of PEG-IFN α-2a treatment in HBeAg-positive CHB patients.
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