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Objective: The aims of this study were to investigate the kinetic changes of

serum, virological, and immunological markers during entecavir (ETV) antiviral

therapy and to explore whether these indicators can predict the antiviral

efficacy of ETV in hepatitis B e antigen (HBeAg)-positive chronic hepatitis B

(CHB) patients.

Methods:HBeAg-positive CHB patients were enrolled and treated with ETV 0.5

mg/day. Clinical biochemical, virological, and serological tests were performed

at baseline and every 12 weeks during the 48-week treatment. Plasma levels of

cytokines (Flt-3L, IFN-a2, IFN-g, IL-10, IL-17A, IL-6, TGF-b1, TGF-b2, TGF-b3,
and TNF-a) were measured at baseline and at 12 and 24 weeks after treatment.

Analysis of the trends of these clinical indicators in ETV antiviral therapy was

performed.

Results: A total of 105 HBeAg-positive CHB patients were enrolled, and 100 of

them completed 48 weeks of ETV treatment and follow-up. After 48 weeks of

treatment, hepatitis B s antigen (HBsAg) decline ≥ 1 log10 was found in seven

patients, but no patient achieved HBsAg disappearance. serological HBeAg

disappeared in 13 patients, and serological HBeAg transformed in 3 patients. The

baseline HBsAg and HBeAg levels, HBV DNA load, IL-10, and TGF-b1 levels in the

complete virological response group were lower than those in the incomplete

virological response group, while the ALT level in the complete virological

response group was higher than that in the incomplete virological response

group. Both univariate analysis and multivariate analysis showed that baseline

biochemical indexes, virological indexes, and cytokine levels had no correlation
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with the complete virological response at 48 weeks. In multivariate analysis, low

baseline HBV DNA load, and HBeAg and IL-10 levels were significantly associated

with ALT normalization after 48 weeks of ETV treatment (HBeAg OR = 1.003, 95%

CI 1.001–1.006, p = 0.007; HBV DNAOR = 0.184, 95% CI 0.046–0.739, p = 0.017;

IL-10 OR = 0.040, 95% CI 0.972–0.999, p = 0.040).

Conclusion: Cytokine levels changed dynamically during ETV antiviral therapy.

Low baseline HBV DNA load, and HBeAg and IL-10 levels were significantly

associated with ALT normalization after 48 weeks of ETV treatment.
KEYWORDS

chronic hepatitis B, cytokines, entecavir, hepatitis B e antigen, deoxyribose
nucleic acid
Introduction

Chronic hepatitis B (CHB) is one of the most serious

infectious diseases in China (1, 2). CHB is considered to be an

immune-mediated disease, in which the immune response

initiated by HBV causes hepatocyte necrosis and inflammation

of liver tissue. It causes liver tissue damage while clearing the

virus. If there is no immune clearance, long-term HBV infection

will not cause liver histological damage (3–5).

Antiviral therapy can significantly reduce the incidence of

liver cirrhosis and liver cancer in patients with CHB, and is an

important means to delay the progression of liver disease.

Interferon and nucleoside (acid) analogs are two types of

effective antiviral drugs for CHB as recommended by most

guidelines (2, 6, 7). We previously found that the pathogenesis

and antiviral efficacy of CHB were related to immune cells and

cytokines. The pathogenesis of CHB was positively correlated

with interferon-alpha (IFN-a) and negatively correlated with

transforming growth factor beta (TGF-b) and interleukin-10

(IL-10) (8, 9), while TGF-b and interferon-gamma (IFN-g) were
related to the efficacy of interferon (10). Our study also found

that, compared with entecavir (ETV) therapy, peginterferon-

alpha (PEG-IFN-a) treatment could significantly increase

natural killer (NK) cell frequency and function (11). Recently,

we have reported that patients with lower baseline hepatitis B

virus deoxyribose nucleic acid (HBV DNA) load and higher

baseline cluster of differentiation86+ (CD86+) plasmacytoid

dendritic cell (pDC) % were more likely to obtain functional

cure (12), and the dynamic changes of early cytokines and

virological markers were associated with clinical cure

of hepatitis B e antigen (HBeAg)-positive CHB (13).

These results indicate that pathogenesis of CHB and

antiviral treatment especially the interferon treatment is

related to immunity.
02
It remains to be determined whether the effect of nucleoside

(acid) analogues, another class of first-line drugs for antiviral

treatment of CHB, is related to immunity. The purpose of this

study is to explore the changes in serology, virology, and

cytokine indexes in patients with HBeAg-positive CHB during

the 48-week ETV treatment. We detected cytokines that cause

liver inflammation and immunosuppression (IL-6, IL-10, TNF-

a, and TGF-b), factors that stimulate immune cell function

(IFN-a), and factors that have viral clearance (IL-17A and IFN-

g) or can stimulate proliferation of DC cells and NK cells (Flt-3L)

(14–17). We hope to find out the serology, virology, and

cytokine indexes related to ETV antiviral response, and to

provide a basis for the selection of a more reasonable antiviral

treatment scheme.
Materials and methods

Subjects and inclusion and
exclusion criteria

Subjects of this prospective cohort study were HBeAg-

positive patients with CHB. From November 2017 to

November 2018, HBeAg-positive CHB patients who were

willing to be treated with ETV in the Department of

Hepatology Division 2 of Beijing Ditan Hospital Affiliated to

Capital Medical University entered the study after signing

informed consent.

The inclusion criteria of HBeAg-positive CHB patients were

as follows (15): (1) continuous hepatitis B s antigen (HBsAg)

positive (HBsAg ≥ 0.05 IU/ml) > 6M; (2) HBeAg positive

(HBeAg ≥ 1.0 S/CO); (3) HBV DNA positive (>104 IU/ml);

(4) ALT abnormality (≥80 IU/L) lasting for more than 3 months

or significant inflammation (above G2) in liver histological
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examination; (5) 18–65 years old; (6) gender is not limited; and

(7) no use of hormones and/or immunosuppressants and other

liver protection drugs.

Exclusion criteria were as follows: (1) complicated with other

virus (EBV, CMV, HIV, HCV, HDV, etc.) infection; (2)

combined with autoimmune liver disease; (3) chronic

alcoholism; (4) taking other liver damaging drugs; (5) have a

history of mental illness; (6) have evidence of liver tumor

(clinical diagnosis of liver cancer or AFP > 100 ng/ml); (7)

liver fibrosis and cirrhosis (excluded by Fibroscan) (18); (8)

those who have serious heart, brain, lung, kidney, and other

serious diseases and cannot participate in long-term follow-up;

(9) use of hormones and/or immunosuppressants; and (10) there

are other liver diseases (fatty liver, metabolic liver disease, and

hereditary liver disease).

This study was approved by the Ethics Committee of Beijing

Ditan Hospital affiliated to Capital University of Medical

Sciences (JDL-2017-034-01), and was registered with Clinical

Trials (NCT03210506).
Research design

The patients were treated with ETV 0.5 mg/day and followed

up for 48 weeks after enrollment. The virological and serological

indexes, biochemistry, and AFP were tested at baseline and every

3 months during ETV treatment. Liver imaging examination was

performed every 6 months. Cytokines (Flt-3L, IFN-a2, IFN-g,
IL-10, IL-17A, IL-6, TGF-b1, TGF-b2, TGF-b3, and TNF-a)
were measured at baseline and at the 3rd and 6th months of

treatment to analyze the change trend of cytokines in ETV

antiviral therapy.

Grouping: According to HBV DNA level at 48 weeks of ETV

treatment, the patients were divided into complete virological

response group with HBV DNA < 20 IU/ml and incomplete

virological response group with HBV DNA ≥ 20 IU/ml.

According to the ALT level at 48 weeks of ETV treatment, the

subgroups were divided into normal ALT group with ALT < 40

U/L and abnormal ALT group with ALT ≥ 40 U/L.

This study mainly observed the response of patients during

48 weeks of treatment. After 48 weeks of treatment, the ETV

treatment would continue if the response was good. If the

response was poor, ETV would be switched to other

nucleosides (acids) or interferon alone/in combination

according to the patient’s wishes.

This is a prospective exploratory study. We previously found

that, approximately 80% of CHB patients achieved virological

response (clinical outcome event) after 48 weeks of ETV

treatment. Six factors (age, gender, HBsAg, HBeAg, HBV

DNA, and immune cells) affecting the effect of ETV on CHB

treatment were considered, and 15 patients were enrolled for

each factor (15 × 6 = 90 patients). Considering a loss rate of

10%–20%, the sample size was determined to be 99–118 cases. In
Frontiers in Immunology 03
the end, we enrolled 105 patients with CHB in this prospective

study, which met the statistical requirements.
Detection of HBV DNA, HBV serology,
and clinical indexes

Blood routine (Sysmex Corporation, Japan), liver function

(Wako Pure Chemical Industries, Ltd., Japan), renal function

(Sekisui Medicalcal Co, Ltd, Japan), tumor series index (Abbott

Ireland Diagnostics Division, Finisklin Business Park, Sligo,

Ireland), and serum HBV DNA load (Cobas ampliprep/Cobas

TaqMan 96, polymerase chain reaction, PCR, detection limit <

20 IU/ml) were performed.

HBsAg/anti HBs level and HBeAg/anti-HBe level were

detec ted by Abbot t Archi tac i2000 micropar t i c l e

chemiluminescence reagent. The detection range of HBsAg

level is 0.05–250 IU/ml; those with HBsAg level greater than

250 IU/ml will be automatically diluted 500 times. The actual

HBsAg level is calculated by multiplying the detection value by

500. HBsAg < 0.05 IU/ml was defined as the disappearance

of HBsAg.
Quantitative detection of plasma
cytokines

The following cytokines were detected by Luminex

Technology: Fms-like tyrosine kinase 3 ligand (Flt-3L),

interferon-alpha 2 (IFN-a2), interferon-gamma (IFN-g),
interleukin-10 (IL-10), interleukin-17A (IL-17A), interleukin-6

(IL-6), tumor necrosis factor alpha (TNF-a), transforming

growth factor beta1 (TGF-b1), transforming growth factor

beta2 (TGF-b2), and transforming growth factor beta 3 (TGF-

b3). All the data were analyzed by Flexmap 3D analyzer.

Our study aimed to investigate whether cytokines can early

predict the efficacy of ETV therapy for HBeAg-positive chronic

hepatitis B; thus, we tested cytokines primarily at baseline, week

12, and week 24.
Statistical analysis

The counting data were expressed by the number of cases

and the percentage, and the Chi-square test was used for

comparison between groups. The statistical description of

normal distribution measurement data was expressed by

means ± standard deviation (mean ± SD), and the t-test of

two independent samples was used for comparison between the

two groups. Non-normal distribution data were expressed by

median and quartile (median, Q1Q3), and Mann–Whitney U

test was used for comparison between groups. Spearman or
frontiersin.org
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Pearson correlation test was used for the correlation of variables

according to whether they conformed to normal distribution.

All data were statistically analyzed with SPSS (Statistical

Package for the Social Sciences) 21.0 software (SPSS, Chicago,

IL) and GraphPad Prism 5 software. In the statistical analysis of

the data, all tests were performed by two-sided test.

Bonferroni is used to correct the rank-sum test results at

each different time point, and the correction level is a. Among

them, biochemical, viral, serological, and other indicators were

observed at five time points. a was set to 0.01, and p < 0.01 was

statistically significant. There were three observation time points

for cytokines. a was set as 0.013, and p < 0.013 was

statistically significant.
Results

Basic clinical characteristics of patients

From November 2017 to November 2018, 221 of the 250

eligible HBeAg-positive CHB patients signed the informed consent

to enter our study, and the remaining 29 were lost to follow-up.

Among the 221 CHB patients, 105 received ETV antiviral therapy,

while 116 chose to be treated with PEG-IFNa-2a. In the ETV

group, one case withdrew due to the increase in lactate, and four

cases did not complete the 48-week follow-up. Finally, a total of 100

CHB patients treated with ETV completed the 48-week follow-up
Frontiers in Immunology 04
(Figure 1). The median age was 32 years (28–38), with 61 men and

39 women. After 48 weeks of treatment, HBsAg decreased by ≥1

log10 in seven cases, but no patient achieved HBsAg disappearance.

serological HBeAg disappeared in 13 cases, and serological HBeAg

transformed in 3 cases.
Group analysis according to virological
response at week 48 of ETV treatment

According to the HBV DNA level at 48 weeks of ETV

treatment, the complete virological response group was

defined as HBV DNA < 20 IU/ml, and the incomplete

virological response group was defined as HBV DNA ≥ 20 IU/

ml. There were 87 cases (63 men) in the complete virological

response group and 13 patients (8 men) in the incomplete

virological response group. There were no statistical

differences in age, biochemical indexes (ALT, AST, TBIL, and

ALB), virological indexes (HBV DNA, HBsAg, and HBeAg), or

cytokines between the two groups at baseline and 3

months (Figure 2).

At the 6th month, there was significant difference in the

median HBeAg between the two groups (57.67 vs. 291.05 S/CO,

Z = −2.260, p = 0.024), but not in HBsAg level, biochemical

indexes, or cytokines (Figure 2). After 9 months, the median

HBeAg and HBsAg levels in the complete virological response

group were significantly lower than those in the incomplete
FIGURE 1

Patient enrollment and deposition.
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virological response group (HBeAg 22.67 vs. 886.21 S/CO,

Z = −4.895, p = 0.000; HBsAg 3.66 log10 vs. 4.06 log10 IU/ml,

Z = −4.034, p = 0.017).

After 12 months of treatment, the median HBeAg and

HBsAg levels were significantly lower in the complete

virological response group as compared with the incomplete

virological response group (HBeAg 11.25 vs. 906.46 S/CO,

Z = −5.007, p = 0.000; HBsAg 3.64 log10 vs. 4.09 log10 IU/ml,

Z = −3.645, p = 0.000), and the median AST was significantly

increased (21 vs. 17.40 U/L, Z = −2.266, p = 0.023). However,

there was no difference in ALT, TBil, and ALB between the two

groups (Table 1).
Baseline predictors of complete
virological response at week 48 of
ETV treatment

Both univariate analysis and multivariate analysis showed

that baseline biochemical indexes (ALT, AST, TBIL, and ALB),

virological indexes (HBV DNA, HBsAg, and HBeAg), and

cytokine levels had no correlation with the complete

virological response after 48 weeks (Table 2).
Frontiers in Immunology 05
Subgroup analysis of ALT level at week
48 of ETV treatment

The normal ALT values for men and women in different

regional guidelines are inconsistent. The 2016 AASLD guidelines

suggest that the upper limit of normal ALT values for men and

women with HBV infection is 30 U/L and 19 U/L, respectively

(19). The 2018 AASLD guidelines suggest that the normal ALT

values for infected men and women are 35 U/L and 25 U/L (7),

respectively. However, the Asia-Pacific guidelines and EASL

guidelines have always used 40 U/L as the normal upper limit

of ALT levels for men and women (6, 20). Since ALT levels are

the most sensitive indicator of hepatocyte necrosis and liver

inflammation, patients with abnormal ALT and more

pronounced ALT elevations often have more significant liver

inflammation than patients with normal ALT level and mildly

elevated ALT. Therefore, as proposed in the 2015 APASL and

2017 EASL guidelines, 40 U/L was still used as the normal upper

limit of ALT level in this study.

According to the ALT level at 48 weeks of ETV treatment,

the subgroups were divided into the normal ALT group with

ALT < 40 U/L and the abnormal ALT group with ALT ≥ 40 U/L.

There were 90 patients (64 men) in the normal ALT group and
FIGURE 2

Comparison of cytokines between complete virological response group (CR: n = 87) and non-complete virological response group (NR: n = 13)
at baseline, 12, and 24 weeks after entecavir therapy.
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https://doi.org/10.3389/fimmu.2022.1024333
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


TABLE 1 Comparison of clinical indicators between the complete virological response group (n = 87) and incomplete virological response group (n = 13) at baseline and 12, 24, 36, and 48 weeks
after entecavir therapy.

36 weeks 48 weeks

Incomplete
virological
response

Z/p Complete
virological
response

Incomplete
virological
response

Z/p

24.90 (22.40–
30.80)

−1.528/
0.127

20.50 (15.30–
29.10)

23.10 (16.90–
25.60)

0.000/
1.000

22.40 (15.15–
25.20)

−0.220/
0.826

21.40 (17.60–
25.00)

17.40 (16.45–
20.70)

−2.266/
0.023

12.5 (8.95–
13.50)

−1.133/
0.257

12.20 (9.90–
14.90)

13.50 (9.95–
17.50)

−0.723/
0.470

48.50 (46.50–
49.85)

−0.062/
0.951

48.20 (46.40–
49.80)

49.70 (47.40–
49.90)

−1.661/
0.097

4.06 (3.99–
4.37)

−4.034/
0.000

3.64 (3.18–
3.92)

4.09 (3.80–
4.27)

−3.645/
0.000

886.21 (321.53–
1,190.18)

−4.895/
0.000

11.25 (2.30–
50.24)

906.46 (164.32–
1,194.36)

−5.007/
0.000

3.32 (2.77–
3.79)

−7.192/
<0.001

0.00 (0.00,
0.00)

3.07 (2.49–
3.44)

−9.918/
<0.001

/ / / / /

/ / / / /

/ / / / /

/ / / / /

/ / / / /

/ / / / /
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Baseline 12 weeks 24 weeks

Complete
virological
response

Incomplete
virological
response

Z/p Complete
virological
response

Incomplete
virological
response

Z/p Complete
virological
response

Incomplete
virological
response

Z/p Complete
virologica
response

ALT
(U/L)

229.30
(121.20–
360.94)

217 (153.55–
324)

–

0.164/
0.870

32 (21–49.8) 43.2 (27.35–
80.75)

−1.604/
0.109

32 (21–49.8) 43.2 (27.35–
80.75)

−1.082/
0.279

22.40 (15.80–
28.90)

AST
(U/L)

101.75 (61.18–
195.63)

112.70 (50.35–
137.50)

–

0.815/
0.415

27.7 (19.90–
35.50)

30 (21.95–
38.75)

−0.856/
0.392

27.7 (19.90–
35.50)

30 (21.95–
38.75)

−1.374/
0.169

21 (16.90–
25.40)

TBil
(µmol/
L)

15.70 (11.55–
21.43)

13.70 (11.60–
22.85)

–

0.164/
0.870

12.6 (9.3–
18.20)

12.8 (8.40–
23.15)

−0.385/
0.701

12.6 (9.3–
18.20)

12.8 (8.40–
23.15)

−1.374/
0.169

13 (10.00–
16.20)

ALB (g/
L)

45.80 (40.98–
48.40)

45.00 (43.05–
46.95)

0.218/
0.828

47.8 (44.50–
49.20)

45.6 (43.65–
48.25)

−1.539/
0.124

47.8 (44.50–
49.20)

45.6 (43.65–
48.25)

−1.539/
0.124

48.50 (46–
50.20)

HBsAg
(log10
IU/ml)

3.86 (3.59–
4.10)

3.94 (3.70–
4.10)

–

0.677/
0.499

3.77 (3.30–
4.04)

3.65 (3.52–
3.93)

−0.113/
0.910

3.77 (3.30–
4.04)

3.65 (3.52–
3.93)

−0.379/
0.704

3.66 (3.22–
3.92)

HBeAg
(S/CO)

811.69
(437.33–
1,173.23)

805.87 (683.66–
1,148.33)

–

0.502/
0.615

57.67 (13.74–
665.09)

291.05 (50.02–
931.78)

−1.596/
0.111

57.67 (13.74–
665.09)

291.05 (50.02–
931.78)

−2.260/
0.024

22.67 (3.40–
96.65)

HBV
DNA
(log10
IU/ml)

6.63 (6.34–
6.96)

7.99 (7.12–
8.36)

–

3.536/
<0.001

2.75 (0–3.34) 4.29 (3.94–
4.59)

−4.344/
<0.001

0.00
(0.00,2.36)

3.72 (2.77–
3.79)

−4.639/
<0.001

0.00 (0.00,
0.00)

Flt-3L
(pg/ml)

0.11 (0.02–
43.59)

NA NA 1.25 (0.02–
28.46)

NA −1.225/
0.333

2.24 (0.02–
78.56)

NA −1.225/
0.221

/

IFN-a2
(pg/ml)

41.60 (26.46–
74.19)

62.21 (26.21–
74.21)

–

0.487/
0.626

56.01 (34.02–
98.29)

72.34 (40.88–
112.53)

−1.010/
0.313

67.89 (52.61–
98.74)

46.38 (26.46–
56.88)

−0.382/
0.702

/

IFN-g
(pg/ml)

19.72 (3.92–
45.38)

30.05 (5.89–
161.61)

–

0.666/
0.505

14.43 (5.79–
31.55)

10.01 (4.59–
24.97)

−0.436/
0.663

12.94 (5.22–
45.28)

6.47 (3.25–
16.70)

−0.420/
0.674

/

IL-10
(pg/ml)

8.58 (4.94–
17.69)

15.60 (8.53–
21.89)

–

1.199/
0.230

4.70 (2.08–
10.28)

6.12 (2.54–
13.31)

−0.610/
0.542

6.56 (1.23–
12.56)

5.98 (2.40–
12.37)

−0.384/
0.701

/

IL-17A
(pg/ml)

5.20 (2.73–
37.25)

5.20 (2.60–
25.94)

–

0.056/
0.955

6.10 (3.12–
10.12)

4.09 (2.86–
10.47)

−0.723/
0.470

6.28 (2.86–
10.13)

2.29 (1.54–
4.05)

−0.538/
0.590

/

IL-6
(pg/ml)

2.44 (0.84–
7.25)

2.55 (0.71–
5.59)

–

0.103/
0.918

1.89 (0.80–
3.76)

2.20 (1.40–
7.08)

−0.969/
0.333

1.92 (1.02–
3.20)

1.85 (0.84–
2.32)

−0.251/
0.802

/

l
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10 patients (7 men) in the abnormal ALT group. They had

similar age, biochemical indexes, and cytokines at baseline. The

baseline HBsAg and HBeAg levels in the ALT normalization

group were significantly lower than that in the non-

normalization group. After 3 months, the median HBsAg and

HBeAg levels in the normal ALT group were significantly higher

as compared with the abnormal ALT group (HBsAg 3.78 log10

vs. 3.29 log10 IU/ml, Z= −2.632, p = 0.008; HBeAg 86.66 vs.

12.85 S/CO, Z = −2.654, p = 0.008), and the median TBIL level

was significantly lower (TBiL 12.20 vs. 25.50 µmol/L, Z = −2.477,

p = 0.013).

After 6 months, the median HBsAg and HBeAg levels in the

normal ALT group were significantly higher than those in the

abnormal ALT group (HBsAg 3.84 log10 vs. 3.23 log10 IU/ml,

Z = −2.356, p = 0.018; HBeAg 86.74 vs. 12.56 S/CO, Z = −2.287,

p = 0.022).

After 9 months, the median HBeAg level in the normal ALT

group was significantly higher compared with the abnormal ALT

group (57.13 vs. 8.76 S/CO, Z = −1.976, p = 0.048).

At 12 months, the median HBsAg level in the normal ALT

group was significantly higher as compared with the abnormal

ALT group (3.68 log10 vs. 3.04 log10 IU/ml, Z = −2.195, p =

0.028), while the median ALT and AST levels were lower (ALT

20.10 vs. 48.20 U/L, Z = −5.172, p = 0.000; AST 20.70 vs. 41.90 U/

L, Z = −4.862, p = 0.000) (Table 3).
Baseline predictors of ALT normalization
at week 48 of ETV treatment

Univariate analysis showed that baseline HBsAg, HBeAg, and

IL-10 were significantly correlated with ALT normalization at 48

weeks after ETV treatment (HBsAg OR = 4.058, 95% CI 1.080–

15.245, p = 0.038; HBeAg OR = 1.002, 95% CI 1.000–1.004, p =

0.011; IL-10 OR = 0.985, 95% CI 0.973–0.997, p = 0.015).

Multivariate analysis showed that baseline HBV DNA, HBeAg,

and IL-10 levels were independent factors significantly related to

whether ALT was normal or not after 48 weeks of ETV treatment

(HBeAg OR = 1.003, 95% CI 1.001–1.006, p = 0.007; HBV DNA

OR = 0.184, 95% CI 0.046–0.739, p = 0.017; IL-10 OR = 0.040, 95%

CI 0.972–0.999, p = 0.040) (Table 4).
Discussion

Controlling HBV replication and improving body immunity

are important means to reduce liver inflammation and prevent

disease progression. Nucleoside (acid) analogues and interferon

have become the first-line antiviral drugs for CHB (2, 6, 7). The

target site of nucleoside (acid) analogues is the reverse

transcriptase required in the process of HBV DNA replication

(21). Nucleoside (acid) analogue therapy is fast-acting, safe, and

well tolerated, but they are ineffective for covalently closed
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circular DNA (cccDNA) in the nucleus, and the viral load will

rebound after drug withdrawal. Therefore, patients need to

receive long-term drug treatment in most cases.

In this study, we chose high gene barrier resistance and

potent ETV treatment, and the overall virological response was

good. In our study, 87 of the 100 patients obtained a complete

virological response. Although there was no significant

difference between the groups, the baseline HBsAg, HBeAg,

HBV DNA load, IL-10, and TGF-b1 levels in the complete

viral response group were lower, and the level of ALT was higher

than those in the incomplete viral response group.

High HBV DNA load, and high HBeAg and HBsAg levels

may inhibit the immune cell function of patients, leading to the

reduction of Flt-3L, IFN-g, IL-17A, and other cytokines with

virus clearance effect (8, 13, 22–24), and to the increase in the

level of the most important cytokine for immunosuppression

(IL-10) and other cytokines with immunosuppressive effect such

as TGF-b1 (8, 13, 25–27). In this study, compared with the

incomplete virus response group, the complete virus response

group had lower HBV DNA load, lower HBeAg and HBsAg

levels, lower IL-10 level, and lower TGF-b level, which indicate

that patients with complete virus response may have better

immune clearance ability against virus. HBeAg and IL-10

levels in the complete virological response group were lower

than those in the incomplete response group at 3 months of

treatment, while IFN-g and IL-17A were higher. At 6 months of

treatment, HBeAg in the complete virological response group
Frontiers in Immunology 08
was significantly lower than that in the incomplete virological

response group, while IFN-a2, IFN-g, and IL-17A were higher.

HBsAg and HBeAg levels at 9 and 12 months in the complete

virological response group were significantly lower than those in the

incomplete response group. The result suggests that the acquisition

of complete virological response may be related to the decrease of

antigen, the improvement of immune capacity (the increase of the

cytokines with immunostimulatory effect), and the decrease of the

cytokines with immunosuppressive effect (8, 13, 14, 25, 28, 29).

However, it is difficult to clarify the causal relationship between the

complete viral response and the increase in the level of the cytokines

with immunostimulatory effect and the decrease in the level of the

cytokines with immunosuppressive effect. Through univariate and

multivariate analysis, no factors related to the virological response at

48 weeks were found, which may be related to the fact that ETV is a

potent drug that strongly inhibits HBV replication, thus masking

the impact of other factors on the antiviral effect.

The aim of antiviral therapy is to prevent or reduce the

inflammation of liver tissue, and to block or delay the progress of

liver disease by inhibiting the replication of virus and improving

the immune control ability of virus (2, 6, 7). In our study, 90 of

100 patients (90%) achieved ALT normalization after 48 weeks

of ETV treatment. The baseline HBsAg and HBeAg levels in the

ALT normalization group were significantly lower than that in

the non-normalization group. The baseline IL-10 and TGF-b1 in
the ALT normalization group were lower than that in the ALT

non-normalization group, while the baseline ALT level and IFN-
TABLE 2 Logistic regression analysis of the baseline predictors of complete virological response after 48 weeks of ETV treatment.

Univariate analysis OR 95% CI p-value

HBsAg (log10 IU/ml) 1.993 0.437–9.092 0.373

HBeAg (S/CO) 1.001 0.999–1.002 0.417

HBV DNA (log10 IU/ml) 1.550 0.766–3.136 0.223

ALT (U/L) 0.999 0.995–1.002 0.385

AST (U/L) 0.996 0.990–1.003 0.251

TBil (µmol/L) 0.994 0.924–1.068 0.862

ALB (g/L) 1.014 0.894–1.150 0.829

Flt-3L (pg/ml) 1.013 0.948–1.083 0.704

IFN-a2 (pg/ml) 0.997 0.991–1.003 0.374

IFN-g (pg/ml) 1.000 0.997–1.004 0.849

IL-10 (pg/ml) 1.000 0.985–1.015 0.993

IL-17A (pg/ml) 0.995 0.981–1.009 0.499

IL-6 (pg/ml) 0.996 0.980–1.011 0.586

TNF-a (pg/ml) 0.988 0.919–1.062 0.742

TGF-b1 (pg/ml) 1.000 1.000–1.000 0.297

TGF-b2 (pg/ml) 1.004 0.991–1.018 0.539

TGF-b3 (pg/ml) 0.991 0.919–1.068 0.805

Multiple factor analysis OR 95% CI p-value

HBV DNA (log10 IU/ml) 1.342 0.592–3.042 0.481
fronti
ALT, glutamic–pyruvic transaminase; AST, glutamic oxalacetic transaminase; TBil, total bilirubin. ALB, albumin.
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TABLE 3 Comparison of clinical indicators between the normal ALT group (n = 90) and abnormal ALT group (n = 10) at baseline and weeks 12, 24, 36, and 48 during entecavir therapy.

Baseline 12 weeks 24 weeks 36 weeks 48 weeks

ormal
ALT

Abnormal
ALT

Z/p Normal
ALT

Abnormal
ALT

Z/p

22.75
(16.90–
28.90)

24.30 (13.10–
35.40)

−0.172/
0.863

20.10
(15.10–
26.45)

48.20 (42.45–
75.40)

−5.172/
0.000

20.90
(16.38–
25.60)

21.00 (16.90–
25.40)

−0.477/
0.633

20.70
(16.50–
22.88)

41.90 (29.13–
46.80)

−4.862/
0.000

12.80
(10.30–
15.50)

15.50 (7.30–
26.98)

0.425/
0.671

12.20
(9.90–
14.80)

19.45 (7.90–
22.05)

−1.604/
0.109

48.50
(46.40–
50.20)

48.45 (43.60–
49.40)

−0.948/
0.343

48.50
(46.50–
49.83)

47.85 (45.90–
49.80)

−0.523/
0.601

.77 (3.45–
4.01)

3.16 (3.11–
3.92)

−1.937/
0.053

3.68 (3.37–
3.96)

3.04 (3.02–
3.86)

−2.195/
0.028

57.13
(4.36–
233.87)

8.76 (1.27–
78.81)

−1.976/
0.048

22.25
(4.49–
136.72)

9.09 (1.11–
30.01)

−1.839/
0.066

.00 (0.00–
1.65)

0.00 (0.00–
0.58)

−0.647/
0.518

0 0 −1.278/
0.201

/ / / / / /
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Z/p Normal
ALT
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Z/p Normal
ALT

Abnormal
ALT

Z/p N

ALT (U/L) 300.55 (201–
743.29)

225.60 (117.65–
345.20)

−1.827/
0.068

31.90 (22.70–
49.90)

41.90 (15.50–
86.15)

−0.644/
0.520

23.05
(17.85–
34.05)

22.40 (11.00–
45.50)

−0.483/
0.629

AST (U/L) 126.60 (88.20–
625.80)

100.50 (54.20–
179.20)

−1.623/
0.103

27.70 (19.93–
35.38)

29.70 (19.10–
43.10)

−0.689/
0.491

22.45
(17.90–
27.30)

23.65 (16.30–
34.10)

−0.517/
0.605

TBil (µmol/L) 21.20 (18.90–
28.28)

14.30 (11.40–
21.05)

−2.534/
0.011

12.20 (9.10–
17.85)

25.50 (9.30–
32.78)

−2.477/
0.013

12.20 (9.50–
15.50)

20.90 (8.80–
26.68)

−1.644/
0.100

ALB (g/L) 41.25 (39.38–
48.93)

45.90 (42.85–
47.85)

−1.446/
0.148

47.80 (44.30–
49.10)

44.70 (44.50–
49.93)

−0.290/
0.772

47.75
(45.60–
49.03)

47.50 (45.30–
50.53)

−0.397/
0.692

HBsAg (log10
IU/ml)

3.76 (2.87–
3.91)

3.89 (3.65–4.10) −2.000/
0.045

3.78 (3.28–
4.04)

3.29 (3.08–
3.68)

−2.632/
0.008

3.84 (3.39–
4.06)

3.23 (3.02–
3.85)

−2.356/
0.018

3

HBeAg (S/CO) 358.26 (322.81–
651.35)

908.07 (589.15–
1,222.08)

−2.896/
0.004

86.66 (17.01–
719.60)

12.85 (0.78–
133.77)

−2.654/
0.008

86.74 (7.09–
462.31)

12.56 (1.00–
98.95)

−2.287/
0.022

HBV DNA
(log10 IU/ml)

6.65 (6.33–
7.32)

6.70 (6.45–7.51) −0.460/
0.646

3.01 (1.12–
3.77)

2.76 (2.38–
3.06)

−0.468/
0.640

1.54 (0.00–
2.69)

2.36 (0.00–
2.68)

−0.290/
0.772

0

Flt-3L (pg/ml) 0.07 (0.02–
41.09)

NA NA 0.64 (0.02–
1.25)

NA NA 1.13 (0.02–
2.24)

NA NA

IFN-a2 (pg/ml) 45.79 (29.69–
76.08)

30.72 (4.95–
62.21)

−2.029/
0.043

57.85 (33.60–
98.39)

47.90 (33.37–
86.51)

−0.230/
0.818

58.34
(36.00–
94.46)

71.69 (60.13–
119.50)

−1.708/
0.088

IFN-g (pg/ml) 20.16 (3.92–
51.00)

20.23 (2.39–
107.04)

−0.402/
0.688

14.43 (6.12–
31.55)

4.71 (3.23–
47.09)

−1.735/
0.083

14.43 (4.79–
43.00)

10.01 (5.34–
50.19)

−0.494/
0.621

IL-10 (pg/ml) 9.07 (4.94–
17.69)

13.25 (1.01–
121.22)

−0.322/
0.748

5.47 (2.16–
10.28)

4.93 (0.92–
81.82)

−0.149/
0.881

5.30 (1.60–
12.30)

6.22 (1.12–
49.62)

−0.891/
0.373

IL-17A (pg/ml) 5.18 (2.75–
35.74)

14.68 (1.25–
39.77)

−0.144/
0.886

6.47 (3.22–
10.12)

4.09 (1.31–
15.51)

−1.385/
0.166

6.15 (2.56–
9.71)

5.09 (2.12–
11.70)

−0.408/
0.683

IL-6 (pg/ml) 2.49 (0.90–
7.83)

1.46 (0.62–2.68) −1.149/
0.250

1.90 (0.88–
3.79)

1.40 (0.58–
11.75)

−0.345/
0.730

2.01 (1.02–
2.69)

2.29 (1.15–
7.32)

−1.322/
0.186

TNF-a (pg/ml) 8.19 (6.23–
8.64)

NA NA 9.42 (6.55–
14.05)

6.86 (4.35–
16.39)

−1.178/
0.239

8.29 (7.60–
13.29)

12.51
(6.02–
12.20)

−0.138/
0.890

TGF-b1 (pg/
ml)

5,114
(2,496.50–
5,751.50)

10,817.50
(10,445–10,917)

−0.712/
0.476

1,319.69
(268.60–3,611)

152.73 (99.22–
3,790.50)

1.517/
0.129

2,032
(104.97–
2,548)

1,514
(112.50–
5,959)

−0.276/
0.783
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a2 level were significantly higher. Compared with the ALT non-

normalization group, the ALT normalization group had lower

baseline HBsAg, HBeAg, IL-10, and TGF-b levels and higher

baseline ALT level. This indicates that the ALT normalization

group may have better baseline immune control ability (14, 15,

28), and the efficacy of NA treatment is related to the immune

and viral factors of patients (2, 6, 7). At 3 and 6 months after

treatment, the IFN-g level of the ALT normalization group was

significantly higher than that in the non-normalization group.

Given that IFN-g is an important cytokine for cellular immunity

(14, 25, 28, 29), the increase in IFN-g suggests that ETV can

restore part of cellular immune function by reducing HBV DNA

load (29).

Logistic regression analyzed risk factors related to whether

the ALT is normal after 48 weeks of ETV treatment. Univariate

analysis showed that low baseline levels of HBsAg, HBeAg, and

IL-10 were significantly related to normal ALT at 48 weeks.

Multivariate analysis showed that baseline HBV DNA, HBeAg,

and IL-10 were significantly correlated with normal ALT at 48

weeks. After 48 weeks of treatment with ETV, normal ALT

means good biochemical response and better control of

hepatocyte necrosis and liver tissue inflammation. The results

show that the effect of ETV treatment can be affected by baseline

viral factors, the degree of liver tissue inflammation, and

immune cytokines.

Although univariate analysis showed that baseline HBsAg,

HBeAg, and IL-10 were heavily correlated with ALT

normalization at 48 weeks after ETV treatment, the levels of

HBeAg and HBsAg in the ALT normalization group were higher

than those in ALT elevated group after 48-week ETV treatment,

and the reason was still considered to be related to the immune

function of patients. In patients with chronic HBV infection, the

existence of liver diseases and progression are influenced by

multiple factors. In terms of HBV, HBV replication can activate

the response of host immune cells and cause liver cell necrosis

and inflammation. On the other hand, HBV and its antigens can

inhibit the immune cell function through multiple ways, making

it difficult to clear the virus (14–17). Therefore, the decrease of

HBV DNA level in most patients during NA treatment can

reduce the stimulation of immune cells and the immune damage

of hepatocytes, and thus the clinical manifestations are ALT

normalization, and no decrease or even increase in HBsAg and

HBeAg. However, in some patients, due to the decrease or even

negative transformation of HBV level during NA treatment, the

inhibition of immune cell function by HBV is alleviated, and the

function of immune cells to inhibit viral replication and clear

virus-infected cells is restored. The clinical manifestations are

increased ALT, accompanied by decreased HBeAg and HBsAg

levels. Thus, the results of this study showed that patients with

elevated ALT during ETV treatment had lower HBeAg and

HBsAg levels than those with normal ALT.

In conclusion, this prospective study shows that cytokine

levels change dynamically in ETV antiviral therapy. Low
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baseline HBV DNA, HBeAg, and IL-10 levels were significantly

associated with ALT normalization after 48 weeks of ETV

treatment. The findings warrant further investigation with a

large sample size in the future. In this study, we only investigated

the kinetic changes of serum, virological, and immunological

markers during ETV antiviral therapy in HBeAg-positive CHB

patients. In the future, we expect similar studies to be conducted

in HBeAg-negative CHB patients.
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TABLE 4 Logistic regression analysis of the baseline predictors of ALT normalization at week 48 of ETV treatment.

Univariate analysis OR 95% CI p-value

HBsAg (log10 IU/ml) 4.058 1.080–15.245 0.038

HBeAg (S/CO) 1.002 1.000–1.004 0.011

HBV DNA (log10 IU/ml) 0.846 0.390–1.834 0.672

ALT (U/L) 0.999 0.997–1.001 0.238

AST (U/L) 0.997 0.995–1.000 0.076

TBil (µmol/L) 0.943 0.883–1.008 0.084

ALB (g/L) 1.080 0.953–1.224 0.229

Flt-3L (pg/ml) 0.984 0.939–1.040 0.559

IFN-a2 (pg/ml) 1.006 0.994–1.018 0.340

IFN-g (pg/ml) 1.000 0.996–1.005 0.871

IL-10 (pg/ml) 0.985 0.973–0.997 0.015

IL-17A (pg/ml) 1.005 0.998–1.022 0.548

IL-6 (pg/ml) 1.061 0.930–1.211 0.380

TNF-a (pg/ml) 1.011 0.934–1.094 0.791

TGF-b1 (pg/ml) 1.000 1.000 0.443

TGF-b2 (pg/ml) 0.995 0.985–1.006 0.364

TGF-b3 (pg/ml) 1.011 0.955–1.069 0.713

Multiple factor analysis OR 95% CI p-value

HBV DNA (log10 IU/ml) 0.184 0.046–0.739 0.017

HBeAg (S/CO) 1.003 1.001–1.006 0.007

IL-10 (pg/ml) 0.040 0.972–0.999 0.040
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cytokines: p < 0.013 was statistically significant.
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