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Abstract
AIM: To investigate serum interleukin (IL)-38 level and 
its clinical role in predicting virological response (VR) 
to telbivudine (LdT) in patients with chronic hepatitis B 
(CHB).

METHODS: The study participants were divided into 
two groups; one group consisted of 43 healthy controls 
(HCs) and the other group consisted of 46 patients 
with hepatitis B e antigen-positive CHB. All patients 
were administered 600 mg of oral LdT daily for 52 wk, 
and they visited physicians every 12 wk for physical 
examination and laboratory tests. Serum IL-38 levels 
were determined using ELISA. The concentrations of 
serum Th1- and Th2-type cytokines were measured 
using the cytometric bead array (CBA) method. 

RESULTS: Serum levels of IL-38 at baseline in all 
patients were higher than those in HCs [306.97 
(123.26-492.79) pg/mL vs  184.50 (135.56-292.16) 
pg/mL, P  = 0.019]; the levels returned to normal 
after the first 12 wk of treatment with LdT [175.51 
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(103.90-331.91) pg/mL vs  184.50 (135.56-292.16) 
pg/mL, P  > 0.05]. Serum IL-38 levels at baseline were 
positively associated with serum aspartate amino
transferase levels in patients with CHB (r  = 0.311, 
P  = 0.036). Higher levels of serum IL-38 at baseline 
were associated with a greater probability of VR to 
LdT treatment at 24 wk (48.15% vs  15.79%, P  = 
0.023) and 52 wk (66.67% vs  36.84%, P  = 0.044). 
The levels of serum IL-38 in patients with primary non-
response at week 12 after treatment initiation were 
lower than those in patients with primary response 
[64.44 (49.85-172.08) pg/mL vs  190.54 (121.35-355.28) 
pg/mL, P  = 0.036]. Serum IL-38 levels were correlated 
with serum IL-6 and IL-12 levels in patients with CHB 
during treatment with LdT. 

CONCLUSION: Elevated serum IL-38 levels in 
untreated CHB patients reflect ongoing liver injury. 
Higher serum IL-38 levels before treatment indicate a 
greater probability of VR to LdT treatment.

Key words: alanine aminotransferase; aspartate amino
transferase; interleukin-6; interleukin-12; interleukin-38; 
chronic hepatitis B; primary non-response; virological 
response

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This is the first study detailing kinetic changes 
in serum interleukin-38 (IL-38) levels during chronic 
hepatitis B (CHB). Higher pretreatment serum IL-38 
levels are associated with a greater probability of 
virological response to telbivudine treatment. Elevated 
levels of serum IL-38 in untreated patients with CHB 
reflect ongoing liver injury, which is an indirect indicator 
of vigorous endogenous clearance of hepatitis B virus 
infection. Our findings suggest that clear signs of viral 
clearance at baseline may predict a favorable response 
to treatment of CHB using nucleoside analogs.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a serious global 
health concern, and approximately 240 million 
people have been chronically infected with HBV[1]. 
Patients with chronic hepatitis B (CHB) have a high 
risk of developing liver cirrhosis and hepatocellular 
carcinoma[2].

Previous studies have revealed that HBV infection 
may suppress the immune system, and that Th1 

and Th2 cells and their respective cytokines are 
possibly involved in the pathogenesis of CHB[3,4]. 
Telbivudine (LdT), a nucleoside analog (NA), not only 
inhibits viral replication, but also increases cytokine 
production by the Th1 cell subpopulation, which could 
contribute to its antiviral efficacy[5]. Th2 cells secrete 
interleukin (IL)-10 and IL-6, which are involved in liver 
inflammation in CHB[6,7]. Members of the IL-1 cytokine 
family are also associated with acute and chronic 
inflammation, and they facilitate the differentiation 
and function of polarized innate and adaptive lymphoid 
cells[8,9]; they likely participate in CHB infection. For 
example, it has been reported that IL-37, an anti-
inflammatory cytokine, was a part of the immune 
response in patients with CHB who showed hepatitis 
B e antigen (HBeAg) seroconversion, and that both 
serum IL-33 and IL-37 levels are associated with liver 
injury in these patients[10,11].

IL-38 (IL-1F10) is a newly characterized cytokine 
of the IL-1 family, and it is expressed in the basal 
epithelia of the skin and in the proliferating tonsillar 
B cells[12]. It was suggested that IL-38 may have 
anti-inflammatory properties, since it shares some 
sequence homology with IL-1Ra (41%) and IL-36Ra 
(43%)[8]. This assumption was first supported by a 
study that showed that a recombinant IL-38 bound 
to the IL-36 receptor and inhibited the expression 
of IL-17, IL-22, and IL-8 in human peripheral blood 
mononuclear cells (PBMCs) under inflammatory 
conditions. It was further suggested that IL-38 might 
function as a partial IL-36 receptor antagonist[13]. 
Another study observed a marked increase in lupus-
associated pro-inflammatory mediators following 
silencing of endogenous IL-38 in PBMCs, which 
supported the assumed anti-inflammatory function 
of IL-38[14]. Furthermore, IL-38 was upregulated in 
patients with primary Sjogren’s syndrome, and it was 
suggested to counteract the imbalanced activation 
of IL-36[15]. Genetic association studies indicated that 
IL-38 polymorphisms are linked with a high frequency 
of psoriatic arthritis, ankylosing spondylitis, and 
rheumatoid arthritis in the population, suggesting that 
IL-38 is a likely component in the pathogenesis of 
these inflammatory diseases[8,16,17].

NAs and interferons (IFNs) are the currently 
available antiviral agents for treating CHB[18]. LdT is a 
synthetic thymidine NA that shows potent inhibition 
of HBV replication[19]. Recent studies have shown 
that treatment with LdT not only suppresses HBV 
replication, but also modulates the immune response 
in treated CHB patients[20].

To our knowledge, there are no available data 
regarding the expression or function of IL-38 in CHB. 
In this study, we quantified the kinetic changes in serum 
IL-38 level and investigated the potential correlation 
between the levels of HBV-related biochemical 
markers, Th1/Th2 type cytokines, and serum IL-38 
levels during LdT treatment of patients with CHB. In 
addition, we discussed the implications of our findings.
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MATERIALS AND METHODS
Patients
A total of 46 patients with CHB were recruited at the 
First Hospital of Jilin University from September 2012 
to October 2014. Patients with CHB showed positive 
results for hepatitis B surface antigen (HBsAg), HBeAg, 
and HBV DNA for at least 12 mo. Another 43 gender-, 
age- and ethnicity-matched healthy controls (HCs) 
were recruited from the Physical Examination Center 
of our hospital during the same period. Individuals 
who showed seropositivity of hepatitis C, G, or D virus, 
those infected by HIV-1 or those with autoimmune 
liver disease were excluded from the study. None of 
the participants had received immunosuppressive or 
antiviral therapy during the 12 mo preceding their 
inclusion in the study, and none of them reported 
a history of exposure to known hepatotoxins. The 
demographic and clinical characteristics of the 
patients are summarized in Table 1. Written informed 
consent was obtained from each study participant; the 
experimental protocol was established according to 
the guidelines of the 1975 Declaration of Helsinki and 
was approved by the Human Ethics Committee of Jilin 
University, China.

Patients were administered 600 mg LdT (Novartis 
Pharmaceuticals, Beijing, China) daily for 52 wk, and 
they visited the outpatient department of the hospital 
every 12 wk for physical examination and laboratory 
tests. All patients were followed up for one year. 
Peripheral blood samples were obtained and serum 
samples were separated; the samples were stored at 
-80  ℃ until use.

Measurement of serum IL-38 by enzyme-linked 
immunosorbent assay
Serum concentrations of IL-38 in patients and HCs 
were determined by enzyme-linked immunosorbent 
assay [human IL-38 enzyme-linked immunosorbent 
assay (ELISA) kit; CUSABIO Life Sciences, Wuhan, 
Hunan province, China]. Briefly, individual sera were 
subjected to ELISA, and the concentrations of serum 
IL-38 in individual samples were calculated using the 
standard curve established with the recombinant IL-38 
provided. The detection limit of IL-38 ranged between 
31.25 and 2000 pg/mL.

Cytometric bead array of serum Th1- and Th2-type 
cytokines
The concentrations of serum Th1- and Th2-type 
cytokines (IFN-γ, TNF-α, IL-2, IL-4, IL-12, IL-10, and 
IL-6) were determined by cytometric bead array 
(CBA) according to the manufacturer’s protocol (BD 
Biosciences, San Jose, CA, United States), with minor 
modifications. Briefly, 25 μL of individual serum was 
used in duplicate for analysis. The concentrations of 
serum cytokines were quantified using the CellQuest 

Pro and CBA software (Becton Dickinson, San Jose, 
CA, United States) on an FACSAria Ⅱ flow cytometer 
(BD Biosciences).

Serological analysis of HBV markers
Serum HBsAg, hepatitis B surface antibody (HBsAb), 
HBeAg, and hepatitis B e antibody (HBeAb) were detected 
by chemiluminescent microparticle immunoassay (CMIA), 
using an Abbott i2000 automated chemiluminescent 
immunoassay analyzer (Abbott Laboratories, Abbott 
Park, IL, United States). The levels of serum alanine 
transferase (ALT) and aspartate transferase (AST) 
were detected using a Biochemistry Automated 
Analyzer (Roche Diagnostics, Branchburg, New Jersey, 
United States). Serum HBV DNA was measured by 
quantitative PCR using a luciferase-based detection kit, 
following the manufacturer’s protocols (Roche). The 
detection limit of viral DNA was 60 IU/mL (HBV DNA 
≤ 60 IU/mL was considered undetectable).

Statistical analysis
Quantitative data were expressed as median and 
interquartile range (IQR). Differences between inde­
pendent groups were analyzed by Mann-Whitney U test 
or Student’s t-test when appropriate and differences 
between related groups were analyzed by Wilcoxon 
signed ranks test. The correlation between variables 
was evaluated using Spearman’s rank correlation test. 
Receiver operating characteristic curves were con
structed to identify optimal cutoff values for predicting 
virological response (VR) to treatment. Fisher’s exact 
tests were carried out to compare the rates of VR, 
HBeAg loss, ALT normalization and HBsAg loss. Binary 
logistic regression was used to determine predictors of 
VR. All statistical analyses were performed by the SPSS 
software (version 18.0). P-value < 0.05 was considered 
as statistically significant.
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Table 1  Demographic and clinical characteristics of study 
subjects at baseline

Parameters Patients with CHB 
(n  = 46)

Healthy controls 
(n  = 43)

Age (yr)     34.5 (23.75-38.25)   34 (22-40)
Sex (M/F) 38/8 34/9
HBV DNA load 
(log10 IU/mL)

7.71 (6.98-8.10) NA

ALT level (U/L) 117.35a (74.50-241.48) 14 (6-22)
AST level (U/L)   96.75a (57.25-176.25)   12 (10-30)
HBsAg level (IU/mL) 7821.43 (3337.23-20737.14) NA
HBsAg, pos/neg 46/0 0/43
HBeAg, pos/neg 46/0 0/43

Data are represented as median and interquartile range (IQR) or real case 
number. Normal values: ALT ≤ 50 IU/L; AST ≤ 40 IU/L; HBV DNA ≤ 
1.78 log10 IU/mL (60 IU/mL). aP < 0.05 vs the HCs. The undetectable HBV 
DNA loads were recorded as those ≤ 60 IU/mL. CHB: chronic hepatitis 
B; HBV: hepatitis B virus; NA: not applicable; ALT: alanine transferase; 
AST: aspartate transferase; HBsAg: hepatitis B surface antigen; HBeAg: 
hepatitis B e antigen; pos: positive; neg: negative.
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of age or gender between patients with CHB and HCs 
(Table 1).

HBV DNA and HBsAg levels gradually decreased 
in response to the LdT treatment and were lower 
than the levels before treatment. Both ALT and AST 

RESULTS
HBV-related biochemical markers in patients with CHB 
before and during treatment with LdT
There was no significant difference in the distribution 
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Table 2  Dynamics of clinical parameters in patients with chronic hepatitis B during LdT treatment

Parameters Baseline 3 mo 6 mo 9 mo 13 mo

HBV DNA load 
(log10 IU/mL)

8.41 (7.68-8.80) 3.79a (3.20-5.14) 3.04a (2.48-3.98) 2.81a (2.48-3.10) 2.48a (2.48-3.50)

ALT level (U/L) 117.35 (74.50-241.48) 36.00a (23.93-85.50) 27.00a (22.00-38.00) 27.50a (23.00-34.25) 29.50a (24.00-55.00)
AST level (U/L) 96.75 (57.25-176.25) 34.00a (28.00-55.25) 26.00a (22.00-31.25) 24.50a (19.75-30.00) 27.00a (22.75-43.25)
HBsAg level 
(IU/mL)

7821.43 (3337.23-20737.14) 4214.99a (2034.48-10170.46) 5153.19a (2039.45-10671.30) 4414.88a (2317.96-10084.21) 4210.48a (1664.73-9823.78)

Data are represented as median and interquartile range (IQR). Normal values: ALT ≤ 50 IU/L; AST ≤ 40 IU/L; HBV DNA ≤ 1.78 log10 IU/mL (60 IU/mL). 
aP < 0.05 vs baseline value. The undetectable HBV DNA loads were recorded as those ≤ 60 IU/mL. CHB: chronic hepatitis B; HBV: hepatitis B virus; ALT: 
alanine transferase; AST: aspartate transferase; HBsAg: hepatitis B surface antigen.
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Figure 1  Kinetic changes in serum interleukin-38 levels of patients with chronic hepatitis B during treatment with telbivudine and association of serum 
interleukin-38 with serum aspartate transferase, alanine transferase, hepatitis B virus DNA loads prior to treatment. A: Kinetic changes in the levels of serum 
IL-38 in HCs and patients with CHB at baseline and at 12, 24, 36, and 52 wk of LdT treatment. IL-38 levels were higher in patients with CHB compared with HCs at 
baseline [306.97 (123.26-492.79) pg/mL vs 184.50 (135.56-292.16) pg/mL; P = 0.019]. They were reduced at week 12, 24, 36, and 52 of LdT treatment (P < 0.001, 
P = 0.003, P = 0.027, P = 0.019), and the levels of serum IL-38 in patients with CHB were no longer different from that of the HCs after 12 wk of LdT treatment. B: 
Serum AST levels correlated with serum IL-38 levels at baseline. C and D: Serum IL-38 levels did not correlate with serum ALT levels or with serum HBV DNA loads at 
baseline. IL-38: interleukin-38; HCs: healthy controls; CHB: chronic hepatitis B; LdT: telbivudine; ALT: alanine transferase; AST: aspartate transferase; HBV: hepatitis 
B virus.
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levels also decreased during treatment (Table 2). 
VR was defined as undetectable HBV DNA (≤ 60 
IU/mL). Primary non-response (PNR) was defined as 
a decrease in HBV DNA of less than 1 log10 IU/mL 
from baseline at 12 wk after treatment initiation[21]. Of 
the 46 patients, 5 showed PNR and the remaining 41 
patients showed primary response (PR) at week 12. 
At weeks 24 and 52 of LdT therapy, 16 (35%) and 25 
(54%) patients with CHB showed VR, respectively. 

Kinetic changes in serum IL-38 levels of patients with 
CHB during treatment with LdT and association of 
serum IL-38 with serum AST prior to treatment
The kinetic changes in serum IL-38 levels during 
treatment were determined. Serum IL-38 levels at the 
baseline and at 12, 24, 36, and 52 wk were 306.97 
(123.26-492.79) pg/mL, 175.51 (103.90-331.91) 
pg/mL, 226.53 (84.33-346.47) pg/mL, 205.91 
(103.48-387.16) pg/mL, and 194.79 (90.71-356.48) 
pg/mL, respectively. As shown in Figure 1, IL-38 levels 
were higher in patients with CHB compared with HCs 
at baseline [306.97 (123.26-492.79) pg/mL vs 184.50 
(135.56-292.16) pg/mL, P = 0.019, Figure 1A], and 
they were reduced at week 12, 24, 36, and 52 of LdT 
treatment (P < 0.001, P = 0.003, P = 0.027, P = 0.019, 
Figure 1A). In addition, the levels of serum IL-38 in 
patients with CHB were no longer different from that 
of the HCs after 12 wk of LdT treatment, since a quick 
reduction was observed only during the first 12 wk.

Correlation analysis of serum IL-38 with ALT and 
AST levels showed that serum IL-38 levels at baseline 
were positively associated with serum AST levels (P = 
0.036, r = 0.311, Figure 1B) but not with serum ALT 
levels (P > 0.05, Figure 1C) in patients with CHB. No 
significant correlation was found between serum IL-38 

and serum AST or ALT values during LdT therapy (data 
not shown). 

In addition, there was no significant association 
between serum IL-38 and HBV DNA levels prior to LdT 
treatment (P > 0.05, Figure 1D), and no significant 
correlation during LdT therapy (data not shown).

Pretreatment serum IL-38 levels in patients with CHB 
were associated with antiviral therapy outcomes
We generated receiver operating characteristic curves 
to decide optimal cut-off values of serum IL-38 at 
baseline to predict VR. Using the serum IL-38 levels at 
baseline, we divided the 46 patients with CHB into two 
groups: high level group (HG; serum IL-38 ≥ 250 pg/
mL, n = 27) and low level group (LG; serum IL-38 < 
250 pg/mL, n = 19). The pretreatment characteristics 
of the two groups are shown in Table 3. There was 
no significant difference in the distribution of age or 
gender, and serum HBV DNA, ALT, and HBsAg levels 
between HG and LG. However, the serum AST levels 
differed between the groups. Interestingly, the serum 
HBV DNA loads in HG were lower than those in LG at 
week 12, 24, 36, and 52 post initial LdT treatment (P 
= 0.041, 0.003, 0.003, 0.020, Figure 2A), suggesting 
a better response in patients with high serum levels of 
IL-38. No significant difference in serum HBsAg levels 
was noted between the groups during LdT therapy (P 
> 0.05 at week 12, 24, 36, and 52, Figure 2B).

The VR rates were compared between HG and LG, 
and it was observed that at 24 wk, VR was achieved in 
13 patients (48.15%) in HG and 3 patients (15.79%) 
in LG. Higher serum IL-38 levels at baseline were 
associated with greater VR (OR = 4.95, 95%CI: 
1.17-21.03, P = 0.023). At 52 wk, 18 patients (66.67%) 
in HG and 7 patients (36.84%) in LG achieved VR. The 
IL-38 levels at baseline elicited different responses to 
therapy (OR = 3.43, 95%CI: 1.00-11.71, P = 0.044). 
Treatment outcomes, including HBeAg elimination, ALT 
normalization and HBsAg loss, between patients with 
high and low baseline IL-38 levels were also compared. 
As shown in Table 4, there were no significant diffe
rences in HBeAg elimination, ALT normalization and 
HBsAg loss between HG and LG. According to our data, 
an elevated serum IL-38 level at baseline could predict 
better virological response.  

The serum AST, ALT, HBsAg, and HBV DNA levels 
at baseline were analyzed by binary logistic regression 
and they were not associated with VR at week 24 or 
52 of LdT treatment (data not shown).

Primary response was associated with high serum IL-38 
levels
The levels of serum IL-38 in patients with CHB who 
showed PR were higher than those of CHB patients 
who showed PNR at 12 wk after LdT treatment [190.54 
(121.35-355.28) pg/mL vs 64.44 (49.85-172.08) pg/mL, 
P = 0.036, Figure 3], while they did not differ at 
baseline. 
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Table 3  Comparison of demographic and c l in ica l 
characteristics of patients with high and low interleukin-38 
levels before treatment

Parameter High IL-38 level
before treatment 

(n  = 27)

Low IL-38 level
before treatment 

(n  = 19)

Age (yr) 35 (23-38) 34 (25-40)
Sex (M/F) 22/5 16/3
HBV DNA load 
(log10 IU/mL)

7.74 (6.89-8.10) 7.69 (7.14-8.36)

ALT level (U/L) 130.00 (71.00-246.50) 108.00 (81.00-147.00)
AST level (U/L) 156.00c (76.00-193.00) 74.00 (49.00-147.00)
HBsAg level 
(IU/mL)

6641.55 (4437.10-18631.33) 10222.92 (2657.06-24877.19)

Data are represented as median and interquartile range (IQR) or real case 
number. Normal values: ALT ≤ 50 IU/L; AST ≤ 40 IU/L; HBV DNA 
≤ 1.78 log10 IU/mL (60 IU/mL). cP < 0.05 vs the group of patients with 
low serum IL-38 levels before LdT treatment. The undetectable HBV 
DNA loads were recorded as those ≤ 60 IU/mL. High IL-38 level: serum 
IL-38 ≥ 250 pg/mL; Low IL-38 level: serum IL-38 < 250 pg/mL; IL-38: 
interleukin-38; HBV: hepatitis B virus; ALT: alanine transferase; AST: 
aspartate transferase; HBsAg: hepatitis B surface antigen; M: male; F: 
female.
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Serum IL-38 levels correlated with IL-6 and IL-12 levels 
in patients with CHB during LdT treatment
As shown in Figure 4, the serum levels of IL-38 were 

positively associated with the levels of serum IL-6 at 
baseline, week 12, 24, 36, and 52 after starting LdT 
treatment (P = 0.003, r = 0.435; P = 0.002, r = 0.436; 
P = 0.001, r = 0.481; P < 0.001, r = 0.552; P = 0.008, 
r = 0.386; Figure 4A-E). The levels of serum IL-38 
were positively associated with the levels of serum 
IL-12 at week 24, 36, and 52 of LdT treatment (P = 
0.042, r = 0.301; P < 0.001, r = 0.515; P = 0.002, r 
= 0.451; Figure 4F-H). 

DISCUSSION
To our knowledge, this is the first study detailing 
kinetic changes in serum IL-38 levels during CHB. 
We found that the levels of serum IL-38 at baseline 
in patients with CHB were higher than in HCs, which 
declined and returned to normal after 12 wk of LdT 
treatment. There was a positive correlation between 
IL-38 and AST levels at baseline. Patients with high 
serum levels of IL-38 showed a higher probability 
of VR than patients with low serum levels of IL-38. 
Further, the serum HBV DNA level in patients with high 
baseline IL-38 levels was reduced after 12 wk of LdT 
treatment as compared to patients with low baseline 
IL-38 levels.

Our findings indicated that IL-38 level may be a 
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Figure 2  Comparison of serum hepatitis B virus DNA loads (A) and hepatitis B surface antigen levels (B) between high level group and low level group at 
baseline and at 12, 24, 36, and 52 wk of LdT treatment. A: The serum HBV DNA loads in HG were lower than those in LG at week 12, 24, 36, and 52 post initial LdT 
treatment (P = 0.041, 0.003, 0.003, 0.020). B: No significant difference in serum HBsAg levels was noted between the groups during LdT therapy. LdT: telbivudine; 
HBV: hepatitis B virus; HG: high level group; LG: low level group; HBsAg: hepatitis B surface antigen.

Table 4  Comparison of treatment outcomes between patients with high and low baseline interleukin-38 levels

Parameters Week 24 Week 52

HG (n  = 27) LG (n  = 19) P  value HG (n  = 27) LG (n  = 19) P  value

HBV DNA ≤ 60 IU/ml 13 (48.1)   3 (15.8) 0.023 18 (66.7)   7 (36.8) 0.044
HBeAg seroconversion   4 (14.8)   2 (10.5) 0.516   8 (29.6)   4 (21.1) 0.382
ALT normalization 25 (92.6) 15 (78.9) 0.182 21 (77.8) 12 (63.2) 0.225
HBsAg loss 0 (0.0) 0 (0.0) NA 1 (3.7) 1 (5.3) 0.661

Normal values: ALT ≤ 50 IU/L; AST ≤ 40 IU/L; HBV DNA ≤ 1.78 log10 IU/mL (60 IU/mL). The undetectable HBV DNA loads were recorded as 
those ≤ 60 IU/mL. HG: high IL-38 level group, basement serum IL-38 ≥ 250 pg/mL; LG: low IL-38 level, basement serum IL-38 < 250 pg/mL; IL-38: 
interleukin-38; HBV: hepatitis B virus; ALT: alanine transferase; AST: aspartate transferase; HBsAg: hepatitis B surface antigen; HBeAg: hepatitis B e 
antigen; NA: not applicable.
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Figure 3  Comparison of serum interleukin-38 levels between patients 
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Figure 4  Correlation of serum interleukin-38, Th1- and Th2-type cytokines levels. A-E: Serum IL-38 levels correlated with serum IL-6 levels in patients with CHB 
during LdT treatment at baseline, and at 12, 24, 36, and 52 wk, respectively; F-H: Serum IL-38 levels correlated with serum IL-12 levels in patients with CHB during 
LdT treatment at 24, 36, and 52 wk, respectively. IL-38: interleukin-38; CHB: chronic hepatitis B; LdT: telbivudine.
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marker reflecting liver injury, since elevated IL-38 
at baseline was in parallel with elevated AST, an 
indicator of liver injury[22]. However, we could not 
confirm whether elevated IL-38 level was a primary 
trigger for the liver injury or a response to it. 
Nevertheless, the elevated IL-38 level indicates hepatic 
necroinflammation to a certain extent. An active 
hepatic necroinflammation is a result of destruction 
of infected hepatocytes, and it can be viewed as viral 
clearance. Based on this information, we can explain 
why patients with high IL-38 and AST levels at baseline 
showed much better VR to LdT treatment, because 
these patients showed more vigorous endogenous 
clearance of HBV infection in addition to the antiviral 
effect of LdT. In contrast, patients with lower IL-38 
and AST levels likely indicated a weak endogenous 
clearance of HBV infection. NAs such as LdT may 
not show potent antiviral efficacy without a strong 
endogenous clearance.

PNR suggests failure of antiviral treatment. Thus, 
in a compliant patient with PNR, more potent antiviral 
therapy might be necessary[21]. At 12 wk of LdT 
therapy, serum IL-38 levels of patients with PNR were 
lower than those of patients with PR, suggesting that 
patients with high IL-38 levels at baseline show a more 
effective clearance of HBV infection, which supports 
our speculation of more vigorous endogenous viral 
clearance in patients with a high serum level of IL-38.

Previous studies indicated that cytokines were 
involved in the noncytopathic suppression of HBV 
replication[23]. IL-6 is reported to be responsible for 
early suppression of HBV in infected hepatocytes[24]. 
IL-6 exerted its inhibitory effect through reducing HBV 
transcripts/core protein and decreasing the level of 
HBV genome-containing nucleocapsids[25]. IL-6 also 
inhibits HBV entry through down regulation of sodium 
taurocholate cotransporting polypeptide[26]. IL-12 plays 
an important role in the defense against viral infections 
through promoting naive T cells differentiation into 
Th1 cells and inhibiting viral replication[27]. Cytokine 
IL-12 can rescue the anti-viral function of exhausted 
HBV-specific CD8 T cells[28]. Our data showed posi
tive correlations between IL-38 and IL-6 or IL-12, 
suggesting the functional association between cytokine 
IL-38 and Th1/Th2 type cytokines IL-6 and IL-12. 
Further studies are required to uncover the underlying 
molecular links between these cytokines.

Accurate prediction of response to antivirals in 
treating chronic HBV infection remains challenging. 
However, our findings strongly suggest that a favo
rable response does not completely depend on the 
antiviral efficacy of the agent, but also relies on the 
vigorous endogenous viral clearance. Thus, our study 
provides a clue for predicting VR by looking for signs of 
endogenous viral clearance. 

In conclusion, our study demonstrated that higher 
pretreatment serum IL-38 levels are associated with 
a greater probability of VR to LdT treatment. Elevated 
levels of serum IL-38 in untreated patients with 

CHB reflect ongoing liver injury, which is an indirect 
indicator of vigorous endogenous clearance of HBV 
infection. A favorable response may be observed 
if the LdT antiviral effect is combined with a strong 
endogenous viral clearance. Therefore, our findings 
suggest that clear signs of viral clearance at baseline 
may predict a favorable response to treatment of CHB 
using NAs.
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