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ABSTRACT. This study aimed to determine the relationship between 
changes in the serum levels of macrophage migratory inhibitory 
factor (MIF), interleukin (IL) 17, and IL-10 during chronic hepatitis B 
treatment via Baraclude® (Bristol-Meyers Squibb). Thirty-six patients 
with chronic hepatitis B and 24 healthy individuals were selected as the 
experimental and control groups, respectively, and the serum levels of 
MIF, IL-17, and IL-10 were measured during the period in which the 
experimental group was treated with oral Baraclude®; meanwhile, the 
alanine aminotransferase (ALT), hepatitis B virus (HBV) DNA, and 
HBV marker (M) levels were measured in the experimental group. In 
the experimental group, the ALT and HBV-DNA levels began to exhibit 
obvious decreases in week 4, and the MIF and IL-17 levels exhibited 
obvious increases in week 4 followed by gradual decreases; however, 
the IL-10 level exhibited an obvious decrease in week 12 and then 
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increased gradually. These changes were significant when compared 
with the control group (P < 0.05). In conclusion, Baraclude® treatment 
not only actively suppressed HBV but also indirectly balanced the MIF, 
IL-17, and IL-10 levels and reduced the liver inflammatory response.
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INTRODUCTION

Hepatitis B virus (HBV) infection is a global health issue, and the chronic viral dis-
ease hepatitis type B, which is caused by HBV infection, is an important disease that threatens 
human health. During the process of hepatitis type B development, various cytokines partici-
pate in the process of immunological incompetence, which is mediated by thymus-dependent 
lymphocytes and closely related to the HBV duplication and hepatic cell damage. Currently, 
nucleoside drugs are believed to effectively control HBV duplication, relieve or control the 
progress of viral hepatitis type B, and impede the development of liver cirrhosis and the ma-
lignant transformation of hepatic cells. Of these agents, the representative drug Baraclude® 
(Bristol-Meyers Squibb, New York, NY, USA) is a strong antiviral drug that exhibits the char-
acteristics of high efficiency and very low tolerance (De Clercq, 2013); this drug is widely 
used in antiviral therapy for hepatosis consequent to HBV infection. The present study evalu-
ated the relationships of the serum levels of macrophage migration inhibitory factor (MIF), 
interleukin (IL) 17, and IL-10 with the HBV load and changes in liver function during the 
process of Baraclude®-mediated treatment for chronic viral hepatitis type B in order to deeply 
understand whether Baraclude® acts to regulate immune function in the liver and relieve the 
liver inflammatory reaction while exerting its anti-HBV activity.

MATERIAL AND METHODS

General information

All cases were selected from inpatients and outpatients who were diagnosed from 
February 2012 to February 2013 according to the standard of the Viral Hepatitis Prevention 
Scheme (revised in December 2010) of the Gastroenterology Department of Lanzhou General 
Hospital of Lanzhou Military Region (Chinese Society of Hepatology and Chinese Society of 
Infectious Diseases, 2011). Thirty-six chronic viral hepatitis type B patients were randomly 
selected as the experimental group, including 26 males and 10 females ranging in age from 18 
to 54 years with an average age of 33.03 ± 4.21 years; all patients exhibited hepatitis B serum 
antigen (HBsAg) positivity for >6 months and serum HBV-DNA levels >2 x 104 IU/mL. Ad-
ditionally, in these patients, the serum alanine aminotransferase (ALT) levels continuously or 
discontinuously increased to >2 times the normal value limit. Twenty-four healthy individuals 
were selected as the control group, including 14 males and 10 females ranging in age from 22 
to 45 years with an average age of 29.68 ± 4.26 years. None of the patients in either group had 
a history of hepatitis C, D, or G virus, human immunodeficiency virus, or Epstein-Barr virus 
infection.
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Pharmacotherapy and clinical index detection

The experimental group patients began taking oral Baraclude® (0.5 mg) once daily for 
48 weeks beginning at the baseline time point (and later continued to receive pharmacothera-
py). The HBV marker (HBV-M), HBV-DNA, and ALT levels were determined at the baseline 
and on the same weekday during weeks 4, 12, 24, 36, and 48 after therapy initiation. Both the 
ALT and HBV-M were detected via enzyme-linked immunosorbent assays, and HBV-DNA 
was detected via a reverse transcriptase PCR method.

Detection of MIF, IL-17, and IL-10 in the peripheral blood

Five mL of venous blood were drawn from each subject in the experimental and con-
trol groups at the baseline time point and on the same weekday in weeks 4, 12, 24, 36, and 48 
after therapy initiation; 2 mL of serum were extracted from each blood sample after centrifu-
gation and cryopreserved at -20°C for further applications. The MIF, IL-17, and IL-10 detec-
tion kits were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA) and were 
used according to the manufacturer specifications.

Statistical methods

The results are reported as means ± SE (standard error) and analyzed using the t-test. 
The SPSS statistical software version 13.0 (SPSS Inc., Chicago, IL, USA) was used for the 
statistical analysis.

RESULTS

Changes in the clinical index after oral Baraclude® administration

After Baraclude® treatment, the levels of HBV-DNA in the sera of patients in the experi-
mental group exhibited obvious decreases beginning in week 4; the lower HBV-DNA detection 
limit was approached in week 12 and achieved in week 36 (<100 IU/mL). Correspondingly, the 
ALT levels began to obviously decrease in week 4, approach the upper normal limit (40 IU/L) in 
week 12, and reach the normal limit in week 36. Regarding this serological transition, patients in 
the experimental group exhibited HBsAg positivity at the baseline; in week 4, 5 patients became 
HBsAg-negative, 1 of whom exhibited an HBeAg transition, and in week 48, 8 patients became 
HBsAg-negative, 4 of whom exhibited HBeAg transitions (Table 1 and Figures 1, 2, and 3).

Time point	 ALT (IU/L)	 HBV-DNA (Ig)	 HBsAg (IU/mL)

Baseline	 182.06 ± 13.68	 7.95 ± 0.82	 1980.91 ± 53.98
Week 4	   85.30 ± 6.91▲	   4.17 ± 0.98▲	 1023.02 ± 41.72
Week 12	   39.49 ± 7.08*	   3.02 ± 0.94*	   624.38 ± 33.57
Week 24	 29.15 ± 5.32	   2.5 ± 0.58	   403.15 ± 28.48
Week 36	 24.26 ± 4.78	   2.0 ± 0.00	   201.32 ± 23.34
Week 48	 18.41 ± 4.05	   2.0 ± 0.00	     92.26 ± 15.17
▲P < 0.05 vs the baseline; *P < 0.05 vs week 4.

Table 1. Changes in the clinical index at each time point after initiating oral Baraclude® treatment for chronic 
viral hepatitis type B (means ± SE).
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Figure 1. Changes in the alanine aminotransferase levels at each time point after oral Baraclude® treatment for 
chronic viral hepatitis type B. Data are reported as means ± SE.

Figure 2. Changes in the hepatitis B virus DNA at each time point after oral Baraclude® treatment for chronic viral 
hepatitis type B. Data are reported as means ± SE.

Figure 3. Changes in the HBsAg at each time point after oral Baraclude® treatment for chronic viral hepatitis type 
B. Data are reported as means ± SE.
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Changes in the serum levels of MIF, IL-17, and IL-10 during the Baraclude® 
treatment period

The levels of MIF and IL-17 in the sera of patients in the experimental group began 
to decrease gradually beginning in week 4 and decreased to the level of the control group by 
week 48. The levels of IL-10 began to increase gradually beginning in week 4 and were similar 
to the level of the control group by week 48 (Table 2 and Figure 4).

Time point	 MIF (ng/mL)	 IL-17 (ng/mL)	   IL-10 (ng/mL)

Experimental group
   Baseline	   94.28 ± 13.47	   69.87 ± 10.85	 102.88 ± 20.74
   Week 4	   75.36 ± 7.83▲	   44.57 ± 7.68▲	   119.98 ± 24.46▲

   Week 12	   51.45 ± 8.54*	   23.16 ± 9.64*	   121.35 ± 20.18*
   Week 24	 29.75 ± 7.28	 16.45 ± 8.28	 170.32 ± 18.53
   Week 36	 16.16 ± 4.08	 10.09 ± 6.32	 199.27 ± 25.24
   Week 48	  10.45 ± 5.31Δ	    6.25 ± 5.18Δ	   250.41 ± 31.36Δ

Control group
   Baseline	 12.07 ± 8.27	     6.7 ± 5.94	 250.32 ± 22.33
   Week 4	   9.35 ± 5.02	   8.49 ± 7.08	 234.09 ± 21.33
   Week 12	 10.42 ± 7.32	   8.45 ± 6.60	 222.38 ± 18.90
   Week 24	 11.09 ± 7.44	   7.22 ± 5.29	 235.65 ± 23.31
   Week 36	 10.09 ± 5.14	   8.11 ± 7.13	 241.71 ± 23.38
   Week 48	   9.89 ± 6.82	   6.11 ± 6.10	 266.19 ± 26.79
▲P < 0.05 vs the baseline; *P < 0.05 vs week 4; P < 0.05 vs week 12; ΔP > 0.05 vs the control group.

Table 2. Changes in the serum levels of MIF, IL-17, and IL-10 during the course of Baraclude® treatment (N = 
36; means ± SE).

Figure 4. Changes in the serum levels of migration inhibitory factor, interleukin (IL) 17, and IL-10 during the 
course of oral Baraclude® treatment for chronic viral hepatitis type B.
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DISCUSSION

Baraclude® is potent and optional guanine nucleoside analogue with prominent anti- 
HBV activity and a very low tolerance, among other features. This agent is currently in wide 
use as an antiviral therapy for hepatosis consequent to HBV infection (Huang et al., 2013). 
Histology, biochemistry, and improvements in virology indicate the obvious therapeutic ef-
fects of Baraclude®; however, less research has been conducted on the changes in the levels 
of various cytokines or relief from the inflammatory response to chronic viral hepatitis type B 
after achieving viral control with Baraclude®. Many studies (Musil et al., 2011) have reported 
the participation of various cytokines in the chronic viral hepatitis type B disease course; these 
cytokines, which include MIF, IL-17, and IL-10, elicit a variety of biological functions such as 
adhesion, phagocytosis, anti-tumor activity, and nitric oxide production and would therefore 
play important roles in inflammatory responses. The research conducted by Heinrichs et al. 
(2011) revealed an important role for MIF in pathological liver damage; similarly, the results 
of our preliminary study (Yu et al., 2012) indicated the participation of MIF in the overall oc-
currence and development of viral hepatitis type B, liver cirrhosis, liver cancer, and other hep-
atopathies and that changes in the MIF levels were closely related to the extent of liver tissue 
damage. Miquel et al. (2013) reported that immune tolerance was broken following antiviral 
therapy with Baraclude® such that the level of MIF in the liver tissue was initially enhanced 
and then gradually reduced. Ismail et al. (2013) reported that hepatic cells secreted less MIF 
following the antiviral therapy with Baraclude®, thus reducing the secretion of vascular endo-
thelial growth factor, transforming growth factor, ILs, matrix metalloproteinases, and various 
other cytokines, relieving inflammation, and consequently reducing the malignant transforma-
tion of hepatic cells. These results demonstrated that MIF exerted dual functions that could 
promote the inflammation and malignant transformation. The elevated levels of inflammation 
and rate of malignant transformation were reduced after Baraclude® treatment. The findings 
of the present research were that in addition to the effective antiviral activity of Baraclude®, 
the levels of MIF in the sera of patients in the experimental group gradually decreased and the 
ALT levels also gradually normalized, both of which clearly indicated that the liver damage 
inflicted by the proinflammatory cytokine MIF was closely related to the HBV load.

In a previous report (Zhang et al., 2010), IL-17 was found to play an important role in 
preventing extracellular bacterial infections and mediating chronic inflammation and autoim-
munity. This cytokine was closely related to the occurrence of chronic viral hepatitis type B 
and it mainly acted at the intersection of the active and innate immune responses while also af-
fecting innate immunity and host defense. The research findings of Wang et al. (2011) revealed 
that in HBV-induced liver tissue inflammation, IL-17 mainly acted by inducing infected hepat-
ic cells and mobilizing neutrophils to release proinflammatory cytokines. Meanwhile, IL-17 
acted to increase protease and proteolytic enzyme activity in neutrophils and could also stimu-
late the expression of IL-6 and tumor necrosis factor, which also played important roles in the 
inflammatory reactions in HBV-infected livers. In our clinical research, following antiviral 
therapy with Baraclude, the levels of IL-17 in the sera of patients in the experimental group 
began to gradually decrease in week 4; the ALT levels also gradually normalized, indicating 
that the IL-17 level decreased and liver inflammation was relieved along with the decrease in 
the HBV load after antiviral therapy.

The research conducted by Arnaud et al. (2008) revealed that IL-10 could control 
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cytokine secretion from mononuclear macrophages and thymus-dependent lymphocytes un-
der the condition that both antigens and antigen-presenting cells were present; specifically, 
IL-10 could reduce Th1 cytokine expression and influence HBV elimination and therefore 
acted to inhibit inflammation. Our findings revealed that the levels of IL-10 in the sera of 
patients in the experimental group began to gradually increase in week 4. However, Das et 
al. (2012) believed that the secretion of large amounts of IL-10 from hepatic cells would 
promote HBV elimination; accordingly, hepatic cells exposed to HBV infection and liver 
tissue damage might activate immune cells to release large amounts of proinflammatory 
cytokines, whereas cytokine-damaged hepatic cells might also release certain amounts of 
anti-inflammatory cytokines to protect the cells from proinflammatory cytokine damage via 
autocrine secretion. Our experimental results revealed that after oral Baraclude® administra-
tion, the levels of IL-10 in the sera of patients in the experimental group began to gradually 
increase and the levels of ALT gradually normalized, indicating that along with the reduced 
viral load, the infected hepatic cells secreted more IL-10, thus gradually relieving the liver 
inflammation.

By week 48, all patients in the experimental group had achieved serum virology transi-
tions and some had achieved HBeAg transitions and normalized ALT levels, thus indicating the 
expected effects of Baraclude® treatment had been achieved; these findings also demonstrated 
significant changes in the immune statuses of patients in the experimental group relative to 
the baseline. One previous study (Tong et al., 2013) found that an excessively high HBV viral 
load might inhibit the immunoreactivity and cause immune tolerance; subsequent breaking of 
this tolerance would induce strong immunoreactions. In the current study, the levels of MIF 
and IL-17 in the sera of patients in the experimental group began to gradually decrease and the 
level of IL-10 began to gradually increase during week 4 after Baraclude® treatment initiation; 
the levels of anti-inflammatory and proinflammatory cytokines gradually reached a balance, 
which prevented extensive inflammation and hepatic cell necrosis. Another group (Luo et al., 
2013) also believed that inflammatory response relief in the liver might be caused by the elimi-
nation of viral antigens consequent to the continuous Baraclude®-mediated inhibition of viral 
replication. In addition, Fahrtash-Bahin et al. (2013) reported that the inflammatory cytokine-
mediated apoptosis eliminated HBV by eliminating the residual infected hepatic cells and that 
this comprised an important curative mechanism in patients with chronic viral hepatitis type B; 
however, the hypersecretion of MIF, IL-17, and other inflammatory cytokines might induce a 
strong immunoreaction and lead to HBV-induced fulminant hepatic failure.

In conclusion, during the course of Baraclude® treatment for chronic viral hepatitis 
type B, the levels of MIF and IL-17 gradually declined and levels of IL-10 slowly increased 
in the patients’ sera, and these levels approached those of the control group by week 48; in 
addition, the patients’ HBV loads decrease, the ALT levels normalized, and some patients 
achieved HBeAg transition. Therefore, we believe that the changes observed in the serum 
levels of MIF, IL-17, and IL-10 were closely related to the antiviral efficacy of Baraclude®. 
The ALT levels began to obviously decrease in week 4 and approached and reached the upper 
normal limit in weeks 12 and 36, respectively, indicating that the effective antiviral activity 
of Baraclude® could indirectly adjust the balance of related cytokines, restrict cytokine-
induced damage to hepatic cells, and fully relieve the inflammatory reactions of hepatic cells, 
thus achieving the goal of treating chronic viral hepatitis type B. This mechanism requires 
further research.
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