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Abstract

Background: Persistent hepatitis B virus (HBV) infection is sustained by inadequate immune responses, either natural or acquired. 
Recent studies have suggested that immune responses to viral infection may be affected by microRNA (miR)-155, via its involvement 
in immune cell differentiation and maturation. However, little is known on the specific interaction between miR-155 and HBV in host 
antiviral immunity.
Objectives: This study evaluated the levels of miR-155 in peripheral blood mononuclear cells (PBMCs) of chronic hepatitis B (CHB) patients, 
relative to that of healthy subjects, and investigated an association between miR-155 levels and HBV DNA or alanine aminotransferase (ALT).
Patients and Methods: Total RNA was extracted from peripheral venous blood samples of 90 treatment-naive patients with chronic 
HBV infection and 20 healthy volunteers. The levels of miR-155 in the PBMCs were measured by real-time quantitative polymerase chain 
reaction. Serum HBV DNA and liver enzymes were estimated using standard clinical laboratory methods.
Results: In the HBV-infected patients, the miR-155 levels were significantly lower than in the healthy controls (P = 0.001). Chronic HBV-
infected patients with elevated ALT had higher levels of miR-155 compared with patients with normal ALT (P = 0.014). No correlations were 
found between miR-155 and ALT or HBV DNA.
Conclusions: The miR-155 appeared to be suppressed during HBV infection. The significantly higher miR-155 levels in ALT-elevated patients 
infected with HBV suggest that miR-155 levels in PBMCs correlate with the immune state of patients with chronic HBV infection.
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1. Background
The hepatitis B virus (HBV) infection remains a threat 

to global public health, with over 350 million people are 
chronically infected, of which 20 - 40% will develop liver 
cirrhosis and hepatocellular carcinoma (1). However, 
HBV-related liver disease is not caused by direct damage 
to hepatocytes by the virus, the inadequate immune re-
sponses of the host being responsible for the lesions (2, 
3). One study reported that the immunological patho-
genesis of severe chronic hepatitis B (CHB) is related to 
significant increases in the levels of CD8+ T cells and non-
specific cytotoxic T lymphocytes and these increases pre-
dict that CHB will progress to severe hepatitis (4).

According to the status of interactions between the 
virus, hepatocytes and host immune system, the natu-
ral course of chronic HBV infection may be divided into 
three phases: immune tolerance, immune clearance and 
the residual or inactive phases (5). Nevertheless, the exact 
mechanisms that underlie these interactions, in chronic 
HBV infection, remain unclear.

MicroRNAs (miRNAs) are small noncoding RNAs, of ap-
proximately 22 nucleotides long that are involved in in-

nate and adaptive immunity (6, 7). Among the miRNAs, 
miR-155 is well characterized, with important research 
undertaken to investigate its role in the balance between 
tolerance and immunity. The miR-155 is processed from 
the B-cell integration cluster (BIC) gene (now designated, 
MIR155 host gene, or MIR155HG), which appears to be 
evolutionarily conserved, with relatively high levels of 
expression in the lymphoid organs and cells of various 
species (8). Early studies reported that mice deficient in 
the BIC gene displayed defective adaptive immunity (9). 
The miR-155 is upregulated in both activated B and T lym-
phocytes (10, 11), and also in cells of the innate immune 
system, such as macrophages (12), dendritic cells (13) and 
natural killer cells (14), in which they can either positive-
ly or negatively regulate the inflammatory response in 
mammals. Due to the essential role of miR-155 in the im-
mune response, more and more studies have focused on 
its function in viral infection.

Evidence has shown that miR-155 is required for the re-
sponse of antigen-specific CD8+T cells to viral infection, 
while viral clearance was impaired in mice deficient in 
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miR-155 (15). Bignami et al. (16) determined that, among 
the 377 miRNAs in CD4+ T cells studied, only miR-155 
could distinguish HIV-1 elite long-term nonprogressors 
from naive patients. Other studies confirmed that, com-
pared with non-HCV-infected individuals, miR-155 levels 
were higher in the peripheral blood mononuclear cells 
(PBMCs), liver tissues and sera of patients with HCV geno-
types 1, 2, and 3 (17, 18), while being lower in the liver tis-
sues of patients with HCV genotype 4 (19).

Su et al. (20) studied the function of miR-155 in hepa-
toma cells and found that miR-155 had a mild anti-HBV 
effect, by promoting the Janus kinase or signal transduc-
ers and activators of transcription pathway and enhanc-
ing innate antiviral immunity. Another study reported 
that higher miR-155 levels were associated with a lower 
HBV viral load, by targeting CCAAT/enhancer-binding 
protein-β C/EBP-β (21). Therefore, miR-155 appears to be 
crucial to the immune response against HBV. However, 
up to present, miR-155 in the PBMCs of CHB patients has 
not been investigated.

2. Objectives
The present cross-sectional study evaluated the levels 

of miR-155 in the PBMCs of CHB patients, relative to that 
of non-HBV-infected individuals. In addition, the corre-
lation between miR-155 and alanine transaminase (ALT) 
and the subsequent influence on HBV replication was 
investigated. The findings should provide new insights 
into the role of miR-155 in the immune system, during 
HBV infection.

3. Patients and Methods
The human ethics committee of the third affiliated 

hospital of Sun Yat-sen university, Guangzhou, China, ap-
proved this study. The study was conducted in accordance 
with the ethical guidelines of the declaration of Helsinki. 
Every subject provided written informed consent before 
blood samples were collected.

3.1. Patients and Controls
This cross-sectional study included 90 patients with 

chronic HBV infection, who underwent routine follow-
up at the third affiliated hospital of Sun Yat-sen univer-
sity, Guangzhou, China. These patients were hepatitis 
B surface antigen (HBsAg)-seropositive for more than 6 
months. The study excluded: all patients confected with 
the hepatitis viruses A, C, D, E, or HIV; suffering from au-
toimmune disease, steatohepatitis, drug-induced liver 
injury, decompensated or compensated liver cirrhosis, 
or malignant comorbidities within the last 5 years; who 
had undergone organ transplantation; or who had ever 
received antiviral or immunomodulatory drugs.

For the control group, 20 healthy volunteers, who came 
to the hospital for physical check-ups, were recruited. All 
the healthy controls were negative for HBV, HCV or HIV 

infection and tested normal for ALT and aspartate amino-
transferase (AST), at reference ranges 3 - 35 U/L and 13 - 40 
U/L, respectively.

3.2. Peripheral Blood Mononuclear Cells Separation
Peripheral venous blood samples were collected from 

all subjects into 5 mL tubes, containing EDTA, as the an-
ticoagulant. Within several hours from the collection, 
PBMCs were separated from the samples, via Ficoll-
Hypaque density gradient centrifugation (Axis-Shield 
PoC AS, Oslo, Norway). Approximately 5 × 106 PBMCs were 
collected from each sample, processed with 1 mL of TRIzol 
(Invitrogen, Carlsbad, CA, USA) and stored at -80°C, until 
analyzed.

3.3. The RNA Extraction
The total RNA from the PBMCs was extracted using 

TRIzol reagent (Invitrogen, Carlsbad, CA, USA), in accor-
dance with the manufacturer’s instructions. The concen-
tration and purity of total RNA were measured, using an 
ultraviolet spectrophotometer (Tiangen Biotech, Beijing, 
China). The integrity of the total RNA was determined by 
gel electrophoresis (Bio-Rad, Richmond, CA, USA).

3.4. Reverse-Transcription and Real-Time Quantitative 
Polymerase Chain Reaction

Subsequent to the RNA extractions, 5 μL (10 ng) of total 
RNA were immediately reverse transcribed (RT) in a 15-μL 
volume, with a TaqMan MicroRNA reverse transcription kit 
and miRNA-specific stem-loop primers (ID: 002623/001973, 
Cat. # 4427975, Applied Biosystems, Foster City, CA, USA), in 
accordance with the manufacturer’s instructions. The U6 
small nuclear RNA (U6 snRNA) in the PBMCs was used as a 
reference to normalize the data. The 15-μL reactions were 
incubated in an Applied Biosystems 2720 Thermal Cycler, 
in a 96-well plate, for 30 min, at 16°C, 30 min at 42°C, 5 min 
at 85°C and then held at 4°C. The products of the RT reac-
tions were stored at -20°C, for quantitative polymerase 
chain reaction (qPCR) amplification.

Real-time qPCR was performed on a LightCycler 480 
system (Roche, Basel, Switzerland). The 20-μL complete 
qPCR reaction mix included 7.67-μL RNase free water, 
10-μL TaqMan Universal PCR Master mix, 1-μL miRNA-
specific probes (Invitrogen, Life Technologies, Carls-
bad, CA, USA) and 1.33-μL RT product. All the reaction 
mixtures were incubated in a 96-well plate at 50°C, for 
2 minutes, 95°C for 10 minutes, 40 cycles of 95°C for 
15 seconds and 60°C for 60 seconds. All reactions were 
run in triplicate for analysis. No-template controls 
were employed to evaluate the background signal on a 
96-well plate. In accordance with the supplier’s guide-
lines (Applied Biosystems), the levels of miR-155, nor-
malized to U6 snRNA, were calculated relative to those 
of the healthy controls, using the Livak 2-ΔΔCt method, 
where Ct is the cycle threshold (22).
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3.5. Laboratory Indices
The quantitative values of the following were tested by 

Elecsys (Roche Diagnostics GmbH, Mannheim, Germany) 
with the noted reference ranges (23): HBsAg, < 1.0 cut off 
index (COI); hepatitis B surface antibody (HBsAb), 0 - 10 
IU/L; hepatitis B e antigen (HBeAg), < 1.0 COI; hepatitis B 
e antibody (HBeAb), > 1.0 COI; and hepatitis B c antibody 
(HBcAb), > 1.0 COI.

The HBV DNA load in the sera was measured via nucleic 
acid fluorescent qPCR (DAAN GENE, Guangzhou, China), 
with the detection sensitivity of quantitation of 100 IU/
mL. Biochemical indices were detected using an auto-bio-
chemical analyzer (HITACHI 7180, Tokyo, Japan). Specifi-
cally, these were ALT and AST at reference ranges of 3 - 35 
U/L and 13 - 40 U/L, respectively.

3.6. Statistical Analysis
All statistical data were analyzed using SPSS 17.0 software 

for Windows (SPSS Inc., Chicago, IL, USA) and presented 
as mean ± standard deviation or median (quartile). Mul-
tiple comparisons were calculated by nonparametric 
Kruskal-Wallis test with Bonferroni correction for sub-

analyses. Statistical significance between the two groups 
was determined by the Mann-Whitney U-test. The correla-
tion between the miR-155 levels and clinical parameters 
was examined using Spearman’s rank correlation. All sta-
tistical tests were two-tailed. Differences were considered 
statistically significant at P < 0.05.

4. Results

4.1. Study Subjects’ Characteristics
The subjects of this study comprised 90 treatment-naive 

patients, who had been HBsAg-seropositive for more 
than 6 months, and 20 healthy volunteers with normal 
ALT and AST. Based on the 2012 Asian-Pacific consensus 
statement on the management of CHB (5), the 90 HBV-
infected patients were further stratified as: immune 
tolerant (IT) phase (n = 20); immune residual or inactive 
(IR) phase (n = 20); and immune clearance (IC) phase (n = 
50) that comprised HBeAg-positive hepatitis (n = 30) and 
HBeAg-negative hepatitis (n = 20). Because elevated ALT 
reflects the host’s immune response to HBV, comparisons 
were conducted for those with elevated ALT to those with 
normal ALT (Table 1).

Table 1. Clinical Characteristics of Chronic Hepatitis B Patients, Healthy Controls and Patients With Elevated and Normal Alanine 
Transaminasea,b

Variables CHB HC P Value ALT Elevated Normal P Value

N 90 20 NA 50 40 NA

Gender 0.361 < 0.001

Male 55 10 40 15

Female 35 10 10 25

Age, y 30.76 ± 9.52 24.35 ± 4.49 < 0.001 32.16 ± 10.77 29.00 ± 7.44 0.104

ALT, U/L 103.00 (503.50) 15.50 (7.25) < 0.001 455.50 (708.50) 22.00 (10.75) < 0.001

AST, U/L 66.00 (299.00) 20.00 (6.00) < 0.001 299.50 (514.75) 22.00 (7.50) < 0.001

HBV DNA, log10 IU/mL 6.01 ± 2.16 NA NA 6.62 ± 1.48 5.26 ± 2.61 0.005

HBsAg < 0.001 NA NA NA

Positive 90 0

Negative 0 20

HBeAg < 0.001 0.343

Positive 50 0 30 20

Negative 40 20 20 20

ALT < 0.001 NA NA NA

Elevated 50 0

Normal 40 20

Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; CHB, chronic hepatitis B; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B s 
antigen; HBV, hepatitis B virus; HC, healthy controls; NA, not applicable.
aValues are expressed as mean ± SD for age and HBV DNA ;median (quartile) for ALT and AST.
bHBV DNA < 100 was treated as 100.
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Figure 1. Normalized Levels of MiR-155 in Peripheral Blood Mononuclear Cells of Hepatitis B Virus-Infected Patients and Healthy Controls
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A, levels of miR-155, represented as relative quantitation (RQ), were significantly lower in HBV-infected patients compared with healthy controls (P = 
0.001); B, patients with elevated ALT had significantly higher levels of miR-155 than did patients with normal ALT (P = 0.014). Results are expressed as mean 
of RQ ± standard error of the mean; Abbreviations: ALT, alanine transaminase; CHB, chronic hepatitis B.

4.2. MiR-155 Levels in Peripheral Blood Mononuclear 
Cells

The levels of miR-155 in the PBMC samples were quan-
tified via real-time qPCR (Figure 1). MiRNA levels of U6 
snRNA were used to normalize the Ct value. The analysis 
revealed that the miR-155 levels of the CHB patients were 
significantly lower than those of the healthy controls (P = 
0.001; Figure 1A). This suggested that circulating miR-155 
may negatively correlate with chronic HBV infection.

We further investigated the association between miR-
155 and HBV by stratifying patients according to immune 
status, that is, IT, IR, or IC. Based on the Kruskal-Wallis 
tests, there were significant differences among these 
groups of patients (P = 0.048). MiR-155 levels were higher 
in IC patients than IT patients (P = 0.042). No difference 
was observed between IR patients and IT patients (P = 
0.946). However, when the Bonferroni correction was 
done, no differences in miR-155 were observed (data not 
shown).

The 50 patients in the IC phase were analyzed according 
to positivity toward the HBeAg, which is a reflection of vi-
ral replication in the liver. The difference in miR-155 levels 
between the HBeAg-positive and -negative IC patients was 
not significant (P = 0.874, data not shown). However, based 
on results of the Mann-Whitney U-test, the HBV patients 
with elevated ALT had significantly higher levels of miR-
155 than the patients with normal ALT (P = 0.014, Figure 1B).

4.3. Correlation Between MiR-155 Levels and 
Clinical Parameters of Chronic Hepatitis B Patients

Investigations were conducted upon the correlations 
between miR-155 levels in PBMCs and patients’ ALT, viral 
load, age, or gender (Table 1 ; Figure 2). Based on Spear-
man’s rank correlation analysis, there was no correla-
tion between miR-155 levels and levels of ALT (r = 0.107, 
P = 0.318; Figure 2 A). Similarly, no correlation was found 
between HBV DNA and miR-155 levels (r = 0.014, P = 0.899; 
Figure 2 B).
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Figure 2. Correlation of MiR-155 With Alanine Transaminase and Hepatitis B Virus DNA of Hepatitis B Virus-Infected Patients
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Levels of miR-155, presented as relative quantitation (RQ), in PBMCs of HBV-infected treatment-naive patients did not correlate with levels of either (A) 
ALT (r = 0.107, P = 0.318), or (B) HBV DNA (r = 0.014, P = 0.899). Abbreviations: ALT, alanine transaminase; HBV, hepatitis B virus; PBMCs, peripheral blood 
mononuclear cells.

In addition, no correlation was shown between miR-
155 levels and the ages of either the patients (r = –0.172, 
P = 0.104) or healthy controls (r = -0.070, P = 0.770), and 
similarly there was no difference observed in the gender 
ratios of either the patients (P = 0.107) or healthy control 
groups (P = 0.496).

5. Discussion
In HBV-infected patients, an efficient immune response 

will contribute to viral clearance, whereas immune dys-
function can result in persistent infection and chronic 
inflammatory disease. Numerous miRNAs, including 
miR-17-92 cluster, miR-150 and miR-155, act as regulatory 
elements in the immune system, by controlling cellular 
development, homeostasis and response in highly spe-
cific pathways (24). In addition, miRNAs are involved in 
host-virus interactions and chronic liver inflammation 
(25, 26). In particular, miR-155 is essential in the mainte-
nance and function of diverse immunological cells and 
has important roles in both the innate and adaptive im-
mune responses (15, 27-30). The PBMCs represent a crucial 
component of the immune system that fights infection. 
In the present study, we chose first to investigate the miR-
155 levels in PBMCs from CHB patients, in different phases 
of the disease.

The present investigation found that the miR-155 levels 
of PBMCs of treatment-naive HBV-infected patients were 
significantly lower than those of the non-infected healthy 
volunteers. This is in agreement with previous data that 
found that miR-155 levels were significantly lower in both 
liver biopsy specimens and serum from HBV-infected pa-
tients, compared with healthy controls (21). In addition, 

Tang et al. (31) reported that, compared with healthy vol-
unteers, plasma miRNA-155 was significantly higher in 
patients with malignant liver and gastric tumors, while 
it lower in those with benign disease.

However, miR-155 levels in HBV-infected patients differ 
from that of other virally-infected patients, such as HCV 
genotypes 1, 2, and 3 in serum or PBMCs (18, 32), Epstein-
Barr virus infection in primary human B-cells (33) and 
HIV infection in macrophages (34). These differences in 
miR-155 patterns may occur because miR-155 can be in-
duced by various molecules (12). It has tens-to-thousands 
of targets and its targets, in different diseases, lead to dif-
ferent outcomes. Regarding HBV infection, it has been 
suggested that lower levels of miR-155 may be due to toll-
like receptor 7 suppression (21).

Su et al. (20) showed that overexpression of miR-155 
led to suppression of HBV transcription in HepG2 cells, 
transfected with a pAAV/HBV1.2 plasmid. They examined 
the expression levels of the HBV X gene (HBx) in vitro, by 
RT-PCR and found that overexpression of miR-155 may in-
hibit HBx expression to a certain extent. Sarkar et al. (21) 
reported that increased miR-155 levels could help reduce 
the hepatitis B viral load by targeting C/EBP-β in vitro. 
However, our present results showed no correlation be-
tween HBV DNA levels and levels of miR-155 in PBMCs of 
CHB patients. Based on the present results and the afore-
mentioned studies, it is possible that, in vivo, miR-155 
does not inhibit HBV replication, immediately.

MiR-155 has been implicated in driving chronic inflam-
mation (7) and liver enzymes are clinical indicators for 
activation of the immune response and hepatic inflam-
mation (35). Although, in the present study, no correlation 
between miR-155 and ALT levels was found, the miR-155 lev-
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els in patients with elevated ALT were significantly higher, 
compared with patients with normal ALT. This suggests 
that the miR-155 in PBMCs may be associated with chronic 
HBV infection-related immune pathogenesis.

According to a previous study, miR-155 has both positive 
and negative roles in the control of the inflammatory 
response, by regulating cells of the immune system. The 
different outcomes are likely due to changes in the tran-
scriptome, depending on the cell type and expressions 
or repressions of the pool of miR-155 direct targets (36). 
One study observed significant changes in HBV-specific 
and nonspecific cell-mediated immune responses, after 
chronic HBV infection deteriorated into severe hepatic 
disease (4). Therefore, it is important to know what sub-
sets of immune cells are represented in peripheral blood 
and how PBMC populations differ in distribution and 
function, from tissue immune cells. Because the patho-
genesis of HBV-induced hepatitis is complicated, an in-
depth mechanistic study of the function of miR-155 in 
HBV-related infection is warranted. Further research may 
lead to novel strategies to treat HBV-infected patients 
and, perhaps, other related liver diseases. Cieslar-Pobuda 
et al. (37) recent article noted the adverse effects of liver 
transplantation, such as HBV infection or reinfection, 
and that advances in regenerative strategies to treat end-
stage liver diseases may avoid these potential problems. 
A better understanding of the role of miR-155 in HBV in-
fection, after liver transplantation, may lead to new strat-
egies to solve this clinical challenge.

In summary, this is the first report that miR-155 levels in 
PBMCs of HBV-infected patients are significantly lower, 
compared with that of healthy control individuals. In ad-
dition, our results suggest that miR-155 levels in PBMCs 
varied among patients. We believe that these findings 
may contribute to the understanding of the pathogen-
esis of HBV infection and the development of effective 
interventions.
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