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We compared the serum levels of microRNA-155 (miR-155) between subjects with normal response to hepatitis B vaccine and
nonresponders. Results showed that serum expression of miR-155 was significantly higher in nonresponders than in responders
(6.40 versus 2.55; Z � 2.125, P � 0.034), suggesting that overexpression of miR-155 is correlated with nonresponsiveness to hep-
atitis B vaccine.

Hepatitis B virus (HBV) remains a serious threat to public
health. Hepatitis B vaccination is one of the most effective

means of controlling HBV infection. However, among people
who receive hepatitis B vaccination according to standard proto-
col, 5 to 10% are nonresponders, and most of these individuals
have anti-HBs antibody titers below 10 mIU/ml (1); thus, they are
susceptible to hepatitis B infection. Nevertheless, until now, the
precise mechanism of nonresponsiveness to hepatitis B vaccine
remained unclear.

MicroRNAs (miRNAs) are a type of evolutionarily conserved
noncoding small RNA. They can either inhibit translation or in-
duce degradation of mRNA via their specific interactions with
those target genes (2). Studies have shown that multiple miRNAs
are involved in the generation and differentiation of immune cells
and in the innate and acquired immune responses that play im-
portant roles in maintaining a healthy immune system and pre-
venting diseases of the immune system (3, 4). Thai et al. used
transgenic technology to knock out the bic gene that encodes mi-
croRNA-155 (miR-155) in mice and found that an attenuated
Salmonella vaccine did not offer immune protection against Sal-
monella in miR-155-knockout mice. This suggested that miR-155
plays a key role in regulating acquired immune response (5). All
these findings suggest that miR-155 might be involved in the reg-
ulation of the immune response to hepatitis B vaccine. In the
present study, to explore the relationship between miR-155 and
nonresponsiveness to hepatitis B vaccine, we examined and com-
pared the serum levels of miR-155 expression between subjects
with normal response to hepatitis B vaccine and nonresponders.
The study was approved by The Research Ethics Committee of
Guangdong Medical College.

Among college freshmen recruited in 2010 and 2011, 1,481
completed hepatitis B vaccination as a 3-dose series on a 0-, 1-,
and 6-month schedule (GlaxoSmithKline, Shanghai, China; re-
combinant hepatitis B vaccine, deltoid intramuscular injection).
All of them had never received hepatitis B vaccination or com-
bined hepatitis A and B vaccination. None of the subjects had any
history of infection with human immunodeficiency virus, and
none were immunodeficient. Liver function was evaluated by de-
tecting the levels of serum alanine aminotransferase (ALT). Indi-
viduals with normal liver function who voluntarily received hep-
atitis B vaccination were tested for the five markers of hepatitis B
and anti-hepatitis C virus (HCV) antibody; only the subjects who
were negative for the five markers of hepatitis B and anti-HCV

antibody were included in the study. Four to six weeks after the
third dose, 5 ml peripheral venous blood was collected. The serum
was separated for immediate testing of the anti-HBs antibody level
by enzyme-linked immunosorbent assay (ELISA; the anti-HBs
antibody quantitative detection kit was purchased from Da An
Gene Co., Ltd., of Sun Yat-Sen University). Among these samples,
77 showed anti-HBs antibody levels below 10 mIU/ml (5.20%).
These individuals were included in the nonresponder group. Of all
nonresponders, the average age was 18.8 � 0.7 years, and 45
(58.44%) were men. Seventy-seven age-, sex-, and body mass in-
dex (BMI)-matched normal controls were selected (Table 1). The
anti-HBs antibody levels in the nonresponder group and the re-
sponder group were 1.13 � 1.87 mIU/ml and 586.15 � 286.02
mIU/ml, respectively.

TRizol (Invitrogen) was used to extract total RNA from serum.
Quantitative real-time PCR (qRT-PCR) was used to detect the
expression of mature miR-155, and first-strand cDNA was gener-
ated with the RevertAidTM first-strand cDNA synthesis kit (Fer-
mentas) using 100 ng of total RNA and miRNA-specific stem-loop
reverse transcription primers (10). The reverse transcription
primers for miRNA and U6 small nuclear RNA (snRNA) were as
follows: miR-155, 5=-GCGAGGCGGTGGCAGTGGAAGCGTGA
TTTATTCACCGCCTCGCACCCCTAT-3=; U6 snRNA, 5=-AAA
ATATGGAACGCTTCACG-3=. All the sequences of mature
miRNAs were from Sanger miRBase (http://microrna.sanger.ac
.uk/sequences/).

qRT-PCR was done with a 7500 HT Fast real-time PCR system
(Applied Biosystems, Foster City, CA) using SYBR green as the
detection fluorophore. Forward (F) and reverse (R) primers were
as follows: miR-155-F, 5=-CTCAGACTCGGTTAATGCTAATCG
TGATAGG-3=; miR-155-R, 5=-GCTGTGGCAGTGGAAGCGTG
ATTTATT-3=; U6-F, 5=-CGCTTCGGCAGCACATATACTAAAA
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TTGGAAC-3=; U6-R, 5=-GCTTCACGAATTTGCGTGTCATCC
TTGC-3=. The U6 snRNA was used as an internal control. Each
SYBR green reaction was performed with 1.5 ml cDNA, 10 ml
SYBR green mixture, 1.5 mM forward primer, 0.7 mM reverse
primer, and water to adjust the final volume to 20 ml. All the
reaction mixtures were incubated in a 96-well plate at 95°C for 10
min, followed by 40 cycles of 95°C for 15 s and 60°C for 40 s.
Finally, at the end of the PCR cycles, melting curves were de-
scribed to confirm the specificity of the expected PCR products.
Each reaction was performed in triplicate for analysis.

miR-155 expression levels were calculated by the threshold cy-
cle (�CT) method: �CT � mean value CT (miR-155) – mean value
CT (reference U6 snRNA). The relative expression corresponded
to the 2��CT value and was presented as median and interquartile
range (IQR). The statistical significance between the groups was
determined using a Mann-Whitney U test (� � 0.05). Statistical
analysis was done using the Statistical Program for Social Sciences
(SPSS; version 15.0).

The relative expression level of serum miR-155 in the nonre-
sponder group was 6.40 (IQR, 0.95, 35.95), whereas that in the
responder control group was 2.55 (IQR, 0.61, 15.56). The differ-
ence between the two groups was statistically significant (Z �
2.125, P � 0.034) (Fig. 1).

miR-155 is an miRNA with multiple functions. It is an indis-
pensable regulatory factor in normal immune responses (5). The
results of the present study show that the serum miR-155 level of

hepatitis B vaccine nonresponders was higher than that of normal
controls. Previous studies have suggested that the miR-155 plays a
positive regulatory role in immune response (5, 6). However, in
the current study, we observed that miR-155 may suppress the
immune response to hepatitis B vaccine. Although the molecular
mechanism through which miR-155 regulates the immune re-
sponse to hepatitis B vaccine remains to be characterized, several
published studies have provided some important clues for us. Mao
et al. showed that, in the immune response of mice to DNA vac-
cine, miR-155 expression was induced during the maturation of
dendritic cells (DCs), and it inhibited the expression of genes re-
lated to lymph node migration, antigen presentation, and T cell
activation in DCs, thus inhibiting a T cell-mediated immune re-
sponse (7). Ceppi et al. have shown that miR-155 can regulate
TAB2 in a targeted manner. In the presence of lipopolysaccharide
(LPS), miR-155 expression in monocyte-derived DCs (moDCs) is
significantly elevated, inhibiting the production of inflammatory
cytokines. This serves as a negative feedback loop during the late
phase of DC activation (8). Charrier et al. reported that miR-155
was involved in a posttranscriptional downregulation of the Toll-
like receptor 9/interferon regulatory factor 7 signaling pathway in
plasmacytoid DCs (9). These evidences suggest that overexpres-
sion of miR-155 inhibits DC-mediated T cell activation and the
production of inflammatory cytokines.

HBsAg is the main antigen component of hepatitis B vaccine.
For it to activate immune response, Th cells and corresponding
cytokines must be involved. We hypothesize that increased miR-
155 expression may dampen the generation of T cell-mediated
immune responses and result in failure to respond to hepatitis B
vaccine.

In summary, our results provided the first evidence that over-
expression of serum miR-155 is correlated with nonresponsive-
ness to hepatitis B vaccine. The data support the need for further
studies focusing on the regulation of miRNAs on the immune
response to human vaccination, and they may lead to new ways of

TABLE 1 Demographic characteristics of study cohort

Characteristic

Result (mean � SD) for:

Nonresponders (n � 77) Responders (n � 77)

Age (yr) 19.32 � 0.81 18.83 � 1.03
No. of males 45 45
BMI 19.30 � 1.79 19.63 � 2.06

FIG 1 Serum miR-155 levels after HBV vaccination in nonresponder and normal control groups. *, relative expression level of serum miR-155: 2��CT.
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immune modulation for nonresponsiveness to human vaccina-
tion.
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