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Abstract 

Objective  To eliminate the side effects of aluminum adjuvant and His-tag, we constructed chimeric 
VLPs displaying the epitope of EV71 (SP70) without His-tagged. Then evaluating whether the VLPs could 
efficiently evoke not only humoral but also cellular immune responses against EV71 without adjuvant. 

Methods  The fusion protein was constructed by inserting SP70 into the MIR of truncated HBcAg 
sequence, expressed in E. Coli, and purified through ion exchange chromatography and density gradient 
centrifugation. Mice were immunized with the VLPs and sera were collected afterwards. The specific 
antibody titers, IgG subtypes and neutralizing efficacy were detected by ELISA, neutralization assay, and 
EV71 lethal challenge. IFN-γ and IL-4 secreted by splenocytes were tested by ELISPOT assay. 

Results  HBc-SP70 proteins can self-assemble into empty VLPs. After immunization with HBc-SP70 
VLPs, the detectable anti-EV71 antibodies were effective in neutralizing EV71 and protected newborn 
mice from EV71 lethal challenge. There was no significant difference for the immune efficacy whether 
the aluminum adjuvant was added or not. The specific IgG subtypes were mainly IgG1 and IgG2b and 
splenocytes from the mice immunized produced high levels of IFN-γ and IL-4. 

Conclusion  The fusion proteins without His-tagged was expressed and purified as soluble chimeric 
HBc-SP70 VLPs without renaturation. In the absence of adjuvant, they were efficient to elicit high levels 
of Th1/Th2 mixed immune response as well as assisted by aluminum adjuvant. Furthermore, the 
chimeric VLPs have potential to prevent HBV and EV71 infection simultaneously. 
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INTRODUCTION 

nterovirus 71 (EV71) is one of the major 
causative pathogens for hand-foot- 
and-mouth disease (HFMD). HFMD is a 

very contagious illness and usually affects children 
under the age of five. HFMD spreads quickly, and has 

led to outbreaks worldwide in the past few decades. 
It particularly occurs in many Asian countries, 
including China, Singapore, Malaysia and Vietnam, et 
al.[1]. For exemple in 2017, HFMD occured in China 
with 1,952,435 cases and 98 deaths reported[2]. Its 
incidence and mortality rates have been ranked at 
the top of the National Notifiable Infectious Diseases 
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for the past ten years in China[3]. HFMD caused by 
EV71, a neurotropic virus, tends to be associated 
with severe syndromes of the central nervous 
system, respiratory system, and cardiovascular 
system including aseptic meningitis, acute myelitis, 
pulmonary edema and myocarditis[2,4]. EV71 is a 
symmetric non-enveloped icosahedral virion with a 
diameter of about 20-30 nm. It is a single-stranded, 
positive-sense RNA virus belonging to the 
enterovirus A group (HEV-A) of the Picornaviridae 
family[5-7]. The structural proteins VP1 to VP3 are 
exposed on the surface of the capsid. It has been 
known that two linear neutralizing epitopes from the 
VP1 (SP70 and SP55) are capable of eliciting 
neutralizing antibodies. In particully, the SP70 is 
identical among all EV71 genotypes[8]. As the single 
SP70 peptide is poorly immunogenic, it is prudent to 
enhance the B-cell response through either 
combinating the antigen with an adjuvant or 
developing effective epitope presenting system[9]. 

As one kind of nanoparticles found in nature, 
virus-like particles (VLPs) can present external 
epitopes repetitively on their surface to be 
recognized by antigen presenting cells to stimulate 
the immune response from B cells, Th cells and 
cytotoxic T lymphocytes (CTL)[10]. They are widely 
used in vaccine development[11-14]. The core antigen 
(HBcAg) of the hepatitis B virus (HBV) is one of the 
excellent candidates for creating VLPs. HBcAg’s α- 
helix structure allows external peptides to be 
inserted into the main immunogenic region (MIR), 
amino-terminal and carboxyl-terminal while 
maintaining, even enhancing, the immunogenicity of 
externally expressed epitopes. In addition, it can fold 
and assemble into VLPs in prokaryotic and 
eukaryotic cell expression system without providing 
toxicity to human cells[15-16]. It is the ideal carrier for 
delivering external epitopes in vivo. 

Although the commercialized inactivated EV71 
virus vaccine has been used in preventing HFMD, 
there may be some issues associated with it. For one, 
it can possibly induce a high titer of autoantibodies 
which leads to potential autoimmunity because VP1 
shares a common epitope with a human brain tissue 
protein[17]. Therefore research and development of 
subunit vaccines based on gene recombination 
technology is necessary. In this study, we utilized 
truncated HBcAg as a carrier to construct the fusion 
proteins without His-tagged which would be 
expressed and purified as soluble chimeric VLPs 
displaying the epitope SP70 of EV71. To avoid side 
effects of aluminum adjuvant[18], the specific 

immune responses induced in mice by HBc-SP70 
VLPs without aluminum adjuvant were evaluated 
and compared to the response of immunization with 
VLPs supplemented by the adjuvant. In addition to 
traditionally testing the protective effect of specific 
humoral immunity, the subtypes of the specific 
neutralizing antibodies and cellular immune 
response elicited by chimeric HBc-SP70 VLPs were 
also evaluated by ELISA and ELIPOT assays.  

MARTIALS AND METHODS 

Cells and Viruses  

The human EV71 FY-15 strain (C4 genogroup, 
isolated in Fu Yang, Anhui, China, 2008) was utilized 
for determining the neutralizing antibody titer after 
immunization. The highly mouse-adapted virulent 
EV71 strain (C4 genogroup) from the National 
Vaccine and Serum Institute (Beijing, China) was 
used for the lethal challenge test. Both strains were 
cultured and propagated in rhabdomyosarcoma (RD) 
cells. The viral titer was evaluated using RD cells by 
micro-titration assay and expressed as the 50% 
tissue culture-infective dose (TCID50). Meanwhile, 
the purified inactivated virus was made from the 
FY-15 strain as described previously[19]. 

Construction of Recombinant Protein Coding 
Sequence 

The amino acid sequence of SP70 
(YPTFGEHKQEKDLEY) was inserted between the 
amino acid residues 78 and 79 of the truncated 
HBcAg (aa1-144), which is the location of HBcAg’s 
major immunodominant region (MIR). After codon 
optimization of both the fusion protein coding 
sequence as well as that of the truncated HBc gene, 
the restriction enzyme sites NdeI and XhoI were 
introduced onto the two ends respectively. The 
recombinant gene fragments were synthesized by 
Sangon Biotech (Shanghai, China). 

Constructure of the Expression Plasmid and 
Purification of the Recombinant Proteins 

After digestion with the restriction enzymes 
NdeI and XhoI, the synthesized gene fragments were 
ligated into pET-43.1a followed by transformation 
into competent E.coli B21 cells. By restriction 
enzyme identification and DNA sequence analysis, 
the recombinant plasmids pHBc-SP70 and pHBc were 
confirmed being successfully constructed. The 
plasmids were transformed into E.coli BL21 cells and 
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cultured in Luria-Bertani (LB) medium with 50 μg/mL 
Ampicillin, shaking overnight at 30 °C. An equal 
volume of fresh LB medium was then added to the 
culture for continuous shaking for 1 hour at 37 °C 
followed by addition of IPTG (isopropyl 
β-D-thiogalactoside) at a final concentration of     
1 mmol/L and cultured for 4 more hours in a 32 °C 
shaker. The bacteria were collected by spinning and 
resuspended in 10 mmol/L Tris-HCl buffer with 
0.01% Triton X-100, pH 8.0.  After lysed by 
sonication and centrifuged, the resulting 
supernatant was loaded into DEAE-Sepharose fast 
flow ion exchange chromatography columns. The 
flow-through from unbound exchange media was 
collected for 10% cesium chloride (CsCl) cushion 
centrifugation at 30,000 rpm for 5 hours. The 
precipitation was then resuspended and further 
separated by 0-60% continuous CsCl gradient 
centrifugation at 28,000 rpm overnight. The  
resulting fractions were collected accordingly    
and then subject to 15% SDS-PAGE analysis to target 
the fractions containing pure proteins of HBc-SP70 
and HBcAg followed by dialysis against PBS 
overnight.  

Electron Microscopy and Western Blot Analysis  

The purified HBcAg, chimeric HBc-SP70 VLPs and 
inactivated EV71 were negatively stained with 
phosphotungstic acid and examined by transmission 
electron microscope. Western blotting were carried 
out as described previously[20] with the following 
modifications: the membranes were probed with a 
mouse anti-HBc (Abcam Cat No: ab8638) and 
anti-SP70 (AbMax Biotechnology Co., Ltd., Beijing, 
China Cat No: Clone 22A12) monoclonal antibodies, 
followed by incubation with horseradish peroxidase 
(HRP) conjugated goat anti-mouse IgG (ABclonal 
Biotechnology co., Ltd Cat No: AS003).  

Mice Immunization and Sample Collection 

Forty 6-week-old female ICR mice (Beijing Vital 
River Laboratory Animal Technology Co., Ltd., Beijing, 
China) were randomly assigned to 4 groups. Each 
group of 10 mice received one of four different 
intramuscularly injected solutions as follows: two 
were 10 μg of purified HBc-SP70 and HBc VLPs with 
aluminum adjuvant, the other was 10 μg of purified 
HBc-SP70 VLPs alone without aluminum, and the last 
was purely aluminum adjuvant alone in PBS. The 
mice were inoculated three times at week 0, week 2 
and week 4. The serum samples were collected prior 
to the immunization and then at serial points: 4, 6, 8, 

10, and 12 weeks after the initial immunization. Four 
mice from each group were euthanatized at week 6 
after immunization to collect splenocytes for 
ELISPOT assay. The remaining 6 female mice from 
each group were maintained for mating and 
breeding. All animal experimental procedures were 
conducted in accordance with the guidelines of the 
Animal Care and Welfare Committee at the National 
Institute for Viral Disease Control and Prevention, 
China Center for Disease Control and Prevention. 

Specific Serum Antibody Measurement 

The specific IgG titers in mice sera and the 
subclasses of the IgG were measured by indirect 
enzyme-linked immunosorbent assay (ELISA). The 
96-well microtiter plates were separately coated 
with 200 ng HBcAg, SP70 peptide (Sangon Biotech) 
and inactivated EV71 and then incubated overnight 
at 4 °C. After the wells were blocked with PBS 
containing 5% nonfat milk and 0.05% Tween 20, 50 
μL of sera samples were added to HBcAg or SP70 
peptide coated plates per well at 1:100 dilution in 
PBS while the inactivated EV71 coated plate was 
applied with 50 μL per well of two-fold serially 
diluted (22-217) sera samples for 2 hours at 37 °C. 
After washing 5 times by PBST, HRP goat anti-mouse 
IgG (1:10,000 dilution, ABclonal Biotechnology co., 
Ltd, Cat No: AS003) was applied to the plates for  
30 min followed by color emerging. The absorbance 
at 450 nm was recorded using an ELISA plate reader 
(Thermo Scientific Multiskan™ GO; Thermo Fisher 
Scientific Oy, Vantaa, Finland, FI-01621). The 
subtypes of the anti-EV71 IgG were determined by 
SBA Clonotyping System-HRP kit (Southern Biotech, 
USA, Cat No: 5300-05). The 96-well plate was first 
coated with inactive EV71 followed by incubation 
with sera samples at 1:100 dilution according to the 
manufacturer’s instruction.  

Neutralization Assay 

The titer of neutralizing antibodies against EV71 
was determined in RD cells by Microneutralization 
assays[19]. Two weeks after the three boosters, 50 μL 
of mice sera from twofold serial dilution (23-214) 
were mixed with equal volume of EV71 at a 
concentration of 2000TCID50/mL in the 96-well plate. 
When the 2 hours incubation at 37 °C was finished, 
each well was supplied with 1 × 104 RD cells for 
continuous culture for 7 days, and then checked 
under the microscope. The neutralizing titer was 
determined as the highest dilution that had no 
cellular cytopathic effects (CPE).  
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Enzyme-linked Immunospot (ELISPOT) Assays 

The 96-well plates from BDTM Mouse IFN-γ 
ELISPOT Kit and BDTM Mouse IL-4 ELISPOT Kit were 
pre-coated with IFN-γ and IL-4 capture antibodies. 2 
× 105 murine splenocytes and 20 μL of 500 μg/mL 
inactive EV71 were mixed in each well and incubated 
at 37 °C for 20 hours. The liquid in wells was 
discarded and ELISPOT assay was performed 
according to the manufacturer’s instructions. The 
positive control used ConA (5 μg/well，Sigma) as a 
stimulus. Finally, spot-forming cells (SFC) were 
counted using an automated ELISpot reader (Cellular 
Technology Ltd, Shaker Heights, OH, USA).   

Lethal Challenge to Neonatal Mice 

The immunized female mice were allowed to 
mate at week 2 after the last booster injection. 
Thirty neonatal mice of each group were challenged 
at 72 hours after birth via intracranial inoculation 
with 10 μL of 7.9 × 109 TCID50/mL of highly 
mouse-adapted virulent EV71 strain. The mortalities 
of each group were monitored daily for 17 days. 

Statistical Analysis 

All data obtained were analyzed via SPSS 
software and P < 0.05 were considered to indicate a 

statistically significant difference between values. All 
figures were analyzed and plotted by GraphPad 
Prism 6 software. 

RESULTS 

Expression and Characterization of Chimeric VLPs 

The recombinant plasmids, pHBc-SP70 and pHBc, 
were sequenced to confirm that the inserted HBc 
and SP70 coding sequences are in frame and without 
mutations. In the gradient fraction between 
10%-20% CsCl, the concentrated milk-like protein 
layer, which was purified HBcAg or HBc-SP70 VLPs 
verified by SDS-PAGE (Figure 1A), could be clearly 
seen. The purified inactivated EV71 proteins were 
also verified by SDS-PAGE (Figure 1A). The western 
blot assay showed expected results: both the HBcAg 
and HBc-SP70 VLPs reacted with the anti-HBc 
monoclonal antibody (Figure 1B) while the anti-SP70 
monoclonal antibody just recognized HBc-SP70 
protein and VP1 of inactivated EV71 (Figure 1C), 
which demonstrated that the chimeric VLPs possess 
excellent antigenicity. Under electron microscope, 
both the purified fusion protein HBc-SP70 and HBc 
can be seen to have spontaneously folded and 
assembled into empty icosahedral virus-like particles 
which are about 28nm in diameter (Figure 1D and 1E) 

 

 

Figure 1. Antigenicity and transmission electron microscopy images of purified fusion proteins HBc-SP70, 
HBcAg and inactivated EV71 proteins. (A) Purified HBc-SP70, HBcAg and inactivated EV71 proteins were 
confirmed by 15% SDS-PAGE after density gradient ultracentrifugation. (B) Western blot result using 
anti-HBc monoclonal antibody. (C) Western blot result using anti-SP70 monoclonal antibody. Lane 1: 
HBc-SP70; Lane 2: HBcAg; Lane 3: inactivated EV71 proteins. Transmission electron microscopy images 
of purified chimeric HBc-SP70 VLPs (D) HBcAg (E) and inactivated EV71 FY-15 strain (F). Scale bar, 100 
nm. 
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while the inactivated EV71 virus presented as solid 
icosahedral particles (Figure 1F). 

Humoral Responses Elicited by Chimeric HBc-SP70 
VLPs Immunization 

Except for the PBS-adjuvant group, ELISA results 
demonstrated that the sera from the other three 
groups of mice status post three immunizations had 
anti-HBc antibody which reacted with the HBcAg 
coated on the 96 well plates (Figure 2A). The sera 
collected from the two groups immunized by fusion 
HBc-SP70 VLPs regardless of the presence of 
adjuvant had detectable anti-SP70 antibody (Figure 
2B). ELISA was used to detect the kinetics of 
anti-EV71 antibody production in the sera at twofold 
serial dilutions (22-217) which were collected before 
inoculation, and then at 4, 6, 18, and 12 weeks after 
that initial inoculation. As demonstrated in Figure 2C, 
all of the mice from both groups treated with 
HBc-SP70 alone and HBc-SP70-adjuvant were 
inducing anti-EV71 IgG from week 4 to week 12. And 
there was no significant difference for the titer of 
detectable antibody in these two groups (P > 0.05), 
but both of them were significantly higher than the 
titer of antibody detected in the HBc-adjuvant group 
(P < 0.001). In particular, the EV1-specific antibody titer 
reached a peak of 216 on the second week after the 
third immunization (week 6), and the antibody level 
was maintained at 210 for up to at least 8 weeks after 
immunization. Although the titer at 10 and 12 weeks 
post-immunization were slightly lower than they had 
been at 6 weeks, there was no significant difference 
detected (P > 0.05). The sera collected from week 6 
were further measured to determine which subtypes 
of anti-EV71 IgG were present (Figure 2D). The sera 
from both groups immunized by HBc-SP70-adjuvant 
and HBc-SP70 had significantly higher levels of IgG1 
and IgG2b compared with levels from the 
HBc-adjuvant group (P < 0.05) while no significant 
difference was observed for IgG2a and IgG3 (P > 
0.05). This result implies that HBc-SP70 VLPs can 
elicit a mixed Th1/Th2 immune response. 

The neutralization assay revealed that the 
specific antibodies induced by the mice immunized 
with chimeric HBc-SP70 VLPs both in the presence or 
absence of adjuvant could successfully neutralize the 
EV71 FY-15 strain (Figure 2E) and highly mouse- 
adapted virulent EV71 strain after three 
immunizations (Figure 2F). The neutralization titer 
can reach as high as 210 with the average level being 
above 24 while the control groups had no specific 
neutralization antibody induced. 

Cellular Immune Response in Mice Immunized with 
Chimeric HBc-SP70 VLPs 

Compared with the splenocytes from mice 
treated as control, splenocytes from both groups 
immunized by HBc-SP70 VLPs with or without 
aluminum produced high level of IFN-γ-secreting T 
cells and high level of IL-4-secreting T cells after 
stimulation by inactivated EV71. This means that 
chimeric HBc-SP70 VLPs were capable of inducing 
EV71-specific cellular immune response in mice 
(Figure 3). 

Neonatal Mice Born from Mice Immunized with 
HBc-SP70 VLPs Can Survive the Lethal EV71 
Challenge 

The neutralization assay had confirmed that 
mice immunized with chimeric HBc-SP70 VLPs 
produced EV71-specific antibody to neutralize highly 
mouse-adapted virulent EV71 strain. In addition, the 
IgG antibody could be transferred transplacentally 
from the immunized mother to her offspring. To 
assess the protective efficacy of the EV71-specific 
neutralizing antibody from mothers immunized with 
HBc-SP70 VLPs, 30 neonatal mice from each group 
were monitored for 15 days after challenging 
intracerebrally with highly mouse-adapted virulent 
EV71 strain. All neonatal mice from the HBc-adjuvant 
and PBS-adjuvant control groups started gradually 
displaying a series of concerning clinical symptoms 
including weight loss, slowed growth, hunched backs, 
reduced mobility and paralysis from the 3rd or 4th 
day and began to die from the 7th day after the 
lethal challenge. Eventually, they were all dead 
within 15 days with the highest death rate at day 10. 
By contrast, all of the neonatal mice born of female 
mice immunized with HBc-SP70 and 
HBc-SP70-adjuvant grew normally without 
manifesting any of the above symptoms or suffering 
from excess mortality (Figure 4). These results 
demonstrate that the newborn mice could be 
protected passively from EV71 infection by 
accepting the EV71-specific antibody from their 
HBc-SP70 VLP-immunized mothers. 

DISCUSSION 

Unlike previous study[21], a truncated sequence 
of HBcAg (1-144 aa) was used in this study for the 
purpose of creating empty VLPs. Therefore, the 
fusion proteins HBc-SP70 and HBcAg were visualized 
as empty VLPs (Figure 1D and 1E) under electron 
microscope while the inactivated EV71 viral particles 
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Figure 2. Humoral immune response in mice immunized with chimeric HBc-SP70 VLPs. Sera from the 
ten mice in each group were collected at 2 weeks after the three immunizations. The sera were diluted 
at 1:100 and used in ELISA to detect HBc- specific antibody (A) and SP70-specific antibody (B). The 
geometric mean titers (log2) of the total anti-EV71 IgG in the sera at weeks 4, 6, 8, 10, and 12 after the 
first immunization (C). The sera collected at 2 weeks after the third immunization were diluted at 1:100 
to determine the subtypes of anti-EV71 IgG (D). Neutralization antibody titer against EV71 FY-15 strain 
(E) and the highly mouse-adapted virulent EV71 strain (F) were measured by using the sera from all 10 
mice of each group collected at 2 weeks after the third immunization at twofold serial dilutions (23-214). 
Each symbol represents an individual mouse, and the line indicates the geometric mean value of the 
group. Statistical significance was determined by the Student t test and is indicated as follows: n.s,    
P > 0.05; *P < 0.05; **P < 0.01; or ***P < 0.001. 

 

 

Figure 3. Enzyme-linked immunospot 
detection of EV71-specific IFN-γ -secreting T 
cells and IL-4-secreting T cells in spleen 
lymphocytes from immunized mice. 
Statistical significance was determined by the 
Student t test and is indicated as follows: n.s, 
P > 0.05; ***P < 0.001.  SFC stands for 
spot-forming cells. 

 

Figure 4. Survival of the thirty neonatal mice 
in each group after intracerebral challenge 
with lethal doses of EV71. The EV71-specific 
antibody from chimeric HBc-SP70 VLPs 
immunized mother was effective at 
protecting their offspring from the EV71 
lethal challenge. 
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were solid due to the presence of nucleic acids 
(Figure 1F). To avoid the damage to cells and 
potential neurotoxicity caused by the aluminum 
adjuvant[18], we evaluated the difference between 
the immunogenicity of HBc-SP70 VLPs with and 
without aluminum adjuvant. The results confirmed 
that both of them were able to induce similar level 
of EV71-specific antibody in mice and have sufficient 
neutralizing effect on the EV71 FY-15 strain and the 
highly mouse-adapted virulent EV71 strain (Figure 2C, 
2E, and 2F). The neutralizing antibody against the 
EV71 FY-15 stain elicited by chimeric HBc-SP70 VLPs 
in the absence of aluminum adjuvant was at a titer 
range from 64 to 512, with an average value at 128, 
which is much higher than the neutralizing antibody 
titer in mice stimulated by either a single synthesized 
SP70 peptide with Freund's adjuvant or a complex of 
SP70 conjugated to diphtheria toxoid with Freund's 
adjuvant (16 to 32)[8]. The neutralization titer in this 
study is also slightly higher than the titer of 
neutralizing antibody elicited by the HBc-SP70 VLPs 
with aluminum adjuvant (64 to 128) reported in Ye’s 
research[21]. It might be because we optimized the 
process of VLPs expression and purification. The 
lower temprature (32 °C) and the longer expression 
time (4 hours) in our study were better for inducing 
high-level expression of the soluble fusion proteins 
without the phase of forming inclusion bodies and 
renaturation. Also constructed without His-tagged, 
these were all quite ideal for VLPs assembling[22]. At 
the same time, it prevented mice from producing 
anti-His antibody which might react with hemoglobin 
and normal tissues[23], interfering with later vaccine 
evaluation and further animal trials. Through all 
these results, we conclude that the HBc-SP70 VLPs 
we produced can elicit specific immune response 
effectively even without adjuvant.  

The ability of the HBc-SP70 VLPs to stimulate the 
cellular immune system was further assessed by 
measuring the amount of secretion of IL4-secreting 
and IFN-γ-secreting T cells in splenocytes of 
immunized mice. The Th1 immune responses 
manifested primarily as production of IL2, TNF-β, 
and IFN-γ cytokines in mice. These cytokines are 
crucial for cell-mediated immune response to 
produce antibodies of IgG2a, IgG2b, and IgG3 
subtypes. The Th2 immune response primarily 
produces a high level of IgG1 antibodies and 
cytokines IL-4 and IL-10, which are important in the 
humoral immune response by stimulating the 
maturation and differentiation of B cells[24-25]. Mice 
immunized with HBc-SP70 VLPs produced high levels 

of IFN-γ and IL-4, revealing that immunization with 
chimeric VLPs generated both EV71-specific cellular 
and humoral immunological memory via a mixed 
Th1/Th2 response. This conclusion was further 
confirmed by detecting that the main subtypes of 
the formed anti-EV71 IgG were IgG1 and IgG2, with a 
small amount of IgG2a. Additionally, the levels of 
IgG1 and IgG2b from HBc-SP70 group were slightly 
lower than that from the HBc-SP70-adjuvant group 
(Figure 2D), which is likely because the aluminum 
adjuvant stimulates the immune response more 
towards the Th2 response[26]. Since there is an 
absence of IgG3 subtype, antibody-dependent 
enhancement (a phenomenon commonly associated 
with IgG3 presence) can be prevented[27]. 

Previous studies have confirmed that 
HBc-specific cytotoxic T lymphocytes (CTL) and HBc 
antigen-antibody complexes can interfere with 
cccDNA of HBV biosynthesis from de novo infection 
and intracellular amplification and prevent liver 
damage. The chimeric HBc-SP70 VLPs in our study 
can evoke not only effective cellular and humora 
immune response to protect mice from EV71, but 
also high titers of anti-HBc antibodies and 
HBc-specific CTLs. It suggests that the chimeric 
HBc-SP70 VLPs have potential to prevent HBV 
infection and cure chronic hepatitis B[28-29]. Moreover, 
the method of expression and purification of the 
fusion protein described in this study has broad 
application prospect in the field of developing 
genetically engineered subunit vaccines. If the 
chimeric VLPs could displaying tandem-linked 
multiple epitopes of EV71 such as the recently 
recognized neutralizing epitope VP2-28 of EV71 
structural protein VP2[30], the immune efficacy might 
be comparable to that induced by EV71 inactivated 
vaccine, or even better because they can avoid 
cross-reactivity with human brain tissue and elicit 
both Th1 and Th2 immune responses without 
aluminum adjuvant.  
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