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ABSTRACT

Multiple immunization studies have been carried out in mice and humans evaluating formulations based on the sur-
face antigen of Hepatitis B virus (HBV) in combination with different adjuvants. Such studies explore the use of new
vaccine candidates for the prevention or therapy of hepatitis B infection. We have previously reported the preclinical
and clinical development of a novel nasal formulation containing the surface and nucleocapsid antigens of the HBV.
The present work explores the immune response elicited in mice when this formulation was administered adsorbed
in alum by intframuscular route. Mice were immunized with different antigenic proportions and the immune response
was evaluated by ELISA in order to study the total IgG and the main IgG subclasses in sera. The lymphoproliferation
capacity of spleen cells stimulated with each antigen was assayed. The results indicate that the formulation is very
immunogenic when administered by intramuscular route, eliciting potent humoral immune responses. We also de-
monstrated that the inclusion of the nucleocapsid antigen in the formulation favored a deviation to a Th1 pattern
of response, showed at IgG subclasses and lymphoproliferation results. The evaluation of this candidate using the
parenteral route suggests the potential reduction of the number of doses and the quantity of antigen per dose with
respect to the conventional HBY vaccine. The possible use of this formulation as prophylactic or therapeutic vaccine
candidates was also discussed.
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RESUMEN

Caracterizacion de la respuesta immune generada por administracion intramuscular de los antigenos
de superficie y nucleocépsida del virus de la Hepatitis B. Mdltiples estudios de inmunizacién se han llevado a
cabo, tanto en ratones como en humanos, evaluando formulaciones basadas en el antigeno de superficie del virus
de la hepatitis B (VHB) en combinacién con diferentes adyuvantes. Estos estudios exploran el empleo de nuevos
candidatos vacunales en la prevencién o terapéutica de la infeccién por hepatitis B. Nuestro grupo ha reportado
previamente el desarrollo preclinico y clinico de una novedosa formulacién para uso nasal que contiene los antige-
nos de la superficie y nucleocapsida del VHB. El presente trabajo estudia la respuesta inmune generada en ratones
cuando dicha formulacién es administrada adyuvada en alomina por la ruta intramuscular. Con este objetivo se
inmunizaron ratones con diferentes proporciones de antigenos y la respuesta de anticuerpos IgG y subclases de IgG
inducida en suero se evalué por ELISA. Adicionalmente se midié la capacidad de linfoproliferacién de esplenocitos
estimulados con cada antigeno. Los resultados obtenidos indican que la formulacién administrada por ruta intra-
muscular es muy inmunogénica, generando una potente respuesta humoral. Ademas se demuestra que la inclusion
en la formulacién del antigeno de la nucleocapsida favorece la desviacién hacia un patrén de respuesta Th1, lo cual
se muestra a nivel de las respuestas de subclases de IgG y linfoproliferacion. La evaluacion de este candidato por
la ruta parenteral sugiere una potencial reduccién del numero de dosis, asi como la cantidad de antigeno por dosis
con respecto a la vacuna anti-VHB convencional. Adicionalmente se discute el posible empleo de esta formulacién
como candidato vacunal profildctico o terapéutico.
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Introduction

The infection by Hepatitis B Virus (HBV) remains
as an important health problem at a global scale in
spite of the existence of very effective vaccines sin-
ce the 1980’s. Two billion people alive today show
evidence of past or current infection and more than
350 million people are persistently infected. The state
of chronicity correlates with an increased risk of de-
veloping liver cirrhosis, hepatocellular carcinoma and
other complications like portal hypertension and liver
failure. As a consequence one million people die each
year worldwide [1].
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HBV is a unique DNA virus that replicates in he-
patocytes, such cells produce and secrete Hepatitis B
surface, e antigens (HBsAg and HBeAg, respectively)
and intact virions (HBV-DNA) in the circulation [2].
The HBsAg and the core antigen (HBcAg) are the
main structural antigens of HBV. Both antigens cons-
titute potent immunogens for experimental animals
as well as in humans acutely infected with HBV [3].
HBsAg constitutes the main protective antigen and
the basis of all prophylactic available vaccines, which
has been proven over the last 20 years to be safe and
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effective against HBV infection [1]. However, there
remains a need for development of more potent hepa-
titis B vaccines, both for use as prophylactic vaccines
in poor responders to the current HBV vaccines [4]
and for use in therapeutic HBV vaccination [5, 6].

In the therapeutic scenario the results coming from
multiple clinical trials using candidates based on HB-
sAg as unique antigen in the formulation had showed
that more powerful antigen formulations and novel
adjuvant strategies are required to overcome the state
of unresponsiveness of chronic patients [6, 7]. Nu-
merous studies in HBV-transgenic mice pointed out
that the HBcAg is an antigen of choice to increase
the number of epitopes and the variety of the immune
response, even when used in combination with other
antigens such as HBsAg [8, 9]. These studies also
confirmed the prominent role of HBcAg as a pro-Th1
antigen [10].

Our group has been working in the design of a can-
didate based in the combination of HBsAg and HB-
cAg antigens [11-13]. Our strategy took advantage of
the unique immunological properties of the HBcAg
[14] and also explored new routes of administration
and combinations of routes as a way to develop more
potent and wider immune responses [12, 15].

On the other hand, HBV vaccines capable of cir-
cumventing the non-responder/inadequate responder
status of some vaccinees remain to be a specific requi-
rement for the prophylactic scenario.

It is reported that about 4% of vaccinated newborns
with conventional HBV vaccines do not reach a pro-
tective antibody level (> 10 mIU/mL) at seroconver-
sion and 0.4% is a non-responder even after receiving
a fourth dose of vaccine (true non-responders (TNR));
while 3.6% achieved an antibody level >10 mIU/mL
(slow responders (SR)) only when reboosted with a
fourth dose. Among children achieving protective an-
tibody levels at seroconversion, low responders (LRs)
had an antibody level between 11 and 40 mIU/mL at
the seroconversion (5% of the total population), while
responders (Rs) had an antibody level > 40 mIU/mL
[16, 17].

Otherwise, in healthy adults a variegated antibody
response following standard HBV vaccination is ob-
served, with 5-10% showing no response. It is sugges-
ted that non-responsiveness may be associated with
antigen-specific HLA determined deficiency in the
T-cell repertoire and not only with defective antigen
presentation or HLA class II affinity for hepatitis sur-
face antigen (HBsAg) derived peptide [18].

In the present work we evaluated the immunologi-
cal response elicited in BalbC mice when administered
with a formulation containing HBV surface and core
antigens adjuvated in alum by intramuscular route and
we also explored different proportions of the antigens
in the formulation. This new approach could be used
in the prophylaxis of non-responder/inadequate res-
ponder populations, and also in the development of
therapeutic strategies.

Materials and methods

Antigens

HBsAg was produced to more than 95% purity at the
Center for Genetic Engineering and Biotechnology
production facilities (CIGB, Havana, Cuba) as a com-
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ponent of the commercial HBV prophylactic vaccine,
Heberbiovac-HB. HBsAg for this vaccine is expres-
sed and purified from the yeast Pichia pastoris. HB-
cAg was expressed in E. coli strain W3110, which had
previously been transformed with a plasmid contai-
ning the entire core antigen gene under the control of a
tryptophan promoter. The resulting HBcAg had a pu-
rity of >95% and measured 28 nm as characterized by
electron microscopy. The formulation containing both
antigens was obtained by simple mixture in phosphate
saline buffer (PBS) (0.1 mol/L NaCl, 2 mmol/L KCI,
10 mmol/L, Na,HPO,, I mmol/L KH,PO,, pH 7.2).

Immunization schedules

An immunization schedule was carried out using
groups of 10 BalbC mice, females, from 8 to 12 wee-
ks old each. The intramuscular (i.m.) immunization
route was used, administering a volume of 100 uL per
animal in the quadriceps muscle. Formulations using
different proportions (2:1, 1:1, 1:2, 0.5:0.5, respecti-
vely) of the simple mix of the 2 ug HBsAg and (x)
ng HBcAg antigens adjuvated in 0.5 mg/mL of alum,
were administered. An immunization group exploring
the reduction of the number of doses with the 1:1 pro-
portion was also included. Groups immunized with
each antigen separately in alum, Heberbiovac-HB
commercial vaccine, and an alum placebo group was
also used. In general the doses were administered the
days 0, 15 and 30. The sera were collected 10 days
after each dose via retro-orbital plexus.

Another set of experiments were carried out eva-
luating, in similar immunization schedules, the for-
mer formulation but exploring minor dose of the HB-
sAg in the mix (between 2 to 0.25 ug). The schedule
of dose used in this study was 0, 30 and 60 days. All
experiments were conducted in accordance with insti-
tutional guidelines.

Enzyme-linked immunosorbent assay for
determining total and subclasses IgG response

Specific IgG against each antigen in the formulation
were evaluated by an enzyme-linked immunosorbent
assay (ELISA). Briefly, high binding plates (Costar,
USA) were coated with 100 pL of the specific anti-
gen at 5 pg/mL in coating buffer (11 mM Na CO,, 35
mM NaHCO, pH 9.6) an incubated overnight at 4 °C.
Plates were blocked with 2% (w/v) skimmed milk in
phosphate saline buffer (0.1 M NaCl, 2 mM KCI, 10
mM Na,HPO,, 1 mM KH,PO,, pH 7.2) (PBS) for 1 h
at 37 °C. Subsequently, the plates were incubated with
the serum samples diluted with 1% (w/v) skimmed
milk, 1% (v/v) Tween 20 in PBS, for 2 h at 37 °C. The
anti-mouse IgG peroxidase conjugate (SIGMA, USA)
was incubated 1 h at 37 °C. Subsequently the plates
were incubated with the substrate solution (52 mM
Na HPO,, 25 mM citrate, 1 mg/mL OPD, 0.1% (v/v)
H,0,) for 15 min at room temperature. Washes with
0.05% (v/v) Tween 20 in PBS solution were carried
out between each step three to five times. The reac-
tion was stopped with 3M H,SO, solution. Finally the
plates were read to 492 nm in a microtiter plate reader
(Sensident Scan, Merck).

The IgG subclass evaluations were done using the
kit ISO-2 Mouse Monoclonal Antibody Isotyping Re-
agents and following the manufactured recommenda-
tions (SIGMA, USA).
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Positive samples for antibody titers were detected
using cut off values of twice the optical density (OD)
of negative controls (preimmune serum). Each sample
was analyzed using an Excel program able to inter-
polate the OD values on the standard curve consisted
in a pool of hiperimmune sera of known titers. This
standard curve was included in each individual plate.
Finally, the obtained results of total IgG and subclas-
ses were represented as logarithm of geometric mean
of titer (GMT) for each group of treatment (with a
confidence interval of 95%).

Lymphoproliferation assays

Unfractionated splenocytes individual suspensions
were prepared per mice and incubated (10° cells/well)
for 4 days at 5% CO, and 37 °C in presence of rHB-
sAg expressed in Pichia pastoris (provided by Heber-
Biotec) or rHBcAg (CIGB, Cuba) at 0.1 pg/mL. Cells
incubated with concanavalin A (SIGMA, USA) was
used as positive control and cells incubated with com-
plete RPMI medium were employed as negative con-
trols. All proliferation assays (LPA) were performed
in triplicate in 96-well plates and [*H]thymidine (*H-
TdR; 0.5 pCi/well; specific activity, 2.0 Ci/mmol/L;
Amersham International, Buckinghamshire, UK) was
added 12 h before harvesting. Results are expressed
as stimulation index (SI), which represents the ratio
between the mean of scintillation per minute (spm)
obtained in the presence and absence of antigen. SI
values >3 were regarded as positive.

Statistical procedures

The statistical treatment of titers was carried out using
the F test to evaluate variance homogeneity followed
by the T test in case of two group’s comparisons. For
multiple comparisons among groups, the results were
analyzed using the program GraphPad Prism version
4.00 (GraphPad Software, USA). One-way Anova and
Newman Keuls tests were run for parametric analyses,
and Kruskal Wallis and Dunn’s tests for the non para-
metric ones.

Results

The present work describes the first immunological
evaluation of a formulation containing the HBsAg
and HBcAg adjuvated in alum administered by intra-
muscular route. It was designed as a study evaluating
different doses and proportions of the antigens in the
formulation and also studying a possible reduction of
the number of doses and the influence of these para-
meters in the humoral immune responses elicited in
BalbC mice. The humoral response was evaluated
measuring total IgG titers specific for each antigen in
the formulation. The main IgG subclasses were eva-
luated specifically against the HBsAg, which constitu-
tes the main protective antigen of the current preventi-
ve vaccine. The lymphoproliferative response against
both antigens in total spleen cells was evaluated in
some groups.

Antigen-specific humoral immune response
in sera
HBsAg-specific IgG response in sera

HBsAg-specific total IgG response was evaluated in
sera after each dose. Seroconversion was not observed
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in any tested serum ten days after the first dose; this
behavior is typical of the HBsAg, that needs the T-cell
cooperation for the production of a specific response
in sera. The IgG response obtained after the third dose
was high for all groups (GMT > 10) (Figure 1).

In general, a trend to elicit a superior anti-HBsAg
IgG response was observed for the groups that inclu-
ded HBcAg in the formulation when compared with
the control group in which the commercial vaccine
was employed (group 2). This trend became statisti-
cally significant in the case of the groups immunized
with the variants (1:1) and (1:2) (groups 5 and 6, (p
< 0.05) and (p < 0.001), respectively). The response
obtained for the group that received only two doses
of the formulation (1:1) with 2 pug of each antigen
(group 3) did not differ statistically from the respon-
se generated by the control group. Similar behavior
was observed for the response elicited by the group
immunized with the proportion (1:1) with 1 pg of
each antigen (group 7). The group immunized with
the proportion 1:2 (group 6) generated the higher anti-
HBsAg specific IgG response, differing from the rest,
with the exception of group 5.

In the experiment exploring minor doses of the
HBsAg in the mixture the HBsAg-specific IgG res-
ponses after three doses were similar (p > 0.05) for
all immunized groups with 2 or 1 microgram of each
formulation (HBsAg in alum or the formulation
containing HBsAg and HBcAg in alum) (Figure 2).
These results indicated that using the formulation
containing HBsAg in alum (resembling the anti-HBV
commercial available vaccines) could reduce the dose
to 1ig maintaining a similar IgG response; however
there was a significant reduction (p < 0.05) in the anti-
HBsAg IgG titer in the group containing 0.5 ug of
HBsAg (group C). The results of HBsAg-specific IgG
response after three doses evidenced that the adjuvant
effect of 2 ug of HBcAg allows a fourfold reduction
in the HBsAg dose without affecting the IgG response
compared to groups A and E.

HBcAg-specific IgG response in sera

For both experiments the HBcAg-specific total IgG
response were evaluated in sera after each dose. Di-
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Figure 1. HBsAg-specific IgG response in sera by ELISA after
third dose. Groups: 1) 2 ug HBsAg + 0.5 mg/mL alum; 2) 2 ug
Heberbiovac-HB vaccine; 3) 2 ng HBsAg + 2 ng HBcAg + 0.5
mg/mL alum (doses only on 0 and 30 days); 4) 2 ug HBsAg +
1 ng HBcAg + 0.5 mg/mL alum; 5) 2 pg HBsAg + 2 ug HBcAg
+ 0.5 mg/mL alum; 6) 2 ug HBsAg + 4 ng HBcAg + 0.5 mg/
mL alum; 7) 1 ng HBsAg + 1 ug HBcAg + 0.5 mg/mL alum.
GMT: Geometric means of titers. The error bars represent the
interval of confidence on each case.
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ffering from the HBsAg-specific IgG response, 10
days after the first dose seroconversion and high titers
(GMT in levels close to 10%) were observed in all tes-
ted serum. The IgG responses obtained after the third
dose were high for all groups (GMT > 10°) (data not
shown).

Response of IgG subclasses

The specific IgG subclass response was evaluated after
the third dose (Figure 3). The results of an intra-group
analysis showed that the serum IgG1 responses gene-
rated by all treatment groups were higher than their
respective IgG2a and IgG2b (p < 0.001), however, we
observed a higher IgG2a and IgG2b responses for the
groups immunized with the formulations containing
HBcAg (Figure 3).

Group 6 generated a significantly superior HB-
sAg-specific IgG1 and IgG2a response compared to
the response generated by the conventional vaccine
(group 2) (p < 0.05 and p < 0.01, respectively)

Lymphoproliferative response

One month after the third dose the proliferative res-
ponse was evaluated stimulating the cells with each
antigen (HBsAg and HBcAg).Some groups of the stu-
dy were selected with this purpose. In the case of the
HBsAg-specific response (Figure 4), a positive respon-
se for groups 2 and 6, with a trend to generate a better
proliferative response for the last was observed.

The evaluation of the HBcAg-specific proliferati-
ve response (Figure 4) showed a higher response for
group 6 immunized with the formulation containing
HBsAg and HBcAg compared with group 8, immuni-
zed with the HBcAg alone.

Discussion

Although an effective prophylactic vaccine against
hepatitis B is commercially available since the 1980°s,
there remains a specific requirement for HBV vacci-
nes capable of circumventing the non-responder or
low-responder status of some vaccinees.

Non-responsiveness to hepatitis B virus (HBV)
vaccine in adults is associated with multiple causes,
such as the HLA-C4AQ0, DRB1*0301 or DQB1*02
haplotypes [17], the insufficient production of the spe-
cific B-cell repertoire or helper T-cell function [19],
among others.

Although it has been recognized the concept of ce-
llular and cytokine mediated HBV clearance [20, 21],
in the prophylactic scenario, the HBsAg-specific anti-
body response is considered the criterion of protection
until now. That is why one of the challenges in the
new Hepatitis B vaccine development is to increase
anti-HBsAg antibody titers in non-/low-responders to
conventional vaccines.

The inclusion of HBcAg in the vaccine formula-
tion, a second HBV antigen regarded as middle pro-
tective and with immunoenhancing and immunomo-
dulatory properties [10-12], provided the formulation
with special features. The bi-valence of the combined
formulation allows the generation of immune respon-
se against HBcAg, which is highly immunogenic, and
activates nonspecifically several cell types [14, 22].
The generation of a broader and more potent humoral
and cellular immune response could also helps to cir-
cumvent the non-responder status to HBsAg.
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Figure 2. HBsAg-specific IgG response in sera by ELISA after each dose. Groups: A) 2 ng Heberbiovac-
HB vaccine; B) 1 ug Heberbiovac-HB vaccine; C) 0.5 pug Heberbiovac-HB vaccine; D) 0.25 pg Heber-
biovac-HB vaccine; E) 2 ng HBcAg + 2 ug HBsAg + 0.5 mg/mL alum; F) 2 ug HBcAg + 1 ng HBsAg
+ 0.5 mg/mL alum; G) 2 pg HBcAg + 0.5 ng HBsAg + 0.5 mg/mL alum; H) 2 ng HBcAg + 0.25 ng
HBsAg + 0.5 mg/mLalum; 1) T ug HBcAg + 1 ug HBsAg + 0.5 mg/mL alum; J) 0.5 ug HBcAg + 0.5 pg
HBsAg + 0.5 mg/mL alum; K) 0.25 ug HBcAg + 0.25 ng HBsAg + 0.5 mg/mL alum) GMT: Geometric
means of titers. The error bars represent the interval of confidence in each case.

In the present work, the immunogenicity of the for-
mulation containing HBV surface and nucleocapsid
antigens administered by intramuscular route of im-
munization has been optimized evaluating several do-
ses for each antigen and different immunization sche-
dules. Similar to the results reported for the nasal use
of this formulation [11, 12], parenteral administration
generates higher humoral responses when compare to
the conventional vaccine. The immunoenhancing and
immunomodulatory properties of the HBcAg were
also demonstrated employing the intramuscular route,
both at humoral and cellular levels, in agreement with
a previous report [10].

The formulation containing the proportion HBsAg/
HBcAg (1:2) showed to be the most immunogenic.
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Figure 3. HBsAg- specific IgG subclass response in sera by ELISA after third dose. Groups: 1) 2 ng
HBsAg + 0.5 mg/mL alum; 2) 2 ug Heberbiovac-HB vaccine; 3) 2 ng HBsAg + 2 ug HBcAg + 0.5 mg/
mL alum (doses only on 0 and 30 days); 4) 2 ng HBsAg + 1 ug HBcAg + 0.5 mg/mL alum; 5) 2 pg
HBsAg + 2 ng HBcAg + 0.5 mg/mL alum; 6) 2 ug HBsAg + 4 pug HBcAg + 0.5 mg/mL alum; 7) 1 pg
HBsAg + 1 ng HBcAg + 0.5 mg/mL alum. GMT: Geometric means of titers. The error bars represent

the interval of confidence on each case.

Biotecnologia Aplicada 2010; Vol.27, No.3



Yadira Lobaina et al.

Immune response vs a new HBYV vaccine candidate in mice

In the first immunization schedule it was demonstra-
ted that the inclusion of the HBcAg in the formula-
tion allows the reduction of the number of doses es-
tablished in conventional HBV vaccination protocols
from three to two doses. This could make an impact
in the reduction of injections to be completely pro-
tected against HBV infection. There is an important
percentage of unsafe injections, mainly in developing
countries [23]. Limiting the number of injections will
reduce the transmission risk of several diseases [24].
The presence of HBcAg in the formulation will also
contribute to the general protective capacity of the re-
sulting formulation.

In addition, the inclusion of HBcAg enables the
reduction of the HBsAg dose level based on the fact
that a similar specific IgG response were observed for
the groups immunized with the commercial vaccine
compared to the group immunized with the combined
formulation at half dose level (groups 2 and 7). This
last result was reproduced in the second experiment,
indicating that the presence of HBcAg in the formula-
tion allowed a fourfold reduction in the HBsAg dose.
This could potentially reduce the cost of the immu-
nization based on the dual adjuvant and immunogen
role of HBcAg.

The obtained HBsAg-specific IgG subclasses res-
ponses are in line with previous reports obtained in
BalbC and C57/B16 mice [10-12], indicating that the
presence of HBcAg modulated the humoral response
for co-administered antigens in a pro-Thl pattern. It
has been previously reported that these properties of
the HBcAg are related to the presence of trace amounts
(5-20 ng/pg protein) of bacterial RNA encapsidated in
the core particle [10]. In the present work, we point
out that the strong Th1-immunomodulating properties
previously reported for nasal route could be modula-
ted by the presence of alum in the formulations des-
cribed. However, significant differences were still de-
tected in the HBsAg-specific IgG2a response between
the control group and the group receiving the higher
dose of HBcAg, corresponding to formulation HBs/
HBc (1:2) (group 6). A similar behavior was seen for
HBsAg-specific proliferative capacity in total spleen
cells, in this case there was also a trend to generate a
higher response for the combined formulation.

In general, the generated HBcAg specific immune
response was high for all groups, in accordance with
the immunological characteristic reported for this anti-
gen [14]. Interestingly, the results reported previously
for nasal administrations [11, 12], were reproduced
using a parenteral immunization route, indicating that
a synergistic immunoenhancing effect occurs when
the HBsAg/HBcAg formulation is administered.

The present work demonstrates that the use of the
combined formulation by intramuscular route is effec-
tive generating a potent humoral immune response,
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Figure 4. Lymphoproliferation assay after third dose using five individual animals per group and
0.1 pug/mL of rHBsAg or rHBcAg (CIGB, Cuba) for immune stimulation. Groups: 2) 2 ng Heberbiovac-
HB vaccine; 6) 2 ug HBsAg + 4 png HBcAg + 0.5 mg/mL alum; 8) 4 ug HBcAg + 0.5 mg/mL alum; 9)
0.5 mg/mL alum; ConA: positive control corresponds to concanavalin A-stimulated cells. Stimulation
index = 3 are regarded as positive response. The error bars represent the standard deviation in each

case.

opening the possibility of administration by different
routes. Moreover, the possibility to administer the
formulation employing nasal and parenteral routes
allows the development of co-administration or com-
bined administration strategies, useful in difficult pre-
ventive settings or therapeutic vaccination.

Presented results suggest that the formulation
containing HBsAg and HBcAg administered by pa-
renteral routes could be potentially effective for va-
ccinating low/non-responders, such as immuno-com-
promised patients, patients exposed to hemodialysis
treatment and old people, among others. On the other
hand, such formulation could be applied to Hepatitis
B chronic patients alone or combined with mucosally
administered formulation.

The development of this potent HBV vaccine for-
mulation with attractive characteristics both for pre-
vention or therapeutic use, could be a future tool to
control chronic infected population’s growth around
the world.
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