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Abstract. Hepatitis B vaccination typically requires a multi-dose administration protocol over a course of
3-6 months. Aiming at developing a single-shot formulation for hepatitis B vaccine (hepatitis B surface
antigen (HBsAg)), a novel vaccine delivery system, the composite microspheres of alginate—chitosan—
poly(lactic-co-glycolic acid) (PLGA), was synthesized by a two-step preparation. The composite
microspheres showed distinct advantages over the conventional PLGA microspheres in aspects of the
high loading capacity and the elimination of lyophilizing process. The loading capacity of the composite
microspheres was about seven times higher than those in the conventional PLGA microspheres, due to
the protein-friendly microenvironment created by the hydrophilic alginate—chitosan cores of the
composite microspheres. This vaccine delivery system was shown to be able to induce robust immune
responses by single injection and display no significant difference in HBsAg-specific antibody levels

compared to the double-injection method.
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INTRODUCTION

Hepatitis B Virus (HBV) infection is a global public
health problem, especially in developing countries that
harbor about 90% of the total number of the HBV-infected
patients (1). It has been well established that chronic HBV
infection leads to chronic hepatitis, liver cirrhosis, and hepato-
cellular carcinoma (2). Approximately 30% of the world’s
population has been infected with HBV, and 350 million are
HBV persistent carriers (3). However, no effective therapy
against HBV infection is clinically available so far. Therefore,
preventive vaccination still remains as the most cost-effective
solution for HB V-related disease control.

Currently, the immunization course for hepatitis B
vaccine requires three injections at 0, 1, and 6 months to
elicit effectively protective responses. However, the comple-
tion rates of these standard hepatitis B immunization proto-
cols among adolescents only reach 11% due to the poor
compliance of the multi-dose protocol (4). This problem is
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more severe in developing countries which generally lack
permanent clinics and healthcare professionals to implement
this protocol at appropriate periods. This, in turn, exacerbates
the already poor vaccination coverage in such areas. Devel-
opment of single-dose vaccine formulations may alleviate this
problem by eliminating of the need for follow-up visits to the
clinics. However, it is a formidable challenge to develop a
single-dose of hepatitis B surface antigen (HBsAg) vaccine
with programmed-release profiles, which can auto-boost an
immune response in a manner comparable to three injections
of a common aluminum-formulated vaccine. Poly(lactic-co-
glycolic acid) (PLGA)-based systems are promising candidate
for vaccines in that PLGA microspheres may simplify
vaccination programs, enhance efficiency (5,6), and increase
the immunogenicity of the encapsulated antigen (7). How-
ever, if applied as a single-shot vaccine delivery system,
several common problems need to be solved for PLGA-based
drug carriers (8). First, the encapsulation processes of vaccine
into PLGA microspheres usually compromise the activity of
proteins. Secondly, the low loading efficiencies of protein
drugs are normally seen in PLGA microspheres, presumably
owing to the incompatibility between the hydrophilic nature
of protein and the hydrophobic PLGA polymer. Thirdly, a
high burst effect may drain off the payload and leave an
insufficient dose behind. Thus, it has been reported that after
a single injection of vaccine, an insufficient subsequent
immunity was observed despite an appropriate burst release
of antigen as the first dose (9), which indicated that
subsequent release of the vaccine, acting as a booster, also
played an important role in eliciting adequate immunity.

A novel type of composite microspheres of alginate—
chitosan-PLGA, developed in our laboratory, was demon-
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strated to possess advantages of improving the stability of
encapsulated proteins and increasing the subsequent release
drug amount (10). We reasoned that these composite micro-
spheres could be developed into a novel vaccine delivery
system. Therefore, we investigated the feasibility of the
immune effects of this type of composite microspheres for
HBsAg in this presented study.

MATERIALS AND METHODS

Chitosan (=80% deacetylation, MW 80 kDa) was
purchased from Yuhuan Oceanic Biochemistry Co. Ltd.,
China. Alginate (viscosity 6 mPa s for 1% at 25°C) and
polyvinyl alcohol (PVA; average MW 30-70 kDa) were
obtained from Shanghai Chemical Reagent Company of
Chinese Medicine. PLGA (50:50) and PLGA (70:30) (MW
50 kDa) were procured from Shandong Medical Instrumental
Institute, China. Polyoxyethylene sorbitan trioleate (Tween
80), sorbitan trioleate (Span 80), and all other reagents were
analytical grade and purchased from Huadong Medical Co.,
China. Recombinant HBsAg secreted by yeast (185 pg/ml)
and hepatitis B vaccine with aluminum hydroxide as the
adjuvant (1 mg/ml) were all provided by Beijing Institute of
Biological Products. Bicinchoninic acid (BCA) protein assay
kits were procured from Beyotime Co., China. Diagnostic kit
for antibody to hepatitis B surface antigen (enzyme-linked
immunosorbent assay (ELISA)) was produced by Shanghai
Kehua Company; goat anti-mouse IgG conjugated horse
radish peroxidase (HRP), mixed IgA, IgG, and IgM were
produced by KPL, USA; goat anti-mouse conjugated HRP
IgG1 and IgG2a were produced by South Biotech, USA.

Conventional and Composite PLGA Microspheres of HBsAg

Conventional and composite PLGA microspheres of
HBsAg were fabricated according to our previously reported
method (10). The key steps of preparation are briefly
described as follows:

For HBsAg-PLGA microspheres, a w/o primary emul-
sion was prepared by mixing 200 pl of HBsAg aqueous
solution (185 pg/ml) and 4 ml of 7.5% PLGA methylene
chloride solution. This primary emulsion was added into
40 ml of 1.0% PVA and stirred at 12,000 rpm with a
mechanical stirrer (FJ-200 homogenizer, Shanghai Biaoben
Model Factory, China) for the preparation of a w/o/w
emulsion. After removal of the organic solvent, the HBsAg-
loaded PLGA microspheres were obtained.

For the alginate—chitosan microcapsules, 10 ml of the
internal aqueous phase containing HBsAg solution (185 pg/ml),
2% alginate solution, and distilled water at the volume ratio of
3:5:2 was used to prepare an emulsion with 20 ml of isooctane
containing 5% Span 80 and stirred at 16,000 rpm. A
subsequent addition of 1.5 ml Tween 80 was used as
secondary emulsifier and then 4 ml of 8% calcium chloride
as a cross-linker. The resulting microspheres were further
solidified by addition of 20 ml of isopropyl alcohol. The
microspheres were incubated with chitosan solution (0.5%,
pH 4) to form alginate—chitosan complex membranes. The
obtained alginate—chitosan microcapsules were used for the
preparation of the composite microspheres.
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For the alginate—chitosan-PLGA composite micro-
spheres, the alginate—chitosan microcapsules were suspended
in 3 ml of acetonitrile containing PLGA (50:50, 0.24 g/ml; or
70:30, 0.3 g/ml) with the ratio of microspheres to PLGA in
weight between 1 to 9 and 1 to 12. The suspension was added
into the soybean oil containing 6.25% Span 80 with a
stirring speed of 1,000 rpm and then 12,000 rpm. After
washing with petroleum ether and complete volatilization at
37°C, the resulting HBsAg-loaded composite microspheres
were collected.

Morphology Observation

Characterization of the PLGA microspheres and PLGA
composite microspheres was carried out with optical micro-
scopy and/or scanning electron microscopy (SEM, X130,
PHILIPS). The size of the alginate—chitosan microcapsules
was measured with a particle size analyzer (Zetasizer 3000
HAS, Malvern Instrument, England). To acquire a clear
morphologic image of the alginate—chitosan-PLGA compo-
site microspheres, large composite microspheres of super-
oxide dismutase (SOD), a model protein drug, were prepared
and observed under SEM.

Determination of the Loading/Entrapment Efficiency
of HBsAg

HBsAg entrapped in either of these microspheres was
extracted by the method we previously reported (10). The
quantitative HBsAg in the extracts was then determined by
Micro-BCA method. The loading capacity and entrapment
efficiency were calculated according to the following
formulas:

Weightloading HBsAg

100
weightmicrospheres .

Loading capacity(%, ug/mg) =

Amountioading HBsAg

x 100
Amounttotal HBsAg

Entrapment efficiency(%) =

Determination of the Residual Organic Solvents
in Microspheres

The sample solutions were prepared by dissolving
200 mg of microspheres in 10 ml of N,N-dimethylformamide
with sonication. The residual acetonitrile and methylene
chloride in these microspheres were analyzed using head-
space gas chromatography (HGC). HGC conditions are
described as follows: chromatographic column, HP-5 capillary
column (Agilent, 30 mx0.25 mm); operation temperatures,
column (50°C), flame ionization detector (220°C) injector
(240°C); carrier gas, nitrogen with flow rate 1.0 ml/min; the
split ratio, 20:1; the vial of liquid sample was kept at 90°C
(Agilent 7694E) for 10 min and injected 1.0 ml into GC
column. All the residual amounts of acetonitrile and dichloro-
methane were compared with the allowed limits allowed in
International Conference on Harmonization.



The Composite Microspheres of HBsAg

Table I. Immunization Study in Mice (n=7)

Groups Formulation Immunization at
A HBsAg-aluminum in saline (control) Month 0 and 1
B HBsAg-PLGA microspheres Month 0
C Composite HBsAg-PLGA microspheres Month 0
D A mixture of IFN-a-2a (2,500 IU) Month 0
and composite HBsAg-PLGA
microspheres
E A mixture of equal dose of Month 0

HBsAg—aluminum and composite
HBsAg-PLGA microspheres

Each mouse was injected subcutaneously in the back with 0.25 ml of
HBsAg solution or microsphere suspensions containing a total of
10 pg HBsAg; the PLGA composite or non-composite microspheres
containing equal amounts of PLGA (50:50) and PLGA (70:30)

Immunization Protocol of Mice

All the animal experiments were approved by the Animal
Care and Use Committee of Zhejiang University. Female
Balb/C mice (6-8 weeks, 20-22 g) were obtained from the
Animal Center of Zhejiang University School of Medicine
(Hangzhou, China). The mice were maintained on a normal
diet throughout the study, and 35 of mice were randomly
divided into five groups (Table I). All the microspheres were
dispersed by sterile saline. Each mouse was injected subcuta-
neously in the back with 0.25 ml of solution or suspension.
Blood samples were collected from the tail vein at 0, 1, 2, and
3 months. The antibody levels in serum were determined by a
quantitative ELISA method. The antibody levels of immu-
nized mice, including the mixed anti-HBsAg antibodies (IgA +
IgM + IgG) and antibody subtypes (IgG, IgG1, and IgG2a),
were expressed as the logarithmic geometric mean of the
antibody titer (logoGMT).

ELISA Procedure

The assay was processed according to the protocol
provided by the ELISA kit. In brief, microwell strips were
coated with 100 pl of 1 pg/ml of HBsAg per well and
incubated overnight at 4°C, followed by a thorough wash.
The serum samples, in a series of double dilution, were added
to the microwells and incubated for 30 min at 37°C. After
washing, the microwells were incubated with 50 pl/well of the
diluted goat anti-mouse antibody HRP conjugate (1:3,000 for
IgG or the mixture of IgA + IgM + IgG; 1:6,000 for IgG1 or
IgG2a) for 30 min at 37°C. The microwells were washed
again, and then the color developer A and B were added.
After incubation for 15 min at 37°C, the reaction was stopped
by adding the stop solution and immediately read at 405 nm
using an ELISA spectrophotometer (BioRad).

The antibody titers were calculated by ODgampie/ODpegative=
2.1, and serum sample (1:100 dilution) from non-immunization
mice was used as negative control.

Statistical Analysis

Results were presented as mean + SD, and the data were
analyzed statistically using Student’s ¢ test for comparison
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between any two groups. Differences with p<0.05 were
considered to be significant.

RESULTS

Characteristics of Alginate—Chitosan-PLGA Composite
Microspheres

The alginate—chitosan microcapsules about 300 nm in
size were prepared and then entrapped into PLGA to form
the composite microspheres with a size less than 5 um, and
the PLGA microspheres were prepared with the same size. The
entrapment efficiencies and loading efficiencies of HBsAg
in PLGA (50:50), PLGA (70:30), composite PLGA (50:50),
and composite PLGA (70:30) microspheres were presented
in Fig. 1.

Large composite microspheres with the model drug were
prepared, and the morphology was observed by SEM (Fig. 2).
Observed from the cross-section of the large composite
microspheres (Fig. 3), many small spherical microcapsules
scattered in PLGA to form whole composite microspheres.

Determination of Solvent Residual Amount
in the Microspheres

The peak areas of acetonitrile and dichloromethane in
samples of the composite PLGA microspheres and the
conventional PLGA microspheres were determined as
described. The maximum concentrations of acetonitrile
and methylene chloride in the tested composite and conven-
tional PLGA (50:50) microspheres were 5.6 and 37.8 ug/g,
respectively.

Evaluation of the Antibody Levels
The antibody levels of immunized mice were shown in

Fig. 4. No statistical difference had been found between each
of the single-injection groups of the composite PLGA micro-
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Fig. 1. The entrapment efficiencies and loading capacities of HBsAg

in conventional and composite PLGA microspheres
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Fig. 2. The scanning electron micrographs of large alginate—chitosan-PLGA composite microspheres of SOD, a model protein drug

spheres, i.e., C, D, or E, and the control group (A) of double
injection of HBsAg—aluminum (p>0.05). Among them, the
antibody titers of groups A and E rapidly increased to
relatively high levels at the 1-month mark and displayed
statistical differences from those of the other groups (p<0.05).
However, the antibody titers of PLGA non-composite micro-
spheres were significantly lower than those of their corre-
sponding counterparts (p<0.01) at all sampling time points. In
the antibody subgroups, the levels of IgG,, induced by
alginate—chitosan-PLGA composite microspheres were grad-
ually ascending, while those in the control group displayed a
decreasing profile (Fig. 4, IgG,, section, box with dotted line).

DISCUSSION

These PLGA composite microspheres possess several
distinct advantages over other conventional PLGA non-
composite counterparts. First, high loading efficiencies of
HBsAg seen in the composite PLGA (50:50) and composite
PLGA (70:30) microspheres were 7.4 and 6.4 times over
those non-composite PLGA (50:50) and PLGA (70:30)
counterparts. The high encapsulation efficiency of HBsAg in

Ay T e
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Fig. 3. SEM of the cross-section of large alginate—chitosan-PLGA
composite microspheres of SOD as a model drug

the PLGA composite microspheres was apparently due to
their hydrophilic alginate—chitosan cores. Secondly, the pre-
sented preparation method not only avoids the lyophilizing
process, which potentially causes the activity loss of the
entrapped protein, but also provides a protein-friendly micro-
environment created by the pre-forming hydrophilic alginate—
chitosan cores. Since the bottleneck for the application of
PLGA microspheres as a vaccine delivery system is the
instability of entrapped protein antigen (11,12), our method
offers a promising solution to this problem.

The in vitro release profiles of the non-composite PLGA
microspheres, alginate—chitosan microcapsules, and the algi-
nate—chitosan-PLGA composite microspheres have been
previously reported by our group. In short, the burst release
of model drug in 24 h from alginate—chitosan—-PLGA (50:50)
composite microspheres was 38.9% in phosphate buffer
solution (PBS) and 14.0% in saline (10), lower than 96.8% in
PBS or 45.5% in saline from alginate—chitosan microcapsules
(13) and >50% in PBS or saline from conventional PLGA
microspheres (10). The release from composite microspheres
was more complete, 71% at 13 weeks vs 66% from PLGA
microspheres (10). Since similar efficacies were achieved by
both the two-dose and three-dose injection vaccination proto-
cols (14-16), in this study the control group was given two-dose
injection of the HBsAg-aluminum vaccine. In addition,
although IFN-a-2a was reported as an efficient immuno-
adjuvant in DNA vaccines (17), in our experiments IFN-a-2a
did not show any significant immune enhancement.

Due to the benefits of the subcutaneous route of vaccine
administration, e.g., better immune effects than that of the
intramuscular injection (18,19), the subcutaneous injection
was selected as the administration route. The in vivo fate and
uptake pathways of PLGA microspheres following subcuta-
neous injection were reported (20). A mixture of HBsAg-
loaded PLGA microspheres with different release behaviors
possessed a potential advantage as a single-dose vaccine (21).
Therefore, a mixture of PLGA composite microspheres
containing equal amounts of PLGA (50:50) and PLGA
(70:30) was used in the experiment above and the same
procedure to the PLGA non-composite microspheres.

It should be pointed out that local adverse reactions were
observed in this study. Bumps appeared around the subcuta-
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Fig. 4. Logarithmic geometric mean of total antibody titer (lgGMT) obtained from Balb/C mice after immunizations at 0-, 1-, 2-, and 3-month
intervals (the total dose of HBsAg was 10 pg/mouse). A, double injections of aluminum-HBsAg vaccine at 0 and 1 month; B, equal amount of
microspheres of PLGA (50:50) and PLGA (70:30); C, the equal amount of composite microspheres of PLGA (50:50) and PLGA (70:30); D, C
and IFN of 2,500 IU; E, mixture of aluminum-HBsAg vaccine (5 pg) and composite microspheres of PLGA (50:50; 2.5 pg) and PLGA (70:30;

2.5 pg). Note: *p<0.05, **p<0.01

neous injection sites of mice after the administration of
microsphere suspension samples, but no bumps were seen
with the injection of the HBsAg solution sample. These
bumps vanished gradually within 6 weeks. However, skin
rashes were not found in these areas. The materials (alginate,
chitosan, PLGA) are known for their biocompatibility and
biodegradability and have been widely applied in drug
delivery and tissue engineering (22,23). The composite micro-
spheres would raise little safety concern on the vaccination
application. Therefore, bumps may simply result from the
deposit of the injected microspheres.

The antibody levels elicited by the single injection of
composite microspheres were high and comparable to that
after double injection of HBsAg-aluminum. Interestingly, the
antibody titers of groups A and E rapidly increased to
relatively high levels after 1 month. Another positive
observation was that the levels of IgG2a induced by PLGA
composite microspheres were gradually ascending, while
those in the control group displayed a decreasing profile.
Serum IgG is the primary indicator of protection induced by
preventive vaccines. The HBsAg composite microspheres
induced significantly higher levels of both IgG1l and IgG2a
compared to HBsAg-PLGA microspheres. Since Thl-type

immune responses are indicated by the IgG2a production
which is associated with the cellular immunity, a significant
benefit of the composite microspheres may be derived from
their effect on eliciting more comprehensive immunities. The
superiority in eliciting higher and more comprehensive
immune responses of the PLGA composite microspheres
over the non-composite microspheres is presumably due to
the presence of hydrophilic cores as well as the reduced burst
effect, thus allowing better release of HBsAg from the
composite microspheres.

CONCLUSION

A novel composite microspheres of alginate—chitosan—
poly(lactic-co-glycolic acid) of hepatitis B surface antigen as
single -injection vaccines is shown to improve on the low
entrapment efficiency of the conventional HBsAg-PLGA
microspheres and to maintain the higher antibody levels
achieved by the double injections of HBsAg-aluminum
vaccine and single dose of PLGA microspheres of HBsAg.
This system holds some promise for improving PLGA-based
protein delivery and achieving single-shot vaccination.
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