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ABSTRACT

Objective(s): Here, immune responses and long-lived IgG responses of HBsAg-Alum, HBsAg-MF59,
as well as HBsAg-MF59 were compared when formulated with PPD.

Materials and Methods: BALB/c mice were vaccinated subcutaneously three times with a two-
week -interval. Then, specific IgG, long-lived 1gG responses up to 220 days, and I1gG1/
1gG2a isotypes, and IFN-y and IL-4 on spleen cell culture supernatant were assessed using ELISA.
Results: IFN-y cytokine response between MF59- and Alum-adjuvanted vaccines did not show a
significant difference. HBsAg-Alum revealed an increase in IL-4 cytokine versus HBsAg-MF59 at
borderline (P=0.0553). In addition, HBsAg-MF59+PPD 10pg showed a significant decrease in IL-4
and IFN-y cytokines versus HBsAg-MF59. Furthermore, HBsAg-MF59+PPD10 pg showed a significant
increase in the IL-2/IL-4 ratio versus HBsAg-MF59 (P=0.0339). Specific IgG antibody showed a
significant increase in HBsAg-MF59, as compared with HBsAg-Alum. Furthermore, HBsAg-MF59 plus
PPD showed a significant increase in IgG responses versus HBsAg-MF59 and HBsAg-Alum groups.
Long-lived IgG responses showed a significant increase in HBsSAgMF59 versus HBsAg-Alum group
and PPD in the HBsAg-MF59 vaccine formulation, resulting in a significant increase in IgG responses
versus HBsAg-MF59 group. In addition, HBsAg-MF59 plus PPD suppressed I1gG1 response versus
HBsAg-Alum. However, HBsAg-MF59 showed a significant increase in 1gG2a versus the HBsAg-
Alum group (P=0.0190). Immunization with HBsAg-MF59+PPD (10 pg) showed a significant increase
versus the HBsAg-MF59 group (P=0.0040). 1gG2a/IgGT1 ratio in HBsAg-MF59+PPD1pg and HBsAg-
MF59+PPD10 pg groups showed a significant increase versus HBsAg-MF59 groups (P<0.0345).
Conclusion: PPD leads to a more potent long-lived 1gG responses in the HBsAg vaccine, highlighting
its potential as a component of a complex adjuvant.
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Introduction

The Hepadnaviridae family including the hepatitis B
virus is known for double-strand genomic DNA which is
42 nm in diameter and has two outer capsids and replicates
in the liver and causes liver failure. The external capsid of
the virus consists of lipids and surface antigens (HBsAg).
Viral hepatitis is a systemic disorder that primarily affects
the liver and causes inflammation of the liver, fever, nausea,
vomiting, and jaundice (1-3).

About 10000 people in Iran are infected with this virus
each year, hence hepatitis B is one of the main liver diseases
in this country (4). Vaccination is one of the most successful

medical methods in the protection against infectious
diseases (5-7). There is no doubt that the vaccine strategy
is much more cost-effective than the treatment strategy.
In addition, the cost of vaccination for each disease is less
than the cost of treatment with effective drugs (5, 8). Today,
recombinant protein-based vaccine is applied to prevent
hepatitis B infection formulated in alum hydroxide adjuvant.
The appropriate response to HBsAg is strongly related to the
collaboration of T-cells and also, the interaction between T
helper cells and B lymphocytes (9, 10). It has been proven
in mouse models that many MHC-II haplotypes are
incompatible with HBsAg presentation. In other words, the
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HBsAg has no proper structure for these haplotypes, and
MHCs will not be able to bind to the T-cell antigenic index
and will not present it (11). Adjuvants are substances that
increase the immunogenicity of immunogens. Adjuvants
were introduced in the early 1920s and at present, their
numbers and functions have been expanded greatly. Alum
is the most widely-used adjuvant capable of producing
powerful humoral immune responses; however, alum is
not capable of stimulating cellular immune responses and
is associated with complications such as fever and chills
and related nervous system diseases (12). Moreover, the
effectiveness of the HBsAg vaccine was demonstrated to be
unacceptable in some recipients (13). Therefore, it seems
that changing the hepatitis B vaccine formulation may
increase the efficiency of the vaccine in these individuals.
MF59 adjuvant is an oil-in-water adjuvant, which is
structured from squalene and surfactant which has tween
80 and span 85. This adjuvant was first used in 1997 in
the seasonal influenza vaccine and significantly increased
the immunogenicity in adolescents and aged individuals.
The adjuvant exerts its activity through the increase and
recruitment of immune cells to the injection site in order to
trigger immune responses (14).

Studies showed that PPD as the extract of Mycobacterium
tuberculosis is able to reinforce DC function and trigger
inflammatory responses (15). This property is important
in the recruitment of immune cells in the injection site
and increases immunogenicity against antigens. In this
regard, we hypothesized that using MF59 adjuvant and
PPD in HBsAg formulation, may affect the humoral and
cellular immune responses and gives a higher response in
comparison with Alum-based vaccines and even MF59-
based vaccines. In addition, long-lived IgG responses were
assessed up to 220 days post-final immunization.

Materials and Methods
Vaccine formulation

The Alum-based HBsAgvaccineand purified recombinant
HBsAg protein were provided by the Production Complex
of Pasteur Institute of Iran, Karaj, Iran. Regarding HBsAg
formulation in MF59 adjuvant, the recombinant HBsAg
protein was added to MF59 adjuvant at the ratio of 50:50
and mixed for 30 min by vortexing in a cleanroom. After
preparation of HBsAg-MF59, PPD (Razi Vaccine and
Serum Research Institute, Karaj, Iran) at 1 and 10 pg doses
was added to the HBsAg-MF59 formulation and further
mixed for 10 min. In the final product of the vaccine, each
100 pl of the vaccine contained 5 ug of HBsAg vaccine either
with 1 and /or 10 ug of PPD used for immunization.

Experimental animals

Ninety inbred female Balb/c mice (6-8 weeks old) were
purchased from Pasteur Institute of Iran (Karaj). One week
before the experiment mice were housed at 20-22 °C with
appropriate ventilation with unlimited access to food and
water and a standard light/dark cycle (12 hr/12 hr) in the
animal room of Pasteur Institute of Iran. All experiments
were performed according to the Animal Care and Use
Protocol of the Ethics Committee of the Islamic Republic of
Iran (code IR.IAU.PS.REC.1397.215).

Mouse grouping and immunization

Nine experimental groups of mice containing 10
mice in each group were used. They were immunized
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subcutaneously on days 0, 14, and 28 with 100 pl of HBsAg
(5 pg) formulated in MF59 adjuvant, HBsAg-MF59+PPD
1 and or/10 pg, commercial HBsAg-Alum vaccine with the
same condition. Some experimental mice were injected with
MF59, MF59+PPD 1 and or/10 pg, Alum, and PBS with the
same protocol as the control groups.

IFN-y and IL-4 cytokines responses

Sterile cold PBS containing 2% FBS and pen/strep was
used to suspend the removed spleen cells from mice two
weeks after the final immunization. Red blood cells were
lysed using lysis buffer and after centrifugation remaining
cells were resuspended to be adjusted to 3x10° cells/ml in
RPMI-1640 (Gibco, Germany) supplemented with 5 %
FBS, 4 mM L-glutamine, 1 mM sodium pyruvate, 100 ug/
ml streptomycin and 100 IU/ml penicillin. 3x10° cells were
suspended in 1 ml of and cultured in each well of a 24-well
plate and treated with 5 pg/ml of HBsAg for 60 hr at 37 °C
and 5% CO,. The supernatant of each group of cells was
then collected to be used for measurement of IFN-y and
IL-4 cytokines assay using ELISA kit (Mabtech, Sweden)
and quality control using standard group and reported as
pg/ml according to the manufacturer’s instructions. In
addition, the IL-2/IL-4 cytokine ratio was determined using
the raw data of each one.

Specific total IgG responses

About two weeks after the third immunization, the sera
were collected from the mice and specific total IgG antibodies
were evaluated using an optimized indirect ELISA. In
addition, long-lived antibody responses were monitored
on days 90, 150, and 220 after the final shot. Briefly, 100 pl
of HBsAg at a concentration of 5 ug/ml in PBS was coated
in 96-well ELISA Maxisorp plates (Greiner, Germany) and
incubated at 4 °C overnight. Using washing buffer (0.05%
Tween 20 in PBS) wells were washed 3 times followed by
blocking buffer (2% skimmed milk and 0.05% Tween 20
in PBS) for 1 hr at 37 °C. Then, dilution buffer (1% PBS-
BSA containing 0.05% Tween 20) was prepared to perform
sera serial dilutions in order of 1/25 to 1/838860800. One
hundred microliters of each dilution were added to each
well and incubated at 37 °C for 2 hr. Subsequently, 100 pl of
1/8000 dilution of anti-mouse conjugated to HRP (Sigma,
USA) was added to the wells following washing five times
with washing buffer and incubated for further 2 hr at 37
°C. After being washed five times with washing buffer, 100
ul of TMB substrate (Razirad, Iran) was added followed by
incubation for another 30 min in the darkness. The reaction
was stopped using 100 ul of 2N H,SO, and the absorption
wavelength was measured at 450/630 nm with an ELISA
plate reader (AWARENESS technology, USA). In addition,
two weeks after the third immunization, collected sera were
used for measurement of specific IgG1 and IgG2a antibodies
and were assessed using goat anti-mouse IgG1 and IgG2a
secondary antibodies (Sigma, USA) in accordance with the
manufacturer’s instruction. In addition, the IgG2a/IgG1
ratio, for each one of the mice was evaluated and reported.

Statistical analysis

All experiments were performed in duplicate and /or
triplicate. The mean of each duplicate and /or triplicate was
calculated and presented as Mean+S.D. Data analysis was
performed using Graph Pad prism V6.01 software. The one-
way ANOVA method and Tukey’s multiple comparisons
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test as a post hoc test were used to determine the statistical
significance among the mice different groups. For IgG1 and
IgG2a isotype antibodies, the Mann-Whitney U test was
used. P-values less than 0.05 were assumed significant.

Results
Results of IFN-y cytokine

Results from IFN-y evaluation showed that all groups
receiving a vaccine, including HBsAg-MF59 and HBsAg-
Alum, demonstrated a significant increase, as compared
with those receiving MF59, MF59+PPD1 ug, MF59+ PPD10
ug, and Alum, as well as PBS control groups (P<0.0005).
Assessment of cytokine IFN-y results in the HBsAg-
Alum formulation group showed no significant difference
as compared with the HBsAg-MF59 group (P=0.2300).
Immunization with PPD formulated HBsAg-MF59 vaccine
at 1 and 10 pg doses, suppressed IFN-y compared with
HBsAg-MF59 (P=0.1309 and P=0.0005, respectively) and
HBsAg-Alum (P=0.0001) groups (Figure 1).

Results of IL-4 cytokine

Mice immunized with HBsAg-MF59 and HBsAg-
Alum showed an increase in IL-4, as compared with those
immunized with MF59, MF59+PPD1 ug, MF59+PPD10
ug, and Alum, as well as PBS control groups ((P<0.0204).
However, HBsAg-MF59 versus the PBS group was at
borderline (P=0.0513). Assessment of IL-4 in HBsAg-
Alum showed an increase as compared with HBsAg-
MF59 formulation but at a borderline (P=0.0553). Mice
immunized with the HBsAg-MF59 vaccine formulated in
PPD at the dose of 10 pg suppressed IL-4 cytokine response
in comparison with HBsAg-MF59 (P=0.0378). Furthermore,
mice immunized with the PPD-formulated HBsAg-MF59
vaccine at the doses of 1 and 10 pg suppressed IL-4 cytokine
response compared with the HBsAg-Alum group (P=0.0158
and P=0.0001, respectively) (Figure 2).

Result of the IL-2/IL-4 cytokine ratio

Results from the IL-2/IL-4 ratio in HBsAg-MF59, HBsAg-
Alum, HBsAg-MF59+ PPD1 ug, and HBsAg-MF59+PPD10
ug groups showed a significant increase, as compared with
the control groups (P<0.0001). In addition, mice immunized
with HBsAg-MF59+PPD10 pg showed a significant
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Figure 1. IFN-y cytokine response in the experimental groups. Mice
immunized with HBsAg-Alum showed no significant difference compared
with HBsAg-MF59 (P=0.2300). Mice immunized with HBsAg-MF59
vaccine plus PPD at the doses of 1 and 10 pg suppressed IFN-y cytokine
response compared with HBsAg-MF59 (P=0.1309 and P=0.0005,
respectively) and HBsAg-Alum (P=0.0001) groups

1328

N=MS

PPD in HBsAg vaccine formulation

increase as compared with those immunized with HBsAg-
MF59 and HBsAg-Alum group (P=0.0339 and P=0.0001,
respectively). Furthermore, the HBsAg-MF59+PPD10 pg
group showed a significant increase, compared with the
HBsAg-MF59+PPD1 ug group (P=0.0374) (Figure 3).

Specific total IgG response

Mice immunized with HBsAg-MF59 and HBsAg-MF59
formulated in PPD 1 and 10 pg vaccines two weeks after
final immunization showed a significant increase compared
with control groups at dilutions of 1/100 up to 1/51200
(P<0.0395), while HBsAg-Alum group significantly
increased IgG at dilutions of 1/100 up to 1/102400
compared with Alum and PBS control groups (P<0.0063).
Mice immunized with HBsAg-Alum showed a significant
IgG increase versus the HBsAg-MF59 group at dilutions
of 1/200 up to 1/800 (P<0.0041). Mice immunized with
PPD formulated HBsAg-MF59 1 pg group significantly
showed an increase in IgG at dilutions of 1/200 up to 1/400
compared with the HBsAg-MF59 group (P=0.0253). On the
other hand, immunized mice with 10 pug PPD-formulated
HBsAg-MF59 showed a significant increase at dilutions
of 1/100 up to 1/6400 compared with HBsAg-MF59
(P=0.0281) and HBsAg-Alum at dilutions of 1/100, 1/200,
and 1/1600 (P=0.0332), respectively (Figure 4).

Results of long-lived specific IgG antibody responses on day
90 post-final immunization

Mice immunized with HBsAg-MF59, 1 and 10 ug PPD
formulated HBsAg-MF59 vaccines showed a significant
increase at dilutions of 1/100 up to 1/6400 versus control
groups (P<0.0402), while dilutions of 1/100 up to 1/12800
in HBsAg-Alum group induced a significant increase versus
control groups, Alum and PBS (P<0.0082). Mice immunized
with HBsAg-Alum showed no significant difference in
the IgG response versus the HBsAg-MF59 group in all
experimental dilutions (P>0.9118). Mice immunized with
HBsAg-MF59 formulated in PPD 1 and 10 pg vaccine
showed no significant difference versus HBsAg-MF59
and HBsAg-Alum groups at all experimental dilutions
(P>0.1153) (Figure 5A for day 90).
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Figure 2. IL-4 cytokine response in the vaccinated mice. Assessment of
cytokine IL-4 in the HBsAg-Alum group showed an increase as compared
with HBsAg-MF59 formulation but at borderline (P=0.0553). Mice
immunized with 10 ug PPD-formulated HBsAg-MF59 vaccine suppressed
IL-4 cytokine response compared with HBsAg-MF59 (P=0.0378).
Furthermore, mice immunized with the HBsAg-MF59 vaccine formulated
in PPD at the doses of 1 and 10 pg suppressed IL-4 cytokine response
compared with HBsAg-Alum (P=0.0158 and P=0.0001, respectively)
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Figure 3. Results of IL-2/IL-4 cytokine ratio. Results from the IL-2/IL-4
ratio in HBsAg-MF59, HBsAg-Alum, HBsAg-MF59+ PPDI ug, and
HBsAg-MF59+PPD10 pug groups showed a significant increase compared
with the control groups (P<0.0001). In addition, mice immunized with
HBsAg-MF59+PPD10 pg showed a significant increase compared with
those immunized with HBsAg-MF59 and HBsAg-Alum (P=0.0339 and
P=0.0001, respectively). Furthermore, the HBsAg-MF59+PPD10 pg group
showed a significant increase versus the HBsAg-MF59+PPD1 pg group
(P=0.0374) (Figure 2)

Results of long-lived specific IgG antibody responses on day
150 post-final immunization

Mice immunized with the HBsAg-MF59 vaccine at
dilutions of 1/100 up to 1/6400 showed significant increase
versus MF59 and PBS (P<0.0130). Mice immunized with
HBsAg-MF59+ PPD 1 and 10 pg showed a significant
increase at dilutions of 1/100 up to 1/3200 versus their
cognate control groups (P<0.0014). At dilutions of 1/100 up
to 1/3200, mice immunized with the HBsAg-Alum group
showed a significant increase versus Alum and PBS control
groups (P<0.0087). Mice immunized with HBsAg-MF59 at
dilutions of 1/100 up to 1/3200 showed a significant increase
in IgG response versus the HBsAg-Alum group (P<0.0288).
PPD 1 formulated HBsAg-MF59 immunization (at dilutions
of 1/100 up to 1/1600) and 10 pg (at dilutions of 1/100 up to
1/3200) showed a significant increase in IgG response versus
HBsAg-Alum group (P<0.0222 and P<0.0059, respectively).
Mice immunized with HBsAg-MF59 vaccine formulated in
PPD 1 and 10 pg showed a significant increase versus the
HBsAg-MF59 group at dilution of 1/100 (P=0.0390 and
P=0.0048, respectively) (Figure 5B for day 150).

Results of long-lived specific IgG antibody responses on day
220 post-final immunization

Mice immunized with HBsAg-MF59 (at dilutions of
1/100 up to 1/6400), HBsAg-MF59 formulated in PPD 1
ug (at dilutions of 1/100 up to 1/12800), and PPD 10 pg
(at dilutions of 1/100 up to 1/6400) vaccines significantly
increased IgG antibody responses (P<0.0404), while the
HBsAg-Alum group showed a significant increase at
dilutions of 1/100 up to 1/1600 versus Alum and PBS control
groups (P<0.0001). Mice immunized with HBsAg-MF59 at
dilutions of 1/400 up to 1/6400 showed a significant increase
in the IgG response versus HBsAg-Alum (P<0.0006). Mice
immunized with HBsAg-MF59 formulated in PPD 1 pg at
dilutions of 1/200 and 1/400 vaccine showed an increase
versus the HBsAg-MF59 group (P<0.1102).

Mice immunized at dilution of 1/100 with HBsAg-MF59
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Figure 4. Results of specific total IgG of vaccinated mice two weeks after
the final shot. Mice immunized with HBsAg-Alum two weeks after the
final immunization showed a significant increase in IgG response versus
the HBsAg-MF59 group at dilutions of 1/200 up to 1/800 (P<0.0041). Mice
immunized with HBsAg-MF59 formulated in PPD 1 ug vaccine showed a
significant increase versus the HBsAg-MF59 group at dilutions of 1/200
and 1/400 (P=0.0253). Mice immunized with HBsAg-MF59 formulated in
PPD 10 pg vaccine showed a significant increase versus the HBsAg-MF59
group at dilutions of 1/100 up to 1/6400 (P=0.0281). Mice immunized
with HBsAg-MF59 formulated in PPD 10 pg vaccine showed a significant
increase versus the HBsAg-Alum group at dilutions of 1/100, 1/200, and
1/1600 (P=0.0332)

formulated in PPD 10 pg vaccine showed a significant
decrease versus the HBsAg-MF59 group (P=0.0291).
Immunization of mice at dilutions of 1/200 up to 1/6400
with HBsAg-MF59 formulated in PPD 1 and 10 pg vaccines
was accompanied by a significant increase versus the
HBsAg-Alum group (P<0.0205) (Figure 5C for day 220).

Specific IgG1 isotype

Results from specific IgG1 isotype antibody after the third
shotdemonstrated that mice immunized with HBsAg-MF59,
HBsAg-Alum, and 1 and 10 pug PPD-formulated HBsAg-
MF59 groups showed a significant increase compared with
control groups (P<0.0001). Specific IgG1 isotype level in
HBsAg-MF59 showed no significant difference versus
HBsAg-Alum (P=0.2317). Mice immunized with HBsAg-
MF59 in PPD 10 pg showed a borderline decrease in the
IgG1 level versus the HBsAg-MF9 group (P=0.0648). In
addition, HBsAg-MF59 in PPD-1 and 10 pg vaccines
showed no significant differences versus the HBsAg-Alum
group (P=0.7023) (Figure 6A, IgG1).

Specific IgG2a isotype

Results from the specific IgG2a isotype antibody
demonstrated that mice immunized with HBsAg-MF59,
HBsAg-Alum, and HBsAg-MF59 formulated in PPD 1 and
10 pg accompanied a significant increase as compared with
the control groups (P<0.0136). Mice immunized with the
HBsAg-MF59 vaccine showed a significant increase versus
HBsAg-Alum (P=0.0190). In addition, mice immunized with
HBsAg-MF59 formulated in PPD 10 pg showed an increase
versus the HBsAg-MF59 group (P=0.0040). Mice immunized
with HBsAg-MF59 formulated in PPD 1 and 10 pg showed an
increase versus HBsAg-Alum (P=0.0040) (Figure 6B, IgG2a).
IgG2a/IgG1 ratio

Results from the IgG2a/IgGl ratio in HBsAg-
MF59+PPD1 pg showed a significant increase versus
HBsAg-Alum and HBsAg-MF59 groups (P=0.0008 and
P=0.0074, respectively). In addition, immunization with
HBsAg-MF59+PPD10 ug showed a significant increase,
as compared with the HBsAg-Alum and HBsAg-MF59
groups (P=0.0042 and P=0.0345, respectively). There was
no significant difference between HBsAg-MF59+PPD1 ug
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Figure 5. Results of long-lived specific total IgG antibody responses post
final immunization. (A), Results of specific IgG response after 90 days
post-final immunization. Mice immunized with HBsAg-Alum showed
no significant difference in IgG response versus the HBsAg-MF59 group
in any experimental dilutions (P>0.9118). Mice immunized with HBsAg-
MF59 formulated in PPD 1 and 10 pg vaccine showed no significant
difference compared with HBsAg-MF59 and HBsAg-Alum groups at
any experimental dilutions (P>0.1153). (B), Results on day 150 post-
final immunization. Mice immunized with HBsAg-MF59 at dilutions of
1/100 up to 1/3200 significantly increased IgG response in comparison
with the HBsAg-Alum group (P<0.0288). Mice immunized at dilutions of
1/100 up to 1/1600 with HBsAg-MF59 formulated in PPD 1 and 10 pg (at
dilutions of 1/100 up to 1/3200) showed a significant increase in the IgG
response compared with HBsAg-Alum group (P<0.0222 and P<0.0059,
respectively). Mice immunized with 1 and 10 pg of PPD-formulated
HBsAg-MF59 vaccine significantly increased while comparing the HBsAg-
MF59 group at a dilution of 1/100 (P=0.0390 and P=0.0048, respectively).
(C), Specific IgG antibody responses on day 220 post-final immunization.
At dilutions of 1/400 up to 1/6400, the results demonstrated that IgG was
significantly increased in mice immunized with HBsAg-MF59 compared
with HBsAg-Alum (P<0.0006). Mice immunized with HBsAg-MF59
formulated in PPD 1mg vaccine showed an increase versus the HBsAg-
MF59 group at dilutions of 1/200 and 1/400 (P<0.1102). Mice immunized
with HBsAg-MF59 formulated in PPD 10 pg vaccine showed a significant
decrease versus the HBsAg-MF59 group at a dilution of 1/100 (P=0.0291).
Mice immunized with HBsAg-MF59 formulated in PPD 1 and 10 pg
vaccines showed a significant increase versus the HBsAg-Alum group at
dilutions of 1/200 up to 1/6400 (P<0.0205)

and Figure 6C, IgG2a/IgGl ratio.

Discussion

The commercial Alum-based HBsAg vaccine is able to
protect the body through induction of stimulating Th2
response and humoral immune responses. However, this
vaccine is not able to trigger Thl and cellular immune
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Figure 6. (A), The results of specific IgG1 isotype antibody after the third
shot of experimental mice. Specific IgG1 isotype levels in HBsag-MF59
showed no significant difference versus HBsAg-Alum group (P=0.2317).
Mice immunized with HBsAg-MF59 in PPD 10 mg showed a border line
decrease in IgG1 level versus HBsAg-MF9 group (P=0.0648). In addition,
HBsAg-MF59 in PPD-1 and 10mg vaccines showed no significant
differences versus HBsAg-Alum group (P=0.7023). (B), Specific IgG2a
isotype antibody after final immunization. Mice immunized with HBsAg-
MF59 vaccine showed a significant increase versus HBsAg-Alum group
(P=0.0190). In addition, mice immunized with HBsAg-MF59 formulated
in PPD 10mg showed an increase versus HBsAg-MF59 group (P=0.0040).
Mice immunized with HBsAg-MF59 formulated in PPD 1 and10mg
showed an increase versus HBsAg-Alum group (P=0.0040). (C), The result
of IgG2a/IgG1 ratio of experimental vaccinated mice. Results from the
IgG2a/IgG1 ratio in HBsAg-MF59+PPD1pg and HBsAg-MF59+PPD10ug
showed a significant increase versus HBsAg-Alum and HBsAg-MF59

groups (P<0.0345)

responses against HBsAg in human and animal models (16).

In this study, recombinant HBsAg was formulated in
MF59 adjuvant and then as a co-adjuvant, PPD was added
to the vaccine formulation to boost the specific immune
responses against the HBsAg vaccine. In addition, long-
lived humoral immune responses were followed up until
day 220 after the final vaccination. Results from the IFN-y
assay after immunization with the HBsAg-MF59 vaccine
showed no positive effect versus the Alum-based vaccine.

Iran J Basic Med Sci, Vol. 25, No. 11, Nov 2022



PPD in HBsAg vaccine formulation IJ-

Surprisingly, using PPD in the formulation of the HBsAg-
MF59 vaccine, a considerable suppression in IFN-y cytokine
release was observed versus HBsAg-MF59 and even the
HBsAg-Alum group. However, mounting evidence has
shown that PPD can induce Th1-related immune responses
and also dendritic cell maturation and activation as the most
important cells in the triggering and activation of T cells (15,
17, 18). Herein, PPD in the vaccine formulation did not have
any significant effect on the IFN-y cytokine level compared
with the HBsAg vaccine and even suppressed the response.
Our previous study on PPD in HBsAg-Alum, also, did not
induce any significant effect on IFN-y cytokine response
(19). Various studies have shown the potency of PPD in the
induction of cellular immune responses and IFN-y cytokine
release (20, 21). Herein, the suppression of IFN-y cytokine
response may be due to the antigenic competition between
PPD and HBsAg which might have led to a suppressive
effect, however, this needs to be further studied.

Results from the IL-4 cytokine evaluation showed a
borderline suppression in the HBsAg-MF59 vaccine versus
the HBsAg-Alum group. In addition, mice immunized with
HBsAg-MF59 plus PPD10 pg in the vaccine formulation
showed a significant suppression in IL-4 cytokine response,
as a criterion of the Th2 pattern (22) versus the HBsAg-
MF59 group. This finding suggests that PPD in the HBsAg
vaccine formulation suppressed the Th2 pattern and
inversely it may show improvement in Thl response. In
other studies, HBsAg-Alum formulation with PPD showed
a suppressive effect on IL-4 cytokine response, as consistent
with this study (19).

Results from the IL-2/IL-4 ratio showed a significant
increase in the HBsAg-MF59-PPD vaccine versus the
HBsAg-MF59 group and confirms Thl polarization. This
finding may be due to the different levels of suppression
activity of PPD on each cytokine response, because the most
and lowest suppression activities were detected in IFN-y
and IL-4, and in IL-2, respectively. Thus, PPD may improve
Thl response, not by increasing IFN-y cytokine release, but
through suppression of IL-4 cytokine response and increase
in the IL-2/IL-4 ratio versus the HBsAg-MF59 vaccine.

Results from humoral immune responses following the
third immunization with 10 pg PPD1 formulated HBsAg-
MF59 vaccine was accompanied by a significant increase
versus the HBsAg-MF59 which shows the potency of
PPD in the HBsAg vaccine formulation in the context of
improving humoral immune responses. In another finding,
HBsAg-Alum showed a significant increase in the IgG
response versus the HBsAg-MF59 group, but a significant
increase was observed versus the HBsAg-Alum group
when PPD at the dose of 10 pg was added to the HBsAg-
MF59 vaccine formulation. This finding shows that the
Alum-based vaccine has a higher potency compared with
HBsAg-MF59 in the induction of humoral response, 4
weeks after the final boosting. Yet, HBsAg-MF-59 plus PPD
10 pg is more potent than the HBsAg-Alum vaccine in
the induction of humoral immune responses. In the other
words, PPD induces a positive effect in the induction of
humoral immune responses in the HBsAg-MF-59 vaccine.

A study on Pasteurella multocida serotype A:1 and A:4
whole cell antigens which were formulated by PPD and
Montanide ISA-206 adjuvants showed a positive effect of
PPD on the humoral immune responses in a chicken model
which was in agreement with the result obtained in the
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present study (23).

Results from 90 days after the final boosting suggested
a comparable humoral immune response in all HBsAg
vaccinated groups. However, at day 150 of the final
boosting, the HBsAg-MF59 vaccine induced more potent
humoral immune responses than HBsAg-Alum, and PPD
at the doses of 1 and 10 pg increased the potency of HBsAg-
MF59 inducing specific IgG responses compared with the
HBsAg-MF59 vaccine. In addition, at day 220 of the final
immunization, the HBsAg-MF59 vaccine significantly
increased the specific IgG responses versus the HBsAg-
Alum group. Furthermore, PPD at the doses of 1 and 10
ug increased the potency of the HBsAg-MF59 vaccine
inducing specific IgG responses compared with the HBsAg-
MF59 vaccine. These findings first showed that the MF59-
based vaccine has more potency than the HBsAg-Alum
vaccine inducing long-lived specific IgG responses, and
secondly PPD in the HBsAg-MF59 vaccine formulation
increased the vaccine potency in the induction of long-
lived humoral response. In a study carried out by Zadon
et al., the formulation of Pasteurella Multocida in PPD and
Montanide ISA 206 as an oil-based adjuvant showed an
improvement in the humoral immune response up to 42
days post the last vaccination of chickens (23). This finding
showed the potency of PPD in the induction of long-term
antibody responses as shown in the HBsAg vaccine model.

In a study, immunization with MF59- and Alum-
adjuvanted hepatitis B containing surface and pre-S2
antigens showed that the MF59-adjuvanted vaccine had
higher potency than the Alum-based vaccine inducing
specific IgG responses (24). Research in adults with
randomized control on Alum and /or MF59 adjuvant
containing hepatitis B vaccine showed that the vaccine
formulated in MF59 adjuvant was accompanied by higher
potency than Alum-based vaccine inducing specific IgG
response (25). A study on MF59-formulated HBsAg
vaccine on male baboons showed that the vaccine had more
potency than the Alum-based vaccine inducing specific
IgG responses, and monitoring the primates seven months
after the final shot showed that HBV/MF59 elicited a higher
titer than the vaccine with Alum basis (26). The results
from this study on IgG response are in agreement with our
findings for short-term and long-term monitoring of IgG
responses. Here for the first time, we showed that PPD in
the HBsAg-MF59 vaccine formulation is able to increase
humoral immune responses for short- and long-term
post-final vaccination. Specific IgGl and IgG2a isotypes
analysis showed that PPD in the HBsAg-MF59 vaccine
decreased IgG1 response and increased IgG2a response
versus the HBsAgMF59 vaccine. In addition, the HBsAg-
MF59 vaccine significantly increased the IgG2a response
compared with HBsAg-Alum. Furthermore, results from
the IgG2a/IgGl ratio of HBsAg-MF59 formulated in PPD1
ug and PPD10 pg showed a significant increase versus the
HBsAg-MF59 group. Since IgG2a is a criterion of Thl
activity (2), this finding showed that the MF59-adjuvanted
vaccine has more potency than the Alum-based vaccine
inducing Th1 response, and PPD in the vaccine formulation
may improve this effect. Considering the suppression effect
of PPD on IL-4 and IFN-y cytokines response, it seems that
other immunologic mechanisms, such as T follicular helper
cell (Tth), are involved in the improvement of the humoral
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immune response. Various studies demonstrated that
mycobacterium antigens can induce IL-21 cytokine release
as the most important cytokine of Tth and thereby directly
controls the germinal center B cell function and plasma cell
formation and finally improvement of humoral immune
responses (27-30).

Conclusion

Altogether, our results revealed that the HBsAg-MF59
vaccine was superior to HBsAg-Alum inducing long-lived
humoral immune responses. In addition, PPD in the HBsAg
vaccine formulation suppressed IL-4 and IFN-y responses
but increased the IL-2/IL-4 ratio, IgG2a, and IgG2a/IgG1
responses which may show a positive effect on the Thl
polarization. Furthermore, PPD leads to a more potent
long-lived IgG response in the HBsAg vaccine. It seems that
PPD may be useful as a component of a complex adjuvant.

Acknowledgment

The results presented in this paper were part of a student
thesis. This project was supported in part by a grant from
the Deputy of Research and Technology, Health Ministry of
Iran (Grant no. 642) and partially by a grant from Pasteur
Institute of Iran. The authors thank Dr Morteza Taghizadeh
from the Department of Human Vaccine of Razi Vaccine
and Serum Research Institute of Iran, Karaj, Iran, for
vaccine formulation. The authors are grateful to Borna Zist
Pazhohan Knowledge Company and their staff for technical
support. We also thank Dr Louiza Chitour, Regional Sales
& Marketing Manager from the Business Unit of SEPPIC
Company for providing MF-59 adjuvant as a gift.

Authors’ Contributions

MEM Conceived and designed the study; RM, FN,
MIM, BG, NR, FA, MAS, and MEM Performed animal
experiments, immunoassay, data analysis, and draft
manuscript preparation; FN, AK, and MEM Critically
revised the paper; RM, FN, MIM, BG, AK, NR, FA, MAS,
and MEM Supervised the research; RM, FN, MIM, BG, AK,
NR, FA, MAS, and MEM Approved the final version to be
published.

Conflicts of Interest
The authors declare no conflicts of interest.

References

1. Fakharzadeh S, Kalanaky S, Hafizi M, Goya MM, Masoumi Z, Namaki
S, et al. The new nano-complex, Hep-c, improves the immunogenicity
of the hepatitis B vaccine. Vaccine 2013; 31: 2591-2597.

2. Mahdavi M, Mavandadnejad E, Yazdi MH, Faghfuri E, Hashemi
H, Homayouni-Oreh S, et al. Oral administration of synthetic
selenium nanoparticles induced robust Th1 cytokine pattern after
HBs antigen vaccination in mouse model. J Infect Public Health
2017; 10: 102-109.

3. Pollicino T, Amaddeo G, Restuccia A, Raffa G, Alibrandi A,
Cutroneo G, et al. Impact of hepatitis B virus (HBV) preS/S
genomic variability on HBV surface antigen and HBV DNA serum
levels. Hepatology. 2012; 56: 434-443.

4. Hajarizadeh B, Mesgarpour B, Nasiri MJ, Alavian SM, Merat S,
Poustchi H, et al. Estimating the prevalence of hepatitis B virus
infection and exposure among general population in Iran. Hepat
Mon 2017; 17: 11-21.

5. Mahdavi M, Ebtekar M, Khorshid HR, Azadmanesh K,
Hartoonian C, Hassan ZM. ELISPOT analysis of a new CTL based

1332

N=MS

PPD in HBsAg vaccine formulation

DNA vaccine for HIV-1 using GM-CSF in DNA prime/peptide
boost strategy: GM-CSF induced long-lived memory responses.
Immunol Lett 2011; 140: 14-20.

6. Amini Y, Tebianian M, Mosavari N, Fasihi Ramandi M, Ebrahimi
SM, Najminejad H, et al. Development of an effective delivery
system for intranasal immunization against Mycobacterium
tuberculosis ESAT-6 antigen. Artif Cells Nanomed Biotechnol
2017; 45: 291-296.

7. Najminejad H, Kalantar SM, Mokarram AR, Dabaghian M,
Abdollahpour-Alitappeh M, Ebrahimi SM, et al. Bordetella
pertussis antigens encapsulated into N-trimethyl chitosan
nanoparticulate systems as a novel intranasal pertussis vaccine.
Artif Cells Nanomed Biotechnol 2019; 47: 2605-2611.

8. Jafarpour N, Memarnejadian A, Aghasadeghi MR, Kohram F,
Aghababa H, Khoramabadi N, et al. Clustered epitopes within a
new poly-epitopic HIV-1 DNA vaccine shows immunogenicity in
BALB/c mice. Mol Biol Rep 2014; 41: 5207-5214.

9.Xie Y, Sun HX, Li D. Platycodin D is a potent adjuvant of specific
cellular and humoral immune responses against recombinant
hepatitis B antigen. Vaccine. 2009; 27: 757-764.

10. Roohvand F, Ehsani P, Abdollahpour-Alitappeh M, Shokri M,
Kossari N. Biomedical applications of yeasts-a patent view, part
two: era of humanized yeasts and expanded applications. Expert
Opin Ther Pat 2020; 30: 609-631.

11.Jing M, Wang ], Zhu S, Ao F, Wang L, Han T, et al. Development
of a more efficient hepatitis B virus vaccine by targeting hepatitis B
virus preS to dendritic cells. Vaccine. 2016; 34: 516-522.

12.Jamali A, Mahdavi M, Shahabi S, Hassan ZM, Sabahi F, Javan M,
et al. Naloxone, an opioid receptor antagonist, enhances induction
of protective immunity against HSV-1 infection in BALB/c mice.
Microb Pathog 2007; 43: 217-223.

13. Lazarevic I, Banko A, Miljanovic D, Cupic M. Immune-escape
hepatitis B virus mutations associated with viral reactivation upon
immunosuppression. Viruses. 2019; 11: 778-794.

14. Calabro S, Tritto E, Pezzotti A, Taccone M, Muzzi A, Bertholet
S, et al. The adjuvant effect of MF59 is due to the oil-in-water
emulsion formulation, none of the individual components induce
a comparable adjuvant effect. Vaccine 2013; 31: 3363-3369.

15. Bagheri K, Delirezh N, Moazzeni S-M. PPD extract induces
the maturation of human monocyte-derived dendritic cells.
Immunopharmacol Immunotoxicol 2008; 30: 91-104.

16. Rezaei M, Hosseini SN, Khavari-Nejad RA, Najafi F, Mahdavi
M. HBs antigen and mannose loading on the surface of iron
oxide nanoparticles in order to immuno-targeting: fabrication,
characterization, cellular and humoral immunoassay. Artif Cells
Nanomed Biotechnol 2019; 47: 1543-1558.

17. Abou-Taleb DA, Abou-Taleb HA, El-Badawy O, Ahmed AO,
Thabiet Hassan AE, Awad SM. Intralesional vitamin D3 versus
intralesional purified protein derivative in treatment of multiple
warts: a comparative clinical and immunological study. Dermatol
Ther 2019; 32: €13034.

18. Kowalewicz-Kulbat M, Szpakowski P, Locht C, Biet E, Kaplonek P,
Krawczyk KT, et al. Tuberculin skin test reaction is related to memory;,
but not naive CD4+ T cell responses to mycobacterial stimuli in BCG-
vaccinated young adults. Vaccine 2018; 36: 4566-4577.

19. Golkaran B, Mahdavi M. Application of PPD in the Formulation
of Commercial Hepatitis B Vaccine to Improve Humoral and
Cellular Immune Responses. Pathobiology Research. 2018; 21: 73-
78.

20. Reed SG, Coler RN, Dalemans W, Tan EV, DelLa Cruz EC,
Basaraba RJ, et al. Defined tuberculosis vaccine, Mtb72F/AS02A,
evidence of protection in cynomolgus monkeys. Proc Natl Acad
Sci U S A 2009; 106: 2301-2306.

21. Silveira H, Ordway D, Dockrell H, Jackson M, Ventura E.
Cell-mediated immune responses to mycobacterial antigens in
patients with pulmonary tuberculosis and HIV infection. Clin Exp
Immunol 1997; 110: 26-34.

Iran J Basic Med Sci, Vol. 25, No. 11, Nov 2022



PPD in HBsAg vaccine formulation

22. Mahdavi M, Ebtekar M, Azadmanesh K, Mahboudi E
Khorramkhorshid H, Rahbarizadeh E et al. HIV-1 Gag p24-Nef
fusion peptide induces cellular and humoral immune response in
a mouse model. Acta virol 2010; 54: 131-136.

23. Zadon S, Chaturvedi VK, Kumar B, Gupta PK, Mayank R,
Varsha P. Effect on immune response against Pasteurella multocida
capsular type A: 1 and A: 4 on supplementation with protein
purified derivatives of Mycobacterium bovis in chicken. JEBAS
2017; 5: 780-785.

24. Lewis D, Eiden ], Goilav C, Langenberg A, Suggett E, Griffin G.
Rapid and frequent induction of protective immunity exceeding
UK recommendations for healthcare settings by MF59-adjuvated
hepatitis B vaccine. Commun Dis Public Health 2003; 6: 320-324.
25. Heineman TC, Clements-Mann ML, Poland GA, Jacobson
RM, Izu AE, Sakamoto D, et al. A randomized, controlled study
in adults of the immunogenicity of a novel hepatitis B vaccine
containing MF59 adjuvant. Vaccine. 1999; 17: 2769-2778.

26. Traquina P, Morandi M, Contorni M, Van Nest G. MF59

Iran ] Basic Med Sci, Vol. 25, No. 11, Nov 2022

NE=EMS

Mirzaee et al.

adjuvant enhances the antibody response to recombinant hepatitis
B surface antigen vaccine in primates. J Infect Dis 1996;174: 1168-
1175.

27. Gavillet BM, Eberhardt CS, Auderset F, Castellino F, Seubert
A, Tregoning JS, et al. MF59 mediates its B cell adjuvanticity by
promoting T follicular helper cells and thus germinal center
responses in adult and early life. ] Immunol 2015; 194: 4836-4845.
28. Riteau N, Radtke AJ, Shenderov K, Mittereder L, Oland SD,
Hieny S, et al. Water-in-oil-only adjuvants selectively promote T
follicular helper cell polarization through a type I IFN and IL-6-
dependent pathway. ] Immunol. 2016; 197: 3884-3893.

29.Wu G, LiZ, FuX, YuS$, Lao S, Yang B. Antigen-specific human
NKT cells from tuberculosis patients produce IL-21 to help B
cells for the production of immunoglobulins. Oncotarget. 2015; 6:
28633-28645.

30. He J, Fan Y, Shen D, Yu M, Shi L, Ding S, Li L. Characterization
of cytokine profile to distinguish latent tuberculosis from active
tuberculosis and healthy controls. Cytokine 2020; 135: 155218.

1333



