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Background & Objective: The vaccine available to prevent Hepatitis B virus disease is 
ineffective in 5% of people due to the use of HBsAg as a weak immunogenic factor. In 
the present study, PreS2/S fused to C18-27 peptide fragment as an effective antigen and 
is proposed as a promising vaccine candidate compared with the conventional vaccine 
prescribed in the vaccination program.  

Methods: After the synthesis of PreS2/S genes and C18-27 peptide fragment in pET28a, 
the recombinant protein was confirmed by Western blotting. The efficacy of the PreS2/S-
C18-27 protein was compared with the conventional vaccine injected into five groups of 
rats. Finally, the cytokine level of IF-r, IL-2, IL-4, IL-10, TNF-a, IgG1, and IgG2a were 
measured using the ELISA method. 

Results: This study showed no significant difference between the recombinant vaccine 
group and PBS control group in the IF-r test, but there was a significant difference 
between groups testing IL-2 and IL-10. In addition, the group receiving the recombinant 
vaccine with CPG adjuvant at a dilution of 1/10 in the IgG total test on days 14 and 45 
after the first injection showed a significant difference in comparison with other groups.  

Conclusion: This study showed no statistically significant difference between the recombinant 
protein vaccine group and the conventional vaccine group. The Th1- mediated immune 
responses obtained from recombinant proteins with and without CPG performed better than 
conventional vaccines, possibly due to the functional deficiency of the available vaccines.  
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Introduction
Hepatitis B virus (HBV) is the smallest DNA virus 

known (1, 2). This small virus has so far been responsible 
for infecting more than two billion people throughout the 
world (2), whose virulence is 100 times greater than that 
of human immunodeficiency viruses (HIV) (3, 4). 

Since the 1980s, when the hepatitis B virus surface 
antigen (HBsAg) was employed in developing 
recombinant vaccines, this fragment has been the basis 
of vaccination against the virus (5). The HBsAg and core 
protein of the virus are potential targets for producing 
and developing a hepatitis B vaccine (6, 7). HBsAg is 
composed of three glycosylated proteins: S (small), M 
(middle), and L (large) HBs. The L protein consists of 
three domains: s, preS1, and preS2. The M protein 
contains two domains called preS2 and s. The S protein 
also consists of only one domain. The pre-S domain 
(preS1, preS2) has antigenic epitopes based on which 

diagnostic and therapeutic systems have been developed 
(6). Despite a global cohesive vaccination program over 
the past few decades, the recombinant hepatitis B vaccine 
that is currently in use, remains low or with no response 
in some people. The degree of immunogenicity in 
individuals depends on factors such as age, sex, body 
mass index (BMI), smoking, underlying diseases such as 
diabetes, etc. (5). In addition, 5% of children who are 
vaccinated with the conventional vaccine may carry HBV 
in the future, the cause of which is still unknown (5). 

In this regard, one of the solutions is to exploit 
different domains and fragments of surface antigen along 
with other fragments, including the core protein of the 
virus, and adding various adjuvants to the construction of 
a recombinant vaccine that can fill the gaps in the existing 
vaccine (5, 6, 8, 9). 

https://dx.doi.org/10.30699/IJP.2022.553785.2896
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Many studies have focused on improving vaccine 
immunogenicity by augmenting preS1and preS2 or 
HBcAg-containing nucleocapsids to the S protein to 
enhance vaccine efficacy. 

Zuckerman et al. (1997) studied a recombinant 
vaccine containing preS1and preS2 in healthy subjects 
who responded well to the vaccine after receiving the 
routine three doses. Eventually, improvements in 
immunogenic factors in response to the recombinant 
vaccine became apparent (10). 

Nowadays, efforts to find adjuvants with higher 
potency and quality in the antibody production industry 
have led to the identification of different types of 
adjuvants since the use of alum adjuvant as a dominant 
adjuvant in the formulation of most vaccines, including 
the hepatitis B vaccine. In most cases, alum adjuvant 
activates TH2 cell-mediated immune response that cannot 
completely clear virus-infected cells (11-14). In the same 
way, with the recognition of Toll-like receptors (TLRs) as 
bridges between innate and adaptive immune systems 
against microbes, the use of their agonists has been 
considered in the production of gene and recombinant 
vaccines. Cytosine-phosphate-guanine (CpG) is one of 
the most popular TLR agonists, whose fusion in the 
formulation of new vaccines is of great interest (9, 15, 16). 

One of the TLR9 agonists is CpG 7909, which can 
directly activate B cells and pDCS and helps induce both 
innate and adaptive immune responses. In addition, the 
CpG is able to induce the secretion of potent TH1-
derived cytokines such as interferon-gamma (IFN-γ) 
and, by secreting smaller amounts of TH2-derived 
cytokines, provide more T helper cells to both humoral 
and cell-mediated immune responses (9, 15-17). This 
increases the likelihood of viral clearance in people who 
may not respond well to vaccination. 

Moreover, research has shown that Hepatitis B core 
antigen (HBcAg) can act on and activate B lymphocytes 
as primary antigen-presenting cells (APCs), and when 
combined with HBsAg, they have a synergistic effect on 
antibody production as well as cell-mediated responses. 
Among these, amino acids 18 to 27 of the hepatitis B 
virus core protein are known to be one of the most 
effective components for stimulating humoral and cell-
mediated immunity, which has the ability to switch cell-
mediated immunity to humoral immunity in accordance 
with numerous studies (13, 15, 18-20). 

This study also investigated the use of preS2/S 
fragment along with c18-27 antigen peptide fragment of 
hepatitis B virus as a candidate for hepatitis B vaccine and 
co-injection of this recombinant protein with CpG7909 
adjuvant and comparison of its immunogenicity with 
conventional HBV vaccine to improve the quality of 
conventional vaccines in Iran. 

 

Material and Methods 
Designing PreS2/S-C18-27 Construct and Plasmid 
Sequences of preS2/S and C18-27 genes were 

extracted from GenBank (GenBank Accession No. 
CCH63722.1 and NO. AF324125.1, respectively), and 

different models were designed for the fusion of two 
genes with and without flexible linkers. Three-
dimensional (3D) model structures were predicted 
using an online I-TASSER server (Figure1A-D), and 
the prediction of their secondary structure in terms of 
checking the coil or helix nature of structures 
conducted by online 2D-Structure servers. Ultimately, 
GC% and their optimizer were evaluated using J-CAT 
software (to express in E. coli as host) (21). 

In silico Modeling of PreS2/S-C18-27 Protein 
Bioinformatics is a computational method used to 

design, discover, and develop new drugs and vaccines 
based on antibodies, aptamer, Immuno-toxins, and 
proteins (22-31). In this study, we used some in silico 
methods to validate and evaluate our designed proteins. 
Protein sequences were examined by CLC viewer 7.0 
software and the online Expasy ProtParam server for 
factors such as hydrophobicity, solubility, 
environmental stability, and molecular weight. In 
addition, the overall antigenicity of the designed protein 
was investigated on the online VaxiJen server, which 
showed a number greater than 0.4 (Figure 1A-D). 

After reviewing, the 3D model of the linker-free 
structure was selected and designed in the expression 
vector of pET28a (Figure 2A), and the restriction 
enzymes that had a cleavage site in this gene structure 
were deleted using the Web cutter and Neb cutter 
online servers and re-checked in CLC software (Figure 
2B). The N-terminal end of the structure was the site 
for the Eco RI enzyme, and the C-terminal end was the 
site for the Hind III enzyme. For easier purification, 
higher solubility, and better post-translational protein 
efficiency after cloning and expression processes, a His 
tag was added to the C-terminal end (5/EcoRI-PreS2/S-
C18-27-HindIII). Figure 1 is a schematic of the fusion 
protein PreS2/S-C18-27: His and a map of the vector 
structure (30, 32-34)(Figure 2A). 

Gene Construction and Cloning 
The gene sequence designed for synthesis was sent 

to Biomatik (Canada). Gene subcloning in Pet28a, as 
an expression vector, was performed by the company 
itself. After receiving the subcloned and His tagged 
gene, multiple cloning sites in the pET28a vector were 
amplified using PCR and universal primers (Forward: 
5′-CGAGCCCGATCTTCCCCATC-3′ and Reverse: 
5′- GCTAGTTATTGCTCAGCGG-3′). 

The thermal program of this process includes the 
initial denaturation of 94°C for 5 minutes and 25 
cycles, including 94°C for 1 minute, 55°C for 45 
seconds, 72°C for 1 minute, and finally, one cycle of 
72°C for 5 minutes. 

The obtained PCR product was resubmitted to 
Biomatik (Canada) for sequencing. In order to clone 
the gene construct, E. coli strain BL21 was treated with 
calcium chloride and CaCl2. The resulting colonies 
were harvested for PCR with ex-thermal conditions 
and universal primers of Pet28a. 

After confirmation of the transformed cells, the 
plasmid was extracted using an RNA extraction kit 
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(iNtRON, South Korea) according to kit instructions 
and electrophoresed on 1% agarose gel to re-confirm 
the transformation. 
Protein Expression Optimization and Production 

Bacteria containing the recombinant preS2/S-C18-

27-Pet28a plasmid (with a concentration of 30 µg/mL) 
were inoculated in an LB broth medium containing 
1.5% kanamycin and incubated for 16 hours in a shaker 
incubator at 37°C. This 18-hour culture was used for 
inoculation in fresh LB broth medium containing 
kanamycin. The medium was incubated in a shaker 
incubator, and when the turbidity of the medium 
reached 0.6, the expression of recombinant protein was 
induced with Isopropyl β- d-1-thiogalactopyranoside 
(IPTG) at different concentrations of 0.5 to 1 mM in 6 
separate media. In addition, bacterial samples were 
taken from the induced media at 0, 2, 4, 6, and 8 hours. 
The expression level of the protein was evaluated at the 
mentioned times by electrophoresis on 12.5% 
polyacrylamide gel and then stained with Coomassie 
Brilliant Blue G-250 (Merck, Germany). 

To produce the recombinant preS2/S-C18-27-Pet28a 
protein as an optimizer, a 16-hour culture of E. coli 
BL21 was prepared according to previously described 
and used for inoculation in 1 liter of fresh LB medium, 
then, the bacteria reached proper turbidity. 
Protein Purification 

After the time required for protein expression in the 
host bacterium, the bacterial cells were collected by 
centrifugation at 10000 rpm, and the pellet from the 
precipitate was washed with phosphate-buffered saline 
(PBS). Bacterial cell precipitate in buffer B (8 mM urea 
+ 10 mM  Tris-Cl + 100 mM NaH2PO4) was dissolved at 
pH 8.5 and centrifuged at 12,000 rpm for 30 minutes to 
separate the soluble phase from insoluble cell bodies. 
Then, nickel resin (Ni-NTA) (QIAGEN, Germany) was 
added to the solution phase and mixed for 2 hours. After 
transfer to a polystyrene column, the mixture was 
washed with buffer C (8 M urea + Tris-Cl + 100 mM 
NaH2PO4) at PH 6.3. Urea removal was performed using 
buffers containing urea with decreasing gradients (8, 6, 
4, 2, 1, and 0 mol), and finally, the proteins were 
separated and collected from the column using 250 mM 
imidazole solution. 

The protein solution was dialyzed versus PBS (pH 
7.4) to remove imidazole for 36 hours. The amount of 
pure protein obtained was determined by 
spectrophotometry, and the total amount of soluble 
protein purified from one liter of the bacterial medium 
was calculated. 
SDS-PAGE and Western Blot Analysis 

The recombinant protein was transferred from 
polyacrylamide gel to polyvinylidene difluoride 
(PVDF) paper under semi-dry conditions (Bio-Rad, 
USA). Ponceau S-stained membrane was cut into thin 
strips to control and transfer the protein. The sealing of 
the PVDF membrane with Skim milk 3% solution was 
performed overnight. Then, the paper was washed with 
PBST, and a membrane was added to the papers with 

Anti His tag (SigmA A705, USA) at a dilution of 
2000:1 and placed on a shaker for 45 minutes. Next, it 
was rinsed again with PBST buffer. The membrane 
was added to the papers with a solution of 
diaminobenzidine dye (DAB, SigmA, USA), given 15 
minutes for the protein bands to appear, and the 
membrane was scanned (10). 
Subunit Vaccine: Preparation and Immunogenicity 

After desalination with Vivaspin20 columns 
(Sartorius Stedim Biotech, Germany) as well as LPS 
FREE using a kit (Qiagen, Switzerland), PreS2/S-C18-

27 fusion protein was dissolved in PBS (0.2 mg/mL). 
The female Balb/C mice aged 6 to 8 weeks were 

supplied from Baqiyatallah Research Center (Tehran, 
Iran), and the conventional recombinant HBV vaccine 
was obtained from Pasteur Institute in Tehran (Tehran, 
Iran). The CpG 7909 adjuvant was obtained from 
InvivoGen Company (USA). 

The subcutaneous injection was performed in mice 
with a final volume of 1 mL. The animals were 
assigned to 5 groups of 7 (Table 1). 
ELISA for IFN-γ, IL-2,  IL-4, IL-10, TNF-α, IgG 1 
and IgG2a 

The mice were sacrificed two weeks after the final 
immunization (45 days after the first injection). The 
spleens of vaccinated and control mice were dissected 
under aseptic conditions and homogenized by a cell 
strainer. A cell suspension was prepared, and 
erythrocytes were removed by a lysis buffer 
(ammonium chloride). Extracted spleen cells were 
poured into 12-well plates at a density of 5×106 cells 
per well cultured in 500 µL of RPMI1-640 medium, 
penicillin/streptomycin (Penstrep) solution (Biosera, 
UK), and 10% fetal bovine serum (Gibco, UK). The 
spleen cells in the microplates were divided into two 
treatment groups: (i) 10  µL of PreS2/S-C18-27 protein 
and (ii) 5 µg/mL of PHA. After 72 hours of incubation 
at 37°C, the supernatant of the culture medium was 
collected.  The levels of IFN-γ, IL-2, IL-4, IL-10, and 
TNF-α cytokines, as well as IgG1 and IgG2a in the 
culture supernatant, were measured by ELISA kit 
(eBioscience, Austria) according to the manufacturer's 
instructions. 
Statistical Analysis 

Results are presented in mean ± SEM. Data were 
compared by one-way ANOVA using SPSS 16 (SPSS 
Inc., Chicago, IL., USA) at a statistically significant P-
value≤0.05. Graphs were drawn using GraphPad 
Prism6 software. Statistical tests were repeated three 
times for each group.  

 

Results 
Molecular Modeling of PreS2/S-C18-27 Recombinant 
Protein 
Initially, more than 20 models were obtained by online 
modeling software, and finally, one of them with the 
best ERRAT score was selected. Several models were 
developed at different stages of protein modeling 
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analysis. During the modeling process, the proteins 
formed dimers. The solvent surface and solid ribbon 
were the structure of the final model (Figure 1A-D). 
In Figures 2A, 2C, the final model had an ERRAT 
score of 97%. The Ramachandran diagram confirmed 
an acceptable structure with a validity of more than 
98% (Figure 2D). 
Construction of recombinant fusion plasmids 
During the codon-optimization process, a pET-28a 
expression vector was placed at the C-terminal end  
(Figure 2A). EcoRI and HindIII enzyme cleavage sites 
as well as EcoRI/XhoI cloning sites, were used (Figure 
2B). The presence of the PreS2/S-C18-27 gene fragment 
inside the recombinant plasmid was confirmed by 
colony PCR for about 20 colonies. The gene size, 
including the expression vector, was 1191 bp, and 
without the expression vector was 891 bp (Figure 2C).   
Optimization of Recombinant Protein Production 
In order to find the optimal environmental conditions 
to achieve the highest protein production efficiency, 
the designed preS2-S/C18-27clones were subjected to 
different concentrations of IPTG, temperature ranges 
and incubation periods. Finally, SDS-PAGE analysis 
showed that a concentration of 0.9 M of IPTG at 37°C 
overnight is the optimal condition for achieving the 
highest efficiency of recombinant protein production  
(Figure 2D). 
Purification and Identification of Recombinant 
Fusion Protein  
Ni-NTA columns and His-tag linked to the 
recombinant protein were used to purify the protein. 
SDA-PAGE analysis confirmed that the purified 
recombinant preS2-2/C18-27protein has a band with a 
molecular weight of 37KDa (Figure 2D). This protein 
was then analyzed by the western blot method to 
determine that the preS2-2/C18-27 fusion protein has the 
ability to identify His-probe Antibody HRP Antibodies 
(Figure 2E). 
Cytokines assay in Spleen Cell Culture 
Cytokines IL-2, IL-4, IL-10, IFN-γ,  and TNF-α were 
measured in a culture medium containing supernatant 
of each immunized group (7 mice in each group). 
IFN-γ Response 
The splenic lymphocyte activity of mice immunized 
with preS2-S/C18-27 recombinant protein without 
adjuvant in vitro showed no significant difference after 
stimulation with the same protein compared with other 
groups. In addition, the difference was not significant 
in other groups, even between the group receiving the 
conventional vaccine with and without CpG adjuvant 
and the control group. However, the highest level 
belonged to the conventional vaccine group without 
CpG adjuvant (Figure 3A). 
IL-4 Response 
The highest level was found in the conventional 
vaccine group without CpG adjuvant. There was a 
significant difference between the group receiving 

PreS2-S/C18-27 without CpG adjuvant and the groups 
receiving a conventional vaccine with and without 
CpG (P<0.000, P=0.000, respectively). 
In addition, the group receiving PreS2/S-C18-27 with 
CpG adjuvant had the lowest values among the 
experimental groups and showed a significant 
difference in comparison with the group receiving 
conventional vaccine without adjuvant (P=0.006) 
(Figure 3B). 
Moreover, the groups receiving a conventional vaccine 
with and without CpG and those receiving PreS2-
S/C18-27 protein with and without adjuvant were 
significantly different from the PBS group (P<0.000, 
P<0.000, P=0.000, P=0.017, respectively). 
IL-10 Response 
There was a significant difference in this regard 
between the group receiving a conventional vaccine 
with CpG adjuvant and the PBS group (P=0.024).  
In addition, there was also a significant difference 
between the group receiving a conventional vaccine 
with CpG adjuvant and the PreS2/S-C18-27 group, which 
had the lowest level of this cytokine (P=0.019) (Figure  
3C). 
IL-2 Response 
There was a significant difference between the group 
receiving the PreS2/S-C18-27 recombinant protein with 
adjuvant and the group receiving conventional vaccine 
alone (without adjuvant) (P=0.04). In fact, the 
difference between the two groups was the lowest and 
highest groups. 
None of the groups showed a significantly different 
from the control group (Figure 3D). 
TNF-α Response 
There was a significant difference between the two 
groups receiving the PreS2/S-C18-27 recombinant 
protein with adjuvant and the group receiving the same 
protein without adjuvant (P=0.000). 
In addition, there was a significant difference between 
the group receiving conventional vaccine without 
adjuvant and the group receiving PreS2/S-C18-27 
recombinant protein without adjuvant (P=0.002). 
All groups receiving the conventional vaccine and 
recombinant protein, with or without adjuvant, showed 
a statistically significant difference compared to PBS 
(Figure 3E). 
Humoral Immune Response and Isotyping 
IGG1 Response 
Differences were observed between the groups 
receiving PreS2/S-C18-27 with adjuvant and without 
adjuvant with the PBS control group (P<0.000). In 
addition, conventional vaccine groups with and 
without CpG were significantly different from the PBS 
group (P<0.000) (Figure 4A). 
IgG2a Response 
All groups receiving PreS2/S-C18-27 recombinant 
protein with and without adjuvant and conventional 
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vaccine groups with and without adjuvant were 
significantly different from the PBS group (P<0.000) 
(Figure 4B). 
IgG Total in 14 Days after One Injection 
At a dilution of 1:10, a significant difference was 
observed between the conventional vaccine group 
without adjuvant and the group receiving PreS2/S-C18-

27 recombinant protein with CpG adjuvant (P=0.012). 
In the same dilution, the group receiving PreS2/S-C18-

27 recombinant protein with adjuvant showed a 
significant difference compared to the group receiving 
PreS2/S-C18-27 recombinant protein without adjuvant 
(P=0.004). 
Furthermore, there was a significant difference 
(P<0.000) between the PreS2/2-C18-27 group with 
adjuvant, and the PBS group, while other groups 

receiving conventional vaccine showed no significant 
difference in comparison with the PBS group. 
In the dilution 1:20, there was a significant difference 
between the recipients of PreS2/S-C18-27 recombinant 
protein with and without adjuvant (P=0.03). 
In other dilutions (1:40 to 1:1280), no significant 
difference was observed on this day (Figure 5A). 
Total IgG in 45 Days after One Injection 
On day 45, after initial injection (day zero) between the 
five experimental groups, only a significant difference 
was observed between the group receiving PreS2/S-
C18-27 recombinant protein with adjuvant and PBS 
group at a dilution of 1:10 (P=0.047), and there was no 
significant difference between any of the eight 
dilutions (1:10 to 1:1280) (Figure 5B). 

 
 

 
Fig. 1. A: Solid ribbon views of the modeled protein. B: stick view of the modeled protein. (yellow= sulfur; blue= nitrogen; gray= 
carbon; red= oxygen C: solvent surface D:Ramachandran plot of the modeled protein. Number of residues in favored region (~ 
98.0% expected): 168(56.6%). Number of residues in the allowed region (~2.0% expected):65(21.9%) 

 
 
 



 Elaheh Gholami Parizad et al. 453 

   Vol.17 No.4 Fall, 2022                                                                                    IRANIAN JOURNAL OF PATHOLOGY 

 
Fig. 2. A: Construction of vector map (Gholami gen: PreS2/S-C18-27). B: Restriction digestion EcoRI/HindIII. C: Confirmation 
of transformed clones of E. coli by colony PCR with the 5' T7 primer paired with 3' clone. LAN 1: PreS2/S-C18-27 was cloned in 
pET28a with 1191bp length (891 bp PreS2/S-C18-27 + 300bp pET28a vector). LAN M: DNA size marker (100bp). D: Purification 
and expression of the recombinant PreS2/2-C18-27 fusion protein. Analysis of the recombinant PreS2/S-C18-27 protein by SDS-
PAGE, 12.5% stained with Coomassie blue. Lan 1: purification of the eluted recombinant protein of approximately 37 KDa. Lan 
M: protein marker(1KD). Lan 2: uninduced production. Lan 3: before extraction of product. E: Confirmation of purification 
PreS2/S-C18-27 by western blot analysis. Lan 1: protein extraction. Lan M: protein marker (1 KDa). 

 
 
Table 1. Experimental Groups of the Study 

Group Number Injection Formula Dose Rout Of Injection 

1 PreS2/S-C18-27 10 µg subcutaneously 

2 Commercial Vaccine 10 µg subcutaneously 

3 PreS2/S-C18-27 + 1 µg/mL CPG7909 10 µg subcutaneously 

4 Commercial Vaccine +1µg/mL CPG2709 10 µg subcutaneously 

5 PBS - - 
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Fig. 3. A: Cytokine release from splenocytes of immunized mice. IFN-γ secretion by splenocytes was evaluated following 
stimulation with PreS2/S-C18-27 and PHA. PBS and commercial vaccines used as control. Freshly isolated spleen cells were plated 
in duplicate at 5× 106 cell per well in 24-well plate and incubated with PreS2/S-C18-27(10 µg/mL) and PHA(5 µg/mL) for 24 h at 
37℃, 5% CO2. IFN-γ, TNF-a, IL-4, IL-10 and IL-2 were detected using a mouse, ELISA Kit. There is no significant difference 
between the groups. B: Cytokine release from splenocytes of immunized mice. IL-4 secretion by splenocytes was evaluated 
following stimulation with PreS2/S-C18-27 and PHA. PBS and commercial vaccines used as control. C: Cytokine release from 
splenocytes of immunized mice. IL-10 secretion by splenocytes was evaluated following stimulation with PreS2/S-C18-27 and PHA. 
PBS and commercial vaccines used as control. D: Cytokine release from splenocytes of immunized mice. IL-2 secretion by 
splenocytes was evaluated following stimulation with PreS2/S-C18-27 and PHA. PBS and commercial vaccines used as control. E: 
Cytokine release from splenocytes of immunized mice. TNF-a secretion by splenocytes was evaluated following stimulation with 
PreS2/S-C18-27 and PHA. PBS and commercial vaccines used as control. 
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Fig. 4. A: IgG1 release from splenocytes of immunized mice. B: IgG2a release by splenocytes of immunized mice. 
 

 
Fig. 5. A: Total antibody 14 days after the first injection. PreS2/S-C18-27 with and without CPG groups compared with commercial 
vaccine groups. B: Total antibody 45 days after the first injection. PreS2/S-C18-27 with and without CPG groups compared with 
commercial vaccine groups. 

 

Discussion 
According to the World Health Organization 

(WHO), more than 50 million people are diagnosed with 
acute hepatitis B infection yearly, and more than 240 
million suffer from chronic hepatitis infection (6-12).  

Despite a comprehensive vaccination program in 
most developed and developing countries, hepatitis B 
infection is still a major problem, especially in Asia-
Pacific regions (35, 36). The hepatitis B vaccine for 
adults has several limitations that cause no response or 
low response to the vaccine. About 10% of these 
unresponsive individuals are healthy individuals for 
whom no specific reason for their unresponsiveness 
has been established yet (37, 38). Perhaps one of the 
major problems of conventional vaccines is the use of 
genotype A, subtype A2, and serotype ayw2 for 
vaccine design, which is common in Northern Europe 
and the United States (36-40), whereas 99% of hepatitis 
B infections are caused by genotypes other than A2 and 
cross seroprotection occurs when the antibody titer is 
produced in the shortest possible time and with the 
maximum amount against the common antigens of 
each region, to prevent infection with other virus 
genotypes (32, 35, 39-41). Therefore, efforts are now 
being made to produce hepatitis B vaccine according to 
the common genotype and conditions in each country, 

to the extent that the vaccines in countries such as 
Korea and Russia are produced and consumed 
according to the common genotype in these countries 
(32, 35, 39-41). Hence, production and quality 
improvement of hepatitis B vaccine are one of the 
health priorities according to the common genotype in 
Iran, i.e., genotype D (42). 

One of the components considered in recent years 
is preS2-S, known as M-protein. This protein consists 
of an mRNA with a molecular weight of 2.1 kbp, and 
the resulting protein will eventually contain 281 amino 
acids which play a significant role both in enhancing 
immunogenicity and in accelerating the secretion of 
antibodies against HBsAg due to the presence of the 
preS2 fragment (14, 33, 38, 43). In the structure of this 
protein 55, amino acids and an N-glycosylated site at 
its fourth amino acid position are found. These 
fragments have been evaluated alone or in combination 
with S protein in various studies and are currently used 
in third-generation vaccines and several research-based 
vaccines (33, 43, 44). 

The S protein, which contains 226 amino acids, is 
important in the preparation of vaccines as well as 
diagnostic kits due to its "a" region from point 122 to 



456 Comparison Recombinant Pre S2/S-C18-27 Protein with Engerix B Vaccine 

   Vol.17 No.4 Fall, 2022                                                                                     IRANIAN JOURNAL OF PATHOLOGY 

146 in this domain and has been conserved in different 
genotypes. Therefore, M protein with S and S2 
fragments is a suitable target for developing new 
therapeutic and prophylactic vaccines by expanding 
and amplifying the specific responses of B and T cells 
(12, 32, 34, 39, 45, 46). 

In addition, various studies have demonstrated that 
HBcAg can act on and activate B lymphocytes as APCs, 
while combining with HBsAg causes a synergistic effect 
on antibody production and cell-mediated responses 
(47). Among these, amino acids 18 to 27 of hepatitis B 
virus core protein have shown the greatest potency in 
stimulating humoral and cell-mediated immunity, which 
can switch cell-mediated immunity to humoral 
immunity (36). 

Nowadays, scientists are trying to find adjuvants 
with higher potency and quality in antibody production, 
which has led to the identification of different types of 
new adjuvants (17, 48-50). In this direction, recognizing 
the function of TLRs as bridges between innate and 
acquired immunities against microbes has led to efforts 
to employ their agonists in developing recombinant and 
gene vaccines (33, 43, 44). During HBV infection, the 
TLR9 expression decrease, and since TLR9 is a very 
effective factor in the viral DNA presentation to 
dendritic cells, a reduction in its expression will result in 
an incomplete immune response to the virus and thus the 
progression of the disease to become acute will not be 
unexpected (43, 51, 52). The CpGs are nucleotide 
sequences that are considered agonists of TLRs, and the 
TLR9 agonist is CpG7909. This CpG directly activates 
B cells and pDCS and helps induce both innate and 
adaptive immune responses (48, 49). In addition, this 
CpG can induce the release of potent Th1-derived 
cytokines such as IL-12 and IFN-γ and, by secreting 
smaller amounts of Th2-derived cytokines, provide 
more T-helpers to both cell-mediated and humoral 
immune responses (43, 52). Thus, the likelihood of viral 
clearance from the body will also increase (34). Among 
the available agonists, CpG7909 has been approved by 
the USA Food and Drug Administration (FDA) and is 
now exploited as an adjuvant in vaccines such as the 
tetanus vaccine and even in some countries in the 
hepatitis B vaccine (48). 

Since the conventional vaccine placed more 
emphasis on stimulating the immune response based on 
the stimulation of antibodies and Th1, and as this factor 
causes the vaccine to remain in asymptomatic carriers 
without an adequate immune response (50), this study 
aimed to reinforce cell-mediated response along with 
antibody responses to maintain cell-mediated responses 
while maintaining antibody responses that are desirable 
in the conventional vaccine, to include therapeutic 
application in addition to prophylactic use. 

The IFN-γ is a cytokine secreted by Th1 cells, 
whose non-production has been observed in people 
who do not respond to the hepatitis vaccine or in people 
with this infection (12, 32, 35, 39, 45, 46). 

In the present study, there were no significant 
differences in IFN-γ levels between the PreS2/S-C18-27 

recombinant protein group, the conventional vaccine 
groups, and the PBS group. This significant difference 
was not observed between the conventional vaccine 
groups with or without CpG adjuvant and the PBS group 
(Figure 3A). Although these results confirm that the 
PreS2/S-C18-27 fusion protein does not stimulate the 
Th1 response more than other groups, it can be 
concluded that this recombinant protein did not act more 
powerfully than the conventional vaccine. In a study 
conducted by Li et al. (2015), the HBsAg fragments and 
HBcAg along with CpG were applied to develop a new 
therapeutic vaccine so that the mice receiving the above 
combination showed higher levels of IFN-γ than other 
groups receiving without CpG; however, these levels 
were not significant in this study (53). 

Since IL-2 is also a cytokine affecting Th1 
responses, an assay of this interleukin indicated a 
significant difference between the group receiving the 
PreS2/S-C18-27 recombinant protein formulated with 
CpG adjuvant and the group receiving conventional 
vaccine without CpG (P=0.04) (Figure 3D). As shown 
in Figure 3D, the level of this cytokine was not 
significantly different between the conventional 
vaccine group with and without CpG adjuvant and the 
PBS group. This may indicate that the PreS2/S-C18-27 
recombinant protein with CpG adjuvant can more 
activate IL-2-stimulated Th1-based immune responses 
than other groups. 

In a study done by Wang et al., two weeks after the 
last dose of HBc18-27_HIV Tat 49-57 fusion vaccine, the 
serum levels of IFN-γ and IL-2 in the mice receiving this 
recombinant fusion with CpG were significantly higher 
than in the other groups. The reason for this difference 
can be found in different doses as well as differences in 
various fusion combinations (13) (Figure 3D). 

New findings demonstrate that the best model for 
immune responses against viral infections is a 
combination of Th1 and Th2-based responses. The 
imbalance of Th1/Th2 responses induces the production 
of anti-inflammatory cytokines such as IL-4 and IL-10 
(12, 39). 

IL-10, which reduces the Th1 response and inhibits 
inflammatory and immune responses, demonstrated the 
difference between the two groups receiving PreS2/S-
C18-27+CpG adjuvant and the conventional vaccine+CpG 
in this study. The highest production level of this 
cytokine belonged to the conventional vaccine+CpG 
group, and the lowest level belonged to the recombinant 
protein+CpG group (Figure 3C). As IL-10 often has an 
inhibitory and controlling role on the immune system, 
there was a significant difference in the production level 
of this cytokine when comparing the PBS group with the 
same conventional vaccine group +CpG. Next, the 
conventional vaccine group without adjuvant produced 
more IL-10, suggesting that the recombinant protein has 
shown better performance in producing inhibitory 
cytokines to promote immune responses rather than 
inhibiting them. 

In addition, the production of IL-4, as an anti-
inflammatory cytokine, promotes Th2-related reactions 
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and differentiates and produces IgG.  The measurement 
of this interleukin among the experimental groups 
revealed a significant difference between the groups 
receiving the PreS2/S-C18-27 recombinant protein±CpG 
and conventional vaccine±CpG.  Since the conventional 
vaccine±CpG group showed a significant difference 
compared to the PBS control group, it can be inferred 
that the PreS2/S-C18-27 recombinant protein has a better 
balance for Th1/Th2 responses than the conventional 
vaccine  (Figure 3B). 

As IFN-γ production showed no significant 
difference (Figure 3A) and the IL-2, which acts in 
conjunction with IFN-γ (perhaps with less potency) due 
to the resulting recombinant fusion protein (Figure 3D), 
therefore more emphasis should be placed on this 
recombinant protein than the conventional vaccine.  In 
addition, in terms of stimulation of Th2-based immune 
responses examined by IL-4 assay, our results showed 
better performance of the PreS2/S-C18-27 recombinant 
protein than conventional vaccine compared to the 
control group (Figure 3B). 

Recent findings have proven that the best model for 
immune responses against viral infections is a 
combination of Th1- and Th2-based responses (12). 

Tumor necrosis factor-alpha (TNF-α) is a 
proinflammatory, multivalent cytokine that plays an 
important role in developing a host immune response to 
HBV. One of the reasons for no or low response to the 
HBV vaccine is the polymorphism in the promoter of 
this cytokine, which can eventually lead to chronic 
hepatitis B infections. Studies have shown that cytotoxic 
T lymphocytes (CTLs) play a major role in overcoming 
the acute infection of the hepatitis B virus in hepatocytes. 
In this process, IFN-γ and TNF-α derived from CTLs 
and macrophages of the liver can inhibit the expression 
of viral genes and prevent viral replication in infected 
hepatocytes. However, high levels of this cytokine also 
cause tissue damage (39). 

An increase in TNF-α level (seven months after 
vaccination) in healthy people vaccinated with 
conventional vaccines over time has been shown to be a 
positive functional indicator because the level of this 
cytokine decreases in HIV-positive people after 
vaccination, as one of the reasons for reducing the effect 
of the vaccine in these people (13). This study showed a 
significant difference between the conventional vaccine 
group without CpG and the PreS2/S-C18-27 recombinant 
protein group without CpG. There was even a significant 
difference between the PreS2/S-C18-27 group without 
adjuvant and with the same group - but without adjuvant 
- which was inconsistent with other studies in this field 
(13, 54) (Figure 3E). 

The results of this study indicated that IgG2a, the 
production of which eventually leads to the activation 
of Th1 cells, in the experimental group receiving 
PreS2/S-C18-27 without adjuvants was significantly 
different from the control group (P=0.01), and this 
difference was not seen in other test and control groups. 
In this test, the highest level belonged to the 
conventional vaccine plus CpG group, and the lowest 

level was related to the group receiving vaccine alone, 
which in turn confirms that the current vaccine used 
alone does not have sufficient potency to produce 
IgG2a compared to the other groups tested (Figure 4B). 

In a study by Davis et al. (17), the groups that also 
received CpG showed the greatest difference in IgG2a 
from the other groups. 

Moreover, two weeks after the first dose of 
injection (14 days) in 1:10 and 1:20 dilutions (Figure 
5A), there was a significant difference in the total IgG 
test between the two groups receiving the PreS2/S-C18-

27 recombinant protein with or without adjuvant. The 
group receiving recombinant protein with adjuvant 
showed higher values in these two dilutions on day 14. 
A comparison of these two groups on day 45 after the 
first injection (two weeks after the second injection) 
(Figure 5B) did not show a significant difference. In 
addition, no difference was observed in this marker 
between other control and test groups. 

 

Conclusion 
Although this study tested only one single dose and 

two injections for both conventional vaccines and 
produced recombinant protein, recombinant protein 
results showed a slight statistically difference with 
conventional HBV vaccine. However, the produced 
recombinant protein- with and without CpG adjuvant- 
clearly may perform better concerning Th1-based 
immune responses. By changing the dose, different 
formulations of the recombinant protein and adjuvant, or 
the number of injections, it may be possible to achieve a 
more effective outcome for the PreS2/S-C18-27 
recombinant protein than for the conventional vaccine. 
In addition, Researches focusing on the effect of 
PreS2/S-C18-27 protein on transgenic mice with chronic 
HBV could be helpful to investigate this protein's 
potential efficacy in viral clearance. 
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