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Objective(s): Despite treatment with antibiotics and vaccination with BCG, tuberculosis (TB) is still 
considered as one of the most important public health problems in the world. Therefore, designing and 
producing a more effective vaccine against TB seems urgently. In this study, immunogenicity of a 
fusion protein which consisting or comprising CFP-10 from Mycobacterium tuberculosis and the Fc-
domain of  mouse IgG2a was evaluated as a novel subunit vaccine candidate against TB. 
Materials and Methods: The genetic constructs were cloned in pPICZαA expression vector and recombinant 
vectors (pPICZαA-CFP-10: Fcγ2a and pPICZαA-CFP-10:His) were transformed into Pichia pastoris. To 
evaluate the expression of recombinant proteins, SDS-PAGE and immunoblotting were used. The 
immunogenicity of recombinant proteins, with and without BCG were assessed in BALB/c mice and specific 
cytokines against recombinant proteins (IFN-γ, IL-12, IL-4, IL-17 and TGF-β) were evaluated. 
Results: The levels of IFN-γ and IL-12 in mice that received recombinant proteins was higher than the control 
groups (BCG and PBS). Thus, both recombinant proteins (CFP-10:Fcγ2a and CFP-10:His) could excite good 
response in Th1-cells. The Fc-tagged protein had a stronger Th1 response with low levels of IL-4, as 
compared to CFP-10:His. However, the highest level of Th1 response was observed in groups that were 
vaccinated with BCG (prime) and then received recombinant protein CFP-10: Fcγ2a (booster). 
Conclusion: The results demonstrated that binding mice Fc-domain to CFP-10 protein can increase the 
immunogenicity of the subunit vaccine. Further studies, might be able to design and produce a new 
generation of subunit vaccines based on the Fc-fused immunogen. 
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Introduction 
 Tuberculosis (TB) which is caused by 

Mycobacterium tuberculosis (Mtb) is one of the most 
important infectious diseases and one of the most 
common causes of death in the world, especially in 
developing countries. According to the World Health 
Organization (WHO), about 9 million people are 
infected annually, of which, 2 million lose their lives (1). 
Today, the attenuated strain of Mycobacterium bovis, 
called BCG, is used to induce immunity in many 
countries. The BCG is the only approved vaccine in 
humans. The effectiveness of this vaccine varies in 
different parts of the world and its efficacy have been 
reported to be from 0 to 80% in different studies (2). In 
addition, BCG vaccine produces immunity in children 
and has little effect in preventing pulmonary TB in 

 

adults. Therefore, there is an urgent need of developing 
novel vaccines and vaccination strategies to 
consistently protect adults against pulmonary TB. The  
vaccines, such as viral vector vaccines, DNA vaccines, 
subunit vaccines, attenuated Mtb and recombinant BCG 
are the most important new vaccines studied over the 
last twenty years (3). 

Given that Mtb is a facultative intracellular bacteria, 
cell mediated immunity (CMI) and Th1-cells are the 
main parts of protective immunity in TB disease. These 
cells play an important role in controlling TB infection 
through the production of TNF-α, IFN-γ and IL-2. In 
addition, cytotoxic T-cells take part in the protective 
immunity through the production of IFN-γ and direct 
lysis of contaminated macrophages (4). 

In recent years, subunit vaccines were considered
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due to the safety and easy production (5). These 
vaccines are designed mainly on the basis of secretory 
proteins and immunodominant antigens. Among these 
immunogenic antigens of Mtb, two secretory proteins: 
early secretory antigenic target-6 (ESAT-6) and culture 
filtrate protein-10 (CFP-10) are of paramount 
importance (6). These antigens, are respectively 
expressed by Rv3875 (esxA) and Rv3874 (esxB) genes. 
Both genes are encoded by difference-1 region (RD1) of 
the bacterial genome and play a key role in virulence. 
RD1 locus exists in pathogenic strains of  Mtb and M. 
bovis, but has been deleted in the BCG vaccine strain. 
The results of several studies suggest that secretory 
proteins, ESAT-6 and CFP-10, play an important role in 
the pathogenesis of Mtb. Activation of T-cells by these 
antigens is an evidence of the suitability of this vaccine. 
Therefore, regarding the role of these proteins in 
stimulating the immune response and lack of them in 
BCG vaccine, it can be concluded that, ESAT-6 and CFP-
10 antigens, are apropriate candidates for producing 
subunit vaccines (6-8). 

In designing new subunit vaccines, in addition to 
selection of antigens stimulating the immune system, 
using a suitable system for vaccine presentation                 
is also important. One of the most important 
limitations of these vaccines in stimulating a 
protective response against TB is lack of adequate 
presentation of vaccine antigens to T-lymphocytes. 
Thus, to obtain an appropriate immune response, 
multiple injection of booster doses of vaccine with 
suitble time interval must be applied (9). One of the 
most effective methods to overcome this limitation is 
using proteins binding to immunoglobulin (Ig) Fc 
domain (10). In this method, one or more antigens 
forming subunit vaccines bind to the Fc domain of 
antibodies. Subunit vaccines binding to Fc domain             
of antibodies increase the half-life, solubility, 
stability and ease in purification. Also, binding of 
immunogenic proteins to the Fc domain of 
antibodies facilitates its selective uptake by antigen-
presenting cells (APCs) via FcγR and consequently 
enhances the efficiency of cross-presentation for 
inducing a potent Th1 immune response (10, 11). 
Macrophages and dendritic cells (DCs) have different 
types of receptors binding to Fc (FcγR), such as: 
FcγRI, FcγRIIA, FcγRIIB and FcγRIII, which are bind 
to the Fc-IgG domain (10-13). Several studies show 
that targeted presentation of antigens to FcγR 
receptors on the surface of APCs can increase the 
uptake and presentation of antigens by these cells for 
50-500 times. In addition, selective uptake of foreign 
antigens by Fc receptors can cause presentation of 
antigen through cytoplasmic route and eventually 
MHC-I. This can stimulate CD8+ lymphocytes. 
Stimulation of cytotoxic T-lymphocytes is one of the 
effective factors in the removal of macrophages 
infected with Mtb (14). According to these studies, it 
can be  proposed that  binding CFP-10 to mouse 

IgG2a domain, increases the immunogenic potential 
of subunit vaccines.  Therefore, CFP-10:Fcγ2a and 
CFP-10:His, were expressed in Pichia pastoris 
system, and then their immunogenicity was 
evaluated in  mice model with spacific adjuvant and 
different BCG regimens. 

 
Materials and Methods 
Design and gene construction 

In order to increase the expression of fusion 
protein CFP10:His and CFP10:Fcγ2, sequences 
encoding constructs were optimized based on                     
P. pastoris. Then, optimized constructs were 
synthesized into pUC57 cloning vector. For the 
cloning process, restriction sites of enzymes (NotI 
and XhoI), and the sequence coding restriction site of 
KEX2 were located upstream of the gene constructs. 
The gene constructs were rescued from the pUC57 
cloning vector by restriction digestion using XhoI and 
NotI (Thermo Scientific, USA) and transfered into the 
pPICZαA expression vector. Finally, recombinant 
vectors of pPICZα A-CFP10:Fcγ2a and pPICZα A-
CFP10:His were obtained. 

Recombinant vector of pPICZαA-CFP10:His 
contain c-myc in C-terminal. Moreover, a stop codon 
was placed at the end of  Fc domain in the 
recombinant vector  pPICZα A-CFP10:Fcγ2a to 
prevent the expression of His-tag. Recombinant 
vectors were transformed  to Escherichia coli 
Top10F', and then the transformed E. coli  were 
cultured in Laurie Bertani agar containing 25 μg 
Zeocin Zeocin™. The recombinant vectors were 
purified using plasmid extraction kit. Finally, to 
ensure the accuracy of cloning, both recombinant 
vectors were fully sequenced over the sites at which 
the fused DNA fragments were cloned. 
 
Transformation to P. pastoris and selection of  
transforms  

Recombinant vectors were digested and 
linearized by SacI enzyme; and were then 
transformed into P. pastoris GS115 cells by the 
electroporation method. The transformed P. pastoris 
GS115 cells were selected from non-transformed 
cells by growth on YPD agar containing 100 µg 
Zeocin™ (InvivoGen, USA) (after 3 days of incubation 
at 28 °C). The colonies grown on YPD agar containing  
Zeocin™ were selected from the largest colonies for 
protein expression. 
 
PCR colony and colony selection 

To approve molecular transformation, right 
colonies with an integrated recombinant DNA of 
CFP10:Fc and CFP10:His were selected by PCR with 
α-factor and AOX1 primers (according to Easy select 
P. pastoris expression kit). 
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Expression at low levels and detection of 
recombina nt protein  

To identify the best colony expressing recombinant 
proteins, transformed yeast cells (confirmed by PCR) 
were cultured in a baffled flask containing 5 ml BMGY 
(28°C in shaker incubator) to reach the OD600 = 2 (about 
16 hr). After reaching the desired OD, to stimulate the 
expression of recombinant proteins, yeast cells were 
isolated with centrifugation (5000 rpm for 5 min at                  
4 °C) and were cultured in BMMY to reach the OD600=1. 
Then, the flask containing  BMMY were kept at 28 °C for 
3 days (within shaker incubator with 300 rpm). In this 
period, 100% methanol was added to the each flask for 
maximal stimulation of the expression of recombinant 
proteins. The amount of methanol added in the final 
environment was 0.5%. Finally, after 3 days, the 
supernatant was separated by centrifu-gation and the 
expression amount of recombinant proteins were 
determined by enzyme-linked immunosorbent assay 
(ELISA). According to  ELISA data, the best colonies 
expressing protein were determined. 

 
Medium-scale expression of recombinant proteins  

The best colonies selected by ELISA were cultured 
in 1l of BMGY (28 °C and shaker incubation at 300 rpm) 
to reach the OD600= 2. Then, yeast cells were obtained 
with centrifuge (5 min at 4 °C and 5000 rpm) and were 
re-cultured in 2 l BMMY until the OD600=1. Thereafter, 
baffled flasks were incubated at 300 rpm and 28 °C for 
3 days. To increase the expression of recombinant 
proteins, pure methanol was added to the flasks at a 
final concentration of 0.5%, each 24 hr. 

 
Puri fication of recombinant proteins  

In order to purify of recombinant protein, the 
supernatant of the culture was collected with centri-
fugation (10 min at 10,000 rpm) and recombinant 
proteins CFP10:Fcγ2 were purified by HiTrap rProtein 
A Sepharose Fast Flow column (GE Healthcare, USA). 
Briefly, the pH of supernatant was adjusted to 7 using 1 
M sodium phosphate buffer and was filtered by a filter 
of 0.45 μm. After washing the column by binding buffer 
(20 mM sodium phosphate and pH=7), filtered 
supernatant was passed through HiTrap column at a 
flow rate of 3 ml/min. A new binding buffer was then 
utilized to wash the column again before eluting the 
column strip of the target proteins with an elution 
buffer (0.1 M sodium citrate, pH 4.6). The mentioned 
proteins were then collected in microtubes containing 
neutralization buffer (1M Tris-HCl, pH 9). 

Labeled His-tag recombinant protein (CFP10:His) 
was purified by Ni-NTA garose column (QIAGEN, 
USA). After washing the column with distilled water, 
lysis buffer (50 mM potassium phosphate, pH=7.8, 
400 mM NaCl, 100 mM KCL, 10% glycerol and 0.5% 
of Triton X100) was passed through Ni-NTA agarose 
(with the same volume of the column) to equilibrate 

the column. The filtered supernatant was passed 
through the column at a flow rate of 1  ml/min and 
the column was then washed with lysis buffer 
(containing 10 and 30 mM imidazole).  Finally, for 
the isolation of recombinant proteins bound to the 
column, lysis buffer containing 500 mM imidazole 
was used. To concentrate and desalt the eluted 
fractions, a Vivaspin 20 ultrafiltration spin column 
(Sartorius Stedim, Germany) was used. Finally, 
evaluation of the eluted fractions (containing 
recombinant fusion proteins) was done by western 
blotting and using SDS-PAGE. 
 
SDS-PAGE and Western blot 

Expression of recombinant fusion proteins was 
analyzed using SDS-PAGE and confirmed by Western 
blotting. A 12% gel was used to visualize the 
recombinant protein via SDS-PAGE performance (15). 
Staining of the gels was performed with Coomassie 
Brilliant Blue G-250 following Bio-Rad Mini PROTEAN 
electrophoresis (Bio Rad, USA).  For Western blotting, 
the proteins were separated by 12% gel and then the 
proteins were transferred onto polyvinylidene fluoride 
(PVDF) membrane. After electrotransfring, PVDF 
membranes were blocked by BSA 2% (overnight at 4 
°C). For identification of Fc-tag recombinant protein 
(CFP10:Fcγ2a), incubation of membranes was done for 
probing with goat anti-mouse IgG-HRP antibody (Santa 
Cruz, USA) at a dilution of 1:10,000 for 1 hr at room 
temperature. Also, in order to identify CFP10:His fusion 
protein, PVDF membranes were incubated for an hr at 
room temperature with His-probe (H3) HRP antibody 
(Santa Cruz, USA) at a dilution of 1:5000. Finally, the 
specific recombinant proteins were detected by 
enhanced chemiluminescence detection system (ECL). 
 
APC-targeting of CFP10:Fcγ2a recombinant protein  

Using a direct immunofluorescence assay, confir-
mation of Fc-fusion protein binding to Fcγ receptor 
(FcγRI) on APCs was done. Briefly, CFP10:Fcγ2a protein 
was added to the immunofluorescence slides, on which 
mouse macrophages had been fixed and then incubated 
at 37 °C for 80 min. After washing the cells with 
phosphate-buffered saline (PBS), they were incubated 
with fluorescent antibodies consisting of PE anti-mouse 
CD64 (FcγRI) (BioLegend, USA) and goat anti-mouse 
IgG2a-FITC (Santa Cruz, USA) in 3% (w/v) BSA in a 
humidified chamber for 2 hr. Ultimately, a fluorescence 
microscope (Nikon Eclipse E200, Japan) was employed 
to view the slides and obtain the images (16).  
 
Preparation of adjuvant compound and subunit 
vaccine 

To prepare appropriate concentrations of fusion 
proteins (50 µg of each protein), these proteins were 
diluted in sterile PBS. To prepare adjuvant compounds, 
DDA (Sigma-Aldrich, UK) and TDM (VacciGrade; 
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IvivoGen, USA) were prepared according to the lipid 
films method. Then, one hr before injecting the vaccine, 
the recombinant proteins and DDA/TDB adjuvant were 
mixed together (DDA/TDB; 250/50 µg) (17). 

 
Immunization  

To evaluate the immunogenicity of recombinant 
proteins, female C57BL/6 mice 6 to 8 weeks of age 
were used. These mice were obtained from Pasteur 
Institute (Tehran, Iran) and kept under standard 
conditions in Mashahad Bu-Ali Research Institue. 
The mice were randomly divided into 6 groups (each 
group contained 5 mice). Group A: negative control 
mice that received 200 μl PBS; Group B: mice that 
received 5×105 CFU BCG; Group C: mice that received 
50 µg of protein CFP10-Fcγ2a in 100 µl PBS plus 100 
μl TDB-DDA adjuvant; Group D: mice that received 
50 µg of CFP10-His protein in 100 µl PBS plus 100 μl 
TDB-DDA; Group E: mice that primed with BCG and 
stimulated by CFP10:Fcγ2a subunit vaccine (50 µg of 
Fc-tag fusion protein in 100 μl of PBS plus 100 μl of 
DDA/TDB adjuvant); and Group D: mice that primed 
with BCG and stimulated by CFP10:His subunit 
vaccine (50 µg of His-tag fusion protein in 100 μl of 
PBS plus 100 μl of DDA/TDB adjuvant). The mice 
were vaccinated subcutaneously 4 times at two 
weeks intervals. Groups that received BCG and PBS 
were vaccinated only one-time on the first day. Other 
groups were vaccinated four times on days 1, 14, 28 
and 42. Prime/boost groups were vaccinated on first 
day with BCG plus each subunit vaccine and then 
boosted by each recombinant protein mixed with 
DDA/TDB on days 14, 28 and 42. 

 
Evaluation of the cytokine production  

Two weeks after the last vaccination, the mice were 
sacrificed and their spleen were removed aseptically, and a 
suspension of the splenocytes were prepared on a plate 
(each well containing 4×106 cell). These cells were cultured 
in 1 ml RPMI1640 (Biosera, UK) and then seeded for 72 
hr at 37 °C in the presence of 5% CO2 with recombinant 
proteins CFP10: Fcγ2a (5 μg/ml) and CFP10: His (5 
μg/ml). In this process, phyto-hemagglutinin (PHA, 
Gibco,USA) was used as a positive control (5 μg/ml). 
After incubation, culture supernatants were collected 
and the level of cytokines IL-12, IFN-γ, IL-4, TGF-β and 
IL-17 was determined by commercial ELISA kits 
(eBioscience, Austria) (according to manufacturer’s 
company). 

 
Statistical analysis  

The data were expressed as mean±standard 
deviation (SD) of the duplicate samples. Tukey's 
multiple comparison tests of One-Way ANOVA were 
used to determine the statistical significance of the 
differences at P<0.05. 

 

Results  
Design and cloning expression cassettes 

Recombinant expression cassettes were designed 
based on the diagram in Figure 1. After synthesis of 
expression constructs in plasmid  pUC57, these gene 
constructs were subcloned in pPICZαA expression 
vector. Plasmid pPICZα A contains α-factor signal 
sequence (for secretion of recombinant proteins) and 
promotor gene of alcohol oxidase induced by methanol 
(AOX1) that promotes high levels of expression and 
secretion of recombinant proteins into the culture 
supernatant. 

 
Transformation and selection of the transforms  

After transformation by electroporation, the 
positive transformed colonies were selected by the 
YPDS medium containing 100 μg/ml Zeocin™. After 
isolation of genomic DNA from transformed colonies, 
entry of recombinant pPICZα A vectors into the genome 
of P. pastoris was confirmed by PCR with AOX1 and               
α-factor primers. 

 
Evaluation of the recombinant proteins expression  

After expression in low level, clones with the 
highest absorbance in ELISA were selected for 
expression at a high level. After high-level expression, 
recombinant proteins were purified from supernatants 
collected by columns of HiTrap rProtein A FF (for CFP-
10: Fcγ2a) and Ni-NTA Agarose (for CFP-10: His). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Schematic illustration of the protein constructs.              
A) Schematic illustration of the genetic fusion of Mycobacterium 
tuberculosis CFP-10 and 6× His-tag to create a CFP-10:His fusion 
protein. B) Schematic illustration of the genetic fusion of 
Mycobacterium tuberculosis CFP-10 and murine Fcγ2a to create a 
CFP-10:Fcγ2a fusion protein. C) Schematic map of the pPICZα-
CFP-10:Fcγ2a and pPICZα-CFP-10:His. The insert was cloned into 
the XhoI and NotI restriction enzyme sites of pPICZαA vector 
downstream to the AOX1 promoter.5′ AOX1, alcohol oxidase 1 
promoter;AOX1 TT, transcriptional terminator from Pichia 
pastoris AOX1 gene;TEF1 promoter, transcriptional elongation 
factor 1 promoter from Saccharomyces cerevisiae; EM7 promoter, 
synthetic prokaryotic promoter; Zeocin, Zeocin resistance gene; 
CYC1 TT, transcriptional terminator from Saccharomyces 
cerevisiae CYC1 gene; pUCori, pUC origin of replication 
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Figure 2. Purification and expression of the recombinant CFP-
10:Fcγ2a and CFP-10:His fusion proteins. A) Analysis of the 
recombinant CFP-10:Fcγ2a protein by 12% SDS-PAGE stained with 
Coomassie Blue. Lane 1, 2: fractions of the eluted recombinant protein 
of approximately 35 kDa. Lane M: protein marker. B) The expression 
of the recombinant CFP-10:Fcγ2a protein was analyzed by western 
blot using anti mouse IgG-HRP. C) Analysis of the recombinant CFP-
10:His protein by 12% SDS-PAGE stained with Coomassie Blue. Lane 
1: fractions of the eluted recombinant protein of approximately 13 
kDa. Lane M: protein marker. D) The expression of the recombinant 
CFP-10:His protein was analyzed by Western blot using anti His tag-
HRP. Lane M: protein marker 
 

For Fc-taged recombinant protein, analysis of 
purified fractions by SDS-PAGE and Western blot 
confirmed a 35 kDa protein band (Figures 2A and B). 
Western blot analysis and SDS-PAGE of fractions 
collected from the column of Ni-NTA agarose (CFP-10: 
His) confirmed a 13 kDa protein band (Figurs 2C and 
D). Based on the molecular weight of the amino acid 
sequences, CFP10-FCγ2α, CFP10-His proteins were 
calculated 13 and 35 kDa, respectively (ExPASy, 
PeptideMass). 

 
APC-targeting of EF recombinant fusion protein  

Direct immunofluorescence assay was employed                
to demonstrate Fc-taged recombinant protein 
(CFP10:Fcγ2a) binding to Fcγ receptor (FcγRI) on 
APCs. Therefore, it shows the binding of CFP10:Fcγ2a 
to the FcγRI on mouse macrophage cells (Figure 3). 
 
Evaluation of the immune  response to recombinant 
proteins  

After grouping,  BALB/c mice were subcutaneously 
vaccinated with recombinant proteins CFP-10:Fcγ2a 
and CFP-10:His (mixed with adjuvant DDB/TDA), BCG 
and PBS. Prime/boost group received BCG and 
recombinant proteins at the same time. Then, to 
evaluate the immune response in the vaccinated  mice 
(Th1, Th2 and Th17 responses),  level  of cytokines IFN-
γ and IL-12 and IL-4 and IL-17 were assessed by ELISA. 
 
IFN-γ and IL-12 

The results showed significant IFN-γ in mice that 
received a dose of BCG (as Prime) and then three 
doses of the protein CFP10: Fcγ2a (as boost) as 
compared to the other groups (P<0.05) (Figure 4A). 
In addition, IFN-γ levels in  groups that received CFP-
10: Fcγ2a was significant as compared to the group 
that received BCG, CFP10: His and PBS (P<0.05) 
(Figure 4A). Furthermore, the mice that received a 

 
 

Figure 3. Co-localization of FcγRI (CD64) on macrophages and 
CFP-10:Fcγ2a recombinant fusion protein. Immunofluorescence 
staining of macrophages showing CFP-10:Fcγ2a recombinant         
fusion binds to FcγRI. A and B) Red signal, macrophages stained with 
PE anti-mouse CD64 (FcγRI) antibody; green signal, CFP-10:Fcγ2a 
recombinant fusion stained with goat anti-mouse IgG2a-FITC 
antibody. C) Immunofluorescence staining of macrophages with goat 
anti-mouse IgG2a-FITC, PE anti-mouse CD64 (FcγRI) without Fc-
fusion protein as a negative control (red signal, macrophages stained 
with PE anti-mouse CD64 (FcγRI) antibody). CFP-10, 10 kDa Culture 
filtrate antigen; Fcγ2a, Fc fragment of mouse IgG2a; FcγRI, Fcγ 
receptor I; PE, phycoerythrin; FITC, fluorescein isothiocyanate  

 
 
 

single dose of BCG (as prime) and three doses of the 
protein CFP10: Fcγ2a (as boost) had the highest 
levels of IL-12 (P<0.05) (Figure 4B). The level of IL-
12 in groups that received recombinant protein 
CFP10: Fcγ2a was significant as compared to the rats 
vaccinated with CFP10: His BCG and PBS (P<0.05). 
 
IL-4 

The level of IL-4 production in mice groups showed 
no significant relationship between the groups. 
Although, the level of production of IL-4 was higher in 
mice that received one dose of BCG (as prime) and 
three doses of the recombinant protein as compared to 
other groups, it was statistically not significant (P>0.05) 
(Figure 4C). In addition, the level of IL-4 was higher in 
mice that received CFP-10: Fcγ2a as compared to the 
other groups (P>0.05) (Figure 4C). A comparison 
between IFN-γ and IL-4 productions was demonstrated 
that immunization with CFP-10: Fcγ2a could stimulate 
Th1 immune response (Figure 4D). 
 

IL-17 
The level of IL-17 had no significant differences 

between the  all groups (P>0.05). The overall level of 
IL-17 in all the mice groups was less than 0.1 pg, 
which is lower than the limit of detection level (data 
not shown). 
 

IFN-γ/IL-4 
The ratio of IFN-γ/IL-4, which represent the level of 

Th1 and Th2 response, showed that the mice that 
received a single dose of BCG and three doses of 
recombinant had the highest ratio as compared to the 
other groups; IFN-γ/IL-4 ratio had a significant 
difference in this group as compared to the group that 
received CFP10: Fcγ2a and BCG (P>0.05). In addition, 
IFN-γ/IL-4 ratio in mice that received a single dose 
of BCG and three doses of the recombinant protein 
CFP10: Fcγ2a was higher than that of mice that 
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Figure 4. Cytokine releases from splenocytes of immunized mice. 
IFN-γ, IL-12, and IL-4 secretion in splenocytes was evaluated following 
stimulation with CFP-10:Fcγ2a, CFP-10:His, and PHA. Mice were 
immunized with CFP-10:Fcγ2a in DDA/ TDM, and CFP-10:His in 
DDA/TDM, respectively. PBS and BCG were used as controls. Freshly 
isolated spleen cells were plated in duplicate at 5×106 cell per well in 
24-well plate and incubated with CFP-10:Fcγ2a and CFP-10:His (10 
μg/ml) and PHA (5μg/mL) for 72 h at 37 °C, 5 % CO2. IFN-γ, IL-12, and 
IL-4 were detected using mouse IFN-γ, IL-12, and IL-4 ELISA kits.                
A and B) CFP-10:Fcγ2a stimulated splenic cells from immunized mice 
with CFP-10:Fcγ2a had the highest numbers of IFN-γ and IL-12 
secretion than CFP-10:His, BCG, or PBS immunized groups                          
(P <0.05). C) Both CFP-10:Fcγ2a- and CFP-10:His immunized groups 
showed increased level of IL-4 production, as a marker of Th2, 
compare to BCG and PBS control groups (P<0.05). D) Differential IFN-
γ, IL-12 and IL-4 production in the vaccinated mice showed all 
immunizes groups were pushed toward Th1 responses. *There is no 
significant difference between the groups with at least one shared 
letter 

 
received one dose of BCG and three doses of 
recombinant protein CFP10: His and the group that 
received CFP10: His, although the difference was not 
significant (P>0.05). The results showed the cytokine 
response in all groups tended towards Th1, although 
the severity of Th1 responses in the group that 
received one dose of BCG and three doses of the 
recombinant protein CFP10: Fcγ2a was higher than 
that of other groups (P>0.05). 

Discussion 
BCG has been used as the only existing vaccine to 

prevent TB for nearly a century. But due to the lack 
of efficacy of BCG vaccine in the prevention of 
pulmonary TB in adults, it seems that designing and 
producing a new and more effective vaccine is an 
urgent and important need for controlling TB (2, 3). 

One of the most important strategies which used in 
the design of new vaccines against TB are subunit 
vaccines, which contains one or more immunodominant 
antigens of Mtb. Antigens constructing subunit vaccine 
is based on higher ability of antigens to stimulate 
protective immune responses (5). Moreover, in most 
cases, administration of subunit vaccines alone cannot  
induce a strong and long-lasting immune response. 
Thus, these vaccines need a suitable adjuvant and 
delivery system to efficiently get to the immune cells 
(5). Several studies have demonstrated that targeting of 
immunogenic protein to Fcγ receptors (on the surface 
of macrophages and dendritic cells) can potentiate its 
selectively uptake and increase CMI and antibody 
responses both in-vitro and in-vivo (11, 16, 18). In fact, 
previous studies have shown that fusion of Fc domain 
of antibodies with immunogenic proteins constructing 
subunit vaccines increased their immunogenicity (11, 
16, 18). In this study, to increase the targeted 
presentation and immunogenicity of CFP-10 protein of 
Mtb, the protein was expressed as fusion with mice 
Fcγ2a in P. pastoris system and its immunogenicity was 
compared with the CFP-10:His fusion protein. 

Studies on humans and animal models indicated 
that Th1-cells producing IFN-γ are the most important 
cellular immunity in stimulating a protective response 
against Mtb infection (19). 

IFN-γ produced by Th1-lymphocytes, activates 
macrophages to remove and kill bacteria that are 
being reproduced (20). Thus, the number of T-cells 
producing IFN-γ, as well as the amount of this 
cytokine, determines the effectiveness of the vaccine 
against TB. In addition, IL-12, produced by 
macrophages and dendritic cells, play a major role in 
the differentiation of naive T-cells to Th1-cells (21). 
On the other hand, recent studies indicated that IL-
17 produced by Th17-lymphocytes plays an 
important role in granuloma maturation and attracts 
neutrophils to the infection site by stimulating the 
production of chemokines (22). Contrary to Th1 and 
Th17 lymphocytes, Th2 lymphocytes suppress Th1 
responses through the production of IL-4 and hence 
can contribute to the spread of TB (23). Thus, in 
appropriate microenvironment and conditions at the 
infection site (high levels of IL-12), intact T-cells 
differentiate into Th1 and cause a protective 
response against M. tuberculosis by the production of 
IFN-γ, while in the presence of cytokines IL-1β, the 
intact T-cells differentiate into Th2 and cause a 
protective response against extracellular bacteria by 
the production of IL-4, IL-13 and IL-15. An important 
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factor that determines the type of cytokines present 
in the infection site or vaccination, is the type of 
antigen (24, 25). 

In designing a subunit vaccine against TB, selection 
of immunodominant antigens that can induce 
protective immune response seems important. Among 
antigens of  Mtb, CFP-10 is the most important 
secretory protein that have been widely used in the 
design of new vaccines against TB because it has 
epitopes that stimulate Th1 response (26); as some 
studies have demonstrated that vaccinations with a 
DNA vaccine and a recombinant adenovirus expressing 
CFP-10 can cause a protective immune response in 
animal models (27). 

As a result of the numerous disadvantages of 
bacterial expression system (such as small production, 
containing low CG and insolubility of expression 
proteins), in this study, recombinant proteins (CFP-10: 
Fcγ2a and CFP10: His) were expressed in the P. pastoris 
expression system. In addition, the  mice Fc should have 
been glycolized for proper functioning which is only 
done in eukaryotic expression systems (28-30). 

The results of this study showed significantly higher 
levels of IFN-γ and IL-12 in mice immunized with CFP-
10: Fcγ2a as compared to other groups (Figure 4A and 
B). Moreover, high levels of cytokines IFN-γ and IL-12 
were produced in mice immunized with recombinant 
protein CFP-10: His (Figure 4A and B). However, the 
level of these cytokines were less when compared with 
the group that received recombinant Fc-taged fusion 
protein. 

These results confirmed that administration of both 
forms of recombinant proteins stimulate a protective 
immune response with involvement of Th1-cells. 
However, the level of immune response was higher in 
mice that received Fc fused protein. 

Moreover, cellular immune response (with 
involvement of Th1 lymphocytes) in mice vaccinated 
with CFP-10: FCγ2a was associated with a positive 
feedback between IL-12 and INF-γ that shows the 
higher effect of this protein on dendritic cells for 
producing IL-12. 

In this study, high levels of IL-4 in mice vaccinated 
with CFP-10: Fcγ2a confirmed the results of  other 
studies (Figure 4C). These studies showed that the 
protective Th1 response is always associated with a 
low level of Th2 response (23, 31). It seems that a low 
level of Th2 response can prevent the 
immunopathologic effects of a protective cellular 
immunity and balance immune system of the host after 
removing the infection (31). 

In the present study, levels of IL-17 was low in all 
vaccinated groups and no significant difference was 
observed between the groups. The role of Th-17 in 
response to vaccines studied in animal models has been 
controvertially reported. One study showed no 
hypersensitivity effect of low levels of IL-17 against TB, 
while another study concluded that the level of IL-17 

cause granuloma formation or expression of 
chemokines that ultimately increases the sensitivity 
to TB (22, 32). 

An important strategy to increase the immuno-
logic memory of BCG vaccine is the Prime/boost 
regimen. In the present study, mice were vaccinated 
with BCG (prime) and then, the subunit vaccines 
were injected to enhance the effect of BCG (boost). 
Several studies have shown that this method 
strengthens the immunologic memory of BCG (33, 
34). In this context, the results of this study showed 
that mice that received the BCG (prime) and were 
then vaccinated with recombinant protein CFP-10: 
Fcγ2a (boost) had the highest level of protective Th1 
response (IL-12 and IFN- γ) among the mice groups 
(Figure 4). This indicates that the CFP-10: Fcγ2a 
recombinant protein can be used to enhance the 
effect of BCG. 

According to the obtained results, CFP-10:FCγ2a 
recombinant protein, as compared to protein CFP-
10:His, stimulate higher levels of cellular immunity 
response. Previous studies have shown that targeting 
the antigens to Fc receptors (FCγRs) on the surface 
of APCs not only increased their uptake and 
presentation to T-lymphocytes, but also changed the 
processing and presentation type (11, 35, 36 ). 
Therefore, it seems that using Fc fusion protein can 
simultaneously stimulate the T-lymphocytes CD4+ 
and CD8+. This issue is very important in creating a 
protective immune response against intracellular 
bacteria (10, 11, 16, 18). 

Hemodymeric structure of Fc fusion proteins, 
which are formed by disulfide bonds to hinge  region, 
increases the immunogenicity capacity of antigens 
attached to it. In fact, immunization of the Fc domain 
increases the capacity and size of recombinant 
proteins and decrease renal excretion. This feature 
increases the half-life of subunit vaccine proteins and 
thus extend their half-life (37). Some studies have 
shown that fusion of some immunogenic proteins of 
some viruses, such as Influenza A, HIV and ebola to 
Fc domain stimulate a protective immune response 
against the viral infection (35, 36, 38). 

In addition, the results of this study confirmed the 
effect of Fc fusion proteins in stimulating immune 
response. Thus, it seems that further research on Fc 
fusion proteins can design and produce a new 
generation of subunit vaccines against TB. 

Potential ability of Fc fusion protein to Fc inhibitory 
receptors (FcγRIIB) which causes a tolerogenic 
response is the limitation of this delivery system 
although the results of the co-localization process 
showed that the Fc fusion protein (CFP-10:Fcγ2a) binds 
to receptor activating FcγRI (CD64) (Figure 3). 

 

Conclusion  
Based on the results of this study, recombinant 

proteins CFP-10: Fcγ2a stimulates higher levels of 
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cellular immune response as compared to protein 
CFP-10:His. This indicates that the power of the Fc 
domain can be used as a selective delivery antigen-
presenting system in designing new subunit vaccines 
against TB to induce a Th1 response and cross-
presentation. In addition, the Fc fusion protein can 
be used to enhance the immune response of BCG 
vaccine. Therefore, it seems that proteins CFP-
10:Fcγ2a can be used as a subunit vaccine against 
tuberculosis. According to the Th1 response in the 
mouse model of immunization in the present study 
and the fact that mice are not appropriate hosts for 
Mtb challenge, a more suitable animal model, such as 
guinea pigs or rabbit, is needed to assess the 
protective immune response of this Fc fusion protein 
against TB which due to the lack of the necessary 
conditions and facilities for animal challenge studies 
in our country is a limitation of the present study. 
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