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Intranasal co-delivery of IL-6 gene enhances the 
immunogenicity of anti-caries DNA vaccine
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Aim: To investigate the effects of co-delivering IL-6 expressing plasmid pCI-IL-6 on the immunogenicity of the anti-caries DNA vaccine 
pCIA-P, which encodes the surface protein antigen PAc of Streptococcus mutans.
Methods: Plasmid pCI-IL-6 was constructed by inserting the murine IL-6 gene into the pCI vector.  Expression of IL-6 in vitro was 
assessed using Western blot analysis.  BALB/c mice were intranasally co-immunized with pCIA-P plus pCI-IL-6 on d 0 and 14.  Anti-PAc 
IgG and secretory IgA (sIgA) were assessed by ELISA.  Splenocytes from the mice were re-stimulated with the PAc protein, and IFN-γ and 
IL-4 production was measured using ELISA.  Splenocyte proliferation was analyzed with flow cytometry.  Rats were similarly immunized, 
and dental caries scores were determined using the Keyes method.  
Results: Marked expression of IL-6 was found in COS-7 cells transfected with pCI-IL-6.  In the pCI-IL-6 co-immunized mice, the specific 
IgG antibodies in serum and sIgA antibodies in saliva were significantly higher than those in the control mice at weeks 4 and 8.  
Moreover, the secretion of IFN-γ from splenocytes in response to re-stimulation with PAc protein was significantly higher in the pCI-IL-6 
co-immunized mice than that in the control mice, whereas the secretion of IL-4 had no significant difference.  The proliferation of 
splenocytes from the pCI-IL-6 co-immunized mice was significantly higher than that from the mice immunized with pCIA-P and pCI 
vector.  In the rat caries model, the pCI-IL-6 co-immunization rats displayed lower caries scores than the control rats.  
Conclusion: Intranasal co-delivery of IL-6 gene significantly enhances the immunogenicity of the anti-caries DNA vaccine.
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Introduction
Dental caries are one of the most common oral diseases world-
wide, particularly in developing countries[1].  The World 
Health Organization (WHO) estimates that 5 of the 6.5 bil-
lion people in the world are affected by dental caries[2].  In the 
USA, caries are the most common chronic childhood disease 
and are 5 times more prevalent than asthma, afflicting 30% of 
children aged 2 to 5 years old[3].  An epidemiological survey 
in China showed that in the 5- to 6-year-old child group, the 
prevalence of caries was high (urban 78% and rural 86%) and 
the mean DMFT of the urban and rural children was 4.8 and 
7.0, respectively.  In the 12-year-old child group, the preva-
lence of caries was 41% (urban) and 42% (rural) and the mean 
DMFT score was 0.9 for both[4].  Therefore, it is necessary to 

identify effective public health strategies to prevent the inci-
dence of dental caries.  High numbers of cariogenic bacteria 
is a pathogenic factor, and Streptococcus mutans (S mutans) is a 
primary microorganismal etiologic agent of dental caries.  The 
cell surface protein PAc is a S mutans virulence factor because 
it is involved in the initial adherence of the organism to tooth 
surfaces[5, 6].  The A-region and P-region have been shown to 
be important to the function and immunogenicity of the PAc 
protein[6, 7].

A number of studies have shown that a DNA vaccination 
plasmid can endogenously produce a long-term and stable 
antigenic protein that can induce both the cellular and humoral 
immune responses[8–10].  In addition, this DNA vaccine has 
many potential advantages, including a simple engineering 
design modification and easy storage.  In our previous studies, 
the DNA vaccine pCIA-P encoding the A- and P-regions of the 
S mutans pac gene was successfully constructed and induced 
systemic and mucosal antibody responses against S mutans in 
mice[11, 12].  However, DNA vaccines have long been plagued 
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by the problem of low immunogenicity in large animals and 
humans.  Recently, studies have focused on the use of cyto-
kines as intranasal vaccine adjuvants to enhance the immuno-
genicity of the DNA vaccine because of their potent effects on 
innate and adaptive immunity as well as functional diversity 
of immune responses.  Studies have shown that cytokines, 
such as IL-12[13, 14], IL-2[15], IL-15[16], type I interferon (IFN)[17, 18], 
IL-1[19], IL-6[20], and granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF)[21], enhanced antigen-specific immunity 
following delivery with different antigens.

IL-6 is a multifunctional Th2-associated cytokine produced 
by macrophages, dendritic cells, T cells, endothelial cells and 
hepatocytes and plays important roles in the terminal differ-
entiation of B cells, the proliferation of lymphocytes and endo-
thelial cells and the differentiation of cytotoxic T lymphocytes 
(CTL) responses[22–26].  IL-6 effectively functions as a mucosal 
adjuvant that significantly enhances the mucosal and systemic 
immune responses[20, 27].  DNases present at mucosal surfaces 
can easily degrade the DNA vaccination plasmid used to 
stimulate mucosal immunity.  However, the presence of IL-6 
as a vaccine adjuvant can significantly elicit both the mucosal 
and systemic immune responses, which provides a method of 
stimulating mucosal immunity with the combined DNA plas-
mid and il-6 gene[20, 28].  In vivo studies have shown that IL-6 
plays a critical role in the development of mucosal IgA anti-
body responses, which acts as the first line of the host immune 
defense and is critical for the protection of mucosal tissues[29].  
In this study, we determined whether co-immunization of 
the il-6 gene with pCIA-P induced higher levels of IgA in the 
saliva and IgG in the serum against PAc in intranasally immu-
nized mice and provided better protection against dental car-
ies in rats.

Materials and methods
Animals 
Six-week-old female BALB/c mice were purchased from the 
Hubei Medical Laboratory Animal Center (Wuhan, China) and 
maintained under specified pathogen-free (SPF) conditions.  
The Review Board of Provincial Laboratory Animal Breeding 
and Research Center approved all protocols involving animal 
research.  Groups of mice were used to detect the specific anti-
bodies and levels of the cytokines.

Wistar rats weaned at 18 d were maintained as described 
above.  All rats were used in an experimental caries model to 
assess the protective efficacy of vaccination against dental car-
ies.

Plasmids construction
The pCIA-P plasmid was constructed as previously 
described[11].  It encodes the A-P fragment of the S mutans 
MT8148 pac gene.  The IL-6 expression plasmid was con-
structed as follows: the total RNA was separated from 
the mouse dendritic cell line DC2.4 and reversely tran-
scribed into cDNA.  The mouse IL-6 gene (Nucleotide ID: 
NM_031168.1) was amplified by polymerase chain reaction 
(PCR) using the cDNA as a template.  The forward primer was 

5’-CGGAATTCATGAAGTTCCTCTCTGCAAG-3’, with an 
EcoR I restriction site incorporated immediately at upstream of 
the transcription initiation codon, and the reverse primer was 
5’-ACGCGTCGACCTAGGTTTGCCGAGTAGA-3’, with a Sal I 
restriction site incorporated immediately at downstream of 
the last codon.  The PCR product was produced using the PCR 
expand system (Applied Biosystems, Foster City, CA, USA) 
for 35 cycles of 45 s at 98 °C, 60 s at 59 °C and 60 s at 72 °C.  
The PCR product was inserted into the pCI vector, which was 
digested with EcoR I and Sal I (NEB, Ipswich, MA, USA).  The 
resulting plasmid was named pCI-IL-6.

IL-6 gene expression in vitro
To evaluate recombinant protein expression, COS-7 cells 
(CCTCC, Chinese Center for Type Culture Collection, Wuhan, 
China) were transfected with the pCI-IL-6 plasmid and the 
expression of IL-6 was detected by Western blot.  Briefly, 
COS-7 cells were seeded (2×105/mL) in 24-well flat-bottomed 
cell culture plates (Corning Costar, Cambridge, MA, USA) and 
incubated at 37 °C in a CO2 incubator until the cells were 80% 
confluent.  Then, 2 µg of pCI-IL-6 or pCI pre-mixed with Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA) was added to 
each well, according to the manufacturer’s instructions.  Two 
days after transfection, the cells were harvested, washed twice 
with ice-cold PBS, and lysed on ice for 10 min in radioim-
munoprecipitation assay lysis buffer (Upstate Biotechnology, 
Lake Placid, NY, USA).  The cell lysates were transferred to 
tubes, incubated on ice for an additional 20 min, and then 
centrifuged at 14 000×g for 15 min at 4 °C.  The supernatants 
were collected and evaluated by Western blotting using a 
specific antibody against IL-6 (R&D systems, USA).  Equal 
protein loading was monitored with the BCA protein assay kit 
(Thermo, Waltham, MA, USA).  ECL Western blotting detec-
tion reagents were used to develop the blots according to the 
manufacturer’s instructions (Amersham Bioscience, Piscat-
away, NJ, USA).  β-Actin was the loading control.  

Mouse immunization and sample collection
Sixteen mice were randomly divided into two groups (n=8).  
One group of mice was immunized with pCIA-P plus pCI-
IL-6, and the other group was immunized with pCIA-P plus 
pCI vector on d 0 and 14.  Briefly, a total of 25 µL of each plas-
mid (concentration 2 µg/µL) was administered into the nos-
trils of each mouse.  Large-scale plasmid preparations were 
produced using the alkaline lysis method with the Endofree 
Qiagen Plasmid-Giga kits (Qiagen, Hilden, Germany), accord-
ing to the manufacturer’s instructions.  

Mouse serum and saliva samples were collected prior to 
immunization (d 0) and at weeks 4, 8, 12, and 16 after the first 
immunization.  Briefly, peripheral blood was collected from 
the angular vein with a 1 mL syringe needle and maintained at 
4 °C for 1 h.  The supernatant was obtained by centrifugation 
at 400×g for 10 min at room temperature.  The saliva samples 
were collected after stimulation with intraperitoneal injec-
tion of 0.5 mL of 0.2% pilocarpine.  All samples were stored at 
-70 °C until further use.  
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Antibody analysis
Enzyme linked immunosorbant assay (ELISA) was used to 
detect the specific antibody levels against PAc immunized 
mice samples.  Microtiter plates (96-well) were coated with 10 
µg/mL purified PAc protein dissolved in carbonate buffer (pH 
9.6) at 4 °C overnight.  In addition, several plates were coated 
with goat anti-mouse IgA antibody to measure the total IgA 
level in the saliva secretions.  The wells were blocked with 3% 
BSA (bovine serum albumin)-PBST at 37 °C for 90 min and 
were washed five times.  Next, a 1:50 dilution of mouse serum 
or 1:4 dilution of mouse saliva was added to the correspond-
ing wells.  A peroxidase-conjugated goat anti-mouse IgG 
(1:5000, Pierce, Rockford, IL, USA) or peroxidase-conjugated 
goat anti-mouse IgA (1:5000, Bethyl Laboratories, Montgom-
ery, TX, USA) secondary antibody was added into each well 
and incubated at 37 °C for 2 h.  The reaction was followed by 
adding the o-phenylenediamine substrate (Sigma, St Louis, 
USA) with 3% H2O2.  After incubation at 37 °C for 30 min, the 
reaction was stopped with 2 mol/L H2SO4.  Optical density 
(OD) values were recorded at 490 nm (OD490).  The final result 
was counted by interpolation against standard curves using a 
mouse immunoglobulin reference serum (Bethyl Laboratories) 
and calculated by a computer program based on standard 
curves.

Effect of pCI-IL-6 co-immunization on T-cell cytokines and spleno-
cyte proliferation 
To determine the effect of IL-6 as a mucosal adjuvant on the 
differentiation of T cells, the production of IL-4 and IFN-γ by 
spleen cells from immunized mice was measured by ELISA.  
Two mice were immunized as described above.  Seven days 
after the boost immunization, the mice were euthanized, the 
spleens were aseptically isolated, and single-cell suspensions 
were prepared and maintained in 96-well flat-bottomed plates 
containing RPMI-1640 complete medium at 37 °C in a 5% CO2 
incubator.  The cells were then stimulated with 20 µg/mL PAc.  
Twenty-four hours after stimulation, the cell supernatants 
were collected and centrifuged at 400×g for 10 min at room 
temperature.  The levels of IFN-γ and IL-4 in the supernatants 
were measured using commercial cytokine ELISA kits (R&D 
Systems, Oxon, UK), according to the manufacturer’s instruc-
tions.

To analyze the proliferation of spleen cells re-stimulated 
with the same antigen in vitro, a bromodeoxyuridine (BrdU) 
method was used.  Briefly, spleen cells were prepared and 
stimulated as above.  The cells were then washed with FACS 
buffer (PBS supplemented with 2% bovine serum albumin 
and 0.1% sodium azide).  For measuring BrdU incorporation, 
the cells were processed using a BD BrdU flow kit (BD Bio-
sciences, CA, USA).  The BrdU was added into the well and 
incubated with the cells for 5 to 6 h, according to the manufac-
turer’s instructions.  The cells were washed twice with FACS 
buffer, followed by staining with a fluorescent anti-BrdU-FITC 
monoclonal antibody and DNase for 20 min at room tempera-
ture.  The cells were washed again and all samples were re-
suspended in FACS buffer and assayed on a FACS Calibur 

instrument (BD Bioscience, CA, USA).  The data were ana-
lyzed using the CellQuest software (BD Bioscience, CA, USA).

Rat immunization and caries score
Fourteen rats were immunized following the same protocol 
as the mice.  After the boost immunization, all rats were fed 
the cariogenic diet 2000 until termination of the experiment.  
Antibiotics were added to the diet (ampicillin, chlorampheni-
col and carbenicillin, 1.0 g/kg diet) and drinking water (4000 
U penicillin G per mL) during the first 4 d to suppress the 
oral flora and facilitate S mutans infection.  Following antibi-
otic treatment, all rats were infected for 5 consecutive days 
with 2×109 CFU of S mutans Ingbritt by applying swabs pre-
soaked with the bacterial suspension.  Bacterial samples from 
the tooth surfaces of each rat were then examined to ensure 
complete infection.  At the end of the experiment (2 months 
after infection), the rats were euthanized.  The maxillary and 
mandibular bones were separated, cleaned with ammonium 
hydroxide and stained with 0.4% murexide for 24 h.  Then, the 
teeth were hemisectioned, dried and stored in the dark.  The 
rat teeth were observed under a stereomicroscope to deter-
mine the caries levels according to the Keyes dental caries 
scoring method[30].

Statistical analysis
The SPSS 10.0 software (SPSS, Inc, Chicago, IL, USA) was 
used to perform the statistical analyses.  The differences in the 
antibody levels, cytokine production and dental caries scores 
between groups were determined by Student’s t-test.  The dif-
ferences were deemed significant at P<0.05 and highly signifi-
cant at P<0.01.  

Results
Construction and characterization of plasmid pCI-IL-6
The pCI-IL-6 plasmid was constructed as described above and 
confirmed by PCR, enzyme digestion and sequence analy-
sis.  Electrophoresis after digestion showed that the il-6 gene 
was properly inserted into the vector plasmid pCI (Figure 1).  

Figure 1.  Restriction pattern profiles of the digested plasmid.  The pCI-
IL-6 plasmid was enzymatically digested, and the digests were subjected 
to agarose gel electrophoresis.  M lane, DNA Ladder; Lane 1, undigested 
plasmid pCI; Lane 2, EcoR I digested plasmid; Lane 3, EcoR I and Sal I 
digested plasmid; Lane 4, PCR product of target gene.
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Sequence analysis showed that the sequence of the cloned IL-6 
gene was identical to the sequence in Genbank (Nucleotide ID: 
NM_031168.1).  Plasmid expression was confirmed by Western 
blot, which showed that the expression of IL-6 in the pCI-IL-6 
transfected group was higher than that in the pCI transfected 
group (Figure 2).  

IL-6 as an adjuvant increases the level of serum IgG 
To determine the mucosal adjuvant potential of IL-6, the 
mice were intranasally immunized with pCIA-P plus pCI-
IL-6 or pCIA-P plus pCI, and the serum was collected for 
ELISA detection of PAc specific IgG antibodies.  The level of 
the serum specific IgG antibody was undetectable prior to 
immunization in both groups (data not shown).  The mean 
serum specific IgG antibody levels of the pCIA-P plus pCI-
IL-6 immunization group were significantly higher than those 
in the pCIA-P plus pCI immunization group at weeks 4 and 
8 (P<0.01, Figure 3).  Although the IgG levels of the IL-6 co-
immunization group were higher than the control group at 
weeks 12 and 16, the statistical analysis showed no significant 
difference between the two groups (P>0.05).  The highest level 
of serum specific IgG antibody appeared at week 8 and gradu-
ally decreased over time.

IL-6 enhances the saliva IgA responses in mice
In this study, the ratio of specific anti-PAc salivary IgA to 

Figure 2.  IL-6 gene expression in vitro.  COS-7 cells were transfected with 
either the pCI-IL-6 or pCI plasmid.  After 48 h of culture, IL-6 expression in 
the cells was detected by Western blot.

Figure 3.  Levels of serum specific IgG antibody.  Blood was collected from 
mice immunized intranasally with pCIA-P plus pCI-IL-6 or pCIA-P plus pCI 
vector every 4 weeks and the serum was obtained for ELISA.  Mean±SEM.  
n=8. cP<0.01 vs pCIA-P+pCI group.

total IgA was used to represent the intensity of the salivary 
IgA responses.  The saliva specific IgA antibody levels in the 
pCIA-P plus pCI-IL-6 immunization group were significantly 
higher than that in the pCIA-P plus pCI immunization group 
at weeks 4 and 8 (P<0.01) (Figure 4).  However, there was no 
statistically significant difference (P>0.05) between the two 
groups at weeks 12 and 16.  The highest level of saliva specific 
IgA antibody was also at week 8.

IL-6 co-immunization increases IFN-γ production by splenocytes
To analyze the effect of IL-6 co-immunization on the cyto-
kine production by spleen cells, the mice were intranasally 
immunized twice, and splenocyte suspensions were prepared 
and re-stimulated with the PAc protein in vitro.  After 24 h 
of culture, IFN-γ and IL-4 in the supernatants were analyzed 
by quantitative ELISA.  Mice immunized with pCIA-P plus 
pCI-IL-6 showed a significantly higher IFN-γ production com-
pared to the control group (P<0.05), whereas, there was no 
statistically significant difference in IL-4 production observed 
between the two groups (Figure 5).

IL-6 co-immunization enhances T cell proliferation
The mouse splenocytes were prepared and re-stimulated with 
Pac, as described above.  After 24 h of culture, the splenocytes 
were harvested to determine the proliferation of T cells using 
BrdU and FACS.  The proliferation of cells harvested from ani-
mals immunized with pCIA-P plus pCI-IL-6 was significantly 
higher than the control group (Figure 6).

Protective efficacy in rat caries model
To assess the effect of IL-6 co-immunization on the protective 
efficacy of the anti-caries DNA vaccine pCIA-P, Wistar rats 
were immunized with pCIA-P plus pCI-IL-6 or pCIA-P plus 
pCI and then challenged with S mutans Ingbritt.  At the end of 
the experiment, the dental caries scores were measured using 
the Keyes method[30].  The pCI-IL-6 co-immunization group 
displayed lower caries scores than the control group (P<0.01)
(Figure 7). 

Figure 4.  Levels of saliva specific IgA antibody.  Saliva samples were 
collected from mice immunized intranasally with pCIA-P plus pCI-IL-6 or 
pCIA-P plus pCI vector every 4 weeks for ELISA.  The results are shown as 
the ratios of specific anti-PAc salivary IgA to total IgA. Mean±SEM. n=8. 
cP<0.01 vs pCIA-P+pCI group.  
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Discussion
S mutans is the principal etiological agent of dental caries.  
Therefore, the development of vaccines against S mutans may 
be an effective strategy to control the disease.  PAc, a S mutans 
surface fibrillar protein, mediates the initial sucrose-indepen-
dent attachment of bacteria to the acquired pellicles on tooth 
surfaces and is one of the most important virulence factors 
of S mutans.  Many studies have shown that PAc is a rational 
candidate antigen for the development of anti-caries vaccines.  
One of our previous studies showed that the DNA vaccine 
pCIA-P, which encodes the A-P fragment of Pac, induces PAc-
specific antibodies in the saliva and serum and provides pro-
tection against dental caries in rodent models.

Although a DNA vaccine has achieved great success in 
small animals, poor immunogenicity in primates and humans 

hinders the development of DNA vaccines.  Different methods 
have been adopted to enhance the immunogenicity of DNA 
vaccines, including cytokine adjuvants.  The co-delivery of 
plasmids encoding a cytokine is advantageous because the 
cytokine is expressed and acts at the site of antigen expres-
sion[14, 31–33].  In the present study, we focused on IL-6 as a 
natural immune stimulator.  IL-6 is a pleiotropic Th2 cytokine 
secreted by many different cell types, including macrophages, 
dendritic cells, T cells, endothelial cells, and hepatocytes.  It 
functions in the terminal differentiation of B cells into plasma 
cells, the proliferation of lymphocytes and the regulation of 
IL-2 receptor expression[22–24, 34].  Furthermore, IL-6 plays a crit-
ical role in the development of local IgA antibody responses 
and vector-directed cytokine gene therapy in vivo[29].  

We determined whether IL-6 is a potential mucosal adjuvant 
for an anti-caries DNA vaccine.  Therefore, the IL-6 express-
ing plasmid pCI-IL-6 was constructed and co-immunized with 
pCIA-P intranasally in mice and rats.  It was found that the 
levels of antigen-specific salivary IgA and serum IgG antibod-
ies to PAc were significantly higher in the co-immunized mice 
compared to the pCIA-P immunized mice at weeks 4 and 8.  
In addition, the rats receiving pCIA-P and pCI-IL-6 displayed 
lower caries activity than the pCIA-P immunized rats.  These 
findings suggest that the IL-6 plasmid as a mucosal adjuvant 
effectively improved both the mucosal and systemic immune 
responses, thereby inhibiting the severity of S mutans-induced 
dental caries.  Furthermore, our study showed that the pCI-
IL-6 co-immunized mice developed more potent cell-mediated 
immune responses, as evidenced by the higher levels of 
splenocyte IFN-γ production when re-stimulated with PAc.  
IFN-γ and IL-4 are Th1-type and Th2-type cytokines, respec-
tively, and the former represents the cell-mediated immune 
response[35], whereas the latter represents the humoral immune 
response[36].  Although the reason for Th1 biased T-cell 
induction rather than Th2 biased T-cell stimulation remains 
unknown, previous studies may partially explain the cause 
of T-cell differentiation after DNA vaccination.  First, DNA 
vaccination itself tends to induce a Th1-biased response[37, 38].  
Furthermore, Th1-type cytokines are hypothesized to sup-

Figure 5.  Analysis of cytokine production by antigen re-stimulated spleno-
cytes.  Two groups of mice were immunized with pCIA-P plus pCI-IL-6 or 
pCIA-P plus pCI vector twice biweekly.  The splenocytes were isolated on 
d 7 after the second immunization and re-stimulated with 20 µg/mL PAc 
for 24 h.  IFN-γ and IL-4 secretion were analyzed by quantitative ELISA.  
Mean±SEM.  n=8. bP<0.05 vs pCIA-P+pCI.

Figure 6.  pCI-IL-6 co-immunization promotes the proliferation of 
spleen cells.  The splenocytes were isolated on d 7 after the second 
immunization and re-stimulated with 20 µg/mL PAc for 24 h and then 
labeled with BrdU and incubated with fluorescence-conjugated anti-BrdU 
monoclonal antibody.  The fluorescence intensities for T-cell proliferation 
were measured with a FACS Calibur instrument.  The data were analyzed 
with the CellQuest software.  The solid line represents the experimental 
group, and the dotted line represents the control group.

Figure 7.  Dental caries scores of rats immunized with pCIA-P plus pCI-IL-6 
or pCIA-P plus pCI vector.  The rats were immunized as described above.  
After 2 months, all rats were euthanized and the teeth were collected to 
determine the dental caries scores.  The scores of caries activities were 
determined using the Keyes method.  Mean±SEM.  n=7.  cP<0.01 vs 
pCIA-P+pCI.
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press the production of Th2-type cytokines, such as IL-4[39].  In 
the present study, a minimal level of IL-4 was induced in both 
groups compared to IFN-γ.  At such a low level, the difference 
in IL-4 between the two groups is hard to detect.  Second, the 
specific immunogenicity of specific antigens may cause this 
effect.  Our previous studies found that animals immunized 
with the anti-caries DNA vaccine pCIA-P or pGJA-P/VAX, 
containing an antigen similar to pCIA-P, tended to augment 
the levels of IFN-γ secreted by CD4+ Th cells; however, no 
significant increase in IL-4 production was observed[40, 41].  In 
addition, when spleen cells were re-stimulated with PAc, the 
proliferation of co-immunized mouse spleen cells was signifi-
cantly increased compared to the control mice.

The WHO is interested in needle-free methods of immuni-
zation because of disease transmission and phobia[42–44].  Our 
previous studies have shown that the nasal route of immuni-
zation is an attractive method for caries vaccines based on the 
protective effect against cariogenic bacterial infection.  Because 
many cytokines, including IL-12, IL-2, IL-15, GM-CSF, and 
typeⅠIFN, have been used intranasally to enhance the immu-
nogenicity of vaccines, here, we focused on IL-6 as an immu-
nomodulatory molecule to enhance the efficacy of the DNA 
vaccine following nasal delivery.  Our results showed that IL-6 
as a mucosal adjuvant enhanced both the mucosal and sys-
temic immune responses in mice.  Furthermore, the pCI-IL-6 
plasmid cause significant T-cell development into functional 
Th1-type cells.  In addition, the proliferation of spleen cells 
was improved by il-6 gene co-immunization.  Importantly, the 
rats receiving pCIA-P and pCI-IL-6 displayed less caries activ-
ity than the pCIA-P and pCI immunized rats.  These results 
suggest that intranasal delivery of IL-6 is an effective method 
of augmenting the immunogenicity of an anti-caries DNA vac-
cine and that IL-6 may also be a promising mucosal adjuvant 
for other DNA vaccines.
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