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CCL17 combined with CCL19 as a nasal adjuvant
enhances the immunogenicity of an anti-caries DNA

vaccine in rodents
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Aim: CCL19 and its receptor CCR7 are essential molecules for facilitating the trafficking of mature dendritic cells (DCs) and helping
to establish a microenvironment in lymphoid tissues to initiate primary immune responses, whereas CCL17 is required in the CCR7-
CCL19-dependent migration of DCs. In this study we examined whether co-administration of CCL17 and CCL19 could enhance the

immunogenicity of an anti-caries DNA vaccine, pCIA-P, in rodents.

Methods: Plasmids encoding CCL17 (pCCL17/VAX) and CCL19 (pCCL19/VAX) were constructed. BALB/c mice were intranasally
administered pCCL17/VAX, pCCL19/VAX, or pCCL17/VAX plus pCCL19/VAX, the migration of DCs to the spleen and draining lymph
nodes (DLNs) was assessed with flow cytometry. The mice were co-administered pCIA-P; and the anti-PAc antibodies in the serum
and saliva were detected with ELISA. Wistar rats were orally challenged with Streptococcus mutans and then administered pCIA-P
in combination with pCCL17/VAX, pCCL19/VAX or pCCL17/VAX plus pCCL19/VAX. The amount of S mutans sustained on rat molar
surfaces was assessed using a colony forming assay. Caries activity was scored with the Keyes method.

Results: Co-administration of the CCL17 and CCL19 genes in mice caused a greater increase in the number of mature DCs in the
spleen and DLNs compared with administration of CCL17 or CCL19 genes alone. CCL17 and CCL19 double-adjuvant plus pCIA-P
induced significantly higher levels of anti-PAc salivary IgA and anti-PAc serum IgG antibody in mice, and strengthened the ability

of pCIA-P in inhibiting the colonization of S mutans on rat tooth surfaces. The caries activity of the combined adjuvant group was
significantly lower than that of the pCCL17/VAX or the pCCL19/VAX group.

Conclusion: A nasal adjuvant consisting of a combination of CCL17 and CCL19 attracts more mature DCs to secondary lymphoid
tissues, inducing enhanced antibody responses against the anti-caries DNA vaccine pCIA-P and reducing S mutans infection in rodents.
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Introduction

DNA vaccination offers attractive new approaches for a series
of infectious diseases that remain without proper prophylactic
and therapeutic treatment throughout the world. We have
previously reported that an anti-caries DNA vaccine, pCIA-
P, which encodes the A-P region of the pac gene of Streptococ-
cus mutans (S mutans), the principal etiologic agent of human
dental caries, could induce protective immune responses in
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rodents™. Within the past decade, a few DNA plasmid prod-
ucts have been licensed for animal use®®. However, despite
promising results in small animal models and improved effi-
cacy in large animal models, the clinical use of DNA vaccines
remains unproven. More effort should be made toward find-
ing new approaches to enhance the immunogenicity of DNA
vaccines.

After plasmid DNA immunization, somatic cells, primarily
myocytes or keratinocytes, as well as a small number of den-
dritic cells (DCs) and monocytes at the inoculation site, can be
transfected®®. Upon entering the nucleus of the transfected
cells, the plasmid-encoded genes are expressed, and foreign
antigens are generated and processed into peptide strings by
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the host cell machinery. These peptides can then be associated
with the MHC class I or II molecules of DCs, which migrate
from the peripheral tissues to the secondary lymphoid organs,
where the DCs can present antigens to T cells and prime
antigen-specific immunity”. Upon encountering the antigens
and during migration to the secondary lymphoid organs, DCs
undergo radical changes from immature phagocytic precur-
sor cells to potent antigen-presenting cells (APCs) with the
upregulation of chemokine receptors, such as C-C chemokine
receptor type 7 (CCR7)"” ™. The magnitude of the immune
responses to antigens is strongly correlated with the T cell-DC
interactions. Improved DC migration to secondary lymphoid
organs results in an increased frequency of encounters with
naive T cells, thereby promoting immunity. Therefore, an
efficacious approach to improve the performance of DNA vac-
cines is to attract more DCs to secondary lymphoid organs,
such as the draining lymph nodes (DLNs).

The migration of DCs to secondary lymphoid organs is
regulated by multiple chemokine-chemokine receptor pairs.
The chemokine CCL19, mainly expressed by stromal cells
in the T-cell area of secondary lymphoid organs, can bind to
1219 CCL19 and
its receptor CCRY7 are generally considered essential molecules

CCR7, which is upregulated on mature DCs

for facilitating the trafficking of mature DCs and helping to
establish a microenvironment in lymphoid tissues to initiate
primary immune responses"* *.. CCL19 gene-deleted mice
have defects in DC localization"®. Several studies showed that
enhanced humoral and cellular immunity were obtained by
the codelivery of plasmids encoding CCL19 along with DNA
vaccines” ™. Our previous study demonstrated that the code-
livery of the CCL19 gene with the anti-caries DNA vaccine
pCIA-P significantly augmented systemic immune responses.
Moreover, an increased number of mature DCs were detected
in the DLNs of mice following the co-administration of CCL19
DNA™! These results indicate that the elevated immune
responses in CCL19-coadministered mice occurred as a result
of increased DC-T cell encounters in the secondary lymphoid
tissues. Studies showed that the expression of CCR7 on the
DC surface alone was not sufficient to guarantee its full func-
tion in guiding DC migration. CCL17-deficient DCs, which
express normal levels of CCR?7, fail to undergo efficient
directional migration to the CCR7 ligand CCL19"!. These
results indicate that CCL17 is required in the CCR7-CCL19-
dependent migration of DCs. To explore whether CCL17 can
enhance DC migration after codelivery with the CCL19 gene
and the anti-caries DNA vaccine pCIA-P, we constructed the
plasmid pCCL17/VAX, which encodes the CCL17 gene, and
investigated the in vivo chemotactic activity of CCL17 together
with CCL19 on mature DCs in the present study. Moreover,
we evaluated whether the intranasal delivery of pCCL17/
VAX along with pCCL19/VAX could enhance the systemic
and mucosal immunity in response to the anti-caries DNA
vaccine pCIA-P and provide more protection against dental
caries in rodents. Here, we aimed to offer a new approach for
enhancing the immunogenicity of the anti-caries DNA vaccine
by strengthening the interactions between T cells and DCs.
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Materials and methods

Plasmid construction

The murine CCL19 and CCL17 genes were amplified from
mouse spleen by RT-PCR and cloned into the Nhe I and Kpn I
sites of the pVAXI1 vector (Clontech Laboratories, Inc, Moun-
tain View, CA, USA) to obtain plasmids encoding CCL19 and
CCL17, which were designated pCCL19/pVAX and pCCL17/
pVAX, respectively. The plasmids were isolated and purified
with the EndoFree Plasmid Giga kit (Qiagen, Valencia, CA,
USA) and stored at -20°C for further use.

Plasmid in vitro expression analysis

COS-7 cells (Chinese Center for Type Culture Collection,
CCTCC, Wuhan, China) were transfected with pCCL19/VAX,
pCCL17/VAX or pVAX1 using Sofast transfection reagent
(Sunma Biotechnology Co, Ltd, Xiamen, China). The superna-
tants were collected 48 h later and kept at -80°C. The proteins
in the supernatant were analyzed using a mouse CCL19 and
CCL17 ELISA kit (R&D Systems, Minneapolis, MN, USA).

In vivo DC migration assay

The chemokine plasmids pCCL17/VAX and pCCL19/VAX
were prepared in a DNA-chitosan-liposome complex packed
with a drug delivery system!™ before inoculation. Six-week-
old female BALB/c mice (Hubei Medical Laboratory Ani-
mal Center, Wuhan, China) were intranasally administered
pCCL17/VAX (100 pg), pCCL19/VAX (100 pg) or pCCL17/
VAX (50 pg) along with pCCL19/VAX (50 ng). Specifically,
100 pL of complex solution containing 100 ng DNA was
deposited into both nostrils of the mice with the aid of a micro-
pipette. All animal experiments in this study were carried out
in accordance with the National Institutes of Health guide for
the care and use of laboratory animals. All animal protocols
were reviewed and approved by the review board of Hubei
Medical Laboratory Animal Center. The DLNs and spleens
were collected 3 d after administration and digested with
0.25% collagenase IV (Gibco, USA) at 37°C for 1 h with agita-
tion. The cells were then filtered through a nylon sieve. For
flow cytometric analysis, the cells were resuspended, labeled
with conjugated FITC-anti-mouse CD11c and PE-anti-mouse
MHCII (I-Ab a chain) mAbs (Becton Dickinson, Mountain
View, CA, USA) for 30 min on ice, and analyzed on a FACScan
flow cytometer (Becton Dickinson, Mountain View, CA, USA).

Immunization of mice

The DNA vaccine pCIA-P, encoding the A-P region of the
pac gene of S mutans, was used as an antigenic plasmid. Six-
week-old female BALB/c mice, 5 per group, were intranasally
administered 50 pg of pCCL17/VAX plus 50 pg of pVAX1, 50
ng of pCCL19/VAX plus 50 pg of pVAX1, 50 pg of pCCL17/
VAX plus 50 pg of pCCL19/VAX, or 100 pg of pVAXI.
Twenty four hours later, 100 pg of pCIA-P was delivered into
the intranasal cavity of all groups. All mice were boosted at
weeks 2 and 4. As mentioned above, all the DNA plasmids
were prepared in a DNA-chitosan-liposome complex before
immunization and then delivered into the nostrils of the mice



using a micropipette. Blood and saliva samples were col-
lected before the first immunization and at 4, 6, 8, 10, 12, and
14 weeks after the first immunization. Peripheral blood was
collected from the retro-orbital plexus and maintained at 4°C
overnight. Serum was obtained by centrifugation the next
day. Saliva samples were collected after the stimulation of sal-
ivary flow by an intraperitoneal injection of 5 pg of pilocarpine
(Sigma, St Louis, MO, USA). All samples were kept at -80°C
until use.

Antibody analysis

The levels of specific antibodies against PAc in the serum
and saliva of rodents were determined by an enzyme-linked
immunosorbent assay (ELISA). Microtiter plates (Corning
Costar, Cambridge, MA, USA) were coated with recombinant
PAc (10 pg/mL in carbonate buffer, pH 9.6) overnight at 4°C
and incubated with serially diluted serum or salivary samples
in blocking buffer (phosphate-buffered saline containing
3% bovine serum albumin and 0.1% Tween 20) followed by
incubation with peroxidase-conjugated goat anti-mouse IgG
(1:10000, Pierce Biotechnology, Rockford, IL, USA), peroxi-
dase-conjugated goat anti-mouse IgA (1:500, Pierce Biotech-
nology), peroxidase-conjugated goat anti-rat IgG (1:10000,
Bethyl Laboratories, Montgomery, TX, USA) or peroxidase-
conjugated goat anti-rat IgA (1:500, Bethyl Laboratories). The
plates were then incubated with o-phenylenediamine sub-
strate and H,O, and then stopped with 2 mol/L H,SO,. The
optical density at 490 nm (OD,y) was recorded. For calculat-
ing the serum PAc-specific IgG antibody values, a standard
curve was established for each plate, at which point the wells
were coated with purified unconjugated goat anti-mouse IgG
(Sigma-Aldrich, St Louis, USA) or unconjugated goat anti-
rat IgG (Pierce Biotechnology), and mouse reference serum
(Bethyl Laboratories) or rat reference serum (Bethyl Labora-
tories) was added in serial dilutions. The sample antibody
concentration was calculated by a computer program based
on multi-parameter logistic algorithms and then interpolated
on standard curves. For calculating the salivary PAc-specific
IgA antibody values, purified unconjugated goat anti-mouse
IgA (Sigma-Aldrich, St Louis, USA) or unconjugated goat
anti-rat IgA (Bethyl Laboratories) was used to coat the plates
to establish the standard curve. Total IgA in the saliva was
detected, and the levels of IgA antibody activity in saliva were
expressed as the ratio of specific IgA to total IgA levels to nor-
malize for variation in the total Ig content in the samples.

Experimental rat caries model

Four groups of female Wistar rats, 6 per group, were weaned
at 18 d of age and bred with a Keyes 2000 cariogenic diet™.
Antibiotics (ampicillin, chloramphenicol, and carbenicillin, 1.0
g/ kg food) were added to the food from d 20 to d 22 to tem-
porarily suppress the oral flora to facilitate bacterial infection.
On d 23, the rats were immunized intranasally with pCCL17/
VAX plus pCIA-P, pCCL19/VAX plus pCIA-P, pVAX1 plus
pCIA-P, or pCCL17/VAX and pCCL19/VAX plus pCIA-

P. All animals were boosted twice at 14-d intervals. From
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d 25 to d 28, all rats were orally challenged with 2x10° CFU
of S mutans Ingbritt using a swab that was pre-soaked with
the bacterial solution. On d 79, bacterial samples from molar
surfaces were collected with sterile swabs and transferred
into 0.5 mL of sterile saline. The samples were then ultra-
sonically dispersed. The bacterial suspension was diluted in
saline at 1:100, and then a 100-pL aliquot was plated on MSB
solid medium to examine the S mutans infection. The plates
were incubated anaerobically at 37°C. The numbers of CFUs
were counted after 48 h. On d 80, serum and saliva samples
were collected for specific anti-PAc IgG and IgA antibody
analysis. On d 120, all rats were sacrificed, and the mandibles
were removed, defleshed, cleaned and stained with murexide.
The teeth were then sectioned, and caries activity was scored
by the Keyes method ™.

Statistics

SPSS 10.0 software (SPSS, Inc, Chicago, IL, USA) was used to
perform the statistical analyses. The differences in the anti-
body levels, S mutans colonization, and caries scores among
the groups were determined by one-way analysis of variance
(ANOVA) followed by multiple-mean comparisons using the
Student-Newman-Keuls test. A value of P<0.05 was consid-
ered significant.

Results

Expression of recombinant proteins in vitro

The recombinant CCL19 and CCL17 proteins in the cultured
supernatants of COS-7 cells were detected by ELISA 48 h after
transfection. The concentrations of the CCL19 protein and
CCL17 proteins in the supernatants collected from pCCL19/
VAX- and pCCL17/VAX-transfected cells were 71500 pg/mL
and 69100 pg/mL, respectively. The CCL19 and CCL17 con-
centrations in the pVAXI-transfected cell culture supernatants
were not detectable.

Enhanced migration of DCs to secondary lymphoid tissues
mediated by CCL17 and CCL19

To examine the role of CCL17 and CCL19 in DC migration
to secondary lymphoid tissues, the number of mature DCs
(CD11c" major histocompatibility complex class I1"#") was
measured in the spleen and DLNs. All three groups (CCL17,
CCL19, and CCL17 plus CCL19) showed increased total cell
numbers in the DLNs and spleens compared with the group
treated with the control vector (Figure 1). The co-administra-
tion of CCL17 and CCL19 had a greater effect in increasing the
number of mature DCs in secondary lymphoid tissues than
did CCL17 or CCL19 administered alone.

Combined adjuvants enhanced specific anti-PAc antibody
responses in mice

The immune-enhancing effects of CCL17 combined with
CCL19 were examined by detecting salivary PAc-specific IgA
levels and serum PAc-specific IgG levels after the intranasal
delivery of pCIA-P plus pCCL17/VAX, pCIA-P plus pCCL19/
VAX, pCIA-P plus pCCL17/VAX and pCCL19/VAX, or
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Figure 1. CCL17 and CCL19 increase the number of mature DCs in secondary lymphoid tissues. Splenocytes and DLN cells were collected from mice
treated with pCCL17/VAX, pCCL19/VAX, pCCL17/VAX plus pCCL19/VAX, or pVAX1, digested with collagenase IV 3 days after immunization, stained with
a DC marker (CD11c) and a class Il marker (I-Ab o chain), and analyzed by flow cytometry. This result is representative of three experiments.

pCIA-P plus pVAX1. For salivary PAc-specific IgA levels, the
peaks appeared at 8 weeks after the first immunization in all
groups (Figure 2A). At each time point, including weeks 4, 6,
8,10, 12, and 14 after the first immunization, the three experi-
mental groups showed higher levels of salivary anti-PAc IgA
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antibodies than the pVAXI control group. The salivary IgA
anti-PAc antibody levels in the pCCL17/VAX group were
significantly higher than that of the control group at weeks 4,
6, 8, and 12 (P<0.01 or P<0.05). Similar enhanced responses
were observed in the pCCL19/VAX group compared with the
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Figure 2. Salivary PAc-specific IgA and serum PAc-specific IgG antibody levels in mice immunized intranasally with pCIA-P in combination with pCCL17/
VAX, pCCL19/VAX, pCCL17/VAX plus pCCL19/VAX, or pVAX1. Saliva and serum samples were collected at 4, 6, 8, 10, 12, 14, and 16 weeks after the
first immunization. The specific anti-PAc salivary IgA (A) and specific anti-PAc serum IgG (B) concentrations were determined by ELISA. The data are
expressed as the mean+SD. n=5. "P<0.05, “"P<0.01 vs the pVAX1 group. *P<0.01 vs the pCCL17/VAX1 group. *P<0.05, **P<0.01 vs the pCCL19/
VAX1 group.
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control group in the entire experimental period except at week
14 (P<0.01 or P<0.05). The pCCL17/VAX and pCCL19/VAX-
co-administered group showed a significant difference from
the control group at all time points (P<0.01). Comparing the
co-administered group with the pCCL17/VAX group, the sali-
vary PAc-specific IgA antibody responses were significantly
enhanced at all time points (P<0.01 or P<0.05). When com-
pared with the pCCL19/pVAX group, the co-administered
group showed significantly enhanced responses at weeks 4, 6,
10, 12, and 14 (P<0.01 or P<0.05).

The peak serum PAc-specific IgG levels appeared in week 8
in all groups (Figure 2B). At each time point, the three experi-
mental groups showed higher antibody levels than the control
group. In the pCCL17/pVAX group, the serum IgG anti-
PAc antibody responses were significantly higher than that of
the control group at all time points except week 14 (P<0.01 or
P<0.05), while the pCCL19/pVAX group showed a significant
difference from the control group at all time points except
week 4 (P<0.01 or P<0.05). The pCCL17/VAX and pCCL19/
VAX co-administered group showed a significant difference
from the control group throughout the entire experimental
period (P<0.01). When comparing the co-administered group
with the pCCL17/pVAX group, the serum PAc-specific IgG
antibody levels were significantly enhanced at weeks 4, 8, 10,
and 12 (P<0.01 or P<0.05). When compared with the pCCL19/
VAX group, the responses were significantly enhanced at
weeks 4, 8, and 12 (P<0.01 or P<0.05).

These data demonstrated that the combination of CCL17 and
CCL19 as a nasal adjuvant with pCIA-P markedly enhanced
PAc-specific antibody responses in mice.

Anti-caries efficacy in rats

Inhibition of S mutans colonization

We detected the amount of S mutans sustained on the molar
surfaces after immunization using a colony forming assay
(Figure 3). The colony-forming unit (CFU) counts of rats
immunized with pCIA-P together with pCCL17/VAX,
pCCL19/VAX, or pCCL17/VAX plus pCCL19/VAX were
significantly lower than those of rats immunized with pCIA-
P without adjuvant (P<0.05 or P<0.01). The CFU counts were

80
70
60 * *
3 50 #rx
§ 40
5 30
20
10
0 L 1 !
CCL17/  CCL19/  pVAX1/ CCL17+CCL19Y/
pCIA-P  pCIA-P pCIA-P pCIA-P

Figure 3. CFU counts of S mutans detected on the molar surfaces
of immunized rats. The data are expressed as the mean+SD. n=b5.
“P<0.05, ""P<0.01 vs the pVAX1 group. *P<0.05 vs the pCCL17/VAX1
group. *P<0.05 vs the pCCL19/VAX1 group.
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significantly lower in the pCCL17/VAX and pCCL19/VAX co-
administered group than in the pCCL17/pVAX group or the
pCCL19/pVAX group (P<0.05). These data showed that the
combined use of CCL17 and CCL19 strengthened the ability
of pCIA-P to inhibit the colonization of S mutans on rat tooth
surfaces.

Rat antibody responses

Salivary-specific anti-PAc IgA titers were significantly higher
in rats immunized with pCIA-P along with pCCL17/VAX,
pCCL19/VAX, or pCCL17/VAX plus pCCL19/VAX com-
pared with those immunized with pCIA-P without adjuvant
(P<0.01) (Figure 4A). The salivary-specific anti-PAc IgA titers
in the pCCL17/VAX and pCCL19/VAX co-administered
group were significantly higher than those of the pCCL17/
VAX group or the pCCL19/VAX group (P<0.01 and P<0.05,
respectively). The serum-specific anti-PAc IgG titers in the co-
administered group were significantly higher than those of the
pCCL17/VAX group or the pCCL19/VAX group (P<0.01 and
P<0.05, respectively) (Figure 4B). These data demonstrated
that the combined use of CCL17 and CCL19 as nasal adju-
vants with pCIA-P markedly enhanced PAc-specific antibody
responses in rats.
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Figure 4. Salivary PAc-specific IgA and serum PAc-specific IgG antibody
levels in rats immunized intranasally with pCIA-P in combination with
pCCL17/VAX, pCCL19/VAX, pCCL17/VAX plus pCCL19/VAX, or pVAX1.
Saliva and serum samples were collected 52 days after the first
immunization. The specific anti-PAc salivary IgA (A) and specific anti-
PAc serum IgG (B) concentrations were determined by ELISA. The data
are expressed as the mean+SD. n=5. “P<0.05, "P<0.01 vs the pVAX1
group. *P<0.01 vs the pCCL17/VAX1 group. *P<0.05 vs the pCCL19/
VAX1 group.
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Caries protection against S mutans infection

The degree of caries was scored as enamel lesions (E), slight
dentinal lesions (Ds) and moderate dentinal lesions (Dm) (Fig-
ure 5). Significantly fewer E, Ds and Dm caries lesions were
observed in the pCCL17/VAX, pCCL19/VAX, and pCCL17/
VAX plus pCCL19/VAX groups compared with the pVAX1
group (P<0.01). The E and Ds scores of the combined adjuvant
group were significantly lower than those of the pCCL17/
VAX or pCCL19/VAX groups (P<0.01). No significant differ-
ence in Dm scores was observed among the pCCL17/VAX,
pCCL19/VAX, and combined adjuvant groups (P>0.05).
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Figure 5. Caries scores of rats immunized intranasally with pCIA-P in
combination with pCCL17/VAX, pCCL19/VAX, pCCL17/VAX plus pCCL19/
VAX, or pVAX1. ““P<0.01 vs the pVAX1 group. **P<0.01 vs the pCCL17/
VAX1 group. **P<0.01 vs the pCCL19/VAX1 group.

Discussion

Several studies have demonstrated that mature DCs failed to
migrate into the DLNs in the absence of CCR7 in mice!™ > ],
The data derived from experiments on CCR7-deficient mice
showed severely delayed kinetics of the antibody responses
against a T-dependent antigen and a lack of contact sensitiv-
ity and delayed-type hypersensitivity reactions™. CCL19,
which is secreted by stromal cells in the T-cell area of DLNSs,
is a high-affinity functional ligand for CCR7. Our previous
findings showed that CCL19 is a potent chemoattractant for in
vitro-expanded bone marrow-derived DCs, and the specificity
was confirmed by CCR7 blockade of mature DCs™. 1In this
study, we showed that exogenous overexpression of CCL19
enhanced the recruitment of DCs to DLNs. Taken together,
these results indicate that CCL19 is required for the CCR7-
dependent migration of DCs.

Recent studies showed that the expression of CCR7 on the
DC surface alone was not sufficient to guarantee its full func-
tion of guiding DC migration”. CCL17-deficient DCs, which
express normal levels of CCR7, failed to undergo efficient
directional migration in response to the CCR7 ligand CCL19.
Moreover, CCL19-induced Ca*" flux was strongly reduced
in CCL17-deficient DCs. These results indicate that CCL17
deficiency does not affect the surface expression of CCR7, but
rather, alters its functionality. Here, our findings showed that
the exogenous overexpression of CCL17 alone could enhance
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the recruitment of DCs to DLNs, which demonstrates in
vivo that CCL17 is involved in the process of DC migration.
CCL17 was identified as a specific functional ligand for CCR4,
a receptor that is selectively expressed on certain immune
cells™ !, However, CCR4 knockout mice showed no defect in
cutaneous DC migration and no amelioration of atopic derma-
titis pathology, suggesting that CCL17 must bind to another
receptor in addition to CCR4"". Although the molecular
mechanisms by which CCL17 acts on CCR7 remain enigmatic,
our results indicated that the co-delivery of CCL17 and CCL19
led to enhanced DC migration to DLNs compared with CCL17
or CCL19 delivered alone.

Regimens using chemokines as adjuvants for DNA vaccina-
tion have been shown to act through the recruitment of DCs
and other immune cells to immune inductive sites®™~". Our
previous studies showed that a CCL19 DNA plasmid entered
the secondary lymphoid tissues and expressed the chemo-
kine there following intramuscular administration. Using a
CCL19 plasmid in combination with the anti-caries DNA vac-
cine pCIA-P, an increased serum PAc-specific IgG level was
observed™.. To date, by virtue of its paramount importance in
diverse effects on DC and lymphocyte migration and immune
response formation, it has been postulated that CCL19 is an
interesting candidate vaccine adjuvant for a number of infec-
tious diseases"” ** ¥, However, few studies have investigated
the adjuvant role of CCL17. Based on the role of CCL17 in
the CCR7-dependent recruitment of DCs, we speculated that
CCL17 had an immunomodulatory effect on the DNA vaccine
pCIA-P. In accordance with this idea, pCIA-P and the CCL17
plasmid were intranasally administered to mice. We observed
significantly increased serum PAc-specific IgG levels and sali-
vary PAc-specific IgA levels compared with the vector DNA-
treated control group. Moreover, the co-delivery of CCL17
and CCL19 with pCIA-P led to enhanced antibody responses
compared with CCL17 or CCL19 delivered alone at most time
points after immunization. Consistent with the findings of
the augmented salivary PAc-specific IgA antibody levels, S
mutans colonization on the tooth surfaces and caries scores
were reduced in CCL17 and CCL19 co-administered rats com-
pared with CCL17- or CCL19-administered rats. These results
confirmed the immunopotentiator effect of CCL17 when co-
administered with CCL19 and the anti-caries DNA vaccine.
To our knowledge, this report is the first study using CCL17 as
an adjuvant to enhance the immunogenicity of DNA vaccines.

The immunomodulatory mechanism by which CCL17 acts
as a vaccine adjuvant remains unknown. This mechanism is
not likely due to the interaction through its receptor, CCR4,
because CCR4 KO mice developed allergic skin inflammation
similar to WT mice in an atopic dermatitis mouse model®.
Another possibility for enhancing Th1- and Th2-type cytokine
production by CD4" Th cells can be excluded because neither
IFN-y nor IL-4 cytokine levels were significantly higher in
the splenocytes of mice that received the CCL17 plasmid and
pCIA-P compared with the vector- and pCIA-P-immunized
groups (data not shown here).

In conclusion, our present study clearly showed that



the combination of CCL17 and CCL19 as a nasal adjuvant
attracted more mature DCs to secondary lymphoid tissues to
induce enhanced PAc-specific antibody responses against the
anti-caries DNA vaccine pCIA-P and reduced S mutans infec-
tion in rodents. The mechanisms by which CCL17 acts as an
immunopotentiator remain to be further elucidated.
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