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For the development of vaccines against oral and pharyngeal pathogens invading the mucosal epithelia, both
secretory and serum immunoglobulin A (IgA) and IgG antibodies and cytotoxic T lymphocytes (CTL) have been
induced. We used a novel approach, targeted salivary gland (TSG) immunization, using plasmid pcDNA3/fimA,
coding for Porphyromonas gingivalis fimbriae. Expression of subunit protein, fimbrillin, was observed in
eukaryotic cells growing in vitro following transfection with pcDNA3/fimA. In this study, we obtained good
humoral and cell-mediated immune responses in BALB/c mice by TSG administration using the above-
mentioned DNA vaccine. The production of fimbria-specific IgA and IgG antibodies in saliva and serum IgG
antibody was significantly stimulated by TSG immunization. Injection of DNA vaccine into salivary gland
elicited high-level production of antigen-specific IgG antibody, similar to that induced following intramuscular
immunization. The major IgG subclass that recognized fimbriae was IgG2a in serum from pcDNA3/fimA-
immunized mice. Reverse transcription-PCR analysis of mononuclear cells from salivary glands showed that
levels of Th2 cytokine-specific mRNA were higher in the immunized group than in the nonimmunized group.
In addition, TSG DNA immunization resulted in the generation of antigen-specific CTL in spleen. These results
indicate that TSG immunization with plasmid DNA may represent a genetic immunization strategy against
infection by oral and pharyngeal pathogens that may invade local, mucosal surfaces.

Antigen-encoding plasmid DNA immunization can induce
cellular and humoral immune responses against a variety of
pathogens, including viruses, parasites, and bacteria (26, 28, 29,
31), and tumor cells (3, 4). In previous studies, most of the
plasmid DNA was applied either intramuscularly or intrader-
mally and should be taken up by muscle cells or keratinocytes
of the injection site (24, 35). The proteins induced by plasmid
DNA vaccines in the cells are similarly processed and pre-
sented by major histocompatibility complex class I and II mol-
ecules, resulting in the induction of T helper (Th) cells and
plasma cells. This process mimics the natural infection by vi-
ruses (5, 25).

The mucosal immune system can be functionally divided
into two sites, inductive and effector tissues. The immunoglob-
ulin A (IgA)-inductive tissues are where mucosally applied
antigens preferentially stimulate CD41 Th subsets (Th1/Th2
cells) and IgA-committed surface IgA1 B cells. Following mu-
cosal antigen stimulation, these activated lymphocytes leave
the inductive site and home to distant mucosal effector tissues
via the common mucosal immune system (or pathway) to re-
lease secretory IgA (sIgA) specific for the antigen (20). An-
other advantage of mucosal administration is that systemic
immune responses are frequently induced (11, 27). For exam-
ple, it was shown that oral immunization with a combined
vaccine containing tetanus toxoid and cholera toxin induces
antigen-specific serum IgG antibodies in addition to sIgA an-
tibodies that can neutralize tetanus toxin (11). Thus, the de-
velopment of an appropriate mucosal vaccine could lead to the

induction of two layers of pathogen-specific immunity in both
mucosal and systemic immune compartments.

It was recently shown that local administration of simian
immunodeficiency virus p27 in the proximity of the internal
iliac lymph nodes, termed targeted lymph node immunization,
via the genitourinary-rectal tissues in rhesus macaques results
in the generation of p27-specific CD41 T cells as well as IgA
and IgG responses at both mucosal and systemic sites (13, 16,
17). Mucosal immunizations using protein antigens have been
reported extensively; however, few studies have used DNA
immunization via mucosal or local routes (14, 30, 33). In this
study, a comparison was made between targeted salivary gland
(TSG) and systemic immunizations using plasmid DNA vac-
cines. We report here that the former approach may be useful
for studying oral and pharyngeal infection and immunity.

MATERIALS AND METHODS

Animals. Female BALB/c mice (Charles River Japan, Yokohama, Japan) were
maintained in horizontal flow cabinets and provided sterile food and water ad
libitum. All mice used in this study were 6 weeks of age.

Bacterial strains and growth conditions. Escherichia coli XL1-Blue (Strat-
agene, La Jolla, Calif.) was cultured in Luria-Bertani medium or on Luria-
Bertani agar supplemented with ampicillin (100 mg/ml). DNA manipulations
were carried out according to the manufacturer’s instructions.

Preparation of fimbriae and antifimbria antibody. Fimbriae were prepared as
described previously (8, 22). Fimbria-specific antiserum was obtained from rab-
bits immunized subcutaneously with fimbria protein.

Isolation of mononuclear cells. A mononuclear cell suspension from spleen
was prepared by gentle passage through a sterile stainless steel screen. Mono-
nuclear cells in submandibular glands (SMG) of mice were prepared as described
previously (9). Briefly, SMG were digested with collagenase type IV (Worthing-
ton Biochemical Corporation, Freehold, N.J.), followed by a discontinuous Per-
coll gradient consisting of 40, 55, and 75% Percoll. Almost 1 3 106 to 2 3 106

mononuclear cells per mouse with .97% viability were obtained.
Construction of DNA vaccine. The eukaryotic expression vector pcDNA3

(Invitrogen, Groningen, The Netherlands) with the fimA gene encoding Porphy-
romonas gingivalis fimbrillin was constructed as shown in Fig. 1. Briefly, the fimA
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gene was amplified from plasmid pSM36 (8) with primers (sense, 59-GAGCGA
ACCCCGCTCCCTGAATTCCGATATAGAC-39; antisense, 59-GGATCCTGT
TGGGACTTGCTGCTCTTGCTATGACAG-39) containing a BamHI or EcoRI
site. PCR was performed with a model PCR2400 thermal cycler (Perkin-Elmer,
Norwalk, Conn.) according to the manufacturer’s manual. The resultant frag-
ment was inserted into pcDNA3 predigested with BamHI or EcoRI, and the
newly constructed plasmid, pcDNA3/fimA, was used as a DNA vaccine.

Expression of recombinant fimbriae in transfected cells. A mouse embryo cell
line, NIH 3T3, was transfected with either pcDNA3/fimA or pcDNA3, using
Lipofectamine reagent (Life Technologies, Rockville, Md.) according to the
manufacturer’s instructions. The transfected cells were harvested 48 h later.
Samples were mixed with the same volume of 23 sodium dodecyl sulfate (SDS)
gel-loading buffer and boiled for 5 min. SDS-polyacrylamide gel electrophoresis
(PAGE) and Western blot analysis were performed as described previously (8),
with some modifications. Briefly, the proteins were transferred electrophoreti-
cally onto a polyvinylidene difluoride membrane (Immobilon; Millipore, Bed-
ford, Mass.), which was saturated in Block Ace (1 mg/ml; Dainippon Pharma-
ceutical Co., Osaka, Japan). The membrane was further incubated with rabbit
antifimbria antibody (1:1,000 dilution), washed three times, and then incubated
with alkaline phosphatase-conjugated swine anti-rabbit immunoglobulin serum
(Dako, Glostrup, Denmark). 5-bromo-4-chloro-3-indolylphosphate and ni-
troblue tetrazolium solutions (Moss Inc., Pasadena, Md.) were used to reveal
positive bands.

Immunization of mice. Five groups of BALB/c mice were used, as shown in
Table 1. We performed three separate experiments.

Antigen-specific ELISA. Samples were analyzed for fimbria-specific IgG and
IgA antibodies by enzyme-linked immunosorbent assay (ELISA) as described
previously (13), with some modifications. Briefly, 96-well ELISA plates (Sumi-
tomo Bakelite, Tokyo, Japan) were coated with fimbriae (1 mg/ml) in phosphate-
buffered saline and incubated at 4°C. The wells were blocked with phosphate-
buffered saline containing Block Ace overnight at 4°C. Duplicate serial two-fold
dilutions of samples in an appropriate range for the particular analysis were

incubated on the plates overnight at 4°C. The wells were washed and incubated
with goat anti-mouse IgA or IgG antibody conjugated with horseradish peroxi-
dase (Southern Biotechnology Associates, Birmingham, Ala.) overnight at 4°C.
The wells were then washed and developed with 3,39,5,59-tetramethylbenzidine
solution (Moss Inc.). After 15 min of incubation, the enzyme reaction was
stopped by adding 0.5 N HCl, and the plates were read at an optical density of
450 nm with a microplate reader (model Titertek MK11; Flow Laboratories,
McLean, Va.). The endpoint titers for antigen-specific IgG and IgA were defined
as the last dilution giving an optical density at 450 nm of ^0.1.

RT-PCR for cytokine-specific mRNA. Total RNA was extracted with TRIzol
reagent (Life Technologies), and reverse transcription-PCR (RT-PCR) amplifi-
cation was done according to the established protocol as previously described
(13). Primers specific for murine b-actin, gamma interferon (IFN-g), interleu-
kin-4 (IL-4), IL-5, and IL-6 were obtained from Amersham Pharmacia Biotech
(Tokyo, Japan). The primers used were as follows: sequences: b-actin, sense
(59-TGGAATCCTGTGGCATCCATGAAAC-39) and antisense (59-TAAAAC
GCAGCTCAGTAACAGTCCG-39); IFN-g, sense (59-TGAACGCTACACAC
TGCATCTTGG-39) and antisense (59-CGACTCCTTTTCCGCTTCCTGAG-
39); IL-4, sense (59-ATGGGTCTCAACCCCCAGCTAGT-39) and antisense (59-
GCTCTTTAGGCTTTCCAGGAAGTC-39); IL-5, sense (59-ATGACTGTGCC
TCTGTGCCTGGAGC-39) and antisense (59-CTGTTTTTCCTGGAGTAAAC
TGGGG-39); IL-6, sense (59-TGGAGTCACAGAAGGAGTGGCTAAG-39)
and antisense (59-TCTGACCACAGTGAGGAATGTCCAC-39). The reaction
was carried out in a thermal cycler (model PCR2400) under optimal conditions
for 33 cycles. The PCR products were electrophoresed on a 2% agarose gel and
visualized by staining with ethidium bromide (0.2 mg/ml). The intensity of PCR
products was quantified by using NIH Image software (version 1.59; National
Institutes of Health, Bethesda, Md.). The level of cytokine-specific mRNA was
normalized to the corresponding b-actin signal (37).

Splenocyte proliferation assay. Mononuclear cells (106 cells/ml) from spleen
were added to 96 wells precoated with 100 ml of fimbria solution (final concen-
tration, 10 mg/ml) for 72 h at 37°C in a humid atmosphere of 5% CO2. During
the last 16 h of incubation, 0.5 mCi of [3H]TdR incorporation was determined by
a liquid scintillation counter (Aloka, Tokyo, Japan). The stimulation index (SI)
was defined as the ratio of counts per minute of stimulated and medium-only
cultures.

Cytotoxic T-lymphocyte (CTL) assay. Splenocytes (106 cells/ml) from DNA-
vaccinated mice (day 84) were restimulated in vitro with fimbriae (5 mg/ml) as
effector cells for 4 days at 37°C (29). Target cells were prepared by adsorption of
fimbriae (10 mg/ml) to mastocytoma p815 (5 3 106 cells/ml) for 1 h at 37°C (28).
Cytotoxicity was determined by using CytoTox96 (Promega, Madison, Wis.)
according to the manufacturer’s manual. CytoTox96 quantitatively measures the
lactate dehydrogenase (LDH) that is released upon cell lysis. The percentage of
specific LDH release was calculated as [(experimental 2 effector spontaneous 2
target spontaneous)/(target maximum 2 target spontaneous)] 3 100.

Statistical evaluations. The significance of differences of the means between
the groups was evaluated by a nonparametric Mann-Whitney U test. All conclu-
sions were based on significance levels of P , 0.05.

RESULTS

Expression of the fimA gene and recombinant fimbriae in
vitro. A DNA vaccine, pcDNA3/fimA, was constructed to en-

FIG. 1. Construction of a DNA vaccine encoding P. gingivalis fimbriae, using pcDNA3. SV40, simian virus 40; PCMV, cytomegalovirus promoter; BGH, bovine
growth hormone gene (provides polyadenylation [pA] signal); Ampr, ampicillin resistance gene; Neor, neomycin resistance gene.

TABLE 1. Experimental protocol for immunization
of BALB/c mice

Group
(no. in group) Vaccine used

Days of immunizationa

0 14 28 42

I (5) Fimbriae s.c. s.c. s.c. s.c.
II (18) pcDNA3/fimA i.m. i.m. i.m. i.m.
III (30) pcDNA3/fimA TSG TSG TSG TSG
IV (9) pcDNA3 TSG TSG TSG TSG
V (5) None — — — —

a Each vaccine (50 mg) was injected biweekly for a total of four inoculations.
Blood, saliva, and fecal samples were collected biweekly through day 84. s.c.,
injection subcutaneously with emulsion of fimbriae and Freund’s complete ad-
juvant; i.m., injection into the quadriceps muscles with pcDNA3/fimA, using a
27-gauge needle. TSG, injection into the SMG with pcDNA3/fimA, using a
27-gauge needle; —, no immunization.
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code fimbrillin of P. gingivalis (Fig. 1). To ensure that the DNA
vaccines were intact and functional, the expression of the plas-
mid was analyzed in a mammalian cell line, NIH 3T3 (Fig. 2).
The fimA-specific mRNA was detected in pcDNA3/fimA trans-
fected but not pcDNA3-transfected cells (Fig. 2A). A protein
of ;43 kDa was expressed in NIH 3T3 cells transfected with
pcDNA3/fimA, as detected by immunoblotting with polyclonal
rabbit antifimbria serum. Since recombinant fimbriae were de-
tected in the culture supernatant from NIH 3T3 cells trans-
fected with pcDNA3/fimA, a portion of the protein was con-
sidered to be secreted extracellularly. On the other hand, no
immunoreactive proteins were detected in cultures of
pcDNA3-transfected or nontransfected NIH 3T3 cells (Fig.
2B).

Humoral immune responses to DNA vaccines. Following the
first immunization, fimbria-specific IgG antibody was produced
in both pcDNA3/fimA-immunized groups (Fig. 3A), while spe-
cific IgA and IgG responses were induced in mice only when
TSG immunization was done with pcDNA3/fimA as an antigen
(Fig. 3B and C). Two negative control groups that were vacci-
nated with the uninserted pcDNA3 or saline only did not
exhibit any detectable immune responses to fimbriae. A spe-
cific IgG response in serum but not IgA or IgG response in
saliva was elicited in the mice immunized subcutaneously with
the protein (data not shown). Neither fimbria-specific IgA nor
IgG antibody was detected in fecal extracts from mice admin-
istered TSG immunization with pcDNA3/fimA (,log2 of 3).
Specific IgG immune responses in serum from DNA-immu-
nized and fimbria-immunized mice showed similar patterns
throughout the experiment from days 0 to 84. However, the
major subclass of IgG induced by DNA immunization via ei-
ther quadriceps muscles or SMG was IgG2a, whereas subcu-
taneous immunization with purified fimbrial protein induced
mainly IgG1 production (Fig. 4).

Mononuclear cell proliferation and CTL induction in the
spleen. Splenocyte responses to fimbriae in mice administered
plasmid DNA were measured 84 days after the first immuni-
zation. We observed fimbria-specific proliferation in spleno-
cytes with pcDNA3/fimA but found no proliferative reactions
in spleen cells from pcDNA3-immunized or nonimmunized
mice (Table 2). Regardless of the immunization route, prolif-
eration occurred in splenocytes from mice immunized with

pcDNA3/fimA through quadriceps muscles and SMG glands
(SI 5 9.3 and 9.5, respectively).

It was essential to determine if TSG immunization with
pcDNA3/fimA induces not only fimbria-specific antibody but
also antigen-specific CTL in mice (Fig. 5). We found that
immunization of mice with pcDNA3/fimA elicited a stronger
CTL response in the spleen (P , 0.01) than that with pcDNA3
(38 and 9% specific cell lysis, respectively, at an effector/target
cell ratio of 25:1).

FIG. 2. Expression of the fimA gene and fimbrial protein in NIH 3T3 cells. Plasmid pcDNA3/fimA or pcDNA3 was transfected with Lipofectamine into NIH 3T3
cells. Production of specific mRNA and protein was assessed 48 h later. (A) Total RNA was purified from transfected cells and amplified by RT-PCR using fimA-specific
primers. Lanes: M, l/HindIII size marker; 1, pSM36 containing fimA (positive control); 2, pcDNA3/fimA-transfected NIH 3T3 cells; 3, pcDNA3-transfected cells; 4,
NIH 3T3 cells. (B) Protein obtained from NIH 3T3 cells was subjected to SDS-PAGE and Western blotting with rabbit anti-fimbria antibody. Lanes: 1, fimbrial protein
(positive control); 2, pcDNA3/fimA-transfected NIH 3T3 cells; 3, pcDNA3-transfected cells; 4, NIH 3T3 cells; 5, culture supernatant of pcDNA3/fimA-transfected NIH
3T3 cells.

FIG. 3. Induction of fimbria-specific IgA and IgG responses in serum and
saliva samples from DNA-immunized mice. Each vaccine was injected biweekly
as shown by black arrows for a total of four inoculations. For each sample, the
endpoint titer of fimbria-specific antibody was defined as described in Materials
and Methods. The results are expressed as means 6 standard deviations of log2
ELISA antibody titers for triplicate wells. Levels of fimbria-specific IgG antibody
in serum (A) and of IgA (B) and IgG (C) in saliva samples were determined. i.m.,
intramuscular.
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Cytokine-specific mRNA expression of mononuclear cells in
SMG. Since cytokines produced by effector cells in SMG in-
fluence antigen-specific responses, it was important to examine
cytokine-specific mRNA expression of SMG mononuclear cells
from mice immunized with plasmid DNA (Fig. 6). Cytokine-
specific RT-PCR revealed that SMG cells from pcDNA3/
fimA-immunized mice synthesized higher levels of IL-4, IL-5,
and IL-6 mRNAs than the pcDNA3-immunized group. Nu-
merous IFN-g producing cells are present in freshly isolated
lymphocytes in mouse SMG. In this experiment, high expres-
sion levels of IFN-g-specific mRNA in SMG mononuclear cells
in nonimmunized mice were seen, and no difference between
pcDNA3/fimA and pcDNA3 immunized groups could be de-
tected in terms of IFN-g-specific mRNA expression (data not
shown).

DISCUSSION

Our study demonstrates that both TSG and intramuscular
immunization with pcDNA3/fimA can induce humoral and
cellular immune responses to P. gingivalis fimbriae. The former
immunization especially results in enhanced levels of specific
salivary IgA and IgG antibodies (Fig. 3). Eukaryotic expression
vectors carrying a cytomegalovirus CMV promoter have been
used to induce effective immune responses to antigens in vivo
by intramuscular immunization (18, 26, 28, 29). Considerable
quantities of recombinant fimbrillin protein were produced in
E. coli when the fimA gene was introduced (8). Recombinant
fimbrillin was also produced in NIH 3T3 cells transfected with

pcDNA3/fimA. These results indicate that the combination of
a CMV promoter and the codon usage of the fimA gene should
work satisfactorily in eukaryotic cells.

Mucosal immunity is the first line of the defense system
against pathogens to prevent systemic or local infection. An
important factor for protective mucosal immunity is the induc-
tion of specific sIgA antibody. Intramuscular DNA immuniza-
tion can induce humoral immune responses in systemic (e.g.,
spleen, blood, and draining lymph nodes) but not mucosal
(e.g., salivary glands, genitourinary tracts, and alimentary ca-
nals) compartments. Some trials to induce mucosal immune
responses have been performed by intravaginal immunization
(6, 19). These studies demonstrated that local immune re-
sponses such as vaginal IgA and IgG production are induced
and maintained following the immunization. Significant levels
of fimbriae-specific salivary IgA and IgG as well as serum IgG
were observed until at least day 138 following the first TSG
immunization (result not shown). Since plasmid vectors con-
taining reporter genes have been shown to persist in muscle for
over 1 year (34), strong humoral immune responses to fimbriae
in mice with pcDNA3/fimA could be expected.

Since we could demonstrate a similar pattern of serum IgG
production and splenocyte proliferative response in mice that

FIG. 4. IgG subclasses against fimbriae induced by immunization with DNA
vaccines or purified fimbriae. Mice were immunized by injection intramuscularly
into the quadriceps muscles (i.m.) or by injection into SMG (TSG) with 50 mg of
pcDNA3/fimA. Mice were also immunized subcutaneously (s.c.) with 50 mg of
purified fimbriae. The endpoint titer of fimbria-specific antibody in serum (day
42) was defined as described in Materials and Methods. The results are expressed
as means 6 standard deviations of log2 ELISA antibody titers for triplicate wells.

FIG. 5. Fimbria-specific CTL in mice immunized with plasmid DNA. Five
mice were chosen randomly from each immunized group (day 84), and the
pooled splenocytes were restimulated in vitro with fimbriae as effector cells for
4 days at 37°C. Target cells were prepared by adsorption of fimbriae to masto-
cytoma p815 for 1 h at 37°C. The amount of LDH released upon cell lysis was
determined by using CytoTox96. The results express representative data for
three experiments.

FIG. 6. Cytokine-specific messages from mononuclear cells in the SMG de-
tected by RT-PCR. The RNA samples were obtained from SMG mononuclear
cells on day 84 and amplified by RT-PCR. The PCR products were electropho-
resed and visualized by ethidium bromide staining. The intensity of PCR prod-
ucts was quantified with NIH Image software. The levels of cytokine mRNA
expression were expressed as a relative value based on that of b-actin (5100).
The results express representative data for three experiments.

TABLE 2. Proliferative responses of splenocytes from mice
immunized with DNA vaccinea

Vaccines used (method) SI (mean 6 SD)

pcDNA3/fimA (i.m.) ............................................................. 9.3 6 0.34
pcDNA3/fimA (TSG) ........................................................... 9.5 6 0.11
pcDNA3 (TSG)..................................................................... 1.4 6 0.10
None ....................................................................................... 1.4 6 0.05

a Splenocytes from mice on day 84 were added to 96 wells precoated with
fimbria solution for 72 h at 37°C as described in Materials and Methods. During
the last 16 h of incubation, 0.5 mCi of [3H]TdR incorporation was determined.
The SI was defined as the ratio of counts per minute of stimulated and medium-
only cultures. i.m., intramuscular.
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had been injected via either muscle or SMG, TSG immuniza-
tion might be effective as intramuscular DNA immunization
against infectious diseases. To examine whether pcDNA3/fimA
immunization could induce a Th1- or Th2-type immune re-
sponse, fimbria-specific serum IgG subclasses were determined
(Fig. 4). Mice vaccinated with pcDNA3/fimA via both muscle
and SMG predominantly showed IgG2a production, whereas
immunization with purified fimbriae protein mainly induced
IgG1 antibody. DNA vaccination was found to induce prefer-
entially a Th1 type response (5). Although intramuscular or
intranasal immunization with DNA encoding human immuno-
deficiency virus HIV antigen induces an IgG1.IgG2a-type
response (23), the induction of a Th1 type response by DNA
immunization may depend on the plasmid vector itself rather
than the delivery route and the nature of the antigen.

Our results indicate that TSG DNA immunization elicits
mucosal immunity in the oral cavity and that this administra-
tion is an effective regimen to induce immunity at this site. The
present study did not show specific antibody responses in fecal
samples from mice immunized with pcDNA3/fimA, although
DNA immunization via oral (12) and Peyer’s patch (33) routes
induced specific fecal IgA production. Recently, intranasal but
not intramuscular immunization with plasmid DNA-lipid com-
plexes has been reported to elicit the production of specific
IgA and IgG antibodies in rectal fluid (14). Induction of local
immunity at any given site that is used for immunization with
a vaccine may be advantageous, because only necessary im-
mune responses are induced.

Under the influence of Th2-type cytokines such as IL-5,
IL-6, and IL-10, antigen-activated surface IgA1 B cells develop
into IgA-producing cells in effector tissues such as salivary
glands and rectourinary tissues (1, 7, 36). Higher levels of Th2
cytokine (IL-4, IL-5, and IL-6) mRNA expression were de-
tected in SMG mononuclear cells from mice TSG-immunized
with pcDNA3/fimA than with pcDNA3 or saline (Fig. 6). Since
IL-6 has been shown to be a key cytokine for the terminal
differentiation of IgA-committed B cells to IgA plasma cells in
both murine and human systems (2, 7), the increased expres-
sion of IL-6 is consistent with induction of fimbria-specific
IgA-producing B-cell responses in addition to systemic IgG
responses.

P. gingivalis plays an important role in the initiation and
progression of periodontal disease. This bacterium adheres to
and invades gingival epithelial cells (15, 32). The adherence
and invasion of a fimbria-deficient mutant in human oral epi-
thelial cells had lower efficiencies than those of the wild strain
(21). Preincubation of the wild strain with antifimbria antibody
resulted in a complete inhibition of the bacterial adherence to
epithelial cells. The proportions of IgA, IgM, and IgG are
similar between sera and gingival fluid (10). Since TSG immu-
nization with pcDNA3/fimA elicits a fimbria-specific antibody
response in systemic and mucosal sites and induces specific
CTL, the humoral and cellular immune responses to fimbriae
may inhibit bacterial adherence to and invasion of gingival
epithelial cells.

The work presented here explores a new area in vaccine
development to induce mucosal and systemic immunity. Al-
though safety considerations may limit the use of such vaccines
in humans, DNA immunization against pathogens could be
applied in animals. Further studies are needed to examine
immune responses when this vaccine is codelivered with adju-
vants and/or cytokines to a specific mucosal site as well as
systemic routes.
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