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Aim—Our aim is to assess the ability of human neutrophil peptide α-defensins (HNPs) and human
β-defensins (HBDs) to attenuate proinflammatory cytokine responses and enhance antibody
responses to recombinant hemagglutinin B (rHagB) or recombinant fimbrillin A (rFimA) from
Porphyromonas gingivalis 381 in mice.

Materials & methods—In the first study, C57BL/6 mice were given 10 μg rHagB or rFimA
without and with 1 μg HNP1, HNP2, HBD1, HBD2 or HBD3. At 24 h, mice were euthanized and
cytokine concentrations were determined in nasal wash fluid (NWF), bronchoalveolar lavage fluids,
saliva and serum. In the second study, C57BL/6 mice were given 10 μg rHagB or rFimA without
and with 1 μg HNPs or HBDs similarly on days 0, 7 and 14. At 21 days, mice were euthanized and
rHagB- and rFimA-specific antibody responses were determined in NWF, bronchoalveolar lavage
fluids, saliva and serum.

Results—Mice given rHagB + HNP2, rHagB + HBD1 and rHagB + HBD3 produced significantly
lower (p < 0.05) IL-6 responses than mice given rHagB alone. Mice given rHagB + HNP1, rHagB
+ HNP2, rHagB + HBD1 and rHagB + HBD3 produced significantly lower (p < 0.05) keratinocyte-
derived chemokine responses than mice given rHagB alone. Mice given rFimA produced very low
levels of IL-6 and only moderate levels of keratinocyte-derived chemokine in NWF that were not
attenuated by prior incubation of rFimA with any defensin. Mice given rHagB + HNP1 produced a
significantly higher (p < 0.05) serum IgG antibody response than mice given rHagB alone and mice
given rFimA + HNP2 produced a higher, but not significant, antibody response.

Conclusion—The ability of HNPs and HBDs to attenuate proinflammatory cytokine responses in
murine NWF and enhance IgG antibody responses in serum was dependent upon both the defensin
and antigen of P. gingivalis.

Keywords
defensins; fimbriae A; hemagglutinin B; immunity; Porphyromonas gingivalis

Defensins are small, host-derived peptides with broad antimicrobial activity against Gram-
negative and Gram-positive bacteria, fungi and enveloped viruses [1–4]. In humans, there are
human neutrophil peptide α-defensins (HNPs), human θ-defensins (HBDs) and human
θdefensins. HNPs are found in neutrophil granules, macrophages, mucosal crypt cells and
Paneth cells and contain 29–35 amino acids. HNP1–4 are found in azurophil granule fractions
of human neutrophils and human defensins (HD)5 and 6 are found in human Paneth cells.
HBDs are expressed in epithelia of many organs and in nonepithelial tissues [5–9]. The latter
tissues include articular cartilage, synovial membranes and bone [10–12]. HBDs contain 36–
45 amino acids. Although 28 β-defensin genes have been described in humans, HBD1–4 are
among the more closely studied HBDs.

Defensins regulate innate immune mechanisms [3,13]. In addition to their antimicrobial
activity, they chemoattract CD4/CD45 RA+ cells, CD8+ T cells, monocytes and immature
dendritic cells, enhance phagocytosis by macrophages, activate and degranulate mast cells;
regulate cytokine production, regulate complement activation and inhibit glucocorticoid
production. HBD2 has a functional overlap with chemokines and one region resembles regions
of MIP-3α/CCL20, which is considered to be the domain responsible for the specific interaction
with CCR6. Defensins also enhance adaptive immunity. They interact with G protein-coupled
receptors in immature dendritic cells, stimulate dendritic-cell maturation, have direct effects
on T lymphocytes and enhance antigen-specific immune responses in vivo.

Porphyromonas gingivalis is an oral periodontal pathogen whose extracellular products are
capable of inducing proinflammatory cytokines and producing intense inflammatory responses
at mucosal surfaces. P. gingivalis produces a number of adhesins that are available in
recombinant form, including recombinant hemagglutinin B (rHagB) and recombinant

Kohlgraf et al. Page 2

Future Microbiol. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



fimbrillin (rFimA) [14,15]. Defensins clearly regulate innate immune responses and regulate
early inflammatory events. For example, HNPs and HBDs have powerful anti-inflammatory
effects on human monocytes [16], human monocyte-derived macro phages [17] and human
myeloid dendritic cells [18]. In addition, the systemic administration of HNP protects mice
from a murine model of peritonitis. However, the effect of HNPs and HBDs on the attenuation
of mucosal inflammation to rHagB or rFimA is not known. Likewise, defensins elicit enhanced
humoral, protective and therapeutic immune responses. HNPs and HBDs both enhance
ovalbumin-specific serum IgG antibody responses in mice. In this study, we assess whether
HNPs and HBDs can attenuate proinflammatory cytokine responses and enhance antibody
responses to rHagB and rFimA in mucosal secretions and serum of mice.

Materials & methods
rHagB & rFimA

Recombinant hemagglutinin B was produced as previously described [14,18]. The composition
and purity of rHagB was verified by sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE), western blot, mass spectrometry and amino acid analysis (High Resolution Mass
Spectrometry Facility, University of Iowa, IA, USA). rHagB had an observed matrix-assisted
laser desorption/ionisation (MALDI) mass of 49,560.56 m/z. A stock solution of rHagB (2 mg/
ml) was prepared in phosphate-buffered saline (PBS).

Recombinant fimbrillin A was also produced as previously described [19,20]. The purity of
the rFimA preparation was assessed by SDS-PAGE, western blot, mass spectrometry, and
amino acid analysis (High Resolution Mass Spectometry Facility, University of Iowa). rFimA
had an observed MALDI mass of 45,359.2 m/z. A stock solution of rFimA (2 mg/ml) was
prepared in PBS.

α- & β-defensins
Human neutrophil peptide α-defensins 1 and 2 were purchased from the American Peptide
Company (CA, USA). Recombinant HBD1, HBD2 and HBD3 were purchased from
PeproTech (Rocky Hill, NJ, USA). The purity, mass, and composition of these peptides were
confirmed by MALDI and content and composition of each defensin was determined by amino
acid analysis (High Resolution Mass Spectometry Facility, University of Iowa). Stock
solutions of HNPs (200 μg/ml) and HBDs (200 μg/ml) were prepared in PBS.

Detection & control of lipopolysaccharide
Small amounts of lipopolysaccharide (LPS) can still be present in recombinant proteins such
as rHagB and rFimA and this becomes important, particularly when assessing proinflammatory
cytokine responses in vivo in mice. LPS content was determined using the Limulus Amebocyte
Lysate assay (QCL-1000, Cambrex Bio Science, MD, USA). To limit LPS contamination,
stock solutions were prepared using 0.01 M sodium phosphate buffer with 0.14 M sodium
chloride made with pyrogen-free water and adjusted to pH 7.2 (PBS). LPS content was 0.0088
pg LPS/ml PBS; 1.9 ng LPS/μg rHagB; 60 pg LPS/μg rFimA; and 0.10–10.12 ng LPS/μg HNP
or HBD.

Inoculation of mice
A total of 262 female mice (Mus musculus domesticus; strain C57BL/6; 5–7 months of age;
Charles River Breeding Laboratories, Inc., MA, USA) were used in these studies and housed
under accredited conditions in The University of Iowa Medical Laboratory rodent facility.

Inocula were prepared by combining equal amounts of stock solutions of rHagB, rFimA, HNP,
HBD or PBS. Mice were slightly sedated with CO2/O2 and given 10 μl of inoculum intranasally
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(5 μl/nare). The final doses contained 10 μg rHagB or 10 μg rFimA without and with 1 μg HNP
or 1 μg HBD per mouse, as previously described [21,22]. Control mixtures included 1 μg HNP,
1 μg HBD and PBS. Additional controls were added to assess the role of trace contaminating
amounts of LPS in rHagB and rFimA. One control solution contained 19 ng LPS, equivalent
in concentration to that found by QCL-1000 assays in 10 μg rHagB. Another control solution
contained rHagB inactivated by heating at 100 °C for 15 min.

To demonstrate defensin-attenuated mucosal cytokine responses, 72 mice were exposed to the
above inocula and then euthanized at 24 h postinoculation for collection of fluids. To
demonstrate defensin-enhanced antibody responses, 190 mice were immunized intranasally
with inocula on days 0, 7 and 14 and then euthanized at 21 days postinoculation for collection
of fluids.

Collection of fluids
Since intranasal inoculation of rHagB and rFimA could have an impact on the production of
proinflammatory cytokine concentrations and antibodies in adjacent mucosal tissues, the nasal
wash fluid (NWF), bronchoalveolar lavage fluid (BALF), saliva and serum were all collected
and stored at −80°C, as previously described [23].

Detection of cytokines
The concentrations (pg/ml) of proinflammatory cytokines (IL-1β, IL-6, granulocyte-
macrophage colony-stimulating factor, TNF-α, and IL-12p40); keratinocyte-derived
chemokine (KC), Th1 cytokines (IL-2 and IFN-γ) and Th2 cytokines (IL-4, IL-5 and IL-10)
in NWF, BALF, saliva and serum were determined as recently described using a commercial
multiplexed fluorescent bead-based immunoassay (Millipore, MA, USA) in the Luminex 100
IS Instrument (Luminex, TX, USA) [23].

ELISA of rHagB- or rFimA-specific antibody responses
The amount of IgA, IgM and IgG in NWF, BALF, saliva and serum was determined using an
ELISA. To generate the isotype standard curve, the upper three rows of microtiter plates
(Falcon Probind plates, Becton Dickinson, NJ, USA) were coated with 1.5 μg/ml antibody to
the heavy and light chain of mouse immunoglobulin (Jackson ImmunoResearch Laboratories,
Inc., PA, USA). To determine the rHagB- or rFimA-specific antibody isotype response, the
lower five rows of each plate were coated with 100 μl of rHagB or rFimA (1 μg/ml in carbonate
buffer, pH 9.6). After incubation overnight at 4°C, the plates were then incubated with 10 mM
Tris buffered saline containing 1% fish gelatin and 0.05% Tween 20 for 30 min at room
temperature to block nonspecific binding sites. A total of 100 μl of standard, containing 0, 4,
8, 16, 32 and 64 ng/ml of IgA, IgM or IgG (Zymed Laboratories, Inc., CA, USA) were added
to the wells containing the 1.5 μg/ml antibody to the heavy and light chain of mouse
immunoglobulin. NWF, BALF, saliva and serum were diluted and 100 μl of each sample was
added to the wells containing bound rHagB or rFimA. After incubation at 37°C for 2 h, the
plates were washed three times with blocking buffer and the appropriate horseradish
peroxidase-labeled goat antimouse secondary antibody was added (Southern Biotechnology
Associates, Inc., AL, USA). The plates were incubated at 37 °C for 2 h and washed with
blocking buffer. A total of 100 μl of azino-diethyl-benzthi-azoline-sulfonate substrate (ABTS,
Southern Biotechnology Associates, Inc.) was added and the plates were incubated at room
temperature for 30 min. Optical density values were determined at 405 nm (PowerWaveX™,
Bio-Tex Instruments, Inc., VT, USA).
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Statistics
A log10 transformation was applied to the cytokine responses in the NWF to account for the
positive skewness in the measurements and to make the assumption of normality more
defensible [18]. In cases where cytokine concentrations could not be determined by the
Beadview™ software (Millipore, MO, USA), a value of 1.3 pg/ml was used before the log10
transformation. This value represents 1 pg/ml less than the lowest value of the standard curve
(e.g., 2.3 pg/ml). Analysis of variance (ANOVA) models were fitted to the log-transformed
responses using SAS (version 9.1, SAS Institute, NC, USA). A one-way ANOVA was used to
analyze the effect of HNPs or HBDs on rHagB or rFimA and a Dunnett's multiple comparison
test was used to compare the group differences to that induced by rHagB alone (positive control)
and by PBS alone (negative control). To verify the trends, a t-test (least significant difference)
was performed on the log10 IL-6 values.

A one-way ANOVA was also applied to analyze the effect of HNPs or HBDs on the antibody
concentrations induced by rHagB or rFimA. In cases where antibody concentrations were not
detected, 1 ng/ml was added to each number in the data set before the log10 transformation. A
Dunnett's multiple comparison test was used to compare the group differences with that induced
by rHagB alone (positive control) and by PBS alone (negative control). An overall 0.05 level
of statistical significance was used in conjunction with the multiple comparisons adjustment.

Results
Immunizing doses

Mice exposed to 1, 5 and 10 μg rHagB and PBS (20 mice) or 1, 5 and 10 μg rFimA and PBS
(20 mice) had clear dose-related antibody responses in their serum. Mice immunized with 10
μg rHagB or rFimA had the highest serum IgG responses (p < 0.05). Therefore, 10 μg rHagB
and 10 μg rFimA were used as the exposure and immunizing doses.

Mice given 10 μg rHagB had higher IL-6 and KC cytokine responses in the NWF than mice
given heated rHagB, 19 ng LPS or PBS (Table 1).

Mice given HBDs, HNPs and PBS did not produce high IL-6 or KC cytokine responses in the
NWF or specific antibody responses in mucosal fluids or serum. Defensin control groups were
included in Figure 1, but were not included in Figure 2 and Tables 2 & 3.

Defensins attenuate proinflammatory cytokine responses to rHagB
Mice were found to have high levels of IL-6 and KC in NWF 24 h after intranasal administration
of rHagB (Figure 1). Mice given rHagB + HNP2, rHagB + HBD1, rHagB + HBD3, HNP1,
HBD1, HBD2, HBD3 and PBS produced significantly lower (p < 0.05) IL-6 responses than
mice given rHagB alone (Figure 1A). Mice given rHagB + HNP1, rHagB + HBD2 and HNP2
did not produce significantly lower (p < 0.05) IL-6 responses than mice given rHagB alone.
Mice given HNP1, HBD1, HBD2 and HBD3 did not produce significantly higher (p < 0.05)
IL-6 responses than mice given PBS.

Mice given rHagB + HNP1, rHagB + HNP2, rHagB + HBD1, rHagB + HBD3, HNP1, HNP2,
HBD1, HBD2, HBD3 or PBS produced significantly lower (p < 0.05) KC responses than mice
given rHagB alone (Figure 1B). Mice given rHagB + HBD2 did not produce significantly lower
(p < 0.05) IL-6 responses than mice given rHagB alone. Mice given HNP2 produced
significantly higher (p < 0.05) IL-6 response than mice given PBS, and mice given HNP1,
HBD1, HBD2 and HBD3 did not produce significantly higher (p < 0.05) IL-6 responses than
mice given PBS.
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Other proinflammatory cytokines, Th1 cytokines and Th2 cytokines were not induced by
rHagB. Levels of these cytokines in the serum were similar to the baseline levels reported
previously [23].

Defensins do not attenuate proinflammatory cytokine responses to rFimA
Mice were found to have very low levels of IL-6 and only moderate levels of KC in NWF 24
h after intranasal administration of rFimA. These cytokine responses were not dampened by
prior incubation of rFimA with any defensin used and there were no differences among IL-6
levels (Figure 1C) and KC levels (Figure 1D). Other proinflammatory cytokines, Th1 cytokines
and Th2 cytokines were not induced by rFimA, and levels of these cytokines in the serum were
similar to the baseline levels reported previously [23].

Defensins enhance antibody responses to rHagB
A total of 21 days after intranasal administration of rHagB without and with HNPs or HBDs,
mice did not have consistent or significant IgA, IgM or IgG antibody responses in NWF, BALF
or saliva or IgA antibody responses in serum. The descriptive statistics are shown in Table 2.
Columns contain the minimum value–maximum value and the median value, and show that
IgA, IgM or IgG antibody responses occurred only in one or two mice per group.

Intranasal administration of rHagB induced IgM antibody responses in serum that were similar
among groups (Table 2). Intranasal administration of rHagB induced a high IgG antibody
response in serum (Figure 2A). There was some variability with some interesting trends.

Mice given rHagB + HNP1 produced significantly higher (p < 0.05) serum IgG antibody
responses than mice given rHagB alone. Mice given rHagB + HNP1 and rHagB + HBD3
produced a serum IgG antibody response that was significantly higher (p < 0.05) than that
induced in mice by PBS. This trend was lost after transformation of the data. However, this
trend was confirmed by a similar IgG1 antibody response. Mice given rHagB + HBD3 produced
a serum IgG1 antibody response that was significantly higher (p < 0.05) than that in mice given
rHagB and PBS. After log10 transformation of the data, rHagB + HNP1, rHagB + HNP2, rHagB
+ HBD2 and rHagB + HBD3 were all significantly higher (p < 0.05) than that in mice given
PBS.

Defensins enhance antibody responses to rFimA
A total of 21 days after intranasal administration of rFimA without and with HNPs or HBDs,
mice did not have a consistent or significant IgA, IgM or IgG antibody response in NWF,
BALF or saliva. The descriptive statistics are shown in Table 3. Again, columns contain the
minimum value–maximum value and the median value, and show that elevated IgA or IgM
concentrations occur in one or two mice per group. Mice given rFimA induced some IgA and
IgM antibody responses in serum (Table 3).

Mice given rFimA produced a variable serum IgG antibody response with some interesting
trends (Figure 2B). Mice given rFimA + HNP2 produced a high, but not significant, response.
However, mice given rFimA + HBD3 produced a significantly higher (p < 0.05) serum IgG1
response, mice given rFimA, rFimA + HNP2 and rFimA + HBD3 produced a significantly
higher serum IgG2b response, and mice given rFimA produced a significantly higher (p < 0.05)
serum IgG3 response than mice given PBS.

Discussion
Human neutrophil peptide α-defensin 2, HBD1 and HBD3 attenuate proinflammatory IL-6
cytokine responses in NWF to rHagB, HNP1, HNP2, HBD1, HBD2 and HBD3 attenuate KC

Kohlgraf et al. Page 6

Future Microbiol. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



chemokine responses in NWF to rHagB, and HNP1 and HBD3 enhance antibody responses to
rHagB. Interestingly, no HNP or HBD used in this study attenuate the cytokine response to
rFimA. HNP1 and HBD3 enhance a serum IgG response to rHagB, and HNP2 and HBD3
enhance the IgG antibody responses in BALF and serum to rFimA. These results confirm and
extend our previous results and those of others demonstrating that HBD3 and HNP1 and 2 can
bind to rHagB and rFimA, HBD3 can attenuate proinflammatory cytokine responses of human
myeloid dendritic cells exposed to rHagB, and HNP1–3 and HBD1 and 2 can enhance antibody
responses to coadministered antigens [18,19,21,22,24]. We noted that intranasal administration
of HNPs, HBDs or PBS alone to mice did not induce significant proinflammatory cytokine
responses in mucosal fluids or serum. We also noted that mice given 10 μg rHagB had higher
IL-6 and KC cytokine responses in the NWF than mice given heated rHagB, 19 ng LPS or PBS
(Table 1). The IL-6 response of LPS was dramatically, although not significantly, lower (p =
0.0581), than the IL-6 response of rHagB. This suggests that trace LPS content could become
problematic in mouse studies using higher doses of rHagB, a situation that will be monitored
closely in subsequent studies.

Interestingly, only IL-6 and KC were induced in mice by rHagB and to a lesser extent by rFimA.
This cytokine profile is consistent with a Th17 response. To what extent rHagB induces a Th17
response, and whether HNPs and HBDs attenuate via this mechanism, needs to be determined.

A mouse model to assess defensin attenuation of proinflammatory cytokine responses in nasal
lavage fluid and enhanced antibody serum responses to P. gingivalis rHagB and rFimA
depends, of course, upon whether HNPs and HBDs match mouse homologs closely enough to
give accurate, correlated results. These results and those of others suggest that HNPs and HBDs
do work well in mouse models of inflammation [17]. Schutte and colleagues, using a genomics
approach, identified 28 HBDs and 43 mouse β-defensin genes in five syntenic chromosomal
regions. Within each syntenic cluster, the gene sequences and organization were similar,
suggesting each cluster pair arose from a common ancestor and was retained because of
conserved functions [25]. Since the residues important for the structure and function of these
proteins are conserved [26], it is rational to suggest that HBD with similar structure and function
can be used in a mouse model. HNPs have greater than 60% homology and 40% identity with
murine crypt cell defensins [26–28] and have previously been shown to enhance adaptive
immunity in mice to ovalbumin [22]. Mouse β-defensin 1 is the ortholog of HBD1 [29,30],
mouse β-defensin 3 is the ortholog of HBD2 [31,32] and mouse β-defensin 14 is the ortholog
of HBD3 [33–35].

Clearly, the ability of defensins to attenuate proinflammatory cytokines was more dramatic
than their ability to enhance the antibody responses to these microbial adhesins. The latter may
be owing to the fact that the rHagB or rFimA and defensins were given as simple admixtures
intranasally to mice. The outcome may have been more dramatic if the defensins were
emulsified or conjugated to these microbial adhesins and injected systemically. Finally, these
results suggest that mice respond differently to rHagB than rFimA. rHagB is more
inflammatory in mice than rFimA and perhaps a better immunogen. In single or repeated
intranasal administrations, rHagB induced both a higher proinflammatory cytokine response
and a serum IgG antibody response. Historically, rHagB is known to be an antigen that responds
well to adjuvants. Subcutaneous injection or intranasal exposure of mice with rHagB and 1%
aluminum potassium sulfate (alum), a semisynthetic saponin analog (GPI-0100 containing a
dodectlamide), monophosphoryl lipid A or Escherichia coli heat-labile enterotoxin all induced
significantly higher serum IgG responses [36,37]. rHagB-specific IgG antibody responses were
all significantly higher in mice immunized with rHagB and adjuvant than IgG antibodies in
mice immunized with rHagB alone.
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Our results suggest that the composition of the antigen may also be important. Previous studies
assessed the ability of HNPs and HBDs to enhance the antibody responses to intranasal
administration of ovalbumin [18,19,21,22,24] and this study assessed the ability of HNPs and
HBDs to attenuate cytokine and chemokine responses and to enhance the antibody responses
to intranasal administration of rHagB and rFimA. CD4+ Th cells are classified as Th1, Th2
and Th17 based on their cytokine expression profile and, in our first study, rHagB induced the
production of IL-6 and KC in nasal lavage fluid of mice, a cytokine expression profile
characteristic of a Th17 response. HNP2, HBD1 and HBD3 attenuated the IL-6 responses and
HNP1, HNP2, HBD1 and HBD3 attenuated the KC responses to rHagB.

In our second study, HNP1 and HBD3 enhanced the antibody responses to intranasal
administration of rHagB and, to a lesser extent, HNP2 and HBD3 enhanced the IgG antibody
responses in BALF and serum to rFimA. Although the cytokine profiles of rHagB- and rFimA-
stimulated CD4+ Th cells from these immunized mice were not determined, they may be similar
to that previously reported for studies done similarly and characterized by a Th1/2 response.
Lillard et al. reported that intranasal delivery of ovalbumin + HNPs enhanced ovalbumin-
specific serum IgG antibody responses, and CD4+ Th cells of intranasally immunized mice
displayed higher ovalbumin-specific proliferative responses and elevated production of the
CD4+ Th1 and Th2 cytokines; IFN-γ, IL-5, IL-6 and IL-10 were elevated when compared with
control groups receiving ovalbumin alone [22]. In our earlier work, we reported that intranasal
delivery of ovalbumin + HBD1 enhanced ovalbumin-specific serum IgG and IgM antibody
responses and CD4+ Th cells of intranasally immunized mice displayed elevated production
of IL-10 [21]. Intranasal delivery of ovalbumin + HBD2 also enhanced the production of
ovalbumin-specific serum IgG but not ovalbumin-specific serum IgM. CD4+ Th cells of
intranasally immunized mice also produced lower amounts of IFN-γ. Clearly, more work needs
to be done to firmly establish the role of the composition of the antigen in defensin-mediated
responses.

These results also suggest that the interaction among HNPs or HBDs with rHagB and rFimA
may be important. Previously we found that HBD3, HNP2 and HNP1 (in decreasing order)
bind to rHagB, and HNP2, HNP1 and HBD3 (in decreasing order) bind to rFimA by surface
plasmon resonance spectroscopy [18,19]. Surface plasmon resonance spectroscopy response
units were higher with these defensins than for HBD1 and HBD2, which did not bind as
strongly. It is possible that the strong binding of defensins to antigens would attenuate their
ability to induce proinflammatory cytokines yet facilitate delivery of bound antigen to antigen-
presenting cells with defensin receptors.

Conclusion
The oronasal cavity is rich in HNPs and HBDs [3,38,39] and is a prime site for initiating
defensin-triggered adaptive immune responses to microbial antigens, including those of the
periodontal pathogen, P. gingivalis. Our results suggest that HNP1, HNP2 and HBD3 may
attenuate proinflammatory cytokine responses and enhance antibody responses to select
microbial antigens. The responses were unique in that they were directed towards a particular
P. gingivalis adhesin, rHagB, and involved the HNPs and HBD3. Further studies will assess
whether this response is seen with other bacterial antigens and to determine if there is a potential
for manipulation of this regulated response to treat or prevent periodontal disease and other
oral infections.

Executive summary

■ Recombinant hemagglutinin B (rHagB), but not recombinant fimbrillin A
(rFimA), induced a high IL-6 cytokine and keratinocyte-derived chemokine
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response in the nasal wash fluid (NWF), but not in the bronchoalveolar lavage
fluid (BALF), saliva or serum of mice 24 h after intranasal exposure.

■ The IL-6 response was significantly attenuated if human neutrophil peptide α-
defensin (HNP)2, human β-defensin (HBD)1 and HBD3 were added to rHagB
prior to intranasal exposure and the keratinocyte-derived chemokine response was
significantly attenuated if HNP1, HNP2, HBD1 and HBD3 were added to rHagB
prior to intranasal exposure.

■ At 21 days, mice given rHagB without or with HNPs or HBDs did not produce
significant IgA or IgM antibody responses in saliva, NWF or BALF. Mice given
rHagB + HNP1 and rHagB + HBD3 produced a significantly higher (p < 0.05)
serum IgG antibody response than mice given phosphate-buffered saline (PBS).
Mice given rHagB + HBD3 produced a serum IgG1 antibody response that was
significantly higher (p < 0.05) than that in mice given rHagB and PBS.

■ At 21 days, mice given rFimA without or with HNPs or HBDs did not produce
significant IgA or IgM antibody responses in saliva, NWF, BALF or serum. Mice
given rFimA + HNP2 produced a high but not significant antibody response. Mice
given rFimA + HBD3 produced a significantly higher (p < 0.05) serum IgG1
response and mice given rFimA, rFimA + HNP2 and rFimA + HBD3 produced a
significantly higher serum IgG2b response than mice given PBS.

■ HNP1, HNP2 or HBD3, but not HBD1 or HBD2, attenuate proinflammatory
cytokine responses in NWF to rHagB and enhance antibody responses to rHagB,
but not rFimA, of Porphyromonas gingivalis in mice.
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Figure 1. A proinflammatory IL-6 cytokine and keratinocyte-derived chemokine response in the
nasal wash fluid of mice exposed intranasally with 10 μg rHagB (A & B) or 10 μg rFimA (C & D)
without and with 1 μg HNP1 or 2, and HBD1, 2 or 3
Mice given rHagB + HNP2, rHagB + HBD1, and rHagB + HBD3 produced significantly lower
(p < 0.05) IL-6 responses than mice given rHagB alone (A) and mice given rHagB + HNP1,
rHagB + HNP2, rHagB + HBD1, and rHagB + HBD3 produced significantly lower (p < 0.05)
KC responses than mice given rHagB alone (B). Mice given rFimA produced very low levels
of IL-6 and only moderate levels of KC in nasal wash fluid that were not attenuated by prior
incubation of rFimA with any defensin (C & D). Bars represent the mean with standard errors
of the mean.
*p < 0.05, treated versus rHagB control (significance was based on the log10 transformed data).
HBD: Human β-defensin; HNP: Human neutrophil peptide α-defensin; KC: Keratinocyte-
derived chemokine; PBS: Phosphate-buffered saline; rFim: Recombinant fimbrillin; rHag:
Recombinant hemagglutinin.
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Figure 2. IgG antibody responses in the serum of mice immunized with 10 μg rHagB (A) or 10 μg
rFimA (B) without and with 1 μg HNP1 or 2, and HBD1, 2 or 3
Both rHagB and rFimA induced a serum IgG antibody response; the serum IgG antibody
response induced by rHagB was higher than that induced by rFimA. Mice given rHagB + HNP1
and rHagB + HBD3 produced a significantly higher (p < 0.05) serum IgG antibody response
than mice given PBS (A), and mice given rFimA + HNP2 produced a higher, but not significant,
antibody response than mice given rFimA and PBS (B). Bars represent the mean with standard
errors of the mean.
*p < 0.05, treated versus PBS control (significance was based on the log10 transformed data).
HBD: Human β-defensin; HNP: Human neutrophil peptide α-defensin; PBS: Phosphate-
buffered saline; rFim: Recombinant fimbrillin; rHag: Recombinant hemagglutinin.
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Table 1

Mice given rHagB had higher IL-6 and keratinocyte-derived cytokine responses in the nasal wash fluid than mice
given boiled rHagB, lipopolysaccharide or phosphate-buffered saline.

Cytokine rHagB* rHagB(boiled)‡ LPS§ PBS¶

IL-6 1143.0 (664.4) 519.3 (435.5) 63.0 (11.1) 2.3 (1.9)#

KC 1399.7 (370.7) 1118.0 (291.0) 689.3 (75.5) 219.7 (99.4)#

Data given are the mean (standard error of the mean).

KC: Keratinocyte-derived chemokine; LPS: Lipopolysaccharide; PBS: Phosphate buffered saline; rHag: Recombinant hemagglutinin.

*
LPS content in a 10-μl dose of PBS containing 10 μg rHagB was 19 ng LPS.

‡
Heated at 100°C for 15 min.

§
LPS content in a 10-μl dose of PBS was 19 ng LPS (equivalent to that found in 10 μg rHagB).

¶
LPS content in a 10 μl dose of 0.01 M PBS, pH 7.2 (prepared with pyrogen-free water) was 0.0001 pg LPS.

#
p <0.05, treated vs rHagB control (significance was based on the log 10 transformed data).
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