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The RgpA-Kgp proteinase-adhesin complexes are a primary virulence factor of Porphyromonas gingivalis, a
major pathogen in the development of chronic periodontitis. The RgpA-Kgp complexes have been suggested to
bias the immune response to a Th2 phenotype in disease by hydrolysis of Th1 cytokines. Here, we show that
the RgpA-Kgp complexes hydrolyze and inactivate interleukin-4 (IL-4) and IL-5 under physiologically relevant
conditions. Using the IL-4/IL-5-dependent TF1.8 T-cell line, it was found that at equimolar ratios of cytokine
to RgpA-Kgp complexes, IL-4 and IL-5 were inactivated in the culture medium. The inactivation of IL-4 and
IL-5 was RgpA-Kgp concentration dependent, as at an enzyme-to-cytokine molar ratio of 1:8, the bioactivity of
the cytokines was greater than at the higher concentration of RgpA-Kgp of 1:1. Furthermore, inactivation of
the cytokines by the RgpA-Kgp complexes was time dependent, as longer preincubation times resulted in lower
cytokine activity. IL-5 was found to be slightly more resistant to inactivation than IL-4. Mass spectrometric
analyses of IL-4 and IL-5 showed that hydrolysis by RgpA-Kgp complexes was C terminal to Arg and Lys
residues of the cytokines. The peptides released indicated that the regions of IL-4 and IL-5 important for
bioactivity were being hydrolyzed in the first 15 min of incubation. The ability of the RgpA-Kgp complexes to
degrade Th2 cytokines may contribute to immune dysregulation and may play a role in the pathology of chronic
periodontitis.

The RgpA-Kgp proteinase-adhesin complexes (RgpA-Kgp
complexes) of the periodontal pathogen Porphyromonas gingi-
valis have been suggested to play a major role in the dysregu-
lation of the host immune response (22). The ability of the
RgpA-Kgp complexes to dysregulate the immune response has
been linked to their Arg (RgpA)- and Lys (Kgp)-specific pro-
teolytic activities, which have been shown to degrade a range of
host proteins (11, 12, 22, 29, 35, 42). The Arg- and Lys-specific
proteinases have been reported to hydrolyze complement fac-
tors C5 and C3 to release the chemotactic factors C5a and C3a,
respectively, which have been suggested to enhance the inflam-
matory response by attracting neutrophils to the site of infec-
tion (37). Furthermore, the proteinases degrade C3b and C5b,
thereby reducing the opsonization of the bacteria. In addition,
the proteinases have been shown to degrade immunoglobulin
G (IgG), IgA, IgM, IgD, and IgE and the T-cell surface mark-
ers CD4 and CD8, which decrease T-cell proliferation (5, 6, 8).

A number of cytokines have also been reported to be de-
graded by the Arg- and Lys-specific proteinases of the RgpA-
Kgp complexes. Tumor necrosis factor alpha (TNF-�) was
demonstrated to be degraded at low concentrations of the
purified Arg-specific and Lys-specific proteinases (enzyme-to-
substrate [E:S] ratios of 1:25 and 1:100, respectively) over a

time course of 8 h, thus contributing to the impairment of
polymorphonuclear leukocyte function (4). Mikolajczyk-Paw-
linska et al. (15) have shown that interleukin-8 (IL-8) is de-
graded at low concentrations of purified Arg- and Lys-specific
proteinases (an E:S molar ratio of 1:550), where complete
degradation was observed within 10 h. Studies using Western
blot analysis demonstrated that the RgpA and Kgp proteinases
degraded gamma interferon (IFN-�) and IL-12 and that CD4�

T cells incubated with IL-12 that had been preexposed to the
proteinases secreted less IFN-� (44, 45). Yun et al. (44, 45)
concluded from these studies that degradation of these Th1
cytokines (IL-12 and IFN-�) biases the immune response to a
Th2 cytokine response and speculated that disease (chronic
periodontitis) was therefore associated with a Th2 cytokine
response.

Patients with chronic periodontitis have been shown to ex-
press elevated levels of proinflammatory cytokines, including
IL-1, IL-6, and TNF-�, in gingival tissues and gingival crevic-
ular fluid (13, 30, 31). These studies and a number of others
(20, 22, 36) have suggested that a Th1 inflammatory immune
response is associated with chronic periodontitis progres-
sion, whereas an anti-inflammatory Th2 immune response is
not associated with progression of disease (20, 22, 36).
Houri-Haddad et al. (7), utilizing a mouse subcutaneous-
lesion model, have demonstrated that the production of IFN-�
is associated with P. gingivalis-induced inflammation, whereas
IFN-�-deficient (IFN-��/�) mice exhibited decreased local in-
flammation and produced a protective IgG1 antibody response
to P. gingivalis. Additionally, both IFN-� and IL-6 have been
reported to contribute to P. gingivalis-induced bone loss in
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mice, as animals lacking IFN-� and IL-6 exhibited no bone loss
after intraoral challenge with P. gingivalis (2).

A range of inflammatory cytokines have been reported to be
induced by P. gingivalis in both in vitro and in vivo studies.
Stimulation of human epithelial cells and fibroblasts with P.
gingivalis cells in vitro resulted in an upregulation of the proin-
flammatory cytokines IL-1�, IL-6, IL-8, and TNF-� (1). In a
similar study, a proinflammatory cytokine, IL-8, was also dem-
onstrated to be upregulated after stimulation of human gingi-
val fibroblasts with the P. gingivalis Arg-specific proteinase in
vitro (24). IL-17, another proinflammatory cytokine, has been
found in periodontal lesions, indicating it may play a role in
Th1 modulation (38). These data suggest that P. gingivalis and
its virulence factors upregulate a proinflammatory cytokine
response during infection and are in conflict with the sugges-
tion by Yun et al. (44, 45) that the RgpA and Kgp proteinases
preferentially degrade Th1 cytokines.

In this paper, we investigate the degradation and bioavail-
ability of the anti-inflammatory (Th2) cytokines IL-4 and IL-5
in the presence of the RgpA-Kgp complexes of P. gingivalis by
utilizing the IL-4/IL-5-dependent TF1.8 T-cell line and mass
spectrometric analysis.

MATERIALS AND METHODS

Isolation and purification of the RgpA-Kgp proteinase-adhesin complexes. P.
gingivalis strain W50 cells were grown as previously described (20), and the
RgpA-Kgp complexes were isolated, purified, and analyzed as described by
Pathirana et al. (25).

IL-4 and IL-5 stimulation of the TF1.8 T-cell line after incubation with
RgpA-Kgp complexes. Human recombinant IL-4 (catalog no. 204-IL/CF; R&D
Systems, Minneapolis, MN) or human recombinant IL-5 (catalog no. 205-IL/CF;
R&D Systems, Minneapolis, MN) was added to the culture medium at a con-
centration of 0.01 to 20.00 ng/ml in 96-well microtiter plates or was preincubated
with the RgpA-Kgp complexes at an enzyme-to-cytokine molar ratio of 1:1 or 1:8
in phosphate-buffered saline (PBS) (0.15 M NaCl, 0.01 M Na2HPO4, 1.5 mM
KH2PO4, 3 mM KCl) at 37°C before being added to the culture medium.
Aliquots of the incubation mixtures containing 4 ng of IL-4 or IL-5 and RgpA-
Kgp complexes were taken at 1, 4, 8, and 24 h and then serially diluted in 96-well
microtiter plates with AIM-V medium (Gibco) supplemented with 2 mM L-
glutamine, 10 mM HEPES, 0.1 mM nonessential amino acids, 1 mM sodium
pyruvate (supplied by JRH Biosciences, Parkville, Australia), and 0.1 mM mono-
thioglycerol (Sigma, Australia). The zero time point involved adding the Rgp-
Kgp complexes to the culture medium at the same time as the cytokines. TF1.8
T cells cultured in AIM-V medium were added to each well at a concentration
of 2.5 � 104 cells/well in a total culture volume of 100 �l and incubated for 48 h
at 37°C in an atmosphere of 5% CO2 in air. T-cell proliferation was measured
using [3H]thymidine incorporation as previously described (20). Data are ex-
pressed as the stimulatory index (SI) � standard deviation (SD), where the SI is
calculated as the test counts per minute divided by the negative control counts
per minute.

Analysis of degradation of IL-4 and IL-5 by the RgpA-Kgp complexes using
matrix-assisted laser desorption ionization–time of flight mass spectrometry
(MALDI-TOF MS). RgpA-Kgp complexes were added to 10 �M of either IL-4
or IL-5 in PBS or AIM-V medium at an enzyme-to-cytokine molar ratio of 1:8.
After incubation at 37°C for 0 min, 15 min, 30 min, 1 h, 4 h, 8 h, and 24 h, 1-�l
aliquots of the reaction mixture were removed and acidified with a final concen-
tration of 1% formic acid to stop further enzymatic degradation. Samples con-
taining the RgpA-Kgp complexes or IL-4 or IL-5 alone were also incubated at
37°C and prepared as controls. Equal volumes (0.3 �l) of sample solution and
matrix solution (�-cyano-4-hydroxycinnamic acid saturated in 33% acetonitrile
aqueous solution containing 0.1% trifluoroacetic acid) were mixed on a ground-
steel MALDI target (Bruker Daltonics, Bremen, Germany). After being air dried
at room temperature, the spots were washed twice with 5 �l of cold 0.1%
trifluoroacetic acid and air dried completely before being analyzed in an Ultra-
flex MALDI TOF/TOF mass spectrometer with a LIFT II upgrade (Bruker
Daltonics, Bremen, Germany). MALDI-TOF/TOF MS spectra were acquired in
linear or reflector-positive mode from 200 laser shots, using an N2 laser produc-

ing laser irradiation at a 	 of 337 nm. Constant laser power was used in each
acquisition method to facilitate direct comparison of samples within the same
mass range. Compass 1.1 software (Bruker Daltonics, Bremen, Germany), in-
cluding flexControl 2.4 and BioTools 3.0, was used for instrument control, spec-
trum annotation, and analysis.

Statistical analysis. The TF1.8 T-cell proliferation data (counts per minute)
were log10 transformed, and normal distribution of the data was confirmed using
Levene’s test of homogeneity of variances. The transformed proliferation data
were statistically analyzed using a one-way analysis of variance and Dunnett’s T3
test (17).

RESULTS

Bioactivity of IL-4 and IL-5 in the presence of P. gingivalis
W50 RgpA-Kgp complexes. The bioactivity of IL-4 and IL-5 in
the presence of the RgpA-Kgp complexes was evaluated by
utilizing the TF1.8 T-cell line, which is dependent upon IL-4 or
IL-5 for cell growth. To determine whether the RgpA-Kgp
complexes affected the bioactivity of IL-4 or IL-5, RgpA-Kgp
complexes were added to the culture medium at an enzyme-
to-cytokine molar ratio of 1:1 (Fig. 1) or 1:8 (Fig. 2 and 3). The
addition of the RgpA-Kgp complexes at both molar ratios (1:1
and 1:8) significantly reduced (P 
 0.05) TF1.8 T-cell prolif-
eration compared with the controls not containing the RgpA-
Kgp complexes (Fig. 1, 2, and 3). The effect of the RgpA-Kgp
complexes was dose dependent, as the lower concentration
(enzyme-to-cytokine ratio, 1:8) produced less reduction in the
stimulation of the TF1.8 T cells.

IL-4 stimulation of TF1.8 T cells after preincubation with
RgpA-Kgp complexes. IL-4 was preincubated with RgpA-Kgp
complexes at E:S molar ratios of 1:1 and 1:8 for 1, 4, 8, and 24 h
(Fig. 2). A zero time point was included in all experiments as
described above. Aliquots from each IL-4/RgpA-Kgp preincu-
bation were serially diluted in AIM-V medium and used to
stimulate TF1.8 T cells for 48 h, and the bioactivity was com-
pared with that of IL-4 without RgpA-Kgp complexes.

The effect of preincubation of IL-4 with RgpA-Kgp at an
enzyme-to-cytokine molar ratio of 1:1 on the stimulation of
TF1.8 T cells is shown in Fig. 2A. No proliferation was ob-
served for the TF1.8 T cells that were incubated with IL-4 that
had been preincubated with RgpA-Kgp complexes at any of
the preincubation times tested. The same results were obtained
whether the cytokine and RgpA-Kgp complexes were preincu-
bated in PBS or AIM-V medium. The effect of preincubation
of IL-4 with the RgpA-Kgp complexes at an enzyme-to-cyto-
kine molar ratio of 1:8 on the stimulation of TF1.8 T cells is
shown in Fig. 2B. A significant reduction (P 
 0.05) in TF1.8
T-cell proliferation with IL-4 preincubated with RgpA-Kgp
complexes was observed for all preincubation times; however,
the reduction in stimulation of growth was less at the lower
enzyme concentration (enzyme-to-cytokine ratio, 1:8).

IL-5 stimulation of TF1.8 T cells after preincubation with
the RgpA-Kgp complexes. IL-5 was preincubated with the
RgpA-Kgp complexes at enzyme-to-cytokine molar ratios of
1:1 and 1:8 for 1 h, 4 h, 8 h, and 24 h (Fig. 3). A zero time point
was included in all experiments as described above. After pre-
incubation, aliquots from each time point were serially diluted
in AIM-V medium and used to stimulate TF1.8 T cells for 48 h,
and the bioactivity was compared with that of IL-5 without
RgpA-Kgp complexes.

The effect of preincubation of IL-5 with the RgpA-Kgp
complexes at an enzyme-to-cytokine molar ratio of 1:1 on the
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stimulation of TF1.8 T cells is shown in Fig. 3A. Stimulation of
the TF1.8 T cells with IL-5 preincubated with RgpA-Kgp
complexes was significantly reduced for all preincubation
times (P 
 0.05). No proliferation of TF1.8 T cells was
observed when IL-5 was preincubated with RgpA-Kgp com-
plexes for 4, 8, and 24 h.

The TF1.8 T cells were also stimulated with IL-5 that had
been preincubated with the RgpA-Kgp complexes at an en-
zyme-to-cytokine molar ratio of 1:8 (Fig. 3B). Preincubation of
IL-5 with RgpA-Kgp complexes resulted in significantly re-
duced proliferation of the TF1.8 T cells for all preincubation
times (P 
 0.05); however, the level of reduction of T-cell
stimulation by the RgpA-Kgp complexes was substantially less
at the lower enzyme concentration (enzyme-to-cytokine ra-
tio, 1:8).

Analysis of the degradation of IL-4 and IL-5 by the RgpA-
Kgp complexes using MALDI-TOF/TOF MS. To investigate
the degradation of IL-4 and IL-5 by the RgpA-Kgp complexes,
IL-4 and IL-5 cytokines were incubated with the RgpA-Kgp

complexes at an enzyme-to-cytokine molar ratio of 1:8. Sam-
ples were taken at sequential time points and analyzed by
MALDI-TOF/TOF MS, and the degradation products were
identified by peptide mass fingerprinting. Incubation of IL-4
cytokine with the RgpA-Kgp complexes revealed that hydro-
lysis of IL-4 was observed at the first time point of 15 min
(Table 1). The hydrolysis occurred C terminal to the Arg and
Lys residues of the cytokine. After 15 min of incubation, IL-4
was hydrolyzed at the carboxyl side of six Arg residues and six
Lys residues to yield peptides 1 to 9 (Table 1). Nine of these
hydrolysis sites (peptides 2 to 8) are located in the center of the
IL-4 amino acid sequence, whereas the hydrolyzed peptides 1
and 9 (Table 1) were at the N terminus and near the C termi-
nus of the cytokine, respectively, resulting from hydrolysis at
three Lys residues. After 30 min of incubation, the carboxyl
side of residue Arg116 was hydrolyzed, resulting in the release
of peptide 10 (104EANQSTLENFLER116). Incubation for 1 h
resulted in hydrolysis at the carboxyl side of residue Arg122,
producing peptide 11 (123EKYSKCSS130), the C-terminal pep-

FIG. 1. Bioactivity of human recombinant IL-4 and IL-5 in the presence of P. gingivalis W50 RgpA-Kgp complexes at a 1:1 enzyme-to-cytokine
(E:C) molar ratio. A human T-cell line (TF 1.8), dependent on IL-4 or IL-5 for growth, was cultured in the presence of human recombinant IL-4
(A) or human recombinant IL-5 (B), together with RgpA-Kgp complexes at an enzyme-to-cytokine molar ratio of 1:1 or without the RgpA-Kgp
complexes (control). The cells were grown for 48 h, and cell growth was detected by utilizing [3H]thymidine incorporation. The data are expressed
as the SI and are the average of triplicate assays � SD. �, P 
 0.05. Control growth is significantly greater than growth in the presence of the
RgpA-Kgp complexes.
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tide. Two predicted peptide fragments, from a theoretical tryp-
tic digest of IL-4 with an m/z value of over 600, Thr14-Arg48

and Asn90-Lys103, were not observed. The peptide fragments
identified by peptide mass fingerprinting gave 58% sequence
coverage of IL-4.

Incubation of IL-5 with the RgpA-Kgp complexes also re-
vealed degradation at the first time point of 15 min (Table 1),
with all digestion products observed within 1 h of incubation.
After 15 min of incubation, IL-5 was hydrolyzed at the carboxyl
side of five Arg residues and six Lys residues to yield peptides
12 to 23 (Table 1). In addition, three disulfide-linked peptides
(linked through Cys44 and Cys86) were observed to be released
from IL-5 in the first 15 min of hydrolysis (Table 1). After 1 h
of incubation, peptides 27 and 28 from the C-terminal end of
IL-5 were also observed. The peptide fragments identified by

peptide mass fingerprinting gave complete sequence coverage
of IL-5.

DISCUSSION

IL-4 and IL-5 are both Th2 anti-inflammatory cytokines that
regulate a number of different cell types and their functions.
IL-4 is a 14-kDa molecule primarily produced by T cells that
has a range of functions, including the costimulation of B cells,
T cells, and mast cells (3, 23, 27, 28), inducing antibody isotype
switching to IgE, in mice to IgG1 (26), and in humans to IgG4
(18). IL-5 exists as a 34-kDa homodimer and is primarily pro-
duced by activated T cells (40); it regulates the production of
eosinophils (32, 34, 43). In this study, IL-4 and IL-5 were both
found to be degraded and inactivated by the major virulence

FIG. 2. Time course analysis of bioactivity of human recombinant IL-4 after incubation with the RgpA-Kgp complexes at a 1:1 enzyme-to-
cytokine (E:C) molar ratio (A) and at a 1:8 enzyme-to-cytokine molar ratio (B). A human T-cell line (TF 1.8), dependent on IL-4 or IL-5 for
growth, was grown in the presence of human recombinant IL-4 that had been previously incubated with the RgpA-Kgp complexes for 0, 1, 4, 8,
and 24 h and compared with growth in IL-4 without incubation with the RgpA-Kgp complexes (control). The cells were grown for 48 h, and cell
growth was detected by utilizing [3H]thymidine incorporation. The data are expressed as the SI and are the average of triplicate assays � SD. (A) �,
P 
 0.05; the control is significantly higher than all other incubation times. (B) �, P 
 0.05; the control is significantly higher than all other
incubation times. ●, P 
 0.05; 24-h incubation was significantly lower than 0 h.
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factor of P. gingivalis, the RgpA-Kgp complexes, under physi-
ologically relevant conditions. The studies were conducted
with the TF1.8 T-cell line cultured in AIM-V medium contain-
ing, inter alia, 2% (wt/vol) serum albumin. This culture system
reflects the environment of the interstitial fluid and physiolog-
ically relevant cytokine concentrations. Recently, O’Brien-
Simpson et al. (21) have demonstrated the presence of the
RgpA-Kgp complexes in gingival tissue from diseased sites in
periodontitis patients. Thus, taken together, these results are
consistent with the diffusion of the RgpA-Kgp complexes from
subgingival dental plaque into the interstitial fluid of gingival
tissue, resulting in the degradation and inactivation of at least
some of the IL-4 and IL-5 present.

The effect of RgpA-Kgp on IL-4 and IL-5 was dependent on
the RgpA-Kgp enzyme concentration and on the time of pre-

incubation, which is consistent with degradation of the cyto-
kines being the major mechanism of inactivation. This may
indicate that the RgpA-Kgp complexes in periodontal tissues,
even at low concentrations, are able to degrade the Th2 cyto-
kines IL-4 and IL-5, thereby contributing to the disruption of
the anti-inflammatory immune responses. Utilizing mass spec-
trometric analysis, hydrolysis of IL-4 at certain Arg and Lys
residues within 15 min was confirmed, indicating that both the
RgpA and Kgp proteinases were involved in cleavage of the
cytokine. The IL-4 residues Glu10, Arg89, Arg122, Tyr125, and
Ser126 have been reported to be critical for IL-4 receptor bind-
ing and transmembrane signaling (9, 10, 41). Within 15 min,
the RgpA-Kgp complexes had hydrolyzed IL-4 to produce
peptides containing Glu10 and Arg89 (peptides 1 and 8), and
within 1 h, Arg122 was hydrolyzed to release peptide 11 con-

FIG. 3. Time course analysis of bioactivity of human recombinant IL-5 after incubation with the RgpA-Kgp complexes at a 1:1 enzyme-to-
cytokine (E:C) molar ratio (A) and at a 1:8 enzyme-to-cytokine molar ratio (B). A human T-cell line (TF 1.8), dependent on IL-4 or IL-5 for
growth, was grown in the presence of human recombinant IL-5 that had been previously incubated with the RgpA-Kgp complexes for 0, 1, 4, 8,
and 24 h and compared with growth in IL-4 without incubation with the RgpA-Kgp complexes (control).The cells were grown for 48 h, and cell
growth was detected by utilizing [3H]thymidine incorporation. The data are expressed as the SI and are the average of triplicate assays � SD. (A) �,
P 
 0.05; the control is significantly higher than all incubation times. ●, P 
 0.05; 0-h incubation is significantly higher than 1-h incubation. ��, P 

0.05; 0- and 1-h incubations are significantly higher than 4-, 8-, and 24-h incubations. (B) �, P 
 0.05; the control is significantly higher than all
other incubation times. ●, P 
 0.05; 4-, 8-, and 24-h incubations are significantly lower than 0- and 1-h incubations.
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taining Tyr125 and Ser126. This hydrolysis of the cytokine sep-
arated the critical residues required for IL-4 binding and sig-
naling, which would account for the loss of IL-4 bioactivity.

IL-5, another anti-inflammatory cytokine, is often, but not
always, coexpressed with IL-4 (33). Mass spectrometric analy-
sis showed that IL-5 was degraded by the RgpA-Kgp com-
plexes involving both proteinases, with all possible peptide
fragments identified within 1 h. Although hydrolysis of IL-5
began within 15 min, it is apparent from the TF1.8 T-cell
proliferation data that IL-5 was not as readily inactivated by
RgpA-Kgp as IL-4. The cysteine residues (Cys44 and Cys86) of
IL-5 have been previously reported to stabilize the IL-5 ho-
modimer by the formation of a disulfide bond, and the ho-
modimer structure is essential for biological function (14, 16,
39). Interestingly, disulfide bond formation between Cys44 and
Cys86 was confirmed in this study by the identification of pep-
tides 24 to 26 (Table 1). Furthermore, recombinant IL-5, which
was used in this study, has been reported to be a glycoprotein
(16). This may indicate that the homodimer structure of IL-5
and/or the glycosylation helps to protect the cytokine from
rapid degradation by the complexes, which could explain the
slightly greater resistance of the cytokine to inactivation. Pep-

tides containing Cys44 and Cys86 not involved in a disulfide
bond (peptides 17 and 21 to 27) (Table 1) were released by
RgpA-Kgp, indicating that not all the IL-5 existed in the di-
sulfide form. Furthermore, the full sequence coverage from the
mass spectrometric analysis indicated that not all the IL-5 was
glycosylated. The hydrolysis of IL-5 shown by the mass spec-
trometric analysis would account for the ultimate loss of TF1.8
T-cell proliferation observed with the RgpA-Kgp complexes at
a 1:1 molar ratio.

A number of studies have reported that an anti-inflamma-
tory cytokine response does not result in progression of
chronic periodontitis, whereas an inflammatory response is
associated with progression and severity of disease. Patients
with chronic periodontitis are reported to express elevated
levels of inflammatory cytokines in diseased gingival tissue in
comparison to healthy tissue (13). In an experimentally in-
duced model of chronic periodontitis in mice, T cells from
mice intraorally challenged with P. gingivalis were shown to
have a proinflammatory (Th1) cytokine profile, whereas im-
munization with the RgpA-Kgp complexes of P. gingivalis,
which induced protection, resulted in a predominant Th2
(IL-4) cytokine response (20). In another study, mice that were

TABLE 1. Sequences of identified fragments of human recombinant IL-4 and IL-5 after incubation with the RgpA-Kgp complexes

Peptide
no. Sequence of identified fragmenta Calculated MH� Observed MH� Time peptide

first observed

IL-4
1 1MHKCDITLQEIIK13 1571.83 1571.89 15 min
2 R482AATVLRQFYSHHEK62 1686.87 1686.91 15 min
3 R542QFYSHHEK62 1075.50 1075.51 15 min
4 R542QFYSHHEKDTR65 1447.67 1447.71 15 min
5 K622DTRCLGATAQQFHR76 1603.78 1603.82 15 min
6 R652CLGATAQQFHR76 1231.60 1231.63 15 min
7 K782QLIRFLK85 917.60 917.59 15 min
8 R822FLKRLDR89 947.58 947.57 15 min
9 K1032EANQSTLENFLERLK118 1791.92 1791.96 15 min
10 K1032EANQSTLENFLER116 1550.75 1550.86 30 min
11 R1222EKYSKCSS130 931.42 931.46 1 h

IL-5
12 1IPTEIPTSALVK12 1268.75 1268.80 15 min
13 1IPTEIPTSALVKETLALLSTHR22 2390.37 2390.36 15 min
14 K122ETLALLSTHR22 1140.64 1140.67 15 min
15 R222TLLIANETLR32 1143.67 1143.69 15 min
16 R322IPVPVHK39 789.50 789.58 15 min
17 K392NHQLCTEEIFQGIGTLESQTVQGGTVER67 3074.49 3074.43 15 min
18 R672LFKNLSLIK76 1075.69 1075.67 15 min
19 R672LFKNLSLIKKYIDGQKK84 2036.23 2036.03 15 min
20 K702NLSLIKKYIDGQK83 1519.88 1519.88 15 min
21 K762KYIDGQKKKCGEER90 1681.87 1681.88 15 min
22 K832KKCGEER90 849.43 849.42 15 min
23 K832KKCGEERRR92 1161.63 1161.61 15 min
24 K832KKCGEER90

| 3922.33 3922.26 15 min
K392NHQLCTEEIFQGIGTLESQTVQGGTVER67

25 K772YIDGQKKKCGEER90

| 4627.11 4627.15 15 min
K392NHQLCTEEIFQGIGTLESQTVQGGTVER67

26 K762KYIDGQKKKCGEER90

| 4755.28 4755.28 15 min
K392NHQLCTEEIFQGIGTLESQTVQGGTVER67

27 K772YIDGQKKKCGEER90 1553.77 1553.89 1 h
28 R912RVNQFLDYLQEFLGVMNTEWIIES115 2944.46 2944.57 1 h

a 2 indicates point of cleavage.
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polarized to produce a Th1 response showed exacerbated lev-
els of disease upon challenge with P. gingivalis, in contrast to
Th2-polarized mice, which experienced less disease (36). These
studies are part of a larger body of work suggesting that an
anti-inflammatory cytokine response is not associated with pro-
gression of periodontitis whereas an inflammatory response is
associated with disease progression. In the current study, the
results show that IL-4 and IL-5 are inactivated by the RgpA-
Kgp complexes under physiologically relevant conditions and
that both cytokines are degraded by the RgpA-Kgp protein-
ases. IL-4 plays a crucial role in the host anti-inflammatory
responses, as it promotes the production of the antibodies
(mouse IgG1 and human IgG4) that are reported to induce
protection against disease (19, 20). Our studies and those of
other research groups suggest that both anti-inflammatory and
proinflammatory cytokines are degraded and inactivated by the
proteinases of the RgpA-Kgp complexes, thereby possibly con-
tributing to the dysregulation of the host immune response
rather than polarizing it to one response or another. This
dysregulation is likely to be localized to the site of infection,
where there is a high level of pathogens in subgingival plaque
and hence secreted proteinases in the subjacent tissues (21). In
the tissues, IL-4 and IL-5, along with other cytokines, may be
rapidly degraded and their bioavailability reduced. Immune
dysregulation in chronic periodontitis has been proposed pre-
viously (13, 30, 31), and the results of this study support that
proposal.
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