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l. Introduction

Studies of the IgG subclass responses in
early—onset periodontitis(EOP) have fre—
quently demonstrated elevated levels of
total 1gG or 1gG2 to whole cell antigens,
outer membrane proteins, and/or
lipopolysaccharides(LPS) of Actinobacillus
actinomycetemcomitans(Aa)®? or
Porphyromonas gingivalis(Pg)® according to
the disease type. (Hammarstrom et al.,
1986) IgG1, 1gG3 and 1gG4 antibodies are
primarily reactive to protein antigens and
IgG2 to bacterial carbohydrates, such as
LPS or capsular polysaccharides(CPS).
Moreover, each 1gG subclass response has
been studied in the context of the genetic
control of an individual. Immunodominant
antigens of Aa in localized juvenile peri—
odontitis(LJP) were reported to include the
29—kd, 40—kd and 75—kd outer membrane
proteins, and capsular carbohydrates(CPS)
as well as LPS, while those of Pg in rapidly
progressive periodontitis(RPP) were fim—
briae, 75—kd protein, CPS, and LPS>.
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There have been controversies in regard to
the bacterial antigens being recognized as
immunodominant especially in the case of
outer rnembrane proteins, presumably due
to individual differences in 1gG subclass
responsiveness or to the complexities of
the bacterial antigens. There has also been
some debate regarding bacterial LPS or
CPS in terms of their immunodominant
nature in the pathogenesis of EOP.

A previous investigation from our labora—
tory has focused on the various patterns of
elevated 1gG sunbclasses to Pg 381 in LJP
or RPP patients®. To better understand the
immunodominant antigens recognized by a
panel of 1gG subclass antibodies, we per—
formed dot immunoblot analysis of selected
bacterial antigens of Pg that are recognized
by either a single or by various combina—
tions of 1gG subclasses in early—oneset
periodontitis.

[l. Material and Methods

1. Purification of Fimbriae of Pg 381



The fimbriae of Pg 381 was prepared as
described previously?. Briefly, cells were
harvested by centrifugation and were sus—
pended in 20 MM Tris—HCI(pH7.4)—0.15M
NaC1-10 mM MgC12 by repeated pipet—
ting. The suspension was agitated by mag—
netic stirrer for 30 minutes and the super—
natant obtained after centrifugation at 8,000
x g for 20 min. Ammonium sulfate was
added to 4% saturation, precipitated pro—
teins collected by centrifugation, the pre—
cipitate was dissolved in 20 mM Tris—
HC1(pH 8.0), and dialyzed against 20 mM
Tris—HC1(pH 8.0). The dialysate was
clarified by centrifugation at 8,000x g for
20 min, and applied to a column of DEAE—
Sepharose CL-6B(1.5 by 16
cm)(Pharmacia, Piscataway, NJ) equili—
brated with the above buffer. The column
was washed with 20 mM Tris—HC1, pH 8.0
and eluted with a linear gradient of O to 0.3
M NaC1l. No 43K protein band was detected
in the fractions eluted after 0.17 M NaCl1.
Fractions containing the 43K protein were
concentrated by ammonium sulfate precipi—
tation and dialyzed againt 3 mM Tris—
HC1(pH 8.0) or 3 mM sodium bicarbon—
ate(pH 8.0).

2. Preparation of Capsular
Polysaccha-rides of Pg A7Al—
28(ATCC 53977)

The capsular polysaccharide of Pg
ATA1-28 was prepared by a modification
of the method previously described®.
Briefly, bacterial cells were suspended in
water (0.2 to 0.4 g wet weight/ml), extract—
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ed with an equal volume of 90% phenol for
20 rain at 65 to 68°C, and stored overnight
at 4°C. The aqueous phase was obtained by
centrifugation at 4000x g for 1h at 10°C
and dialyzed at 4°C against distilled water
using Spectrapor 1 tubing. The dialyzed
solution was brought to 0.15 M sodium
chloride, 4 mM MgC1> 1 mM CaC12, and pH
7.5 with Tris—HC1 and treated with
ribonuclease A(0.04 mg/ml) and deoxyri—
bonuclease 1(0.01 mg/ml)(Sigma, St. Louis,
MOQO) for 2 hr at 37° C and then with
Proteinase K(0.04mg/ml) for 1 hr at 60°C.
The solution was dialyzed against dH20 and
lyophilized The lyophilized extract was dis—
solved in 0.05M Tris—HCI buffer, pH 9.5,
containing 0.3% deoxycholate and 0.001 M
trisodium EDTA. This solution was applied
to a column of Sephacryl S—400 HR(1.0x

47cm)(Pharmacia, Piscataway, NJ), at
room temperature and eluted with the
deoxycholate containing buffer. Fractions
were assessed for LPS and CPS by double
immunodiffusion in agarose, for LPS by
SDS—PAGE, and at 280 nm. Appropriate
fractions containing either PS or LPS were
pooled, medium chloride was added to 0.15
M NaCl. and PS and LPS precipitated with 4
volumes of 95% ethanol. The precipitates
were isolated by centrifugation, dissolved,
dialyzed, and lyophilized

3. Preparation of Lipopolysaccharides
of Pg 381

LPSs were extracted by the hot phenol
water method by Westphal and Jann9.
Briefly, lyophilized cells were suspended in
pyrogen—free distilled water. 90% phenol



was added, and the suspensions were
shaken vigorously at 67°C for 15 min and
centrifuged at 7,000x g for 20 min. The
aqueous phase was removed and diayzed
thoroughly against distilled water. After
centrifugation at 7,000x g for 20 min, equal
volume of ethanol with 0.15 M NaCl was
added to the supernatant. After centrifuga—
tion at 7,000x g for 15min, the resulting
pellet was dissolved in 30 ml of distulled
water and centrifuged at 105,000x g for 2
h. The procedure was repeated, and the
resulting precipitate was suspended in
water and lyophilized.

4. Serum Samples

Serum samples of 35 EOP patients(1
I/LJP and 24 RPP), whose IgG subclass
antibody levels were measured in a previ—
ous study, were reclassified according to
the patterns of elevated antibody either in a
single or in combination of IgG subclasses
to Pg 381 whole cells®. LJP patients were
diagnosed as those who were between 12—
25 years of age with typical pattern of
molar/incisor pattern of involvement show—
ing>5 mm of attachment loss. RPP patients
were diagnosed as those who were
between 18—35 years of age showing gen—
eralized extensive pattern of attachment
loss with severe alveolar bone destruction.
Serum samples from 21 patients consisting
of 5 rapidly progressive periodontitis(RPP)
patients with elevated 1gG2 antibody levels
to Pg 381(group 1), 6 patients(2 localized
juvenile periodontitis(LJP) and 4 RPP) with
elevated IgG4(group 2), 2 RPP patients
with elevated 1gG2+4(group 3), and 8
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patients(2 LJP and 6 RPP) with elevated
IgG1+2+4(group 4), were selected for dot
immunoblot analysis. 20 clinically healthy
subjects(aged between 20-25 years)
whose antibody levels were not elevated to
any of tested antigens were designated as
the control group.

5. Enzyme—liked immunosorbent
assay (ELISA)

1gG subclass antibody titers to Pg were
determined by ELISA using alkaline phos—
phate assay system. 96—well microtiter
plates were coated with 0.1 of purified
antigens diluted in 50 mM carbonate/bicar—
bonate buffer(pH 9.6). After overnight
incubation at 4°C, the plates were washed 3
times with phosphate—buffered saline(PBS)
containing 0.1% Tween 20. 0.1 ml of serum
samples diluted in PBS containing 0.1%
Tween 20 were added into each well and
incubated for 2 hours at room temperature.
The plate was washed 3 times with PBS
containing 0.1% Tween 20, and then 0.1 ml
of four mouse antihuman IgG
subclasses(affinity —purified monoclonal
antibody, g—chain specific, IgG1; HP6012,
19G2;HP-6014, 1gG3;HP—-6050, 1gG4;HP—
6025; Sigma Chemicals, Ohio, USA) diluted
in PBS containing 0.1% Tween 20 were
added into each well and incubated for 2
hours at room temperature. After washing 3
times with PBS containing 0.1% Tween 20,
0.1 ml of goat anti—mouse 1gG(heavy/light
chain specific, affinity purified, alkaline
phosphatase—conjugated, Calbiochem.
Basel, Switzerland) diluted in PBS contain—
ing 0.1% Tween 20 were added into each



well and incubated for overnight at room
temperature. After the washing plates, 0.2
ml of of nitrophenyl phosphat(1 mg/ml)
were added into each well and incubated for
30 minutes and finally 0.1 ml of 1IN NaOH
were added to stop color reaction. Optical
density was measured using an ELISA plate
leader with wavelength set at 492 nm. To
determine the serum IgG antibody tiers,
optical densities(0.D.) were plotted as a
funciotn of serum dilution facror.
Regression analysis was performed and
reciprocals of the serum dilution factrors at
the X—axis intersection of 0.D.=1.0
expressed as the ELISA unit for each sam—
ple. Patients whose IgG Levels exceeded
the twice the value of the control group
were assigned as the elevated group. For a
comparison between groups, total IgG titer
was measured against Pg or Fn

6. Dot Immunoblot Analysis

Three kinds of the purified antigens were
serially diluted by halves from 0.5 micro—
gram/ml to 0.0312 microgram/ml of
buffer(32 mM sodium carbonate, 68 mM
sodium bicarbonate) containing 200 mM
MgC12. Four microliters of each sample
were spelled onto nitrocellulose membrane
and left to dry at room temperature for 1
hour. The membrane was incubated with
5% skin milk in 25 mM tris—buffered
saline(TBS) overnight at 4°C followed by
incubation by orbital shaking for 1 hour at
room temperature. After washing the
membrane once with phosphate buffered
saline(PBS), it was incubated with human
serum at 1;1,000 dilution in buffer(85 mM
sodium carbonate/0.5 mL Tween 20) for 1

Table 1A. IgG subclass levels to whole Pg 381 cells in each experimental group and control group

as determined by ELISA(meant s.d.).

Ig Subclasses IgG1 19gG2 1gG3 1gG4
Group 1(1gG2) 126+ 26 564+ 37* 76+ 19 80+ 23
Group 2(1gG4) 141+ 18 120+ 28 106+ 41 687+ 55*
Group 3(1gG2+4) 90+ 16 496+ 22* 54+ 16 512+ 40*
Group 4(1gG1+2+4) 510+ 37* 417+ 35* 87+ 23 452+ 29*
Contrl 118+ 34 98+ 31 91+ 20 49+ 19

*higher than twice the value of the control group

Table 1B. IgG levels to each tested antigens in each experimental group and control group as

determined by ELISA(meant s.d.).

Antigens fimbrillin LPS CPS
Group 1(1gG2) 88+ 27 49+ 16 246+ 18*
Group 2(1gG4) 468+ 34* 54+ 28 98+ 49
Group 3(IgG2+4) 350+ 41* 30+ 12 201+ 22*
Group 4(1gG1+2+4) 387+ 29* 61+ 15 225+ 19*
Contrl 68+ 16 38+ 16 89+ 40

*significantly higher than those to other antigen(s) by ANOVA(p<0.01) and greater than twice the value of the
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Figure 1. Representative patterns of dot immunoblot from four different patient groups; patients with
elevated antibody levels to Pg 381 in IgG2 only, IgG4 only, 1IgG2+4, and IgG1+2+4,
respectively. The tested antigens were the 43—kd fimburilin protein(Fim) and lipopolysac—
charide(LPS) of Pg 381 and the capsular polysaccharide(CPS) of Pg A7A1-28.
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Figure 2. Diagrammatic representation of geometric area(mm?) of immunoblot described in Figure
1 determined by densitometric analysis. X—axis denotes serum dilution factors(log 2)

hour at 31°C. The membrane was washed
three times with 1% skim milk in TBS for 5
minutes and finally washed once with PBS.
The membrane was then incubated with the
goat anti—human IgG(affinity purified, y—
chain specific) (Calbiochem, Basel,
Swizerland) with 1:1,000 dilutions in
buffer(2.7 g of sodium phosphate dibasic,
0.28 g of sodium phosphate monobasic,
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8.75 g of sodium chloride, 0.5ml of Tween
20, 0.2 g of sodium azide/L) for 1 hour at
room temperature followed by washing
three times with 1% skin milk in TBS an
once with PBS. The membrane was finally
incubated with rabbit anti—goat
IgG(havy/light chain specific, affinity puri—
fied, alkaline—phosphatase
conjugated) (Sigma, St. Louis, MO) with



1:2,000 dilutions in buffer(2.7 g of sodium
phosphate dibasic, 0.28 g of sodium phos—
phate monbasic, 8.75 g of sodium chloride,
0.5 ml of Tween 20, 0.2 g of sodium
azide/L) for 1 hour at room temperature.
After washing three times with 1% skin
milk in TBS and once with PBS 5—bromo—
4—chloro—3—indolyl—phosphate/nitroblue
tetrazdium(BCIP/NBT) solution
(Kirkegaard & Perry, Gaithersburg MD)
was added and incubated for 30 minutes at
room temperature for color development.
The staining intensities were evaluated by
densitometric analysis for quantitative
comparison for the tested antigens in each
group. Pooled serum samples from the
control group were used for comparison.

7. Statistical Analysis

To compare the IgG levels to each tested
antigen within the groups, ANOVA was
performed.

[ll. Results

A total of 21 serum samples from the 35
patients(1l LIP and 24 RPP patients) were
selected based upon the pattern of elevated
IgG subclass responses against Pg 381(see
materials and method). Tables 1A and 1B
summarize the IgG subclass responses for
either 1gG2 or 1gG4, or in combinations of
elevated 1gG2+4 or 1gG1+2+4 antibodies
against whole Pg 381 cells®, Group 1
pateints had significantly higher IgG levels
to CPS, while group 2 to fimnrilin and CPS,
group 3 to fimbrilin and finally group 4 to
fimbrilin and CPS. Figure 1 demonstrates
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the representative dot immunoblot pattern
from each group against the 43—kd fimbrilin
protein and LPS of Pg 381, and the CPS of
Pg A7A1-28, respectively. The intensity of
each sample was determined by densito—
metric analysis(Figure 2). The IgG4 anti—
body strongly reacted with the fimbrial
antigen. Some of the 1gG4 antibodies that
reacted strongly with fimbriae also demon—
strated a positive reaction with the CPS
antigen. In contrast, 1gG2 antibody recog—
nized primarily the CPS antigen. In most
cases, if not all, the LPS antigen was not
recognized by any of the IgG subclass
groups. Minor individual variations could be
demonstrated for the staining intensities
within the groups(data not shown).

[V. Discussion

To better understand the immunopatho—
genesis of early—onset periodontitis, we
initially evaluated the IgG subclass antibody
levels to Pg 381 in LJP or RPP patients® to
see how the d subclass in either a single
class or in combinations selectively react
with the three kinds of Pg antigens. Thus a
dot immunoblot analysis was designed to
elucidate the 1gG subclass—dependent
recognition of 1IgG known antigens, the 43—
kd fimbrilin protein and LPS of Pg 381, and
the CPS of Pg A7A1-28. The dot
immunoblot analysis clearly demonstrated
that the fimbrial antigen was recognized
primarily by 1gG4(or IgG1 to a lesser
extent) while the CPS was recognized pri—
marily by 1gG2. There was minimal evi—
dence to suggest that any IgG subclass
patterns reacted strongly or positively with



the LPS antigen from Pg 381. Since the
combination of IgG1+2+4 was most fre—
quently found one to be elevated, followed
by 1gG4 only, 1gG2 only, and IgG2+49, it is
likely that both fimbriae and the CPS of Pg
are important bacterial antigens in the
pathogenesis of EOP The study results
clearly demonstrated the specific antibody
binding patterns reflecting the magnitudes
of 1gG levels to the tested bacterial antigens
determined by ELISA. Our observation was
consistent with that of other
investigators!®. However these results dif—
fered from reports of elevated levels of
IgG2 against LPS®. As there are more than
one specific protein antigen reported to be
immunodominant and there exist different
opinions on the immunodcminant role of the
bacterial LPS, further studies with individual
bacterial antigens are needed, using a study
design which considers the various group—
ings of the elevated IgG subclasses. Only
through this experimental design, may one
obtain consistent rsults for the immun—
odominant antigen(s) since the IgG sub—
class responses are highly antigen—depen—
dent fimbrial proteins of Pg are important
in bacterial survival against host defense
mechanisms by contributing to bacterial
adherence® and are thought to be immun—
odoninant antigens. Moreover recent
animal immunization studies with the fim—
brial protein or its synthetic analogues have
proven to be protective suggesting its pos—
sible use for the prevention of human peri—
odontal diseases!?. We used the purified
fimbriae of Pg 381 in the dot immunoblot
assay and it was strongly recognized by the
IgG4 antibody and to some extent by
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IgG1(data not shown). This suggests that
the fimbrial protein may be strongly
immunogenic in EOf patients. Immunoblot
staining intensity increased as the 1gG4
antibody increased along with 1gG1 or 1gG2
it has widely been accepted that IgG1, 1gG3
and to a lesser extent IgG4 are generated in
response to bacterial protein antigens.
Ogawa®® also reported the antifimbrial
antibody was primarily of the 1gG3 subclass
in adult periodontitis and RPP. They also
reported a predominance of IgG4—secreting
cells over IgGl—secreting cells in peri—
odontal lesions with severe destruction.
The dot immunoblot assay demonstrated
that the 1gG4 antibody reacted strongest
against fimbriae. The suggests that a sub—
class switch occurred in the immunoglobulin
gene due to the prolonged antigenic stimu—
lus'®, This may imply that the minimally—
protective 1gG4 antibody could contribute to
the destructive process of EOP®. Evans et
al.1? reported the protective effects of
immunization with fimbrial protein and pos—
tulated a model for its use as an effective
vaccine against periodontitis. Therefore, it
is possible that antibody to the 43—kd may
exert protective role. However if we con—
sider the functional role funciotn. Rather it
is probable that the failure to prevent bac—
terial adherence at the initial phase of the
disease may adversely contribute to the
destructive process. Thus it seems rea—
sonable to evaluate the data on the immun—
odominant antigen(s) in terms of the func—
tional capacities of the reactive 1gG sub—
class antibodies.

Bacterial CPS are structural components
that help bacteria to evade phagocytosis by



PMNL CPS are closely associated with
bacterial invasiveness!®. Several groups of
investigators have reported that the carbo—
hydrate moiety of either LPS or CPS of Aa
may be the immunodominant antigen in
localized juvenile periodontitis®. In the
present study, the elevated 1gG2 antibody
exclusively recognized the CPS of Pg
A7A1-28(strain 381 lacks K—antigen!®),
and not the LPS. This finding was consis—
tent with ether reports on Pg 19 and Aab
Our results, however, were different from
the findings of other for Pg 1D and Aal® in
LJP, where an elevated 1gG2 response was
seen against LPS. Recently, Wilson and
Hamilton” reported elevated 1gG2 levels
against the 29—kd OMP of Aa in the LJP.
We also observed a similar pattern of 1gG2
responses against fimbriae of Pg which
seems to be worthy of further studios.
When 1gG2 antibody again is viewed in
terms of its functional properties, it is pos—
sible that the poor complement—fixation
ability and the low opsonic properties of
19gG2 antibody might have resulted in inad—
equate clearance of the infecting organ—
ism18), although 1gG2 antibodies have been
reported to promote neutrophil killing of
Aald. Itis likely that the 1gG2 antibody is
reactive promarily with the carbohydrate
moiety of either LPS or CPS.

For all its immunobiological significance,
most of the elevated IgG subclass antibod—
ies did not react stongly against LPS in the
dot immunoblot assay. This differs from
prerious findings where an 1gG2 response
to LPS was observed in ELISA studies!V.
The reaseon for the different results are
unclear2®. They may be due either to dif—
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ferent methodologies or to the different
racial origin of the patient samples. In gen—
eral, the group with elevated 1gG4 antibod—
ies had a stronger reaction with fimbriae
than those with other elevated IgG sub—
classes(e.qg. 1gG2+1gG4 or
1gG1+1gG2+1gG4). Most of 1gG4 antibod—
ies, either singly or in combination with
other 1gG subclasses, demonstrated a
strong reaction with the fimbrial protein and
also showed a positive reaction with the
CPS. 1gG2 antibodies generally recognized
the CPS with few exceptions although the
blotting intensities were somewhat weaker
than those noted for 1gG4 against the fim—
brial proteins. There were a few 1gG2 anti—
bodies which also recognized the fimnbrial
proteins although the reaction intensities
were weak.

Schifferle et al.2 attempted to modify Pg
infection in mice by immunization with a
CPS—protein conjugate. They were able to
reduce the severity of infection, but not
prevent infection. Realizing that carbohy—
drate is a weak immunogen, many investi—
gatiors have used a carbohydrate—outer
membrane protein conjugate to elicit a thy—
mus—dependent memory T-cll
response??, Considering the frequencies
and functional roles of the elevated 1gG2
and 1gG4 subclasses in EOP, it may be a
reasonable immunization strategy to employ
a CPS—43 kd fimbrial protein conjugate as a
candidate for vaccine studies?®. It is
important to realize that IgG2 and other 1gG
subclass responses against carbohydrate
vaccines are under the control of immuno—
genetic make—up??. The Gm marker of an
individual is highly race—specific2®. When



employing an animal model for experimental
immunization. consideration should be given
to the immunoglobulin allotype marker of
the animals to be used?®.

The present experiment characterized
1gG subclass reactivity in an immunoblot
assay using three kinds of Pg antigens.
The results do not exclude the possibility
that each 1gG2 subclass or subclasses in
combination may recognize other immun—
odominant antigens of Pg and/or other
strains, especially protein antigens. We are
currently performing additional studies to
further characterize the immunodominant
antigens of Pg recognized by 1gG sub—
classes in early—oneset periodontitis.
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