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GROUND THE STUDY
Early-onset Periodontitis (EOP) occurs in children, teenager and young adults. it is
characterized by an early occurrence of periodontal attachment toss and bone resorption.
The rate of disease progression is quite rapid, thus frequently resulting in early loss of teeth.
Dysregulation of the immune response has been widely accepted to play role in the
pathogenesis of periodontitis. Over production of immune mediators (cytokines) has been
linked to tissue destruction and bone resorption. However, the precise mechanisms

underlying the pathogenesis of EOP is still largely unknown.,

BJECTIV
1. To study the mechanisms of pathogenesis of periodontal disease by focusing on
the role of B cells.
2. Toinvestigate the role of cytokine and periodontopathic bacterial products (LPS

and ONA) on immune cells and gingival fibroblasts.



3.

To investigate the response of EOP patients to bacterial products in terms of

activation markers and cytokine production.

RESEARCH METHOLOGIES

1.
2.

Prevalence of EOP

Preparation of whole cell bacterial sonicates, Lipopolysaccharide, DNA
(Actinobacilius actinomycetemcomitans, Porphyromonas gingivalis and
Actinomyces viscosus)

Establish gingival fibroblast cell lines.

Monitor cell activation (immune cells and gingival fibroblasts) in healthy
periodontal subjects and EOP patients by co-stimulatory molecule expression

and inflammatory cytokine production.

EXPECTED OQUTPUT

1.

This study wili provide the prevalence of EOP in Department of Periodontology,

Faculty of Dentistry, Chulalongkorn University, Thailand.

2. To provide better understanding the mechanisms underlying the pathogenesis of
ECP.

3. This work will strengthen the. relationship between the three institutions,
Chulalongkorn University, AFRIMS and Tokyo Medical and Dental University.

EXPECTED PUBLICATIONS

1. The role of B cells in pathogenesis of periodontal disease in journal of Clinical
and Experimental iImmunology.

2. The role of gingival fibroblasts in the pathogenesis of periodontal disease in
Infection and Immunity.

3. Prevalence of EQP patients and immune activation profiles in Journal of Thai

society of Periodontology.
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ABSTRACT

Early-onset periodontitis (EOP) is one such syndrome and comprises a group of
pathological conditions leading to loss of periodontal tissues early in life. It occurs in .
children, teenagers and young adults which causes considerable tissue damage over a
relatively short periad of time. In the case of rapid progression of the destructive disease,
early loss of teeth may result. At present, the pathogenesis of EOP is not clearly understood,
however, it shares a common underlying mechanisms by other forms of periodontitis. The
primary etiologic agents of periodontitis are Gram negative bacteria in dental plaque, such
as Actinobaciflus actinomycetemcomitans and Porphyromonas gingivalis, and their
products such as lipopolysaccharide (LPS). Host immune response to bacterial plague
pathogens, in fact, plays a crucial role in determining the outcome and severity of the
disease.

Periodontitis lesions consist of a large number of infiltrating cells such as T cells, B
cells and macrophages which are in activated stage. Major effort during the past decade
has been focused on immunoregulatory role of T cells and their cytokines which have besn
well recognized for their important involvement in the pathogenesis of periodontitis.
Although B cells are the majority in advanced periodontal lesions, there is no study so far
able to clarify their role in the pathogenesis of the disease. It is known that B cells are
recoghized as one of the professional antigen presenting cells (APCs). To date, the role of
APCs, which critically controls the initiation and maintenance of T cell response, has been
poorly investigated in periodontitis. Langerhan's cells, keratinocytes in oral epithelium as
well as tissue macrophages have been largely speculated to play role as local APCs. It is
known that activation stage of APCs associated with up-regulation of co-stimulatory
molecule expression (CD40, CD80, and CD86) is a key factor to trigger and maintain
optimal T cell response. In this study we analyzed the expression of co-stimulatory
molecules (CD80 and CD86) and CD83, a marker of mature dendritic cells, on gingival cells
isolated from severe periodontitis tissues by fiow cytometry. Significant up-regulation of
CD86 and CD83 expression were detected in periodontitis lesions and the majority of them
were observed on B cells. /n vitro peripheral blood mononuclear cell cultures showed that
stimulation with different periodontopathic bacteria including Porphyromonas gingivalis,

Actinobacillus aclinomycetemcomitans , Prevotella intermedia, and Actinomyces viscosus



up-regulated both CD86 and CD83 expression on B cells. Hence, the presence of plaque
bacteria may be responsible for enhanced expression on gingival B cells as seen in vivo.
APC function by bacterial activated B cells was further investigated using allogeneic mixed
leukocyte reactions (MLR). After 24h culture with either A. actinomycetemcomitans or
P.gingivalis, these activated B cells performed as potent APCs in MLR and stimulated T
cells to produce high levels of gamma Interferon {IFN-Y) and minimal Interleukin-5. In
conclusion, periodontopathic bacterial induced B cell activation with up-reguiation of CD86
and CD83 may associate with enhanced APC function. Therefore, the results of this study
put forward the role of infiltrated ginglval B cells as possible APCs in regulating and
sustaining local T cell response in periodontitis.

Early-onset periodontitis was described by the consensus report on periodontal
diagnosis presented at the 1989 World Workshop in Clinical Periodontics as the disease
with the age of onset usually prior to 35 years, rapid rate of progression of tissue
destruction, manifestation of defects in host defense to plaque bacteria. It was subdivided
into three age-related diseases termed Prepubertal periodontitis (PP, disease initiation
before puberty), Juvenile periodontitis (JP, disease initiation between puberty and late
teenage years), and Rapidly progressive periodontitis (RPP, disease initiation in the early to
late 20s). There is, however, an area of concern in the traditional classification of EOP since
we frequently encounter difficulties to classify the disease entity at the borderline which
seems to overlap one another. This is for example, the differentiation between generalized
juvenile periodontitis (GJP) and RPP. Therefore, a revised classification criteria which are
more precise for defining the forms of EOP into several homogeneous subgroups has been
recommended.

According to the Annals of Periodontology, 1996 World Workshop in Periodontics,
the review of a number of studies corroborate the conclusion that EOP is more fre'quent fn
developing countries and among subjects of black race. So far there is no study in Thailand
regarding the prevalence of EOP. Therefore, we carried out the cross sectional study to
investigate the prevalence of the EOP patients who entered the Periodontal Clinic, Faculty of
dentistry, Chulalongkorn university by using revised criteria. Among the total of 1,723
screened patients, 446 patients were periodontitis and 97 patients were under or equal the

age of 40 who were then subdivided into 4 subgroups of EOP according to their clinical and



full mouth intra-oral radiographic data. The prevalence of subform | (localized JP) was
(0.29%, subform [l (Post localized JP) was 0.7%, subform Il {focalized JP-RPPF) was 1.10%
and subform IV (RPP) was 0.75% of periodontal patients. Taken together, EQP prevalence
was 2.84% in this study, thus suggesting high prevalence of EOP. Although this study was
done at the teaching dental schoo! which does not probably reflect the true EOP of the Thai
population, it is a good start not only to recognize the problem of the ECP amongst the Thais
but also to stimulate future research into such specific groups of periodontitis patients. Of
importance, our study would initiate the awareness among people who often misunderstand
that periodontitis only occurs in adults or old-age. Particulady, awareness for dentists /
general practitioners regarding early detection of EOP and early treatment which certainly
save money and not so complicated.

Hyper-responsiveness of monocytes to bacterial LPS have been hypothesized to be
associated with the severity of periodontal disease (Offenbacher and Salvi, 1999).
Particularly, high levels of monocytic secretory mediators such as PGE2 in susceptible
pertiodontitis subjects have been reported. In this study, we used whole blood assays to
compare monocyte activation after stimulating with LPS from periodontopathic bacteria,
Porphyromonas gingivalis between 17 pairs of ECP patients who were in a maintenance
care and healthy periodontal subjects {(age and sex matched). Upon stimulation with varying
doses of highly purified P.gingivalis LPS (1, 3, 10 ng/ml), expression of co-stimulatory
molecules on monocytes were analyzed by flow cytometry and production of inflammatory
mediators were monitored by ELISA. In addition, expression of CDE9, early activation
marker, on NK and y8 T cells were evaluated. LPS stimulation resulted in the dose
dependent up-regulation of co-stimulatory molecules, CD40, CD80 and CD86 on
monocytes, up-regulation of CD69 on NK and y8 T cells in both EOP and healthy control
groups. Generally, periodontitis patients seem to show lower expression of these molecules
than healthy controls at any tested LPS concentrations, but the only significant difference (P
<0.05) between groups were found in CD80 expression on monocytes. Production of PGE2
and IL-1B in P.gingivalis LPS-stimulated whole blood cultures was quite similar between the
two groups. By using the whole blood assay which probably represent the better
physiological condition, our results suggest that hyper-responsiveness of monocytes to

bacterial challenge may not represent determinant factor responsible for EOP.
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I. B CELL STUDY
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. HUMAN GINGIVAL FIBROBLAST (HGF) STUDY

Established 11 HGF lines (2nd report, January 2001)

Heterogeneity in terms of different levels of mCD14 expression on HGF were observed
and some lines showed no expression of mCD14 2" report).

Plaque bacterial DNA: Actinomyces viscosus, Actinobacillus actinomycetemcomitans,
Porphyromonas gingivalis, and Bacteroides forsythus were prepared (2™ report).
Expression of co-stimulatory molecules {(CD40, CD80 and CD86) and HLA-DR on HGF
was analyzed by flow cytometry after stimulation with different palque bacterial DNA. A.
viscosus, A. actinomycetemcomitans, P. gingivalis, and B. forsythus and E. coli DNA
did not significantly induce expression of co-stimuiatory molecules and HLA-DR on HGF
as compared with negative control (3"° report, June 2001).

Check the purity of bacterial DNA preparation. A. viscosus, A. aclinomycetemcomitans,
P. gingivalis, and B. forsythus DNA were sent to Thai Can Biotech Co., Ltd. for analysis
of LPS contamination by the method of Limulus amebocyte lysate (LAL) assay. The

results are shown in the table.

LFPS contamination in bacterial DNA preparation

Sample LPS contamination
(EU/mI)
P. gingivalis DNA 9098
A. actinomyceterncomitans DNA <10°
A. viscosus DNA 4.3
B. forsythus DNA 1.65

As can be seen, high concentrations of LPS in P. gingivalis and A. actinomycetemcomitans

DNA preparation, the key pathogens of our study, were found. Such concentrations of LPS

were too high to remove.

6. Due to the problem of LPS contamination with our bacterial DNA preparation, we decided

to check if HGF lines could be activated by CpG ODN. CpG ODN 2006 is well known as

potent immunostimutants for human cells.

14



Methods for CpG ODN 2006 preparation
Modified, Nuclease resistant, phosphorothioate ODN 2006

(TCGTCGTTTTGTCGTTITGTCGTT) was kindly provided by Dr AM. Krieg, the Coley
Pharmaceutical Group (Wellesley, MA). The ODN 2006 contained four CpG motifs. CpG
ODN 2006 was diluted in TE buffer {10 nM Tris-HCI, 1 mN EDTA, pH 8) using pyrogen-free
reagents. CpG ODN 2006 preparation was tested for endotoxin using the LAL-assay
(BioWhittaker, Walkersville, MD). The lower limit of detection of the LAL-assay in our
laboratory was 0.03 EU/ml. Endotoxin level in CpG ODN 2006 preparation was <0.075
EU/mI.

CpG ODN 2006 stimulated HGF culture
10° cells/iml of HGF were cultured in 24-well culture plate with RPMI-1640

supplemented with 10% heat inactivated fetal bovine serum, 40 pg/ml gentamycin and 2.5
Ho/mi fungizone at 37 °C under humidified atmosphere of §% CQ, in air until confluent
monglayer had formed. The HGF were treated or untreated with CpG ODN 2006 for 72 h.
The culture supernatants were also collected and stored at -80 °C for analysis of IL-6
production.

The results are shown in the following table

Stimulant IL-6 {pg/ml}
Negative control 866
10 pg/ml CpG ODN2006 829
40 pg/ml CpG ODN2006 829

Due to the negative findings, we therefore consider not to further investigate our HGF study.
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Ill. PREVALENCE OF EOP STUDY

Periodontitis is the disease that presents of gingival inflammation and destruction of
the periodontium to the root surface. It has been recognized for the several years that the
manifestation of periodontitis differs among patients relative to the age of onset of disease,
rate of disease progression, and distribution of periodontal lesions. The consensus report on
periodantal diagnosis presented at the 1989 World Workshop in Clinical Periodontics
described five distinct groups: Adult periodontitis, Early-onset periodontitis, Periododntitis
associated with systemic disease, Necrotizing ulcerative periodontitis and Refractory
periodontitis. Early-onset periodontitis (EOP) was defined of age of onset usually prior to 35
years, rapid rate of progression of tissue destruction, manifestation of defects in host
defense and composition of the associated flora different from that of Adult periodontitis. it
was subdivided into three age-related diseases termed Prepubertal periodontitis (disease
initiation before puberty), Juvenile periodontitis (disease initiation between puberty and late
teenage), and Rapidly progressive periodontitis {disease initiation in the early to late 20s}.

Frepubertal periodontitis (PP} described the earliest attachment loss observed
around deciduous or permanent teeth. it is quite rare, It occurs in localized and generatized
forms, with the generalized form being most frequently associated with systemic disorder for
examples Type | diabetes mellitus, Papillon-Lefvre syndrome, Leukocyte adhesion
deficiency, hypophosphatasia, stc.

Juvenile periodontitis (JP) could be found in localized and generalized forms. The
familial distribution is prominent. The localized form of juvenile periodontitis (LJP) has
received considerable attention because of the unique ciinical features of molar ang incisor
lesions, association with the periodontal pathogens Actinobacillus actinomycetemcomitans
{Aa), and abnormalities of neutrophil function. Frequently the LJP patients present good oral
hygiene, minimal plaque or gingival inflammation.

Rapidly progressive periodontitis (RPP) is commonly found associated with
significant plaque and calculus. Most of the teeth in the RPP patient are affected. The
familial distribution is not as prominent. Porphyromonas gingivalis rather than Aa seems to

be predominant in the plaque flora in the RPP group.
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However, there is an area of concemn in the classification of EQP. it lies in the
differentiation of generalized juvenile periodontitis (GJP} and RPP. Such difficulties to
distinguish between these two groups have often been reported (Ranney, 1993; Novak and
Novak, 1996). For examples, some cases of EOP start with a localized pattern of destruction
and apparently progress to generalized involvement with time. Yet other cases seem to start
with a generalized pattern. Among the generalized cases, the American Academy of
Periodontology recognizes a distinction between GJP and RPP based in part on age of onset,
However, efforts to identify age of onset in the studies of EOP have not been easy to do so,
considering that age at diagnosis can differ substantially from age of onset. Furthermore, some
studies even considered the possibility that GJP and RPP may represent similar diseases
manifesting at different ages (Novak and Novak, 1996} Therefore, a revised criteria of EOP
classification would now be required. The criteria age of 40 insteaci of 35 years old was used in
this study because the patients in Thailand came to see the dentist quite late or only when they

thought of having diseases.

In 1995, Professor JI Choi from Department of Periodontology, Faculty of Dentistry,
Pusan University, Korea asked the former head of the Department of Periodontology, Faculty
of Dentistry, Chulalongkormn University for collaborative research regarding epidemiological
data of EOP patients in Thailand. Therefore, we carried out the project by screening

periodontal patients at Chulalongkorn dental school during 1996-1997.

Materials and Methods
Subjects

Prospective screening of periodontal status had been performed on 1799
periodontal patients who had entered the Periodontal Clinic, Faculty of Dentistry,
Chulalongkorn University during the school year of 1996 (May 1996 — March 1997). 76 of
these patients could not participate the study and were excluded from the data. Finally, data
from total 1723 periodontal patients was analyzed. The patients diagnosed of periodontitis
and under or equal 40 years of age were taken for full mouth clinical examination and
radiographic interproximal bone levels. Then the patients were subdivided into one of four
subgroups by using revised clinical scales depending on disease destruction patterns
according to criteria the modification of Choi et al. (personal communication) and Potter

(1989) as follow. Patients whose bone destructive pattern did not fall into any of these
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subgroup categories had further been designated as having either early or moderate adult

periodontitis,

General rules of agreement

1.

3.

All criteria are based primarily upon the clinical examination and radiographic
interproximal bone level measurements of all the teeth present.

The first molar should be present in at least one quadrant and the total number of
remaining teeth should be greater than 25.

Fatients of the same ethnic origin should be screened.

Subform I: Distinct LJP Pattern (LJP Pattern)

1.
2.
3.

12-25 years of age

maintained localized fashion of classical LJP: first molars and/or incisors

at least one first molar should be involved with attachment loss more than or equal to
5 mm.

Amounts of plague and calculus, bleeding on probing (BOP), and gingival redness

may be variable

Subform Ii: Slightly and slowly disseminating Pattern (Post-LJP Pattern)

1.
2.

4.
5.

starting age may be higher than LJP, extending up to the late 30's (20-40 years old)
very slow disseminating into neighbouring teeth {from first molars/incisors to second
molars and canines/premolars)

number of involved adjacent teeth limited to 1 or 2 per quadrant, and the attachment
loss of involved sites should be less than 5 mm.

Strongly maintained characteristic LJP pattern of bone destruction

Calculus, plaque, BOP, redness variable

Subform llI: Generalized and Rapidly Disseminating Pattern (LJP-RPP Paftern)

1.
2.

Strongly maintained characteristic LJP pattern of bone destruction

Dissemination into more than two neighboring teeth per quadrant with attachment loss
more than or equal to 5 mm.

Progression severe and rapid resulting in the generalized pattern of bone destruction
and attachment loss

Age may be higher than subform | extending up to the late 30's (20-40 years)

Differences from a distinct RPP pattern (subform [V);
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a) clearly demonstrated LJP pattern of involvement (first molarfincisor pattern)
b) high possibility of this form being a rapid deterioration of localized forms (subform
I and 11)
6. Calculus, plague, BOP, redness variable
Subform IV: Distinct RPP Pattern

1. Generalized severe bone destruction

2. Localized first molar/fincisor pattern not easily recognized

3. Either the result of rapid aggravation of subforms 1,I1,1ll or may be completely different
in the nature of progression

4. Clearly demonstrated rapidity of progression by involvement pattern

5. Missing canines/premolars demonstrated with age (up to the late 30's)

6. Calculus, plaque, BOP, redness variable

Results

Among the total of 1,723 screened patients of the same ethnic, 446 patients were diagnosed of
having periodontitis. Within total periodontitis patients, 87 patients (48 male and 49 female)
were under or equal the age of 40 (age range 20-40) and were 32.97 mean of age. They were
fully accessible for their clinical and full mouth intragral radiographic data. Of these 87 patients,
20 (20.62%) patients had lost more than three first molars and hence could not be classified
into any subgroups. Consequently, the radiographic data of 77 patients were examined to
confirm the diagnosis from clinicat data. When the clinical data was not compatible with the
age criteria, the diagnosis would be depended upon clinical characteristic. 5 patients (5.15%)
were classified into subform | (LJP pattern), 12 patients (12.37%) were classified into subform I
{(Post-LJP pattemn), 19 patients (19.59%) were classified into subform lll {LJP-RPP pattern) and
13 patients (13.40%) were classified into subform 1V (RPP pattern), respectively. The remaining
28 patients (28.87%) did not fall into any of the four disease categories and then were
diagnosed as having either early or moderate Adult periodontitis (AP) (Table1). The prevalence
of each subform I, Il, Ill and IV of EOP comprised 1.12, 2.69, 4.26 and 2.91% of total
periodontitis patients (446) and 0.29, 0.70, 1.10 and 0.75% of total periodontal patients (1723),

respectively (Table 1). EOP, taken as a whole, comprised 10.98% of total pericdontitis patients
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and 2.84% of total pericdontal patients. The distribution of age and gender of each subform of

EOP was also shown (Table 2).

Table 1 : Numbers and proportions of patients classified into each EOP subform and AP,

respectively.

Total periodontal patient number who could be determined 1723

Total periodontitis patient number 446 {25.88%)
Aged < 40 years 97 (21.75%)
Aged > 40 years 349 (78.25%)

Total < 40 year-old periodontitis patient number 97
Subform | {LJP) 5 {5.15%)* 1.12%* 0.29%**
Subform it {Post-LJP) 12 (12.37%) 2.69% 0.70%
Subform 11l (LJP-RPP) 19 (19.59%) 4.26% 1.10%
Subform IV (RPP) 13 {13.40%) 2.91% 0.75%
AP 28 (28.87%) 6.28% 1.60%
Unclassify" 20 (20.62%) 4.48% 1.16%
* proportions (%} relative to < 40 year-old periodontitis patients (97)
- proportions (%) relative to total periodontitis patients {446)

b proportions (%) relative to total periodontal patients (1723)

# patients wha could not be classified due to loss of first molar more than three

20



Table 2 : Distribution of age and gender of four subforms EOP, Adult Periodontitis (AP) and

unclassify group

Subform Number Gender Age range Mean of age
of patient Male Famale (year) {year)
| 5 3 (60%) 2 (40%) 25 - 347 28.4
I 12 7 (58.33%) 5 (41.67%) 20-38 30
i 19 11 (57.89%) 8 (42.11%) 21-40 34
v 13 7 (53.85%) 6 (46.15%) 24 -39 34.69
AP 28 9 (32.14%) 19 (67.86%) 21-40 3321
Unclassify 20 11 (55.0%) 9 (45.0%) 21-40 33.45

* Discussed in conclusion

Discussion and Conclusions
As mentioned before, 1989 World workshop in Clinical Periodontics have divided EOP

patients into 3 groups (The American Academy of Periodontology, 1989). This seems to be
guite crude to classify the disease manifestation into extreme ends, in particular LJP and RPP.
Thus we could frequently overlook the borderline of diseases that overap one another. (n this
study, revised clinical criteria was used to classified the early onset periodontitis patients into
more precise form with homogenous subgroups and might enable us to look into how these
subgroups may develop from one 1o another. This criteria used older age of onset than usual
due to patient’s late seeking for treatment in developing country. As shown in Table 2, all 5
patients diagnosed of EOP subform | had exact clinical characteristic of LUJP pattem but age
range was 25-34 years old which were older than the age criteria of this subform. This result
showed that using only age-based criteria to classify the disease is not acceptable and this
was confirmed by recent change of classification of periodontal diseases by the American
Academy of Periodontology 1999 (Armitage, 1999). To compare the prevalence of EOP with
other studies is difficult since prevalence of Juvenile periodontitis was usually studied instead
of EOP because of disease homogeneity (prevalence of LJP range from 0.1-15%) (The

American Academy of Periodontology, 1996). Furthermore, several authors have examined the
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distribution of EOP in various population, race, different age range by a number of different
methods and criteria. As evidences shown, the prevalence of EOP is different in race for
example, African-American adolescents have higher prevalence of EQP than Hispanic and
relative low prevalence in white adolescents (Albander, 1997). Even the prevalence of EOP
patients found in this study was 2.84% which was quite consistent with prevalence of the
United States national survey during the 1986-1987 school year of 2.7-4.0% prevalence of EOP
(Albander, 1997). Nevertheless, when comparing to Thailand national oral health survey of year
1995 of 5.8% of periodontitis in the age group of 17 to 19 years old, the prevalence of EOP in
this study was quite low. This might be because of differences in criteria and methods of
disease assessment. In the national oral health survey, CPITN system and having probing
depth more than 3 mm. were used while full mouth attachment level with radiographic data and
having attachment loss more than or equal to 5 mm. were required for this study. When those
results were compared to study of Choi which used the same criteria, the prevalence of EOP
from total periodontitis patients were quite similar (10.98% and 14.5% respectively). Due to
using full mouth clinical and radiographic examination required in this study, survey in large
population could not be possible. So the results from this study coutd not represent the
prevalence of EQOP in whole Thai population, however, it might be useful to give baseline data

. for further study in this specific patient group especially in Thailand.
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V. IMMUNE ACTIVATION IN EOP STUDY

The difference among people in terms of the nature of the immunoinflammatory
response is a potential determinant of the variability in the expression of periodontal disease
observed within the population. The current concepts of pathogenesis have extended the
modei from a plague-dominated process to one which the host response emerges as the
dominant effect modifier in disease expression. Recent molecular and cellular data have
improved our understanding of the inflammatory and immune mechanisms that result in the
destruction of connective tissue, including periodontal ligament and bone. This sequence
can be considered a pathway that is common to most forms of disease but is activated or
inhibited to varying degrees by various components of the host response and exposure
factors. Offenbacher's group (Offenbacher et al., 1993, Salvi et al.,1998, Offenbacher and
Salvi, 1999) have been hypothesized that the pathogenic pathway of periodontal disease
that links microbial exposure to connective tissue destruction may involve monocytic
activation. Patients who develop severe periodontitis such as EOP tend to show hyper-
responsiveness of monocytes to secrete inflammatory mediators e.g. Prostaglandins (PG).

Assessing immune cell function or activation in vitro is frequently conducted by
tedious isolation of peripheral blood mononuclear cells (PBMC) that are exposed to antigens
or mitogens and then assessed for blastogenesis or activation such as cytokine production
(Pichyangkul at al., 2001). It is now known that such isolated cells are at some degrees of
activation before adding into cultures. Early studies in EOP patients have shown the
increase PGE?2 production from PBMC or adherent monocyte cultures after LPS stimulation
as compared with healthy periodontal subjects {Garrison and Nichols, 1989, Shapira et al,,
1994, Salvi et al., 1998). At present, a far more convenient alternative to PBMC assays is the
whole blood culture, prepared by diluting whole blood with culture media, exposing the
culture to the substance of interest, and then conducting immune assays. Indeed,
modifications of this technique in many laboratories allow for increased throughput. Here,
we investigated an in vitro rapid and sensitive human whole blood assay, combined with
flow cytometry for assessing the immune activation by P.gingivalis LPS on monocytes, NK

cells and ¥8 T cells and production of inflammatory mediators, IL-1f and PGE2.
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Materials and Methods

Subject selection

All subjects in good general health (free of any systemic diseases), with minimum of 20
teeth, were asked to participate in the study. There were 17 pairs of EOP patients and
healthy periodontal subjects (age and sex matched). Age range of both groups were 20-40
with mean age of 28. There were 5 males and 12 females in each group. Healthy
periodontal group had no or mild gingival inflammation and no history of periodontitis. The
EOP group were in maintenance care at the time of their blood donation and showed good
clinically healthy gingiva or other wise mild gingivitis on a reduced by stable periodontium.
The diseased group had history of EQP with the homogenous subform of severe
generalized periodontitis. With the past periodontal ilinesses, each patient revealed that at
least 30% of the sites were affected with at least 5mm clinical loss of attachment and
generalized loss of supporting alveolar bone were evident by periapical radiographs. These
patients had already received proper periodontal treatment (hygienic phase and /for
corrective phase) at periodontal clinic, Faculty of dentistry, Chulalongkorn University. All
participants denied having taken any antibiotic or anti-inflammatory drugs over the last 2

months. The entire study population consisted of Thais.

Porj monas_gingivalis LPS

Highly purified P.gingivalis LPS was a gift from Dr R.E. Schifferle (SUNY at Buffalo, Schoot of
Dentai Medicine, Department of Oral Biology, NY). LPS was isolated from the phenol-water
extract of P.gingvalis 381 as described by Schifferle et al. (1989) and separated from
polysaccharide by Sephacryl S-400 HR chromatography. To eliminate nucleic acid
contamination, the LPS preparation was treated with ribonuclease A (0.02mg/ml, 58 U/mg,
Sigma) and to eliminate protein and exogenous nuclease contamination, the LPS

preparation was treated with Pronase (0.05mg/ml, 45 U/mg, Calbiochem, San Diego, CA).
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Monoclonal antibodies
Manoclonal antibodies (mAbs) used are listed in table below.

MAbs Photochrome Populations Supplier

CD14 PE, PC5 Monocytes Becton-Dickinson (San Jose, CA)
CD56 FITC, PE NK cells Becton-Dickinson (San Jose, CA)
¥d TCR FITC, PE T cell subset Becton-Dickinson (San Jose, CA)
Ch40 FITC Co-stimulatory molecule | PharMingen {San Diego, CA)
cD8o FITC Co-stimulatory molecule | PharMingen (San Diego, CA)
CDs6 FITC Co-stimulatory malecule | PharMingen (San Diego, CA)
CcD69 FITC, PE Activation antigen PharMingen (San Diego, CA)
Mouse isotype control | FITC, PE - PharMingen (San Diego, CA)
Whole blood assay

10 ml heparinized peripheral blood was obtained from healthy periodontal subjects
(n=17) and EQP patients (n=17) (age and sexed matched). The heparinized whole blood
was diluted (1:1) with RPMI-1640 mediium containing 2mM L-glutamine, 1mM sodium
pyruvate, 80 ug/ml of gentamycin (Gibco Lab, Grand Island, NY). Diluted blood was
incubated with various concentration of P. gingivalis LPS (0, 1, 3, 10 ng/ml) in 24 wells plate
at 37 °C with 5% CO,. After 48 h culture, cells were collected for assessment of immune

activation by flow cytometry and the supernatants were also collected and stored at -80 °c

for further analysis of IL-1p and PGE2 production.

low m

Whole blood cells incubated with P. gingivalis LPS at various concentration {0, 1, 3,
10 ng/ml) were aliquoted and then stained for 30 min at room temperature (RT) with one of
six mAb combination : 1), mouse isotype control 2). anti-CD14 (PE) and anti-CD40 (FITC)
3). anti-CD14 (PE) and anti-CD80 (FITC) 4). anti-CD14 (PE) and anti-CD86 (FITC) 5). anti-
CD56 (PE) and anti-CD69 (FITC) 6). anti-yd-T cells (PE) and anti CD 69 (FITC)

The stained blood cells were treated with red blood cell lysing solution (FACS Lysing
Solution, Becton-Dickinson, San Jose, CA) for 10 min at RT in the dark. The cells were

washed in phosphate-buffered saline (PBS} and then reconstituted in1% paraformaldyhyde.
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For monocytes and NK, 1,000 cells were analyzed using four-color flow cytometry
{FACSCalibur, Becton-Dickinson, Mountain View, CA). CD14+, CD56+ cells and y8 T
cellswere gated as monocytes, NK cells and yd T cells , respectively, and then analyzed for
expression of CD40, CDB0, CD86 and CDG69. Results were expressed as either mean

fluorescence intensity (MF1) or percent positive cell.

Measurem L-1[} and PGE2 production
Supernatant levels of IL-1B and PGE2 were measured using commercially available ELISA

kits (R&D Systems, Minneapolis, MN). The sensitivity of IL-1p and PGE2 measurement were

1 and 36.2 pg/ml, respectively

Statistical Analysis
Data was analyzed using SigmaStat (Jandel Scientific, San Rafael, CA). The

Student’s paired t test was used for parametric data and the Mann-Whitney rank sum test

was used for non-parametric data. P values of 0.05 or less were considered significant.
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Results

1. Dose-response assessmemnt of P.gingivalis LPS-stimufated monocytes in whole blood
cufture.

Whole blood cuitures were stimulated with different concentrations of P.gingivalis LPS {0.32,

1.6, 8, 40, 200, 1,000 ng/ml) for 48 h.The expression of CD86 on monocytes were analyzed

by flow cytometry. From the results, the concentrations of P.gingivalis LPS at 1, 3, 10 ng/ml

were used throughout the experiments (Fig .1).

150

Control

LPS 032 ng/ml -
LPS 1.6 ng/ml

LPS 8 ng/m! -
LPS 40 ng/ml

LPS 200 ng/ml
LPS 1000 ng/m]

Fig.1 Dose-response assessment of P.gingivalis LPS-stimulated monocyltes in whole blood

cufture.

2. Comparison of whole blood and PBMC assays for assessment of P.gingivalis LPS -
induced celf activation.

Fig. 2 depicts a comparison of the whole blood versus the PBMC culture assays after
incubation with P.gingivalis-LPS {1, 3, 10 ng/ml) for 48h. Cells were analyzed for CD40,
CD86 expression on monocytes by flow cytometry. This figure shows a representative result
from two experiments. Up-regulation of CD40 and CD86 expression on monocytes in whole

blood assay was higher than PBVMC assay at all concentrations of P.gingivalis LPS used.

This data suggest that whole blood assay is more sensitive than PBMC assay.
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Fig.2 Comparison of whole blood and PBMC assays for assessment of P.gingivalis LPS -

induced cell activation.

3. EOF and healthy periodontal subject blood response affer incubation with P.gingivalis
LPS.

Whole blood assays using EOP and healthy periodontal subjects were incubated with
P.gingivalis LPS at 1, 3, 10 ng/ml for 48 h and then assessed for immune cell stimulation.
Each symbol represents an individual blood donor. Horizontal lines are means of MF) {mean
fluorescence intensity) (n=17. CD40, CD86 expression on monocytes, CD69 expression on
NK cells and ¥8 T cells in EOP patients was lower than healthy periodontal subjects but no
statistically differences was found. CD80 expression on monocytes was significantly lower at
all tested P.gingivalis LPS concentrations in the EOP group (*P<0.05, Student's paired +test)
(Fig. 3).
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Fig. 3 EOP and healthy periodontal subject blood response after incubation with

P.gingivalis LPS. Expression of co-stimulatory molecules (CD40, CD80 and CD86) on

monocytes, CD 69 on NK and vy T cells were measured by flow cytometry.
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After 48 hour incubation, culture supernatants were collected and analyzed for IL-1B and
PGE2 (n=17). No differences in IL-18 and PGEZ2 production was observed among EOP

patients and healthy controls (Fig. 4).
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Fig. 4 EOP and healthy periodontal subject blood response after incubation with
P.gingivalis LPS. IL-1B and PGE2 production was measured by ELISA.

Conclusion dis ion

Hyperresponsiveness of monocytes to bacterial LPS has been hypothesized by a
well known Offenbacher's group to be associated with the pathogenic of early-onset
periodontitis patients. Such hyper-responsiveness of monocytes in EOP is hypothesized to
be linked with genetic trait. This group reported that monocytes of EOP secreted high levels
of inflammatory mediators eg. IL-18 and PGE2 after stimulation with lipopolysaccharide.
Their hypothesis has been widely accepted and referred to because it is easy to
comprehend that high levels of inflammatory mediators would lead to periodontal tissue
destruction.

Based on Offenbacher's hypothesis, we would like to re-evaluate. The experimental
design in our study has been improved not only by taking blood from EOP patients in
maintenance phase which would reflect more of genetic trait but also using whole blood

assay which would represent physiological condition.
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Early reports including those from Offenbacher's obtained peripheral blood from
EOP for study while they were having active disease. We now know that during active
disease, immune cells appear to have certain abnormality changes eg. suppression of T
cells, B cells or antigen presenting cells. In order to test the hypothesis,
“hyperresponsiveness of monocytes as a genetic trait of EOP", taking blood during active
disease should be avoided, and thus in this study peripheral blood was taken for EQOP
patients during maintenance care.

Whole blood assay was used as a tool to compare and contrast the immune
stimulatory effects of P. gingivalis LPS on monocytes, NK, ¥8 T cells in peripheral blood
between EOP patients and healthy periodontal subjects. Early studies including those of
Offenbacher's used isolated PBMC or adherent monocytes. It is now known that the process
involved in PBMC or monocyte isolation (ficoll hypagque and centrifugation) is likely to pre-
activate the monocytes. Hence, the old methods are not suitable for the study of monocyte
activation as monitored by activation marker. We found that whole blood assays were
reliable and convenient and even more sensitive to measure the expression of co-
stimulatory molecules on monocytes as compared to PBMC assays for assessing P.
gingivalis LPS activation.

Our results disagree with Offenbacher's group. We found no difference between
EOP patients and healthy periodontal subjects in terms of a). IL-1p production b). PGE2
production ¢). CD40, CD86 expression on monocytes d). CDE9 expression on NK celis e).
CD69 expression on y& T cells. However, the significant difference between the two groups
was found on CD80 expression on monocytes. In conclusion we could not cbserve any
hyperresponsiveness of monocytes in EOP patients as monitored by co-stimulatory
molecule expression (except for CD80 expression) and inflammatory mediators production.
The differences between patients and healthy individual in disease expression are likely to
involve different players in immune system including T cells, B cells and antigen presenting
cells in response to pathogens and their products. The interaction between suspected
periodontal pathogens like P. gingivalis with immune cells in periodontal tissue should be
accounted for the pathogenesis and clinical significance which remain to be investigated.

Our munuscript is in preparation for submission fo intemational peer reviewed

Jjournal.
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ABSTRACT

T cells and their cytokines have been well recognized for their important role in
the pathogenesis of periodontitis. To date, the role of antigen presenting cells (APCs),
which are known to be critical for regulating T cell response, has been poorly investigated
in periodontitis. In this study we analyzed the expression of co-stimulatory molecules
(CD8G and CD86) and CD83, a marker of mature dendritic cells, on gingival cells
isolated from severe periodontitis tissues by flow cytometry. Significant up-regulation of
CD86 and CD83 expression were detected in periodontitis lesions and the majority of
them were observed on B cells. In vitro peripheral blood mononuclear cell cultures
showed that stimulation with different periodontopathic bacteria including
Porphyromonas  gingivalis, Actinobacillus actinomycetemcomitans , Prevotella
intermedia, and Actinomyces viscosus up-regulated both CD86 and CD83 expression on
B cells. Hence, the presence of plaque bacteria may be responsible for enhanced
expression on gingival B cells as seen in vivo. APC function by bacterial activated B cells
was further investigated using allogeneic mixed leukocyte reactions (MLR). After 24h
culture with either A. actinomycetemcomitans or P.gingivalis, these activated B cells
performed as potent APCs in MLR and stimulated T cells to produce high levels of
gamma Interferon (IFN-y) and minimal Interleukin-5. In conclusion, periodontopathic
bacterial induced B cell activation with up-regulation of CD86 and CD83 may associate
with enhanced APC function. Therefore, the results of this study put forward the role of
infiltrated gingival B cells as possible APCs in regulating and sustaining local T cell
response in periodontitis.

INTRODUCTION

Periodontitis lesions consist of large number of infiltrating cells such as T cells,
B cells and macrophages which are in an activated stage(l, 2). B cells are the majority in
advanced periodontal lesions associated with Gram negative periodontopathic bacteria
such as Porphyromonas gingivalis, Actinobacillus actinomycetemcomitans, Bacteroides
Jforsythus (3, 4). Polyclonal B cell activation induced by periodontopathic bacteria has
been cited as a possible underlying mechanism of this predominantly B cell lesion (5, 6).
Our recent study (7) has demonstrated an additional role of a cytokine IL-10, which has
been consistently reported at high levels in periodontitis lesions (8-10), in a significant
enhancement of B cell proliferative response when present together with P. gingivalis.
Although B celis contribute the majority of infiltrated immune cells in periodontitis
lesions, there is no study so far able to clarify their role in the pathogenesis of
periodontitis.

Major effort during the past decade has been focused on immunoregulatory role of
T cells which could be involved in the pathogenesis of periodontitis. Although the Th
subset response (Th1 vs Th2) at inflamed gingival tissues is still controversial (11), it is
widely accepted that imbalance of T cell response associated with high levels of cytokine
production gamma interferon' (IFN-y), IL-6, IL-10, and IL-13 underlies the pathogenesis
of periodontitis (8, 12-14). Initiation and maintenance of T cell response is critically
controlled by a process of antigen presentation (15). However, the study of antigen
presenting cells (APCs) in periodontal disease has been poorly explored. Langerhan's
cells, keratinocytes in oral epithelium as well as tissue macrophages have been largely
speculated to play role as local APCs (16-20). It is known that activation stage of APCs



associated with up-regulation of co-stimulatory molecule expression (CD40, CD80, and
CD86) is a key factor to trigger and maintain optimal T cell response (15, 21, 22). Thus,
the aim of the present study is to determine the expression of co-stimulatory molecules as
well as CD83, a marker of mature dendritic cells, so as to acquire a better understanding
of APCs which are obviously essential in regulating and sustaining local T cell responses
mn periodontitis lesions.

Our findings provide evidence that enhanced expression of CD86 and CD83 were
observed on infiltrated gingival B cells in periodontitis tissues. In vitro, periodontopathic
bacteria up-reguiated expression of CD86 and CD83 on B cells and enhanced their APC
function associated with predominant IFN-y and minimal IL-5 production in allogeneic
mixed leukocyte reactions (MLR). Therefore, these results suggest that periodontopathic
bacterial activated B cells could serve as possible APCs in periodontitis lesion.



MATERIALS AND METHODS

Medium and monoclonal antibodies

RPMI1640 supplemented with 2 mM L-glutamine, ImM sodium pyruvate, 80 p
g/ml of gentamycin (Gibco Laboratory, Grand Island, NY) and 10% heat inactivated
autologous serum was used throughout the study.

Monoclonal antibodies (mAbs) used in this experiment were either labeled with
fluorescein isothiocyanate (FITC) or with phycoerythrin (PE). mAbs against CD19
(FITC), CD14 (PE), and CD56 (PE) were obtained from Becton Dickinson (San Jose,
CA). MAbs against CD80 (PE), CD86 (PE) and mouse isotype control mAbs (FITC, PE)
were obtained from PharMingen (San Jose, CA). MAb against CD83 (PE) was obtained
from Coulter (Miami, FL).

Bacterial preparation

Sonicated extracts of Porphyromonas gingivalis FDC-381, Actinobacillus
actinomycetemcomitans Y4 (ATCC43718), Prevotella intermedia ATCC25261 and
Actinomyces viscosus (clincial isolates from the Department of  Microbiology,
Chulalongkorn University) were used. P.gingivalis and P. intermedia were cultured in
trypticase soy broth (Sigma Chemical Co., St. Louis, MO) and A. actinomycetemcomitans
were cultured in brian heart infusion broth at 37°C under anaerobic chamber (Forma
Scientific, San Jose, CA). A.viscosus were cultured in trypticase soy broth at 37°C in air.
The bacteria were harvested by centrifugation (Beckman Instruments, Irvine, CA) at 2060
g for 15 min, washed twice in phosphate-buffered saline (PBS) (Sigma Chemical Co.).
The purity was assessed by Gram staining and colony morphology on trypicase soy blood
agar (Sigma Chemical Co.) for P.gingivalis and P. intermedia, and frypticase soy agar for
A. actinomycetemcomitans and A.viscosus. The microorganisms were subjected to
sonication with high intensity ultrasonication (High Intensity Ultrasonic Processor,
microprocessor controlled 600-Watt Model, Sonic and Material Inc., Danbury, CT) at 4°
C for 20 min-elapsed time, with pulse on 2.5 s and pulse off 2 s. The sonicates were
examined microscopically for complete breakage of cells. Then, the protein concentration
of the organism was determined by using the Bio-Rad protein assay (Bio-Rad, Hercules,
CA), and the bacterial stock was aliquoted and stored at -20°C until use.

Gingival biopsies

Gingival tissue biopsies were collected from six patients with generalized severe
periodontitis at Dental Department, Siriraj Hospital, Bangkok. Each patient had no history
of periodontal treatment for the past 12 months. Most of their teeth showed at least 6mm
probing depth with gingival inflammation. Biopsies of gingival tissues attached to the
teeth with “hopeless” prognosis due to severe periodontitis were obtained. No other
dental diseases such as pulpal disease were involved. Their systemic health was good and
no antimicrobial drugs or anti-infl atory drugs were taken within the past 3 months.
The excised tissues were immediately placed in steriled tubes containing RPMI1640
medium, kept on ice and transferred to the laboratory within a few hours for gingival cell
extraction.



Gingival cell preparation

The method of obtaining single cell suspensions from gingival tissues was
modified from those described by Daly et al. (23) and Seymour et al. (24). Briefly, the
tissues were washed thoroughly in RPMI1640 medium and then they were cut into small
fragments (1-2 mm®). These fragments were incubated in RPMI1640 medium containing
2 mg/ml of collagenase (Sigma Chemical Co.). The ratio of medium+collagenase to
tissues was 1 ml:100 mg of tissue. After 90 min of incubation at 37°C, the residual tissue
fragments were disaggregated by gentle flushing with pipette several times until single
cell suspensions were obtained.

Peripheral blood mononuclear cell (PBMC) culture

Peripheral blood (50 ml) was obtained from healthy donors who presented with
either normal periodontal conditions or mild gingival inflammation, but no periodontitis.
PBMCs were isolated by Ficoll-Hypaque (Histopaque 1.677, Sigma Chemical Co.).

In a dose response experiment, PBMCs (3x10° cells/ml) were stimulated with
varying concentrations (0, 0.016, 0.4 and 10 pug/ml} of sonicated extracts of P.gingivalis,
A. actinomycetemcomitans, P.intermedia and A.viscosus for 24 h. Cells were then
harvested for further flow cytometric analysis.

In kinetic studies, PBMCs (3x10° cells/ml) were cultured with or without
sonicated extracts of P.gingivalis (10 pg/ml), or 4. actinomycetemcomitans (10 pg/ml).
The incubation periods were varied from 0, 3, 6, 12, 24 and 48 h. Cells were then
harvested for further flow cytometric analysis.

T cell and B cell preparation

T cells were enriched from PBMCs by E-rosetting with neuraminidase-treated
sheep red blood cells. T cell fractions were further punﬁed by flow cytometric removal of
CD56" cells (NK), CD14" cells (monocytes), and CD19" cells (B cells). B cells were
purified from PBMCs by flow cytometric sorting of CD19" cells. The purity of T cell and
B cell preparation were always >98% as reanalysis by flow cytometry.

Flow cytometry

Isolated gingival cell suspensions from periodontitis lesions were aliquoted in 100
pl (105 cells) volume and stained with 1 of 4 mAb combinations: 1) anti-CD19 (FITC) +
anti-CD80 (PE); 2) anti-CD19 (FITC) + anti-CD86 (PE); 3) anti-CD19 (FITC) + anti-
CD83 (PE); 4) anti-CD19 (FITC) + isotype control mAb (PE).

To determine the effect of periodontopathic bacteria on co-stimulatory molecule
expression of B cells. Periodontopathic bacterial stimulated PBMCs were aliquoted in
100 pl (10° cells) volume and stained with 1 of 3 mAbs combinations: 1) anti-CD19
(FITC) + anti-CD86 (PE); 2) anti-CD19 (FITC) + anti-CD83 (PE); 3) anti-CD19 (FITC)
+ isotype control mAb (PE). The stained cells in mononuclear cell gate were then
analysed using 2-color flow cytometry (FACScan, Becton Dickinson, Mountain View,
CA). Results were expressed as % double positive cells.



