UCSF

UC San Francisco Electronic Theses and Dissertations

Title
Effects of B. forsythus extracts on osteogenesis in vitro

Permalink
https://escholarship.org/uc/item/9zw646in

Author
Smith, Ravipan Ida

Publication Date
2001

Peer reviewed|Thesis/dissertation

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9zw646jn
https://escholarship.org
http://www.cdlib.org/

Effects of B. forsythus extracts on osteogenesis in vitro

by
Ravipan Ida Smith, D.D.S.

THESIS
Submitted in partial satisfaction of the requirements for the degree of
MASTER OF SCIENCE
in

Oral Biology

in the
GRADUATE DIVISION
of the

UNIVERSITY OF CALIFORNIA

San Francisco

University Librarian



Acknowledgements

I would like to thank:

00
L4

My parents for their encouragement and emotional support,

Dr. Charles Hoover for his patience throughout my project and for helping me
understand and appreciate the challenges of bacterial culture,

Dr. Peter Loomer for assisting me with the second part of my project and helping
me troubleshoot difficult experiments,

Dr. Gary Armitage for his thoroughness and his invaluable contribution to my
education in Periodontics,

and finally, my friends Dr. Ana Amaya and Dr. David Corradi who encouraged
me throughout my residency.

iii

L. aba

.



ABSTRACT

Effects of Bacteroides forsythus extracts on osteogenesis in vitro

Ravipan I. Smith, D.D.S.

Specific oral microorganisms have been implicated in the etiology and pathogenesis of
periodontal diseases. Bacteroides forsythus, an oral bacterium, is considered to be a
putative periodontal pathogen largely based on data showing its presence at diseased
sites. However, the effects of its products on cells of the periodontium are less known.
Therefore, this study was undertaken to evaluate the effects of extracts of B. forsythus on
osteogenesis in vitro. Cultures of B. forsythus were grown for 7 days under anaerobic
conditions and sonic extracts were prepared. Sonic extract concentrations of 0, 0.01, 0.1,
1, 10, 100 pg/ml media were subsequently added to confluent cultures of MG-63 cells
(human osteosarcoma cell line.) The effects of the bacterial extracts on osteogenesis
were evaluated at days 2, 4, 6 and 14 by measuring alkaline phosphatase (AP) activity
and mineral production (inorganic phosphate and calcium.) The results showed the
extracts stimulated bone formation at concentrations of 10 and 100 pg/ml. AP activity
increased 15-fold in 2-day cultures (p<0.001), 6-fold in 4-day cultures (p<0.001) and 2.7-
fold in 14 day cultures (p<0.001) in comparison to controls. Comparable results were
found for mineral content. Extracts from Porphyromonas gingivalis, another putative
periodontal pathogen, caused similar increases in osteogenic activity of MG-63 cells.
While previous studies have shown that extracts of these microorganisms inhibit bone
formation in other in vitro culture systems, these results show they may also play a role in
stimulating bone formation. This suggests that these bacteria exhibit both inhibitory and
stimulatory effects on bone formation and thus may play a role in bone remodeling in

periodontal diseases.
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INTRODUCTION

L. PERIODONTAL DISEASE AND ASSOCIATED MICROORGANISMS
Periodontal disease is seen in systemically healthy patients but can also be
associated with systemic diseases in both children and adults.""? In both circumstances,

the primary etiology in disease is microbial plaque. Several microorganisms have been
implicated in periodontal disease. Some oral microorganisms are considered etiologic
agents, while most others have been shown to be moderately associated with disease
progression. Socransky and co-workers® categorized microorganisms based on the
presence of complexes or “communities” of such oral microorganisms. The “red
complex”, or the complex most strongly associated with disease, include Porphyromonas
gingivalis, Bacteroides forsythus, and Treponema denticola.

Aggressive periodontitis is the new nomenclature for periodontal diseases
formerly called localized and generalized juvenile periodontitis.* Certain oral bacteria
have been associated with aggressive periodontitis. Microorganisms including
Eubacterium nodatum, Eubacterium timidum, Campylobacter recta, and T. denticola
have been isolated from diseased sites in aggressive periodontitis patients.” Aggressive
periodontitis patients have been shown to harbor Actinobacillus actinomycetemcomitans,
Capnocytophaga sputigena, Eikenella corrodens, Prevotella intermedia and P.
gingivalis.® Van Steenbergen and co-workers’, found that 4. actinomycetemcomitans, P.
gingivalis, P. intermedia and C. rectus were strongly associated with generalized
aggressive periodontitis. The presence of P. gingivalis, Fusobacterium nucleatum,

Streptococcus intermedia and B. forsythus was demonstrated in another study by Kamma



and co-workers.® Zambon and co-workers’ found that a leukotoxic strain of 4.
actinomycetemcomitans was highly associated with localized aggressive periodontitis.
Thus, these studies demonstrate that aggressive periodontal disease is the result of
presence of several periodontopathogens.

Patients with chronic periodontitis have also been shown to harbor certain sets of
microorganisms.'® Epidemiological studies have been done demonstrating the presence
of putative pathogens in patients with disease progression, while a substantially decreased
number of pathogens were seen in disease-free patients.'"'? P. gingivalis was found to
be highly prevalent in not only chronic periodontitis patients, but also in patients with
aggressive periodontitis.'>'* B. forsythus has been isolated from subgingival plaque of
patients with periodontal disease and from patients with no breakdown.'® These studies
demonstrate that although certain microorganisms are predominant in various forms of
periodontal diseases, they are not pathognomonic for disease.

Prevalence of B. forsythus, P. gingivalis and C. ochracea. The
prevalence of B. forsythus in diseased sites and the effects of antimicrobial therapy on
eradication of B. forsythus have been studied. Several studies have found an increased
prevalence of B. forsythus in diseased sites versus healthy sites. B. forsythus and P.
gingivalis have been shown in several studies to be present at high levels in periodontally
diseased sites, with B. forsythus typically appearing in diseased sites with advanced
destruction. Christersson and co-workers'® found that the likelihood that B. forsythus was
present was 14 times greater and for P. gingivalis 6.3 times if pocket depths were greater
than Smm. Kamma and co-workers® examined the microflora of slight, moderate and

severe periodontal lesions in young adults with aggressive periodontitis. In sites with



greater loss of attachment, there was a higher prevalence of B. forsythus and P.
gingivalis. The implications of this are unclear. B. forsythus could be more virulent than
P. gingivalis and thus it is more closely associated with advanced destruction. B.
forsythus may be less virulent and colonize the lesion following initial destruction caused
by P. gingivalis and other microbes, or the combination of P. gingivalis and B. forsythus
may be more destructive than either individually.

Christersson and co-workers'® demonstrated that B. forsythus was present in 44-
54% of sites in diseased patients. After conventional periodontal treatment with and
without adjunctive antibiotic therapy, decreases in B. forsythus and P. gingivalis levels
were demonstrated. Winkel and co-workers'” '® found that B. forsythus and P. gingivalis
were suppressed to below detectable levels after treatment with metronidazole and
amoxicillin. Umeda and co-workers'®, found that B. forsythus and P. gingivalis, which
were predominant in the acute phase of periodontitis, decreased significantly after
application of minocycline gel without any debridement. These studies demonstrate that
conventional treatment with adjunctive antibiotic therapy can reduce colonization by
periodontopathogens to below detection levels. Other studies have shown that without
treatment, sites harboring these periodontopathogens were more likely to have continued
breakdown.

The majority of other oral microorganisms are less strongly associated with
periodontal disease, including C. ochracea. Studies have been done investigating the
prevalence of C. ochracea in diseased sites with varying results. A study of a family with
a high prevalence of aggressive periodontitis was done by analyzing and comparing the

subgingival flora in members of the family. C. ochracea was isolated in both an affected



and unaffected child at 2.5% of total isolates.?’ Haffajee and co-workers?' found that
94% of subjects with and without periodontal destruction harbored C. ochracea. From
these studies, the prevalence of C. ochracea varies greatly and appears to be present in

both diseased and non-diseased sites.

II. PATHOGENIC POTENTIAL OF PERIODONTAL PATHOGENS

Only certain microorganisms are successful at colonizing the oral cavity. In order
to colonize the oral cavity, bacteria must be able to withstand being flushed away by
saliva. Components of saliva that protect the host from bacterial and viral invasion
include IgA, lysozyme, lactoferrin, histatins and B-defensins. The immunoglobulin IgA
is found in saliva and its main function is to protect mucous membranes from bacterial
and viral invasion. IgA binds to the surface of the microorganism and inhibits their
ability to adhere to oral tissues making them more susceptible to phagocytosis.??

Microorganisms such as P. gingivalis and T. denticola can produce proteases that
destroy IgA when it attempts to bind the microorganism.”>?* Lysozyme also found in
saliva can dissolve some bacterial cell walls.?? Lactoferrin binds iron which
microorganisms need in order to thrive. Other bactericidal proteins such as B-defensin
and histatins also play a role in host protection. Oral microorganisms can minimize
contact with these host-defense proteins by colonizing areas that are protected from
salivary flow.

In addition, many bacteria possess fimbrae, which allow adherence to surfaces in
the oral cavity. Some bacterial surface polysaccharides mimic host polysaccharides and

thus are not recognized as foreign and allow the organism to evade phagocytosis.



Microorganisms such as C. rectus and A. actinomycetemcomitans also contain
leukotoxin, which can kill neutrophils. If the host is successful at phagocytizing and
killing the microorganisms, lipopolysaccharides which are endotoxins found in gram-
negative cell walls, are extremely potent stimulators of the immune system and bone
resorption. Many periodontopathogens are gram-negative and thrive in anaerobic
conditions. Colonization occurs in subgingival environments that allow undisturbed
growth due to protection from the flushing actions of saliva, antibacterial salivary
components, and mechanical removal from brushing or flossing.

Periodontopathogens possess virulence factors and are often able to evade host
defense systems and cause breakdown of periodontal tissues. Loomer and co-workers?*
demonstrated that sonicated extracts of P. gingivalis, P. intermedia and A.
actinomycetemcomitans caused decreased alkaline phosphatase activity and consequently
decreased bone formation in a chick periosteal model compared to controls. This
suggests that cellular components of these periodontopathogens are capable of inducing
bone resorption in vivo. Morimoto and co-workers> demonstrated that proteinaceous
factors in A. actinomycetemcomitans induced apoptosis (cell death) in the MG-63 human
osteosarcoma cell line, suggesting its role in periodontal breakdown. Gadhavi and co-
workers”® also found that A. actinomycetemcomitans directly inhibited mitosis in the MG-
63 cell line. Thus, by possessing such virulence factors, these periodontopathogens can
not only thrive because of host factor evasion, but can mediate tissue breakdown allowing
for more growth as tissues move apically during the progression of periodontitis.

Putative pathogens are present in diseased as well as healthy sites, however,

virulent strains need to be present in order for disease to occur. Several studies have been



done to investigate potential virulence factors of P. gingivalis and A.
actinomycetemcomitans. Zambon and co-workers’’ identified five serotypes of 4.
actinomycetemcomitans and found that serotype b was most frequently associated with
aggressive periodontitis. Han and co-workers?® identified 12 additional genomic clonal
types of A. actinomycetemcomitans, but no association with disease was mentioned.
Baker? compared three strains of wild-type P. gingivalis and one mutant strain lacking
fimbrillin. Only one of the three wild-type strains did not induce bone loss in mice. Due
to its fastidious nature, however, no studies have been done on B. forsythus and the

number of virulent strains that exist.

III. MECHANISM OF BONE LOSS IN PERIODONTAL DISEASE

Osseous tissues continuously remodel by resorption then deposition of bone. The
mechanism behind physiologic bone remodeling as described by Baker?, is that the
process is controlled primarily by osteoblasts. Parathyroid hormone, 1, 25-
dihydroxyvitamin D3 and prostaglandin E;, promote resorption and cause osteoblasts to
upregulate the expression of a cell surface molecule that is an osteoclast differentiation
inducing factor. These cell surface molecules bind to a receptor on osteoclast-precursor
cells, which causes formation of multinucleated osteoclasts, and the resorptive process is
initiated. In health, a resorptive phase of ten days is typically followed by a longer
formative phase of several months. In disease, components of the bacterial cell are
released into the subgingival environment and immune cells such as T-cells release

proinflammatory cytokines such as interleukin-1f and prostaglandin E,, which are potent



stimulators of bone resorption. In a cascade of events, collagenase released by fibroblasts
and activated osteoclasts cause tissue breakdown and a net resorption of bone.

In periodontal disease, products of periodontopathogens stimulate bone
resorption. The bone lining the socket wall is first to be resorbed. The resorptive
patterns follow the course of vascular structures, allowing bacterial products and
cytokines from immune cells in gingival connective tissue to penetrate the bone*®. The
cortical plate is porous allowing vessels to pass through from the connective tissue.

Thus, bone is also resorbed from the crest apically as well as from the periodontal
ligament laterally. As alveolar bone adjacent to the periodontal ligament space is lost, the
periodontal ligament attached to the root is also lost. This continued loss of support
continues to occur until minimal or no support remains and tooth loss ultimately results.

Putative pathogens such as P. gingivalis and A. actinomycetemcomitans have been
shown to cause bone resorption in vitro and in animal models. Iino and Hopps®'
demonstrated that lipopolysaccharides (LPS) from A. actinomycetemcomitans, P.
gingivalis and C. ochracea induced bone resorption. P. gingivalis extracts, including
proteinaceous as well as non-proteinaceous products such as LPS, caused inhibition of
osteogenesis in a 17-day old chick periosteum osteogenesis model system.”* 32 This was
demonstrated by decreased alkaline phosphatase activity when the osteoblasts were
treated with extracts of P. gingivalis. When these osteoblasts were exposed to the
bacterial extracts from day O to day 2, alkaline phosphatase activity, calcium levels and
amount of collagen was less than controls. This study suggests that once inhibition of
osteogenic activity occurred, the formation of bony tissue was less than with osteoblasts

that were not exposed to bacterial extracts during this period.



IV. BIOLOGY OF BACTEROIDES FORSYTHUS

A. Morphology. Bacteroides forsythus is a fastidious, anaerobic Gram-negative
bacterium. It was initially isolated from advanced periodontal lesions and was found to
be non-motile and fusiform in morphology.”> Other morphological characteristics of B.
forsythus include a filamentous form with a diameter of approximately 0.5 um, and some
have central swellings that can have diameters of up to 3 um. The cell length can vary
between 1 and 30 um. The cell wall consists of an outer membrane, a distinctive external
layer and the outermost cell wall which appear as dome-like subunits. The peptidoglycan
layer between the inner and outer cell membranes seen in other Bacteroides species is not
distinct in B. forsythus. This may be a consequence of their requirement for N-

acetylmuramic acid, which is a precursor or component of peptidoglycan.

B. Growth characteristics. Growth of B. forsythus requires anaerobic conditions
at 37°C. Whole blood and other nutrient supplements such as N-acetylmuramic acid and
yeast extract are part of the culture media to ensure growth.>* Colonies are usually not
visible until 5-7 days.***® Growth in broth can be accomplished with trypticase soy
broth or mycoplasma broth supplemented with the above nutrients, as well as hemin,
menadione and dithiotreitol. B. forsythus strains can be identified in culture by positive
API ZYM tests for trypsin-like protease and B-galactosidase activity. They are also N-

benzoyl-DL-arginine naphthylamide (BANA) and CBZ-Arg-Arg-AFC positive.3 337

C. Isolation of B. forsythus. In the study identifying B. forsythus as a separate

species, DNA from 12 strains of B. forsythus showed approximately 75% homology to



one another.’®> These strains possessed minimal to no homology with DNA of other
Bacteroides species, including Prevotella and Porphyromonas species, which indicated
that B. forsythus was a single and separate species. Culturing B. forsythus is difficult due
to its fastidious nature, and if conditions are not optimal, little or no growth will occur.
This is problematic when trying to isolate B. forsythus from periodontal pockets, as
cultures of the subgingival flora may falsely show absence of B. forsythus.

Studies on detection of B. forsythus with various molecular biological techniques
have been developed. Several groups of researchers have used rapid PCR methods to
identify B. forsythus.>®**3° Using PCR methods they were able to identify B. forsythus
in 89% of the cases, whereas culturing only identified it in 38% of the cases.’® Thus, this
method has better sensitivity than conventional culturing. Umeda and co-workers'®
compared the accuracy of detecting periodontopathic bacteria from whole saliva versus
periodontal pocket samples using PCR. In order to detect B. forsythus with good
accuracy, the authors stated that both whole saliva and periodontal pocket samples might

be required.

D. Clinical effects of B. forsythus. B. forsythus has not been linked to any
particular form of periodontitis, but its prevalence in sites with periodontal breakdown
has been demonstrated.® Studies of subgingival plaque composition have shown that, like
other putative periodontal pathogens, B. forsythus is present in significantly higher
concentrations in cases of severe periodontitis when compared with cases where no
periodontal disease exists.*’ In their review of microbial agents in destructive periodontal

diseases, Haffajee and Socransky'® concluded that P. gingivalis, T. denticola and B.



Jorsythus are etiologic agents. Altered host response may play a role, and the presence of
one or more periodontopathogen together may have a synergistic effect on periodontal
breakdown.

In both animal and human studies, the presence of B. forsythus has been
associated with enhanced tissue breakdown. In a study by Takemoto and co-workers**
infection with B. forsythus, P. gingivalis and F. nucleatum, alone or combinations of B.

Sforsythus with the other two microorganisms were analyzed. Rabbits were inoculated
subperitoneally. Inoculation with just one pathogen did not result in abscess formation
after 7 days. However, co-inoculation with B. forsythus and P. gingivalis resulted in
abscess formation in 100% of the animals, whereas only 75% of the animals co-
inoculated with B. forsythus and F. nucleatum had abscess formation. In this model, B.
forsythus acted synergistically with other pathogens to induce tissue breakdown. This
reinforces the idea that periodontal diseases are not caused by the presence of a single
pathogen and how the presence of more than one periodontopathogen may be a critical
factor in tissue breakdown.

Grossi and co-workers,*""** found that patients were 2.45-2.52 times more likely
to have bone loss if B. forsythus was present than in patients who did not harbor the
pathogen. In another study, patients were 5.3 times more likely to have attachment loss if
B. forsythus was present at five consecutive visits.** In an analysis of bacterial levels
after various modalities of treatment, Cugini and co-workers* looked at clinical and
microbiologic effects of scaling and root planing after 12 months. All clinical parameters
improved, and levels of P. gingivalis and B. forsythus decreased significantly at 12

months after therapy. These studies indicate that high levels of periodontopathogens are
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present with clinical signs of disease, and with treatment, clinical signs of disease may
resolve and colonization by periodontopathogens can be reduced to below detectable
levels.

When periodontopathogens are present, confounding factors such as smoking may
increase the potential for further periodontal breakdown. Patients with a history of
smoking have been shown to be more susceptible to periodontal breakdown. Kazor and
co-workers® investigated the prevalence of BANA-hydrolyzing pathogens (including B.
forsythus) in smokers and found that plaque samples from non-bleeding sites in smokers
were 11 times more likely to have a positive BANA reaction than plaque samples from
non-smokers. The authors suggest that smoking may increase the presence of BANA-
positive periodontopathogens. The risk for periodontal disease was 2.3 times more likely
if B. forsythus was detected in smokers, compared with non-smokers or former

smokers.*

E. Effects of antimicrobial therapy on B. forsythus. Administration of various
antibiotics has been shown to be effective in treating patients with aggressive
periodontitis. A regimen of metronidazole and amoxicillin given as adjuncts to
conventional therapy for subjects with aggressive periodontitis resulted in 4.
actinomycetemcomitans being reduced to below detectable levels by culture. This
regimen has been recommended for treatment in patients who harbor
periodontopathogens such as B. forsythus.47 Winkel and co-workers'” investigated the

effects of metronidazole with subgingival debridement in “refractory” patients who were

11



B. forsythus-positive and 4. actinomycetemcomitans-negative. B. forsythus was
suppressed below detection levels in 17 out of 27 patients six months post-treatment.
Feres and co-workers*® did similar studies using systemic doxycycline as an
adjunct to root planing. Doxycycline (100mg) daily for 14 days did not significantly alter
levels of B. forsythus, P. gingivalis or T. denticola at any time point up to 90 days post-
treatment when compared with root planing alone. Wong and co-workers* investigated
the effects of scaling and root planing in conjunction with tetracycline fibers at sites of
recurrent periodontitis. Although levels of all organisms decreased, there was no
significant difference between groups treated with and without tetracycline. Since local
antimicrobial therapy has not completely eradicated these periodontopathogens, the
benefits of local antimicrobial therapy as an adjunct to mechanical therapy may be

limited.

F. Virulence factors. Perhaps because of its fastidious nature, few studies have
thus far investigated the mechanisms by which B. forsythus contributes to periodontal
disease. A B. forsythus cell-surface protein containing a leucine-rich repeat motif
encoded by the gene bspA has been found to mediate adhesion to extracellular matrix
components. Recombinant bspA binds strongly to fibronectin and fibrinogen, and in
adult subjects from whom B. forsythus was isolated, expression of antibodies to bspA
protein was observed.”® This cell-surface protein may play a role in disease progression
by mediating an inflammatory response, which may lead to tissue breakdown.

It is possible that certain cellular components that have been preserved in several

bacterial species contribute to the initiation of disease. Animals immunized with killed

12



P. gingivalis produced antibodies to P. gingivalis that cross-reacted with B. forsythus,
thus demonstrating that both pathogens possess similar antigens.’' This study suggests
that B. forsythus is able to induce immunologic responses similar to P. gingivalis.

Trypsin-like protease activity has been demonstrated in T. denticola, P. gingivalis
and B. forsythus.”> These proteases have been shown to activate PMN and fibroblast
collagenases. Thus, tissue breakdown occurs as a result of endogenous collagenase
production. In an investigation of the adherence of four laboratory strains and twelve
clinical isolates of B. forsythus to host cells, it was found that only ATCC strain 43037
strongly adhered to neutrophils (PMN).>> Adherence to such immune cells was
weakened by the presence of L-histidine and L-arginine, and was enhanced by trypsin
treatment of PMNs. There was also evidence of adherence to fibroblasts. This study
provided additional evidence that B. forsythus can bind to host cells, and may impair the
ability of PMNs to phagocytize microorganisms which may ultimately lead to cellular
damage and tissue breakdown.

Periodontopathogens have been shown to interact with other microorganisms and
may depend on this commensal relationship for survival. Yao and co-workers™
investigated interspecies binding amongst 7. denticola, P. gingivalis and B. forsythus
with commensal organisms such as Streptococcus crista. It was found that P. gingivalis
and B. forsythus had a protein-protein interaction, which was eliminated in the presence
of serum. There was no interaction observed between T. denticola and the other
periodontopathogens, however, similar interactions were observed between T. denticola
and S. crista. This study helps explain how periodontopathic bacteria become established

in the oral environment through interaction with other non-pathogenic species.
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V. PURPOSE OF STUDY.

The most significant clinical aspect of periodontal disease is bone loss. The
purpose of this study was to determine if extracts of B. forsythus affect bone formation
processes in vitro. To investigate this, we studied the effects of sonicated B. forsythus
extracts on osteogenesis using MG-63 human osteosarcoma cells. The following
experiments were performed: (1) extracts of B. forsythus were obtained by sonication, (2)
cultures of MG-63 cells with varying concentrations extracts of B. forsythus, P. gingivalis
(as a positive control) or C. ochracea (as a negative control), and (3) the effects on
osteogenic activity were determined using biochemical assays for acid phosphatase,
alkaline phosphatase activity, calcium, inorganic phosphate, and protein in order to

normalize other assay values to allow comparison between experiments.

V1. HYPOTHESIS.

Endogenous factors or enzymes released by B. forsythus act as destructive factors
that inhibit osteogenesis by osteoblastic cells. The goal of this study was to gain a better
understanding of the mechanisms of bone remodeling during periodontal breakdown.
Further investigation of specific cellular components which affect osteogenesis may

improve therapies directed at the treatment of periodontal disease.
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MATERIALS AND METHODS

I. BACTERIAL CULTURE AND CONDITIONS. (See Appendix A) B.
forsythus (ATCC 43037) was grown on laked rabbit blood-brucella (LRBB) agar plates
supplemented with N-acetylmuramic acid and Isovitalex®. P. gingivalis (ATCC 33277)
and C. ochracea (ATCC 27872) were grown on LRBB agar plates, without
supplementation. All three strains were obtained from frozen stock cultures maintained
by C. Hoover (University of California, San Francisco). After sufficient growth was
achieved on culture plates, bacterial innocula were grown in tripticase soy broth for sonic
extraction. All cultures were grown anaerobically at 37°C for 7 days. Purity of the broth
cultures was determined by darkfield microscopy and subculture on LRBB agar plates

prior to obtaining sonicated bacterial extracts.

II. PREPARATION OF BACTERIAL EXTRACTS. Bacteria were harvested
from the broth (50ml) by centrifugation (8,000xg, 4°C, 10 minutes). The pellet was then
resuspended with phosphate buffered solution (PBS, 25ml, pH 7.4) containing 0.01%
dithiotreitol and centrifuged again as above. This step was repeated. The pellet was then
resuspended with cMEM without nucleosides (2ml), and sonicated for a total of 5
minutes (10x30sec bursts, see Appendix B). The sonicated sample was analyzed under
darkfield microscopy to ensure that most (>95%) of the cells had been lysed. The
resultant suspension was then centrifuged (22,500xg, 4°C, 10 minutes). The supernatant

was filter-sterilized (0.02um pore size), aliquoted and stored at -70°C until use. Crude
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protein concentration was determined for each of the sonicated bacterial extracts using

the Bio-Rad protein assay (see Appendix C).

III. OSTEOBLASTIC CELL LINE. MG-63 osteosarcoma cells (ATCC #CRL-
1427) were obtained from P. Johnson (University of California, San Francisco). MG-63
cells from frozen stock were incubated for 7 days, at 37°C in a humidified atmosphere
containing 5% CO;, in aMEM without nucleosides supplemented with 15% fetal calf
serum (see appendix B). Co-cultures of MG-63 osteosarcoma cell lines and bacterial
extracts were then placed in 24-well subculture plates. Four wells served as controls and
were uninoculated and the other wells were inoculated with increasing concentrations of
bacterial extracts obtained from B. forsythus, P. gingivalis and C. ochracea. The
concentrations used for each bacterial sonicate extract were 0.01, 0.1, 1, 10, and 100
mg/ml. Experiments for each of the bacterial sonicate extracts were conducted for two
weeks and media change was done every two days. Additional experiments were done

with sonicate extracts of B. forsythus which were stopped at days 2, 4, and 6.

IV. BIOCHEMICAL ANALYSIS. All cultures were subjected to biochemical
analysis to determine the effects of B. forsythus, P. gingivalis and C. ochracea extracts on
osteogenesis. The following assays were performed: 1) alkaline phosphatase and acid
phosphatase activity as a measure of mineralization and cell turnover, 2) calcium and
phosphate accumulation as a measure of mineralization, and 3) protein production as an
indicator of cell viability and to normalize other values to allow comparison of

measurements between experiments (see Appendix C). Upon completion of an
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experiment, the MG-63 osteosarcoma cells were lifted from the wells using a cell scraper,
PBS (1ml) was added to each well and the resultant suspension was removed and then
sonicated (30 seconds). The homogenate was centrifuged (22,500xg, 10 minutes, 4°C).
The supernatant was used for protein, acid phosphatase and alkaline phosphatase assays.
HCI1 (0.5N) was added to the pellet, stored overnight, and the resultant supernatant was

used for the calcium and inorganic phosphate assays.

V. STATISTICAL ANALYSIS. Each experiment was repeated a minimum of
three times and there were four wells for each extract concentration per experiment.
Values from each set of measurements were used to calculate a mean and standard
deviation for each experimental group as described above. Significance at the P<0.05
level was ascertained using one-way ANOVA between groups. Paired t-test assuming
unequal variances was used to determine significance between controls and each group

within each experiment.
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RESULTS

Protein concentration of each sonicated bacterial extract were determined using
the Bio-Rad protein assay. The amount of protein in sonicated extracts of B. forsythus, P.
gingivalis and C. ochracea was 1.66 mg/ml, 3.35 mg/ml and 9.5 mg/ml respectively. The
effects of sonicated B. forsythus extracts on the MG-63 cell line were evaluated at days 2,
4, 6 and 14, and effects of sonicated P. gingivalis and C. ochracea extracts on MG-63
cells were evaluated at day 14. Tables 1-18 present results of normalized values for the
three experiments for each of the sonicated bacterial extracts at two weeks as well as
effects of B. forsythus sonicate extracts on MG-63 cells at days 2, 4 and 6. Graphs 1-15
represent means of each experimental group for each assay, and Graphs 16-18 represent
effects of B. forsythus on protein, alkaline phosphatase and acid phosphatase levels at
days 2, 4, and 6.

B. forsythus extracts did not appear to have any significant dose-dependent effects
on protein concentration (Graph 1) of MG-63 cells (p>0.05). Although a slight decrease
in protein concentration was observed at higher extract concentrations, significance at the
p=0.05 level was approached in only one of three trials (Table 1). Significant increases
in alkaline phosphatase activity were noted at extract concentration of 100 pg/ml
(p<0.05) for all three experiments (Table 2), which is also reflected in Graph 2, which
represents mean values of all three experiments. Calcium and inorganic phosphate
production also increased significantly at extract concentrations of 10 and 100 pg/ml
(p<0.05) for all three experiments (Tables 4 and 5). Graph 4 demonstrates that calcium

levels rose by 200-fold at 100pg/ml, whereas in Graph 5 phosphate levels rose by 9-fold
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at 100ug/ml extract concentration. A dose-dependent decrease in acid phosphatase
activity was seen in all three experiments (Table and Graph 3), which was significant at
higher extract concentrations (p<0.05). Thus, B. forsythus sonicate extracts were not
toxic to MG-63 cells and stimulated mineral deposition at high extract concentrations.
Due to the discrepancy in proportions of calcium and inorganic phosphate and the low
values of calcium at lower extract concentrations, it seemed that the calcium assay was
not sensitive enough at low extract concentrations.

B. forsythus sonicate extracts (1, 10, and 100pg/ml) on days 2, 4 and 6, caused a
significant dose-dependent decrease on protein concentration in MG-63 cells (Tables16-
18 and Graphs 16-18), and the protein concentration did not change appreciably from day
2 to day 6. Alkaline phosphatase activity consistently increased with increasing sonicate
extract concentrations (p<0.05). A significant increase in alkaline phosphatase activity
was seen at 100ug/ml sonicate extract, and decreased from 14-fold over controls at day 2,
4-fold at day 4, to 6-fold by day 6. Acid phosphatase activity increased with increasing
sonicate extract concentrations on days 2, 4 and 6, with the highest increase occurring on
day 6 (Table 18), reaching six-times the control value at sonicate extract concentration of
100pug/ml. Although no apparent effects on protein concentration were observed after
day 2, the sharp increase in alkaline phosphatase activity gradually decreased while acid
phosphatase levels increased.

P. gingivalis sonicated extracts had dose-dependent effects in only one
experiment and no trends were seen in the other two trials (Table 6). Graph 6
demonstrates a slight overall decrease in protein concentration with increasing extract

concentration. A significant dose-dependent decrease in alkaline phosphatase activity
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was seen in all experiments as shown in Table 7 (p<0.05). Experiment 2 had two “zero”
values which could be due to operator error during assays. The dose-dependent decrease
in alkaline phosphatase activity is apparent in Graph 7. In assaying acid phosphatase
activity, significant differences between controls and sonicated extracts were
demonstrated only in experiment 1 (Table 8), but no dose-dependent trend was observed.
Graph 8 demonstrates that no dose-dependent trend can be observed. A significant dose-
dependent increase in calcium and phosphate production was seen at concentrations of
0.1, 1 and 10pg/ml ([p<0.05] Tables 9 and 10). In addition, a significant increase in
calcium and phosphate at 10 pg/ml extract concentration was seen in all experiments.
Zero values in experiments 1 and 2 of Table 9 indicate possible operator error during
assays or that the assay is not sensitive enough to detect low calcium levels and were not
included in statistical analysis. Graphs 9 and 10 demonstrate the mean increase in
mineral deposition for both calcium and phosphate. Thus, in spite of a dose-dependent
decrease in alkaline phosphatase activity, there was a net increase in mineral deposition.
C. ochracea sonicate extracts had significant effects (p<0.05) on protein
concentrations in MG-63 cells, however, no trends were noted (Table 11). Graph 11
demonstrates that the mean protein concentrations decrease initially and rise again at
higher extract concentrations. No specific trends were noted in any of the experiments
for alkaline phosphatase activity and there were large variations between values within
each extract concentration (Table 12). Significant differences between controls and
higher concentrations were seen in experiment 2 and 3. Graph 12 shows no consistent
trend with alkaline phosphatase activity. Acid phosphatase activity increased and then

decreased at higher extract concentrations in all three experiments (Table 13).
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Significant differences between controls and middle values of extract concentration were
observed in all experiments. This is also reflected in Graph 13. Similar increases and
decreases were seen in calcium and phosphate production (Tables 14,15 and Graphs 14
and 15), with significance occurring between control groups and middle extract
concentrations in all three experiments for both assays. Although C. ochracea extracts
had an effect on enzyme activity and mineral deposition, no discernable trend could be

observed.
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Table 1. Sonicated B. forsythus extracts on protein content at two weeks (pug/ml).
(C=control, no bacterial sonicate added)

¢ 0.01 0.1 1 10 100
Expl |1+0.09 0.99+0.09 [0.89+0.05 [1.08+0.19 1[0.99+0.09 1[0.97+0.10
Exp2 |1+0.02 0.95+0.07 1.04+0.07 [1.02+0.05 [1.09+0.10  [0.92 + 0.08
Exp3 |1+0.07 091+020 [0.88+0.14 [0.85+0.13 *|0.88+0.09 * |0.87 +0.09 *
|Group
mean +
SD 1+0.06 0.95+0.14 [0.94+0.09 [0.98+0.12 [0.99+0.09 [0.92+0.09

Graph 1. Effects of sonicated B. forsythus extracts on protein concentration at two

weeks.
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Table 2. B. forsythus extracts on alkaline phosphatase activity at two weeks (pug/ml).
(C=control, no bacterial sonicate added)

C 0.01 0.1 1 10 100
[Exp1 J1+0.117 091 £0.12 [1.10£0.17 [0.77+ 0.18*[{0.82+0.17* [2.31+ 023 *
Exp2 |1 £0.133 0.89+0.14 |1.11+0.10 0.60+0.22* [037+0.13* [249+0.23 *
Exp3 |1 £0.466 120+0.74 [1.24+0.22 037+£023* 10.38+0.04 *[324+1.05*
Group

mean +

SD 110.24 1+0.33 1.15+0.16 0.58+0.21 * {0.52+0.11* [2.68+0.50 *

Graph 2. Effects of sonicated B. forsythus extracts on alkaline phosphatase activity at
two weeks.
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Table 3. B. forsythus extracts on acid phosphatase activity at two weeks (pug/ml).
(C=control, no bacterial sonicate added)

C 0.01 0.1 1 10 100
Expl |1+0.11 0.99+0.12 [1.06+0.13 [0.79+0.11 * [0.81 +0.09 * [0.70 +0.09 *
Exp2 |1+0.12 0.99+0.14 0.92+0.16 [0.86+0.13 [0.77+0.11* |0.78 £0.1 *
Exp3 [1+0.06 1.13+0.25 [0.94+0.14 [093+0.16 [0.89+0.35 [0.91+0.08*
|Group
mean +
SD 1+0.10 1.04+0.17 1097+0.14 |0.86+0.13 |0.82+0.18* [0.79+0.09 *

Graph 3. Effects of sonicated B. forsythus extracts on acid phosphatase activity at two

weeks.
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Table 4. B. forsythus extracts on total calcium production at two weeks (mmol/L).
(C=control, no bacterial sonicate added)

C 0.01 0.1 1 10 100
Expl |1£0.88 1.34+1.55 [2.68+0.70* (1.79+1.46 (39.2]1 £5.42 *|356.7t41.53*
Exp2 |1£0.77 0.87+0.66 [0.80+0.31 (0.49+0.23 [10.43+1.42%|53.2+17.29*
roup
mean +
SD 1+£0.83 1.11 £01.11 [1.74+£0.51 |1.14+0.85 [24.82+3.42*20491+294*

Graph 4. Effects of sonicated B. forsythus extracts on total calcium production at two

weeks.
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Table 5. B. forsythus extracts on total inorganic phosphate at two weeks (mmol/L).
(C=control, no bacterial sonicate added)

C 0.01 0.1 1 10 100
Exp 1 11043 1.12+0.14 |1.26£0.08 |1.21+0.16 |1.93+0.15* [9.02+1.63 *
|Exp 2 1+0.46 0.58+£0.36 0.79+0.23 (0.81+0.12 [2.11+£0.14* [7.76 £0.78 *
Exp 3 1+0.53 0.99+0.17 1093+£0.14 |1.11+£021 [247+0.46* |7.73£0.70 *
Group
ean +
SD 1+047 0901022 099+0.15 |1.04+£0.16 [2.17+0.25* [8.17+£1.04*

Graph §. Effects of sonicated B. forsythus extracts on total inorganic phosphate
production at two weeks.
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Table 6. Sonicated P. gingivalis extracts on protein content at two weeks (pug/ml).

(C=control, no bacterial sonicate added)

C 0.01 0.1 1 10
IEXPI 1+0.09 1.08 £0.19 1.17£0.28 0.82 £ 0.07 * 1.08 £0.13
llixp 2 1+0.38 0.90 + 0.06 0.72 +£0.07 0.79 £ 0.03 0.79 + 0.08
[EXP 3 1+0.06 0.96 + 0.06 0.81 £0.08 * 0.73 £ 0.08 * 0.75+0.11 *
roup
ean +
D 1+£0.18 0.98 £0.10 09+0.14 0.78 £ 0.06 * 0.87 £ 0.11

Graph 6.
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Table 7. P. gingivalis extracts on alkaline phosphatase activity at two weeks (pg/ml).
(C=control, no bacterial sonicate added)

C 0.01 0.1 1 10
[EXP 1 1+0.09 0.73+0.11 * 0.70 £ 0.09 * 0.81 £ 0.04 * 0.56 £ 0.05 *
IEXP 2 1+0.31 0.57 £0.39 0 # 0.24 +0.36 * 0 #
IEXP 3 1 +0.31 0.89 £ 0.36 0.77 £ 0.51 0.14 £0.34 * 0.01 £0.03 *
roup
ean +
D 1+0.24 0.81 £ 0.24 0.74 £0.3 * 0.48 £0.19 * 0.29 £ 0.04 *

Graph 7. Effects of sonicated P. gingivalis extracts on alkaline phosphatase activity at

two weeks.
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Table 8. P. gingivalis extracts on acid phosphatase activity at two weeks (pug/ml).

(C=control, no bacterial sonicate added)

C 0.01 0.1 1 10
IEXP1 1+0.10 0.74 +0.12 * 0.76 £0.13 * 1.15+0.16 0.79+0.13 *
IEsz 1+£0.17 1.04 £0.21 1.18 £0.21 1.07 £0.19 1.02+0.116
IEXP3 1+£0.23 0.85+0.19 1.13+£0.17 1.20 £ 0.23 1.06 £ 0.20
roup
ean +
D 1+0.17 0.88 +0.17 1.02+0.17 1.14+£0.19 0.96 £ 0.15

Graph 8. Effects of sonicated P. gingivalis extracts on acid phosphatase activity at two
weeks.
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Table 9. P. gingivalis extracts on calcium production at two weeks (mmol/L).
(C=control, no bacterial sonicate added)

C 0.01 0.1 1 10
xp 11245 1.11+2.16 0# 0 # 33.78 £ 19.10*
IEXP 2 1+0.88 0 # 0 # 0# 18.30+4.80*
E"P 3 11+0.34 2.75+096* [2.67+034* 187+068* 1993+1.18*
"
D 1+1.22 1.93 +£1.56 2.67 £ 0.34 1.87 £ 0.68 20.67 £8.36 *

Graph 9. Effects of sonicated P. gingivalis extracts on total calcium production at two
weeks.
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Table 10. P. gingivalis extracts on inorganic phosphate production at two weeks o
(mmol/L). (C=control, no bacterial sonicate added)

C 0.01 0.1 1 10
Expl  |lito.16 1244026 [0.99 +0.09 1.14 + 0.04 2.1840.34 *
IEpo 1+0.11 149+0.17 * [1.62+0.13 * [1.47+0.17 * [2.18+0.26 * JERY
Iéxp3 1+0.42 1.22 0.07 1.40 £0.13 1.15+0.16 2.61£0.22 *
Fup
+
D 1+0.23 1.32£0.17 1.34 £0.12 1.25+0.12 2.32+£0.27*

Graph 10. Effects of sonicated P. gingivalis extracts on total inorganic phosphate
production at two weeks.
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Table 11. Sonicated extracts of C. ochracea on protein content at two weeks (pg/ml).
(C=control, no bacterial sonicate added)

C 0.01 0.1 1 10 100
xp 1 1+£0.02 */0.88 £0.06 * |0.68+£0.02* |0.67£0.04 * 0.68+0.04* |0.73+£0.05*
IExp 2 J1£0.11* [0.81 £0.08* |0.81 £0.13* |0.67+0.13* |0.66 £0.07 * [0.74 £0.09 *
[Exp 3 1£0.07 [0.92+0.09* |0.65+0.07* [0.67 £0.04* |0.82+0.02* |0.89 +£0.08*
roup
ean +
D 1+0.07 [0.87+0.08* [0.71 £0.07* [0.67 £0.07 * [0.72+0.04* [0.79 +£0.07 *

Graph 11. Effects of sonicated C. ochracea extracts on protein production at two weeks
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Table 12. C. ochracea extract on alkaline phosphatase activity at two weeks (ug/ml).
(C=control, no bacterial sonicate added)

0.01 0.1 1 10 100
[Expl [1£0.11 0.81 +£031 (1.01+034 (1.15+042 (1.23+0.11* |1.25+0.39
lEpo 1+0.18 1.34+036 |1.14+0.13 |0.46 £0.28* |0.14+0.18* [0.73 +£0.18*
IExp 3 |1£0.18 0.15+0.08* 0.87+0.51 [0.94+0.57 [0.56%0.33* |0.28 +0.22*
roup
ean +
D 1+0.16 0.77+0.25 [1.01+0.33 0.85+0.42 [0.64+0.21* |0.75+0.26 *

Graph 12. Effects of sonicated C. ochracea extracts on alkaline phosphatase activity at

two weeks.
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Table 13. C. ochracea extract on acid phosphatase activity at two weeks (pg/ml).
(C=control, no bacterial sonicate added)

C 0.01 0.1 1 10 100
[Exp1 |1 £0.05 1.11+£0.18 [1.49+0.09* [1.53+£0.37* [1.50+£0.13* [1.09 £0.31 —
IEpo 1+£0.33 1.31£024 [1.47+0.23* |1.31+£0.14 [1.09£0.13 [1.16+0.16 /
IExp3 1+£0.09 1.08+£0.08 [1.38+0.16* |1.49+0.15* |1.55+£0.12* |1.03 0.1
roup
ean +
D 1+£0.16 1.17+£0.17 [1.45+£0.16* [1.44+0.22* [1.38+0.13* [1.09£0.19

Graph 13. Effects of sonicated C. ochracea extracts on acid phosphatase activity at two
weeks.
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Table 14. C. ochracea extract on total calcium production at two weeks (mmol/L).
(C=control, no bacterial sonicate added)

C 0.01 0.1 1 10 100
[Expl J1£0.16 1.59+£0.16* |1.54+0.13* |1.26+0.13* [1.42+0.16* (1.10+0.19
IExp 2 J1£0.51 7.74£0.79* [3.621+0.97* |3.84+1.15* [2.76 +0.42* [2.06+1.36
Exp 3 |1x0.75 27.88 £3.11* [9.82 £3.20* [8.26 +2.04* [3.77+1.57* (1.04+1.42
up
ean +
D 1+0.47 124+135* 1499+143* 445+1.11* 2.65+0.72* {1.4+0.99

Graph 14. Effects of sonicated C. ochracea extracts on total calcium production at two

weeks.
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Table 15. C. ochracea extract on inorganic phosphate production at two weeks
(mmol/L). (C=control, no bacterial sonicate added)

C 0.01 0.1 1 10 100
[Expl 12016 [1.59+0.16* [1.54%0.13* [1.26+0.13* [1.42£0.16* [1.10£0.19
Exp2 |1t015 |47£023* [155£023* [o1+049¢ |1.64+0.18% [1.534027%
Exp3 [1t004 po1zo17* [1871037* pooto2s* [Les+0.11% [121+006*

Toup

ean +

D 12012  [2.0220.19* [1.65+£0.24* ]1.79£0.29* |1.58+0.15* [1.28 +0.17 *

Graph 15. Effects of sonicated C. ochracea extracts on total inorganic phosphate
production at two weeks.
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Table 16. Effects of sonicated B. forsythus extracts on protein concentration at days 2, 4
and 6. (C=control, no bacterial sonicate added)

C 0.01 0.1 1 10 100
Day 2 1+0.05 0.97+0.04 |0.85+0.18 |0.73 £0.03* |0.67 £ 0.04* |0.76 + 0.04*
Day 4 1+£0.05 0.99+0.05 |0.90+0.13 |0.74+0.13* (0.73 £0.17* (0.85 + 0.08*
Day 6 1+0.03 1.02+0.05 |0.93+0.07 |[0.65+0.02* |0.67 +0.04* |0.73 + 0.06*

Graph 16. Effects of sonicated B. forsythus extracts on protein production at days 2, 4

and 6.
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Table 17. Effects of sonicated B. forsythus extracts on alkaline phosphatase activity at
days 2, 4 and 6. (C=control, no bacterial sonicate added)

C 0.01 0.1 1 10 100
Day 2 1+0.53 2.15+0.67* |2.16+£1.03* [2.18 £ 1.03* (299 + 1.17* (14.7 + 1.81*
Day 4 1+0.58 1.39 +0.48* |0.68 £0.32 |1.34+0.33 [1.07+0.38 [3.16 +0.79*
Day 6 1+£0.08 093+0.24 |1.18+0.34 |1.64+0.39 (1.78+0.21* |6.25 £+ 0.89*

Graph 17. Effects of sonicated B. forsythus extracts on alkaline phosphatase activity at
days 2, 4 and 6.
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Table 18. Effects of sonicated B. forsythus extracts on acid phosphatase activity at days
2, 4 and 6. (C=control, no bacterial sonicate added)

C 0.01 0.1 1 10 100
Day 2 1+1.40 1.06+1.32 |1.41+£0.68 |1.59+2.96 [2.75+2.53 |[2.95+6.52
Day 4 1+£0.12 1.10+0.11 |1.17+0.26 |0.96+0.19 |1.77 £0.47* |1.42 £ 0.30*
Day 6 1+£231 0.47 £0.45* |3.05+1.28 |1.40+1.18 [1.29+1.63 (6.94 +2.90*

Graph 18. Effects of sonicated B. forsythus extracts on acid phosphatase activity at days

2,4, and 6.
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DISCUSSION

This study sought to investigate the effects of B. forsythus on osteogenesis in a
cell culture model. MG-63 cells were grown and co-cultured with varying concentrations
of sonicated B. forsythus extracts. Co-cultures of MG-63 and B. forsythus extracts were
stopped at days 2, 4, 6 and 14 and assays were done to measure alkaline phosphatase
activity as well as mineral deposition. In addition, since this cell line has not been
previously used to investigate effects of bacterial extracts on osteogenesis, P. gingivalis
was used as a positive control and C. ochracea as a negative control (these cultures were
analyzed at day 14).

MG-63 osteosarcoma cell line. In this study, it was found that mineral
production by MG-63 cells was stimulated by culture with both B. forsythus and P.
gingivalis sonicate extracts. The results of the present study do not agree with the initial
hypothesis that these sonicated bacterial extracts would inhibit osteogenic activity.

The MG-63 cell line has been used to investigate the effects of various
experimental conditions on osteogenic activity. Barillé and co-workers®® determined that
MG-63 cells retained major osteoblastic functions, i.e., IL-6 and osteocalcin production.
Schwartz and co-workers*® found that MG-63 cell proliferation was enhanced on dentin
surfaces pretreated with tetracycline or osteoclasts, and that there was increased alkaline
phosphatase activity on these treated surfaces, compared to smooth surfaces. These two
studies demonstrate that MG-63 cells respond similar to normal osteoblasts under the
same experimental conditions.

Results of the present study demonstrated increased mineral deposition with the

higher concentrations of sonicated bacterial extracts of B. forsythus and P. gingivalis.
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However, Morimoto and co-workers> found that proteinaceous extracts of A.
actinomycetemcomitans induced apoptosis in MG-63 cells at concentrations of 0.1-
10pug/ml in a period of 12-48 hours. In addition, Gadhavi and co-workers®® found that
surface proteins of A. actinomycetemcomitans also inhibited mitosis of MG-63 cells.
Unlike the present study, results of these studies imply that inhibition of mitosis would
lead to an inhibition of mineralization. In addition, they used serum-free medium in their
cell culture system, which may explain differences in mineral deposition as serum has
been shown to inhibit bone resorption in the presence of stimulators of bone resorption.”'
Effects of B. forsythus sonicated extracts on enzyme activity and mineral
deposition. At days 2, 4, 6 and at two weeks, a significant increase in alkaline
phosphatase activity was seen with B. forsythus extracts at a concentration of 100 pg/ml
compared to controls. However, this increase in activity decreased from 14-fold at day 2,
6-fold at day 6 to 3-fold at two weeks. The increased activity at 100 pg/ml compared to
controls is consistent with the amount of mineralization seen at two weeks. At day 14, a
significant decrease in alkaline phosphatase activity was seen with sonicated extract
concentrations of 1 and 10 pg/ml (p<0.05) and a significant increase with 100 pg/ml
sonicated extracts. It was postulated that B. forsythus sonicated extracts would cause a
decrease in alkaline phosphatase activity like other periodontopathogens such as P.
gingivalis.** However, results of the present study show B. forsythus extracts inhibit
alkaline phosphatase activity at lower concentrations, while stimulating alkaline
phosphatase activity at high extract concentrations. Thus, these results suggest that at
lower extract concentrations, which may be similar to what is present in the oral cavity,

these periodontopathogens are mitogens for bone resorption. At higher extract
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concentrations, they may help stimulate osteogenic activity through mechanisms that are
not currently understood.

Effects of P. gingivalis sonicated extracts on enzyme activity and mineral
deposition. A dose-dependent decrease in alkaline phosphatase activity was seen with
P. gingivalis at two weeks (Table 7 and Graph 7). However, a net increase in
mineralization was seen with P. gingivalis at sonicate extract concentrations of 0.1 to 10
pg/ml, which was significantly higher (p<0.05) than controls at 10 pg/ml (Table and
Graph 10). At 100 pg/ml sonicated extract, MG-63 cells became non-viable. At this
extract concentration, it is unclear if the sonicated extracts were inhibiting enzyme
production, or if the sonicated extracts were toxic to the cells. This is consistent with
results found by Loomer and co-workers,*? where increasing concentrations of sonicated
extracts of P. gingivalis caused a decrease in alkaline phosphatase activity. Murata and
co-workers®’ investigated effects of extracts of P. intermedia, A. actinomycetemcomitans,
P. gingivalis and C. ochracea on mineral formation in MC3T3 osteoblastic cells. They
found that P. gingivalis and C. ochracea extracts did not decrease alkaline phosphatase
activity even at high extract concentrations. Differences in culture media as well as
length of time of co-incubation may explain discrepancies in results of these two studies.

Loomer and co-workers®* analyzed alkaline phosphatase activity in chick
periosteal osteogenesis (CPO) cultures incubated with unfractionated sonicated extracts
of P. gingivalis at days 2, 4 and 6 and found that alkaline phosphatase activity increased
from day 2 to day 6 compared to controls. Thus, sonicated extracts of P. gingivalis
suppressed alkaline phosphatase activity initially and the enzyme activity increased and

approached control levels by day 6. Alkaline phosphatase activity preceded mineral
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deposition and the results of this and other studies suggest that P. gingivalis and B.
forsythus extracts affect alkaline phosphatase kinetics differently.?* That is, these
sonicated extracts may cause differences in peak activity, which is why there is a dose-
dependent decrease in activity with P. gingivalis and not with B. forsythus at two weeks.
Effects of C. ochracea sonicated extracts on enzyme activity and mineral
deposition. Sonicated extracts of C. ochracea had no dose-dependent effect on alkaline
phosphatase activity. There was an increase in activity with lower extract concentrations,
which decreased as extract concentrations were increased. Since this pattern of alkaline
phosphatase activity was consistent with the pattern of mineralization, results suggest that
alkaline phosphatase activity must have remained relatively constant throughout the two
weeks within each sonicate extract concentration. Thus, the present study suggests that
sonicated extracts of C. ochracea do not affect osteogenesis in a dose-dependent manner.
Ochiai and co-workers® investigated effects of C. ochracea extracts and found that
proteinaceous factors caused dose-dependent suppression of spleen cells resulting in
decreased lymphocyte proliferation, demonstrating suppressive effects on immune cells.
In a study investigating effects of LPS from C. ochracea, Kaneko and co-workers* found
that compared to other periodontopathogens, C. ochracea LPS induced the highest
antibody response. Although some groups®' consider that C. ochracea is a non-
pathogenic microorganism, these two studies demonstrate that C. ochracea components
affect immune cell proliferation and thus may be a periodontopathogen because of its
effects on the immune response rather than as a mitogen for bone resorption factors.
There are few reported cases of osteogenesis or mineral deposition in the presence

of an irritant or pathogen in the literature. Cayé-Thomasen and co-workers® found that
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otitis media caused by S. pneumoniae initially resulted in bone resorption followed by
formative activity, seen as “massive osteogenesis”. In this situation, the formative
activity is considered pathologic. In the dental literature, several clinical cases of osseous
proliferation under pontic spaces have been reported. Burkes and co-workers®'
published a case series on nine patients who presented with osseous proliferation and
attributed this to chronic irritation and possible genetic predisposition, although no
conclusions about the etiology were made. Interestingly, all cases occurred in the
posterior mandibular regions. Ruffin and co-workers®? presented a case report of osseous
proliferation in the lower premolar region and treatment by removal of the proliferative
bone. Although no bacterial etiology was mentioned, the present study suggests B.
Sforsythus sonicated extracts may act as an irritant to osseous tissues rather than a
stimulator of bone resorption.

Other factors. It has been shown that bone-resorbing activity of LPS is inhibited
by serum. Iino and Hopps®' demonstrated bone resorption when cultured with LPS from
all periodontopathogens, and that fetal calf serum inhibited bone-resorbing activity of
LPS from A. actinomycetemcomitans, P. gingivalis and C. ochracea. Thus, it is possible
that in the present study, no apparent negative effects were seen with mineralization with
sonicated extracts from all three periodontopathogens because of the presence of fetal
bovine serum in culture media. Loomer and co-workers** supplemented their media with
serum and saw a decrease in osteogenic activity. Therefore, it is possible that bone
remodeling in the presence of bacterial products may be inhibited by presence of serum.

Therefore, other factors must be present in order for bone resorption to occur. Further
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investigation is warranted to determine if absence of serum would result in bone
resorption in the presence of sonicated bacterial extracts.

The present study did not investigate effects of P. gingivalis and C. ochracea
sonicated extracts at days 2, 4, or 6. Future studies investigating this may help to
understand effects of bacterial sonicated extracts on alkaline phosphatase enzyme
kinetics, which may explain why a dose-dependent decrease in activity is seen with P.
gingivalis and not with B. forsythus. Finally, cell viability or apoptosis was not
investigated in this study. A measure of protein content is merely a crude measure of cell
activity. By investigating cell viability, it could be determined whether bacterial
sonicated extracts were toxic to MG-63 cells or if these extracts were affecting alkaline

phosphatase activity and hence affecting mineralization.
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CONCLUSION

Sonicated extracts of B. forsythus stimulated osteogenic activity in vitro in MG-63
cells. While previous studies have shown that extracts of other periodontopathogens
inhibit bone formation in other in vitro culture systems, results of the present study show
they may also play a role in stimulating bone formation. Overall, this study in
combination with others suggest that these bacteria have both inhibitory and stimulatory
effects on bone formation and thus may play a role in bone remodeling in periodontal

diseases.
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APPENDIX A - Reagents and culture media for bacteria

Hemin® (50 mg/%)
1. 50 mg of hemin to 100 ml distilled water
2. Adjust pH to 8.0 with IN NaOH
3. Autoclave, cool, store at 4°C

Menadione (500 mg/%)
1. 250 mg of menadione to 50 ml of 95% ethanol
2. Filter sterilize, store at 4°C

Dithiotreitol (1%)
1. 1 g dithiotreitol in 100 ml distilled water
2. Filter sterilize, store at 4°C

N-Acetylmuramic acid® (NAM)
1. Dissolve 50 mg NAM in 5 ml distilled water
2. Filter sterilize
3. Aliquot into 0.5 ml portions and store in freezer

Tripticase Soy Broth (TSB)
Per 500 ml distilled water:
15 g tripticase soy broth
1.5 g yeast extract
After autoclaving:
2.5 ml hemin (50 mg/%)
0.5 ml menadione (500 mg/%)
5 ml dithiotreitol (1%)
5 ml N-acetylmuramic acid (1% - for B. forsythus broth only)
5 ml Isovitalex® (for B. forsythus broth only)

LRBB agar plates
Per 465 ml distilled water:
21 g Brucella agar
Autoclave, cool to 55°C
2.5 ml hemin (50 mg/%)
0.5 ml menadione (500 mg/%)
5 ml dithiotreitol (1%)
5 ml N-acetylmuramic acid (1% - for B. forsythus only)
5 ml Isovitalex® (for B. forsythus only)
25 ml laked rabbit blood
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APPENDIX B - Culture media for MG-63 cells

Unsupplemented a-MEM without nucleosides culture media
Per 500 ml media:
15% fetal bovine serum

Supplemented a-MEM without nucleosides culture media
Per 500 ml media:
15% fetal bovine serum
25 mg ascorbic acid
10 M dexamethasone®’
10 mM B-glycerophosphate®
5 ml fungizone (250 pg/ml)
5 ml penicillin-streptomycin (10,000 mcg/ml streptomycin; 10,000 units/ml for
penicillin)

Freezing media for cell culture
Per 50 ml a-MEM:

10% DMSO (5 ml)

10% FBS (5 ml)
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APPENDIX C - Reagents for assays and assay protocols

Bicarbonate buffer
1. 3 mM NaHCO;
2. 15 mM NaCl
3. Combine both and adjust pH to 7.4.

Standard for acid and alkaline phosphatase assay
Serial dilutions with bicarbonate buffer:

0.1 mM pNP (p-nitrophenol)

1 ml (1) + 1 ml bicarbonate buffer = 0.05 mM

1 ml (2) + 1 ml bicarbonate buffer = 0.025 mM
1 ml (3) + 1 ml bicarbonate buffer = 0.0125 mM
1 ml (4) + 1 ml bicarbonate buffer = 0.006 mM
1 ml (5) + 1 ml bicarbonate buffer = 0.003 mM
1 ml (6) + 1 ml bicarbonate buffer = 0.0015 mM
1 ml bicarbonate buffer = 0 mM

Sl B o ol e

Acid phosphatase reagent
1. 0.02 M pNPP (p-nitrophenyl phosphate)
2. 0.1 M sodium acetate
3. Mix (1) and (2) at 3:7 ratio and adjust pH to 5.0.

Acid phosphatase assay
Place 50 ul standard/blank/sample in 96-well plate
Add 50 ul acid phosphatase reagent to each well

Stop experiment by adding 50 ul 0.2 N NaOH
Read at 405 nm.

nhwpn -

Alkaline phosphatase reagent
1. 0.02 M pNPP
2. 0.1 M sodium barbital
3. Mix (1) and (2) at 3:7 ratio and adjust pH to 9.3.

Alkaline phosphatase assay
1. Place 50 ul standard/blank/sample in 96-well plate
2. Add 100 ul alkaline phosphatase reagent to each well

3. Let sit Let sit at room temperature for several hours or at 37°C for 30 min to 1 hr.

4. Read at 405 nm.
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Standard for protein assay (Bio-Rad)

1.

RXNANBE WD

100 pg/ml

1 ml (1) + 1 ml bicarbonate buffer = 50 pg/ml

1 ml (2) + 1 ml bicarbonate buffer = 25 pg/ml

1 ml (3) + 1 ml bicarbonate buffer = 12.5 pg/ml
1 ml (4) + 1 ml bicarbonate buffer = 6.25 pg/ml
1 ml (5) + 1 ml bicarbonate buffer = 3.125 pg/ml
1 ml (6) + 1 ml bicarbonate buffer = 1.6 pg/ml

1 ml bicarbonate buffer = 0 pg/ml

Protein assay (Bio-Rad)

1.
2.
3.
4.

Place 100 pl standard/blank/sample in 96-well plate
Add 30 pl BioRad protein assay reagent to each well

Mix well and let stand a minimum of five minutes, up to one hour
Read at 562 nm.

Calcium assay (SIGMA, procedure no. 587)

1.

whwpn

Prepare standards (provided in kit)

Place 10 pl standard/sample/blank in centrifuge tubes

Add 1 ml calcium reagent working solution to each tube

Mix well and let stand a minimum of three minutes, up to ten minutes
Read at 575 nm.

Inorganic phosphate assay (SIGMA, procedure no. 670)

1.

2.
3.

PN

Prepare standards (provided in kit)

Place 50 pl of sample in centrifuge tubes

Add 250 pl of deionized water and 200 pl 20% trichloroacetic acid and let stand
10 minutes.

Take 200 pl of above mixture and add 300 pl deionized water and 100 pl acid
molybdate solution

Place 200 pl of standard/blank in centrifuge tubes and add 300 pl deionized water
and 100 pl acid molybdate solution

Mix well and add 25 pl Fiske & Subba Row solution to all standards and samples
Let stand 10 minutes

Place samples into 96-well plate and read at 600+40 nm.
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