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Recent work has shown that cells outside of periodontal ligament, including those found 

in granulation tissue may also have the regenerative potential to induce new bone formation by 

the expression of specific proteins and transcription factors.1   It was therefore the purpose of this 

investigation to determine if periodontal granulation tissues possess the specific proteins and 

gene expression pattern necessary for osteoblast differentiation in an effort to determine if this 

granulation tissue should therefore be retained in the surgical treatment of periodontal defects. 

To accomplish this, granulation tissue and healthy gingival tissue samples were harvested 

during periodontal surgeries, after which, polymerase chain reaction (PCR) was used to 

determine the expression of Bone morphogenic protein-2 (BMP-2), Core binding factor α1  

(Cbfa1) and Osterix; three genes involved in bone development.   To demonstrate a potential 

model of how these genes could be regulated under inflammatory conditions, an in-vitro 

stimulation assay using a human monocytic cell line (THP-1) along with a source of BMP-2, 

specifically an osteosarcoma cells line (SoaS) was also performed.   

Our results demonstrate that BMP-2, Cbfa1 and Osterix are expressed at similarly in both 

granulation as well as healthy gingival tissues.  Furthermore, the in vitro stimulation assay was 

unable to demonstrate that under inflammatory conditions these genes were modulated. 



 

9 

CHAPTER 1 
INTRODUCTION 

Periodontitis is an inflammatory disease in which the cementum, periodontal ligament 

(PDL) and alveolar bone surrounding teeth are destroyed.   This destruction of the alveolar bone 

and supporting periodontal tissues can cause the formation of intrabony periodontal defects 

adjacent to teeth.  These defects contain a granulomatous tissue that fills the void where the bone 

was lost.  This tissue is typically excised and discarded in traditional surgical treatment of 

periodontal defects.  However, many cell types are contained within this granulation tissue 

including osteoprogenitor stem cells (OSC).  These OSCs are capable of differentiation into the 

osteoblast cell lineage, which contribute to bone regeneration and periodontal lesion healing.  

This differentiation requires the stimulation of the OSCs by specific proteins and expression of 

specific genes necessary for bone formation.  This study’s aim was to use molecular and 

immunohistochemical techniques to examine periodontal granulation tissue for the proteins and 

gene expression pattern necessary for osteoblast differentiation to determine if this granulation 

tissue is capable of bone regeneration. 

To accomplish this, granulation tissue and healthy gingival tissue samples were harvested 

during periodontal surgeries, after which, polymerase chain reaction (PCR) was used to 

determine the expression of BMP-2, Cbfa1 and Osterix; three genes involved in bone 

development.  Here comparisons in gene expression were made between tissues from a non-

inflammatory site and the inflammatory granulation tissue.   In order to demonstrate a potential 

model of how these genes could be regulated/modulated under inflammatory conditions, an in-

vitro stimulation assay using a human monocytic cell line (THP-1) along with a source of BMP-

2, Cbfa1 and Osterix; specifically an osteosarcoma cell line (SoaS) was also performed.   

Our results here demonstrate the genes for BMP-2, Cbfa1 and Osterix are expressed at similar 
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levels in both granulation as well as healthy gingival tissues.  Furthermore, the in vitro 

stimulation assay was unable to demonstrate that under inflammation conditions these genes 

were modulated. 

Hypothesis:   Granulation tissue is a beneficial component in periodontal lesion healing 

due to the presence of both cells with osteoblastic potential as well as the molecules required for 

their osteoblastic differentiation. 
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CHAPTER 2 
BACKGROUND 

Healthy Periodontium 

Healthy periodontium consists of all the supporting structures of the tooth, including the 

cementum, periodontal ligament (PDL), alveolar bone and gingiva.  Cementum is found on the 

surface of tooth roots and serves as anchorage for the principal fibers of the PDL.  PDL is 

specialized, non-mineralized connective tissue, which attaches the tooth to the alveolar bone.  

Additionally, the PDL contains cells including osteoblasts and osteoclasts, monocytes and 

macrophages, undifferentiated mesenchymal cells, cementoblasts, odontoclasts and fibroblasts.  

These cells are important for tissue homeostasis and repair of the periodontium.  For example, it 

has been shown in animal models that the fibroblast population in the PDL remains at a constant 

state with the number of new fibroblast cells produced by mitosis always equaling the number of 

cells that die or migrate.2,3  Fibers of the PDL course through an extracellular ground substance.  

This substance comprised of approximately 70% water is thought to be important for distributing 

forces applied to the tooth.4 

  Opposite the tooth, the PDL fibers attach to an outer cortical layer of bundle bone which 

forms the bony socket around the teeth.  This bone as well as the central lamellar component of 

the bone form the alveolar process.  Gingiva covers the bony surface and consists of an outer 

junctional epithelium (JE) and an underlying connective tissue.  JE consists of nondifferentiated, 

stratified squamous epithelial cells that attach to the tooth via a hemidesmosomal attachment.  

Monocytes are found within JE which secrete α- and β-defensins, cathelicidin LL-37, interleukin 

(IL)-8, IL-1α and -1β, tumor necrosis factor-α, intercellular adhesion molecule-1, and 

lymphocyte function antigen-3.4  These molecules in addition to the JEs structural integrity help 

to serve as the first line of defense to invading microorganisms and periodontal disease 
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progression.  In health, a small crevice, the gingival sulcus is formed adjacent to the tooth, 

extending from the crest of the gingiva to the JE attachment (Figure 2-1A). 

Periodontal Disease 

Periodontal disease, specifically chronic periodontitis, is an inflammatory disease which 

affects all of the tissues of the periodontium.  It is initiated by oral bacteria that infect the 

gingival sulcus around the teeth.  Proliferating bacteria can cause inflammation of the gingiva, 

gingivitis, which can subsequently lead to the destruction of the underlying connective tissue 

attachment, PDL, cementum and bone known as periodontitis.  Clinically, the sulcus depth 

increases and the JE begins to migrate apically as the underlying connective tissue and bone are 

destroyed, forming a periodontal pocket (Figure 2-1B).  Chronic periodontitis is characterized as 

a continuous process with episodes of local exacerbation and remission.5  Progression of the 

disease can lead to continued loss of supporting structures and eventual tooth loss.  This 

destructive process can vary greatly and is largely influenced by differing host responses.6 

Bacteria associated with chronic periodontitis vary significantly, but are often gram-negative, 

anaerobes.  Some of the primary bacteria associated with periodontitis include Porphyromonas 

gingivalis, Prevotella intermedia, Bacteroides forsythus, Aggregatibacter (Actinobacillus) 

actinomycetemcomitans and Treponema denticola.7 

Almost one quarter of the United States is affected with at least a mild form of 

periodontitis and approximately 13% of adults over 30 years of age have a moderate or severe 

form of the disease.8  Periodontitis  has both a subject and site predilection and does not affect all 

teeth similarly.9  For example, one study showed that 70% of sites with advanced destruction 

occurred in just 12% of the population.10 
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Periodontal Tissue Destruction 

In health, the JE forms a protective band around the neck of the teeth along the 

cementoenamel junction.  However, the JE can be compromised by periodontal microorganisms 

and their byproducts.  Once the JE is breached, microorganisms can spread quickly and begin to 

damage the underlying connective tissue and PDL by destroying cellular and extracellular 

substances through the production of toxins including lipopolysaccharide.11  Subsequently, an 

inflammatory cascade is initiated by the host tissues which begin to produce inflammatory 

mediators including proteases, cytokines and prostaglandins to fight off the pathogens.12  The 

resultant inflammatory response is responsible for damaging the connective tissue and can 

quickly spread into adjacent tissues.4  As the connective tissue and PDL are destroyed, the 

rapidly proliferating epithelial cells begin to migrate apically along the root of the tooth, 

preventing complete healing of the pre-existing connective tissue and PDL.4   

As the inflammatory process progresses, it can extend from vessels in the gingival tissues 

into the alveolar bone.13  Subsequently, the bone is resorbed by an increased amount of pro-

inflammatory mediators including interleukin 1 (IL-1) and tumor necrosis factor α (TNF-α) and 

an increase in osteoclastic activity.4  Depending on the anatomy of the dentition and site 

specificity of the disease process the bone loss may occur horizontally, that is parallel to the 

cementoenamel junction; vertically, along a vector of the long axis of the tooth  or  a 

combination of both.14  It has been shown that minimal thickness of alveolar bone, vasculature 

and distance between tooth roots is associated with vertical bone loss.15 

Predominately vertical bone loss creates the formation of intrabony pockets adjacent to teeth, 

also known as intrabony or intraosseous defects (Figure 2-2).  Clinically they are classified by 

the number of intact bony walls that are present.16  These voids created by the vertical loss of 

bone are simultaneously filled with newly forming granulation tissue. Granulation tissue is 
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defined as tissue formed in ulcers and in early wound healing and repair, composed largely of 

newly growing capillaries.  While granulation tissue is typically indicative of a repair process, 

the granulation tissue found chronic periodontitis if left untreated will not ever fully repair or 

create a new attachment to the tooth.  Subsequently, if the bony defects are treated surgically, the 

granulation tissue is typically excised in toto (Figure 2-3).16  

More recent evidence suggests however, that this highly vascularized tissue which contains 

various inflammatory cells, fibroblasts and stromal cells may be of value in the healing of 

periodontal defects.1 

Treatment of Chronic Periodontitis 

Aims for treating chronic periodontitis are to reduce inflammation and to create an 

improved environment for oral hygiene access in order to prevent or reduce disease 

reoccurrences.  Clinically, treatment outcomes are often measured in pocket depth reduction and 

gain in clinical attachment of the soft tissues to the root surface. There are two primary 

modalities for the treatment of chronic periodontitis; non-surgical and surgical.  Non-surgical 

treatment includes scaling and root planing; a procedure in which hand, ultrasonic, rotating or 

laser instrumentation is used to cleanse the surface of the teeth without intentional displacement 

of the gingival tissues.  Scaling is defined as supra or subgingival debridement aimed at 

removing the bacterial plaque and their associated mineralized accretions, calculus, from the 

tooth surfaces.  Root planing is the intentional removal of “diseased” cementum which has been 

exposed to cytotoxic byproducts from the periodontal bacteria.  It has been shown however, that 

intentional aggressive instrumentation to remove all cementum is not necessary to achieve 

periodontal health.17  Scaling and root planing reduces the depth of the pockets and subsequently 

the bacterial reservoir by two mechanisms.  First, removal of the bacteria decreases the amount 

of inflammation present, allowing the gingival tissues to reduce in size and constrict towards the 
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base of the pocket, which is clinically measured as recession of the gingival tissues.  

Additionally, the removal of accretions from the root surfaces can promote a new connective 

tissue or long junctional epithelial attachment to form on the root surface coronal to its existing 

level, clinically measured as a gain in tissue attachment from the base of the pocket.  The main 

limitation of non-surgical treatment is that is conducted without tissue reflection, therefore, 

visualization of the tooth surface is impaired and subsequently complete root surface cleaning 

can not be predictably achieved in even moderately, 5mm deep pockets.18 

Surgical intervention is a second modality for treatment of chronic periodontitis. The 

objectives of surgical treatment are the similar to non-surgical treatment.  However, with surgical 

intervention the soft tissue is reflected away from the tooth and bone for better visualization and 

access for tooth root instrumentation.  Surgical intervention can be accomplished by several 

different techniques.  First, is resective treatment.  Here, mucoperiosteal flap reflection allows 

access to the underlying bone, and the contours of the bone can be adjusted to further reduce 

periodontal pocketing.19   Additionally, any granulation tissue present is removed, in a process 

known as degranulation.  Reasons for degranulation are largely empirical, however, it can be 

noted that thorough removal of this tissue does undoubtedly provided better visualization and 

access to the tooth and bone surfaces and does decrease the amount of residual pocketing 

immediately following surgery by decreasing the total thickness of soft tissue. 

Another form of surgical treatment of periodontitis is known as guided tissue 

regeneration (GTR).  Guided tissue regeneration is similar to surgical resective treatment in that, 

a surgical flap is first elevated to expose the underlying tooth and bone followed by 

degranulation and root instrumentation.  However, in addition GTR utilizes the placement of 

barrier membranes over the bony defects.  Barrier membranes helps to exclude the cells of the 
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gingival connective tissue and epithelium and gives preference for repopulation by PDL cells in 

the area of the defects which may be able to regenerate all of the structures lost in the disease 

process, including cementum, PDL, and bone.20  Despite evidence that suggests that regeneration 

of these structures may be possible, complete regeneration is not predictable.21  How PDL cells 

function in tissue regeneration is not well understood.  Some studies support the concept that the 

PDL has progenitor cells capable of differentiating into bone forming osteoblasts, while others 

suggest that the preexisting osteoblasts are responsible for wound repopulation and new bone 

formation.21, 22  More recent evidence suggests however, that there may be another source of 

osteoblast for wound repair and bone regeneration found within the granulation tissue.1  Our 

hypothesis is that cells found within the granulation tissue are capable of bone formation and 

posses the gene expression pattern necessary for new bone development.  

Mesenchymal stem cells 

Mesenchymal stem cells (MSCs) are bone marrow derived, self-renewing multipotent 

progenitor cells that can be found throughout development.23  Mesenchymal stem cells can 

differentiate into various mesenchymal cell lineages including adipocytes, chondrocytes, 

hepatocytes, cardiomyocytes, neurons, as well as osteoblasts, the cells responsible for bone 

development.24  Stem cells have several key features.  First, they must be able to undergo cell 

division.  Additionally, they must be able to differentiate into multiple cell types.  Lastly, when 

transplanted into a foreign site, they must possess the ability to reform the cells specific to the 

transplant tissue.  These stem cells have been isolated in various dental tissues including the 

dental pulp and PDL.25, 26  More recent evidence suggests that periodontal granulation tissue may 

also contain MSCs.1  In order for the MSCs to differentiate into osteoblasts, first an intermediary 

cell lineage between the mesenchymal stem cell and the osteoblast known as a pre-osteoblast or 

osteoprogenitor cell is expressed.  Ultimately, given proper signaling and gene expression, the 
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osteoprogenitor cells can differentiate into the osteoblasts which are necessary for new bone 

formation.  If these stem cells are present in granulation tissue it is plausible that they may be 

able to regenerate the bone lost from periodontitis.27  Therefore, we hypothesize that the gene 

expression pattern necessary for osteoblast differentiation and subsequent new bone formation 

can be found in periodontal granulation tissue.   

Genes involved in bone development can also be induced experimentally in-vitro, 

without the presence of the MSCs.  For example, osteosarcoma cell lineages have been shown to 

express BMPs and are therefore capable of inducing bone formation.28  Here we use these 

osteosarcoma cells in an experimental model of osteoblastic gene induction. 

Bone Development 

Bone is comprised mainly of hydroxyapatite and extracellular matrix proteins which 

include type I collagen, osteocalcin, osteonectin, osteopontin, bone sialoprotein and 

proteoglycans.29  It is produced by osteoblasts, specialized cells derived from mesenchymal stem 

cells.  In order for osteoblast differentiation to occur, the mesenchymal cells must be influenced 

by several key regulatory factors (Figure 2-4).  One such factor is bone morphogenic protein 

(BMP).30  Bone morphogenic protein was discovered in 1965, when it was found that the protein 

could ectopically induce bone formation if implanted into muscle.31   Currently, at least 15 

different genes of BMPs have been identified.32 Bone morphogenic protein is the only known 

growth factor known capable of ectopic bone formation.  Signaling of BMP is initiated upon its 

binding to two distinct transmembrane receptors.32  Once BMP is bound, the expression of 

several other transcription factors are required for further differentiation into an osteoblast 

lineage.  One such factor, core binding factor α1, Cbfa1, has been shown to be a primary 

transcriptional activator that controls the expression of the major structural proteins of the bone 

matrix.33  This became evident when it was demonstrated that Cbfa1 null mice did not produce 
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any osteoblasts or bone.34  Core binding factor α1 has also been recognized as a gene responsible 

for cleidocranial dysplasia an autosomal-dominant disease with bone abnormalities.35 In 

addition, Osterix, a zinc finger-containing transcription factor, has also been shown as a 

necessary factor for bone development.  Experiments have shown that while Cbfa1was expressed 

in Osterix null mice, Osterix is not expressed  in Cbfa1 null mice, thus confirming that Osterix is 

located downstream of Cbfa1.36   
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 A                                                                        B  

Figure 2-1.  Periodontium  A) Healthy Periodontium.  A. Cementum, B. Periodontal Ligament,  
C. Alveolar Bone, D. Gingiva, E. Junctional Epithelium, F. Connective Tissue,  
G. Gingival Sulcus  
B)  Chronic Periodontitis.  Apical migration of the junctional epithelium occurs as 
bacterial inflammation destroys the underlying connective tissue attachment and 
bone.  Consequently, the sulcus depth increases and a periodontal pocket (G*) is 
formed.   Granulation tissue fills the void where the bone was lost. 
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Figure 2-2.  Radiographic detection of an intrabony defect.  Intrabony defect present on mesial of 

first molar. 

 



 

21 

 

      
   A      B 
Figure 2-3.  Surgical treatment of an intrabony defect.  A) Before and B) after granulation tissue 

was removed. 
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Figure 2-4.  Factors regulating osteoblast differentiation from mesenchymal stem cells.  

Undifferentiated mesenchymal stem cells are influenced by unknown mechanisms to 
differentiate towards an osteoblast lineage.  An intermediary osteoprogenitor cell is 
first formed, upon which BMP-2 binds.  After successful binding of BMP-2 several 
transcription factors activate the immature osteoprogenitor cell to differentiate into a 
fully functioning osteoblast capable of bone formation.   
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CHAPTER 3 
MATERIALS AND METHODS 

We conducted a prospective, observational study to determine if granulation tissue 

removed from intrabony periodontal defects contains cells which express key genes necessary 

for differentiation of an osteoprogenitor cell lineage capable of producing bone.  Specifically, the 

quantification of the genes for BMP-2, Cbfa1 and Osterix was performed via polymerase chain 

reaction (PCR).  In addition, an in-vitro experiment was conducted to determine if the expression 

of these genes could be modulated by a laboratory model of inflammation. 

Participant Population 

 Seven patients were recruited from the University Of Florida College Of Dentistry, 

Department of Periodontology.  All patients consented to the study following Institutional 

Review Board approval.    Inclusion criteria were as follows:  a diagnosis of severe periodontal 

disease, completion of prior scaling and root planning, an age range between 18-65 years old and 

the presence of at least one, 2-3 wall intraosseous periodontal defect with a coronal apical bone 

depth of at least 4mm that required surgical treatment.  Patients were excluded if they had a 

history of severe acute or chronic systemic disease, uncontrolled or poorly controlled diabetes, 

were pregnant or lactating or were taking medications known to affect the gingiva.   

 Prior to the surgery all enrolled patients received a comprehensive oral and periodontal 

examination, oral hygiene instructions and scaling and root planing.  Surgical intervention was 

performed as needed, after a clinical re-evaluation, at least 6 weeks following the completion of 

scaling and root planing. 

Surgical Procedure 

Under local anesthesia by one examiner (RM), a standard surgical protocol for 

periodontal regenerative therapy was completed.  Buccal and lingual full-thickness, 
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mucoperiosteal flaps were elevated beyond the depth of the intraosseous defect.  Upon full 

reflection, granulation tissue was excised from within the osseous defect.  Granulation tissue was 

sectioned and immediately placed in Trizol for later processing.  In 4 subjects a small piece of 

“healthy”, control tissue was also excised from a clinically non-inflamed area.  Control tissue 

included for example, tissue from within the secondary flap or distal wedge tissue.  No attempt 

was made to harvest control tissue in sites that were not indicated to undergo surgery.  This 

control tissue was also sectioned and placed into formalin and Trizol.  After complete 

degranulation of the defect, all teeth in the surgical site were scaled and root planed as needed 

with ultrasonic and hand instruments. Next, the defects were filled with freeze dried, 

mineralized, bone allograft.  At the surgeon’s discretion, resorbable membranes were placed over 

the bone graft as needed.  Flaps were then repositioned and sutured with tension free, primary 

closure.  Post-operative instructions and antibiotics (1000 mg Amoxicillin at time of surgery, 

followed by 500 mg Amoxicillin q8h for 7 days) were administered.    Patients were seen for 

regular follow-up approximately 2 weeks, 1 month and 3 months post-surgery.  Plaque 

debridement and oral hygiene instructions were completed as needed at the follow up 

appointments. 

Tissue Preparation and Storage 

After the surgery equal portions of both healthy tissue and granulation tissue were placed 

in Trizol.  After which, the specimens were frozen at -80oF until RNA harvesting could be 

performed.   

Ribonucleic Acid (RNA) Isolation 

Ribonucleic acid was isolated from each individual tissue sample using a standardized 

Trizol protocol.  0.75mL of Trizol LS reagent was added for each 0.25 ml of thawed sample.  

The homogenized samples were incubated for 5 minutes at room temperature to permit complete 
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dissociation of the nucleoprotein complex.  0.2ml of chloroform was added to each sample.  

Sample tubes were shaken vigorously by hand for 15 seconds and then incubated at room 

temperature for 15 minutes.  Next, the samples were centrifuged at 12,000 X g for 10 minutes at 

4°C.  Then, the aqueous phase was transferred to a clean tube.  Five hundred microliters of 

isopropyl alcohol was added to each tube and gently mixed.  Samples were then incubated at 

room temperature for one hour.  Next, they were centrifuged at 12,000 X g for 10 minutes at 4°.  

After which, the supernatant was decanted.  Then the samples were vortexed following the 

addition of 1ml of 75% ethanol.  Tubes were then centrifuged at 7,500 X g for 5 minutes at 4°C.  

The remaining pellet was dried for 10 minutes.  Then, 25ul of RNase/DNase free water was 

added and the samples were incubated for 20 minutes at 60°C.  Resulting RNA samples, were 

frozen at -20°C until reverse transcription (RT) could be performed.  Subsequently, the 

concentration of RNA for each sample was determined using a conventional spectrophotometer.  

Reverse Transcription (RT) 

Next cDNA was transcribed through reverse transcription of the RNA in the following 

manner.  First, a master mix containing 5X buffer, 1mM DTTs, 2.5mM dNTPs, RT, and 

oligopeptides was prepared and aliquoted for each sample.  Next, extracted and normalized 

concentrations of RNA from each sample were added to the tubes and the RT reaction was 

brought to a final volume of 25ul using RNase/DNase free water.  All steps were performed on 

ice.   After which, the RNA was reverse transcribed in a conventional thermocycler under the 

following conditions: 40°C for 40 minutes, 70°C for 15 minutes and held at 4°C.  All  cDNA 

was stored at 4°C until  PCR could be performed. 

Polymerase Chain Reaction (PCR) 

Polymerase chain reaction was used to amplify the genes of interest from the cDNA.  To 

run the PCR, first a master mix was made containing 10X PCR buffer, 25mM MgCl, 
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2.5mMdNTP mix, Taq and 20uM primers for the genes of interest.  Primers used included: 

BMP-2, “CGTCAAGCCAAACACAAACAG” (forward) and 

“GAGCCACAATCCAGTCATTCC” (reverse); Cbfa1, “CAGTCACCTCAGGCATGTCC” 

(forward) and “GAGATATGGAGTGCTGCTGGTG” (reverse); Osterix, 

“GGTACAAGGCAGGCATCCATG” (forward) and “AGTGTCCCTTGCAGCCCATC” 

(reverse). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH), a housekeeping gene, was 

used as an internal control.    Glyceraldehyde 3-phosphate dehydrogenase is constitutively 

expressed in all cells and therefore allows for normalization of the total DNA isolated from the 

PCR reactions.  The primers for GAPDH were, “ACCACAGTCCATGCCATCAC” (forward) 

and “TCCACCACCCTGTTGCTGTA” (reverse).   Next, the master mix was aliquoted for each 

cDNA sample along with RNase/DNase free water. All steps were performed on ice.  After 

which, the genes of interest were amplified in a conventional thermocycler under the following 

conditions: 95°C for 4 minutes, 94°C for 1 minute, 55°C for 45 sec for 30 cycles, at 72°C for 2 

minutes, 56°C for 1 minute, and 72°C for 5 minutes.  All PCR products were stored at 4°C for 

until further analysis could be performed.  In addition to the study samples, the same PCR 

protocol was ran on two control samples known not to express the genes of interest, Human 

Immortalized Gingival Keratinocytes (HIGK) and  Human Umbilical Vein Endothelial Cells 

(HUVEC).  Any positive result in the controls would be indicative of either DNA contamination 

or non-specificity of the primers designed for the experiment.                                                                                 

Lastly, to visualize the amplified genes, electrophoresis was run on a 2% agarose gel.   

This gel was then viewed on a BioRad ChemiDoc and densitometric analysis was performed 

using Quantity One (BioRad) software to semi-quantify the genes of interest. 
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In Vitro Stimulation Assay 

The 1x105 human monocytic THP-1 cells were plated on a 24 well fibronectin spotted 

plate and allowed to adhere and differentiate for 24 hours.  Non-adherent cells were removed and 

the wells washed 3 times with 2mls of phosphate buffered saline (PBS).  After which, in some 

wells, 1x105 osteosarcoma cells (SaoS2) were plated.   THP-1 and SaoS2cells were maintained 

in RPMI1640, 10% FBS with .05mM β2-ME during the co-culture.  After co-incubation of 24 

hours, the cells were harvested and the RNA isolated.  RT-PCR was performed and gene 

expression was quantified as described above.   In some wells, THP-1 cells and SaoS2 cells were 

incubated alone to serve as baseline gene expression controls (Fig 3-1).  
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    1                            2                          3 

 
 
Figure 3-1.  Experimental design of in-vitro stimulation assay.  The 1x105 human monocytic 

THP-1 cells were plated on a 24 well fibronectin spotted plate and allowed to adhere 
and differentiate for 24 hours. After which, in some wells, 1x105 osteosarcoma cells 
(SaoS2) were plated.  After co-incubation of 24 hours, the RNA was isolated, RT-
PCR was performed and gene expression was quantified.  In some wells, THP-1 
cells and SaoS2 cells were incubated alone to serve as baseline gene expression 
controls. 

 
 
 

24 hour 
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CHAPTER 4 
RESULTS 

7 subjects participated in this study, from which 7 granulation tissue samples and 4 

gingival tissue samples were collected.   All of the tissue samples were analyzed via PCR for the 

gene expression of BMP-2, Cbfa1 and Osterix.  These genes were used because all three have 

been previously shown to be key regulators necessary for osteoblast differentiation and therefore 

bone formation. 

Expression of Bone Morphogenetic Protein in Granulation Tissue 

Bone morphogenetic proteins (BMPs) are secreted signaling molecules which belong to 

the transforming growth factor-beta (TGF-β) superfamily of growth factors.  Bone morphogenic 

proteinss were originally identified by their ability to induce ectopic bone formation when 

implanted under the skin of rodents.  This indicated that these molecules could play important 

roles during bone formation.  To date over 15 BMPs have been identified and their expression is 

widespread and dynamic as development in general proceeds.  Therefore, BMPs can have a 

broad range of physiologic functions, including the control of osteoblast differentiation.  Several 

BMPs can induce osteoblast specific gene expression in vitro.   

As previously mentioned, periodontal disease results in bone loss.  Subsequently, 

granulation tissue is formed in the resulting intrabony defect (Fig 2-3).    Traditional periodontal 

treatment calls for the removal of this tissue.  Previous work done in our laboratory suggests that 

this tissue may harbor bone regenerating potential.1  In order to support this hypothesis here, we 

evaluated the gene expression of BMP-2 in granulation tissue to determine if this osteoblast 

inducing factor could be present.  In addition, we compared this expression level to that of 

healthy tissue in order to elucidate if the retention of granulation tissue and thus BMP-2 activity 

would be beneficial in healing and bone remodeling of the periodontal lesion.   
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Specifically, RT-PCR was performed on seven granulation tissue samples as well as four 

matching healthy tissues from the same patients. bmp-2 specific primers were used (Figure 4-1A) 

to determine gene expression along with GAPDH specific primers (Figure 4-1B) as a 

normalization control .   Finally, as a negative control RT-PCR was also performed on primary 

endothelial (HUVEC) cells and keratinocytes (HIGK), cells known not to express the genes of 

interest (Figure 4-1C).  Once the data was normalized for total cDNA content, densitometric 

analysis demonstrated there was no significant difference in the expression levels of bmp-2 

among the granulation tissues from our individual participants (Figures 4-1D, 4-4).  

Interestingly, there was also no significant difference in the expression levels of bmp-2 in the 

granulation tissue and gingival tissue from the same participant.  Therefore, while our results do 

determine that granulation tissue does have the potential for BMP-2 activity and therefore the 

induction of osteoblastic differentiation, it also insinuates that healthy gingival tissues contain 

the same properties and potential with regards to BMP-2. (Figures 4-1, 4-4)  Additional studies 

need to be performed to corroborate this evidence.   

Expression of Cbfa1 in Granulation Tissue 

Core binding factor α1 is the first isolated osteoblastic-specific transcription factor.  It is 

the earliest and most specific marker for osteogenesis and is capable of inducing osteoblast-

specific gene expression in various cell lines including fibroblasts as well as myoblasts.33, 37  

Using immunohistochemistry, work in our laboratory has shown Cbfa1 positive cells were also 

present in granulation tissue retrieved from periodontal defects.1 

As a second step in the investigation of this hypothesis we evaluated the gene expression 

of Cbfa1 in granulation tissue to confirm if this osteoblast-specific transcription factor was 

present, which would suggest the presence of osteoblastic cell populations.  In addition, we 

compared the expression level of Cbfa1 to that of healthy tissue in order to elucidate if the 
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retention of granulation tissue and osteoblastic cell populations would be beneficial in healing 

and bone remodeling of the periodontal lesion.   

Again, RT-PCR was performed on seven granulation tissue samples as well as 4 

matching healthy tissues from the same patients. Cbfa-1 specific primers were used (Figure 4-

2A) to determine gene expression along with GAPDH specific primers (Figure 4-2B) as a 

normalization control.   Finally, as a negative control RT-PCR was also performed on primary 

endothelial (HUVEC) cells and keratinocytes (HIGK), known not to express the gene of interest 

(Figure 4-2C).  The data was again normalized for total cDNA content and densitometric 

analysis demonstrated there was no significant difference in the expression levels of cbfa1 

among the granulation tissues from our individual participants (Figures 4-2D, 4-4).  

Interestingly, there was also no significant difference in the expression levels of cbfa1 in the 

granulation tissue and gingival tissue from the same participant.  Therefore, while our results do 

determine that granulation tissue does have the potential for Cbfa1 activity and therefore the 

induction of osteoblastic differentiation, it also insinuates that healthy gingival tissues contain 

the same properties and potential with regards to Cbfa1. (Figures 4-2, 4-4).  Additional studies 

need to be performed to corroborate this evidence.   

Expression of Osterix in Granulation Tissue 

Experiments have shown that Osterix, a zinc finger-containing transcription factor is also 

required for osteoblast differentiation and bone development (36).  Little is known about the 

mediators of Osterix with regard to osteoblast differentiation; however research has shown that 

BMP-2 induces Osterix expression.38 

As a final step in investigation of this hypothesis we evaluated the gene expression of 

Osterix in granulation tissue to determine if this osteoblast-specific transcription regulator could 

be present.  This, similar to the presence of Cbfa-1 would suggest the presence of osteoblastic 
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cell populations.  In addition, we compared the expression level of Osterix to that of healthy 

tissue in order to elucidate if the retention of granulation tissue and osteoblastic cell populations 

would be beneficial in healing and bone remodeling of the periodontal lesion.   

Again, RT-PCR was performed on seven granulation tissue samples as well as 4 

matching healthy tissues from the same patients. Osterix specific primers were used (Figure 4-

3A) to determine gene expression along with GAPDH specific primers (Figure 4-3B) as a 

normalization control.   Finally, as a negative control RT-PCR was also performed on primary 

endothelial (HUVEC) cells and keratinocytes (HIGK), known not to express the gene of interest 

(Figure 4-3C).  The data was again normalized for total cDNA content and densitometric 

analysis demonstrated there was no significant difference in the expression levels of Osterix 

among the granulation tissues from our individual participants (Figures 4-3D, 4-4).  

Interestingly, there was also no significant difference in the expression levels of Osterix in the 

granulation tissue and gingival tissue from the same participant.  Therefore, while our results do 

determine that granulation tissue does have the potential for Osterix activity and therefore the 

induction of osteoblastic differentiation, it also insinuates that healthy gingival tissues contain 

the same properties and potential with regards to Osterix. (Figures 4-3, 4-4).  Additional studies 

need to be performed to corroborate this evidence. 

Comparison of Expression Patterns for BMP-2, Cbfa1 and Osterix 

Figure 4-4A illustrates a concurrent overlay of the expression of the BMP-2, Cbfa1 and 

Osterix.  No discernable pattern of gene expression was noted between the genes or between the 

granulation tissue group and the gingival tissue group.  However, it was noted that for all 

samples, expression of Cbfa1 was greater than the expression of Osterix.   

In figure 4-4B, the average gene expression of BMP-2, Cbfa1 and Osterix is compared 

between granulation and gingival tissues.  On average, Cbfa-1 and Osterix are expressed more in 
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granulation tissue than gingival tissue.  Alternatively, a trend of increased expression of BMP-2 

was noted in gingival tissue. 

In Vitro Induction of Osteoblast Associated Genes 

Our results from the previous gene expression analysis clearly demonstrate that 

osteoprogenitor gene expression for BMP-2, Cbfa1 and Osterix are found in both clinically 

inflamed granulation tissues as well as clinically healthy, non-inflamed gingival tissues.  

Subsequently, we sought to determine a plausible model to represent how, if at all, these genes 

could be modulated under the inflammatory conditions as would be seen in a chronic periodontal 

defect.  To accomplish this, an in-vitro stimulation assay was performed using a source of 

inflammatory cells, a human monocytic cell line (THP-1), along with a source bone producing 

cells, specifically an osteosarcoma cell line (SoaS).  The osteosarcoma cells express BMP-2, 

Cbfa1 and Osterix, all of which are needed for bone development.   

In Vitro Induction of Bone Morphogenetic Protein 

We used bmp-2 specific primers to determine gene expression along with GAPDH 

specific primers as a normalization control (Figure 4-5A, D).  For BMP-2, the presence of 

inflammatory mediators, monocytes, alone, showed the greatest gene expression.  Interestingly, 

the addition of BMP-2 expressing osteosarcoma cells, to the monocytes did not further increase 

the overall BMP-2 gene expression.  Osteosarcoma cells alone, had a BMP-2 gene expression 

pattern similar to that of monocytes and osteosarcoma cells combined.  

In Vitro Induction of Cbfa1 

Core binding factor α1 specific primers were used to determine gene expression along 

with GAPDH specific primers as a normalization control (Figure 4-5B, D).  For Cbfa1, the 

presence of inflammatory mediators, monocytes alone, showed the greatest gene expression.  

Interestingly, the addition of Cbfa1 expressing osteosarcoma cells, to the monocytes did not 
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further increase the overall Cbfa1 gene expression.  Osteosarcoma cells alone, had a Cbfa1 gene 

expression pattern similar to that of monocytes and osteosarcoma cells combined. 

In Vitro Induction of Osterix 

Osterix specific primers were used to determine gene expression along with GAPDH 

specific primers as a normalization control (Figure 4-5C, D).  For Osterix, the presence of 

inflammatory mediators, monocytes alone, showed the greatest gene expression.  Interestingly, 

the addition of Osterix expressing osteosarcoma cells, to the monocytes did not further increase 

the overall Osterix gene expression.  Osteosarcoma cells alone, had an Osterix gene expression 

pattern similar to that of monocytes and osteosarcoma cells combined. 
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Figure 4-1.  Bone morphogenic proein-2 gene expression in periodontally diseased granulation 
tissue samples (D1-D7) and matched healthy, non-diseased, control, gingival tissue 
samples (C1, C4, C5, C6). A) Polymerase chain reaction product from amplification 
of cDNA using bmp2 specific primers. B) Polymerase chain reaction product from 
amplification of cDNA using GAPDH specific primers. C)  Polymerase chain 
reaction product from amplification of bmp2 specific primers on HIGK and HUVEC 
controls.  D) Densitometric analysis of (A) normalized to GAPDH amplification in 
(B).  
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Figure 4-2.  Core binding factor α1 gene expression in periodontally diseased granulation tissue 
samples (D1-D7) and matched healthy, non-diseased, control, gingival tissue 
samples (C1, C4, C5, C6). A) Polymerase chain reaction product from amplification 
of cDNA using cbfa1 specific primers. B) Polymerase chain reaction product from 
amplification of cDNA using GAPDH specific primers. C) Polymerase chain 
reaction product from amplification of cbfa1 specific primers on HIGK and HUVEC 
controls.  D) Densitometric analysis of (A) normalized to GAPDH amplification in 
(B). 
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Figure 4-3.  Osterix gene expression in periodontally diseased granulation tissue samples (D1-
D7) and matched healthy, non-diseased, control, gingival tissue samples (C1, C4, 
C5, C6). A) Polymerase chain reaction product from amplification of cDNA using 
osterix specific primers. B) Polymerase chain reaction product from amplification of 
cDNA using GAPDH specific primers. C) Polymerase chain reaction product from 
amplification of osterix specific primers on HIGK and HUVEC controls.  D) 
Densitometric analysis of (A) normalized to GAPDH amplification in (B). 
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Figure 4-4.  Bone morphongenic protein-2, Cbfa1 and Osterix gene expression. A)  

Densitometric analysis for concomitant gene expression of BMP-2, Cbfa1 and 
Osterix in periodontally diseased granulation tissue samples (D1-D7) and healthy, 
non-diseased, gingival tissues samples (C1, C4, C5, C6).   B) Average gene 
expression of BMP-2, Cbfa1 and Osterix in periodontally diseased granulation tissue 
samples and healthy, non-diseased, gingival tissue samples.  



 

39 

 
A 

 
B 

 
C 
 

Figure 4-5.  Bone morphogenic protein-2, Cbfa1 and Osterix gene expression under bone 
inducing conditions of SoaS. A) Polymerase chain reaction products from 
amplification of cDNA using bmp-2 and GAPDH specific primers and 
accompanying densitometric analysis. B) Polymerase chain reaction products from 
amplification of cDNA using cbfa1 and GAPDH specific primers and accompanying 
densitometric analysis. C) Polymerase chain reaction products from amplification of 
cDNA using osterix and GAPDH specific primers and accompanying densitometric 
analysis. (D) Comparison of BMP-2, Cbfa-1 and Osterix gene expression under co- 
or mono- culture conditions. 
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Figure 4-5. Continued 
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CHAPTER 5 
DISCUSSION 

Primarily, the  objective of periodontal regenerative therapy is to exclude epithelial cells 

from the areas where bone loss has occurred in an effort to selectively re-populate the defect with 

cells from the PDL, which are presumed to be necessary for new bone and new PDL 

attachment.20   More recent work has shown that other cells, including those found in granulation 

tissue may also have the regenerative potential to induce new bone formation by the expression 

of specific proteins and transcription factors.1  It was therefore the purpose of this investigation 

to determine if granulation tissue is a beneficial component in periodontal lesion healing due to 

the presence of both cells with osteoblastic potential as well as the molecules required for their 

osteoblastic differentiation. 

Genetic expression of the protein BMP-2 and the transcription factors Cbfa1 and Osterix 

are required for osteoprogenitor cells to differentiate into fully functioning osteoblasts.33, 34, 37  

Using PCR, gene expression for BMP-2, Cbfa1 and Osterix was determined in granulation and 

gingival tissue samples.   All three genes were expressed in all of the granulation tissue samples.  

Additionally, all three genes were also expressed in all gingival tissue samples in levels 

comparable to that of the granulation tissue.   

Granulation tissue is associated with a healing response.  However, in untreated chronic 

periodontal disease, the inflammatory insult is not resolved, and thus the granulation tissues 

present do not appear to have the ability to spontaneously heal.  As such, periodontal granulation 

tissue may more appropriately be labeled a “granulomatous” tissue, as it is a tissue that shares 

many similarities with granulation tissue, but lacks the distinct ability to repair the damaged 

periodontium.   
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While traditional surgical treatment of periodontal intrabony defects includes the 

meticulous removal of all granulomatous tissues, our research sought to determine if complete 

degranulation is necessary.1, 14 We have shown that this highly vascularized tissue may actually 

possess the genetic potential to regenerate the bone lost to periodontal disease.  If future 

treatment could be aimed at shifting the environment within the granulation tissue to an optimal 

condition for osteoblast differentiation, it is conceivable that this tissue may in fact be capable of 

this differentiation and subsequent new bone formation. 

Interestingly, our results found the presence of the three genes of interest for osteoblast 

induction BMP-2, Cbfa1 and Osterix present in not only inflamed granulomatous tissue where 

bone was once present, but also in healthy, non-inflamed gingival tissue samples.   These results 

were supported in a recent study by Zhou et al., who demonstrated that gene expression profiles 

for BMPs, Cbfa1 and Osterix were similar in osteoblasts as well as gingival fibroblasts.39  

Despite the presence of these osteogenic markers, the gingival fibroblasts lacked the ability to 

induce osteogenesis.39  This was also illustrated in earlier immunohistochemistry work, which 

examined only Cbfa1, but found that Cbfa1 positive staining cells were present in granulation 

tissues, but not gingival tissue samples.1  Therefore, it is evident that even if osteoprogenitor and 

osteoblast expression profiles are present, their activation is dependent upon additional unknown 

factors which could include for example, cell surface receptors or environmental cues. 

One limitation of this study was that the sample size was small and subsequently any 

statistical analysis would have been of limited value.  Also, while samples were taken either 

from granulation or gingival tissues there exists the inherent heterogeneity, not only between 

individuals, but between sample sites which may further confound any specific conclusions.   

Additionally, while great care was take to retrieve only granulation or gingival tissue samples, it 
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is impossible to rule out the possibility that the cells from the existing adjacent bone and or 

overlying periosteum were included in the tissue samples.  Due to the sensitivity of the PCR 

amplification process any amount cDNA from bone or periosteum that was present in the 

samples may have had a significant impact on the overall gene expression patterns found within 

the granulation or gingival tissues. 

Our in vitro assay failed to show that the genes necessary for bone development would be 

up-regulated under inflammatory conditions.  Our model, perhaps an overly simplistic one, may 

not have accurately reflected the “inflammatory” state found in periodontal lesions.  While, 

monocytes are undoubtedly found in periodontal lesions, their presence alone on a plate does not 

necessarily create an environment comparable to the largely anaerobic, bacteria laden 

periodontal defect environment which is affected by literally dozens of other chemokines, 

cytokines, regulatory molecules, etc., all of which were unaccounted for in this model.  

Furthermore, by using monocytes and osteosarcoma cells in combination, causality of the 

changes in gene expression can not be determined.  That is, from our model it can not be 

determined if changes in gene expression in BMP-2, Cbfa1 and Osterix were related to changes 

in the expression pattern of the osteosarcoma cells, or if the monocytes themselves, were induced 

into an osteoblastic lineage.  

Clearly, the process of osteoblast induction is a complex one, which while dependent on 

the presence of the three genes BMP-2, Cbfa1 and Osterix, is not exclusive to all cells expressing 

them.  Further studies should be aimed at the examination of other possible factors that may be 

ultimately responsible for the induction of osteoblasts.  While our results do not offer clinical 

results suggesting that leaving granulation tissue in periodontal defects may be advantageous to 

defect healing, our results do offer a plausible explanation of how this tissue may be of value in 
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the future.  Currently, further laboratory and clinical research is needed to determine if 

granulation tissue should be removed during the surgical treatment of periodontal defects. 
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