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INTRODUCTION 

A. Statement of the Problem 

The purpose of this research was to evaluate the effects of platelet derived growth 

factor-BB (PDGF-BB) on the production of osteocalcin and total protein synthesis in 

human periodontal ligament fibroblasts and bone-derived cells in vitro and to determine 

if there is an association between PDGF-BB concentration and cellular activity. 

Periodontal healing involves a series of very complex events. None of the cuiTent 

methods used in the treatment of periodontal disease has given very consistent results in 

regenerating the periodontal architecture. Much interest has been focused on the use of 

polypeptide growth factors in facilitating this goal. Determination of the effects that · 

PDGF-BB has on the production of protein, and in particular osteocalcin, in human 

periodontal ligament fibroblasts (HPDLF) and human bone-derived cells (HBDC) will 

contribute to the knowledge of this growth factor and its mechanisms of action. This 

study utilized cell culture techniques to investigate the effects ofPDGF-BB on this aspect 

of human fibroblasts derived from the periodontal ligament and .alveolar bone. 

B. Review of Related Literature 

A major goal of periodontal therapy is the regeneration of cementum, periodontal 

ligament (PDL ), bone, and replacement of attachment lost as a result of periodontal 
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disease (Melcher, 1976; Nyman et al., 1982). The causes for incomplete regeneration in 

clinical periodontal therapy can be attributed to several factors. These include the 

downgrowth of the long junctional epithelium, root resorption, ankylosis, and incomplete 

formation of the PDL (Matsuda et al., 1992). 

Regeneration of bone is an integral part of periodontal therapy. The mechanisms of 

bone matrix formation and mineralization, however, are still poorly understood. Among 

the processes known to occur are the synthesis of various matrix proteins, enzymes, and 

proteoglycans (Collin et al., 1992). Resorption of bone is mediated by osteoclasts, with 

osteoblasts playing a supporting reguiatory role. Normally, the bone tissue which is 

resorbed is subsequently replaced by osteoblastic cell action involving the formation of 

organic matrix elements and eventual mineralization of the matrix (Dziak, 1993). 

Osteocalcin 

Osteocalcin, also called bone gamma-carboxylated glutamic acid protein and bone 

Gla protein, is a vitamin K-dependent calcium binding protein with a low molecular 

weight of 5,700 daltons. Human osteocalcin contains 49 amino acids, including three 

glutamic acid residues located at positions 17, 21 and 24 (Poser et al., 1980). These 

residues allow specific conformational changes and promote binding to hydroxyapatite 

and subsequent accumulation in bone matrix (Lian et al., 1988). Osteocalcin is 

predominantly produced by osteoblasts and incorporated into the extracellular matrix of 

bone with the possible release of the newly synthesized molecule into the circulation 

(Delmas, 1991). Osteocalcin production and secretion appears to. be regulated by 
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1 ,25-dihydroxyvitamin D3 (1 ,25(0H)2D3). The concentration of this protein in bovine 

bone has been determined to be 2 ~gig (Price et al., 1980; Price, 1985). Studies in rats 

have shown that serum osteocalcin levels arise from bone cell synthesis rather than from 

bone matrix turnover (Price et al., 1981). Osteocalcin is cleared rapidly by the renal 

glomeruli, with its half-life being measured in minutes (Gerstenfeld et al., 1987). 

Osteocalcin has a variety of important biologiCal functions, including a specific Gla

dependent binding of Ca
2
+ ions and adsorption to. hydroxyapatite. It also has a 

chemoattractant activity toward human peripheral monocytes C¥undy et al., 1983) and 

competitive inhibition of leukocyte elastase (Haushka et al., 1985). Because it is so 

tissue-specific in its expression, serum osteocalcin is considered a good marker for 

osteoblastic activity and, therefore, of bone formation. In fact, serum levels of 

osteocalcin have been found to have a better correlation with bone formation than 

alkaline phosphatase (de la Piedra et al., 1987; Aronow et aL, 1990). 

Production of new connective tissue attachment, with formation of new cementum, as 

well as acquisition of new bone are necessary in regenerating the lost periodontium' 

(Nyman et al., 1982). At this point, the sequence of events and the cells involved at each 

event is not clearly understood (Mariotti et al., 1990). 

The PDL is a highly specialized connective tissue and fUnctions to attach the tooth to 

the alveolus. Regeneration of the periodontium requires a knowledge of the growth 

characteristics and secretory functions of the cells comprising the PDL. Early progenitor 

recruitment, restoration of PDL fibroblasts in the periodontal lesion and accelerated 

formation of the PDL are all regarded as critical events for successful regeneration to 

occur (Matsuda et al., 1992). It has been reported that PDL cells can form new 
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connective tissue attachment with the production of new cementum on curetted root 

surfaces (Nyman et al., 1982). This study suggests that the progenitor cells for 

cementoblasts and osteoblasts either exist in PDL tissues or that the progenitor cells can 

differentiate into these more specific phenotypes upon receiving the appropriate stimulus. 

Nojima et al. (1990) reported that PDL cells have phenotypes typical of osteoblasts. 

Criteria used for evaluating osteoblast-like properties of cells in vitro include, among 

others, the production of bone-associated products; i.e., osteocalcin (Lian et al., 1993). 

Several studies have determined the biological properties of these cells in vitro and have 

indicated that PDL fibroblasts have osteoblast-like characteristics which include 

production of alkaline phosphatase, type I collagen, osteonectin and osteocalcin (Wasi et 

al., 1984; Nojima et al., 1990). The PDL fibroblasts play an important role in periodontal 

regeneration. Characterization of the osteoblast-like properties of periodontal ligament 

cells is important to clinical investigations directed ·at stimulating periodontal 

regeneration. 

Platelet Derived Growth Factor 

The current modalities used in the regeneration of bone and PDL are unpredictable 

(Rutherford et al., 1992). The materials used within the pa~t- decade to facilitate or 

enhance periodontal regeneration can be classified into five general categories: root 

conditioning agents (Hanes et al, 1989; Fardal et al., 1990; Wikesjo et. al., 1988), guided 

tissue regeneration, (Gottlow et al., 1986; Becker et al., 1987; Anderegg et al., 1991 ), 

inert osteoconductive materials (Froum et al., 1987; Kenney et al., 1988), coronally 

positioned flaps (Gantes et al., 1988), and osteoinductive materials (Bowers et al., 1982, 
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Mellonig, 1980; Reynolds et al., 1996). Recent advances in the understanding of cell 

regulation have presented new options to the clinician (Dennison et al., 1994). The use of 

polypeptide growth factors has been suggested for the promotion of periodontal 

regeneration (Nguyen et al., 1995; Oates et al., 1993). Polypeptide growth factors are a 

class of naturally occurring biological mediators which regulate the proliferation, 

migration and/or matrix synthesis of a variety of cell types, including those involved in 

tissue repair (American Academy of Periodontology, 1996; Lynch et al., 1989). During 

the past several years, major progress has been made in the understanding of cell 

regulation by growth factors (Terranova et al., 1989; Assoian et al., 1984; Ripamonti et 

al., 1994). It is felt that growth factors may have the ability to enhance the magnitude 

and predictability of periodontal regeneration and wound healing (Lynch et al., 1991; 

Lepisto et al., 1995). 

PDGF is of significant periodontal interest. Initially isolated from human platelets, it 

is a polypeptide with a molecular mass of 30,000 daltons (Canalis et al., 1989; Deuel et 

al., 1984). The observation that cultured fibroblasts required serum led to the discovery.-· 

that material released from these platelets was the primary source of mitogenic activity 

present in serum, and that this material was responsible for the growth of many serum

dependent cells (Boyan et al., 1994). The functional molec11le contains two polypeptide 

chains, A and B, and therefore exists as a homo·-(AA or BB) or heterodimer (AB) (Wang 

et al., 1994). PDGF-A and PDGF-B are 56% homologous and encoded by different 

genes. The PDGF-A and PDGF-B genes are located on chromosomes 7 and 22, 

respectively, and are independently regulated. Of the two gene products, the heterodimer 

is the predominant form, estimated to represent 70o/o of the PDGF purified from human 
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platelets (Lepisto et al., 1995). ~he effects .. of these isoforms are· mediated by two types 

of cell surface· recepto~s. Their ligand specificitiei:; differ such that the alpha-receptor 

binds to all three. isoforms with similar affinity while the beta-receptor binds to 

PDGF~BB > PDGF-AB > PDGF-AA (Lassing et al., 1994). In human. osteoblastic cells, 

the number of PDGF-AA and -BB receptors per cell has been estimated at 43,000 and 

55,000, respectively (Gilardetti et al., 1991); and in human periodontal ligament cells, 

these values are approximately 32,000 and 36,000, respectively (Oates et al., 1995). 

During the process of wound healing, a number of growth.factor~ are synthesized and/or 

relea~ed in situ, including PDGF. PDGF is considered to play a major role in the early 

phases of wound healing when platelets a·ggregate at the site of injury and release PDGF 

from their alpha-granules (Lepisto et al., 1995). Infiltrating macrophages can also 

synthesize PDGF. PDGF is not detectable in human plasma and is. cleared. from the· 

plasma of baboons with a t112 of less than two minutes. Therefore, its presence in wounds 

probably depends upon the local synthesis by these platelets and macrophages 

(Rutherford et al., 1992). Cells that have the receptor for this growth factor include, 

fibroblasts, -glial cells~ and vascular smooth muscle cells. This receptor binds specifically 

to PDGF and to no other growth factor (Hom et al., 1992). 

Binding by PDGF causes several changes at the cellular .level which are then initiated 

by the cell-surface re.ceptors (Bowen-Pope et al., 1986). -Each polypeptide chain of a 

PDGF dimer binds to one r.eceptor molecule, which in tum initiates re.ceptor dimerization 

CLassing et al., 1994). In response to binding with PDGF, the receptors are tyrosine

phosphorylated and possess intrinsic tyrosine kinase activity (DaJ;Iiel et al., 1985; 

Bishayee et al., 1989). In addition, the activated B-receptor complexes with and 
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phosphorylates several cytoplasmic enzymes such as the phosphoinositide (Ptdlns) P2-

specific phospholipase C1 (plC1), Ptdlns 2-kinase, and ras-guanosine triphosphatase 

activating protein (ras-GAP). Stimulation of serum-starved fibroblasts with PDGF-BB 

has been shown to induce activation of cell motility, characterized by an outgrowth of 

lamellipodia and microspikes, followed by formation of circular ruffles on the dorsal cell 

surface (Lassing et al., 1994). 

PDGF has been demonstrated to· be a potent mitogen, chemotactic agent, and 

stimulator of protein synthesis. for cells of mesenchymal origin (Lynch et al., 1991; 

Terranova, 1988; Reynolds et al., 1996). Many studies have been conducted to evaluate 

the effectiveness ofPDGF. The mitogenic response to PDGF in human PDL cells with a 

fibroblastic phenotype, and in human PDL cells with an osteoblastic phenotype, was 

measured. The results indicated that PDGF induced proliferation of both osteoblastic and 

fibroblastic cells derived from human PDL (Piche et al., 1989a). PDL cells also 

demonstrated a migratory response to all three isoforms, but PDGF-BB exhibited the 

most potent effect, eliciting a higher response and at lower concentrations (Boyan et al., -

1994). An increase in chemotaxis and mitogenesis was found to occur in rat PDL cells 

when exposed to PDGF-BB (Matsuda et al., 1992). Wang et al. (1994) showed in dogs 

that PDGF enhanced fibroblast proliferation in early periodqntal wound healing. Cho et 

al. (1995) also found similar results in dogs. Dennison et al. (1994) foupd increases in the 

proliferation of human gingival fibroblasts as well. PDGF has been shown to stimulate 

DNA synthesis in the fetal rat calvarial system, and in cultures of osteoblast-like cells 

derived from adult human explants. Bones continuously exposed to this growth factor 
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showed a marked proliferative response in the periosteal tissue. (Canalis et al., 1989a; 

Piche et al., 1989b ). 

The purpose of this research was to quantify the cellular product, osteocalcin, 

produced by human periodontal ligament fibroblasts and bone-derived cells following 

exposure to various concentrations of PDGF-BB by Western blot. In addition, specific 

activity was determined in relation to these PDGF-BB concentrations. The basis for cell 

proliferation most likely lies in the response of specific target cells to certain polypeptide 

growth factors (Mailhot et al., 1995; Terranova et al., 1989). Periodontal regeneration is 

a complex process involving several interrelated events. It requires the formation of new 

tooth supporting tissues, which includes portions of the periodontal ligament, cementum 

and alveolar bone (Herr et al., 1995). PDGF stimulates mitogenesis and chemotaxis of 

bone cells and fibroblasts, and therefore, may play a role in the fa~ilitation of tissue 

regeneration. Studies show that PDGF-BB possesses several qualities which could 

selectively induce repopulation of periodontal connective tissue cells into a previously 

diseased area. An understanding of the role that PDGF-BB plays on human periodontal--· 

ligament fibroblasts and bone-derived cells could help determine its possible role in 

periodontal regeneration and other aspects of wound healing. 
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C. Hypothesis 

Numerous studies have shown that PDGF-BB affects several aspects of metabolic 

activity in mesenchymal cells, including the synthesis of new proteins. The 

hypothesis was that osteocalcin would be found in HBDC, but not in HPDLF. It was 

further postulated that PDGF-BB would increase the production of new cell protein, 

and that osteocalcin, if detected, would be increased in a similar manner. 

D. The Specific Aims for this Research included: 

Utilizing human periodontal ligament fibroblasts and human bone-derived cells: 

1) To measure changes in total cell protein and new protein synthesis following 

exposure to various concentrations ofPDGF-BB. 

2) To determine whether intracellular osteocalcin is produced by tb.ese cells and if its 

synthesis is affected by the addition ofPDGF-BB. 



MATERIALS· AND METHODS 

1. Detailed methods and techniques 

A.) Isolation and preparation of primary cell cultures of human periodontal ligament 

fibroblasts. 

The human periodontal ligament cells were isolated from clinically healthy third 

molars and/or premolar teeth extracted for orthodontic treatment as described by Mailhot 

et al. (1995). The extracted teeth were placed immediately into a sterile tube containing 

10 ml of a Hank's balanced salt solution supplemented with penicillin G potassium (200 

units/ml)/streptomycin sulfate (200 J..tg/ml), adjusted to a pH of 7.4 with 7.5% sodium 

bicarbonate (HBSS-P/S; Sigma, St. Louis, MO). All preparation of explants for culture 

was conducted in a laminar flow tissue culture hood. The teeth were rinsed three times _ 

with HBSS~P/S with mild agitation at each transfer. The mid-root surfaces of the teeth 

were scraped lightly with a sterile #15 scalpel blade. Special care was taken to avoid 

furcation and apex areas. The scrapings were placed into a sterile dish and minced into 

smaller pieces with a sterile #15 scalpel blade. The smaller explant pieces were 

transferred to 35 x 10 mm culture dishes (Falcon 3001; Becton Dickinson and Company, 

Lincoln Park, New Jersey). Approximately 2-3 pieces were placed into each dish and 

allowed to air dry to enhance attachment of the explants to the surface of the culture dish. 

After 3-5 minutes, Eagle's Modified Essential Media (Gibco Inc., Gaithersburg, MD), 
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supplemented with 10% heat-inactivated fetal bovine serum plus penicillin G potassium 

(1 00 uni~slml) I streptomycin sulfate (1 00 J..Lglml)(EMEM w/1 0% FBS & PIS) was added. 

The explants were incubated at 37°C in a 5% C02-95% air atmosphere for 5-7 days. 

After that point, the cells were refed with EMEM wl10% FBS & PIS every 2-3 days until 

cell outgrowth reached a confluent monolayer. Once confluency was attained, the cells 

were detached by trypsin treatment and transferred into two 25 cm2 culture flasks 

(Coming Inc., Coming, NY). Cell detachment was accomplished by removing the 

existing media with suctioning, washing the cell monolayer with a sterile EDTA-PBS 

solution, and removal of this solution by suctioning. Afterwards, 1-3 ml of 0.25% 

Alsievers Trypsin (ATV) solution was added. When the cells were <;letached, an equal 

volume of EMEM w/10% FBS & PIS was added to neutralize the ATV solution. The 

cells were transferred to 25 cm2 flasks and returned to incubation. After completion of 

the first trypsin detachment procedure, the cells' passage was defined as number one. The 

EMEM wl10% FBS was changed at 2-3 day intervals until cultures reached confluency. 

The cells then were transferred via trypsin detachment into two 75 cm2 flasks (Coming),. 

and defined as passage two. 

After confluency was reached in the 75 cm2 flasks, the cells were prepared for 

storage. The cells from all 75 cm2 flasks were detached with trypsin, pooled and 

centrifuged at 150 x g for 10 minutes at room temperature. The pelleted cells were 

resuspended in EMEM wl45% FBS & 10% dimethyl sulfoxide (DMSO)(vlv) solution 

and transferred to 1.2 ml Nalgene cryoware cryovials (Nalge Company, subsidiary of 

Sybron Corp., Rochester, New York) at a ratio of two cryovials for each 75 cm2 flask. 

These cells were gradually frozen to -70°C and defined as passage three. 
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B.) The isolation and preparation of primary cell cultures of human bone-derived cells. 

The human bone-derived cells (HBDC) were isolated and cultured using a technique 

described previously by Mailhot et al. (1998). HBDC were obtained from osseous cores 

and filings removed from drills used in the preparation of implant sites and osseous 

surgery. Osseous cores and filings were· immediately placed in a serum-free Dulbecco's 

Minimal Essential Medium containing HEPES, high glucose and non-essential atnino 

acids (Gibco ), which was supplemented with .sodiun1 pyruvate (11 ng/ml; Sig1na), 

1,25(0H)2D3 (10-8 M; Sigma) sodium bicarbonate (Gibco), penicillin G potassium (100 

units/ml) I streptomycin sulfate (100 J..tg/ml) and adjusted to pH 7.4 (S-F/DMEM). 

Tissues were stored at 4°C for not more than 24 hours. Osseous tissue was washed three 

times with S-F/DMEM and the osseous tissue was transferred into a sterile centrifuge 

tube. Collagenase (Boehring Mannheim, Indianapolis, IN) was added at a concentration 

of 1 mg/ml to start digestion, and the centrifuge tube was placed in a 37°C water bath 

under constant agitation. After 20 minutes of digestion, the supernatant was discarded. 

Collagenase was then added to the remaining osseous tissue and the digestion process 

repeated twice for two hours each. The supernatant was extracted and transferred to 

another centrifuge tube. An equal volume of 20% fetal oovi?e se~m in Dulbecco's 

Minimal Essential Medium (DMEM) containing the same ingredients as S-F/DMEM was 

added to neutralize ·collagenase. The supernatant fractions #1 and 2 were pooled, then 

centrifuged at 150 xG for five minutes. The pellet of bone-derived cells was resuspended 

with DMEM w/20% FBS & PIS. The bone-derived cell suspension and remaining 

osseous tissue were plated into separate 35 mm culture dishes that had been treated with 



13 

synthetic fibronectin (Fisher Scientific,· Pittsburgh, P A) to"· enhance attachment and were 

. '' 

incubated at~37°C in ~n atmosphere 9f 5% C02-95% air. After three days of incubation, 

cells were refed every other day with DMEM w/20% FBS & P/S until cell outgrowth 

created a confluent .monolayer. Cells ._~er~ then detached by trypsin· treatment and. 

transferred into 25 cm2 tissue culture flasks (Coming). After completing the. first trypsin 

detachment procedure, cells were defined as passage one. A portion of cells· was 

obtained from the transfer procedure and assayed for alkaline phosphatase as· described 

by the manufacturer (Sigma Diagnostics, St. Louis, MO). The I:IBDC-were compared to 

alkaline phosphatase levels of HGF. The more intense staining for alkaline phosphatase 

in . the HBDC when compared· to the _HGF was used to substantiate the osteoblastic 

phenotype of these cells. After cells reached confluency, they were transferred to 75 cm2 

flasks (Coming). These cells were defined as passage two. Once cells reach confluency 

in the 75 cm2 flasks, they were pooled and stored in ·50% FBS DMEM medium 

supplemented with 10% DMSO and gradually frozen to -80°C. HBDC were stored at 

passage three. 

C.) Preparation ofPDGF-BB experimental solutions. 

-~ . .,, . ·.~; 

The BB isoform of PDGF was purchased from Collaborative Research ·_(Bedford, 

MA). Lyophilized PDGF-BB was reconstituted with translabel (Met~·cys free) medium 

arid supplemented with 1110 volume of EMEM PIS for periodontal ligament fibroblasts 

or DMEM. PIS for bone-d~rived cells, and 0.5% FBS (dialyzed) to a·lOO nglml PDGF-BB 

stock solution .. The stock concentration was serially diluted in orcier to obtain the desired 
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experimental concentrations of 25, 50 and 100 ng/ml. Control medium. was also prepared 

using only the Translabel. 

D.) Determination of total protein synthesis. 

HPDLF or HBDC were retrieved from cell storage, pooled and grown to confluency 

whereupon they were detached and counted using a Coulter counter (Coulter Corporate 

Communication, Hialeah, FL). Eighty-thousand cells in 1 ml EMEM or DMEM were 

plated into each well of a 24-well tissue culture cluster plate (Coming Inc.). The cells 

were incubated at 37°C for 14 days in a humidified atmosphere of 5% C02-95% air. The 

cells were refed every 48 hours by removing 2/3 of the medium and replacing it with 

fresh medium. Due to an incompatibility of one of the buffers with the protein assay, a 

split-plate design was utilized. Half of each plate was used for the new protein synthesis 

assays, and the re1naining half was used for the total cell protein experiments. 

At experimental time "zero", all the media were removed. Five ~Ci/ml o( 

35S-methionine (ICN Pharmaceuticals Inc., Costa Mesa, CA) and a specific concentration 

ofPDGF-BB were added to cultures for 24 hrs to label newly synthesized proteins. Each 

of the four concentrations of PDGF -BB was added to three different wells. At the 
:~ 

conclusion of the incubation period, supernatants were removed' and the cells were rinsed 

three times with HBSS-P/S. The cells were then solubilized with 120 ~1 Laemmli's 

buffer (LSB; 0.0625M Tris-HCL, pH 6.8, 2% SDS,-glycerol,-2-mercaptoethanol) 

(Laemmli, 1970), and the triplicate samples were pooled. These pooled samples were 

boiled for 3 minutes in Eppendorf tubes. Duplicate aliquots of 20 ~1 from each sample, 



15 

and two 20 ~1 samples containing only Laeminli's buffer, were spotted onto- filter paper 

and allowed to air' dry. The remainder was_ frozen for later use in the Western blot. The 

filter paper was rinsed twice in cold 10% trichloroacetic acid (v/v; TCA) to separate free 

from incorporated radio label. _ The samples were allowed to air dr)r and the- filter paper 

containing the duplicate samples was cut into individual ·sqU;ares. The squares of filter 

paper containing the: solubilized radiolabeled cells and the blanks were counted in a 

liquid scintillation counter (Beckman Corporation, Palo Alto, . CA). The radioisotope 

incorporation was measured, and experimental findings were expressed in. counts per 

minute, This experiment was repeated six times. 

E.) Spectrophotometric determination of cell proteins using a protein assay. 

A protein assay was performed on the remaining twelve wells in each plate. Within 

each 24-wdl plate,_ the triplicate wells treated with each of· the four PDGF-BB 

concentrations were pooled into one sample per concentration. Protein concentrations 

were determined using the BCA (Bicinchoninic Acid) Protein Assay Reagent with the . . 
. . ' -

Standard ProtQcol T ecbnique as described by the manufac~er (Pierce, Rockford, IL ). · 

Protein standards of known concentration were prepared. by serial dilution of a stock· 
' . '• . '~ 

2 mg/ml- standard bovine- serum albumin (BSA). The stand£rds covered a range of 

concentrations from 50 ~g/ml-500 ~g/ml. The protein determinations were performed as 

directed by the manufacturer. Working reage~ts were prepared an~ absorbance was 

measured at 562 nm using an ELISA plate reader (Molecular ·Devices Corporation, 

Menlo Park, CA). A standard protein concentration curve was plotted and the unknown 
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protein concentrations were determined from that curve. Each experiment was repeated 

six times. 

F.) Electrophoretic separation of proteins: 

A prefabricated tricine mini-gel (Bio Rad Laboratories, Richmond, CA) using an 

acrylamide concentration of 16.5 % was used in conjunction with the Mini-Protean II 

dual slab cell (Bio Rad Laboratories). Making use of the results from the Pierce Protein 

Assay, a 20 J.ll aliquot of each protein sample to be analyzed was diluted to a 

concentration of 1. 7 5 J..tg/ml, and the aliquots were heated 5 minutes at 1 00°C in a sealed 

screw-cap microcentrifuge tube. Each concentration from either the HBDC or HPDLF 

was represented in each gel in duplicate. Protein molecular-weight-standards (Gibco) 

were dissolved in 1X LSB. A sample from human gingival fibroblasts (HGF) plated 

under similar conditions, with 0 ng/ml PDGF-BB, was loaded into one lane to serve as a 

negative control. The HGF protein concentration was adjusted so that the amount of 

protein loaded was equal to that of the HBDC and HPDLF samples. 

The gel sandwich was attached to the upper buffer chamber. The sandwich attached 

to the upper buffer chamber was placed into the lower buff~r chamber. The lower buffer 

chamber was filled with lX electrophoresis buffer, and the tipper buffer chamber was 

filled with 1X electrophoresis buffer until" the sample wells of the stacking gel were filled 

with buffer. The remainder of the upper buffer chamber was filled with lX 

electrophoresis buffer until the upper platinum electrode was completely covered. The 

protein sample was carefully loaded into the wells, and an equal volume of 2X LSB 
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containing Bromphenol Blue tracking dye (Sigma) was added to any empty wells. The 

cell was run at 100 volts until the Bro~phenol Blue tracking dye reached the bottom of 

. the separating geL . The san~Wic~ ~as removed f~om the upper buffer chamber and laid 

on a sheet of-absorbent paper. The gelwas then removed from the lower plate~ 

G.) Transfer from gel to membrane: 

The gel was removed and equilibrated at room temperature in trans.fer buffer (25 mM 

_Tris,. pH 8·.3, -192 mM glycine, -20% (v/v) methanol). ·Whatman ·3MM and Immobilon 

membrane (Millipore, Bedford, MA) were cut out to the dimensions of the gel. The· 

membrane was pre:-~etted in methanol prior to placing it and the Whatman paper into 

transfer buffer. A transfer sandwich was assembled in the following_ manner: 3 sheets of 

Whatman 3MM paper (cut· to the dimensions of the separating gel), the sep~rating gel 

itself, Immobilon PVDF membrane, and 2 additional sheets of Whatman 3mm. The 

proteins were electrophoretically transferred ·from the gel tq the membrane -over a period 
- - •, 

of 1 hour at·. fixed current using a semi..:dry transfer system (Gelman Sciences, Ann Arbor, 

MI). The amperage was calculated by m~ltiplying the total area of the membranes by a 

factor of 0.8. The membrane was removed from· the blotting apparatus and stored in a 

plastic container to prevent drying. 
<::· 

H.) Immunoprobing with directly conjugated secondary antibody: 
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The membrane ·was placed in a plastic container with 5 ml of blocking buffer (3% 

gelatin-0.05% Tween:.20 in water) and incubated 1 hour at room temperature with 

agitation. The primary mouse anti-human osteocalcin monoclonal antibody was diluted 

1:500 in antibody- buffer (phosphate buffered saline (PBS)-0.05% Twe.en-20). The _ 

container was opened, the blocking buffer was removed, and the membrane . was _ 

incubated with diluted primary antibody (Bio Design, Kennebunk, ME) for 2 hours at 

room temperature with agit(ltion. The _memqrane was then removed from the plastic bag 

_with gloved hands, pla~ed in-a plasticbox and washed twoti~es_by agitating with 10 ml 

-· PBS~tweeli- 5 minutes each time. Horse anti-mouse IgG-biotin conjugate (Vector 

Laboratories,_ Inc., Burlingame, CA) was diluted in PBS-Tween (1 :200). Diluted horse 

anti~mouse biotin conjugate was added and incubated 30 minutes at room temperature 

with constant agitation. The membrane was washed two times with PBS-Tween for five 

minutes.· It was then incubated for 30 minutes in an avidin-biotin-peroxidase complex 

(ABC reagent; Vector Laboratories, Inc). The membrane was removed. from its container 

and developed with the DAB (3,3-diamino benzidine tetrahydrochloride). substrate kit 

(Sigm-a) as described hy the manufacturer. A Western blot was performed for each of six 

different groups' of samples for e~ch cell type. 

.• ' 

. ~ 

2. Data Ailalysis 

A.) Data an~lysis of total protein synthesis and spectrophotometric determination of cell 

proteins .. 

Liquid scintillation counting was used to quantify the data obtained from 

radiolabeling over time and concentration. Absorbance was used to quantify protein 
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concentration (~g/ml) data obtained from the results of the protein a~says. The results 

from these assays were expressed as specific activity (CPM/~g of protein). The specific 

activity of each experimental concentration was divided by the specific activity of the 

control to create a Specific Activity Ratio. The data was summarized and analyzed using 

an analysis of variance (ANOV A) and Newman Keuls post-test to test for levels of 

statistical significance. A p~0.05 was accepted as the level of statistical significance. 

B.) Data analysis of western blots. 

Specific antibody-reactive proteins were quantified by densitometric scanning. The 

Western blots were digitally scanned with an HP ScanJet 5p (He"Nlett Packard, Palo Alto, 

CA). The density of the osteocalcin bands in each lane was measured using Image Tool 

(Data Translation Inc., Marlborough, MA). Only the results from within a single 

Western blot were compared to each other. 



RESULTS 

1. Total Cell Protein 

A.) Human Periodontal Ligament Fibroblasts 

The first series of experiments investigated the cumulative effects of varying 

concentrations of PDGF-BB, from 0 to 100 ng/ml, on cellular protein in HPDLF cells. 

The cells from the non-radiolabeled half of each twenty-four well plate were used for the 

collection of this data. To minimize intra-group variability, the wells in each plate were 

pooled according to their treatment group. Therefore, one sample was available for each 

concentration from each twenty-four well plate. Six samples were produced, from six 

experiments, to obtain measurements of cellular protein for 0, 25, 50 and 100 ng/ml 

PDGF-BB. Because of the high protein concentrations found in the HPDLF cells, the-

samples were diluted by a factor of 13 using 0.01 N NaOH, so that the concentration fit 

within the range of standards. Table I presents the values for total cell protein following 

adjustment for dilution. The· effects of treatment with varying concentrations of 
·, 

PDGF-BB on total protein extracted from HPDLF cultures are illustrated in Figure 1. 

The mean total protein values ranged from 1082 J..Lg/ml (controls) to 1197 J..Lglml (50 
J 

ng/ml PDGF-BB). Although no statistically significant differences were noted among 

treatments, the PDGF-BB treated cultures showed a trend toward increased total cell 

protein at concentrations of25 and 50 ng/ml. 

20 
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B.) Human Bone-Derived Cells 

The HBDC cultures also produced protein concentration values that exceeded the 

range of the standard curve. Therefore, it was necessary to dilute these samples with 0.01 

N NaOH, as was done to the HPDLF cultures. A dilution of seven fold was found to be 

appropriate for this cell line. Table I gives the adjusted total protein values for these 

cells. The total cell protein found in cultures of HBDC is also shown in ·Figure 1. Six 

samples were also produced in this cell line for each concentration of growth factor. As 

indicated above, the mean values for total protein ranged from ... 671 ~g/ml (controls) to 

793 J..Lg/ml (50 ng/ml PDGF-BB treatment). As observed in the HPDLF cultures, the 

addition of 25 and 50 ng/ml PDGF-BB to the cultures demonstrated a trend toward 

increased cellular protein, however, no statistically significant find~ngs were present 

among any of the test concentrations. It was also noted that the total cellular protein 

found in the HBDC samples was consistently lower than that found in the HPDLF cell 

cultures. 



Figure 1 Total cell protein 

PDGF-BB effect on total cell protein in HPDLF and HBDC 
cultures. Both cell lines showed trends toward increased cellular 
protein for 25 and 50 ng/ml PDGF-BB. Bars represent mean plus 
standard error,· n =6. · 
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Table I Total cell protein 

Effect of PDGF-BB o·n total ·cell protein (pg/ml) in HPDLF and 
HBDC cultures. Protein concentrations are presented as 
determined with the BCA protein assay and standard 
concentration curve. All values are adjusted for dilution. 
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PDGF-BB (ng/ml) 
0 25 50 100 

975 1171 1099 897 
1079 1165 1132 1047 

HPDLF 1047 1066 1524 1301 
1230 1366 1314 1269 
992 1074 1122 965· 

1170 1164 992 1218 

Mean 1082 1168 1197 1116 
Std. Error 100.4 108.3 184.8 132.5 

473 624 817 908 
666 838. 624 557. 

HBDC 722 827 768 569 
746 873 778 588 
736 799 785 796 
687 799 820 841 

Mean 671 793 765 710 
Std. Error 102 87.6 72.6 : 156 
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2. New Protein Synthesis 

A.) Human Periodontal Ligament Fibroblasts 

In the next series of experiments, the synthesis of new protein was investigated. The 

incorporation of 35S-methionine was measured to ascertain the amount of new protein 

that was synthesized during the 24 hours of exposure to the various concentrations of 

PDGF-BB. Six pooled samples of each PDGF-BB treatment concentration were tested. 

The adjusted values for new protein synthesis are shown in Table II as counts per minute 

(CPM). A consistent increase in the level of newly synthesized proteins can be observed 

with all three concentrations ofPDGF-BB. As seen in Figure 2, the mean CPM at each 

concentration ranged from 95.7 x 103 (control) to 166 x 103 (50 ng/ml PDGF-BB 

treatment). With the addition of PDGF-BB, an increase of 68-74% was seen. This 

increase represented a statistically significant difference in all of the tested concentrations 

when compared to the 0 ng/ml PDGF-BB control (p:::;;0.05), however, no significant 

differences were noted among the 25, 50 and 100 ng/ml concentrations when compared 

to each other. 

B.) Human Bone-Derived Cells 

· .. · 
The levels of newly synthesized protein in cultures of HBDC can be seen in Table II. 

Each concentration had six samples produced for this cell line. As observed in the 

HPDLF cultures, the HBDC cultures demonstrated increased synthesis of cellular protein 

with the addition ofPDGF-BB to the media. The mean CPM values, as shown in Figure 

2, ranged from 115 x 103 (control) to 252 x 103 (100 ng/ml PDGF-BB treatment). This 
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difference in CPM represented an increase of 103-120% when PDGF-BB was added. For 

cultures treated with 25, 50 and 100 ng/ml PDGF-BB, a statistically significant increase 

in new protein synthesis was observed when compared to the control cultures (ps0.05), 

however, no significant differences were found when comparing these treatment groups 

to each other. It was also observed that the values obtained for new protein synthesis 

were consistently higher in the HBDC cultures than in the HPDLF cultures. This finding 

is opposite to that found between the two cell lines when the total cell protein values were 

compared. 



Figure 2 New Protein synthesis 

Effect of PDGF-BB on new protein synthesis in HPDLF .and 
HBDC cultures. The f!ieans of all PDGF-BB treated cultures 
showed significantly higher total protein. synt~esis than the 
corresponding controls (p~ 0. 05). Bars represent mean plus 
standard error; n=6. * Denotes significant difference from 
r~spective controls. 
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Table II New Protein synthesis 

New protein synthesis as related to P DGF-BB concentration in 
HPDLF and HBDC cultures. New protein synthesis a~ measured 
by incorporation of 35S-methionine radiolabel. All values are 
given in counts per minute (CPM) with background (blank) values 
subtracted. 
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PDGF-BB (ng/ml) 
0 25 50 100 

111334 197294 198584 174264 
79777 148848 150016 172650 

HPDLF 113257 175318 155354 149117 
80147 156570 145529 153169 
93100 143969 134789 145280 
96304 175773 179624 181704 

Mean 95653 166295 160649 162697 
Std. Error 14527 20147 23823 15314 

117390 247528 246377 245416 
112189 249649 219829 241834 

HBDC 108173 240227 213364 252586 
117124 224695 248814 258217 
117277 239299 257284 250209 
116261 194664 269854 266584 

Mean 114736 232677 242587 252474 
Std. Error 3771 20582 21838~~ 8947 
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3. Specific Activity 

A.) Human Periodontal Ligament Fibroblasts 

The results from the new protein synthesis and total cell protein determinations were 

used to calculate the specific activity. Split-plate designs were used because of an 

incompatibility of buffers among assays. The CPM measurements taken from the liquid 

scintillation counter were divided by the protein concentrations derived from the protein 

assays and expressed as CPM/J.Lg protein. Figure 3 shows the values obtained from these 

measurements. The mean specific activities ranged from 86.8 CPMIJ.Lg protein for 0 

ng/ml PDGF-BB to 142.9 CPMIJ.Lg protein for concentrations of 25 and 100 ng/ml of 

growth factor. Statistical analysis of the specific activity showed a significant increase 

versus control for the cultures treated with 25, 50 and 100 ng/ml PDGF-BB (p~0.05). 

This increase was consistent for all of the tested concentrations, but no significant 

differences were noted among any of these groups. The specifi~ activities of the 

experimental concentrations were divided by the specific activity of the control to 

establish a Specific Activity Ratio. This ratio is represented in Figure 4, and is used to 

demonstrate specific activity relative to the control. As observed in the specific activities 

of the various groups, the experimental concentrations of PDGF-BB showed a significant 

increase in the Specific Activity Ratio for all cell cultures when compared to the control 

group (p~0.05). There were no significant differences found among any of the various 

experimental groups. 
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B.) Human Bone-Derived Cells 

The specific activities of the HBDC samples are also shown in Figure 3. Similar to 

the HPDLF cultures, analysis of the specific activities in the HBDC showed a significant 

increase versus control for the cultures treated with the test concentrations of PDGF-BB 

(p:s;0.05). The mean specific activity values ranged from 175.4 CPMIJ.!g protein for the 

control samples to 369.8 CPM/J..Lg protein for the cells treated with 100 ng/ml PDGF-BB. 

A dose-dependent trend was noted among the PDGF-BB concentrations; however, 

differences were not statistically significant among groups. The ·Specific Activity Ratio 

for the HBDC cultures is represented in Figure 4. This ratio ranged from 1. 7 at 25 ng/ml 

to a high of2.1 for 100 ng/ml PDGF-BB. Groups containing the growth factor showed a 

significant increase in the Specific Activity Ratio when compared to the control group 

(p:s;0.05). Although a trend similar to that seen with specific activities was observed, this 

difference among the various experimental groups was found not to be statistically 

different. 



Figure 3 · Specific activit); 

Effect of PDGF-BB effect on specific activity in HPDLF and 
HBDC cultures. Cell cultures treated with PDGF-BB 
concentrations of 25, 50 and 100 ng/ml produced a significantly 
higher specific activity than the 0 ng/ml controls (p~ 0. 05). Bars 
represent mean plus standard error; n =6. * Denotes significant 
difference from respective controls. 
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Figure 4 Specific activity ratio 

Effect ofPDGF-BB on specific activity ratio in HPDLF and HBDC 
cultures. A significantly higher specific activity ratio was 
produced in samples treated with P DGF-BB when compared to 
untreated controls (p~ 0.05). Bars represent mean plus standard 
error; n =6. * Denotes significant difference from respective 
controls. 
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4. Determination of Osteocalcin 

Pilot Western blots were performed to test the selectivity of the primary antibody. 

Sections of alveolar bone removed from a surgery were mechanically digested and run in 

a gel. This bone extract was loaded into the gel following dilution with 2X LSB at ratios 

of 1:1 and 1:3 and labeled hBE1 and hBE2, respectively. HBDC from separate 24-well 

plates (HBDC1 and HBDC2) and a HGF samples were also included. As seen in Figure 

5, a band was seen in all bone cell samples at a position synonymous to the molecular 

weight of osteocalcin, but this was not observed in the HGF sample. This band was 

determined to be putative osteocalcin based on the fact that it was seen at approximately 

6 kilodaltons, was present in human bone tissues and not in human gingival fibroblast 

samples, and that the primary antibody was designed to detect human osteocalcin. A 

Western blot was performed for each twenty-four well plate from each cell line using a 

monoclonal mouse anti-human osteocalcin antibody (data not shown). Following color 

development with the DAB substrate, the membranes were allowed to dry. At this point 

the membranes were digitally scanned, and the density for each ~oncentration was, 

quantified. Large variations in background and density values were noted between 

individual gels, and statistical analysis of the multiple Western blots was deemed 

impossible. Therefore, within each 24-well plate, all samples of HBDC and HPDLF 
~· A • 

samples were pooled according to their respective PDGF-BB concentrations to decrease 

variability and to produce a more representative sample of the respective cell cultures. 

Each sample had a normalized amount of protein as determined previously by the protein 

assay. 
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A.) Human Periodontal Ligament Fibroblasts 

Western blots were performed with the pooled HPDLF samples as seen in Figure 6. 

Relative values for each of the concentrations are shown in Figure 8. The values ranged 

from 17.0 arbitrary units (AU) for 100 ng/ml PDGF-BB to 30.5 AU for 25 ng/ml 

(Densitometric measurements are expressed in relative terms and have no absolute 

value). When compared to the control group, there appears to be a slight increase in 

osteocalcin levels at 25 ng/ml and an apparent decrease in presence for the higher 

concentrations. Figure 9 shows the relative levels of osteocalcin versus control at each of 

the tested concentrations ofPDGF-BB. The values for percent control ranged from 68% 

for 50 ng/ml to 111% for 25 ng/ml. These values show a trend toward increased presence 

of osteocalcin for the 25 ng/ml concentration, followed by a possible decrease at 

concentrations greater than 25 ng/ml. 

B.) Human Bone-Derived Cells 

Western blots were also performed with pooled HBDC samples as seen in Figure 7. 

Following digital scanning of the membrane, relative values for each of the 

concentrations were calculated. As seen in Figure 8, there appears to be a slight increase 

~ 

in osteocalcin concentration at 25 ng/ml and an appar.ent !~ a·ecrease at the higher 

concentrations when compared to the control group. The values range~ from 12.5 AU for 

50 ng/ml PDGF-BB to 20.5 AU for 25 ng/ml. Figure 9 shows the relative concentration 

of osteocalcin versus control. The values for percent-control ranged from 60% for 50 

ng/ml to 107% for 25 ng/ml. As seen in the HPDLF cultures, these values showed a trend 

toward an increased presence of osteocalcin at the lower concentration of 25 ng/ml, 
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followed by an apparent decrease at the higher concentrations. Although the apparent 

decrease at the higher concentrations does not appear to show the same trend as that seen 

in the HPDLF samples, the values recorded for the HBDC cultures were much less for 50 

and 100 ng/ml than that measured for 25 ng/ml. 



Figure 5 Western blot-controls 

Western blot of HBDC samples (HBDCJ and HBDC2 t~ken from 
different 24-well plates), alveolar bone tissue (hBEJ and hBE2) 
and HGF samples. Bone tissue samples diluted with 2X LSB in 
ratios of 1:1 (hBEJ) and 1:3 (hBE2). Molecular weight standard 
present (MWM) with 6 kilodalton band (6kD) labeled. 
Osteocalcin-specific band denoted by arrow. 
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Figure 6 Western blot-HPDLF 

Western blot of pooled HPDLF samples. Line representing 
osteocalcin denoted by arrow. Values for .PDGF-BB 
concentrations (ng/ml) centered at bottom of duplicate lanes. 
Molecular weight standard present (M) in far rzght lane with 6 
kilodalton band (6kD) labeled. 
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FigUre 7 Western blot-HBDC 

Western blot of pooled HBDC samples. Osteocalcin band marked 
by arrow. Western ·blot represents duplicate samples of each 
concentration. PDGF-BB values (ng/ml) marked at. bottom of 
lanes. Molecular weight marker (M) present in far lane with 6 
kilodalton molecular weight (6kD) denoted. 

.~· ~ •·. 
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Figure 8 · Quantification o(osteocalcin 

Effect of PDGF-BB on production of osteocalcin. Density values 
(AU) of normalized HPDLF and HBDC cultures given as a 
product of P DGF-BB concentration. When compared to the 0 

· nglml s(lmples, both cell lines showed trends of higher osteocalcin 
production for 25 ng/ml PDGF-BB with decreased AU ·values for 
higher concentrations. 

~-
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Ffgure 9 Percent control o(osteocalcin production 

PDGF-BB effect on relative production of osteocalcin expressed as 
percent control. Both cell lines showed similar patterns of 
osteocalcin production,· a trend toward upregulation noted for 25 
nglml PDGF-BB with relatively lower production for the higher 
concentrations. 
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DISCUSSION 

Due to the limitations of conventional therapy, much interest has been focused on 

enhancing the treatment of periodontal disease with the use of certain growth factors. 

The healing endpoint of most periodontal therapy is through the process of repair, while 

more desirable methods that attempt to regenerate the lost periodontium are limited in 

their applications and not entirely pre~ictable in their results. Therefore, methods that 

will enhance the periodontal healing and are more predictable need to be investigated. 

This desire to optimize the healing response has led to interest in the use of growth 

factors. PDGF-BB appears to possess several properties that could be beneficial in 

improving the results obtained by these current modalities. PDGF-BB has been shown to 

enhance the proliferation and mitogenesis of mesenchymal cells, namely fibroblasts and 

osteoblasts (Canalis et al., 1989; Piche et al., 1989). PDGF-BB has also been associated 

with increased chemotaxis and protein synthesis within these cell types (Ross et al., 1989; 

Lepisto et al., 1995; Matsuda et al., 1992). 

Several requirements for periodontal regeneration include , the formation of new 

alveolar bone, cementum, and periodontal ligament. A protein that is present during bone 

formation is osteocalcin. The formation of bone follows a general temporal pattern 

which includes three distinct periods (Lian et al., 1995; Stein et al., 1996). Growth and 

proliferation predominate in the initial stage. In fetal rat calvarial-derived osteoblasts, 

this growth occurs during the first 10 to 12 days of culture (Tang et al., 1996). As the 

40 
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rate of proliferation slows, a period begins in which differentiation increases, and proteins 

associated with the bone cell phenotype are detected. For example, alkaline phosphatase 

enzyme activity is increased greater than 10-fold (Stein et al., 1993). Mineralization 

characterizes the final stage, and begins after 16-20 days in culture. At this time the 

expression of other bone-related proteins, including osteocalcin, are increased (Owen et 

al., 1990). Osteocalcin is expressed primarily post-proliferatively with the onset of 

nodule formation (Lynch et al., 1994). Although it can be detected in culture as early as 

8-10 days, osteocalcin is maximally expressed with mineralization of the extracellular 

matrix in vivo and in vitro (Stein et al., 1993). Expression late in the osteoblast 

development, and other inherent properties, make osteocalcin an excellent marker for 

osteoblastic activity, including formation of new bone (Canalis et al., 1988). Therefore, 

changes in the level of osteocalcin when stimulated with PDGF-BB may be related to 

changes in bone formation. 

As mentioned previously, fibroblasts from the periodontal ligament also play an 

integral role in periodontal regeneration. These cells have been shown to possess 

osteoblastic phenotypes (Giannopouluo et al., 1996; Kawase et al., 1986). An 

understanding of the effects that PDGF-BB has on osteocalcin concentration in 

fibroblasts from the periodontal ligament and alveolar bone ;may help determine whether 
~ 

this growth factor will have a future role in the treatment of periodontal disease. 

The objectives of this study were: (1) to determine the· effects of PDGF-BB on the 

production of cellular protein metabolism in human periodontal ligament fibroblasts and 

human bone-derived cells; and (2) to determine if these effects alt~red the levels of 

osteocalcin. 
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Total Cell Protein 

Although both cell lines used herein suggested a slight increase in total cell protefn 

after a 24"7hour exposure to 25 and 5.0 ng/ml PDGF-BB, results showed that no significant 

. changes were produced by the treatment in either the HPDLF ·or HBDC cultures. 

Osteocalcin has been strongly correlated with mineralization of the extracellular matrix. 

Stein et al. (1993) showed that in fetal rat calvarial ost~oblasts, osteocalcin protein 

appeared at 8-10 days, with maximum expression occurring after 28 days in culture. Due 

to the delayed appearance of osteoealoin in vitro, ·the. addition of PDGF-BB in these 

experiments was postponed until the fourteenth day following plating. At that point, the 

growth factor was added for a 24-hour · period. Many studies have previously 

demonstrated ·that PDGF.;.BB enhances protein synthesis in cells of mesenchymal origin 

(Oates 1993; Hughes 1992; Hock 1994). One possible·. explanation for any lack of 

statistical significance herein can be found in the fact that these cells were in culture for 

an extended period of time prior to PDGF-BB addition. The exposure _time to PDGF-BB 

accounted for only a small fraction of the total time that these partic1:1lar cells were in 

culture, and any increase in the amo11:nt of new protein would be small relative to the total 
. ' 

. cell protein already . present. Therefore, any increase in new protein synthesized in 

response to PDGF-BB would likely be unnoticed. A sec.ertd p-ossible reason that 

PDGF-BB was relatively ineffective in increasing cellular protein in a dose-dependent 
. . 

manner also· results from-the extended tinie the HPDLF and HBDC were in culture. Cell 

density has been shown to influence the expression of receptors for several growth 

factors (Holley, 1977). P.:OOF binding to rat kidney fibroblasts showed a 64°/o reduction 
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as cell numbers were increased. Density-induced down-regulation of growth factor 

receptors also leads to a decrease in receptor binding (Rizzino, 1988). Cells which 

exhibit a large number of epidermal growth factor receptors preferentially down-regulate 

the number ofthese receptors as cell density increases (Kuszynski et al., 1993). In the 

experiment described here, both cell lines reached confluence in the 24-well plates by the 

second day after plating. Therefore, it is possible that when the growth factor was added, 

the HPDLF and HBDC cultures had reached the point where the receptors for PDGF-BB 

were down-regulated due to the high density of cells. As a result, a concomitant decrease 

was observed in the efficacy of the growth factor in promotion of protein synthesis. 

New Protein Synthesis 

PDGF -BB increased the synthesis of new protein in both cell lines: All of the groups 

that had growth factor incorporated into the media showed a· significantly greater amount 

of new protein when compared to the controls (p~0.05). The increase in new cell protein 

appears to be in conflict with the fact that no significant increase in total protein was ,--

found. However, as stated earlier, all cells were treated under identical situations for an 

extended period of time before any changes were introduced. Only during the final 

twenty-four hours was any growth factor added. This relattvely small window of time 

allowed for a noticeable increase of new protein synthesis iri.:· response to the growth 

factor while at the same time not significantly affecting the concentration of the total 

protein among the different cell samples. 

The increase of new protein in this study concurs with results seen in previous 

studies. One notable difference was that no dose response curve was observed herein. 
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This may also be partially explained by the results from Rizzino's experiments, 

mentioned above (1988). The down-regulation of the receptors for PDGF-BB could have 

resulted in an excess of unbound growth factor, thus reducing the efficacy of the higher 

concentrations. Most studies showing a dose response curve used cell cultures that were 

grown for a substantially shorter length of time. For instance, Matsuda (1992) cultured 

fibroblast cells for only two days. Using these decreased time frames may have kept the 

cell cultures from reaching the cell density that results in the down-regulation of 

receptors. Another explanation may be found in a study performed by Anderson et al. 

(1998). This study showed that using PDGF~BB in conjunction with heat-inactivated 

serum produced a peak efficacy at 20 ng/i:nl. Although the medium containing the 

growth factor in this study was essentially serum-free (0.5% FBS), the cells were pre

treated with medium containing either 10 or 20% heat-inactivated FBS for 14 days. It 

has been shown that pre-treatment of cell cultures with serum and/or growth factors 

produces a residual effect that lasts beyond 24 hours (personal communication-Dr. Carol 

Lapp). 

The increase in new protein synthesis in both cell lines is confirmed by Figure 3. 

Both the HPDLF and HBDC had a significant rise in new protein versus control as seen 

in the specific activity (p::;;0.05). · Similar to the observations~.noted in the incorporation of 

the radio label, no dose-dependent response was observed. Itt is interesting to note the 

trend seen in the HBDC. Although no statistical differences were seen between groups, it 

appears that the mean values were continuing to increase with the dosage. Figure 4 

shows the specific activity ratio for both cell lines. Although no direct comparisons can 

be made between the HPDLF and HBDC, the specific activity values appeared to be 
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consistently higher in the HBDC cultures, but following adjustment for the control, 

similar values were seen in the specific activity ratio for both cultures. 

Detection and Quantification of Osteocalcin 

The detection of osteocalcin was performed using a Western blot technique. Separate 

gels were run for each 24-well plate resulting in six Western blots for both the HPDLF 

and HBDC. Non-specific binding was observed in both cell lines. As seen in Figure 5, 

this cross-reactivity was not present in non-cultured bone samples (hBEl and hBE2). A 

gel loaded with only fetal bovine serum also showed this non-specific binding (data not 

shown). Therefore, it was assumed that this unexpected staining was due to a cross-

reaction between the secondary antibody and a component of the fetal bovine serum. 

Due to an inability to standardize the overall Western blot process, variations were seen 

in the intensity of staining and background among the ·membranes. It was judged 

impossible to apply any meaningful statistics to these individual blots. Therefore, 

samples within the six plates from each cell line were pooled for each concentration and-

run in a single Western blot (Figures 5 and 6). HGF samples were not incorporated in the 

pooled Western blots. 

Osteocalcin was detected in both the HPDLF and HB~-~-' but not 1n the HGF 

samples. The detection of osteocalcin in the HPDLF cell line contrasted with past studies 

which concluded that osteocalcin was not produced by fibroblasts from the periodontal 

ligament. Ogata et al. (1995) failed to detect osteocalcin in human periodontal ligament 

or gingival fibroblast cultures. Recent studies, however, support the findings of this 

research. Carnes et al. (1997) found that fibroblasts from the gingival connective tissue, 
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and periodontal ligament with high basal levels of alkaline phosphatase, could produce 

osteocalcin when stimulated with 1,25(0H)
2
D

3
· Osteocalcin has also been found in 

periodontal ligament fibroblasts located on the distal aspect of rat . incisors (Takano

Yamamato, 1994). It has been argued that cells from the periodontal ligament are 

derived from the alveolar bone. Previous cell kinetic studies in rodents have indicated 

that both paravascular cells in the PDL, and endosteal cells in association with the PDL, 

have the capability to differentiate into osteoblasts (Roberts et al, 1987; McCulloch et al., 

1987). Osteocalcin production is dependent upon stimulation by 1,25(0H)
2
D

3 
(Lian et 

al., 1989; Yoon et al., 1988). Although no 1,25(0H)
2
D

3 
was added to the medium used 

in the HPDLF cultures, it was present in picomolar concentrations in the fetal bovine 

serum used in the EMEM. The concentration here was substantially iess than that used 

with the HBDC, but may have supplied the amount necessary for the synthesis of 

osteocalcin. 

In contrast to the findings from the HBDC and HPDLF cultures, osteocalcin was not 

found in the HGF samples (Figure 5). Fibroblasts from the gingival connective tissue/ 

have been shown to possess many non-osteoblastic characteristics. The fact that 

osteocalcin was not detected in: HGF samples is in agreement with the study done by 

Ogata et al. (1995), but is in conflict with Carnes et al. (19~7) who fo_und osteocalcin in 

some populations of fibroblasts taken from gingival connective ·tissues. 

The results of the densitometric scanning can be seen in Figure 7. The density was 

measured in Arbitrary·Units (AU) and corrected for background. Both the HPDLF and 

HBDC appeared to show an increase in osteocalcin over control when treated with 25 

ng/ml PDGF-BB, followed by a decrease at 50 and 100 ng/ml. As was seen in the 
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specific activity for cellular protein, the HBDC appeared to produce generally higher 

overall values. However, when expressed as fold increase above the control, both cell 

lines produced very similar patterns (Figure 8). These findings suggest that PDGF-BB 

may increase the concentration of osteocalcin at low doses, with a concomitant decrease 

at higher concentrations. This effect is similar to findings in other studies; for instance, 

Tanaka et al. (1995) found that PDGF inhibited drastically the elevation of osteocalcin 

mRNA in rat marrow stromal cells. Giannobile et al. (1994) also found that PDGF 

decreased the levels of osteocalcin and alkaline phosphatase. 

Significance 

There is some controversy regarding the origin of cell types within the periodontium. 

Traditionally, fibroblasts from the gingival connective tissue have been regarded as 

lacking an osteoblast-like phenotype. Periodontal ligament fibroblasts, on the other hand, 

have been shown to possess some osteoblastic characteristics (Nojima et al., 1990, 

Kawase et al., 1988; Goseki et al., 1995). Studies comparing HGF .and HPDLF have, 

consistently shown differences between the two cell lines. Ogata et al. (1995) compared 

characteristics of gingival fibroblasts to those of periodontal ligament fibroblasts. This 

study found that gingival fibroblasts released higher levels o:f;.PGE2 following exposure to 
~ 

.!: -~: .,, 

bradykinin or histamine, but that periodontal ligament ·fibroblasts possessed a 

significantly higher rate of growth. A higher proliferation rate in periodontal ligament 

fibroblasts in comparison to gingival fibroblasts was also reported by Mariotti et al. 

(1990). Somerman et al. (1988) found that protein and collagen levels were significantly 

greater in periodontal ligament cells when compared to gingival fibroblasts from the 
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same patient. Periodontal ligament cells have also been shown to have higher alkaline 

phosphatase levels (Kawase et al., 1986; Piche et al., 1987). Arceo et al. (1991) found 

that cells from the periodontal ligament, but not gingival fibroblasts, were capable of 

producing mineral-like nodules in vitro. Cho et al. (1992) also found periodontal 

ligament cells from rats could produce mineralized nodules in vitro. It was found by 

Roberts et al. (1975) and Piche et al. (1989) that cells from the human periodontal 

ligament could exhibit characterisitics consistent with an osteoblast-like phenotype 

including a significant increase in PTH-stimulated cyclic AMP when compared to PDL 

cells with a non-osteoblast phenotype. 

The presence of osteocalcin in the periodontal ligament fibroblasts, however, has 

been demonstrated only in rare instances. The fact that osteocalcin was seen in the 

HPDLF and HBDC but not in the HGF controls lends some support t~ the idea that cells 

in the periodontal ligament space may be derived from osteoblasts. It is be possible that 

undifferentiated fibroblastic cells were present in the periodontal ligament when the 

explants were cultured. It may also be possible that fibroblasts in the periodontal,. 

ligament tissues have the capacity to differentiate into a more osteoblast-like phenotype. 

PDGF-BB is a potent stimulator of mitogenesis and protein presence in many cell 

types, including fibroblasts and osteoblasts. This has beeri s~p.s.tantiated by numerous 

studies. Centrella et al., (1989) showed that PDGF enhanced DNA and collagen 

synthesis in cultures enriched in rat osteoblasts or osteoblast precursors. Gilardetti et al. 

(1991) reported that PDGF-BB stimulated migration of normal human osteoblastic cells 

and stimulated thymidine incorporation. Zhang et al. (1991) also found similar results in 

their experiments with thymidine incorporation in human bone explants. In this current 
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study, new protein synthesis was increased significantly with similar patterns appearing 

in both cell lines. 

Despite its chemotactic and mitogenic effects on mesenchymal cells, PDGF was 

found to inhibit the elevation of osteocalcin mRNA in bone marrow stromal cells derived 

from adult rats. It was also found to decrease the stimulation of osteocalcin expression 

induced by differentiation factors, dexamethasone and 1,25(0H)
2
D

3 
(Tanaka et al., 

1995). Cannalis et al. (1988) found that PDGF was effective as a mitogen but not as a 

differention factor; furthermore, osteocalcin concentration ~as reduced, and the 

stimulation of alkaline phosphatase and type I collagen by IGF was inhibited. Other 

studies have also found that PDGF antagonizes the stimulatory effect of IGF-I on 

collagen synthesis and can enhance collagen degradation (Hock et al., 1988; McCarthy et 

al., 1989). Continuous PDGF treatment in osteoblastic cell increased histone expression 

but suppressed osteoblast differentiation, as demonstrated by inhibition of alkaline 

phosphatase, type I collagen and osteocalcin expression (Yu et al., 1997). The results 

suggest that PDGF is a potent mitogen and chemoattractant but not a differentiation-

factor. It is more surprising that a higher value (AU) was obtained for the densitometric 

scanning of the 25 ng/ml group in both cell lines. PDGF generally demonstrates a dose 

dependent pattern in its stimulation of cell growth and p~oliferation. Although these 
. ~~ . ~ . •. 

results differ from the previously mentioned research, it is pos~ible that PDGF enhances 

cell differentiation at concentrations which are lower than those used for increasing cell 

mitogenesis. Lepisto et al. (1995) found that low concentrations ofPDGF-AB increased 

type I procollagen mRNA production while higher concentrations elicited the opposite 

response. 
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Regeneration of the diseased periodontium requires repopulation of the diseased sites 

with various mesenchymal cells, including periodontal ligament fibroblast and osteoblast 

precursors. The initial phase of healing requires chemotaxis of these cell types into the 

area followed by their proliferation. Following this phase of growth, the cells would need 

to initiate differentiation into their respective phenotypes. The results from this research 

showed that the addition of PDGF-BB to HPDLF and HBDC significantly increased the 

amount of new cell protein, but appeared to have an inhibitory effect on osteocalcin at 

concentrations of 50 and 100 ng/ml. It appears that PDGF-BB would be most beneficial 

in higher doses at an earlier point in time where mitogenesis is the primary requirement, 

and a dose response is present. Later, when proliferation is reduced and differentiation is 

increasing, lower concentrations or the absence of PDGF-BB may be ideal. This is an 

area that would benefit from continued investigation. 



SUMMARY 

The specific objectives of this study were to determine the effects of PDFG-BB on: 

(1) total cell protein, (2) new protein synthesis, and (3) osteocalcin concentration. These 

changes were measured in HPDLF and HBDC. 

Human periodontal ligament fibroblasts were cultured from freshly extracted teeth, 

while bone-derived cells were obtained from osseous surgeries. Fourteen-day cultures 

were exposed to concentrations of PDGF -BB ranging frotn 0 to 100 ng/ml for 24 hours. 

Cultures were labeled with 35S-methionine to assay for total protein synthesis. A protein 

assay was performed on duplicate wells, and results were reported as specific activity 

(CPM/(j..Lg/ml) protein). In addition, Western blots were performed on pooled HPDLF 

and HBDC samples. Specific antibody reactions were digitally scanned and relative 

values were determined for each concentration. 

The results indicated that PDGF-BB produced a statistically significant increase in 

new protein synthesis when compared to the 0 ng/ml control. No dose-dependent 
-.., 

response was observed in the levels of new protein, nor was a ·significant increase noted 

in total cell protein. Both cell lines produced similar patterns in specific activity and 

specific activity ratios. Western blot analysis of HPDLF and HBDC showed the presence 

of osteocalcin in both cell lines; however, this protein was not observed in the HGF 

samples. Densitometric scanning of the osteocalcin bands showed that although 

51 
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PDGF-BB significantly increased the levels of new protein, this effect was not reflected 

in osteocalcin. 

These findings demonstrate that PDGF-BB is strongly associated with protein 

synthesis. Both cell lines produced similar patterns of new protein in response to 

addition of this growth factor. HPDLF and HBDC also demonstrated similar patterns of 

osteocalcin concentration during the period of PDGF-BB exposure. The results support 

the concept that although PDGF-BB may be very effective during the period when 

mitogenesis is oc.xuring, it may delay differentiation of mesenchymal cells, particularly in 
I 

expressing osteoblastic phenotypes. 
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