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I. INTRODUCTION 

A. Statement of the Problem: 

Transforming Growth Factor-:-Beta (TGF-.B) and Platelet-Derived Growth Factor 

(PDGF) are two naturally occurring cytokines. Both are known to affect different cell 

types in a number of ways. Research has begun to focus on the use of cytokines as 

a means of preferentially stimulating cells involved in connective tissue repair. If a 

combination were found which would enhance the proliferation of one cell type while 

inhibiting another, the process of regeneration could be greatly simplified. The 

actions of growth factors are sometimes very subtle. Their effects can be obscured · 

by the presence of serum, which is known to contain .many bio-active components.' 

The present study utilizes ~ell culture techniques to examine the effects of TGF-.B 

and PDGF on the proliferation of human gingival fibroblasts grown in serum

containing or serum-free medium. 

B. Review of Related Literature: 

Periodontal disease causes destruction of the tissues which support the teeth. The 

therapy performed by the periodontist causes trauma. Whether the injury is due to 

djsease or trauma, the repair process is the same. Repair involves the migration of 

cells to the site of tissue damage, cell proliferation, and the synthesis of new tissue 
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compoti'ents, (Adelmann-Grill and Cully, 1990). Due to the cellular nature of the 

repair process, m~ch attention has been focused on methods to influence the rate of 

healing. Naturally-occurring cellular polypeptides have been identified which appear 

to regulate and modify cell activity. Two of these polypeptides are Transforming, 

Growth Factor-Beta and Platelet-Derived Growth Factor. 

Transforming Growth Factor-Beta (TGF-6) is a homodimeric peptide connected 

by disulfide crosslinks and having a total mass of 25 kilo-daltons (kDa) (Frolik et al., 

1983). Actually, TGF-8 consists of a group of five related proteins (TGF~81,-82,-83,.~ 

84,-85). The best defined form is TGF-81 (hereafter referred to as TGF-8). The TGF

beta molecule is stable in acid and a method of acid extraction has been developed 

for its isolation from tissue and cells (Roberts et al., 1980). TGF-8 was originally 

described by Delarco and Todaro (1978) in virus-transformed mouse 3T3 cells. Cells 

which ordinarily grow only when firmly attached to a substrate were "transformed'' 

by TGF-8. The transformation allowed the cells to grow even when they were not 

attached to a surface (anchorage-independent growth) (Sporn et al., 1983). 

Almost all human .cells synthesize TGF-8 and have receptors for it (Sporn and 

Roberts, 1989). The most concentrated source of TGF-8 is the alpha granules of 

platelets, which are released by platelets in areas of inflammation and tissue injury 

(Assoian and Sporn, 1986). In serum and plasma, TGF-8 is present predominantly 

in an inactive form, bound to alpha-2-macroglobulin (a-2-M) (O'Connor-McCourt 

and Wakefield, 1987). As a result of this binding, a-2-M is an important regulator 

of the biological activity of TGF-8 (Danielpour and Sporn, 1990). Heparin, the 
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naturally occurring anticoagulant, causes the dissociation of the complex (McCaffrey 

et al., 1989) and may also play a regulatory role. Another important source of TGF-B 

is bone. Indeed, TGF-B was originally described as Cartilage-Inducing Factor 

(Seyedin et al., 1986). The biological effects of TGF-B vary, depending upon the 

target cell. In humans, this cytokine stimulates mesenchymal cells to produce cellular 

and matrix proteins (Wrana et al., 1986). It also inhibits collagenase formation 

(Overall, Wrana and Sodek, · 1991). TGF.,B is the .most potent macrophage 

chemotactic factor known (Wahl et al., 1987) and it induces macrophages to 

synthesize other regulatory factors (PDGF and interleukin-1) (Tsunawaki et al., 

1988). On the other hand, TGF-B is a growth inhibitor for smooth muscle 

(McCaffrey et al., 1989) and epithelial cells (Moses, Yang and Pietenpol, 1990). 

Named for its ability to "transform" cells, TGF-B also induces normal fibroblasts to 

eliminate transformed cells by apoptosis (Jurgensmeier et al., 1994). This particular 

property is of interest to cancer researchers. 

Research has revealed the potency of TGF-B in non-human species as well as in 

humans. TGF-B stimulates rat periodontal ligament fibroblast collagen production 

(Matsuda et al., 1992). It increases the level of mRNA for the specific proteins 

(Ignotz, Endo and Massague, 1987) and has been shown to 'increase the wound 

strength and speed of healing in rats (Mustoe et al., 1987). There is nearly total 

homology of amino acid sequences among human, murine, porcine, and bovine forms 

of the polypeptide (Sporn et al., 1987)~ 
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TGF-B works in concert with the other naturally occurring cytokines, one of which 

is Platelet-Derived Growth Factor (PDGF). PDGF is a_dimeric molecule with a 

molecular weight of 30 kDa (Raines and Ross, 1982). It occurs as a combination of 

two polypeptide subunits, designated A and B. Three isoforms of PDGF have been 

identified: AA, BB and AB. The primary receptor in human fibroblasts recognizes 

the BB form (Heldin, Backstrom and Ostman, 1988) (hereafter referred to as 

PDGF). A wide range of cells are known to produce. PDGF: activated macrophages, 

megakaryocytes, arterial smooth muscle cells, and human osteosarcoma and 

melanoma cell lines (Bryckaert et al., 1988). The most important sources again are 

the alpha granules of platelets, which are released when platelet activation occurs. 

Normally there is very little free PDGF in the_blood (17 ng/ml) (Singh, Chaikin and 

Stiles, 1982). Mter platelet degranulation, 80-85% of the PDGF is present in an 

inactive form bound to. a-2-M. The remainder is cleared from the blood in less than 

two minutes (Bowen-Pope et al., 1984). 

Chemically, PDGF is a rather stable molecule. It is not affected by exposure to 2% 

sodium dodecyl sulfate or urea, and is active over a pH range of from 2 to 11 (Ross 

et al., 1979). Reduction and exposure to enzymes such as trypsin are the only 

treatments that destroy the biological activity of PDGF (Ross et al., 1979). The 

strongly cationic and hydrophobic character of PDGF makes it difficult to handle in _ 

its pure form. It binds to glass and plastic surfaces with a high affinity. Exposure to 

a bare (no cells) tissue-culture well results -in substantial loss of the cyto~ne from 

solution due to adsorption. This effect can be minimized by the addition of 
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exogenous protein (1-2 mg!ml BSA) which blocks the surface to non-specific binding 

of the PDGF molecule (Bowen-Pope and Ross, 1982). 

The effects of PDGF vary depending on the target cell. For mesenchymal cells, it 

is the major serum mitogen (Ross, Raines and Bowen-Pope, 1986). PDGF was also 

the first growth factor shown to be chemotactic for monocytes and neutrophils 

(Deuel et al., 1982). Subsequent investigations have revealed that it stimulates 

chemotactic and mitogenic responses in fibroblasts and smooth muscle cells as well 

(Williams, Antoniades and Goetzl, 1983; Grotendorst, 1984a ). The chemotactic 

effects occur at cytokine concentrations lower than those which cause cellular 

proliferation (Grotendorst, 1984b ). 

Platelet-Derived Growth Factor was originally purified and characterized by its 

ability to induce 3H-thymidine incorporation and growth of connective tissue cells. 

Cells respond very rapidly to'PDGF .. Within minutes after exposure, there is specific 

binding of PDGF to responsive cells (Heldin, Ek and Wasteson, 1982), followed by 

the appearance of membrane ruffles and microvilli (Schmidt et al., 1982). There is 

increased amino acid uptake and stimulation of the Na+ -K+ pump (Mendoza et al., 

1980). Over a period of hours, PDGF causes an increase in the number of LDL (low 

density lipoprotein) and somatomedin C receptors (Chait et al., 1980). Additional 

effects are produced in concert with ·other growth factors. 

Cytokines work iri combination with each other rather than in~ependently. Platelet 

degranulation releases many.peptides into an area of injury. The peptides combine 

with growth factors in the plasma, stimulating repair (Sporn and Roberts, 1989). 
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TGF-13 can either. synergize or antagonize the actions of other growth factors 

(Roberts et al., 1988). For instance, at low concentration (0.1 ng/ml) TGF-·13 induces 

smooth muscle cell proliferation by stimulating autocrine PDGF-a secretion. At 

higher concentrations (10 ng/ml), TGF-B has an inhibitory effect on the same 

pathway (Battegay et al., 1990). TGF-13 inhibits PDGF-induced human bone marrow 

fibroblast proliferation in vitro (Bryckaert et al., 1988). In rats, PDGF stimulates 

macrophage synthesis of TGF-13, which directly increases fibroblast collagen 

production (Mustoe et al., 1989). Interleukin-1, another factor produced by 

macrophages, stimulates mitosis in fibroblasts and smooth muscle cells through the 

induction of PDGF genes (Raines, Dower and Ross, 1989). Rather than examining 

individual cytokines in isolation, it would seem more logical to study the effects of 

combinations of growth factors on ~elected cell populations. 

It is thought that the cells responsible for regenerating periodontal support are the 

gingivalfibroblas~s (GF) and the periodontal ligament fibroblasts (PDLF)(Somerman 

et al., 1988). Comparative studies have shown that there are marked differences 

between GF and PDLF cells. PDL c~lls produce significantly more protein, collagen 

and alkaline phosphatase than GF cells (Somerman et al., 1988). When allowed to 

preferentially repopulate a root surface, PDL cells produce new collagen attachment 

to root cementum (Mariotti and Cochran, 1990; Nyman et al., 1982). Bovine PDL 

cells have phenotypes typical of osteoblasts, demonstrating the potential to become 

osteoblasts or cementoblasts (Nojima et al., 1990). In this way, the PDL could 

regenerate bone and cementum lost due to periodontal 'disease. In contrast, GF cells 
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are unable to produce reattachment of the tooth to bone. Instead, they cause root 

resorption (Nyman et al., 1980; Gottlow, Nyman and Karring, 1984). Gingival 

fibroblasts are a heterogeneous population which differ in cell size, proliferation 

rates, reproductive lifespans and collagen and collagenase· production (Hassell and 

Stanek, 1983). Methods have recently been developed which exploit the differences 

between PDL and GF fibroblasts. 

Clinical periodontal techniques have been developed which can preferentially 

select one type of cell over another. The method is referred to as Guided Tissue 

Regeneration (GTR). GTR uses physical membranes which are designed to exclude 

the epithelium and connective tissue from a healing osseous defect long enough to 

allow PDL progenitor cells to migrate into the site. These cells are normally located · 

around blood vessels of the periodontal ligament After stimulation (such as by 

injury), they divide and migrate to the area of damage. Once there, they differentiate 

into cementoblasts and osteoblasts (McCulloch, 1989), producing new cementum and · 

bone. GTR, therefore, can select which cells repopulate the wound site. The use of 

GTR in combination with growth factors may accelerate healing through the 

recruitment and stimulation of specific cells. 

Dennison et al. (1992) examined the effects of TGF-B ·and PDGF on human 

gingival and periodontal ligament ~ibroblast incorporation of tritiated thymidine. 
I 

They found that TGF-B alone, or in combination with PDGF, can selectively increase 

the proliferation of PDL cells. Oates and Cochran (1994) determined that TGF-B 

increases the numbers of receptors for PDGF. PDGF stimulates cell proliferation, 
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inhibits alkaline phosphatase production, and increases collagen turnover (Ohshima 

et al., 1994). PDGF and insulin-like growth factor (IGF-1) have been used together 

to promote significant new bone and cementum growth in osseous defects in dogs 

and monkeys (Lynch et al., 1989; Rutherford et al., 1992). The combined use of 

PDGF, TGF-B and IGF resulted in more bone formation in rat calvaria than when 

the factors were used individually (Pfeilschifter et al., 1990). These may be only a few 

of the possibilities. Optimal combinations of all cytokines may be found througl!. cell 
I 

culture research. 

In ~tro cell research has been performed for decades. Since the beginning, serum 

has been an integral part of culture medium. Serum provides: 1) basement 

membrane compo~ents, such as fibronectin, which allows cell attachment and 

spreading, 2) lipids, vitamins, amino acids, and trace minerals, 3) transport proteins 

which allow uptake of nutrients by cells, 4) growth factors and hormones, 5) proteins 

(such as albumin) which bind toxins and nutrients, and provide pH buffering (Ham 

and McKeehan, 1979; Cherington, 1982). Although providing these beneficial effects, 

serum also contains substances which are reported to inhibit cell growth (DeLuca, 

Carruthers and Tritsch, 1966). For example, the lifespan of tracheal epithelial cells 

is decreased in the presence of serum (Wu and Smith, 1982). Serum also introduces 

a number of variables into an experiment. 

Fetal bovine serum (FBS) is the most commonly used serum supplement. FBS is 

popular because of its ability to sustain a variety of cell types. However, since it is 

produced by a rapidly developing organism (the fetal calf), the concentration of many 



components in FBS is much higher than in adult bovine or human serum. For 

example, arginase is ten times higher in FBS (Kihara and de Ia Flor, 1968). There 

can also be tremendous variations in ~ormorie concentrations between serum 

batches. In an assay of twelve hormones present in serum, there were twenty-fold 

differences in content between lots of Hyclone ·F)3S (Art to Science, 1986). Two 

researchers working on the same experiment could have divergent results simply by 

using different lots of serum supplement. Endogenous hormones have the potential 

to mask the effect of growth factors added for research purposes (Barnes and Sato, 

1980). 

Serum is obtained by allowing blood to coagulate. Since platelets degranulate 

during clot formation, serum also contains growth factors released by them. It would 

be difficult to study the subtle effects of individual cytokines when so many 

uncontrolled variables are present in the FBS. Serum components . may bind, 

inactivate or mimic the action of the cytokine being studied~ Many unexpected results 

are displayed when serum is removed. Recently, a previously unknown cytokine was 

discovered when chicken embryo fibroblasts were cultured in the absence of serum 

(Geistlich and Gehring, 1992). Designated CDGF, it is unlike_ any previously 

described growth factor. Its fortuitous discovery was due in part to the use of serum-

free medium. 

Serum-free medium was developed to simplify the design and interpretation of 

experiments (Barnes and Sa to, 1980). Some of the essential components .of serum-

free medium are insulin, albumin, selenium, oleic acid and transferrin. Insulin 
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produces increased fatty acid and glycerol synthesis. Albumin may act as a 

detoxifying agent in a manner similar to transferrin (Barnes, 1987). Since serum-free 

medium has fewer components than does serum, it may be easier to study the effects 

of cytokines on cells in a serum-free environment. 

Modern cell research is examining the effects of growth factors on the cell cycle. 

The cell cycle is a series of complex steps which occur during periods designated G1, 

S, G2 and mitosis (M). For dividing cells, the progression is from G1 to S to G2 and 

then to mitosis. After dividing, the cells return to G1 and the cycle is repeated. 

G1 was originally described as a gap betWeen M and S. Further research has shown 

that G1 involves a series of steps which require growth factors for their progression 

(Pardee, 1989). The progression of these steps can be halted at specific points called 

C, V and R. The R point is two hours before the G1/S interface. Mimosine is a plant 

~mino acid which reversibly blocks the cell cycle approximately two hours before. the 

G1/S phase boundary (Hoffman et al., 1991), probably at the R point. Upon removal 

of mimosine, lymphoblasts were able to cross the arrest point in only twenty minutes 

(Lalande, 1990). Growth factors may also act at these points. Tang, Cunningham and 

Enger (1991) working with a specific line of fibroblasts, found that TGF-13 had an 

inhibitory effect on DNA synthesis by preventing the entry of the cells into S phase 

at the GtfS boundary. 

During S phase, thymidine is incorporated into the cell and the nuclear DNA is 

replicate~. At the onset of this phase, the pyrimidine pools increase rapidly, then 

diminish and then increase again near G2• Purine pools increase slowly throughout 
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S phase (Bray and Brent, 1972). Once cells enter S phase they will continue the cycle 

to mitosis, provided that the medium contains sufficient supplements (Cherington, 

1982). Quiescent cells, such as those in tissue, are mostly in G1, between mitosis 

and DNA synthesis. Another stage is G0, the stage of arrested growth. Cells in this 

phase are in a non-proliferating state, outside the cycle of dividing cells. G0 cells 

decrease in size because their protein and RNA are .degraded. Their macromolecular 

synthesis is about one-third that of reproducing cells (Pardee, 1989). It has not been 

determined if the cells in G0 are really outside the cell cycle or just cycling very 

slowly. However, their entry into S phase is markedly reduced. In addition, once 

stimulated, G0 cells take longer to reach S phase than cycling cells after mitosis 

(Pardee et al., 1978). It is possible that the stimulation of quiescent cells by the 

correct combination of cytokines could re·sult in enhanced rate of healing in· injured 

tissues, by increasing the number of proliferating cells. 

As research on regeneration of periodontal tissues continues, the selective 

recruitment of cells is gaining attention. Use of growth factors to influence 

subpopulations of fibroblasts may become a key instrument in periodontics. The 

effects of ·cytokines must be examined under well controlled conditions. 



C. The Aims of the Current Studies were: 

1.) To determine the individual .concentrations of TGF-.B and PDGF which 

produce the largest increase in gingival fibroblast numbers. 

2.) To determine which combination or sequence of TGF-.B and PDGF produce 

the largest increase in gingival fibroblast numbers. 

3.) To determine if the effects of the growth factors are affected by the presence 

of serum in the culture medium. 

4.) To determine if these cytokines produce their effects during the S phase of 

the cell cycle. 

12 



FIGURE 1: Experimental Design: Response of Human Gingival Fibroblasts 
to TGF-J3. 
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FIGURE 2: Experimental Design: Response of Human Gingival Fibroblasts 
toPDGF. 
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FIGURE 3: Experimental Design: Response of Human Gingival Fibroblasts 
to Combinations of TGF-/1 and PDGF. 
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FIGURE 4: Experimental Design: Effect ofMimosine on Fibroblast Attachment. 
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FIGURE 5: Experimental Design: Synchronization of Fibroblast Cell Cycle With 
Mimosine. 
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FIGURE 6: Experimental Design: Effect of Combined Growth Factors on 
Synchronized Fibroblasts. 
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II. MATERIALS AND METHODS 

1. Methods and techniques: 

A.) Isolation of human gingival fibroblasts. 

Human gingival fibroblasts were obtained from the gingiva of medically healthy 

patients who were clinically free of periodontal disease. The tissue was removed 

during crown-lengthening procedures. Tissue samples were placed into 10 ml glass 

test tubes containing 5 ml of Hanks' Balanced Salt Solution (HBSS)(pH 7.4) with 

200 IU/ml penicillin and 200 1-1g/ml streptomycin stored at 4°C. The tubes and 

solution were warmed in a waterbath just prior to use. After placement of the 

explants in the tubes, the tubes were immediately transported to a laminar flow 

hood, where subsequent preparation took place. 

Under the hood, the samples were washed several times with Hanks' solution. This 

was followed by a rinse in a 0.5% sodium hypochlorite solution for 2-3 minutes, in 

order to disinfect the exterior of the tissue. After another rinse in Hanks' solution, 

the tissue was wrapped in sterile gauze and gently squeezed for several seconds to 

remove excess moisture. The tissue was divided with a sterile scalpel into 1 mm x 2 

mm sections. Three or four sections were placed in a dry 35 mm x 10 mm plastic 

tissue culture dish (Falcon 3001) (Becton Dickinson and Company, Lincoln Park, NJ) 

with the connective tissue side down. Attachment was enhanced by allowing the 

19 
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tissue to dry for several minutes on the culture dish. A solution of Dulbecco's 

Minimum Essential Medium (DMEM) (Gibco Life Technologies Inc. Grand Island, 

NY) supplemented with antibiotics (100 J.Lg/ml streptomycin, 100 IU/ml penicillin) 

and 10 % heat inactivated Fetal Bovine Seru~ (FBS) (Gibco) was added (1.5 ml per 

dish). 

Cultures were maintained at 37°C in a humidified atmosphere of 95 % air and 5 

% C02• Mter one week, the initial medium was replaced with 3 ml of fresh solution. 

Subsequently, the ·medium was replaced every two days until the outgrowth of cells 

reached confluence. At confluence the fibroblasts were removed with 0.25 % trypsin-

0.5 mM EDTA. These cells were defined as passage 1. The contents of two dishes 

were combined into 25 cm2 flasks· and grown· to confluence. Mter trypsinizing, the 

cells of two 25 cm2 flasks were combined in a 75 cm2 flask. Thes~ were defined as 

passage 2. Medium was changed every 2-3 days. The growth of the cell cultures were 

monitored by phase contrast microscopy. All cultures displayed fibroblast-like 

morphology. Upon reaching confluence the cells were either us~d immediately in 

experiments or frozen at -70°C. Pools of cells were made by combining those 

obtained from three patients. 

To freeze the cells, the contents of several. 75 cm2 flasks were combined and 

centrifuged. Cell numbers were determined using a Coulter counter (Coulter 

Electronics Ltd, Northwell Drive, Luton, Beds., England). Cells were suspended in 

DMEM with 10 % FBS & 10 % dimethyl sulfoxide (DMSO) (v/v). Approximately 



21 

2 x 106 fibroblasts were placed in each 1.2 ml cryovial (Nalgene Company, subsidiary 

of Sybron Corp, Rochest~r, NY) and slowly frozen to -70°C, the storage temperature. 

B.) Determination of cell number. 

Experimental results were obtained by observing the effect of various parameters 

on total cell numbers. Changes in cell number ~ere measured by the use of crystal 

violet staining. At the beginning of each experiment, equal numbers of fibroblasts 

were placed in each well of polystyrene 96-well plates (Cell Wells, Corning Glass 

Works, Corning, NY). At the end of the experiment, the cells were fixed by adding 

10 111 of 11% glutaraldehyde per 100 111 of medium contained in each well. The 

plates were agitated for twenty minutes on a rotary shaker (New Brunswick Scientific 

Co. I~c, New Brunswick, NJ), and were rinsed by repeated immersion in deioniZed 

water ( d~20). Excess water was removed by blotting and the plates were left 

inverted to air dry for twenty-four hours. 

At the end of twenty~ four hours, the ce~ls were stained with crystal violet. Staining 

' . 
was accomplished by adding 100 J,Ll of 0.1 % crystal violet in 0.2 M MES (2-4-

morpholino-ethane sulfonic acid) (pH 8.0) · to each well. Plates were mixed on the 

rotary shaker for twenty minutes to distribute the dye. Excess dye was removed by 

repeated immersion in dH20. Plates were ·blotted and again allowed to air dry for 

twenty-four hours. 

Mter the plates had dried, the dye was solubilized by adding 100 111 of 10% acetic 

acid to each well. The plates were agitated on the rotary shaker for ten minutes to 
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evenly distribute the dye. Optical density (OD) values were determined with a 

microplate reader (Thermomax reader, Molecular Devices Inc.) at 562 nm (Kueng, 

Silber and Eppenberger, 1989). 

In all experiments in which 96-well plates were used, the outermost row on each 

. plate was not used for culturing cells. Spent medium which had been warmed in a 

water-bath was placed in these wells prior to the plating of the cells in the inner 

wells. The result was a more uniform distribution of cells in the inner wells. 

C.) Preparation of culture medium. · 

Serum-free. medium was prepared according to a formula provided by Dr. Carol 

Lapp (pers comm). A 200 ml solution was produced by combining 40 ml DMEM 

(5x), 1.2 ml Redu-ser II (Upstate Biotechnology Inc., Lake Placid, NY), 9.8 ml 

NaHC03, 2 ml Pen/Strep (100 IU/ml penicillin, 100 IJ.g/ml streptomycin)~ 2 ml non 

essential amino acids (Gibco), 1.66 ml Bovine Serum Albumin (BSA) (Gibco, Bovine 

Albumin Fraction V solution (7.5%)), and 143.34 ml deionized water. Redu-ser II 

is composed of insulin, transferrin, selenium, BSA and oleic acid. The osmolarity· of 

the serum-free medium was adjusted to 320 milliosmols by the further addition of 

distilled water. 

Serum-containing mediurn was produced in a similar manner with the substitution 

of Fetal Bovine Serum (FBS) (Hyclone Laboratories Inc., Logan, U~ah) for the 

Redu-ser and BSA. The same lot of serum was· used for all serum-containing studies. 
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D.) Preparation of the mimosine. 

The molecular weight of mimosine is 198.18. A total of 5.945 mg of mimosine 

powder (Aldrich Chemical Co., PO Box 355, Milwaukee, WI) was dissolved in 3 ml 

of TRIS buffered saline (TBS)(0.025 Molar Trizmabase, adjusted to pH 7.4). A 

syringe filter (Acrodisc syringe filter, Gelman Sciences, Ann Arbor, MI) was used to 

sterilize the solution. Medium was added to bring the final volume~ to 100 ml, 

producing a 300 J.LM final concentration. 

E.) Radiolabelling of fibroblast nucleic acids. 

In the radiolabelling experiments, 16 mm - 24 well culture plates were used. 

Gingival fibroblasts were plated at a density o£32,000 cells per well in 1 ml DMEM 

with 10 % FBS and were allowed to attach overnight. After twenty-four hours, the 

medium was replaced with mimosine-containing(300 11M) medium. After twenty-four 

hours exposure to mimosine, the fibroblasts were washed several times with PBS to 

remove the cycle-inhibitor. Fresh, miniosine-free medium was added. The cells were 

incubated for two hours, to allow them to ·reach the G 1/S interface. In order to 

identify newly synthesized nucleic acids, groups of fibroblasts were exposed to 3H

thymidine CH-Tdr, 10 1J.Ci/ml) for specific times during a twenty-four hour period. 

One group was exposed for the first eight hours (0-8 hr), another group was eXJ)osed 

for the next eight hour period (8-16 hr), and a third group was exposed for the final 

eight hours (16-24 hr). 
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At the end of each period, the labelled cells were washed three times with Hanks' 

Balanced Salt Solution (HBSS) with penicillin and streptomycin (HBSS-P/S). One 

milliliter of a 10% trichloroacetic acid (TCA) solution was added to each well and 

left standing for thirty minutes. The cells were then washed three more times with 

TCA. After the TCA had been removed, a solution of 0.1 N NaOH was added to 

each well (0.5 ml per well) and left standing for thirty minutes. This solution was 

transferred from the wells to individual 2 ml Eppendorf tubes. The wells were rinsed 

with 0.5 ml of deionized water which was then added to the tubes. 

Duplicate 100 I-Ll samples from each tube were added to scintillation vials 

containing 5 ml of ScintiVerse BD (Fisher Scientific, Norcross, Ga). Isotope 

incorporation was measured using a liquid scintillation spectrophotometer (Beckman 

Corporation, Palo Alto, Ca ). Results were determined as counts per minute. 

Duplicate radiolabelling experiments were carried out three times. 

A similar experiment was performed using serum-free medium. The fibroblasts 

were plated in DMEM with 4% FBS and. allowed to attach overnight. After twenty

four hours, the wells were washed several times with TBS to remove any trace of 

serum. Mimosine-containing serum-free medium was added to each well, and the 

plates were incubated for overnight. After twenty-four hours, the fibroblasts were 

washed several times with TBS to remove the cycle inhibitor. Fresh mimosine-free 

serum-free medium was added and the cells were incubated for two hours to allow 

them to reach the G1/S interface. Radioisotopes were then added to the serum-free 

medium. One group of cells was radiolabelled for the first eight hours, a second 
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group for the second eight hour period, and a .third group for the final eight hours. 

Isotope incorporation was determined in the same manner as for the serum 

incubated cells. Due to possfble effects of serum-free medium and mimosine on 

protein synthesis, results are expressed as mean counts per minute per well . 

. F.) Effect of mimosine on cell attachment. 

When synchronized cells were to be used, the length of each growth factor 

experiment would be six days. _This period included: 1) one day to allow the cells to 

attach, 2) one day to synchronize the cells, 3) two days exposure to the growth 

factors, and 4) two days for processing the crystal violet assay. It was considered that 

the mimosine could be add.ed to the medium in which the cells were initially plated. 

The result would be the shortening of the experim_ent by one day. Since . the 

feasibility of this was uncertain, a pilot project was performed to determine the effect 

of mimosine on fibroblast attachment. Cells were cultured in 96-well plates at a 

density of 2,000 cells per well. Test cells were plated In 200 I-Ll of DMEM with 10 % 

FBS containing 300 1-LM mimosine. Controls were treated similarly, but without the 

mimosine. The plates were incubated for twenty-four hours and then the quantity of 

attached cells was estimated by crystal violet staining. The process of fixation and 

staining is so rigorous that only firmly bound cells remain to be counted. 
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G.) Effect of plat~ position on cell growth. 

A pilot project was performed to determine if the position of the cultUre .plate in 

the incubator affected the .growth of cells. Six duplicate 96-well plates with 2,000 cells 

per well (DMEM with 10 % FBS) were used. The plates were placed in the 

incubator with their long axis either perpendicular to or parallel to the rear of the 

incubator. Mter an incubation time of seventy-two hours, the cells were fixed and 

counted using the crystal violet technique. No difference was found between plates 

incubated in different orientations. 

H.) Preparation of PDGF AND TGF-B solutions. 

Human recombinant PDGF-BB (R&p Systems Inc., Minneapolis) and TGF-B 

(Gibco, Grand Island, NY) were purchased in 10 1-Lg and 2 1-Lg quantities respectively. 

Due to the tendency of both factors to stick to glass, _.polYJ>ropylene containers and 

pipettes were used throughout the. experiments. PDGF was transferred to a 

polypropylene Eppendorf tube by rinsing the original vial several times with 4 mM 

HCl (containing0.1% BSA) to a total volume of 100 I-Ll. The resulting stock solution · 

had a concentration of 100 ng/1-J.l. Ten microliters of stock solution was added to 

4.990 ml of medium to produce a 200 ng/ml solution. Concentrations of 80; 40, 20, 

10, and 5 ng/ml were made by diluting aliquots of the 200 ng/ml solution with 

medium. The dilutions were used in dose-response experiments ·which determined 

the optimal concentrations of each factor. Aliquo·ts of the stock solution were frozen 

at -20°C for future use. 
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Reconstitution of TGF-B involved transferring the 2 f.lg of growth. factor from the 

shipping vial to a polypropylene tube. Rinses of sterile 50 mM sodium acetate, pH 

4.5 with 1 % (w/v) BSA were used. A total .of 100 J.Ll of solvent was added, which 

produced a stock solution of 20 ng/J.Ll. Working concentrations were obtained by 

combining 10 I-Ll of stock with 4.990· ml of medium to produce a 40 ng/ml solution. 

Further dilutions produced concentrations of 20, 10, 5, and 1 ng/ml. Aliquots of the 

stock solution were frozen at -20°C. 

I.) Growth factor dose;. response. 

Before using TGF-B and PDGF in combination, it was necessary to determine the 

optimal concentration of each individual growth factor. Fibroblasts were plated in 

duplicate 96-well plates at a density of 2,000. cells per well, in 200 J.Ll of medium. 

Medium contained either 10% FBS (for "serum" groups) or 4% FBS (for "serum-

free" groups). The plates were incubated ~t 37°C to allow the cells to attach. In order 

to remove the possibility of contamination by serum factors, cells were exposed to 

4% FBS only long enough to allow attachment (about tWenty-four hours) (Ishikawa, 

Leroy and Trojanowska, 1990). After this period of time, the medium was removed 

by the inversion of the plate over sterile blotting paper, since removal of the medium 

by aspiration would dislodge the cells from the bottom of the plate (Dr. Lapp, pers 

comm ). In the serum-free group, the cells were washed several times with TBS to 

remove any traces of serum. Serum-free medium containing the growth factors were 
/ 

then added. In the serum-containing group, the original medium was replaced with 
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medium containing 10% FBS as well as the growth factors. The dilutions used were:· 

for PDGF: 80, 40, 20, 10, 5 ng/ml; and for TGF-B: 40, 20, 10, 5, 1 ng/ml. A row of 

ten wells was used for each concentration. The cells were exposed to the factors for 

a period of forty~eight hours. At that time the cells were fixed and counted usi:Qg the 

crystal violet technique. The concentration of each growth factor which produced the 

largest increase in optical density was then determined. The experiment was carried 

out three times. 

J.) The effect of FBS concentration ori. response to TGF-B. 

The results of the dose response experiment indicated that the reaction of the 

fibroblasts to TGF-B varied with respect to the concentration of FBS in the medium. 

In serum-free medium, TGF-B produced a significant increase in growth when 

compared to the control. Such was not the case in the medium containing 10 % FBS, 

where little difference was found. In order to further determine if the response to 

serum was. overshadowing the response to the cytokine, a comparison was made in 

DMEM with 10% FBS, 4% FBS, or serum-free medium. Pooled cells were placed 

into 96-well plates at a density of 2,000 cells per well, and allowed to attach for 

twenty-four hours. At the end of this period, the media were changed and the 

experiment begun. The groups were: (1) 10 % FBS control - no growth factor, (2) 

10% FBS plus TGF-~, (3) 4% FBS control - no growth factor, (5) 4% FBS with 

factor, (6) serum-.free control- no growth factor, (7) serum-free with factor. One row 

of ten wells was used for each group. The experiment was carried out three times. 
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If the serum inactivated the TGP-B, the r~sults of the 4 % group would be expected 

to be the same as the 10 % group. If instead the "serum effect" was merely 

overshadowing of the TGP-B effect, it w~s expected that the result for 4 %group 

would be intermediate between the other two groups.-

K.) Effect of TGP-B and PDGP in combination. 

The results of the dose response experiment were used to examine the response 

of the fibroblasts to combinations of the cytokines. That concentration of each 

growth factor which produced the largest increase in cell number when present alone 

was used during this phase. Pooled cells were placed in 96-well plates at a density 

of 2,000 cells per well. The medium was. either DMEM containing 10 % PBS 

("serum" group) or DMEM containing 4 % PBS ("serum-free" group). The plates 

were incubated overnight to allow attachment of the cells. After twenty-four hours 

the media were removed by inverting the plates over sterile towels. The cells wer~ 

washed several times with TBS. -New DMEM with 10 % PBS was added to the 

serum-containing group, while oth~r group received serum-free medium. The 

cytokines were added in the following pattern: (1) control- no factors added, (2) 

TGP-B alone, (3) PDGP alone, (4) both factors at the same time, (5) PDq-P, then 

eight hours later TGP-B; (6) TGP-B, then eight hours later PDGP. The last two '( ·. 

groups were used to determine if preincubation with one cytokine would make the 

cells more responsive to the second factor. Ten wells were used for each group. The 

plates were incubated at 37°C. The fibroblasts were exposed to growth factors for a 
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total of forty-eight hours (Ishikawa, Leroy and Trojanowska, 1990). At that time, the 

cells were 'fixed and the optical density was determined by crystal violet staining. The 

experiment was carried out three tiines. The combination or sequence of the growth 

factors which produced the largest increC:tse in optical density was used during the 

next phase of the study. 

( L.) Effect of the combined growth factors applied during the first eight hours of the 

cell cycle. 

Pooled cells were placed in 96-well plates at a density of 4,000 cells per well. Twice 

the previous number of cells per well ( 4,000 instead of 2,000 in previous studies) 

were used because the results of the first run of this experiment produced rather low 

optical densities for all groups. The medium contained 4 % FBS. The plates were 

incubated for twenty-four hours to allow fibroblast attachment. The medium was 

then replaced with serum-free medium containing mimosine (300 11M). The plates 

were returned to the incubator for twenty-four hours. The medium was then removed 

and the cells were washed several times with TBS to remove any traces of the 

mimosine. Fres~ serum-free mimosine-free medium was then added (200 1111 well). 

The plates were incubated for a two hour period to allow the cell cycles to reach the 

G1/S interface. The medium was then replaced with serum-free medium with or 

without growth factors. The groups for this experiment were: 

1) no mimosine, no cytokines (control), 

2) mimosine for 24 hour~, no cytokines (growth factor cont~ol) 
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3): mimosine for 24 hours then cytokines for the eight hours, 

4) mimosine for 24 hours then cytokines for twenty-four ·hours, 

5) mimosine for 24 hours then cytokines for forty-eight hours. 

At the end of their designate4 exposure time, the cytokine groups were washed 

with TBS to remove traces of growth factor. The cells were then incubated in fresh 

serum-free cytokine-free medium for the remainder of the experiment. Fifty hours 

after the removal of the mimosine, the fibroblasts were fixed and the optical density 

of each well was determined. 

2. Data Analysis 

Crystal violet staining was used to measure increases in cell number. The results 

were expressed as optical density values which were compared to the control for each 

experiment. 

Liquid scintillation counting was used for the radiolabelling . experiments. The 

results were expressed as counts per minute per well. 

3. Statistics 

The statistical analysis of Optical Density results were performed using a 

nonparametric,Kruskal-Wallisone-wayanalysisofvariance(ANOVA).Subsequently, 

a Dunn's multiple comparison test was used for the, dose response studies. A 

Student-Newman-Keuls test was used for the growth factor combination experiments. 
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Individual T-tests were also performed on the data for the mimosine attachment, 

scintillation and synchronized-cell growth factor experiments. 



III. RESULTS 

1.) Crystal Violet Standard Curve 

A standard curve was produced by plating specific numbers of fibroblasts in each 

row of wells in a 96-well plate. The cells were plated in DMEM with 10 % FBS and 

allowed to attach overnight. After twenty-four hours, the cells were fixed by adding 

10 ~I of 11 % glutaraldehyde per 100 ~I of medium contained in each well. The 

plates were agitated for twenty minutes on a rotary shaker and were rinsed by 

repeated im~ersion in deionized water ( dH20). Excess water was removed by 

blotting and the plates were left inverted to air dry. After twenty-four hours drying, 

the cells were stained. Staining was accomplished by adding 100 IJ.l of 0.1 %crystal 

violet in 0.2 M MES (ph 8.0) to each well. Plates were mixed on the rotary shaker 

for twenty minutes to distribute the dye. Excess dye was removed by repeated 

immersion in dH20. Plates were plotted and again allowed to air dry for twenty-four 

hours. 

After the plates had dried, the dye was solubilized by adding 100 ~I of 10 % acetic 

acid to each well. The plates were agitated on the rotary shaker for ten minutes to 

evenly distribute the dye. Optical density values were determined with a microplate 

reader at 562 nm. The results are displayed in Figure 1. There is a direct correlation 

between increasing cell numbers and optical density. This pilot study demonstrates 

33 
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the validity of using optical density as a measure of the changes in cell number in 

response to the growth factors. 



FIGURE 7: Crystal Violet Standard Curve. 
Values designated plus or minus one standard deviation. 
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2.) Growth Factor Dose-Response 

A. Individual Growth Factors 

36 

The initial experiments examined the impact of increasing levels of growth factors 

on fibroblast proliferation. TGF-.B and PDGF were examined separately. In duplicate 

96-well plates, 2,000 cells per well were plated and allowed to attach for twenty-four 

hours. Growth factors were then added and the plates were incubated for another 

forty-eight hours. The cells were fixed and stained with crystal violet. Cell numbers 

were determined by the optical density. Figure 8 illustrates the effect of 

concentrations of TGF-13 ranging from 1-40 ng/ml on cell number. In the medium 

which contained serum, three groups (1, 20 and 40 ng/ml) were significantly different 

from the control (p< 0.008). However, there were no statistical differences between 

these groups. In the serum-free medium, all groups except 1 ng/ml were statistically 

different from the control (p< 0.001) .. There were no statistical differences between 

the other groups. 

The results for PDGF treatment are displayed in Figure 9. In serum~containing 

medium, ·the three lowest concentrati~ns of PDGF (5, 10, and 20 ng/ml) produced 

statistically significant increases in cell numbers, when compared to the control group 

(p< 0.001). No differences were found among the concentration groups. In the 

serum-free medium, statistically significant differences were obtained between the 5 

ng/ml and 10 ng/ml groups, and between 10 ng/ml and the higher concentrations. No 

statistical difference was found .among the 20 ng/ml, 40 ng/ml and 80 ng/ml groups. 



FIGURE 8: Effect of TGF-f3 on Gingival Fibroblast Growth. 
Optical Density after 48 hours incubation. 
Values designated plus or minus one standard deviation. 
Experimental Groups: 
Control---No growth factor. 
1, 5, 10, 20, 40 ng TGF-fJ /ml medium. 
Symbols ·indicate statistical difference from control. 
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FIGURE 9: Effect of PDGF on Gingival Fibroblasts Growth. 
Optical Density determined after 48 hours incubation. 
Values designated plus or minus one standard deviation. 
Experimental Groups: 

. Control---No growth factor. 
Test groups- 5, 10, 20, 40, 80 ng/ml PDGF 
Symbols indicate statistical difference from control. 



' 

PDGF DOSE RESPONSE 

10% SERUM mmooJ SERUM-FREE. 

0.80 ..------~------------------------, 

0.64 

>-
A A 1- I A -en 

z 0.48 

* * * 
w 

I 0 
_J 

<( 
u 0.32 -
1-
a.. 
0 

0.16 

0.00 
CONTROL 5 10 20 40 80 

PDGF CONCENTRATION (NG/ML) 



39 

B. Response To TGP-.B Based On Serum Content Of The Medium 

Compared to their controls, the response to TGP-6 in medium containing 10% 

PBS was less than in serum-free medium. In order to determine if this result was due 

to the serum binding or inhibiting the TGP-6, cells were incubated with the growth 

factor in media containing either 0 %, 4 % or 10 % PBS. If the serum were binding 

the TGP-.B, the optical density of the cells cultured in medium containing, 4 % serum 

inight be similar to that seen in the 10 % serum group. If the serum-effect was an 

overshadowing rather than an inhibition, the 4 % serum group might be intermediate 

between the other two groups. 

The results are shown in Figure 10. Each TGP-B group is statistically different 

from its control group. The response in medium containing 4 % serum is 

intermediate between the other two groups. The optical density of the group e~osed 

to TGP-.B in medium containing 4 % serum is _statistically equal to the control for 

the 10 % serum group (p< 0.001). The data seems to suggest that the presence of 

serum is overshadowing rather than inhibiting the TGP-.B. 



FIGURE 10: Effect of TGF-/1 on Gingival Fibroblasts 
Based on Serum Content of the Medium. 
Values designated plus or minus one standard deviation. 
Experimental Groups: 
Control---No growth factor. 
Test groups- 10 ng/ml TGF-G in 
medium containing 0%, 4%, or 10% FBS 
Symbols indicate no statistical difference between groups. 
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C. Response To The Two Growth Factors Combined 

Based on the results of the first experiments, it was. decided to use concentrations 

of 10 ng/ml TGF-J3 and 20 ng/ml PDGF in the subsequent studies .. These levels 

produced a significant response and yet permitted conservation of expensive 

cytokines. Fibroblasts were incubated in duplicate 96-well plates (2,000 cells per 

well). The cells were exposed_ to the c~okines for forty-eight hours. The growth 

factors were used alone, simultaneously or sequentially. 

C. 1. Serum-containing medium 

The results for medium containing 10% serum are displayed in Figure 11. The 

optical density was statistically different between the control and all of the test 

groups, except TGF-J3 followed by PDGF (T/P). There were no statistical differences 

between the other test groups (p> 0.05).~} 

C. 2. Serum-free medium 

The results for serum-free medium are shown in Figure 12. The response to 

PDGF (alone) was greater than that for TGF-J3 (alone). The simultaneous addition 

of both factors produced the largest uptical density. Sequential application of the 

growth factors with an eight-hour interlude produced two different effects. The 

combination of PDGF followed by TGF-J3 (PIT) resulted in an optical density equal 

to PDGF alone. The reverse, TGF-B then PDGF, was less than PDGF alone. The 

result for PDGF (alone) was equal to the sequence of PDGF followed by TGF-8. All 

groups were statistically different from the ~ontrol (p< 0.05). All of the test groups 
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were statistically different from each other with thee exception of PDGF (alone) and 

PDGF{fGF-B. 



FIGURE 11: Effects of Combined Growth Factors on Gingival Fibroblast 
Proliferation: Medium contains 10% serum. 
Values designated plus or minus one standard deviation. 
Experimental Groups: 
Control---No growth factor. 
Test groups-
PDGF - 20 nglml PDGF 
TGF-j3- lOnglml TGF-j3 
BOTH - 20 nglml PDGF and 

10 nglml TGF-J3 
PIT - 20 nglml PDGF for 8 hours, then 

10 nglml TGF-f3 was added, 
incubation with both 
for the rest -of the experiment. 

TIP - 10 nglml TGF-f3 for 8 hours, then 
20 nglml PDGF was added, incubation with both 
for the rest of the experiment. 
Symbols indicate statistical difference from control. 
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FIGURE 12: Effects of Combined Growth Factors on Gingival Fibroblast 
Proliferation: Serum-free medium. 
Values designated plus or: minus one standard deviation. 
Experimental Groups: 
Control---No growth factor. 
Test groups-
PDGF - 20 nglml PDGF 
TGF-/3 - 1 Onglml TGF-/3 
BOTH - 20 nglml PDGF and 

10 nglml TGF-/3 
PIT - 20 nglml PDGF for 8 hours, then 

10 nglml TGF-/3 was added, incubation with both 
for the rest of the experiment. 

TIP - 10 nglml TGF-/3 for 8 hours, then 
20 nglml PDGF was added, incubation with both 
for the rest of the experiment. 
Symbols indicate statistical difference from control. 
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3.) Cell Synchrony Experiments 

· A. Synchronizing Cells With Mimosine 

The purpose of this experiment was to demonstrate that mimosine would 

synchronize the human gingival fibroblast cell cycle .. Cells were plated in duplicate 

24-well plates (32,000 cells per well) and allowed to attach for twenty-four hours. The 

cells were then exposed to mimosine for twenty-four hours. The media were 

replaced, a~d the cells were incubated with tritiated thymidine fo~ three separate 

eight-hour periods (time 0 to 8 hours, 8 to 16 hours, or 16 to 24 hours). 

Incorporation of th~ Isotope was determined for each well. The results· are expressed 

as mean counts per minute per well. 

A synchronized population of cells should display a majority of the counts during 

the first eight-hour period, with fewer counts in subsequent periods. Mimosine 

should halt the cell cycle two hours before the G1/S inteq)hase. Once the mimosine 

is removed, the cells should quickly pass into S phase and begin incorporating 

labelled thymidine. 

The results in medium containing 10 % serum (Figure 13) suggest that mimosine 

altered the cell cycle of the exposed cells. The response during the 16-24 hour period 

are interpreted as the difference in the two cell pools. A direct comparison of the 

areas under the bars cannot be made since the control cells had additional time to 

increase their numbers while the test cells were exposed to the mimosine. 

In the serum-free medium (Figure 14) two effects have occurred. The difference 

between the two groups suggests that the· mimosine had an effect on the cell cycle. 
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The counts per minute were rather uniformly distributed throughout the three time 

periods, however. The result for the control group, on the other hand, reflected a cell· 

population with a high degree of synchrony. If the graph for this group is compared 

to the control in the serum-containing experiment, it is apparent that the exposure 

to serum-free media has produced the largest change· in the cell cycle. Subsequent 

addition of mimosine seems to have·desynchronized the cells, resulting in a random 

pattern of counts per minute. The refeeding response in the absence of serum may 

have overwhelmed or negated the effects of mimosine. 



FIGURE 13: Effect of Mimosine on the Cell Cycle. 
Medium contains 10% serum. 
Values designated plus or minus one standard deviation. 
Experimental Groups: 
Control---No mimosine added 
Mimosine---- 300 pM Mimosine added 
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FIGURE 14: Effect of Mimosine on the Cell Cycle: 
Serum-free medium. 
Values designated plus or minus one standard deviation. 
Experimental Groups: 
Control---No mimosine added 
Mimosine---- 300 pM·Mimosine added 
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B. Effect On Cell Attachment 

In all experiments, the fibroblasts were placed in 96-well plates and were allowed 

to attach for a period of twenty-four ~ours. The final experiment required that the 

ceils be exposed to mimosine for twenty-four hours -in .order. to synchronize the 

fibroblast cell. cycles. When the incubation time ·with growth factors and subsequent 

processing time for crystal violet was included, a total of seven days would be 

required for the entire exper:lment. Plating the cells in mimosine-containing media 

would shorten the total length of the ex}Jeriment by one day. In order to determine 

if mimosine has an effect on fibroblast attachment, cells were plated in media 

containing 10% serum with or without mimosine (300 J.LM). The number of cells 

which were attached at twenty-four hours was determined (Figure 15). Mimosine has 

reduced attachment by approximately 50 %. Because of this response, it was decided 

not to expose the cells to mimosine until after they had attached to the 96-well 

plates. 



FIGURE 15: Effect of Mimosine on the Gingival Fibroblast Attachment. 
Values designated plus or minus one standard deviation. 
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4.) Exposure Of Synchronized Cells To Growth Factors 

In previous experiments, the simultan~ous application of the two cytokines had 

resulted in the greatest increase in cell numbers. ~is experiment was performed to 

determine if the response was due to stimulation of the fibroblasts during the first 

eight hours of the cell cycle. Fibroblasts were placed in duplicate 96-well plates 

(4,000 cells per well) and··allowed to attach for twenty-four hours. The media were 

removed and replaced with mimosine-containing media (300 t-LM). After twenty-four' 

hours, the media were replaced with fresh serum-free mimosine-free media to allow 

the cells to reach the GtfS interface. After two hours, the media were removed and 

the growth factors were added to the test wells (time zero). The cells were incubated 

in the presence of the cytokines for eight, twenty-four or forty~eight hours. The 

results were measured by crystal violet' (Figure 16). The effect of mimosine is 

demonstrated by the difference between the two control groups. The effect, halting 

of the cell cycle in the mimosine control group, resulted in reduced proliferation 

when compared to the control group in column one. The stimulatory effect of the 

cytokines is demonstrated in the forty-eight hour group, which is statistically 

equivalent to the control, even though the growth of the forty-eight hour group was 

delayed by the exposure to mimosine. The response of the eight hour group is equal 

to the mimosine control. The twenty-four hour group statistically had the lowest 

optical density. 

The results fail to indicate whether or not the cytokines act during the first eight 

hours of the cell cycle. 



FIGURE 16: Effects of Combined Growth Factors on Synchronized Gingival' 
Fibroblasts: Serum-free me~ium. 
Values designated plus or minus one standard deviation. 
Experimental Groups: 
CNTRL------ No mimosine, no growth factor. 
MIMO CNTRL- mimosine for 24 hours then fresh 

medium with no growth factors for 48 hours. 
8 HOUR ---- mimosine for 24 hours then fresh medium 

with 10 ng!ml TGF-j3 and 20 ng/ml PDGF for 8 hours, 
then fresh medium with no growth factors for 40 hours. 

24 HOUR --- mimosine for 24 hours then fresh medium with 
10 ng/ml TGF-f3 and 20 ng/ml PDGF for 24 hours, 
then fresh medium with no growth factors for 24 hours. 

48 HOUR --- mimosine for 24 hours then fresh medium with 
10 ng/ml TGF-f3 and 20 ng/ml PDGF for 48 hours. 
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IV. . DISCUSSION 

Several recent studies have examined the combined effects of TGF-B and PDGF 

on periodontal fibroblasts. Matsuda· et al. (1992) found that the addition of TGF-B 

did not increase the response produced by PDGF alone in cultures of rat periodontal 

ligament fibroblasts. Dennison et al. (1994) used the two cytokines, alone and 

together, in studies comparing human gingival and periodontal ligament fibroblasts. 

It was shown that the combined factors differentially increased tritiated thymidine 

incorporation by periodontal ligament fibroblasts compared to gingival fibroblasts. 

These results may suggest methods of selecting which cells repopulate a wound. 
. . 

However, neither study was performed under serum-free conditions. 

The objectives of the current study were: (1) to determine the concentration of 

TGF-B and PDGF which produce the largest increase in gingival fibroblast numbers; 

(2) to determine which combination of TGF-B and PDGF (alone, together or in 

sequence) produce the· largest increase in gingival fibroblast number~; (3)- to 

determine if the eff~cts of the growth factors were affected by the presence of serum 

in the culture medium; and ( 4) to determine if these cytokines produce their effects 

during the S phase of the cell cycle. 

The results showed that the response produced by the individual cytoldnes was 

greatly affected by the presence of serum in the medium. All concentrations of 

53 
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PDGF produced an increase in optical density. when compared to the control in both 

media. The effect is.more pronounced in the absence of serum, however. The data 

suggest that substances present in serum (perhaps endogenous growth factors) 

stimulate the cells in a way similar to PDGF. In the serum-containing medium, a 

concentration of 5 ng/ml PDGF produced a stimulatory response, which was not 

increased with higher doses of the cytokine. It appeared that the serum growth 

factors· stimulated the cells almost maximally, so that exogenous cytokine had very 

little effect. This hypothesis is strengthened by the results in the serum-free medium. 

In the absence of serum, the maximum response was not seen until the dose of 20 

ng/ml was used. It would seem that 20 ng/mlPDGF in serum-free medium has a 

stimulatory effect equivalent to 10 % FBS. 

The results for TGF-B are similar to PDGF. In the serum-containing medium 

there was very little difference in the response to various concentrations of TGF-B. 

Again, it appears that the serum growth factors stimulated the cells almost 

maximally. Unmasked by the removal of serum, the optical density increased in an 

incremental pattern with higher concentrations of TGF-B until .that. level was 10 

ng/ml. In these experiments, 10 ng/ml TGF-B in serum-free medium produced a 

growth effect equivalent to 10% FBS with no exogenous TGF-B. 

The data seem to suggest that an almost maximal cell growth stimulation may be 

achieved with serum alone, and that the addition of exogenous TGF-B may or may 

not produce any additional response. The magnitude of any such response to TGF .. B 

may vary between batches of serum supplement, since there can be twenty.;.fold 
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differences in content between lots of commercial FBS (Art to Science, ~986). The 

same pool of cells and batch of serum supplement was used throughout these studies, 

so the difference in cell response based on the serum content of the medi~m points 

out the potential for uncontrolled variables. Two researchers working on the same 

experiment could have divergent results simply by using different lots of serum 

supplement. This is further emphasized by the differential response to TGF-.B 

observed when a medium with intermediate s~rum content ( 4 % FBS) was used. The 

intermediate response seems to suggest that in any given batch of serum, the effects 

of exogenous TGF ... .B may be overshadowed by endoge~ous growth factors but not 

likely inhibited by the presence of serum. Cells from different sourc·es could 

introduce another variable; i.e. the prese~ce and source of the serum and the source 

of the cells could all affect the response to exogenous cytokines. 

Since one focus of this study was to examine the effects of the growth factors in 

the absence of serum, the concentrations used in subsequent experiments were those 

which were obtained in the serum-free medium. It is noteworthy that although these 

concentrations were derived from dose-response pilot projects, they are the same as 

those used in several published studies (Matsuda et al., 1992; Dennison et al., 1994). 

The responses seen in the initial experiments were reinforced in further studies in 

which the two factors were used in various combinations. Although a control was 

used in each experiment (one group of cells received no cytokines), two groups were 

incubated in the presence of only one mitogen (TGF-.B or PDGF). The results for 

these groups validate those observed in the original dose-response studies. In serum-
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containing medium, although all the groups were statistically different from the 

control, they were closely distributed. The data seemed to show that there was a 

large serum effect on cell growth, which was minimally increased by the exogenous 

factors. The suggestion once again is that there is a common response to the serum 

and the cytokin~s and the response is "saturable". 

The outcome of the PDGF(fGF-B combinations in serum-free medium strengthen 

the above hypothesis. Both PDGF (20 ng/ml)'and TGF-B (10 ng/ml) stimulated the 

growth of gingival fibroblasts. When used simultaneously, the two factors produced· 

the largest increase in optical density. The result was not a summation of the 

individual responses, however, and it again suggests that the pathway is "saturable". 

This data would seem to confirm previous studies which found that the two were 

stimulatory in combination (as measured by thymidine incorporation) (Ishikawa, 

Leroy and Trojanowska, 1990). 

The results of the final combination, TGF-B then PDGF, pose some interesting 

questions. If TGF-B does stimulate cells to produce PDGF and PDGF receptors, as 

suggested by Leof et al. (1986) and others (Soma and Grotendorst, 1989), why did 

this not produce the largest increase in growth? Were it not for the response to. the 

simultaneously-exposed group discussed above, the data. might suggest that inhibition 

by TGF-B was occurring. If exposure to TGF-B induces PDGF production, the 

difference between this group and PDGF (alone) group might be explained by the 

eight-hour lag before the PDGF was applied to the second group. 
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Ishikawa, Leroy and Trojanowska (1990) found that pre-incubation of human skin 

fibroblasts with TGF-B produced significantly larger responses to PDGF. In their 

experiments, the greatest effect was seen after eight hours of exposure to TGF-B, the 

same time period used in this study. Although they used serum-free medium, their 

results were expressed as incorporation of 3H-Tdr rather than -increases in cell 

numbers.- Cell synchronization by mimosine was assessed in a pilot study using 

tritiated thymidine. The results showed a definite alteration in the pattern of isotope 

incorporation due to the mimosine. A comparison of the serum and s_erum-free 

groups also revealed a significant effect due to the- absence of serum. Exogenous 

thymidine incorporation into DNA is a complex process since uptake and pool size 

are affected by the cell cycle- (Lindberg et al., 1969). Nevertheless, the results do 

suggest an effect of mimosine and serum-free medium on the cycle. 

Cell synchronization was performed to determine if the two growth factors act 

during the first eight hours of the cell cycle. The results demonstrate two points:·1) 

the effect of mimosine in altering the cell cycle, and 2) the· stimulatory effect 

produced by incubation for forty-eight hours with the cytokines. The_ unexpected 

response was that seen with the eight h_our and twenty-four hour group-s. It was 

assumed that the addition of the mitogens would produce optical densities greater 

than the miinosine control. Instead, a decreased response was elicited. Further 

research is required to determine if the cytokines act during the first eight hours of 

the gingival fibroblast cell cycle. 
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The overall growth of cells in these last experiments were less than those for the 

other experiments. This may -have been due to changes in the cell population, even 

though the same cell pool was used. It is possible ·,that the fibroblasts were 

demonstrating an "age" effect. The experiments described in this thesis were 

conducted over a period of several months utilizing the same pools of fibroblasts. 

Although the cells were kept at -70°C until required, it is. possible that they could 

have "aged". Cells have a finite life in storage which is shorter at -70°C than at lower 

temperatures. The cells used for the last studies could have been less respbl nsive due 

to an age effect. This might help to explain the results obtaineq with the 

synchronized fibroblasts incubated with the growth factors. It may also account for 

the need to double the number of ceils per well to achieve optical densities 

comparable to earlier experiments. 

Recent work has concentrated on the selective recruitment of cells which are 

capable of regenerating lost alveolar bone. Growth factors have figured prominently, 

in this research. The effect of TGF~B and PDGF on fibroblast numbers may suggest 

new treatment options for periodontal therapy. Eventually, growth factors may be 

used in combination to enhance wound healing by attracting specific fibroblasts to 

an area of injury and then stimulating the production of .collagen (Pierce et al., 

1989). Clinically, ·however, the efficiency of healing may depend on the interaction 

of endogenous and exogenous factors available. 

The present findings suggest that the PDGF and TGF-B are both mitogenic for 

human gingival fibroblasts, and that these cytokines play a more significant role when · 
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serum is absent (or possibly if the serum has low levels of growth factors). Qbviously, 

a human periodontal defect is not a serum-free environment. The periodontal cells 

are exposed to many of the same proteins found in serum. However, during initial 

research to unlock the intricacies of rege~eration, it is necessary to control as many 

variables as possible. Therefore, it would appear that the proper medium to use is 

one which is lacking serum or has as low a serum concentration as possible. Based 

on the present findings, the addition of TGF-B (10 ng/ml) or PDGF (20 ng/ml) to 

a serum-fre~- medium would provide the growth stimulus ordinarily provided by 

serum. 



V. SUMMARY 

The objectives of this study were: (1) to determine the concentration of TGF-13 

and PDGF which produce the largest increase in human gingival fibroblast (HGF) 

cell numbers; (2) to determine which combination or sequence of TGF-13 and 

PDGF produce the largest increase in HGF numbers; (3) to determine if the effects 

of the growth factors were affected by the presence of serum in the culture medium; 

and ( 4) to determine if these cytokines produce their effects during the S phase of 

the cell cycle. 

Gingival fibroblasts were cultured from explants of tissue removed from six. 

periodontally healthy humans. The fibroblasts were pooled and duplicate groups of 

cells were incubated in medium containing TGF-B (1-40 ng/ml), PDGF (5-80 ng/ml) 

or no exogenous growth factor. The optimal concentration for each of the two 

growth factors was determined. These concentrations were then used in various 

combinatiqns. Parallel experiments were performed in serum-containing (10 % FBS) 

and serum-free medium to determine which combination produced the largest 

increase in cell number. Synchronized cells were then exposed to that combination 
I ' 

in order to determine if TGF-B and PDGF exert their effects during the first eight 

hours of the cell cycle. The results were reported as optical density as measured by 

crystal violet staining of fixed cells. In addition, synchronization experiments were 
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completed using mimosine. Mimosine reversibly halts the cell cycle two hours before 

the G tfS interface. The degree of synchronization was measured by incubating the 

cells with tritiated thymidine to assay DNA synthesis. 

The findings suggested that the response of HGF to TGF-.B (10 nglml) or PDGF 

(20 nglml) in serum-free medium was equivalent to that obtained in medium 

containing 10 % FBS without added growth factors. Simultaneous exposure to the 

two cytokines resulted in the largest increase in cell numbers. The results suggest 

that the two growth factors play a more significant role when serum is absent. 
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