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INTRODUCTION 

. A Statement of the Problem: 

. Transforming 'growth factor-beta (T<;i"F-B), a cellular -growth factor, affects cell 

proliferative r~sponses in a variety of ways. Determining the effects of TGF-B on human 

gingival and periodontal ligament fibroblast proliferation and associated functions is the 

~ajtial · stage needed to demonstrate th~ effects of TGF-B on periodontal healing and 

-. regeneration. Differences in response to TGF-B by periodontal ligament fibroblasts versus 

gingival fibroblasts may relate to the hypothesized differences in. the healing response 

following periodontal therapy. Comparisons of the effects of TGF-B on gingival 

fibroblasts versus periodontal ligament fibroblasts may further clarify the hypothesized 

differences in function and phenotype ascribed to these cells. Such information could lec1;d 

to clinical techniques to enhance current periodontal reg~nerative treat\11-ent methods or to 

the· development of entirely new regenerative techniques with increased predictability and 

benefit. This study employs cell culture techniques to determine-the effects of 1GF-B on 

macromolecular synthesis by human fibroblasts from the gingival connective tissue and the 

periodontal ligament. 

B. Review ofRelated Literature: 

TGF-B is a biologically active polypeptide dimer, composed of two 12,500 dalton 

subunits, , each consisting of a ~ 12 amino acid chain held together by disul~de bo!}_Q! 

(Assoian et al., 1983; Chei~etz et al.~ 1987). The known TGF-B - related polypeptides 
- ....... : __ -- ---- -- --- _J 

have been grouped into· four families according __ ~o their structural or functional 
i -·-·--·-

.relationships: (1) TGF-B Family, (2) Inhibin/Activin Family, (3) Vg/DPP/BMP Family and 
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(4) Mullerian Inhibiting Subst~nce Family (M~ssague, 1990; Massague, 1992). In the 

TGF-B Family there are five gene isoforms, three of which are found in humans. TGF-8 

has been isolated from virally-transformed cells (Roberts et al., 1981) and it is presently 

know~ to exist in many normal cells and tissues (Roberts et al., 1981; Assoian et al., 1983; 

Frolik et al., 1983; Roberts et al., 1983; Hannan et al., 1988). The most abundant sources 

of TGF-B appear to be platelets (Childs et al., 1982; Assoian et al., 1983; Cheifetz et al., 

1987; Roberts and Sporn, 1987) and inflammatory cells (Assoian et al., 1987; Roberts and 

Sporn, 1987; Wahl, Wong and McCartney-Francis, 1989). The distribution of TGF-B -

related polypeptides is widespread in organisms ranging from fruit flies (Drosophila) to 

humans (Massague, 1990). 

TGF-B has several biologic effects. It has been shown to stimulate anchorage

independent growth of normal rat kidne~ fibroblasts (Sporn et al., 1986). Several studies 

have shown that it is a potent inhibitor of cells of epithelial origin (Sporn et ·al.; 1986; 

Sporn et al., 1987; Crabb et al., 1990; Royce and Baum, 19Ql) while conversely 

enhancing the proliferation of a few types of cells of mesenchymal origin, especially· 

fibroblasts and osteoblasts (Sporn et al.; 1987; Graves and Cochran, 1990; Graves and 

Cochran, 1991). TGF_-8 also enhances and promotes the formation of extracellular matrix 

proteins (Sporn et al., 1987; Overall et al., 1988; Barnard, Lyons. and Moses, 1990; 

Pfeilschifter et al., 1990; Larjava et al., 1991; Onozaki et al., 1991) while inhibiting the 

proteolytic degradation of newly formed matrix proteins (Sporn et al., 1987; Overall et al., 

1988). It has been reported that TGF-8 alone or in combination with other growth factors 

accelerates various phases of wound healing (Lynch et al., 1987; Mustoe et al., 1987; 

Brown et al., 1988; Montesano and Orci, 1988; Van Brunt and Klausner, 1988; Lynch, 

Colvin and Antoniades, 1989; ·Pierce et al., 1989; Finesmith, Broadley and =Davidson, 

199b; Hudson-Goodman, Girard and J01?,es, 1990; Mustoe et al., 1990; Knighton, Fiegei' 

and Phillips, 1991; Lynch et al., 1991; Pierce, ~·~_t?,wn and Mustoe, 1991; Canalis, 1992; 

Hom and Maisel, 1992; Martin et al., 1992; Rothe and Falanga, 1992). TGF-8 strongly. 
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enhances the formation of collagen types I, III, VI and X (lgilotz and Massag1:1e, 1986; 

= Roberts et al., 1986; Ignotz et al., 1987; Sodek et aL, 1987; Appling et al., .1989; Matsue 
··-·· .. - . , . I . . 

et al., .1989; Narayanan, Page, Swanson; 1989; Breen et al., 1991; Moriyama et al., 1991) 

and fibronectin (Ignotz and Massague, 1986; Sodek et al., 1987; Sporn et al., 1987). 

Other ma~rix glycoproteins whose synth~sis; is elevated in rest onse to TGF-B include 

osteopontm (Noda et al., 1988), osteonectm (Noda and Rodan, 1987; ~odek et al., 1987), 

osteogenin, b~ne morphogenetic proteins (Ripamonti and Reddi, 1992), tenascin (Pearson 

et al., 1988; Chiquet-Ehrismann, Kalla a~d Pearson, 1989), thro bospondin (Penttinen et_ 

~;8~:.88) T:;";~:s:h::::::e:;~~a::::e ::o~::~yc::i:::::, :dt:s::::: 

chemotactic. agent for .fibroblas~s (Postlethwaite et al., 1987; Sp , rn et al., 1987; Cotugno . 

-et al., 1988; Wahl, Wong and McCartney-Francis, 1989; Adelmb-Grill et al., 1990) as 

well as foi- monocytes and macrophages (Wahl et al., 1987; wJ, Wong and McCartney

Francis, 1989; Barnard, Lyons and Moses, 1990). The gro h .of T and B . cells is 

suppressed by TGF-B, as is the production of imrp.unoglo~ulin b B~ce~ls and cytotoxicity 

of natural killer cells (Barnard, Lyons and Moses, 1990). 

. TGF-B does not appear to exert its growth promoting properttes by directly· stimulating 

_DNJ\ synthesis (Assoian et al., 1983). Rather, it appears to ao/ via a mechanism which 

involves the production of platelet derived growth factor (PDGF) (Battegay et al., 1990; 
--- . . I . 

Graves and· Cochran, 1990; Graves and Cochran, 1991). Centrella (1987) showed TGF-B 

enhjced DN~ s~thesis ~d in~eased cell replication in fetal ra, cal~ariae. H~ sta. ted that 

bonel cell-~epltcatlon was b1phas1c and depended upon both TGlB concentration ·and the 

cell density .. Soma and Grotendorst (1989) reported that TGF-B.induces the synthesis of 

DN1 and -~DGF-rel~ted peptides in 1iuman ~kin fibr°.~l_ast1. Crabb. et 111· (1990) 

demonstrated a dramatic synergistic effect of TGF-B and fibroblast growth factor· (FGF) 

on DNA synthesis in isolated chick epiphyseal chohdrocytes. Wang, Huang and Heppel 

(1990) demonstrated TGF-B·, and ATP to produce a synergistic stimulation. of DNA 
' ··-··--
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synthesis in fibroblasts. TGF-B also increased mRNA and protein SY,nthesis of 

extracellular matrix, fibronectin, formation of collagen types I, III, VI and X (Ignotz and 

Massague, 1986; Roberts et al., 1986; Ignotz et al., 1987; Centrella et al., 1987; Appling 

et al., 1989; Matsue et al., 1989; Narayanan, Page, Swanson, 1989; Moriyama et al., 

1991; Breen et al., 1992) and other matrix glycoproteins. 

One of the ultimate goals of periodontal _therapy is the regeneration of the periodontal 

tissues which have been lost due to chronic periodontitis. Various procedures have been 

advocated for the· purpose of regenerating the periodontium (Ellegaard, Karring and Loe, 

1974; Melcher, 1976; Stahl, 1979; Nyman et al., 1982a; Nyman et al., 1982b; Shimono, 

Inoue and Yamamura, 1988) including pone grafting (Nabers and O'Leary, 1965; Ross 

and ·Cohen, 1968; Rosenberg, 1971; S~allhorn and Hiatt, 1972; Dragoo and Sullivan, 

1973; Bowers et al., 1982), root conditioning (Boyko et al., 1980; Cole et al., 1980; 

Fernyhough and Page, 1983; Lasho et al., !983; Polson, 1986; Terranova and Wikesjo, 

1987; Hanes and Polson, 198~) and guided tissue regeneration (GTR) (Gottlow et ai., 

· 1984; Magnusson et al., 1985; Pitaru et al., 19'87; Blumenthal, 1988; Caffesse et al., 1988; 

McHugh et al., 1988). GTR is based upon the hypothesis that only those progenitor cells 

originating· in the periodontal ligament possess the ability to regenerate the tissues of the 
. \ 

attachment apparatus (cementum, periodontal ligament and bone) (Melcher, 1976; Nyman 

et al., 1982a; Nyman et al., 1982b ). This hypothesis. has been supported by several studies 

in animals (Nyman et al., 1982a; Polson and Caton, 1982; Gottlow et al., 1984; Isidor et 

al., 1986; Caton et al., 1987; Iglhant et al., 1988) and in hunian case reports (Nyman et al., 

1982b; Gottlow et al., 1986; Pontoriero et al., 1988). Periodontal ligament fibroblasts 

appear to play an important role in periodontal regeneration. Differences in the in vitro 
. : 

behavior of fibroblasts obtained from human periodontal ligament and gingiyal connective 

tissue (Blomlof and Otteskog, 1981; Ragnarsson, Carr and Daniel, 1985; Rose et al., 

1987; Sommerman et al., 1988; Piche, Carnes and Graves, 1989; Sommerman et al., 1989; 
~ . 

Mariotti and Cochran, 1990; Sommerman et al., 1990) include differences in growth rates 
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and DNA content (Mariotti and Cochran, 1990). Human periodontal ligament fibroblast 

cells demonstrated exponential growth until confluency at day 6 in culture, while human 

gingival fibroblasts showed exponential growth until confluency at day 4. The total cell 

number of human periodontal ligament fibroblast cells grown in vitro were significantly 

higher than the human gingival fibroblast cells on a per unit area. 

A possible role for TGF-B is the facilitation of tissue repair and regeneration (Assoian 

et al., 1983; Terranova, Jendresen and Young, 1989a). Terranova and Wikesjo (1987) 

proposed the use of growth factors to attain a biochemically mediated regeneration of the 

periodontium. Studies suggest that TGF-B may have several favorable characteristics 

which could facilitate the proliferation of periodontal connective tissue cells while 

inhibiting epithelial cell proliferation, producing an increased ability to regenerate the 

periodontal tissues. An understanding of the effects ofTGF-B on DNA, RNA and protein 

synthesis in human gingival and periodontal ligament fibroblasts is necessary for 

determining the role of TGF-B in periodontal healing and could also further clarify the 

roles of these cell types in the healing response. 
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C. The Aims of the Current Studies were: 

1.) To measure the time sequence response produced by varying concentrations of 

TGF-B on DNA, RNA and protein synthesis in human gingival fibroblasts in 

culture and to determine ifTGF-B effects were limited only to one phase of the cell 

cycle. 

2.) To measure the time sequence response produced by varying concentrations of 

TGF-B on DNA, RNA and protein synthesis in human periodontal ligament 

fibroblasts in culture and to determine if TGF-B effects were limited only to one 

phase of the cell cycle. 

3.) To compare the TGF-B effects on human periodontal ligament fibroblasts with those 

observed for human gingival fibroblasts. 



Fig. I Human .gingival fibroblast cells (HGF) 

Experimental design for unsynchronized pooled HGF 
cultures. 
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Fig. 2 Human periodontal ligament fibroblast cells (HPDLF) 

Experimental design, for unsynchronized pooled HP DLF 
cultures. 
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Fig. 3 Human gingival fibroblast cells (HGF) 

Experimental design for synchronized pooled HGF 
cultures. 
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Fig. 4 Human periodontal ligament fibroblast cells (HPDLF) 

Experimental design for synchronized pooled HP DLF 
cultures. 

i
\ 
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MATERIALS AND METHODS 

On October 8, 1990 a memorandum (See Appendix A) was submitted to the Human 

Assurance Committee, the MCG Institutional:Review Board requesting an exemption for 

the use of human tissues utilized fo~ this rese~rch thesis and on October 9, 1990 received 

the approval from the Human Assurance Committee, Institutional Review Board to 

commence research (See Appendix B). 

1. Detailed methods and techniques: 

A.) The isolation and preparation of primary cell cultures of. human gingival fibroblasts. 

_: Human gingival fibroblast cells were isolated from clinically healthy (GI=0) gingival 

biopsies in dentate patients. Clinical health of the gingiva was assessed by its color, 

contour, bleeding on probing and signs of exudate. Gingival biopsies were immediately 

placed in a sterile test tube containing 20 ml of a Hanks' balanced salt solution 

supplemented with penicillin G potassium (200 units/ml) / streptomycin sulfate (200 

µg/ml), adjusted to a pH of 7.4 with 7.5% sodium bicarbonate (HBSS - PIS). While 

working in a laminar flow tissue culture hood, the explants were rinsed 3 times with HBSS 

- PIS, agitating at each change. The explants were th~n placed in a 0.5% sodium 

t hypochlorite in Tris buffered saline (TBS) to disinfect for 2 - 3 minutes, then cleaned and 
,,.. ·--

rinsed with HB S S - P (S three more times. The disinfected explants were placed in a 

sterile dish and aseptically minced into smaller pieces with a sterile scalpel. Two or 3 

explant pieces were transferred into 35 x 10 mm culture dishes (Falcon 3001) (Becton 

Dickinson and Company, Lincoln Park, New Jersey 07035), connective tissue side down, 

and allowed to dry slightly for 3 - 5 ~nutes to enhance attachment of explants to the 
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culture dishes. After attachment, Eagle's Minimal Essential Medium supplemented with 

10% heat-inactivated fetal bovine serum _plus penicillin G potassium '{l 00 units/ml) / 

streptomycin sulfate (100 µg/ml) (EMEM w/ 10% FBS & PIS) was added. The, culture 

dishes were incubated at 37°C in an atmosphere of 5% CO2 - 95% air for 1 week. After 

1 week ofincubation, cells were refed with E~M wl 10% FBS & PIS every other day -

until cell outgrowth created a confluent monolayer. Once confluency was reached, ~ells 

were, detached by trypsin treatment and transferred into 25 cm2 tissue culture flasks (Lux 

Scientific Corporation, Newberry Park, California 91829). The trypsin deta7hment 

procedur~ _was accomplished by suctioning off existing media followed, by washing with 

sterile EJ?TA:.-_-PBS solution. Then 1 ml of 0.25% Alseviers Trypsin (ATV) solution was 

.. ' r aq4.ed.,. Wli~_n-.cells· detached, EMEM wl 10% FBS & P/S was added to .culture dishes to 
•• ' \ : C'~ .·.::, -:,1 ~. • - . • 

n~utraliz_e-the 0.25% ATV solution. The cells were then transferred to the 25 cm2 flasks · 
l . . 

and i~cubated · at 37°C in a humidified atmosphere of 5% CO,7 ~ :, 95% air. After 
~ 

completing the first trypsin detachment procedure, cells wei;e defined ·as passage one. 

After 2 - 5. days oOncubation, the EMEM wl 1,0% FBS was changed every other day and 

cells cultured until confluent. Once cells reached contluency they were transferred to 7 5 

cm2 flasks (Corning, Corning, New York 14831). These cells were defined as passage 

two. 

Once c~lls reached confluency in the 75 cm2 flasks, they -were stored at -10°c. To 

prepare for this storage, . cells were detached with trypsin and centrifuged into a pellet. 

Cells from all 75 cm2 flasks were pooled then resuspended in EMEM w/ 10% FBS & 

10% dimethyl sulfoxide (DMSO) (v/v) solution. __ Approximately 3-4 million cells were 

transferred ,to 1.2 ml Nalgene _cryoware cryovials (Nalge Company, subsidiary of Sybron 

Corp., Rochester, New York 14602-0365) and gradually frozen to -70°C .. These HGF 

cells were r defined as being in passage three. 

I 
I 
I 

I 

i 
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B.) The isolation and preparation of primary cell cultures of human periodonfal ligament 

fibroblasts. 

Human periodontal ligament fibroblast cells were isolated from clinically1 healthy third 
i 

molars and/ or premolar teeth extracted for orthodontic reasons. Freshly extracted teeth 

were immediately placed in a sterile test tube containing 20 ml of a HBSS - P/S. While 

working i~ ·a laminar flow tissue culture hood, the teeth were rinsed 3 times with HBSS -

P/S, agitating at each change. The mid-root surfaces of the teeth were scraped with a 

sterile scalpel, exercising special ca~e not to encroach on the furcation and apex areas. 

The explant scrapings were then rinsed off the scalpel with HB S S - PIS into a 3 5 x IO mm 
. ' 

culture dish and allowed to dry slightly for 3 - 5 minutes to enhance attachment of 

explants to the culture-dishes. After attachment, EMEM w/ 10% FBS & PIS was added: 

The culture dishes were incubated at 37°C in a humidified atmosphere of 5% CO2 - 95% 

air for I week. After I week of incubation, cells were refed with EMEM and 10% FBS & 

PIS every other day and incubated until cell outgrowth was confluent. Once confluency 

was reached, cells were detached with trypsin from culture dishes and transferred into 25 
. 5 . 

~m2 tissue culture flasks as described previously. Once cells reached conflue,ncy in 25 
-

cm2 _ flasks, they were detached with trypsin and transferred to Z? cm2 flasks. Once cells 

reached confluency in the 75 cm2 flasks, they were frozen to -10°c as previously 

describ~dt' These ~DL_F)cells w~re defined as being irt passage three. :, 

C.) Preparation ofTGF-B experimental solutions. 

Human reco~binant TGF-B was purchased from Collaborative Research IncorpJrated 

(Bedford, MA 01730) in 1 µg quantity. TGF-B was transferred to a siliconized viii and 
' ' 

the· original vial was rinsed three times with 5 mM HCI and transferred to th¢ siliconized 
: : ' : ,1 

· vial for a total volume of 100 µ1, yielding a stock concentration of 10 ng /, µ1. I Since TGF-
, : , I 

B has a molecular weight of 25,000 daltons, a concentration Of 1 O ng I µI is eqf valent to 4 

x 10-7 M. The required concentrations ofTGF-B (10-9, 10-12, 10-15, 10-18 & 10-21 M) 
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for experimentation were formulated by diluting 2.5 µl of the stock concentration (10 ng / 

µl) with 2.5 µl of a 0.02% Triton X-100 solution and 995 µl ofEMEM w/ 10% FBS & 

PIS ( these all?,ounts were multiplied by the number of wells to yield the total volume 

required) producing a TGF-B concentration of 1 o-9 M. A serial dilution using 1 µl 

samples ( again multiplied by the number of wells to yield the total volume required) was 

performed to obtain final concentrations of 10-12, 10-15, 10-18 & 10-21 M). The 

equivalent control medium containing 2.5 µl of a 0.02%. Triton X-100 solution and 997.5 

µl ofEMEM wl 10% FBS & PIS was prepared similarly. 

D.) Radiolabeled cell incorporation to measure DNA and RNA synthesis. 

Human gingiv~l or periodontal ligament fibroblast cells were ·retrieved from cell 

storage, pooled and grown to confluency at 3 7°C in a humidified atmosphere of 5% CO2 

-95% air. Cells were counted using a hemocytometer (Fisher Scientific, Norcross, 

Georgia 3 0091) and 8 x 1 o4 cells in 1 ml of media were plated into each well of the 16 

mm - 24 well· tissue culture cluster plate (Costar, Cambridge, MA, 02139). The cluster 

plates were incubated at 37°C in a humidified atmosphere of 5% CO2 - 95% air ·and 

allowed to attach for 24 hrs. 

Cumulative effects of TGF-B: The medium was removed: from cultures and replaced 

with a medium containing varying concentrations of TGF-B (10-9, 10-12, 10-15, 10-18 or 

10-21 M), Triton X-100 and EMEM wl 10% FBS & PIS (the control medium was 

EMEM wl 10% FBS & PIS and Triton X-100 solvent). Also, to label newly synthesized 

DNA and RNA, 3H-thymidine (3H-Tdr, specific activity = 82 Ci/mmol) or 3H-uridine 

(3H-Udr, specific activity= 40. l Ci/mmol) (New England Nuclear, Boston, Massachusetts 

02118) at a level of 4 µCi/ml was added prior to incubating cultures for the allotted time 

(6, 12, 24, 36, 48 or 60 hrs). At the conclusion of the incubation period, the medium was 

removed and cells were rinsed three times with HB S S - PIS. One ml of 10% 

trichloroacetic acid (TCA) was added to each radioisotope-treated well and allowed to 



-15-

stand for 30 minutes. Unlabeled cells in duplicate wells were digested with 300 µ1 of 0.1 

N sodium hydroxide (NaOII) for protein determination. Radiolabeled cells were rinsed an 

additional three times with 1 ml 10% TCA. Ten µ1 of 5 N N aOH was added followed by 

290 µ1 of Laemmli's buffer and allowed to stand for 10 - 15 minutes. Duplicate 100 µI 

samples of the solubilized_radiolabeled cells were added to 5 ml of ScintiVerse BD (Fisher 

Scientific, Norcross, Georgia 30091) and counted in a liquid scintillation 

spectrophotometer (Beckman Corporation, Palo Alto, California, 94304). The 

radioisotope incorporation was measured and experimental findings were expressed in 

counts per minute. Experiments were carried out for DNA synthesis 5 times and for RNA 

synthesis in triplicate. 

E.) Radiolabeled cell incorporation to measure total protein synthesis. 

Human gingival or periodontal ligament fibroblast cells were retrieved from cell 

. storage, pooled and grown to confluency at 3 7°C in a humidified atmosphere of 5% CO2 

~95% air. Cells were counted using a hemocytometer and 8 x 104 cells in 1 ml of media 

were plated into each well of the 16 mm - 24 well tissue culture cluster plate . The cluster 

plates were incubated at 37°C in a humidified atmosphere of 5% CO2 - 95% air and 

allowed to attach for 24 hrs. 

Cumulative effects of TGF-B: The medium was removed from the cultures and 

replaced with Translabel (ICN Biomedicals Inc., Costa Mesa, CA 92626) (methionine and 

cysteine free) medium containing varying concentrations of TGF-B (10-9, 10-12, 10-15, 

10-18 or 10-21 M) and Triton X-100 supplemented with 1/10 volume ofEMEM - P/S, 5 

ml of dialyzed FB S and 1.1 ml of 1 mM glutamine. The control medium was Translabel 

(methionine and cysteine free) medium supplemented with 1/10 volum_e ofEMEM- PIS, 5 

ml of dialyzed FBS, 1.1 ml or 1 mM glutamine and Triton X-100 solvent. Also, to label 

newly synthesized proteins, 5 µCi/ml of 3 5 S-methionine (3 5 S-Met, specific activity = 

1147 Ci/mmol) (ICN Biomedicals Inc., Costa Mesa, CA 92626) was added prior to 
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incubating cultures for the allotted time (6, 12, 24, 36, 48 or 60 hrs). At the conclusion of 

the incubation period, the medium was removed and cells were rinsed three times with 

HBSS - PIS. One ml of 10% trichloroacetic acid (TCA) was added to each radioisotope

treated well and allowed to stand for 3 0 minutes. Cells in duplicate wells were digested 

with 3 00 µ1 of O .1 N sodium hydroxide (NaOH) for protein determination. Radio labeled 

cells were rinsed an additional three times with 1 ml of 10% TCA. Ten µ1 of 5 N N aOH 

was added followed by 290 µ1 of Laemmli's buffer and allowed to stand for 10 - 15 

minutes. Duplicate 100 µl samples of the solubilized radio labeled cells were added to 5 ml 

of ScintiVerse BD and counted in a liquid scintillation spectrophotometer. The 

radioisotope incorporation was measured and experimental findings were expressed in 

counts per minute. Experiments were carried out for protein synthesis in triplicate. 

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

A protein ass~y was ·performed on similarly treated duplicate non-radioactive cultures 

from cumulative effects within DNA, RNA and protein synthesis experimental procedures 

rather than sample aliquots· due to buffer incompatibility and to limit radiation exposure. 

Cells which were solubilized with 3 00 µl of O .1 N N aOH to determine protein content 

were allowed to stand for 12 hours and stored at -20°C. After completion of an 

experiment, protein concentration was determined using the Pierce Micro BCA 

(Bicinchoninic Acid) Protein Assay Reagent and.the Standard Protocol Technique (Pierce, 

Rockford, Illinois 61105). 

Protein standards of known concentration were prepared by serial dilution of a stock 2 

mg/ml standard bovine serum albumin (BSA). The standards covered a range of 

concentrations from 1 µg/ml - 20 µg/ml. The protein concentration determinations were 

done as described by the manufacturer. A Pierce working reagent was prepared by mixing 

24 parts of micro reagent MB (containing 4% BCA in water) with 1 part of micro reagent 

MC (containing 4% cupric sulfate and pentahydrate in water). Next 25 parts of micro 
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reagent MA (containing sodium carbonate, sodium bicarbonate and sodium tartrate in 0.2 

N NaOH) were added to the :MB and MC mixture and set aside. Duplicate 25 µl samples 

of each unknown protein sample from the cell culture wells were pipeted into labeled test 

tubes. Duplicate 25 µl aliquots of O .1 N N aOH were used as the blank. Tissue culture 

water in the amount of 97 5 µl was added to each of the sample and blank test tubes. Also 

25 µl of 0.1 NaOH and 975 µl of each of the protein standards were pipeted into labeled 

test tubes. Pierce working· reagent, 1. 0 ml, was then added to each test tube containing 

the protein standards, samples and blanks. The test tubes were mixed well and incubated 

in a 60°C water bath for 60 minutes. The test tubes were then removed and allowed to 

cool to room temperature for 15 minutes. Samples were placed in cuvettes and absorbance 

was measured in the quantitative mode using a Shimadzu UV 160A UV-visible 

spectrophotometer (Shimadzu Corp., Kyoto, Japan) at 562 nm. A standard protein 

concentration curve was plotted and the unknown protein concentrations were 

determined. 

G.) Cell synchronization experiment using 3H-Tdr for DNA synthesis, 3H-Udr for 

RNA synthesis and 35s-Met for protein synthesis assays. 

Human gingival or periodontal ligament fibroblast cells were retrieved from cell 

storage, pooled and grown to confluency at 3 7°C as previously described. Cells were 

counted and plated as described earlier. The plates were incubated at 37oc in a 

humidified atmosphere of 5% CO2 - 95% air and cells allowed to attach for 4 hrs. Upon 

attachment, the medium was removed and replaced with l ml of 3 00 µM mimo_sine 

(Aldrich Chemical Co., Milwaukee, WI 53203) in each well in order to sync_hronize cells 

at the G1 - S phase boundary (Hoffinan et al., 1991). The plates were again incubated for 

16 hrs to allow cells to reach this boundary. 

Cumulative effects of TGF-B: After 16 hour synchronization, the medium was 

removed, cells were rinsed three times with HBSS - PIS and replaced with EMEM w/ 
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10% FBS & PIS containing 10-9 M TGF-B, Triton X-100 and 4 µCi/ml of either 3H-Tdr 

or 3H-Udr to assay for DNA or RNA synthesis. The control medium was EMEM wl 

10% FBS & PIS and Triton X-100 plus 3H-Tdr or 3ff-Udr at 4 µCi/ml. Culture wells 

selected for assays of protein synthesis contained 10-9 M TGF-B, Triton X-100 and 

Translabel (methionine and cysteine free) medium supplemented with 1/10 volume of 

EMEM - PIS, 5 ml of dialyzed FBS and 1.1 ml of 1 mM glutamine plus 35s-Met at 5 

µCi/ml. The control medium was a Translabel (methionine and cysteine free) medium 

supplemented with 1110 volume of EMEM - PIS, 5 ml of dialyzed FBS and 1.1 ml of 1 

mM glutamine and Triton X-100 plus 35s-Met at 5 µCi/ml. The culture plates were 

incubated for the allotted time (6, 12, 24, 36, 48 or 60 hrs). ·At the conclusion of the 

incubation period, the media were removed and cells were rinsed three times with HBSS -

PIS. One ml of 10% TCA was added to each radioisotope treated well and the plates 

were allowed to stand for 3 0 minutes. Cells in duplicate wells were digested with 3 00 µl 

of0.1 N sodium hydroxide (NaOH)'to determine protein content. Radiolabeled cells were 

rinsed an additional three times with 1 ml of 10% TCA._ ·Ten µl of 5 N NaOH was added 

followed by 290 µl ofLaemmli buffer and allowed to stand-for 1~ - 15 minutes. Duplicate 

100 µl samples of the solubiliz_ed radiolabeled cells were added to 5 ml of ScintiVerse BD 

and counted in a liquid scintillation spectrophotometer. The radioisotope incorporation 

was measured and experimental findings· were expressed in counts per minute. 

Experiments were carried out in triplicate. 

3. Data Analysis: 

Liquid scintillation counting, giving counts per minute (CPM), was used to quantify the 

data obtained from results of radiolabeling over time and concentration. To determine 

protein concentration (µg I ml) absorbance was used to quantify the data obtained from 

results of protein assays. Results from assays were expressed as specific activity (CPM I 

µg of protein). Proportions were created using the specific activity of the experimental 
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concentration divided by the specific activity of the control producing a Specific Activity 

Ratio. The data were summarized and analyzed using an analysis of variance (ANOV A) 

to test for levels of statistical significance and a level of p .:S 0.05 was accepted as 

statistically significant, employing the computer software from Statview II (Abacus 

Concepts, Inc., Berkeley, CA 94704). The cell synchronization data were summarized 

and analyzed using a Pearson Coefficient Correlation analysis to test for statistically 

significant correlations. 



RESULTS 

1.) DNA Synthesis: 

A. Human Gingival Fibroblasts 

The first set of experiments investigated the cumulative effects of varying 

concentrations of TGF-B from 10-9 to 10-21 Mon DNA synthesis in HGF cells. Figure 5 

illustrates the effects expressed as the specific activity ratio for each time point, from 6 to 

60 hours. The TGF-B treated cultures showed an initial suppression of DNA synthesis 

when compared to the untreated cultures at 12 hours, with the exception of 10-15 M, 

which was slightly elevated above untreated cultures. No change was noted between the 0 

and 6 hour time points. A gradual stimulation of DNA synthesis was observed from 24 to 

60 hours with maximal increases in DNA synthesis noted at TGF-B concentrations of 10-9 

M between the 12 and,24 hour time points and at 10-18 M between the 24 and 36 hour 

time points. Based upon specific activity, the analysis of the ratio for all TGF-B treated 

versus untreated cultures showed no two groups to be significantly different (p ::S 0.05) at 

any of the individual time points. 

Comparing across a 60 hour time span, the means of all TGF-B treated and untreated 

cultures at the 12 hour time point were significantly lower (p ::S 0.05; significant for time) 

than at the 36, 48 and 60 hour time points (Fig. 5). 

All TGF-B concentrations stimulated bursts of DNA synthesis between 12 and 24 

hours and some between 24 and 3 6 hours, although these increases were not statistically 
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significant when compared to untreated control cultures. In addition, the leveling out or 

decline in DNA radiolabeling, when the cells became confluent and quiesc~nt by 60 hours, 

suggests that TGF-B responses are related to the cell growth stage. 



Fig. 5 DNA synthesis - HGF 

Time course study of the effect of TGF-/3 on DNA 
synthesis in HGF cultures. The means of all TGF-j3 
treated and untreated cultures at the 12 hour time 
point showed significantly lower DNA synthesis than 
at 36, 48 and 60 hour time points (p < 0.05). 
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B. Human Periodontal Ligament Fibroblasts 

·i_ When HPDLF were exposed to the same concentrations of TGF-B, 10-9 to 10-21 M, 

DNA synthesis in HPDLF cultures showed an initial stimulation at 6 hours which was then 

followed by a gradual decline to levels at or below untreated cultures by the later time 

points. Noted exceptions were 10-15, 10-18 and 10-21 M TGF-B treated cultures which 

were slightly elevated above the control at 48 and 60 hour time points. Figure 6 show~ 

effects based on the specific· activity ratio for each time point from 0 to 60 hours. The 

. analysis of the specific activity ratio of all TGF-B treated versus untreated cultures showed 

no two groups to be significantly different at time points 6, 24, 36, AS, and 60 hours. At 
\ 

the 12 hour time point the 10-9 M TGF-B treated cultures were significantly lower (p :S 

0.05) than the 10-18 and 10-21 M TGF-B treated cultures. 

Comparing across time, the means of all TGF-B treated and untreated cultures at the 6 

hour time point were significantly higher (p :S 0.05; significant for time) than at 24, 36, 48 

and 60 hour time points (Fig. 6). 

Again, the changing pattern of radiolabeling suggested a relationship between TGF-B 

responses and the cell growth stage of the cultures. 



Fig. 6 DNA synthesis - HPDLF 

Time course study of the effect of TGF-j3 on DNA 
synthesis inHPDLF cultures. At 12.hours 10-9 M 
TGF-/3 treated cultures showed significantly lower 
DNA synthesis than 10-18 and 10-21 M Across total 
time, the means of all TGF-/3 treated and untreated 
cultures at 6 hour time point showed significantly 
higher DNA synthesis than at 24, 36, 48 and 60 hour 
time points (p < 0. 05). 
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2.) RNA Synthesis: 

A Human Gingival Fibroblasts 

These studies examined the cumulative effects of 10-9 to 10-21 M TGF-B on RNA 

synthesis in HGF. Cell cultures treated with 10-9 M TGF-B demonstrated a consistent 

stimulation of RNA synthesis at all time points when compared to untreated cultures (Fig. 

7). The specific activity ratio for 10-9 M TGF-B showed a sharp increase in activity at 24 

hours that remained elevated over time. The stimulations in RNA synthesis for 1 o-9 M at 

the 24 hour time point, as well as at the 3 6, 48 and 60 hour time points, were significantly 

greater than the untreated cultures (p ~ 0.05). Also, the 10-9 M TGF-B treated cultures 

showed a significantly greater 3H-Udr incorporation into RNA than all other 

concentr~tions at 3 6 and 60 hours, and were greater than 1 o-15, 1 o-18 and 1 o-21 M 

treated ~ultures at the 48 hour time point. All concentrations less than 1 o-9 M showed a 

slight increase in RNA radiolabeling at 6 hours, followed by a decline then a burst in RNA 

synthesis at 24 hours, again followed .by a steady decline which fell below the control 

cultures over time. TGF-B at 1 o-9 M demonstrated the greatest stimulation of RNA 

synthesis compared to untreated cultures. 

Comparing across time, the means of all TGF-B treated and untreated cultures at the 

24 hour time point were- significantly higher (p ~ 0.05; significant for time) than at the 60 

hour time point (Fig. 7). 

The fluctuating pattern suggests a biphasic response, with the highest activity at 24 and 

48 hours. By 60 hours the elevation in'the specific activity ratio remained constant, which 

could suggest that the stimulation was maintained over time or that there was a. single 

burst of synthesis with little turnover subsequently. Radiolabeling of RNA at TGF-8 
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concentrations less than 1 o-9 M declined after 24 hours suggesting that stability of RNA 

was not maintained. These findings are consistent with a dos.e dependent effect of TGF-8 

on HGF RNA synthesis. 



Fig. 7 RNA synthesis - HGF 

Time course study of the effect of TGF-j3 on RNA 
synthesis in HGF cultures. The 1 o-9 M TGF-/3 
treatment at 24, 36, 48 and 60 hours showed 
significantly greater RNA synthesis than the 
untreated cultures. The 1 o-9 M TGF-JJ treatment also 
was significantly greater than all concentrations at 3 6 
and 60 hours and greater than J o-15, J o-18 and 
10-21 Mat 48 hours. Across total time, the means 
of all TGF-j3 treated and untreated cultures at 24 hour 
time point showed significantly higherRNA synthesis 
than at the 60 hour time point (p < 0.05). 
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B. Human Periodontal Ligament Fibroblasts 

Studies of RNA synthesis in HPDLF showed that cultures treated with 10-9 M TGF-B 

demonstrated a continuous increase in RNA synthesis when compared to untreated 

cultures (Fig. 8). All concentrations less than 10-9 M TGF-B produced a short-term burst 

of activity followed by a steady decline or· 1eveling off while approaching control values 

over time. At 48 and 60 hours, 1 o-9 M TGF-B treated cultures showed a significantly 

greater 3H-Udr incorporation into RNA than the untreated cultures (p _:s 0.05). In 

addition, 1 o-9 M TGF-B treated cultures were significantly greater than all other TGF-B 

treated cultures at the 60 hour time point (p ::S 0.05). The specific activity ratio of all 

TGF-B treated versus untreated cultures at the 6, 12, 24, and 36 hour time points showed 

no two groups to be significantly different (p ~ 0.05). 



Fig. 8 RNA synthesis - HP DLF 

Time course study of the effect of TGF-ft on RNA 
synthesis in HPDLF cultures. At 48 and 60 hours, 
10-9 M TGF-jJ treated cultur~s showed 
significantly greater RNA synthesis than the 
untreated cultures. Also at 60 hours, 10-9 M 
TGF-jJ treated cultures showed significantly greater 
RNA synthesis than all other TGF-jJ treated 
cultures (p < 0.05). 
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3.) Protein Synthesis: 

A Human Gingival Fibroblasts 

Utilizing 35s-Met, the effects of TGF~B on total protein synthesis by the two cell types 

were also examined. The addition of TGF-B to HGF cell cultures produced little or no 

effect initially on protein synthesis when compared to the untreated cultures. The 

exceptions were 10-18 and 10-21 M TGF-B, which appeared to sharply elevate synthesis 

at 6 hours, but by 12 hours, synthesis by all treated cultures fell slightly below the level of 

untreated cultures. The 1 o-9 M concentration showed a slight trend toward elevation 

above the untreated cultures beginning at the 3 6 hour time point, while all other treated 

cultures leveled off at or slightly below the untreated cultures However, the specific 

activity ratio for all TGF-B treated versus untreated cultures showed no significant 

difference (p:::; 0.05) at any of the individual time points (Fig. 9). 

Comparing across time, the means ·of all TGF-B treated and untreated cultures were 

significantly higher (p :::; 0.05; significant for time) at the 6 hour time point compared to 

the· 12 hour time point. This was likely due to the very sharp stimulation by 10-21 M 

TGF-B at the 6 hour time point. 

The late trend toward increased. synthesis demonstrated by 10-9 M TGF-B suggests 

that cellular protein synthesis may also be growth stage related, although such a response 

may also require a higher level of growth factor. Any stimulation of protein synthesis 

resulting from treatment with 1 o-9 M TGF-B appeared to be delayed when compared to 

DNA and RNA synthesis. 



Fig. 9 Protein synthesis - HGF 

Time course study of the effect of TGF-/3 on total 
protein synthesis in HGF cultures.. The means of all 
TGF-/3 treated and untreated cultures at the 6 hour 
time point showed significantly higher total 
protein synthesis than the 12 hour time point (p < 0.05). 
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B. Human Periodontal Ligament Fibroblasts 

Total protein synthesis by HPDLF cultures treated with 10-9 M TGF-8 demonstrated 

an initial stimulation of radiolabeling with 35s-Met, and the labeling remained consistently 

elevated over all time points (Fig. JO). At lower TGF-B concentrations there appeared to 

be a gradual decline in protein synthesis and over time the level fell below control values. 

Protein synthesis was significantly elevated in 1 o-9 M TGF-B treated cultures compared to 

_cultures treated with 10-15 and 10-21 Mat 24 hours, versus cultures treated with 10-15, 

10-18 and 10-21 Mat 36 hours, and versus all other TGF-8 treated and untreated cultures 

at 48 and 60 hours (p ~ 0.05). In addition, the untreated cultures and 10-12 M TGF-B 

cultures were significantly greater than 10-21 M at the 36 hour time point (p ~ 0.05). 

Maximum protein synthesis was in cultures treated with the highest TGF-8 concentration 

tested, 1 o-9 M. 

Comparing across time, the means of all TGF-B treated and untreated cultures 

displayed significantly higher (p ~ 0.05; significant for time) protein synthesis at the 6 hour 

time point compared to the 3 6 hour time point. This is likely due to the notable 

depression of all concentrations lower than 10-9 M, which fell below the control at the 36 

hour time point. 



Fig.JO Protein synthesis - HP DLF 

Time course study of the effect of TGF-jJ on total 
protein synthesis in HPDLF cultures. Protein 
synthesis was significantly elevated in cultures treated 
with I o-:9 M TGF-jJ vs. cultures treated with I o-15 & 
10-21 Mat 24 hours; 10-15, 10-18 & 10-21 Mat 36 
hours and all other TGF-jJ treated and untreated 
cultures at 48 & 60 hours. The means of all TGF-JJ 
treated and untreated cultures showed significantly 
higher protein synthesis at 6 hours than at 36 
hours (p < 0.05). 
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4.) Cell Synchronization: 

A Human Gingival Fibroblasts 

Since prior findings suggested that responses were related to growth stage and possibly 

to a stage of the cell cycle, studies were conducted to assess the responses in synchronized 

cultures. Cell synchronization was accomplished with the use of 300 mM (final 

concentration) mimosine to fix all cells at the G1 - S phase boundary (Hoffman et al., 

1991). Since the most consistent and pronounced effects were seen in the 10-9 M TGF-B 

treated cultures, this concentration was utilized in the synchro~zed cell studies. 

The analysis of the specific activity for 10-9 M TGF-B treated versus untreated 

synchronized cultures for DNA, RNA and protein synthesis showed a significant 3-way 

interaction (p :S 0.05) in which all three, DNA, RNA and protein synthesis, deviated from 

the parallel control (Fig. 11). 

The fluctuations in DNA synthesis suggests a biphasic response over the total time 

period (Fig. 11). Although the mean specific activity ratio for 1 o-9 M treated cultures 

across all time points was significantly lower than the untreated cultures (p :S 0.05), this 

difference could not be statistically tested at each of the separate time points due to the 

significant 3-way interaction. RNA synthesis showed a similar response but the changes 

were not as obvious. The mean specific activity ratio f~r 1 o-9 M treated cultures across 

all time points for RNA synthesis was significantly greater than the untreated cultures (p :S 

0.05); nevertheless some of this general stimulation in RNA synthesis was offset by what 

appeared to be a somewhat cyclic radiolabeling pattern due to the TGF-B. This is 

consistent with the stimulation seen in the unsynchronized cultures (Figs. 7 & 8). The 

cycles for DNA and RNA synthesis are also similar up to the 60 hour time point. The 
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discrepancy at 60 hours is likely due to a greater sensitivity of DNA synthesis to cell 

density effects, as noted earlier. There is a significant positive correlation between specific 

activities of DNA and RNA synthesis (0.8352, p=0.001) using a Pearson C~efficient 

Correlation. Protein synthesis also exhibited a biphasic response which was similar to the 

RNA synthesis pattern but about 6 - 12 hour out of phase with RNA. The significant 

negative correlation between specific activities of RNA synthesis and protein synthesis (-

0. 6172, p=0.016) emphasizes this response. The increase by 60 hours again is similar to 

that seen in unsynchronized cultures (Figs. 9 & 10) suggesting that protein synthesis, like 

RNA synthesis, is not as sensitive to cell density as is DNA synthesis. 



Fig. 11 Synchronized - HGF 

Time course study of the effect of 1 o-9 M TGF-j3 on 
DNA, RNA and protein synthesis in ·synchronized 
HGF cultures. The analysis of the specific activity ratio 
for TGF-/3 treated versus untreated synchronized 
cultures for DNA, RNA and protein synthesis showed 
a sign,ificant 3-way interaction in which all three, 
DNA, RNA and protein synthesis, deviated from the 
control (p < 0.05). 
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B. Human Periodontal Ligament Fibroblasts 

In the case of HPDLF; the fluctuations in specific activity of all three groups of 

macromolecules over time appeared to be less than that observed in HGF. Again the 

analysis of the specific activity for 10-9 M TGF-B treated versus untre,ated synchronized 

cultures for DNA, RNA and protein synthesis showed a significant 3-way interaction (P:::; 

0.05) in which all three (DNA, RNA and protein synthesis) deviated from the parallel 

control (Fig. 12). 

In HPDLF, DNA synthesis did not appear to follow RNA synthesis as it did for HGF. 

There was a significant negative correlation between specific activities of DNA and 

RNA synthesis (-0.8805, p ,::S 0.001) for these cultures. For DNA synthesis, the mean 

specific activity ratios for 1 o-9 M TGF-B treated cultures across all time points were 

significantly lower, and for RNA synthesis, were significantly greater, than the untreated 

cultures (p ::S 0.05). Protein synthesis in these cultures appeared to follow the changes in 

RNA synthesis more closely than seen in HGF, illustrated by a significant positive 

correlation between specific activities of protein and RNA synthesis (0.9225, p:::; 0.001). 



Fig.12 Synchronized - HPDLF 

Time course study of the effect of 1 o-9 M TGF-/3 on 
DNA, RNA and protein synthesis in synchronized 
HP DLF cultures. The analysis of the specific activiry 
ratio for TGF-JJ treated versus untreated 
synchronized cultures for DNA, RNA and protein 
synthesis showed a significant 3-way interaction in 
which all three, DNA, RNA and protein synthesis, 
deviated from the control (p < 0. 05). 
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5.) Comparison of DNA, RNA and Protein Synthesis in Human Periodontal 

Ligament Fibroblast Cells to Human Gingival Fibroblast Cells: 

A. DNA Synthesis 

The following series of figures employs the same data as previously reported; however, 

the data was re-plotted to demonstrate comparisons· of HPDLF versus HGF more clearly. 

Figure 13 directly compares DNA synthesis in the presence of 10-9 M TGF-B on HPDLF 

versus HGF in unsynchronized cultures. DNA synthesis by HPDLF cell cultures was 

initially stimulated above the control cultures at the 6 hour time point while DNA 

synthesis by HGF cell cultures was similar to control cultures. In both the HPDLF and 

HGF cultures, DNA synthesis decreased below the control values at the 12 hour time 

point. From 12 hours to 60 hours, the fluctuations in DNA synthesis for HGF cells 

suggest a biphasic response, while the HPDLF remained below the control values, 

however; there was a suggestion of similar fluctuations. The analysis of the DNA 

synthesis in cultures treated with 1 o-9 M TGF .,fi concentration showed no significant 

differences from the control cultures for HPDLF or HGF cultures at any of the individual 

time points (p ~ 0.05). 



Fig.13 DNA synthesis - Unsynchronized HGF vs. HP DLF 

Time course study comparing the effect of 1 o-9 M 
TGF-.P on DNA synthesis between HGF and 
HP DLF cultures. Treatment with 1 o-9 M TGF-.P 
showed no significant differences from the control 
cultures for HP DLF or HGF cultures at any of 
the individual time points (p < 0.05). 
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B. RNA Synthesis 

Figure 14 compares RNA synthesis in the presence of 1 o-9 M TGF-B in HPDLF with 

that observed for HGF. RNA synthesis by HPDLF cell cultures was initially depressed 

below the control at the 6 hour time point, while RNA synthesis by HGF cell cultures was 

elevated above control cultures. However, from then on there was a steady increase in 

RNA synthesis by HPDLF above the control values, becoming significantly elevated (p::; 

0.05) at the 48 and 60 hour time points. In HGF cultures, although there was an 

immediate increase in RNA synthesis from 6 to 60 hours; however, even though a sharp 

increase in 3H-Udr uptake produced significant differences (p ::; 0.05) from the control 

cultures at the. 24 hour time point which remained significantly elevated above the control 

over time, the radio labeling pattern of HGF cells suggested a biphasic response. 

Thus, in general RNA synthesis by HPDLF and by HGF increased over time; however, 

HGF cultures showed a significant increase at the earlier time points (24 - 60 hours) with a 

suggested biphasic response, while HPDLF cultures showed a steady linear increase which 

became significant later at the 48 and 60 hour time points. 



Fig.14 RNA synthesis - Unsynchronized HGF vs. HP DLF 

Time course study comparing the effect of I o-9 M 
TGF-fJ on RNA synthesis between HGF and 
HPDLF cultures. HPDLF cell cultures showed 
significantly elevated RNA synthesis versus the 
control cultures at 48 and 60 hours. HGF cell 
cultures showed significantly elevated RNA synthesis 
versus the control cultures at 24, 36, 48 and 60 
hours (p < 0.05). 
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C. Protein Synthesis 

Figure 15 compares total protein synthesis in the presence of 10-9 M TGF-B in 

HPDLF with that observed for HGF. Protein synthesis by HPDLF cell cultures was 

initially elevated above levels of the control cultures at 6 hours 'Yhile protein synthesis by 

HGF cell cultures was only slightly elevated above levels of the control cultures. HPDLF 

protein synthesis declined slightly by the 3 6 hours, but was still elevated above control 

culture~, before increasing significantly above the control cultures at 48 and 60 hours (p .::S 

0.05). HGF protein synthesis was depressed below control cultures at 12 hours before 

showing a gradual increase to a. level slightly above the control cultures at 3 6 hours. 

Protein synthesis continued to increase at 48 hours followed by a leveling off by 60 hours. 

At no time was protein synthesis by HGF cell cultures significantly different from the 

control. cultures. This: difference: between: HGF and HPDLF may reflect a variation in 

function (possibly related to degree of differentiation) between the two cell types, or 

differences in metabolic activity. 

In summary, HPDLF cultures demonstrated an early sharp increase in protein synthesis 

at 6 hours which steadily declined to 3 6 hours followed by a significant increase at 48 and 

60 hours, while the HGF cultures displayed a relatively flat pattern in protein synthesis up 

to 36 hours followed by a slight but not significant elevation at 48 and 60 hours. 



Fig.15 · Protein synthesis - Unsynchronized HGF vs. HP DLF 

Time course study comparing the effect of 1 o-9 M 
TGF-fi on protein synthesis between HGF and 
HP DLF cultures. HP DLF cell cultures were 
significantly elevated above control cultures at 48 
and 60 hour time points (p < 0.05). 
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DISCUSSION 

~ Recent studies have begun to explore the potential regulatory roles of growth factors in 

periodontal regenerative procedures (Terranova et 3:l., 1989b; Luddington et al., 1991; 

Takeshita et al., 1991; Vallone et al., 1991; Blom, 1992a; Blom, 1992b; Dennison et al., 

1992; Fratto et al., 1992; Langkamp et al., 1992; Matsuda et al., 1992; Oates et al., 1993). 

The growth factor TGF-B appears to have several biologic effects which could enhance 

and facilitate the regeneration of the periodontal tissues. TGF-B is a potent inhibitor of 

epithelial cell proliferation (Sporn et al., 1986; Sporn et al., 1987; Crabb et al., 1990; 

Royce and Baum, 1991) and has been shown to enhance the proliferation of mesenchymal 

cells, namely fibroblasts and osteoblasts (Sporn et al., 1987; Graves and Cochran, 1990; 

Graves and Cochran, 1991). TGF-B has been shown to be a potent chemotactic agent for 

fibroblasts, monocytes and macrophages (Postlethwaite et al., 1987; Sporn et al., 1987; 

Wahl et al., 1987; Adelmann-Grill et al., 1990; Barnard, Lyons and Moses, 1990). It may 

induce the fibroblasts of the dental follicle to secrete the extracellular matrix needed for 

fibroblast development into a periodontal ligament (Wise, Lin and Fan, 1992). Therefore, 

an understanding of the effects that TGF-B has on DNA, RNA and protein synthesis in 

HGF and HPDLF will help define the role of TGF-B in the periodontal healing response. 

The objectives of this study were as follows: (1) to measure the time sequence 

response produced by varying concentrations of TGF-B on DNA, RNA and protein 

synthesis in HGF and HPDLF in culture; (2) to determine if TGF-B effects were limited to 

only one phase of the cell cycle; and (3) to compare the TGF-B effects on HPDLF with 

those observed for HGF. 
~~~--)-

_Results showed that TGF-B produced a significant elevation of RNA synthesis in both 
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HGF and HPDLF. The highest concentration of TGF-J3 tested, 1 o-9 M, produced the , --=--

greatest stimulation of RNA synthesis compared to untreated cultures, although lower 

concentrations, down to 1 o-18 M, also produced some response. The HGF treated cells 

exhibited peaks of 3ff-Udr incorporation at 24 and 48 hours, suggesting a biphasic 

response. In contrast to this, HPDLF treated cells displayed a linearly increasing response 

pattern over time at 1 o-9 M, although at lower concentrations no particular pattern was 

discernible. These differences may have been due in part_ to different growth properties of 

the cells. The cells could be different either in extent of differentiation or at different ages. 

Although cells were usec:l at similar low passage, the HPDLF, being fewer in numbers 

initially, had to go through more generations to provide adequate numbers. This age 

effect could alter responses. Stimulation of RNA synthesis at 1 o-9 M was seen earlier in 

HGF cells than in HPDLF cells. These findings could suggest that TGF-B stabilizes RNA 

and permits the accumulation of radiolabeled RNA; therefore a sustained effect is seen at 

the later time points. Alternatively, if the HGF cultures·grow faster, there could be greater 

RNA synthesis associated with an increased metabolism. Comparison of RNA synthesis 

by synchronized cultures of these two cell types, with HGF cells having a more 

pronounced biphas~c effect, would support the idea of a more active metabolic pattern. 

Similarly, Galera et al. (1992) showed that TGF-J3 increased mRNA levels in chondrocytes 

without affecting stability, supporting the notion that cell metabolic
1 
activity is the reason 

for these two differences. It has been reported that certain cytokines alter mRNA steady 

state levels for specific proteins in human skin fibroblasts (Lank:at-Buttgereit et al., 1991) 

and in chicken embryo chondrocytes, myocytes and fibroblasts (Jakowlew et al., 1992). 

Stabilization of RNA could result in an increase in protein synthesis. Such an effect was 

seen for unsynchronized HPDLF cultures but not for HGF cultures. This observation 

could suggest a selective ability to translate a portion of the RNA for specific proteins. 

Stabilization leads to a steady elevation in the specific activity which then is maintained 

over time. A resulting accumulation of protein may not be as e\,\ident in synchronized 
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cultures in this time frame. In human fibroblasts the stability of collagen and fibronectin 

mRNAs are both increased in the presence of TGF-8, and this increased stability is more 

pronounced in less dense cultures (Overall, Wrana and Sodek, 1991; Wrana, Overall and 

Sodek, 1991). Exposure of rabbit articular chondrocytes to TGF-8 in serum-free medium 

showed a dose- and time-dependent stimulation of collagen biosynthesis associated with 

an increase of steady-state levels of procollagen type II mRNA, in which the elevation of 

the mRNA did not result from stabilization of the transcript but rather from an elevated 

transcrip~ional rate· (Galera et al., 1992). These effects on RNA synthesis support the 

concept that the RNA response to TGF-8 is dose dependent and may be cell-cycle related. 

In line with the above, the results suggest that the later increase in cellular protein 

synthesis in the presence of 10-9 M TGF-8, especially in HPDLF, may be due to a 

selective stimulation of some proteins whose synthesis is less· sensitive to confluency and 

cell density effects. This strengthens the theory that TGF-8 has differential effects on 

some proteins. Cochran et al. (1989) found that protein synthesis in HGF is selective~y 

influenced by growth regulators. Kubota, Suzuki and Saito (1989) exposed HPDLF to 

TGF-B extracted from bovine periodontal ligament and found it dose-dependently 

enhanced total protein by 1. 6 fold. It was demonstrated in mouse embryonic palate 

mesenchymal cell experiments, involving combinations of TGF-B with other growth 

factors, that different effects on protein production may be due to an interaction with 

platelet-derived growth factor"in the presence or absence of serum (Sharpe et al., 1992). 

In rat fibroblasts, TGF-8 increases elastin production (McGowan and McNamer, 1990). 

Wrana et al. (1986) revealed that TGF-8 selectively stimulated protein synthesis and that 

cell density was an important factor in HGF. All these findings support the theory that 

TGF-B has differential effects on some proteins. 

TGF-8 stimulation of DNA synthesis results in bursts of increased specific activity in 

both HGF and HPDLF; however these stimulations were not significant. At the later time 

points, the decline in DNA synthesis observed was most likely due to cells becoming 
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confluent and therefore quiescent in the cultures. According to Dennison et al. (1992) 

TGF-B significantly increased_ 3H-Tdr incorporation in HPDLF and had no effect on HGF; 

however, our findings do not support this. . The apparent late increase in radiolabeled 

DNA in unsynchronized HGF cultures is likely a result of culture confluency with no 

further cell division. On the basis of specific activity, these findings suggest TGF-B has no 

direct effect on DNA synthesis in HGF or HPDLF. 

Cell synchronization wa~ performed to determine if 10-9 M TGF-B effects were limited 

only to one phase of the cell cycle for DNA, RNA and protein synthesis. The 

synchronized HGF and HPDLF results demonstrated very similar time dependent effects 

when compared across time. HPDLF appear to be less responsive in general and/or may 

take longer to cycle, therefore it may require more time to see an effect. At this 

concentration, RNA synthesis was significantly greater than in the . untreated cultures; 

DNA synthesis was significantly lower than in the untreated cultures; and protein synthesis 

was not significantly different. Guadagno and Assoian (1991) found that the key 

distinguishing feature _between growth factor and anchorage control on the normal rat 

kidney fibroblast cell cycle may be the ability to mediate G1 - S phase transit. Hence, our 

findings confirm the previous reports that there is a steady state of RNA stimulation, while 

demonstrating that DNA synthesis is suppressed across time. 

There is some controversy regarding heterogeneity of fibroblast subtypes in the 

periodontium (Hassell and Stanek, 1983; Bordin, Page and Narayanan, 1984a; Bordin et 

al., 1984b ). Our findings, alorig with those of others (Dennison et al., 1992), support the 

hypothesis that while HPDLF and HGF cells appear to have morphological similarities, 

their responses to growth factors, such as TGF-B, are different. This is reflected both in 

the chronological response pattern displayed by RNA synthesis as well as in total protein 

synthesis. However, it may indicate that HPDLF is just a further differentiated version of 

the HGF or vice versa. The variations associated with the in vitro system may further 

obscure this question. 
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In conclusion, the findings suggest that 10-9 M TGF-B significantly stimulated RNA 

synthesis at 24, 36, 48 and 60 hours in HGF and at 48 and 60 hours in HPDLF, the 

difference perhaps due to different growth rates of the two cell types. TGF-B produced a 

stimulation of DNA synthesis in HGF and HPDLF which was not statistically significant. 

In addition, 1 o-9 M TGF-B significantly stimulated protein .synthesis in HPDLF at 48 · and 

60 hours while effects on protein synthesis in HGF were not significant. TGF-B effects 

appear to be both time and dC?se dependent, with 1 o-9 M yielding the maximum 

stimtilation over time. There appears to be a consistent biphasic pattern which suggests 

that TGF-B stimulation is cell-cycle related. Cell density and selective stimulation of 

specific proteins are also lik;ely factors in the responses. 

Hence, TGF-B appears to have a potential regulatory role in macromolecular synthesis, 

which may help in periodontal therapy. by creating a biochemically mediated regeneration 

via selective stimulation of specific proteins, such as collagen. Development of new 

technologies and delivery systems (Jones et al., 1991; McPherson, 1992) for the utilization 

and incorporation of growth factors may give rise to periodontal regeneration that is more 

predictable and effective. 



SUMMARY 

The specific objectives of this study were the following: (1) to measure the time 

sequence response produced by varying concentrations of TGF-B on DNA, RNA and 

protein synthesis in HGF and HPDLF in culture; (2) to determine if TGF-B effects were 

limited only to one phase of the cell cycle; and (3) to compare the TGF-B effects on 

HPDLF with those observed for HGF. 

Human gingival and periodontal ligament fibroblasts were cultured from explants of 

healthy gingival tissue and freshly extracted teeth. Cultures of 8 x 1 o4 cells/ml were 

exposed to TGF-B at concentrations of 10-9M to 10-21M, or a control medium. Cultures 

were labeled with 3H-Tdr, 3H-Udr or 35s-Met to assay for DNA, RNA and total protein 

synthesis respectively, then incubated for 6 - 60 hours. A protein assay was performed on 

duplicate wells. Results were reported as specific activity. In addition, cell 

synchronization experiments were performed using mimosine to synchronize cells at the 

G1 - S phase boundary prior to treatment with TGF-B, followed by the monitoring of 

DNA,. RNA, or protein synthesis. 

The results indicate that TGF-B produces a statistically significant increase in RNA 

synthesis by HGF and HPDLF, and a statistically significant increase in total protein 

synthesis by HPDLF in relation to time of exposure and concentration. DNA synthesis by 

unsynchronized HGF and HPDLF were not significantly altered. Synchronized HGF and 

HPDLF cells demonstrated very similar responses to 1 o-9M TGF-B effects when 

compared over time. RNA synthesis was significantly greater in treated than in untreated 

cultures; DNA synthesis was significantly lower in treated than in untreated cultures; and 

protein synthesis was not significantly different. 
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These findings demonstrate that the effects of TGF-B on HGF and HPDLF are both 

time and dose dependent with the maximal response, of those concentrations tested, 

induced at 10-9 M TGF-B. There is a consistent biphasic radiolabeling pattern which 

strongly suggests that TGF-B stimulation is cell-cycle related. Cell density and stimulation 

of some selective proteins may also occur. The findings support the concept that TGF-B 

may play a· role in regenerative periodontal procedures due to its ability to promote 

fibroblast RNA and protein synthesis. The results also demonstrate that although the two 

cells types appear morphologically similar, they do exhibit different biological responses to 

growth factors such as TGF-B. 
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