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I. INTRODUCTION 

A. Statement of the Problem 

Austin has shown that nicotine causes decreased fibroblast attachment to collagen 

and laminin, and suppresses cellular membrane expression of the B1 integrins (Austin, 

1993). The ability of fibroblasts to adhere to and communicate with one another and to 

adhere to extracellular matrices is important in healing after periodontal surgery and 

integrins, a large family of transmembrane glycoprotein adhesion molecules, are the 

primary means by which this adhesion and intercellular communication takes place (Hay, 

1991; Alberts et al., 1994). Thus, it may be theorized that the decreased membrane 

expression of the integrin B1 subunit caused by nicotine may lead to decreased cell 

attachment and, ultimately, delayed wound healing in smokers. 

Th,e purpose of the present study was to determine whether nicotine's effects on B1 

integrin subunit expression may be attributed to a generalized suppression of cellular 

protein or RNA synthesis, or whether they reflect specific modulation of B1 integrin 

subunit synthesis and/or distribution. Human gingival fibroblasts (HGFs) were cultured 

for various lengths of time in nicotine at concentrations that represent a physiologically 

relevant range of nicotine levels which could be expected to be present in the tissues of 

smokers. Total RNA and protein synthesis were monitored as well as the relative 
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amounts of B1 integrin subunits in an effort to determine the point during biosynthesis at 

which nicotine has a deleterious effect on B1 integrin expression. 

One of the primary goals of periodontal therapy is regeneration of the lost 

attachment apparatus. Before this goal can be actualized, we must have a better 

understanding of the pathobiology of adhesion proteins (i.e. integrins). Determining the 

mechanism(s) of B1 integrin modulation by nicotine may lead to modifications in 

periodontal treatment modalities and improved results in periodontal therapy/prognosis. 

B. Review of Related Literature 

Use of tobacco and the related health effects have been a problem for over 500 

years. Christopher Columbus discovered tobacco in the New World and his followers 

introduced tobacco into Europe in 1556. Portuguese and Spanish sailors subsequently 

carried it to all parts of the world (Encyclopedia Britannica, 1981 ). Before long, smoking 

was recognized as a health hazard, and, in 1604, King James I of England issued the first 

official condemnation of tobacco, "A Counterblast to ~obacco," in which he warned his 

subjects that "the habit of smoking tobacco is disgusting to sight, repulsive to smell, 

dangerous to the brain, [and]noxious to the lung." (Encyclopedia.Britannica, 1981) One 

of the first published medical reports on the effects of tobacco appeared in 1859 in 

Montpellier, France, where it was found that 68 patients who had cancer of the lips, 

tongue, tonsils, and other parts of the mouth all smoked short-stem clay pipes 

(Encyclopedia Britannica, 1981 ). It is particularly disturbing, in light of recently released 
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secret documents from tobacco companies, that the serious health effects of smoking and 

nicotine, to include addiction and cancer, may have been known and suppressed for the 

last 30 years (Glantz et al., 1995). 

Formal studies on smoking and periodontal diseases began in 194 7, initially 

focusing on gingivitis. The findings often were equivocal. Some studies found no 

relationship between smoking and gingivitis (Pindborg, 1947; Ludwick & Massler, 

1952), while another found a significant correlation when oral hygiene status and age 

served as constants in the statistical analysis (Amo et al., 1958). In later studies, 

investigators began to explore the effects of tobacco on other aspects of periodontal 

health. Again, the results were often conflicting. 

Emphasis during the 1960's was on the association between smoking and plaque, 

calculus and oral hygiene, and only secondarily on periodontitis. Studies in the 1970's 

seemed to support earlier conclusions that the effects of smoking on periodontal diseases 

were modest and stemmed largely from an increase in calculus, oral debris and generally 

poor oral hygiene among smokers (Alexander, 1970; Kristoffersen, 1970; Aimano, 1971; 

Sheiham, 1971 ). In the 1980's, more sophisticated studies were designed. More complex 

statistical analyses were used to control for age, sex, race, income, education and oral 

hygiene in the epidemiological studies, and more accurate measurements of disease ( eg. 

inflammation, loss of attachment, loss of alveolar bone) were used in the studies 

involving selected populations (Palmer, 1987). The largest and most representative 

investigation of the association between smoking and periodontal disease, the National 



y' 

G 

4 

Health and _Nutrition Examination Survey, was an epidemiological study published in 

1983 (Ismail et al., 1983). This study established that smoking has an independent, direct 

association with periodontal disease. In another study comparing identical twins with 

different smoking habits, the authors found that smoking was associated with 

significantly more bone loss and a greater number of missing teeth (Bergstrom & 

Floderus-Myred, 1983). In a study of 242 professional musicians, 76 of whom were 

smokers, it was found that both the number of periodontal pockets and their probing 

depths were significantly greater in the smokers (Bergstrom & Eliasson, 1987). 

More recent studies further confirmed the overwhelming evidence that smoking is 

a causal factor in periodontal disease. A group of 210 Swedish dental hygienists had 

bite-wing x-rays analyzed for interproximal bone loss. Smokers in the group had 

significantly more bone loss when compared to those hygienists who had never smoked 

(Bergstrom et al., 1991). The most.comprehensive risk assessment study for periodontal 

disease is being conducted currently in a cross section of 1,426 adults aged 25 to 74 years 

residing in and around Erie County, New York. Thus far, this study found a definite 

trend of increasing severity of attachment loss with increasing "pack years" of smoking 

(Grossi et aL; 1994). In a follow-up article by the same authors using the same subjects 

and data, H was found that the effects of smoking on bone loss were even more profound 

than its effects on attachment loss (Grossi et al., 1995). 

There is increasing evidence that not only is smoking important in the initiation 

and progression of periodontal disease, but it can have a significant impact on the success 
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of periodontal treatment as well. Several studies have shown that after surgical and 

non-surgical periodontal therapy, smoking causes delayed wound healing, significantly 

less reduction of probing depth, and less gain of probing attachment level when compared 

to the non-smoking patient (Preber & Bergstrom, 1985; Preber & Bergstrom, 1990; 

Miller, 1990; Miller, 1987; Ah et al., 1994). The relationship between smoking and 

periodontal disease is still unclear, but evidence strongly suggests that smoking exerts a 

detrimental effect on gingival health (Haber & Kent, 1992; Haber et al., 1993; 

Stoltenberg et al., 1993; Linden & Mullally, 1994 ). McGuire et al._ de~onstrated the 

presence of cotinine, a metabolite of nicotine, in the saliva and gingival crevicular fluid of 

smokers with periodontal disease (McGuire et al., 1989). Furthermore, Cuff et al. 

further found nicotine to be present on the surfaces of tooth roots from smokers with 

periodontal disease (Cuff et al., 1989). Raulin et al. demonstrated that fibroblast 

attachment to glass and root surfaces is altered by nicotine. Cultured fibroblasts treated 

with nicotine exhibited a haphazard arrangement with cell overlapping and vacuolization 

of the cytoplasm compared to control fibroblasts cultured without nicotine. It was 

concluded from this study that this disturbance in fibroblast attachment may make 

individuals more susceptible to destruction of the periodontium and less responsive to 

new attachment after periodontal surgery (Raulin et al., 1988). However, Raulin's study 

used foreskin fibroblasts which are from neonatal tissue and they may behave differently 

than cells of periodontal origin from adults. Hanes et al. further described the binding, 

uptake and release of nicotine by human gingival fibroblasts (Hanes et al., 1991 ). The 
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results of this study showed that the binding of nicotine to fibroblasts is non-specific and 

uptake of nicotine by fibroblasts is continuous over 4 hours,. providing high intracellular 

levels. This uptake is rapid with nicotine reaching levels of 12-26 pmol of nicotine per 

million cells after one hour of ~xposure (Hanes et al., 1991). Fibroblast release of 

nicotine back into the medium occurs at a rate much slower than uptake. It was 

concluded that the development of high intracellular levels of nicotine may interfere with 

normal cellular functions (Hanes et al., 1991). 

Dr. Jerome Haber provides an excellent reference and review for smoking related 

periodontal problems in the 1994 Current Opinions in Periodontology (Haber, 1994). It 

was concluded that cigarette smoking is a confirmed risk factor for periodontitis, and that 

cigarette smokers have delayed and/or compromised wound healing after surgery. The 

exact mechanisms by which cigarette smoking negatively influences periodontal health 

are unknown. Potential mechanisms for the pathogenesis of smoking-associated 

periodontitis include immunosuppression, impaired soft tissue cell function, and. impaired 

bone cell function (Haber, 1994). 

There is evidence that cigarette smoking exerts both systemic and local effects. 

The systemic effects of cigarette smoking on the host are well documented and include 

inhibition of peripheral blood and oral neutrophil function (Eichel & Shahrik, 1969; 

Kenney et al., 1977; Krall et al., 1977; Nobel & Penny, 1975), reduced antibody 

production (Finklfea et al., 1971; Bennet & ·Read, 1982), and alteration of peripheral 

blood immunoregulatory T-cell subset ratios (Ginns et al., 1982; Costabel et al., 1986) . 
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Smoking· also has been found to be associated with a reduction of skeletal bone mineral 

content (Rungren & Mellstrom, 1984; Daniell, 1976). Tobacco contains a complex 

mixture of substances including nicotine, various nitrosamines, trace-elements, and a 

variety of poorly characterized substances (Chemistry and analysis of tobacco smoke, 

1986). Nicotine is only one of over 2,000 potentially toxic substances in tobacco smoke 

that may have harmful effects on the periodontal tissues. However, nictoine is the major 

component of the particulate phase of tobacco smoke and it is the most extensively 

studied tobacco substance. 

There are numerous ·examples of nicotine's effects on the periodontal tissues. 

One study found that nicotine at lower concentrations could stimulate neutrophil 

chemotaxis (Totti et al., 1994), while at higher concentrations it could impair 

phagocytosis (Ryder, 1994). Fang and coworkers found that nicotine could suppress the 

proliferation of cultured osteoblasts while stimulating osteoblast alkaline phosphatase 

activity (Fang et al., 1991). Nicotine was also shown to limit or inhibit the ability of 

human blood neutrophils to kill periodontopathic bacteria (Pabst et al., 1995). 

The reports that smokers with periodontitis have less gingival bleeding 

(Bergstrom & Floderus-Myred, 1983; Preber & Bergstrom, 1985), and inflammation 

(Feldman et al., 1983; Preber & Bergstrom, 1986) than nonsmokers support the 

hypothesis that smoking ~xerts local effects by causing increased fibrosis with a 

concurrent decrease in vascularity. Chamson and coworkers found that culturing HGFs 

in nicotine from tobacco smoke extracts resulted in an inc~ease in collagen production 
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and a modification of the collagen type ratio ( decrease in type III collagen which is 

important in the formation of blood vessels, PDL, and cementum) in vitro. They 

concluded that these dis~urbances may contribute in vivo to the sclerosis phenomenon 

(fibrosis) consisting of collagen deposit (Chamson et al., 1982). Tobacco smoke contains 

cytotoxic and vasoactive substances, including nicotine, which may mediate these local 

effects (Raulin et al., 1988). With regard to specific local effects on soft tissue cell 

impairment, an area of particular concern is the effect of nicotine on gingival fibroblasts 

and transmembrane receptor proteins. Transmembrane receptor proteins provide an 

important link to the extracellular milieu and, ul_timately, tie the extracellular matrix to 

the cell's cortical cytoskeleton. The principal receptors on animal cells for binding most 

extracellular matrix proteins, including collagen, fibronectin, and laminin, are the 

' . . ' . -

integrins, a large family of homologous transmembrane linker proteins (Alberts et al., 

1994). Integrins are a recently ! defined family of transmembrane cell surface 

glycoproteins which serve as cell adhesion receptors (Albe.Ida et al., 1992), and were first 

described by Hynes in· 1987 (Hynes, 1987). To date, more than twenty distinct vertebrate 

integrins have been identified (see table I). Most integrins are expressed on a wide 

variety of cells, and most cells express several integrin types. 

Integrins differ from cell-surface receptors for hormones and for other soluble 

signaling molecules in that they bind their ligands with relatively low affinity (Ka = 106 
-

109 liters/mole) and are usually present at about 10- to 100-fold higher concentration on 

the cell surface. This arrangement has a functional purpose, as binding simultaneously 
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Table L The Inte:_rin Receotor Family ( atlaoted from Hynes, 1992) 

Subunits Ligands and Counterreceptor~ Binding Site 

B1 al Collagens, laminin 

a2 Collagens, laminin DGEA 

a3 Fibronectin, laminin, collagens RGD±? 
a4 Fibronectin, (V25), VCAM-1 EILDV 

as Fibronectin (RGD) RGD 
a6 Laminin 

a7 Laminin 
ag ? 
av Vitronectin, fibronectin (?) RGD 

B2 aL ICAM-1, ICAM-2 

aM C3b component of complement (inactivated), fibrinogen, 
factor X, ICAM-1 -

ax Fibrinogen, C3b component of complement (inactivated)? GPRP 

B3 arr13 Fibrinogen, fibronectin, von Willebrand factor, 
vitronectin, thrombospondin RGD 

av · Vitronectin, fibrinogen, von Willebrand factor,_ 
thrombospondin, fibronectin,osteopontin,collagen RGD 

B/ a6 Laminin ?? 

Bs av Vitronectin RGD 

B6 av Fibronectinr · RGD 

B1 a4 Fibronectin (V25), VCAM-1 EILDV 

aIEL ? 

- Bs av ? 
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but weakly to large numbers of matrix molecules allows cells to explore their 

environment without losing . all attachment to it. Integrins function as transmembrane 

linkers (or "integrators") mediating the interactions between the cytoskeleton and the 

extracellular matrix that are required for cells to grip the matrix. The interactions that 

integrins mediate between the extracellular matrix and the cytoskeleton operate in both 

directions (outside to inside and vice versa) and play an important part in orienting both 

the cells and the matrix in a tissue (Alberts et al., 1994). 

All integrins are heterodimers consisting of two noncovalently associated 

transmembrane glycoprotein subunits (termed a and B), both of which contribute to the 

binding of the matrix proteins. The a subunits vary in size between 120 arid 180 

kilodaltons (kD), while the B subunits .have reported molecular weights of 90-110 kD 

(Hynes, 1992). Both subunits of integrins are transmembrane glyc~proteins, each with a 

single hydrophobic transmembrane segment. In most integrins, the cytoplasmic domains 

are short (50 amino acids or less). The extracellular domains (>75 kD for B subunits, and 

> 100 kD for a subunits) associate to form the aB heterodimers·. Both subunits contain 

extensive intramolecular disulfide bonding, consistent with a model of compact folded 

domains which are fairly resistant to proteolysis. Therefore, the current model is that the 

N-terminal domains of a and B subunits combine to form a ligand-binding head on each 

integrin (see Figure 1). This head is connected by two stalks, each made up of one of the 

two subunits, to the membrane-spanning segments and thus to the cytoplasmic domains. 



Figure 1. Schematic ofintegrin molecule (adapted from Molecular Biology of the Cell. 

Alberts, 1994)- a and f3 subunits are shown in relation to the cell membrane with 

cytoplasmic tails engaging the cellular cytoskeleton and the extracellular receptor heads 

engaging the extracellular matrix (ECM). Also seen is the intramolecular disulfide bonding 

and the relationship between the subunits. 
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These cytoplasmic domains are believed to interact with cytoskeletal proteins and 

perhaps with other cytoplasmic components (Hynes, 1992). 

Cell adhesion is a versatile and complex array of interactions, modulations, and 

signaling events in which integrins play a central role (Hynes, 1992). Integrins mediate 

both cell-substratum and cell-cell adhesion in humap: fibroblasts (Albelda & Buck, 1990). 

One major function of integrins is to mediate cytoskeletal interactions at the membrane 

interface at sites of cell-substratum or cell-cell adhesion (Kenney et al., 1977). These 

receptors bridge the cytoskeletal elements of a cell to the extracellular matrix which in 

tum aids in adhesion to other cells and/or surfaces. 

There are numerous examples of modulation of integrin function. Both activation 

and inhibition of integrin functions have been reported. Activation of the aubB3 integrin 

on platelets by thrombin, collagen, or other platelet agonists allows platelets to bind to 

fibrinogen and thereby participate in hemostatic events (Phillips et al., 1991). Under 

normal circumstances this integrin is not active and does not bind, which is desirable 

since such binding would lead to thrombosis. There are two reported cases in which 

phosphorylation of B1 integrins is associated with apparent inactivation of the receptors. 

One of these cases occurs during oncogenic transformation by Rous sarcoma virus; 

pp6osrc phosphorylates a tyrosine residue in the B1 subunit and this appears to reduce 

binding of B1 integrins to both talin and fibronectin (Tapley et al., 1989). 

In another example of modulation of integrins, Austin, using cellular ELISA 

measurements, showed that human gingival fibroblast B1 integrin subunit expression was 
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significantly decreased when exposed to concentrations of nicotine as low as 0.2 µM, 

compared to controls not exposed to nicotine (Austin, 1993). Knowing that integrins 

function as important mediators of cell-to-cell and cell-to-substratum adhesion, it was 

concluded that the decreased expression of the B1 integrin subunit may lead to decreased 

cell attachment with subsequent delayed wound healing. Furthermore, radioisotopic 

experiments in which gingival fibroblasts were exposed to radiolabeled nicotine that was 

then incorporated into the fibroblasts suggest that the majority of the intracellular nicotine 

remains intracellular, where it can affect cell metabolism and function (Hanes et al., 

1991). 



II. MATERIALS AND METHODS 

a. Gingival Biopsies 

Gingival biopsies were obtained by surgical excision from clinically healthy 

periodontal tissues in dentate patients under local anesthetic. These biopsy specimens 

were saved from excess portions of healthy tissue acquired during periodontal surgery. 

Clinical health of the gingiva was measured by its color, contour, bleeding upon probing, 

and signs of ~xudate. Underlying gingival connective tissue from these biopsies was 

used in the attempt to grow fibroblast~ and avoid epithelial cell growth. Immediately 

upon removal, the biopsies of gingival connective tissue were processed for tissue 

culture. 

b. Cell Cultures 

Huinan gingival fibroblasts (HGFs) were· cultured from biopsy specimens from at 

least three different individuals. Biopsy specimens to be cultured were placed into sterile 

minimal essential medium (MEM) and tr8:flsported to the tissue culture laboratory prior to 

the end of the day for processing. The specimens were rinsed three times in sterile 

isotonic PBS (phosphate buffered solution; 0.001 M sodium phosphate, 0.14 M NaCl, pH 

7.4) followed by a 5 minute immersion in a 0.5 M Tris-buffered 0.5% hypochlorite 

14 
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solution. The specimens were then rinsed again three times in sterile PBS. After the 

final rinse, the tissues were minced into pieces no larger than 4 x 4 x 4 mm3 with sterile 

surgical scissors and incubated in 5 ml Eagles Minimal Essential Medium (EMEM; 

Gibco BRL, Grand Island, NY) supplemented with nonessential amino acids, penicillin 

(100 u/ml)~ streptomycin (100 µg/ml), 10% fetal bovine serum (FBS) and 2 mM 

glutamine at 37°C in an atmosphere of 5% CO2 and 95% air in 25 cm2 flasks (Coming, 

Coming, New York). To assure optimal growth conditions for the fibroblasts, the culture 

·medium was replaced every third day until the HGF's reached confluency. Upon 

reaching confluency, the fibroblast monolayer was detached by a trypsinization process 

as follows: The confluent cells were rinsed with PBS-containing ethylenediamine

tetraacetic acid (EDTA-PBS, 0.2g EDTA/L PBS), followed by a 5 minute incubation in 

0.25% Alsevier's Trypsin (ATV). 

Once the HGFs were detached by the trypsin as confirmed by viewing under the 

light microscope, the HGFs along with fresh MEM were transferred to 25cm2 vented 

culture flasks (Falcon). Only the newly growing fibroblasts were transferred to new 

culture flasks; the explant pieces themselves were not transferred. The cultures 

established from this first trypsinization procedure were referred to as passage one (P-1 ). · 

At passage two, the cultures were expanded into vented 75cm2 flasks. At passage three, 

the cells were transferred into vented 175cm2 flasks. 
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c. Cryo-Preserved Cell Bank 

Confluent, passage 3, cellular monolayers were trypsinized and the cells collected 

by centrifugation (lO00xg, 15 min.). A mixture Qf 90% growth medium and 10% sterile 

dimethylsulfoxide was added to aliquots of the HGFs in cryovials, and the cryovials were 

slowly frozen to -70°C. The HGF cryovials were then stored in an ultra-cold freezer at 

-150°C for future use. 

d. Preparation of Pooled HGFs for Experiments 

On an as-needed basis, cells were recovered from the ultra-cold freezer and placed 

m 175 cm2 flasks. Frozen HGFs ·from three independent lines were pooled and 

propagated m plastic culture flasks following standard techniques to form one 

heterogenous population of fibroblasts. These cells were propagated to a p~pulation of 

approximately 107 cells per flask and harvested when needed for an experiment. Culture 

medium consisted of Eagle's Minimal Essential Medium (MEM) supplemented with 10% 

heat-inactivated fetal bovine serum, 100 units/mL penicillin G and 100 µg/mL 

streptomycin. Human gingival fibroblasts were incubated at 3 7° C in an atmosphere of 

95% air/5% carbon dioxide. 

e. Nicotine 

Pure nicotine, purchased from Sigma Chemical Company, St. Louis, MO, was 

used in this research project. A stock solution of 1 mg/mL nicotine in sterile water, made 
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fresh weekly, was diluted using the above mentioned cell culture rriedium to 25.6 µM. 

This nicotine/EMEM solution was then serially diluted with labeling medium (EMEM 

containing 1/10 the normal concentration of non-radioactive methionine and cystine, 2 

mM glutamine, and 5% dialyzed FBS) to the required nicotine concentrations of 0.8, 0.4, 

0.2, 0.1, 0.05, 0.025, and 0 µM ( control). This range of nicotine concentrations was 

chosen based on reports of nicotine plasma levels reaching 0.1 - 0.29 µMin subjects that 

smoked 18-35 (average of 27) cigarettes per day (Russell et al., 1975). 

f. Metabolic Radio labeling of Proteins or RNA in the Presence of Nicotine 

Cells harvested from the 175 cm2 flasks were centrifuged at 1000 xg, 4°C, for 10 

minutes. The supernatant was discarded and the cell pellet was resuspended in 10 ml of 

EMEM. Cells in the resulting suspension were counted using the hemocytometer and an 

appropriate dilution performed. Early pilot , experiments compared populations of 

250,000 and 400,000 cells/ml solutions. Two six-well plates were labeled to reflect the 

five different concentrations of nicotine and the control. The "A" plate contained 400,000 

cells/well, while the "B" plate contained 250,000 cells/well. The appropriate numbers of 

HGF cells were inoculated into the multiple well plates along with_ the 5 different 

concentrations of nicotine and a no-nicotine control. For protein labeling, 

[ 35S]methionine substock solution was made from a stock of P5 S]~ethionine (ICN, Irvine 

CA). Decay rates were determined from standardized decay charts for the radioisotope 

and a substock of 20 µCi/ml was prepared in labeling medium. [35S]methionine 



18 

radioactive label was added concomitant to the nicotine solution, and the cultures 

incubated for 24 hours to allow incorporation of the radiolabel into newly synthesized 

proteins and allow the fibroblasts to grow and at1;ach. It was found t_hat 400,000 cells per 

well or dish provided a sufficient amount of cellular proteins for performing the 

necessary analyses, and this cell density was used in subsequent experiments. Additional 

sets of experiments were set up in an identical manner, but the cultures were allowed to 

incubate for 4 to 48 hours. Additionally, [3H]uridine was used in two sets of experiments 

to measure the effects of nicotine on RNA synthesis. 

g. Cell Harvesting and Fractionation by Dounce Homogenization 

The HGF cells were harvested in one of two ways depending on the experiment 

and the intended subsequent analyses. In one variation, cells to be used exclusively for 

SDS-PAGE analysis were washed with PBS to remove any residual medium and 

Laemmli's solubilization buffer (lxLSB; 0.0625 M Tris-HCl [pH 6.8], 2% SDS, 10% 

glycerol, 5% 2-mercaptoethanol, and tissue culture water, diluted to a 50:50 ratio to make 

lxLSB) was· added to solubilize the cells (Laemmli, 1970). The cell lysates were 

transferred to 1. 5 ml conical tubes, boiled for 3 minutes to further denature the proteins, 

and stored at -70°C for future use. 

In the other variation, cells to be used for membrane fractionation studies were 

harvested from cultures established in 100 mm culture dishes at the same density as the 

3 5 mm plates ( 4.17 x 104 cells/cm ). Cells were scraped off with two successive 
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increments of 1.0 ml of PBS each and combined. One-fifth of these harvested cells was 

immediately solubilized. in LSB to provide the whole cell lysate sample and the 

remainder was placed into 15 ml conical tubes. The cells and PBS in the conical tubes 

were centrifuged at 1380 rpm for 5 min. at 4°C. The supernatant was discarded and the 

cell pellet was resuspended in 1.0 ml of ice cold PBS prior to Dou.nee homogenization. 

Dounce homogenization was employed to obtain membrane-enriched sub-cellular 

fractions for cqmparison to the corresponding whole cell lysates for differences in overall 

cellular proteins (Findlay & Evans,_ 1987). This fractionation step was designed to 

remove cytosolic proteins and nuclei prior to solubilization of membrane proteins. 

Hypot~nic swelling of cells was followed by their disruption with a Dounce 

homogenizer. Cells suspended in 1.0 ml of PBS were centrifuged at 1380 rpm for 5 

minutes at 4°C. The supernatant was discarded and the pellet was resuspended in 2.0 ml 

of Dounce Buffer (5 mM Tris-HCl, pH 7.6) with protease inhibitors (to make stock, 

combine the following: 10 ml of Dounce buffer, 20 µl of leupeptin [10 µg/ml], 100 µl 

aprotinin [2.7 TIU], and 50 µl PMSF [0.1 M]) and allowed to sit for 10 min. at 4°C. 

Samples were then placed into Dounce homogenizers and the sample solutions were 

homogenized with 30 strokes to disrupt the cells and release the cell contents._ 0.67 ml of 

tonicity restoration buffer with protease inhibitors (containing 0.6 M NaCl) were added to 

the homogenized cells to 0.15 M NaCl final concentration. The sample suspensions were 

viewed with a phase-contrast microscope to ensure that no intact cells remained. The 

sample suspensions were then centrifuged at 1380 rpm for 5 minutes at 4 °C to remove the 
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nuclear fraction. The supernatant was decanted and saved while the nuclear pellet was 

discarded. The supernatant was transferred to polycarbonate ultracentrifuge tubes and the 

solution was made 5 µM EDTA by the addition of 28 µ1 of 0.5 M EDTA, pH 7.6, in order 

to chelate Mg2+ and decrease the activity of magnesium dependent proteases. The sample 

solution was centrifuged at 37,000 rpm in a 75 Ti rotor for 45 minutes at 4°C. The 

supernatant was discarded and the resulting pellet was-resuspended in 200 µl lxLSB. 

h. Trichloroacetic Acid (TCA) Precipitation 

Aliquots of the radiolabeled cell lysates were TCA precipitated in order to fix the 

newly synthesized, radiolabeled pro~eins to individual pieces of filter paper and to 

remove unincorporated radioisotopes. It was then possible to measure the acid-insoluble 

radioactive counts per minute ( cpm) associated with each sample using liquid scintillation 

spectrometry and determine the relative in-corporation of [35S]methonine into newly 

synthesized_ protein~ and [3H]uridine into newly synthesized RNA for each experimental 

sample. This determination detects any significant effects of the various nicotine 

concentrations on the overall synthesis of all new proteins and RNA. 

Duplicate aliquots of each sample (5 µl for [35S]methonine-labeled and 50 µl for 

[3H]uridine-labeled ,-samples) and a buffer control (LSB blank) were spotted onto 

Whatman 3MM filter paper squares- and allowed to air dry. Filter papers were placed into 

ice-cold 10% (w/v) TCA solution for 30 minutes, washed two times in room-temperature 

10% TCA for 5 minutes each, and then placed under a heat lamp to dry. Associated 
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radioactivity was quarttitated by placing each dried filter paper into a scintillation vial 

with 10 ml of Scintiverse BD scintillation fluid (Fisher) and counting in a Beckman 

scintillation counter. The average of the buffer blanks was subtracted from each of the 

averaged duplicate values. 

1. Statistical Analysis of TCA Data 

The data from the TCA precipitation assays measuring the effects of various 

concentrations of nicotine on protein and RNA synthesis were subjected to one-way and 

two-way analysis of varianc.e (a = 0.05 ) to· determine if treatment values were 

statistically different from the zero control values. When significant differences were 

found, a Duncan's multiple.range analysis test (a= 0.05 ) was used. 

J. Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-P AGE) 

and Electroblotting 

The cellular proteins obtained from section f. (metabolic protein radiolabeling in 

the presence of nicotine) were separated by discontinuous vertical slab SDS-PAGE 

according to the method of Laemmli (1970). One-dimensional gel electrophoresis under 

denaturing conditions (ie., in the presence of 0.1 % SDS) separates proteins based on 

molecular size as they move through a polyacrylamide gel matrix toward· the anode. 

Aliquots standardized on the basis of TCA-insoluble cpm were diluted ·to 60 µ1 with 

lxLSB. 55 µ1 of each of the solubilized samples was loaded into a designated well of a 
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4.5% stacking gel. A 9.0% polyacrylamide separating gel was used to obtain maximum 

protein band resolution and to estimate apparent molecular weights in the B1 integrin 

subunit's ·size range as compared to commercial protein molecular weight standards 

separated in the same gel. 

After electrophoresis, the gel was placed in a semi-dry electrophoretic transfer 

unit (Gelman, Ann Arbor, MI) according to manufacturer's protocol for protein bl_otting 

onto Immobilon PVDF transfer membrane (Millipore Corporation, Bedford, MA). 

Proteins were transferred from the gel to the membrane at 0.8 mA/cm2 for 2 hours. The 

Immobilon PVDF transfer membrane then was allowed to air dry. 

k. . Autoradiography of .the Electro blot 

The dried Immobilon electroblot membrane was allowed to expose Kodak· 

X-OMAT AR5 imaging film (Eastman Kodak Co, New York) at-20°C for an appropriate 

period of time to obtain a separation profile of the radiolabeled cell extracts. The 

processed autoradiograph was then superimposed against the membrane to establish 

orientation for cutting the membrane into panels, which were then subjected to 

immunoblotting assays. The resulting exposure profile reflected all proteins synthesized 

during incubation with [35S]methionine. 
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1. Immunoblot Assay(Western Blot) 

Membra°:e panels were rehydrated by immersion in methanol and then rinsed in 

distilled H20. ~ext, the panels were equilibrated for 5 minutes in Tris-buffered saline 

(TBS; 20 mM Tris, 500 mM NaCl, pH 7.5). Nonspecific protein binding sites on the 

panels were blocked by incubation in blocking solution (3% gelatin [w/v] - TBS) and 

normal goat serum ( diluted I :250) for I hour, followed by two 5 minute washes in 

Tween-20 wash solution (TTBS; 20 mM Tris, pH 7.5, 500 mM NaCl, 0.05% Tween -

20). The membrane was incubated for two hours in the first, or primary, antibody 

solution, which consisted of affinity purified polyclonal rabbit anti-integrin B1 subunit 

antiserum (Chemicon, Temecula, CA). Unbound first antibody was removed by washing 

the panel twice in TTBS for 5 minutes. The second antibody solution consisted of a 

I :2,000 dilution of alkaline phosphatase-conjugated goat anti-rabbit lgG secondary 

antibody (Bio-Rad Laboratories, Hercules, CA). Incubation was for.I hour with rocking. 

The panels were washed twice in TTBS and once in TBS for 5 minutes. A Bio-Rad 

Alkaline Phosphatase Conjugate Substrate Kit was used according to the manufacturer 

(Bio-Rad Laboratories, Hercules, CA) to induce color development on the panels. 

Development was stopped by immersing the panels into distilled water. The panels were 

washed three times for 5 minutes each in distilled water, placed on filter paper, and 

allowed to air dry. Reactive bands of appropriate migration corresponding to total 

synthesized B1 integrin present in the cell were quantitated by densitometry. 
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m. Calculation of Molecular Weights 

For SDS denatured proteins, the log10 of the molecular weight (MW) is inversely 

proportional to the SOS-proteins migration in SDS-PAGE. Using MW standards of 

known size and their migration distance (R), one can construct a standard curve: 

Log10MW versus R. This curve can then be used to extrapolate MWs of unknown protein 

bands based on their migration (R) in the same geL Protein bands identified on the 

western blot as B1 integrin subunit proteins were measured and a MW determination made 

to confirm that the band does have an apparent MW c~nsistent with that of the authentic 

B1 subunit. 

n. Densitometric Analysis of Protein Bands 

Densitometric analysis (Shimadzu Dual-wavelength. Flying Spot Scanner 

CS-9000, Kyoto, Japan) of the protein bands visible on western blotting and 

autoradiography was used to determine the relative intensity of each protein band. 

Protein bands were quantified to show differences in the amounts of B1 integrin· protein 

detected following treatment with the· different concentrations of nicotine. 



III. RESULTS 

A. Preliminary Studies to Determine Optimal Experimental Variables 

a. Nicotine Stocks/Dilutions 

Studies have shown that smoking 17 to 35 cigarettes (approximately one to two 

packs; one pack of cigarettes contains 20 cigarettes) per day will produce sustained tissue 

nicotine levels of 0.1 - 0.29 µM (Russell et al., 1975). The concentrated nicotine stock 

(98-100% pure) was diluted to a concentration range varying from 0.025 to 0.8 µM to 

simulate the concentrations of nicotine one would expect to see in the tissues of a smoker. 

This range of nicotine concentrations was used previously by Austin, Peacock et al., and 

Raulin et al. in their experiments with fibroblasts and.nicotine (Austin, 1993; Peacock et 

al., 1993; Raulin .et al., 1988). 

Three differents sources/stocks of commercially available nicotine were used to 

perform experiments and ensure standardization. There was some concern that the 

nicotine stock used initially had exceeded its shelf-life and lost some of its potency .. In 

addition to a more recent sto~k available in the laboratory, new nicotine obtained from 

Sigma was used, and no differences attributable to loss of potency were detected. 

25 



26 

b. HGF Populations 

Human· gingival fibroblasts from healthy tissue were cultured by standard 

methods and relatively low passage confluent populations were obtained. Cultures from 

three different individuals were pooled to constitute a heterogenous population of cells. 

For the experiments, the cells were trypsinized, resuspended in medium, counted in a 

hemocytometer and placed into 35 mm-diameter culture dishes. The dishes for each 

experimental treatment contained identical populations of cells, and cell densities varied 

fro~ 250,000 to 400,000 cells per 35 mm diameter dish, depending upon whether a 

particular experiment was designed to assess nicotine effects on low or moderate density 

monolayers. 

c. Radiolabels 

[
35 S ]methionine and P H]uridine were used as radio isotopic labels to measure pro

tein synthesis and RNA synthesis, respectively. Because of its high specific activity 

(>800 Ci/mmol) and ease of detection, [35S]methionine is the amino acid of choice for 

biosynthetic labeling of proteins. Methionine is an essential sulfur-containing amino 

acid. Uridine is a ribonucleotide specific to RNA. [3H]uridine's incorporation 

specifically labels newly synthesized RNA. [ 35S ]methionine concentrations used in all 

experiments were 20 µCi/ml which was found to produce adequate specific activity for 

subsequent TCA precipitation assays and SDS-PAGE/autoradiography. [3H]uridine 

concentrations of 15 µCi/ml were used initially but yielded insufficient labeling. 
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50µCi/ml of [3~]uri~ine ultimately was found to be sufficient to produce a level of 

incorporation capable of being accurately measured by TCA precipitation. 

B. Effects of Nicotine Concentration and Exposure Time on HGF Protein 

Synthesis 

HGFs were cultured in medium containing nicotine and radiolabels for different 

time periods varying from four to forty-eight hours to allow for attachment· of the 

fibroblasts and incorporation of the radiolabel into newly synthesized proteins or RNA. 

The fibroblasts were expected to have higher metabolic activity during th~ early or initial 

incubation times ( at 4 hours vs. 48 hours) as they were in the process of attaching to the 

culture plates and establishing a dense mono layer. It was during this time that the highest 

cellular activity with the greatest synthesis efforts by intracellular organelles was present. 

After longer incubation periods, one might expect to see a slowing of cellular function 

with a subsequent decrease in synthesis by intracellular organelles. 

In Figure 2, an analysis of the TCA data shows the early (0-4 hours of incubation) 

effects of various concentrations of nicotine and a no-nicotine control on total protein 

synthesis in HGFs. Lower concentrations (0.0~5, 0.05, and 0.1 µM) of nicotine appeared 

to stimulate overall protein synthesis compared to the control while higher concentrations 

(0.2 and 0.4 µM) of nicotine appeared to inhibit or suppress synthesis of cellular proteins. 

However, the degrees of stimulation and sup'pression were slight and a one-way analysis 



Figure 2. Graph showing the e-ffect of nicotine on HGF protein synthesis 0-4 hr post

attachment - Lower concentrations (0. 025 µM, 0. 05 µM, and 0.1 µM) of nicotine appeared 

to stimulate overall protein synthesis compared to the no nicotine control while higher . 

concentrations (0. 2 µMand 0. 4 µM) of nicotine appeared to inhibit or suppress synthesis 

of cellular proteins. However, the degrees of stimulation and suppression were slight and 

a one-way analysis of variance confirmed the differences were not statistically significant. 

Seeded cell density was 400,000 cells/dish. 
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of variance confirmed that the differences were not statistically significant. Thus, it 

appeared that, in the concentration range tested, 4 hour nicotine exposure had no 

significant effect on HGF protein synthesis. It was decided to test longer exposures to 

nicotine to ascertain whether this would result in greater effects. 

Figure 3 depicts the effects of more extended exposure to various concentrations 

of nicotine and a no-nicotine control on total protein synthesis by HGFs. In the 0-48 hour 

treated cultures, there was suppression of protein synthesis by the 0.05 and 0.4 µM 

nicotine concentrations, while there was stimulation of protein synthesis by the 0.025 and _; 

0.1 µM concentrations. A one-way analysis of variance revealed the differences were not: 

statistically significant. When the incubation time was decreased to 24 hours there was; 

slight suppression of protein synthesis by all of the nicotine concentrations. A one-way 

analysis of variance showed the differences were not statistically significant. For both 

incubation periods ( 48 and 24 hours) the changes were slight and the results suggest that 

the longer exposure times to a single dose of nicotine did not necessarily result in 

continued or increased suppression or inhibition of protein synthesis. 

In an effort to determine if an even shorter exposure time to various nicotine 

concentrations might result in significant suppression or stimulation of protein synthesis, 

the time was decreased to 17 hours and the results are depicted in Figure 4. After 17 

hours, there was an overall suppression of protein synthesis by all of the nicotine 

concentrations compared to the no-nicotine control. Using a one-way analysis of 



Figure 3. Graph showing the effect of 24 and 48 hr nicotine exposure on HGF protein 

synthesis- For the 0-48 hour incubation there was suppression of protein synthesis by the 

0. 05 and 0. 4 µM nicotine concentrations, while there was stimulation of protein synthesis 

by the 0. 025 and 0.1 µM concentrations. A one-way analysis of variance revealed the 

differences were not statistically significant. When the incubation time was decreased to 24 

hours there was slig~t suppression of protein synthesis for all of the nicotine concentrations, 

but the differences were not statistically significant. Seeded cell density was 400, 000 

cells/dish. 
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Figure 4. Graph showing the effect of nicotine on HGF protein synthesis 0-17 hr post

attachment- All of the nicotine concentrations induced suppression of protein synthesis 

compared to the no-nicotine control. Using a one-way analysis of variance it was 

determined thp.t this suppression is statistically significant (p < 0. 05) for the 0. 4 µMand the 

0. 8 µM nicotine concentrations. (* indicates value is significantly different from control) 

Seeded cell density was 400,000 cells/dish. 
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variance it was determined that· this ~uppression of protein synthesis 1s statistically 

significant (p :S 0.05) for the 0.4 µMand the 0.8 µM nicotine concentrations. 

Figure 5 shows a representative autoradiogram of [35S]methionine-labeled 

experimental HGF lysates separated by SDS-PAGE. The au~oradiogram depicts the 

SDS-PAGE profile of cell~lar proteins from cultures radiolabelled during 17 hour 

exposure to nicotine at various concentrations (lanes A-F) compared to protein standards 

of known molecular weights (lane G). No obvious alterations in the radiolabelling 

patterns of specific protein bands were detected;. thus the cha:tJ.ges in the total radiolabel 

incorporation (measured as TCA precipitable radioactivity) appeared to be attributable to 

generalized rather than specific changes in protein synthesis. 

C. Effects of Nicotine on HGF Protein Synthesis in Cultures of Different Cell 

Densities 

In Figure 6, protein synthesis in HGF cells plated at two densities was compared 

to ascertain the optimum cell population for experiments and determine whether 

monolayer confluency influenced nicotine's effect on protein synthesis. Results suggest 

there is less protein synthesis per 1000 cells in the 400,000 cells/dish cultures compared 

to 280,000 cells/dish. A 2-way analysis of variance between the groups found the 

differences in newly synthesized protein between the two cell densities to be significant. 

There were no differences between the control and any of the doses of nicotine in the 



Figure 5. Photograph ofautoradiogram with MW markers- The autoradiogram depicts the 

SDS-PAGE profile of cellular proteins from cultures radiolabelled during 17 hour exposure 

to nicotine at various concentrations (lanes A-F) compared to protein standards of known 

molecular weights (lane G). No .obvious alterations in the radiolabelling patterns of specific 

protein bands were detected; thus the changes in the total radiolabel incorporation 

(measured as TCA precipitable radioactivity) appeared to be attributable to generalized 

rather than specific effects alterations in protein synthesis. 
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Figure 6. Graph showing the effect ofnicotine and cell density on HGF protein synthesis 0-

17 hr post-attachment- Results suggest there is less protein synthesis per 1000 cells in the 

400,000 cells/dish cultures compared to 280,000 cells/dish. The initially more dense 

monolayer ( 400, 000) may have been less metabolically active because of contact inhibition, 

while the less dense monolayer (280,000) was more active in protein synthesis in an attempt 

to form a confluent monolayer on the culture dish. A 2-way analysis of variance between the 

groups found the differences in newly synthesized protein between the two cell densities to 

be significant. (* indicates value is significantly different from control) 
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280,000 cells/dish experiment. Howeve·r, although the trends with respect to the effects 

of nicotine concentrations appeared similar at the two cell densities, in the 400,000 

cells/dish experiment the control values differed significantly for 0.4 and 0.8 µ1\1 

nicotine, but these nicotine concentrations (0.4 and 0.8) were not different from each 

other. Having determined all of the optimal variables for determining the effects of 

nicotine on HGF protein synthesis, the previous ~xperiment using 400,000 cells/ml and 

the moderate (0-17 hour) exposure was duplicated in the next" experiment to confirm 

earlier results 

D. Effects of Nicotine on HGF Protein and RNA Synthesis 

In Figure 7, an analysis of the TCA data again shows the effects of 17 hour 

exposure of various concentrations of nicotine and a no-nicotine control on total protein 

synthesis in HGFs. As in previous experiments, after 17 hours there was an overall 

suppression of protein synthesis by all of the nicotine concentrations compared to the no

nicotine control. A one-way analysis of variance indicated that this suppression of 

protein synthesis was statistically significant ( p :S 0.05 ) for the 0.025, 0.1, 0.4, and the 

0.8 µM nicotine concentrations. Once again, it appeared the moderate exposure of HGFs 

to various concentrations of nicotine ( similar to those concentrations seen in the tissues of 

smokers) resulted in significant suppression_ of protein synthesis. To determine whether 



Figure 7. Graph showing the e(fect of nicotine on HGF protein synthesis 0-17 hr post

attachment- As in previous experiments, after 17 hours there is an overall suppression of 

protein synthesis by all of the nicotine concentrations compared to the no-nicotine control. 

Using a one-way analysis of varianc~ it was determined that this suppression of protein 

synthesis is statistically significant ( p < 0.05) for the 0.025, 0.1, 0.4, and the 0.8 µM 

nicotine concentrations. Additionally, it was determined that there were significant 

differences between the 0. 8 µM nicotine dose and the other nicotine doses. (* indicates 

value is significantly different from control; ** indicates value is significantly different from 

other nicotine doses) 
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these effects on protein synthesis ·were a reflection of nicotine's effects on overall RNA 

synthesis, [3H]uridine incorporation was assayed. 

In Figure 8, the effects of various concentrations of nicotine exposure on HGF 

RNA synthesis are depicted. There was a slight generalized suppression of RNA 

synthesis by nicotine compared to the no-nicotine control. However, a one-way analysis 

of variance showed no statistical significance between the values. The results suggest the 

moderate (17 hour) exposure of nicotine causes a slight, insignificant suppression of 

RNA synthesis. 

In Figure 9, RNA and protein synthesis during 17 hours of nicotine exposure were 

compared based on the relative measures of [3H]uridine cpm and [35 S]methionine cpm, 

respectively. Data presented in Figures 7 and 8 have been standardized by setting the 

untreated (no-nicotine) control values as 100% and expressing the nicotine treatment 

values as % of untreated control. In this comparison, the correlation in experimental 

trends is more readily apparent. The results show a slight, but generalized suppression of 

protein and RNA synthesis at 17 hours. Once again, the suppression is slight and does 

not appear to be statistically significant for RNA, while it is significant for protein. 

E. Effects of Nicotine on Integrin Synthesis 

Having determined that nicotine causes significant suppression of overall HGF 

protein synthesis, experiments _investigating the effects on a specific protein, the B1 



Figure 8. Graph showing the e-ffect of nicotine on HGF RNA synthesis 0-17 hr post

attachment- There was a slight generalized suppression of RNA synthesis by nicotine 

compared to the no-nicotine control. A one-way analysis of variance showed no statistical 

significance between the values. 
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Figure 9. Graph showing the effect ofnicotine on HGF metabolism 0-17 hr post-attachment

RNA and protein synthesis during 17 hours of nicotine exposure were compared based on 

the relative measures of [3 H]uridine cpm and {35S]methionine cpm, respectively. Data pre

sented in figures 7 and 8 have been standardized by setting the untreated (no-nicotine) 

control values as 100% and expressing the nicotine treatment values as % of untreated 

control. 
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integrin subunit, were performed. Two antibodies specific for the B1 integrin subunit and 

one control antibody specific to the a1 integrin subunit were tested during the initial pilot 

experiments. Of the two anti-B1 integrin antibodies, the affinity-purified polyclonal rabbit 

antibody from Chemicon, Inc., produced the best and most predictable results. When this 

antibody was used, in western blotting, distinct bands were stained/ide11tified in HGF 

lysate profiles. The monoclonal antibody (B1) and the polyclonal antibody ( a 1) produced 

weak responses that were too faint to measure. The banding produced by the polyclonal 

rabbit antibody (B1) was easily quantitated by scanning densitometry. 

Figure 10 shows a., representative autoradiogram and the associated western blot 

in which the polyclonal rabbit antibody was used to detect B1 integrii.1 subunits. This was 

our first demonstration of detection of the B1 integrin band in a western blotting 

technique. ··The migration of the band detected by western blot was measured and 

compared to the migration of molecular weight standards in the autoradiogram. The 

band's calculated molecular weight of 105 kD was consistent with that reported for B1 

integrin subunit. Any differences in densities of the bands in lysates of cells treated with 

the various nicotine concentrations were not readily apparent to the naked eye, and 

scanning densitometry was needed to analyze differences. 

To investigate possible differences in the intracellular distribution, nicotine 

treated and untreated cells were harvested and a portion of each sample was prepared as a 

whole cell lysate while the remainder was fractionated to produce a membrane-enriched 



Figure 10. Photograph of detection of /31 integrin in nicotine-treated HGF-cells by western 

blot- The bands detected with th~ western blotting technique were measured with the 

· autoradiagram and molecular weight markers to confirm this was, in fact, a band of 105 kD 

which is consistent with the /31 integrin subunit. Any differences in densities of the bands in 

lysates of cells treated with the various nicotine concentrations were not readily apparent 

to the naked eye, and scanning densitometry was needed to analyze differences. 



41 

A Nicotine Cone. ( µM ) B Nicotine Cone. ( µM ) 

GI 0.4 0.2 0.1 0.05 0.025 0 0.4 0.2 0.1 0.05 0.025 

-105 kD 

A BCDEF G H I J K L 



42 

fraction. The B1 integrin subunit associated with each sample was detected by western 

blot, and scanning densitometry was used to quantitate differences among the samples. 

Figure 11 shows a western blot detection of B1 integrin in whole cell lysates and 

membrane fraction samples. A single band at 105 kD was detected, which again was 

consistent with the B1 integrin protein. Whole cell lysates and membrane-enriched 

fractions corresponding to equal numbers of cells were subjected t<? SDS-P AGE and 

western blotting to detect_ B1 integrin subunits associated with each sample. Only a 

portion of the total B1 integrin present in the whole cells appeared to be associated with 

the membrane-enriched fractions. 

The blot was analyzed by scanning densitometry, and the results are depicted in 

Figure 12 .. In untreated. cells, approximately half of the B1 integrin appeared associated 

with the membrane-enriched fraction compared to whole cells. Furthe:r;more, while 

nicotine treatment appeared to induce a dose-dependent increase in B1 integrin amounts in 

whole cell lysates, a concomitant decrease in B1 integrin amounts in the corresponding 

membrane-enriched fractions was observed. These findings suggest that nicotine 

treatment may alter both synthesis and intracellular distribution of B1 integrin subunits in 

human gingival fibroblasts. 



Figure 11. Photograph of western blot detection of B1 integ_rin in whole cell lvsates and 

membrane fractions- Whole cell lysates and membrane-enriched .fractions corresponding 

to equal numbers of cells were subjected to SDS-PAGE and western blotting to detect j31 

integrin subunits associated with each sample. Only a portion of the total /31 integrin 

present in the whole cells appeared to be associated with the membrane-enriched .fractions. 
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Figure 12. Graph showing densitometric quantitation of western blot detection o(B1 integrin 

in whole cell lvsates and membrane fractions- The results of densitometric quantitation 

suggest that nicotine treatment resulted in a dose-dependent increase in /31 integrin amounts 

whole cell lysates and a decrease in /31 integrin amounts in the corresponding membrane

enriched fractions. 
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IV. DISCUSSION 

The purpose of this study was to determine whether nicotine's previously reported 

effects on B1 integrin subunit expression may be attributed to a generalized suppression of 

cellular protein or RNA synthesis, or whether they reflect specific modulation of B1 

integrin subunit synthesis and/or distribution. Human gingival fibroblasts were cultured 

for various lengths of time in nicotine at concentrations that represent a physiologically 

relevant range of nicotine levels which might be present in the tissues of smokers. Total 

cellular RNA and protein synthesis was monitored throughout various nicotine exposure 

times, as well as the relative amounts of B1 integrin subunits in an effort to determine the 

point during biosynthesis at which nicotine has a deleterious effect on B1 integrin 

expression. 

Results of this study demonstrated that nicotine had multiple effects on HGFs. At 

the selected concentrations tested, nicotine was found to inhibit overall protein and RNA 

synthesis. This inhibition was statistically significant for protein synthesis at the 0.4 and 

0.8 µM nicotine concentrations, while there was mild suppression of RNA by all nicotine 

concentrations which was not statistically significant. While the clinical significance of 

this level of metabolic suppression is not known, it may be postulated that nicotine has a 

deleterious effect on HGFs, and the diminished cellular function may contribute to· 
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impaired soft tissue cell function and ultimately result in delayed wound healing and/or 

increased periodontal disease progression. Recently, Tipton and co-workers (1995), 

reported similar, multiple inhibitory effects of nicotine on HGFs. Their study found 

nicotine inhibited HGF growth and their production of fibronectin and collagen, while 

also promoting collagen breakdown. 

A possible mechanism for some of nicotine's effects inside the cell is suggested 

by a study by Hanes et al. in which HGFs were culID1:ed in medium containing nicotine 

(Hanes et al., 1991). It was shown that nicotine had the ability to bind non-specifically to 

HGFs and its uptake across the plasma membrane was continuous for four hours until the 

nicotine became concentrated inside the cell. It remained inside the cell for extended 

periods before it was slowly released, unmetabolized, back into the medium. These 

radioisotopic experiments in which gingival fibroblasts were exposed to radiolabeled 

nicotine that was then incorporated into the fibroblasts suggest that the majority of the 

incorporated nicotine remains intracellular, where it can affect cell metabolism and 

function (Hanes et al., 1991). 

This premise may correlate with the differential effects on protein and RNA 

synthesis observed in cultures exposed to nictotine for different times (4, 17, 24, and 48 · 

hours). Cell cultures generally exhibit several growth phases when placed in culture 

dishes. Initially, there is a lag phase which occurs when the cells attach to the culture 

dish. This is followed_ by a logarithmic growth phase, which is the time period in which 

the cells are highly metabolically active. As the culture becomes confluent, the cells 
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become somewhat contact inhibited, activity slows, and they enter a stationary, confluent 

culture phase. In the present study, the four hour incubation/exposure during attachment 

may have encompassed the lag phase, whereas the 24 hour and particularly the 48 hour 

exposures likely extended through the log phase as the cultures approached the confluent, 

stationary phase. The 17 hour exposure period proved to be most informative in that 

statistically significant suppression of protein synthesis was induced by several of the 

nicotine concentrations tested. It may be that the 17 hour exposure provides the optimum 

time of incubation in which the cells exhibit that window of greatest effects by nicotine 

and are most susceptible. It may be that during this period of logarithmic growth and 

increase~ metabolic activity by the cells nicotine is actively taken-up, concentrated, and 

has the potential to exert the most pronounced effects. This may also be due, in part, to 

the cell growth cycle. During the longer incubation periods, cells may enter the resting 

(quiescent) phases and become less responsive to nicotine's effects. 

The initially more dense mono layer (400,000) may have been less metabolically 

active because of contact inhibition, while the less dense monolayer (280,000) was more 

active in protein synthesis in an attempt to form a confluent monolayer on the culture 

dish. It is unlikely that the increase in protein seen in the 280,000 cells/dish cultures is 

due to actual increases in cell numbers during the 17 hour incubation because the cell 

doubling time for gingival fibroblasts appears to be in the range of 48 hours (Dennison et 

al., 1994). Total cell numbers are not likely to have changed from the numbers plated 17 

hours previously. 
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In addition to investigating the effects of nicotine ·on overall HGF protein and 

RNA synthesis, the effects on a particular protein, the B1 integrin subunit, were 

investigated. Previously, Austin has shown that nicotine causes decreased fibroblast 

attachment to collagen and laminin, and suppresses cellular membrane expression of the 

B1 integrins (Austin, 1993). Using cellular ELISA measurements, Austin showed that 

human gingival fibroblast B1 integrin subunit detection on cellular membranes was 

significantly decreased in cultures exposed to concentrations of nicotine as low as 0.2 

µM, compared to controls not exposed to nicotine (Austin, 1993). The ability of 

fibroblasts to adhere to and communicate with one another and to adhere to extracellular 

matrices may be important in healing after periodontal surgery, and, because integrins are 

the primary means by which this adhesion and intercellular communication takes place 

(Alberts et al., 1994), it may be theorized that the decreased membrane expression of the 

integrin B1 subunit caused by nicotine may lead to decreased cell attachment and 

signalling and, ultimately, delayed wound healing in tobacco users. It is it?-teresting to 

note that Peacock and co-workers found increased attachment in fibroblasts when they 

were exposed to nicotine at similar concentrations for one hour, however, this was not 

detectable at later time points (Peacock et al., 1993). The results of four hour exposure in 

the present study agree with Peacock's findings in that there was stimulation of protein 

synthesis by the lower concentrations of nicotine during this time period. If adhesion 

proteins are one of the proteins being stimulated, then one might expect increased ability 

of the cells to adhere to one-another and to other surfaces. While this study showed some 
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stimulation at shorter exposure times, the longer exposure times showed the predominant 

tre~d towards suppression of protein synthesis and decreased membrane expression of 

integrins. 

In the present study, western blotting of whole cell lysates and membrane

enriched fractions was used to. extend Austin's findings. The results indicated that 

exposure of HGFs to increasing nicotine concentrations resulted in decreased detection of 

membrane-associated B1 integrins. This finding is consistent with Austin's results. 

However, it was interesting to note that although membrane-associated B1 integrin 

appeared to decrease with increasing nicotine concentration, detection of total cell

associated B1 integrin increased in cultures exposed to increasing amounts of nicotine. 

These results suggest that, at the nicotine concentrations tested, an altered 

compartmentalization process is occurring in which the B1 integrin molecules are being 

produced intracellularly, but, are not being transferred appropriately to the cell 

membrane. Thus nicotine may be directly or indirectly modulating the insertion of 

integrins into the cell membrane via unknown mechanisms. 

Another possible explanation for B1 integrin' s altered distribution as-a result of the 

prolonged intracellular concentration of nicotine could relate to the formation of an 

altered o·r defective form of the B1 integrin. A recent study by Meredith et al. (1995), 

demonstrated that alternative splicing of the B1 integrin mRNA generated an alternatively 

spliced variant of integrin B1, Ilic, with a specific disruption in the cytoplasmic domain, 

and- that this- variant B1 integrin form remained predominately cytoplasmic rather than 
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membrane-associated. It is interesting to note that the expression of B1c integrin 

markedly inhibited DNA synthesis, possibly due to a disruption in cell signalling~ and 

resulted in inhibition of cell growth. As seen with suppressed protein synthesis, 

inhibition of cell growth may lead to impaired soft tissue cell function and, ultimately, 

delayed healing and/or progression of periodontal disease. 

Several studies have shown that after surgic'al and non-surgical periodontal 

therapy, smoking patients exhibit delayed wound healing, significantly less reduction of 

probing depth, and less gain of probing attachment level when compared to non-smoking 

patients (Preber & Bergstrom, 1985; Preber & Bergstrom, 1990; Miller, 1990; Miller, 

1987; Ah et al., 1994). The· findings of the present study contribute to the increasing 

evidence that not only is smoking important in the initiation and progression of 

periodontal disease, but it can have a significant impact on the success of periodontal 

treatment as well. 

Potential mechanisms for the pathogenesis of smoking-associated periodontitis 

include immunosuppression, impaired soft tissue cell function, and impaired bone cell 

function (Haber, 1994). Results of this study provide strong evidence nicotine may 

contribute to impaired soft tissue cell function through alterations in the synthesis and 

distribution of proteins, in particular, integrins. The levels of nicotine which caused 

significant suppression of protein synthesis (0.4 and 0.8 µM) correlate to the plasma 

concentrations of nicotine seen in moderate to heavy smokers (Russell et al., 1975). 

Martinez-Canut and co-workers recently determined that individuals smoking more than 
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ten cigarettes per day had significantly greater loss of periodontal attachment compared to 

non-smokers and smokers of less than ten cigarettes per day (Martinez-Canut et al., 

1995). This finding correlates well with the results of our study, wherein higher 

concentrations of nicotine induced greater suppression of HGF protein synthesis in 

general and specifically altered the expression and intracellular distribution of an 

important component of the cellular attachment and communication apparatus, the B1 

integrin subunit. 



V. SUMMARY 

Human gingival fibroblasts were cultured in medium containing nicotine ranging 

in concentration from 0.025 - 0.8 µM (a plasma concentration range present in the tissues 

of smokers). In some experiments, [3H]uridine or [35S]methionine was included to meta

bolically radiolabel RNA or proteins, respectively. Cultures were harvested at various 

times, and samples were fractionated to obtain cell membrane-enriched .preparations or 

solubiiized to obtain whole cell lysates. Radiolabeled RNA and proteins were quantitated 

by TCA precipitation and liquid scintillation spectometry. Nicotine induced no 

statistically significant effects in cultures exposed for 4 hours. However, after 17 hour 

exposure, 0.4 and 0.8 µM nicot_ine resul~ed in significant (p :S 0.05) suppression of protein 

synthesis. Comparison of relative B1 integrin amounts in whole cell lysates and in 

membrane-enriched fractions indicated that while nicotine treatment resulted in dose

dependent increase in B1 integrin in whole cell lysates, a dose-dependent decrease in B1 in

tegrin amounts occurred in the corresponding membrane-enriched fractions. These 

results indicate. that, at the concentrations tested, nicotine treatment of HGFs caused a 

slight, but generalized suppression of protein and RNA synthesis, and suggest that it may 

induce an altered compartmentalization process in which B1 integrin molecules are 

produced but not appropriately transferred to the membrane. 
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These findings confirm and reinforce previous studies showing the deleterious 

effects of nicotine on the periodontium. Nicotine's suppression of protein synthesis and, 

in particular, B1 integrins may impair the fibroblasts' ability to adhere to and 

communicate with one another and the ECM and this could, in tum, lead to delayed 

healing and exacerbation of periodontal disease. 
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