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I. INTRODUCTION 

A. Statement of the Problem 

Pregnancy gingivitis has long been recognized as a sub-classification of gingivitis. 

Gingivitis is a disease which has been cliriically described as showing changes within the 

gingiva that include pronounced -erythema (redness) and edema (swelling) at the margins 

between the tooth and gingival tissues. Gingivitis is induced by the accumulation of local 

microorganisms or bacterial plaque on dental surfaces within the oral cavity (Page and 

' . 
Kornman, 1997). Although bacterial plaque accumulation is important in gingivitis, the 

concentration of plaque found in pregnancy is -not well correlated with severity. of 

inflammation (Loe & Silness 1963, Cohen et al. 1969). During pregnancy, the gingival 

-responses to plaque are more pronounced. The gingival"tissues may appear hyperemic, 

enlarged and bleeding may be frequent during brushing or on external manipulation. 

Additionally, discomfort is a symptom, and pregnancy granulomas (epulis.gravidarum) 

may develop· (Tillila 1962, Ojanotko-Harri et al. 1991). 

Although researchers have · been somewhat- successful in . understanding certain 

cellular responses needed for host defense, the mechanisms responsible for pregnancy 

gingivitis are still unclear. It has long been an assumption that an increase of female sex 

hormones are somehow factors which induce the clinical symptoms (O'Neil, 1971; Loe, 
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1965); however, the means by which these hormones produce excessive inflammation 

have yet to be determined. Lindhe and Attstrom (1967) and Lindhe, Attstrom and Bjorn 

(1969) demonstrated that human gingiva can be affected by administration of sex steroids 

to nonpregnant persons, leading to increased gingival erythematosis, edema and 

exudation. Additionally, such changes in gingivitis related to hormonal concentrations 

occur during puberty. Cohen (1955) stated that the increased reaction to local irritants in 

the gingiva of boys and girls is believed to be due to the increased circulating levels of 

female as well as male sex hormones. Kornman and Loesche (1981) have suggested that 

steroids might serve as supplemental growth factors for pathogens. Estrogens are 

products of androgens, but the literature has very little information concerning the 

implications of androgens in gingival inflammation associated with pregnancy or puberty. 

Oral bacteria and their products, such as lipopolysaccharide (LPS), are responsible 

for activation of the host inflammatory defense system. Inflammation of the 

periodontium represents a protective host response to the microbial burden of plaque 

(Offenbacher 1996). During the inflammatory condition induced by these putative 

pathogens, the gingiva experiences an increased local production of cytokines (Gemmell 

et al., 1997). Interleukin (IL-6) is one cytokine secreted by many cell types in response to 

inflammatory challenges. Most relevant to our research was the established association 

between the cytokines interleukin-1 (IL-1) and interleukin-6 (IL-6). Specifically, IL-6 

has been shown to be produced by gingival fibroblasts, in the presence of IL-l (May et 

al., 1988; Bartold & Haynes, 1991; Lappet. al., 1995). 

In general, the cytokines IL-l and IL-6 are mediators involved in the complex 

system responsible for inflammation and wound healing. The identification of IL-6 
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within human gingival tissues and cells implies that these cytokines could be pivotal ·in 

the molecular events as~ociated with gingival dl.sease (Bartol~.& Hayn~s, 1990; Fujihashi 

et al., 1993; Takahasi et al., 1994). 

The aim of this investigation was to measure the levels of IL-6 production relative 

to a particular cell (human gingival fibroblast) that was exposed to a cytokirte mediator, 

specifically IL-l~, both in the presence and absence of the androgens (testo:sterone and 

dihydrotestosterone ). Thus we hoped to establish the potential clinical relevance of such 

sex steroids in the severity of gingivitis seen in pregnancy or puberty. 

B. Review of Related Literature 

Before the tum of the century, an accurate description of the gingiva during 

pregnancy was provided by Coles (1874). Since then, the condition of the gingival 

tissues during pregnancy has been an area of interest (Loe & Silness; 1963, Cohen et al., 

1969 & 1971). Maier and Orban (1949) studied these tissues histologically, and did not 

find any specific microscopic features distinguishing pregnancy gingivitis from "normal" 

inflamed gingiva. Gingival inflammation has been observed during pregnancy, puberty 

and menstruation (Loe, _ 1965; Hugo son,. 1970; Nyman, 1971; Sutcliffe, 1972; Mombelli 

et al., 1989). Inflammation was also commonly seen in women taking the e:arly forms of 

oral contraceptives (Kalkwarf, 1978; Pankhurst et al., 1981; Pindborg, 1983). 

Researchers have suggested that female sex hormones are somehow related to the clinical 

symptoms (Loe, 1965; O'Neil, 1971). Information concerning androgens and their role 
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in pregnancy gingivitis is sparse. Although the literature suggests a potential correlation 

between steroid sex hormones (e.g. testosterone and DHT) and the occurrence of 

inflammation within the gingival tissues, the exact mechanism(s) for this is/are poorly 

understood. 

1. Androgens: Physiology and proposed mechanisms during pregnancy 

The general term "androgens" 1s used to describe testosterone, 

~4-androstenedione and dehydroepiandrosterone (DHEA). Testosterone is considered the 

most potent androgen of these three, but the most active biological form is 

dihydrotestosterone (DHT). In human females, 20% of testosterone is secreted from the 

ovary, 20% from the adrenal cortex, and 60% is produced by peripheral conversions 

(Goodall, 1981). Testosterone in human blood is largely bound to proteins such as sex 

hormone binding globulin (SHBG) and albumin. The unbound fraction of testosterone is 

the biologically active hormone, and can circulate unbound at 1-2% in males and 4-10% 

in females (Vittek et al., 1985). 

In human males, the plasma testosterone levels vary from prenatal life to 

adulthood. At about age 11 years, Leydig cells begin producing an increasing output of 

testosterone, which reaches a total plasma concentration plateau of approximately 1070 

ng/dl at about 20 years of age (Fischbach, 1995). Secretion remains high in males for 

about 50 years and then starts to decline gradually in the sixth decade of life, as Leydig 

cells lose their responsiveness to LH stimulation. In females, total plasma testosterone 
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levels throughout the menstrual cycle range from 6 - 86 ng/ml until menopause, or unless 

pregnancy ensues (Fischbach, 1995). McNatty (1979) and his colleagues noted that 

during follicular growth, thecal cells secrete about 2-3 times more androstenedione than 

estradiol. It is also interesting to note that during follicular atresia, thecal tissue retains its 

capacity to synthesize androstenedione but loses much of its capacity to synthesize 

estradiol. If pregnancy should ensue, then the maternal serum testosterone and androgen 

levels rise two-fold to three-fold (Yen, 1979); however, these levels· decrease quite 

rapidly postpartum (Goebelsmann, 1979). 

Unbound fetal testosterone has been indicated to be a source of increased 

testosterone levels in maternal plasma (Meulenberg et al. 1991; Tapanainen et al., 1983; 

Bamman et al., 1980; Bolton et al., 1989). Additionally, Goebelsmann.(1979) and Kerlan 

et al. (1994) noted that this rise in serum testosterone is accompanied by an increase in 

sex-hormone binding globulin (SHBG). SHBG increases during the first half of 

pregnancy, while a plateau is observed during the second half (Kerlan e~ al., 1994). 

According to Dunn et al. (1981) during the 3rd trimester of pregnancy, testosterone is 

. bound 94.5% with SHBG, 0.82% with cortisol binding globulin (CBG), and 3.55% with 

albumin, compared to 66% with SHBG, 2.26% with CBG, 30.4% with albumin in non-

pregnant women. Kerlan et .aL {1994) dem()nstrated that the median: testosterone 
' ' ·., . 

concentrations in senim increased from 2.25 to 3.64 mmol/1, a 62% increase during 

pregnancy; this result is consistent with pre~ious.studies.(Oawood et al., 1977; Bammann 

et al., 1980; O'Leary et al., 1991). 
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2. Androgens: The relationship of androgens to the gingiva. 

Ziskin (1941) demonstrated that the connective tissue of gingiva in monkeys 

receiving testosterone propionate undergoes hyperplasia, as is also seen in humans. In 

1978, Southren and his colleagues were the first to· demonstrate that- androgen-specific 

receptors were found in the cytoplasm of human gingiva, and that this tissue may 

function as a target organ for these androgens. The gingival tissue possesses a variety of 

enzymes capable of metabolizing androgens, mainly to 5a-dihydrote_stosterone (DHT); 

progestins were found to significantly increase Sa~ reductase to form DHT from

testosterone. DHT binding sites per mg protein in hyperplastic gingival tissues in 

pregnancy, as compared to non-inflamed normal tissues, were foundto be significantly 

increased (P<0.0005) (Southren et al., 1978). 

Human male . and female gingiva were · shown to _readily metabolize both 

testosterone and androstenedione, subsequently increasing gingival metabolic activity 

(Vittek, et al., 1979)~ Plasma progesterone and estrogen levels increase drastically during 

pregnancy. The enyzme aromatase converts androstenedione to estrone, while the 

enzyme 17-hydroxydesmolase converts 17-hydroxyprogesterone to androstenedione._ 

Androstenedione is a precursor to testosterone, and. the e11_?:yme 17~-oxidoreductase 

(17~-hydroxysteroid dehydrogenase) . is responsible. for this reversible conversion. 

El Attar (197 4) demonstrated that the enzyme 17~-oxidoreductase has low -enzyme 

activity in normal gingiva, but increases in· activity with the onset of inflammation. 

Additionally, Vittek and his colleagues (1979) showed that an increase in gingival 
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17P-oxidoreductase activity was found in both male and female patients with periodontal 

pathosis. With an increase in the conversion enzyme !'7p-oxidoreductase, one can 

presume a greater concentration of testosterone should be found in the gingival tissues. 

As noted, these higher systemic levels of androgens have been correlated with gingival 

inflammation (Cohen, 1955). With this. in mind, one would expect even greater rates of 

conversion in pregnancy due to higher levels of progesterone production; therefore the 

possibility of an even greater response to inflammation in the ging~val tissues of pregnant 

women. 

According to Vittek et al. (1979), androgens substantially increase the metabolic 

activity in gingiva. The most active form of these androgens is thought to be 

5a-dihydrotestosterone (DHT). According to Kaufman and Pinsky (1983), DHT is 

derived from testosterone by activity of the Sa-reductase enzyme within the uri to genital 

sinus and external genital primordia in fetal males. DHT induces the urogenital sinus to 

generate a prostate, and the neutral external genital primordia to become a penis and 

scrotum (Kaufman and Pinsky, 1983). DHT appears to control many target tissue events. 

DHT can control cellular proliferation (Baulieu, 1970) and can stimulate mat~x synthesis 

in connective tissue (Sultan et al., 1986) and bone (Kasperk et al., 1989). 

3. Sex Steroids: The effect sex steroids have in the immune system. 

Although androgens have been shown to be correlated with an inflammatory 

response of the gingiva, little information is available in respect to the mechanisms by 
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which androgens could affect the humoral and cellular immune responses. It has been 

concluded that the thymus contains specific androgen receptors, and that the thymolytic 

effects of androgens are mediated via these receptors (Kumar et al., 1995). Kovacs and 

Olsen (1987) demonstrated for the firs~ time that high affinity androgen receptors are 

present in maturing human thymocytes .. These observation$ suggest that androgens may 

be capable of exerting immunomodulatory effects on target lymphocytes. A functional 

role for these receptors was suggested by the DHT -mediated decrease in interleukin-2-

like activity produced by cultured human thymocytes (Kovacs and Olsen, 1987). 

According to Beauvieux (1963), sex hormones could be responsible for suppression of 

proliferation of lymphocytes from the thymus, therefore leading to a decrease in the 

number of lymphocytes in circulation. It seems that under certain conditions both 

testosterone and estrogen can suppress the number of lymphocytes in circulation (Sobhon 

et al., 1974). 

Konstadoulakis et al. (1995) showed that castration of male animals increased in 

vitro the T-cell proliferation response in self mixed-lymphocyte reaction (MLR), and in 

vivo the IgG production, indicating that testosterone suppresses T and B. lymphocyte 

functions. Additionally, Konstadoulakis et al. (1995) showed· that both responses were 

suppressed in female rats which had been oophorectomized. These · results are in 

accordance with previous reports (Morton et al. 1981; Lehmann et. al. 1988; Kalman et 

al. 1989; and Cohn 1979). The findings by Konstadoulakis and colleagues demonstrated 

that testosterone manipulations can alter immune responses in vivo. The aforementioned 

studies have concluded that sex steroids do exhibit an effect on lymphocytes and the 

production of interleukins. 
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4. Cytokines and Interleukins: Host response and inflammatory mediators. 

According to Offenbacher (1996), cytokines are referred to as mediators because 

they are molecules which direct and regulate inflammation and wound healing . 

. Cytokines consist of a large and diverse group of small proteins and glycoproteins which 

have a vast range of potent biological functions. The term cytokine,- meaning "cell 

protein," is reserved for molecules which transmit information or signals from one cell to 

another. These proteins are part of fundamental, cell-to-cell communications. In 

addition, these messengers exhibit paracrine, autocrine ·and endocrine effects (Genco, 

1992; Akira et al., 1990). 

Dysregulation of the cytokine network at local disease sites has been considered a 

major contributor to immunopathology (Fujihashi et al., 1994). According to Loe (1994), 

interleukins are the molecules that will lead to a more profound understanding of 

periodontal diseases, their pathogenesis, diagnosis, and clinical management. The host 

immune response has a cytokine network involving the regulation of inflammation and 

wound healing. Interleukin-1 (IL-l) and interleukin-6 (IL-6) are two import~nt examples 

of cytokines involved in the regulation of these functions. . 

a. Interleukin-1: 

Interleukin-1 (IL-l) was one of the earliest cytokines to be characterized, being 

initially identified as a host-secreted factor capable of inducing fever (Tatakis; _1993; 

Offenbacher, 1996). It was previously known under many names, including endogenous 
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pyrogen (EP), osteoclast activating factor (OAF) and lymphocyte activating factor (LAF) 

(Dinerello, 1984; Luben, 1974; Dewhirst, 1985). In 1985, two dental investigators, 

Dewhirst and Stashenko, were responsible for isolating, purifying and sequencing OAF to 

identify this biological activity as the molecule IL-l. As noted by Offenbacher (1996), 

the molecule has been shown to exist in two forms, alpha and beta, which share 

approximately 48% sequence homology and many biological activities. IL-l is 

pluripotent and can be secreted by many cells, including macrophages, fibroblasts, 

endothelial cells, keratinocytes and epithelial cells, as well as B- and T- lymphocytes 

(Dinerello, 1985; Miossec, 1986). However, it is secreted in large amounts by cells of the 

monocytic lineage, which in the periodontal tissues appear as macrophages/monocytes 

(Tatakis, 1993; Alexander, et. al., 1994; Matsuki et al., 1993; Jandinski et al., 1991; 

Akira, et. al., 1990). 

Interleukin-1 (IL-l) is a pro inflammatory cytokine. Additional pro inflammatory 

cytokines include interleukin-6 (IL-6), interleukin-8 (IL-8), tumor necrosis factor alpha 

(TNF-a), and granulocyte macrophage-colony-stimulating factor (GM-CSF) (Hesse et 

al., 1988). The proinflammatory cytokines are induced in many different host cell types 

by periodontopathic bacteria, and are present at biologically significant concentrations in 

diseased periodontal tissues and gingival crevicular fluid (Stashenko et al., 1991; Mas ada 

et al., 1990). The gingival crevicular fluid (GCF) IL-l levels increase several fold 

(7 to 12 times) during experimental gingivitis in humans (Heasman et al., 1993). IL-l 

production is stimulated by gram-negative anaerobes that produce lipopolysaccarides 

(LPS), exotoxins and other cell wall components. Additionally, other cytokines (TNF-a), 
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complement coq1ponents (C5a) and. activated T -cells may stimulate IL-l · production 

(Kjeldsen et al.~ 1993; Hamad~ et al., 1~91; Dinarello, 1989)~ 

IL-l is a potent stimulator of PGE2 secretion from monocytes and fibroblasts 

(Sismey-Durrant et al., 1991). Additionally, IL-l and other proinflammatory cytokines 

have been shown to down-regulate matrix protein synthesis and inhibit the synthesis of 

collagen, alkaline phosphatase, and osteocalci~ by osteoblasts (Bertolini et · al., 1986; 

Nanes et al., 1991; Stashenko et al., 1987; Stashenko et al., 1989). Offenbacher (1996) 

noted that IL-l a and IL-l P have been shown to stimulate connective tissue catabolism 

and bone resorption· directly, triggering the release of large amounts of PGE2 from 

fibroblasts and monocytes. PGE2, in tum, is a moderately . potent stimulator of 

vasodilation, edema and bone resorption. Additionally, Birkedal-Hansen (1993) reported 

that IL-l serves to degrade extracellular matrix components by stimulating the secretion 

of matrix metalloproteinases (MMPs). 

Within the gingival tissues (Honig et al., 1989) and in the crevicular 'fluids 

(Masada et al., 1990) of periodontal patients, IL-l was detected following r~sponse to an 

immune challenge. Geiveilis and coworkers {1993) additionaliy suggested that the IL-6 

GCF concentrations significantly increased within periodontal pati~nts. The 

aforementioned studies support our research in the suggestion that one source of IL-l and 

IL-6 production is the gingival fibroblast. 
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b. Interleuk:in-6 

Interleukin-6 (IL-6) is a multifunctional cytokine (K.ishimoto, 1989; Le et al., 

1989) whose major actions include enhancement .of immunoglobulin synthesis (Hirano et 

al., 1986), activation ofT cells (Gaiman et al., 1987), and modulation of acute-phase 

protein synthesis · {Gauldie et al., 1987). :It was :originally identified as a B-cell 
. . . . . 

differentiation factor (BSF -2) that induced the final maturation of B cells into antibody-

producing cells (Hirano et al., l986a, Hirano et · al., 1986b). However, a series o.f 

subsequent studies with recombinant IL-6 or antibodies against IL-6 have further shown 

that IL-6 acts not only on B cells but also on T cells, hepatocytes, hematopoietic 

progenitor cells and even neuronal cells (K.ishimoto, 1989; K.ishimoto et al, 1992; Akira 

et al., 1993). It has therefore been shown that IL-6 can be produced by many cells types, 

including monocytes-macrophages and endothelial cells. Pertinent to our research, 

fibroblasts can produce interleukin-6 (Kishimoto, 1989; Le et al., 1989). 

Important among · the inducers of IL-6 gene expression are the cytokines 

interleukin-1 and tumor necrosis factor (TNF) (Content el al., 1985; Kohaseet al., 1986). 

Bartold and Haynes (1991) (jemonstrated the production of IL-6 by gingival fibroblasts,· 

both basally and after stimulation with LPS and IL-l. This report is consistent with that 

of Shimizu et al. (1992), who reported that periodontal ligament fibroblasts (PDL), when · 

stimulated with IL-lp, produced IL-6. Takada et al. (1991), using human gingival 

fibroblasts challenged with LPS from either Prevotella intermedia ~r Porphyromonas 

gingiva/is, similarly found production of both IL-6 and IL-l. Takahashi et al., (1994) 

reported elevated IL-6 mRNA levels in diseased oral tissues, principally associated with 
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endothelial ·cells, fibroblasts, and macrophages. Although numerous investigators have 

provided evidence that the systemic challenge of periodontal pathogens. results in 

elevation of blood levels .of cytokines and acute phase reactants (Ebersole et al., 1991; 

Adonogianaki et al., 1994; Adonogianaki et al., 1992), Takahashi and coworkers (1994) 

found no differences between subjects with periodontal disease and non-diseased 

individuals in serum IL-6 levels, or in the amount of IL-6 produced by human peripheral 

blood mononuclear cells (PBMC). However, when locally inflamed tissues were 

similarly examined there was a significant difference in IL-6 production between the two 

groups, with tissue from the diseased subjects displaying elevated capacity for IL-6 

production in vitro. 

It is still unclear whether elevation of these cytokines is derived solely from a 

localized tissue response, or perhaps is derived from systemic means, due to diffusion of 

periodontal bacteria and LPS from the inflamed tissues into the systemic circulation. 

According to Offenbacher (1996), in either event it appears clear that the infected 

periodontium can function as an "endocrine organ" in that it serves as a source of 

cytokines and LPS which can enter into the bloodstream. However, Takahashi's group 

(1994) suggests that in the presence of gingival inflammation the.re occurs a local 

production of cytokines, which is not necessarily reflected systemically. There remain 

many factors to be . established in the relationships between the progression of · 

periodontitis and the IL-6 levels in .both gingival tissues· and. peripheral circulation 

(Takahashi et al., 1994); at this time, the exact contribution of sex hormone levels in 

relation to these cytokines and the progression of inflammatory gingival disease remains 

unknown. 
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C. Hypothesis: 

Studies have delineated the sequence of events wherein stimulation of fibroblasts 

with IL-l~ induces the increased release of IL~6 from fibroblasts. The hypothesis tested 

was that testosterone and/or dihydrotestosterone (DHT) modulates the inflammatory 

response by down-regulation of the cytokine interleukin-6. 

D. Specific Aims: 

1) To determine optimal in vitro concentrations for testosterone and DHT on 

human gingival fibroblast (hGF) growth and viability. 

2) To compare, in the presence or absence of androgens, the effect of IL-6 

production in human gingival fibroblasts. 

3) To determine if the response( s) to androgens differs between male and female 

derived hGFs. 



II. RESEARCH MATERIALS AND METHODS 

HUMAN GINGIVAL FffiROBLAST CULTURE 

Primary cultures of hGF were taken from healthy (non-inflamed) tissue removed 

during routine surgical procedures in the MCG Clinic of Periodontology, using a slight 

modification of a previously established protocol (Caughman et al., 1990). Explants were 

rinsed three times in Hanks buffered salt solution (HBSS; Atlanta Biologicals, Atlanta, 

GA) containing penicillin G (1 00 U/ml), streptomycin (1 00 . J.tg/ml) and Fungizone 

(amphotericin B; 1J.tg/ml). The explants were then disinfected for 4.minutes in HBSS 

containing 0.5% sodium hypochlorite and rinsed 3x in HBSS. Following the initial 

rinsing, the explants were finely minced into pieces of approximately 1 to 2 inm squared. 

These minced pieces were then placed in tissue culture dishes, allowed to. dry briefly, 

then carefully layered with Dulbecco's modified Eagle's medium (DMEM; Collaborative 

Research, Bedford, MA). The DMEM contained nonessential amino acids, penicillin

streptomycin (as above), Fungizone (0.5 J.tg/ml), and 10% FBS. The explants were then 

incubated undisturbed at 37°C, in humidified 95% air/5% C02 • At approximately ohe 

week, cells were visible as outgrowths from exphtnts, and the medium was changed to 

DMEM with 2% FBS/8% Nu-Serum V without Fungizone. The cells were refed every 

3-4 days. After 2 to 3 weeks, fibroblasts were harvested with 0.05% trypsin/0.53 mM 

15 
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EDTA (passage #1) and pooled into a single flask. These fibroblasts were then used 

between passages 3 and 10. 

EXPERIMENTAL PROTOCOL (Figure 1) 

Cells were detached from flasks using .05% trypsin I .53 mM EDTA (GIBCO), 

counted with a Coulter counter, and plated into 24-well dishes at 7.5 x 104 cells/well. The 

DMEM used for plating and HBSS used for washing wells were phenol red-free. Phenol

red was reported to provide estrogenic stimulation to some cell types (Bindal et al., 1988) 

and was reported to sometimes contain an impurity which affects cellular ion channels 

(Lubin, 1993). The clear, serum-free (SF) DMEM also contained non-essential amino 

acids, 15 mM HEPES, penicillin and streptomycin (as above), bovine serum albumin 

(BSA; 0.5mg/ml), and 1.5 x Redu-Ser (Upstate Biotechnology Inc., Lake Placid, NY) 

giving a final concentration of 7.5 J..tg/ml transferrin, 7.5 J..tg/ml insulin, 7.5 ng/ml 

selenium, 6.4 J..tg/ml oleic acid, and 1.25mg/ml BSA (GIBCO, Grand Island, NY). Due to 

the discontinued production of Redu-Ser, the same components are currently purchased 

from Sigma. The osmolarity of this medium was adjusted to 320 mOsm; then 4% FBS 

was added to provide the medium used for plating cells (4% FBS/RSII). The FBS used 

in these experiments was not heat inactivated. Fibroblast cells were pooled from 

3 different cell lines and plated into 2 ml medium/well and allowed to multiply to 

confluence (usually 3 or 4 days). 

The experiment was initiated by washing the cells in phenol red-free HBSS, then 

adding serum-free, phenol red-free DMEM containing 10 ng/ml epidermal growth factor 
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(EGF; SF DMEM + EGF). The cells· were incubated for 24 hours and washed again with 

HBSS. SF DMEM (without EGF) containing the steroid to be tested was then added. 

Steroids (purchased from Sigma) were dissolved in ethanol (EtOH), and further diluted in 

medium such that the final EtOH concentration was below 0.1 %; controls. contained a 

comparable EtOH concentration. 

Testosterone· and dihydrotestosterone (DH;T) were tested in the range of 10-1<M to 

10-6 M. The anti-androgen flutamide was. sometimes added to the steroi~ medium to 

determine whether the effects of the androgen were reversible. In the usU,al protocol, 

cells· were incubated 24 to 72 hours with steroid (herein called the pretreatment), . then 

washed and returned to 1 ml of fresh medium with-the same_steroid concentrat~on. IL-1P · 

was then added (0.5 ng/ml final concentration) in 10 fll SF medium. ~ollowing 24 hours 

incubation, the medium was collected· and frozen at -70 °C for radioimmuno-assay (RIA). _ 

·cells were then solubilized with 0.93N NaOH and 1% sodium dodecyl. sulfate, -~d 

celltl:lar protein was determined with the bicinchoninic assay from Pierce (Pierce, 

Rockford, IL ). 



Figure 1. Exverimental Protocol Summary 

The general experimental protocol was as shown: 1) 7.5 x 104 hGF plated per well, in 

24 well plates, then grown to confluence; 2) incubate in 24 hour serum-free medium; 

3) pretreatment of cells with steroids (e.g. testosterone, DHT) for 72 hours; 4) 

stimulation of cells with !L-IP (0.5 ng/ml) in fresh medium for 24 hours; 5) harvest of 

cells for protein via Pierce protein assay and medium for determination of IL-6 via RIA. 
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IL-6 RADIOIMMUNOASSAY (RIA) 

The RIA was previously described by Lapp et al. (1995). Purified recombinant 

human IL-6 was purchased from R&D Sys,tems~ Minneapolis, MN, which also supplied 
- . .. . 

this cytokine to Dupont-New England Nucluear (NEN). 1251-labeled IL-6 (New England 

Nuclear) was used as the tracer. Polyclonal rabbit anti-human IL-6 was purchased from 

Enodogen (Boston, MA), .which reports that this antiserum does n~t cross~react with 

other cytokines. The antiserum was used at a dilution of 1:500 (1:1500 after the sample 

is added). The goat anti-rabbit second antibody, linked to magnetic particles, was 

purchased from_PerSeptive Diagnostics (Cambridge, MA). 

The procedure was as follows: 

1. Sample Media: 100 J.Ll samples of media were appropriately 

diluted in 0.01M phosphate buffer, p~ 7.0, containing 0.1% 

alkali-treated casein (ATC)(Livesey et al., 1982). 

2. First Antibody: 1 OOJ.!l of each sample dilution was incubated 

with 50 f.ll diluted polyclonal rabbit anti-human IL-6 for 14 

to 20 hours at room temperature. 

3. Tracer: 1251-labeled IL-6 (approximately 10,000 cpm/50 J.Ll) 

was added for 4 hours. 



4. Second Antibody: 200 ~1 of goat_ anti-rabbit antibody 

(attached to magnetic particles) was then mixed into each 

tube. 

5. After 20 minutes, samples were centrifuged (3000 x g) and 

supernatants were aspirated. 

6. Pellets were washed with 500 j.Ll of PBS with 0.3% ATC, and 

tubes were re-centrifuged: 

7. Supernatants were removed, and the radioactivity associated 

with the pellets counted· in a Packard Cobra gamma counter. 

This assay detects 5-300 pg IL-6/0.1 ml, with an EC50 of 35-

50 pg/0.1 _ml. 

MTT ASSAY 
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To examine the effects of androgens on growth, hGFs were plated into 96-well 

plates at 6 x 103 cells/well in 4% FBS. Following confluence in 3-5 days,· medium in 

excess of 100~1/well was removed, and 25~1 of MTT dye (5 ~g/ml) .in sterile PBS was 

added to each well. Plates were incubated for 3 hours, during which time living cells 

converted the soluble yellow dye into insoluble purple crystals. Cells and dye were then 

solubilized by the addition of 10% SDS in 25% N,N,-dimethyl formamide, pH 3.6. 

Optical density of each well at 562 run was determined in. a microplate reader. 



22 

CRYSTAL VIOLET ASSAY 

Cells in· 96-well plates were fixed· by the addition of 1 I% glutaraldehyde 

(1 0 J..Ll/1 00 J.!l medium; 1.1% final concentration)~ and shaken for 20 minutes. After being 

rinsed with distilled water, plates were dried overnight. Cells were stained1 with 0.1% 

crystal violet in 0.2M MES, pH 8.0, for 20 minutes. Again, plates were rinsed and dried. 

Dye was then solubilized by the addition of 100 J..Lllwell of 10% acetic acid, :and optical 

density at 562 nm determined in a microplate reader. 

STATISTICAL EVALUATION 

Th~ IL-6 and protein concentrations for each sample were .extrapolated from 

standard curves. Results were reported as pg IL-6/J..Lg protein. Data from treated 

(experimental groups) cell cultures versus non-treated (control) cell cultures were 

compared by analysis of variance (ANOVA), and differences among groups were 

analyzed by Duncan's multiple range test or Newman-Keul's post test. The Prism™ 

computer program (GraphPad, San Diego, CA) was used for these calculations. A 

statistically significant difference was established ifP <0.05. 



III. RESULTS 

1) Effects of androgens on _cell growth. ·:. 

Experiments were designed to determine effects of androgens, 'specifically.· 

testosterone and DHT, on t}1e ·growth. of human gingival fibroblasts (hGF). The· 

fibroblasts were plated into 96-:well plates at 6 x 103 cells/well in phenol red-free DMEM 

supplemented with 4% FBS. Following cell confluence in 3-5 days, cel~uhit metabol~c · · 

·.activity and/or growth was determined with the use of MTT or CV assays. :.The optical. · 

density of each well at 562 nm was determined in a microplate reader. The concentration · · 

ofDHT utilized ranged. from 10·10
- 10~6M. Cell·growtli was stimulated by·DHT·between 

10~9 - 10-7M, ·but began to retUrn toward control levels as the concentra~ion of DHT. 
. . 

reached 1 o-6~ .{Figures 2A and 2B). These results were. reproducible in cells of either 

male or female origin. . · 

2) Inhibition of IL-6 production by androgens . 

. Once an ·androgen concen:tration.which·~ould be effecti~e at stimula,ting growth 

was dete~ined (Figures 2A & 2B), ·a series of experiments was conducted t~. determine 

if there were _gender differences in IL~6 response(s) by hGFs treated wit~ ·androgens .. 

23 
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When cells were, grown for 72- hou.rs in SF medium containing testosterone or _DHT~ a 

dose-dependent inhibition ofiL~6 production, relative to the. control, was seen in response 

to a 24 hour challenge with It-1~. The concentrations of steroids ranged from 10-10 to 

1o-7M. Although a dose-dependent inhibition of IL-6 was seen, as the concentration-

approached 10-7M steroid, there appeared to be a reduction in inhibition. This biphasic _ 

effect was frequently observed (Figures 3A_ and 3B). In this experiment, inhibition by 

DHT became significant -compared to control at 1 o-10M (P < 0.05) respectively. However, 

the functional inhibitory concentration varied a~ong celi lines, even though three 

different preparations were routinely used per experiment. For example, the results 

shown in Figure 4A suggest the inhibition of IL-6 was seen at the DHT conyerttration of 

1 o-to to 5 X i o-8M, and of testosterone 1 o-to to 5 X 1o-8M; _yet no inhibition was seen at 

10-7M with either DHT or testosterone (biphasic respons~e). The results shown in Figure 

4B suggest effective androgen concentrations; however at the conc~ntration:,of 10-7M in 

both DHT and testosterone, IL-6 production was significantly inhibited .. This figure 

represents an example of an experiment where biphasic responses were.not observed. 

In reference to any gender differences in IL-6 production by hGF treated with 

testosterone or DHT, we repeatedly found only subtle differences. Although many 

experiments were pe~formed comparing both genders of hGF, only occas~onally were __ 
\', 

there distinct differences in the IL-6 response. The results shown in -Figure 5 revealed 

significant (P < 0.05) inhibition of IL-6 production in the male cell lines by both 

testosterone (10-7 M} and DHT (10-7 M ) concentrations·.- However, in the' female cell 

lines, there appeared to be no inhibition of IL-6 produc~ion relative to the control, 
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from either testosterone (5 x lo-s- 10-7 M) or DHT (5 x 10-9
- 5 x .10-9 M) treatment. 

Although the inhibition of IL-6 production in female cell lines was not seen in this 
) 

experiment, other experiments demonstrated the down-regulation response in female 

cells. 



Figure 2A. Effects on cell growth bv androgens. 

DHT (1 o-10 -1o-6M) effect on male hGF growth following 72 hours of treatment in serum

free medium. The cellular metabolic activity or growth was determined with the MTT or 

CV assays respectively. The optical density of each well at 5 62 nm was determined in a 

microplate reader. Relative to the control, the DHT concentrations were significant for 

10-10-10-6M (MTT) and 5 x 10-10
- 5 x 10-7M (CV). A return towards control levels 

occurred as the DHT concentration approached 10-6M (CV). Asterisks denote 

statistically significant . differences between steroid treated cultures as compared to 

control cultures. 
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Figure 2B. E[(ects on cell growth by androgens. 

DHT (Jo-10-10-~ effect on female hGF growth following 72 hours of treatment in serum

free medium. The cellular metabolic activity or growth was determined with the MTT or 

CV assays respectively. The optical density of each well at 5 62 nm was determined in a 

microplate reader. Relative to the control, the DHi concentrations were significant for 

J0-10M &·Jo-9-l0-6M (MTT} and 10-10
- 5 x 10-6M (CV). Asterisks denote statistically 

significant differences between steroid treated cultures as compared to control cultures. 
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Figure 3A. Effects of testosterone or DHT on IL-6 vroduction. 

Testosterone (T) or dihydrotestosterone (DHT) inhibited male hGF production of IL-6 in 

response to IL-l p (0. 5 ng/ml) challenge. Asterisks denote statistical significant 

differences between steroid cultures as compared to control cultures. Statistical analysis 

found that DHT concentrations of 10-10M, 5 X 1 o-9 -1o-7M to be statistically different 

(P<0.05) relative to the control. Testosterone concentrations of 10-9-l0-7M were 

additionally found to be significantly different (P<0.05) relative to the control in the 

down-regulation of IL-6 production. A biphasic effect was observed as the concentration 

of DHT approached 1o-7M Bars represent means plus standard errors. 
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Figure 3B. Effects of testosterone or DHT on IL-6 production. 

Testosterone (T = 10-7 M) or dihydrotestosterone (DHT = 10-9-10-7M) inhibited female 

hGF production of IL-6 in response to IL-l~ (0.5 ng/ml) challenge. Asterisks denote 

statistically significant differences between steroid treated cultures as compared to 

control cultures. Statistical analysis found that DHT concentrations of 10-9-10-7M to be 

significantly different (P<0.05) relative to the control. A testosterone concentration of 

10-9 was additionally found to be significantly different (P<0.05) relative to the control 

in the down-regulation of IL-6 production. A biphasic effect was observed as the 

concentration of DHT approached 1o-7M Bars represent means plus standard errors. 
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Figure 4A. Effects oftestosterone or DHT on IL-6 production. 

Testosterone (10-10 -5 x10-8M) and dihydrotestosterone (10-10
- 5 x10-8M) inhibited male 

hGF production of IL-6 in response to IL-Jp -challenge. Asterisks denote statistically 

significance differences between steroid treated cultures as compared to control cultures. 

Relative to the control, DHT and testosterone produced a dose-dependent inhibition of 

IL-6 (P<0.05). A biphasic response was observed as the DHT concentration approached 

10-7M and testosterone concentration approached 5 x10-8M Bars represent means and 

solid bars represent standard errors. 
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Figure 4B. Effects of testosterone or DHT on IL-6 production. 

Testosterone (10~10 -10-7M) or dihydrotestosterone (10-10-l0~7M) inhibited female hGF 

production of IL-6 in response ·to IL-l p challenge. Relative to the control, DHT and 

testosterone significantly down~regulated IL-6 production (P<0.05); however, no 

biphasic response was observed as the DHT or testosterone concentration approached 

10-7M.- Bars represent means and solid bars represent standard errors. 
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Figure 5. Effects oftestosterone or DHT on male and female IL-6 vroduction. 

Testosterone (5 x 10-8 -10-7M) .or dihydrotestosterone (5 x 10-9 -10-7M) inhibited male 

hGF production of IL-6 in response to IL-l~ (0.5 ng/ml) challenge; .however, androgens 

did not inhibit female hGF production of IL-6, except at 1o-7M DHT. Asterisks _denote 

statistically significance differenc.es between steroid. treated cultures as compared to 

control cultures. Bars represent means and solid bars represent standard errors. The *a 

denotes a statistically significant difference between 5.x 10-8 and 10-7M DHT. 
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3) Effects of steroids with and without EGF treatment. 

The original protocol described by Lappet al., 1995, included the use of EGF during 

the serum-free day. It has been suggested that EGF somehow interacts with the steroid 

receptors in gingival fibroblasts (Soory and Kasasa, 1997); this may explain the more 

constant and predictable steroid effect observed with that protocol. To determine whether 

epidermal growth factor (EGF) affected IL-6 production in response to androgens, 10 ng/ml 

EGF was used in half of the experimental groups for 24 hours prior to pretreatment with 

steroids. The steroids tested included: esti-adiol (Ez; 2 X 1o-7M), progesterone (P; 4 X 1o-7M), 

testosterone (T; 1o-7M), dihydrotestosterone (DHT; 1o-7M), and dehydroepiandrosterone 

(DHEA; 2 x 10-7M); the control was ethanol only. Experiments were conducted with 3 cell 

lines of either male or female hGF. Wh~n EGF was added, a significant down-regulation of 

IL-6 by all steroids compared to the control was seen, except for estradiol (Figure 6A: IL-6 

pg/ug protein and 6B: % control IL-6 pg/ug protein). When no EGF was added, only 

DHEA and progesterone demonstrated significant differences compared to the control. 

Comparable results were found in Figures 7 A (female; IL-6 pg/ug protein) and 7B (female; 

%control IL-6 pg/ug protein); however, in that experiment a significant down-regulation of 

IL-6 was not seen with estradiol or progesterone. This was unlike the usual, predictable 

response seen with progesterone in other experiments. 

When comparing male and female hGF in our experiments, only subtle differences 

were seen between genders with respect to IL-6 production. The same results are presented, 

for better comparison by gender, in Figure 8. In Figure 8, when EGF was included with the 

pre-treatment, T and DHT significantly inhibited IL-6 production. 



Figure 6A. Effects ofsteroids with or without EGF Pre-treatment on IL-6 Production. 

Steroids inhibit male hGF production of IL-6 with or without epidermal growth factor 

(EGF). Asterisks denote statistically significance differences between steroid treated 

culutres as compared to the control cultures (P<0.05). The steroids tested included: 

control (ethanol alone), estradiol (2 x 10"7M}, progesterone (4 x 10-7M}, testosterone 

(10-7M}, DHT (10-7M}, and dehydroepiandrosterone (2 x 10-7M}. A significani down

regulation of IL-6 production was seen in EGF pre-treatment cells by all steroids 

compared to the control, except for estradiol. Bars represent means plus standard 

errors. 
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Figure 6B. Effects ofsteroids with or without EGF pre-treatment on IL-6 production. 

Same experiment as Figure 6A; however, data is plotted as % control IL-6. Steroids 

inhibit male hGF production of IL-6 with or without epidermal growth factor (EGF). The 

steroids tested included: control (ethanol alone), estradiol (2 x 10-7M}, progesterone 

(4 x 10-7M}, testosterone (10-7M}, DHT (10-7M}, and dehydroepiandrosterone 

(2 x 1o-7M}. No significance was observed for estradiol, testosterone or DHT when EGF 

was not included in the pre-treatment. Bars represent means plus standard errors. 
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Figure 7A. Effects qfsteroids with or without EGF pre-treatment on IL-6 production. 

Steroids inhibit female hGF production of IL-6 with and without epidermal growth factor 

(EGF) on serum-free day. Asterisks denote statistically significance differences between 

steroid treated cultures as compared control cultures (P<0.05). The steroids tested 

included: control (ethanol alone), estradiol (2 x 10-7M), progesterone (4 x 10-7M), 

testosterone (10-7M), DHT (10-7M), and dehydroepiandrosterone (2 x ·10-7M). A 

significant down-regulation of IL-6 production was seen in EGF pre-treatment cells by 

all steroids compared to the control, except for estradiol and progesterone. Bars 

represent means plus standard errors. 
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Figure 7B. Effects ofsieroids with or without EGF pre-treatment on IL-6 production. 

Same experiment as Figure 7 A; however, data is plotted as % control IL-6. Steroids 

inhibit female hGF production of IL-6 with and without epidermal growth factor (EGF) 

on serum-free day. Bars represent means plus standard errors. Asterisk indicate 

significant steroid inhibition of IL-6 (P < 0.05). The steroids tested included: control 

(ethanol alone), estradiol (2 x 10-7M}, progesterone (4 x 10-7M}, testosterone (10-7M), 

DHT (10-7M}, and dehydroepiandrosterone (2 x 10-7M}. Neither estradiol nor 

progesterone, with or without EGF, significantly reduced IL-6 compared to the control. 
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Figure 8. Effects o.,fsteroids with or without EGF Pre-treatment on IL-6 production. 

Percent control comparison of male (Figure 6B) and female (Figure 7B) hGF with or 

without EGF. Asterisks indicate significant steroid inhibition of IL-6 (P < 0. 05). Cells 

were pooled from 3 female or male cell lines (n = 4·wellslgroup). 
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4) Effects of androgens with and without progesterone treatment. 

Previous research by Lapp and coworkers (1995) demonstrated the inhibition of 

IL-6 production in hGF by progesterone. Our investigations demonstrated a similar 

reproducible inhibition of IL-6 production by androgens. Exploring the possibility that 

both steroids, progesterone and DHT, might be involved in inhibiting IL-6 production 

through interaction with the same steroid receptor, we tested whether these steroids might 

act additively or synergistically by .combining progesterone and DHT in the same 

experiment. The results (Figure 9) revealed that DHT by itself, and in combination with 

4 x 1o-7M progesterone, significantly reduced IL-6 below the control. Although not 

significantly different, inhibition with progesterone was greater than with DHT. Only the 

combination of 4 X 1o-7M progesterone and 1o-7M DHT gave greater inhibition of IL-6 

production compared to 10-7M DHT by itself. Therefore, DHT had no significant 

additive effect when combined with progesterone in the down-regulation of IL-6 

production. 

5) Effects of the anti-androgen flutamide. 

Flutamide is a non-steroidal anti-androgen used to treat prostate and testicular 

cancer. It is known to block the action of DHT (Labrie 1993, Scher et al., 1995). 

Having established the conditions for testosterone and DHT down-regulation of IL-6 

production, we investigated the effect of flutamide in this system. If flutamide could 

reverse the inhibition of IL-6 response evoked by testosterone and DHT, then we would 
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have further evidence to suggest that the modulation of IL-6 was occurring at the DHT 

receptor level. 

Our initial studies included a DHT concentration of 1o-8M, and flutamide 

concentrations in the range of: 2 x 10-10M to 2 x 10-7M. The results, shown iri Figure 10, 

revealed no effect on the androgen down-regulation ofiL-6 response. 

To find a _flutamide concentration(s) which might be optimal for reversing the 

down-regulation by the_ androgens on IL-6 production, a dose-response experiment of 

flutamide on growth of hGFs was attempted. Using hGF of male lineage, MTT or CV 

assays were used to determine effects on cellular growth. Since we had shown that 

5 x 10-8M or 10-7M testosterone or DHT would stimulate cell growth, there was no 

steroid-free control in this experiment; a decrease in growth should have indicated 

blockage of the androgen's effect. Concentrations of 10-7M testosterone or DHT were 

used, and flutamide_ concentrations ranged from: 5 X 1 o~6M to 8 X 1o-5M. The results, 

shown in Figure 11, revealed that concentrations of flutamide of 5 x 1o-6M in the 

presence of 10-7M testosterone, and 5 x 10-6M to 10-5M in the presence of i0-7M DHT, 

induced no inhibition of cellular growth. However, significant reduction of growth of 

hGFs (P < 0.05) occurred in cultures treated with flutamide concentrations of 1o-5M, 

4 X 1o-5M, or 8 X 1o-5M in the presence of testosterone, and 4 X 1o-5M or 8 X 1o-5M in the 

presence ofDHT. Therefore, we believed that these flutamide concentrations should also 

reverse the IL-6 inhibition by testosterone or DHT. 

Once these flutamide concentrations were determined, experiments using 

androgens with and without flutamide were repeated. The concentrations of flutamide 

used were 1o-6M and 1o-5M. These flutamide concentrations were used in the presence 



53 

of DHT at 5 x 10-8M or 10-7M. The results shown in Figure 12A (male), showed an 

apparent reversal in down-regulation of IL-6 at 1o-6M flutamide and 1o-7M DHT; 

however, the flutamide concentration of 1o-5M had no significant effect on IL-6 at DHT 

concentrations of 5 x 1o-8M or 1o-7M. The results shown in Figure 1.2B (female), showed 

a reversal of the androgen effect at each flutamide concentration at either DHT 

concentration. There was no significant effect on IL-6 _when flutamide was used alone 

(Figures 12A and 12B). 

Although we had seen this reversal in the down-regulation of IL-6 with the

addition of flutamide in these experiments (Figures _12A and 12B), this effect was not be 

replicated in subsequent experiments. The results shown in Figures 13A and 13B were 

quite variable. In addition, a third concentration -of flutamide (2 x 1o-5M) was included; 

however, even at this higher concentration of flutamide, no reversal of the down

regulation of IL-6 production was observed (Figures 13A and 13B). In fact, some of the 

flutamide concentrations alone appeared to have significant inhibitory effects on IL-6 

production. Thus we were unable to use this anti-androgen to prevent IL-6 inhibition by 

androgens. 



Figure 9. Effects ofDHT with or without Progesterone on IL-6 production. 

DHT (10-9
- 10-7M) with or without the presence of progesterone (4xlo-~ inhibited male 

hGF production of IL-6 in response to IL-l p challenge. Asterisks denote significance. 

DHT inhibition of IL-6 production was significant different comparede to the control 

(P < 0.05). The *a denotes a statistically significant difference between 10-7M DHT 

(alone) compared to 1o-7M DHT with 4 X 1o-7M progesterone. Bars represent means and 

solid bars represent standard errors. 
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FigurelO. Effects ofDHT with or withoutflutamide on IL-6 vroduction. 

DHT at 10-8M with or without the presence offlutamide (2xl0-10-10-7M} inhibited female 

hGF production of IL-6- in response to IL-IP chall(!nge. DHT inhibition of IL-6 

- . 

production was significantly different compared to the control (P < 0. 05); but jlutamide 

had no significant effect on the steroid's inhibitory effects. Bars represent means plus 

standard errors. 
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Figure 11. EfJects q,(flutamide on male hGF g_rowth. 

T or DHT (10-7M) inhibited hGF growth in the presence of increasing jlutamide 

concentrations (5x10-6 
- 8x10-5M). Cell growth was estimated by crystal violet assay 

(CV). Cells were pooled from 2 male eel/lines (n = 6 wells/group). Flutamide doses 

marked with asterisks were determined to be extremely significant (P < 0.0001) in 

inhibiting the growth of hGFs. Bars represent means plus standard errors. 
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Figure 12A. Effects ofDHTwith or withoutflutamide on IL-6 response. 

DHT (10-7M} significantly down-regulated male hGF production of IL~6 in response to 

!L-IP (0.5 ng/ml) challenge. However, IL-6 production in the presence of 10-6M 

flutamide was not significantly diffe_rent from the control with either androgen, ·or alone. 

Asterisks denote statistically significant differences between steroid treated cultures as 

. compared to control cultures. Bars represent means and" solid bars represent standard 

errors. The *a denotes a significant difference between 10-7M DHT (alone) compared to 

10-7M (DHTwith 10-6M Flutatmide). DHTat 10-7M with 10-6M Flutatmide demonstrated 

a reversal in the down-regulation of IL-6 production. 
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Figure 12B. Effects ofDHTwith or withoutjlutamide on IL-6 response. 

Female hGF were used with a 72 hour·steroid pretreatment with or without flutamide. 

IL-l~ stimulation in the presence of steroid was for 24 hours. IL-6 production was 

measured by RIA and related to-protein. Testosterone and DHT (5 x 10-8M and 10-7M} 

significantly down-regulated female hGF production of IL-6 in response to IL-l~ 

challenge (P < 0.05). In the presence of 10-6M and 10-5M flutamide, IL-6 was not 

different from control with 5 X 1o-8M and 1o-7M DHT. This demonstrated a .reversal of 

the down-regulation of IL-6 production seen with androgens alone. Pairs of letters 

indicate groups which are significantly different from one another. Bars represent means 

and solid bars represent standard errors. 
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Figure 13A. Effects DfDHT with or withoutflutamide on IL-6 resvonse. 

DHT (5 X 1o-8M and 1 0~7M) significantly down-regulai~d male hGF production of IL-6 in 

response to IL-l~ challenge (P < 0.05). Bars represent means and solid bars represent 

standard errors. Asterisks indicate significant inhibition of IL-6 compared to the control 

(P < 0.05). In the presence of 2 x10-5M and 10-5M flutamide, IL-6 was statistically 

different from the control with 5 x 10-8M and 10-7M DHT. In the presence of 10-6M 

flutamide, IL-6 production was not different from the control with either 5 x J(f8M or 

10-7M DHT. Flutamide alone, at the concentrations of 2 x 10-5M and 10-6M was 

statistically different from the control; however, at 1o-5M flutamide, there was no 

difference relative to the control. 
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Figure 13B. Effects ofDHTwith or withoutjlutamide on IL-6 resvonse. 

DHT (5 x 10-8M and 10-7M) significantly down-regulated female hGF production of IL-6 

in response to IL-l~ challenge (P < 0.05; n=4 wells/group). Asterisks indicate significant 

inhibition of IL-6 compared to the control (P < 0. 05). In the presence of 2 xi o-s M, 1 o-s M 

and 10-6M jlutamide, IL-6 was statistically different from the control with 10-7M DHT; 

however, only 1 o-s M flutamide demonstrated and significance when combined with 

5 x 10-8M DHT. Flutamide alone, at the concentrations of 2 x 10-5M, 10-5M and 10-6M 

were not different from the control. Bars represent means and solid bars represent 

standard errors. 
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IV. DISCUSSION 

The classic studies investigating periodontal changes in pregnancy, published 

during the 1950's by ·Loe and coworkers, and the late 1960's by Cohen and coworkers, 

concluded that systemic female sex steroids may have contributed in the phenomenon of 

gingivitis associated with pregnancy. Because androgens can be converted to estrogens, 

which are elevated during pregnancy, it is important also to investigate androgens and 

their role in gingival disease. High levels of circulating androgens have been correlated 

with gingival inflammation in puberty (Cohen, 1955; Lindhe, et al., 1969; Sizonenko, 

1978; Morishita et al., 1988; Nakagawa et al., 1994); however, sparse attention has been 

addressed toward androgens and their possible role in pregnancy gingivitis. 

In vitro work has demonstrated that testosterone, in addition to estradiol and 

progesterone, can be substituted for menadione as an essential growth. factor for 

Prevotella intermedia or Prevotella melaninogenica, but not for Porphyromonas 

gingiva/is (Kornman & Loesche, 1979). Others have demonstrated that hormonal 

changes may affect the composition of the subgingival flora (Jensen et al., 1981; 

Nakagawa et al., 1994), thereby influencing gingival inflartunation. Additionally, sex 

steroids may function as immunosuppressants in the gingival tissues of pregnant women, 

preventing the acute-type of inflammatory reaction against plaque, but allowing an 
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increased chro.nic-type of tissue reaction, resulting· clinically 1n an exaggerated 

appearance of inflammation (Ojanotko-Harri et al., 1990). 

We have proposed that sex steroids may contribute to gingivitis associated with 

puberty and pregnancy by means of modulating cytokine production. Previous results 

suggested that high levels of progesterone during pregnancy affected the development of 

localized inflammation by down-regulation of IL-6 production. It was proposed that this 

down-regulation of IL-6 would compromise the local gingival response to inflammatory 

challenges produced. by bacteria (Lapp et al., 1995). Our current findings demonstrate 

that there is also a reduction of IL-6 production by hGF after treatment of hGF with the 

androgens, testosterone or DHT. This observation, in conjunction with the demonstration 

of receptors for androgens in the gingiva (Southren et al., 1978) and hGF (Parkar et al., 

1996), indicate that the gingival tissues have the necessary cellular machinery to respond 

to androgens. 

It is well known that androgens are anabolic to tissues. According to Kasasa and 

Soory (1995), testosterone and its metabolite DHT have matrix-stimulatory effects on 

fibroblasts and osteoblasts. Our initial efforts were directed toward establishing an in 

vitro concentration of testosterone or DHT that would act as a stimulator of growth for 

the cells (hGF). The concentrations of testosterone or DHT from Figures 2A and 2B are 

consistent with serum levels measured in pregnancy (Yen 1991 ), and thus the range of 

doses used here was physiologically relevant. The data in Figure 2A were obtained with 

cells from three male patients, while the data in Figure 2B came from cells pooled from 

females. Cell growth was stimulated by DHT between 10-9
- 10-7M, hut began to return 
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toward control levels as the concentration of DHT reached 1o-6M. These results were 

repeated in cells of either male or female cell origin. 

After determining an . in vitro andiogen concentration that was reproducibly 

effective at stimulati11g cell growth, we sought to establish the IL,.6 response to cells 

pre-treated for 72 hours with either testosterone or DHT. The basal IL-6 production in 

serum-free medium is almost undetectable, but IL-l and TNF-a are well· documented 

inducers of IL-6 production in stromal cells (Content et al., 1985; Kohase et al., 1986) .. 

We report here that in a defined, serum-free medium, exposure of the hGF for 24 hours to 

IL-l B (0.5 ng/ml), following androgen pre-treatment, led to a significant down-regulation 

of IL-6 production relative to cells not treated with androgens (see Figures 3 through 5). 

The concentrations of steroids ranged from 1 o-10 
- 1o-7M. Although a dose-dependent 

inhibition ofiL-6 was seen, as the concentration approached 10-7M, there appeared to be a 

reduction in inhibition. This biphasic trend was frequently observed (Figures 3A and 3B) 

although it was often not statistically significant. One explanation for this phenomenon 

could be the androgen receptor reaches an optimal occupancy and eventually becomes 

down-regulated to further stimulation by any excess testosterone or DHT. This feedback 

mechanism has been demonstrated in many physiological models and may be responsible 

for this frequently observed biphasic trend. 

We explored the possibility of gender differences in IL-6 re.sponse(s) by hGF 

treated with androgen. The data in Figures 2A, 3A and 4A were obtained with cells from 

three male patients, while the data in Figure 2B, 3B and 4B came from cells pooled from 

females. These experiments demonstrated only subtle differences between male and 
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female cells; however, differences did occur, although infrequently and not reproducibly. 

As is apparent from Figure 5, there was significant inhibition of IL-6 production in male 

cell lines by both testosterone (1o-7M) and DHT (1o-7M) compared to the control; 

whereas, in the female cell lines, only DHT (10-7M) produced significant inhibition 

compared to the control. Yet in Figures 3B and 4B, cells of female origin produced 

significantly less IL-6 in response to androgen treatment. Two explanations for this 

variability might be the passage number of the cell lines used, or the age of the subject 

from which the gingival tissues were procured. Yakovlev and coworkers (1996) 

suggested that there is an age-dependent relationship between levels of inflammatory 

cytokines and collagen in gingival inflammation. Others have found increased osteogenic 

potential in the bone marrow stem cells from young compared to older rats (Dodson et 

al., 1996). Perhaps the most obvious explanation for the subtle gender differences seen in 

our study might be the most logical, in that the hGF were derived from different subjects 

and opposite sexes. A specific gender-related difference, as suggested by Moraghan et al. 

(1996), is seen in vascular smooth muscle cells (VSMC) in cell proliferation in response 

to sex steroid hormones. Moraghan and coworkers (1996) were the first to demonstrate, 

in an animal model, that ~-estradiol did not alter proliferation in porcine coronary VSMC 

obtained from sexually mature male or from: oophorectomized female animals; however, 

in sexually mature female· ani~als, .significant. inhibition of proliferation of VSMC was 

noted at physiologic concentrations of ~-estradiol. Therefore, sex differences do occur in 

tissues not specifically thought of as reproductive tissues. 
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Experiments were performed comparing the effects of different steroids, with and 

without pretreatment with epidermal ·growth . factor (EGF). Dehydroepiandrosterone 

(DHEA), part of the androgen family, was included in these experiments because it is a 

precursor for the androgens, testosterone and DHT, and the estrogens, estrone and 

estradiol. Our original protocol included the use of EGF (1 0 ng/ml) in the serum-free 

medium. These experiments, as seen in Figures 6 through 8, were conducted in order to 

evaluate any modulating effects(s) EGF might have on the IL-6 production after steroid 

treatment under experimental conditions. Consistent with ·past experiments, the data in 

Figures 6A and 6B were each obtain~a using cells from three male patients, while the 

data in Figures 7 A and 7B were each obtained using pooled cells from females. EGF did 

not prove to have an additive effect on the down-regulation of IL.-6 production, but when 

used with the male cell lines, the inhibition response ofiL-6 was much more reproducible 

(Figure 6B versus· Figure 7B). The subtle differences between genders with respect. to 

IL-6 production can be appreciated iri Figure 8 (combination ofFigures 6B and ?B). 

The experiment which included female cell _lines (Figures 7A and 7B) 

demonstrated an atypical result. A sigp.ificant ·down-regulation of IL-6 production was 

seen in EGF pre-treated cells with all steroids compared to the control,. except for 

estradiol and progesterone. These results· did· not -reproduc·e those usually seen in which 

progesterone· down-regulates IL-6 production. We are unable to explain why this 

occurred in . this experiment, but occasionally a particular trio of cell lines does fail to 

respond to progesterone. Again, loss of receptors with prolonged cell culture is a possible 

explanation. 
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Polymerase chain reaction (PCR) analysis of estrogen and androgen receptor 

expression in human gingival and periodontal tissues strongly suggested that the 

androgen, but not the estrogen, receptor was expressed in periodontal and gingival tissues 

(Parkar et al., 1996). Parkar and coworkers (1996) concluded that the gingival 

inflammation seen during sex-hormone imbalance in vivo could be due to secondary 

effects of estrogen, perhaps on the leucocytic infiltrate present in inflamed periodontal 

tissues. 

Information concerning progesterone receptor expression in gingival tissues is 

scant. In order to determine if testosterone or DHT were acting through the androgen

specific receptor and not other steroid receptors, progesterone and DHT were combined 

in the same experiment. Because of chemical structural similarities, there is often some 

interaction between androgens and the progesterone receptor. We therefore tested to see 

whether these two steroids were operating independently, or whether the combination of 

DHT with progesterone might have either an additive or synergistic effect in this system. 

The results determined that DHT or progesterone alone inhibited IL-6 significantly below 

the control (Figure 9); however, with the exception of one group (10-7M DHT plus 

progesterone), progesterone added to DHT did not reduce IL-6 production below that 

seen with DHT alone. Although there did not appear to be any significant dose-dependent 

additive effect when both progesterone and DHT were combined, it is possible to 

speculate that higher concentrations of DHT, above 10-7M, with progesterone at 

4 X 1o-7M might produce further inhibition in IL-6 production. The relative affinities of 

the progesterone and androgen receptors have not been determined for this tissue, nor 

have the receptor concentrations been explored. 
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Having· established that· testosterone and DHT down-regulate the production of 

IL-6, we attempted to -demonstrate that these androgens were exerting their·influence via 

the androgen receptor. For this -:P~tl>ose we used flutamide, which is a non-steroidal 

anti-androgen used to treat prostate aJ)d testicular cancer. This compound reportedly 

blocks the binding of DHT to its re-ceptor. -When bound .to the receptor, ~he androgen

mediated cell signaling pathways are interrupted (Scher et al., 1995). We speculated that 

the flutamide would reverse the inhibition of IL-6 production evoked by testosterone or. 

DHT, if indeed the androgen receptor was being utilized to modulate IL-6 production. 

Unfortunately, there are no studies which have investigated the in vitro response 

of flutamide on human gingival fibroblasts. Since a flutamide concentration had never 

been determined for such a protocol, we empirically started with the concentrations 

comparable to the physiological androgen concentrations in our previous ·experiments;· 

thus the flutamide . concentrations ranged from 2 X 1 o-IO to 1o-7M. Initially, we used 

equivalent androgen and anti-androgen concentrations because we were uncertain as to 

the affinity flutamide would have for the androgen receptor ofhGF. These.initial results 

_with flutamide, shown in Figure 10, revealed no reversal of inhibition on the androgen

mediated down-regulat_ion of IL-6 production. Assuming the flutamide was ineffective at 

these lower concentrations, we conducted a dose-response experiment in the 96-well 

format. If a decrease in hGF androgen-stimulated growth rate could be caused by 

flutamide, this could indicate either a blockage of the anabolic effects of the androgens, 

or toxicity. As apparent from Figure 11, growth of male hGF in the presence of DHT 

(1o-7M) was significantly inhibited at the fltitamide concentrations of 4 . X 1o-5M arid 

8 X 1o-5M, and additionally inhibited in the presence of testosterone (1o-7M). by flutamide 
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at 1o-5M. We were therefore confident that concentrations of flutamide of 1o-5M, or 

above in the presence of growth-stimulatory concentrations of the androgen, would 

reverse the inhibition ofiL-6. 

IL-6 production experiments were repeated using flutamide and DHT. The data 

in Figure 12A demonstrated apparent reversal of the inhibition of IL-6 production with 

1o-6M flutamide at 1o-7M DHT. The data in Figure 12B showed significant reversal of 

the down-regulation of IL-6 with flutamide in the presence of either DHT concentration. 

Unfortunately, when these experiments were subsequently repeated, the results 

demonstrating a reversal in the down-regulation of IL-6 could not be duplicated (Figures 

13A and 13B). The reasons for this non-response remains to be delineated. However, 

two possibilities are presented here. We previously showed that androgens have the 

ability to down-regulate IL-6 production. Flutamide may be ineffective in reversing this 

response because the mechanism leading to the response does not work directly through 

the target androgen receptor to the DNA; therefore its action on IL-6 could be mediated 

by another mechanism. Another possibility is that the effective ratio between inhibition 

and androgen was not achieved by these assay conditions. Early experiments experienced 

a problem with flutamide precipitating within the treatment medium. Solubility problems 

occurred somewhere between 1x10-5M to 5x10-5M flutamide; thus higher doses could not 

be utilized. 

The medical literature reports the use of flutamide in the treatment of hormone

refractory prostate cancer. Precursor steroids produced by the adrenal are responsible for 

50% of the serum DHT found in intact men after castration (Labrie, 1993). The 

combination of gonadotropin-releasing hormone (GnRH) analog and flutamide 
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(combined androgen blockers), followed by a trial of discontinuation of the 

anti-androgen, proved to have significant clinical benefits (Scher et al., · 1995). The 

benefit to "flutamide withdrawal" was unexpected and the mechanism( s) · by which this 

phenomenon occurs is speculative. But the author suggested that the molecular basis for 

this clinical observation may be due to mutations in the ligand 'binding domain of the 

androgen receptor. Others have noted that only partial neutralization of DHT can be 

achieved by the anti-androgen flutamide (Labrie et al., 1991). They suggested that the 

inhibitory effects of 4-MA (17~, N,N-diethylcaramoyl-4-methyl-4-asa-Sa-androstan-3-

one), an inhibitor of Sa-reductase, the enzyme which converts testosterone into DHT, 

plus the anti-androgen flutamide, are additive on reducing prostatic growth in the rat. 

Based on the medical literature, the mechanism of action for flutamide remains unclear; 

therefore, in this study the androgen response to inflariunation may be .expressed through 

another pathway other than at the receptor-DNA level. Hence, although flutamide is an 

anti-androgen, it had no effect on this system. 

IL-6 is active in a variety of biological systems, and its expression can be 

repressed by androgens (Bellido et ·al., 1995; ·Keller et al., 1996). In a series of 

co-transfection assays, Keller and coworkers (1996) found that 5a-DHT, through the 

androgen receptor, represse.d activation of the IL-6 promoter, in part by inhibiting nuclear 

factor KB (NF-KB) activity. NF-KB is involved in the regulation of many genes activated 

during inflammatory, immune, and acute phase responses. 

Both nuclear factor IL-6 (NF-IL-6) and NF-KB binding sites are frequently found 

in the promoter region of the genes involved in inflammatory and immune responses 
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(Akira et al., 1997). The androgen 5a-DHT achieves repression ofactivation of the IL-6 

promoter through maintenance of cytoplasmic IKBa protein levels (Keller et al., 1996). 

According to Akira et al. (1997), the NF-KB is present in the cytoplasm of most cells as 

an inactive form complexed with IKB. Stimulation of the cell by a number of agents, 

such as mitogens (phorbol 12-myristate 13-acetate or PMA), cytokines (IL-l and 

TNF-a), viruses (HIV-1 and CMV), parasites and lipopolysaccharide (LPS) results in the 

dissociation of the complex (Baeuerle and Henkel, 1994; Baldwin, 1996). Others have 

additionally concluded that TNF -a and IL-l apparently activate IL-6 gene expression by 

closely related mechanisms involving activation of an NF-KB-like fac~or (Shimizu et al., 

1989; Zhang et al., 1990). Zhang and coworkers (1990) suggested that, in human · 

fibroblasts, the NFKB-like sequence on the IL-6 gene functions as a major cis-acting 

element for IL-6 induction by TNF -a or IL-l. By increasing the production of IKBa, 

androgens may be important at inhibiting the NF-KB from entering the nucleus and 

activating the IL-6 promoter region of the gene. 

The research by Keller and coworkers (1996) represents the first identified 

mechanism for androgen-mediated repression of a natural androgen-regulated gene. 

According to Auphan et al. (1995) and Scheinman et al. (1995), the glucocorticoid, 

dexamethasone, has the ability of sequestration ofNF-KB in the cytoplasm by means of a 

similar mechanism of inducing IKBa protein expression in HeLa cells. 

Interleukin-6 is a multifunctional cytokine (Kishimoto et al.? 1989; Le et al., 

1989) and is thought to have a major role in the regulation of immune response (Hirano 

et al., 1986; Garman et al., 1987; Gauldie et al., 1987). Although IL-6 has been observed 
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clinically in inflamed gingiva (Yamazaki et al., 1990; Bartold et al., 1991; Fujihashi et 

al., 1994), and was detected in the gingival crevicular fluid of periodontitis patients 

(Geivelis et al., 1993), recent evidence has supported the concept that IL-6 is not only 

pro-inflammatory, but also anti-inflannilatory in nature (Ulich et al., 1991; Dinarello et 

al., 1993; Mizuhara et al., 1994; Jordan et al., 1995; Shingu et al., 1995; Seiffert et al., 

1995; Tilg et al., 1997). 

The anti-inflammatory and immunosuppressive effects mediated by IL-6 have 

been attributed to the synthesis and/or release of antagonists to the proinflammatory 

cytokines IL-l and TNF-a (Dinarello and Wolf, 1993; Tilg et al., 1997). IL-6 promotes 

the induction of interleukin-1 receptor antagonist (IL-1Ra) in macrophages and 

polymorphonuclear leukocytes (Jordan et al., 1995). Jordan and coworkers (1995) 

suggested that IL-6 induction of IL-1Ra may provide a negative feedback loop, 

facilitating resolution of the inflammatory response locally, and presumably at remote 

sites of infection. Additional evidence for an anti-inflammatory role for IL-6 was derived 

from studies with rats in which co-administration· of IL-6 was shown to . suppress the 

acute neutrophil exudation caused by intra-tracheal administration of LPS (Ulich et al., 

1991). Others have suggested that IL-6 exerts its protective effects through multiple 

mechanisms, including the reduction of TNF -a production, thereby -supporting an 

anti-inflammatory role for IL-6 (Fattori et al., 1994; Mizuhara et al., 1994). Fattori and 

coworkers (1994) reported that LPS-treated IL-6-deficient mice produced threefold more 

TNF-a than do wild-type controls. There is evidence demonstrating that male sex 

steroids, acting through the androgen-specific receptor, inhibited the expression of the 
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IL-6 gene, and that IL-6 mediated the up-regulation of osteoclastogenesis and therefore 

the bone loss caused by androgen deficient orchidectomized mice (Bellido et al., 1995). 

In a model of arthritis, IL-6 not only inhibited the superoxide production in 

chondrocytes by enhanced synthesis of tissue metalloproteinase inhibitor, but also 

suppressed the IL-l-mediated degradation of cartilage matrix (Shringu et al., 1994; 

Shringu et al., 1995). Vitronectin is a major adhesive glycoprotein inhibiting 

complement-mediated cell lysis and may function in controlling localized extracellular 

reactions and associated tissue damage. Expression of the gene encoding vitronectin is 

upregulated in acute and chronic inflahunation, primarily mediated by IL-6 (Seiffort et 

al., 1995). In addition to its role as an inducer of cytokine antagonists, IL-6 acts on the 

central nervous system to elicit the release of adrenocorticotropic hormone (ACTH), and 

ACTH in tum increases the synthesis of glucocorticoids in the adrenal glands (Akira et 

al., 1993; Tilg-et al., 1997).· With the increase of glucocorticoids, IKBa is transcribed and 

subsequently the syntheses ofiL-6, IL-l and TNF-a are suppressed (Akira et al., 1993). 

As we approach the 21st century, researchers are demonstrating complex details 

regarding the mechanisms of immunology and new treatment for disease. The endocrine 

system is one means by which: the' immune ·system may be regulated. Recently, 

genetically obese rodent strains which fail to express leptin, a protein .known to regulate 
. . . . 

appetite and energy .expenditure, were reported tb have ari .increased incidence of 

infection, insulin resistance, hyperlipidemia, and atherosclerotic cardiovascular disease 

(Camfield et al., 1995; Halaas et al., 1995; Pelleymounter et al., 1995; Lee et al., 1996; 

Chen et al., 1996; Phillips et al., 1996; Chua et al., 1996). Loffreda and coworkers (1998) 
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have suggested that exogenous leptin plays a role in the up-regulation of inflammatory 

immune response production in normal, nonobese animals, and is responsible for 

increased macrophage production of the proinflammatory cytokines TNF -a, IL-6 and 

IL-12. These findings suggested that leptin is yet another hormone necessary for animals 

to mount an optimal cytokine response when challenged with LPS. 

In conclusion, endocrine-related molecules, such as leptin, ACTH and sex steroids 

participate in modulating our immune system. One mechanism by which this occurs is 

via cytokine production. It is conceivable that the failure of IL-6 to be produced in 

sufficient concentrations locally may result in disorder of the cytokine cascade needed to 

resolve inflammation and induce healing. Therefore, the androgen-induced reduction of 

IL-6 by hGF, reported in this thesis, may play a significant role in the gingival 

inflammation associated with pregnancy and puberty gingivitis. 



V. SUMMARY 

The primary objectives of this study were the following: 1) to evaluatethe effect 

of testosterone and DHT on hGF growth and -viability; 2) to evaluate the possible 

modulation ofiL-6 by androgens in hGF; 3) to determine if the response(s) to androgens 

could be different between male or female hGF. Secondary objectives were to evaluate 

the modulation by EGF, progesterone and flutamide of androgen effect on the production 

of IL-6 by human gingival fibroblasts. 

Our results indicated that testosterone or DHT down-regulated IL-6 production by 

fibroblasts. Additionally, subtle differences were noticed between male and female 

origins of hGF. Contrary to expectations, flutamide did not reverse the do:wn-regulatory 

effects of DHT on IL-6 production. 

Since our data demonstrated that the use of the androgens effectively down

regulated IL-6 production in hGF, these results suggest that high levels of androgens, 

specifically testosterone and dihydrotestosterone, during pregnancy or puberty could 

affect localized inflammation. This confirms our hypothesis that a decrease in IL-6 could 

render the g~ngiva less efficient at counteracting bacterial inflammatory challenges. The 

possible mechanism of this effect was discussed. 
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