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INTRODUCTION: 

A. Statement of the Problem: 

During the course of pregnancy, it is not uncommon for a woman to develop 

clinically apparent changes of the oral soft tissues. These may include so-called 

pregnancy tumors, pain, erythema, edema, gingival hyperplasia, and/or bleeding gums. 

It has long been thought that these symptoms were a result of the increases in circulating 

pregnancy hormones, e.g. progestins and estrogens. Researchers have, thus far, been 

unsuccessful in their attempts to fully explain the mechanism by which these sex steroids 

induce the clinical symptoms. Proposed theories have suggested that steroids induce 

changes of the microvasculature (Hugoson & Lindhe, 1971), or that steroids might serve 

as supplemental growth factors for pathogens (Kornman & Loesche, 1981). Recent 

advances have demonstrated an association between host responses and bacterial stimuli, ,. 

e.g. lipopolysaccharide (LPS). Integral to this microbial interaction is the family of 

proteins known as cytokines, which are in part comprised of interleukins. The 

interleukins are mediators of intercellular communications, consequently providing for 

a wide array of biological functions. Most relevant to our research was the established 

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

Specifically, IL-6 has been shown·to be produced by gingival fibroblasts, in the presence 

1 



2 

of IL-l (May eta!., 1988; Bartold & Haynes, 1991), which is now known to be a 

powerful inducer of IL-6 production (VanDamme eta!.; 1987, Hirono & Koshimoto, 

1990). 

In general, IL-l functions in a regulatory role relative to the inflammatory 

response. This cytokine stimulates the secretion of other mediators such as IL-6, in 

addition to itself, which also enhance the overall inflammatory response. IL-6 itself is a 

principal inducer of numerous acute phase proteins, and thus is considered to be a central 

component of the host inflammatory response (Takahashi et a!., 1994; Fujihashi et a!., 

1993). The putative actions of this cytokine in the progression of periodontal disease are 

now becoming better understood (Kjeldsen eta!., 1993; Van Dyke eta!., 1993). 

In this research, we measured the levels of IL-6 production relative to a particular 
\ 

cell (e.g. human gingival fibroblasts) that was exposed to a cytokine mediator, 

specifically IL-113, both in the presence and absence of progesterone. Thus we hoped to 

establish the potential clinical relevance of such hormones in the development of 

gingivitis. 

B. Review of Related Literature: 

In 1874 the first report of pregnancy gingivitis was recorded (Coles). Since that 

time, some research has been done in an effort to demonstrate the relationship between 

hormones and the development of gingivitis. Researchers have documented that the 

increased severity of gingivitis paralleled increases in the blood levels of "sex hormones" 
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(O'Neil, 1971; Loe, 1965). During many life stages which are hormonally regulated, 

including the female menstrual cycle, as well as puberty and the post-menopausal period, 

there occur major fluctuations of plasma steroids (Holm-Pedersen & Loe, 1967; Lindhe 

et al.,1969; Richman & Abarbanel, 1943). Concurrent increases in the volume of 

gingival crevicular fluid have been observed during ovulation (Lindhe & Anstrom, 1967). 

Also, both sexes have demonstrated an increased incidence of gingival bleeding during 

puberty (Glickman, 1964). El Attar and Roth (1973) showed that in healthy gingival 

explants, progesterone was only partially catabolized in vitro. However, in the presence 

of inflammation, there was a 2-3 fold increase in the metabolism of progesterone. When 

tissues from pregnant females were similarly tested, this increase in metabolism was not 

evident in the presence of inflammation (Ojanotko-Harri, 1985). More recently, it was 

shown by Ojanotko-Harri (1991) that progesterone-degrading enzyme activity in 

pregnancy was reduced when compared to non-pregnant healthy controls. Additionally, 

in the clinical evaluation of post-menopausal women, comparisons of those females taking 

estrogen supplements versus those who did not revealed a significant decrease (P <0.5) 

in the gingival index (GI) of women taking hormonal supplements (Norderyd, 1993). The 

literature suggests, therefore, a potential correlation between the steroid sex hormones 

(e.g. progesterone and estrogen) and the occurrence of inflammation within the gingival 

tissues, but the exact mechanism(s) for this is/are not understood. 
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1. Progesterone: Physiology in pregnancy and proposed mechanisms of pathology. 

Estrogens and progesterone are produced at the beginning of pregnancy by the corpus 

Iuteum, following stimulation by human chorionic gonadotropin (HCG). However, by 

the seventh week of gestation, progesterone is being synthesized primarily by the placenta 

through hydroxylation of maternal cholesterol (Szekeres-Bartho, 1992). This biosynthesis 

is modulated by many factors including a {3,-adrenergic signal, and human chorionic 

gonadotropin (Kasugai eta!., 1987). Serum concentrations of progesterone vary widely, 

with a range of 5xH!'M in non-pregnant women to 5x1Q-'M in late pregnancy. At term, 

the placenta produces approximately 250 mg of progesterone daily, 90% of which enters 

the maternal circulation. In addition to maintaining the placenta in pregnancy, 

progesterone also functions to inhibit uterine motility and contractility (Lye eta!., 1978). 

It has been difficult to establish a correlation between direct or indirect influences 

of sex hormones and the regulation of the gingival inflammation seen in pregnancy. 

Previous attempts to relate hormones to the occurrence of pregnancy gingivitis have 

focused on an established etiology, bacterial plaque. The occurrence of gingivitis as a 

result of plaque accumulation has been well documented in non-pregnant individuals 

(Ramfjord, 1959; Genco eta!., 1969; Socransky, 1970; Loe et al., 1986). However, 

when pregnant and non-pregnant women were clinically evaluated for gingivitis, plaque 

was found to be less significant as an etiological agent (Silness & Loe, 1964). 

Investigators concluded that some pregnancy factor(s) (e.g. estrogens, progesterone) were 

contributing to the occurrence of gingival inflammation (Loe, 1965). This theory was 
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reinforced in the study by O'Neil (1979), who found that in the majority of pregnant 

women examined, the rise in the degree of gingival inflammation was accompanied by 

a fall in plaque accumulations. These observations suggested that factors other than 

plaque accumulation were important in the development of pregnancy gingivitis. It was 

proposed that the altered hormonal levels associated with puberty, pregnancy and 

hormonal medications may have a special role in the pathology of clinical gingivitis. 

Specifically, it was shown that gingival tissues contain functional receptors for steroid 

hormones, suggesting a potential correlation between elevated levels of steroid and 

localized tissue response (Pindborg, 1983). 

In 1971 Hugoson and Lindhe combined a clinical investigation in pregnant women 

with experimental studies in dogs, to investigate proposed alterations of the gingival 

tissues resulting from exposure to pregnancy steroid hormones. Using cytologic analysis 

of vaginal smears from humans, hormonal activity was monitored throughout pregnancy. 

Plaque levels (PI) and gingival indices (GI) were used to establish a potential correlation 

between serum steroid levels and the progression of gingivitis. It was reported that while 

the levels of plaque decreased with regular professional cleaning and improved home 

care, a progressive increase in the severity of gingival inflammation occurred, which 

positively correlated with increases in sex hormone levels, especially progesterone. 

Evaluation of gingival biopsies from dogs exposed to varying concentrations of 

progesterone and estrogen suggested that increased gingival sensitivity to mechanical 

irritation resulted from alterations in the integrity of the micro-vasculature. These 

workers also reported an elevated polymorphonuclear leukocyte (PMN) count in the 
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crevicular epithelium of dogs treated with progesterone, and this was attributed to a 

hormonal effect on the permeability of blood vessels. Hence, these workers postulated 

that pregnancy gingivitis was a result of progesterone-induced changes in the 

microvascular circulation. 

Kamman & Loesche (1981) examined the oral micro-flora as it relates to 

pregnancy gingivitis. They concluded that the ratio of anaerobic to aerobic bacteria 

increased in the gingival sulcus during pregnancy. Additionally, it was shown that 

Prevotella intermedius, a putative periodontal pathogen which proliferated in the 

presence of progesterone, could use this steroid as a growth factor, in place of vitamin 

K (Socransky, 1990; Listgarten eta!., 1976). 

2. Host response and inflammatory mediators: Cytokines 

Advances in the sciences of immunology and periodontology have permitted a better 

appreciation of the relationships among the host immune response, bacterial products and 

tissue destruction (Van Dyke et a!.; 1993, Page, 1991; Genco, 1992). An integral 

component to this unified study of pathosis includes a category of proteins commonly 

referred to as cytokines. Cytokines are involved in regulation of the immune response, 

hematopoiesis and inflammation. In addition, these messengers exhibit both autocrine 

and paracrine effects (Genco, 1992; Akira et a!., 1990). lnter!eukin-1 (IL-l) and 

interleukin-6 (IL-6) are important examples of pleiotropic cytokines involved in the 

regulation of these functions. 
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a. Interleukin-1: 

Of particular relevance to our work here is interleukin-1, a cytokine previously 

known under many names, including endogenous pyrogen (EP), osteoclast activating 

factor (OAF) and lymphocyte activating factor (LAF) (Dinerello, 1984; Luben, 1974; 

Dewhirst, 1985). IL-l is derived from many cell types, including macrophages, 

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

lymphocytes (Dinarello, 1985; Miossec, 1986). There are two separately encoded forms 

of IL-l: IL-la and IL-1,6. While there is only a 27% amino acid homology between 

these two forms, both a- and .B" forms bind with comparable affinity to a common 

receptor found on many cell types. Consequently, their actions in inflammation, 

catabolism, and other biological activities are very similar. When comparing gingival 

crevicular fluid (GCF) samples from inflamed versus non-inflamed sites, Masada et a!. 

(1990) found that in inflamed sites, the GCF contained greater concentrations of IL-1,6 

than IL-l a. The predominance of IL-l,B in inflamed sites was corroborated by Wilton et 

a!. (1992), who showed elevated IL-l,B in GCF from 69% of adult periodontitis sites. 

IL-l production is stimulated by bacterial products (LPS, exotoxins), other cytokines 

(TNF), complement components (C,a) and activated T-cells (Hamada et a!., 1991; 

Kjeldsen et a!., 1993). IL-l plays a pivotal role as an inducer of other cellular 

messengers in the periodontal disease inflammatory process (Page, 1991; Genco, 1992). 

Especially important to periodontal researchers is the documented history of IL-l as an 

osteoclast activating factor and bone formation inhibitor (Dewhirst et a!., 1985; 
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Jandinski, 1988). Particularly relevant to this project are the reports that this cytokine 

also potentiates increase~ in production of IL-6 (Bartold & Haynes, 1991; Hirano & 

; . I 

Kishimoto, 1990). In addition, IL-l has also been shown to induce numerous proteinases 

(Richards & Rutherford, 1988; Qwarnstrom et a!., 1989; Meikle et a!., 1989; Richards 

et a!., 1990) and consequently, to produce altered connective tissue composition 

(Qwarnstrom et a!., 1989). Using a combination of in-situ hybridization and 

inununohistochemistcy, Matsuki eta!. (1992) showed that gingival fibroblasts expressed 

MRNA for IL-l a/ fJ as well as for IL-6 and IL-8. They suggested that the IL-l detected 

in the gingival tissues (Honig et a!., 1989) and crevicular fluids (Masada et a!., 1990) 

of periodontal patients was synthesized locally in response to an.inunune challenge. This 

proposal was reinforced by the recent publications of Geiveilis eta!. (1993), who found 

that GCF concentrations of IL-6 varied within the same patients; these workers suggested 

that local synthesis occurs in response to an inflammatory challenge, and that one source 

for cytokine production may be the gingival fibroblasts. 

b. Interleukin-6: ,. 

The documented elevation of IL-6 in both GCF and gingival tissues is of special 

interest, due to the unique properties of this cytokine (Shimizu et a!., 1992; Gievelis et 

a!., 1993; Takahashi et a!., 1994). IL-6 is a pleiotropic protein that plays many roles 

in the host's immune response. Previous names for this interleukin included hepatocyte 

stimulating factor (HSF), B-cell differentiating factor (BCDF), B-cell stimulating factor 
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(BSF), and interferon-f), (INF-f},) (Hirano et al., 1985; Gauldie et al., 1987). IL-6 

secretion is stimulated by literally every inflammatory stimulus (e.g. cytokines, 

endotoxins, viruses), and the effects of this cytokine generally enable the host to 

minimize tissue damage and to expedite the healing process (Ray et al., 1989). Sources 

for production of IL-6 include macrophages, fibroblasts, monocytes, endothelial cells, · 

keratinocytes, T-/B-cells and hepatocytes (Horii, 1988; Hirono & Kishimoto, 1990). IL-

6 is well known for its induction of acute phase protein synthesis in the liver, the 

promotion of growth and differentiation of some leukocytes, and stimulation of antibody 

expression (l.e & Vilcek, 1989). Specifically, IL-6 stimulates immunoglobulin secretion 

by human B-lymphocytes and activates the complement cascade (Revel, 1989). This 

cytokine is instrumental in the differentiation of B-lymphocytes to plasma cells, which 

are the predominant inflammatory cells in established and advanced periodontal disease 

(Page & Schroeder, 1976). During inflammationiL-6 also acts as an endocrine hormone 

(Gauldie et al., 1990), circulating in the body and interacting with specific receptors 

(Peterson et al., 1990). Bartold and Haynes (1991) demonstrated 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-lf}, produced IL-6. Takada et al. (1991), 

· using human gingival fibroblasts challenged with LPS from either Prevotella intermedia 

or Porphyromonas gingiva/is, similarly found production of both IL-6 and IL-l. The 

concept of localized production of IL-6 in response to an inflammatory challenge was 

recently re-examined by Takahashi et al. (1994). They showed that there were no 
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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. This suggests that in the presence of inflammation there occurs a local 

production of cytokines, which is not necessarily reflected systemically. 

3. Experimental factors: Cell types and serum-free medium 

As is apparent from the previously mentioned publications, there may be a 

number of possible explanations, some of which are conflicting, for the development of 

pregnancy gingivitis. Perhaps some of the relative confusion surrounding the etiology 

of "pregnancy gingivitis" comes from the methodologies employed in its previous study. 

These have included studies using tissue homogenates containing different cell types 

including lymphocytes, monocytes, epithelial cells and fibroblasts (O'Neil, 1979; Raber

Dulacher eta!., 1993; Ojanotko-Harri eta!., 1991; Litwack eta!., 1970). Other work 

has examined peripheral blood cells (lymphocytes, monocytes, PMN) as opposed to 

locally harvested tissues, between which there exist demonstrably significant differences 

in cytokine response(s) to stimulation (Fujihashi eta!., 1993; Takahashi eta!., 1994). 

In addition to these potential sources of confusion, many researchers working with 

cells in vitro have ignored the problems inherent in the use of serum. As described by 
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a major supplier, serum includes undisclosed and variable concentrations of hormones 

(e.g. progesterone, estradiol, growth hormone, corticosteroids, prostaglandin E,, estriol, 

prolactin, etc.; Hyclone Laboratories, i986.) These hormones, individually or in 

combinations, have the potential to alter the effects seen by addition of other hormones 

(Mather & Sato, 1979). Supplementation of medium with unknown or undefmed growth 

factors and nutrients can similarly affect one's results by modulating cellular growth, and 

potentially producing atypical proliferation and/or differentiation of function (Kamely & 

Rudland, 1976). Inhibition of growth and cellular function in vitro have been attributed 

to serum (Erickson et a!., 1982). Addition or presence of unspecified concentrations of 

cytokines similarly creates another uncontrolled factor. Variations from lot to lot in the 

type and concentrations of serum components have been documented and thi~ variability 

creates a condition where duplication of previous results is complicated (W aymouth, 

1984). Therefore, it was our intent to examine the production ofiL-6 by human gingival 

fibroblasts, relative to varied concentrations of progesterone, in a defmed serum-free (Sf) 

medium. Following a protocol suggested by Barnes & Sato (1980), we initiated our 

experiments in a fetal bovine serum (FBS)-containing medium, and as attachment and 

confluency progressed, the FBS was subsequently eliminated. Thus, steroid addition to 

the cultured human gingival fibroblasts was in a serum-free medium. Herein we used 

a defined, in-vitro system to evaluate specifically the putative actions of progesterone on 

a single cell type common to the oral tissues, human gingival fibroblasts, in modulating 

one component of the host's inflimmatory response. 
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C. Hypothesis: 

We have studied the sequence of events wherein stimulation of IL-l production by 

cells in the oral cavity (e.g. fibroblasts, macrophages, keratinocytes) stimulates the 

release of IL-6 from the fibroblasts. The hypothesis was that pregnancy hormones may, 

at this early stimulatory phase, modulate the soft tissue response to these inflammatory 

mediators. 

D. Specific Aims of the current studies were: 

1) To establish a sub-maximal dose of IL-l sufficient to stimulate IL-6 

production by human gingival fibroblasts. 

2) To evaluate the putative modulation by progesterone of IL-6 production by 

human gingival fibroblasts. 

,. 

3) Although not included as an initial specific aim, it became necessary also to 

evaluate the effects of corticosteroids on the production of IL-6 by human 

gingival fibroblasts. 



MATERIAL and METHODS: 

Human gingival fibroblast culture: 

1) The isolation and culture of human gingival fibroblasts CHGF): 

HGF cells were isolated from gingival biopsies from clinically healthy 

non-edentulous patients. Specific designation of donor gender was 

documented. Harvested gingival tissue was immediately placed into a 

sterile 15m! tube of Hanks' balanced salt solution (HBSS) containing 

penicillin G potassium (100 units/ml) and streptomycin sulfate (100 t-tglml) 

with Fungizone (0.5 t-tg/ml) (HBSS-P/S). Under a laminar flow hood, the 

explants were rinsed in a solution of HBSS-P/S three times. They were 

placed into 0.5% Tris-sodium hypochlorite solution to disinfect for 2-3 

minutes, and cleaned and rinsed again with HBSS-P/S three times. The ,. 

disinfected explants were placed in a sterile dish and aseptically minced 

into smaller pieces with a sterile scalpel. Explants (2-3) were transferred 

into a 35x10 mm (Falcon 3001) culture dish and set aside to allow to dry 

slightly, so as to enhance tissue attachment to the dishes. After 

attachment, DMEM containing 10% fetal bovine serum (Atlanta 

Biological, Inc.) plus antibiotics as above (DMEM 10% FBS & PIS), and 

13 
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Fungizone (0.5 JLg/ml) was added. The culture dishes were then 

incubated at 37° C in an atmosphere of 5% CO, I 95% air for one week. 

After this period, cells were visible as outgrowths from the explants, and 

medium was changed to DMEM with 2% FBS/ 8% NuSerum V (NuS); 

Collaborative Research) with antibiotics, but without Fungizone. Cells 

were refed every 3-4 days and incubated until cell outgrowth was 

confluent, usually in 2-3 weeks. Once confluency was reached, cells were 

removed from the 35mm culture dishes using 0.05% trypsin EDTA 

solution, then transferred to 75cm' flasks, where they were maintained in 

2% FBS/ 8% NuS/DMEM medium. 

Cell culture experiments: 

1) For experiments, cells in passages between 3 to 10 were removed with 

trypsin, counted with a Coulter counter, then plated into 24 well plates at 

6 x 1 0' cells/well. The use of trypsin in this procedure causes removal of 

external receptors of the cells and also digests some cellular adhesion 

molecules. These experiments used cell cultures, 3-5 days after plating 

to allow for cellular reattachment and growth to confluence. The use of 

confluent cells was to help minimize behavioral differences known to exist 

in rapidly growing cells. Additionally, confluent cells more closely 

approximate the conditions seen in vivo. Cells were plated into medium 
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containing 4% FBS plus Redu-Ser II (RSII; Upstate Biotechnology Inc.) 

and bovine serum albumin in DMEM (4% FBS/RSII). The medium used 

for all experiments was phenol red-free, since estrogenic effects of this 

additive have been reported in some cell types (Binda! et a!., 1988). In 

addition, it has been recently reported that possible impurities in phenol 

red may affect cellular ion channels (Lubin, 1993). 

This Sf medium had as its components: 

a. DMEM (adjusted to 320 mOsmole/liter) 

b. 15mM HEPES (N-[2-hydroxyethyl] piperazine-N-[2-ethanesulfonic 

acid]) 

c. 1.5x Redu-Ser II (RSII; UBI), containing insulin, transferrin and 

selenium, oleic acid and bovine 

serum albumin 

d. 0.5 mg/ml bovine serum albumin (BSA; Gibco 7.5%); final BSA 

concentration was 1.25 mg/ml. 

e. 10 ng/ml epidermal growth factor (EGF; UBI). 

2) After the gingival fibroblasts were confluent in the 24 well plates (3-4 

days), the cells were washed with HBSS (plus ca++fMg++). DMEM/4% 

FBS/ RSII was then replaced with a Sf medium containing EGF (10 

ng/ml) for 24 hours. Since steroid receptors are easily up- and down

regulated, this "serum starvation" period helped to minimize the effects 
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of previous exposure to PBS in the plating medium, which could affect the 

cells' capacity for IL-l stimulation or IL-6 production, as well as their 

response to steroids. 

3) Cell mono layers were next transferred to a solution of Sf DMEM (without 

EGF), plus or minus the steroid concentrations being tested. This 

exposure time was 24-72 hours. Progesterone and hydrocortisone were 

dissolved in ethanol (EtOH) and further diluted in medium until the EtOH 

concentration in the assay was below 0.1%. Controls contained the 

maximal projected concentration of EtOH in medium. This was done to 

account for any potential effects of EtOH on the HGF. Gender of cell 

lines is identified for each experiment shown. Variables to be tested here 

included: 

a. The length of time for exposure of HGF to steroid before IL-1,6 

was introduced. Changes in metabolic processes sometimes 

require several days to become apparent, so the cells were pre

treated with steroid for 1-3 days before IL-1,6 exposure. 

b. Concentration of progesterone in Sf DMEM. Initial experiments 

explored the range from 10"12 to 10"5M. Preliminary experiments 

on growth effects and metabolic effects of progesterone suggested 

that several concentrations within these ranges might be effective 

doses for these cells. 
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4) After pre-incubation in SfDMEM with different concentrations of steroid, 

cells were washed with HBSS and refed with fresh medium, containing the 

test steroid. 10 p.l of IL-1{3 (final concentration 0.2 ng/ml or 10""M) was 

then added to each well, which we learned stimulated HGF in our 

incubation system. After 24 hours with IL-1{3, the experiment was 

terminated. Medium samples were frozen, and cells were washed with 

PBS, then solubilized for protein determination by the addition of 0.2 m1 

0.03 N sodium hydroxide (NaOH). Ten minutes later, 0.3 ml1% sodium 

dodecyl sulfate (SDS) was added and the proteins removed to test tubes 

using a transfer pipette. 

Radioimmunoassay (RIA): 

1) The biological response of gingival fibroblasts to IL-1{3 was determined 

by measurement of secreted IL-6 using a radioimmunoassay (RIA). The .. 

principle of RIA is based upon competition of analyte in a biological 

sample with radioactively labelled analyte for a limited number of binding 

sites on a specific antibody. The procedure followed that recommended 

by Advanced Magnetics, Inc (AMI), incorporating suggestions found in 

a protocol by Peppard et al. (1992), and was developed from commercial 

products. The 1251-labelled IL-6 was supplied by New England Nuclear 

(Dupont). The specific activity of tracer was approximately 90 p.Cil fl.g. 
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Purified recombinant human IL-6 was purchased from R&D Systems, 

which also supplies this cytokine to NEN. Polyclonal rabbit anti-human 

IL-6 was purchased from Endogen, which reports that this antiserum does 

not cross-react with other cytokines. The antiserum was used at a dilution 

of 1:500 (1:1500 after the sample was added). The goat anti-rabbit 

second antibody, linked to magnetic particles, was purchased from AMI. 

The procedure was as follows: 

a. Samples of media were appropriately diluted 

in 0.01M PO, phosphate buffer at Ph 7.0, 

containing 0.1% alkali-treated casein 

(ATC), 0.1% sodium azide (NaN,), and 

0.025 EDTA. 100 ILl aliquots were 

incubated, in duplicate, with 50 ILl first 

antiserum (rabbit anti-human IL-6) overnight 

(14-20 hrs) at room temperature. For these 

experiments, medium was usually diluted 

1:76 for the RIA. 

b. Labelled IL-6 (10,000 cpm/ 50 ILl) was 

added for 4 hours. 

c. 250 ILl of the second antibody (goat anti

rabbit IgG) was mixed into each tube and 

incubated for 20 min. 



d. samples were centrifuged (3000 x rpm) for 

20 minutes, and supernatants were carefully 

aspirated. 

e. Pellets were washed with 500 JLl PBS with 

0.3% ATC, 1M NaCl, 0.1% NaN, and 

O.OlM PO, at Ph 7.0. The tubes were then 

re-centrifuged. 

f. Supernatants were removed, and pellets 

counted in a Packard Cobra gamma counter. 

This assay detected 5-300 pg IL-6/ 0.1 ml, 

with an EC, of 35-50 pg/ 0.1 ml, which 

compares quite favorably with the AMI kit 

(range 5-200 pg/ 0.1 ml, EC, variable 

between about 50 to 80 pg/ 0.1 ml) 

Pierce BCA Protein Assay: 

19 

1) The concentrations of cellular protein were measured using the Pierce 

BCA Protein Assay. This reagent system combines the reaction of protein 

with Cu+l to yield cu•1 in an alkaline medium, with a highly sensitive 

detection reagent (BCA) for the cuprous ion. Thus a method for 

spectrophotometric determination of protein concentration was used, and 
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this had the advantage of being adaptable to several concentration ranges. 

Briefly, this procedure is as follows: 

a. A standard curve was constructed from protein standards supplied 

by the manufacturer. This step may be performed in test tubes, or 

in 96-well plates, depending upon protein concentrations 

anticipated in the samples. The usual range in test tubes was 20-

300 JLg/ml, or in the microtiter plates 50-500 Jlglm!. 

b. Standards and samples were incubated with the BCA detection 

reagent according to manufacturers protocol. For test tube assay, 

0.1 ml samples were incubated with 2 ml reagent for 30 minutes 

at 37'C. Using the 96 well microplates, 10 JLl of sample was 

incubated with 200 Ill of reagent at 37"C for 2 hours. 

c. After the time appropriate to the test method, color development 

was determined spectrophotometrically at 562 nm. For test tubes, 

the Shimadzu UV-160U spectrophotometer was used; for the 

microtiter plates, we used the Thermomax from Molecular 

Devices. 



21 

STATISTICAL ANALYSIS: 

Statistically significant differences among experimental groups were determined 

analysis of variance (ANOVA), followed by Duncan's Multiple Range Test. The 

StatGraphics program was used for these calculations. Differences were considered to 

be significant if P < 0.05. 

,. 



RESULTS 

The protocol generally used for all cell culture experiments is shown in Figure 

1. When plated at 6x10' cells/well into 24 well plates in phenol red-free, low serum 

medium with RSII, HGF usually became confluent after 3-4 days. Cell monolayers were 

rinsed with phenol red-free HBSS between treatments. The first steroid treatment, herein 

called the pretreatment period, followed a serum-free day. The length of pretreatment 

varied among experiments. At the end of pre-treatment the cells were rinsed, then 

changed to fresh medium ± steroid and subsequently challenged with IL-1/1. At the end 

of the 24 hour stimulation, the supernatants were collected from the wells for estimation 

of IL-6 production via RIA. Also, the cells were solubilized and protein content was 

determined using the Pierce protein assay. 

1) IL-18 stimulation 

Our initial efforts were to determine the concentrations of IL-1/1 stimulatory for 

IL-6 production by HGF in our system. The cells were grown to confluence in 4% FBS, 

then exposed to a serum-free day. Fresh medium was then added with varied 

concentrations oflL-1/1 (0.1, 1.0, 5.0, 10 ng/ml) for 48 hours, then harvested for assay. 

Figure 2 shows the results from an experiment using a single male cell line and 

performed in the presence of 2.5xlO·'M hydrocortisone (HC). Analysis revealed that all 

22 



Figure I. Experimental Summary 

The general experimental protocol involved: 1) 6x10' HGF plated per well, in 24 well 

plates, then grown to confluence; 2) a 24 hour serum-free medium phase; 3) pretreatment 

of cells with steroids (e.g. progesterone, hydrocortisone) for 24-72 hours; 4) stimulation 

of cells with IL-1(3 (10 p.l!well; final concentration usually JIY'M) in fresh medium for 

24 hours; 5) harvest of cells for protein and medium for determination of IL-6 via RIA. 

,. 
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Figure 2. Dose response curve for IL-18 stimulation oflL-6 in the presence ofHC. 

SF medium containing 2.5xl(J7M HCwas present for 48 hours (pretreatment). /L-1{3 was 

added (10 p.l/ well) after medium was refreshed, and the experiment was harvested after 

24 hrs. Using controls containing PBS ± BSA, the solutions used in diluting /L-1{3, we 

systematically evaluated the effects of IL-l {3 dosage upon stimulation. Estimation of /L-6 

production showed all controls produced barely detectable amounts, while the 

experimental groups (0.1 - 10 nglml) revealed a dose-dependent stimulation of IL-6 

production by IL-l {3. Statistical analysis found this stimulation to be significant 

(P < 0. 05) at all concentrations relative to controls, with significant differences between 

p 
concentrations identified by paired letters. (Striped bar = 4/group; open bar represents 

+SEM.) 
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IL-l~ concentrations were significantly stimulatory (P < 0.05) for IL-6 when compared 

both to controls, and in fact there was a dose-dependent response with maximal 

stimulation seen at approximately 5 ng/ml (3xlO·'"M). 

During the course of experimentation, it was discovered that the presence of 

hydrocortisone was inhibitory for IL-6 production. This was verified by our repetition 

of the IL-l~ dose response in the absence of HC. Using a similar protocol, our results 

again demonstrated a dose-dependent stimulation for IL-6 production by IL-1~ (Figure 

3). However, the magnitude of this significant response was elevated approximately 10 

fold by the absence of HC from medium. For example, when comparing IL-6 

production in response to 0.1 ng/ml IL-W (0.5xlO·"M) both in the presence and absence 

of HC, the response in the absence of HC resulted in almost 900 pg IL-6/ !Lg protein, 

compared to less than 80 pg//Lg protein in the presence of 2.5xH!'M HC. Thus, when 

comparing IL-l~ stimulatory potential, both with and without HC, IL-6 production in the 

absence of HC is nearly 10 fold higher at one tenth of the IL-1~ concentration than that 

seen in the presence of HC (compare Figs. 2 and 3). For purposes of comparison, the 

data in Figures 2 and 3 were replotted in Figure 4; the IL-6 response is shown as "fold 

increase in IL-6 over control." Using these results, a sub-maximal dosage (0.2 ng/ml) 

was chosen for future experiments, to more accurately mimic the scenario of 

inflammation seen in vivo. 

Once a sub-maximal dose of IL-l~ stimulatory for IL-6 production had been 

established in the absence of HC, we then determined an effective period of time 

necessary to detect IL-6 production. This involved challenging confluent cells with IL-l~ 



Figure 3. /L-18 dose response in the absence ofHC. 

After the serum-free day, cells were incubated 24 hrs in SF DMEM (without HC) and /L-

1{3 doses. A dose-dependent stimulation of /L-6, significantly different from control 

(P < 0.05) was seen for all groups. In addition, "the experimental means were 

significantly different from each other. Note the difference in the scale of the Y axis, 

compared to Figure 3. Maximal /L-6 release was consistently 10-fold higher than that 

seen in the presence of HC. (Striped bar = 4/group; open bar represents +SEM.) 
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Figure 4. Fold stimulation over control by IL-16 for 1L-6 in the presence or absence of 

HC. 

A comparison of the same data seen in Figures 2 and 3, presented as fold stimulation 

above control. Data shows that relative to unstimulated controls, maximal stimulation 

of IL-6 production occurred at a ten-fold higher IL-1(3 concentration in the presence of 

HC. 
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for fixed periods ranging from 6 to 48 hours. Analysis of IL-6 production demonstrated 

a significant time-dependent increase in IL-6 production (Figure 5). IL-6 production was 

nearly linear up to 24 hours; although IL-6 production increased further by 48 hours, the 

rate of production appeared to be decreased during the second 24 hour period. Thus the 

use of 0.2 ng/ml IL-ltl for 24 hours, yielding a sub-maximal production of IL-6, was 

established as the standard for stimulation in our system. 

2) Inhibition of IL-6 production by glucocorticoids. 

The dose-dependent inhibitory effects of glucocorticoids in experimental medium 

were explored further using varied concentrations of HC, as well as the synthetic 

glucocorticoid, dexamethasone (DEX). Incorporating increasing doses of steroid into 

medium resulted in a dose-dependent inhibition by both steroids of IL-6 production 

(Figures 6A and 6B). Inhibition by HC became significant compared to control at HJ'M 

(p < 0.05), with an·estimated EC, of 5.6xlO·'M. For DEX, inhibition was significant 

compared to control at 10'11M, with a calculated EC, of 4.5xlo·•'M. When superimposed 

on the same figure (Figure 6C), the glucocorticoid inhibition of IL-6 production resulted 

in parallel curves.· In this system, DEX was approximately 12 times more potent than 

HC at inhibiting IL-6 production. 



Figure 5. Time course of!L-6 production by HGF. 

After the serum-free day, fresh medium was added to confluent cells, and /L-1{1 

(0.2 nglml) was added at 48, 42, 30, 24, 18, 12 and 6 hrs before harvest. All wells 

were harvested at the same time. Production of IL-6 was time-dependent after 

stimulation with IL- I {J. Twenty-four hours stimulation produced significant IL-6 release 

by HGF. (n = 4/group) 

,. 
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Figure 6 (a-c). Hydrocortisone and dexamethasone inhibit HGF production of/L-6 in 

response to IL-l B challenge. 

Increasing doses of HC (A), or DEX (B), were included in SF DMEM for 48 hrs using 

confluent pooled female cells; cells were then washed, and IL-1(3 (0.2 nglml) was added 

in fresh glucocorticoid-containing medium. Cells and medium were harvested after 24 

hrs. The EC,. for HC was 5. 6xJO'M, and for Dex was 4.5x'"M. Statistical analysis 

revealed significant differences between all groups with HC. In 6b, while paired letters 

demonstrate significant differences found between groups containing various DEX 

concentrations (Striped bar = mean of 6/group; open bar represents +SEM.). In 6C, 

the same data is presented as a comparison of inhibition of IL-6 by HC and DEX. Where 

standard error bars are not seen, the error was with in the symbol area. 
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3) Effects of pre-treatment on IL-6 production 

Because steroid receptors are easily up- and down-regulated, it was necessary to 

establish how long the confluent cells needed to be exposed to progesterone before effects 

on IL-6 production were detectable. The effects of using no pre-treatment with steroids 

were investigated using a single male line of HGF. We exposed cells in one plate to 48 

hours of pre-treatment with several doses of progesterone, and a second plate received 

no pre-treatment. At 48 hours, both plates were changed to fresh steroid, and the cells 

were stimulated with IL-1/3 for 48 hours. There was a dose-dependent inhibition of IL-6 

production by HGF exposed to a pre-treatment at 1Q·'M and 10-'M progesterone (P < 

0.05). However, in those not pre-treated there was negligible inhibition (Figure 7). , 

We also investigated the effects of refreshing the medium daily during the pre

treatment, compared with the effects due to progesterone if medium was unchanged. 

Using pooled male cells, concurrent pre-treatments were initiated on two plates. One 

plate consisted of the standard 72 hour application of progesterone, while the other plate 

was rinsed and placed into fresh steroid containing medium at 24 hour intervals for three 

days. At the end of 72 hours, both plates were rinsed, changed into progesterone in 

medium, and stimulated with IL-1/3. A dose-dependent inhibition of IL-6 production was 

seen with both methods of pretreatment, with slightly less inhibition seen when the 

medium was changed (Figure 8). However, when compared to control, statistical 

analysis revealed that significant inhibition occurred at 10-'M progesterone, whether or 

not the medium was changed daily. 



Figure 7. Pretreatment with progesterone modulated the IL-6 response to IL-18. 

Cells were pretreated for 48 hrs + 1- progesterone, then transferred to fresh medium with 

progesterone plus 1L-1{3 for 48 hrs. With pre-treatment, there was a significant dose

dependent inhibition in 1L-6 production relative to control. In the non-pretreated groups, 

significant inhibition was not found. Paired letters represent significant differences 

between treatments. (n=41group) 
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Figure 8. Comparison ofprogesterone in 72 hour pre-treatment phase: changed (24 

hour x 3) versus unchanged steroids. 

Using pooled male cells, a 72 hour pretreatment phase with progesterone in Sf DMEM 

was followed by a 24 hour stimulation in IL-1{3. One 24 well plate was pretreated then 

incubated unchanged for 72 hours, while in a second plate, steroids in medium were 

changed at 3 separate 24 hour intervals. ln both plates there was a significant dose

dependent inhibition of IL-6 production compared to control. With the exception of the 

controls and at J()' M progesterone, there were no significant differences between 

treatment with equal progesterone concentrations. Paired letters signify significant 

differences between experimental concentrations. (n=4/group) 
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4) Effects of SF medium with EGF and pre-treatment on IL-6 production. 

Defmed serum-free medium may contain a number of growth factors to augment 

cell growth and proliferation (Barnes & Sato, 1980). EGF has been shown to enhance 

the growth of fibroblasts in cell culture (McKeehan, 1982), and thus was a component 

of our Sf medium. Reports have suggested, however, that the action(s) of certain growth 

factors may modulate classical steroid hormone receptors. The activation of some 

peptide receptors by their ligands can lead to activation of steroid receptors, a 

communication designated as functional "cross-talk". Ingnar-Trowbridge et al. (1992), 

using ovariectomized mice, demonstrated potential cross-talk between estrogen receptors 

and EGF, and suggested that EGF may induce effects similar to those of estrogen. 

To better understand the possible effects of EGF in our system, we plated two 

separate plates using the same female line of cells; once they were confluent we 

examined the effects on IL-6 production of a Sf period with or without EGF (10 ng/ml). 

After 24 hours Sf, the cells were pre-treated with a range of progesterone doses for 48 

hours. The cells were then rinsed, fresh steroid was added, and the cells were stimulated 

with IL-1fj (0.2 ng/ml) for 24 hours. Analysis of IL-6 production revealed (Figure 9) 

that in the absence of EGF there was a significant (P < 0.05) dose-dependent inhibition 

of IL-6 production by progesterone compared to control, with an EC,. of 4.2x10""M. 

Those cells exposed to EGF in the Sf period showed progesterone-induced inhibition of 

IL-6 that was significant at 5x10-"M, with a projected EC,. of 2.5xl0-"M. A comparison 

of these results suggested that in the absence of EGF, a greater concentration of 



Figure 9. Effects of EGF in Sf medium on IL-6 production in progesterone-containing 

medium. 

Confluent female cells were treated with serum-free medium with or without EGF 

(10 nglml) for 34 hours. After a 48 hour pre-treatment period with varying 

concentrations of progesterone, the cells were rinsed, exposed to fresh steroids and 

stimulated with JL-(3 (0. 2 nglml) for 24 hours. Without EGF on the serum-free day there 

was a significant (P < 0. 05) dose-dependent inhibition oflL-6 production compared to 

the control, with an EC,0 of approximately 4.2x.J()'M progesterone. When EGF was 

present on the serum-free day, the similar dose-dependent inhibition of IL-6 was 

significant at 5xJ()'M progesterone with a predicted EC,0 of lxl()'M. · There were 

significant differences between all EGF/ non-EGF groups at each progesterone 

concentration. (n=41group) 
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progesterone was required to equal the_ inhibition of IL-6 production seen in medium with 

EGF. The data suggested that EGF made cells more sensitive to progesterone induced 

inhibition of IL-6. It is important to note however, that regardless of growth factor, 

inhibition of IL-6 production occurred in the presence of progesterone. 

5) Progesterone dose response. 

Having established a protocol for the examination of the production of IL-6, we 

investigated the quantitative effects of progesterone using HGF. We examined the 

variables of steroid concentration and the length of time exposed to steroids (pre-

treatment). Using a single male line of confluent cells, we used steroid pretreatment for 

intervals of 24 to 72 hours. Results at 24 hours were quite variable, and are not shown. 

With forty-eight hours pre-treatment, there was a dose-dependent inhibition of IL-6 

production (Figure 1 OA). This inhibition was significantly different from the control at 

concentrations equal to or greater than 5x1Q-'M progesterone. 

This protocol was repeated using HGF pooled from 3 different lines of female 

cells, with a 72 hour pretreatment followed by a 24 hour stimulatory phase. A dose-

dependent inhibition of IL-6 production was seen, and compared to the control, revealed 

significant reduction of IL-6 at concentrations at or above 1Q·'M progesterone (Figure 

JOB), with an EC, of approximately 2.7xlO·'M. 

Similar experiments have been repeated many times, with single cell lines and 

pooled cells. Although the quantitative production of IL-6 (pg/ p.g protein) varied 



Figure 10 (A-C). Dose-dependent response of!L-6 production by HGF to ditferent times 

in pretreatment with progesterone. 

A. Using confluent cells from a male line, several concentrations of progesterone were 

tested for effects on IL-6 production. The pretreatment period was 48 hours; the cells 

were washed and IL-1{3 (0. 2 nglml) was added in fresh steroid-containing medium. Plates 

were harvested at 24 hours. IL-6 results demonstrated a dose-dependent inhibition, 

which was significant relative to control (P < 0. 05) at concentrations equal to or greater 

than 5xlo-&M (shown with asterisks). Paired letters (a) represents a significant difference 

between these two groups. (Striped bar = 4/group; open bar represents +SEM.) 

B. A similar dose-dependent comparison was made using a pretreatment period of 72 

hrs, before IL-l {3 (0. 2 nglml) was added in fresh medium. Cells were pooled from 3 

female cell lines. A dose-dependent inhibition was statistically different from control 

(P < 0.05) at and above 10·9M progesterone. Paired letters signify significant 

differences between groups. (Striped bar = 4/group; open bar represents +SEM.) 

C. This graph represents a combination of results seen in Figure JOB, with those of 

Figure 6C. The dose-dependent inhibition produced by the glucocorticoids is similarly 

seen with progesterone, with the EC50 for progesterone estimated at 2. 7xl(f7M. Note the 

inhibitory parallelism between steroids, suggesting a potential use of same receptor(s). 
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somewhat among cell lines, the inhibiting effects of progesterone have been reproduced 

in HGF from both sexes. Representative examples of such experiments are shown here 

(Figures lOA & JOB). 

When the pattern of dose-dependent inhibition was compared to that resulting 

from the glucocorticoids, a pattern of parallel curves was seen (Figure JOC), suggesting 

the possibility that the progesterone could be acting via the glucocorticoid receptor. 

This possibility was further investigated using pooled female cells. These were 

exposed to a 72 hour pre-treatment period, with cells receiving either progesterone, HC 

or both steroids in several combinations. In some groups we used a single dose of 

progesterone, previously determined to inhibit IL-6, and added increasing doses of HC. 

Conversely, we used. a low dose of HC, which we had a1so shown to inhibit IL-6, and 

added increasing progesterone doses. The cells were rinsed, then placed into fresh 

steroids in medium and stimulated with IL-1{3. After 24 hours the cells were harvested 

for assay. The addition of increasing concentrations of HC into medium with 4xHJ'M 

progesterone dramatically increased the degree of inhibition of IL-6 production. With 

progesterone only, the IL-6 production was 35% inhibited, and this inhibition was dose

dependently increased to 65% by HC additions. However, when selected levels of 

progesterone were added to medium with lO·'M HC, the resnlts showed a smaller 

increase in inhibition ofiL-6 production; with lO'M HC, IL-6 production was about 27% 

inhibited, and the addition of progesterone up to 4x10-'M only increased inhibition up to 

35% (Figure llA). Analysis revealed significant inhibition of IL-6 (P < 0.05) in all 

groups compared to control, but to a smaller degree .in the_ groups with a fixed HC _ 
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dosage, coupled with varied concentrations of progesterone. Evaluation of the respective 

percent inhibition of IL-6 production demonstrated a less than totally additive effect 

(Figure llB). 



Figure 11. Effects of progesterone with or without HC on IL-6 production in HGF. 

A. Progesterone and hydrocortisone both decrease IL-6 production, but their effects are 

not totally additive. After a 72 hour pretreatment with progesterone, HC or both 

steroids, medium was refreshed and IL-1{3 (0.2 nglml) was added for a 24 hour period. 

Addition of increasing HC concentrations to a fixed progesterone concentration (4xl(}'M) 

further decreased IL-6 secretion; however, additional progesterone had less effect on HC 

(109M) inhibition of IL-6 production. Statistical analysis revealed that all steroid 

concentrations, when compared to the control, significantly inhibited IL-6 production 

(P < 0.05). Furthermore, within the experimental groups, there were significant 

differences between all progesterone (4xlO'M) plus HC combinations, while significant 

differences for HC (109M) plus progesterone are represented by paired letters (a). 

B. Evaluation of results as a % control are shown for both experimental groups. 

Individual steroid doses, expressed as %controls, were 35% inhibition for progesterone 

and 27% inhibition for HC. (Striped bar = 5/group; open bar represents +SEM.) 
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DISCUSSION 

The study of periodontal pathogenesis has begun to focus on immunological 

mechanism(s), in an attempt to determine host susceptibility and to predict potential 

therapeutic alternatives. Current information suggests a link between the host and 

bacteria, which is mediated by cytokines (Genco, 1992; Van Dyke eta!., 1993). The 

putative effects of progesterone on IL-6 have been investigated herein as a possible 

explanation of why many women are disposed to the development of clinical gingivitis 

during pregnancy. 

The entire sequence of reactions of the immune response is not fully understood. 

It is believed that products from both bacteria and/or the host stimulate the production 

of cytokines, including IL-l and IL-6. In vitro studies have shown that HGF are capable 

of producing many cytokines when stimulated with LPS, IL-l or TNF ( Le eta!., 1987; 

Takada, 1991; Hirano & Kishimoto, 1990). Unfortunately, much of the existing research 

has failed to control for serum in the culture media, which doubtless plays a role in 

modulating cytokine production. A classic example of the stimulatory potential of one 

cytokine for another, and the problems encountered in using FBS, is seen in the Bartold 

& Haynes (1991) report. These workers found that in they could stimulate cultured HGF 

with IL-1{3 and obtain measurable amounts of IL-6 in serum-containing medium. In the 

absence of FBS or IL-1{3, a small basal level of IL-6 production was detected. This level 
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was stimulated two fold by the addition of only 10% FBS into medium, a fmding that 

is consistent with the reports of Barnes & Sato (1980), who reported in vitro alterations 

in secretion due to components in FBS. It was apparent that components of FBS were 

responsible for increasing IL-6 production by these cells. 

Having noted these reports, we directed our initial efforts towards establishing a 

defmed medium which allowed for stimulation of IL-6 production in HGF, without the 

additive effects of FBS are noted above. We report here that in a defmed, Sf medium, 

exposure to IL-l~ (0.2 ng/ml = l0"11M) led to significant IL-6 production. The low 

level of basal IL-6 detected in our unstimulated controls thus cannot be attributed to FBS 

containing undisclosed amounts of steroids, cytokines and other growth factors (Barnes 

& Sato, 1980). This defmed system allowed us to make use of a repeatable 

concentration of a confirmed stimulant (IL-l~) at a submaximal dose (0.2 ng/ml), so as 

to mimic the chronic inflammatory stimulus seen in pregnancy gingivitis. 

Hydrocortisone is typically· regarded as a basic hormonal component of defmed 

medium for gingival cell cultures (Walthall & Ham, 1981). It can, however, inhibit 

fibroblast proliferation (Noyes, 1973), and reportedly binds with EGF, which also affects 

the growth of fibroblasts (McKeehan, 1982). It has also been shown that corticosteroids 

can inhibit the production of several cytokines. In monocytes for example, 

corticosteroids have been reported to effectively decrease the levels of MRNA for IL-l 

and TNF (Beutler eta!., 1986; Lew eta!., 1988). Furthermore, Knudsen eta!. (1987) 

demonstrated in monocytes that DEX was capable of suppressing IL-l synthesis by 
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decreasjng the levels of MRNA, as well as by blocking post-transcriptional IL-l via 

increased levels of CAMP. 

During the course of our experimentation we found that use of the 

glucocorticoids, e.g. dexamethasone and hydrocortisone, was inhibitory for IL-6 

production. Upon further investigation, we found that a dose-dependent inhibition of IL-

6 production was produced by both DEX and HC, with DEX being almost 12-fold more 

inhibitory. This fmding of inhibition is in agreement with that of Waage eta!. (1990) 

who, using human fibroblasts, reported a similar dose-dependent inhibition of IL-6 

production by cortisol and DEX. The mechanism of inhibition was evaluated using the 

synthetic steroid RU 486, a known antagonist for glucocorticoids. RU 486 competed 

with DEX for the glucocorticoid receptor and, when both were used simultaneously, 

reversed the inhibitory effects of DEX on IL-6 production. Therefore it was concluded 

that the inhibitory effects of corticosteroids on IL-6 production were mediated by specific 

binding of steroid to its receptor. 

With the establishment of a controlled system, using a defmed serum-free medium 

without HC and stimulated by IL-1{3, we have demonstrated that progesterone produced 

a significant dose-dependent inhibition of IL-6. This inhibitory potential of these steroids 

on IL-6 production has possible implications related to the ability of the host's immune 

system to respond to an infectious challenge. For example, it is important to recognize 

that IL-6 functions in promoting growth and differentiation of B-cells (Hirano et a!. , 

1986) and induces the production of acute-phase proteins by the hepatocytes (Gauldie, 

1987). Thus to restrict the activities of IL-6 could contribute to a state of reduced 
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immunological response. Regarding pregnancy, it has been suggested that progesterone 

might play a significant role in inducing such a state of reduced immune responsiveness, 

but the exact mechanism has not been established (Ojanotko-Harri, 1991; Szekeres-

Bartho, 1992). Earlier speculation included the concept of "hormonal blocking factors" 

where supraphysiological doses of progesterone were thought to inhibit an in vitro 

response to nonspecific mitogens (Stites et a!., 1983). Sridama eta!. (1982) found a 

decrease in the absolute number of helper T-cells (T4+) throughout pregnancy, with a 

return to normal at post-partum. These investigators concluded that in normal pregnant 

women, a decreased cell-mediated immune response existed, and this decrease in T4+ 

could be a result of steroidal changes, e.g. progesterone, corticosteroids, estrogen, which 

have been shown to induce a state of immunosuppression in vitro, although the 

mechanism is not known (Lawrence eta!., 1980). 

It has been shown that progesterone and corticosterone can bind with each other's 

receptors (Loose & Feldman, 1982), and that both have been shown to inhibit T-cell 

formation and activation by blocking IL-l induced proliferation (Stites & Siiteri, 1983). 

The possibility of shared receptors is in agreement with our work here, where we saw 
~-

a parallel and dose-dependent inhibition of production of IL-6 in vitro for both 

progesterone 'and the glucocorticoids. If each steroid acted through its own unique 

receptor, then one would expect that their individual products of inhibitory effects would 

be additive. When we compared the percent inhibition from 4x1Q-'M progesterone and 

from 1Q·'M HC (Figure llB), we found the IL-6 production to be 35% and 27% less 

than that for the control, respectively. If both steroids had used different receptors, then 
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their additive reduction in IL-6 production would have been 62% of the control. 

However, we found that these combined hormones reduced IL-6 by only 42%, thus 

suggesting the possibility that the steroids might compete for some of the same receptors. 

Additionally, our evidence supports differences in receptor affinity for each specific 

steroid, as is evidenced by the differences in half-maximal inhibition (EC;.). 

The demonstration that progesterone can inhibit IL-6 production is significant due 

to the progressive increase in serum hormone concentrations throughout pregnancy, and 

suggests a potential point of modulation in gingival inflammation. Our fmding of 

reduced IL-6 due to progesterone is consistent with that of Petersson et a!. (1994) who 

measured levels of IL-6 and antibody responses in acute pyelonephritis during pregnancy. 

Using non-pregnant females as controls, these workers measured IL-6 in urine and serum 

samples. These workers reported that serum antibody response (lgG, IgA, IgM) was 

significantly lower (P < 0.01) in the pregnant group with pyelonephritis. The IL-6 

levels in both urine and serum were significantly higher (P < 0. 05) in the non-pregnant 

compared to pregnant women with this inflammatory disease. They concluded that the 

immunosuppression of pregnancy includes the reduction in IL-6 response and the 

inhibition of specific antibody response. 

Further confirmation of the effect of IL-6 on the immune response has been 

recently developed in vivo comparing "knock-out" mice, in which the gene for IL-6 

production was rendered non-functional, to normal mice (Ramsay eta!., 1994). It was 

reported that the presence of IL-6 increased the number of specific lgG and IgA anti

body-secreting cells three to four fold when compared to the experimental group which 
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lacked IL-6. These fmdings of impaired immunoresponsiveness are also supported by 

Kopf et al. (1994) who, using a protocol similar to Ramsay et al. (1994), found that in 

IL-6 deficient mice there was a reduction in mucosal IgA response, which was returned 

to normal with local application of IL-6. The IgG response was reduced, and there was 

a 3-10 fold decrease in production of cytotoxic T-cells (CDS+) in the experimental 

groups when compared to control. These results dramatically support a role for IL-6 in 

mediating humoral as well as cytokine responses. 

The progesterone-induced reduction of IL-6, as has been reported in this thesis, 

may play a significant role in suppressing certain immunoglobulins that are typically seen 

in association with gingival inflanunation. A common immunologic profile of the 

chronically inflamed soft tissues shows a predominance of IgG followed sequentially by 

IgA (Gross et al., 1979; Ogawa, 1989). Since one of the key roles that IL-6 plays is 

in terminal differentiation of B-cells, if the production of this cytokine were inhibited, 

it could diminish local antibody production. In addition to altering the direct effects of 

B-cell produced antibodies on antigen, a reduction in available antibody serotypes may 

further weaken the host defenses by reducing the potential for complement activation. 

For example, as reported above, Kopf et al. (1994) noted a decrease of IgG in the 

absence of IL-6. This could lead to a reduction of IgG subclasses, such as IgG1 and 

IgG3, which could alter trigger effector functions. Most notably the Fe portion of both 

IgG1 and IgG3 has a strong affmity for complement, and after the immune complex 

formation with antigen, these immunoglobulins activate the classical complement 
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pathway. Inhibition of IL-6 secretion therefore, could lead to both direct and indirect 

effects on immune-related actions. 

Unlike the IgG serotypes, the IgA1 and IgA2 effector functions are less defined. 

Nevertheless, it is known that IgA is protective against invading microorganisms and is 

a first line of defense against colonization of the mucosal surfaces. These protective 

actions include direct killing, preventing attachment and invasion, agglutination, 

inactivation of bacterial enzymes, opsonization and cell-mediated killing (Childers eta!., 

1989). These effects would suggest that a local inhibition of IL-6, a known factor in B

cell terminal differentiation, would be a factor in reducing mucosal immunity, as was 

seen with the "knock-out" mice. 

It has been suggested that reduction in IL-6 could lead to decreased inflammation, 

as is the result when systemic glucocorticoids are used to treat inflammatory conditions. 

However, such steroid treatments inhibit immune responses at several points: inhibition 

of the cyclooxygenase pathway leading to production of prostaglandins (Offenbacher, 

1993); inhibition of IL-l and TNFa (McGuire, 1989); stabilization of lysosomal 

membranes and subsequent reduction in release of proteolytic enzymes (Adeka, 1989); 

decrease in chemotaxis and phagocytosis of macrophages (Guyton, 1991); decrease in 

capillary permeability, etc. (Page, 1991). Thus the inhibition of IL-6 production 

demonstrated herein represents only one point of modulation; other control sites may not 

be similarly affected by progesterone. In addition, since many cytokine responses are 

sequential in appearance, and lead to other cytokines being produced or inhibited, it is 

possible that the failure of IL-6 to be produced in sufficient concentrations locally may 
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result in a _failure of a negative feedback to occur, such as would usually result in 

resolution of a local inflanunation. Such a hypothesis is supported by Tilg eta!. (1994), 

who suggested that IL-6 may be viewed as an anti-inflanunatory cytokine because it 

induces the synthesis of IL-l receptor antagonist and the release of soluble TNF 

receptors, both of which decrease the inflanunatory response. 

In conclusion, the altered imrnunoregulation which occurs in pregnancy does not 

necessarily lead to a generalized state of systemic infections. However, during 

pregnancy there are reports that typically non-virulent concentrations of bacteria or 

otherwise normal flora can actively induce a state of localized inflammation (Stenquist 

eta!., 1989). In pregnancy gingivitis there appears to be a condition wherein the host's 

ability to mount an immune response to potential pathogens is impaired. This may 

involve modulation of the host's antibody production and/or activation of the complement 

cascade. Inhibitory effects on the cell-mediated and/or humoral defenses of pregnant 

women could lead to a chronic condition which is manifest clinically as an exaggerated 

state of inflammation, e.g. pregnancy gingivitis. It is at the point of inflanunatory 

mediation by IL-6 that we propose that one site of modulation by progesterone occurs. 



SUMMARY 

The primary objectives of this study were the following: (1) to effectively 

establish a reproducible system for stimulation of HGF with controlled sub-maximal 

concentrations of IL-1/3 in a defined serum-free medium; (2) to evaluate the putative 

modulation by progesterone on IL-6 production by HGF. A secondary objective was to 

evaluate the effects of corticosteroids on the production of IL-6 by human gingival 

fibroblasts. 

Human gingival fibroblasts were cultured from explants of clinically healthy 

gingival tissue. Cultures of 6x10' cells/well were plated and grown to confluence. These 

cells were exposed to serum-free medium for 24 hours, then pre-treated with known 

concentrations of steroids in serum-free medium. At the end of pre-treatment, the 

medium was refreshed, and the cells were then challenged with IL-1/3 (0.2 ng/ml = 

1Q·"M) for 24 hours. The supernatants were collected for estimation of IL-6 content via 

RIA, and the cells were solubilized for protein determination. 

Our results indicated that, relative to IL-6 production, there existed a dose

dependent response by HGF to stimulation with IL-113. Furthermore, this stimulation 

was time-dependent, allowing us to establish a period of time (24 hours) that was 

adequate to demonstrate IL-6 production, while using a sub-maximal dose (0.2 ng/ml) 

that more closely mimics the chronic inflammatory condition. Our results also showed 
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a statistically significant, dose-dependent inhibition of IL-6 production by progesterone, 

that was affected by the length of pre-treatment exposure to steroid(s). This is the first 

known documentation of the inhibitory effect of progesterone on IL-6 production by 

HGF. Additionally, inhibition of IL-6 production resulted from the addition of 

hydrocortisone to Sf medium. Similar to progesterone, the glucocorticoids HC and DEX 

effected a dose-dependent inhibition of IL-6 production by HGF, and in fact 

demonstrated a stronger potential for inhibition than did progesterone. Preliminary 

comparisons suggest that this inhibition might be, in part, a product of the 

glucocorticoids and progesterone acting via the same receptors. 

Our data demonstrated that use of IL-1{3, in a serum-free environment, can 

effectively induce IL-6 production in HGF. Our fmdings support the hypothesis that 

elevations in progesterone during gestation might reduce the IL-6 production in oral 

tissues, thus contributing to a reduction in the local immune response. In addition, our 

data suggest that a possible mechanism by which progesterone could inhibit IL-6 

production may include the corticosteroid receptors. 
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