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I . INTRODUCTION 

A. Statem~nt of the Problem 

It has been demonstrated that type I diabetics have a 

more severe periodontitis than non-diabetic controls (Cohen 

et al. 1970, Rylander et al. 1987, dePommereau et al. 1992, 

Ciancola et al. 1982, Glavind et al. 1968, Karjalainen et 

al. 1994, Pinson et al. 1995). Cianciola (1982) found a 

9.8% rate of periodontal disease in insulin-dependent 

diabetes mellitus (IDDM) patients (11-18 yrs. of age) 

compared to 1.7% in non-diabetic controls. It has also been 

noted that young insulin-dependent diabetics (19-25 yrs. of 

age) displayed earlier deterioration of gingival and 

periodontal health than their non-diabetic peers, (Rylander 

et al. 1987) and that the prevalence of periodontal disease 

increases with increasing severity of diabetic complications 

(Karjalainen et al. ·1994). Neutrophil chemotactic 

deficiencies have been detected in IDDM patients (Hill et 

al. 1974, Molenaar et aL 1976, Tater et al. 1987) as well 

as rapidly progressive (Page et al. 1984) and localized 

juvenile periodontitis (LJP) patients(Clark et al. 1977, Van 

Dyke et al. 1980, 1982, Suzuki et al. 1984). Some evidence 

supports the concept of an altered monocytic secretory 

profile in IDDM patients (Yalda et al. 1994, Offenbacher 
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et al. 1994, Molvig et al. 1988, Molvig et al. 1990, Molvig 

1992), and this may have a genetic component. The purpose 

of this study is: 1) to evaluate monocyte IL-8 production 

in insulin-dependent diabetics and determine if there is an 

association between decreased neutrophil chemotactic 

function and altered IL-8 production; 2) to assess if 

altered IL-8 production is associated with specific HLA

Class II_ alleles, glucose metabolism, and periodontal 

status. 

B. Review of Related Literature 

Evidence is mounting documenting .the existence of 

abnormalities in the immune system of type 1 diabetics. 

Some of these immune defects may predispose diabetics to 

periodontitis. A neutrophil chemotactic defect has been 

documented in diabetics and this could lead to a more severe 

periodontitis (Mowat and Baum 1971, Molenaar et al. 1976, 

Cutler et al. 1991). Reports suggest that the neutrophil 

chemotactic defect may be caused by decreased number of 

receptors in LJP (localized juvenile periodontitis) patients 

(VanDyke et al. 1981, VanDyke et al. 1983). More 

specifically, decreased number of binding sites to 

chemotactic agents fMet-Leu-Phe (VanDyke et al. 1981) and 

CSa (VanDyke et al. 1983). Alternatively, depressed 

neutrophil chemotaxis may be the result of diminished levels. 

of regulatory products which control neutrophil function. A 

monocyte product, interleukin-8 (IL-8), is a potent 
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activator for chemotaxis in neutrophils. Therefore, the 

rationale for undertaking this project is to ascertain if 

IL-8 production is altered in IDDM monocytes compared to 

non-diabetic race and gender matched control monocytes. 

IL-8 is a potent neutrophil chemotactic cytokine 

produced from various kinds of cells such as macrophages 

(Yoshimura et al. 1987, Colditz et al. 1989, Kristensen et 

al. 1991), fibroblasts (Kristensen et al. 1991, Larsen et 

al. 1989b, Mielke et al. 1990, Strieter et al. 1989b), 

endothelial cells (Kristensen et al. 1991, Strieter et al. 

1988, Strieter et al. 1989a, Schroder and Christophers 

1989), and keratinocytes (Kristensen et al. 1991, Larsen et 

al. 1989b, Barker et al. 1990, Nickoloff et al. 1991). In 

addition to the above cells, synovial cells, chondrocytes, 

several types of epithelial cells, and various tumor cells 

can also produce IL-8 (Baggiolini et al. 1989, Leonard and 

Yoshimura 1990) . Studies have shown that even neutrophils 

produce IL-8, in particular after phagocytosis (Bazzoni et 

al. 1991) . This would suggest a possible feedback loop 

serving as a mechanism for amplification of the immune 

response. 

Intradermal injection of IL-8 causes massive and long

standing accumulation of neutrophils. IL-8 has a distinct 

target specificity for the neutrophil and is implicated in 

promoting neutrophil activation and chemotaxis (Baggiolini 

et al. 1989, Yoshimura et al. 1987a, Schroder et al. 1987, 

Walz et al. 1987, Larsen et al. 1989b, Westwick et al. 



4 

198 9) . It also has been cite~ to regulate monocytes (Walz 

et al. 1991), basophils (Dahinden et al. 1989), and T-

lymphocyte functions (Larsen et al. 1989a). However, these 

effects are less pronounced than those reported on 

neutrophils. .Neutrophil recruitment dep_ends on chemotactic 

agonists that are synthesized and released at the site of 

inflammation. These include the anaphylotoxin csa formed 

upon complement activation via the classical or ·the 

alternative pathway (Mergenhagen et al. 1973), fMet-Leu-Phe 

(Schillerman et al. 1975) and other bacterial N-

formylmethionyl peptides, as well as two lipid metabolites, 

the arachidonic acid oxygenation product leukotriene B4 

(LTB4) and the alkyl phospholipid derivative platelet 
. 

activating factor (PAF) (Shaaf and Molski 1988). Human 

neutrophils express selective receptors for IL-8 comparable 

in number and affinity to those for CSa or fMLP. Reported 

strengths of these chemotaxins are as follows: CSa "" fMLP > 

·IL-8 > LTB4. 

Chemokines (chemotactic + cytokine') . ·are divided into 2 

sub-families (C-C vs. C-X-C), according to the spacing of 

conserved cysteine residues in the primary amino acid 

sequences (Kelvin et al. 1993). Members of the c-c 

subfamily, which lack the amino acid between the first 2 

cysteines, that have been identified include MIP-1a:, MIP-

lB, MCAF, and RANTES. The members of the C-X-C subfamily 

include IL-8, platelet factor 4, and B-thromboglobulin. The 
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first two cysteines are· separated by one additional amino 

acid in this sub-family. 

IL-8 reacts with neutrophils via 2 distinct types of 

IL-8 receptors (Rl and R2). Both types can. ·mediate 

chemotaxis, but IL-8-Rl is the predominant mediator of 

chemotaxis (Hammond et al. 1995; Holmes et al. 1991, Murphy 

and Tiffany 1991). IL-8-R2 is not as efficient. This 

represents a potential site for therapeutic intervention in 

inflammatory diseases marked by neutrophil influx. 

IL-8 is now considered to be a major chemotactic 

agonist for neutrophils in the inflammatory process. In 

monocytes and macrophages, IL-8 production is also induced 

by immune complexes and phagocytosis (Seitz et al. 1991). 

The most potent inducers of IL-8 are interleukin-1a (IL-1a 

) , IL-1B, and tumor necrosis factor-a (TNF-a), which are 

effective in many different cells (Baggioli'ni et al. 1989) . 

It is now known that human gingival fibroblasts (HGF) also 

produce IL-8 in significant amounts (Takashiba et al. 1992). 

IL'-8 was also recent·ly found to be in significantly higher 

levels in gingival crevicular fluid (GCF) of adult 

periodontitis patients vs. controls (Tsai et al. 1995). 

These elevated levels were reduced after scaling and root 

planing. Also, it was shown that IL-8 production by HGF is 

synergistically stimulated by specific cytokines, IL-1B and· 

TNF-a, and suggest that these stimulatory effects are down

regulated by interferon-gamma (IFN-y) at the transcriptional 

level through PGE2- independent pathways ( Takigawa et al. 
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1994) 0 This cytokine cascade (increased IL-8 production) 

may also be operative in hematopoietic cells, i.e. 

monocytes. 

Inflammatory products of the arachidonic ·acid pathway 

have been implicated in periodontal disease. For instance, 

elevated prostaglandin E2 (PGE2 ) in the gingival crevicular 

fluid.has been used as a predictor of periodontal attachment 

loss (Offenbacher et al. 1986) . Mononuclear cells from 

localized juvenile periodontitis (LJP) patients produced 

significantly more PGE2 than did controls, both 

constitutively and following in vitro stimulation with 

varying doses of Porphyromonas gingivalis lipopolysaccharide 

(LPS) (Shapira et al. 1994b). Recently, it was shown that 

monocytic production of PGE2 was three- to six fold greater 

in a group of IDDM patients than in (AP) adult periodontitis 

nondiabetic patients. Also, those within the IDDM group .. 
with·AP type III or IV (more severe periodontal disease) had 

significantly elevated levels of monocytic PGE2 secretion 

compared with IDDM patients with AP 'type I or II (mild. or 

moderate periodontal disease) (Yalda et al. 1994, 

Offenbacher et al. 1994). Besides PGE21 cytokines such as 

IL-lB, TNF-a and many others have.been studied in relation 

to periodontal disease. Increased concentration of IL-lB 

was found in gingival tissues. of periodontitis patients but 

not in normal gingival tissues (Honig et al. 1989). 

Therefore, these inflammatory products, which can cause bone 



resorption and other pro-inflammatory responses, are 

important as markers for periodontal tissue breakdown. 

An association between a known genetic marker and a 

disease offers a mechanism to identify. individuals at a 

greater risk for developing a disease. Studies have 

suggested that particular human leukocyte antigen (HLA) 

genes predispose individuals to developing rheumatoid 

arthritis, systemic lupus erythematosus, and various other 

autoimmune diseases. The incidence of developing rheumatoid 

arthritis was 10 times as great as the general population if 

they possess the HLA-DR4 gene (Kuby 1992). Associations of 

individuals with both type I diabetes and periodontitis have 

been found. The occurrence of HLA-DR4 was moderately 

associated with diabetes and highly associated with 

periodontitis, while HLA-DR53 and HLA-DQ3 were significantly 

associated with periodontitis and, interestingly, HLA-DR6 

was associated with periodontal health (Alley et al. 1993). 

Shapira et al (1994a) showed that HLA-A9 and HLA-Bl5 w:ere 

more frequently detected· in early onset periodontitis (EOP) 

patients. More specifically, this association was found 

only for the severe generalized group (SGP) and not in the 

localized juvenile periodontitis (LJP) group. Other studies 

have suggested this but did not differentiate between the 

localized and generalized forms of the disease. Thus, the 

presence of specific class II genes may render an individual 

more. susceptible to developing inflammatory-type diseases 

including rheumatoid arthritis, IDDM, or periodontitis. 
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Evidence exists to support the concept of an altered 

monocytic secretory profile in IDDM patients (Yalda et al. 

1994, Offenbacher et al. 1994, Molvig et al. 1988, Molvig et 

al. 1990, Molvig 1992). Increased production of 

inflammatory products such as PGE2 (Yalda et al. 1994), IL

lB (Yalda et al. 1994), and TNF-a (Offenbacher et al. 1996) 

has been rep·orted. According to this model, · increased 

levels of inflammatory products are produced by monocytes 

following exposure to Gram-negative bacteria. 

Bacterial LPS is a virulence factor common to all Gram-

negative periodontal pathogens. 

fluid have also been shown to 

LPS levels in gingival 

directly correlate with 

clinical and histological signs of gingival inflammation 

(Simon et al. 1970, Simon et al. 1971). LPS has the 

capacity to activate monocytes and macrophages to secrete 

cytokines and prostaglandins, which have·been implicated in 

periodontal pathogenesis. It has been suggested that a 

genetically determined response to LPS may play a role in 

determining susceptibility to infections, including 

periodontal diseases. A stable inter-individual difference 

has been demonstrated by human monocytes in response to LPS. 

Therefore, individuals with the capacity to produce high 

levels of PGE2 and IL-l, i.e. "hypersecre:tory phenotype", 

might be more susceptible to diseases in which cytokines 

play a role in disease pathogenesis. The study of Garrison 

and Nichols (1989) verified this by showing that inter-· 

individual differences in the ability of host monocytes to 
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produce cytokines and prostaglandins could explain, in part, 

increased individual expression of disease. Abnormal 

secretion of PGE2 by monocytes of IDDM-asso~iated 

periodontitis patients may also be due to a hypersecretory 

phenotype (Yalda et al. 1994, Offenbacher et al. 1994). 

Therefore, in type 1 diabetics, the combination of Gram

negative bacteria and the monocyte hypersecretory trait 

(Mcj>+) may result in the upregulation of an immune response 

leading to the secretion·of very high levels of inflammatory 

mediators. 
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c. Specific Aims 

The specific aims for this project were as follows: 

1. (a) Determine macrophage/monocyte secretory function 

by evaluating IL-8 production in a sample of insulin

dependent diabetics and their non-diabetic gender and 

race-matched controls. 

(b) Use statistical methods to analyze if a 

correlation exists between neutrophil chemotactic 

function and IL-8 production. 

2. (a) Determine specific type II HLA genotypes in a 

sample of diabetics and their controls. 

3. 

(b) Evaluate whether or not a linkage between specific 

HLA genotypes and IL-8 production exists. 

Determine if 

(glycosylated 

the level of diabetic control 

hemoglobin level, capillary blood 

glucose) and IL-8 production shows any correlation. 

4. Determine if IDDM patients which exhibit the greatest 

clinical signs of periodontal disease (i.e. increased 

gingival index) exhibit altered macrophage/monocyte IL-

8 production. 



II . MATERIALS AND METHODS 

A. Study Design 

This study was approved by the Human Assurance 

Committee of the Medical College of Georgia Institutional 

Review Board (Appendix A) . The subjects for this 

investigation were insulin-dependent diabetics, ages 10-21, 

who were patients at the Medical college of Georgia 

Pediatric Diabetes clinic. A total of 37 IDDM patients were 

recruited, with the following race and gender 

characteristics: 7 black females, 12 black males, 9 white 

females, and 9 white males. In the statistical analysis of 

monocyte/macrophage IL-8 production and neutrophil 

chemotaxis (for reasons of statistical integrity) only 30 

diabetics were included (5 black females, 9 black males, 8 

white females, 8 white males) with corresponding controls.· 

Twenty-three diabetics were used for HLA analysis (3 black 

females, 3 black males, 4 white females, 6 white males) with 

16 controls (5 black females, 6 black males, 5 white 

females, 7 white ma1es). Seventeen diabetics were used for 

periodontal exams· (4 black females, 6 black males, 3 white 

females, 

illness 

4 white males). Exclusion criteria were systemic 

(except IDDM), use of any medications in the past 

11 
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24 hours, pregnancy, and currently menstruating females. 

For the ELISA assays, race and gender-matched controls with 

the same .exclusion criteria ·were used in order to achieve 

similar distribution. During routine clinical . visits, 

parental consent and children's assent were obtained· (see 

Appendix A). ·At the same visit, blood specimens (total 

volume 30-35 ml) were drawn to assess the following: 

capillary blood glucose (CBG), percent glycosylated 

hemoglobin (HbA1 ), monocyte IL-8 production, 

chemotaxis, and HLA antigens DR-3, 4, and 53. 

neutrophil 

Capillary 

blood glucose level was determined in the diabetes clinic, 

and percent glycosylated hemoglobin values were determined 

by a reference laboratory, then later retrieved from the 

patients' clinical records. The remainder of the sample was 

used to isolate monocytes to assay IL-8 production. 

Periodontal examinations were also performed on 20 of the 

type I diabetics. Clinical parameters were used to 

determine if IDDM patients which exhibit the greatest 

clinical signs of ·periodontal disease exhibit altered 

macrophage/monocyte IL-8 production (see Periodontal Exams) . 

B. Macrophage/Monocyte IL-8 Production 

Procedure, Appendix B) 

(Detailed Method of 

For monocyte separation, 5 ml of fresh, heparinized 

whole blood was pipetted gently over layers of Histopaque 

1077 and Mono-Poly Resolving Medium in each of three 15 ml 

centrifugation tubes. After 30 minutes of centrifugation at 
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1200 RPM, the mononuclear leukocyte band was evident above 

the PMN band and erythrocyte fraction. The mononuclear 

leukocyte band was harvested and suspended in RPMI 1640 with 

Hepes buffer and streptomycin, 350 x 10-3 g/1,. penicillin, 

0. 4 MIU/1, and L-glutamine, 0. 8 x 10-3 mol/L, supplemented 

with 10% FBS. This cell suspension was then centrifuged 

again .and resuspended in incomplete RPMI (RPMI less serum) . 

Monocytes were then counted and plated at 4 x 106 cells/ml 

in a 24 well plate (1 ml per well) . P. gingivalis LPS was 

then added in three different concentrations: 0.01 pg/ml, 

0.1 pg/ml, and 1.0 pg/ml. Monocytes were plated in 

duplicate and the arithmetic mean was used in statistical 

analysis. ·After 24 hours at 37°C in a humidified atmosphere 

of 5% C02 /95% air, the supernatants were harvested and 

stored at -70°C until they could be assayed for IL-8. 

IL-8 production from monocyte culture supernants was 

assessed by an ELISA kit according to the manufacturer's 

instructions. The IL-8 ELISA (Biosource; Camarillo, CA) is· 

specific for human IL-8 and sensitive to 11 pg/ml. This.is 

a solid phase sandwich ELISA. Briefly, samples, including 

standards of known IL~8 content, control specimens, and 

unknowns, were pipetted into wells followed by the addition 

of biotinylated second antibody. During the first 

incubation, the IL-8 antigen binds simultaneously to the 

immobilized (capture) antibody on one site and to the 

solution phase biotinylated antibody on a second site. 

After removal of excess second antibody, Streptavidin-
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Peroxidase (enzyme) is added. This binds to the 

biotinylated antibody to complete the four-member sandwich. 

After a second incubation and washing to remove all of the 

unbound enzyme, a substrate solution (stabilized chromogen, 

ie. tetramethyl benzidine, TMB) is added which is acted upon 

by the bound enzyme to produce color. The intensity of this 

colored product is directly proportional to the 

concentration of IL-8 present in the original specimen. The 

optical density of the colored product at 450 nm is 

determined using a spectrophotometer. 

C. Brief Description of Chemotaxis Assay 

Another graduate student performed the neutrophil 

chemotaxis assays in this same patient pool as part of the 

requirements for master of science. A brief description is 

included. 

For neutrophil separation, 5 ml of fresh, heparinized 

whole blood is pipetted gently over layers of Histopaque 

1077 and Mono-Poly Resolving Medium in three 15 ml 

centrifugation tubes. After 30 minutes of centrifugation at 

1200 RPM, the PMN band is evident between erythrocyte 

fraction" and the mononuclear leukocytes. The neutrophil 

band is harvested, washed twice in PBS, and resuspended in 

Gey' s GVB2
+ media (GGVB) at 2. 5 x 106 cells/ml. F-met-leu

phe (fMLP) is diluted to a concentration of 2 x 10-8 M in 

GGVB. 0.4 ml PMN suspension is placed in the upper well of 

the Boyden Chamber with simultaneous placement of 0.8 ml of 
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fMLP in the lower well. The wells are separated by a 

nitrocellulose filter 114 mm thick with 5 mm po~es. The 

loaded chambers are incubated for 2 hours at 37° C in 

humidified air with 5% C02 • The filters are removed, fixed 

for 10 minutes in neutral buffered formalin, then stained 

with Mayer's Hematoxylin. Neutrophils which have migrated 

to the distal surface of each filter 

counted in three random, high-power 

(triplicate set) 

( 450X) fields. 

are 

The 

level of chemotaxis is expressed as the mean number of cells 

on the distal surface of the filters. 

D. Brief Description of HLA-Class II Determination 

Two ml of blood were sent to a geneticist for HLA-class 

II determination. DNA was isolated from t~is sample and 

used in Southern blotting experiments to genotype all 

subjects and controls for HLA-class II antigens DR3, 4, and 

53. Genes which regulate HLA can be isolated from DNA that 

is amplified and isolated from blood by a series of 

polymerase chain reactions (PCR). Thus, it is possible to 

evaluate whether a correlation exists between HLA genotypes 

and IL-8 production. 

E. Periodontal Examinations 

Twenty patients were recruited for periodontal 

examinations. Three were eliminated from statistical 

analysis because · there was no IL-8 production data to 

compare to. Therefore', examinations were performed on 17 of 
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the IDDM patients with no controls. These examinations were 

performed in the Graduate Periodontics Clinic, School of 

Dentistry by a single investigator (SW) . Clinical 

evaluation consisted of the plaque index (Silness & Loe 

1964), gingival index (Lbe & Silness 1963), probing depth, 

clinical attachment level, recession, and bleeding on 

probing. The plaque index scores were recorded on 4 tooth 

surfaces (mesial, distal, buccal and lingual) and the 

quantity of supragingival plaque was assessed at the 

cervical area of every tooth in each patient. 

index was recorded for the mesial, distal, 

The gingival 

buccal and 

lingual surfaces on every tooth in each patient. Probing 

depth, clinical attachment level, recession, and bleeding on 

probing were assessed at the mesic-facial, mid-facial, 

disto-facial, disto-lingual, mid-lingual and mesic-lingual 

sites of every tooth. A standardized periodontal probe (MCG 

probe) with a probe tip of 0.6 mm in diameter was used for 

measuring the distance from the cementa-enamel junction 

(CEJ) to the free gingival margin (FGM) (CEJ-FGM) to 

evaluate recession and from the free gingival margin to the 

bottom of the pocket (BP) (FGM-BP) to evaluate probing 

depth. Clinical attachment levels were computed from these 

measurements (CEJ-BP) . Bleeding on probing was recorded as 

positive if it occurred within 30 seconds after probing. 

For all measurements listed above, 3rd molars, if present, 

were excluded. Primary teeth were included in the 

measurements. All patients received rubber cup prophylaxis 
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and scaling, where needed, at the end of the exam. If any 

further treatment was needed, the patient was informed. 

These clinical parameters were used to determine if IDDM 

patients which exhibit the greatest clinical. signs of 

periodontal inflammation (i.e. gingival index) exhibit 

altered macrophage/monocyte IL-8 production. Calibration of 

intra-examiner reliability values ranged from 87.0 to 95.7% 

agreement for probing depth and bleeding upon probing, 

respectively. 

F. Statistical Analysis 

Statistical differences in macrophage/monocyte IL-8 

production among subjects and controls were analyzed by a t

test. All statistical significance was considered at the 

0. 05 level. Differences between LPS-stimulated IL-8 

production and unstimulated IL-8 production were analyzed 

using a nonparametric ANOVA. This information was further 

broken down by race/gender subgroups and also concentration 

of LPS used for stimulation of IL-8 production.· 

Relationships between IL-8 · production, chemotactic index, 

glycosylated hemoglobin, blo"od glucose, PI and GI were 

·determined by Pearson's Correlation Coefficient. 

Association of HLA-class II genotypes with IL-8 production 

was analyzed by ·Fisher's Exact Test (2-Tail). Further 

comparison of periodontal clinical information was done with 

a Wilcoxon 2-Sample Test. 



III. RESULTS 

A. LPS-Stimulated Monocyte/Macrophage IL-8 Production 

Our results show that unstimulated monocytes (no LPS) 

in the diabetic group produce slightly more IL-8 than 

control monocytes, 6.06 ± 5.72 vs. 4.29 ± 5.05 ng/ml, 

respectively (p=0.23). IL-8 production following in vitro 

treatment with 1. 0 and 0.1 pg/ml LPS were also slightly 

elevated over controls, 30.44 ± 29.56 vs. 22.81 ± 24.20 

ng/ml and 28.10 ± 30.49 vs. 18.27 ± 22.37 ng/ml, 

respectively (p=0.28 and p=0.16). Diabetic monocytes 

stimulated with 0.01 pg/ml LPS produced significantly-more 

IL-8 than the controls, 35.79 ± 34.97 vs. 19.65 ± 21.80 

ng/ml (p=O. 04, Figure 1) . Monocyte IL-8 production was 

characterized by high variability at all three levels of 

LPS-stimulation. Overall, the mean for diabetics, as well 

as controls, ranged from 0 - 100 n,g/ml IL-8. · Also, age 

differences between diabetics (mean 14.4 years) and controls 

(mean 27.6 years) was significant (p < 0.0001). Using 

ANOVA, it was determined that unstimulated monocyte IL-8 

production was significantly less than all three 

concentrations of LPS-stimulated IL-8 production for both 

patients and controls (p < 0.05, Figure 1). 

18 
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IL-8 production was further broken down by race and 

gender. When the data was pooled (patients and controls), 

monocytes from white patients stimulated with 0.01 pg/ml LPS 

produced more IL-8 than blacks, 35.35 vs. 19.63 ng/ml, 

respectively (p=0.03, Figure 2). Also, when pooled, 

unstimulated, as well . as 1. 0 and 0.1 pg/ml LPS, whites' 

monocytes produced slightly more IL-8 than blacks, but was 

not significant (data not shown) . Among diabetics only, 

stimulated with 0.01 pg/ml LPS, monocytes from white 

patients produced significantly more IL-8 than blacks (49.84 

vs. 20.71 ng/ml, respectively, p=0.0082) (Figure 3). The 

same was true at 0.1 pg/ml LPS (38.66 vs. 17.53 ng/ml IL-8, 

p=0.0387, figure 3). At 0 LPS (unstimulated) and 1.0 pg/ml 

LPS the trend continued, but no significant differences were 

noted (Figure 3) . 

When considering race and gender together, which 

included 4 groups (black females, black males, white 

females, and white males), several differences were noted at 

0. 01 pg/ml LPS. First, among diabetics only, white males 

produced significantly more IL-8 (55.85 ng/ml) than black 

males (17.34 ng/ml) (p=0.007) and black females (24.08 

ng/ml) (p=0.05) (Table 1). Among controls only, no 

significant differences were noted (Table 1) . 

When comparing diabetics _to controls, more differences 

were noted. At 0 LPS, diabetics tended to produce more IL-8 

than controls, but this was not significant among the 4 

racial goups (Figure 4). At 1. 0 pg/ml LPS, white male 
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diabetics produced significantly more IL-8 than white male 

controls (42.43 vs. 16.04 ng/ml, p=O.OS, respectively) 

(Figure 5) • In fact, white male diabetics produced 

significantly more IL-8 than white male controls at 0.01 and 

0.1 )lg/ml. LPS as well (p=O. 016 and p=O. 03, respectively) 

(Figures 6 and 7) . 
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IL-8 Production (overall means) 

40 

0 patient 

lSI control 

30 

* 
20 

10 

0 

0 .01 0.1 1.0 

LPS (Jlg/ml) 

* at 0.01 jlg/m1 LPS, controls' mean significantly less than 
diabetics' (p=·. 04) • 

0.01, 0.1, and 1.0 jlg/ml LPS (patients and controls) sig. 
grea.ter than 0 LPS (unstimulated), p < . 05 



22 
Figure 2 

Data pooled: 0.01 pg/ml LPS (by race) 
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Figure 3 

Diabetics only: Black vs. White 
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* Black diabetics significantly depressed compared to white 
diabetics at 0.01 )lg/ml LPS (p=0.0082) 

# Black diabetics significantly depressed compared to white 
diabetics at 0.1 )lg/ml LPS (p=0.0387) 
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Table I 

IL-8 Production (ng/ml) (Race/Gender and LPS Dose) 

Diabetics 

LPS ( pg /ml) 0 0.01 0.1 1.0 
Black female 4.14 24.08 14.70 20.58 
(n=S) 

117.341 Black male 6.26 20.37 20.99 
(n=9) 

White female 7.23 * 43.83 J 35.29 37.78 
(n=8) 

L55.85 White male 6.63 42.03 42.43 
(n=8) 

White males produced significantly more IL-8 than Black 
males and Black females. 

* Black male vs. white male (p=.007) 
# Black female vs. white male (p=.OS) 

Controls 

LPS (pg/ml) 0 0.01 
Black female 4.47 20.48 
(n=6) 
Black male 3.19 16.61 
(n=8) 

White female 5.54 20.94 
(n=8) 

White male 4.00 20.78 
(n=8) 

0.1 1.0 
16.62 21.47 

14.44 19.75 

29.30 33.98 

12.74 16.04 
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Figure 4· 

IL-8 Production (0 LPS) 

8.0 

D Control 
7.0 

ISl Patient 

6.0 

.--1 

= 5.0 
' bl 

1::: 
4.0 

00 
I 

..:I 3.0 
H 

2.0 

1.0 

0.0 

Black Female Black Male White Female White Male 



26 

Figure 5 

. IL-8 Production (1.0 pg/ml LPS) 
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Figure 7 

IL-8 Production (0.1 pg/ml LPS) 
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B. Neutrophil 'chemotactic Function and Monocyte/Macrophage 

IL-8 Production 

Pearson's Correlation Analysis was utilized to 

determine whether any correlations between 

monocyte/macrophage IL-8 production and neutrophil 

chemotaxis existed in this same patient pool. 

Statistically, only when diabetics and controls were pooled 

were any significant correlations noted. It was found that 

stimulated monocytic IL-8 production, at 1. 0 )lg/ml LPS, 

inversely correlated with neutrophil chemotaxis (i.e. high 

levels of IL-8 correlated with depressed neutrophil 

chemotaxis, r = -0.2887, p = 0.0489) (Table 2). IL-8 

production at different concentrations of LPS-stimulation 

also correlated well with the corresponding IL-8 production 

categories of other LPS concentrations (Tables 2-7) . The 

data was further broken down by diabetics and controls 

separately. Although no. other significant correlations 

were found (Tables 3 and 4), the trend of an inverse 

correlation continued in the diabetics, as well as the 

controls. 
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Table II 

Correlations .(IL-8 Production, Chemotaxis and HbA]} 

Diabetics and Controls 

Pearson Correlation Coefficients/Frob > IRI under Ho: Rho=O 
IL80 IL81 IL8 1 IL8 01 CHEMO--

TAXIS 
IL80 1.0000 0.58350 0.54306 0.45346 -0.23025 

0.0 0.0001 0.0001 0.0003 0.1195 
IL81 0.5835 1.0000 0.89269 0.80771 -0.2887 

0.0001 0.0 Q.OOOl 0.0001 0.0489*' 
IL8 1 0.54306 0.89269 1. 0000 . 0.80513 -0.25908 -

0.0001 0.0001 0.0 0.0001 0.0787 
IL8 01 0.45346 0. 80771 0.80513 1.0000 -0.22511 -

0.0003 0.0001 0.0001 0.0 0.1282 
CHEMO- -0.23025 -0.028887 -0.25908 -0.22511 1.0000 
TAXIS 0.1195 0.0489 0.0787 0.1282 0.0 
HbAl -0.12068 -0.18047 -0.19558 -0.24979 -0.29403 

0.5570 0.3777 0.3383 0.2185 0.1733 

IL80 = r value of IL-8 production at 0 ug/ml LPS 
IL81 = r value of IL-8 production at 1.0 ug/ml LPS 
IL8 1 = r value of IL-8 production at 0.1 ug/ml LPS 
IL8=01 = r value of IL-8'production at 0.01 ug/ml LPS 
Chemotaxis = chemotactic index 
HbA1 = glycosylated hemoglobin 

.P value shown as bottom number in each box 
r value shown as top number in each box 
* statistically significant 

~l 

-0.12068 
0.5570 
-0.18047 
0.3777 
-0.19558 
0.3383 
-0.24979 
0.2185 
-0.29403 
0.1733 
1.0000 
0.0 
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Table III 

Correlations (IL-8 production, Chemot'!lxis and HbAl) 

Diabetics only 

Pearson Correlation Coefficients/Prob > IRI under Ho: Rho=O 
!LBO ILBl ILB 1 ILB 01 CHEMO- iHbAl - - TAXIS 

!LBO 1.0000 0. 71907 0. 69442 0.521B2 -0.26472 -0.1206B 
0.0 0.0001 0.0001 0.0031 0.2222 0.5570 

ILBl o. 71907 1.0000 O.B9826 O.B6591 -0.34918 -0.18047 
0.0001 o.o 0.0001 0.0001 0.1024 0.3777 

IL8 1 0.69442 0.89826 1.0000 O.B3896 -0.33061 -0.1955B -
0.0001 0.0001 0.0 0.0001 0.1234 0.3383 

ILB 01 0.52182 0.86591 0.83896 1.0000 -0.23122 -0.24979 -
0.0031 0.0001 0.0001 0.0 0.2884 0.2185 

CHEMO- -0.26472 -0.34918 -0.33061 -0.23122 1.0000 -0.29403 
TAXIS 0.2222 0.1024 0.1234 0.2884 0.0 0.1733 
HbAl -0.12068 -0.18047 -0.19558 -0.24979 -0.29403 1.0000 

0.5570 0.3777 0.3383 0.2185 0.1733 0.0 

ILBO = r value of IL-8 production at 0 ug/ml LPS 
IL81 = r value of IL-8 production at 1.0 ug/ml LPS 
IL8_1 = r value of IL-8 production at 0.1 ug/ml LPS 
IL8_01 = r value of IL-8 production at 0.01 ug/ml LPS 
Chemotaxis = chemotactic index 
HbA1 = glycosylated hemoglobin 
p value shown as bottom number in each box 
r value shown as top number in each box 



Table IV 

Correlations (IL-8 production and Chemotaxis) 

Controls only 

Pearson Correlation Coefficients/Frob > IRI under Ho• Rho=O 
IL80 IL81 IL8 1 IL8 01 CHEMO- nbA.l - -

TAXIS 
IL80 1. 0000 0.36937 0.27132 0.27133 -0.16528 

0.0 0.0446 0.1470 0.1470 0.4402 
IL81 0.36937 1.0000 0.88062 0.70711 -0.18204 

0.0446 0.0 0.0001 0.0001 0.3946 
IL8 1 0.27132 0.88062 1.0000 0.70963 -0.11957 -

0.1470 0.0001 0.0 0.0001 0.5779 
IL8 01 0.27133 0.70711 0.70963 1.0000 -0.19051 -

0.1470 0.0001 0.0001 0.0 0.3726 
CHEMO- 1-0.16528 -0.18204 -0.11957 -0.19051 1.0000 
TAXIS 0.4402 0.3946 0.5779 0.3726 0.0 
HbAl 

* * * * * 

!LBO = r value of IL-8 production at 0 ug/ml LPS 
IL81 = r value of IL-8 production at:1.0 ug/ml LPS 
IL8 1 = r value of IL-8 production at 0.1 ug/ml LPS 
IL8=01 = r value of IL-8 production at·0.01 ug/ml LPS 

·p value shown as bottom number in each box 
r value shown as top number in each box 
Chemotaxis = chemotactic index 
HbA1 = glycosy1ated hemoglobin 

* 

* 

* 

* 

* 

* 
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Table V 

Correlations (IL-8 production and CBG) 

Diabetics and Controls 

Pearson Correlation Coefficients/Frob > IRI under Ho: Rho=O 
CBG IL80 IL81 IL8 1 IL8 01 - -

CBG 1.0000 0.00395 0.13226 0.03285 0.24240 
0.0 0.9818 0.4419 0.8491 0.1543 

IL80 0.00395 1.0000 0.65966 0.58263 0.48633 
0.9818 o.o 0.0001 0.0001 0.0017 

IL81 0.13226 0.65966 1.0000 0.94682 0. 85111 
0.4419 0.0001 o.o 0.0001 0.0001 

IL8 1 0.03285 0. 58263 0.94682 1.0000 0.81760 -
0.8491 0.0001 0.0001 0.0 0.0.001 

IL8 01 0.24240 0.48663 0.85119 0.81760 1.0000 -
0.1543 0.0017 0.0001 0.0001 0.0 

IL80 = r value of IL-8 production at 0 ug/ml LPS 
IL81 = r value of IL-8 production at 1.0 ug/ml LPS 
IL8_1 = r value of IL-8 production at 0.1 ug/ml LPS 
IL8_01 = r value of IL-8 production at 0.01 ug/ml LPS 
p value shown as bottom number in each box 
r value shown as top number in each box 
CBG = capillary blood glucose 
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Table VI 

Correlations (IL-8 production and CBG) 

Diabetics only 

Pearson Correlation Coefficients/Frob > IRI under Ho· Rho=O 
CBG ILBO IL81 ILB 1 ILB 01 - -

CB<;; 1.0000 r-0. 09655 0.02045 -0.13929 0.03281 
0.0 0.6612 0. 9262 0.5262 0.8819 

ILBO -0.09655 1.0000 0.76963 0.73070 0.54408 
0.6612 0.0 0.0001 0.0001 0.0073 

IL81 0.02045 0.76963 1.0000 0.94383 0.89190 
0.9262 0.0001 0.0 0.0001 0.0001 

ILB 1 -0.13929 0.73070 0.94383 1. 0000 0.86516 - 0. 5262 0.0001 0.0001 0.0 0.0001 
ILB 01 0.03281 0.54408 0.89190 0.86516 1. 0000 - 0.8819 0.0073 0.0001 0.0001 0.0 

!LBO = r value of IL-8 production at 0 ug/ml LPS 
IL81 = r value of IL-8 production at 1.0 ug/ml LPS 
IL8_1 = r value of IL-8 production at 0.1 ug/ml LPS 
ILB 01 = r value of IL-8 production at 0.01 ug/ml LPS 
p value shown as·bottom number in each box 
r value. shown as top number in each box 
CBG = capillary blood glucose 
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Table VII 

Correlations (IL-8 production and CBG) 

Control only 

Pearson Correlation Coefficients/Prob > IRI under He· Rho=O 

~BG IL80 IL81 IL8 1 IL8 01 - -

CBG 1.0000 0.18677 0.03233 -0.07738 0.41676 
0.0 0.5412 . 9165 0.8016 0.1566 

IL80 0.18677 1.0000 0.47634 0.31860 0.38428 
0.5412 0.0 0.0621 0.2291 0.1417 

IL81 0.03233 0.47634 1. 0000 0.95219 0.80378 
0.9165 0. 0621 0.0 0.0001 0.0002 

IL8 1 -0.07738 0.31860 0.95219 1.0000 0.70855 -
0.8016 0.2291 0.0001 0.0 0.0021 

IL8 01 - 0 .. 41676 0.38428 0.80378 0.70855 1. 0000 
0.1566 0.1417 0.0002 0.0021 0.0 

IL80 = r value of IL-8 production at 0 ug/ml LPS 
IL81 = r value of IL-8 production at 1.0 ug/ml LPS 
IL8_1 = r value of IL-8 production at 0.1 ug/ml LPS 
IL8_01 = r value of IL-8 production at 0.01 ug/ml LPS 
p·value shown as bottom number in each box 
r value shown as top number in each box 
CBG = capillary blood glucose 
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C. Glucose Metabolism and·IL-8 Production .. 
Neither % glycosylated hemoglobin (HbA1 ) or capillary 

blood glucose (CBG) showed any correlation with monocyte IL-

8 production (T.ables 2-7). Glycosylated hemoglobin· values 

were not obtained for controls, but capillary blood glucose 

was determined 'to rule out diabetes. Tables 2 and 5 show· 

the data pooled, Tables 3 and 6 show diabetics only, and 

Tables 4 and 7 show controls only. 
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D. Type II HLA Genotypes and IL-8 Production 

Table 8 displays the HLA-Class II genotype profile of 

patients and controls for DR-3, -4, and -53. This data is 

further broken down by the presence of 2 or more positive 

genotypes, or if any of the specific genotypes were present. 

None of the controls were positive for DR-3. 60.9% (14/23) 

of diabetics were positive for DR-4, 52.2% ( 12/23) were 

positive for DR-3, and 82.6% (19/23) were positive for DR-

53. Among controls, 43.8% (7/16) were positive for DR-4, 0% 

(0/16) were positive for DR-3, and 50.0% (8/16) were 

positive for DR-53. Considering combinations of genes, 

21.7% (5/23) of diabetics were positive for DR-3 and -4, 

34.8% (8/23) were positive for DR-3 and -53, 60.9% (14/23) 

were positive for DR-4 and -53, and 21.7% (5/23) were 

positive for DR-3, -4, and -53. Among controls, 0% (0/16) 

were positive for DR-3 and -4, 0% (0/16) were positive for 

DR-3 and -53, 43.8% (7/16) were positive for DR-4 and -53, 

and 0% (0(16) were positive for DR-3, -4, and .-53. 50.0% 

(8/16) of diabetics were positive for at least one of the 

three genes and 100.0% (23/23) of controls were positive for 

at least one gene. 

It was determined that monocyte IL-8 production 

(depressed or accelerated) was not associated with any HLA

Class II gene. To determine . this, a median value of IL-8 

production was set for each LPS group (0, 0.01, 0.1, and 1.0 

~g/ml LPS) . Any value of IL-8 above the median was 

considered in one category, while the values below the 
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median were considered in another category. Then the gene, 

DR3, 4, 53, or any possible combination of the genes, were 

valued at either present or absent. Using 2 x 2 tables 

(Chi-Square analysis with Fisher's Exact Test) a p-value 

could be. determined. None of these p-values were 

significant (data not shown) . 



Table VIII 

HLA-Class II Genotypes 

DR 4 DR 53 DR 3 DR 3, 4 
# Pos ., 7/16 8/16 0/16 0/16 
% Pos. 43.8 50.0 o o 

# Pos. 
% .Pos. 

DR 4 
14/23 
60.9 

DR 53 
19/23 
82.6 

DR 3 DR 3,4 
12/23 . 5/23 
52.2 21.7 

Controls 

DR 3,53 
0/16 

0 

Diabetics 

DR 3,53 
8/23 
34.8 

DR 4,53 
7/16 
43.8 

DR 4,53 
14/23 
60.9 

DR 3,4,53 
0/16 

0 

DR 3,4,53 
5/23 
21.7 

Any 
Gene 
8/16 
50.0 

Any 
Gene 
23/23 
100.0 
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E. Periodontal Status and IL-8 Production 

Twenty diabetics had clinical examinations, but only 17 

of these 20 also had monocyte IL-8 production data for 

comparison (4 black females, 6 black males, 3·white females, 

and 4 white males). The mean Plaque Index (PI) was 1.09 ± 

0.49 with a range of 0.26 to 2.11. The mean Gingival Index 

(GI) was 0.93 ± 0.51 with a range of 0.29 to 1.81. Using 

Pearson's Correlation Analysis, GI correlated with PI (p = 

0·.0001) and unstimulated IL-8 production inversely 

correlated with PI (p = 0.0522, Table 9). Using Wilcoxon 

Scores (Rank Sums) for the variables of IL-8 production 

(IL80, IL81, IL8_1, and IL8 01) and classified by variables 

of probing depth > 3 mm or not, no statistically significant 

findings were noted. Using the same model, with variables 

of PI or GI with probing depth, it was noted that increased 

PI and GI were associated with probing depth > 3 mm (p = 

0.042 and p = 0.01, respectively) (Table·lO). GI was also 

associated with attachment loss ~ 3 mm (p = 0. 04 6, Table 

10) . Using the variables of IL-8 production and classified 

by variables of attachment loss > 3 mm or not, no 

significant findings were noted. 



Table IX 

Correlations (IL-8 production with PI and GI) 

Diabetics only 

Pearson Correlation Coefficients/Frob> IRI under Ho• Rho=O . 
IL80 IL81 IL8 1 IL8 01 PI GI - -

IL80 1. 0000 0.52482 0.55638 0.30598 -0.47822 -0.40132 
0.0 0.0305 0.0252 0.2491 0.0522 0.1104 

IL81 0.52482 1.0000 0.95517 0.92705 -0.17750 -0.28216 
0.0305 0.0 0.0001 0. 0001 0.4955 0.2725 

IL8 1 0.55638 0.95517 1.0000 0.90569 -0.27710 -0.35615 -
0.0252 0.0001 0.0 0.0001 0.2988 0.1758 

IL8 01 0.30598 0.92705 0.90569 1.0000 -0.10883 -0.16443 -
0.2491 0.0001 0.0001 0.0 0.6883 0.5428 

PI -0.47822 -0.17750 -0.27710 -0.10883 1. 0000 0.82958 
0.0522 0.4955 0.2988 0.6883 0.0 0.0001* 

GI -0.40132 -0.28216 -0.35615 -0.16443 0.82958 1.0000 
0.1104 0. 2725 0.1758 0.5428 0.0001* 0.0 

IL80 = r value of IL-8 production. at 0 ug/ml LPS 
IL81 =.r value of IL-8 production at 1.0 ug/ml LPS 
IL8_1 = r value of IL-8 production at O.l·ug/ml LPS 
IL8_01·= r value of IL-8 production at 0.01 ug/ml LPS 
p value shown as bottom number in each box 
r value shown as top number in each box 
PI = Plaque Index 
GI = Gingival Index 
* = Statistically significant 
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Comparison of PI and GI with PD > 3mm and AL > 3mm 

Diabetics only 

T-Test· 
Approx. 

Variable Sig. Prob > IZ I z 

PI and 0.0421* 0.0272 2.2093 
PD > 3 mrn 
GI and 0.0107* 0.0039 2.8891 
PD > 3 mrn 
PI and 0.0612 0.0440 2.0137 
AL>3mrn 
GI and 0.0460* 0.0306 2.1629 
AL> 3mrn 

Wilcoxon 2-Sample Test (Normal Appproximation) 
PD = probing depth 
AL = attachment loss 
* = Statistically significant 

s 

56.00 

62.00 

32.00 

62.00 
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IV. DISCUSSION 

This study was .undertaken to ascertain if IL-8 

produc~ion is altered in insulin-dependent diabetes mellitus 

(IDDM) monocytes and determine if there is an association 

between decreased neutrophil chemotactic function and 

altered IL-8 production. It was also utilized to assess if 

IL-8 production is associated with specific HLA-Class II 

alleles, glucose metabolism, and periodontal status. It was 

determined· that diabetic monocytes stimulated with 0.01 

)lg/ml LPS produced significantly more IL-8 than controls 

(Figure 1). This is in agreement with previous studies 

involving LPS-stimulated IDDM monocytes and production of 

inflammatory products such as IL-lB and PGE2 (Yalda et al. 

1994, OffE7nbacher et al. 1994 and 1996) . Overproduction of 

inflammatory cytokines may also be active in Early-Onset 

Periodontitis (EOP) and rheumatoid arthritis patients as 

well. Recently, Yalda .and colleagues (1994) reported that 

monocytic PGE 2 and IL-lB production was significantly higher 

in a group of insulin-dependent diabetics with periodontal 

"disease than those without disease. Shapira et al. (1994b) 

also observed a PGE2 hypersecretory response to LPS in 

43 
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monocytes from patients with early-onset forms of disease. 

These findings suggest that the high GCF and ·monocytic 

secretory response in IDDM.patierits may be a consequence of 

a systemic response trait. Gram negative infections (such 

as peri<;>dontal disease) may trigger an exaggerat·ed 

inflammatory mediator response trait, as well as an 

increased severity of periodontal disease. In other words, 

periodontal infection may upregulate the systemic monocyte 

hypersecretory trait (M~+) in susceptible individuals, such 

as IDDM patients. In this study, white male diabet.ic 

monocytes stimulated with LPS produced significantly more 

IL-8 than non-diabetic white males (Figures 5-7). 

Therefore, chronic infection in these diabetics coupled with 

persistent exposure to LPS might lead to systemic elevations 

of inflammatory products and an increased incidence of 

periodontal disease. 

In the present study, unstimulated monocytes from the 

IDDM group did tend to produce more IL-8 (Figure 1), but not 

to a significant level.· A significant increase in IL-8 

production was detected at the smallest concentration of LPS 

(0.01 ~g/ml). This is an important observation because it 

is a concentration one might observe within an inflamed 

periodontal po~ket, which is more physiologically relevant, 

as opposed to higher doses like 1. 0 ~g/ml which may be 

pharmacologic. Lower doses of LPS (<0.01 ~g/ml) may further 

distinguish IL-8 responsiveness in IDDM and control 

monocytes. The lack of a difference at high concentrations 
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of LPS may be the result of a cytokine cascade effect, where 

higher doses of LPS may promote IL-8 production through 

increased levels of other inflammatory mediators, i.e. IL-l, 

TNF-a., etc. 

There are several reports of a possible monocyte 

hypersecretory trait (Mf) in IDDM patients (Molvig et al. 

1988, Molvig et al. 1990, Molvig 1992, Pociot et al. 1991a, 

Pociot et al. 1991b). Eisenbarth (1986) reported that the 

onset of insulin-dependent diabetes mellitus has been 

related to a chronically destructive autoimmune disease. 

This progressively hampers the functionality of the islets 

by decreasing the number and function of B-cells and their 

architecture, culminating in a diabetic condition when over 

90% of the cells have been destroyed. Recently, it has been 

proposed by Argiles and colleagues (1992, 1994) that certain 

cytokines such as IL-l, TNF-a., and IFN-y acting alone or in 

combination, can affect insulin secretion and may be 

cytotoxic to the islet cells, thus being possible candidates 

as mediators of the immune reaction leading the reaction of 

IDDM. The detection of raised serum levels of these 

cytokines in early diagnosed IDDM patients further supports 

the involvement of these cytokines in the autoimmune 

disease, and possibly periodontal disease in these patients. 

It would be of interest to determine if high serum levels of 

IL-8 could be detected in newly or early diagnosed IDDM 

patients since, as stated earlier, the LPS-stimulated 
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diabetic monocytes in this study produce elevated levels of 

IL-8 as compared to non-diabetic controls. 

Interleukin-4 (IL-4) is an important regulator -of T 

cell, B cell, and macrophage differentiation and function. 

It has been shown to protect against IDDM development in 

rodent models (Fowell et al. 1991). In a recent study, 

Berman et al. (1996) showed that deficient monocyte IL-4 

production seen at the onset of IDDM in humans may play a 

role in the development of diabetes by allowing the 

inflammatory/autoimmune process in pancreatic islets to 

progress. 

This study showed particular race and gender 

differences in monocyte IL-8 production (Figures 2-7, Table 

1). When the data was pooled (diabetics and controls), 

monocytes from white patients stimulated with 0.01 ~g/ml LPS 

produced almost two times the amount of IL-8 compared to 

monocytes of black patients (Figure 2). Schenkein et al. 

(1991) noted differences in neutrophil chemotaxis among 

white and black races. When. black and white periodontally 

healthy individuals (HP) were compared, the response of 

whites was significantly higher as determined in a paired t

test (p = .0016). Also, black juvenile periodontitis (JP) 

patients demonstrated significantly depressed chemotaxis 

compared to white HP controls. (p =. 001). As far as we know, 

no one has reported in the literature a study evaluating 

periodontal disease in diabetics by race/gender. In this 

study, white male diabetic monocytes produced significantly 
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more IL-8 at 0.01 pg/m1 LPS than black male or black female 

diabetics (Table 1) and white diabetic monocytes (male and 

female combined) at 0.01 and 0.1 pg/ml LPS produced more IL-

8 than black monocytes (Figure 3). Within the context of 

Schenkein's (1991) paper, increased production of IL-8 

exhibited by the pooled white monocytes may be the cause of 

the elevated chemotaxis seen in this patient population. 

However, more specific interactions are taking place than a 

simple cause and effect link. For example, ligand-receptor 

interactions as well as hormonal factors may also contribute 

to the overall scheme. Payne et al. (1993) found that 

levels of gingival crevicular fluid (GCF) IL-8 are 

associated with patient estrogen status and local IL-1B 

concentrations. This may be part of the reason for high 

variability in this study, that is, if we can relate GCF IL-

8 to in vitro monocyte IL-8 production. Female ~~j ects 

were excluded during menstruation, or if they were taking 

oral contraceptives. However, due to the cyclic effects of 

estrogen and progesterone peaks during the female cycle, one 

must hypothesize that levels of IL-8 will be variable. 

Considering males only then, it was a consistent finding 

that white diabetics produced significantly more IL-8 than 

non-diabetics (Figures 5-7) . This is an original finding as 

compared to the literature. 

A consistent finding 

Analysis was that IL-8 

using Pearson's 

production, at 

Correlation 

different 

concentrations of LPS, correlated well with each other 
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(Tables 2-7, 9) . This finding corroborates with the Mf 

phenotype, i.e. increased levels of IL-8 are produced by 

monocytes following exposure to LPS. 

Neutrophils possess unique receptors for IL-8 on their 

plasma membranes, as noted by Gimbron~ (1989), which are 

distinct from the receptors for other cytokines and 

chemotactic agents, such as IL-l, TNF, etc. IL-8 activation 

of neutrophils seems to be mediated by two structurally 

related membrane receptors, which have different binding 

characteristics. One has a higher affinity for IL-8 than 

the other. Neutrophils may chemotax at low concentrations 

of IL-8 due to high-affinity receptor and then respond to 

high IL-8 concentrations due to the low-affinity receptor. 

As mentioned above, in this study 0. 01 )lg/ml is the most 

physiologic concentration of the three different doses of 

LPS evaluated. More significant differences between 

diabetics and controls were noted here than any other and, 

generally speaking, more IL-8 was produced at this 

concentration of LPS than any other. In this study, it was· 

determined by Pearson's Correlation Analysis that monocytic 

IL-8 production and neutrophil chemotaxis were not 

correlated. It appeared that, although not statistically 

significant, 

that greater 

chemotaxis. 

the correlation was 

IL-8 production 

This may indicate 

an inverse one, meaning 

correlates with lower 

that subjects who have 

depressed neutrophil chemotaxis are trying to compensate by 

overproducing IL-8, or other chemotactic agents, to 
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stimulate the neutrophils to chemotax. In this study, FMLP 

was used to stimulate neutrophil chemotaxis. The difference 

between FMLP and IL-8 is that the latter is an endogenous 

signal. Unlike FMLP, which is thought to be of bacterial 

origin, IL-8 is produced mainly in the tissues upon 

stimulation with IL-l, TNF, LPS and other agents. These· 

intrinsic differences, or the possibility that IL-8 

receptors are desensitized, 

correlation between IL-8 

chemotaxis. 

may contribute to the lack of 

production and neutrophil 

Diabetic control ·and monocytic IL-8 production showed 

no correlations. There are no other studies to directly 

compare this finding to. Several studies (Hill ·et al. 1974, 

Tater et al. 1987, Mowat & Baum 1971, and Manouchehr-Pour et 

al. 1981) have shown that blood glucose levels of diabetics 

were not correlated with chemotactic function, indicating 

that short-term metabolic control of IDDM did not affect 

chemotaxis. Glycosylated hemoglobin (HbA1 ) and capillary 

blood glucose (CBG) were tested in this study. Metabolic 

control at a given point 

blood glucose levels, 

measurements (HbA!l have 

in time can be determined from 

but. glycosylated hemoglobin 

been used to measure long-term 

glycemic control and is, 

to use for this study. 

therefore, a more accurate method 

Control subjects did not have HbA1 

measured, only CBG, to determine that they are not, in fact, 

diabetics themselves. Also, the chemotaxis assays and 

monocytic IL-8 production were performed within a few hours 
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of the measuring of HbA1 • If these values were taken at 

different times, there could be no correlation because of 

the different time periods. 

Genes which regulate HLA can be isolated from DNA that 

is amplified and isolated from blood by a series of 

polymerase chain reactions (PCR). Thus, it is possible to 

evaluate whether a correlation exists between HLA genotypes 

and IL-8 production. Combined analyses (Thompson et al. 

1988, Spielman et al. 1989, Field 1989, Risch 1989) of a 

large number of type 1 diabetic families with two or more 

affected siblings concluded that (1) the MHC or HLA region 

on human chromosome 6 encodes one or more susceptibility 

genes, (2) · the MHC-linked factor is more complex than a one 

locus, two allele model, and (3) susceptibility is most 

closely associated and linked to the HLA-Class II region, 

containing the HLA-DR and DQ loci. It is well known that 

HLA DR-3 and -4 are associated with IDDM. Cudworth and Wolf 

(1982) fo~nd that more than 90% of Caucasoid IDDM patients 

are HLA DR-3 and/or DR-4 positive. The identification or a 

genetic marker (or set of markers) for IDDM development, or 

in our case, IL-8 production, is highly desirable e.g. in 

order to identify individuals who might benefit from early 

therapy. However, the presently known .genetic 

susceptibility factors demons_trate a high prevalence among 

IDDM patients as well as among healthy individuals (Todd 

1990). 
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In this study, none of the controls were positive for 

DR-3, compared to 52.2% of the diabetics. 60.9% of the 

diabetics were positive for DR-4, compared to 43.8% of the 

controls. 82. 6% of diabetics were positive for DR-53, 

compared to 50.0% of controls. When combinations of genes 

are considered, 21.7% of diabetics were positive for DR-3 

and -4, compared to 0% of controls. It is clear that IDDM 

is a polygenic disorder. Evidence suggests that genetic 

susceptibility results from an unfavorable combination of 

common alleles of normal genes linked in and around HLA-DQ 

and HLA-DR3/4. Interestingly, many of these genes also 

regulate the immune response to Gram negative bacteria. As 

indicated by Alley (1993), the occurrence of HLA-DR4 was 

moderately associated with diabetes and highly associated 

with periodontitis, while HLA-DR53 and HLA-DQ3 were 

significantly associated with periodontitis. The fact that 

DR4 was highly associated with periodontitis was reported· 

earlier by Katz et al. (1987) who demonstrated a positive 

association of this allele with rapidly progressing 

periodontitis patients ( 80% of patients vs. 38% of 

controls). Thus, an emerging paradigm proposed by 

Offenbacher et al. (1994) is that an unfavorable combination 

of genes in or about the HLA-DR region may result in 

increased susceptibility to IDDM or periodontal disease or 

both. It was determined by Chi-Square that monocyte IL-8 

production was not associated with any of the HLA-Class II 

alleles studied. Part of the reason for this may be that 
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the number of subjects used for the analysis was too low to 

develop any significance, or that there is no relation of 

these alleles to IL-8 production. . .. 
Periodontal examinations were completed on 17 of the 

diabetics for, comparison purposes among each other and with 

the monocyte IL-8 production data. It was noted· that PI 

correlated well with GI {p = 0.0001) {Table 9). The mean PI 

{1.09) and GI {0.93) were not unusually high. PI also 

positively correlated with probing depth > 3 mm and narrowly 

missed significance for positive correlation with attachment 

loss > 3 mm {Table 10) . GI correlated with probing depth > 

3 mm and attachment loss ~ 3mm {Table 10) . Although GCF IL-

8 values were not determined in this patient group, it 

should been noted that total recovery of IL-8 from GCF in 

adult periodontitis patients has been reported by Tsai et 

al. {1995) to be elevated. This seems to correlate with the 

inflammatory nature of IL-8. 

Although we cannot compare this diabetic group to 

controls, since there was no control group for this part of 

the study, Sandholm et al. {1989) reported a higher mean 

gingival index and bleeding on probing in the diabetic 

group. Several other studies also corroborate this finding 

{Giancola et al. 1982, Sastrowijoto et al. 1989, Pinson et 

al. 1994, Bridges et al. 1996) and even higher incidence and 

severity of periodontal disease in adolescents {Bernick et 

al. 1977, Cianciola et al. 1982, Rylander et al. 1987, De 

Pommereau et al. 1992). In this study, we compared monocyte 
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IL-8 production of IDDM patients to gingival inflammation. 

There were no statistically significant correlations in this 

area (Table 9) . 



V. SUMMARY 

The goals of this investigation were: ( la) to 

determine macrophage/monocyte IL-8 production in a sample 

of IDDM patients and controls and (b) to analyze if a 

correlation exists between neutrophil chemotactic function 

and IL-8 production; (2a) to determine specific type II HLA 

genotypes in a sample of IDDM patients and controls and (b) 

evaluate whether or not a linkage between specific HLA 

genotypes and IL-8 production exists; (3) to determine if 

glucose metabolism 

correlation; (4) to 

and IL-8 

determine 

production shows 

if IDDM patients 

any 

which 

exhibit the greatest clinical signs of periodontal disease 

exhibit altered macrophage/monocyte IL-8 production. 

Monocytes were separated from the blood of 

patients and race/gender matched controls and 

IDDM 

LPS-

stimulatEid and unstimulated IL-8 production was assessed. 

Results are as follows: 

Stimulated with 0.01 ?g/ml LPS ... 

• diabetic monocytes produced more IL-8 than controls. 

• by race, monocytes from white patients (pooled and 

diabetics only) produced more IL-8 than blacks. 

54 
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• by race/gender, white male diabetic monocytes produced 

more IL-8 than black male diabetics, black female 

diabeties and white male controls. 

Stimulated wi~ 0.1 pg/ml LPS ... 

• by race, monocytes from white patients pr.oduced more 

IL-8 than black diabetic monocytes. 

• white male diabetic monocytes produced more IL-8 than 

white male controls. 

Stimulated with 1.0 pg/ml LPS ... 

• white male diabetic monocytes produced more IL-8 than 

white male controls. 

When comparing monocyte IL-8 production to.neutrophil 

chemotactic function, in the same sample of patients, the 

trend was toward an inverse correlation, though none were 

to a significant level. Also, no correlations were found 

between HLA genotypes or glucose metabolism with IL-8 

production. When clinical data among IDDM patients was 

ana~yzed, it was not~d that PI correlated inversely with 

unstimulated monocyte IL-8 production and probing depth > 3 

mm. A significant correlation was also found between GI 

and probing depth > 3 mm or attachment loss > 3 mm. 
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July 23. 1996 

Stephen C. Watson. DDS 
School or Dentistry 
Medical College or Georgia 

RE: Genetic Harkers for Periodontitis and Diabetes: 
Association with Impaired Neutrophil Chemotaxis 

CONTINUATION APPROVAL DATE: July 22, 1996 

FILE NUMBER: 94-03-205 

Dear Dr. Watson: 

rn response to your submitted HAC-107 form "Request for 
Continuation of HAC Approval". you have indicated that the study 
is still active since the last date of review. The HUMAN 
ASSURANCE COMMITTEE has approved the protocol through July, 1997 
in accordance with the DHHS policy and the institutional 
assurance on file with the DHHS. 

If there should be any modifications in the project before the 
date of the next annual review (July, 1997), please submit a 
memo requesting approval for an amendment to the protocol 
immediately. Projects shOuld be submitted for reviev·before the 
anniversary date. 

George S. Schuster, D.D.S .. Ph.D. 
Chairman 
HUHAN ASSURANCE COMMITTEE 

Au~USia, Georgia 311.H2-4810 (106) 121·3110 
An Allirmat~ Acliorv'EQual OpportlNy EdtJCatjCf121 L"tS:::;r.•on 
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August 16. 1996 

Stephen C. Watson. DDS 
Department of Periodontics 
Medical College of Georgia 

R£: Genetic Harkers for Periodontitis and Diabetes: 
Association with Impaired Neutrophil Chemotaxis 

FILE NUMBER: 94-03-205 

Dear Dr. Watson: 

The flmoWl ASSURANCE COHHITTE£ bas reviewed and approved your 
July 30, 1996 request for amendment to the above referenced 
protocol to include revised informed consent rorm:;; /\,B.C. and 
child's assent. This is in accordance •..;llh the UIIIIS policy 
and the institutional assurance on file ••. :ith the DHIIS. 

Ph.D. 
Chairman 
HUMAN ASSURANCE COMH !TIEE 

~"-1. CeorQia JO!I:;· ::;-:. • --~ 
An Al1or<nalnl~ ~!<lnJEQu31 Oo:·:'!~:~·i• !:; 
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Page 1 of 2 pages 
Informed Consent Form - A 

GENEllC MARKERS FOR PERlO!XlrmTIS AND DIABETES: 
ASSOC!A TION WITH IMPAIRED NEUTROPHIL CHEMOTAXIS 

Principal IDvestigator: Dr. Stephen Watson 
Co-Investigators: Dr. Sidney Stein, Dr. William Hoffman 

I have been invited to participate in a research study designed to identify the gcnc(s) 
responsible for defective white blood cell movement, increased infections and periodontal 
(gum) disease that occur in some diabetics. Identification of a gene chat makes diabetics more 
susceptible to infections Will help us to develop bener treatments for persons affected. I 
understand that I (my child/ward) have been asked to participate because I have insulin· 
depcc.dent diabetes .. I understand that I am one of approximately 40 persons to participate in 
this study. 

In the study, I wlll be asked to provide a 6.6 tsp. (33 ml) blood sample. Strict asepttc procedures 
will be maintained during the drawing of blood from a vein in my ann to minimize the risk. of 
infection. I understand that I will be informed if I have defective white blood cells, and that 
my doctor may use this information to help plan trcatmem if I ever have an illness or 
infection. I understand that this test will be free of charge, but I still am responsible ror the 
normal cost of doctor visits. 

f understand that participating in this nudy and donating blood may involve some risks. 
Since only a 6.6 tsp. (33 ml) sample of blood will be drawn (significantly less than the 500 ml 
unit· obtained from normal blood donors), the likelihood of syncope (fainting) is minimal. 
Strict aseptic procedures will be followed to minimize the risk of infection. r understand that a 
bruise may form at the site where blood was drawn from my arm as a result of the 
e),:u·avasation of blood. I understand that individual benefits will be minimal, and limited to a 
free diagnostic test that may help show my ability to fight infections. 

f understand that my participation in this research study, and the research records 
specifically related to it, will be confidential, unless specifically required to be disclosed by 
stare or federal law. Confidentiality \viii be maintained by using coded designations onh·· All 
samples will be collected under the super~tision of Dr. Sidney Stein or Dr. Stephen Watson, 
Department of Periodontics. I understand that my records will become part of the medical 
record, and that I .'\Yill not be .personally identified in any publication of the results of this 
study. I underztand that the Medical College of Georgia assumes no obligation to pay any 
money or provide free medical care in case this project results in any harm to me. 

I understand chat Stephen C. Watson, O.DS., \\'ho can be reached at (706) 721-2441. '~ill answer 
any further questions I inay have at any time concerning the study. the procedures. and an~ 
injuries that may appear related to the research. If I h:tvc any ·questions or concern.\ ~!t•m:: 
the rights of research subjects. I mavcnntact Or.G~or):!c ~dtuster at (706) 7Z!-?.<)<'JJ. 1!1 ,.,,,._. ·•l 
emergency Or. Watson may be com aCted at t i'O~·i 721-24:11. 
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Page 2 of 2 pagc:i 

My participation in this study is voluntary. I understand, however, that I may revoke ffi}' 

consent and withdraw from the study nO"'-' or at any time in the future, without penally or loss 
of care or other benefits to which I am othcn .. ise entitled. I understand that I am to be 
informed if the study provides any new information that might affect my decision to 
participate so that I may decide whether to continue the study. 

The risks and benefits to me, if I partidp~uc in thi~ s~ud~·. hCI.\'c been explained. I have h~d the 
chance to ask questions and these have been answered. 

Subject's Signature Date 

Parent or Guardian's Signature• Date 

Witness' Signature 

•The above individual verifies that he/she is the natural parent and/or legal guardian of_ 
-.---------- and.as such has legal authority to consent to the study outlined 
above. 
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Informed Consent f-orm • B 

GENETIC MARKERS FOR PERIODOIITffiS AND DIABETES: 
ASSOCIATION WITH IMPAIRED NEl.ITROPHILCHEMOTAXIS 

Principal Investigator: Or. Stephen Watson 
C<rlnvestigators~ Dr. Sidney Stein, Dr. William HC?ffman 

l'agc I of 2 pages 

I have b.een invited to participate in a study that h'ill determine white blood cell mO\'emcnl 
and protein production in diabetics and genetic associations with it. I understand that I have 
been chosen to participate because I do not have diabetes, and my white blood cells \"ill be 
considered '"norma!• for comparison to diabetics. This \\'ill help to determine which diabetics 
have impaired white blood ceil function. I understand that I am l of about 20 persons asked to 
donate blood for this reason in the study. 

In the study, I will be asked to provide a 6.6 tsp. (33 ml) blood sample. I understand that' 
participating in this study and donating blood may involve some risks. Since only a 6.6 tsp. (33 
ml) sample of blood will be drawn (significantly less than the 500 ml unit obtained from 
normal blood donors), the likelihood of syncope (fainting) is minimal. Strict aseptic 
procedures will be followed to minimize the risk of infection. I understand that a bruise mar 
form at the site \\•here blood was drawn from my arm as a result of the e).'travasation of blood 
I understand that individual benefits \"ill be minimal. and limited to a free diagnostic test that 
may help show my ability to fight infections. 

I understand that my participation in this research study, and the reSearch records 
specifically related to it, will be confidential, unless specifically required to be disclosed by 
state or federal law. Confidentiality will be ma!n:.<incd hy using coded designations only. All 
samples will be collected under the supervision of Dr. Sidney Stein or Dr. Stephen Watson, 
Oepanment of Periodontics. I understand that my records will become pan of the medical 
record, and that I will not be personally identified in any publication of the results of this 
study. ( understand that the Medical College of Georgia assumes no obligation to pay any 
money or provide free medical care in case this project results in any harm to me. 

I understand that Stephen C. Watson, D.D.S., who can be reached at (706) 121-2441. will answer 
any further questions I may have at any time concerning the srudy, the procedures. and an}· 
injuries that may appear related to the research. If I have any questions or concerns about 
the rights of research subjects, I may contact Dr. George Schuster at (706}721·2991. In case of 
emergency Or. Watson may be contacted at (706)721-2441. 

My participation in this study is voluntary. I understand, however, that I may revoke my· 
consent and withdraw from the study no\" or at any time in the future, without penalty or loss 
of care or other benefits to which I am other.,·ise: entitled. I understand that I am to be 
informed if the study provides any new information that might affen my decision to 
participate ~o that I may decide whether tn (ont::;::::- th<: "tudy. 
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Page 2 or 2 pages 

The risks and benefits to me, if I participate in this study, have been explained. I have had the 
chance to ask questions and these have been answered. 

Subject's Signature Dare 

Wnness' Signature Date 



Informed Consent Form · C 

GENETIC MAI\KERS FOR PERIOOONTrnS AND DIABETI:S: 
ASSOCIATION wrt1i IMPAIRED NEUTROPHIL CHEMOTAXIS 

Principal Investigator. Dr. Stephen C. Watson 
Co-Investigators: Dr. Sidney Stein. Dr. William Hoffman 

Page I ol ~ pages 

I have been invited to participate in a research study designed to identify the gene(s) 
responsible for defective white blood cell movement, increased infections and periodomal 
(gum) disease that occur in some diabetics. Identification of a gene that makes diabetics more 
susceptible to infections will help us to develop better treatinems for persons affected. I 
understand that I (my child/ward) have been asked to p:o.rticipate because I have insulin
dependent diabetes. I under:aand that I am one of approx.imately 40 pci-son.~ to participate in 
this study. 

In this study, I have already been asked to provide, and did provide at an earlier date, a 6.6 tsp. 
(33 ml) blood sample. As a continuation of this res.;:arch study, dcnw.l (periodontal) 
examinations are being performed to try and identify those patients who arc at risk for, or 
already ha,•e, periodontal- (gum) disease. I understand that this e~-amination tdll be performed 
free of charge. In addition, a tooth-cleaning (oral proyhylaxis) will he pru,·ided free of 
charge. In the e\•em that any further periodontal treatment will be needt:d, I t\'ill be accepted 
as a patient in the Periodontics Residency Program. I understa~d that I am responsible for 
any costs incurred in further treatment (if needed). 

I understand that my participation in this research ·study, and the research records 
specifically rela.r.ed to it, \'v'ill be confidential, unless specifically required to be disclosed by 
state or federalla\'v'. Confidentiality will be maintained by using coded designations only. All 
examinations "'ill be conducted under the supervision ,.: Dr. Sidne~· Stein or Dr. Stephen 
\'Vatson, Department of Periodontics. ""'J understand that ;::y records will hcwme pan of the 
medicaJ record. and that I will not be personally identified in any publicatio~t of the results of 
this study. I understand that the Medical College of Georgia assl:lmes no obligation to pay any 
money or poovide free medical care in case this project restZits in any harm to me. 

I understand that Stephen C. Warson, D.D.S., \"ho can be re2ched at (706) 711·2441, \,·iJI answer 
any further questions I may have at anx time concerning ihe study. the pro\'cd urcs. <.~nd any 
injuries that may appear related to the research.· If I ha'.? any questions l•r nml·crns about 
the rights of research subjects, I may contact Dr. George S..:iluster at (706) 721-2991. In case of 
emergency Dr. Warson may be contacted at {706) 721-2441. 
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l'agc 2 of 2 pages 

My participation in this study is voluntary. I understand, however, that 1 may revoke my 
consent and withdraw from the study now or at any time in the future, without penalty or loss 
of care or other benefits to which I am other",.ise emitled. I understand that I am to be 
informed if the study provides any new information that might affect my decision to 
participate so that I may decide whether to continue the study. 

The risks and benefits to me, if I participate in this study, have been explained. I have had the 
chance to ask questions and these have been answered. 

Subject's Signature Date 

Parent or Guardian's Signatur~* Date 

Wimess' Signature 

*The above individual verifies that he/she is the natural parent and/or legal guardian of_ 
-~-~~--------- and as such has legal authority to consem to the study 
outlined above. 
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~irO~·.f,iED L'"ONSF.I'fi 

DA'IT.- ¥4:./.iZ--.. --
CHiillREN'S ASSENT - B 

GENETIC MARKERS FOR PERIODONTITIS AND DIABETES: 
ASSOCIATION WITH IMPAIRED NEliTROPHIL CHEMOTAXIS 

Principal Investigator: Or. Stephen Watson 
Co-Investigators: Dr. Sidney Stein, Dr. William Hoffman 

Page 1 of I 

I am being asked to be in a research study, but before I decide to be in it, 1 am being given 
information and a chance to ask any questions 1 may have about it. The doctors in charge of 
this study are Dr. Hoffman, Dr. Stein and Dr. Watson. They would like to look in my mouth. The 
reason they want to look in my mouth is because I am a diabetic. The doctors believe that some 
diabetic children may show signs of gum disease. 

I have already donated a sample of my blood for this study. I understand that this dental 
examination will be performed free of charge. In addition, a tooth~deaning will be performed 
at no charge. If I need any further treatment, I will be accepted as a dental patient in the 
Periodontics Residency Program. 

1 do not have to be in this study and can dedde not to be. Not being in this study will not upset 
anyone. I can, and am expected to, let' my parents, dqctors, and nurses know about any 
unpleasant parts of this study or any bad effects follo\~ting the examination, if needed. The 
doctor will answer any questions l have at any time about this study. ~ 

My :-c.,------- (parent/guardian) knows about this study and says that I can be a 
pan: of it. 

I have read this document and it has bee·n e>.:pfained to me. I have had a chance to ask 
questions and they have been answered to my sarisfacrion. If I have any more questions l may 
call Stephen Watson, D.D.S.. ar {706) 721-2441. With this understanding, I hereby consent to 
participate in this study. 

Subject's Signature Date 

Parent or Guardian's Signature• Investigator 

Witness' Signature 

"The above indh·1tiual vt:nfics that he/she: is the n:uural parent and/or legal guardian of 
and as such h:h iq;al authority to ronst:nt to the stud) 

outlined above. 
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Appendix B 

Method for Isolation of Macrophages/Monocytes (Van Dyke) : 

1. Make a mixture of 9 parts Histopaque 1119 (Sigma) and 1 
part Histopaque 1077 (Sigma) • 

2. Add 1 part of the 9: 1 mixture above with 2 parts of 
Mono-Poly Resolving Medium (Flow Laboratories, Inc., 
McLean VA) to a 15 ml polystyrene centrifuge tube. 

3. Carefully overlay with 1 ml Histopaque 1077. 
4. Carefully layer 3.5-5.0 ml of fresh, heparinized, human 

whole blood onto medium (volume of blood can be 
increased to 6 ml). Maximum separation and 
functionality can be obtained if cells are separated 
within two hours of collection. Acceptable separation 
can be obtained for up to 6 hours, but functionality 
may decrease. 

5. Centrifuge at 1200 RPM for 30 min. in a swinging bucket 
rotor at room temp. 

6. The following three fractions should be obtained when 

blood is separated with M-PRM and Histopaque 1077: 

a. FR 1 (at plasma-medium interface): MN 
band or mononuclear leukocyte band. 

b. FR 2 (below the interface) : PMN band or 
the polymorphonuclear leukocyte band. 

c. FR 3: the red blood cell pellet. · 

7. With a sterile Pasteur Pipette, gently lower the tip to 
the FR 1 layer, withdraw and transfer the MN band to a 
50 ml centrifuge tube. 
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Method of Cell Culture (Shapira, 1994): 

1. Suspend the cells (2x volume of interface) in RPMI 1640 
with 10% serum and spin at 1000 RPM for 10 min. 

2. Resuspend pellet in 10 ml RPMI 1640 and spin again, 
resuspending in 10 ml of incomplete RPMI (RPMI less 
serum) . 

3. Count cells using Hemacytometer, then plate 4 x 10
6 

cells/ml in a 48-well plate (1 ml/well) . 
4. Adhere cells for 90-100 min. at 37° C in a humidified 

atmosphere containing 5% C02, then wash each· well 3x 
with incomplete RPMI (less serum), counting non
adherent cells removed to determine number of adherent 
cells remaining in each well. 

5. Add LPS in 3 different concentrations (0, 0.01, 0.1 and 
1.0 ug/ml) and incubate for 24 hrs. 

6. At the end of the 24 hr. period, harvest the 
supernatants and store at -70° C until they can be 
assayed for IL-8. 

note: 24 hr. period was chosen because it has been reported 
to be peak time for LPS induced IL-8 production. 




