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I. INTRODUCTION 

A. STATEMENT OF PROBLEM 

Nearly 3 dozen cell surface molecules that can function as adhesion proteins have 

I 

been identified.' There are 3 major families of adhesion molecules: selectins, integrins and 
i 

the immunoglobulin (lg) superfamily. Intercellular adhesion molecule-I (ICAM-1) and 

vascular cell adhesion molecule- I (VCAM-1) belong to the _lg superfamily. lCAM-1 ( CD-

54) is widely distributed on leukocytes, vascular endothelial cells, fibroblasts and epithelial 

cells. VCAM-1 (CD-106) is expressed on monocytes, synovial cells, and activated but not 

resting endothelium. lCAM-1 and VCAM-1 are surface glycoproteins that promote adhesion 

in immunological and inflammatory reactions by recruitment of leukocytes. Adhesion 

molecules have been implicated in the pathogenesis of rheumatoid arthritis. The levels of 

circulating lCAM-1 and VCAM-1 in plasma and synovial fluid both were significantly 

increased in rheumatoid arthritis (RA) patients compared to normal controls. Both may be 

useful markers'. for the diagnosis and management of patients with RA. Adhesion molecules 

may also play a role in the pathogenesis of periodontal disease by promoting the recruitment 

~d retentio:n of leukocytes in gingival tissue. Moreover, inte~action between the leukocyte 

function-associated · antigen-I (LFA-1) ·positive lymphocytes and lCAM-1 positive 

fibroblasts could augment local production of inflammatory cytokines by fibroblasts and 

i 

exacerbate bo~ soft and hard tissue destruction. lL:-1 P inedi3:tes pro-inflammatory responses · 

I 

leading to bo~e resorption. The levels oflL-lP can increase 7 to 12 times normal levels in 

gingival crevicular fluid (GCF) during experimental gingivitis in humans and during disease 

1 
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progression in ligature-induced periodontitis in monkeys. Periodontal tissue biopsies from 

periodontitis patients have been shown to have higher Il.,-1 p level compared to healthy sites. 

This project will investigate the capacity of interleukin-Ip (IL-1 P) to regulate adhesion 

molecule expression on human gingival and PDL fibroblasts by flow cytometry. The 

working hypothesis is that IL-1 p will upregulate ICAM-1 and VCAM-1 in human gingival 

fibroblasts (H9F) and periodontal ligament celis promoting fibroblast-lymphocyte 

interaction and,increased inflammatory cytokine production. 
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B. REVIEW OF RELATED LITERATURE 

B-1. Inflammation 

To patrol the body effectively for infectious organisms, the cells of the immune 

system must both circulate as nonadherent cells in the blood and lymph and migrate as 

adherent cells through tissues. In the presence of a foreign antigen, they must be able to 

congregate in lymphoid organs, cross endothelial and basement membrane barriers to 

aggregate at sites of infection, and adhere to cells bearing foreign antigen (Parrott et al., 

1981 ). Chronic inflammatory reactions are usually characterized by inflammatory cell 

accum~lation in the extravascular connective tissue. In such sites, inappropriate activation 

of circulating or resident lymphocytes becomes self-perpetuating and can lead to chronic 

tissue destruction. In addition to that, the locally infiltrated lymphocytes should have an 

opportunity to:interact directly with fibroblasts composing the connective tissue. The direct 

interactions 0£ those different cell types seem to play important roles in lymphocyte lodging 

and retention in such sites (1'4urakami and Okada, 1997). 

Studies of the interactions ofT lymphocytes with antigen-bearing cells have yielded 

not only the antigen-specific receptors, but also a plethora of cell adhesion molecules. 

Homologous families of adhesion receptors reveal relationships between molecules in the 
I 

immune systdm and many other tissues, and participate in the control not only of cell-cell · 
! 

interactions bht_ also in the regulation of cell migration (Springer, 1990). 
i . 

i. 
I 
I 
: 
I 
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Abraharil et al. (1988) examined the direct interaction of lymphocytes with 

fibroblasts and demonstrated that activated °lymphocytes rapidly adhered to the fibroblasts 
I 

when the two types of cells were cultured together at 37°C. Cell adhesion molecules (CAM) 

found on endothelial cells, synoviocytes and leukocytes mediate various cell to cell 

interactions (Albelda et al., 1990). These CAM plus locally secreted cytokines may 

contribute to both localization and activation of migrating inflammatory cells in the 

synovium (Firestein et al., 1990). 

The most common cell in the periodontal connective tissue is the fibroblast (Hassell, 

1993). The role of the cell is to produce the structural connective tissue proteins such as 

collagen and elastin, as well as glycoproteins and glycosaminoglycans that comprise the 

ground substance in periodontal connective -tissue. Under normal conditions, periodontal 

fibrobl~ts produce and modify the extracellular matrix (ECM) ~d play a role in maintaining 

tissue integrity
1 
and homeostasis (Angelo,1993; Hefti 1993). In addition, fibroblasts are 

capable of phagocytosing foreign objects and _ingesting cross-linked collagen. They also 

play a critical role in the wound-healing process. 
' ' '· . 

Fibroblasts secrete a ~ariety of innnunoregulatory cytokines and chemical mediators 

when they are stimulated with a variety of inflammatory cytokines and bacterial endotoxins 

(Iribe et al., 1983; Rose et al., 1984; Newton and Covington, 1987; Larsen et al., 1989; 

Bartold and H~ynes, 1991; Takada et al., 1991; Tamura et al., 1992; Hefti, 1993). These 

results suggest ;that gingival fibroblasts could play important roles not only in maintaining 
i 

periodontal tissue integrity, but also in regulating local inflammatory responses. In inflamed 
j 
.. 

periodontal ti~sue, inflammatory cell accumulation was observed histopathologically 

(Mackler et a/.i,-1977; Seymour and Greenspan, 1979; Okada et al., 1983). Those locally 
I 
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infiltrated cell~·were located adjacent to the periodontal fibroblasts. Thus, it is reasonable 

to speculate th~t these immunocompetent cells may have an. opportunity to interact directly 

with each other and an:, mutually affected through the heterotypic cell-cell interactions 

(Murakami and Okada, 1997). 

The concept of homing of lymphocytes to periodontal tissue has only recently been 
I ' ' 

discussed. Cells may migrate through tissues at random, or both specifically and randomly, 

but retention· :is presumably based · on antigen specificity and/or cytokine presence. 
I • . , , 

Therefore, bacterial antigen-specific T cells would accumulate at a specific site containing 

antigen and could have the potential to regulate immune responses at that site such as 

infected gingiva (Kawai et al., 1998). Transendothelial migration is the first event of 

lymphocyte emigration from the blood stream to diseased tissue. Although there is a 

multistep theory for this event (Springer, 1994; Butcher, 1990), very late activation antigen-4 
' I 

(VLA-4) and lymphocyte function-associated antigen-1 (LF A-1) are considered to play 

important primary roles in T-cell migration (Oppenheimer-Marks eta/., 1991). 
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B-2. :cellular Adhesion Molecules 

Nearly 3 dozen cell surface molecules that can function as adhesion proteins have 

been identified. Their possible involvement in the pathogenesis ~f inflammatory diseases 
I 

such as rheum~toid arthritis, reperfusion injury, transplant rejection, angina andperiodontitis 

are opening doors to the potential therapeutic approaches that target adhesion molecules. 

Adhesion molecules are generally classified into 3 families: selectins, integrins and 

the immunoglobulin (lg) superfamily. The selectins are prominent in· lymphocyte and 

neutrophil interaction with the vascular endothelium. Selectins are single transmembrane 

polypeptide chains and the members of the selectin family include E-selectin which is 

induced on ·vascular endothelial cells within hours ofstimulation with interleukin-1 (IL-1 ), 
. ' . 

tumor necrosi;s factor (TNF), lipopolysaccharide (LPS) (Springer, 1994; Cronstein et al., 

1993; Lasky, ;1992; Rosen, 1993). It is then rapidly (within 16-24 hours) down-regulated 
I 
I 

(Bevilacqua ~t al., 1989; Vestweber, 1992). L-selectin is constituitively expressed on 

virtually all circulating leukocytes, with the ~xception of some memory lymphocytes (Rosen, 
. . ( . 

1993; Gallatin et al., 1983). B-selectin exists in a prefonrted pool i~ Weibel-Palade bodies 

of_endothelia1 cells and in the a-granules of platelets (Springer, 1994; Lasky, 1992). 

The iritegrin family contains at least 15 a and ~ chains, which can combine to form 
. . 

~ 20 heterodiµiers (Hynes, 1992). Heterodimers consi_st of 1 a _chain noncovalently linked 
I 

i ' . . " . ·. ' ' . 
to 1 ~ chain,! There is no homology between a and ~-chains (Hemler, 1990; Sanchez-

[ 

Madrid, 1992). Different a chain types may associate with a given type of~ chain and 
! 
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several (e.g., ci4, a6, and av) can associate with more than 1 p chain type (Hynes, 1992). 

The p chain usage therefore determines the integrin subfamily (Mojcik and Shevach, 1997). 

Integrin ligands may be either cellular or extracellular matrix (ECM) proteins, and 

individual integrins may bind to more than 1 ligands.· Thus, a4P 1 binds fibronectin (FN) 

and/or vascular cell adhesion molecule type I (VCAM-1), but at different sites on a4 {Lobb 

and Hemler, 1994; Strauch et al., 1994; Andrew et al., 1994). Integrins also exist in either 

active or inactive states. Thus, fully activated a4Pl adheres to both VCAM-1 and FN; 

partially active a4Pl adheres only to VCAM-1 arid inact1ve a4Pl a~eres to neither (Lobb, 

1994; Masumoto and Hemler, 1993). 

The lg superfamily is diverse and includes adhesion proteins, such as CD2, CD3 l, 

leukocyte function-associated antigen-3 (LFA-3 or CD58), intercellular adhesion molecule 

type 1 .{ICAM-1), ICAM-2, ICAM-3, VCAM-1, MadCAM-1, and neural cell adhesion 

molecule type 1 (NCAM-1 ), as well as nonadhesion proteins, including lg, the T cell 

receptor {TCR), CD3, CD4, CDS, and major histocompatiQility complex proteins. In 

contrast to the selectins, which are rapidly down-regulated after induction, ICAM-1 and 

VCAM-1, once upregulated, remain on the cell surface for more than 48 hours (Vestweber, 

1992). Members .of the lg superfamily may bind to members of the integrin family ·or 

selectin families (Buck, 1992). 
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B-3. '4dhesion Protein Functions 

The interaction of the adhesion proteins with other cells or with extracellular matrix 

(ECM) proteins. culminates in 3 important cellular functions: homing to lymphoid tissues, 

migration to inflammatory sites and c.ostimulation of cellular activation. But the mechanisms 

of these functions are, as yet, incompletely delineated (Mojcik and Shevach, 1997). 

N eutrophils, monocytes, and lymphocytes follow similar pathways for migration 

across endothelial cells (EC). The adhesion proteins are used in the following regulated 

cascade (Butcher, 1991). Initial contact of unstimulated leukocytes is mediated by the 

selectins. Selectins function by tethering leukocytes to the EC, which permits rolling of cells 

in the direction. of flow (Von Adrian et al., 1991; Berg et al., 1993, Ley et al., 1991). 

Without the involvement of other adhesion molecules, selectin-mediated adhesion is 

transient and the adherent cells are released back into circulation (Mackay, 1991). Leukocyte 

· rolling is inhibited 75-89% by antibodies to L-selectin or chimeric L-selectin Ig proteins 

(Berg and James, 1990, Ley et al., 1991). Emigration of lymphocytes is absent in L-selectin 

knockout mice (Arbones et al., 1994). Rolling is, therefore, an almost exclusive .property of 

L-selectin, except in muco.sal tissues, where a.4~7 contributes (Watson et al., 1991). 

The second phase of the adhesion cascade is mediated by the integrins. Various 

stimuli (e.g., T¢R engageme~t, c~okines) induce activation (Shimizu et al., 1990; Lloyd et 

al., 1996) and/~r increased expression (Hynes, 19~2; Von Adrian et al., 1991; Berg and 
i. . ' 
i ' ' ' 

James, 1990; Issekut~, 1991) of the integrins. This activation is transient (Von Adrian et al., 
1· 
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1991; Buck, 1992; Butcher, 1996) and only a portion of the total integrins on a cell may be 

active at a giv~n time (Hynes, 1992; Springer, 1994). This permits arrest of leukocyte 

motion on the EC, firm adhesion, and then transmigration through the eijdothelial layer 

(Springer, 1994; Butcher, 1996, Muller et al., 1993). Thus, mAb to the integrins block both 

stable adhesion to EC and emigration, but not rolling (Lobb and Hemler, 1994; Von Adrian, 

1991). 

Adhesion proteins may also mediate costimulatory functions to allow or accelerate 

cellular activation, proliferation, and production of cytokines or other effector molecules. 

T cells can respond as well to costimulation mediated by cx.LP2/ICAM-1 interactions as to 

costimulation mediated by B7/CD28 interactions (Dubey et al., 1995). Furthermore, cx.4 or 

' . 

Pl costimulation can induce activation of transcription factors (NF-AT, AP-1, NF-kB) and 

inflammatory mediators, including IL-lP (Yurochko e_t al., 1992), IL-2, TNF-cx., and 

granulocyte-macrophage colony-stimulating factor (GM-CSF) (Udagawa et al., 1996). 

Binding to VCAM-1 (Romanic and Madri, 1994) or engag~ment of cx.5pl or cx.vp3 

(Postigo et al.~ 1993; Werb et al.~ 1989) may trigger matrix metalloproteinase (MMP) 

production in T lymphocytes. While T cell MMP production seems useful in the migration 

of cells through tissue, macrophage MMPs, because of their greater production and broader 

range of activity, play a major role in tissue destruction and remodeling (Goetzl et al., 1999). 

Regardlless of the activation status of the T cells or the endothelial cells (EC), 

VCAM-1 wasj never found to function during_ transendothelial migration, even when it 
! 

mediated the ~inding of resting T cells to IL-1 activated endothelial. cells. In contrast, 
I 
I 

ICAM-1 played an important role in transendothelial migration under all of the conditions 

! 
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examined, incl~ding situations. when T cell-EC binding was not mediated by ICAM-1. 

Immunoelectro~ microscopic analysis: of transendothelial migration supported the conclusion 
! ' ·' . 

that ICAM~l but not VCAM-1 played a central role in this process'. .. Thus, ICAM-1 was 

prominently and uniformly expressed at all EC membrane sites that were in contact with 
. I • 

bound and migrating T cells, whereas VCAM-1 was localized to the luminal surface ofIL-1 

activated EC, _but was . often absent from the surface of the EC in contact with T cells 

undergoing trabsendothelial migration (Oppenheimer-Marks ·et al., 1991). 

When measuring the levels of circulating ICAM~l and VCAM-1 in both plasma and 

synovial fluid using monoclonal antibody sandwich enzyme-linked immunoassays, both 

ICAM-1 and VCAM-1 were significantly increased (P < 0.001) in rheumatoid arthritis 

patients compared to normal controls. Therefore, both may be useful markers for the 

diagn~sis and management of patients with rheumatoid arthritis (Mason et al., 1993). 

B-4. . Intercelluar Adhesion Molecule -1 (ICAM-1) 

ICAM~l, a 90 kDa inducible cell surface glycoprotein that promotes adhesion in 

immunological and inflammatory reactions. ICAM-1 is a ligand of lymphocyte function

associated antigen-I (LFA-1), _an a~ antibody complex that is a member of the integrin 

family of cell7cell and cell-matrix receptors. ICAM-1 is encoded by an inducible 3._3 kb 

mRNA (Staupton et al., 1988). Human ICAM-1 is a single-copy gene located on 

chromosome j19 (Katz et al., 1985). ICAM-1 is a single chain glycoprotein with a 

polypeptide cire of 55 kDa that can be express~ on cells of many lineages. Its expression 
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is strongest, however, at specific differentiation stages or after exposure of cells to certain 

inflammatory reactions in vivo (Rothelien et al., 1988). Amino acid substitution in the 

extracellular domain have indicated that the p~ary binding site for leukocyte CD 11 a/CD 18 

(LFA-1) is located in the NH2-tenninal first domain ofICAM-1 (Staunton et al., 1990). The 

interaction ofLFA-1 and ICAM-1 makes an important contribution to leukocyte adhesion 

in the execution of immunological and inflammatory functions and may contribute to 

regulating the localization ofleukocytes (Takada et al., 1991). 

ICAM-1 induction on endothelial cells by inflammatory mediators may facilitate 

margination and extravasation of T and possibly B lymphocytes at sites of inflammation or 

may promote a localized immune response. It could be speculated that because ICAM-1 

upregulation on endothelial cells by IL-1 is rapid (Gardner and Hynes, 1985), increased 

adhesion of lymphocytes mediated by ICAM-1 might be an event mediating lymphocyte 

influx into inflammatory foci. ICAM-1 modulation by IL-1 and IFN-y at sites ofmonocyte 

or T lymphocyte activation might increase the tendency of T lymphocytes to adhere to 

connective tissue cells such as fibroblasts on which ICAM-1 expression is stimulated and 

increase the probability of afferent or efferent T lymphocyte functions (Dustin et al., 1986). 

Reduced or lost expression ofLFA and ICAM-1 molecules on high grade non-Hodgkin's 

lymphoma (Stauder, 1989), on Burkitt's lymphoma, and on early derived Burkitt's 

lymphoma cell lines in culture (Gregory, 1988), and colorectal adenocarcinoma (Smith, 

1989) suggests that loss of these molecules contributes to tumor progression by allowing the 

malignant cells to escape immunosurv:eillance (Smith et al .. , 1990). Increased expression of · 

ICAM-1 localized to centrilobar hepatocytes during acute rejection ofliver allografts may 
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I 

be an imp~rtani factor in the development of inflaminatory responses during graft rejection 
i 

' 
(Adams et az.,I 1989). It has been suggested that increases in ICAM-1 expression in 

transplanted renal tissue could also result from ischemic damage (Faul and Russ, 1989). 

It was 11roposed that T-lymphocyte adhesion to human synovial fibroblasts resulted 
I ,· 

in cellularreteftion in the inflamed synovium (Haynes et al., 1988; Krzesicki et al., 1991). 

These reports ~emonstrated that activated T-lymphocytes bound to fibroblast-like synovial 

cells and that c~mbinations ofIFN-y arid TNF-a and IFN-y +·IL-1~ had a synergistic effect 

on ICAM-1 expression and adhesion .. The adhesion was-significantly, but only partially, 

inhibited by anti-ICAM-1 and anti-LFA-1 ·monoclonal antibodies (mAbs). Thus, they 

speculated the existence of LFA-1/ICAM-1 independent adhesion mechanisms. They 

concluded that __ pro~inflanunatory cytokines _may play a promine~t role in the formation and 

exacerbation of synovial · hyperplasia ·by regulating the· rec~itment and retention of T

lymphocytes via the l!p-regulation of adhesion molecules on synovial fibroblasts. 
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B-5. : Lymphocyte Function-associated Antigen-1 (LF A-1) 

13 

LFA-li (CD1 la/CD18, aLP2), which is a member of the integrin family, is expressed 
I 
I 

on T lympho~ytes; its counter-receptor on the target cell is ICAM-1 or ICAM-2. Each 

integrin mole~ule comprises an a- and P- subunit and three subfamilies of integrins can be 

distinguished :by their P subunits; these are known as the Pl (CD29), P2 (CD18) and P3 

(CD61) integrins. LFA-1 belongs to the p2 subfamily and is most closely related to two 

other integrins, Mac-1 and p 150,95 with which it shares the p2 subunit (Kishimoto et 

a/.,1987). These three P2 integrins are also known as the leukocyte integrins because their 

expression is limited to white blood cells. The importance of the leuko~yte integrins is 

· illustrated in congenital leukocyte adhesion deficiency (LAD) in which they are deficient 
I 

because of ~utation in the common p2 subunit (Kishimoto et al., 1989; Anderson and 

Springer, 1987). Patients have recurring infections, often fatal in childhood, unless they are 

corrected by bone marrow transplantation (Springer, 1990). 

The expression ofLFA-1 adhesion receptor, which is restricted to white blood cells, 

is required for many leukocyte functions including T cell-mediated killing, T-helper and B 
. . 

lymphocyte responses, natural killing, antibody-dependent cellular cytotoxicity mediated by 

monocytes ~d granulocytes, and adherence of leukocytes to endothelial and epithelial cells 

I 
and to fibrob~asts. These leukocyte functions are known to require an adhesion step which 

i 
is mediated tjy the interaction ofLFA-1 molecules· expressed on leukocytes·with counter-

' I - . 

receptor or lipand molecules (e.g. ICAM-1) e~pressed on target cells (Cabanas and Hogg, 
·' 
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1991). 

LFA-1 although originally id~ntified by monoclonal antibodies that inhibit T cell

mediated killing, is also required for a broad range of other leukocyte functions, including 

T-helper and B-lymphocyte responses, natural killing, antibody-dependent cytotoxicity 

mediated by monocytes and granulocytes, and adherence of leukocytes to endothelial cells, 

fibroblasts anq epithelial cells (Springer et al., 1987; Kishimoto et al., _1989). Inhibition 

studies with monoclonal antibodies to LF A-1 and ICAM-1 indicate that binding _between this 

receptor-ligand pair is an important initial event in establishing intercellular contacts for 

antigen dependent T cell proliferation (Shaw et al., 1987), lytic functions of cytotoxic T cells 

(Sanchez-Madrid et al., 1982), and 1n T dependent B cell activation in vitro (Tedder et al., 

1986). Its importance has been demonstrated in vitro by blocking T-cell killing with 

antibo4y to ICAM-1 (Makgoba et al.; 1988). 

B-6. ICAM-1 in GingivalTissues 

ICAM-1 was consistently expressed by junctional epithelial cells in healthy gingiva 

and by pocket epithelium in diseased gingiva. ICAM-1 was expressed by endothelial cells 

of gingival vessels and a subset of leukocytes in the infiltrated connective tissue in both 

healthy and diseased gingiva. ICAM-1 has two independent binding sites for _the leukocyte 

function-assoqiated antigen, LFA-1 (CD11a/CD18) and Mac-1 (CR3 or CD1lb/CD18) 
. i 

I 

which are tw9 of three cell surface proteins constituting the leukocyte integrin family of 
I • 

adhesion mol~cules. Pretreatment of rabbits with anti-ICAM-1 antibody _significantly 
i 
\ . 

reduced the inp-a-alveolar inflammatory cell infiltration and interstitial thickening induced 
I . 
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by phorbol es~er treatment (Crawford et al., 1992). In the absence of an inflammatory 
I 

response, ICAM-1 is expressed on only a few cell types (Dustin et al., 1986). 
I 

I 
The fact that circulating and fr~shly isolated resting leukocytes express significant 

levels ofboth LFA-1 arid ICAM-l but do not aggregate strongly suggests the existence of 

mechanisms trn1t regulate the interaction of LFA-1 and ICAM-1. Although these 

mechanisms ate not fully understood, it is known that they are dependent on temperature and 
' . 

metabolic ene~gy, and require the presence of divalent cations, particularly Mg2
+ (~.othlein 

et al., 1986; Marlin et al., 1987; Makgoba et aZ:, 1988). -Dependence on all these factors 

demonstrates that the LFA-1/ICAM-1 mediated cellular adhesion is an active process that 

requires more than the mere presence of receptor and counter-receptor molecules on 

opposing cell membranes (Cabanas et al., 1991). Orima et al. (1997) showed that ICAM-1 

was expressed on endothelial cells, fibroblasts, mononuclear cells, an4 macrophage-like cells 

in human peri~dontitis-affected gingiva by immunohistochemistry. They also suggested that 

IL-1~, TNF-a and IFN-y may be involved in the regulation of ICAM-1 expr~ssion on 

endothelial cells and infiltrating cells in human inflamed gingiva~ 
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VCAM-1, a 110 kDa cell surface glycoprotein, has ligands a 4P1 (CD49cl/CD29, 

VLA-4), a 4P~_and is distributed inmonocytes, synovial cells and activated endothelial cells 

(Mojcik and Sp.evach, 1997). Multiple lines of evidence indicate that inflammatory reactions 

are modulate4 by the interaction of circulating leukocytes with adhesion molecules on the 
I 

luminal surfa6e ofb.lood vessels. These vascular cell adhesion molecules (VCAMs) arrest 

circulating leukocytes and thus perform the first step in their recruitment to infected or 

otherwise inflamed tissue sites. VCAM-_1 binds selectively to lymphocytes but only weakly 

to monocytes and not to granulocytes and may play important roles in a wide range of 

pathological states involving cell-cell recognition including various inflammatory syndromes 

such as tissue reperfusion damage and allograft rejection (Osborn et al., 1989). 

VCAM-1 has a distinct pattern of cytokine induction in cultured endothelial cells. 

Naive cells do not express VCAM-1 messenger RNA; however, exposure of cells to 

inflammatory µiediators or cytokines (lipopolysaccharide, IL-1 p, and TNF-a) results in rapid 

up-regulation;ofmRNA anµ surface protein w~thin 3hr (Osborn et al., 1989; Read et al.,-

1994). 

In•inflammatory processes and cardiac allografts undergoing rejection, VCAM-1 is 

upregulated on endothelium of postcapillary venules (Briscoe et al., 1991). Arterial 

expression o:tiVCAM-1 is found in experimental models of"atherosclerosis in the rabbit 

( Cybulsky et 41., 1991). Activated lymphocytes b.ound stron~y to HGF, VLA integrins, and 

extracellular !atrix rec.eptors, play crucial roles in th~ bindin~: These findings suggest that 
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the adhesive i~teractions between lymphocytes and HGF were mediated at least by VLA 
I 

I 

integrins, LFi-1/ICAM-1 and CD44/hyaluronate and that the h~terotypic cell-cell 
i 
I . 

interactions co'.uld mutually cause intracellular signal transduction. Adhesive interactions 

stimulated fibroblasts to increase expression of inflammatory cytokine mRNA. These results 

strongly suggest that fibroblasts are not merely innocent bystanders but actively participate 

in local inflamp1atory reactions by directly interacting with locally infiltrated lymphocytes 

(Murakami et ti!., 1997). 

The requirements for-the migration of regulatory Tcells to gingival and periodontal 

tissues are ill ~efined. Binding to· endothelium is a prerequisite to the transmigration of 

lympho~ytes into tissues. Blocking experiments with monoclonal antibodies demonstrated 

that initial adhesion of T cells to endothelial cells seems to involve VLA-4NCAM-1 

interac~ion, whereas transendothelial migration of T cells involves LFA-1/ICAM-1 

interaction (Kawai ·et al., 1998). 

B-8. ; Very Late Activated A:ntigen-4 (VLA-4) 

VLA-4 (CD49d/CD29) is an unusual ~1 integrin ~xpressed on resting lymphocytes, 

monocytes and ne~al crest-derived cells, and functions as both a matrix and cell receptor 

(Hemler, 1990). As a matrix receptor, it.binds to a domain offibronectin (Guan et al., 1990) 

and as a cell repeptor, it binds to VCAM-1 or INCAM-100 (Osborn et al., 1989; Rice et al., 
; 

1990). 
I 

Ruegg bt al. (1992) state that VLA-4 (a4~ 1) has been shown to be involved in at least 

' I . . 
! 

I 
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three different kinds of adhesive · interactions. First, a 4P1 mediates cell adhesion to 
! 

fibronectin by binding fo th~ alternatively spliced CS-1 regiC?n of fibronectin (Wayer et al., 

-1 

1989; Mould et al., 1990; Guan and Hynes, 1990).· Second, a 4P1 mediates T cell adhesion 

to endothelium by binding to the VCAM-1 (Elices et al., 1990). T cell activation causes 

rapid enhancer1ent of a 4P1-mediated binding ~o both fibronectin and VCAM-1 (Shimizu et 

al., 1990a, b). Third, certain antibodies directed against the a 4 subunit of a 4P1 induce 

homotypic lymphocyte clustering (Campanero et al., 1990; Bednarczyk and McIntyre, 1990; 

Pulido et al., 1991). This clustering is dependent upon divalent cations. Clustering can be 

abolished by other antibodies directed against a 4 and by some anti-p1 antibodies, but not by 

antibodies against other integrins or VCAM-1. It is possible that binding of anti-a4 

antibodies induces a conformational change in a 4P1 that allows a 4P1 to bind to an 

unidentified counter receptor on adjacent cells. Alternatively, binding of anti-a4 antibodies 

I 

might cause dlustering by triggering an a 4P1 mediated signal that activates other adhesion 
' 

pathways (Ruegg et al., 1992). 

A monoclonal antibody, 4-145, which was specific to the VLA integrin p1 chain, was 

shown to inhibit the binding of activated T-lymphocytes to HGF in a dose-dependent fashion 

· (Murakami ei al., 1993a,b ). They also demonstrated that p1 integrins, especially VLA-4, 

were involved in the binding between T-lymphocytes and HGF. Since VLA-4 recognizes 

·:fibronectin (FN) and VCAM-1 as its ligand, it may be speculated that activated lymphocytes 
t ' 

can bind to H~F via the VLA-4/FN and/or VLA-4NCAM-1 pathway. However, VCAM-1 

expression w~ not detected on HGF by flow cytometric analysis, even when the cells were 
I 
I . . . . . 

stimulated wilth.I_L-~ or IFN-y (Murakami et al., 1993a) .. 

'i 
r 
I 
I 
/ 
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B-9. i lnterleukin-1~ .(IL-1~) 

Cytokines can best be defined as proteins ( c. 8-80 kDa molecular weight) that usually 
i 
I 

act in an aut~crine (on the cell that produce them) or paracrine (on cells close by) manner. 

The production of these potent ~olecules is usually transient and tightly regulated. Well 

over 100 dif(erent human cytokines have been identified and the pace of discovery shows 

no signs of slowing. Cytokines act by binding to specific receptors at the cell membrane, 

setting off a cascade that leads to induction, enhancement or inhibition of a number of 

cytokine-regulated genes in the nucleus. Interleukins ( currently numbered IL-1 to IL-18), 

inte~eron (IFNs), colony stimulating factors (CSFs), tumor necrosis factors (TNFs), growth 

factors. and chemokines ( chemotactic cytokines) can all be considered cytokines. 

Cytokines of various origins are involved in the initiation and progression of chronic 

inflammatory diseases· such as arthritis· and periodontitis (Genco et al., 1992; Page et al., 

1991). Prominent among these are the prostaglandins (PG), particularly PGE2 (Offenbacher 

et al., 1986). ( Although PG inhibitors can reduce the periodontal bone loss but the effects of 

' . 

PG are unlikely to account for all the inflammatory changes associated with periodontal 

· disease. IL-1 p_ossesses · inflammatory, metaboltc, physiologic, homopoietic, and 

immunologic properties (Dower et al., 1992). Pro-inflammatory effects of IL-1 include 

increase atta9hment of leukocytes on endothelial cells and thereby aids in the recruitment of 
I 
i 

these cells ihto sites of inflammation (Bevilacqua et al., 1985, 1987). A second pro-
I . 

inflammatory effect ofIL-1 is the induction ofPGE2, a vasodilator and a mediator of bone 
! 
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I 
demineralization (Klein, 1970). 

I 

Inter1¢ukin-1 (IL-1) mediates inflammatory responses and immunostimulative 

effects. IL-1 !enhances-proliferation and generation of collagen, collagenase, proteoglycans 

and prostagl~din in fibroblast cultures. Also, release· of IL- l and other cytokines by 

mononuclear phagocytes is an important s~ep in the inflammatory and immune responses 

(Takada et a?,, 1991). ICAM-1 expression on dermal fibroblasts is increased threefold to 

fivefold by either interleukin-I (IL-1} or interferon-y at ·1 OU/ml over a period of 4 or 10 hr, 

respectively (Dustin et al., 1986). 

IL-1 also has catabolic effects. Both forms oflL-1.are potent inducers of calcium 

loss from organ cultures ofrodent fetal long bones and calvariae (Gowen and Mundy, 1986). 

IL-1 has synergistic effects with the bone-resorptive actions of parathyroid hormone 

(Dewhirst et al., 1987), TNF-a, and lymphotoxin (Stashenko et al., 1987). Another catabolic 

effect ofIL-1 is the induction ofproteinases by chondrocytes and other cells ofmesenchymal 

origin. The~e proteinases include neutral metalloproteinase (Schnyder et al., 1987), i.e. 

prostromely$in, and procollagenase, and the serine proteinase, urokinase-type plasminogen 

activator (u-PA) (Leizer et al., 1987). The u-PA converts plasminogen into plasmin, which 

is part of a cascade that leads to the activation of the neutral metalloproteinase proenzymes, 

i.e. the formation of stromelysin and collagenase.· The activated enzymes degrade 

proteoglycart and collagen, respectively (He et al., 1989). 

Lind~ley et al. (1993) detected prominent ICAM-1 expression on rheumatoid 
I 

synovial liniilg cells, with staining less.evident in deeper tissue using immunohistochemistry. 
I . 

I 
Cytokines that markedly enhanced ICAM-1 expression included IL-lP, TNF-a or, IFN-y. 

i . 

i 
I 
I 
I 
I 
i 

1, 
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I 

· As little as 1!0-4 U (3.3 fg/ml) of IL-IP could increase ICAM-1 expression. When compared 
i 
! 

on the basis ~f units per milliliter, the rank of potency for these three cytokines was IL-1 p 

i 
> TNF-a > IFN-y. ICAM-1 expression reached maximum levels by 24 hour (IL-IP, TNF-a) 

or gradually ~creased up to 72 hr (IFN-y). ICAM-1 expression by IL-IP started to decrease 

after 48 hr b~t the expression of ICAM-1 was still greater than baseline at 96 hr. IL-I~ 
j 

showed an e*lier peak than that noted for IFN-y: Enhanced ICAM-1 expression was evident 

as early as 2 pr after the addition of IL-IP, and by 5 hr after the addition ofIFN-y (Gamble 

and Vadas, 1988). 

Biopsies ofliuman interdental papillae showed some activity of epithelial cells in the 

production ofIL-lp. Single cells, clusters or larger areas of the sulcular and oral epithelium 

appeared to produce IL-1 p at inflamed sites, and in these areas the normal epithelial structure 

was disturbed. (Hillman et al., 1995). The ~ffects ofinterleukin-1 on collagenolytic activity 

and prostaglandin-E secretion by human periodontal ligament and gingival fibroblast show 
I 

that the cells; from periodontal ligament responded to IL-1 by releasing immunoreactive 

PGE, but at _a lower level than from gingival _fibroblasts. The ligament cells, however, 

produced little functional collagenolytic enzymes. Possible explanations for the lack of 

response to ~L-1 qy perioqontal ligament fibroblasts (PLF) are that there may be fewer 

receptors for :JL-1 on PLF (Richards et al., 1988): 

IL-1J3 activation ofHGF cells showed that IL-IP not only induces the expression of l . - . 
IL-6, IL-8 ano TNF-a, but also acts-in.an autocrine manner on HGF cells and induces IL-IP 

I ,. 
i 
I • 

expression. jFurthermore, the continuous presence of IL-1 p in HGF cell cultures did not 
I 

I 
down regula~e the ·response of HGF cells to IL-1 p. Pretreatment of HGF cells with IL-1 p 

I . . 

i 
I 
! 

! 

I 

! 
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resulted in the ephanced synthesis ofTNF-a in response to additional IL-lP (Agarwal et.al., 

1995). Masad~ and colleagues (1990) demonstrated that IL-1 is p!oduced and released 

locally in perioq.ontal disease at concentrations sufficient to mediate tissue inflammation and 

bone resorption. IL-1 may serve as a marker of periodontal tissue destruction. 

Assuma and colleagues (1998) demonstrated that a significant component of 

experimental periodontitis is the recruitment of inflammatory cells iri close proximity to 

bone, and that this depends, to a large extent, on IL-1/TNF activity. Thus, the mechanism 

of periodontal disease is likely to involve a "field effect" characterized by an over exuberant 

inflammatory response to penetration of bacterial products into the gingiva, rather than direct 

bacteria-induced bone loss. In a series of studies, Murakami and colleagues showed that 

cytokine-activated HGF increased the binding avidity for T-lymphocytes. Althoug~ 

adhesion between T ... lymphocytes and resting HGF was not effectively inhibited by anti

ICAM-1 or anti-LFA-1 monoclonal antibody, the increased binding between T-lymphocytes 

and cytokine-activated HGF was significantly inhibited by anti-ICAM-1 or anti-LFA-1 

mAbs (Murakami et al., 1997). 

ICAM-I was expressed on endothelial cells, fibroblasts, mononuclear cells, and 

. macrophages-like cells in the inflamed gingival tissue specimens using polyckmal antibody 

against ICAM-1. The localization of IL-1 p, TNF-a, and IFN-y mRNA expressions was the 

same or very close to that of ICAM-1 expression. The expression of IL-lP mRNA was 

observed on ce~ls which were the same type as ICAM-1 expressing cells. These results 
I 

i 

suggest that IL!lp, TNF-a, and IFN-y may be involved in the regulation of ICAM-1 

expression on e4dothelial cells and infiltrating cells in human inflamed ghlgiva (Orima et al., 
I 
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1997). 

The le~els of3 bOne resorptive cytokines, IL-la, IL-113, and 1NF-a, were assessed 
! . ' 

I 

in tissues from ;sites of periodontal disease. As determined by ELISA of tissue extracts, IL-

. 1 P and TNF-a :were detected in all diseased sites, whereas IL-1 a was present in 8/22 sites. 
i 

' 
i ' 

IL-1 p was present in highest concentration. The levels of all 3 mediators were significantly 

lower in clinic;ally healthy tissues. Consistent with findings from tissue extracts, IL-1 p 

containing cells were present in approximately 5-fold higher numbers than TNF-a containing 

cells, and 40-fold higher numbers than IL-1 a containing cells. These results indicate that 

IL-1 P is likely to be an important mediator in the pathogenesis of periodontal disease 

(Stashenko et al., 1991). 

ICAM-1, ELAM-1, and VCAM-1 expressions _ on endothelial cells were 

immunohistologica~ly observed in inflamed gingival tissue (Moughal et al., 1992; Toneth 

et al., 1994). These molecules seem to play a crucial role in lymphocyte· adherence to the 

endothelial cel~s and activate extravasation into the inflammatory periodontal connective 

tissue (Murakatni et al., 1997). It has been shown that intense ICAM-1 positive staining of 

the junctional epithelium and its absence in the closely adjacent oral epithelium, in both 

clinically healthy and inflamed tissue. The gradient of ICAM-1 injunctional epithelium, 

with the strongest staining on the crevicular aspect plus-the vascular expression ofELAM-1 

and ICAM-1 may be crucial processes which direct leukocyte migration towards the gingival 

crevice (Mougpal et al., 1992). There is clear evidence thatthe expression ofICAM-1 on 

specific cell Jes is regulated by cytokine activity in vitro and in vivo and can be changed 
I 

or rapidly indubed in certain pathological conditions (Smith et al., 1990). 
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Gingi al tissues from adult periodontiti~ patients showed increased mRNA 
. ! 

expression or ICAM-1 compared with tissues from normal healthy donors. In 
I 

immunohistoiogical an~lysis, the expression of ICAM-1 on both fibroblasts and blood 

vessels in adt1;lt periodontitis tissues was reported to be greater than in normal gingiva in an 

in vivo study~ Thus, the over expression of ICAM-1 on gingival fibroblasts induced by 

cytokines an4 periodontopathic bacteria is speculated to be 'deeply involved in the 

accumulation and retention of LFA-1 bearing leukocytes in adult periodontitis lesions 

(Hayashi et al., 1994). Honig et al. (1989) demonstrated that gingival tissues from 10 

chronic adult periodontitis patients were found to contain from 126 fg/mg to 2161 fg/mg IL

lP as determined by a sensitive enzyme linked immunoassay. No IL-lP could be found in 

normal gingival tissue. This finding may have important consequences relevant to . 

conneqtive ti~sue destruction and episodes of alveolar bone resorption characteristic of 

chronic perio~ontitis. 
I 
I • • 

Stashbnko·et al. (1991) showed that IL-lp levels were positiv_ely related to changes 

in attachment level, but were inversely- related to the presenc~ of supragingival plaque or 

redness, and were unrelated to bleeding o.n probing or suppuration, indicating a dissociation 

between the pre~ence of inflammation and IL-1 p _ levels. Th~-data indicate that IL-1 p may 

have utility for the detection of sites of periodontal disease activity, and suggest that IL-1 p 

may be an iir~portant mediator ~f attachment loss in human periodontitis. Takahashi et al.· 

(1994) show~d that the level ofICAM-1 expression in gingival fibroblasts was enhanced in 
. I . . 

a dose- and time-dependent manner by IL-1 p, TNF-a, or IFN-y, but not by IL-6 or IL-8. The 
I . 

percentage °[ ICAM-1 positive cells was enhanced from 35% to >80% with IL-1 (3 and 
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attained a pla~eau when the cells were stimulated by 0.1 ng/ml ofIL-1~. The data support 

l 

an interactive 1role for inflammatory cytokines and the expression of ~dhesion molecules on 

gingival fibroblasts in the pathogenesis of gingival inflammation in periodontal disease. 

The literature demonstrates a paucity of information about VCAM::-1 expression on 

either type offibrob.last. Although some data has· been-presented concerning constitutive 

I~AM-J expression on HGF following stimulation with inflammatory mediators, little is 

known about the expression of adhesion molecules on PDL fibroblasts. The purpose of this 

study is to investigate the potential role of these molecules in the pathogenesis of periodontal 

disease. 

B-10. : HGF vs. PDL Fibroblasts 

Fibro~lasts are the predominant resident cells type of the soft periodontal connective 
i 

tissue, compnsing both the gingiva and periodontal ligament {Ten Cate, 1989). Such cells 

are responsible for the overall production and turnover of extracellular matrix · (ECM), 

although a number of studies suggest that periodontal connective tissue fibroblasts are not 

homogenous but may consist of different subpopulations with unique phenotypes and distinct 

functional activities (Hakkinen and Larjava, 1992, Fries et al., 1994; Irwin et al., 1994). 
I 

While gingivJ1 fibroblasts maintain the synthesis and integrity of gingival connecti~e tissue, . 

PDL fibroblajts with specialized functions are considered to be responsible not only for the 

I 
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form~tion an~ maintenance of PDL (Berkowitz and Shore, 1995) but also for repair, 

remodeling, ~nd regeneration of the adjacent alveolar bone and cementum in vivo (Boyko 
I 

et al., 1981; Nyman et aL, 1982; Gottlow et al., 1984). 

I 

The morphologies of both types of cells cultured in vitro have been reported to be 

similar, having a spindle-shaped, elongated appearance characteristic of fibroblast-like cells 

when exami~ed by phase-contrast (Somerman et al., 1988; Piche et al., 1989; Ogata et al., 

1995) and scanning electron microscopy (Giannopoulou and Cimasoni, 1996), other studies 

suggest that heterogeneous subsets of cells are present which have different shapes (Adams 

et al., 1993; Hou and Yaeger, 1993) and different sizes (Hassell and Stanek, 1983). 

In animal studies, it was found that when the roots were covered with PDL cells 

which had been cultured in vitro and then reimplanted in vivo, they acted as progenitor cells 

and gaye rise to new PDL connective tissue, whereas gingival fibroblasts failed to produce 

new tissue (Boyko et al., 1981 ). In addition, clinical studies have indicated that new 

periodontal connective tissue attachment, including new cementum with inserting collagen 

fibers, was f~rmed when PDL cells repopulated the root surface, whereas cells derived from 

the gingival connective tissue lacked this ability (Gottlow et al., 1984, 1986). 

The precise differences between gingival and periodontal ligament cells are not 

clearly delineated. Kuru et al. (1998) examined the phenotypic and functional features of 

the cells obtained from gingival and PDL biopsy samples. Flow cytometry was used to · 

measure the size and granularity· of the cultured cells, and showed that the gingival 

fibroblasts lere smaller and less granlllar compared with the PDL cells. Analysis of the 
I 

fluorescence profiles of these cultures·showed-that the majority of cells expressed fibronectin 

and that the ;average fluorescence intensity of this antigen in the PDL cells was higher than 

i 
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that in the Jgival fibroblasts. Moreover, the fibronectin-positive PDL cells apparently 

comprised twp subpopulations which expressed fibronectin at different levels, suggesting 

i 

that the cells in the PDL cultures were functionally heterogeneous. The level_of collagen 

type I was als;o found to be upregulated in the PDL compared with the gingival fibroblasts 

i 

and, as with fibronectin, was expressed at two different levels by subsets of the PDL cells. 

In contrast, t~in was expressed at ;,;ery similar levels by both the gingival fibroblasts and 
I I 

PDL cells. jrn addition, measurement of alkaline phosphatase, a marker enzyme for 
' I 

mineralized tissue-forming cells, showed that the PDL cells had higher activity than the 

gingival fibroblasts and that 'the alkaline phosphatase activity in the PDL cells was far more 

markedly upregulated.by dexamethasone. 



C. SPECIFIC AIMS 

1. Ddterminebasal ICAM-1 and VCAM-1 levels on HGF and PDL cells by 
I 

i~unofluorescence flow cytometry. 

2. Eialuate IL-lp regulation ofICAM-1 and VCAM-1 on HGF. 

3. Evaluate IL-lP regulation ofICAM-1 and VCAM-1 on PDL fibroblasts. 

(Dose: 0.1, and 1.0 ng/ml ofIL-lP at 24 hr time period). 

D. HYPOTHESIS 

28 

This project will investigate the capacity of interleukin-Ip {IL-1 P) to. regulate 

adhesion molecule expression on human gingival and PDL fibroblasts by flow cytometry. 

The working hypothesis is that IL-lP will upregulate ICAM-1 and VCAM-1 in human 

gingival fibroblasts (HGF) and periodontal ligament cells promoting fibroblast-lymphocyte 

interaction and inc~eased inflammatory cytokine production. 
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II. MATERIALS AND METHODS 

A. EXPERIMENTAL DESIGN 

Monolayer cultures of gingival fibroblasts (HGF) from 6 healthy humans and 

periodontal ligament (PDL) cells from 3 healthy humans will be established in 24-well plates 

from stock tultures as described below. Cultures were incubated in culture medium 

containing 0.1, and 1.0 ng/ml ofIL-1~ for a 24 hr time period. At the end of the exposure 

period, the culture medium were removed and the cells were harvested for 

immunofluorescence flow cytometry for ICAM-1 and VCAM-1 surface receptor. 

B. .METHODS 

B-1. Primary Cell Cultures of Human Gingival Fibroblasts 

Human gingival fibroblasts were isolated from clinically healthx gingiva during 

routine crown lengthening or distal wedge surgical procedures (n=6). The gingival tissue 

were placed immediately into a sterile test tube containing 10 ml Hank's balanced salt 

solution supplemented with penicillin G potassium (200 units/ml)/&treptomycin sulfate (200 

ug/ml), adjusted to a pH of7.4 with 7.5% sodium bicarbonate (HBSS-P/S). All preparations 

of explants for culture dishes were conducted under sterile conditions in a laminar flow tissue 

culture hood'. 
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The washed explants were placed into a sterile dish and minced into smaller pieces 

with a sterile scalpel blade. Attempts were. made to remove epithelium and leave only 

connective tissue. The minced ·explant pieces will be transferred to 35mm diameter culture 
' . 

dishes. Approximately 2-3 pieces were place~· into each dish and allowed to air dry for 3-5 

~nutes to enhance attachment of the explants to the surface~ of the culture dish. After 

attachment, Eagle's Modified Essential·M-edium supplemented with 10% heat-inactivated 

fetal bovine serum plus penicillin G potassium (100 units/ml)/streptomycin sulfate (100 

ug/ml) (designated EMEM - 10% FBS) & ·p;s were added._ The explant cultur¥s were 

incubated at 37 °Cina 5% CO2-95% air atmosphere for 5-7 days. 

The EMEM - 10% FBS were replaced every 2-3 days until cell outgrowth reaches 

a confluentmonolayer. Once confluency is confirmed by microscopic observation, the cells 

were 4etached. by trypsin· treatment and transferred into two 25 cm2 culture flasks. The 

procedure of trypsin detachment were accomplished by removing the existing media with 

aspiration, washing the cell monolayer with a sterile EDTA-PBS solution followed by 

aspiration of this solution. Afterwards, 1 ml of 0.25% Alsievers Trypsin (ATV) solution 

were added. When the cells have detached, an equal amount ofEMEM with 10% FBS & 

PIS w~re added to neutralize the trypsin. The cells were removed by pipetting and 

·transferred to the 25 cm2 flasks, additional EMEM-10% FBS were added, and the flasks were 

incubated at 37°C in a 5% CO2-95% air atmosphere. After completion of the first trypsin 

detachment procedure, the cells were defined as passage one. The EMEM w/ 10% FBS were 

changed at ~-3 days intervals until the monolayer reaches confluency. At this point, the cells 

I 

were removed via the trypsin detachment method and transferred into two 7 5 cm2 flasks and 

defined as passage two. 
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Whetl confluenGy was reached in the 7 5 cm2 flasks, the cells were prepared for 

storage. The cells were detached with trypsin and centrifuged at 1000 rpm for 10 minutes 

at room temperature into a pellet. Cells from all 75 cm2 flasks were pooled and resuspended 

in EMEM-2Q% FBS & 10% dimethyl sulfoxide (DMSO) (v/v) solution at a ratio of 2 ml per 

75 cm2 flasks of cells. The cells were then transferred to 1.2 ml cryoware cryovials (1 

ml/cryovial) and gradually frozen to -70 °C. These cells were defined as being passage three. 

Cryovials were transferred to liquid nitrogen for long term storage. Only cell cultures at 

passages 3 through 7 were u_sed in the experiment. 

B-2. Primary Cell Cultures of Human PDL Fibroblasts 

. Human periodontal ligament cells were isolated from clinically healthy third molars 

and/or premolar teeth extracted for orthodontic treatment (n=3). The extracted· teeth were 

placed immediately into a sterile tube containing 10 ml of HBSS-P/S. All preparation of 

explants for culture dishes were conducted under sterile conditions in a laminar flow tissue 

culture hood. The teeth were rinsed three times withHBSS-P/S with mild agitatio~ at each 

transfer. The mid-root surfaces of the teeth were scraped lightly with a sterile scalpel blade. 

Special care was taken to avoid furcation and apex areas .. The washed explants were placed 

into a sterile dish .and minced into: smaller pieces with a sterile scalpel b~ade taking care to 

remove epitp.eli~ and_ leave:· only . connective tissue. The mince~ explant pieces were 
I 

i 

transferred tp 35 mm-diameter culture dishes. Approximately 2~3 pi_eces were placed into 
I 

I 

each dish and allowed to air dry for J-5 minutes to enhance attachment of the explants to the · 
. I 

surface of the culture dish. The ·PDL -cell· establishment, maintenance, cryostorage and 
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preparation (or experimental treatments were conducted exactly as described above for the 

HGF culture~. 

B-3. lmmunofluorescence Flow Cytometry 

A cytometer is an instrument used for counting and m~asuring the physical and 

chemical characteristics of cells or other biological particles. A flow cytometer is different 

from other cytometers in that.asingle-cell suspension passes through it in a fluid stream. 

Fluorochrome-labeled monoclortal.,antihodies are attachedto numerous biological particles 

such as viruses, bacteria, fungi, chromosomes, cellular organelles,· cell surface antigens, and 

cell hybnds. ·Most applications are limited to cells or particles that can be maintained in a 

single cell suspension. Upon laser excitation~ the fluorochromes emit light at characteristic 

wavelengths which are then quantitated and analyzed to determine if the fluorochrome is 

higher than a sample without fluorochrome. When cells travel through the laser beam they 

also reflect and refract light, which gives information on the cell size and granularity. Thus, 

the flow cytometer is widely used in research and clinical imm~ology and hematology to 

perform rapid immunophenotyping, cell sorting, and DNA analysis on cells in suspension 

(Bogh and Duling, 1993). 

For the experiment the cells from the liquid nitrogen storage were thawed quickly in 

the 3 7'C warm water bath. Five ml of EMEM with 10% FBS was added to the cells in the 
: 

centrifuge pl~tic tube. Cells were centrifuged at 1000 rpm for 10 minutes, then the :freezing 
. I 

medium co~taining 10% DMSO was de~anted. The cells were plated on 7 5 mm2 culture 
I 

; 

flasks. The: EMEM with 10% FBS was replaced every 2 days until the cells reached 
j 

I 
! 

' 
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confluency. When the cells have reached confluency, cells will be treated with either 

0.lng/ml or 1.0 ng/ml IL-lP in EMEM containing 1 % FBS. Reduction ofFBS from 10% 

---

to 1 % was to decrease the possible interaction~ ofIL-1p· and the high concentration ofFBS 

-(PBS+ 1 % BSA+ 0.01 % Na Azide), The cells were treated with IL-lp for 24 hr. 

,, ' -

About 100,000 _ cells of each HGF and PDL fibroblast sample were placed into 

labeled microcentrifuge tubes, washed and the supernatant was aspirated. These steps were 

repeated. 100 microliters of anti-ICAM-1 (0.1 mg/ml) and anti-VCAM-1 (0.1 mg/ml) 

antibodies (1 ul of antibody + 99 ul of Flow PBS) obtained from Phanningen (San Diego, 

CA) were added to each sample and incubated on ice for 30 minutes under dark conditions. 

For isotype control [mouse IgG1, k (FITC)] 100 ul (1 ul stock isotype control Ab+ 

100 ul Flow PBS) was added to cells and incubated on ice for 30 minutes. The untreated 

HGF and PDL fibroblasts were used as negative controls. Human monocytes (THP-1) and 

lymphocytic cells (U93 7) from ATCC (Manassas, VA) were used as positive controls for 

ICAM-1 molecules. Human vascular endothelial cells were used as· positive control for 

VCAM-1 molecules. · 

The cells were washed by bringing the volume up to 1 ml with Flow PBS, 

centrifuged, and the supernatant was aspirated. These steps were repeated. For both anti

VCAM-1 and ·anti-:-ICAM-1 antibody samples, and isotype control, 100 ul of secondary 

antibody [FITC labeled goat anti-mouse lgG (H+L )] ordered from.Caltag (Burlingame, CA) 

and incubat~ on ice for 30 minutes. Finally, cells were washed by bringing volume up to 1 
I 

I 

ml with Flo"' PBS, and centrifuged twice. The cells were resuspended in 100 ul of Flow 

PBS. The s~ples were ran on a immunofluorescence flow cytometer (FACScan, Becton-
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Dickinson, San Jose, CA) using Cell Quest (Becton-Dickinson, San Jose, CA) software for 

data acquisition and statistical analysis. 

The data were evaluated for statistical significance by the Cell Quest Software which 

includes histograms, quadrants, regions, and gates statistics. Background values for sample 

(negative control) were determined using an isotype-matched irrelevant antibody [ mouse 

IgG1, k (FITC)]. The data were acquired on about 40,000 live cells and presented as both 

percentages of cells positive for adhesion molecules and the channel number of the Mean 

Fluorescence Intensity (MFI) using logorithmic _amplication of the signals generated by the 

flow cytometer. The percent positive cells were compared between IL-1 ~ treated groups 

and no treatment (control) groups (Takahashi et al., 1994). < 
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III. RES UL TS 

There were 6 healthy patients for which cell type human gingival fibroblasts were 

treated and 3 patients for which cell type PDL fibroblasts were tested. For each cell type, 

the response variables (immunofluorescence of ICAM-1 and VCAM-1 molecules) were 

analyzed using 3-way analysis of variance with the following 4 factors: patient, molecule 

(ICAM-1, VCAM-1), treatment (control, IL-lP) and molecule by treatment interaction. In 

other words, 2-way ANOV A was performed on the factors molecule and treatment while 

adjusting for patient differe~ces. Both the original response variable and its natural 

logarithm transform were used for analysis. Least squares means adjusted for patient were 

used to compare individual means. 

Only the live HGF and PDL fibroblasts were used for statistical analysis. Using the 

3-way ANOVA, ICAM-1 level ofIL-lP treated HGFs were statistically different (p::;0.05) 

from the control HGFs. The expression ofICAM-1 molecules by the IL-lP treated HGFs 

were predictable even though there were notable variations among the patients. VCAM-1 

level of IL-1 p treated HGFs were not statistically different from the control HGFs. But 

about half the samples of HGFs showed the expression of VCAM-1 even though not as 

strong immunofluorescence as the ICAM-1 molecules. 

The expression of ICAM-1 molecules by the IL-lP treated PDL fibroblasts were 

statistically different from the control PDL fibroblasts. The expression of ICAM-1 

molecules by the IL-1 p treated PDL fibroblasts were very similar to the IL-1 p treated HGFs. 
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VCAM-1 level of IL-lP treated PDL fibroblasts were not statistically different from ~he 

control PDL fibroblasts. 

To compare the difference between 0.1 ng/ml and 1.0 ng/ml IL-lP treatment one 

sample of HGFs was treated with 0.1 ng/ml for 24 hours to measure the ICAM-1 and 

VCAM-1 levels. The level ofICAM-1 expression bYr the IL-lP (0.1 ng/ml) treated HGFs 

was similar to IL-lP (1.0 ng/ml) treatment. The level of VCAM-1 expression was not 

different form the control HGFs. 

) 
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Figure 1. 

Positive control for ICAM-1: Monocvte (THP-1) 

Monocytes are known to express ICAM-1. Monocytes (THP-1) were treated 
with 1.0 ng/ml IL-1~ for 24 hrs and the ~reated group showed a distinctive 
shift from the controls. 

Dotted line: lsotype control 
Thin line: ·Control group (No IL-1~) 
Thick line:. Treatment group (IL-1~) 
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Figure 2. 

Positive control for VCAM-1: Monocyte (THP-1) 

Monocytes (THP-1) were trea~ed with 1.0 ng/ml IL-1J3 for 24 hrs and the 
treated group did not show a distinctive shift from the controls. 

Dotted line: lsotype control 
Thin line: Control group (No IL-1J3) 
Thick line: Treatment group (IL-1J3) 

39 



0 
LO 
C') 

0 
CX) 
C\I 

-:. 

·

Monocyte VCAM 

-
=:: •• _., 

·"• ...... ··-··. O~.et.!!!!'.:_......,..,.........,.._;... _ ___...:.:_· •~-.:.:;.~~~-l!!Jllliljllrill ...... .._ .... ,.....~...-...J 
10° 101 

Key 

-
Name 
3/18/99.013 

3/18/99.018 

3/18/99.014 

103 

Parameter Gate 
FL1-H G2 

Fl1-H G2 

Fl1-H G2 

40 



Figure 3. 

Positive control for ICAM-1: Lymphocyte (U937) 

Lymphocytes are known to express ICAM-1. Lymphocytes (U937) were 
treated with 1.0 ng/ml IL-1(3 for 24 hrs and the treated group showed a 
distinctive shift from the controls. 

Dotted line: lsotype, control 
Thin line: Control group (No IL-1(3) 
Thick line: Treatment group (IL-1(3) 
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Figure 4. 

Positive control for VCAM-1: Lymphocyte (U937) 

Lymphocytes (U937) were treated with 1.0 ng/ml IL-1~ for 24 hrs and the 
treated group did not show a distinctive shift from the controls. 

Dotted line: Isotype control 
Thin line: Controi group (No IL-1~) 
Thick line: Treatment group (IL-1~) 
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Figure 5. 

Positive control for ICAM-1: Human 'Umbilical Vascular Endothelial Cells (HUVEQ 

'., ; 

HUVECs are known to express ICAM-1. HUVECs were treated with 1.0 
. ng/ml IL-l f3 for 24 hrs and the treated group showed a distinc~ive shift from 

the controls. 

Dptted line: ls'otype con~rol 
Thin.line: Control ·group (No IL-1(3) 
Thick line: Treatment group (IL-1(3) 
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Figure 6. 

Positive control for VCAM-1: Human Umbilical Vascular Endothelial Cells (HUVEC) 

HUVECs are known to express VCAM-1. HUVECs were treated with 1.0 
ng/ml IL-1(3 for 24 hrs and the treated group did not show a distinctive shift 
from the controls. 

Dotted line: lsotype control 
Thin line: Control group (No IL-1(3) 
Thick line: Treatment group (IL-1 J3) 
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Figure 7. 

Positive control for ICAM-1: Human Umbilical Vascular Endothelial Cells (HUVEC) 

HUVECs are known to express ICAM-1. HUVECs were treated with 10.0 
ng/ml IL-1 J3 for 24 hrs and the treated group showed a distinctive shift from 
the controls. 

Dotted line: Isotype control 
Thin line: Control group (No IL-113) 
Thick line: Treatment group (IL-1 J3) 
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Endothelial Cell ICAM (+ Control) 1 o.·o -ng/ml IL-1 B 

Key Name Parameter . Gate 
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Figure 8. 

Positive control for VCA!if-1: Human Umbilical Vascular Endothelial Cells (HUVEC) 

HUVECs are known to express VCAM-1. HUVECs were treated with 10.0 
ng/ml IL-1 f3 for 24 hrs and the treated group showed a distinctive shift from 
the controls. 

Dotted line: lsotype control 
Thin line: Control group (No IL-lf3) 
Thick line: Treatment group (IL-lf3) 
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Figure 9. 

Human Gingival Fibroblasts: /CAM #1 

Sample #1: HGFs,tr,eat'ed wi~h IL-1~ (1.0 ng/ni~) for 24 hrs showed a 
distinctive ICAM~l shift from'the controls. · 

Dotted line: lsotype control -
Thin line: Control group (No IL-1~) 
Thick line: Treatment group (IL-1~) 
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Figure JO. 

Human Gingival Fibroblasts: /CAM #2 

Sample #2: HGFs treated with,IL-1~ (1.0 ng/ml) for 24 hrs showed a 
distinctive ICAM-1 shift from the controls. 

- Dotted line: lsotype control 
Thin line: - Control group-(No IL-1~) 
Thick line: Treatment group (IL-1~) 
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Figure 11: 

Human Gingival Fibroblasts: ICAM#3 

Sample #3: HGFs treated with IL-1~ (1.0 ng/ml) for 24 hrs showed a 
distinctive ICAM-1 shift from the controls. 

Dotted line: Isotype control 
Thin line: Control group (No IL-1~) 
Thick line: Treatment group (IL-1~) 
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Figure 12. 

Human Gingival Fibroblasts: /CAM #4 

Sample #4: HGFs treated with IL-1~ (1.0 ng/ml) for 24 hrs showed a 
distinctive ICAM-1 shift from the controls. 

Dotted line: Isotype control 
Thin line: Control group (NoIL-1~) 
Thick line: · Treatment_group (IL-1~) 
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Figure 13. 

Human Gingival Fibroblasts: JCAM#5 

Sample #5: HGFs' treated with IL-1~ (1.0 ng/ml) for 24 hrs showed a 
distinctive ICAM-1 shift from the controls. 

Dotted line: lsotype control 
Thin line: Control group (No IL-1~) 
Thick line: Treatment group (IL-1 ~) 
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Figure 14. 

Human Gingival Fibroblasts: /CAM #6 

Sample #6: HGFs treated with IL-1~ (1.0 ng/ml) for 24 hrs showed a 
distinctive ICAM-1 shift from the controls. 

\ 

Dotted line: lsotype control . 
Thin line: Control group (No IL-1~) 
Thick line: Treatment group (IL-1~) 
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Figure 15. 

Human Gingival Fibroblasts: VCAM #1 

Sample #1: HGFs treated with IL-1~ (1.0 ng/ml) for 24 hrs did not show a 
distinctive VCAM-1 shift from the controls. 

Dotted line: Is_otype control . 
Thin line: Control-group (No IL-1~) · 
Thick line: Treatment group (IL-1~) 
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Figure 16. 

Human Gingival Fibroblasts: VCAM #2 

Sample #2: HGFs treated with IL-1~ (1.0 ng/ml) for 24 hrs did show a 
moderate VCAM-1 shift from the controls. 

Dotted line: lsotype control 
Thin line: Control group (No IL-1~) 
Thick line: Treatment group (IL-1~) 
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Figure 17. 

Human Gingival Fibroblasts: VCAM #3 

Sample #3: HGFs treated with IL-1~ (1.0 ng/ml) for 24 hrs did not show a 
distinctive VCAM-1 shift from the controls. 

Dotted line: Isotype control 
Thin line: Control group (No IL-1~) 
Thick line: Treatment group (IL-1~) 
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Figure 18. 

Human Giniival Fibroblasts: VCAM#4 

Sample #4: HGFs treated with IL-1 ~ (1.0 ng/ml) for 24 hrs did show a 
distinctive VCAM-1 shift from the controls. 

Dotted line: Isotype control 
Thin line: Control group (No IL-1~) 
Thick line: Treatment group (IL-1~) 

71 



HGFVCAM #4 

' I 
I 

0 I 
l 

U') ,. 
C\I I 

' I. I 
l 

' I I 
0 

-0 • C\I t 
I 
I 
I 
I 
I 
t 
I 

cnO I. 
'EU') I 
::::, ,- ,, 

I 
0 l 

(.) I 
( 
I 
I 

0 I 
I 

0 I ,.... I ;; 
' ' I 
' ' I 

0 ' ., 
U') t. 

o,......, .... 111:~••;... ________ ...;.~~~m'l:;!-..~••..,...,...,. .. ,-.o11ii,,,111,-.ai...-i""" 

10° 

Key Name 
4/16/99.006 

4/16/99.003 

4/16/99.001 

Parameter 
FL1-H 

FL1-H 

FL1·H 

Gate 
G1 

G1 

G1 

72 



Figure 19. 

Human Gingival Fibroblasts: -VCAM#5 

Sample #5: HGFs treated with IL-1~ (1.0 ng/ml) for 24 hrs did not show a 
distinctive VCAM-1 shift from the controls. 

Dotted line: lsotype control -
Thin line: Control group (No IL-1~) 
Thick line: Treatment group (IL-1~) ·_ 
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Figure 20. 

· Human. Gingival Fibroblasts: VCAM #6 

Sample #6: HGFs treated with IL-1~ (1.0 ng/ml) for 24 hrs did show a 
moderate ICAM-1 shift from the controls. 

Dotted line: lsotype control 
Thin line: Control gro~p (No IL-1~) 
Thick line: Treatment group (IL-1~) 
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Figure 21. 

Human Gingival Fibroblasts: /CAM #1 (0.1 ng/ml IL-1 BJ 

Sample #1: HGFs treated with IL-1 p (0.1 ng/ml) for 24 hrs showed a 
distinctive ICAM-1 shift from the controls. 

Dotted line: Isotype control · 
'.fhin line: Control group (No IL-lP) 
Thick line: Treatment group (IL-iP) 
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Figure 22. 

Human Gingival Fibroblasts: VCAM #1 (0.1 ng/ml IL-18) 

Sample #1: HGFs treated with IL-1~ (1.0 ng/ml) for 24 hrs did not show 
VCAM-1 shift from the controls. 

Dotted line: Isotype control 
Thin line: Control group (No IL-1~) 
Thick line: Treat_ment group (IL-1~) 
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Figure 23. 

Primary Human PDL fibroblasts:. /CAM #1 · 

Sample #1: PD Ls treated with IL-1 ~ (1.0 ng/ml) for 24 hrs showed a 
distinctive IC.Al\1-1 shift from the controls. 

Dotted line: lsotype control 
Thin line: Control group (No IL-1~) 
Thick line: Treatment group (IL-1 ~) 
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Figure 24. 

Primary Human PDL fibroblasts: /CAM #2 

Sample #2: PDLs treated with IL~l~ (1.0 ng/inl) for 24 hrs showed a 
moderate ICAM-1 shift from the controls. 

Dotted line: Isotype control 
Thin line: Control group (No IL-1~) 
Thick line: Treatment group (IL-1 ~) . 
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Figure 25. 

Primary Human PDL fibroblasts:. /CAM #3 

Sample #3: PDLs treated with IL-1~ (1.0 ng/ml) for 24 hrs showed a 
distinctive ICAM-1 shift from the controls. 

Dotted line: lsotype control 
Thin line: Control group (No IL-1~) 
Thick line: Treatment group (IL-1 ~) 
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Figure 26. 

Primary Human PDL fibroblasts: VCAM #1 

Sample #1: PD Ls treated with IL-1 ~ (1.0 ng/ml) for 24 hrs showed a 
moderate VCAM-1 shift from the controls. 

Dotted line: Isotype control 
Thin line: Control group (No IL-1~) 
Thick line: Treatment group (IL-1~) 
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Figure 27. 

Primary Human PDL fibroblasts: VCAM #2 

Sample #2: PDLs treated with IL-1~ (1.0 ng/ml) for 24 hrs showed a 
moderate VCAM-1 shift from the controls. 

Dotted line: Isotype control 
Thin line: Control group (No IL-1~) 
Thick line: Treatment group (IL-1~) 
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Figure 28. 

Primary Human PDL fibroblasts: VCAM #3 

Sample #3.: PDLs· treated with IL-1~ (LO ng/ml) for 24 hrs showed a 
moderate.VCAM-1 shift from the controls. · 

Dotted line: Isotype control · 
Thin line: Control group (No IL-1~) 

- Thick line: Treatment group (IL-1~) 
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Figure 29. 

Log Value Data Table 

Log value data table showing ICAM-1 and VCAM-1 expression on HGFs 
and PDL fibroblasts. · 
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Log Value Data 

IVEAN (log Vaiue) STD [EV Mninum IVlaxinum 

HGF ICAIVI CTRL 3.0013336 0.770076 2.34600'2 4.4279553 
HGF ICAIVI IL-1B 5.876682 . 1.1862047 3.0034186 . 7.4714712 
HGF VCAIVI CTRL 3.3540071 1.1783697 2.1552445 5.5236586 

HGF VCAIVI IL-1B 3.827182'2 0.8775S18 2.8564702 5.2314294 
POL ICAIVI CTRL 3.0064584 0.41Em71 2.ffi7Z2.82 3.4980216 
POL ICAIVI IL-1B 4.0010037 1.0197586 4.12842a9 6.00&ma 

POL VCANI CTRL 3.~1177 0.3083743 3.2007119 3.7f£fITOO 
POL VCANI IL-1B 4.0244472 0.3008361 3.0017616 4.4407671 
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Figure 30. 

Log Value Data Graph 

The expression oflCAM-1 on human gingival fibroblasts and PDL, 
fibroblasts treated with IL-1 ~ (1.0 ng/ml) for 24 hrs were statistically 
different (p<0.05) from the controls using 3-way ANOV A. , The expression of 
VCAM-1 on both HGFs and PDL fibroblasts were not statistically different 
from the controls even though these cells do expres~ VCAM-1 in a moderate 
level. · 
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Figure 31. 

Microscopic photograph ofHGF (Control) 

Microscopic photograph ofICAM-l expression on human gingival 
fibroblasts ( control). Very little immunofluorescence can be detected. 
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Figure 32. 

Microscopic photograph of HGF {lL-1 Btreated) 

· Microscopic photograph of ICAM-1 express~on of human gingival fibroblasts 
(1.0 ng/ml IL-1~ treated for 24 hrs) showing immunofluorescence. 
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IV. DISCUSSION 

Periodontal disease is the leading cause of tooth loss among older populations. It is 

defined as a plaque-induced inflammation of the periodontal tissues that results in a loss of 

support of affected teeth (Williams, 1990; Genco, 1992). This process will result in 

destruction of periodontal attachment apparatus, loss of crestal alveolar bone, apical 

migration of epithelial attachment, and formation of periodontal pockets (Williams, 1990; 

Listgarten 1986). The progression of periodontal di.sease is dependent on the presence of 

putativ~ periodontal pathogens and the host response to the pathogenic bacteria that colonize 

the tooth surface (Williams, 1990; Genco, 1992). A number of bacterial products can elicit 

a local host response that involves the generation of prostaglandins and cytokines, the 

recruitment of inflammatory cells, the elaboration of lytic enzymes, and the activation of 

osteoclasts (Assuma et al., 1998). It is a chronic inflammatory condition characterized by 

a dense infiltration of lympho~ytes in the gingival connectiv_e tissue. Removal of plaque 

from the root surface leads to a resolution of gingival inflammation and a decrease in the 

lymphocyte infiltrate. Thus, it is very important to clarify the cellular and molecular 

mechanisms of lymphocyte migration and retention in chronic inflammatory lesions in order 

to understand their role in the immunopathogen,esis of chronic inflammatory diseases 

(Murakami and Okada, 1997). 
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Lymphocytes which have been specifically activated in secondary lymphoid organs 

circulate in the blood stream and actively adhere to cytokine-activated endothelium in 

chronic inflammatory lesions such as periodontitis. They infiltrate through the endothelium 

and adhere to fibroblasts in the connective tissue. This process appears to cause lymphocyte 

retention and accumulation in such sites and contributes to the establishment of typical 

chronic inflammatory lesions. Recent studies indicate that lymphocytes and fibroblasts can 

actively interact with each other via cell adhesion molecules such as VLA integrins; LFA-
1 

l/ICAM-1, a 4 ~ 1NCAM-1, CD44/hyaluronate, and CD40/CD40 ligand and this interaction 

regulates cellular functions of both cell types bi-directionally. This adhesive interaction may 

play important roles not only in lymphocyte retention in inflamed connective tissues but also 

in active regulation of inflammatory cytokine production at such sites (Murakami et al., 

1997) .. 

Intercellular adhesive events are involved in a wide range of biological processes, 

including pattern formation and morphogenesi_s during development, immurte responses, 

leukocyte recircul_ation, .wound repair, tumor growth and meta~tasis. In the multicellular . 

state, ·signals from cell adhesion _molecules; along with those from growth factor and 

cytokine receptors, provide a range of information to the cell that is integrated to yield a final 

message, perhaps to maintain the cell cycle (if it is a stem cell) or follow a path towards 

. terminal differentiation. Aberrant cell adhesfon plays a key role in many developmental 

defects, acute and chronic inflammatory disease and cancer. Because cell adhesion 

molecules have large extracellular domains, and their expression profiles are often under 

tight control by inflammatory cytokines, they are good targets for the development of new 
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anti-inflammatory therapeutics. Novel, orally active non-peptide drugs that specifically 

block platelet glycoprotein lib-Illa binding to fibrinogen, ICAM-1 binding to LFA-1, and 

PECAM-1 to PECAM-1 and VCAM binding to a 4P1 are currently being developed for a 

range of inflammatory diseases (Simmons, 1996). In addition, the vitronectin receptor avP3 

is being targeted as a novel anti-angiogenesis route for t};le therapy of solid tumors (Buckley 

et al., 1997). 

From the large number of potential cell-surface targets, a relatively small set of 

molecules have been selected for therapeutic intervention, and there is an emerging 

consensus centered around the selectins, especially E and P, the platelet integrin gpllb-Illa, 

and other integrins LF A-l, Mac-1, avP3, and a 4P7• The history of this field is relatively 
:: . ~ -

recent. The _major receptor-ligand interactions were only defined during_the period 1988-

1992. -Initial therapies were based on mAbs to ICAM-1, CD18 (P2 integrin) and the a,4 

subunit of a 4p1• However, the maturity of the anti-adhesion therapies is manifested by the 

development of potent, non-peptide small-molecule inhibitors. For example, the interaction 

of the leukocyte integrin a 4P1 with its ligands fibronectin and VCAM is proving to be a very 

promising target in asthma, and an anti-a4P7 mAb is in trials as a therapy for inflammatory 

bowel diseases such as Crohn's disease and ulcerative colitis (Buckley et al., 1997). 

The strategy of adhesion blockade may be particularly useful in diseases that flare, 

as do many rheumatic diseases. Of course, one would not want to have permanent or even 

long-terin suppression of adhesion, since this· could result in a propensity for serious 

infection. Such is the case in leukocyte adhesion deficiency, an autosomal recessive disorder 

of decreased or absent leukocyte p2 integrins, which results in recurrent bacterial and fungal 
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infections, and early death in severe cases (Sanchez-Madrid and Corbi, 1992; Anderson and 

Springer, 1987). 

Many conventional drug· therapies already in use in rheumatic disease have anti

adhesive effects. Several newer agents show promise preclinically, including humanized 

m.Ab, fusion proteins, and antisense oligonucleotides to adhesion molecules. Anti-TNF and 

anti-ICAM-1 m.Ab have some exciting short-term effects, but their tolerability and effects 

on the long-term disease process.remain to be seen. (Mocjik and Shevach, 1997). 

The literature demonstrates a paucity of information about VCAM-1 expression on 

either type of fibroblast. Although some data has been presented concerning constitutive 

ICAM-1 expression on HGF following stimulation with infl~atory mediators, little is 

known about the expression of adhesion molecules on PDL fibroblasts. Information 

regard~g the expression and regulation ofICAM-1 and VCAM-1 in gingival and periodontal 

ligament fibroblasts in response to·inflammatory mediators such as IL-1~ should further our 

understanding of the intrinsic role cellular adhesion m~lecules play in periodontitis lesions. 

There was no previous .study of IL-1~ regulation of ICAM-1 and VCAM-1 

expression of PDL fibroblasts in human or any animal models. This study demonstrated that 

IL-1 ~ upregulated ICAM-1 expression in both human gingival fibroblasts and periodontal 

ligament cells using immunofl~orescence flow cytometry. Even though the level ofVCAM-

1 was not statistica~ly different from ~oth HGFs and PDL fibroblasts compared to the 

controls but these cells do express the VCAM-1 molecules when treated with 1.0 ng/ml of 

IL-1 ~ fot 24 hours. · 
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By dissecting out the mechanisms involved in migration and retention of 

lymphocytes in areas of chronic inflammation, it may be possible to better regulate the local 

host response to bacterial antigen which occurs in the gingival tissue. A potential clinical 

treatment includes anti-adhesion therapy, for example, the localized application of 

monoclonal antibodies to inhibit leukocyte adhesion to endothelium 'in models of 

inflammation (Carlos et al., 1994). 
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V. SUMMARY 

This study investigated the capacity ofinterleukin-1 to regulate ICAM-1 and VCAM-

1 adhesion molecules on human gingival and periodqntal ligament fibroblasts by 

immunofluorescence flow cytometry. The HGFs and PDL fibroblasts were treated with IL-

1 p (1.0 ng/ml) for 24 hours and stained with FITC antibodies for the fluorescences. The 

level ofICAM-1 fluorescences using 3 way ANOVA (p~0.05) was significantly different 

from the control samples in both the HGFs and PDL fibroblasts. Both the HGFs and PDL 

fibroblasts expressed VCAM-1 but the level expressed by the IL-1 p treated groups was not 

significantly different from the controls. These results suggest that ICAM-1 and VCAM-1 

might be involved in the pathogenesis of periodontal disease. 
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