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ABSTRACT 

Hepatic granulomas are induced by a single intraperitoneal 

injection of streptococcal cell wall (SCW) into female Lewis rats. This 

inflammatory response has a biphasic course with an early 

accumulation of polymorphonuclear leukocytes in the liver followed by 

infiltration of mononuclear phagocytes. The expression of adhesion 

molecules may contribute to the recruitment of leukocytes to the liver. 

Therefore, in this study I investigated the expression and regulation of 

intercellular adhesion molecule-1 (ICAM-1) and vascular adhesion 

molecule-1 (VCAM-1) on liver endothelial cells in a SCW rat model and 

in primary endothelial cell cultures treated with cytokines IL-ip, IL-6, 

IFN-y, TNF-a and lipopolysaccharide (LPS). 

Immunohistochemical staining demonstrated that ICAM-1 was 

constitutively expressed on sinusoidal lining cells. Enhanced ICAM-1 

expression was observed 3, 14 and 28 days after SCW injection. There 

was a gradation of ICAM-1 staining intensity with the strongest 

staining in periportal area. 

In primary endothelial cell culture, cells up-regulated surface 

ICAM-1 expression in response to cytokines in the following order: IL-

1P+ IFN-Y+TNF-a>IFN-Y +TNF-a >TNF-a +IL-lp or IFN-y +IL-ip >TNF-a 

>IFN-Y >IL-ip. ICAM-1 was also up-regulated by LPS. 
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Cytokine and LPS activated liver endothelial cells also increased 

ICAM-1 mRNA expression. The induction profile of ICAM-1 mRNA was 

identical to the profile of ICAM-1 expression on the cell surface. This 

parallel suggests that the increased surface ICAM-1 expression is 

associated with the increased ICAM-1 mRNA level. Interestingly, IL-5 

had no effect on either surface ICAM-1 or mRNA production. 

Primary endothelial cell culture constitutively expressed both 7 

domain (3.7 kb) and 3 domain (1.6 kb) VCAM-1 mRNAs. IL-13, IL-6 

and IFN-y did not significantly affect VCAM-1 mRNA expression. TNF-a 

and LPS up-regulated 7 domain mRNA level 6 and 10 fold respectively 

with no effects on 3 domain mRNA expression. The most striking 

affects were induced by IFN-y+TNF-a. 

This study suggests that the expression of ICAM-1 and VCAM-1 

on liver endothelial cells could play an important role in the 

recruitment of leukocytes into the liver during SCW-induced hepatic 

inflammation. TNF-a was found to be produced by endothelial cells and 

may be one of the reasons for the chronicity of this lesion. 
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INTRODUCTION 

The Granulomatous Inflammatory Response 

An Overview: 

Granuloma is a chronic inflammatory reaction to persistent 

irritants and mediated through accumulation, proliferation and 

differentiation of mononuclear phagocytes (Epstein 1989). 

Granulomatous inflammation has been observed and described by 

pathologists for more than a century. Although a great deal of progress 

has been made in understanding this complex reaction, basic problems 

regarding the possible mechanisms regulating granuloma development 

such as the mechanisms by which leukocytes are recruited to the site 

of inflammation still remain unclear. 

During the past three decades, several attempts have been made 

to classify granulomatous responses. It was believed that the presence 

of epithelioid cells (a transformed macrophage) and their organized 

arrangement within lesions provided a reliable criterion for 

distinguishing hypersensitivity from foreign body lesion (Epstein 1967). 

This view is not tenable because implanted plastic sheets (van der Rhee 

et al 1979) and muramyl dipeptide which induce foreign body lesion 
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can also elicit the formation of epithelioid cells in normal animals 

{Tanaka et al 1980). Because macrophages are the major components 

of granulomatous responses, their multiplication, longevity and death 

in granulomatous response were suggested as a basis for classifying 

granulomata into active (high) or quiescent (low) turnover lesions. 

Unfortunately this functional approach was applicable primarily to 

experimental systems (Spector 1974). A third approach emphasizes the 

degree of activation of the macrophages within the granulomata as a 

means of classification (Adams 1976). The diverse manifestations of 

activated macrophages (morphological, secretory, cytotoxic) which 

could be selectively expressed in some but not other granulomatous 

lesions made this classification tenuous. A fourth classification 

emphasized the immune, cell-mediated or nonimmune foreign body 

etiology of the lesions. Based on this, granulomatous inflammation was 

broadly classified as either a hj^ersensitivity (immunological) or a 

foreign body-type (non-immunological) response (Borous et al 1978). 

The hypersensitivity granuloma involved a delayed-tj^e, antigen-

specific immunological response with a high turnover of cellular 

components. This type of lesion could be induced by a plethora of 

agents including: bacteria, viruses, fungi and helminthes. The foreign 

body-type granuloma does not appear to involve an antigen-specific 
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response. Depending on the nature of the inciting agent, the foreign 

body-type lesion might be relatively inactive and minimally destructive, 

such as observed in carrageenan- and talc-induced granulomas, or 

active and highly destructive, as in silica- (silicosis) or asbestos-

induced lesions. 

The cells comprising both foreign body-lype and delayed-type 

hypersensitivity granulomas might consist of a variety of cells, but the 

macrophage and its derivatives, epithelioid and giant cells, are 

constant components of these lesions (Kunkel et al 1989, Boros 1978). 

The foreign body-type granulomatous lesions are composed primarily of 

macrophages and fibroblasts (Boros 1978). In contrast, 

hypersensitivity-type granulomata have a more complex composition. 

Both T and B lymphocytes as well as plasma cells might be present in 

certain lesions, for instance the florid liver granulomata of Schistosome 

infection (Chensue et al 1979) or lepromatous leprosy (Lai et al 1980). 

Local production of antibodies may contribute considerably to the 

complexity of the granulomatous inflammatory response. Antibodies 

may participate in antigen neutralization, or depending on the size of 

complex formed within the lesion, may further amplify the 

inflammatory response by the binding of complement and the 

recruitment of other leukocytes (Spector et al 1969). Complexes may be 
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able to trigger T suppressor cells and could immobilize macrophages 

which, after ingestion of large size complexes, would tend to perpetuate 

and intensify the granulomatous reaction (Stout et al 1976). Basophils 

and mast cells have been localized in some hypersensitivity type 

granulomas (Boros 1978) where some fibroblasts are also found. The 

ability of fibroblasts to produce collagen and initiate tissue healing 

make these cells important participants of the granulomatous 

inflammatory response (Boros 1978). 

It is generally held that the granuloma-inducing agents persist in 

the tissues because they are insoluble or poorly degradable (Adams 

1976, Boros 1978). The agents may be of microscopic or macroscopic 

size ready to be ingested or surrounded by macrophages. The intra- or 

extracellular residence of the irritant may have important influence on 

the intensity and duration of the ensuing inflammatory response. An 

additional major factor is the physiochemical properties of the inciting 

agent. Nonantigenic, inanimate agents such as metal salts, sponges, 

etc., induce a tissue inflammation more limited in intensity, duration 

and tissue-destructive effect than antigens which initiate a cell-

mediated immune reaction. A notable exception is the silica 

granuloma, which though generated by an inanimate particle, develops 

an inflammation of high intensity an is accompanied by pronounced 
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tissue destruction. Soluble antigens may also induce granuloma 

formation in specifically sensitized animals provided they are adsorbed 

or bound to insoluble carriers (latex, plastic bead particles) or rendered 

insoluble by chemical cross-linking (Boros 1978). 

A diverse sets of proinflammatory mediators and cytokines are 

produced during various phases of granulomatous inflammation. 

Numerous evidence in vitro and in vivo have shown the capacity of 

macrophages to metabolize arachidonic acid (AA) to a variety of 

biologically active compounds. These include products derived from 

lipoxygenase (leukotrienes (LTs) and monohydrojtyeicosa tetraenoic 

acid (HETEs) and cycloo^tygenase (prostaglandins (PGs)) enzyme 

systems (Chensue et al 1983). PGs are released upon a variety of 

stimuli and increased amounts of PGs, particularly those of the E-type 

are detectable at the inflamed sites. PGE has vasoactive functions in 

early acute inflammatory events and appears to suppress many 

inflammatory responses such as lymphocyte proliferation, lymphokine 

production, granulocyte function, macrophage la antigen expression 

and interleukin-1 (lL-1) production (Kunkel et al 1984). PGEs 

contribute significantly to the development of acute inflammatory 

conditions. With respect to chronically granulomatous inflammation, 

PGEs exert a suppressive action on this process (Chensue et al 1985). 
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During the development of granulomatous inflammation, a wide 

array of cytokines such as interleukin-1 (IL-1), IL-2, IL-4, IL-5, 

interferon y (IFN-y), tumor necrosis factor-a (TNF-a) and transforming 

growth factor-3 (TGF-P) are produced by mononuclear cells (monocytes, 

macrophages and lymphocytes (Wahl et al 1988, Manthey et al 1992, 

Boros 1994). Some cytokines have inflammatory amplifying or 

regulatory functions, while other participate in tissue fibrosis. 

As described above, the "cocktail" of inflammatory mediators that 

is locally produced contain agents that can either augment or 

suppress specific cytokines. Because Qrtokines, such as IL-1 and TNF-

a, have a wide array of immunologic and physiologic activities, it is 

essential that these mediators are precisely regulated. One avenue of 

endogenous cytokine modulation is via metabolites of AA. Evidence 

show that prostaglandin E (PGE2) suppresses TNF-a gene expression 

and bioactivity while IL-1 expression is unaffected. Cytokines 

themselves may auto-activate the production of more of the identical 

cytokines. For example, IL-1 and TNF-a can induce the expression of 

IL-1 by various mononuclear phagocytic cells. TGF-3, a factor known 

for its immunomodulatory and profibrotic activities, negatively 

regulates specific cj^okines, such as blocking the production of 

macrophage TNF-a but not IL-1. 
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Undoubtedly, the granulomatous tissue response provides 

protection from injurious agents. The walling off, sequestration, storage 

and eventual killing and elimination of the offender is the major 

function of the inflammatory response. On the other hand, 

granulomatous inflammation often results in tissue destruction and 

end-stage fibrosis. Therefore, the granulomatous inflammatory 

response has dual (protective/destructive) roles. 

Structure of the Streptococcal Cell Wall (SCW) and Processing of 

the SCW by Macrophages 

The genus Streptococcus comprises a species of Gram-positive 

spherical or oval cocci that tend to be arranged in chains. Although 

most species rarely cause disease, the genus includes three of the most 

important human pathogens: Streptococcus fS.) pyogenes. S. agalactiae 

and S. pneumoniae. Streptococci play important roles in the 

pathogenesis of many human diseases such as arthritis, endocarditis, 

myocarditis and peridental gingivitis (Sherris 1990). A major 

component of the pathogenesis induced in these processes is the host 

chronic granulomatous inflammatoiy response directed against 

components of the streptococcal cell wall (Ginsburg 1972, Cromartie et 

al 1977, Wilder et al 1983). Because of the clinical importance of group 
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A Stxeptococcal-induced chronic diseases, special attention has been 

given to experimental animal models that have similarities to the 

clinical and histological manifestations of the chronic inflammatory 

lesions seen in humans. 

The streptococcal cell wall consists of covalently bound polymers 

of peptidoglycan (PG) and group-specific polysaccharide (PS). PG has 

the basic common structure of glycan chains, consisting of alternating 

residues of N-acetyl glucosamine (NAG) and N-acetyl muramic acid 

(NAM) (Krause 1961, Schleifer 1972). These chains are linked through 

peptide side chains 3-1,4 linkage substituted into the carbojq^l group of 

muramic acid. The peptide side chains are, in turn, linked to each 

other either directly or through bridging peptides. Variation in 

peptidoglycan structure occurs in amino acids of peptide side chain in 

the degree of cross-linking and in the nature of cross-linking (Schleifer 

1972). Group A streptococci contain a pentapeptide (L-Ala-D-Glu-L-

Lys-D-Ala-D-Ala), common to staphylococcal and streptococcal PG 

(Schleifer 1972). PG is the ubiquitous cell wall polymer which confers 

rigidity to the bacteria. PS is the group specific C-polysaccharide, a 

branched chain polymer containing two residues of L-rhamnose for one 

of N-acetylglucosomine (Fig. 1-1). The C-polysaccharide is covalently 

bound to peptidoglycan by phosphate bridges between N-
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acetylglucosamine of the polysaccharide and muratnic acid of the 

peptidoglycan (AbduUa et al 1966). This binding to muramic acid is 

thought to hinder the attack of lysoayme on the P-1,4, glycosidic 

bounds between muramic acid and glucosamine residues of the 

peptidoglycan backbone (Glick et al 1972). 

Peptidoglycan covalently bound to a polysaccharide is a common 

feature to most bacteria. It is not surprising that the capacity to 

produce inflammation is not confined to cell walls from group A 

variant (Schwab 1979). Group B streptococci, staphylococcus aureus 

and Lactobacillus plantarum (Kohashi et al 1976, Lehman et al 1983, 

Heymer et al 1971) can also induce the same inflammatory reaction. 

The similarity of the tissue response to these bacteria may reflect 

similarities in their C-carbohydrate-mucopeptide cell wall structure. 

The presence of the particulate C-carbohydrate-mucopeptide polymer 

of the sew is required for the induction of hepatic granulomas which 

follow intraperitoneal (i.p.) injection of SCW. The separate 

streptococcal cell wall carbohydrate, mucopeptide of group A organism 

do not produce these lesions (Heymer et al 1971). 

Intraperitoneal injection of SCW into susceptible rats results in 

dissemination of SCW primarily to the liver, spleen, bone marrow and 

peripheral joints (Allen et al 1985, Dalldorf et al 1980). Within the liver, 
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the sew are sequestered by the resident liver tissue macrophages 

(Kupffer cells) (Allen 1985 et al, Wahl et al 1986). As already pointed 

out, the covalent bond between PG-PS hinders the attack of lysozyme 

on the PG. Therefore poorly degradable SCW complex persists and 

becomes concentrated within the Kupffer cells. These Kupffer cells 

maintain their heightened state of activation and generate a spectrum 

of biological response modifiers such as PGE2, Lts, IL-1 and IL-6 that 

lead to the development of inflammatory lesions and tissue destruction. 

In this regard, the SCW have been shown to persist within cultured 

macrophages as long as 40 days (Smialowicz et al 1977). 

Group D streptococci, R coli and Mycobacterium smegmatis 

which have considerably different cell wall structures, elicit different 

morphologic reactions. Cell walls from group D streptococci are rapidly 

eliminated from tissue (Smialowicz et al 1977) and do not induce 

granuloma. The only histologic reaction observed is the infiltration of a 

few focal mononuclear cells. In the granuloma induced by E. coli. 

neutrophils and polynucleated giant cells are the major cellular 

populations seen histologically. In granuloma elicited by M. smegmatis, 

the most prominent cellular elements are epithelioid cells and 

lymphocytes (Heymer et al 1971). 
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Biological Properties of SCW 

Peptidoglycan, a heteropolymer present in the cell wall of all 

bacteria, is the major constituent of gram-positive bacteria. Muramyl 

di-peptide, which is the basic unit structure of Peptidoglycan has a 

number of proinflammatoiy activities in mammalian systems. These 

include the immunological adjuvant effect on delayed hypersensitivity, 

on antibody response (Nauciel et al 1974) and on the activation of 

macrophages and monocytes to release interleukin-1 and colony 

stimulating factor (CSF) (Gold et al 1985), TNF-a and TGF-p (Manthey 

et al 1992). PG-PS activate both classical and alternate complement 

pathways as well as the formation of complement-SCW complexes in 

the presence of specific antibody (Eisenberg et al 1986). PG-PS inhibits 

polymorphonuclear leukoQ'te (PMN)-mediated killing of Staphylococcus 

aureus. This inhibition is not due to a cytotoxic effect of PG-PS on 

PMNs, nor does PG-PS inhibit PMN metabolism required for the 

formation of microbicidal oxygen reduction production, but is most 

probably due to interference with bacterial uptake (Leong et al 1984). It 

also induces immunosuppressive effects on lymphocyte function by 

TGF-p. PG-PS have been shown to function as a B cell mitogen to 

induce differentiation of lymphocytes resulting in the synthesis and 

secretion of polyclonal antibodies (Dziarski 1980). 



24 

Animal Models Induced by SCW 

The PG-PS of group A streptococcal cell walls have been used in 

the following animal models. The intravenous (i.v.) or i.p. injection of 

SCW into mice induces a pancarditis (Ohanian et al 1969), intradermal 

injection of SCW into rabbits and guinea pigs induces an acute necrotic 

skin lesion which reaches maximal severity within 24 hrs and 

gradually subsides resulting in a multinodular skin lesion (Ohania et al 

1967). The i.p. injection of group A SCW into genetically susceptible 

Lewis female rats induces a proliferative and erosive polyarthritis in 

the joints as well as granulomatous lesions in the liver and the spleen 

(Wilder et al 1983, Wahl et al 1986). Injection of rhesus monkeys with 

SCW results in chronic erosive arthritis similar to that observed in rats 

(Yount et al 1989). The characteristic pathology of these various 

animals models is dependent on intrinsic properties governing the 

regional deposition antigen and the immunologic competence of the 

host. 

Genetic Susceptibility to SCW-Indnced Inflammation 

Susceptibilily or resistance to SCW-induced hepatic 

inflammation is not associated with differences in the amount of cell 

wall localized in the tissue because there is no apparent difference in 
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the distribution of SCW in these animals (Wilder et al 1983). The 

development of the SCW-induced inflammatory lesions is controlled by 

multiple genes that are not associated with the major 

histocompatibility complex (MHC) (Wilder et al 1983, Anderle et al 

1979). Susceptibility is strongly dependent on genetic background and 

is inherited as a dominant or codominant trait influenced by two or 

more genetic loci. 

The mechanisms by which the genetic differences are 

responsible for variation in susceptibility to SCW-induced chronic 

inflammation are unclear. The susceptibility may be due to the level of 

inflammatory mediator production (Esser et al 1986). Evidence 

suggests that there is a difference in the abilities of resistant and 

susceptible rat strains to elaborate PGE2 and leukotriene B4 (LTB4) in 

response to the bacterial cell walls. Susceptible rat strains generate 

higher levels of arachidonic acid metabolites than resistant strains 

(Yoshino et al 1985). Consequently, lower initial levels of chemotactic 

and vasoactive mediators may contribute to the abbreviated response 

in the resistant animals. Also, macrophages from the susceptible 

LEW/N rats generate higher levels of inflammatory mediators, 

including PGE2 and cytokines (Feldman et al 1987). Sex hormones also 

appear to modulate the incidence and severity of disease. Androgenes 
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enhance and estrogens depress clearance and sequestration of SCW by 

the mononuclear phagocyte system (Allen et al 1983). 

SCW Induced Hepatic Inflammation 

When injected intraperitoneally with an aqueous suspension of 

SCW, female LEW/N rats develop hepatic granulomas and peripheral 

arthritis (Wilder et al 1983, Wahl et al 1986). These inflammatory 

lesions develop in association with the deposition and persistence of 

cell wall antigens in the phagocytic cells in these tissues (Wahl et al 

1986). The inflammatory responses have a biphasic course with an 

initial acute inflammation which reaches a peak at about 3 days and 

then followed by a chronic phase starting from 2 to 3 weeks after SCW 

administration. During the hepatic inflammation, djmamic changes 

occur in the cellular constituents. 

1. Acute Phase 

Within 2 to 4 days following i.p. injection of a group A SCW 

preparation into genetically susceptible female Lewis rats, an acute 

reaction develops within the liver and reaches maximum severity at 3-5 

days and then substantially subsides by day 10-14 (Allen et al 1985, 

Wahl et al 1986, Wahl et al 1988). This initial phase develops 
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coincident with the localization of SCW in the liver. During this period, 

the histopathology is characterized by edema, diffuse PMN and 

mononuclear leukocyte exudation into the tissue and fibrin deposition. 

The acute phase appears to be thjonus-independent and is the result of 

a complement-mediated toxic effect of the cell wall. In support of a role 

for complement in the development of the SCW response, depletion of 

complement by cobra venom factor (Schwab et al 1982) results in 

reduced acute inflammatory lesion. The increased serum complement 

activity in SCW-injected rats reflects that SCW stimulate macrophage 

to synthesize complement proteins (Lambris et al 1982). In addition, 

SCW also promotes the generation of archidonic acid ojgrgenation 

products, an important source of chemical mediators such as PGEa 

and LTB4 that cause increased vascular permeability, vasodilatation, 

migration and chemoattraction (Yoshino et al 1985, Davies et al 1985). 

2. Chronic Phase (Hepatic Granuloma) 

The chronic phase of the response is characterized by a 

granulomatous-type inflammatory reaction that is dependent on 

persistence of the SCW in the tissue (Wahl et al 1986, Wilder et al 

1983). 
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a. Cellular Composition and Phenotypic Analysis of SCW Induced 

Hepatic Granuloma 

Mononuclear cells aggregate in the liver parenchyma and by 2 to 

3 weeks after SCW administration organize into compact 

granulomatous lesions (Wahl et al 1986, Allen et al 1985). Electron 

microscopic examination of the granulomas shows the accumulation of 

cells consistent with the morphology of small lymphocytes surrounded 

by highly phagocytic cells. Fewer numbers of eosinophiles, mast cells 

and plasma cells can also be identified throughout the granulomas 

(Wahl et al 1988). With the evolution of the granulomas from the initial 

influx of circulating monocytes through their development into chronic 

organized lesions, monocytes-macrophages are observed at all stages of 

maturation and differentiation. Less mature monocyte-like cells are 

also apparent at all stages of granuloma development, suggesting 

continued mechanisms of recruitment of these cells. Multinucleated 

giant cells composed of fused macrophage are present throughout the 

granulomas. The material identified as SCW is present in 

phagolysosomes. The expanded population of fibroblasts generate a 

collagen structure consisting primarily of type I and type III collagen 

around the granuloma (Wahl et al 1986). 
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The cellular composition of the SCW induced hepatic granuloma 

is predominantly mononuclear. Using cell specific monoclonal 

antibodies and immunoperoxidase technique, it has been 

demonstrated that the granulomas are predominantly populated by T 

lymphocytes (WS/IS^") (pan-T lymphocyte) of the helper/inducer subset 

(W3/25*), with fewer suppresser/cytotoxic (0X8*) lymphocytes (Wahl et 

al 1986, Wahl et al 1988). The prevalence of helper/inducer T 

lymphocytes within early granulomas is the consequence of lymphocyte 

emigration from the blood to the liver and of local proliferation of T cells 

mediated by IL-2. Activated monocytes/macrophages (la"") are especially 

prominent at all stages of the granuloma evolution. The ability of these 

cells to phagocytize and generate monokines is crucial to the clearance 

of debris, antigen and/or microorganisms in the inflammatory site. 

b. T Lymphoc3rte Dependent Pathway Responsible for Granuloma 

Development 

The chronic phase of granuloma is T lymphocyte dependent. 

C/closporin A (CsA), is a fungal metabolite commonly used as an 

immunosuppressive agent in organ transplantation. CsA blocks T 

lymphocyte proliferation by inhibiting IL-2 production and the 

generation of several other lymphokines at the transcriptional level 
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(Leapman et al 1980, Hess et al 1980). Treatment of Lewis rats with 

CsA inhibits SCW-induced hepatic granuloma development (Yocum et 

al 1986, Wahl et al 1986, Allen et al 1985) even though SCW, identified 

by immunoperoxidase stain, is still present within the Kupffer cells of 

the liver. The lymphoid cells from the CsA-treated animals do not 

generate monocyte chemotactic factors when stimulated in vitro (Wahl 

et al 1988). These observations suggest CsA exerts its inhibitory effect 

very early in the development of SCW-induced lesions likely at the level 

of recruitment of monocytes/lymphoQ^tes into the inflammatory site 

(Yocum et al 1986). 

In related studies, congenitally athymic nude rats which lack 

functional T lymphocytes are shown to be incapable of generating 

hepatic granulomas in response to SCW (Allen et al 1985), Although an 

acute, primarily neutrophilic response occurs in the athymic animals, 

accumulation of mononuclear cells is clearly impaired. In the 

inflammatory site, small focal areas of loosely organized mononuclear 

cells are found in the periportal region of the athymic rat, in contrast to 

the large organized aggregates of macrophages and lymphocytes 

present in the parenchyma and portal areas in the euthymic rats (Allen 

et al 1985, Wahl et al 1986). These studies suggest that functional T 
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l3miphocytes are required for the development of chronic hepatic 

granulomas. 

Inflammatory Mediators Produced in SCW-Induced Hepatic 

Granuloma 

1. Lymphocytes: 

Intact granulomas have been isolated form the liver of SCW-

injected animals and en2ymatically digested to free the cellular 

constituents of the granulomas from their matrix for in vitro culture 

analysis (Wahl et al 1986). The cells from these liver granulomas 

spontaneously release IL-2, (T cell growth factor), and colony-

stimulating factor (CSF), which regulates the proliferation and 

differentiation of mononuclear phagocytes are constitutively produced 

by granuloma lymphocytes (Wahl et al 1986). Granulocyte-macrophage 

CSF (GM-CSF) is generated early in granuloma development, as is lL-3. 

Not only does CSF stimulate proliferation and differentiation of 

granulocyte-macrophage precursors but also it stimulates 

macrophages to produce diverse inflammatory mediators, including IL-

1, PGEa and interferon (Kurland et al 1979, Moore et al 1980). The 

WS/IS"- T lymphocyte populations obtained from the granulomas 

release cytokines that recruit and activate mononuclear phagocytes, 
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including lymphocyte-derived chemotactic factor (LDCF), the 

lymphokine that recruits monoQ^es. 

2. Monocytes/Macrophages (Kup£fer Cells): 

The presence of a granuloma indicates that the SCW resistes 

destruction by the acute inflammatory response and is being 

sequestered by Kupffer cells (Adams 1976, Boros 1978). Ingestion of 

SCW by Kupffer cells initiates a complex series of events in which the 

macrophages release a series of monokines and enzymes which 

promote a local inflammatory response. One of the mediators, lL-1, is 

spontaneously elaborated by the granulomas and by the adherent 

macrophages recovered from the granuloma (Wahl et al 1986). Isolated 

Kupffer cells cultured with SCW secrete high levels of IL-1 (Manthey et 

al 1992). Kupffer cells from non-sensitized rats cultured with SCW 

produce high levels of TNF-a and IL-6. In ex vivo experiments, Kupffer 

cells isolated from SCW injected animals also secrete TNF-a and IL-6 

(Manthey et al 1992, Setareh dissertation data). Transforming growth 

factor pi (TGF-pi) which is a factor known for its immunomodulatory 

is also produced by Kupffer cells after SCW stimulation (Manthey et al 

1992). 
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3. Others: 

Activated macrophages also generate bioactive lipids, including 

LTs, PGE2 and platelet-activating factor (PAF). LTs, chemoattractants, 

contribute to the attraction of leukocj^es into the inflamed sites. PGEa 

levels increase with the maturation of granulomas and may provide an 

immunoregulatoiy role in the later stage granuloma (Wahl et al 1986). 

As shown in other studies, PGE>2 acts as a feedback inhibitor of many 

cellular immune processes, including lymphocyte proliferation and 

lymphokine production (Goodwin et al 1980) In the maturing 

granulomas, it may contribute to the decreased IL-2 and IL-3 level 

observed. Although proinfalmmatoiy in early inflammation, PGE^ is 

antiinflammatory in the later stages of granuloma evolution. Increasing 

numbers of fibroblast may also contribute to production of PGE^ in the 

mature granulomas. 

Endothelial-Leukocyte Adhesion Molecules 

Only a decade ago, vascular endothelium was commonly 

considered a 'nonstick' lining of blood vessels that functioned only to 

prevent blood coagulation and to separate the vascular space from 

tissues. By comparison to other cell types, endothelial cells were 

thought to be less active, less complex and less interesting. Since that 
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time, research concerning the endothelium has expanded dramatically 

and created a new image of the vascular lining as an active participant 

in a wide variety of pathophysiological processes, including 

inflammation and immunity. Studies designed to clarify the molecular 

basis of the interaction of the various types of leukocytes, e.g., 

granulocytes, monocytes, and lymphocytes, with endothelial cells have 

indicated that both endothelial cells and leukocytes express surface 

molecules that mediate intercellular adhesion. At the present, a large 

number of surface molecules that have adhesive properties on either 

endothelial cells or monocytes have been described, which illustrates 

the complex mechanism by which monocytes interact with endothelial 

cells. On the basis of their biochemical properties and their basic 

molecular structures, these cell adhesion molecules (CAM) have been 

grouped into three families. They are the selectins (P-, E-, and L-

selectin), the integrins (CDlla,b,c/CD18), and the immunoglobulin (Ig) 

superfamily of intercellular adhesion molecule-1/2 (ICAM-1/2) and 

vascular cell adhesion molecule-1 (VCAM-1) (Albelda et al 1990, 

Springer 1990a). The selectins, two of which are found on endothelium 

(P-and E-selectin) and one on leukocytes (L-selectin), support adhesion 

through the recognition of carbohydrates. The members of the Ig 

superfamily include lCAM-1 and VCAM-l/INCAM-110 which bind to 
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leukoc3^e cell-surface integrins. In various combinations, these and 

other molecules support leukocyte adhesion to the vessel wall and 

extravasation, key steps in the response to infection and tissue injury. 

Vascular Adhesion Molecules and Their Counter Receptors 

The receptors on the endothelial cell membrane that serve as 

anchors for granulocytes and monocytes are glycoprotein in chemical 

nature. These molecules belong to the immunoglobumin superfamily 

(such as ICAM-1 and VCAM-1) and the selectin family. 

1. ICAM-1 and Counter Receptors CD11/CD18 

Two of the members of the Ig superfamily expressed by vascular 

endothelial cells, designated intercellular adhesion molecule-1 (ICAM-1; 

CD54) and intercellular adhesion molecule-2 (ICAM-2), are closely 

related in structure and function (Springer 1990a). ICAM-1 and ICAM-

2, products of distinct and homologous genes were initially identified 

by their ability to interact with LFA-1 (Springer 1990a). 

ICAM-1 is a single-chain glycoprotein of 80-115 kd with five Ig-

like domains, a single membrane spanning region, and a short 

cytoplasmic tail (Springer 1990a, Hogg et al 1991, Dustin et al 1986). 

ICAM-1 is moderately expressed on endothelial cells but also on 
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various other types of nonhematopoietic cells, including fibroblasts, 

epithelial cells, and mucosal cells, and on lymphocytes and monocytes 

(Springer 1990a, Dustin et al 1986). ICAM-1 is also expressed in an 

inducible manner on a variety of cell types in response to cytokines 

such as IL-1, TNF-a and INF-y and thereby contributes to adhesive 

events such as cell-cell interactions and leukocyte extravasation at 

inflammation sites. 

A ligand of ICAM-1 is LFA-1 (CD 1 la/CD 18), one of the P2 

integrin molecules (Marlin et al 1987, Makgoba et al 1988). ICAM-1 can 

also bind CR3 (CD 1 lb/CD 18), another P2 integrin molecule; however 

the avidity is less than that for LFA-1 (Diamond et al 1990). It has been 

reported that LFA-1 is recognized by the most NH2 {amino)-terminal (i.e. 

the first) Ig domain of ICAM-1 (Hogg et al 1991), whereas CR3 interacts 

with the third Ig domain of ICAM-1 (Diamond et al 1991). Neutrophils, 

monocjrtes, lymphocytes, and natural killer (NK) cells express 

CD 11a/CD 18 (LFA-1). In addition, neutrophils, monoQrtes, and NK 

cells (but not most lymphocytes) express CD lib/CD 18 (CR3, Mac-1) 

and CD 11c/CD 18 (CR4), which are found at the cell surface as well as 

storage granules (Larson et al 1990, Amaout 1990). Because both LFA-

1 and CR3 are expressed on circulating leukocytes, the interaction 
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between these molecules and ICAM-1 on endothelial cells is a potential 

mechanism for the adherence of monocytes to vascular endothelium. 

2. VCAM-1 and Counter Receptor a4Bl integrin 

VCAM-1, previously designated as INCAM-IIO, is a single chain 

glycoprotein of about 100 kd with distinct isoforms. A single VCAM-1 

gene gives rise through alternative splicing to distinct isoforms that 

differ in the number of integrin-binding sites (Vonderheide et al 1992, 

Osbom et al 1992). The predominant endothelial form of this molecule 

contains seven Ig domains. Among the seven Ig domains, the amino-

terminal domain (domain 1) and the fourth domain are highly similar 

in amino acid sequence, and appear to function in leukocyte adhesion 

(Osbom et al 1992, Vonderheide et al 1992). The cDNA clones from 

human, mouse, rat and rabbit demonstrate substantial conservation of 

amino acid sequence and functional interactions with VLA-4/B1 

integrin complex on l3nnphocyte and monocyte (Chan et al 1992). 

Endothelial VCAM-1 was first shown to support the adhesion of 

l3miphocytes and monocytes (but not neutrophils) through an 

interaction with the integrins a4Bl (VLA-4; CD49d/CD29) (Rice et al 

1990, Oppenheimer et al 1991), which also binds to flbronectin (Guan 

et al 1990). In addition, eosinophils and basophil adhesion to activated 
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endothelium appears to involve VCAM-1. Outside the vasculature, 

VCAM-1 participates in a variety of lymphocyte adhesive events, 

including the binding of B cells to lymph node follicular dendritic cells 

(Freedman et al 1992) and the adhesion of l3anphocyte precursors to 

bone marrow stromal cells (Ryan et al 1991). Recent evidence suggests 

that these adhesive interactions influence other lymphocyte functions. 

For example, molecular engagement of a4pi on T lymphocytes by 

VCAM-1 has been shown to act as a costimulant of proliferation (Damle 

etal 1992). 

VCAM-1 expression is rapidly induced by IL-1 and TNF-a on 

endothelium. The expression of VCAM-1 is believed to play a role in the 

recruitment of T cells to sites of inflammation (Steven et al 1993, Smith 

1993). 

The Endothelial cell-Leukocyte Adhesion Cascade 

The recruitment of leukocytes into areas of inflammation begins 

with the binding of leukocytes to the endothelium, followed by 

transmigration into the tissues. Although this observation has been 

documented for more than 150 years, only in the last decade, with the 

identification of specific cell adhesion and chemoattractant/activator 
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molecules, has the molecular mechanisms underlying leukoQ^e 

adhesion been elucidated. 

The initial phase of the adhesion cascade, rolling, is mediated by 

members of the selectin family. The selectins include a group of three 

related molecules: L-selectin, P-selectin and E-selectin. P-selectin is 

released from internal stores (Weible-Palade bodies) onto the surface of 

endothelial cells following stimulation with agents such as thrombin or 

histamine HI (Hattori et al 1989, Geng et al 1990). E-selectin is 

synthesized by endothelial cells following LPS, IL-ip or TNF-a 

stimulation (Bevilacqua et al 1989, Springer 1990a). L-selectin is 

constitutively expressed on the surface of leukocytes. Each selectin 

functions primarily as a lectin, recognizing carbohydrate structures on 

the surface of leukocytes and endothelium (Bevilacqua et al 1993). 

Polyclonal anti-L-selectin and E-selectin antibodies inhibit neutrophil 

and monocyte influx in response to inflammatory agents (Picker et al 

1992, Mulligan et al 1991). At the sites of inflammation, leukocytes 

first attach to the vessel wall in a rolling interaction and then become 

arrested or firmly adherent at a single location on the vessel wall before 

diapedesis (cohnheim 1989). Although rolling appears to be a 

prerequisite for firm adherence to blood vessels under conditions of 

flow (von Andrian et al 1992), selectin-dependent adhesion of 
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leukocytes does not lead to firm adhesion and transmigration unless 

the integrin family p2 (CD18)/ICAM-1 of adhesion molecules is 

engaged. Once the marginated neutrophil forms a stationary adhesion 

with endothelial cells, it is stimulated by chemotactic factors to 

downregulate the selectin-based adhesion and upregulate adherence 

dependent on 32 integrins, principally CD 1 la/CD 18 (LFA-1) and 

CD 1 lb/CD 18 (Mac-1). An important characteristic of the neutrophil 

integrins is that under baseline conditions, they exist in a relatively 

inactive conformation, rendering the leukocyte nonadhesive. One of the 

key events of the adhesion cascade is the activation and deactivation of 

these integrins at the proper times and places. Chemoattractants such 

as leukotriene B4 (LT B4) and IL-8 appear to be required for 

transendothelial migration in vitro and in vivo (Rosengren et al 1991) 

and can induce all steps required for transmigration in vivo. Recent 

studies have implicated another adhesion molecule, platelet-endothelial 

cell adhesion molecule-1 (PECAM-1), in transmigration (DeLisser et al 

1993). PECAM-1, a member of the immunoglobulin superfamily, is 

expressed at relatively low levels on the surface of leukocytes and 

platelets but at higher level on endothelium. Its localization at the 

junctions between endothelial cells has suggested a role in 

transendothelial cell migration. Using an in vitro model, it was 
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demonstrated that polyclonal antibodies against PECAM-1 significantly 

blocked leukocyte transmigration through TNF-a-activated endothelial 

cell monolayer but did not affect the adhesion of neutrophil (MuUer et 

al 1993). 

The emigration from the vasculature of the neutrophil and 

monocyte is regulated by at least three distinct molecular signals: 

selectin-carbohydrate, chemoattractant-receptor, and integrin-

immunoglobulin family interactions acting in sequence, not in parallel 

(Springer 1994, Smith 1993). This concept has been confirmed by the 

observation that inhibition of any one of these steps gives essentially 

complete, rather than partial, inhibition of neutrophil and monocyte 

emigration. An important consequence of a sequence of steps, at any 

one of which are choices of multiple receptors or ligands that have 

distinct distributions on leukocyte subpopulations or endothelium, is 

that it provides great combinatorial diversity for regulating the 

selectivity of leukocyte localization in vivo (Butcher 1991, Shimizu et al 

1992). 

Adhesion Molecules and Inflammatory Diseases 

Adhesion molecules allow leukocytes to patrol tissues, looking for 

infectious pathogens. They are also involved in the accumulation and 



42 

emigration of leukocytes at sites of injury and infection. Specific 

cytokine signals such as IL-1 and TNF-a produced in response to 

wounds and infections control the expression and activation of certain 

adhesion molecules on the surface of leukocytes and blood vessel 

endothelial cells (Steven et al 1993, Smith 1993, Bevilacqua et al 

1993). The pathogenesis of several disease processes appears closely 

linked to abnormalities in adhesion molecules. 

Patients who are genetically deficient in the leukocyte integrins, 

due to a mutation in the common P2 integrin subunit, provided early 

evidence that adhesion molecules are required for leukocyte 

extravasation in vivo. Neutrophils in these leukocyte adhesion 

deficiency I (LAD-I) patients show normal rolling behavior, but are 

incapable of sticking to and crossing the endothelium and accumulate 

at the site of inflammation. These patients have recurrent infections 

without formation of pus (Anderson et al 1987). LAD type II (Etzioni et 

al 1993) is characterized by a very similar clinic scenario; however, 

molecular analysis has revealed that this S3nidrome is due to a 

congenital defect of endogenous fucose metabolism. This results in an 

inability to synthesize fucosylated carbohydrate molecules such as 

sialy Lewis . Neutrophils isolated from these patients are able to adhere 
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normally to activated endothelial monolayers but show marked defects 

in rolling (von Andrian et al 1993). 

Extravascular migration of the leukocytes which participate in 

the cellular immune response is essential in the pathogenesis of 

rheumatoid arthritis (RA). Morphological studies of human rheumatoid 

synovium have shown the presence of multiple cell types, including T 

lymphocytes, macrophages, plasma cells, fibroblasts and endothelial 

cells. The infiltration into the synovial membrane (SM) by mononuclear 

cells, mostly T cells, is a typical histopathological feature associated 

with this disease and is believed to be mediated by a number of 

adhesion molecules in the endothelium induced in response to a series 

of inflammatory mediators, predominantly cytokines. To study the 

molecular basis of lymphocyte adhesion to endothelium in the SM of 

patients with rheumatoid arthritis, Anna et al (1991) isolated 

lymphocytes from the normal peripheral blood, measured the binding 

of l3niiphoQ^es to high endothelial venules (HEV) and examined a panel 

of mAb for inhibition of lymphocyte binding to these synovial vessels. 

Their data showed that VLA-4 and VCAM-1 are important mediators of 

binding to synovial endothelium of resting and activated T 

Ijonphocytes, Postigo et al (1992) demonstrated that synovial T cells 

isolated from both SM and synovial fluid (SF), bearing activated and 
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memory phenotypes, displayed an enhanced capacity to interact with 

VCAM-1 adhesion molecules as compared with T cells from peripheral 

blood either of the same patient or healthy donor. Such lymphoQ^e 

and monocyte interactions with synovial fibroblasts clearly occur and 

may be intimately involved in the pathologic progression of RA. Marlor 

and Morales-Ducret et al (1992) further investigated expression and 

regulation of VCAM-1 and ICAM-1 in fibroblast-like sjmoviocytes (FLS) 

after stimulation with cytokines. The results demonstrated that both 

VCAM-1 and ICAM-1 were constitutively expressed on FLS. VCAM-1 

expression was further increased by exposure to IL-ip, TNF-a, IL-6 and 

INF-y. These cytokines also induced ICAM-1 expression on FLS. Both 

alternatively spliced forms of VCAM-1 mRNA were detected by PCR and 

two distinct proteins were shown by western blotting. These findings 

provide an explanation for the chronic retention and activation of long-

lived lymphocytes and monocytes which express VLA-4 (the receptor for 

VCAM-1) in the synovium in RA. In an attempt to clarify the role of 

adhesion molecules in inflammation, Jasin et al (1992) treated 

antigen-induced arthritis in rabbit with mAb to leukocyte adhesion 

molecules. This intervention suppressed inflammation including the 

acute and chronic phases of arthritis. In addition the treatment of RA 
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patients with a mAb directed at the ICAM-1 has indicated therapeutic 

efficacy (Kavanaugh et al 1993). 

The expression of selected adhesion molecules has also been 

demonstrated in some granulomatous diseases such as sarcoidosis 

(Shakoor et al 1992), tuberculosis (Yassin et al 1994) and in murine 

foreign body (bead) granuloma model (Power et al 1994). Increased 

CD11/CD18 adhesion molecule expression on peripheral blood 

leukocytes has been reported in sarcoidosis (Shakoor et al 1992). Ritter 

et al (1993) demonstrate ICAM-1 expression in association with early 

granuloma formation in schistosome-infected mice. Evidence show that 

adhesion molecules ICAM-1, LFA-1 and VLA-4 are required in the 

recruitment and migration of circulating inflammatory cells (T cells and 

monocytes) to the site of egg deposition during the granulomatous 

process in schistosomiasis. Blockade of these adhesion molecules by 

mAb inhibite granuloma lymphocyte cytokine production (Langley et at 

1995). 

Cytokines 

Interleukin-1 

Interleukin-1 (IL-1), originally named "lymphocyte activating 

factor" is also called by many other names which describe this factor's 
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different reported activities. Some IL-1 synonyms include: endogenous 

pyrogen (EP), mitogenic protein (MP), B cell activating factor (BAF) and 

B cell different factor (BDF) etc. (Aarden et al 1979). 

IL-la and IL-ip are the products of two distinct genes and 

synthesized as 31 kDa precursors that are subsequently cleaved into 

proteins with molecular weight of approximately 17,000 (Giri et al 

1985). IL-la and IL-ip are structurally related polypeptides that show 

approximately 25 % identity at the amino acid level (Oppenheim et al 

1986). 

IL-la and IL-13 exert their effects by binding to specific 

receptors: IL-1 receptor type I (IL-lRtI) and IL-1 receptor type II (IL-

IRtll). The two receptors show approximately 28 % homology in their 

extracellular domains but differ significantly in size of their cytoplasmic 

domain (Sims et al 1988). Depending on species and cell type, the two 

types of receptors show differential binding characteristics for IL-la 

and IL-ip, In general, IL-la binds better to the type I receptor and IL-ip 

binds better to the type II receptor. 

IL-1 production is generally considered to be one of the 

consequences of inflammation. With respect to inflammation, however, 

and in response to classic stimuli such as those produced by 

inflammatory agents, infections or microbial endotoxins, a dramatic 
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increase in the production of IL-1 by macrophages and various other 

cells is seen. Cells known to produce IL-1 include osteoblasts (Dodds et 

al 1994), monocytes (Mallardo et al 1994), macrophages (Foss et al 

1994), Kupffer cells (Takacs et al 1988), hepatocytes (Tsukui et al 

1994), endothelial cells (Libby et al 1986) and fibroblasts (Le et al 

1987a) etc. 

IL-1 has pleitropic effects on a variety of cells. The biological 

effects of IL-1 range from inducing specific cell type responses to 

targeting entire systems. IL-1 directly activates T cells to produce IL-2. 

Both IL-1 and IL-2 stimulate the production of other inflanmiatory 

mediators, such as arachidonic acid metabolites, from a variety of cell 

types (Oppenheim et al 1986). IL-1 has been shown to be important in 

triggering various inflammatory events of collagen-induced murine 

arthritis. Regulatory signals that induce IL-1 production may therefore 

contribute to the maintenance, amplification and perpetuation of the 

inflammatory response, leading to the pathologic changes within 

arthritic joints (Dalton et al 1989). IL-1 also induce collagenase 

production in fibroblasts and synovial cells (Mizel et al 1981), and 

promotes cartilage and calcium resorption in bones. In the liver, it 

increases acute phase protein sjnithesis by hepatocyte (Ramadori et al 

1985). IL-1 has been shown to induce adhesion molecule expression by 
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endothelial cells (Steven et al 1993, Smith 1993, Bevilacqua et al 1993) 

and activate osteoblasts, endothelial cells. On individual cells, IL-1 acts 

on macrophage/monocytes inducing its own s3mthesis as well as the 

production of TNF and IL-6. IL-1 plays a key role in immune activation 

and various inflammatory responses by continuous production at the 

site of inflammation (Dalton et al 1989). Although normal production of 

IL-1 is obviously critical to mediation of host responses to injury and 

infection, inappropriate or prolonged production of IL-1 is implicated in 

the production of a variety of pathological conditions such as 

rheumatoid arthritis. 

Interleukin 6 

Interleukin-6 (IL-6) was first described as a 26 kD inducible 

protein derived from fibroblast cells stimulated with polyliC (double 

strand RNA), cyclohexamide or virus. It was shown that this 26 kD 

protein displayed weak antiviral activity (Billiau 1987). IL-6 has since 

been described by a variety of synonyms according to reported biologic 

activities, for example: monocyte-derived human B cell growth factor, 

interferon-P2 (IFN-P2) (Billiau 1987), B cell stimulating factor (BSF-2) 

(Tosato et al 1988) and hepatocyte stimulating factor etc. (Gauldie et al 

1987). 
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IL-5 has been shown to be produced by activated monoQ^tes or 

macrophages, endothelial cells, a variety of tumor cells, fibroblasts, 

hepatOQ^es, activated T and B cells. The production of IL-6 is up-

regulated by numerous signals including mitogenic or antigenic 

stimulation, LPS, IL-1, IFN, TNF and virus (Akina et al 1993, Hirano 

1994). 

At the protein sequence level, mouse IL-6 is 93 % homology with 

rat IL-6. (Akina et al 1993, Hirano 1994). Unlike some other 

interleukins, variable glycosylation may affect activity since it has been 

reported that IL-6 from different sources exhibits different relative 

potencies when tested in similar or identical systems (Wong et al 1988). 

Although human and mouse IL-6 share only 42 % homology at the 

amino acid level, both are equally active on mouse cells, while mouse 

IL-6 is not active on human cells. 

IL-6 apparently exerts bioactivity through an interaction with a 

high affinity receptor complex. The receptor consists of two chains, a 

ligand-binding 80 kD molecule (IL-6R) and a non-ligand-binding signal 

transducer, glycoprotein (gp) 130. IL-6 has been shown to bind to IL-6R 

with low-affinity (Sugita et al 1990). In the absence of IL-6R, IL-6 does 

not appear to bind to gpl30 (Saita et al 1992). However, the presence 



50 

of IL-6R together with gpl30 will result in high affinity IL-6 binding and 

subsequent signal transduction (Taga et al 1989, Taga et al 1992). 

IL-6 is a multifunctional protein that plays important roles in 

host defense, acute phase reactions, immune responses and 

hematopoiesis (Akina et al 1993). IL-6 exerts functions on numerous 

target cells including T cells, B cells, fibroblasts and hepatocytes 

(Gauldie et al 1987, Wong et al 1988). Some reported IL-6 activities 

overlap with those ascribed to IL-1. For example, studies suggest that 

IL-6, like IL-1, co-stimulates thymocyte proliferation (Wong et al 1988) 

and also induce the release of acute phase reactants from hepatocytes 

(Gauldie et al 1987). It has effects on B cell differentiation and antibody 

production, on cytotoxic T cell differentiation, on T cell activation, 

growth and differentiation (Lotz et al 1988, Uttenhove et al 1988). The 

various activities of IL-6 suggest that this factor will have a major role 

in the mediation of the inflammatory and immune responses initiated 

by infection or injury. Although the exact functions of IL-6 in vivo are 

not known, elevated IL-6 levels have been reported to associated with a 

variety of diseases, including autoimmune diseases. 
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Interferon y 

The interferons (IFNs) were originally identified and characterized 

according to their ability to induce the production of RNA and protein 

in target cells. IFN-a (leukocyte-derived) and IFN-p (fibroblast-derived) 

are produced during viral or bacterial infection. IFN-y is a 

multifunctional protein produced by both CD4* and CD8* T 

lymphocytes and natural killer cells (Trinchieri et al 1986). 

Human IFN-y is a 143 amino acid residues glycoprotein with 

molecular weight (MW) of 20 or 25 kDa that demonstrates little 

sequence homology to TNF-a or p (Gray et al 1982). Murine IFN-y is 136 

amino acid polypeptide that exhibits 40 % homology with the human 

form. This low degree of homology is believed to contribute to the 

apparent lack of species cross-reactivity {Gray et al 1983). 

Both murine and human IFN-y exert their biological effects 

through specific, saturable binding to a single class of high affinity 

receptors. These IFN-y receptors can be found in a number of different 

tissues including: endothelial cells, fibroblasts, mast cells and 

l3nnphoid cells (Trinchieri et al 1985). Other than its anti-viral activity, 

IFN-y has been shown multiple activities including: enhance TNF 

cytotoxicity (Trinchieri et al 1985) and the induction of MHC class I and 

II expression in target tissues (Gerrard et al 1988); increasing the 
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production of IL-1 and down-regulating TGF-P receptor expression (Sen 

et al 1992, Bosco et al 1994); up-regulating adhesion molecule ICAM-1 

but not E-selectin or VCAM-1 expression on endothelial cells (Thomhill 

et al 1992). 

Tumor Necrosis Factor-a 

Tumor Necrosis Factor-a (TNF-a), also known as cachectin 

(Beutler et al 1985) is important in inflammation and anti-tumor 

activity both in vitro and in vivo. TNF-a is a 17 kD polypeptide existing 

in multimers of two or three identical subunits. Human TNF-a is a 175 

amino acid polypeptide and murine TNF-a is a 156 amino acid 

polypeptide. TNF-a exists as secreted form as well as an integral 

membrane protein in both human and mice (Kriegler et al 1988). 

The primaiy source for TNF-a is the activated monocytes or 

macrophages. TNF-a is also produced by neutrophils, activated 

lymphoQ^es, endothelial cells, smooth muscle cells and astroQ'tes 

(Vileck et al 1991, Vassalli et al 1992). TNF-a exerts biological effects 

through binding to two distinct TNF receptors of 55-60 kD and 75-80 

kD (Tartaglia et al 1992, Goodwin et al 1991). 

TNF-a is usually referred to as an inflanmiatory cytokine, 

emphasizing its role in initiating (along with IL-1) the cascade of other 



cytokines and factors that make up the immune system's response to 

infection. Such a response is critical in the successful resolution of 

infectious diseases, but can occur in an uncontrolled manner, 

damaging the host (Tracy et al 1987, Pujol-Borrell et al 1987b). TNF-a 

apparently shares several bioactivities to IL-1 (Le et al 1987) such as 

increasing acute phase protein sjmthesis in the liver. TNF-a has further 

been shown to induce the release of IL-1 (Dinarello et al 1986, Nawroth 

et al 1986), which in turn stimulates collagenase and PGEa production 

and also appears to act synergistically with other cytokines. TNF-a 

induces the expression of MHC class I, MHC class II, leukocyte-

associated adhesion molecules and activates PMN (Vilcek et al 1991, 

Vassalli et al 1992). 

TNF-a is a pleitropic C3^okine with diverse effects on many cell 

types, dependent on concentration, presence of other cytokines, and 

end organ response. It has been identified in many inflammatory 

lesions and it could be an important mediator in granuloma formation 

in the SCW rat model. Previous data demonstrated that Kupffer cells 

produced TNF-a mRNA and secreted TNF-a stimulating with SCW in 

vitro and ex vivo (Manthey et al 1992, Setareh dissertatio data 1993). 
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HYPOTHESIS AND SPECIFIC AIMS 

As described earlier, SCW-hepatic granulomas are induced by a 

single intraperitoneal injection of SCW into female Lewis rats. This 

model of inflammation has been used to identify cellular and molecular 

mechanisms that regulate chronic inflammation and fibrosis. Although 

much progress has been made in understanding this tissue reaction, 

the mechanisms responsible for accumulation of leukocytes, both 

neutrophils and monocytes in the liver in this animal model are 

unclear. Since the types of leukocytes that accumulate at the inflamed 

site vary widely depending on the nature of the inflammatory stimulus 

and correlate with the expression of certain types of adhesion 

molecules on the endothelial cell surface, it is important to identify 

subsets of adhesion molecules involved in this inflammatory event. 

The goals of this research are based on the hypothesis that the 

adhesion molecules ICAM-1 and VCAM-1 are involved in SCW-induced 

hepatic granulomatous inflammation. Furthermore, these adhesion 

molecules are regulated by the cytokines IL-1, IL-6, IFN-y and TNF-a. 

To test this hypothesis, the following specific aims will be addressed: 
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Goal #1: To compare the expression of ICAM-1 in control and SCW-

injected rat livers, immunohistochemical staining will be used. 

Goal #2: To isolate and characterize liver endothelial cells for further in 

vitro study of ICAM-1 and VCAM-1 expression and regulation. 

Aim #1: To isolate liver endothelial cells by using enzymatic 

digestion-elutriation technique; 

Aim #2: To identify liver endothelial cells by Fluorescence-

Activated Cell Sorting (FACS), scanning electron 

microscopy, Dil-Ac-LDL-uptake assay and ovalbumin-

uptake assay. 

Goal #3: To evaluate the expression and regulation of ICAM-1 on liver 

endothelial cells by cytokines and LPS in vitro, the following 

experiments will be performed: 

Aim #1: To determine the optimal concentration of cytokine to 

induce ICAM-1 expression, liver endothelial cells will 

stimulated by different concentrations of cg^okines 

and LPS, and then ICAM-1 expression will be 

analyzed by FACS 
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Aim #2: To investigated the time course of ICAM-1 expression 

and regulation by liver endothelial cells after 

stimulated by (ytokine and LPS cytokine. 

Aim #3: To compare the effects of single and combined 

cytokines on ICAM-1 expression by liver endothelial 

cells. 

Goal # 4: To determine whether the increased surface ICAM-1 

expression is due to the increased expression of ICAM-1 

mRNA. 

Aim #1: To construct rat ICAM-1 probe. This will be done by 

using Reverse Transcription-Polymerase Chain 

Reaction (RT-PCR) technique, ligation, 

transformation and sequence techniques. 

Aim #2: To evaluate the level of ICAM-1 mRNA by using 

Northern Blot analysis. 

Goal #5: To evaluate VCAM-1 mRNA expression and regulation by 

c^okine and LPS. The following experiments will be 

accomplished. 
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Aim #1: To construct rat VCAM-1 probe. The same techniques 

will be used as described above. 

Aim #2: To evaluate VCAM-1 mRNA expression by Northern 

Blot analysis. 
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CHAPTER m 

MATERIALS AND METHODS 

Preparation of Streptococcal Cell Wall (SCW) 

sew was isolated using a modified method of Cromartie et ai 

(1977), Group A streptococcus pyogene lype 3, strain D58 (American 

Type Culture Collection, Rockville, MD) were grown to log phase in 

Todd-Hewitt Media at 37 °C under aerobic conditions. Bacteria were 

heat killed at 60 °C for 2 hrs, then collected by centrifugation at 

10,000 rpm for 20 min. The bacterial pellet was suspended in 200 mis 

of 4 % sodium dodecyl sulfate (SDS) (Sigma, St. Louis, MO), then 

disrupted by sonication for 3 min at full power (W-385 model, heat 

System Ultrasonics, Farmingdale, New York) after sitting for 18 hrs at 

room temperature (RT), the SDS was removed from the SCW by a series 

of washes with PBS and KCl, a precipitation test was used to detect the 

presence of SDS. The SDS-free pellet was suspended in 100 mis of PBS 

containing 30 mg each of DNase I (Sigma) and RNase (Sigma), and 

incubated at RT for 4 hrs. After washing twice with PBS, the SCW was 

incubated with 30 mg trypsin (Sigma)/100 ml PBS for another 4 hrs. 

The SCW was washed twice with PBS, suspended in 35 mis of PBS, 
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and sonicated for 2 hrs at full power on a discontinuous 2 second 

cycle. Finally, the SCW was centrifuged at 10,000 rpm for 30 min to 

remove any residue and frozen at -20 °C. 

SCW concentration was determined using the standard 

Rhamnose Assays (Krause 1977). Standard concentrations of 

rhamnose (50 mg/ml) (Sigma) and the SCW preparation were set up in 

triplicate in glass test tubes. Serial dilutions of SCW are 1:10, 1:20, 

1:30, 1:40, 1:50, 1:60, 1:70. A set of standards were diluted 1:4, 2:3, 

3:2 and 4:1. To each tube, 4.5 ml of diluted sulfuric acid (H2S04:H20-

6:1 volume) were added and vortexed. The tubes were immersed in 

boiling water for 10 min and allowed to cool to room temperature. 100 

ul of 3 % cysteine (Sigma) was added to all tubes except the blank and 

brought to a final concentration of 0.3 % cysteine. After incubation at 

room temperature for 2 hr, optical density (O.D.) was read at 398 nm 

and 430 nm (Model DU-64 spectrophotometer, Beckman Instruments, 

Inc. Palo Alto, CA). The concentration of rhamnose in SCW was 

estimated from the standard rhamnose curve. 

Animals 

Pathogen-free inbred female Lewis rats were obtained from 

Harlan Sprague Dawley, Inc., Indianapolis, IN and housed at the 
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Animal Facility, University of Arizona. The rats were 45-50 grams at the 

time of sew injection. A sterile aqueous suspension of sonicated SCW 

which was diluted 1:2 in PBS, pH 7.4, was injected intraperitoneally 

(i.p.) into female Lewis rats at a dose equivalent to 50 ug of cell wall 

rhamnose per gram of body weight. Control rats were injected with 

sterile PBS, pH 7.4. 

Animals were sacrificed two rats per time point at 3, 7 and 28 

days after injection. The livers were placed in Tissue-Tek OCT 

compound (Miles Inc., Elkhart, IN) embedding medium and snap-frozen 

at -150 °C in 2-methyl butane quenched in liquid nitrogen. 

The rats used for liver endothelial cell isolation were 175-200 

gram in body weight. 

Hematoxylin and Eosin Stain (H-E Stain) 

Cryostat sections were prepared from frozen liver tissue. Sections 

of rat liver tissue (6 um) were fixed in 10 % formalin for 2 min and then 

stained with hematojQrlin for 4 min. After quickly dipped in acid alcohol 

and ammonia water respectively, the sections were stained with eosin 

for 2 min. The tissues were then dipped through alcohol (80 %, 95 % 

and 100 %), xylene and mounted with Permount. 
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Immunohistochemical Stain 

Slides were cleaned using 75 % alcohol. Cleaned slides were then 

dipped into a solution containing 5 % gelatin (VWR Company, San 

Francisco, CA) and 0.5 % CrK(S04) (VWR) at RT for 10 min and dried 

at RT. Cryostat sections were prepared from frozen liver tissue. 

Sections of rat liver tissue (6 um) were cut on a disposable blade to 

reduce cutting artifacts and transferred onto gelatin-coated microscope 

slides. Tissue sections were fixed in acetone at 4 °C for 10 min, air 

dried and stored at -20 °C. Before immunohistochemiacal staining, 

tissue sections were fixed at 4 ®C for 20 min in acetone containing 0.6 

% hydrogen peroxide to quench endogenous peroxidase. 

Non-specific binding was blocked by incubation with 2 % normal 

horse serum diluted in PBS buffer for 30 min. Endogenous biotin was 

blocked by using 100 ul of Avidin D solution for 15 min, rinsing briefly 

with PBS buffer, then incubating with 100 ul of Biotin solution to block 

bound avidin (Vector Laboratories, Burlingame, CA). Sections were 

incubated with 1:10 diluted primary antibodies/PBS containing 2 % 

normal horse serum for 30 min at room temperature. After washing 

twice, sections were incubated with 1:200 diluted biotinylated horse 

anti-mouse antibody for 30 min, and then with avidin and biotinylated 

peroxidase according to the manufacturer's instruction (Vectastain 
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Peroxidase ABC elite kit, Vector). Immunoreactivity was detected using 

a standard peroxidase substrate system containing 4 drops of 

diaminobenizidine (DBA), 2 drops of tlie hydrogen peroxide solution 

and 2 drops of the nickel solution (Vector Laboratories) in 5 ml of 

distilled H2O. Slides were counterstained with Harris hematoxylin for 1 

min and mounted. 

Controls consisted of replacement of primary antibody by non

immune mouse IgG of the same concentration and isotype (DAKO 

Corporation, Carpinteria, OA) or use of secondary antibody along to 

exclude cross-reactivity between the antibodies and conjugate 

employed. The liver tissues from same age, sex and injected with PBS 

rats were used as control. 

Monoclonal Antibody (mAb) 

The hybridoma, clone 1A29 which produces mouse mAb (IgGl) 

against rat lCAM-1 is generous gift from Dr. Nakatani, the Tokyo 

Metropolitan Institute of Medical Science, Japan. The hybridoma was 

grown in RPMI 1640 (GIBCO BRL Products, Grand Island, NY) 

containing 10 mM Hepes, 2 mM L-Glutamine, ImM Sodium pyruvate, 

10 ^ M 2-mecaptoethanol, 1 % (v/v) x 100 Nonessential amino acid, 1 

% Penicillin-Streptomycin and 10 % fetal calf serum (PCS) (Sigma). 
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Tissue culture supernatant was purified, concentrated by caprylic acid 

and ammonium sulfate precipitation. Briefly, 2 volumes of 60 mM 

sodium acetate buffer, pH 4.0 were added to tissue culture 

supernatant, pH was adjusted to 4.8. A 0.4 ml aliquot of caprylic acid 

was slowly added into 10 ml of original volume and stirred for 30 min 

at room temperature. The supernatant was carefully transferred to 

dialysis tubing and dialyzed versus three changes of PBS, pH 7.4 

overnight. While antibody was being stirred gently, equal volume of 

saturated ammonium sulfate solution was slowly added to bring the 

final concentration to 50 % saturation and kept at 4 °C overnight. The 

precipitate was centrifuged at 3000x g for 30 min (Model TJ-6 

Centrifuge, Beckman). The pellet was resuspended in 0.1 volume of the 

starting volume in PBS. The antibody solution was dialyzed versus 

three changes of PBS overnight. The pure antibody was stored at -20 

°C in the presence of 0.002 % sodium azide. Antigen binding activity 

was checked by Fluorescence-Activated Cell Sorting (FACS) analysis of 

ICAM-1 expression on Con A blasts (Tamatani et al 1990). mAb ED2 

(mouse IgGl) was purchased from Serotec company, Indianapolis, IN. 
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Endothelial Cell Isolation 

Liver sinusoidal cells, accounting for 6.3 % of the volume of a 

normal rat liver, comprise 44 % (v/v ) liver endothelial cells, 33 % (v/v) 

Kupffer cells (KC), 22 % (v/v) stellate cells (Blouin et al 1977) and a 

minor proportion of other non-hepatOQrtes, among them the pit cells 

(Wisses et al 1976). 

Endothelial cells were isolated and purified by using enzymatic 

digestion and centrifugal elutriation technique following Knock's 

procedure (Knook et al 1976) (Fig. 2-1). 150-200 gram female Lewis 

rats were anesthetized with 50 mg/kg pentobarbital given 

intraperitoneally. The liver from an anesthetized rat was first washed in 

situ by perfusion through the portal vein with Hank's balanced salt 

solution (HBSS) at 37 °C at a flow rate of 10 ml/min for 2 min. This 

procedure removed sinusoidal blood cells. After the inferior vena cava 

was clamped ofT above and below, tissue digestion was then carried out 

on perfusion with 60 ml of 0.83 % pronase XIV (Sigma). The liver was 

excised and circularly perfused with 0.42 % pronase and 0.012 type II 

collagenase (Worthington Biochemical Corporation, Freehold, NJ) at 10 

ml/min for 30 min at constant temperature (37 °C). The liver was then 

minced and stirred in 120 ml Gey's balanced salt solution (GBSS) 

buffer containing 0.02 % pronase (Sigma), 0.33 % collagenase 



(Worthington Biochemical Corporation) at 37 °C water bath. 0.0042 % 

DNase was added to the mixture to minimize clumping. After 30 min, 

the cell suspension was then filtered through nylon gauze and 

centrifuged at 300 x g for 10 min. To remove cell debris and 

eiythrocytes, the pellet from one liver was resuspended in GBSS at 

final volume of 10 mis. Five mis of cell suspension was mixed with 7 ml 

of 30 % (w/v) metrizamide (Sigma) to provide a 17.5 % (w/v) 

metrizamide density gradient. Three mis of GBSS was layered on top of 

the mixture and the tubes were spun for 30 min at 1400 x g. The 

nonparenchymal cells formed a dense band on top of the metrizamide 

solution. Other parenchymal and red cells and hepatocyte debris 

collected at the bottom of the tube. The nonparenchymal cells were 

aspirated in a syringe and resuspended in 4 mis of GBSS. The cell 

suspension was injected slowly into the mixing chamber of an 

elutriator when spinning at 2,400 rpm. Cell isolation was performed 

under sterile conditions with centrifugal elutriation in a Beckman J2-

21 centrifuge and JE 6-B rotor equipped with a standard chamber. 

Three 150-ml fractions were collected by varying the flow rate while 

maintaining the rotor speed at 2,400 rpm. Flow rates were 14 ml/min 

(cell debris), 18 ml/min (blood cell fraction) and 28 ml/min 

(Endothelial cell fraction) (Irving et al 1984). Twenty eight ml/min cell 
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fraction was recovered by centrifugation 300 x g for 10 minute and 

viability was determined using 2 % Trypan Blue. 

Endothelial Cell Culture 

Endothelial cells were cultured on rat tail type I collagen 

(Sigma) coated plates using the following method. To coat the plates, 1 

mg type I collagen was dissolved in 10 mis of 0.1 M acetic acid and 

stirred at room temperature until dissolved. A 1/10 volume of 

chloroform was carefully layered at the bottom of collagen solution. 

After overnight at 4 °C, the top layer was removed. Each well of the 6 

well plate was coated with 1 ml of collagen solution overnight at 4 °C, 

then air dried. The plate was rinsed with Dulbecco's Modified Eagle 

Media (DMEM) (GIBCO) before cell culture. 

The final elutriation fraction (28 ml/min), containing the 

endothelial cells, was suspended in growth medium and adjusted to a 

cell density 1.0 x 10° cells /ml. A 1.5 ml of cell suspension was added to 

each well of 6 well plate and incubated at 37 in a humidified 

incubator under 5 % CO2 in air. The growth medium contained DMEM 

supplemented with 20 % FBS (Fetal Bovine Serum) (GIBCO), 5 mg/100 

ml endothelial cell growth factor (Sigma), 1 mg/100 ml heparin (Sigma) 
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and 1 % penicillin-streptomycin (complete medium). Culture media 

were changed every other day or twice a week depending on cell 

growth. In all experiments, primary cell cultures were used. 

Characterization of Rat Liver Endothelial Cells 

1. Scanning Electron Microscopy (SEM) 

Scanning electron microscope of endothelial cells was carried 

out according to the method described by Shaw et al (Shaw et al 1984). 

Briefly, endothelial cells cultured on collagen coated plastic coverslips 

(22x22 mm) were examined after 1-3 days in culture. Cells were fixed 

in 2 % Grade I glutaradehyde in 0.1 M phosphate buffer, pH 7.4 at 4 

'^C for 20 minutes. Postfixation was performed with 2 % osmium 

tetroxide in water followed by 1% tannic acid in water for 1 hr. After 

dehydration in graded ethanol (30 %, 50 %, 70 %, 95 % and 100 % 

ethanol), the samples were dried over carbon dioxide in a critical point 

diyer. The thin layer of gold was applied by sputtering coater (Hummer 

Sputtering Coater). The specimens were examined with the SEM (Model 

ISI-DSI 130). 
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2. 1, l'-dioctadecyl-3,3,3',3'-tetraiiiethylindo-carbocyaxiine 

perchlorate (Dil)-Acetylated-Low Density Lipoprotein (Ac-LDL) 

Uptake Assay 

Ac-LDL uptake was demonstrated with the fluorescence Dil 

labeled Ac-LDL (Dil-Ac-LDL) (Biomedical Technologies Inc., Stoughton, 

MA) (Nagelkerle et al 1983). The cells which were isolated from 28 

ml/min fraction were plated on 12 mm circle coverslips and cultured in 

complete media. Dil-Ac-LDL was added at a final concentration of 10 

ug/ml overnight. After overnight culture, cells were washed three times 

with DMEM and PBS buffer, then fixed in 3 % formaldehyde/PBS for 

20 minutes at room temperature. Finally, cells were rinsed 5 seconds 

in distilled water and coverslips were inverted on a drop of 90 % 

glycerol and 10 % PBS onto a microscope slide. Bovine Aortic 

Endothelium (BAE) and Normal Human Synovial Fibroblast (NHSF) 

were used as positive and negative control cell lines respectively. 

3. Ovalbumin-Fluorescein Isothiocyanate (FITC) Uptake Assay 

Identification of liver endothelial cells can also be achieved by 

using ovalbumin-FITC (Smedsrod et al 1985). Briefly, the incubations 

of coverslip supported cultures were carried out with 0.1 mg/ml of 

Ovalbumin-FITC dissolved in culture medium. After 5 hrs of 
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incubation, the cells were washed, fixed for fluorescence-microscopic 

examination as described above. 

Fluorescence-Activated Cell Sorting (FACS) 

Primaiy mAbs used were mouse anti-rat ICAM-1 (clone 1A29, 

IgGl, Japan), mouse anti-rat macrophage ED2 (IgGl, SEROTEC). 

Mouse IgGl (SEROTEC) as a negative control. Cells were stained only 

with F(ab')2 rabbit anti-mouse IgG fluorescein as a background control. 

Cells were detached from the plate using 0.025 % Trypsin-ImM 

EDTA (GiBCO) for 5-10 min at 37 °C. Trypsin activity was neutralized 

by 10% BSA-DMEM. The cell suspensions (1x10^ to 5x10^) were 

washed twice with cold 1 % BSA-PBS in 12-75 mm plastic tubes 

(Falcon), pelleted, and resuspended in 200 ul of mAb 1:20 diluted in 1 

% BSA-PBS. After 30 min on ice, the cells were washed with 2 ml of 

cold 1% BSA-PBS buffer twice. Pellets were resuspended in 200 ul of 

F(ab')2 rabbit anti-mouse IgG fluorescein conjugate (SEROTEC) diluted 

1:40 in 1 % BSA-PBS and incubated 30 min on ice. Final washes were 

done once with 1 % BSA/PBS and once with PBS. Cells were brought 

up in a final volume of 300 ul of 1 % paraformaldehyde in PBS. 

Stained cell suspensions were analyzed on a FACScan 

cytofluorimeter (Becton Dickinson, San Jose, CA) gated using forward 
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and side scatter parameters. Cells were analyzed with software package 

consort 30. 

Cytokiiies and Treatment 

Rat liver endothelial cells isolated as described above were 

seeded into type I collagen coated plates in DMEM complete medium 

alone or supplemented with indicated cytokines. The following agents 

were tested alone or in combination for their influence on endothelial 

cell ICAM-1 expression: recombinant mouse IL-1 p (rmlL-ip) (Genzyme, 

Cambridge, MA), recombinant mouse IL-6 (rmIL-6) (Genzyme), 

recombinant rat interferon-y (rrlFN-y) (Genzyme), recombinant murine 

tumor necrosis factor-a (rmTNF-a) (R&D), and lipopolysaccharide (LPS) 

from E. coli 055: B5 (Sigma). Different concentrations of these 

reagents were added into 6 well plates of primary rat liver endothelial 

cell culture for 24 hours. Cells were detached using 0.025 % Trypsin-

0.05 mM EDTA (GIBCO) and trypsin activity was neutralized with 10 % 

BSA-DMEM. Cells were washed twice with 5% BSA-PBS, pH 7.4, then 

stained with anti-rat ICAM-1 mAb and secondary mAb as described 

above. 

The optimal concentration of each cytokine (rmlL-ip 2 ng/ml, 

rrlFN-Y 40 u/ml, rmTNF-a 50 ng/ml) and 0.01 ug/ml LPS was used for 
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the kinetic study of ICAM-1 expression. In this study, cells were 

stained with primary and secondary antibodies after being stimulated 

for 1, 4, 8, 12, 24 and 48 hrs. The cells cultured with medium only 

were used as baseline of lCAM-1 expression. For the combination 

study, each and different combinations of cytokines were added into 

cell culture for 24 hrs and stained. The data were expressed as ratio of 

stimulated cell mean fluorescence intensity (MFI)/unstimulated cell 

MFI. Standard error (SE) were calculated, and significance of treatment 

effects was determined by non-paired, unequal variance, one tail 

Student t-test. Significance was determined at P values < 0.05. 

TNF-a Production by LPS Treated Liver Endothelial Cells 

Cell cultures were stimulated with 0.01 ng/ml LPS for various 

times. The supematants were harvested for evaluating TNF-a 

production as measured by Enzyme-linked Immunosorbent Assay 

(ELISA). Unstimulated cells were used as controls. 

Briefly, a 96 well flat-bottom plate (Immulon. II Dynatech Lab. 

Inc.) was coated with 50 ul of 1:500 diluted hamster anti-mouse TNF-a 

McAb (Genzyme, MA) at 4 °C overnight. The plates were washed and 

blocked with 50 ul of 1 % BSA in PBS-0.05 % Tween 20, pH 7.4 at 37 

°C for 1 hr. After washing with PBS, 50 ul of samples or standards 



73 

(recombinant murine TNF-a, Genzyme) were added to each well and 

incubated for 1 hr at 37 °C. The plates were again washed and added 

50 ul of goat anti-rabbit IgG-horseradish peroxidase-conjugate 

(American Qualex, La Marida, CA.) to each well. After incubation at 37 

°C for 1 hr, the plates were washed 3 times in PBS-Tween, followed by 

the addition of 100 ul of ABTS solution ((0.548 gram of 2,2'-Azino-bis-

3-ethylbenzthiazpline-6-sulfonic acid (Sigma) and 21.0 gram citric acid 

in 1 liter of water, pH 4.2)). After 10-15 min incubation at RT, the 

plates were read at detection wavelength 570 nm and reference 

wavelength 660 nm on 7520 microplate Reader, Cambridge Techcology, 

Inc. 

Isolation of Total RNA from the Liver Endothelial Cell Culture 

Total RNA was isolated by using TRIzol™ Reagent (GIBCO). 

Briefly, cells were grown to monolayer confluency, lysed directly on the 

culture plates by adding 1 ml of TRIzol Reagent to 1 well of 6 well plate 

culture and passing the cell lysate several times through a pipette. The 

samples were incubated for 5 min at room temperature. A 0.2 ml of 

chloroform was added for each 1 ml of TRIzol Reagent. The samples 

were then vigorously shaken and centrifuged at 12,000 x g for 15 min 
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at 4 °C (Model Centrifuge 5415C, Brinkmann Instruments, Inc., 

Westbuiy, NY). Following centrifugation, the aqueous phase was 

transferred to a fresh tube. RNA from this phase was precipitated by 

using 0.5 ml of isopropanol (Sigma) per 1 ml of TRIzol Reagent used for 

the initial homogenization, incubated and centrifuged at 12,000 x g for 

10 min at 4 ®C. The RNA pellet was washed with 75 % ethanol once 

and briefly dried. The RNA was dissolved in DEPC-treated H2O and 

incubated for 10 min at 55 °C. The concentration of the RNA was 

determined by O.D. 260 reading and A 260/280 was also determined 

using DU-64 spectrophotometer (Beckman). 

Construction of ICAM-1 and VCAM-1 Probes 

Since no commercial rat ICAM-1 and VCAM-1 probes were 

available, they were constructed based on published sequence data 

(Kita et al 1992, Williams et al 992) and following the procedures 

shown on Fig. 2-2. 

1. Isolation of Total RNA from Rat Lung Tissue 

Female Lewis rats were i.p. injected with 4.5 mg LPS (Sigma)/per 

Kg body weight. After 5 hrs, then animals were sacrificed and lung 

tissue were frozen in liquid nitrogen. For total RNA extraction, 50 mg 
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tissue was homogenized in 1 ml TRIzol Reagent using power 

homogenizer (Polytron, Brinkmann Instruments Inc., Westbury, NY) for 

1 min. After homogenization, the same protocol was used for RNA 

isolation as described above. 

2. Reverse Transcription and polymerase Chain Reaction (RT-

PCR) 

Rat ICAM-1 and VCAM-1 cDNAs were generated by RT-PCR 

technique using 5' and 3' synthetic oligonucleotide primers according 

to the published sequence (Kita et al 1992, Williams et al 1992). cDNA 

C^cle Kit (Invitrogen Corporation, San Diego, CA) was used to 

synthesize the first strand of cDNA. Fifteen ug of total RNA from rat 

lung tissue was reverse transcribed at 42 °C water bath for 60 min in a 

reaction mixture containing 5 mM MgCh, 50 mM KCl, 10 mM Tris (pH 

8.2), 100 mM/ul dNTPs, 10 u/ul RNase inhibitor, 80 mM/ul sodium 

pyrophosphate, lOu/ul AVW Reverse Transcriptase and 0.2 ug/ul oligo 

dT primer, in a final volume of 20 ul. The mixture was heat inactivated 

at 94 °C for 5 min and prepared for PGR. 

Four ul of the reverse transcription reaction mixture was 

amplified for 35 cycles, denatured at 94 °C for 1 min, annealed at 50 
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°C for 2 min, extended at 72 °C for 3 min in a total volume of 100 ul in 

a thermal cycler and then at 75 °C for 10 min (Model: Minicycler™, MJ 

Research). The mixture contained 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 

1.5 mM MgCb, 0.001 % (w/v) gelatin, 100 mM dNTPs, 5 u Tag 

pol)anerase and 200 picomole of upstream and downstream ICAM-1 or 

VCAM-1 primers. 

ICAM-1 primers: 1). Sense primer, GTG-ATC-CCC-GGG-CCT-

GTC-GGT-GCT corresponds to nucleotides 88-

111 of the cloned ICAM-1 cDNA; 

2). Anti-sense primer, GAA-GTA-CTG-TTC-AGA-

AGC-ACC-ACC complements nucleotides 

1046-1070 of the cloned ICAM-1 CDNA. 

VCAM-1 primers: 1).Sense primer, ATA-CTG-TTT-GCA-GTC-TCT-

CAA-GCT corresponds to nucleotides 54-78 

of the cloned VCAM-1 cDNA; 

2). Anti-sense primer, GAT-CTC-TGT-ATT-CTT-

GGG-GGA-GGT complements nucleotides 

666-690 of the cloned VCAM-1 cDNA. 

The primers were synthesized by (Keystone Laboratories, Inc., Menlo 

Park, CA). 
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3. Gel Electrophoresis of PGR Products and Ejctraction of cDNA 

from the Gel 

A 1 % agarose gel electrophoresis was used to check ICAM-1 and 

VCAM-1 PGR products for size respectively. A 100 bp DNA ladder 

(GIBCO BRL) was used as marker. The gel was run at 60 volts until the 

bromphenol blue dye had migrated two-thirds the length of the gel. 

After electrophoresis, 962 bp DNA band (IGAM-1 PGR product) and 636 

bp DNA band (VGAM-1 PGR product) were extracted by using QIAEX™ 

Kit (QIAGEN Inc, Ghatsworth, GA) respectively. Briefly DNA fragments 

were excised from the gel. Three hundred ul of Buffer QX 1 were 

added to each 100 mg of gel and incubated at 50 °G for 10 min. The 

samples were spun in a QIAquick spin column for 60 seconds at 

maximum speed (Model 235G, Fisher Scientific) and washed with 0,75 

ml of Buffer PE once. To elute DNA, 50 ul 10 mM Tris/HGl, pH 8.5 was 

added and centrifuged 1 min. DNA was concentrated by centrifuge dry 

to final volume of 10 ul and kept at -20 °G. 

4. Ligation of PGR Products and Vectors 

To obtain optimal ligation, approximately 1:1 molar ratio of the 

vector : PGR product was used. The vector and PGR product were 

ligated at 18 °G overnight in total volume of 10 ul containing 50 ng 
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vector, 1 Weiss unit T4 DNA ligase, 3 ul PGR product and Ix T4 DNA 

ligation buffer. After ligation, the mixture was heated for 10 min at 70 

°C and allowed to cool to room temperature. The vectors used for 

ICAM-1 and VCAM-1 ligation were pCR™II (Fig. 3-13) and pGEM-T (Fig. 

3-14) vectors respectively. 

5. Transformation of Ligated PGR Product-Vector 

Ten ul of the ligated PGR product-vector was added to a sterile 

1.5 ml microcentrifuge tube on ice. Gompetent cells were removed from 

-70 °G and placed in an ice bath until partially thawed. Fifty ul of 

competent cells was added to 10 ul of ligated PGR product:vector, 

mixed and incubated on ice for 20 min. The cells were heat shocked for 

50 seconds at exactly 42 °G and returned to ice for 2 min. Then, 1.4 ml 

Luria-Bertani (LB) was added and incubated for 1 hr at 37 °C. Fifty ul 

and 100 ul of cells were spread onto LB/Ampicillin (Amp) 

(Sigma)/Isopropylthio-p-D-Galactoside(IPTG) (Promega, Madison, 

WI)/5-Bromo-4-Ghloro-3-Indolyl-P-D-Galactoside(X-Gal) 

(Progema)/agar plates respectively and incubated 24 hrs at 37 °C. 
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6. Isolation of Recombinant Plasmid DNA 

Minipreparation of plasmid DNA was obtained by the alkaline 

method (Sambrook et al 1989) using QIAGEN plasmid kit (QIAGEN, 

Chatsworth, CA). Briefly, a single bacterial colony was transferred into 

Luria-Bertani (LB) medium and incubated overnight at 37 °C with 

vigorous shaking. Bacteria were collected by centrifugation at 12,000 g 

for 30 seconds at 4 °C. The bacterial pellet was resuspended in buffer 

PI which contained RNase A. The bacterial cells were lysed in 

NaOH/SDS (buffer P2) in the presence of RNase A. The lysate was 

neutralized by the addition of acidic potassium acetate (buffer P3). 

After centrifugation, the supernatant was transferred into a fresh tube. 

The cleared lysate was loaded onto a pre-equilibrated QIAGEN-tip by 

gravity flow to ensure only plasmid DNA binding to the QIAGEN resin. 

The QIAGEN-tips were then washed with buffer to completely remove 

any remaining contaminants (RNAs and proteins). Finally, plasmid 

DNA was eluted with 1.25 M NaCl at pH 8.5. 

7. Sequence of Recombinant Plasmid DNA 

a. Sequence of ICAM-1 plasmid DNA 

Five ICAM-1 clones were sequenced in one direction using T7 

polymerase. Automated sequence was performed with dye-labeled 
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dideojq^ terminators at the Macromolecular Structures Facility, Arizona 

Research Laboratories, University of Arizona. 

b. Sequence of VCAM-1 plasxnid DNA 

TM 
VCAM-1 plasmid DNA was sequenced by using Sequenase 

Version 2.0 DNA Sequencing Kit (United States Biochemical, Cleveland, 

Ohio). A single annealing reaction was used to anneal template and 

primer (T7 primer; 5'-GTTTTCCCAGTCACGAC-3' and SP6 primer: 5-

CGATTTAGGTGACACTATAG-3') following Sanger's method (1975). For 

each set of four sequencing lanes, primer, DNA template and reaction 

buffer were added in a centrifuge tube to a total volume of 10 ul. The 

template and primer were allowed to anneal by heating 70 °C for 5 min 

and cool slowly to room temperature over a period of about 30 min. On 

ice, O.IM DTT 1 ul, diluted labeling mixture 2 ul, (a-^^S) dATP 0.5 ul 

and Sequenase 2 ul were added to annealed template-primer, mixed 

thoroughly and incubated for 2-5 min at room temperature. For 

termination reaction, 2.5 ul of the ddGTP or ddATP, ddCTP, ddTTP was 

added to 3.5ul of the labeling reaction, incubated for 3-5 min. The 

reaction was stopped using stop solution (95 % formamide, 20 mM 

EDTA, 0.05 % Bromophenol Blue and 0.05 % Xylene Cyanol FF). 
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Five % acrylamide/bis-acrylamide was used for gel 

electrophoresis. After the gel was casted for 2 hrs, it was pre-run for 30 

min in IX TBE (Tris Base, Boric Acid, EDTA) buffer. Samples were 

loaded in 8 adjacent lanes in a pattern GATCGATC and run for 6-7 hrs. 

Gel was dried using Gel Dryer (Model 583, BIO-RAD) wrapped by Saran 

Wrap and exposed to Kodak X-OMAT AR file and developed by Kodak 

M35A X-OMAT processor. 

8. Probe Labeling 

a. ICAM-1 probe labeling 

Recombinant ICAM-1 plasmid DNA was digested with EcoRI 

(GiBCO BRL) restriction enzyme at 37 °C for 30 min to release ICAM-1 

insert (Fig. 3-18). The product was separated on 1 % agarose gel. The 

ICAM-1 insert was cut out from the gel and extracted by QIAGEN TM kit 

as described before. 

The probe was labeled by random primer labeling method using 

Megaprimer™ dNA labeling system (Amersham Life Science, England). 

Briefly, 25 ng of template DNA, 5 ul of random primer and the 

appropriate volume of water were added into a microcentrifuge tube to 

give a total volume of 50 ul in the final Megaprime reaction. The 

mixture was denatured by heating to 95-100 °C for 5 min in a boiling 
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water bath. Then, 10 ul of labeling buffer which contained random 

primers, dATP, dGTP and dTTP, 5 ul of (a-32P)dCTP (3000 uci/mmole) 

and Klenow fragment of DNA poljnnerase I were added. The reaction 

mixture was incubated at 37 oc for 30 min and stopped by the addition 

of 5 ul of 0.2 M ethylenediaminetetraacetic Acid (EDTA) (Sigma). 

2. VCAM-1 probe Itibeling 

VCAM-1 plasmid was digested with Apal (GIBCO BRL) restriction 

enemies following the manufacturer's instruction. The products were 

analyzed on 1 % agarose gel electrophoresis (Fig. 3-19). 

The plasmid containing VCAM-1 insert was linearized with Apa I 

restriction en^one for the subsequent production of antisense RNA 

probe. The linearized template was purified by phenol/chloroform 

extraction and ethanol precipitation. The transcription was carried at 

37 °C for 60 min in a reaction mixture containing 50 uM ATP, 50 uM 

GTP, 50 uM UTP, 20 uRNase inhibitor, 5 ug of linearized template, 50 

uci (a-32P) CTP, 3000 ci/mmol, 20 u SP6 polymerase and Ix 

transcription buffer. The reaction was stopped by adding 2 ul of 0.2 M 

EDTA, pH 8.0. 

The counts per minute (cpm) incorporated were determined by 

adding 1 ul of reaction to 24 ul of 250 mM NaCl, 25 mM EDTA. 5 ul of 



83 

this dilution was spotted on a glass fiber filter and placed in 10 % (w/v) 

Trichloroacetic Acid (TCA) + 1 % (w/v) pyrophosphate for 2 min. The 

filter was washed 3 times with 5 % TCA, twice with 70 % ethanol, and 

cpm were counted using Beckman LS 6000SC scintillation counter. 

The incorporation rate was calculated by comparing the amount of 

radioactivity on the unwashed filter with the amount on the washed 

filter. 

Northern Blot 

RNA was electrophoretically fractionated on the basis of size by 1 

% (w/v) agarose gel containing 0.66 M formaldehyde. RNA samples 

were added to loading buffer which contained tracking dyes 

(bromphenol blue, xylene cyanole), ethidium bromidie (Sigma). Just 

before loading, samples were heated to 65 °C for 10 min, then chilled 

on ice. Twenty five-thirly five ug of RNA was loaded into each lane. 

Three ug of 0.24-9.5 kb RNA ladder was used as molecular marker 

(GIBCO). The gel was run at 5 v/cm until the bromphenol blue had 

migrated to two-thirds the length of the gel. After electrophoresis, the 

gel was washed in lOx SSC at RT with gentle shaking twice for 10 min. 

During the gel washing procedure. Nylon membrane (used for ICAM-1 

northern blot) (Amersham Life Science) and the positive charged Nylon-
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membrane (used for VCAM-1 northern blot) (Boehringer Mannheim 

Biochemica) were prewetted in DEPC-treated H2O for 5 min followed by 

a 5 min soaking in lOx SSC. RNA was transferred in lOx SSC by 

capillary action overnight using a sponge to enhance the efficiency of 

this process. RNA was fixed to the membrane by baking at 80 °C for 2 

hrs. 

a. ICAM-1 hybridization 

The membrane was prehybridized at 65 °C for 1 hr in Rapid-hyb 

buffer (Amersham Life Science) and hybridized with denatured ICAM-1 

probe at 65 °C for 3-4 hrs. The probe was denatured at 95-100 °C 

boiling water for 5 min. 

b. VCAM-1 hybridization 

The membrane was prehybridized at 65 °C for 2-4 hrs in 50 % 

formamide, 5x SSC, 5x Denhardt's (200 ug of FicoU, 

Pol5rvinylpyrrolidone and bovine serum albumin, Fraction V/ml 

respectively), 0.5 % SDS, 0.15 mg/ml herring sperm DNA with gentle 

shaking. Hybridization was performed overnight at 65 °C in the 
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presence of a-^^p labeled anti-sense probe. Probe concentration was 

1x10® cpm/ml hybridization solution. 

After hybridization, the membranes were washed twice with 2x 

SSC, 0.1 % SDS at RT for 15 min and then washed twice with O.lx 

SSC, 0.1 % SDS at 65 °C for 2-3 hrs. They were then exposed to Kodak 

X-OMAT AR film at -80 °C for various times depending upon the signal 

intensity and developed by Kodak M35AX-OMAT processor. After 

hybridization with the ICAM-1 or VCAM-1 probe, northern blot 

membranes were stripped with boiling O.lx SSC, 0.1 % SDS and 

rehybridized with a probe specific for human glyceraldehyde-3 

phosphate dehydrogenase (G3PDH) (Clontech, Palo Alto, California) to 

control for variations in the amount of RNA per lane. 

Relative mRNA levels were quantified by scanning densitometer 

(Model GS-700 Imaging Densitometer, BIO-RAD). Northern blot shown 

is representative of three separate experiments performed at different 

times. 
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RESULTS 

Part I: Infiltration of Leukocytes and Expression of ICAM-1 in 

Rat Liver post SCW Injection 

The infiltration of leukocytes near the periportal area and in the 

granuloma were seen in the liver post SCW injection 3 days and 28 

days (Fig. 3-1). 

An indirect immunoperoxidase technique was used for the 

immunohistochemical identification of ICAM-I expression in the rat 

liver post-SCW injection. Frozen sections of rat liver tissues were 

stained with mouse anti-rat ICAM-1 and biotinylated horse anti-mouse 

mAb, then counter-stained with hematojq^lin. 

Weak lCAM-1 staining was seen on sinusoidal lining cells (closed 

arrow) and venous endothelium in PBS injected livers which acted as 

an internal positive control (Fig. 3-2C). Increased ICAM-1 was observed 

in the rat liver 3, 14 and 28 days after SCW injection (Fig 3-2D,E,F). In 

addition to the staining of the venous endothelium, the most intense 

staining was seen in the sinusoidal lining cells (sinusoidal endothelial 

cells and Kupffer cells) (closed arrow). The granuloma (open arrow) also 
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Stained positively (Fig. 3-2F). Hepatocyte staining was not seen at any 

time points. 

There was negative staining when tissues were stained with 

omission of the primaiy antibody (Fig.3-2A) or replacement of primary 

antibody by non-immune mouse IgG of the same concentration and 

immunoglobulin isolype (Fig. 3-2 B). 

Part II: Endothelial Cell Culture and Identification 

The 28 ml/min cell fraction corresponding to liver endothelial cell 

was cultured on type I collagen coated plates and identified by several 

methods; forward scatter and side scatter dot plot analysis on flow 

cytometiy, scanning electron microscopy, endocytosis of Dil-Ac-LDL 

and ovalbumin-FITC uptake assay. 

1. Endothelial Cell Culture Condition and Morphology 

Freshly isolated rat liver endothelial cells had a rounded 

appearance and attached to type I collagen coated plastic plate within 

24 hr, but they did not attach to uncoated plates. Phase-contrast 

microscopy reveled that attached cells were initially shaped within 24 

hr and exhibited a marked tendency to group into stellate aggregates 

which were closely spaced thereby forming an open network. The 
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primary cell cultures reached confluence 5-6 days after initial plating 

(Fig. 3-3). 

2. Scanning Electron Microscopy (SEM) 

Early cultures were examined for fenestrae by scanning electron 

microscopy. At low power, the pattern of cells (Fig. 3-4) was similar to 

that seen under phase contrast. At higher magniiication, SEM showed 

the cultured endothelial cells spread out on the matrix with a polygonal 

appearance. Long, thin anchoring fibers extended from the edge of cells 

to adjacent cells and onto the matrix. Fenestrations were distributed 

randomly over the cells (short arrow) and some were grouped as sieve 

plate (long arrow) (Fig. 3-5). 

3. Dil-Ac-LDL Uptake Assay 

Sinusoidal endothelial cells are able to endocytose a large variety 

of particles and macromolecules such as lipoproteins. Evidence shows 

that the clearance of modified LDL (Ac-LDL) in vivo is primarily 

mediated by the liver. Sinusoidal endothelial cells are the major site of 

clearance of Ac-LDL from the blood since these cells possess a high-

affinity receptor which facilitates rapid uptake and lysosomal 

degradation of modified LDL. Binding, uptake and degradation of 
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modified LDL has been also reported to mainly occur in sinusoidal 

endothelial cells in vitro (Nagelkerke et al 1983). The ability of 

sinusoidal endothelial cells to uptake modified LDL is very useful for 

identification. 

Primary cell cultures were incubated with 10 ug/ml Dil-Ac-LDL 

overnight and examined under fluorescence microscopy (Fig. 3-6). All 

cell exhibited red granular cytoplasmic staining with Dil-Ac-LDL (B) as 

well as bovine aortic endothelium (BAC) positive control cells (A). 

However, normal synovial fibroblast (NSFB) was negative for Dil-Ac-

LDL (C). 

4. Ovalbumin-FITC Uptake Assay 

Liver endothelial cells can also be identified by ovalbumin-FITC 

uptake assay. Ovalbumin is a glycoprotein, containing terminal 

mannose (Man) and N-acetylglusosamine (GlcNAc) residues (Komfeld et 

al 1980). It has been suggested that the effective uptake in the liver of 

Man/GlcNAc-termined ligands is via specific receptors on the liver 

endothelial cells (Niesen et al 1984, Summerfield et al 1982). Since 

endothelial cells but not Kupffer cells express Man-receptor for the 

endocytosis of ovalbumin, fluorescence labeled ovalbumin is a powerful 
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tool to positively distinguish liver endothelial cells from the other liver 

sinusoidal cells (Smedsrod et al 1985). 

To identify these cells, primaiy cell cultures were incubated in 

DMEM containing 0.1 mg/ml ovalbumin-FlTC for 5 hrs. After 

incubation, cells were washed, fixed and examined. Under fluorescence 

microscope, 90-95 % of cells were stained with internalized ovalbumin-

FITC, {Fig. 3-7A) while the control cells were negative (Fig. 3-7B). 

5. PACS 

The overall homogeneity of a cell population can be determined 

by forward and side scatter with a flow cytometer (Bijman et al 1986). 

Forward scatter is proportional to cell size and side scatter correlates 

with cell granularity. In this two parameter dot plot (Fig. 3-8), primaiy 

cell culture corresponding to endothelial cells appear to contain a > 95 

% homogenous cell population with similar size and granularity as 

shown in Fig. 3-8. 

Based on the procedure used to isolate endothelial cells, 

endothelial cell fraction was separated from KupfTer cells by elutriation 

in term of their different size. Kupffer cells which are resident liver 

macrophages comprise 33 % (v/v) of sinusoidal lining cells and express 

specific surface markers which can be stained by using anti-ED2 mAb 
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(Barbe et al 1990). Therefore, to confirm the purity of the endothelial 

cell fraction, primary cell cultures were stained with mouse anti-rat 

ED2 mAb and rabbit anti-mouse IgGl-FITC mAb (secondary Ab). The 

cells were analyzed by flow cytometer. A single gate (gate Rl) (Fig, 3-8) 

was established to set the upper and lower boundaries to restrict the 

population of cells analyzed by cell surface markers. Cells stained with 

secondary Ab only or with isotype control and secondary Ab were used 

as background and negative controls respectively. The histogram (Fig. 

3-9) showed that >95 % of the cells were negative for ED2 antibody 

staining, thus suggesting that cell purity was >95 %. Contaminated 

Kupffer cells were less than <5 %. 

Taken together, these data provide strong evidence of >95 % 

purity for sinusoidal endothelial cells. 

Part III: Cytokine Induction of Endothelial Cell Surface ICAM-1 

Expression 

1. Optimal Concentration of Cytokines and LPS to Induce ICAM-1 

Expression 

In initial experiments, endothelial cells were cultured on type I 

collagen coated plates in DMEM complete medium alone or 

supplemented with different concentration of cytokines or LPS for 24 hr 
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and then detached from the plates into a single cell suspension by 

using 0.025 % Trypsin-ImM EDTA. Endothelial cells were stained with 

mouse anti-rat ICAM-1 and rabbit anti-mouse-FITC, then analyzed by 

flow cytometer. Histogram (Fig. 3-10) showed that cells cultured with 

media alone (ICAM-1 baseline) were all positive for ICAM-1 stain, 

suggesting that it was constitutively expressed by these cells. After 

stimulation with cytokines such as rm TNF-a 50 ng/ml for 24 hrs, 

lCAM-1 expression was up-regulated in terms of mean fluorescence 

intensity (MFI) (Fig. 3-10). 

ICAM-1 expression induced by cjrtokines or LPS was 

concentration dependent. The lowest optimal concentrations of these 

reagents to induce ICAM-1 expression (Fig. 3-11) were: rmlL-ip 2 

ng/ml, rrlFN-Y 40 units/ml, rmTNF-a 50 ng/ml and LPS 0.01 ng/ml. 

However, rmIL-6 from 0.5 ng/ml to 20 ng/ml had no effect on ICAM-1 

expression. 

2. Kinetics of ICAM-1 Expression Induced by Cjrtokines and LPS 

To assess the onset and duration of ICAM-1 cell surface 

expression by endothelial cells, cells were cultured with DMEM 

complete medium alone or supplemented with the optimal 

concentration of cytokines (rmlL-ip or rrlFN- y or rmTNF- a), or LPS. 
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Cells were harvested after 1, 4, 8, 12, 24 and 48 hrs of incubation and 

analyzed for ICAM-1 expression by flow cytometry. Fig. 3-12 showed 

ICAM-1 expression was gradually up-regulated after 4 hrs and reached 

the peak between 12 to 24 hrs after exposure to the cytokines or LPS, 

then declined. 

3. ICAM-1 Expression Induced by Single or Combined Cytokines 

Fig. 3-13 and Table 3-1 showed that each of the tested cytokines 

except IL-6 significantly increased surface ICAM-1 expression on these 

cells. rmTNF-a clearly showed the highest induction of ICAM-1 

expression (two-fold increase over control in terms of MFI) among the 

single cytokine used. Up-regulation of surface ICAM-1 expression in 

response to cytokines or LPS was in the following order: LPS>TNF-a 

>IFN-Y> IL-ip but no response to IL-6. There was additive up-regulation 

of ICAM-1 expression by two or three combined cytokines. IL-ip+IFN-

y+TNF-a was the most effective combination for inductive of ICAM-1 

expression on endothelial cells. Table 3-1 summarized the patterns of 

ICAM-1 expression by cultured liver endothelial cells in response to 

these cytokines. 
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Part IV: TNF-a Production by LPS Treated Liver Endothelial Cells 

Primary endothelial cells were cultured in DMEM complete 

medium. Cells were stimulated with LPS for various times. 

Supematants were assayed for TNF-a production by using ELISA. Fig. 

3-14 showed that TNF-a was significantly produced after LPS 

stimulation for 4 hrs and reached the peak at 8 hrs, then declined. 

Part V: Construction of Rat ICAM-1 and VCAM-1 Probes 

To construct the lCAM-1 and VCAM-1 probes, total RNA was 

isolated from LPS-injected female Lewis rats. RT-PCR was used to 

synthesized ICAM-1 and VCAM-1 probes. PCR products were analyzed 

on 1 % agarose. Electrophoresis showed bands with a molecular weight 

(MW) of approximately 982 bp (ICAM-1 PCR product) (Fig. 3-15) and 

630 bp (VCAM-1 PCR product) (Fig. 3-16) which were the expected 

cDNA size. These DNA bands were cut out from the gel and purified for 

ligation and transformation. pCR™II and pGET-vectors were used for 

ICAM-1 and VCAM-1 clone respectively. The circle maps and reference 

points of both vectors were shown in Fig. 3-17 and 3-18. Then, the 

white clones containing inserts were screened by using 

LB/Amp/IPTG/X-Gal plate. 
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To confirm the ICAM-1 insert sequence and orientation, five 

ICAM-1 clones were sequenced in one direction using T7 polymerase 

with dye-labeled dideoxy terminators at the Macromolecular Structures 

Facility, Arizona Research Laboratories, University of Arizona, The 

results showed that five ICAM-1 clones would synthesize sense strand 

RNA by T7 polymerase (Fig. 3-19). 

A total of 6 VCAM-1 clones were sequenced by using the Sanger 

DNA sequencing procedure. The results suggested that the insert had 

the same sequence and orientation as the published data. Therefore, 

the bottom strand (S'-ST of the insert corresponded to the anti-sense 

RNA synthesized by SP6 RNA polymerase. The top strand of the 

sequence (5'-3") corresponded to the sense-strand RNA synthesized by 

T7 RNA polymerase (Fig. 3-20). 

Part V: Northern Blot Analysis of ICAM-1 and VCAM-1 znRNA in 

Response to Cytokines or LPS Stimulation in Vitro 

1. Restriction Enzyme Digestion of ICAM-1 and VCAM-1 Plasmids 

Before labeling, the ICAM-1 insert was released from the 

recombinant plasmid by using EcoR I restriction enzyme. The product 

was separated by 1 % agarose gel (Fig. 3-21) and the insert was 

extracted by using QIAEX TM kit. VCAM-1 recombinant plasmid was 
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linearized by using Pst I restriction enzyme and the product was shown 

in Fig. 3-22. ICAM-1 and VCAM-1 probes were labeled by random 

labeling and SP6 polymerase respectively. 

2. Northern Blot Analysis of ICAM-1 mRNA Regulated by Cytokines 

and LPS 

To determine whether the enhanced expression of ICAM-1 on the 

surface of liver endothelial cells was associated with an increased 

expression of ICAM-1 mRNA, mRNA levels were measured by Northern 

blot analysis. Total RNA was extracted, followed by Northern blot 

analysis using ^sp-iabeled ICAM-1 probe. Fig, 3-23 (A, B) shows a single 

3.0 kb hybridizing band. The level of ICAM-1 mRNA expression was 

veiy low in unstimulated endothelial cells as well as in rmIL-6 treated 

endothelial cells. ICAM-1 mRNA was significantly increased after 

exposure to rmlL-ip and rrlFN-y for 4 hrs and dramatically increased 

after stimulated with rmTNF-a or LPS. These results suggested that 

increased surface expression of ICAM-1 molecule to cytokines (rmlL-ip, 

rrlFN-y, rmTNF-a) and LPS is closely associated with an increased 

expression of ICAM-1 mRNA by these cells. 
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2. Northern Blot Analysis of VCAM-1 mRNA Expression Following 

Cytokines and LPS Stimulation 

To evaluate the effect of cytokines and LPS on the VCAM-1 mRNA 

expression of liver endothelial cells, Northern blot analysis of total RNA 

was performed. Primaiy endothelial cells were cultured to near 

approximate confluence (usually at 5-6 days after initial plating) and 

then stimulated with single or combined cytokines or LPS for 4 hrs. 

RNA was isolated from these cells and subjected to Northern blot 

analysis for VCAM-1 mRNA expression. 

Fig. 3-24 shows that unstimulated endothelial cells contained 

low but detectable amounts of mRNAs with MW of 3.7 kb and 1.6 kb. 

Comparing the amounts of both messengers, 3.7 kb mRNA was the 

major isoform. For single cytokine stimulation (Fig. 3-25), TNF-a clearly 

showed the highest induction of 3.7 kb VCAM-1 mRNA expression (7 

fold increase over control culture). LPS upregulated 10 folds of 3.7 

VCAM mRNA level. IL-ip, IL-6 and IFN-y did not significantly induce 

expression of either mRNA. The most effective double combination (Fig. 

3-26 and 3-27) was IFN-y + TNF-a which had synergetic effects on 3.7 

kb VCAM-1 mRNA induction. 
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These findings were confirmed by densitometxic comparison of 

mRNA levels for VCAM-1 with those for the constitutively expressed 

house keeping gene, GAPDH (Fig, 3-25 and 3-27). 
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Fig. 3-1. H-E staining of rat liver tissues (magnification: lOOX). The 
infiltration of leukocytes near the periportal area (closed arrow) and in 
granuloma (open arrow) are seen in the liver post SCW injection 3 days 
(B) and 28 days (C). (A) is the normal liver tissue. 
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Fig. 3-2. ImmunohistochemicaJ Staining of ICAM-1 in rat livers after 
SCW or PBS Injection (magnification: lOOX). Weak staining is detected 
in the sinusoidal lining cells and venous endothelium in PBS injected 
rats (A). Strong staining by sinusoidal lining cells (closed arrow) and 
venous endothelium are seen in the liver post SCW injection 3 days (B), 
14 days (C) and 28 days (D). Cells in granuloma (open arrow) are also 
positively staining(D). Hepatocyte staining is not observed in all cases. 
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Fig. 3-3. Phase-contrast micrograph of endothelial cell culture on type I 
collagen coated plates, (magnification: lOOX). The primary cell cultures 
reach confluence at 5-6 days. 



Fig. 3-4. Scanning electron micrograph (magnification: 189X) of 
primaiy cell culture. Endothelial cell fraction which was cultured for 24 
hrs has the same pattern to that seen under inverted microscope. 
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Fig. 3-5. Scanning electron micrograph (magnification: 3,720X) of 
cultured rat sinusoidal endothelial cells. Cells spread on the collagen-
coated plastic coverslip. The presence of fenestration supports the 
hepatic origin of these cells. Fenestrations appear either as a single 
pore (short arrow) or are arranged in sieve plates (long arrow). SEM 
shows the fenestration of the endothelial cell surface after 3 day 
culture. 
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Fig, 3-6. Phenotypic characterization of rat liver endothelial cells. 
Primary endothelial cell cultures were loaded with 10 ug/ml Dil-Ac-
LDL overnight. Endothelial cells exhibit granular cytoplasmic staining 
with Dil-Ac-LDL (B). Positive and negative control cells are bovine aortic 
endothelium (A) and normal human synovial fibroblast (C) respectively. 
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Fig. 3-7. Identification of rat liver endothelial cells by Ovalbumin-FITC 
uptake assay. Endothelial cells were cultured in complete DMEM 
medium containing 0.1 mg/ml ovalbumin-FITC for 5 hrs and examined 
under fluorescence microscope. Endothelial cells are stained with 
internalized Ovalbumin-FITC (A). Normal human synovial fibroblast are 
negative (B). 
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Fig. 3-8. Dot plot distribution of endothelial cell analyzed on a flow 
cytometer. Primaiy cell culture appears to contain > 95 % homogenous 
cell population in terms of forward scatter (cell size) and side scatter 
(cell granularity). The R1 region represents a gate in which the cells 
were analyzed by cell surface markers. 
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Fig, 3-9, Analysis of cultured cell purity by mAb ED2. Primary cell 
cultures were stained with mAb ED2 (anti-specific Kupffer cell antigen) 
or mAb anti-ICAM-1, Cells stained with mAb ED2 had the same 
fluorescence intensity as cells stained with secondary or isotype control 
antibodies. Cells were positive for ICAM-1 mAb, 
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Fig. 3-10. Histogram of ICAM-1 expression on rat liver endothelial cell. 
Liver endothelial cells were cultured in medium alone or supplemented 
with cytokine for 24 hrs, then analyzed by flow cytometry as described 
in methods. Histogram depicts ICAM-1 indirect immunostain of cells 
cultured in medium alone (baseline), 50 ng/ml TNF-a stimulation. 
Background stain are using secondary Ab only or same isotype Ab 
respectively. 
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Fig. 3-11. ICAM-1 expression induced by different 
concentration of cytokines or LPS. Primary cell 
cultures were stimulated with different 
concentration of cytokines or LPS for 24 hrs and 
analyzed for ICAM-1 expression by flow 
cytometry. Data are expressed as a mean of ratio 
of stimulated cell MFI/unstimulated cell MFI amd 
represent mean of 2 separate experiments. 
*Optimal concentration to induce ICAM-1 
expression 
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Fig. 3-12. Time coiirse of ICAM-1 expression on rat liver endothelial 
cells following cytokines or LPS treatment. Primary cell cultures were 
stimulated with single cytokine (IL-ip 2 ng/ml, IFN-y 40 U/ml and TNF-
a 50 ng/ml) or LPS (0.01 ug/ml) for varying periods of time. At the end 
of the treatment, endothelial cells were harvested, stained, analyzed by 
flow cytometry. Data are expressed as ratio of stimulated cell 
MFI/unstimulated cell (baseline) MFI and represent mean ± SE of 3-5 
separate experiments, * p<0.05, ** p<0.01, compared to baseline ICAM-
1 expression as determined with Student t test. 
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Fig. 3-13. Effect of single or combined cytokines on ICAM-1 expression 
by rat liver endothelial cells. Primary cell cioltures were stimulated with 
optimal concentration of single or combined cytokines (lL-6 0.5-20 
ng/ml, IL-ip 2 ng/ml, IFN-y 40 U/ml and TNF-a 50 ng/ml) for 24 hrs, 
then analyzed for ICAM-1 expression by flow cytometry. Data are 
expressed as ratio of stimiilated cell MFI/iinstimulated cell MFI and 
represent mean ± SE of 3-5 separate experiments, * p<0.05, ** p<0.01, 
compared to baseline ICAM-1 expression as determined with Student t 
test. 
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Table. 3-1. ICAM-1 expression on rat liver endothelial cells after 
stimulated with single or combined cytokines. 

No. Treatment n-fold (stimulated cell MFI/ 
unstimulated cell MFI) 

Mean ± SE 

1 ICAM baseline 1.00 ±0 
2 LPS 2.59 ±0.14** 
3 IL-6 1.05 ±0.03 
4 IL-lp 1.41 ±0.05* 
5 IFN-y 1.66 ±0.06" 
6 TNF-a 2.05 ±0.17' 
7 IFN-y+TNF-a 2.85 ±0.19" 
8 IL-ip+IFN-Y 2.25 ±0.19' 
9 IL-ip+TNF-a 2.32 ±0.11" 
10 IL-ip+IFN-y+TNF-a 3.19 ±0.16" 

* p<0.05, ** p<0.01, compared to baseline ICAM-1 expression as 
determined with Student t test. 
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Fig. 3-14. TNF-a production by LPS treated liver endothelial cells. 
Endothelial cells were stimulated with 0.01 ng/ml LPS for various 
times. Supematants were harvested and assayed for TNF-a production 
as measured by ELISA assay. Values are mean ± SE of 3 experiments 
done in duplicate. * p< 0.05, ** p< 0.01 
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Fig. 3-15. Gel electrophoresis of ICAM-1 RT-PCR product. A Lewis rat 
was i.p. injected with 2.5 mg/kg LPS. After 5 hrs, the animal was 
scarified. Total RNA was isolated from lung and served as the template 
for RT to make the first strand cDNA. Primers used to amplify the 982 
bp cDNA fragment from 88 to 1070 bp of cDNA were deduced from the 
published sequence. PGR product was analyzed on 1 % agarose gel. 
Lane 1: 100 bp DNA ladder 
Lane 2: PGR product 
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Fig. 3-16. Gel electrophoresis of VCAM-1 RT-PCR product. A Lewis rat 
was i.p. injected with 2.5 mg/kg LPS. After 5 hrs, the animal was 
scarified. Total RNA was isolated from lung and served as the template 
for RT to make the first strand cDNA. Primers used to amplify the 636 
bp cDNA fragment from 54 to 690 bp of cDNA were deduced from the 
published sequence. PGR product was analyzed on 1 % agarose gel. 
Lane 1: 100 bp DNA ladder 
Lane 2: PGR product 
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A GCC G«iA TTC TGC 

TT CGG err AAG ACG 

SstXI fcoRI 
GTA ACG GCC QCC ACfr -CTG CTG GAA TTC G3C TT| 
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Fig. 3-17. pCRTMlI vector circle map and reference points (Adopted from 
Invitrogen Instruction Manual). 
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Fig. 3-18. pGEM-T vector circle map and reference points (Adopted 
from Promega Technical Bulletin). 
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5'-ATTGGGCCTC 

GGATATCTGC 

GGTGCTCAGG 

CTCGGGGTGG 

CGAANACAAA 

ATGAAAGACG 

TCAAGCTGAG 

CTTTGAGGAC 

ACCATCACTG 

ATCCTCTGCC 

CCTGCGCTGC 

TCTCAGTAGT 

CCAGGCAGTG 

GTGCTGGCCA 

GCTTCACAGA 

TGTTCAAAAA 

CGATCTTCCG 

TCCTGGAAGT 

GNAAAGGCTG 

GAAATNGGAA 

NCAAAAAATT 

ATGAAAAATT 

AAACTGGCGN 

AATCTTCNNN 

CCCGGAAGNT 

TAGATGCTGC 

AGAATTCGGC 

TATCCATCCA 

ATCCGTGCAG 

AACCTCGGCC 

AACTATCGAG 

CGACTTGGG 

TGTGGCACCA 

TGTNTTCGTT 

CGCCTGGCAG 

CTGGTGGAAG 

GCTGCTCCGT 

GATGOGACC 

GCAGAAGCGA 

AACTGGACCT 

TGTCTCCNAA 

ACTANGGTCT 

TGGCCCCCAN 

TTTCCTGCCT 

GNCCAATGCT 

TNTTTTCCCC 

TGAAAAAAAC 

AACCAAACCT 

TTTTCCNCTN 

TTCNAAAN-3' 

TCGAGCGGCG 

TTGTGATCCC 

TCCCACAGAA 

GTGAACTGCT 

TGGGGTTGGX 

TGGACACAAC 

GAANACAGCA 

CGCAGTCCTC 

CCCANANCGA 

CAGGTGGGCA 

CGGANCACCG 

GGGAATGANA 

CCAAGGAGAT 

CCACGGAGCC 

CAGGCCACAA 

GTCAGGCAGC 

GAAACTCGAC 

CAAAAATTCT 

CTGAAACTCA 

GANCCTGGAA 

NCTGCCTCNA 

CTCCCCTNCC 

GNAAATGAAA 

CCNNCCCTNA 

CCAGTGTGAT 

CGGGCCTGTC 

GCCTTCCTGC 

CTTCCTCTTG 

GACTAACTGG 

TGGAAGCTCT 

NACCACTGTG 

GGCTTCTGCC 

GTGGAGCTGG 

ANAACCTCAT 

CGGACACAGG 

CACTGAGCCG 

CACATTCACG 

AATTTCTCAT 

GGGCTGTCAC 

TCCGGACTTT 

ACCCCTGAAC 

TGTTTTCCCT 

AATATTCCTG 

AACCCAAACN 

TTGGAAGTNA 

CTTTTTTTTG 

AAAACTNAAA 

NCCTAAACCC 

Fig. 3-19. Sequence of rat ICAM-1 cDNA. 982 bp rat ICAM-1 cDNA was 
inserted into pCR™ II vector. The insert was sequenced by T7 
polymerase. 
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Rat VCAM-1 cDNA sequence by using T7 polymerase 

5'-CGC GGG ATT ATA CTG TTT GCA GTC TCT CAA GCT TTT AAA 

ATC GAG ATC TCC CCT GAA TAC AAA ACG CTC GCT CAG ATT GGA 

GAC TCC ATG CTC CTG ACT TGC AGC ACC ACA GGC TGT GAG TCG 

CCA TCA TTC TCT TGG AGA ACC CAG ATA GAC AGT CCA CTA AAT 

GGG AAG GTG AAG ACA GAG GGG GCC AAG TCC GTT GTG ACC ATG 

GAC CCT GTC AGC TTT GAG AAT GAA CAC TCT TAC CTG TGC ACA 

GCA ACA TGT AAC TCT GGG AAA CTG GAA AGA GGA ATC CAA-3' 

Rat VCAM-1 cDNA sequence by using SP6 polymerase 

5'-CAG GCG GCC GCA CTA GTG ATT GAT CTC TGT ATT CTT 

GGG GGA GGT GTA GAC TTG TAG TTC TCT GAC AGT CTC CCT TTC 

TTT GGG AAT AGA ATC AGT TTG GTC AAT GTA TAA TTT AGC TCG GCA 

AAC AAG AGC CTT TTC AAT ATC CTC AAT GAC AGG AGT AAA GAT 

GAC TTC AAC ACT CTT GGT TTC CAG AGA CTT TGC CAT CTC GTT-3' 

Fig. 3-20. Sequence of rat VCAM-1 cDNA. 630 bp rat VCAM-1 cDNA 
was inserted into pGEM-T vector. The insert was sequenced by T7 and 
SP6 polymerases 
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Lane 1 

1 kb — 

Fig. 3-21. Gel electrophoresis of EcoR I digested ICAM-1 plasmid. 
Recombinant ICAM-1 plasmid was digested with EcoR I for 30 min at 
37 °C and separated on 1 % agarose gel. 
Lane 1: 1 kb DNA ladder 
Lane 2: Uncut recombinant ICAM-1 plasmid 
Lane 3; EcoR I digested recombinant ICAM-1 plasmid 
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Fig. 3-22. Gel electrophoresis of restriction enzyme digested VCAM-1 
plasmid. Plasmid DNA was digested with single or double enz5anes and 
then electrophoresised on 1 % agarose gel. 
Lane 1; 1 kb DNA ladder 
Lane 2: Apa I digestion 
Lane 3: Pst I digestion 
Lane 4: Apa I +Pst I digestion 
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Fig. 3-23. Northern Blot Analysis of ICAM-1 Expression regulated by 
cytokines or LPS. Total cellular RNA (35 ug/lane) was 
electrophoretically separated, transferred and analyzed with ^zp-iabeled 
ICAM-1 probe as described in Materials and Methods. Migration 
positions of standards expressed in kilobase (kb) are indicated on the 
left. G3PDH was used as a control for the amount of RNA loading (A). 
Densitometry measurements (B) of specific bands were determined for 
comparison of ICAM-I expression. The data were given in arbitrary 
number of 1 to baseline (unstimulated) sample. 
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G3PDH 

Fig. 3-24. Northern blot analysis of VCAM-1 Expression Induced 
Cytokines or LPS. Total cellular RNA (35 ug/lane) was 
electrophoretically separated and analyzed with ^ap.iabeled VCAM-1 
riboprobe. Migration position of standards expressed in kilobase (kb) 
are indicated on the left. Arrows indicate position of 3.7 kb and 1.6 kb 
VCAM-1 mRNA. G3PDH was used as a control for the amount of RNA 
loading. 
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Fig. 25. The relative VCAM-1 mRNA levels quantitated from Northern 
blot analysis following single cytokine or LPS treatment. The mRNA 
bands of VCAM-1 on Northern blot were quantitated by Imager 
analysis. The samples loaded in each lane were normalized with the 
values of G3PDH mRNA signals. Data were expressed as ratio of 
stimulated cell mRNA level/baseline (given in arbitrary number 1 to 
baseline) mRNA level and presented mean ± SE of three separate 
experiments. *p<0.05, **p<0.01, compared to baseline mRNA level with 
Student t test. 
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Fig. 3-26. Northern blot analysis of VCAM-1 mRNA induction in liver 
endothelial cells following stimulation by a single or combined 
cytokines. Total cellular RNA (35 ug/lane) was electrophoretically 
separated and analyzed with ^ap-iabeled VCAM-1 riboprobe. Migration 
position of standards expressed in kilobase (kb) are indicated on the 
left. Arrows indicate position of 3.7 kb and 1.6 kb VCAM-1 mRNA. 
G3PDH was used as a control for the amount of RNA loading. 
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Fig. 3-27. The relative VCAM-1 mRNA levels quantitated from Northern 
blot analysis following single or combined cytokines treatment. The 
mRNA bands of VCAM-1 on Northern blot were quantitated by Imager 
analysis. The samples loaded in each lane were normalized with the 
values of G3PDH mRNA signals. Data were expressed as ratio of 
stimulated cell mRNA level/baseline (given in arbitrary number 1 to 
baseline) mRNA level and presented mean ± SE of three separate 
experiments. *p<0.05, **p<0.01, compared to baseline mRNA level with 
Student t test. 
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DISCUSSION 

Granulomatous inflammation is a specific type of chronic 

inflammation. Hepatic granulomatous inflammation is induced by a 

single intraperitoneal injection of SCW into female Lewis rats. During 

this inflammatory response, an influx of polymorphonuclear leukocytes 

can be observed after SCW injection for 2-3 days. The liver sinusoidal 

spaces and microvessels become distended and filled with leukocytes 

and erythrocytes as the blood flow slows. Following acute phase 

(usually first two weeks), a noticeable increase in hepatic accumulation 

of mononuclear leukocytes occurs (Allen et al 1985, Wahl 1986 et al, 

Wahl et al 1988). The infiltration of leukocytes from the blood into the 

tissue represents an important component of the inflammatory 

response and is critical in the development and resolution of the 

inflammatory response. 

Recent in vitro and in vivo studies reveal that the recruitment of 

leukoQtes from the circulating blood into the inflamed site is a very 

complex event. This process involves multiple cytokines such as IL-1 

and TNF-a as well as various cellular components for instance 

endothelium. A variety of adhesion molecules expressed on both 
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endothelial cells and leukocj^es is required. For example ICAM-1 and 

VCAM-1 have been implicated in leukocyte interaction with 

microvascular endothelial cells (Springer 1990a, Oppenheimer et al 

1991). 

The role of adhesion molecules has been shown in a variety of 

granulomatous diseases such as sarcoidosis (Shakoor et al 1992) and 

tuberculosis (Yassin et al 1994). The involvement of adhesion 

molecules in SCW induced hepatic granuloma has received less 

attention. The objective of this study was to investigate the expression 

and regulation of ICAM-1 and VCAM-1 in vitro and in vivo in this 

animal model. In addition, the effect of several proinflammatory 

cyokines IL-ip, IL-6, IFN-y and TNF-a and LPS on the induction of 

ICAM-1 and VCAM-1 synthesis by liver endothelial cells was evaluated 

in vitro culture system. 

First, to investigate whether ICAM-1 expression was up-regulated 

in the liver in SCW induced granuloma, immunohistochemical staining 

was performed. Our data presented in Fig. 3-2 showed that ICAM-1 

was constitutively expressed at low levels on sinusoidal lining cells 

(endothelial cells and Kupffer cells) and vascular endothelium in 

normal liver. The enhanced ICAM-1 expression by sinusoidal lining 

cells and venous endothelium was observed 3 days with the most 
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intense staining on day 14 and 28 after SCW injection. During the 

cause of granuloma formation, infiltration of neutrophils can be 

observed after SCW injection for 2-3 days and followed by monocyte 

and lymphocyte accumulation (usually at two weeks) (Allen et al 1985, 

Whal et al 1986). Correlating the time course of leukocyte infiltration 

and the profile of ICAM-1 expression in the liver, the results suggests 

that ICAM-1 might be one of the adhesion molecules responsible for 

recruitment of leukocytes from the blood into the rat Uver, especially 

for monoc)^e infiltration. Granulomas are usually found in periportal 

area and a gradation of the lCAM-1 staining intensity with the 

strongest staining in periportal area was seen in the liver. The 

correlation of ICAM-1 staining intensity on sinusoidal lining cell and 

the local degree of granuloma formation also implicates the role of 

ICAM-1 in recruitment of leukocytes into the liver. The constitutive 

expression and up-regulation of ICAM-1 on these ceUs was similar to 

the observations in rat liver treated with LPS in vivo (van Gosten et al 

1995). 

Hepatocyte staining was not seen in normal and SCW-injected 

rats at any of the time points. This is consistent with observations in 

hepatic graft-verse host disease (Norton et al 1992). But increased 

ICAM-1 expression on hepatocytes has been shown in a variety of 
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inflammatory liver diseases including chronic hepatitis B virus 

infection (Malizia et al 1991) and experimental alcoholic liver disease 

{Amin et al 1995). In both cases, the hepatocyte staining for ICAM-1 

was seen in necrotic foci in the liver. 

In order to further investigate the effect of the proinflammatoiy 

cytokines IL-I3, IL-6, IFN-y and TNF-a on ICAM-1 and VCAM-1 

expression by liver endothelial cells in vitro, we first obtained a pure 

population of endothelial cells. The techniques used included 

enzymatic digestion (pronase/collagenase) and centrifugal elutriation. 

Several modifications were made in this procedure including a low 

concentration of pronase and shorter time of digestion than that used 

for Kupffer cell isolation in order to obtain the highest endothelial cell 

purity and successful cell culture. 

The endothelial cell fraction isolated by this procedure potentially 

contained several kinds of contaminants, the most likely being Kupffer 

cells. Rat Kupffer cells are liver resident macrophages which secrete a 

variety of soluble mediators such as IL-ip, IL-6 and TNF-a and express 

ICAM-1 on their cell surface (Manthey et al 1992, Setareh dissertation 

data, van Oosten et al 1995). Therefore, it was necessary to confirm 

the cell purity before evaluating the expression and regulation of 
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adhesion molecules on endothelial cells by cytokines in vitro culture 

system. 

The purity of the endothelial cell isolates and cultures were 

confirmed by several criteria: flow cytometry (dot plot), mAb ED2 anti-

specific Kupffer cell antigen, Dil-Ac-LDL uptake assay and ovalbumin-

uptake assay. Flow cytometry data suggested that cell purily was >95 

%. 

Liver sinusoidal endothelial cells form a continuous lining on 

liver capillaries, or sinusoids, separating parenchymal cells from the 

sinusoidal blood. Liver sinusoidal endothelial cells differ in fine 

structure from endothelial cells lining larger blood vessels and from 

other capillaiy endothelia in that they have open pores or fenestrae 

clustered (sieve plate) in the thin cytoplasmic projections which 

constitute the sinusoidal wall (McGurie et al 1992). Under scanning 

electron microscopy, 80 % of cultured cells were characterized on day 1 

and 3 cultures by their long cytoplasmic extension and fenestrae. Most 

of the resting cells had the same morphologic features as fenestrae 

cells. These cells did not have fenestrae because the transfer of 

sinusoidal endothelial cells from the intact normal liver to culture was 

usually accompanied by striking changes in the number of fenestrae. It 
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was found that in culture fenestrae was at least tenfold less than that 

intact normal liver (McGurie et al 1992). 

Sinusoidal endothelial cells have been shown to be involved in 

the endocytosis and metabolism of a wide range of macromolecules, 

including glycoproteins and lipoproteins. The acetylated low density 

lipoprotein (Ac-LDL) receptor has been demonstrated on liver 

sinusoidal endothelial cells and aortic endothelial cells (Nagelkerke et 

al 1983) and Ac-LDL is rapidly endocytosed via this receptor. Therefore, 

identification of liver endothelial cells can also be achieved using a Ac-

LDL uptake assay. 

Our results showed that all of bovine aortic endothelium (positive 

control cell) and cell fraction corresponding to endothelial cells were 

positively stained with internalized Dil-Ac-LDL in contrast to normal 

synovial fibroblast (NSFB) (negative control cell). Endothelial cell 

fraction was also identified by positive staining of FITC-ovalbumin. 

Taken together, these results suggested that we were able to isolate 

and culture liver endothelial cells with purity >95 % based on these 

criteria. 

To obtain further information on the expression and regulation of 

ICAM-1 induced by pro-inflammation cytokines, flow cytometric 

analysis using mAb anti-rat ICAM-1 adhesion molecule was done. It 
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was found that liver endothelial cells constitutively expressed ICAM-1 

in vitro. The expression was rapidly up-regulated in response to IL-ip, 

IFN-y and TNF-a The most effective combination was IL-ip+IFN-y+TNF-

a. These results suggest that inflammatory cytokines produced in the 

inflamed site (Wahl et al 1988, Manthey et al 1992) can synergize each 

other effects in certain situation during SCW induced granuloma. 

IL-6 is produced by Kupffer cells during SCW-induced hepatic 

granulomatous inflammation (Manthey et al 1992, Setareh dissertation 

data). IL-6 has been shown to up-regulate ICAM-1 expression on 

synoviocytes (Lindsley et al 1992) but not affect neutrophil adherence 

to rat cardiac myocytes (Lkeda et al 1994). In present study, IL-6 

showed no significant effect on ICAM-1 expression. These results argue 

against a role of IL-6 in the up-regulation of ICAM-1 production in SCW 

induced granuloma. 

ICAM-1 is also up-regulated by LPS and may be a direct results 

of the interaction of LPS with endothelial cells since LPS is a possible 

inducer of the transcription factor: nuclear factor-KB. The ICAM-1 gene 

has binding site for nuclear factor-icB which may allow LPS to regulate 

ICAM-1 expression at the transcriptional level (Collins 1993). Cj^okines 

produced by endothelial cells (Libby et al 1986, Vileck et al 1991, 

Vassalli et al 1992) such as IL-ip and TNF-a in response to LPS 
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Stimulation may also contribute to the expression of ICAM-1 molecule. 

TNF-a production was detected in LPS-treated liver endothelial cells in 

this study. But this result contradicts with the observation that all 

endothelial cells (venous and arterial) were unstained for TNF-a mRNA 

on paraffin-embedded liver tissues using digoxigenin (Dig)-labeled 

probe during experimental endotoxemia {Hoffmann et al 1994). 

sew induced hepatic granulomas is a chronic inflammatory 

lesion. In this model, SCW is sequestered in Kupffer cells. Poorly 

degradable SCW-complex is concentrated and persists in the Kupffer 

cells, maintaining a heightened state of activation with the generation 

of monokines (IL-ip, TNF-a), these activating other types of cells such 

as T lymphocytes which produce IFN-y (Wahl et al 1986, Wahl et al 

1988). Therefore, this inflammatory cascade would result in the 

continuous stimulation and expression of adhesion molecules such as 

ICAM-1. In contrast, the rapid decrease of ICAM-1 expression in vitro 

was observed in our experiment and this may be the result of single 

administration of cytokines to the cell culture. 

To determine whether the increased surface ICAM-1 expression 

induced by cytokines and LPS was associated with the increased 

expression of ICAM-1 mRNA, northern blot analysis was performed. 

Our results showed that cultured liver endothelial cells constitutively 
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expressed ICAM-1 mRNA at low levels. Expression was increased after 

exposure to IL-ip, IFN-y, TNF-a and LPS. IL-6 had no effect on ICAM-1 

mRNA expression. 

The induction profile of ICAM-1 mRNA was identical to the FACS 

analysis profile of ICAM-1 expression on cell surface after exposure to 

cytokines and LPS. This parallel strongly suggests that the increased 

expression of ICAM-1 on cell surface was a result of the increased 

ICAM-1 mRNA accumulation. These results demonstrate that IL-ip, 

IFN-y and TNF-a play an important role in inducing ICAM-1 molecule 

expression. 

ICAM-1 is a natural ligand for two members of CD 18 family of 

leukoc3^e integrin adhesion molecules: CD 11a/CD 18 (LFA-1) and 

CDllb/CD18 {MAC-1, CR3) (Marlin et al 1987, Springer 1990a). LFA-1 

is expressed by neutrophils, monoc3rtes and lymphocytes. MAC-1 is 

expressed by neutrophils and monocytes. Neutrophils and monocytes 

are the major inflammatory cells found during SCW-induced hepatic 

inflammation (Allen et al 1985, Wahl et al 1988). Therefore, up-

regulated ICAM-1 expression on liver endothelial cells increases the 

possibilily of direct adherence between endothelial cells and 

neutrophils and monocytes via ICAM-l-LFA-l/ICAM-l-MAC-1 

interaction which facilitates recruitment of leukocyte into the inflamed 
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sites. Our results provide evidence that ICAM-1 is one of the adhesion 

molecules which recruit leukocytes into the inflamed site during SCW-

induced hepatic inflammation. 

VCAM-1 is an adhesion molecule expressed by a number of cell 

types. The role of VCAM-1 has been demonstrated in a variety of 

granulomatous diseases such as sarcoidosis (Shakoor et al 1992) and 

tuberculosis (Yassin et al 1994). To investigate the expression and 

regulation of VCAM-1 mRNA by liver endothelial cells, northern blot 

analysis was done. Two distinct VCAM-1 mRNA of MW 3.7 and 1.6 kb 

which encode seven immunoglobulin domain and three domain 

((glycosyl phosphatidyl inositol (GPI))-anchored form of VCAM-1 

molecule (Springer 1994) have been identified. Untreated cells 

expressed both messages at low levels. Cells treated with IL-ip, IL-6 

and IFN-y did not significant induce either mRNA expression. TNF-a 

and LPS up-regulated 3.7 kb VCAM-1 mRNA with no effect on 3 

domain (1.6 kb) mRNA expression. Our results suggest that TNF-a is 

an important cytokine for induction of VCAM-1 expression. 

Like the expression of ICAM-1 on endothelial cells, the up-

regulation of VCAM-1 on endothelial cells by LPS may be a direct result 

of the interaction of LPS with endothelial cells since VCAM-1 gene has 

binding sites for nuclear factor-KB which is induced by LPS (Collins 
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1993). TNF-a production was detected after 4 hour stimulation by LPS 

in endothelial cell culture. Therefore, LPS-induced expression of VCAM-

1 could also be the result of TNF-a production by endothelial cells. This 

indicates an important role for TNF-a as an inducer of VCAM-1 

expression. 

The GPI-anchored form of VCAM-1 (1.6 kb) has been shown to be 

the predominant one to change upon IL-ip treatment in a variety of 

tissue including spleen, kidney, heart and brain (Teny et al 1993). This 

form of VCAM has been suggested to play important role in 

inflammation by limiting the potentially deleterious effects of 

prolonged VCAM-1 expression by competently binding to the counter 

receptor VLA-4 on leukocytes. However what role this molecule plays is 

unclear. Our data showed that level of 1.6 kb mRNA did not 

significantly change in untreated and cytokine-treated cells. This might 

be because this message is preferentially induced in a tissue specific 

manner by cytokines (Terry et al 1993). 

Seven domain VCAM-1 molecule has the counter receptor VLA-4 

which is expressed by lymphocytes, monocytes and eosinophils (Chan 

et al 1992, Oppenheimer et al 1991, Springer 1994). The upregulation 

of VCAM-1 mRNA in liver endothelial cells suggests that leukocytes in 
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blood stream might also adhere and migrate through blood vessels via 

a VCAM-l/VLA-4 pathway during SCW-induced hepatic inflammation. 

In summary (as described below and indicated in Figure 5-1), in 

SCW-animal model, the group A SCW are sequestered initially by 

Kupffer cells within hours after intraperitoneal injection (Allen et al 

1985, Wahl et al 1988). The SCW-complex is resistant to lysozyme and 

persists in Kupffer cells. Activated Kupffer cells are a source of 

arachidonic acid metabolites and generation of arachidonic acid 

metabolites , especially LTB4 contribute to the attraction of leukocytes. 

A number of inflammatory cytokines such as TNF-a, IL-1 and IL-6 are 

also produced by Kupffer cells. The role of these cytokines in 

development of SCW-hepatic granulomas has been demonstrated in 

this animal model previously, especially TNF-a (Wahl et al 1988, 

Manthey et al 1992, Setareh dissertation data). TNF-a is a 

multifunctional C3rtokine and induces the production of other 

inflammatory cytokines such as IL-1, IL-6 and chemotactic factors 

including IL-8 (Dinarello et al 1986, Nawroth et al 1986). TNF-a can 

activate T cells, stimulate PGE2 production and increase acute phase 

protein synthesis in the liver. Apart from these actions in inflammation, 

TNF-a has been shown to upregulate the expression of ICAM-1 and 

VCAM-1 on liver endothelial cells and many types of other cells (Steven 
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et al 1993, Smith 1993). Therefore, local production of TNF-a, IL-1 and 

IL-6 may further induce themselves and activate other type of cells to 

produce cytokine such as T cell producing IFN- y or endothelial cells 

producing IL-1 and TNF- a. The cytokines act with a complex network 

and in certain situations synergize each other effects. Since group A 

sew persist within Kupffer cells in the inflammatory lesions, this 

inflammatory cascade would result in continuos generation of 

cytokines and expression of ICAM-1 and VCAM-1, 

Under normal conditions, leukocytes in the peripheral blood are 

distributed over a circulating pool and a marginating pool. Governed by 

the shear force of the flowing blood and the formation of ionic bonds 

with the vascular endothelium, the marginating leukoQ^es roll along 

the endothelial cells of the vessel wall (Athens et al 1961, van Furth et 

al 1986).In SCW-animal model, the upregulation of ICAM-1 and VCAM-

1 on sinusoidal lining cells increases the interaction between 

endothelium and leukoQl:es which is the initial observable event in the 

development of SCW-hepatic inflammation. After selective adhesion of 

leukocytes to the endothelial lining, those leukocytes traverse the 

vessel wall between adjacent endothelial cells and accumulate at the 

site of the lesion under the chemotactic effects such as IL-8. 
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In conclusion, this study investigates ICAM-1 and VCAM-1 

expression and regulation on liver endothelial cells in vitro and in 

SCW-induced hepatic granuloma. The results demonstrate that IL-ip, 

IFN-Y and TNF-a have different effects on ICAM-1 and VCAM-1 

expression by liver endothelial cells. IL-6 does not induce ICAM-1 or 

VCAM-1 expression by these cells. 

The present study investigated the expression and regulation of 

ICAM-1 and VCAM-1 in vitro and in the animal model of SCW-induced 

hepatic granulomas. The functional aspects of these adhesion 

molecules should be considered in a number of experimental systems 

in the future. For example; 

1. In vitro adhesion assays may utilize leukocytes layered on rat 

endothelial cell culture and frozen rat liver tissue sections from SCW 

injected and control rats. Blocking studies may be performed by 

introducing anti-ICAM-1 mAb to these assays. The degree of adhesion 

inhibition will reflect the relative importance of the studied adhesion 

molecules in intercellular adhesion. 
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2. In vivo animal model, to clarity the pathogenic role of these adhesion 

molecules, appropriate mAbs could be administrated to SCW injected 

animals in an attempt to block infiltration of leukocytes in the liver. 

3. During SCW-hepatic inflammation, an influx of PMNs is observed in 

the first two weeks followed by the accumulation of mononuclear 

leukocytes. The biphasic migration of leukocytes into the liver may be 

related to the time profile of expression of the different adhesion 

molecules. Our immunohistochemical staining data suggests that 

ICAM-1 may contribute more to the influx of monocytes into the liver 

during SCW-induced hepatic inflammation. To further correlate the 

time course of leukocyte infiltration and adhesion molecule expression 

in the liver, in situ hybridization of VCAM-1 should be done. This also 

can be achieved by ex vivo experiment. 

4. Some of other adhesion molecules such as ELAM-1 should be 

investigated since they might play an important role in the recruitment 

of leukocytes in the liver during SCW induced granuloma. 
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Fig. 5-1 Schematic Summary of SCW-Mediated Liver Inflammatory 
Ehrents Leading Expression of ICAM-1/VCAM-1 and Migration of 
Leukocytes. Injected SCW (* ) are phagocytized by Kupffer cells. The 
activated Kupffer cells and T lymphoc5rtes produce cytokines IL-ip, TNF-a 
and IFN-y which up-regulate surface ICAM-1 /VCAM-1 expression on liver 
sinusoidal endothelium. The interaction between ICAM-1/LFA-1 and 
VCAM-1/VLA-4 facilitate the adherence of leukocytes to the endothelial 
cells. Furthermore, leTikocytes migrate between the endothelial cells 
under the chemotaxis effects such as IL-8. 



REFERENCES 

145 

Aarden LA et al. (1979): Revised nomenclature for antigen-nonspecific T 
cell. J. Immunol. 123: 2928-2929 

Adams DO (1976): The granuloamtous inflammatory response. Am. J. 
Pathol. 84:164-191 

Akina S, Taga T, and Kishimoto T. (1993): Interleukin 6 in biology and 
medicine. Advances Immunol. 54: 1-52 

Albelda SM, and Buck CA. (1990): Integrins and other cell adhesion 
molecules. FASEB J. 4: 2868-2880 

Allen JB, Blatter D, Calandra, GB, and Wilder RL. (1983): Sex 
hormonal effects on the severity of streptococcal cell all-induced 
polyarthritis in the rat. Arthritis. Rheum. 26: 560-563 

Allen JB, Malone DO, Wahl SM, Calandra GB, and Wilder RH (1985): 
The role of the thymus in streptococcal cell wall-induced arthritis and 
hepatic granuloma formation: Comparative studies of pathology and 
cell wall distribution in athymic and euthymic rat. J. Clin. Invest. 76: 
1042-1056 

Amin A, Nanhi BG, Liliane K, Yaconb FF and Steven RT. (1995): 
Intercellular adhesion molecule-1 expression in experimental alcholic 
liver disease: relationship to endotoxemia and TNF-a messenger RNA. 
Hepatology. 42-53 

Anderle SK, Greenblatt JJ, Cromartie WJ, Clark R and Schwab JH. 
(1979): Modulation of the susceptibility of inbred and outbred rats to 
arthritis induced by cell walls of group A streptococci. Infect. Immun. 
25: 484-490 



146 

Anderson DC, and Springer TA. (1987): Leukocyte adhesion deficiency: 
an inherited defect in the Mac-1, LFA-1 and pl50, 95 glycoproteins. 
Annu, Rev, Med. 38: 175-194 

Anna CHM, van Dinther-Janssen, Horst E, Koopman G, Newmann W, 
Scheper RJ, Meijer CJLM, and Pals ST. (1991): The VLA-4/VCAM-1 
pathway is involved in lymphocyte adhesion to endothelium in 
rheumatoid synovium. J. Immuno. 147: 4207-4210 

Amaout MA. (1990): Structure and function of the leukocyte adhesion 
molecules CD 11/CD 18. Bloot. 75: 1037-1050 

Athens JW, Raab SO and Haab PO. (1961): Leukokinetic studies: The 
distribution of granulocytes in the blood of normal subjects. J. Clin 
Invest. 40: 159-168 

Barbe E, Damoiseaux JGMC, Dopp EA, and Dijkstra CD. (1990): 
Characterization and expression of the antigen present on resident rat 
macrophages recognized by monoclonal antibody ED2. Immunobiol. 
182: 89-99 

Beutler B, Greenwald D, Hulmes J.D, Chang M, Pan Y-C.E, Mathison 
J, Ulevitch R and Cerami A, (1985): Identifily of tumor necrosis factor 
and the macrophage-secreted factor cachectin. Nature. 316: 552-554 

Bevilacuqua MP, Stengelin S, Gimbrone A, Seed B. (1989): Endothelial-
leukocyte adhesion molecule-1: an inducible receptor for neutrophlis 
related to complement regulatory proteins and lectins. Science. 243: 
1160-1165 

Bevilacuqua MP. (1993): Endothelial-leukocyte adhesion molecules. 
Annu. Rev. Immunol. 11: 767-804 



147 

Bijman JTH, Wagener DJTH, Wessel JMC, Broek P vanden, and 
Ramaekers. (1986): Cell size, DNA and cytokeratin analysis of human 
head and neck tumors by flow cytometry. Cytometry. 7: 76-81 

Billiau A. (1987): Interferon beta 2 as a promoter of growth and 
differentiation of B cells. Immunol. Today. 8: 84-87 

Blouin A, Bolender RP and Weibel E. (1977): Distribution of organelles 
and membranes between hepatocytes and nonhepatocytes in the rat 
liver parenchyma. II. A stereological study. J. Cell Biol. 72: 441-445 

Boros DL. (1978):Granulomatous inflammation. Prog. Allergy.24:184-
243 

Boros DL. (1994): The role of cytokines in the formation of the 
schistosome egg granuloma. Immunobiol. 191: 441-450 

Bosco MC, Espinoza-Delgado I, Schwabe M, Ressell SM, Leonard W, 
Longo DL and Varesio L. (1994): The r subsunit of the interleukin-2 
receptor is expressed in human monocyte and modulated by 
interleukin-2, interferon g, an transforming growth factor beta 1. 
Blood. 83: 3462-3467 

Butcher EC. (1991): Leukocyte-endothelial cell recognition: three (or 
more) steps to specificily and diversity. Cell. 67: 1033-1036 

Chan BMC, Elices MJ, Murphy E, and Hemler ME. (1992): Adhesion to 
vascular cell adhesion molecule 1 and fibronectin: Comparison of 
alpha4betal (VLA-4) and alpha4beta7 on the human B cell line JY. J. 
Biol. Chem. 267: 8366-8370 

Chensue SW, and Boros DL. (1979): Population dymamics of T and B 
l3anphoc3^es in the lymphoid organs, circulation and granulomas of 
mice infected with schistosoma mansoni. Am. J. Trop. Med. Hyg. 28: 
291-299 



148 

Chensue SW, and Kunkel SL. (1983): Arachidonic acid metabolism and 
macropahge activation, Clin. Lab. Med. 3: 677-694 

Chensue SW, Ellul DA, and Spengler M. (1985): Dynamics of 
arachidonic acid metabolism in macrophages from delayed-type 
hypersensitivity and foreign-body type granulomas. J. Leuk. Biol. 38: 
671-686 

Cohnheim J. (1989): Lectures on general pathology: a handbook for 
practioners and students (London: New Sydenham Society) 

Collins T. (1993): Biology of disease. Endothelial nuclear factor-KB and 
the initiation of the atherosclerotic lesion. Lab. Invest. 68: 499-508 

Cromartie WJ, Craddock JG, Schwab JH, Anderle SK, and Yang C. 
(1977): Arthritis in rats after systemic injection of streptococcal cells or 
cell walls. J. Exp. Med. 146:1585-1602 

Daives P, Bailey PJ, Goldenberg MM, and Ford-Hutchinson AW. (1984): 
The role of arachidonic acid ojQ^genation products in pain and 
inflammation. Annu. Rev. Immunol. 2: 335-357. 

Dalldrof FG, Cromartie WJ, Anderle SK, Clark RL, and Schwab JH. 
(1980): The relation of experimental arthritis to the distribution of 
streptococcal cell wall fragments. Am. J. Pathol. 100: 383-402. 

Dalton BJ, Connor J, and Johnson WJ. (1989): Interleukin-1 induces 
interleukin-alpha and interleukin beta gene expression in synovial 
fibroblast and peripheral blood monocytes. Arthritis. Rheum. 32: 279-
287 

Damle NK, Klussman K, Linsley PS, and Aruffo A. (1992): Differential 
constimulatory effects of adhesion molecules B7, ICAM-1, LFA-3, 
VCAM-1 on resting and antigen-primed CD4+ T lymphocytes. J. 
ImmunoL 148: 1985-1992 



149 

DeLisser HM, Newman PJ, and Albelda SM. (1993): Platelet endothelial 
cell adhesion molecule (CD31). In current topic microbiology and 
immunology. Vol. 184, Leukocyte Homing and Differentiation (Dunon 
D, Mackay CR, and Imhof BA, eds) pp.37-45, Springer-Verlag, 
Heidelberg 

Diamond MS, Staunton DE, de Fougerolles AR, Stacker SA, Garcia-
Aguilar J, Hibbs ML, Springer TA. (1990): ICAM-1 (CD54): a counter-
receptor for Mac-1 (GDIlb/CD 18). J. CeU BioL 111: 3129-3139 

Diamond MS, Staunton DE, Marlin SD, and Springer TA. (1991): 
Binding of the integrin Mac-1 (GDI lb/CD 18) to the third 
immunoglobulin-like domain of IGAM-1 (CD54) and its regulation by 
glycosylation. Gell. 65: 961-971 

Dinarello G, Cannon JG, Wolff SM, Bemheim HA, Beutler B, Gerami A, 
Figari IS, Palladino Jr MA.: Tumor necrosis factor (cachectin) is an 
endogenous pyrogen and induces production of interleukin-1. J. Exp. 
Med. 163: 1433-1450 

Dodds RA, Merry K, Littlewood A, and Gowen M. (1994): Expression of 
mRNA for IL-1 beta, IL-6 and TGF beta 1 in developing human bone 
and cartilage. Histochem. Gytochem. 42: 733-744 

Dustin ML, Rothlein R, Bhan AK, Dinarello GA, and Springer TA. 
(1986): Induction by IL-1 and interferon, tissue distribution, 
biochemistry and function of a natural adherence molecule (IGAM-1). J. 
Immunol. 137: 245-254 

Dziarski R (1980): Polyclonal activation of immunoglobulin secretion in 
B lymphoc^es induced by staphylococcal peptidoglycan. J. 
Immunology. 125: 2478-2483 

Eisenberg RA and Schwab JH. 1986. Arthropathic group A 
streptococcal cell walls require specific antibody for activation of 



150 

human complement by both the classical and alternative pathways. 
Infection and Inmiunily. 53: 324-330 

Epstein WL. (1967): Granulomatous h3rpersensitivity. Prog. Allergy. 11: 
36-88 

Epstein WL, and Fukuyama K. (1989): The mechanisms of 
granulomatous inflammation. 687-721 

Esser RE, Anderle SK., Chetly C, Stimpson SA, Cromartie WJ, and 
Schwab JH, (1986): Comparison of inflammatory reactions induced by 
intraarticular injection of bacterial cell wall polymers. Am. J. Pathol. 
122: 323-334 

Etzioni A, Frydman M, Pollack S, Avidor I, Phillips ML, Paul-son JC, 
and Gershoni-Baruch R. (1993): Brief report: recurrent severe 
infections caused by a novel leukocyte adhesion deficiency. N. Engl. J. 
Med. 327: 1789-1792 

Feldman G, Allen J, Swisher J, Pluznik D, Wahl L, and Wahl S. (1987): 
Susceptibility to streptococcal cell wall (SCW)-induced polyarthritis is 
associated with differential macrophage activation. J. Leukocyte Biol. 

Foss HD, Herbst H, Hummel M, Araujo I, Latza U, Rancso C, 
Dallenbach, F, and Stein H. (1994): Pattern of cjrtokine gene expression 
in infectious mononucleosis. Blood. 83: 707-712 

Freedman AS, Munro JM, Morimoto C, Mclntyxe BW, Rh3nihert K, Lee 
N, and Nadler LM. (1992): Follicular non-Hodgkin's lymphoma cell 
adhesion to normal germinal centers and neoplastic follicles involved 
very late antigen-4 and vascular cell adhesion molecule-1. Blood. 79: 
206-212 

Gauldie J, Richards C, Hamish D, Lansdrop P, and Baumann H. 
(1987): Interferon beta 2/cell stimulatory factor type 2 shares identity 



151 

with monocyte-derived hepatocyte-stimulating factor and regulates the 
major acute phase protein response in liver cells. Proc. Natl. Acad. Sci. 
84: 7251-7255 

Geng JG, Bevilacqua MP, Moore KL, Mclntyre TM, Prescott SM, Kim 
JM, Bliss GA, Zimmerman GA, and McEver RP. (1990): Rapid 
neutrophil adhesion to activated endothelium mediated by GMP-140. 
Nature. 343: 757-760 

Gerrard TL, Dyer DR, Zoon KC, Nedden DZ, and Siegel JP. (1988): 
Modulation of class I and class II histocompatibility antigens on human 
T cell lines by IFN-g. J. Immunol. 140: 3450-3455 

Ginsburg I. (1972): Mechanisms of cell and tissue injury induced by 
group A streptococci. Relation to poststreptococcal sequelae. J. Infect. 
Dis. 126: 294-340 

Giri JG, Lomedico PR, and Mizel SB. (1985): Studies on the synthesis 
and secretion of interleukin 1. J. Immunol. 134: 343-349 

Glick AD, Ranhand JM, and Cole RM. (1972): Degradation of group A 
streptococcal cell walls by egg-white lysozyme and human lysosomal 
en^ones. Infect. Immun. 6: 403-413 

Gold MR, Miller CL, and Mishell RI. 1985. Soluble non-cross-linked 
peptidoglycan polymers stimulated monocyte-macrophage 
inflammatory function. Infect. Inmiun, 49: 731-741 

Goodwin JS, and Webb DR. (1980): Regulation of immune responses by 
prostaglandins. Clin. Immunol. Immunopathol. 15: 106-122 

Goodwin RG, Anderson D, Jerzy R, Davis T, Brannan CI, Copeland NG, 
Jenkins NA, and Smith CA, (1991): Molecular cloning and expression of 
the type 1 and type 2 murine receptors for murine necrosis factor. 
Molec. and Cell. Biol. 11: 3020-3026 



152 

Gray FW, Leung DW, Pennica D, Yelverton E, Najarian.R, Simonsen, 
CC, Derynck R, Sherwood PJ, Wallace DM, Berger SL, Levinson AD, 
and Goeddel DV. (1982): Expression of human immune interferon 
cDNA into E. coll and monkey cells. Nature 295: 503-508 

Gray PW, and Goeddel DV. (1983): Cloning and expression of murine 
immune interferon cDNA. Proc. Natl. Acad. Sci. 80: 5842-5846 

Guan J, and Hynes RO. (1990): Lymphoid cell recognize an 
alternatively spliced segment of fibronectin via the integrin receptor 
alpha4betal. Cell. 60: 53-61 

Hattori R, Hamilton KK, Fugate RD, McEver RP, and Sims PJ. (1989): 
Stimulated secretion of endothelial von Willebrand factor is 
accompanied by a rapid redistribution to the cell surface of the 
intercellular membrane protein GMP-140. J. Biol. Chem. 264: 7768-
7771 

Hess AD, and Tutschka PT. (1980): Effect of cyclosporin A on human 
lymphocyte response in vitro. I. CsA allows fot the expression of 
^loantigen-activated supressor cells while preferentally inhibiting the 
induction of cytolytic effector lymphocytes in MLR. J. Immunol. 124: 
2601-2608 

Heymer B, Schafer H, Schachenmayer W, Haferkamp O, and Schmidt, 
WC. (1971): Streptococcal cell wall structure inducing hepatic 
granuloma. Arch. Path. 92: 84-92 

Hirano T. (1994): Interleukin 6* in The Cytokine Handbook, 2nd ed. 
Academic Press, New York, p. 145 

Hogg N, Bates PA, and Harvey J. (1991): Structure and function of 
intercellular adhesion molecule-1. Chem. Immunol. 50: 98-115 



153 

Hoffmann R, Grewe M, Estler H-C, Schulze-Specking A, and Decker K 
(1994): Regulation of TNF-a mRNA s3nithesis and distrubtion of TNF-a 
mRNA synthesizing cells in rat liver during experimental endotoxemia. 
J. Hepatology. 20: 122-128 

Irving MG, Roll FJ, Huang S, and Bissell DM. (1984): Characterization 
and culture of sinusoidal endothelium from normal rat liver. 
Gastroenterology. 87: 1233-1247 

Jasin HE, Lightfoot E, Davis LS, Rothlein R, Faanes RB, and Lipslq'^ PE. 
(1992): Amelioration of antigen-induced arthritis in rabbits treated with 
monoclonal antibodies to leukoc^e adhesion molecules. Arthritis. 
Rheum. 35: 541-549 

Kavanaugh A, Nichols L, Davis L, Rothlein R, and Lipslqr p. (1993): 
Anti-CD54 (intercellular adhesion molecule-1) monoclonal antibody 
therapy in refractory rheumatoid arthritis. Arthritis. Rheum. 36: S40 

Kita Y, Takashi T, ligo Y, Tamatani T, Miyasaka M, and Horiuchi T. 
(1992): Sequence and expression of rat ICAM-1. Biochimica et 
Biophysica Acta. 1131: 108-110 

Knook DL, and Sleyster CC. (1990): Seperation of Kupffer and 
endothelial cells of the rat liver by centrifugal elutriation. Exp. Cell Res. 
99: 444-449 

Kohashi O, Pearson CM, Watanabe Y, Kotani S, Koga T. (1976): 
Structural requirements for arthritogenicity of peptidoglycans from 
staphylococcus aureus and lactobacillus plantrum and analogous 
synthetic compounds. J. Immunol. 116: 1635-1639 

Komfeld R, and Komfeld S. (1980): Structure of glycoproteins and their 
oligosaccharide units. In: Lennartz, J.L. (ed). The biochemistry of 
glycoproteins and proteoglycans. Plenum Press, New York, London, pp 
1-34. 



154 

Krause RM, and McCarty M. (1961): Studies on the chemical structure 
of the streptococcal cell wall of group A and avariant streptococci, J. 
Exp. Med. 114: 127-140 

Krause RM.(1977): Cell wall antigen of gram-positive bacteria and their 
biological activities. In: Microbiology-1977, edited by D. Schlessinger, 
pp. 330-338. American Society for Microbiology, Washington, D.C. 

Kriegler M, Perez C, DeFay K, Albert I, and Lu SD. (1988): A novel form 
of TNF/cachectin is a cell surface cytotoxic transmembrane protein: 
Ramifications for the complex physiology of TNF. Cell. 53: 45-53 

Kunkel SL, Chensue SW, and Mouton C. (1984): Role of lipojqrgenase 
products in murine pulmonary granuloma formation. J. Clin. Invest. 
74: 514-524 

Kunkel SL, Chensue SW, Strieter RM, Lynch JP, and Remick DG. 
(1989): Cellular and molecular aspects of granulomatous inflammation. 
J. Respir. Cell. Mol. Biol. 1: 439-447 

Kurland JI, Pelus LM, Ralph P, Bockman RS, and Moore MAS. (1979): 
Induction of prostaglandin E synthesis in normal and neoplastic 
macrophages: Role for colony-stimulating factors distinct from effects 
on myeloid progenitor cell proliferation. Proc. Natl. Acad. Sci. USA. 76: 
2326-2330 

Lai A, Fat RFM, Chan Pin Jin, T, van Furth R, and Harboe M. (1980): In 
vitro synthesis of anti-mycobacterial antibodies in biopsies from skin 
lesions of leprosy patients. Infect. Immun. 27: 297-301 

Lalizia G, Dino O, and Pisa R. (1991): Expression of leukocyte adhesion 
molecules in the liver of patients with chronic hepatitis B virus 
infection. Gastroenterology. 100: 749-755 



155 

Lambris JD, Allen JB, and Schwab JH. (1982): In vivo changes in 
complement induced with peptidoglycan-polysaccharide polymers from 
streptococcal cell wall. Infect. Immun. 35: 377-380 

Langley JG, and Borovs DL. (1995): T-l3rmphocyte responsiveness in 
murine schistosomiasis mansoni is dependent upon the adhesion 
molecules intercellualr adhesion molecule-1, lymphocyte function-
associated-1 and very late antigen-4. Infect. Immun, 63: 3980-3986 

Le J, Weinstein D U, and Vilcek J. (1987a): Induction of membrane-
associated interleukin 1 by tumor necrosis factor in human fibroblasts. 
J. Immunol. 138: 2137-2142 

Le J, and Vilcek J. (1987b): Biology of disease: Tumor necrosis factor 
and interleukin-1: cytokines with multiple overlapping biological 
activities. Lab. Invest. 56: 234-248 

Leapman SB, Filo RS, and Smith PG. (1980): In vitro effects of 
cyclosporin A on lymphoQrte subpopulations. I. Supressor cell sparing 
by cyclosporin A. Transplantation. 30: 404-408 

Lehman TJA, Allen JB, Plotz PH, and Wilder RL. (1983): Polyarthritis in 
rats following the systemic injection of lactobacillus casei cell wall in 
aqueous suspension. Arthritis. Rheum. 26: 1259-1265 

Leong PA. and Cohen MS. 1984. Group A streptococcal peptidoglycan-
polysaccharide inhibits phagocytic activity of human 
polymorphonuclear leukocytes. Infection and Immunity. 45: 378-383 

Libby P, Ordovas JM, Birinyi LK, Auger KR, and Dinarello CA. (1986): 
Inducible interleukin-1 gene expression in human vascular smooth 
muscle cells. J. Clin, Invest. 78: 1432-1438 

Lindsley HB, Smith DD, Davis LS, Koch EA, and Lipsky PE. (1992): 
Regulation of the expression of adhesion molecules by human 
synoviocytes. Seminar in Artjritis and Rheumatosm. 21: 330-334 



156 

Lkeda U, Ikeda M, Kano S, and Shimada K. (1994): Neutrophil 
adherence to rat cardiac myocyte by proinflammatoiy cytokines. J. 
cardovascular pharmacology. 23: 647-652 

Lotz M, Jirik F, Kabouridis P, Tsoukas C, Hirano T, Kishimoto T, and 
Carson DA, (1988): B cell stimulating factor 2/interleukin 6 is a co-
stimulant for human thymocytes and T lymphocytes. J. Exp. Med. 167: 
1253-1258 

Malizia G, Dino O, and Pisa R. (1991): Expression of leukocyte 
adhesion molecules in the liver of patients with chronic hepatitis B 
virus infection. Gastroenterology 100: 749-755 

Mallardo M, Gioradno V, Dragonetti E, Scala G, and Quinto I. (1994): 
DNA damaging agents increase the stability of interleukin-1 alpha, 
interleukin-1 beta and interleukin 6 transcripts and the production of 
the related proteins. J. Biol, Chem. 269: 14899-14904 

Manthey CL., Kossmann T, Allen JB, Corcoran ML, Brandes ME, and 
Wahl SM. 1992. Role of Kupffer cells in developing streptococcal cell 
wall granulomas. Am. J. Pathol. 140: 1205-1214 

Marlin SD, and Springer TA. (1987): Purified intercellular adhesion 
molecule-1 (lCAM-1) is a ligand for lymphocyte function-associated 
antigen l(LFA-l). Cell. 51: 813-819 

Marlor CW, Webb DL, Bombara MP, Greve JM, and Blue M-L. (1992): 
Rapid comminication: Expression of vascular cell adhesion molecule-1 
in fibroblastlike synoviocytes after stimulation with tumor necrosis 
factor. Am. J, Patho, 140: 1055-1060 

Mizel BS, Dayer JM, Krane MS, and Mergenhagen ES, (1981): 
Stimulation of rheumatoid synovial cell collagenase and prostoglandin 
production by partially purified lymphocyte-activating factor 
(interleukin-1, Proc. Natl. Acad. Sci. USA. 78: 2474-2477 



157 

Morales-Ducret J, Wayner E, Elices MJ, Alvaro-Gracia JM, Zvaifler NJ, 
and Firestein GS. (1992): a4/|31 integrin (VLA-4) ligands in arthritis: 
vascular cell adhesion molecule-1 expression in synovium and on 
fibroblast-like synoviocytes. J. Immune. 149: 1424-1431 

Moore RN, Oppenheim JJ, Farrar JJ, Carter CS, Waheed AJr., and 
Shadduck RK. (1980): Production of lymphocyte-activation factor 
(interleukin-1) by macrophages activated with colony stimulating 
factors. J. Immunol. 124: 1250-1302 

MuUer WA, Weigl SA, Deng X, and Phillips DM. (1993): PECAM-1 is 
required for transendothelial migration of leukocytes. J. Exp. Med. 178: 
449-460 

Mulligan MS, Varani J, Dame MK, Lane CL, Smith CW, Anderson DC, 
and Ward PA. (1991): Role of endothelial-leukocyte adhesion molecule 
1 (ELAM-1) in neutrophil-mediated lung injury in rats. J. Clin. Invest. 
88: 1396-1406 

Nagelkerke JF, Barto KP, and van Berkel TJC. (1983): In vivo and in 
vitro uptake and degration of acetylated low density lipoprotein by rat 
liver endothelial, KupfTer and parenchymal cell. 258: 12221-12227 

Nauciel C, Fleck J, Martin JP, Mock M, and Nguyen-Huy H. 1974. 
Adjuvant activity of bacterial peptidoglycans on the production of 
delayed hypersensitivity and on antibody response. 4: 532-356 

Nawroth PP, Handley BD, Cassimeris J, Chess L, and Stem D. (1986): 
Tumor necrosis factor/cachectin interacts with endotheli^ cell 
receptors to induce release of interleukin-1. J. Exp. Med. 163: 1363-
1375 

Niesen TE, Alpers DH, Stahl PD, and Rosenblum JL. (1984): 
Metabolism of glycosylated human salivary amylase: in vivo plasma 
clearance by rat hepatic endothelial cells and in vitro receptor mediated 
pinocytosis by rat macropahges. J, Leukocyte. Biol. 36: 307-320 



158 

Norton J, Al-Saffar N, and Sloane JP. (1992): Adhesion molecule 
expression in human hepatic graft-verse-host disease, Bone Marrow 
Transplantation, 10: 153-156 

Ohanian SH. and Schwab JH. (1967): Persistence of group A 
streptococcal cell wall related to chronic inflammation of rabbit dermal 
connective tissue. J. Exp. Med. 125:1137-1148 

Ohanian SH. and Schwab JH, and Cromartie WJ. (1969): Relation of 
rheumatic-like cardiac lesions of the mouse to localization of group A 
streptococcal cell walls. J. Exp. Med. 129:37-43 

Oppenheim JJ, Kovacs EJ, Matsushima K, and Durum SK. (1986): 
There is more than one interleukin-1. Immunol. Today. 7: 45-56 

Oppenheimer-Marks N, Davis LS, Tompkins BD, Ramberg J, and 
Lipsky, PE. (1991): Differential utilization of ICAM-1 and VCAM-1 
during the adhesion and transendothelial migration of hyman T-
lymphocytes. J. Immunol. 147: 2913-2921 

Osbom L, Vassallo C, and Benjamin CD. (1992): Activated endothelium 
binds lymphocytes through a novel binding site in the alternately 
spliced domain of vascular cell adhesion molecule-1. J. Exp. Med. 176: 
99-107 

Picker LJ, and Butcher EC. (1992): Physiological and molecular 
mechanisms of lymphocyte homing. Ann. Rev. Immunol. 10: 561-591 

Postige VA, Garcia-Vicuna R, Diaz-Gonzalez F, Arroyo AG, De 
Landazuri MO, Chi-Rosso G, Lobb RR, Laffon A, and Sanchez-Madrid 
F. (1991): Increased binding of synovial T lymphocjrtes from 
rheumatoid arthritis to endothelial-leukocyte adhesion molecule-1 
(ELAM-1) and vascular cell adhesion molecule-1 (VCAM-1). J. Clin. 
Invest. 89: 1445-1452 



159 

Power C, Kobayashi K, Nishimura T, and Yoshida T. (1994): 
CD11/CD18 and ICAM-1 expression in a murine foreign body 
granulomatous lung model 73: 321-329 

Pujol-Borrell R, Todd I, Doshi M, Bottazzo GF, Sutton R. Gray D, Adolf 
GR, and Feldmann M. (1987): HLA class II induction in human islet 
cells by interferon-g plus tumor necrosis factor of lymphotoxin. Nature. 
326: 304-306 

Ramadori G, Sipe JD, Dinarello CA, Mizel SD, and Colten HR, (1985): 
Pretranslational modulation of acute phase hepatic protein synthesis 
by murine recombinant interleukin 1 (IL-1) and purified human IL-1. J, 
Exp. Med. 162: 930-942 

Rice GE, Munro JB, and Bevilacqua MP. (1990): Inducible cell adhesion 
molecule 110 (INCAM-110) is an endothelial receptor for lymphocytes. 
A GDIl/CD18-independent adhesion mechanism. J. Exp. Med. 171: 
1367-1374 

Ritter DM, Rosen S, Singer M, and McKerrow JH. (1993): ICAM-1 
expression is upregulated during egg deposition in Schistosoma 
mansoni infection. J. Immunol. 150: 6A 

Rosengren S, Olofsson AM, von Andran UH, Lundgren-Akerlund E, and 
Arfors K. (1991): Leukotriene B4-induced neutrophli-mediated 
endothelial leakage in vitro and in vivo. J. Appl. Physiol. 71: 1322-1330 

Ryan RttpfifeitioiB Hh, ^SnJristodoeHi, and Winslow JM. (1991): Vascular 
cell adheison molecule-1 and the integrin VLA-4 mediate adhesion of 
human B cell procursors to cultured bone marrow adherent cells. J. 
Clin. Invest. 88: 995-1004 

Saita M, Yoshida K, Hibi M, TagaT, and Kishimoto T. (1992): Molecular 
cloning of a murine IL-6 receptor-associated signal transducer, gp 130 
and its regulated expression in vivo. J. Immunol. 148: 4066-4071 



160 

Sambrook T, Fritsch E, and Maniates J. (1989): Molecular cloning: A 
laboratory mannual. 2nd edi. Cold Spring Harbor Laboratory Press, 
1.25-1.28 

Sanger F. and Coulson AR. (1975): A rapid method for determining 
sequences in DNA by primed s3nithesis with DNA polymarase. J. Mol. 
Biol. 94: 444-448 

Schleifer KH. (1972): Peptidoglycan types of bacterial cell walls and 
their taxonomic implications. Bact. Rev. 36: 407-477 

Schwab JH. (1979): Acute and chronic inflammation induced by 
bacterial cell wall structure. P. 209-214. Microbiology-1979. American 
Society for Microbiology. Washington, D.C. 

Schwab JH, Allen JB, Anderle SK, Dalldorf F, Eisenberg R, and 
Cromartie WJ. (1982): Relationship of complement to experimental 
arthritis induced in rats with streptococcal cell wall. Immuno. 46: 83-
88 

Scuulz TF, Mitterer M, Vogetseder W, Bock G, Myones BL, and Dierich 
MP. (1988): Identification and characterization of a novel membrane 
activation antigen with wide cellular distribution, Eur. J. Immunol. 18: 
7-11 

Sen GC, and Lendyel P. (1992): The interferon system. J. Biol. Chem. 
267: 5017-5020 

Setareh M. (1993): Role of Kupffer cells in development of streptococcal 
cell wall-induced hepatic granuloma in Lewis rats (dissertation data). 

Shakoor Z, and Hamblin AS.: Increased CD11/CD18 expression on 
perpheral blood leukocytes of patients with sarcoidosis. 90: 99-105 



161 

Shaw RG, Johnson AR, Schulz WW, Zahlten RN, and Combes B. 
(1984): Sinusoidal endothelial cells from normal guinea pig liver: 
isolation, culture and characterization. Hepatology. 4: 591-602 

Sherris JC. (1990): Streptococci. Medical microbiology: an introduction 
to infectious diseases. 291-312 

Shimizu Y, Newman W, Tanaka Y, and Shaw S. (1992): Lymphocyte 
interactions with endothelial cells. Immunol. Today. 13: 106-112 

Sims JE, March CJ, Cosman D, Widmer MB, MacDonald HR, 
McMahan CJ, Grubin CE, Wignall JM, Jackson JL, CaU SM, Friend D, 
Alpert AR, Gillis S, Urdal DL, and Dower SK. (1988): cDNA expression, 
cloning of the IL-1 receptor,a member of the immunoglobulin 
superfamily. Science. 241: 585-589 

Smedsrod B, Pertoft H, Eggertsen G, and Sundstrom C. (1985): 
Functional and morphological characterization of pure Kupffer cells 
(KC) and liver endothelial cell (LEC) prepared by means of density 
separation in Percoll and selective substrate adherence. Cell Tissue 
Res. 639-649 

Smialowicz RT, and Schwab JH. (1977): Processing of streptococcal cell 
walls by rat macrophages and human monoQ^es in vitro. Infect. 
Immun. 17: 591-598 

Smith CW. (1993): Endothelial adhesion molecules and their role in 
inflammation. Can. J. Physio. Pharmacol. 71: 76-87 

Spector WG, and Heeson N. (1969): The production of granulomata by 
antigen-antibody complex. J. Path. 98: 31-39 

Spector WG. (1974): The macrophage: its origins and role in pathology. 
Pathobiol. Ann. 4:33-64 



162 

Springer TA. (1990a): Adhesion receptors of the immune ^stem. 
Nature. 346: 425-434 

Springer TA. (1994): Traffic signals for lumphocyte recirculation and 
leukoQ^e emigration: The multistep paradigm. Cell. 76: 301-314 

Steven MA, Smith CW, and Ward PA. (1993): Adhesion molecules and 
inflammatory injury, FASEB 504-512 

Stout RD, Waksal SD, and Herzenberg LA. (1976): The Fc receptor of 
thymus derived lymphoc3^es. III. Mixed lymphocyte reactivity and cell-
mediated lymphocytic activity of Fc- and Fc+ T lymphocytes. J. Exp. 
Med. 144: 54-68 

Sugita T, Totsuka T, Saito M, Yamasaki K, Taga T, Hirano T, and 
Kishimoto T. (1990): Functional murine interleukin 6 receptor with the 
intracistemal a particle gene product at its cytoplasmic domain: its 
possible role in plasmacytomagenesis. J. Exp. Med. 171: 2001-2009 

Summerfield JA, Vergalla J, and Jones EA. (1982): Modulation of a 
glycoprotein recognition system on rat hepatic endothelial cells by 
glycose and diabetes mellitus. J. Clin. Invest. 69: 1337-1347 

Taga T, Hibi M, Hirata Y, Yamasaki K, Yasukaw K, Matsuda T, Hirano 
T, and Kishimoto T. (1989): Interleukin-6 triffers the association of its 
receptors with a possible signal transducer, gp 130. Cell. 58: 573-581 

Taga T, and Kishimoto T. (1992): Cytokine receptors and signal 
transduction. FASEB. 6: 3387-3396 

Takacs L, Kovacs EJ, Smith MR, Young HA, and Durum SK. (1988): 
Detection of IL-1 alpha and IL-1 beta gene expression by in site 
hybridization: Tissue localization of IL-1 mRNA in the normal C57BL/6 
mouse. J. Biol. Chem. 141: 3081-3095 



163 

Tamatani T, and Miyasaka M. (1990): Identification of monoclonal 
antibodies reactive with the rat homology of ICAM-1 and evidence for a 
differential involvement of ICAM-1 in the adherence of resting versus 
activated lymphocytes to high endothelial cells. International Immunol. 
3: 165-171 

Tanaka A and Emorik K. (1980): Epithelioid granuloma formation by a 
synthetic bacterial cell wall component, muramyl dipeptide (MDP). Am. 
J. Pathol. 98: 733-748 

Tartaglia LA, and Goeddel DV. (1992): Two TNF receptors. Immunol. 
Today. 13: 151-153 

Terry RW, Kwee L, Levine JF, and Labow MA. (1993): Cj^okine 
induction of an alternatively spliced murine vascular cell adhesion 
molecule (VCAM) mRNA encoding a glycosylphosphatidyUnositol-
anchored VCAM protein. Proc. Natl. Acad. Sci. USA. 90: 5919-5923 

Thomhill MH, Li J, and Haskard DO. (1992): Leukocyte endothelial cell 
adhesion: a study comparing human umbilical vein endothelial cells 
and the endothelial cell line EA-hy-926. Scand. J. Immunol. 38: 279-
286 

Tosato G, and Pike EM. (1988): Interferon beta 2/interleukin 6 is a co-
stimulant for human T lymphocytes. J. Immunol. 141: 1556-1562 

Tracy KJ, Fong Y, Hesse DO, Manogue KR, Lee AT, Kuo GC, Lowiy SF, 
and Cerami A. (1987): Anti-cachectin/TNF-monoclonal antibodies 
prevent septic shock during lethal bacteraemia. Nature. 330: 662-664 

Trinckieri G, and Perussia B. (1985): Immune interferon: a pleiotropic 
l3miphokine with multiple effects. Immunol. Today. 6: 131-136 



164 

Tsukui T, Kikuchi K, Mabuchi A, Sudo T, Sakamoto T, Asano G, and 
Yokomuro K. (1994): Production of interleukin-l by primaiy culture 
parenchumal liver cells (hepatocytes). Exp. Cell Res. 210: 172-176 

Uttenhove C, Coulie PG, and Snick J. (1988): T cell growth and 
differentiation induced by interleukin-HPl/IL-6, the murine 
hybridoma/ plasmacj^oma growth factor. J. Exp. Med. 167: 1417-1421 

van der Rhee HJ, van der Burgh-de Winter CPM, and Daems WT. 
(1979): The differentiation of monocytes into macrophages, epithelioid 
cell and multinucleated giant cells in subcutaneous granulomas. Cell 
Tissue Res. 197: 355-378. 

van Furth R, and Sluiter W. (1986): Distribution of blood monocytes 
between a marginating and a circulating pool. J. Exp. Med. 163: 474-
479 

van Oosten M, van de Bilt E, de Vries H, van Berkel TJC, and Johan 
Kuiper (1995): Vascular adhesion molecule-1 and intercellular 
adhesion molecule-1 expressin on rat liver ecels after 
lipopopysaccharide administration in vivo. Hepatology. 22: 1538-1546 

Vassalli P. (1992). The pathophysiology of tumor necrosis factors. 
Annu. Rev. Immunol. 10:411-452 

Vilcek J, and Lee TH. (1991): Tumor necrosis factor: New insights into 
the molecular mechanisms of its multiple actions. J. Biol. Chem. 266: 
7313-7316 

von Andrian UH, Hansell P, Chambers JD, Berger EM, Filho IJ, 
Butcher EC, and Arfors K-E. (1992): L-selectin function is required for 
beta-2 integrin-mediated neutrophil adhesion at physiologic sheer rate 
in vivo. Am. J. Physiol. 263: H1034-H1044 

von Andrian UH, Berger EM, Ramezani L, Chambers JD, Ochs HD, 
Harlan JM, Paulson JC, Etzioni A, and Arfors K. (1993): In vivo 



165 

behavior of neutrophils from two patients with distinct inherited 
leukocyte adhesion deficieicy syndromes. J. Clin. Invest. 91: 2893-
2897 

Vonderheide RH, and Springer TA. (1992): L3miphocyte adhesion 
through VLA-4: evidence for a novel binding site in the alternatively 
spliced domain of VCAM-1 and addional alpha 4 integrin counter 
receptor on stimulated endothelium. J. Exp. Med. 175: 1433-1442 

Wahl SM, Allen JB, Dougherty S, Evequoz V, Pluznik DH, Wilder RL, 
Hand AR and Wahl LM. (1986): T lymphocyte-dependent evolution of 
bacterial cell wall-induced hepatic granulomas. J. Immunol. 137: 
2199-2209 

Wahl SM, Hunt DA, Allen JB, Wilder RL, Paglia L, and Hand AR. 
(1986): Bacterial cell wall induced hepatic granulomas. An in vivo 
model of T cell dependent fibrosis. J. Exp. Med., 163: 884-902 

Wahl SM. (1988): Fibrosis: Bacterial cell wall-induced hepatic 
granuloma inflammation: Basic principles and Clinical Correlates, 
edited by Gallin, J.I., Goldstein, I.M., and Snyderman, R. New York. 
Raven Press, pp 841-860 

Wahl SM, Hunt DA, Bansal G, McCARTNEY-FRANCIS N, Ellingsworth 
L, and Allen JB. 1988. Bacterial cell wall-induced immunosuppression. 
Role of transforming growth factor B. J. Experimental Medicine. 168: 
1403-1417 

Wilder RL, Allen JB, Wahl LM, Calandra GB, and Wahl SM. (1983): The 
pathogenesis of group A streptococcal cell wall-induced polyarthritis in 
the rat: comparative studies in arthritis resistant and susceptible 
inbred rat strains. Arthritis. Rheum. 26: 1442-1451 

Williams AJ, Atkins RC, Fries JWU, Gimbrone Jr. MA, Cybulslq^ M, 
and Collins T. (1992): Nucleotide sequence of rat vascular cell adhesion 
molecule-1 cDNA. Biochimica et Biophysica Acta. 1131: 214-216 



166 

Wisse E, van't Noordende JM, van der Meulen J, and Daens W Th, 
(1976): The pit cell: description of a new type of cell occuring in rat liver 
sinusoids and peripheral blood. Cell Tissue Res. 173: 423-435 

Wong GG, and Clark SC. (1988): Multiple actions of interleukin 6 
within a cytokine network. Immunol. Today. 9: 137-139 

Yassin RJ, and Hamblin AS. (1994): Alternated expression of 
CD 11/CD 18 on the peripheral blood phagocytes of patients with 
tuberculosis. Cli. Exp. Immunol. 97: 120-125 

Yocum DE, Allen JB, Wahl SM, Calandra GB, and Wilder RL. (1986): 
Inhibition by cyclosporin A of streptococcal cell wall-induced arthritis 
and hepatic granulomas in rats. 29: 262-273 

Yoshino S, Cromartie WJ, and Schwab JH. (1985): Inflammation 
induced by bacterial cell wall fragments in the rat air pouch. 
Comparison of rat strains and measuremnet of arachidonic acid 
metabolites. Am. J. Pathol. 121: 327-336 

Yount WJ, Fuller CR, Stimpson SA. (1989): Chronic erosive arthritis in 
Rheusus monkeys: induction and reactivation with group A 
streptococcal peptidoglycan-polysaccharide (PG-PS) polymers. Arth. 
Rheum. C63: S91 


