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BRIEF SUMMARY 

During the last six years a new family of cytokines known as chemokines has emerged in the 
field of inflammation. The chemokines can be divided into two subfamilies depending on 
whether the first cysteines in the predicted primary amino acid sequence are adjacent (C-C 
chemokines) or not (C-X-C chemokines). The potential importance of C-X-C chemokines is 
that they are potent chemotactic factors for neutrophils, whereas C-C chemokines appear to 
attract mononuclear cells and granulocytes other than neutrophils with various degrees of 
specificity. They rnay thus play an important role in diseases in which accumulation of 
act ivated leukocytes is a feature. Rheumatoid arthritis (RA) is a chronic inflarnmatory disease 
characterized in part by large infiltration of leukocytes. The work presented in this thesis 
characterizes the regulation of chemokine gene expression in synovial fibroblasts of patients 
suffering from RA. It was found that synovial fibroblasts of patients suffering from RA could 
be a major source of several C-C and C-X-C chemokines. Thus, the local synthesis of 
chemokines by synovial fibroblasts rnay be an important mechanism by which inflammatory 
ceIls such as neutrophils, monocytes/macrophages and T lymphocytes are recruited to the 
inflamed joint in RA. In addition, these studies showed that phagocytosing neutrophils are 
also a major source of several C-X-C and C-C chemokines. However, C-X-C and C-C 
chemokine gene regulation in neutrophils is differentially regulated depending on the nature 
of the phagocytic particles being ingested. With respect to the latter findings, it was shown 
that secretion of C-X-C chemokines was favored and that of C-C chernokines was inhibited. 
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LONG SUMMARY 

Rheumatoid arthritis (RA) is a systemic chronic auto-immune disease characterized by 
the dismption of the normal structure and function of the joint. As a site of an intense 
inflammatory reaction, the synovitis of chronic RA contains a heterogeneous population of 
leukocytes. During the past years, several studies have focused on the mechanisms that enable 
the homing of inflamrnatory cells to the synovium of patients suffering from RA. However, 
the recent discovery of chemokine gene superfamily has brought novel insights to the study 
of the migration of inflammatory cells. The purpose of t!!is thesis was to investigate the effect 
of cytokines such as TNFa, IL-1, IFN--y, IL-4 and GM-CSF on the expression and secretion 
of chemokines by synovial fibroblasts of patients suffering from RA and by peripherai blood 
neutrophils from normal donon. In the first part of this study, it was shown that upon 
stimulation with TNFa or IFNy. synovial fibroblasts of patients suffering from RA were able 
to produce MCP-1. This induction was regulated at both the level of gene expression and 
protein secretion. TNFa and IFNy, in combination, exerted a synergistic effect on both 
MCP-1 mRNA accumulation and protein production. Moreover, both TNFa and IL-I 
stimulated the production of RANTES and IL-8 by synovial fibroblasts. Preincubation of the 
synoviocytes with cycloheximide "superinduced" the level of IL-8 mRNA stimulated by TNFa 
and IL-18 and RANTES mRNA stimulated by IL-lp, but decreased the expression of 
RANTES mRNA in response to TNFcY. Differential regulation of IL-8 and RANTES genes 
was observed when synoviocytes were stimulated with a combination of monokines and 
lymphokines. IL4 down-regulated, and 1FN-y enhanced the TNFa-and IL-l/3-induced level 
of RANTES rnRNA. whereas the induction of IL-8 mRNA by TNFa or IL-1/3 was inhibited 
by IFNr and increased by IL-4. In response to activation by monokines and lymphokines, 
synovial fibroblasts also expressed mRNA for MCP-2, but not MIP-la, MIP-1B or 1-309. 
Differential expression of MCP-1, MCP-2 and RANTES was observed depending on the 
combination of monokines and lymphokines to which the cells were exposed. Overall these 
observations suggest that the nature of the leukocyte infiltrate in an inflammatory site may 
depend on the class of immunity occurring at the site of inflammation. In the presence of a 
single monokine, such as TNFa or IL- 16. synovial fibroblasts may release several chemokines 
including IL-8, RANTES, MCP-1 and MCP-2, with the result that a chernotactic signal for 
monocytes, neutrophils and memory T cells may ensue since are the chief targets for these 
chemokines. However, in the presence of lFNy the production of RANTES, MCP-1 and 
MCP-2 may be increased, and t5at of IL-8 inhibited. This may resulü in preferential 
recmitment of monocytes and memory T cells. a situation that could refl ect the pattern of 
leukocytes homing in RA. In contrast. the presence of IL-4, a Th2 lymphokine, could result 
in the increased release of IL-8 and MCP-1. and inhibition of RANTES expression, leading 
to the recruitment of neutrophils and monocytes, but the exclusion of memory T cells. 

In the second part of this thesis, 1 examined the ability of peripheral blood neutrophils 
from normal donors to produce chemokines. It was demonsnated that neutrophils can be a 
major source of both C-X-C and C-C chemokines. Peripheral blood neutrophils challenged 
with TNFa, GM-CSF, soluble IgG and phagocytic agonisa (opsonized zymosan, opsonized 
staphylococcus Aurem or the inflammatory rnicrocrystals MSU and CPPD) differentiaIIy 
regulate the expression and secretion of the chemokines IL-& MIP-la and MIP-16. 
Activation of Fc receptors (soluble IgG) or GM-CSF receptors iailed to induce detectable 



production of MIP-la or accumulation of MIP-La mRNA. In contrast, MIP-la mRNA was 
upregulated in response to TNFa, opsonized zymosan and opsonized bacteria either alone or 
in combination. However, production of MIP-la, as determined by ELISA, was induced only 
when the cells were exposed to TNFa or bacteria either alone or in combination. No 
immunoreactive MIP-la was detected in supernatants of neutrophils stimulated with opsonized 
zymosan indicating that induction of MIP-la protein by TNFa was inhibited upon 
coincubation with zymosan. In contrast to that observed with MIP- l a  gene expression, 
phagocytic stimulation of neutrophils was a potent inducer of IL-8 gene expression and protein 
synthesis in these cells regardless of whether zymosan or heat-killed Staphylucuccuc Aureur 
was used as an agonist. Moreover, production of IL-8 induced by the cytokines GM-CSF and 
TNFar was shown to be enhanced by phagocytosis. These results suggest that neutrophils 
exposed to cytokines such as TNFa andior GM-CSF at sites of inflammation or gram-positive 
infection (Staphylococcus Aureus), rnay produce both MIP-la and IL-8, resulting in 
generation of signals for the recruitrnent of mononuclear leukocytes and neutrophils 
respectively . However, when neutrophils phagocytose particles possibl y in the context of 
clearing ce11 chemoattractant (MIP- la) is inhibited whereas that of the neutrophil 
chemoattractant (IL-8) is enhanced. The latter findings suggest an important mechanism by 
which the irnrnurie systern controls inflammatory ce11 traficking within injured, infected or 
inflamed tissue. 

Inflarnrnatory microcrystais MSU or CPPD induced IL-8 gene expression and protein 
secretion, however, they failed to induce C-C chemokines in neutrophils. Moreover, they 
inhibited the expression of MIP- 1a induced by TNFa. Northern blot analysis failed to detect 
mRNA for any other known C-C chemokine testeci, including MCP-1, MCP-2, MCP-3, 
RANTES or 1-309, in unstimulated cells, or cells incubated with TNFa, GM-CSF, MSU or 
CPPD, either alone or in combination. These results therefore raise the possibility that the 
failure of inflammatory microscrystals to direct1 y induce MIP- 1 a (and probabl y MIP- 18) 
production. as well as their ability to inhibit the production of MIP-la by neutrophils in 
response to TNFa, may prevent the generation of a chernotactic signal by neutrophils that 
could potentially attract a wide range of mononuclear cells, including monocytes and 
lymphocytes. Under the same conditions, IL-8 production is enhanced. an effect that is likely 
to increase neutrophil recruitment. These observations therefore provide an autocrine 
mechansim for amplification of neutrophil recruitment to the gouty joint. 

In vivo studies had previously shown that purified murine MIP- 1 (a mixture of MIP- la 
and Ip) stimulated neutrophil recruitment to the site of injection in rat and mouse. Also, since 
it ha been suggested that the major cellular targets for the biological activities of the C-C 
chemokines are the mononuclear leukocytes, the ability of recombinant human MIP- l a  and 
MIP- lp  to affect neutrophil function Ni vitro was then examined. The results of this study 
showing that neither MIP-la nor MIP-IS stimulated signifiant neutrophil activation, as 
determined b y actin polymerization, chemotaxis, degranulation and the resp iratory burst, thus 
support the idea that the biologic effects of C-C chemokines are not directed toward 
neutrophils. 

By showing that synoviocytes and neutrophils are a source of chemokines, the results 
presented in this thesis have contributed to furthering our understanding of the possible 



mechanisms involved in the recruitment of leukocytes populations to an in flamed joints and 
the role that synovial fibroblasts rnay play. Moreover, with regards to the nature of stimuli 
or p hagocytozed particles, the differential regulation of C-X-C and C-C c hemokines secretion 
in phagocytosing neutrophils suggesu an important mechanism by which neutrophils rnay 
contribute to host defence. 
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RÉSUMÉ BREF 

Au cours des six dernières années, une nouvelle famille de cytokines, connue maintenant sous 
le nom de chémokines a vu le jour dans le domaine de l'inflammation. Cette famille se divise 
en deux classes majeures. Cette division est basée sur leur structure primaire en acides aminés, 
où les premiers résidus cystéines sont soit adjacents, ou bien séparés par un acide aminé. Les 
chémokines exerçant un effet chimiotactique sur les leucocytes et dont les deux premiers résidus 
cystéines se succèdent sont dits des chémokines C-C. Dans le cas où les chémokines suivent la 
deuxième règle, on les qualifie de chémokines C-X-C. Leur rôle dans l'inflammation se 
distingue par leur activité biologique. Les chémokines C-X-C attirent et activent spécifiquement 
les neutrophiles, alors que les chémokines C-C exercent leur effet chimiotactique sur les cellules 
mononucléées et quelques cellules polynucléées, et sont ainsi importantes dans I'accumulation 
des leucocytes aux sites inflammatoires. L'arthrite rhumatoide (AR) se caractérise par une 
grande infiltration de leucocytes dans le liquide et le tissu synovial. Le travail présenté dans 
cette thèse se penche sur l'expression et la sécrétion des chémokines par les fibroblastes 
synoviaux (synoviocytes) qui constituent la partie majeure de la membrane synoviale arthritique. 
Il a été démontré que les synoviocytes provenant de patients arthritiques sont une source 
importante des chémokines, qui appartiennent aussi bien à la classe des chémokines C-X-C qu'à 
la classe des C-C. De cette manière, la synthèse locale des chémokines par les fibroblastes 
synoviaux peut jouer un rôle crucial dans l'inflammation observée chez les patients atteints 
d'AR. La contribution des synoviocytes dans ce cas peut amplifier la réaction inflammatoire au 
niveau des articulations, en recrutant des neutrophiles. monocyteslmacrophages et lymphocytes 
T. L'étude présentée ici a aussi démontré que les neutrophiles ont la capacité de sécréter des 
chémokines provenant des deux classes. Par contre, la sécrétion des chémokines C-X-C et C-C 
chez les neutrophiles phagocytaires est contrôlée d' une manière différente, et dkpendante de la 
nature des particules phagocytées. II a aussi été observé que la sécrétion des membres de la 
classe C-X-C est favorisée et celle de la classe C-C est inhibée lors de la phagocytose. 
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RÉSUMÉ LONG 

L'arthrite rhumatoide (AR) est une maladie auto-immune chronique caractérisée par la 
rupture de la cohésion normale de la fonction et la structure des articulations. L'AR est le site 
d'une intense activité inflammatoire où on trouve une quantité cons idérable de cellules 
infiammatoires. Au cours des dernières années, beaucoup de travaux de recherches dans le 
domaine de l'arthrite ont été consacrés à l'élucidation des mécanismes par lesquels se fait la 
migration des leucocytes vers le liquide et le tissu synovial. De même, la découverte récente 
des chémokines a donné un souffle nouveau aux chercheurs oeuvrant dans le domaine de 
l'inflammation. Le but de cette thèse était d'investiguer l'effet des cytokines telles que TNFa, 
IL-16, IFNy, IL-4 et GM-CSF sur l'expression et la sécrétion de chémokines par des 
fibroblastes synoviaux (synoviocytes) provenant de patients souMant d'AR, et par d u  
neutrophiles de candidats normaux. Dans la première partie de cette thèse il a été démontré que 
la stimulation des fibroblastes synoviaux par les cytokines inflammatoires TNFor ou IFNy 
induisait la sécrétion du MCP-1. La présence simultanée de TNFa et d'IFNy a provoqué un 
effet synergétique sur la synthèse du MCP- 1. Cet effet a été observé au niveau de l'expression 
de I '  ARN messager et de la synthèse protéique. De la même manière, la stimulation des 
synoviocytes par du TNFa et de l'IL-16 a induit la sécrétion de RANTES et d'IL-8. Une pre- 
incubation des synoviocytes avec de la cycloheximide a provoqué une superinduction de 
l'expression de 1' ARNm de l'IL-8 chez les synoviocytes stimulés par le TNFa et l'IL- 10. Le 
phénomène de superinduction a aussi été observé au niveau de l'expression de I'ARNrn de 
RANTES chez les synoviocytes stimulés par l'IL-1fl. Lorsque les synoviocytes étaient stimulés 
par le TNFa, on a assisté à une diminution de l'expression de RANTES. Une régulation 
différentielle au niveau de l'expression de 1'11-8 et de RANTES a été constatée lors d'une 
combinaison de monokines et de lymphokines. Les synoviocytes incubés avec des monokines 
et de l'IL-4 ont subit une diminution de l'expression de RANTES, toutefois l'incubation avec 
des monokines et de 1' IFNT a augmenté cette expression. Par contre, dans les mêmes conditions 
I'expression de l'IL-8 a été inhibée par I'IFNy et augmentée par l'IL-4. L'activation des 
synoviocytes avec des monokines ou lymphokines a induit l'expression de I'ARNm de MCP-2, 
mais pas l'expression de MIP-la, MIP- 1B ou 1-309. L'expression différentielle de MCP- 1, 
MCP-2 et RANTES a montré être dépendante de la combinaison des monokines et lymphokines 
stimulant les fibroblastes synoviaux. En général ces observations suggèrent que la variété en 
leucocytes de l'infiltrat au site inflammatoire peut être liée au type de monokines et lymphokines 
présentes dans une réponse immunitaire. Dans le cas où les synoviocytes sont en contact avec 
une seule rnonokine comme l'IL-1B ou le TNFa, on assiste à une sécrétion d'IL-8, RANTES, 
MCP-1 et MCP-2, avec un signal chimiotactique qui attire les monocytes. les neutrophiles et les 
lymphocytes T de type mémoire. Par contre, dans la présence d' IFNy , une lymphokine de type 
Thl, la production de RANTES, MCP-1 et MCP-2 est augmentée et celle de l'IL-8 est inhibée. 
Cette combinaison va favoriser la migration de monocytes/macrophages et de lymphocytes T de 
type mémoire au site de l'inflammation. Cette situation peut réfléter l'image histologique 
observée de la migration des leucocytes dans la membrane synoviale des patients atteints d'AR. 
Dans le cas contraire, la présence de l'IL-4 qui est une lymphokine de type Th2. favorisera la 
production de l'IL-8 et de MCP-1, et une inhibition de RANTES, résultant dans le recrutement 
des neutrophiles et les monocytes, et l'exclusion des lymphocytes T. 



Dans la deuxième partie de cette thèse. j'ai examiné la production des chémokines par 
des neutrophiles sanguins provenants de donneurs normaux. II a été démontré que les 
neutrophiles sont une riche source de chémokines C-X-C et C-C. Les neuuophiles stimulés par 
le TNFa, GM-CSF, IgG soluble et stimuli de la phagocytose (zymosan opsonisé, staphylocoque 
Aureus opsonisé ou les microcristaux inflammatoires MSU et CPPD) régulent de façon 
différentielle l'expression et la sécrétion des chemokines IL-8. MIP- I a  et MIP- 16. L'activation 
des récepteurs Fc par des IgG solubles ou les récepteurs GM-CSF chez les neutrophiles n'a pas 
induit d'effet détectable au niveau de l'expression et la production de MIP- la .  Par contre. une 
augmentation significative de 1' ARNm de MIP- l a  a été observée chez les neuuophiles stimulés 
par TNFa, zymosan et bactérie opsonisés. Contrairement à l'expression de I'ARNm de MIP- 
la, la production protéique a été détectée par ELISA uniquement chez les neutrophiles stimulés 
par TNFa ou bactérie opsonisée et pas chez les neutrophiles stimulés par du zymosan opsonisé. 
L'effet combiné de la stimulation de neutrophiles par du TNFol et du zymosan opsonisé a 
complètement inhibé la sécrétion de MIP-la générée par I'effet unique du TNFa. La dernière 
situation n'a pas été observée dans le cas où le TNFa est combiné avec des bactéries opsonisées, 
indiquant que la présence de zymosan opsonisé a inhibé l'effet du TNFa sur la production de 
MIP-la. Dans les mêmes conditions nous avons examiné la sécrétion de l'IL-8. 
Comparativement à la production de MIP- La, l'IL-8 a été secrétée et I'effet combiné des 
différents agonistes stimulateurs de la phagocytose avec du TNFa ou du GM-CSF avait un effet 
additif ou synergétique dans certains cas. Ces résultats suggèrent que les neutrophiles exposés 
à des cytokines comme le TNFa ou le GM-CSF avec des bactéries de type gram+ 
(staphylocoque Aureus) aux sites inflammatoires peuvent produire les deux chemokines, IL-8 
et MIP-la, une situation favorisant la migration de cellules monucluéées et de neutrophiles au 
site inflammatoire. Dans un contexte de nettoyage du système, la production de MIP-lot est 
inhibée et celle de l'IL-8 est favorisée, dans les neutrophiles phagocytant des particules qui ne 
sont pas pathogènes. Ce signal va augmenter davantage la migration spécifique de neutrophiles. 
Ces observations suggèrent un lien important entre le type de leucocytes présents aux sites 
inflammatoires et le type de la réaction immunitaire en cours. 

Les microcristaux inflammatoires MSU et CPPD induisent I'expression et la sécrétion 
de l'IL-8. Dans notre étude par contre ils n'ont pu stimuler l'expression et la production des 
chémokines C-C par les neutrophiles. MSU et CPPD ont inhibé la sécrétion de MIP-la induit 
par l'effet du TNFa. L'expression du I'ARNrn de MCP-1. MCP-2, MCP-3, RANTES ou 1-309 
chez les neutrophiles stimulés par TNFa, GM-CSF, MSU ou CPPD seul, ou en combinaison 
n'a pas été détectée par une analyse (Northern bloc). Ces résultats proposent que les 
microcristaux inflammatoires MSU et CPPD ont inhibé chez les neutrophiles le seul signal qui 
pouvait être généré par MIP-la (et probablement MIP- LP) pour pouvoir déplacer les cellules 
mononucléées telles que les monocytes et lymphocytes T au site inflammatoire, mais qu'ils ont 
par contre augmenté celle de I'IL-8. Depuis que l'on sait que l'IL-8 est un puissant facteur 
chimiotactique pour les neutrophiles, ces nouvelles données proposent un mécanisme 
d'amplification autocrine qui favorise davantage la migration des neutrophiles au fluide synovial 
des patients atteints de la goutte. 

Finalement. des études in vivo ont montré que l'injection de MIP-1 murin (une mixture 
de MIP-la  et 10) chez le rat et la souris a provoqué une mobilisation de neutrophiles au site 
d'injection. En plus, depuis qu'il été suggéré que I'effet biologique des chemokines C-C 



s'exerce uniquement sur les leucocytes mononucléés, l'effet biologique du MIP- 1 a et M 1 P- 16 
humain recombinés a été examiné chez le natrophile humain. Les résultats de cette étude a 
démontré que ni MIP- la ou MIP- 16 avait un effet significatif sur l'activation des neutrophiles. 
Cette activation des neutrophiles a été évaluée au niveau de la polymérisation de I'actine, de la 
dégranulation et de l'explosion oxidative. Les données obtenues confirment l'idée générale que 
les chémokines C-C sont spécifiques pour les leucocytes mononucléés et certains granulocytes, 
mais pas les neutrophiles. 

En montrant que les synoviocytes et les neutrophiles sont une riche source de 
chémokines, les résultats présentés dans cette thèse ont contribué à faire avancer noue 
compréhension sur les mécanismes possibles impliqués dans la migration des leucocytes et sur 
le rôle et la contribution de la membrane synoviale dans la dégradation des articulations chez 
des patients arthritiques. Plus encore, la nature des particules phagocytées par les neutrophiles 
jouent un rôle crucial dans la régulation de la sécrétion des chemokines C-C et C-X-C, un 
résultat qui suggère que les neutrophiles jouent un rôle important dans la défense immunitaire. 
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1. Rhewnatoid arthritis: 

1.1. Introduction. 

Rhtumatoid arthritis (RA) is a chronic systemic and articular inflammatory d isorder of 

unknown etiology which has a world wide distribution and involves al1 racial and ethnic 

groups. RA is histoiogically characterized by a proliferation of the cells comprising the 

synovial membrane as well as by an invasion of the synovial environment, including the 

synovial fluid, b y leukocytes [ 1,2]. The cl inical presentation of RA is highly variable, rang ing 

from a mild to a destructive polyarthritis. In normal joints, the synovial lining layer consists 

of one or two iayers of heterogeneous cells called type A and type B synoviocytes. However, 

the normal architecture of the synoviai membrane in patients with RA is markedly disrupted. 

With regard to the latter, the lining layer is composed of more than two layers, a phenomenon 

that is called hyperplasia. The hyperplastic lining is invaded by different populations of 

leukocytes [3,4]. Most of the information collected on these lining layer celis cornes from 

snidies where the synovial membrane has been digested and placed in culture. The ceil 

mixture resulted from digestion is allowed to adhere to the culture plastic dishes. The cells 

remaining in the supernatant are then removed and the adherent cells (a mixture of synovial 

fibroblasts and synovial macrophages) are allowed to grow to confluence. Two major ceIl 

types aise from normal osteo-anhritic and rheumatoid synovial tissue. These cells are called 

type A (macrophage-like) and type B (fibroblast-like) cells [5,6]. The type B cells are 

myeloid marker-negative and do not phagocyte, that is, they exhib it a " fibroblast-1 ike" 

morphology in long-term culture. In contrast, type A synoviocytes express myeloid markers, 

such as Mo-1, and are phagocytic. When rheumatoid tissue is placed in culture, the cells 

present for the first three passages are likely to be a mixture of type A and type B 

synoviocytes. After the third passage only type B synoviocytes remain in culture [7,8,9]. 

1.2. Cytokines and rheumatoid arthritis: 

Cytokines in general play a pivotal role in many normal and pathological events, including the 

generation of immune responses, inflammatory reactions, remodell ing of tissues, angiogenesis 

and neoplastic transformation of cells. The term cytokine describes several small, 7-40 kD 

polypeptides including interleukins, growth factors, IFNs, TGFs. CSFs and chemokines. 



Prior to maturation within the cytoplasm, cytokines are subject to different post-translational 

modifications, involving glycosylation and proteolytic cleavage. Several studies have 

documented the role of cytokines and their implication as a key controller of infiammation and 

irnmunity [IO-181. Herein, 1 describe the major characteristics of cytokines such as TNFa, 

IL-1, IFNy, GM-CSF and I L 4  and their possible implication in RA. 

1.2.1. Tumor necrosis factora (TNFa) : 

The human TNFa-gene is located on chromosome 6 and encodes a prohormone of 233 amino- 

acids [l9,2O]. Subsequent to cleavage, a mature form of TNFa is released [2 1,221. TNFa 

is produced by a variety of cell types including monocytes/macrophages lineage, T and B 

lymphocytes, mast cells, basophils, eosinophils, NK cells. asuocytes, Kupffer cells, 

keratinocytes, and some Nmor cells from colon, breast and brain. LPS is considered the most 

powerfbl stimulus for the expression and secretion of TNFa [23,24,25], although other 

cytokines such as IL-1, IL-2, GM-CSF, complement products and TNFa itself also upregulate 

the expression and secretion of TNFa. TNFa exerts its effects through two different forms 

of receptors, known as TNFa-Rl(55 kD) and TNFa-R2(75 kD). The two forms of TNFa- 

receptor differ in size and binding affinity (26.27. The extracellular domains of TNFR55 and 

TNFR75 share 28% identitiy, however, the intracytoplasmic domains of the two receptors do 

not share signifiant homology, suggesting distinct signal transduction pathways. TNFR55 

appears to be more relevant biologicall y than TNFR75. TNFR55-dependent biolog ical 

responses includes IL-6 and IL-2 receptor expression, PGE, production, MHC 1 and II ce11 

surface antigen expression, accumulation of c-fos and necrosis [26,27]. Moreover, TNFR55 

has been shown to aigger second messenger systems such as phospholipase A,, protein kinase 

C and phospholipase C. On the other hand, TNFR75 has been reported to exert a cytotoxic 

effect in fibroblasts and proliferation of thymocytes [26,27,28]. Signalling through TNFR75 

remain largely unknown. The biological effects of TNFa cover a wide spectrum of activity 

on a variety of cell types. TNFa was first described as a cytokine that was cytotoxic to tumor 

cells in vitro [29]. In neutrophils, TNFa was shown to enhance neutrophil degranulation [30], 

leukotriene synthesis [3 1,321, arachidonic acid release [33], neutrophil respiratory burst 

[34,35] and IL- lra expression [36]. The importance of TNFa in rheumatoid arthritis stems 

from several observations. TNFa protein was found in the synovial fluid of more than 50% 



of rheumatoid patients, especially those who were in an active phase of the diseasr [37.38,39]. 

TNFa appears to be the cause oi  septic shock [40], and has been shown to stimulate PGE, and 

collagenase production in cultured synovial fibroblasts and chondrocytes. as well as bone 

resorption and fibroblast proliferation [4 11. It has also been shown that blockade of TNFa 

with specific neutralizing antibodies inhibits the spontaneous release of both IL- L [42] and 

GM-CSF [43] in cultured rheumatoid synovial cells. Further evidence for an important role 

for TNFa in arthritis cornes from studies on transgenic mice. The 3'-untranslated region of 

the TNFa gene possesses sequences that mediate the rapid degradation of TNFa mRNA, 

leading to only transient protein production. Transgenic mice carrying a 3'-modified human 

TNFo! cDN A spontaneousl y developed destructive arthritis 1441. Furthermore, mice treated 

with monoclonal antibodies to human TNFa protein prevented development of RA 1451. 

Recent studies on collagen-induced arthritis in rats and mice have confirrned the importance 

of TNFa in RA. Intraarticular injection of TNFa either prior to or after the induction of 

col lagen-induced arthritis worsens the pathop h ysiolog ical state of the d isease [45,46]. Us ing 

monoclonal antibodies against TNFa in this animal mode1 of inflammatory arthritis 

significanrly diminished the severity of the inflammatory response and joint destruction 

[47,48,49]. 

1.2.2. Interleukin-1 

Interleukin-1 (IL-1) is a product of activated monocytes and macrophages [50-551, B 

lymphocytes, endothelial cells, neutrophils, keratinocyw, astrocytes and rnesangial cells. 

Two forms of interleukin-1 have been describeci, IL-la (17.5 kD) and IL- 1B (17.3 kD). Both 

IL-La and IL-16 display similar activities. The two forms are synthesized as precursor 

peptides of 31 kD. The precursor of IL-la has 271 amino acids is biologically active. IL-lj3 

precursor with 263 amino acids needs to be cleaved by an enzyme IL-1-converting enzyme, 

(ICE), before being secreted by the cell. Two distinct IL- l receptors have been characterized: 

IL- 1 EU and IL- 1 FUI. The two ligands (IL- La and 16) bind to the two receptors with different 

affinities [50-551. The difference between the two receptors raides in the length of their 

cytoplasmic domains: 213 amino acids in type 1 receptor and 29 in type 11. IL-1 Ri  is present 

on T cells, endothelial and epithelial cells, and chondrocytes. IL- 1 R II is present on B cells, 

neutrophils and macrophages. IL-1 RI1 does not appear to induce signal transduction and 



therefore rnay act as an inhibitor of IL-1 [50]. A soluble form of IL-LRII has been identified 

in normal human plasma. synovial fluid and supernatant of several human ce11 lines [SOI. 

Over the last decade, the results of several studies have provided support for a 

proinflammatory role of I L 4  in infiamcd jcint of patients suffering from RA. It was found 

that elevated levels of IL-la and IL-ID proteins are correlated with histological lesions. 

Occasional correlations between IL-1/3 levels in peripheral blood and the severity of the 

disease have been noted. The injection of IL- 1 into animal joints lads to several biochemical 

and biological changes that have been implicated with RA. Theses changes include reduced 

proteoglycan synthesis [56-581, enhanced proteoglycan degradation [57-601 and increased 

suomelysin release into the synovium and cartilage [60-621. Stromelysin is a potent 

connective tissue-degrading enzyme and is the major enzyme responsible for generating active 

collagenase from procollagenase. Cultured rheumatoid tissues showed the presence of high 

levels of stromelysin mRNA [63]. The use of neutralizing antibodies against murine IL- I 

supressed proteoglycan degradation [64,65], maintained normal proteoglycan synthesis [64], 

and prevented both inflammation and cartilage destruction in antigen-induced arthritis in mice 

[66-681. In vitro studies showed that IL- I upregulated the production of PGE, and col lagenase 

in cultured synovial fibroblasts [5 11. The increase at the level of PGE, and collagenase 

expression by I L 1  on synovial fibroblasts may explain in part the reduced resorption and 

cartilage desmction that is observed in later stages of the disease. On the other hand it has 

been demonstrated that IL- 1 induced the production of type 1 and I I I  collagen and reduced type 

II  collagen, which is known to be the predominant form present in a healthy articular cartilage 

[69]. These observations on the the effect of IL-1 lads to a conclusion that the IL4 may play 

a central role in weakning the rheumatoid joint. 

1.2.3. IFNy and GM-CSF: 

Interferons play a major role in antiviral defence as well as exerting other biological ce11 

functions. There are three forms of interferons, IFNa. IFNB and IFNy. The production of 

IFNy is a resuit of clona1 proiiferation of antigen-specific T cells. Following T ce11 

stimulation by an antigen-presenting d l ,  which involves presentation of antigen-MHC classII 

complexes to the T-cell receptor (TCR). C D ~ +  T cells differentiate into either Th1 or Th2 

cells. Th1 cells secrete IL-2 and IFNy and are involved in cell-mediated immune reactions, 



whereas Th2 cells secrete IL-4, IL-5, IL-6 and IL40 [70] which mediate humoral immune 

responses. IFNa and IFNB are products of both activated macrophages and lymphocytes as 

well as other ce11 types. IFNy is present only at low levels in the synovial fluid of patients 

with RA, however its mRNA is expressed in the rheumatoid synovium [7 1 j. 

Macrophages, fibroblasts, endothelial cells and activated lymphocytes are a source of GM-CSF 

upon stimulation with IL-1 and TNFa. GM-CSF stimulates IL4 production [70]. neuuophil 

activation [70] and HLA-DR expression on monocytes [71]. In terms of rheumatoid arthritis, 

it has been reported that GM-CSF is present at high levels in synovial fluids of patients with 

RA [72], therefore, GM-CSF rnay play an important role in regulating the development of 

local arthritic inflammation. Both GM-CSF and IFNy stimulate MHC class II expression by 

synovial macrophages and fibroblasts through their respective recepton [73]. This effect may 

amplify the inflammatory process by enhancing lymphocytes stimulation and production of 

other inflammatory cytokines at an inflamrnatory site such as RA. 

1.2.4. Xnterleukin-4 

IL-4, a product of Th2 cells (see above) [73], was originally identifid as a B ce11 growdi 

factor and regulator of humoral immune pathways [74]. IL-4 has been shown to influence the 

proliferation, differentiation, and activation of many I L 4  receptor-bearing ceIl types [74-781. 

IL-4 supresses many monocyte/macrophage responses. In vitro. IL-4 has been shown to 

inhibit gene expression and secretion of IL-1, TNFol, and IL-6 [80-861 and also to decrease 

PG& [80.83,87 and 0; production [88]. IL-4 may mediate anti-inflammatory effects 

including decreased production of TNFcY, which has many proinflammatory activities as 

mentioned above [88,89.97]. 

1.3. The effector function of CeUs present in the rheumatoid Arthritis joint 

Different types of leukocytes contribute to the initiation and propagation of the immune 

response in rheumatoid synovium and synovial fluid, including T lymphocytes, B lymphocytes. 

macrophage-1 ike synoviocytes, fibroblast-like synoviocytes and neutrophils. Most studies on 

these cells have been conducted on the tissues or synovial effusions of patients with advanced 

RA. Little information has been gathered on the possible role of these cells in early stages 

of RA. 



1.3.1. T lymphocytes 

Anal ysis using l ight and electron microscopy showed a l ymphocyte-rich reg ion within the 

synovial membrane from patients with RA. This region contains about 80% lymphocytes 

which are quiescent in appearance with a few surface markers suggestive of prior activation. 

The predominant T-ce11 type in RA patients is the CD4+ICD45RO+, which represent mature 

memory-type lymphocyte [99]. The CD4+/CD8+ ratio in the synovium ranges from 4: 1 to 

14: 1, however, this contrat is not seen in the synovial fluid where the numbers of CDS+ cells 

(suppressor/cytotoxic) and CD4+ celis (helper) are often equal. The rasons for the presence 

of CD45RO+ T lymphocytes in a greater number within the synovium than in the synovial 

fluid of patients with RA remain unknown. Several pieces of evidence point to T cells being 

irnp~rtant in the development of RA. For instance, it has been shown that spleen and lymph 

node T cells from BALB/c mice with proteoglycan-induced arthritis have the capacity to 

transfer arthritis into irradiated, syngeneic recipients. This transfer was successful under 

special conditions where the recipients animal were subjected to multiple intravenous injections 

of 107 viable celis from mice with established proteoglycan-induced arthritis, which were 

incubated with the antigen (chondroitinase-digested proteoglycan) for 5 days [99]. Since it 

has been observed that T ce11 in the synovium showed an activated phenotype, in vitro studies 

have focused o n  the activation state of T-cells and on the presence of their products such as 

IFNr and IL-2 in a rheumatoid synovium. At the time these studies were conducted, IFNy 

was the only known inducer of HLA-DR on macrophages. Using specific and sensitive 

imrnunoassays, only low concentrations of IFNy were detected in synovial fluids (las than 

0.2 Ulml) [7 1,991. These levels are far below the amounts required to induce maximal HLA- 

DR expression on monocytes. Other studies confirmed that monoclonal antibodies to IFNy 

failed to block HLA-DR expression on monocytes, stimulated by a component of the 

supernatant of synovial tissue cultures. The latter findings suggest that other factor(s) different 

from IFNy may be responsible for the appearance of HLA-DR molecules in 

monocyteslmacrophages, which later was found to be GM-CSF. Assays to detect Th2 

lymphokines such as IL-3 [7l,99], IL-4 [IO01 and TNFP 1171 have also b e n  negative. In 

summary, it appears that the RA synovium contains low or undetectable levels of Th1 or Th2 

lymphokines, raising a question as to whether or not RA is a T-cell mediated disease or 

whether other components of the synovium are responsible for the inflarnmatory process of 



RA. Several hypotheses have been raised to explain the presence of large number of T 

lymphocytes within the rheumatoid synovium in the face of low levels of lymphokines. In 

general, the tissues used in these studies were from patients with advanced rheunatoid 

arthritis in which the biological response was probably an inflammatory response where 

macrophages, neutrophils and cytokines are play ing a major role on articular destruction. It 

is quite likely that at this stage of the disease, the T cells are in a post-activation state where 

they no longer produce large amount of lymphokines. 

1.3.2. Fibroblast-Like synoviocytes and macrophage-üke synoviocytes 

In contrast to T cells, macrophage-like and fibroblast-like synoviocytes in the synovium are 

highly-activated. This statement is based upon rnorphology , surface HLA-DR expression and 

production of cytokines, metalloproteinases and arachidonic acid metabolites. Activation of 

synovial fibroblasts and macrophage-like cells is demonstrated by the presence of different 

cytokines such as IL-1, T N F q  IL-6, GM-CSF, M-CSF (CSF-1) and TGFB, in both RA 

synovial fluids and synovial tissues [17,100-1051. TNFa and IL-16 m RNA were detected 

prirnarily in synoviocytes macrophage-like, IL-6 mRNA was found in both synovial fibroblasts 

and macrophage-like synoviocytes. GM-CSF and TGFB mRNA were detected in synovial 

macrophage-likesynoviocytes. In contrast, mononuclear cells isolated from synovial effusions 

expressed only small quantities of IL- 1, TNFa and IL-6 mRNA [106,107,1081. The capacity 

of the synovial membrane to produce such a variety of cytokines suggests that synovial 

fibroblasts and macrophage-like synoviocytes are key cells in orchestrating the inflammatory 

process in RA. In addition, the activation product of synoviocytes and macrophages. such 

as IL-6 may also activate B-cells, which can contribute to rheumatoid factor (RF) production. 

1.3.3. Neutrophils 

Neutrophils form up to 908 of cells present within synovial fluid of patients with RA [L09], 

and as such have been considered a key player in the articular and extraarticular spread of the 

disease. The active participation of the neutrophil in this disease is supported by the results 

of many studies which have shed light on the role of the neutrophil in both the afferent and 

efferent limbs of the immune response. Neutrophils mature in the bone marrow for 

approximately two weeks before their release into the circulation. During this period of 



maturation neutrophils acquire granules which are a very rich source of a variety of enzymes 

that participate in the destruction of foreign agents [ 1 10, L 1 11. These granules contain enzymes 

such as myeloperoxidase, lysozyme, acid hydrolases. serine proteases and elastase. The latter 

may be of particular importance in the degradation of connective-tissue which is characteristic 

of RA, because it is capable of degrading type II1 [112] and IV collagen [1l3]. Also, these 

granules contain vitamiii B 12-binding protein, lactoferrin and collagenase [ 1 14,1151. 

Collagenase, which has been detected in rheumatoid synovial fluid of patients with RA 

degrades types 1, II, and 111 collagen [116]. A third collagenolytic enzyme released by the 

neutrophil is gelatinase, which can degrade types IV, V, la2a3a and denatured collagen 

[116]. Neutrophils are also a major source of oxygen metabolites which are generated by 

NADPH oxidase system [117]. This significantly decreases the ability of synovial fluid to 

protect the joint cartilage from mechanical stress. Moreover, products of the arachidonic acid 

cascade, such as prostaglandins and leukonienes may contribute in the amplification of 

inflammatory responses. Leukotriene B, (LTB,) stimulates neutrophil chernotaxis [ 1 181, 

degranulation [ 1 191 and homeotypic (neutrop hil-neutrop hil) and heterotypic (neuuop hil- 

endotheliai cells) aggregation [120,12 11. In addition to being the major cell type present in 

the synovial fluid of patients with RA, neutrophils have been identified at the cartilage-pannus 

junction. Ultrastructural studies of the metacarpophalangeal and metatarsophalangeal joints 

of patients with RA have clearly documented the presence of neutrophils at the cartilage- 

pannus junction [l22]. Electron microscopy has also shown that neutrophils incubated with 

rheumatoid articular cartilage attach to, and invade the cartilage by phagocytosing trapped 

immune complexes [123]. Also, several studies have documented that lysosomal enzymes 

released from neutrophils are capable of degrading collagen and proteoglycan components of 

cartilage [ 1 12- 1 151. Neutrophil-mediated cartilage damage is also supported by studies 

showing oxygen radicals released bÿ activated neutrophils can activate latent neutrophil 

collagenase and therefore cause the liberation of proteoglycan and fragments of collagen from 

the cartilage matru [124]. These observations suggest strongly that the presence of 

neutrophils in inflarnmatory site of patients suffering from RA may play a major role in the 

pathogenesis of the disease. 



2. Chemokines 

A new family of cytokines termed chemokines has emerged over the past ten yean. This 

family consists of at least twenty members with a molecular weight that varies between 8 to 

10 kD. The primary amino acid structures of the chemokines reveal a high degree of 

conservation of four cysteines. Depending on the arrangement of the N-terminal cysteines, 

the chemokine family is divided in three subfamilies: C-X-C and C-C chemokines (Figure 1& 

Figure 2). 

2.1. Members of C-X-C chemokines family 

The first member of the C-X-C chemokine family to be characterized was Platelet Factor 4 

(PF4). Its arnino acid sequence was reported in 1977 1125- 1281. PF4 is stored in the a- 

granules of blood platelets. which contain two other chemokines precursors. platelet basic 

protein (PBP) [129] and connective tissue-activating peptide III  (CTAP III) 11301. A decade 

later, interleukin-8 (IL-8) was discovered. IL-8 has been purified from different ce11 sources 

and it was originally isolated from supernarants of cultured human monocytes [13 1-1331. The 

IL-8 rnolecule was identified as a protein of 72 amino acids with a molecular weight of 8 kD 

[132,133]. The open reading frame of IL-8 cDNA codes for 99 amino acids [13 1,1341. IL-8 

protein is released after cleavage of a 20 amino acid signal sequence [ 135- 1371. Depending 

on ce11 type and culture conditions, the mature form of IL-8 is processed differentl y at the 

N-term inus to produce several b iolog ical 1 y-active auncated analogs. To date, two b iolog i d  l y 

active analogs have been identified, the 72-amino acid form which predominates in cultures 

of monocytelmacrophage [ 1361 and the 77-amino acid form which predominates in cultures 

from cells such as endothelial cells [138,139] and fibroblasts [140,141]. Other C-X-C 

chemokines were reported following the discovery of IL-8, including neutrophil-activating 

protein-2 (NAP-2), melanoma growth-stimulatory activity (MGSA). epithel ial dl-derived 

neutrophil-activating protein (ENA-781, granulocyte chemotactic protein-2 (CGP-2). 

interferon-y inducible protein-IO (IP-10) and monokine induced by IFNy (MIG). NAP-2, a 

peptide of 70 amino acids, results from a CO-culture of platelets and monocytes. NAP-2 

precursor-pep tides platelet basic protein (PB P) and its derivative connective tissue-activating 

peptide-III (CTAP-III) are released fkom a-granules upon stimulation of platelets. They are 

processed by N-terminal cleavage into NAP-2 by monocyte proteases [142- 1441. GrolMGSA 



was originally described as a mitogen for the human melanoma ce11 line Hs294 T [145.1461. 

This protein is composed of 73 amino acids, which corresponds to a cDNA (go) isolated from 

a cDNA library prepared from human bladder carcinoma explant [146]. TWO additional Gr0 

gane products Gro @ and Gro y (also known as MIP-~CY and MIP-2@) were later discovered 

[147,148]. The three Gro proteins have about 90% sequence identity and similar neutrophil- 

activating properties [149]. ENA-78 was isolated from human type II epithelial ce11 line A 

549. It  consists of 78 amino acids and has a molecular weight of approximately 8 kD. ENA- 

78 is related to NAP-2 and MGSA (sequence identity 53 % and 52 %, respectively) and IL-8 

(22 % identity) [ 1501. CGP-2 is the lates t C-X-C chemokine described to date. It was purified 

from a conditioned medium of human osteosarcorna cells MG 63 115 11. Its natural form has 

a molecular weight of 6 kD and was found to be suucturally related to the C-X-C chernokine 

farnily which shares about 30 % homology with the other C-X-C chemokinês. IP-10 is die 

only C-X-C chernokine mernber that does not chemoattract or activate neutrophils [152,1531. 

2.1.2. Biotogical activities of C-X-C chemokines in Vitro 

2.1.2.1 Effects on neutrophüs 

Several snidies have documented the effects of C-X-C chemokines on purifed b h d  

neutrophils. The early availability of recombinant IL-8 has facilated the investigation of the 

effects of IL-8 on various cell types, and as a consequence IL-8 is the best characterized of 

the C-X-C chemokines. Initially, the biologieal activity of IL-8 on neutrophil was studied and 

cornpared to that of well-characterized neutrophil attractants and activators such as C5a, 

fMLP, PAF and LTB,. It was found that IL-8 induced a rapid polymerization of actin [154] 

and a release of a-granule enzymes such as vitamin-B12-binding protein and gelatinase 

[155,156]. Also, cytochalasin B-ueated neutrophils stimulated with IL-8 released elastase and 

rnyeloperoxidase [132,155]. Both are enzymes stored in the azurophilic granules. IL-8 also 

enhances the expression of complement receptor type 3 (CD1 lb/CD18) and (CD1 lc/CD 18) 

on neutrophils [157,158]. Moreover, IL-8 promotes the adherence of neutrophils to 

fibrinogen-coated surfaces. monolayers of human umbilical vein endothelial cells [l58,159] 

and enhances the capacity of neutrophils to bind to bacteria and increase their cytosüitic eifect 

[158]. It was also shown that I L 8  stimulate leukotriene and PAF synthesis [160]. Finally. 



it was demonstrated that neutrophils primed with IL-8 doubled their respiratory burst in 

response to N L P  [ 16 1,1621. The biological activities of MGSA. NAP-2 and ENA-78 have 

been compared to that of IL-8. With the exception to IP-10 and MIG. they al1 have the 

capacity to induce calcium mobilization, shape change, chernotaxis and exocgtosis (release of 

azurophilic and &-granules enzymes) [ l43,l49,l5O, 1631. They were also able to activate 

NADPH-oxidase [164]. PF4, PBP and CTAP III  were inactive towards neutrophils [l43,165]. 

2.1.2.2. Effects on monocytes 

Several studies have also focused on the effects of members of C-X-C family towards 

monocytes, and in particular the effect of IL-8. In contrast to neutrophils. IL-8 did not exert 

significant chemotactic effect on monocytes [166,l6T]. However. monocytes were found to 

bind IL-8 labeled with fluorescein [1681 or radioactive iodine 11691 albeit with a lower affinity 

than neutrophils. IL-8 generated a significant increase at the level of intracellular free calcium 

and respiratory burst in human blood monocytes [164]. A similar pattern but a weaker 

response was obtained with MGSA and NAP-2 on monocytes [173]. Moreover, it has bsen 

shown that IP- 10 a C-X-C chemokine which was proven inactive towards neutrophils, exert 

a chemotactic effect on monocytes [1531. 

2.1 J . 3 .  Effects on lymphocytes 

The early studies on the effect of C-X-C chernokines in lymphocytes reported that IL-8 was 

chemotactic for human T lymphocytes in vitro. and induced lymphocyte infiltration within a 

local injection site in rats [174]. In cornparison with neutrophils, IL-8 did not mobilize 

intracellular calcium at concentrations similar to those used in neutrophils [US- 1771. 

However, it has been reported that a rapid and long-lasting increase in inositol phosphates was 

observed in lymphocytes treated with IL-8 or PHA. A recent study showed that IL-8 is not 

chemotactic for T cells, either unfractionated or after separation to C D ~ +  and CD8+ 

phenotype [178]. The latter observation is supponed by the finding that intradermai injection 

of IL-8 did not xtract human lymphocytes [ 179,1801. 

2.1.2.4 Effects on basophüs and eosinophils 

Bamphils play a key role in the events of allergy by secreting a preformed mediaton such as 



histamine and newl y formed mediators such as prostaglandins and LTs. Both pre-and-newly 

formed mediators have a direct effect on the local tissues. Therefore, different laboratories 

have focused their efforts on studying the effect of C-X-C chemokines on basophils. It has 

been found that IL-8, MGSA (gro-a), gro-6 and gro-y were chernotactic for basophils [149]. 

Also, it has been reported that IL-8 induced the release of histamine [180] and peptido 

leukotrienes [18 11 from human blood basophils. The release of the latter products depends 

mainly on the pretreatment of cells with IL-3, IL-5 or GM-CSF [181]. When basophils are 

not pretreated with IL-3 or GM-CSF oniy low levels of histamine were detected, but no 

leukotrienes were released after stimulation with IL-8 [181]. IL-8 and NAP-2 at high 

concentrations induced a rapid calcium mobil ization in basop hils, whereas CTAP-1 II and PF4 

were inactive. IL-3-treated basophils stimulated with concentrations of IL-8 that were 10- 100 

fold lower than those required for the induction of release were found to inhibit the liberation 

of histamine and Ieukotrienes [182]. To date, less is known about the effect of C-X-C 

chemokines on eosinophils. It has been reported that IL-8 induces calcium mobil ization. s hape 

change, release of peroxidase [183 ] and chemotaxis in human eosinophils [184]. 

2.1.3. Biological activities of C-X-C chemokines in vivo 

The relevance of the C-X-C chemokines in terms of chemotaxis was confirrned by studies 

conducted in vivo. It was observed that intradermal injection of IL-8 [l85- 187, NAP-2 [188] 

or MGSA [189] resulted in accumulation of neutrophils at the injection site. Plasma exudation 

depended on the recruitment of neutrophils, and was not observed in neutrophil-depleted 

animals [187,190]. Also, it has been demonstrateci that in the presence of PGE,, picornole 

amounts of IL-8 induced neutrophil infiltration and plasma protein extravasation at the local 

injection site [185,1881. The effect of intradermal injection of IL-8 was rapid and long- 

lasting. The maximum rate of neutrophil influx was reached within 30 min and the w 
presence of neutrophils continues for at least 8 hours [185,186]. The latter event indicates that 

IL-8 is resistant to inactivation and is retained at the site of injection. The resistance of IL-8 

to inactivation was not shared by other neutrophil chemoattractants such as fMLP, C5a, LTB, 

and PAF. which are rapidly metabolized. It is believed that the prolonged effect of IL-8 is due 

to its positive charge, which enables it to bind to the tissue matrix and ce11 membranes thereby 

protecting it from proteolytic degradation. In relation to the above studies, it should be noted 



that intradermal injection of IL-8 did not induce flare, itching or pain. thus IL-8 did not 

generate histamine release by local mast cells. In addition to iu proinflammatory effect, IL-8 

also has an angiogenic effect as it has been shown that IL-8 induces a neovascularization in 

rabbit and rat cornea [191]. 

I L S  
CROa 
CR0 
CR0 y 
NAP-2 
ENA-78 
PF4 
IP-10 
CCP-2 

Figure 1: Amino acid sequence of human C-X-C chemokines. 



2.1.4. C-X-C chemokine receptors 

Recepton for C-X-C chemokines were identified by binding studies performed with human 

neutrop hils. The 1 L-8 receptor was first characterized by cross-desensitization experiments 

using IL-8 and other neutrophil chemotactic factors (fMLP, C5a, LTB4 and PAF). It was 

shown that IL-8 did not crossreact with receptors for these chemotaxins. Two high affinity 

receptors (67 and 59 kD) for IL-8 have been identified on the surface of human neuuophils 

(20000 to 90000fcell) [169,192]. Two different cDNAs encoding IL-8 recep torswere cloned 

from human neutrophils [170,171,172]. Thes two receptors are now known as IL8RA (1711 

and IL-8RB [172]. They share 77% amino acid sequence homology and about 30% hornology 

with fMLP and C5a receptors. Upon ligation, the IL-8 receptor is downregulated via 

internalization. Within 10 minutes, the receptors are recycled on the ce11 surface [l73]. The 

existence of two classes of receptors for IL-8 was shown by competition studies where IL-8 

interactions between NAP-2 and MGSA (GRO-a) were determined [f93]. It was found that 

one receptor referred to as IL-8RB bound IL-8, NAP-2 and MGSA with high affinity and the 

other receptor termed IL-8RA bound only IL-8 with high affinity and NAP-2 and MGSA with 

lower affinity [194j. Other studies have shown that GRO-P, GRO-y and ENA-78 also bind 

IL-8RB [196]. Non chemotactic C-X-C chemokines PF4 and IP-10 do not bind to IL-8 

receptor. Specific receptors for MGSA or NAP-2 have not yet been found. However. a 

receptor for MGSA that does not bind IL-8 was described in the human melanoma ce11 line, 

Hs 294T [194]. A 39 kD binding protein for IL-8 has also been characterized on erythrocytes 

[ 1951. Multiple chemokines (MGSA, MCP- 1 and RANTES) were able to cross-compete with 

IL-8 for binding to this receptor. In the course of characterizing the erythrocyte chemokine 

receptor, it has been noted that erythrocytes from the majority of African Americans did not 

bind IL-8 [MI. Also, the majority of African Americans have the DufQ blood group antigen 

negative (Dufîy negative), which is rare in Caucasians. The Du@ blood group antigen has 

been shown to be required for the invasion of human erythrocytes by the human malarial 

parasite Pl~smodium vivar [195] and the related monkey malaria P. Knowlesi. Moreover, it 

has been shown that both IL-8 and MGSA block infection of human erythrocytes by P. 

Knowlesi. Based on binding studies using a monoclonal antibody rised against the Duffy 

blood group antigen, it has been demonstrated that D u m  blood group antigen is indeed the 

erythroc yte chemok i ne recep tor . 



IL-8 receptors are coupled to heterotrimeric GTP-binding proteins since pretreatment with B. 

pertmsis toxin renders neutrophils unresponsive to IL-8 [ 1761. The famil y of heterotrimeric 

G proteins is composed of a, B and y subunits. The a subunits are GTPases that bind and 

regulate effector enzymes. The binding of Ga subunits with effector enzymes is prevented 

through complex formation with smaller /3 and y subuniü. When IL-8 receptors are 

encountered by an appropriate ligand (IL-81, GDP is exchanged for GTP on the G, subunit 

and this promotes the release of free G a  to interact with its effector. G, subunits of the i/o/t 

subfamiliies are inhibited when they are ADP-ribosylated by B. pertussis. Coupling of the G- 

protein to the IL-8 receptor is essential for high-affinity binding of IL-8. Treatment of 

neutrophil membranes with the nonhydrolyzable analog GTPys, prevented the coupling of Ga 

with 67 subunits to the IL-8 receptor, thus the Ga-GTPyS complex led to a marked dicrease 

in binding affinity for IL-8, GRO-a and NAP-2 [194-1961. 

2.2. Member of the C-C chemokines family 

Unlike C-X-C chemokines, the actions of C-C chemokines are principally directed towards 

mononuclear cells and granulocytes other than neutrophils. The C-C and C-X-C chemokines 

are similar in size and share the same threedimensional protein structure, which is 

characterized by the presence of two intrachain disulfùde bonds. Seven human C-C 

chemokines have been characterized; monocyte chernotactic proteins 1, 2 and 3 (MCP-1, 2 

and 3). macrophage inflammatory proteins-la and 16 (MIP-La, MIP-lp), Regulated upon 

Activation, Normal T cell Expressed and Secreted (RANTES), and I 309. MCP-1 is the best 

characterized C-C chemokine. It was initially purifid from the conditioned media of LPS-or 

PHA-stimulated human peripheral blood mononuclear cells [197], the human myelomonocytic 

cell line (THP- 1) [198] and glioblastoma ce11 lines [199], and cloned from different sources 

[197]. Sequence analysis shows that human MCP-1 is highly homologous to the mouse JE 

gene product [200-2031. The MCP-1 cDNA encodes a 99 amino acid-precursor protein with 

a 23 arnino acid signal peptide that is cleaved to pruduce a 76 amino acid mature protein. 

Two additional monocyte chemoaitractants, sharing about 62 % and 58 % amino acid identity 

with MCP-1, have been identified and termed MCP-2lHC14 and MCP-3. MCP-2 along with 

MCP-3 was purified from the osteosarcorna ce11 line MG-63 [204] have aiso been recentiy 

cloned [205-2071. Human RAMES was discovered by substractive hybridization as a T ce11 



specific gene [208]. RANTES consists of a 91 amino acid precursor polypeptide with a 23 

amino acid signal peptide, which is cleaved to give a 68 amino acid mature form of RANTES. 

Two RANTES isoforms have been purified from platelets and differ from the T Ce11 form in 

that they are O-glycolysated [îOg]. Both human MIP- l a  and MIP- 16 cDNAs encode proteins 

of 92 amino acids with a 2 3  amino acid signal peptide. The mature form of MIP-la or MIP- 

l p  are composed of 68 amino acids. MIP-la and MIP-1B have more than 70% structural 

hornology , however, despite this high homology MIP- la and MIP- 16 exhibit different 

biological effects [2 10-2 121. 1-309 was purified from PHA or PMA-activated human T cells. 

i 309 shares 30 % structural homology with the other C-C chemokines and is the only C-C 

chemokine to have six instead of four cysteines (2131. 

2.2.1. Biological activities of C-C chemokines in vitro 

2.2. 1. 1. Effect on neutrophiis 

Among the C-C chemokines subfamily only MIP-1 has been demontrated as having effecu on 

neutrophils. it has been reported that in mice, MIP-1, which is a mixture of MIP-la  and 

MIP-1B caused foodpad inflammation and local infiltration of neutrophiis. The mixture of 

MIP-10 and 10 was shown to be chemokinetic for human neutrophils and to stimulate 

respiratory burst in adherent neutrophils [2 12,2  141. 

2.2.1.2. Effect on monocytes 

C-C chemokines are potent activators of mononuclear cells. The biological effects of C-C 

chemokines on monocytes have been documented by several studies. It has ben  shown that 

MCP-I [EU, 1991, MCP-2 and MCP-3 [204], RANTES [21q, MIP-la  and-la [217] and I- 

309 [2 161 exerted a chemotactic effect on monocytes in vitro. Also, MCP-1, RANTES and 

MIP- l a  attract the human monocytic ce11 line THP- 1 [2 171. In terms of monocyte activation, 

it was observed that upon stimulation with MCP- 1, RANTES. MIP-la [22 11, MIP- 1#3 122 11 

or 1-309 [2 161 an intracellular calcium mobilization occurred. Moreover, MCP- 1 upregulated 

the ce11 surface expression of C D 1  1WCD18 and CD1 lclCD18 integrins, and the production 

of IL-1 and IL-6 but not TNFa [220]. Also, it has been observed that MCP-I induced the 



respiratory burst in human monocvtes [2 181. To date, however, little else is known on the 

effect of other C-C chemokines on monocyte activation. 

2.2.1.3. Effect on T lymphocytes 

RANTES was the first chemokine showed to exert a specific chemotactic effect towards T 

lymphocytes of the memory type [208]. Also, it was demonstrated that RANTES acted on 

both resting and activated T lymphocytes [178j. MIP-la and MIP- 1B were shown to attract 

CD8+ and CD4+ T cells respectively [178]. In addition to lymphocyte attraction, data from 

studies investigating the effect of C-C chemokines on lymphocyte adhesion suggested that 

MIP-lfl, but not MIP-loi, is chemotactic for resting T cells and enhances the adherence of 

CDSf but not CD4+ T cells [22 11. MCP- 1, MCP-2 and MCP-3 also were shown to attract 

T lymphocytes [222]. 

2.2.1.4. Effect on Basophiis and eosinophils 

Recently, several studies have examined the effect of C-C chernokines on basophils and 

eosinophils. The most potent activators are MCP- 1 and RANTES. MCP- 1, at concentrations 

ranging from L to 100 nM, induced a rapid and a significant increase of histamine in human 

basophils. The activation of basophils with MCP-1 is further enhanceci when cells were 

pretreated with cytokines such as IL-3, IL-5 or GM-CSF [223]. Also, it has been reported 

that MCP-1 induced leucouiene synthesis in basophils pretreated with either IL-3, IL-5 or 

GM-CSF [224]. In contrat to the effecr of IL-8, MCP-1 was a more powerful inducer of 

histamine release in basophils. MCP- 1-dependent release of histamine appeared to be 

dependent on a G-protein-sensitive receptor as it was sensitive to inhibition by B. penursis 

toxin [225]. RANTES also was found to induce the secretion of histamine from some donors 

[221]. MIP-la, but not MIP-16, was found to activate basophils and induced the release of 

a small arnount of histamine [226]. In terms of eosinophils activation, RANTES and MIP- la 

remain the only C-C chemokines capable of activating eosinophils. It was found that 

RANTES was chemotactic for eosinophils at concentrations of 1 to 10 nM, and that RANTES 

up-regulated the expression of adhesion molecules (CDllbICD18) in a dosedependent 

manner. In  another set of experimenu, it was also shown that RANTES induced the release 

of eosinophil cationic protein. In this respect, RANTES was almost potent as PAF [226.227]. 



Moreover, RANTES induced the respiratory burst and eosinophil cationic protein secretion 

from eosinophils treated with cytochalasin-B [226]. MI P- l a  also exerted a chemotactic effect 

on eosinophils, but its effect was less powerful than that of RANTES. Besides the 

chemotactic activity of MIP- la  towards eosinophils, it was shown that MIP-La induced 

exocytosis as assessed by the release of eosinaphil cationic protein. No effect of MCP-I and 

MIP- 16 has been observed on eosinophils [ 2271. 

2.2.2. Biological activities of C-C chemokioes in vivo 

Experiments in vivo showed that injection of 10 to 250 nglsite of MCP-1, MCP-2 or MCP-3 

in rabbit was followed by infiltration of mononuclear cells that were exclusively monocytes 

[205]. However, intracisternal or intravenous injection of a mixture of MIP-la and MIP-1/3 

caused an influx of neutrophils into cerebrospinal fluid. This acute infiltration of neutrophils 

was followed by a monocytic infiltrate [214]. The biological effect in vivo of other C-C 

chemokines remains to be determined. 

2.2.3. C-C chemokines recepton 

MCP-1 receptors were identified first on human monocytes (Kd= 2nM, 2500 sites per ceIl 

with similar findings in the rnonocytic ce11 line THP-1 [228]. In competition binding assays, 

MIP-La receptors were found in a low number on THP-1 cells and human monocytes [229]. 

Receptors for MIP-18 were identified on activated human blood lymphocytes (2301. A variety 

of human ce11 lines such as HL-60, K 562, MT-2 and HeLa express MIP- Ifl  receptors [2301. 

RANTES receptors have been found on monocytes and THP-1 cells and in both type of cells 

the affinities towards RANTES were similar (kd= 0.4-0.1 nM) [217]. Binding and calcium 

mobilization studies using C-C chemokines, revealed inuiguing patterns of response. A major 

question has risen. as to whether the C-C chemokines use the same or distinct receptors on 

target cells. Freshly isolated human monocytes from peripheral blood of normal donors were 

stimulated with different C-C chemokines [231]. An unexpected pattern of calcium 

mobilization was revealed. These patterns suggested a multi-specific receptor. For example, 

when MCP-1 was used as an agonist, a clear calcium mobilization was seen. However, a 

second stimulation with MCP-ldid not lead to a calcium mobilization, a phenornenon known 

as desensitization. The data obtained in these reports indicate that there is a common and 



specific receptors for C-C chemokines on target cells. In another report, it was shown that 

calcium mobilization studies in basophils and eosinophils in response to RANTES. MCP- 1 and 

MIP-la were distinct from those obtained with human blood monocytes [221]. In order to 

exuapolate the results obtained with monocytes, basophils and eosinophils, one logical way 

is to suggest that in basophils there is one specific receptor for RANTES. one specifc receptor 

for MCP-1. and one shared receptor for RANTES and MIP-la.  To date two C-C chemokine 

receptors have been isolated and cioned. The first receptor designated the C-C chemokine 

receptor-1 (C-C CKR-1) binds MIP-la, MIP-lB, RANTES, and MCP-1 [232], and a second 

C-C chemokine receptor was found to be encoded by a cytomegalovinis (CMV), designated 

US28. which binds al1 the C-C chemokine [232]. 

Figure 2: Arnino acid sequence of human C-C chemokines. 



3. Working hypot hesis: 

RA is a chronic systemic and articular inflammatory disorder. The inflammatory response to 

protect a host from hostile environment is usually considered a positive immune response. 

However, the inflammation in RA is considered inappropriate, since joints are eventually 

subject to destruction. The earliest events in RA are difficult to document, but the available 

knowledge on rheumatoid arthritis. suggests that microvascular injury, leukocyte accumulation 

and synovial ce11 proliferation are arnongst the first lesions to occur as a result of an intense 

inflammatory response. Synovial biopsies from patients with RA show the presence of 

polymorphonuclear leukocytes (PMNs), monocytes/macrophages and lymphocytes within the 

synovial environment. The migration of leukocytes into the inflarned joints leads to an active 

immune response, and these cells can greatly connibute to joint degradation by secreting 

products such as prote01 ytic enzymes, reactive oxygen radicals and arachidonic acid 

metabolites. To date, little is understood of the factors that may be responsible for the 

accumulation and activation of leukocytes within an arthritic joint. A new family of cytokines 

termed chemokines was discovered during the last six years and based on their biological 

activities, the ability to recruit specific and overlapping subsets of leukocytes. we can postdate 

that these chemokines may play an important role in recruiting leukocytes to the diseased joint. 

The overall aim of my doctoral project was to determine whether fibroblast-like synoviocytes 

and neutrophils, two of the major cell types present in the synovial environment during the 

pathogenesis of RA, are sources of chemokines. 

4. Order of presentation 

The chapters of this thesis have been grouped into two major parts. The first part of this 

thesis consists of the effect of monokines and lymphokines on the expression of chemokines 

by synovial fibroblasts of patients suffering from RA. The second part of this thesis focuses 

on the regulation of C-X-C and C-C chemokines expression and secretion in neurrophils 

undergo ing p hagocytos is . 
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CHAPTER: 1 

Production of monocyte chemotactic protein-l in human type B synoviocytes: Synergistic 
effect of tumor necrosis factor-a and interferon-y. 

Mohamed Hachicha, Palaniswami Rathanaswami, Thomas J. Schall and Shaun R. McColl. 
Arthritis and Rheumatism, 36: 1. 26-34. 1993 

A bst ract : 

Objective: Since local secretion of chemotactic factors could contribute substantially CO the 
homing of monocytes to the rheumatoid synovium, we investigated the ability of type B. or 
"fibroblast-like", synoviocytes isolated from the synovial tissue of patients with rheumatoid 
arthritis to synthesize and secrete the novel cytokine monocyte chemotactic protein 1 (MCP- 1). 
Methods: Synthesis and secretion of MCP-1 was determined by imrnunoprecipitation following 
metabolic labeling of MCP-1 with 35S-cysteine. MCP-1 gene regulation was assessed by 
Northern blot analysis. 
Results: Unstimulated type B synoviocytes released littie or no MCP-1 , although low levels 
of MCP-1 messenger RNA (mRNA) were detected. However, incubation of these cells with 
turnor necrosis factor-a (TNFcY) resulted in a time- and dose-dependent release of MCP-1 into 
the supernatant, and expression of MCP- I mRNA. Use of cycloheximide and actinomycin D 
confirmed that TNFa was inducing MCP-1 expression at both the transcriptional and 
translational levels. Treatment of the synoviocytes with interferon-y (1FN-y) also stirnulated 
an increase in both the steady-state levels of MCP-I rn RNA, as well as MCP-1 prorein 
synthesis and secretion. In addition, TNFa and IFNy in combination exerted a synergistic 
effect on both MCP-1 mRNA accumulation and protein secretion. 
Conclusion: These studies demonstrate that the MCP-1 gene is regulated by TNFa and IFNy 
in type B synoviocytes and indicate that these cells may play an important role in the 
recruitment of inflammatory cells to the rheumatoid synovial environment, via the production 
of novel chemotactic cytokines such as MCP-1. 



introduction: 

Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease characterized in part 

by proliferation of the synovial membrane in diseased joints, a phenornenon that rnay 

eventually lead to degradation of the of the articula cartilage and the subchondral bone (1.2). 

In the normal synovium. the membrane comprises principally 2 ce11 types. type A 

" macrophage4 ike" synoviocytes and type B " fibroblast-l ike" synoviocytes (2). In contrast, RA 

synovium also contains large numbers of infiltrating mononuclear cells. Proliferation of the 

synovial tissue in RA is believed to be the result of both proliferation of type B 

s ynov iocytes and accumulation of perip heral blood-derived mononuclear ce1 1s. Both the 

mononuclear cells and the type B synoviocytes in the rheumatoid synovium may contribute 

substantially to joint destruction in RA. For example, it has recently been hypothesized that 

type B synoviocytes may play an important role in lymphocyte and mononuclear phagocyte 

homing to. and activation in, the diseased joint. via the expression of specific adhesion 

molecules and secretion of various cytokines such as colony-stimulating factors (1). 

Recently, a large group of small molecular weight cytokines. termed platelet factor 4 

superfamil y cytokines, has been d iscovered and cloned (3.4). Among these is monocyte 

chemotactic protein 1 (MCP- 1 ) , a cytokine that is specificall y chemotactic for monocytes. At 

least 2 species of MCP-1. MCP-la and MCP-lb, have been purified and their chemotactic 

activity anal yzed (5.6). 

Both tumor necrosis factor a (TNFa) and interleukin-1 (IL-1) induce MCP-1 production in 

various types of cells. including human peripheral blood mononuclear ce11 (7,8). dermal 

fibroblasts (9, 10). glioma cells (1 1). and endothelial cells (10.1 1). Thus, in RA, TNFa, which 

is present in the rheurnatoid synovium (1 3, 14). could play a relevant role in the recruitment 

of monocytes to the synovium. by stimulating the synthesis of cytokines such as MCP-1 by 

type B synoviocytes. We therefore examined the ability of cultured type B synoviocytes to 

synthesize and secrete MCP-1 in response to TNFa. In addition, since it has recently been 

shown that IFNy inh ib its TNFa-induced granulocyte-macrophage colony-stimulating factor 

secretion and ce11 proliferation in type B synoviocytes (15.16). we investigated its effect on 



TNFa-induced MCP- 1 s ynthes is and secretion. We report that TNFa stimulates both 

transcription and translation of the MCP-1 gene in type B synoviocytes isoiated from patients 

with RA. resulting in the secretion of 3 eiectrophoretically distinct species of MCP-1. 

Moreover. IFNy interacü synergistically with TNFa to increase the level of MCP-1 

messenger RNA (m RN A) expression and protein sesret ion. 

Materials and Methods: 

Reagents: 

Recombinant human TNFa, with a specific activity of IO7 unitslrng in the actinomycin D-free 

929 cytotoxicity assay. was a generous gift from Knoll Pharmaceuticals (Whippany , NJ) . 
TNFa stock was stored at -80 OC in phosphate buffered saline containing 0.0 1 % bovine semm 

albumin. IFNy was a generous gift from Genetech (South San Francisco, CA). Results of tests 

on these solutions for the presence of endotoxin. using the Limulus amebocyre assay. were 

negative. Cycloheximide. actinomycin Dl and RNase irhibitor (4,600 unitslml) were supplied 

by Sigma (St. Louis. MO). Collagenase and trypsin-EDTA were purchased from Gibco 

(Burl ington. Ontario, Canada). Radioactive agents (d2P-dCTP and 35S-cysteine) and H ybond 

N membranes were obtained from Arnersham Canada (Oakville, Ontario. Canada). RPMI 

1640, Dulbecco's modified Eagle's medium, and fetai calf senim were purchased from Gibco. 

Cysteine-free RPMI 1640 was prepared from various amino acid solutions. in kits purchased 

from Gibco. Protein G-Sepharose and 28s and 18s ribosomal RNA were purchased from 

Pharmacia (Montréal, Québec, Canada). Labeled and unlabeled low rnolecular weight prote in 

markers were obtained from BRL Life Technologies (Gaithersburg , MD). Synthetic MCP- 1 

was a generous gift from Henry Showell (Pfizer Central Research. Groton. CT). Neutralizing 

anti-TNFa antibody was purchased from Upstate Biotechnology (Lake Placid, NY). Ail other 

reagents used in this study were molecular biological grade. 

Ceii culture: 

The synoviocytes used in this study were derived from patients with RA or osteoarthritis (OA) 

who were undergoing total knee replacement due to joint deterioration. RA was diagnosed 

according to the American Rheumatism Association) criteria (17); OA was diagnosed based 



on radiologic evidence. In addition, control synoviocytes were derived from the tissue of 

normal donors who were undergoing reconstructive surgery to traumatized, but othenvise 

healthy, joints. Synoviocytes were isolated by collagenase digestion as previously described 

(18). The cells were used between passages 3 and 14 ( 19). Morphologically, after the third 

passage, the cells resembled the previously reported fibroblast-like synovial cells (19). The 

observed type B fibroblast-like synoviocyte morphology was also supported by fluorescence- 

activated ceIl sorter analysis, which indicated that these cells were Mo- 1 (myeloid marker) 

negative (after the third passage) and endothelial leukocyte adhesion molecule 1 (endothelial 

ceIl marker) negative upon stimulation with TNFa. FACS analysis also indicated that these 

ceils were consistently class 1 major histocompatibility complex (MHC) positive between the 

first and fourteenth passages. Each experiment was performed at least 5 times using 

synoviocytes from different donon. Results shown in each figure are from one representative 

experiment. 

Nort hem Biot analysis: 

Cultured synoviocytes were grown to confluence in 75-cm2 culture flasks (Costar, Cambridge. 

MA) and stimulated with various concentrations of TNFa (0-1.000 unitdml) for 24 hours or 

with 1.000 unitdm1 TNFa for various time periods. Subsequently, the cells were harvested 

using trypsin-EDTA, and cytoplasmic RNA was prepared (20). Twenty micrograms of 

cytoplasmic RNA was loaded into 1 % agarose-forrnaldehyde gels and transferred to Hybond 

N membranes. Ethidium bromide staining of ribosomal RNA on the gels was used to confirm 

equal loading and integrity of RNA in each lane. The MCP-1 probe, a complementary DNA 

fragment composed of the coding region of MCP-1 (base pairs 69-365) (21) was radiolabeled 

with a"P-dCTP by the random primer method, and the filters were hybridized with the 

labeled probe overnight at 42 OC. Equal RNA loading was also verified by hybridizing the 

filters with a 32P-labeled oligonucleotide probe that recognizes 28s RNA. The filters were then 

washed under stringent conditions and exposed with with X-ray film (Eastman Kodak, 

Rochester,NY) at -80°C. 

Immunoprecipitation: 

For immunoprecipitation studies, cells were grown to confluence in 1.88-cm2 cultures wells 



(Costar). The complete medium was replaced by 500 ul of cysteine-free RPMI 1640 medium 

containing 25 pCi of 35S-cysteine and the cells were stimulated with TNFa. Following 

incubation for various amounts of time, the supernatants were collected and precleared with 

protein G-Sepharose (20~1) and normal rabbit serum (5pl). The samples were centrihiged, and 

immunoprecipitation was performed overnight at 4 OC in the presence of protein G-Sepharose 

and 5 pl of MCP-1 polyçlonal antibody. The MCP-I polyclonal antibody was generated by 

immunizing rabbits with full-length synthetic MCP- 1. This antibody did not cross-react with 

several cytokines that are closely related to MCP-1, including IL-8 or macrophage 

inflammatory proteins l a  and 16. 

Following immunoprecipitation, the protein G-Sepharose beads were washed 3 times in a 

solution containing 25 mM Tris, pH 8.0, 150 m M  NaCI, 0.05 % NaN3, 0.1 % Nonidet P40, 

and then resuspended in 50 pl of sodium dodecyl sulfate (SDS) sample buffer and boiled for 

5 minutes prior to electrophoresis (17 % SDS-polyacrylamide gel electrophores is). The gels 

were fixed (in 45 % methanol. 45 % distilled water, 10 % acetic acid), placed in radioisotope 

enhancing solution (8% salicylic acid) for 30 minutes, dried, and exposed to Kodak to X-ray 

film at -80°C. 

Results: 

Effect of TNFa on MCP-I mRNA levels in human synoviocytes. 

To study the effect of duration of incubation with TNFa on levels of MCP-1 mRNA, 

rheumatoid type B synoviocytes were stimulated with 1,000 unitdm1 TNFa for increasing 

periods of time. The cells were collected, and Northern blot analysis was perforrned. The 

autoradiograph from a representative experiment is shown in Figure 1A. A low level of MCP- 

1 rnRNA was detected in unstimulated cells. This phenornenon, though not visible in the 

figure, was obsewed in al1 experiments when the films were exposed for a long enough period 

of time. In contrast, the level of MCP-1 mRNA rose rapidly with TNFo! stimulation, reaching 

a maximum level within 2 hours and remaining at this level for up to 48 hours. 

The effect of the dose of TNFa was also examined (Figure 1B). The cells were incubated with 

increasing concentrations of TNFa for 24 hours. Unstimulateci cells expressed a low level of 

MCP-1 mRNA, which was enhanced upon stimulation with 10 unitslml. The maximal effect 



of TNFa stimulation in these experiments was observed at a concentration of 1.000 unitslml. 

In selected experiments, synoviocytes were also incubated with 10,000 units/ml of TNFa, 

which led to a signifiant enhancement over the effect with 1,000 unitslml (results not shown). 

This concentration of TNFa was not used routinely, however, since it was considered to be 

supraphysiologic. The response of type B synoviocytes derived fiom patients with RA was 

comparai with responses of those from patients with OA or from normal donors. No 

significant difference was observed with respect to the response of these cells to TNFcY, or the 

level of mRNA expression in unstirnulated cells (results not shown). 

MCP-1 synthesis in human synoviocytes. 

To generate labeled human MCP-1 for immunoprecipitation, synoviocytes were grown to 

confluence in culture wells, the medium was replaced with cysteine-free RPMI 1640. and the 

cells were incubated with "S-cysteine and 1,000 unitslml TNFa for 24 hours. The 

supernatants were then col lected, immunoprecipitations were performed, and the speci ficity 

of the polyclonal MCP-1 antisera was assessed by cold-ligand competition (Figure 2). N o  

bands were detected in unstimulated s ynoviocytes (resul ts not shown) . However . incubation 

of the cells with TNFa resulted in the appearance of at least 2 and sometimes 3 bands, having 

molecular weights corresponding to approximately 15 kD, 13.5 kD. and 9 kD. This 

phenornenon was ce11 line-dependent and not due to differences in gel resolution. 

Incubation of the ceIl supernatants with increasing amounts of cold MCP-1 effectively 

prevented the immunoprecipitation of 35S-cysteine-labeled MCP- 1, thereby confirming the 

specificity of the MCP-1 antisera for MCP- 1. The higher molecular weight bands were not 

inhibited by the presence of unlabeled MCP-1, indicating that they were nonspecifcally 

binding to the protein G-Sepharose during immunoprecipitation. In addition, the MCP-1 

pol yclonal antiserum did not cross-react with either 35S-cysteine-labeled 1 L-8 or macrophage 

inflammatory proteins la! or l a  (results not shown). 

The effect of TNFa on MCP-1 synthesis and secretion as a function of dose and time of 

exposure to the cytokine was examined in more detail. To determine the time course of 

synthesis and secretion of MCP-1 upon incubation with TNFa, synoviocytes were grown to 



confluence and incubated w ith 3SScysteine and 1,000 unitdm1 TNFa for increasing periods 

of time. after which the supernatants were collected and imrnunoprecipiations were performed. 

The autoradiograph from a representative experiment is shown in Figure 3A. Secretion of '%- 

cysteine-labeled MCP-1 was first detectable within 6 hours after treatment with TNFa, and 

increased slowly over 48 hours of stimulation. The 3 electrophoreticaliy distinct species of 

MCP-1 can be seen in Figure 3A. 

Biosynthetic labeling experiments in which synoviocytes were incubatd with increasing 

concentrations of TNFa were then conducted, and immunoprecipitations were performed after 

24 hours of stimulation. An autoradiograph from a representative experiment, in which only 

the 9-kd and 13.5-kd bands were secreted, is shown in Figure 38.  Incubation of the cells with 

TNFa clearly resulted in a dosedependent synthesis and secretion of MCP-1. A consistent 

stimulatory effect of TNFa was not detected unless the cells were incubated with a minimum 

of 100 unitslml of the cytokine, and synthesis and secretion of MCP-1 increased with 

increasing concentrations of TNFa. As with the studies performed at the gene level, type B 

synoviocytes derived from OA patients or normal donors responded similarly to those derived 

from patients with RA (results not shown). 

Effecf of cycloherimide and actinomycin D on MW-1 synthesis and stendy-state mRNA 

le vels. 

The role of TNFa in MCP- 1 gene transcription and translation was further examined using 

inhibitors of RNA and protein synthesis. Confluent cells were preincubated with either 

actinornycin D or cycloheximide (or the appropriated controls) for 1 hour and stimulated for 

12 hours with 1,000 unitsiml TNFa. In these experiments we measured both de novo protein 

synthesis by irnmunoprecipitation and steady-state mRNA levels by Northern blot. As 

discussed above, TNFa stimulated significant synthesis and release of 3SS-cysteine-labeled 

MCP-1 (Figure 4). Pretreatrnent of the synoviocytes with either cycloheximide or actinomycin 

D effectively inhibited this TNFa-induced synthesis. 

Unstimuiated cells contained low levels of mRNA transcripts for MCP-1 (Figure 5, lane A), 

which were visible upon longer autoradiography. However, cycloheximide induced an 

accumulation of mRNA in the unstimulated cells (Figure 5, lane B), supporting the fact that 



a low constitutive level of transcription and translation was occurring. MCP- 1 mRNA was not 

detected in unstimulated cells pretreated with actinornycin D regardless of the duration of 

autoradiography (Figure 5, lane C). As shown in earlier experiments. TNFa stimulated the 

expression of MCP- 1 mRNA (Figure 5. lane D). This expression was "superinduced" if the 

cells were pretreated with the protein synthesis inhibitor cyclohexirnide (Figure 5, lane E). In 

addition, pretreatment of the cells with the transcription inhibitor actinomycin D completely 

blocked the stimulation of MCP- I mRNA by TNFa (Figure 5. lane F). 

Effect of IFNT on TNFa-induced MCP-I gene expression in synoviocytes. 

We next examined the effect of INFy on TNFu-induced synthesis of MCP-1 in human 

rheumatoid synoviocytes. IFNy by itself stimulated a dose-dependent increase in de novo 

synthesis of MCP-1, which was similar to that induced by TNFa (results not shown). In 

addition, coincubation of the cells with IFNy and TNFa resulted in a synergistic production 

of MCP-1. The autoradiogram frorn a representative experirnent is shown in Figure 6A. 

Densitometric analysis of the MCP-1 bands on the autoradiograms from a total of 7 separate 

experiments was performed, and the results are presented in Figure 6B. It can be clearly seen 

that the combined effect of the two cytokines on MCP-1 synthesis was greater than the sum 

of the effects of each cytokine alone. The effect of IFNr on TNFa-induced MCP- 1 mRNA 

was then examined. Similar to the results observed for MCP-1 secretion, IFNy stimulated a 

dose-dependent increase in the level of MCP-1 steady-state MRNA (Figure 7) and acted 

synergisticall y in combination with TNFa to produce significantly higher levels of MCP- 1 

steady-state mRNA than the sum of the effects of each cytokine alone. 

Discussion: 

In the present studies, we have shown that MCP-1 gene expression in type B synoviocytes in 

response to TNFa is both time- and dose-dependent, and occurs at both the transcriptional and 

the translational level. The stimulatory effect of TNFa on the level of MCP-1 mRNA was 

rapid. with a maximal increase observed within 2 hours of stimulation with TNFor, and 

remaining relatively high for up to 48 hours. In contrat, MCP-1 synthesis required at Ieast 

6-12 hours of stimulation by TNFa for initial detection in the supernatant and increased over 

48 hours of stimulation. 



The fact that TNFa stimulates MCP-L gene transcription was confirmed by using the 

vanscription inhibitor actinomycin D. which completely prevented the accumulation of MCP-1 

mRNA and the secretion of MCP-1 into the supernatant. Moreover, pretrûatment of the cells 

with cycloheximide (an inhibitor of protein synthesis) resulted in the "super induction" of 

MCP-1 steady-state mRNA regardless of whether the cells were stimulated with TNFa. 

suggesting that MCP-1 transcription in type B synoviocytes does not require the synthesis of 

other cellular proteins and that MCP-1 mRNA transcription may be under the control of a 

repressor protein(s) whose synthesis is inhibited by cycloheximide. This latter theory is 

supported by the fact that treatment of unstimulated synoviocytes with cycioheximide also 

increased MCP- 1 steady-state mRNA. 

We have also shown that stimulation of type B synoviocytes with TNFa and IFNy, either 

alone or in combination, results in the secretion of 3 elecuophoretically distinct species of 

MCP-1, with estimated molecular weights of 15kD. 13.5kD. and 9kD. although the 15-kD 

species was not always detected by immunoprecipitation, a phenomenon which has previousl y 

been reported in smooth muscle and glial cells (22,23). In contrast to type B synoviocytes, 

other human fibroblasts do not appear to secrete the 9-kd species (5.6.24). The finding that 

type B synoviocytes produce 3 species of MCP-1 with molecular weights of 15 kD. 13.5 kD, 

and 9 kD is in keeping with the most ment information concerning the post-translational 

processing of this cytokine. It appears that the core protein ( - 9kD) rnay be synthesized by al1 

cells that produce MCP-1, although it is not necessarily secreted by al1 of these cells. The core 

protein undergoes g l ycosy lation, which results in the appearance of proteins having molecular 

weights of approximately 13.5 kD and 15 kD (1 1,23). 

It has recently been shown that IFNy inhibits TNF~Y-induced synoviocyte proliferation, 

collagenase and GM-CSF production (15)- as well as the ability of both I L 4  and TNFa to 

stimulate GM-CSF and G-CSF gene expression in type B synoviocytes (16). These combined 

observations imply that a lack of INFy production in the rheumatoid synovium may contribute 

to the pathogenesis of RA, by removing a potential mechanism by which proinflammatory 

processes such as ce11 proliferation, degradative enzyme release. and proinflamrnatory cytokine 

production may be controlied. However, the findings reported herein suggest that the 

inhibitory effect of IFNy on TNFa-induced events is not a general phenomenon in type B 



synoviocytes. In fact, the ability of IFNy to interact synergistically with TNFa in stimulating 

type B synoviocytes to produce a potent monocyte chemotactic cytokine such as MCP-1 rnay 

have deleterious effects in RA. Certainly the accumulation of activated monocytic cells 

expressing high levels of class 11 MHC (25) and of mRNA for cytokines such as TNFa and 

IL- 1 (26) in rheumatoid synovium is believed to aggravate the inflamrnatory cycle in this 

disease (27). 

Both TNFa and IFNy are likely to be present in the rheumatoid synovial environment at 

various stages of the disease process, suggesting that type B synoviocytes are capable of 

producing this monocyte chemotactic and activating factor in the rheumatoid synovium. In 

support of this, we have detected MCP-1 mRNA in rheumatoid synovial tissue by in situ 

hybridization (Hachicha M et al: unpublised observations). In the present study we also 

observed that type B synoviocytes isolated from patients with non rheumatoid arthropathy 

(OA) or from normal donors express similar levels of MCP-1 mRNA and protein in response 

to TNFa. indicating that an increased expression of MCP-1 in the rheumatoid synovium is 

likely to be due to increased Ievels of agonists such as TNFa in RA. Indeed. 

immunolocalization studies have recently shown that there is more TNFa present in 

rheumatoid synovial tissue than in osteoarthritic tissue ( 13). 

MCP-L is a member of a newly described superfamily of small molecular weight cytokines 

whose major functional characteristic known to date is the ability to stimulate leukocyte 

chernotaxis with varying degrees of specificity (28-30). MCP-1 is a potent and specific 

chemotactic and activating factor for monocytes both in vitro and in vivo (6.9,12.22,24). 

Binding studies have shown that only monocytes express a significant number of MCP-1 

recep tors; receptors are undetectable on peripheral blood lymphocytes, neuuophils, and a 

variety of tumor cell lines (3 1). This high degree of specificity of MCP-1 for cells of the 

monocytic lineage makes this molecule an attractive candidate as an important component of 

the inflammatory response seen in rheumatoid joints, where large numbers of mononuclear 

cells accumulate (1,2). While there are also lymphocytes present in the synovium. the most 

recent information indicates that cells of the monocytic lineage play the more active role in 

terms of liberation of proinflammatory molecules such as cytokines and tissue-degrading 

enzymes (27). If this is the case. it suggests an important role for MCP-I as a monocyte 

chemotaxin and activating factor in the rheurnatoid joint. 



Figure 1. The effect of TNFa on levels of MCP-1 messenger RNA (mRNA) in human type 

B synoviocytes. Cells were grown to confluence in 75-cm2 culture flasks and stimulated with 

1 . 0  unitslml TNFa for increasing periods of time (A) or with increasing concentrations of 

TNFa (O, 10, 100, 1000 Unitdml) for 24 hours at 37 OC (B). The celis were harvested. and 

cytoplasmic RNA was extracted. MCP-1 mRNA was analyzed as described in materials and 

methods. Equal loading of RNA was verified by hybridizing the filters with an 

oligonucleotide probe recognizing 28s RNA. 



Figure 2. Specificity of the polyclonal antibody raised against synthetic MCP-1. Type B 

synoviocytes were grown to confluence in culture wells, washed twice with cysteine-free 

RMPI 1640, and placed in cyeteine-free RPMI 1640 enriched with 35S-cysteine. They were 

then stimulated with 1,000 unitdml TNFa for 24 hours at 37 OC. The supernatants were 

wllected, and immunoprecipitations were performed as described in materials and methods. 

During the immunoprecipitations the samples were incubated with increasing amounts of 

unlabeled MCP- 1 as indicated . 
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Figure 3. The effect of TNFa on MCP-1 synthesis. Type B synoviocytes were grown to 

confluence in culture wells, washed twice with cysteine-free RPMI 1640, and incubated in 

cysteine-free RPMl 1640 enriched with 35S-cysteine. They were then stimulated with 1,000 

units /ml TNFa at 37 OC for increasing periods of time (A) or with increasing concentrations 

of TNFa for 24 hours at 37OC (B). After stimulation, the supernatants were collected and 

analyzed by immunoprecipitation for the presence of immunoreactive MCP-1. The results 

depicted in A and B are from separate experiments perforrned on cells derived from different 

donors. 
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Figure 4. The effect of cycloheximide and actinomycin D on synthesis of MCP-1 by human 

type B synoviocytes. Cells were grown to confluence in culture wells, washed twice with 

cysteine-Free RPMI 1640, and incubated in cysteine-free RPMI 1640 enriched with "S- 

cysteine. Cells were further incubated with either diluent (lanes A and D), 10 pglml 

cycloheximide (Lanes B and E), or 1 pglml actinomycin D (lanes C and F) for 1 hour, and 

then diluent (lanes A, B, and C) or 1 0 0  unitslml TNFa (lanes D, E, and F) was added for 

12 hours at 37 OC. The supernatants were collected, and irnmunoprecipitations were 

performed as described in materials and methods. 
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Figure 5. The effect of cycloheximide and actinomycin D on steady-state levels of MCP-1 

messenger RNA (mRNA). Hurnan type B synoviocytes were grown to confluence in 75-cm2 

culture flasks and treated as described in Figure 4. After 12-hour incubation. the cells were 

harvested, cytoplasmic RNA was extracted, and MCP-1 mRNA was analyzed as described in 

materials and methods. See Figure 4 for explanaiion of treatment of cells in each lane. 



Figure 6. The effect of IFNy on TNFwinduced MCP-1 synthesis in human type B 

synoviocytes. A, Cells were grown tc, confluence in culture wells, washed twice with 

cysteine-free RPMI 1640, and incubated in cysteine-free RPMI 1640 enriched with " S -  

cysteine. The cultures were then incubated with either diluent (control), 100 nglml, IFNy, 

1000 unitshl TNFa, or both IFNy and TNFa, for 24 houn at 37OC. The supernatants were 

collected, and immunoprecipitations were performed. B, Densitornetric representation of the 

results of 7 separate experiments performed as describeci in A. Values are the rnean and SD. 
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Figure 7. The effects of interferon-y (IFN7) on TNFo-induced steady state levels of mRNA. 

Human type B synoviocytes were grown to confluence in 75-cm2 culture flasks and stimulateci 

for 24 hours at 37OC with increasing concentrations of IFNy, with or without TNFa. The 

cells were harvested, and cytoplasmic RNA was extracted. MCP- 1 mRNA was analyzed as 

descr ibed in materials and methods. 
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CHAPTER: II 

Synergistic effect of interleukin-10 and tumor necrosis factor-a on interleukin-ll gene 
expression in synovial fibroblasts: Evidence that interleukin-8 is the major neutrophil- 
activating chemokine released in response to monokine activation 

Palaniswarni Rathanaswami, Mohamed Hachicha, Wai Lee Wong, Thomas J. Schall and 
Shaun R. McColl. Arthritis and Rheumatism. 36: 26-34. 1993 

Objective: To investigate both the involvement of chemokines in general and the relative 
importance of specific chemokines in rheumatoid arthritis (RA), we characterized the effect 
of the monokines tumor necrosis factor-a (TNFcY) and interleukin- l@ (IL- 119) on the synthesis 
of neutrophil-activating factors by synovial fibroblasts isolated from the joints of patients with 
RA. 
Methods: Neutrophil-stimulating activity was assessed by determining intracellular calcium 
mobilization. IL-8 synthesis and secretion was assessed by specific eruyme-linked 
immunosorbent assay, and IL-8 rnessenger RNA (mRNA) levels were determined by Northern 
blot. 
Results: Treatment of synovial fbroblasts with IL-lp and TNFa resulted in the production 
of an activity which induced intracellular calcium mobilization in peripheral blood neutrop hils. 
The w o  monokines combined had a synergistic effect on the release of the neutrophil- 
stimulating activity. The effect of the two monokines required gene transcription and 
translation. and closely mimicked the pattern of IL-8 secretion induced in these cells by the 
monokines. We confirmed that the majority of the neutrophil-stimulating activity was IL-8 
b y three di fferent approaches: cross-desensitization experiments w ith 1 L-8, melanoma growth- 
stimulatory activity, and neutrophil-activating peptide-2, stimulation of calcium mobilization 
in cells transfected with IL-8 receptor complementary DNA. and inhibition of the activity 
following pretreatment of the supernatants with an anti-IL-8 antibody. TNFa and IL-10 
induced a time- and dose-dependent release of immunoreactive IL-8. A synergistic effect of 
TNFa and IL-IS was also observed for both IL-8 production and accumulation of IL-8 
mRNA. 
Conclusion: These results indicate that the monokines TNFa and IL- l/3 synergistically activate 
IL-8 express ion and protein secretion b y synovial fibroblasts, and that under these conditions, 
IL-8 appears to be the major neutrophil-activating factor released. 



Introduction: 

Interleukin-8 (IL-8. or neutrophil-activating peptide4 [NAP-11) is a member of a recently 

discovered family of low molecular weight inflammatory cytokines. IL-8 is synthesized by 

a variety of cell types including rnonocyteslmacrophages, neutrophils, endothelial cells, and 

dermal fibroblasts (1-4). Members of this new family of cytokines. referred to as the 

"chemokine" superfamily, are related by predicted prirnary structural similarities ar.d by the 

conservation of a 4-cysteine motif (5-7). Data from several laboratories indicate that these 

cytokines are chemotactic for leukocytes, with vary ing degrees of specificity . For exarnple. 

monocyte chemotactic protein- 1 (MCP- 1) is highly selective for monocytes (8,9) whereas 

RANTES (regulated upon activation. normal T cell expressed and secreted) is a chemotactic 

factor for monocytes and T lymphocytes of the memory phenotype. but no B cells (10). In 

contrast, IL-8 is chemotactic for neutrophils as well as T ce11 subsets (1.11) and stimulates a 

variery of neutrophil functions, including calcium mobilization. degranulation, and the 

respiratory burst (1). Over the last few years, significant evidence thar IL-8 may be involved 

in the pathology of several conditions including psoriasis, dermatitis, chronic lung 

inflammation, septic shock, endotoxemia, and rheumatoid arthritis (RA) has emerged ( 12- 18). 

The synovial fluid of patients with RA is an environment of intense immunologic activity, 

where there are often large numbers of leukocytes (19). The neutrophils in the synovial fluid 

exhibit an activated phenotype compared with those in the peripheral blood of the same patient 

(20-22). and are believed to play a pathologie role in the development and continuation of RA 

via their ability to release degradative enzymes and various products of oxidative metabolism 

(19). To date little is understood of the factors regulating the accumulation (and activation) 

of leukocytes in the synovial environment. However, the discovery of the PF4 superfarnily 

h a  provided potential insight into this system. 

The local synthesis of neutrophil chemotactic and activating factors, such as NAP-2, 

melanoma growth-stimulatory activity (MGSA), GROP, GROy, and IL-8. could constitute an 

important mechanism by which neutrophils and T cells are recruited to, and activated in, the 

synovial environment of RA. The presence of IL-8 in the synovial fluid has recently been 

described (17,23), as has the ability of freshly isolated synovial fluid mononuclear cells to 

express messenger RNA (mRNA) for IL-8 (23). Moreover, cultured synovial macrophages 



have been reported to spontaneously release IL-8 (17), and mononuclear cells from the 

synovial fluid of patients wirh RA release significantly more IL-8 than those from the 

peripheral blood of the same patient (18). 

We have recently documenteci the expression of IL-8 in synovial fibroblasts in response to 

stimulation with superantigen (24), and it has been shown that stimulation of these cells with 

monokines lads  to the release of I L 4  and GROa (25). In addition. it has been shown that 

IL- 1B-stimulated synovial fibroblasts cultures release an as-yet-unidentified neutrophil 

chemotactic and activating factor(s) into the supernatant (26-27). However, the relative 

importance and levels of production of chemokines at various sites of inflammation have not 

yet been established. We therefore sought both to define the capacity of RA synovial 

fibroblasts to produce neutrophil chemotactic and activating factors in response to the 

proinflammatory monokines tumor necrosis factor-a (TNFor) and IL- 113 (interleukin- 1/3), and 

to determine the identity of the predominant neutroph il-activating factor(s) produced under 

these conditions. 

Materials and Methods: 

Reagents: 

TNFa (recombinant human TNFa, specific activity 10' units/mg. by the actinomycin D-free 

929 cytotoxicity assay) was a generous gift from Knoll Pharmaceuticals (Whippany, NJ). 

TNFa stock was stored at - 80°C in phosphate buffered saline (PBS) containing 0.01 % bovine 

senirn albumin (BSA). IL-1B (recombinant human) was a generous gift from Genentech Inc. 

(South San Francisco, CA). The LNnuLu amebocyte assay was used to test these solutions for 

the presence of endotoxin; results were negative. Cycloheximide, actinomycin D, and RNase 

inhibitor (4600 unitsfml) were purchased ftom Sigma (St. Louis, MO). Fura-2lAM was 

purchased from Molecular Probes (Eugene, OR). Collagenase, trypsin-EDTA. RPMI 1640, 

and Dulbecco's modifieci Eagle's medium were purchased from Gibco (Grand Island, NY), 

and cysteine-free RPMI 1640 was prepared using amino acid kits purchased from Gibco. 

Hyclone fetal calf senim was purchased from Professional Diagnostics (Edmonton, Alberta, 

Canada). Hybond N membranes, a-32P-dCTP, and 3SS-cysteine were obtained from Amersham 

Canada (Oakville, Ontario, Canada). Protein G-Sepharose and 28s and 18s ribosomal RNA 



(rRNA) standards were purchased from Pharmacia (Montreal. Quebec, Cznadâ). Labeled and 

unlabeled low molecular weight protein markers were obtained from BRL Life Technologies 

(Gaithersburg, MD). Al1 other reagents used in this study were of moiecular biological grade. 

Cell culture: 

The synovial fibroblast cuitures used in this study were derived from patients with RA who 

were undergoing total knee replacement surgery due to joint deterioration. Al1 patients were 

diagnosed as having RA accord ing to the American Rheumatism Association 1987 cri teria 

(28). Synovial fibroblasts were prepared as previously described (29, 30). Morphologically , 

the passaged cells resembled the " fbroblast-like" synovial cells described previousl y (29.30). 

The cells were used between passages 3 and 14, as previously described (3 1). Routine 

fluorescence-activated ce11 sorter analysis of ce11 surface markers revealed that after the third 

passage, the cultures were consistently major histocompatibil ity complex class 1-positive and 

Mo-1 negative (the latter indicating the absence of rnyeloid cells and the type A " macrophage- 

like" synoviocytes). In addition, the cells were Factor VIII-negative and did not express 

endothelial leukocyte adhesion molecule-1 upon stimulation with TNFa, indicating that they 

were not of endothelial ceIl limage. 

The cells were grown to confluence in 75-cm2 ceIl culture flasks and treated with either 

diluent, TNFa, IL-16, or TNFa plus IL-1fl as indicated. The supernatants were then 

collected; 2 ml was stored for later use in an enzyme-linked immunosorbent assay (ELISA) 

for IL-8 protein. The rest of the supernatant (1Oml) was lyopholized overnight. resuspended 

in 1 ml of sterile PBS, and added to neutrophil suspensions to determine the presence of 

neutrophil activating factors. The cells were harvested using trypsin-EDTA. and the ceIl pellet 

was stored at -80°C until used for Northern blots. 

Northern blot for IL-8 mRNA: 

C ytoplasmic RNA was prepared and Northern blots were performed as previousl y described 

(32). Ethidium bromide staining of rRNA on the gels and for hybridizing the membrane with 

an oligonucleotide probe (5' -GR-GGT-TïC-I?T-TCC-TC3') that b inds to 28s rRNA, were 

used to confirm equal ioading and integrity of the RNA in each lane. The IL-8 probe used 

in this study was a 244-basepair Pst1IEcoR.i complementary DNA (cDNA) fragment 



representing the coding region of the IL-8 cDNA from nucleotides 49 to 93 (33). radiolabeled 

with oi3?P-dCTP by the random priming method (Gibco/BRL). 

ELISA for IL-8: 

Cultured synovial fibroblasts were grown to confluence in 96-weli plates and treated as 

described in the figure legends. The supernatants were collected and analyzed for 1L-8 

content. In selected experiments, IL-8 levels were measured in supernatants from cells in 75- 

cm2 flasks. Levels of IL-8 were measured using an IL-8 monoclonal antibody sandwich 

ELISA employing two anti-IL8 monoclonal antibod ies recognizing different , noncornpet ing 

determinanu. The second anti-IL-8 antibody was conjugated to horseradish peroxidase. 

Absorbance was measured at 490 nm (&,A in a Vmax plate reader (Molecular Devices, 

Menlo Park, CA), and a standard curve was generated by plotting the &,, against the log 

concentration of recombinant human IL-8, using a Cparameter logistic curve-fitting program 

(developed at Genentech). The specificity of the assay for IL-8 was verified using 13 other 

soluble immune proteins including interleukins 1-6. There was no cross-reactivity with any 

of these proteins at any of the concentrations tested. 

Neutropkil purification: 

Whole blood, obtained by venipuncture, was collected into tubes containing heparin. and 

following dextran sedimentation, neutrophils were purified by cennihgation on ficoll-Paque 

cushions (34). Erythrocytes were removed by hypotonic lysis, and the cells were resuspended 

in Hank's balanced salt solution (final concentration 5x106 cells/ml) containing Ca2+ (1.6 

mM). The percentage of neutrophils in the ce11 preparations used in this study exceeded 97 % . 
and ceIl viability as determined by trypan blue exclusion was greater than 98%. 

Mensurement of intraceliuiur calcium: 

Intraceliular free calcium was monitored using the fluorescent probe ha-2/AM (35). Briefly, 

neutrophil suspensions (lx IO7 cells/ml) were incubated with 1pM fura-2IAM for 30 minutes. 

Alternatively , 293 cells (SX 106 cellslml), permanently transfected with type A human IL-8 

receptor cDNA (a kind gifi from Dr. William Wood of Genentech) were incubated with 1pM 

indo-l/AM. The cells were then washed and resuspended at 5x106 cellslml for the 



neutrophils or 1 x 106 celIs/ml for the transfectants, and allowed to re-equil ibrate for 10 minutes 

at 37 OC. They were then transferred to the therrnostaned cuvette compartment (37 OC) of an 

SLM 8000C spectrofluorimeter (SLM Aminco, Urbana, IL), and the fluorescence was 

monitored at 340 nm and 510 nm for fura-l or 350 nm and 405 nm for Indo-1 (excitation and 

emission wave lenghts, respectively). and calibrateci as described previously (36). 

Results: 

Stimulation of synovial fioroblasts with monokines resulls in the release of neutrophil- 

activuting factor. 

Synovial fibroblasts were incubated for 24 hours with either diluent, TNFcu, IL-18, or TNFn 

and IL- 18 in combination. and the supernatants were collected and concenaated 10-fold. Ten 

microliters of the supernatants was added to the neutrophil suspensions, and calcium 

rnobilization was assessed (Figure 1A). Little or no calcium-mobilizing activity was observed 

in the supernatants of d iluent-treated synovial fibroblasts. In contras t, incubation for 24 hours 

with TNFa or IL-1B resulted in the release of calcium-mobiluing activity into the supernatant; 

Moreover, TNFo! and IL- 1p in combination exerted a synergistic effect on the level of 

calcium-mobilizing activity present in  the supernatants, compared with the combined effect of 

each monokine alone. Experiments performeû on neutrophils isolateci from the peripheral 

blood of seven d ifferent donors ind icated the consistency of neutrop hi1 stimulation by activated 

synovial fibroblasts supernatants (Figure 1 B). 

To veriS that the presence of the calcium-mobilizing activity in synovial fibroblast 

supernatants was not due to a direct effect of TNFa and IL-lB on neutrophils. two types of 

studies were conducted. First, neutrophils were incubated directly with TNFa or IL-18 alone 

or in combination. No calcium mobilization was observed under these conditions (data not 

shown). Second, to determine whether the presence of the calcium-mobilizing activity 

required activation of gene express ion, synovial fibroblasts were preincubated with either the 

transcription inhibitor actinomycin D or the translation inhibitor cycloheximide (or the 

appropriate controls) for 1 hour, and then stimulated with the cytokines either aione or in 

combination. The supernatants were collected and testeci for the presence of calcium- 

mobilizing activity. As shown in Figure 2, incubation of synovial fibroblasts with monokines 

either alone or in combination resulted in the presence of a neutrophil calcium-mobilizing 



activity. However. no such activity was observed when the synovial tÏbroblasts were 

preincubated with either actinomycin D or cycloheximide prior to stimulation with the 

monokines. These observations indicate that gene expression and protein secretion are 

required for the presence of the neutrophil calcium-mobilizing factor(s) in stimu 

fibroblast supernarants. 

Identification of IL-8 as the major neutrophil-activating facfor secreted 

fibroblasts in response to TNFa and I L I P  

ated synovial 

&y synovial 

Human neutrophils were stimulated with synovial fibroblast supernatants that had been 

incubated for 24 hours with TNFa plus IL-16, and the pattern of desensitization to synthetic 

1 L-8 and its analogs , MGSA and NAP-2, was investigated. S ignificant cross-desensitization 

between the calcium-mobilizing activity of TNFa plus IL-16-stinulated synovial fibroblast 

supernatants and IL-8, MGSA, and NAP-2 was observed (Figure 3). Prior stimulation of 

neutrophils with the synovial fibroblast supernatants reduced the ability of IL-8. MGSA, and 

NAP-2 to stimulate calcium mobilization in human neutrophils (Figures 3A. C, and E). In 

addition, the ability of synovial fibroblast supernatants to mobilize calcium was attenuated by 

prior stimulation of the celis with either IL-8. MGSA, or NAP-2 (Figures 3B. D, and F). A 

similar pattern of cross-desensi tization between IL-8, MGSA, and N AP-2 has recentl y been 

observed in neutrophils (37). 

The results of desensitization studies suggested that the calcium-mobilizing activity in the 

stimulated synovial fibroblast supernatants activates human neutrophils by interacting with 

either one or both of the IL-8 receptors present on neutrophils. To determine that biologically 

active IL-8 was present in the supernatants, we evahated the ability of the supernatants to 

mobilize calcium in 293 cells which had been stably transfected with type A IL-8 receptor 

cDNA (Figure 4). As seen with neutrophils, the control supernatants elicited a small increase 

in the level of intracellular calcium. However, this response was increased wheii cells were 

stimulated with supernatants from synovial fibroblasts incubated with both TNFa and IL- 10. 

To confirm the previous observations using cells transfected with type A IL-8 receptor and 

to determine what percentage of the neutrophil-stimulating activity was due to IL-8, stimulated 

synovial fibrobalst supernatants were preincubated with a polyclonal antibody directed against 

synthetic IL-8 prior to addition of the supernatants to human neutrophil suspensions. This 



antibody specifically labeled IL-8 (data not shown). Preincubation of synthetic MGSA or 

NAP-2 with this polyclonal antibody failed to inhibit the calcium mobilization induced by these 

agonists. In contrast, prior treatment of either synthetic IL-8 or the supernatants with the anti- 

IL-8 antibody completely inhibited the calcium-mobilizing activity (Figure SA-F) . indicating 

that IL-8 is the major factor responsible for calcium mobilization in human neutrophils. 

Effect of TNFe and IL-@ on IL8 gene expression and protein secretion by synovial 

jïbro blasts. 

Supernatants from cells stimulated w ith increasing concentrations of IL- 1/3 or TN Fa were 

collected and analyzed by ELISA for the presence of IL-8. The synthesis of IL-8 was 

undetectable in unstimulated cells (i.e., cells treated with 0.01 % M A ) .  However, incubation 

of synovial fibroblasts with either TNFcY or IL-16 resulted in the dose-dependent synthesis of 

IL-8 (Figure 6A). The cells were then treated with 100 nglml of TNFa or 3 ng/ml of IL-18 

for increasing periods of time for up to 48 hours to determine the kinetic pattern of IL-8 

secretion. U nstimulated cells did not produce any detectable IL-8 regardless of the incubation 

period (data not shown). In contrast, both TNFcY and IL-10 stimulated a time-dependent 

release of IL-8, which was first detected within 6 hours of stimulation with TNFa or IL-18 

and increased steadily up to 48 hours of stimulation (Figure 6B). 

The combined effect of TNFa and IL-16 on the induction of IL-8 synthesis was then 

investigated. Synovial fibroblasts were incubated for 24 hours with either diluent, TNFa, IL- 

18, or TNFa and IL-18. TNFa and IL46 in combination exerted a synergistic effect on IL-8 

secretion compared with the combined effect of each monokine alone (Figure 7A). Similar 

to the observations for protein secretion, no IL-8 mRNA was detected in unstimulated cells 

(Figure 7B). However, stimulation of synovial fibroblasts for 24 hours with either TNFa or 

IL- 10 (see Figure 78) resulted in the accumulation of IL-8 mRNA. In contrast, the effect of 

these monokines on IL-8 secretion, TNFa exerted a far stronger effect on the level of IL-8 

mRNA than did IL-16. However, as observed with IL-8 secretion, TNFa and IL-1fl in 

combination exerted a synergistic effect on the level of IL-8 mRNA compared with the 

combined effect of the monokines alone. 

Synovial fibroblasts were also preincubated for one hour with actinomycin D or cyclohexirnide 

and stimulated for 24 hours with TNFar, IL-16, or TNFa and IL- lfl (data not shown). 



Pretreatment of the cells with actinomycin D completely inhibited the secretion of IL-8 and 

the induction of 1 L-8 mRNA. However, pretreatment with cyclohexim ide occasional 1 y 

resulted in very low, but detectable, levels of iL-8 mRNA in  unstimulated cells (2 of 5 

experiments). In addition, the stimulation of IL-8 mRNA expression by TNFa was 

superinduced if the cells were pretreated with cycloheximide. 

Discussion: 

IL-8 is a member of a recently discovered superfamily of small molecular weight cytokines 

that includes several other cytokines with reported effects on neutrophils (38-43). It  has also 

been reported that IL-8 is a chernotactic factor for T ce11 subsets (1 1). In addition, these 

molecules activate other important neutrophil functions, including calcium mobilization, 

degranulation, and the respiratory burst, and may therefore play a role in disease States in 

which neutrophils or T cells are involved. In a previous study, we documented the ability of 

synovial fibroblasts to secrete immunoreactive IL-8 upon stimulation with superantigen (24). 

However, in that study, we did not determine whether the secreted IL-8 was biologically 

active, or what the contribution of IL-8 was to the overall neutrophil-stimulating activity 

secreted by synovial fibroblasts. We have therefore investigated the ability of synovial 

fibroblasts to secrete neutrophil-activating factors in response to monokines that are l ikel y to 

be present in the synovial environment at various stages of RA, using calcium mobilization 

in neutrophils as a bioassay. 

Stimulation of the synovial fibroblasts with the monokines resulted in the release of an activity 

which stimulated calcium mobilization in neutrophils. This activity also increased right-angle 

light satter in neutrophils, indicating that a shape change was occurring (data not shown). 

By using actinornycin D and cycloheximide, we were able to confirm that de novo gene 

transcription and translation were required for this activity to be released. We next conducted 

experiments to identify the activity in synovial fibroblast supernatants. Signifiant cross- 

desensitization occurred between the calcium-mobilizing activity in fibroblast supernatants and 

IL-8, MGSA, and NAP-2 with IL-8 causing the strongest desensitization. The pattern of 

neutrophil cross-desensitization observed in the present study closely resembled that previously 

reported for IL-8 (37). suggesting that biologically active IL-8 was present. This observation 

was further supported by testing the ability of monokine-stimulated supernatants to activate 



calcium mobiiization in cells transfected with the type A human IL-8 receptor cDNA. 

To date. two IL-8 receptors have been cloned, sequenced, and expressed (43.44). IL-8 binds 

with high affinity to, and activates, one of these receptors (type A), whereas IL-8 as well as 

MGSA bind to and activate the other (type B) (45). To further demonstrate that IL-8 was 

present in the supernatants, we used cells expressing type A IL-8 receptor. The results of 

these studies suggest that active IL-8 was present in the supernatants. since the synovial 

fibroblast supernatants stimulated calcium mob il ization in the uansfected cells. However, it 

must be stated that other, as-yet-undefined chemokines may also bind to and activate this IL-8 

receptor. Therefore, to both unequivocally prove that bioactive IL-8 was present and 

determine what percentage of the calcium-rnobilizing activity was due to IL-8, we pretreated 

the fibroblast supernatants with an antibody directed against synthetic IL-8 prior to adding the 

supernatants to neutrop hi1 suspensions. This pol yclonal antibody , which specificall y 

precipitates IL-8, completely inhibited the induction of calcium mobilization in human 

neutrophils by the supernatants, clearly demonstrating that IL-8 was present. and suggesting 

that the majority of the neutrophil-stimulating activity was due to IL-8. The ability of 

actinomycin D to completely inhibit the stimulating effect of TNFa and IL-Ifl on the level of 

mRNA and protein synthesis supports the tenet that increased IL-8 gene expression in these 

cells requires either direct or indirect transcriptional activation of the IL-8 gene, although only 

a nuclear mn-off experiment will prove this hypothesis. The data obtained with 

cycloheximide. demonstrating "superinduction" of IL-8 mRNA by TNFa or IL-lfl, indicate 

that stimulation of IL-8 mRNA accumulation by these cytokines in synovial fibroblasts does 

not depend on the synthesis of other cellular proteins, and that transcription could be 

contrclled by a repressor protein whose synthesis is inhibited, or whose activity is decreased, 

upon treatment with cycloheximide. Indeed, the involvement of a repressor in IL-8 gene 

transcription has been suggested (46). 

The results of the present study show for the first time that these monokines interact 

synergistically to up-regulate IL-8 gene expression. Similar results have been reported for 

colony-stimulating factor production in synovial fibroblasts (47). although the mechanisms 

involved in this effect remain unknown. This synergistic effect on IL-8 expression was 

observed at 3 levels: IL-8 mRNA accumulation, IL-8 protein secretion, and the presence of 

the calcium-mobil izing activity in synovial fibroblast supernatants. The observation of 



synergism between these two cytokines is important since, at intlammatory si tes. Fibroblasts 

are likely to be exposed to a number of cytokines at once rather than one at a time. For 

example, both TNFa and IL- 10 have been detected in RA synovial tluid. and mRNA for both 

these cytokines has  been detected in rheumatoid synovial tissue (48-5 1). Thus, in the presence 

of both cytokines, higher levels of IL-8 may be generated than if only one of them were 

present (the synergism may be particularly relevant in the presence of Iow levels of both 

TNFa and IL-la), and therefore greater numbers of neutrophils and responsive T cell subsets 

rnay be recruited and activated in the synovial environment. 

The finding that IL-8 is likely to be the major neutrophil-activating factor secreted by synovial 

fibroblasts stimulated by the monokines IL-16 and TNFcY may be of considerable clinical 

interest. It raises the possibility that therapy directed against IL-8 (for exarnple, with specific 

receptor antagonist) might specifically reduce neutrophil infiltration not only in RA, but also 

in other diseases in which fibroblasts may play a major role in the recruitrnent of neutrophils 

frorn the peripheral blood. 
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Figure 1: Presence of a neutrophil-activating factor in the supernatants of monokine- 

stimulated rheumatoid synovial fibroblasts. Cells were grown to confluence in 100-mm petri . 
dishes and incubated for 24 houn with either diluent, 100 nglml of TNFru, 3 nglml of IL+, 

or TNFa plus IL-1B. The supernatants were collected. concentrated 10-fold, and tested for 

the ability to stimulate calcium mobilization in human neutrophils. A. Representative 

experirnent showing the effect of the supemtants derived from fibroblasts stimulated with 

TNFa or IL-1& or both in combination, on calcium mobilization. B. Effect of synovial 

fibroblast supernatants on the level of intracellular free calcium in human neutrophils. Values 

are the mean and SEM of experiments performed on neutrophils from 7 different donors. 



O 4 0 8 0 120 

TlME (sec) 

Figure 2. Induction of calcium-mobilizing activity is dependent on RNA and protein synthesis. 

Cells were grown to confluence in 100-mm petri dishes, pre-incubated with either the 

transcription inhibitor actinomycin D (5 gglrnl) or the translation inhibitor cycloheximide (10 

pglrnl) for 1 hour, and then stimulated with either A, TNFa (100 ngfml), B, IL-l(3 (3 

nglml), or C, TNFa and IL40  for 24 hours. The supernatants were collected, concentrated 

10-fold, and tested for the ability to stimulate calcium mobilization in human neutrophils. 

This experiment is representative of 4 others that were performed, with sirnilar results. See 

Figure 1 for definitions. 
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Figure 3. Cross-desensitization between the calcium-mobilizing activity in rheumatoid 

synovial fibroblasts supernatants and interleukin-8 (IL-8). melanoma growth-stimulatory 

activity (MGSA), and neutrophil-activating peptide 2 (NAP-2). Supernatants from synovial 

fibroblasts stimulated with both TNFa and IL-lfi were prepared as described in Figure 1, and 

cross-desensitization studies between the supernatants (X) and IL-8, MGSA, NAP-2 (al1 at 1 

nM) were conducted on human neutrophils. This experiment is representative of  4 others that 

were performed, with similar results. 
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Figure 4. Stimulated rheumatoid synovial fibroblast supernatants activate calcium 

mobilization in 293 cells transfected with the human IL-8 receptor cDNA. The supernatants 

were collected and prepared as described in Figure 1 .  The Ievel of intmcellular free calcium 

was then determined. This experiment is representative of 3 others that were performed, with 

similar results. See Figure 1 for definitions. 
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Figure 5. Identification of IL-8 as the major calcium-mobilizing factor in monokine- 

stimulated rheumatoid synovial fibroblast supernatants. Supernatants from synovial fibrob lasts 

were prepared as described in Figure 1.  The supernatants or purified cytokines were 

incubated with either non-immune goat serum (control) or with goat anti-118 antibody for 90 

minutes at 37 "C prior to king assessed for calcium-mobilizing activity. A, IL-8 (IOnM), 

B, MGSA (10 nM), C ,  NAP-2 (10 nM). Supematants from synovial fibroblasts were 

stimulated for 24 hours with Dy TNFa and IL-16, E, IL-16, or F, TNFa. This expriment 

is representative of 3 othen that were performed. with similar results. See Figure 3 for 

definitions. 



Figure 6. Stimulation by TNFa and IL-1/3 of IL-8 synthesis in rheumatoid synovial 

fibroblasts. Cells were grown to confluence in 75cm2 culture flasks and stiinulated with A, 

increasing concentrations of  TNFa or IL46 for 48 houn or B, 100 nglml TNFa or 3 nglml 

I L l B  for increasing periods of time. The supernatants were collected and analyzed for the 

presence of human IL-8 by specific enzyme-linked immunosorbent assay. Values are the 

mean f SD of experirnents performed on cultured synovial fibroblasts from 3 different 

donon. See Figure 3 for definitions. 



Figure 7. Synergistic effect of TNFa and IL-1/3 on IL-8 gene expression and protein secretion 

in rheumatoid synovial fibroblasts. Cells were grown to confluence in 75-cm2 culture f lash  

and incubated with either diluent, TNFoi (1M) nglml), IL-16 (3 nglml), or TNFa and IL-IP 

for 24 hours. A, The supernatants were collected and the amount of IL-8 was determined by 

specific enzyme-linked immunosorbent assay. Values are the mean and SD of experiments 

performed on cultured synovial fibroblasts from 3 different donors. B, The cells were 

harvested and analyzed for IL-8 mRNA by Northern blot as described in Materials and 

Methods. This experiment is representative of 5 others that were performed. with similar 

results. ND= not done; see Figure 3 for other definitions. 
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CHAPTER: III 

Expression of the cytokine RANTES in human rheumatoid synovial fibroblasts: 
Differential regulation of RANTES and interleukin-8 genes by inflammatory cytokines 

Palaniswami Rathanaswami, Mohamed Hachicha, Michael Sadick, Thomas J. Schall and 
Shaun R. McColl. Journal of Biological Chemistry, 268: 5834-5839, 1993 

Abstract: 

A chronic inflammatory disease may be characterized by an accumulation of activated 
leukocytes at the site of inflammation. Since the chemokine RANTES rnay play an active role 
in recruiting leukocytes into inflammatory sites, we investigated the ability of cultured human 
synovial fibroblasts isolated from patients suffering from rheumatoid arthritis to produce this 
chernokine and compared its regulation to that of the closely related chemokine gene, 
interleukin-8 (IL-8). In unstimulated synovial fibroblasts, the expression of mRNA for both 
chernokines was undetectable, but was increased in both tirne- and dose-dependent rnanner 
upon stimulation with the monokines tumor necrosis factor-or (TNFa) and interleukin- 10 (IL- 
18). Preincubation of the cells with cycloheximide "superinduced" the level of IL-8 mRNA 
stirnulated by TNFa and IL-1B and RANTES mRNA stimulated by IL-10, but decreased the 
expression of RANTES mRNA in response to TNFcY. In addition, differential regulation of 
these genes was noted when synovial fibroblasts were stimulated with a combination of 
cytokines. IL-4 down-regulated and IFNy enhanced the TNFa-and IL- 1p-induced increase 
in RANTES mRNA, whereas the induction of IL-8 mRNA by TNFa or IL40 was inhibited 
by IFNy and augmented by IL-4. Moreover, a combination of TNFa and IL-ifl 
synergisticall y induced IL-8 mRNA expression, whereas under the same conditions, the level 
of expression of RANTES mRNA was las  than that induced by TNFa alone. These 
obsemations were aIso reflected at the level of chemokine secretion. These studies 
demonstrate that b y expressing the chemokines RANTES and 1 L-8, synovial fibrob lasts may 
participate in the ongoing inflammatory process in rheumatoid arthritis. In addition. the 
observation that these chemokine genes are differentially regulated, depending upon the 
presence of different cytokines, indicates that the type of cellular infiltrate and the progress 
of the inflammatory disease is likely to depend on the relative levels of stimulatory and 
inhibitory cytokines. 



Introduction: 

Various cytokines have been impiicated as important mediators of inflammation and joint 

destruction in rheumatoid arthritis (RA) ( 1 ) and other inilammatory process. Recentl y, a 

group of small molecular weight proinflammatory cytokines, known variously as the platelet 

factor 4 (PF4). the intercrine, or mos t recenti y the "chemokine" superfamil y. has been 

described (2.3). They are related b y having primary structural s irn ilarities w ith a conserved 

4-cysteine motif and are subdivided into two groups, namely C-X-C and C-C, depending on 

whether or not there is an intervening arnino acid between the first two cysteines (2.3). In 

general, the chemokines of the C-X-C class. of which IL-8 is a mernber, are reported to have 

proinflammatory functions through their actions main1 y on neutrophils , whereas the 

chemokines in the C-C class of the superfamily appear to act on mononuclear cells with 

various degrees of specificity. For example. RANTES has been shown to be a chernotactic 

factor for monocytes and T lymphocytes of the rnemory phenotype in vitro (4). To date. 

RANTES expression has been primarily observed in cultured T cell lines that are antigen- 

specific and growth factor-dependent (5). 

Culturing human cells in vitro has shown that I L 8  expression is up-regulated in a variety of 

cells such as monocytes, macrophages, endothelial cells, epithelial cells, and dermal 

fibroblasts in response to stimuli including Iipopolysaccharide, TNFa and IL-lB (3). 

However, the 1 ymp hocyte-derived cytokines IL-4, and IFNy are reported to down-regulate the 

lipopolysaccharide-, TNFa. or IL- 1-stimulated IL-8 expression in monocytes (3,6) and in 

human thymic epithelial cells (7). respectively. In contrast to the known distribution and 

regulation of IL-8 in many ce11 types, the cellular distribution or factors controlling the 

regulation of the RANTES gene have not yet been characterized with the exception that. by 

in situ hybridization, RANTES mRNA has been shown to be present in synovial lining cells 

of patients with RA (8). 

Synovial fibroblasts are believed to play an important role in the pathogenesis of RA (1). 

These cells are known to produce a nurnber of putative mediators of inflammation such as 



plasminogen activator, prostaglandins &, wllagenase, stromelysin (9- 1 1). and several 

leu kocyte-activating cytokines includ ing granulocytelmacrop hage- and granulocyte-colony 

stimulating factors and 1 L-6 (12,13) in response to the macrop hage-derived cytokines TNFa 

and 1 L- 1. In addition, recent studies in our laboratory and others ( 14) have also demonstrated 

that synovial fibroblasts produce the chemokines IL-8 and MCP-L (15) in response to 

stimulation by either TNFa or IL-16, or upon engagement of major histocompatibility 

cornplex class II molecules with superantigen (16). It is therefore possible that these 

fibroblasts may play a major role in leukocyte recruitment to, and activation in. the 

rheumatoid sy novium by producing chemokines. Moreover , the type of leukocyte infiltrate 

present in RA synovium could depend on the relative levels of chemokines such as RANTES 

and IL-8, which in turn may depend on various stimuli present in the synovial environment. 

Hence, we have also studied potential similarities and diiferences in the regulation of these 

two genes by a variety of cytokines that are reported to be present in the rheumatoid 

synovium. 

Materials and Methods 

Reagents: 

TNFa (recombinant human TNFa, specific activity IO7 unitslmg, in the actinomycin D-ftee 

L-929 cytoioxity assay), was a generous gift from Knoll Pharmaceuticals (Whippany, NJ). 

TNFa stock was stored at -80 OC in phospahate-buffered saline containing 0.01 1 bovine 

serum albumin. Recombinant human IL-18 and lFNy were a generous gifi from Genentech 

Inc. (South Fransisco, CA). Recombinant human IL-4 was a generous gift from the Genetics 

Institute (Cambaridge, MA). Tests on these solutions using the Limuius amoebocyte assay of 

the presence of endotoxin were negative. Cycloheximide and actinomycin D were purchased 

from Sigma (St-Louis, MO). Collagenase, trypsin-EDTA, RPMI 1640, and Dulbecco's 

modified Eagle's medium were purchased from Gibco (Burlington, Ontario, Canada). Hyclone 

fetal calf serum was purchased from Professional Diagnostics (Edmonton, Alberta, Canada). 

H ybond N membranes, [y-32P]ATP, and [a-)*P]dCTP were obtained from Amersharn Canada 

(Oakville, Ontario, Canada). RNA guard (RNase inhibitor) and Ribosomal RNA standards (28 

and 18 S) were purchased from Pharmacia (Montréal, Québec, Canada). Al1 other reagents 

used in this study were of molecular biological grade. 



Cell Culrure: 

The synovial fibroblast cultures used in this smdy were derived from patients who were 

diagnosed as sufiering from either definite or classical RA according to American Rheumatism 

Association 1987 criteria (17). and who were undergoing total knee replacement due to joint 

deterioration. The cultures were prepared as previousi y described ( 1 8, 19). Prirnary cultures 

were harvested by treatment with 0.5 % trypsin, 0.03 M EDTA at 37 OC for 4 min and 

subcultured into 75cm2 flasks. Morphologically, the passaged cells resembled the previously 

reported " fibroblast-like" synovial cells (1 8, 19). The cells were used between passages 3 and 

14 (20). Routine FACS analysis of cell surface markers revealed that after the third passage, 

the cultures were consistently major histocompatibility complex class II-negative, Mo-1- 

negative (the latter indicating absence of myeloid ceils and the type A "macrophage-liken 

synoviocytes) and factor VIII-negative (endothelial ce11 marker). 

Isolation of Cytoplasmic RNA and North ern Blot Ana fysis: 

Cultured synovial fibroblasts were grown to confluence in 75-cm' culture flasks and treated 

as described in the figure legends. After the appropriate stimulation time with the desired 

cytokines, the cells were harvested using trypsin-EDTA, cytoplasmic RNA extraction and 

Northern blots were performed as previously described (21). The probes used in this study 

were 244-base pair PstIlEcoRI cDNA fragment representing the coding region of the IL-8 

cDNA from nucleotides 49 to 293 (22) and a 410-base pair EcoRIIApaI cDNA fragment 

spanning the coding region of RANTES (5). The cDNA probes were radiolabeled with [a- 

32P]dCTP using the random primer DNA labeling system (GIBCOIBRL, Burlington, Ontario, 

Canada). To çonfirm equal loading of RNA, the membranes were rehybridized with a 

synthetic oligonucleotide (5'-GTTGGTTTCTRTCCTC-3') for 28 S ribosomal RNA. 

constructed from the known consensus sequences for 28 S RNA (Diethard Tautz, Institut für 

Zoologie, Univenitat München). The oligonucleotide was radiolabeled with [y-3'P]ATP using 

a 5' DNA terminus labeling system (GIBCOIBRL, Burlington, Ontario, Canada). The 

Northern blots shown in this report are taken from one experiment, which is representative 

of at least four othen performed with sirnilar results on the synovial fibroblasts of different 

donors. Some donor-to-donor variability with respect to the relative levels of TNFa- and IL- 

lpinduced RANTES and IL-8 gene expression was observed. 



ELISA for IL8 and RANTES Chemokines: 

Cultured human synovial fibroblasts were grown to confluence in 75cm2 culture flasks and 

treated as described in the figure legends. The supernatants were collected and analyzed for 

chemokine content. Levels of IL-8 were measured using an IL-8 monoclonal antibody 

sandwich ELISA employing two anti-IL-8 monoclonal antibodies recognizing different, 

noncompeting deterrninants. Briefl y, microtiter plates were coated with the first anti-IL-8 

antibody , and then the samples and the second anti-IL-8 antibod y conjugated to honeradish 

peroxidase were added. After washing, substrate was added and the absorbance was measured 

at 490 nm in a Vmax plate reader (Molecualr Devices Corporation, Menlo Park, CA). A 

standard curve was generated by plotting &, nrn versas log IL-8 concentration. using a four- 

parameter logistic curve fitting program (developed at Genentech Inc.). The specificity of the 

assay for IL-8 was verified using 13 other soluble immune proteins, including interleukins 1-6, 

and no cross-creativity was observed with any of these proteins t e s t d .  RANTES levels were 

assessed by a similar assay, the details of which are to be published elsewhere. 

The Effect of TNFû! und I L l P  on Steady State Levels of RANTES and IL-8 mRNA in 

Syno via1 Fibroblasts: 

Rheumatoid synovial fibrobiasts were grown to confluence in 75-cm2 culture flash and 

stimulated either for increasing periods of time with fixed concentrations of TNFa or IL40 

or with increasing concentrations of TNFa or IL-1fl for 24 hours, and Northern blots were 

then performed. No RANTES mRNA was detected, regardless of the time point (data not 

shown), unless the cells were stimuiated with cytokines (Figs. 1 and 2). However, RANTES 

mRNA was first detected after a stimulation of 6 hours with TNFa or 2 hours with IL-la. 

Maximum levels were reached at 24 hours and sustained with up to 48 hours (Figs. tA and 

2A. respectively). At 72 hours, the level was decreased to one-half of the maximum levei 

(resuin not shown). The filters were then stripped and reprobed with an IL-8 cDNA fragment. 

A similar time course of induction of IL-8 mRNA in response to the monokines was observed. 

We then examined the effect of concentration of TNFa and IL-1B on RANTES gene 

expression following a 24-hours incubation. The steady state levels of RANTES mRNA was 



increased in a dose-dependent manner upon incubation with either TNFa or IL- lf3 (Figs LB 

or 2B. respectively). A similar dose response to the monokines was observed for IL-8 mRNA 

expression (Figs. LB and 2B). 

The Effect of Cycloheximide and Actinomych D on the Monokirte-induced Up-regdation 

of RANTES and IL-8 Gene Erpression: 

To determine whether TNFcY- or IL-1B-induced up-regulation of RANTES and IL-8 genes 

was protein synthesis-dependent, we conducted experiments in presence of the protein 

synthesis inhibitor cycloheximide. Pretreatment with cycloheximide had no effect on the levels 

of RANTES or IL-8 mRNA in unstimulated synovial fibroblasts (Fig. 3. A and B). In 

contrast, pretreatment w ith cycloheximide led to a " superinduction" of IL- 1 @-induced 

RANTES and 1 L-8 gene expression. In addition, super induction of TNFa-stimulated 1 L-8 

gene expression was also observed in presence of cycloheximide (Fig. 3B). We also conducted 

experiments by preincubating the synovial fibroblasts with the transcription inhibitor 

actinomycin D to determine whether the up-regulation of RANTES and IL-8 by TNFa- or IL- 

LB was occurring at the transcription level. Actinomycin D completely inhibited the induction 

of RANTES and IL-8 mRNA expression in response to both monokines (Fig. 3A, shown only 

for IL-LB). 

Differential Reguluîion of RANTES and IG8 Gene Expression in Synovial Fibrobiasts: 

Since the synovial environment is likely to contain a mixture of several cytokines. we 

investigated the effect of combinations of various cytokines on the expression of RANTES and 

IL-8 genes. Cultured synovial fibroblasts were therefore stimulated either with TNFa or IL-LD 

in combination with IL-4 or IFNy or with TNFcY in combination with IL- 10. As shown in 

Figs. 4 and 5, the expression of RANTES and IL-8 mRNA was differentially regulated by 

different combinations of these cytokines. IFNy had no direct effect on the level of either 

RANTES or IL-8 mRNA (Fig. 4, lanes 2-4). However, IFNy synergistically enhanced the 

stimulatory effect of TNFa and IL-16 on the level of RANTES mRNA but inhibited that on 

IL-8 mRNA in a dose-dependent manner (Fig. 4, lanes 6-8 and 10-12). 



Similarly to IFNy, I L 4  exerted no direct effect on the level of either RANTES or IL-8 

mRNA (Fig. 5A, lanes 2-4). 

However, in contrast to IFNy, IL-4 decreased the stimulating effect of TNFa on the RANTES 

mRNA level but synergistically increased the effect of TNFa on the level of IL-8 mRNA in 

a dose-dependent manner (Fig. SA, lanes 6-8). An identical result was obtained for RANTES 

and IL-8 gene regulation when the cells were stimulated with IL lP  in combination with I L 4  

(data not shown). The effect of combined presence of TNFa and IL46  on synovial 

fibroblasts was also examined (Fig . 5B, lanes 6-8). Incubation of cells with IL- 18 alone (Fig. 

5B, lanes 2-4) or TNFa alone (Fig. SB, lane 5) stimulated the expression of both RANTES 

and IL-8 mRNA as described above. However, IL-1P in combination with TNFa dose- 

dependently decreased the TNFa-induced IL-8 mRNA level (Fig. 5B, lanes 6-8). 

Inflammatory cytokines diflerenriolly regulate îhe secretion of RANTES and IL-8 in 

synovid jïbro blasts: 

The observations reported above were also verified at the level of protein secretion. Cultured 

human synovial fibroblasts were incubated for 24 hours with either diluent, TNFa, IL- 16, or 

TNFa and IL-1B. The cells were also incubated with IFNy or IL-4 in the presence or absence 

of TNFa or IL- 119 (Fig. 6). At the end of incubation, the supernatants were collected and 

analyzed for the presence of RANTES and IL-8 by ELISA. It was observed that the effect 

of cytokines on RANTES and IL-8 secretion, either alone or in combination, followed an 

identical pattern to their effect on the expression of RANTES and IL-8 mRNA. 

Discussion: 

RANTES and IL-8 are rnernbers of a recently discovered superfamily of low molecular weight 

immunoregulatory mediators, known as "chemokines". This superfamily includes platelet 

factor 4 (PF4), monocyte chemotactic protein-l (MCP-1), and the macrophage inflammatory 

proteins (MIP) la and 1@ (2,3,23-25). Studies on the chemotactic activity of several of these 

proteins in vitro have indicated relatively rigid patterns of target cell selectivity. For example, 

IL-8 is chemotactic for neutrophils, as well as some T ceIl subsets (26, 27), but not for 

monocytes. In contrat, MCP-1 is highly specific for monocytes (28, 29), whereas RANTES 



is a chemotactic factor for monocytes and T lymphocytes of the memory phenotype (4). The 

accumulation of activated T cells and macrophages at an inflamed site. such as that observed 

in the synovial tissue of an RA patient, may lead to significant structural damage to the joints. 

We therefore examined the regulation of RANTES gene expression and its production in 

synovial fibroblasts in response to stimulation by cytokines that are likely to be present in the 

synovial environment. 

RANTES was originally characterized as a T ceil-specific gene, which was expressed in 

cultured CD8+ CTL and also in antigen- or mitogen-activated T cells (5) .  Recent in situ 

hybridization studies have shown that RANTES mRNA is present in synovial lining cells (8). 

In the present study, we show that cultured human synovial fibroblasts express and secrete 

RANTES in response to activation by the monokines TNFa and IL-1f3. This observation. 

combined with the fact that these cells are also capable of producing other chemotactic 

cytokines such as IL-8 (3. 14. 16, present study and footnote 3) and MCP-1 (15. 30) in 

response to various stimuli including TNFa or IL-1B, may be of major relevance to the 

pathogenesis of RA, particularly in the early stages of the disease, where such chemokines 

could play a major role in recmiting and activating peripheral blood leukocytes. 

S tudies to date indicate that chemokine gene expression is control led at several levels. 

including the transcriptional and post-transcriptional levels. The results of our studies in 

synovial fibroblasts using actinomycin D and cycloheximide support previous observations 

made in various other cell types concerning the regulation of the IL-8 gene (31-33). It has 

been shown that IL-8 prornoter activity is positively driven by nuclear factor KB and CREB- 

like transacting factors (33) and possibly in a negative manner by (an) as-yet-unidentified 

repressors(s) (33). Moreover, IL-8 mRNA contains several AUUUA sequences (34) and rnay 

therefore be controlled at the level of mRNA stabilization (35). Although the mechanisrn of 

IL- 16-induced RANTES gene expression appears to closely resemble that of IL-8 gene, the 

RANTES gene may be regulated by mechanisms other than (de)stabilization, since unlike IL- 

8, the 3'-untranslated region of RANTES mRNA does not possess AUUUA sequences (5). 

Our results also suggest that TNFcr- but not IL-1/3-induced RANTES mRNA expression, 

involves the synthesis of one or more proteins. We are presently conducting experiments to 



determine which of these mechanisms (transcriptional or post-transcrip tional) are 

predominantly involved in regulating the expression of these two chemokine genes. 

The differential regulation of the two chemokine genes in synovial fibroblasts by inflamrnatory 

cytokines may determine the type of cellular infiltrate presenr in rheumatoid synovium. As 

we have shown in the present report for IL-8 production, TNFa and I L 4 8  synergistically up- 

regulate the production of colony stimulating factors (granulocyte and 

granulocyte/macrophage) (12) and prostaglandins (36) in synovial fibroblasts and in other 

human cellular systems (37.38). However, a relative inhibitory effect of this monokine 

combination on the expression of other cytokine genes. as observed for RANTES gene 

expression, has not yet been reported. This may be an important observation wirh respect to 

the progress of RA. When a critical number of monocytes have accumulated and been 

activated in the synovium, a certain level of TNFa and IL- 10 rnay accumulate in the synovial 

tissue. The combined level of these monokines may alter the balance of RANTES to IL-8 

production, resulting in a relative decrease in mononuclear ce11 accumulation. This 

observation rnay part1 y explain the transient "acute flares " involving a massive neutroph il 

infiltration into the rheumatoid joint often observed during the disease. 

The monokine-stimulated expression of the RANTES and IL-8 genes and the secretion of nvo 

chemokines were differentiall y regulated by IFNy and 1 L-4. TN Fa and IL- 1 B-induced 

secretion and mRNA expression of IL-8 were inhibited and those of RANTES were 

synergistically enhanced by IFNy , whereas IL-4 exerted the opposite effect. These combined 

observations are in keeping with previous results showing that the T ce11 products. IL-4 and 

IFNI/, have opposing effects on TNFa- or IL-10-induced cellular functions (39.40) and 

granulocyte-colony stimulating factor (43). Thus, the present study extends the observation 

of opposing effects of IFNy and IL-4 on monokine-induced cytokine expression in human 

synovial fibroblasts to include the regulation of IL-8 and RANTES. Our results also suggest 

that considerable caution should be taken when arguing a general anti-inflammatory role of 

IFNy and IL-4 in chronic inflammation, as they differentiall y regulate chemokine gene 

expression. 



Ln view of the different spectra of activity of the various chemokines. the observations in the 

present study showing differential regulation of the genes coding for RANTES and IL-8 may 

have important ramifications with respect to the control of the type of leukocyte infiltrate 

observed in the rheumatoid joint or other inflarnmatory sites. Overall, we can hypothesize ihat 

the combined presence and opposing effecu of these monokines and lymphokines on 

chemokine gene express ion might be a method b y which leukocyte trafficking to inflammatory 

sites is normal 1 y regulated. 



Figure 1: Effect of TNFa on steady state Ievel of RANTES and IL-8 mRNA in human 

rheumatoid synovial fibroblasts. Cells were grown to confluence in 75cm2 culture flash and 

stimulated with 100 ng/rnl of TNFa for increasing periods of time (A) or with increasing 

concentrations of TNFa for 24 h (B). The cells were harvested, cytoplasmic RNA was 

prepared, and RANTES mRNA was then detected as described under 'Materials and 

Methods". The filters were then stripped and reprobed successively with IL-8 cDNA Fragment 

and an oligonucleotide probe for 28 S ribosomal RNA. The data presented in these figures 

are representative of at least seven other experiments performed with similar resulu. 



Figure 2: induction of steady state level of RANTES and IL-8 mRNA by IL-1P in hurnan 

rheumatoid synovial fibroblasts. Cells were grown t confluence in 75 cm2 culture flasks and 

stimulated with 3 ng/ml of IL-la for increasing periods of time (A) or increasing 

concentrations of IL-lB for 24 h (B). RANTES and IL-8 mRNA and 28 S ribosomal RNA 

were then detected as described in Fig. 1. The data presented in these figures are 

representative of at least seven other experiments performed with sirnilar results. 
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Figure 3: The effect of cycloheximide and actinimycin D on IL-1p- or TNFa-induced steady 

state level of RANTES and IL-8 mRNA in human synovial fbroblasts. Confluent cells were 

preincubated with 10 pg/ml cycloheximide or with 5 pglml actinomycin D for 1 hour as 

indicated. The celis were then incubated with either diluent (Ianes 1-3 in A and lanes 1 and 

2 in B) or 3 ng/ml IL-16 (lanes 4-6 in A) or 100 ng/ml TNFa (lanes 3 and 4 in B) for 24 

hours, harvested, and analyzed for RANTES and IL-8 mRNA and 28 S ribosomal RNA as 

described under "Materials and Methodsn. This figure is fiom one experiment, which is 

representative of six others perfomed with similar resuits. Different times of exposure of the 

au toradiographic images for each mRNA species in this figure were chosen to clearl y 

demonstrate the level of superinduction by cycloheximide. 



Figure 4: The effect o f  IFNy on the TNFa- and IL-1B-induced steady state level of  RANTES 

and IL-8 mRNA in human synovial fibroblasts. Confluent cells were incubated with 

increasing concentrations of IFNy either without or with 100 nglml TNFa or 3 nglml 1L-1fl 

for 24 h as indicated. The cells were then harvested and analyzed for RANTES and IL-8 

mRNA and 28 S ribosomal RNA as described under "Materials and Methods". This figure 

is from one experiment, which is representative o f  five others performed with similar results. 



Figure 5: Effect of IL-4 and IL-16 on TNFol-induced steady state Ievel of RANTES and IL-8 

mRNA in human synovial fibroblasts. The cells were grown to confluence and incubated 

with increasing concentrations of I L 4  (A) or increasing concentrations of IL-1fl (B) either in 

combination with or without 100 ng/mI TNFa for 24 h as shown. The cells were then 

harvested and analyzed for RANTES and IL-8 mRNA and 28 S ribosomal RNA as described 

in "Materials and Methodsn. This figure is fiom one experiment, which is representative of 

four others perforrned with similar results. Different times of exposure of the 

autoradiographic images for each mRNA species in B were chosen to clearly demonstrate the 

effect of the combined treatment of monokines. 



Figure 6: Effect of cytokine combination on the secretion of RANTES and IL-8 chemokines 

in human rheumatoid synovial fbroblasts. Cells were grown to confluence in 75 cm2 culture 

flash and stimulated for 24 h with TNFa (100 nglml), IL-10 (3 ng/ml), IFNy (100 nglml), 

and IL-4 (10 unitslml) either alone or in combination as indicated. The supernatants were 

collected, and RANTES and IL-8 protein were detected by specific ELISA as described in 

" Mater ials and Methods " . 
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Cloning and chracterization of human MCP-2 cDNA: cornparison with the expression 
of other human C-C chernokine gens in human tissues and ceüs 
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Shaun R. McColl. 

Abstract: 

In order to verify the biological activity of recombinantly-expressed human monocyte 
chemotactic protein-2 (MCP-2) as well as to compare the expression of MCP-2 with that of 
other C-C chemokine genes in various tissues and cells, we used molecular techniques to clone 
and functionally characterize an MCP-2 cDNA. The human MCP-2 cDNA is 868 bp in 
length, encodes 99 amino acids (23 amino acid signal peptide, 76 amino acid mature protein), 
and contains five mRNA destabilization sequences in its 3'-UTR. The predicted mature 
protein has a theoretical pl of = 10.4 and an MW of 8965 Dalton. Recombinant MCP-2 
protein was chemotactic for monocytes but not neutrophils in in virro microchernotaxis assays. 
MCP-2 mRNA expression was detected in human heart, placenta, lung, liver. skeletal muscle 
and kidney, but not in brain or pancreas. Several differences in the tissue distribution of 
related chemokines were noted, with MCP-2 rnRNA expression most closely paralleling that 
of MCP-1. The ability of human fibroblasts to express mRNA for MCP-2, in response to 
stimulation by various cytokines was also exarnined and was compareci to that of other C-C 
chemokines, including MCP-1, RANTES, 1-309, and MIP-la and 8. Differential regulation 
of the expression of a11 C-C chemokine gens by cytokine combinations was observed. The 
combined observations in this report indicate fust, diat in the tissues and cell types examined, 
MCP-2 mRNA is expressed only when the MCP-I gene is also expressed but not vice versa, 
and second, that expression of memben of the C-C chemokine family. including MCP-2, is 
differentially regulated by the lymphokines IFNy and IL-4 in synovial and dermal fibroblasts, 
suggesting that the ongoing process of leukocyte recmitment to extravascular sites of 
inflammation is dependent on the class of immunity generated at the infiammatory site. 



Introduction: 

The various members of the chemokine gene superf'ily are hinctionally related by their 

ability to stimulate the recruitment of both overlapping and specific subsets of' leukocytes 

[1,2]. In general, members of the C-X-C chemokine subfamily, with the exception of IP-10 

[3], are chernotactic for neutrophiis but not for mononuclear leukocytes [4-61, whereas the C- 

C chemokines are chemotactic factors for various mononuclear cells and grar.ulocytes other 

than neutrophils [7-91. For instance, MCP-1 and 1-309 are chemotactic for monocytes 

[1,8,10], whereas RANTES, MIP-la and MIP-lfl, while also being chemotactic for 

monocytes. specifically mediate the recruitment of different subpopulations of T cells 

[7,11,12]. Moreover. RANTES and MIP- 1 a attract and activate eosinophils [13.14] and MIP- 

la is a chemotactic factor for B cells [ 1 11. All members of the C-C subfamily cloned to date 

exhibit monocyte chemotactic potential. These combineci observations, showing that the 

various members of the C-C subfamily have the ability to mediate the recruitment of specific 

and overlapping subsets of leukocytes. suggest that these molecules are likely to play an 

important rote in anergy. inflammation, host resistance to infection as well as in various 

autoimmune diseases where selective recniitrnent of leukocyte subsets is involved. 

The C-C chemokine, MCP-1, is a potent and specific chemotactic and activating factor for 

monocytes [2,8-101. It has recently been reported that, in addition to MCP-1, at lest two 

human MCP homologs, named MCP-2 and MCP-3 are produced by the human osteosarcorna 

cell line MG-63 (101. These proteins were semi-purified from MG-63 ce11 supernatanu, 

partially sequenced, and shown to share 62 and 73 % identity with MCP-i respectively. In 

addition, the partial sequence of the protein designated MCP-2 is present in another panially 

sequenced protein, HC- 14 [15]. The semipurified material also exhibited monocyte 

chemotactic potential [IO]. In addition, a recent study using synthetic material showed that 

huMCP-2 is chemotactic for human monocytes in vitro [15a]. While the MCP-3 cDNA has 

recently been cloned and sequenced [16], the complete arnino acid sequence of huMCP-2 has 

not yet been elucidated, nor has its biological relevance in the context of the C-C chemokine 

sub famil y been establ is hed. We have therefore cloned, sequenced and expresseci huMCP-2 

to verify its in v i ~ o  activity, and compared its expression with that of other C-C chemokine 

genes in various human tissues and cells. 



Materials and Met hods: 

Reagen fs: 

TNFa (recombinant human TNFa. specific activity IO7 U h g ,  in the actinomycin D-free L- 

929 cytotoxicity assa~),  was a generous gift from Knoll Pharmaceuticals (Whippany, New 

Jersey, USA.). TNFa stock was stored at -80°C in PBS containing 0.01 46 BSA. 

Recombinant human IL$ and IFNy were a generous gift from Genentech Inc. (South San 

Francisco, Cal ifornia, USA .). Recombinant human IL-4 was obtained from Schering 

Corporation (Kenil worth, NJ , USA. ) . Tests on these solutions using the limulur amoebocyte 

assay for the presence of endotoxin were negative. Cycloheximide was purchased from the 

Sigma chemical Co. (St. Louis, MO, USA.). Collagenase, trypsin-EDTA, RPMI 1640, and 

Dulbecco's modifieci Eagle's medium (DME) were purchased from GIBCO (Burlington, 

Ontario, Canada). Hyclone FCS was purchased from Professional Diagnostics (Edmonton, 

Alberta, Canada). Hybond N membranes, [o-~~P]-ATP and [a-"Pl-dCTP were obtained from 

Amersham Canada (Oakville, Ontario, Canada). Al1 other reagents used in this study were 

of molecular biological grade. The multiple tissue northern blot was purchased from Clontech 

(Palo Alto, California, USA) 

PCR and cDNA cloning of human and murine MCP-2: 

- A degenerate set of "sensen primers: 5' GCTCAGCCAGAT A/T GIC CIA GTN A/T GIC 

CIA AT CA' CCAAT C/T AC 3'. and "antisense"primers: 5' GGCTT CIG AG AIG TT C R  

TG AIG AA GIAIT ATITG GIA TCCAG 3', designed to hybridize against al1 possible 

nucleotide combinations encoding the amino and carboxyl terminal portions of the partial 

human HC14 protein sequence [15], were synthesized and used in a standard PCR reaction. 

The starting substrate RNA was obtained from PBMC stimulated with interferon-?. To obtain 

a cDNA for a murine homolog, a XgtlO library prepared from mRNA extracted from the 

murine macrophage ce11 line PU5-1.8 [17] was screened with the PCR fragment which had 

been 32P-labelled by random hexamer priming. Hybridization was carried out at 42°C in a 

solution that was 20% formamide, 0.1 % SDS, 5x Denhardt's solution, 50 pglml salmon sperm 

DNA, 50mM NaPO,. 0.1 A sodium pyrophosphate. Filters were washed twice in 0.4xSSC, 

0.1 % SDS at 42°C. The human MCP-2 cDNA was isolated from a placental cDNA library 



constructed as described [Ml. Hybridization was as above except the solution was 50 % 

formamide and washing was in 0.2xSSC. In each case, positive clones from duplicate filters 

were plaque purified and subcloned for sequencing and expression. 

293 Ceil îransfecîion and recombinant protein expression: 

The murine and human MCP-2, as well as the human MCP-1 cDNA fragments were cloned 

into the expression plasmid pRKS and used to transfect the human embryonic kidney ce11 line 

293 by the CaPO, precipitation method as described [19]. 

Biosynthetic iabeting: 

Transfected cells were subjected to biosynthetic labelling by s w i n g  the cultures for 

methionine and cysteine for 30 min in serum-free medium lacking these amino acids. Cells 

were then washed and the medium replaced with 1.5 milplate of serum free medium 

containing 100 mCi/ml 3sS-methionine and "S-cysteine. After an overnight incubation, the 

medium was removed and 25 pl of the each of the supernatanu was fractionated on a 10-20% 

tricene-tris S DS pol yacyrlam ide gel (Novex Corp.. San Diego, CA). A fter electrop horesis , 

the gel was fwed. dried, and put directly on film overnight at room temperature. 

Western blolting: 

Antisera for Western analysis was generated against the C-terminus of the published partial 

HC14 protein sequence: CADPKERWVRDSMKHLDQIFQNLKP, and the experiment 

performed as previously described 1191. The blot was developed using nitroblue tetrazolium 

and 5-bromo-4-chloro-3-indol yl phosphate (Kirkegaard and Perry , Gaithersberg , MD) in a 

solution lhat was LOO mM Tris pH 9.5, 150 mM NaCi, and 5 m M  MgCl? -. 

Monocyte chemotanis assays and i m g e  anaiysis: 

Human mononuclear and polymorphonuclear ceils were isolated from heparinized venous 

blood of normal volunteers using lymphocyte separation medium (Organon Teknika Corp., 

Durham, NC). Monocyte concentration was determined by staining for myeloperoxidase, and 

the cells were resuspended at 1 x 106/ml in RPMI 1640 with L-glutamine containing 25 m M  

HEPES and 0.1 % BSA. Chemotaxis was assayed in a 48 ce11 microchemotaxis chamber 



(Neuro Probe. Inc.. Cabin John, MD) as described [20]. The lower compartmenis of the 

chemotaxis chamber contained 27 pl of either N-formylmethionine-leucyl-phenylalanine 

(fMLP) (Sigma, St. Louis, MO) at LU7M in the RPMI solution described above, RPMI 

solution without fMLP as a negative control, or the transfected ce11 conditioned media to be 

tested. Conditioned media consisted of ce11 culture supematants harvested 24 hours after 

addition of serum free medium to 293 cells transfected with either the control plasmids (pRK5- 

muMCP-2- sense, or pRK5 no insert), or with the pRK5-rnuhuMCP-2-sense or pRK5-MCP- 

1 expression plasmids. Al1 samples were tested in triplicate wells. The assays were scored 

by a combination of methods. A semi-autornated image analysis system developed by 

Optomax, Inc. using the Domino software package (ûptoma., Inc, Groton, Connecticut) was 

used to count the number of cells which had migrated through the filter in four randomly 

chosen 1 mm2 areas in each well. These results were correlated by counting by eye five 

randomly chosen 40x fields in a selected proportion of the wells. Results were replicated with 

separate preparations of conditioned media on separate ce11 preparations. 

Cell culture: 

The synovial fibroblast cultures used in this study were derived fiom patients diagnosed as 

suffering from either definite or classical rheumatoid arthritis according to the American 

Rheumatism Association i 987 criteria [2 11 and who were undergoing total knee replacement 

due to joint deterioration. The cultures were prepared and the cells were used between 

passages 3- 14 as described previously [22-241. As reported previously [22-241, routine FACS 

analysis of ce11 surface markers revealed that after the third passage, the cultures were 

consistently MHC class II  negative, Mo-1 negative (the latter indicating absence of rnyeloid 

cells and the type A " macrophage-liken synoviocytes) and factor VIII-negative (endothelial ce11 

marker). Human dermal fibroblasts were derived from skin biopsies obtained from normal 

persons and a kind donation from the department of Genetics, CHUL, Quebec, Canada. 

Cultured dermal fibroblasts were used between 4-10 passages. Human umbilical vein 

endothelial cells were purchase from Clonetics (San Diego, California, USA). 

Isolntion of cytoplasmic RNA and northern blot analysis: 

Cultured synovial or dermal fibroblasts were grown to confluence in 75 cm2 culture flasks in 



the presence of DMEM wntaining 10% FCS and treated as described in the figure legends. 

After the appropriate stimulation time with the cytokines, the cells were harvested using 

Trypsin-EDTA, the total RNA was prepared by the RNAZol method (ID Labs. London, 

Ontario, Canada) as recommended by the supplier and northern blots were performed as 

previously described [22-251. The cDNA probes used in this study were radiolabeied with [a- 

3 2 ~ l - d ~ ~ ~  using the random primers DNA labeling system (GIBCOIBRL. Burlington, 

Ontario. Canada). To confirrn equal loading of RNA the membranes were rehybridized with 

a synthetic oligonucleotide for 28s ribosomal RNA as described previously [22]. The northern 

blots shown in this report are taken fiom one experiment which is representative of at least 

five others performed with similar results on the synovial or dermai fibroblasts of different 

donors. Some donor-to-donor variability with respect to the relative levels of TNFa- and IL- 

lb-induced gene expression was observeci. The RANTES and MCP-1 cDNA probes used 

in this sîudy have been described previously [22-27. The cDNA for huMIP-lp was isolated 

frorn a T cell library with an oligonucleotide of 50 residues corresponding to the first 50 

nucleotides of the huH400 molecule 1281. The huMIP- la cDNA was isolated using PCR with 

an antisense primer made against nucleotides 283 to 236 of the published LD78 sequence [29], 

and a sense primer comprising nucleotides -19 to 3. PCR amplification was also employed 

to isolate the huI-309 cDNA using synthetic oligonucleotides corresponding to 14 to 41 and 

353 to 379 (sense and antisense primen respectively) of the published hui-309 sequence [30]. 

The identity of al1 of the PCR amplified probes was confirmed by DNA sequencing. 

Erpression and biological activity of recombinant huMCP-2: 

To investigate the biochemical and biological properties of the mouse and human MCP-2 

proteins, the MCP-2 cDNA was cloned using degenerate primers corresponding to the NH2 

and COOH termini of the partial HC14 protein sequence [15]. Amplification of PBMC RNA 

yielded a PCR product of approximately 250 bp; subcloning and sequencing of this cDNA 

revealed that it encoded the published partial HC14 and MCP-2 protein sequences (data not 

shown). This PCR fragment was then used to clone full-length cDNA's for the human 

chemokine from a human placental library. The human cDNA is 868 bp in length, encodes 



a protein of 99 amino acids, and contains five mRNA destabilization motifs in its 3'- 

untranslateci region (overlined, Figure 1). The predicted leader peptide differs from that of 

MCP- 1 by only 2 of 22 residues. The predicted mature protein has a theoretical pl of - 10.4, 

a Mr of 8965 Dalton, and has no sites for N-linked glycosylation. 

We then expressed recombinant proteins for these molecules in the human embryonic kidney 

cell line 293. Complementary DNAs encoding these chemokines were cloned into the 

rnammalian expression vector pRKS, which put. the cDNA under the control of the CMV 

promoter enhancer. Afier transfection by the Capo4 precipitation method, the 293 cells were 

biosynthetically labelled with "S-cysteine and 35S-methionine and the ce1 1 supernatants 

analyzed by SDS-PAGE for the presence of the recombinant chernokines. Consistent with 

published reports 181, human MCP-1 was expressed as at least two rnolecular species, Mr - 12 

and 14kQ respectively (Figure 2, top panel). No such bands were seen in supernatants fiom 

cells transfected by the pRKS phsrnid lacking a cDNA insert (plasmid only lane, Figure 2). 

By contrat, human MCP-2 was expressed as a single protein of Mr - 9 kD (huMCP-2, Figure 

2, top panel), while muMCP-2 was expressed as a single larger protein of Mr - 14 kD (Figure 

2, muMCP-2). No recombinant proteins were detected in supernatants harvested from cells 

transfected fiorn cells transfected with the murine or human MCP-2 cDNA inserted in the 

antisense orientation relative to the CMV promoter (muMCP-2 sense and huMCP-2 sense. 

respectively, Figure 2). To wnfirm that these bands represent recombinant chemokines, an 

antipeptide antiserum was raised against a synthetic peptide representing the carboxy terminus 

of the huMCP-2 protein. In Western blot analysis, this antiserum specifically stained a single 

band of Mr 9 kD in the lane containing huMCP-2 supernatants from transfected 293 cells 

(Figure 2, lower panel). 

The ability of the MCP-2 proteins to attract monocytes and neutrophils isolated from human 

blood was assessed in a series of microchernotaxis assays. These leukocytes, isolated fresh 

from human peripheral blood, were tested for the ability to migrate in response to either 

purified recombinant MCP-1 or IL-8 (both 2Onglml) as positive controls, or diluted 

supernatants taken from 293 cells transfected with either the pRK5-murine and human MCP-2 

sense plasmids, or antisense plasrnids which contain cDNA inserts in the opposite orientation. 



Data from these experiments were evaluated using an image analyzer and computer software 

written specificall y for chernotaxis applications. The resulting dose response profiles frorn 

representative experirnents are shown in (Figure 3). 

Expression of MCP-2 mRNA in various human lissues and ceiis and L cornpurison with 

that of other C-C chemokines: 

To assess the extent of similarity in the panerns of mRNA expression of MCP-2 and MCP- 1. 

as well as other members of the C-C chemokine family, we performed a number of Northern 

blot analyses. A blot containing poly A+ RNA from several hurnan organs and tissues was 

probed at high stringency with human MCP-2, MCP-1, MIP-la, MIP-18 and RANTES cDNA 

probes. The patterns of mRNA hybridization are shown in Figure 4. Most of the 

chernokines exhibited varying levels of expression in the lung and heart (with the Possible 

exception of HuMIP-la), but clûarly the most widespread pattern of expression was that of 

MCP-1. Despite differences in the intensity of the signals. the MCP-2 expression pattern 

seemed to be more closely related to the MCP-1 pattern than to the distribution of expression 

of any of the other chemokines examined. MCP-1 expression was detected in al1 the tissues 

examined, and MCP-2 was expressed to a varying degree in al1 of the tissues except brain and 

possibly pancreas. MCP-2 message was slightly larger in size, and the relative intensity of 

its expression differed from that of MCP-1 from tissue to tissue. suggesting that the degree 

of cross hybridization in this blot was minimal. 

We next examined the expression of various members of the C-C chemokine branch, including 

MCP-2, in mesench ymal cells from inflammatory joint disease. Unstirnulated synovial 

fibroblasts did not express any detectable MCP-2 or RANTES rnRNA, however low levels of 

MCP-1 mRNA were detected in some cultures when the autoradiograms were exposed longer 

(data not shown). The expression of MCP-1, and RANTES was increased in a time- and dose- 

dependent manner in response to stimulation with TNFa or IL-16 in synovial fibroblasts. A 

similar time course and dose-dependent induction of MCP-2 mRNA in response to the 

monokines was observeci, although the induction of MCP-2 mRNA was weak (Figures 5 and 

6, respectively). No mRNA for 1-309, MIP-la or MIP-16 was detected regardless of the 

time of exposure of the films under these conditions (data not shown). Similar results were 

obtained in response to IL46 in human dermal fibroblasts and human umbilical vein 



endothelial cells (Figure 7). By contrast, none of the other chemokines were detected under 

these conditions, with the exception that low levels of RANTES mRNA were detected upon 

longer exposure of the films (not shown). 

The effect of the combined presence of TNFa and IL- 18 on the expression of C-C chemokine 

mRNA in the synovial fibroblasts was also exarnined (Figure 8). Incubation of cells with 

optimal concentrations of IL-1B alone or TNFa alone stimulated the expression of RANTES, 

MCP-1 and MCP-2 mRNA (although the latter to a lesser extent) as described above. 

However, IL40 in combination with TNFar, decreased the TNFar-induced RANTES mRNA 

level and enhanced the level of TNFa-induced MCP-I and MCP-2 mRNA (Figure 8). Under 

similar conditions, no mRNA for MIP-la, MIP-l@ or 1-309 was detected regardless of the 

length of exposure of the films (data not shown). 

Cultured synovial fibroblasts were also stimulated with TNFu or IL-la either alone or in 

combination with IFNy or IL-4 ( T h 4  and Th-2 lymphokines respectivety). The mRNA 

expression of various C-C chemokine genes was differentially regulated by different 

combinations of these cytokines. IFNy had no direct effect on the level of RANTES mRNA 

(Figure 9), however, IFNy induced the expression of MCP-1 and MCP-2 mRNA. In 

addition, IFNy synergistically enhanced the stimulatory effect of TNFa on the level of 

RANTES, MCP-1 and MCP-2 mRNA (Figure 9). IL-4 exerted no direct effect on the level 

of RANTES or MCP-2 mRNA, but induced the expression of MCP-1 mRNA. Moreover, IL4 

synergistically enhanced the effect of TNFa on MCP- 1 mRNA expression. In contrast, IL-4 

decreased the stimulating effect of TNFa on RANTES mRNA expression. The expression 

of MCP-2 mRNA was not affected by the combined presence of IL4  and TNFa (Figure 9). 

No mRNA for MIP-la, MIP-le or 1-309 was observed, regardless of the stimulatory 

conditions (data not shown). 



Discussion: 

The results of our studies show that the cDNA we iso1ated encodes a 99 arnino acid C-C 

chemokine which has a signal peptide of 23 arnino acids and a mature peptide of 76 amino 

acids. The predicted amino acid sequence from the hill-length cDNA contains the partial 

sequence previously published as MCP-2 and HC-14 [IO, 151. This clone shares 62 % and 73 

% identity with huMCP-1 and huMCP-3, respectively. When expressed, recombinant 

huMCP-2 exhibits morrocyte chemotactic specificity in vitro as is the w e  with huMCP-1 and 

MCP-3. Therefore, using molecular cloning techniques. we have confirmed the previous 

observation made using semi-purified material from MG-63 ce11 supernatants [IO] and more 

recentl y, s ynthetic huMCP-2 [15a]. 

Since huMCP-2 exhibits overiapping chemotactic potential with other members of the C-C 

chemokine subfamily, particularly with respect to monocyte recruitment [ 1,7- 121, we 

postulated that in order to avoid biological redundancy, the pattern of expression of huMCP-2 

should be different from that of other C-C chemokines. We therefore compared its expression 

in various human tissues and cells with that of other C-C chemokines. The mRNA for 

huMCP-2 was detected in human heart. placenta, lung, liver, skeletal muscle and kidney 

tissue. but not in that of brain or pancreas. Amongst the C-C chemokines. MCP- 1 mRNA 

was the most widely expressed in the tissues examined, however, several difierences in the 

tissue distribution of related chemokines was noted, with MCP-2 mRNA expression most 

closely paralleling that of MCP-1. MCP-1 and MCP-2 mRNA were also similarly expressed 

in several human ce11 types, including synovial and dermal fibroblasts and HUVECs, in 

response to different agonisa including monokines and lymphokines. Overall, our studies 

show that MCP-2 mRNA is expressed only under conditions in which MCP-1 mRNA is also 

expressed, but not vice-versa. Since huMCP- 1 and MCP-2 exert idenrical biological activities 

in vitro [IO, present snidy] and in vivo [IO], the observations in the present study imply that 

the expression of the MCP-2 gene in the tissues and cells exarnined in this snidy may be 

redundant. However, further detailed studies on other ce11 types with various combinations 

of cytokine stimulation will be required to confirm the generality of this observation. 



Unlike the case with MCP-2, we did observe differential expression of the genes for other 

chemokines. In response to activation by monokines and lymphokines, synovial fibrobalasts 

express mRNA for several C-C chemokine genes, including RANTES, MCP-L and MCP-2, 

but not MIP- la, MIP- 18 or 1-309. In addition, differential expression of MCP- 1. MCP-2 and 

RANTES was observed depending on the combination of rnonokines and lymphokines to 

which the cells were exposd. The latter observation implies that the nature of the leukocyte 

infiltrate in an inIlammatory site may depend on the class of immunity occurring at the site 

(Figure 10). In the presence of a single monokine, such as TNFa-or IL-[& synovial 

fibroblasts may release several chemokines including IL-8, RANTES , MCP- 1 and MCP-2 [22- 

24 and present report], with the result that a chernotactic signal for monocytes, rieutrophils and 

memory T cells may ensue. However, in the presence of IFNy, a Th-1 lymphokine [3 11, 

production of RANTES, MCP-1 and MCP-2 may be increased (present report), and that of 

IL-8 inhibited [22], resulting in the preferential recruitment of monocytes and memory T cells. 

In contrat, the presence of IL-4, a Th-2 lymphokine [3 11, could resul t in the increased release 

of IL-8 1221 and MCP-1, and inhibition of RANTES expression. leading to the recruitment 

of neutrophils and monocytes, but the exclusion of memory T cells. There is evidence to 

support the concept that a Th 1-like immune response occurs in rheumatoid arthritis since IFNy 

and IL-2 mRNA have been found in the rheumatoid synovium, whereas that for IL4 has not 

been detected [32]. Under such conditions, the observations made in the present study would 

lead us to predict enhanced production of RANTES, MCP-1 and -2 with a resultant 

preferential attraction of monocytes and memory T cells. Indeed, the mononuclea. cell 

infiltrate in the synovial membrane in RA is principally comprised of these ceIl types [33]. 

The resulu of the present study support the concept that the differential recruitment of 

leukocyte subpopulations to sites of inflammation and infection may be controlled by 

differential expression of chemokine genes by resident cells. This may in turn be controlled 

by the relative levels of monokines and lymphokines present at such sites. According to Our 

observations, the class of immunity occurring at an inflarnmatory site, be it the rheurnatoid 

synovium. a site of viral or bacterial infection, or inflammation occurring in tissue 

transplantation, could saongly influence the nature of the leukocyte subpopulations 

accumulating at these sites. The observations made in this study also raises the possibility that 



select chemokine genes nlity be targeted to specifically control leukocyte recruitment to 

inflammatory sites. 



61 CCTTGCCCTCCAAGATGAAGGTTTCTGCAGCGCTTCTGTGCCTGCTGCTUTGGaGCCA 
f M K V S A A L L C L L L M A A T  

121 CTTTCAGCCCTCAGGGACTTGCTCAGCCAGATTCAGTTTCUTTCCmTmCCTGCTGCT 
17 F S P Q G L A Q P D S V S I P I T C C F  

181 TTPACGTGATCAATAGGAAAATTCCTATCCAGAGGCTGGA-GCTACACMGMTCACU 
37  N V I N R K I P I Q R E S Y T R I T N  

241 ACATCCAATGTCCCAAGGAAGCTGTGATCTTWGACCAAACGGGGCAAGGAGGTCTGTG 
57 I Q C P K E A V I F K T K R G K E V C A  

54i GTTCTTGATGTTTTAACTCTATCTGT-TACATCCTAGTGAATGTWTGCAAAATCCT 

661 ATTGITCTCCCTCCTACCTGTCTGTAGTGTTGTGGGGTCCTCCCATGGATCATCAAGGTG 

Figure 1: Nucleotide and predicted amino acid sequence of the human MCP-2 chemokine. 

Nucleotides (top) and amino acids (bottom) are numbered in the left rnargin. The predicted 

mature protein begins at alanine (position 23). 



Figure 2: Express ion of recombinant chemokines. Upper panel depicts tricene SDS-PAGE 

analysis of biosynthetically-labelled supernatants from human ernbryonic kidney 293 cells 

transfected with either the expression plasmid pRKShuman-MCP-1 (MCP-1 lane), pRK5- 

human MCP-2 (huMCP-2). or pRKS-murine MCP-2 (muMCP-2), where the cDNA fragments 

were inserted into the fragments in the sense (coding) orientation (relative to the CMV 

promoter) or pRK5 plasmids where the cDNA inserts were cloned in the antisense orientation 

(huMCP-2 and muMCP-2 a sense lanes). Also shown are supernatants from cells transfected 

with the plasmid lacking a cDNA insert @lasrnid only lane). Supernatant. were fractionated 

on a 10-20% tricene-tris SDS polyacrylamide gel. Mr lane shows the migration of Mr 

markers (Bio-Rad 14C Iow molecular weight standards) in thousands. Lower panel shows a 

duplicate gel subjected to western blot analysis using an antipeptide antiserum raised against 

huMCP-2. 
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Figure 3: Monocyte and neutrophil migration in response to human and murine MCP-2. 

Results of a representative experiment (taken from n=5 for monocytes and n=2 for 

neutrophils) showing the average migration of fresh blood monocytes in response to pure 

huMCP-1 diluted to 20 nglml in RPMI medium (left panel, dotted upper horizontal line), 

medium alone as a negative control (dotted lower line), and tenfold serial dilutions of 

conditioned medium collected fiom 293 cells transfected with expression plasrnids encoding 

the chemokines listed (solid symbols), or with u sense control plasrnids (open symbols). 

Neutrophil migration in response to IL-8 (dotted upper line), medium (dotted lower line) and 

conditioned medium are shown in the right panel. 
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Figure 4: Northern blot analysis showing the expression of human C-C chernokine mRNA in 

various human tissues. Autoradiogram of a blot containing polyA+ RNA from various human 

tissues probed sequentially with 32P-labelleû cDNAs representing the coding regions of the 

human chemokines listed on the left margin. The higher bands in the MIP- I blots are residuai 

signals from the RANTES hybridization. 
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Figure 5: Effect of TNFcY on the steady-state level of C-C chemokine mRNA in human 

synovial fibroblasts. Cells were grown to confluence in 75 cm2 culture flasks and stirnuiated 

(A) with 100 ng/ml of TNFa for increasing periods of time or (B) with increasing 

concentrations of TNFa for 24 hrs. The cells were harvested, cytoplasmic RNA was prepared 

and C-C chemokine mRNA and 28s ribosomal RNA were then detected as described in the 

Materials ond Methods section. The autoradiograms for MCP-2 were exposed for a longer 

period of time to obtain a clearer signal. The data presented in these figures are representative 

of at least five other experirnents performed with sirnilar results. 
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Figure 6: Induction o f  C-C chemokine mRNA by IL46  in human synovial fibroblasts. Cells 

were grown to confluence in 75 cm2culture flasks and stimulated with (A) 3 ng/ml of IL-1fl 

for increasing periods of time or (B) increasing concentrations of IL- 18 for 24 hrs. C-C 

chemokine mRNA and 28s ribosomal RNA were then detected as described in the legend to 

Figure 5. The data presented in these figures are representative of at least five other 

experiments performed w ith similar results . 



Figure 7: Expression of C-C chemokine mRNA in dermal fibrobiasts and human umbilical 

endothelial cells. Northern blot of total celluiar RNA from dermal fibroblasts and human 

umbilical vein endothelial cells before and after treatment with IL- lfl. The northern blots 

were hybridized with the cDNAs described in Matenal Md Methods. Hybridization was only 

detected using the huMCP-1 and -2 probes. 
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Figure 8: Effect of IL-la on TNFa-induced steady-state level of C-C chemokine mRNA in 

human synovial fibroblasts. The cells were grown to confluence and incubated with or 

without 100 nglml TNFa or 3 nglml IL-l/3 or with TNFa (100 ng/ml) and IL-1B (3 ng/ml) 

for 24 hrs. The cells were then harvested and analyzed for C-C chemokine mRNA and 28s 

ribosomal RNA as described in the legend to Figure 5. This figure is from one experirnent 

which is representative of four others performed with similar results. Different times of 

exposure of the autoradiographic images for each mRNA species were chosen in order to 

clearly demonstrate the effect of the combined treatment of monokines. 



Figure 9: The effect of IFNr and I L 4  on the TNFa-induced steady-staie level of C-C 

chemokine mRNA in human synovial fibroblasts. Confluent cells were incubated with 

increasing concentrations of IFNy or IL-4 either without or with 100 nglrnl TNFa for 24 hrs. 

The cells were then harvested and analyzed for C-C chemokine mRNA and 28s ribosomal 

RNA as described in the legend to Figure 5.  This figure is h m  one experiment which is 

representative of five others performed with similar resultri. 
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Figure 10: Possible mechanism of regulation of leukocyte trafficking in the rheumatoid 

synovium by synovial fibroblasts. In this hypothetical schema, synovial fibroblasts could be 

induced to differentially express chemokines depending on the relative levels of monokines and 

lymphokines to which they are exposed. The nature of the resultant leukocyte infiltrate would 

depend on the relative levels of chemokines produced. 
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CHAPTER: V 

Differential regulation of C-X-C (U) and C-C (MIP-la) cchemokine in phagocytosing 
neutrophiis 

Mohamed Hachicha, Palaniswami Rathanaswami, Paul H. Naccache, and Shaun R. McCoil. 

In this study, we show that exposure of human neutrophils to phagocytic agonists (opsonized 
zymosan and opsonized Staphylococcus aureus leads to chemokine gene expression. 
Staphylococcus aureur induced expression of both mRNA for macrophage inflammatory 
protein-la and 18 (MIP- l a  and MIP- 16) as well as protein for MIP- la. On the other hand, 
while opsonized zymosan induced the accumulation of mRNA for both MIP- la and MIP-16, 
no MIP-la protein was detected. Messenger RNA for other C-C chemokines, including 
MCP-1, MCP-2, RANTES and 1-309 was not detected under any of the conditions tested. In 
contrast, signifiant expression of the C-X-C chemokine, IL-8 was observed at both the 
mRNA and protein levels in response to both opsonized zymosan and bacteria. The 
combination of the phagocytic agonists with the cytokines TNFa or GM-CSF led to 
differential regulation of the MIP-la and IL-8 genes. TNFa alone induced accumulation of 
MIP-la mRNA and protein secretion. However, when neutrophils were coincubated with 
opsonized zymosan and TNFa, mRNA expression was enhanced but MIP- l a  secretion was 
not detected, while the combination of TNFa and opsonized Sraphylococcus aureus led to the 
production of MIP-la as well as enhancing the level of MIP-la mRNA. In contrast, IL-8 
production induced by TNFa or GM-CSF was synergistically enhanced in the presence of 
opsonized zymosan or Staphylococcus aureus. These comb ined resuiu indicate that 
neutrophils exposed to cytokines such as TNFa andlor GM-CSF at sites of inflammation or 
gram-positive bacteria infection (the latter as observed with Staphylococcus aureus), may 
produce both MIP-la and IL-8, resulting in a generation of signals for the recruitment of 
mononuclear leukocytes and neutrophils respectively. However, when neutrophils phagocytose 
particles possibly in the context of clearing ce11 debris or parasites such as yeast. production 
of the mononuclear ce11 chemoattractant (MIP-la) is inhibited whereas that of the neutrophil 
chernoamactant (IL-8) is enhanced. We postulate that this may be an important mechanism 
by which the immune system controls inflammatory ce11 trafficking within injured, infxted 
or inflamed tissue. 



Introduction: 

Neutrophils forrn the first line of immune defence and as such are the first ceIl type to arrive 

at sites of inflammation and infection. In response to chemotactic factors released at these 

sites, neutrophils migrate from the blood Stream through the vascular endothelium to the 

inflammatory site [l]. Once at the site, neutrophils release a variety of agents in response to 

the appropriate stimulation in an attempt to resolve the inflammatory response. Neutrophil 

hinction at inflammatory sites rnay be activated by various agonists, including chemotactic 

factors and cytokines, however, a potent activation of neutrophils also occun when the cells 

undergo p hagocytosis. 

It is becoming increasingly apparent that neutrophils may play a more active role in the 

afferent limb of the immune response than was previously believed [2,3]. It has been shown 

that neutrophils are capable of significant RNA and protein synthesis in response to soluble 

agonists, particularly the cytokines GM-CSF and TNFa [4-81. However, one of the most 

imponant recent findings has been that neutrophils undergoing phagocytosis have the ability 

to synthesize and release large arnounts of the C-X-C chemokine, interleukin-8 (IL8) [9]. In 

fact. it appears that IL-8 rnay be one of the major protein products secreted by these cells; its 

secretion by neutrophils is of the sarne magnitude as that by mononuclear cells under the sarne 

conditions. 

IL-8 is a prorninent member of the chernokine gene superfamily [IO-121. This family is 

composed of two stmcturally distinct branches, the C-X-C and C-C chemokines. The C-X-C 

chemokines includes the neutrop hi1 activating factor (IL-8), melanoma growth-s tirnulatory 

activity (MGSA/groa), and neutrophil activating peptide (NAP-2). The second branch or the 

C-C chemokines, includes monocyte chernotactic proteins (MCP)-1.2 and 3, 1-309, RANTES 

and macrophage inflammatory proteins- la and- lfi (MIP- La and MIP- 1B). The biological 

importance of these molecules stems from the fact that they stimulate the attraction of 

overlapping as well as distinct leukocyte populations [13-161 and are thus likely to play an 

important role in leukocyte trafficking. In general, the C-X-C chemokines are chemotactic 

and activating factors for neutrophils whereas the C-C chemokines attract and activate 



monocytes, specific 1 ymp hocyte subsets and granulocytes other then neutrop hils. 

The observation that phagocytosing neutrophils are able to secrete large quantities of IL-8, a 

chernotactic cytokine to which they can respond, implies that this cell population may be 

capable of directing its own recruitment to sites of inflammation and infection and thus 

auto-ampl ify acute inflammatory responses. In addition, it has recentl y been shown that 

neutrophils produce the C-C chemokines MIP-la and MIP-1fl in response to TNFa and LPS 

[ 17,181. To date, however, no data on the ability of neutrophils to produce other members 

of the C-C chemokine superfarnily have been reporteci. Since neutrophils are likely to 

undergo p hagocytos is at extravascular inflammatory sites, we have investigated the possible 

role of phagocytosis in regulating C-C chemokine expression in the presence and absence of 

proinflammatory cytokines such as TNFa and GM-CSF. 

Materials and Methods: 

Reagents: 

TNFa was a generous gift fiom Knoll Pharmaceuticals (Whippany, NJ, USA). The 

recombinant human GM-CSF used in this study was a generous gifi fkom the Genetics Institute 

(Cambridge, MA, USA). TNFa and GM-CSF stock were stored at -80°C in PBS containing 

0.01 % BSA. Zymosan and soluble IgG were obtained from Sigma Chemical Co. (St. Louis. 

MO, USA). HBSS and RPMI 1640 were from GIBCO (Burlington, Ontario, Canada). 

Staphylococcus aurem bacteria was a generous gift from the Department of Microbiology at 

the CHUL. Ficoll-Paque and Dextran T-500 were fkom Pharmacia (Dorval. Québec, Canada). 

Hyclone FCS was purchased from Professional Diagnostics (Edmonton, Alberta, Canada). 

H ybond N membranes, [Q-~~PI-ATP and [a-3ZP]dCTP were obtained from Amersharn Canada 

(Oakville, Ontario, Canada). TNFa, GM-CSF and zymosan preparations were free of 

endoioxins (as assessed by the Limulus Assay, Whittaker, Walkersville, MD, USA). Al1 the 

other reagents used in this study were of molecular biological grade and obtained from Sigma 

Chemical Company. 



Preparation of opsonried î ymsan and opsonized Staphylococcus aureus: 

Staphyiococcur aureus bacteria was harvested from petri dishes, resuspended in sterile 

RPMI-1640 and incubated for 1 hour at 1WC. Bacteria were washed twice with sterile 

RPMI-1640 and counted. Briefly, the pellet was resuspended in 20 ml of 

non-decomplemented human semm and incubated for lhour at 3?C, and the bacteria were 

washed twice with RPMI-1640. The pellet was then resuspended in a sterile solution of 

RPMI-1640 at a concentration of 101° bacteridml. The same procedure was followed to 

opsonize zymosan at a final concentration of 30 mglml. 

Isolation of humun PMNL: 

Mole  blood was obtained by venepuncture. collected into tubes containing heparin. and 

following dextran sedimentation, neutrophils were purified by centrifugation on Ficoll-Paque 

cushions [19]. Erythrocytes were removed by hypotonie lysis and the cells were resuspended 

in RPMI 1640 supplemented with 1 % FCS at a final concentration of IO7 cellslml. The 

percentage of neutrophils in the ceIl preparations used in this study exceeded 97% and ce11 

viability as determined by trypan blue exclusion was greater than 98 A. The entire separation 

was carried out at room temperature. 

Isolation of cytoplasmic RNA and northern blot anuiysis: 

After activating cells with a proper stimulus, total RNA was prepared by the RNAZol method 

as recommended by the supplier and northern blots were performed as previously described 

[S. 8201. The cDNA probes used in this study were radiolabeled with [a-32P]-dCTP using the 

random primers DNA labeling system (GIBCO/BRL, Burlington, Ontario, Canada). To 

confirm equal loading of RNA, the membranes were rehybridized with a synthetic 

oligonucleotide for 28s ribosomal RNA as previously described [20]. The nonhern blots 

shown in this report are taken from one experiment which is representative of at least four 

others performed with similar results on neutrophils fiom different donors. The cDNA for 

huMIP-10 was isolated from a T ceIl library with an oligonucleotide of 50 residues 

corresponding to the first 50 nucleotides of the hH400 molecule [21]. The huMIP-la cDNA 

was isolated using PCR with an antisense primer made against nucleotides 283 to 236 of the 

published LD78 sequence [22] and a sense primer comprising nucleotides -19 to 3. The IL-8 



probe used in this study was a 244 base pair PstIlEcoRI cDNA fragment representing the 

coding region of the IL-8 cDNA from nucleotides 49 to 293 [23]. The RANTES and MCP-1 

cDNA probes used in this study have been described previously [20.24]. PCR amplification 

was employed to isolate the huI-309 cDNA using synthetic oligonucleotides corresponding to 

14 to 41 and 353 to 379 (sense and antisense prirners respectively) of the published huI-309 

sequence 1251. The identity of al1 of the PCR-amplified probes was confirmed by DNA 

sequencing . 

ELISA for IL-8 and MIP-la chemokines: 

Human neutrophils were isolated and resuspended at IO7 cells/ml in 4ml sterile tubes and 

treated as described in the figure legends. The supernatants were collected and analyzed for 

the chernokine content. In experiments invoIving the assessrnent of intracellular chemokine 

content, the ce11 pellets were washed three times in ice-cold sterile PBS and lysed by three 

consecutive freeze-thaw cycles. Levels of IL-8 were measured using an IL-8 monoclonal 

antibody sandwich ELISA employing two anti-IL-8 monoclonal antibodies recognizing 

different, noncompeting determinants as previousl y described [20,26,27]. MIP- la levels were 

assessed using an ELISA purchased fiom R & D Systems, Inc. (Minneapolis, MN, USA). 

Expression of C-C chemokines genes in neutrophils: 

Neutrophils were incubated with diluent, TNFu (1000 Ulml). GM-CSF (InM), opsonized 

zymosan (1.0 mglml) or opsonized heat-killed Staphylococcus aureus bacteria (10:l) 

(bacteria:neutrophil) at 3 7 C  for increasing periods of time. We also assessed the effect of 

soluble IgG to determine whether activation of Fc receptors could mediate chemokine gene 

expression in the absence of phagocytosis. The concentration of each of these agonists was 

chosen from the results of previous studies [4-81 or from pilot experiments (not shown). Total 

RNA was prepared and northem blou were performed to assess the expression of C-C 

chemokine mRNA. The filten were sequentially hybridized with cDNAs encoding MCP-1, 

MCP-2, RANTES, MIP-La, MIP-1 and 1-309. The filters were then reprobed with a cDNA 

encoding the C-X-C chemokine IL-8 and finally with an oligonucleotide hybridizing to 28s 



RNA. Unstirnuiated cells contained little or no mRNA for any of the C-C chemokine genes 

tested. However, significant upregulation of mRNA for MIP- 1 or and MIP- LB was observed 

in response to stimulation by TNFa, opsonized zymosan and opsonized bacteria (Figure 1). 

whereas GM-CSF and soluble IgG exerted little or no detectable effect on the expression of 

MIP- 1a or MIP-16 mRNA. Incubation of neutrophils with optimal concenuations of other 

cytokines [4] including IL-lb, IFNy, IL-3, IL-4, IL-6 or TGFO had no detectable effect on 

the expression of any of the chemokines tested (not shown). Messenger RNA for other C-C 

chemokine genes (RANTES, MCP-1, MCP-2. 1-309) was not observed under any of the 

conditions tested (not shown). A significant increase at the level of IL-8 mRNA expression 

was detected in neutrophils stimulated with TNFa, GM-CSF, opsonized zymosan, opsonized 

bacteria and soluble IgG (Figure 1) but not IL-18, IFNy, IL-3, IL-4, IL-6 or TGFB (not 

shown). Production of MIP-la and IL-8 by human neutrophils. 

Hurnan neutrophils were incubated under the conditions described above and the supernatants 

were collected and analyzed for the presence of MIP-La by ELISA. The production of 

MIP-10 was not assessed in the present study since there are currently no reagents 

commercially-available for the specific detection of this chemokine. In addition, the 

production of MIP-la was compared to that of the C-X-C chemokine IL-8 under the same 

conditions. A time-dependent release of MIP-la was observed in response to incubation with 

TNFa and opsonized bacteria (Figure 2C & D). Maximal release was observed following 24 

hours of incubation, the longest period of time assessed. In contrast, no imrnunodetectablr 

MIP- la was observed in the supernatants of neutrophils incubated with either GM-CSF 

(Figure 2C), opsonized zymosan or soluble IgG (Figure 2D). The same supernatants were 

analyzed for the presence of IL-8. A significant time-dependent release of IL-8 was observed 

in response to TNFa, GM-CSF (Figure 2A), opsonized zymosan, and opsonized 

Staphyiococcu.s aurem (Figure 2B). In contmt, soluble IgG had a little or no effect on the 

IL-8 secretion (Figure 2B). 

Effect of T m ,  GM-CSF and phogocytosis in combination on MIP-la and L8production: 

Since neutrophils at sites of inflammation are likely to be exposed simultaneously to several 

agonists, either soluble or phagocytic, or soluble agonists in combination with phagocytic 



stimuli, we examined the effect of such combinations on MIP-la production and compared 

it to that of IL-8. Neutrophils were therefore incubated at 37OC with diluent. the phagocytic 

agonists or soluble IgG. alone or in combination with either TNFa or GM- CSF for 24 hrs. 

The supernatants were collected and the amount of MIP-la and IL-8 present was assessed by 

ELISA (Figure 3). Incubation of neutrophils with soluble IgG combined with either TNFa 

or GM-CSF did not have any significant effect on the level MIP-la generated by soluble IgG 

or the two cytokines alone. In contrast, coincubation of opsonized zymosan with TNFa 

completel y inh ibited the production of MIP- 1 a generated by TNFa alone (Figure 3A). 

Coincubation of opsonized bacteria with the cytokines had an inhib itory effect on MIP- 1 a 

secretion with the effect of combining TNFa and opsonized bacteria being significantly less 

than the combined effect of TNFa or bacteria added alone, however, significant levels of 

MIP-la were still produced. In contrast, an additive effect on IL-8 production was observed 

in neutrophils stimulated with opsonized zymosan or opsonized Staphylococcus aureus in 

combination with TNFcY, and a synergistic effect on IL-8 secretion was detected in cells 

stimulated with eitherzymosan or bacteria in combination with GM-CSF (figure 38). 

Similarly to that observed with MIP-la production, soluble IgG in combination with TNFa 

or GM-CSF had a littie or no effect on IL8 secretion (Figure 38).  

Effect of TNFa, GM-CSF and phagocytosis in combination on M W - I a  and IWI gene 

expression : 

To determine whether the effects of combining the agonists observed at the level of MIP-la 

production extended to gene expression, we conducted similar experiments and assessed the 

levelse levels of mRNA for MIP-la, MIP-18 and IL-8. Neutrophils were incubated under 

the same conditions as described for the experiments shown in figure 3 with the exception that 

the period of incubation was 3 hrs instead of 24 h n .  In contrast to that observed at the Ievel 

of protein secretion, the effect of combining the soluble agooists with either opsonized 

zymosan or opsonized bacteria on MIP-la mRNA levels was synergistic rather than 

inhibitory. The results of a representative expriment are shown in Figure 4. However, the 

results obtained for IL-8 mRNA were similar to those obtained when the effect of cornbining 

agonists on IL-8 protein secretion was examined. To account for donor-to-donor variab iiity 

in response to the different agonists, we determined the integrated optical density for the 



MIP-la and IL-8 mRNA bands on the northern blots taking into account the level of 38s 

RNA present. The results obtained are the mean of ratios frorn four experiments performed 

under the same conditions on the cells from different donors. The data obtained confirm 

clearly that combined effect of phagocytic activation with either TNFa or GM-CSF had a 

synergistic effect on the expression of mRNA for MIP- 1 a (Figure SA). Overall, the effect 

on IL-8 expression under the same conditions was more additive than synergistic at the level 

of gene expression (Figure 5B) 

Discussion: 

The role of the neutrophil as an effector cell in acute inflammation has been the subject of 

intense study. However, that these cells may play an important part in controlling the 

recruitment of other ceIl types to extravascular sites of inflammation is on1 y recentl y becoming 

appreciated. It has now been shown that upon appropriate stimulation, neutrophils are capable 

of considerable de novo s ynthesis of many b iolog icail y relevant proteins , including structural 

components, receptors, enzymes and cytokines [2-91. In addition, over the last few years, it 

has become apparent that neutrophils may control the influx of different leukocyte 

subpopulations in various models of inflammation and infection. For instance, depletion of 

neutrophils in mice dramatically reduces the number of lymphocytes infiltrating tumors [28]. 

When rats are depleted of neutrophils, inhibition of both the priming effect and effector phases 

of delayed type hypersensitivity are associated with signifiant reduction in mononuclear ce11 

recruitment 129,301. Furthermore, neutrophils are required for the recruitment of CD4+ T 

cells to subcutaneous sites upon administration of IL-8 [3 11. These wmbined observations in 

vivo, suggest that neutrophils may play a key role in orchestrating the recruitment of 

mononuclear cells to various extravascular sites. S ince C-C chemokines demonstrate 

chemotactic potential for different mononuclear leukocyte subpopulation in vitro, we have 

therefore investigated the conditions under which neutrophils may produce C-C chemokines, 

as production of these molecules by neutrophils represents a possible rnechanism by which 

mononuclear leukocyte subpopulation recruitment may be effected in vivo. 

The results of the present study clearly dernonstrate that human blood neutrophi 

ability to upregulate expression of the genes for MIP- 1 a and MIP-1B under the 

Is have the 

conditions 



tested. but none of the other C-C chemokines tested including RANTES. MCP- 1, MCP-2 and 

1-309. Using a comrnercially-available ELISA, we were able to determine that MIP-la is 

produced by neutrophils at levels sufficient to enable immunodetection and at levels that faIl 

within the range of concentrations at which MIP- 1 a is biologically-active N1 vitro [ 14,151. 

Unfortunately, specific reagents to enable the quantitative assessrnent of MIP-16 are not yet 

comrnercially-available, so at this stage we must limit our conclusions about MIP-1p 

production. However, the results of a recent study demonstrate that MIP-1j3 protein is 

produced by neutrophils stimulated with LPS [18]. Therefore, the ability of neutrophils to 

produce both these C-C chemokines would, according to the results of in vitro studies on the 

biological actions of MIP- la and MIP- lp [14.15], give these cells the capability of influencing 

the attraction of monocytes, naive T cells. cytotoxic T cells and B cells, providing a possible 

mechanism to exp tain the results of previous in vivo experiments as described above [28-3 1 j. 

While Our observations that MIP-lai is produced by neutrophils confirm the results of previous 

studies with respect to response to TNFa [17], they also provide further information 

concerning the regulation of these genes under other patho/physiological conditions to which 

neutrophils are likely to be exposed. Indeed, Our studies using different types of neutrophil 

agonists also led to novel observations concerning the regulation of MIP-lor gene expression 

in neutrophils in particular, and the regulation of C-C and C-X-C chemokine genes in 

neutrophils in general, in the context of the immune response. Activation of Fc receptors 

(soluble IgG) or GM-CSF receptors failed to induce detectable production of MIP-la or 

accumulation of MIP-la mRNA. In contrast, MIP-la mRNA was upregulated in response 

to TNFa, opsonized zymosan and opsonized bacteria either alone or in combination. 

However, production of MIP-la, as determined by ELISA, was induced only when the cells 

were exposed to TNFa or bacteria either alone or in combination. No immunoreactive 

MW- 1 a was detected in supernatanü of neutrop h ils stimuiated with opsonized zymosan. 

Moreover. induction of MIP-La protein by TNFa was inhibited upon coincubation with 

zymosan. In contrast to that observed with MIP- la gene expression, and as previously shown 

[9], phagocytic stimulation of neutrophils was a potent inducer of IL-8 gene expression and 

protein synthesis in these cells regardless of whether zymosan or heat-killed Staphylococcus 

aureus was used as an agonist. The results of the present study also show for the first time 



that phagocytosis enhances the production of IL-8 induced by the cytokines GM-CSF and 

TNFcu. 

The inhibition of TNFa-induced MIP-la protein production by opsonized zymosan suggested 

several possibilities. First, zymosan may inhibit secretion, but not translation of MIP- la .  

This possibility was eliminated by assessing the intracellular level of MIP-la. This was not 

altered regardless of the stimulation conditions (not shown) . Second, MIP- l ru may be 

degraded by zymosan, or zymosan may be interfering with the detection of MIP-la. This 

possibility was also eliminated by conducting experiments in which neutrophils incubated w ith 

zymosan and known quantities of MIP-la, incubated for 24 hrs at 3PC and then subject to 

ELISA. The results of these experiments clearly showed that zymosan neither interfered with 

the immunodetection of MIP-la, nor degraded the chemokine (not shown). The final 

possibility is that zymosan may either inhibit MIP-la translation, or fail to activate MIP- l a 

translation, or both. With respect to this possibility, while we cannot determine whether 

zymosan activates MIP- La gene transcription without activating translation, we can state that 

zymosan appears to inhibit translation of the MIP-la gene, since coincubation of neuaophils 

with zymosan and TNFa resulted in the inhibition of MIP-la production when, by itself, 

TNFa stimulated MIP-la production. We are presently conducting studies to determine the 

mechanism by which this translational inhibition may occur. 

These combined observations present the first evidence of differential expression of C-C and 

C-X-C chemokines in neutrophils and indicate that the key to such expression is determined 

to a large extent by the nature of the phagocytic agonist. They aiso highlight a potential 

control mechanism by which production of extracellular signals by neutrophils is regulated 

during phagocytosis of gram-positive infectious agents as opposed to phagocytosis of cellular 

debris or yeast. For instance, our observations suggest that neutrophils phagocytosing 

particles such as cellular debris or yeast particles (as represented by qmosan). are likely to 

release C-X-C or neutrophil-specific chemokines such as IL-8, thereby enhancing recruitment 

of neutrophils. On the other hand , neutrophils engaged in clearing gram-positive infectious 

particles (as represented by Staphylococcus aureus) may release MIP-la (and probably 

MIP-LP ) in addition to C-X-C chemokines (IL-8). In theory this would lead to the 



recruitment not only of neutrophils, but also of mononuclear cells and the establishment of a 

humoral response. This is what occurs in gram-positive infections. Further studies will be 

required to determine the generality of these observations as well as their relevance in the 

context of a multicellular system. 



Fgurel: Expression of MIP-la, MIP-18 and IL8 genes in human neutrophils. Neuuophils 

were incubated with diluent, TNFa (1000 Ulml), GM-CSF (InM), opsonized zymosan (1.0 

rnglml), soluble IgG (0.5 mglml), soluble IgG (1.0 mg/mI) and opsonized Staphylococcus 

Aureus (10: 1) (bacteria: neutrophils) in RPMI-1640 supplemented with 1 % FCS for 3 hrs at 

37C. Total RNA was then prepared and northern blots were performed to detect C-C 

chemokine mRNA and IL-8 rnRNA. To confirm qua1 loading of RNA the membranes were 

rehybridized with a synthetic oligonucIeotide for 28s ribosomal RNA as described previously. 

The results shown in this figure are from one experiment which is representative of four 

others performed on neutroph ils from different donors with similar results. 
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Figure 2: Cornparison of the production of IL-8 and MIP-la at various times by neutrophils. 

(A,C) supernatanu from neutrophils incubated with either diluent, TNFa (1000 Ulml) or 

GM-CSF (1nM): (B,D) opsonized zymosan (1.0 mglml), soluble IgG (1.0 mg/ml) and 

opsonized Staphylococcus aureus (10: 1) (bacteria: neutrophil) were collecteci following different 

periods o f  time and analyzed for presence o f  MIP-la (A,B) or IL-8 (C,D). The results are 

the mean +/- S.D. of triplicate determinations fiom one experiment that is representative of 

five others. 



TNFa GM-CSF 

Figure 3: Effect of TNFa, GM-CSF and phagocytosis in combination on MIP-la and IL-8 

protein secretion by neutrophils. Neutrophils were incubated in RPMI-1640 supplemented 

with 1 % FCS for 24 hrs at 37 OC with the indicated combinations of agonists. same 

concentrations of agonists were used as indicated in figures 1 and 2. The supernatanu were 

collectai and analyzed for the presence of MIP-la (A) or IL-8 (B) by using a specific ELISA. 

The results are the rnean +/- S.D. of triplicate €rom one experirnent that is representative of 

four others. 



- -- - - - - - - - -  

TNFa - + - - -  - - + + + + - - - -  
GM-CSF - - + - - - - - - -  + + + +  

Opsonized Zymosan - - - + - - - + - - - + - - -  
Aggregated IgG - - - - + - - + - - -  + - -  

Soluble IgG - - - - - + - - + - - -  + - 
Opsonized Bacterium - - - - - - + - - - + - - -  + 

Figure 4: Effect o f  TNFa, GM-CSF and phagocytosis in combination on the Ievel of 

MIP-la, MIP-16 and IL-8 mRNA in neutrophils. Neutrophils were incubated with diluent, 

TNFa, GM-CSF, soluble IgG, opsonized zymosan and opsonized Staphylococcus aureus 

alone, or in the combinations indicated, in RPMI-1640 supplemented with 1 % FCS for 3 hrs 

at 37 OC. Total RNA was then prepared and nonhern blots were performed to detect MIP-La, 

MIP-1 and IL-8 mRNA. The results shown in this figure are from one experiment which is 

representative of four others performed on neutrophils from different donors with simiiar 

results. 



TNÇa GM-CSF 

Figure 5: Synergistic effect of TNFa, GM-CSF in combination with phagocytosis on MIP- la 

mRNA expression. Neutrophils were incubated with diluent, TNFcu. GM-CSF, soluble IgG, 

opsonized zymosan and opsonized Staphylococcuî aureus alone, or in the comb inations 

indicated, in RPMI-1640 supplemented with 1 % FCS for 3 hrs at 3PC. Total RNA was then 

prepared and northern blots were performed to detect MIP-la, MIP- 16 and IL-8 mRNA. 

Membranes were rehybridized with a synthetic oligonucleotide for 28s ribosomal RNA. 

Integrated optical density from four experiments was performed and the m a n  ratio of 

MIP-lal28S x 100 (A) and IL-8128s x 100 (B) are presented. 
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A bstract: 

Human neutrophils at inflammatory sites may be an important source of the chernotactic 
cytokines MIP-la and IL-8. In this snidy, we show that the inflammatory microcrystals 
monosodium urate monohydrate (MSU) and calcium pyrophosphate dihydrate (CPPD), the 
major mediators of gout, differentially regulate the production of these two chemokines by 
human neutrophils. Both MSU and CPPD increased secretion of IL-8 by neutrophils in a dose 
and timedependent manner, an event that was not associateci with a significant increase in the 
level of IL-8 mRNA. In conwt ,  neither MSU nor CPPD induced MIP-la gene expression 
at either the mRNA or protein level. The cytokines TNFa and GM-CSF exerted a stimulatory 
effect on IL-8 expression at both the mRNA and protein synthesis levels. However. only 
TNFa exerted a significant effect on MIP-1<~ mRNA and protein secretion in neutrophils. IL- 
8 mRNA expression and protein production induced by TNFa and GM-CSF was 
synergistically enhanced in the presence of MSU or CPPD. In conaast, MIP-la secretion 
induced by TNFa was completely inhibited in the presence of either MSU or CPPD. 
However, paradoxically, MSU exerted no significant effect on the level of MIP-la mRNA 
induced by TNFa while CPPD synergistically enhanced it. These results suggest that the 
combination of TNFa and GM-CSF with MSU or CPPD will lead to the production of IL-8 
by neutrophils, and abolish the release of MIP- la, an event that will theoretically lead to 
recmitment of neuuophils but not mononuclear cells. These results are in accordance with 
the pathoiogical state of gout, where the predominant inflammatory cell is the neutrophil. 



Introduction: 

The chemokine gene superfamily is a group of small molecular weight cytokines whose 

synthesis is induced in various cells by inflammatory stimuli. Members of this new family 

of chemotactic cytokines are related by predicted primary structural similarities and by the 

conservation of a four cysteine motif [l-31. There are two branches to the superfamily, 

classified according to the position of the first two cysteines in the conserved motif. The "C- 

X-C" branch, which inchdes PF4, interleukin 8 (IL-g), melanocyte growth-stimulatory activity 

(MGSA or groa), macrophage inflarnmatory proteins (M1P)-2a and 6 (also known as grop 

and y), neutrophil-activating peptide-2 (NAP-2) and ENA-78 is characterized b y the separation 

of the first two cysteines by an intervening arnino acid. In the second branch, "C-Cm, which 

contains monocyte chemotactic proteins (MCP)-1, 2 & 3, RANTES. the macrophage 

inflammatory proteins (MIP) la and fl  and 1-309, the first two cysteines are adjacent. 

The major biological significance of the various rnembers of the chemokine superfamily is 

their ability to mediate the recmitment of both overlapping and specifc subsets of leukocytes 

as demonstrated in vitro. In general, members of the C-X-C chemokine subfamily, with the 

notable exception of IP-10 [4], are chemotactic for neuuophils but not for mononuclear 

Ieukocytes. In contrast, the C-C chemokines are chemotactic factors for various mononuclear 

cells and granulocytes other than neutrophils [l-31. For instance, MCP-1, 2, 3 and 1-309 are 

chemotactic for monocytes, whereas RANTES, MIP- 1 a and MIP- 16, while also being 

chemotactic for monocytes, specifically mediate the recruiunent of different subpopulations 

of T cells 14-1. The results of recent in vitro studies have shown that RANTES is a 

chemoattractant for memory T cells (CD4+, CD45RO+), whereas MIP-lfl recruits naive T 

cells. MIP- 1 a, on the other hand, mediates the chernotaxis of naive and cytotoxic T cells as 

well as B cells [5,6]. These biological actions indicate that chemokines may play important 

roles in the development of acute and chronic inflammatory disorders. Indeed, over the last 

several years, various memben of the chernokine gene superfamily have been identified in 

diseases such as rheurnatoid arthritis. lung disease and arteriosclerosis [I -3.8- 101. 

The deposition of monosodium urate monohydrate (MSU) and calcium pyrophosphate 



dihydrate (CPPD) microcrystals in articular and periarticular tissues is the cause of an acute 

or chronic inflammatory response known as gout or pseudogout, respective1 y [ 1 1,121. The 

cl inical symp toms of this inflammatory response are characterized by severe pain, edema and 

erythema in the joint. In addition, one of the characteristics of these diseases is the massive 

recruitment of neutrophils to the inflammatory site. In contrast, rnononuclear cells are rarely 

found in the inflamed joint in these arthropathies. The fact that neutrophils are present in 

massive numbers within the inflamed joint of patients suffering from gout or pseudogout 

suggests that these cells rnay play a major role in mediating the inflammatory response in these 

arthropathies [ I l .  121. Defining the mechanism/s involved in neutrophil recruitment to the 

joint in gout is therefore of importance for the understanding of the pathogenesis of these 

d iseases . 

While the principal biological activity of IL-8, that of a neutrophil chemotactic and activating 

factor [1,2] suggests that it may be an important rnediator of neutrophil recruitment in gout, 

the effect of microcrystals on chemokine production in general, and of IL-8 in pmicular, by 

neutrophils has not been reporteci. We have therefore investigated the effect of MSU and 

CPPD on the production of chemokines by neutrophils. In addition, since TNFa and GM-CSF 

are amongst the most potent activators of de novo protein synthesis in neutrophils [13-161 and 

are likely to be present in the synovial fluid in gout, we examined the possibility that they 

interact with the microinflammatory crystals to control the production of chemokines. 

Materials and Methods: 

Reagents and mierocrystaC prepwatiion: 

TNFa was a generous gift from Knoll Pharmaceuticals (Whippany, New Jersy, USA). 

Recombinant human GM-CSF used in this study was a generous gift from the Genetics 

Institute (Boston, MA). TNFa and GM-CSF stock were stored at -80 OC in PBS containing 

0.01 % BSA. Ficoll-Paque and Dextra T-500 were from Pharmacia (Dorval. Québec. 

Canada). Hyclone FCS was purchased h m  Professional Diagnostics (Edmonton, Alberta. 

Canada). Hybond N membranes, [y-32P]-ATP and [a-"PI-dCTP were obtained from 

Amersham Canada (Oakville, Ontario, Canada). TNFa and GM-CSF were free of endotoxins 



(as assessed by the Limulus Assay, Whittaker. Walkenville, MD. USA). Al1 the other 

reagents used in this study were of rnolecular biological grade and obtained from Sipma 

Chemical Company. MSU and CPPD microcrystals were prepared by modifications of 

previously described methods [17]. Briefly, a boiling MSU solution (0.03 M, PH 7.5) was 

prepared by dissolution of equimolar quantities of uric acid and sodium hydroxide and filtered 

on an Acropor membrane Wlter (AN-3000, 3 uM; Gelman Sciences, Inc., Ann Arbor, MI). 

Sodium chloride (0.1 M final concentration) was added to speed up and irnprove the 

uniformity of the crystallization. CPPD was obtained by mixing a calcium nitrate solution 

(0.1 M final concentration) with an acidic solution of sodium pyrophosphate (final 

concentration 0.025 M of Na,P,O, and 0.03 M HNO,). The milky-white precipitate formed 

CPPD crystals after one day incubation at 50-6PC. The crystals were characterized by X-ray 

diffraction (Rigaku Geigerflex Dfmax), by examination under phase and polarking microscopy 

and by scanning electron rnicroscopy. The MSU and CPPD crystals showed a triclinic 

morp holog ic characteristics . Their dimens ions as determined b y scanning microscop y were 

10 x 1 x 1 mm to25 x 1.5 x 1.5 mmand 1 2 x  1 . 4 ~  1.4 to25 x 1.7 x 1.7 mm for MSU and 

CPPD, respectively. MSU and CPPD preparations were free of endotoxins (as assessed by 

the Limulus Assay) . 

Isolation of human neutrophiis: 

Whole blood was obtained by venepuncture, collected into tubes containing heparin, and 

following dextran sedimentation, neutrophils were purified by centrifugation on Ficoll-Paque 

cushiow (181. Contaminating erythrocytes were removed by hypotonie lysis and die cells 

were resuspended in RPMl 1640 supplemented with 1 % FCS at a final concentration of IO7 

cells/ml. The percentage of neutrophils in the cell preparations used in this study exceeded 

97% and ceIl viability as determined by trypan blue exclusion was greater than 98%. The 

entire separation was carried out at room temperature. 

Isolation of cytopiusm*~ RNA and norfhern blot andysis: 

After activating cells with a proper stimulus, total RNA was prepared by the RNAZd method 

as recommended by the supplier and northern blots were performed as previously described 

[l3- 161. The cDNA probes used in this study were radiolabeled with [(U2P]-ûCTP using the 



random primers DNA label ing system (GIBCOIBRL, Burl ington, Ontario, Canada). To 

confirm equally loading of RNA the membranes were rehybridized with a synthetic 

oligonucleotide for 28s ribosomal RNA as described previously [19-211. The northern blots 

shown in this report are taken from one experiment which is representative of at least four 

others performed with sirnilar results on neutrophils from different donors. Some donor-to- 

donor variability with respect to the relative levels of TNFol-and GM-CSF-induced gene 

expression was observed. The HuMIP-la cDNA was isolated using PCR with an antisense 

primer made against nucleotides 283 to 236 of the published LD78 sequence [22] and a sense 

primer comprising nucleotides -19 to 3. The IL8  probe used in this study was a 244 base 

pair PstIIEcoRI cDNA fragment representing the coding region of the IL-8 cDNA from 

nucleotides 49 to 293 [23]. The RANTES and MCP-1 cDNA probes used in this study have 

been described previously [19,20]. PCR amplification was employed to isolate the HUI-309 

cDNA using synthetic oligonucleotides corresponding to 14 to 41 and 353 to 379 (sense and 

antisense primers repectively) of the published HUI-309 sequence [24]. The identity of al1 of 

the PCR-amplified probes was confirmed by DNA sequencing. 

ELISA for IL8 and MIP-la chemokines: 

Human neutrophils were isolated and resuspended at 10' cells/ml in 4ml sterile tubes and 

treated as described in the figure legends. The supernatants were collecteci and analyzed for 

the chemokine content. The cell pellets were washed three times in icecold sterile PBS and 

lysed by three consecutive freeze-thaw cycles. Levels of IL-8 were measured using IL-8 

monoclonal antibody sandwich ELISA ernploying two anti-IL-8 monoclonal antibodies 

recognizing different, noncompeting determinants as previously described [l9,2 11. MIP- la 

levels were assessed using an ELISA purchased from R & D Systems, Inc. (Minneapolis, MN,  

USA). 

Effect of MSU and CPPD on IL8 and MIP-la mRNA expression in human neutrophüs: 

Human neutrophils were incubateci for 3 hours at 37°C with MSU, CPPD (both at 1.0 

mgfml), TNFa (1000 Ulml) or GM-CSF (lnM), total RNA was prepared and northern blots 



were performed to assess chemokine mRNA expression. The concentrations of these agonists 

were chosen on the bais of previous studies [13- 17,251. The Blters were sequentially 

hybridized with cDNAs encoding different chemokines. The time point of 3 hours was chosen 

because extensive studies indicated that extraction of RNA from neutrophils incubated with 

crystals for periods of time longer than 3 hours was not possible [personal observation]. 

Unstirnulaied cells contained no mRNA for any of the chemokine genes tested (RANTES, 

MCP-1. MCP-2, MIP-la, MIP- le, 1-309) with the exception of IL-8 (Figure 1). However, 

an increase in the level of IL-8 mRNA was observed in response to TNFa and GM-CSF. 

Neitfier MSU nor CPPD stimulated a detectable increase in the Ievel of chemokine mRNA 

expression after 3 hours of stimulation. however, MIP- la and MIP- ID mRNA @ut not mRNA 

for any other chemokine tested) was detectable in neutrophils stimulated with TNFn. 

Effect of MSU and CPPD on IL-8 and MIP-Ia secretion by human neuttophüs: 

We next assessed the level of chemokine protein synthesis. Neutrophils were incubated with 

increasing concentrations of MSU and CPPD for 20 hours at 37°C. Since the northern blots 

showed that neutrophils contain mRNA for IL-8 and MIP- la, the supernatants were collected 

and analyzed for the presence of IL-8 and MIP-la (Figure 2). Both MSU and CPPD 

stimulated the synthesis of immunoreactive IL-8 in a dose-dependent manner with a maximal 

effect being detected with between 0.3 and 1.0 mglml. In contrast, no immunoreactive MIP- 

1 a was detected although TNFa stimulated MIP- 1 a production in these experiments (not 

shown). 

To examine the effect of time of exposure of neutrophils to the crystals, the cells were 

incubated with diluent, MSU or CPPD @oh at 1.0 mglml) at 37OC for increasing periods of 

time. The cells were also treated with TNFa (1000 U/ml), GM-CSF (1 nM) under the same 

conditions. The supernatants were collected and analyzed for the presence of IL-8 and MIP-la 

protein. A time-dependent release of IL-8 was observed in response to incubation with al1 

four agonists (Figure 3a). Maximal release was obtained after 24 hours of incubation, the 

longest period of time that was assessed. In contrast, no immunodetectable MIP-la was 

observed in the supernatanu of neutrophils incubated with GM-CSF, MSU or CPPD. 

However, neutrophils incubated with TNFa showed a time-dependent secretion of MIP- 1 a, 



which continued to increase following 24 hours of stimulation (Figure 3b). 

Cornbined eff ec fs of micro cr ystds and infkimmatory cytokines on IL-8 and MIP-la 

secretion: 

Since neutrophils at sites of gouty inflammation are likely to be exposed sirnultaneously to 

crystals and cytokines, we examined the effect of such combinations on IL-8 secretion and 

compared it to that of MIP-la .  Neutrophils were therefore incubated at 3 7 C  with diluent, 

MSU or CPPD alone or in combination with TNFa or GM-CSF for 24 hours. The 

supernatnants were collected and the arnount of immunoreactive IL-8 and MIP-la  was 

determined by specific ELISA (Figure 4). The effect of agonisa alone showed the same 

pattern of IL-8 production shown in Figure 3. Neutrophils were pretreated with either TNFct 

or GM-CSF for 1 hour at 3PC prior to stimulation with MSU or CPPD and then incubated 

for 24 hours at 3PC. Supemtants were collected and the amount of IL-8 protein was 

assessed by ELISA. A synergistic effect at the level of IL-8 production was seen in 

neutrophils treated with TNFo! or GM-CSF and then stimulated with microcrystals cornpared 

to the effect of the microcrystals or cytokines alone (Figure 4a). In contrast, MIP- la 

production occurred on1 y in neutrophils stimulated with TNFa aione. The combination of 

TNFa with either MSU or CPPD led to the complete inhibition of the production of MIP- l a  

protein induced by TNFa (Figure 4b). 

Ened of combination of mierocrystals and infrcrrnmatory cytokines on IG8 and MiP-l ar 

gene expression: 

To determine whether the inhibitory effect that was observed at the level of MIP-La 

production was extended to mRNA expression, northern blots were performed. Neutrophils 

were incubated under the sarne conditions as described for the experiments shown in Figure 

4 except that the period of incubation was 3 hours instead of 24 hours. Representative 

northern blots are shown in (Figure 5). Stimulation of the cells with T N F a  or GM-CSF 

together with either MSU or CPPD resulted in an additive or synergistic increase in the level 

of IL-8 mRNA. However, in contrast to that observed at the level of MIP- la secretion, the 

effect of combining TNFa with either MSU or CPPD did not inhibit the expression of MIP- l a  

mRNA indu& by TNFa, but rather enhanced it (Figure 5). 



Discussion: 

The results of this study show for the first time that the inflammatory microcrystals, MSU and 

CPPD, stimulate the production of IL-8, a neutrophil chemotactic factor. In addition, 

evidence was obtained demonstrating that under the same conditions. production of 

rnononuclear ceIl chemokines does not occur. Because IL-8 has been shown to mediate 

exclus ive1 y the recruitment of neutrophils Ni vivo, these resul ts have important implications 

in gout, an inflammatory arthropathy in which the major infiltrating ceIl is the neutrophil. 

lnflammatory microcrystal deposition on articular or periarticular joints is believed to be the 

major cause of arthropathies such as gout and pseudogout, diseases characterized by synovial 

inflammation [1,2]. In addition, several lines of evidence support the concept that die 

neutrophil is the major effector ceIl in acute gouty inflammation. First, neutrophils, which 

accumulate in massive nurnbers in both synovial fluid and synovial membrane in gout are the 

predominant inflammatory ce11 in the joint. Second, experimental rnicrocrystal-induced 

synovitis is greatly diminished in neutrophil-depleted animals [26,27]. Finally, inflammatory 

rnicrocrystals are potent activators of signai transduction pathways and effector function in 

neutrophils. For instance, incubation of neutrophils with MSU or CPPD lads to a rapid 

intracellular calcium mobilization [28], activation of phosphatidylcholine-specific 

phospholipase D [29], formation of inositol 1.43 triphosphate [30] and an increase in protein 

tyrosine phosphorylation [3 11. Neutrophils stimulated with MSU or CPPD also release 

oxygenderived free radicals [32], 5-1 ipoxygenase products incl ud ing LTB, 133 1, 1 ysosomal 

proteases [34], and cytokines such as IL1 and IL-1 Ra [25].  These observations suggest that 

neutrophils that are recruited to the synovial space during a gouty attack will be activated 

when exposed to inflammatory microcrystals, however, the results of the present study imply 

that under the sarne conditions, neutrophils will also contribute significantly to their own 

recruitment due to their ability to release IL-8. 

IL-8 is a prominent member of the C-X-C branch of chemokine gene superfamily. The 

biological importance of C-X-C chemokines stems from the fact that they are potent 

chemotactic and activating factors for neutrophils. For instance, IL-8 s tirnulates neutroph il 



chemotaxis both in vitro and in vivo (1-31, and activates a variety of neutrophil functions 

including calcium mobilization [35], the respiratory burst [35],  degranulation [35], adhesion 

(361 and leukotriene synthesis [37]. In contrast, the biological actions of the members of the 

C-C subfamily, including MIP-la, are directed towards mononuclear cells and granulocytes 

other than neutrophils. WhiIe early reports showed that MIP- 1 exerts a stimulatory effect on 

human neutrophils, those studies were performed using a mixture of purified (not 

recombinant) muMiP-la and muMIP-lp [38,39]. We have recently shown that in contrast 

to previous reports of the effect of muMIP-1, neither recombinant huMIP- la nor huMIP- 18 

possess signifiant stimulatory activity towards human neutrophils in terms of chemotaxis , 

degranulation, activation of the Na+lH+ antiport or actin polymerization [Ml. They do 

however, stimulate intracellular calcium mob ilization and right-angle 1 ight scatter via a 

pemssis toxin-sensitive G protein-dependent mechanism [ 18 1. S ince the latter two functions 

are among the most sensitive measures of neutrophil activation [40], we concluded that 

neutrophils were not the major targets for the biological actions of huM1P-la and B a 

conclusion that supports the paradigm that the major biological targets of the members of the 

C-C branch of the chemokine superfanily are mononuclear cells and not neutrophils. 

The fact that the inflammatory cells present within an inflamed joint in gout are predominantly 

neutrophils and not mononuclear cells, a state which is histologically different to that of 

patients suffer ing from rheumatoid arthritis , a chronic inflammatory arthropath y, sugges ts that 

the influx of rnononuclear cells during acute gouty inflammation may be preferentially 

inhibited or prevented. The results of the present study cfearl y demonstrate that neutrophils 

exposed to inflammatory microcrystals produce IL-8, thereby providing an autocrine 

mechansim for amplification of neutrophil recruitment to the gouty joint. However, by 

showing a concomitant inhibition of MIP-la production, they also provide for the first time, 

a mechanism by which the recruitment of mononuclear cells may be inhibited. This 

observation is important when considering that MIP-la and fl may be the major, if not the 

only C-C chemokines produced by activated neutrophils [41,42, present study]. Indeed, in 

the present study, northern blot andysis failed to detect mRNA for any other known C-C 

chemokine tested, including MCP-1, MCP-2, MCP-3, RANTES or 1-309, in unstimulated 

ceIls, or cells incubated with TNFu, GM-CSF, MSU or CPPD, either alone or in 



combination. These results therefore raise the possibility that the failure of infiammatory 

microscrystals to directly induce MIP- la (and probably MIP- 10) production, as well as their 

ability to inhibit the production of MIP-la by neutrophils in response to TNFa, may prevent 

the generation of a chernotactic signal by neutrophils that could potentially attract a wide range 

of mononuclear cells, including monocytes and lymphocyte subsets (5-61 to the synovial 

environment. 

While the mechanism by which MSU and CPPD inhibit MIP- la production is unclear. it 

appears from our studies that the inhibitory effect is mediated at the post-transcriptional or 

translational level. This conclusion is supponed by Our experiments showing that while the 

inflammatory microcrystals inhib ited production of immunodetctable MIP- 1 a induced b y 

TNFa, mRNA for MIP-lol was either unaffected or enhanced. This suggests, although does 

not unequivocaily prove, that MIP-la gene transcription is not being inhibited. We have also 

deterrnined that the crystals do not enhance the degradation of MIP-la protein or interfere 

with the immunodetection of MIP-la by ELISA (not shown). Taken together. these data 

suggest that the inhibitory effect is mediated at the translational level. Further studies will be 

required to determine the specific mechanisrn of inhibition. 



Figure 1. Effect of microcrystals and cytokines on IL-8 and MIP-la gene expression. 

Neutrophils were incubatecl with diluent, TNFa (1000 U/ml), GM-CSF (InM). MSU (1.0 

mglml) and CPPD (1.0 mg/ml) in RPMI-1640 supplemented with 1 % FCS for 3 hours at 

3PC. Total RNA was then prepared and northern blots were performed to detect chemokine 

mRNA. T o  confirm equally loading of RNA the membranes were rehybridized with a 

synthetic oligonucleaotide for 28s ribosomal RNA as described previously [19-211. The 

results shown in this figure are from one experiment which is representative of four others 

performed on neutrophils fiom different donors with similar results. 



Figure 2. Effect of different concentrations of inflamrnatory microcrystals on chemokine 

secretion by human neutrophils. Supernatants from neuuophils incubated with either diluent, 

MSU (O. L -3 .O mglrnl) or CPPD (0.1-3 .O mglrnl), were collected after 20 hours of incubation 

at 3PC. and analyzed by ELISA for immunoreactive IL-8. The results are the mean +/- S. D. 

of tripkate determinations from one experiment that is representative of four others performed 

- 

with similar results. 
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Figure 3. Effect of tirne of  exposure to infiammatory microcrystals on chemokine secretion 

by human neutrophils. Supernatants from neutrophils incubated with either diluent, MSU (1 .O 

mglml), CPPD (1 .O mglml), TNFa (1000 Ulml) or GM-CSF (InM), were wllected following 

different periods of time and anal@ for immunoreactive IL-8 (A) or MIP-la (B) protein. 

The resulu are the mean +/- S.D. of triplicate determinations fiom one experiment that is 

representative of four others performed with similar results. 
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Figure 4. Effect of combination of inflammatory microcrystals and cytokines on IL-8 and 

MIP-la protein secretion by neutrophils. Neutrophils were incubated in RPMI-1640 

supplemented with 1 % FCS for 1 hour at 3PC with TNFa or GM-CSF and then stimulated 

with MSU or CPPD to up to 24 hours. The same concentrations of agonists were used as 

indicated in figures 1 and 2. The supernatants were collected and analyzed for the presence 

of IL-8 (A) or MIP-la (B) by using specific ELISA. The results are the mean +/- S.D. of 

triplicate from one experiment that is representative of five others performed with similar 

resul ts . 



Figure 5. Effect of combination of inflamrnatory microcrystals and cytokines on IL-8 and 

MIP- la mRNA expression in neutrophils. Neutrophils were pretreated with TNFa or GM- 

CSF for 1 hour then stimulated for 3 hours at 37C with either MSU or CPPD (both at 1.0 

mglml). Total RNA was prepared and northern blots were performed to determine the 

expression of IL-8 and MIP-la mRNA. The results shown in this figure are from one 

experiment which is representative of three others performed on neutrophils from different 

donors with similar results. 
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CHAPTER: VI1 

Uncouphg of early signal transduction events from effector function in human 
peripheral blood neutrophüs in response to recombinant macrophage hflammatory 
proteins-lac and 1-8 

Shaun R. McColl, Mohamed Hachicha, Sylvain Levasseur, Kuldeep Neote and Thomas J. 
Schall. Journal of Immunology , 150: 4550-4560, 1993 

Abstract: 

Macrophage inflammatory proteins- 1 (MIP-1) a and /3 are members of the C-C branch of the 
platelet factor 4 superfamily of cytokines, recently designated the "chemokine" superfarnily. 
It has been suggested that the major cellular targets for the biologic activities of the C-C 
chemokines are the mononuclear leukocytes. However, the original designation of rnurine 
MIP-1 proteins as inflammatory mediaton was based on suggestions that they activated 
neutroph il functions such as chemotaxis, the respiratory burst, and degranulation. In this 
study, we have evaluated the ability of human (Hu) MIP-1 a and /3 to affect purified human 
neutrophil function. Although both r HuMIP- la and - 18 stimulated significant calcium 
mobil ization in human monocytes, on1 y HuMIP- 1 CY exerted a detectable effect on neutrop hils. 
HuMIP-la stimulated a small, dose-dependent increase in intracellular calcium. which was 
accompanied b y a s imultaneous change in right-angle 1 ight scatter, the latter indication 
induction of shape change. While the effect of HuMIP-la on calcium mobilization in 
neutrophils was small when compared with that elicited by IL-8 or Grocr it had similar 
characteristics to that by other receptordependent neutrophil agonists in diat it was dependent 
on pertussis toxin-sensitive G proteins and on both mobil ization of calcium fiom intracel lu lar 
sources as well as influx from the extracellular environment. In addition, stimulation of 
neutrophils with HuMIP-la led to desensitintion to subsequent additions of HuMIP- l a. The 
stimulatory effect of HuMIP-la on neutrophil calcium mobilization and shape change was not 
coupled to other standard measures of neutrophil effector hinction. For instance, neither 
HuMIP-la nor -1fl had any detectable stimulatory effect on the Na+/H+ antiport, 
degranulation, actin polymerization, or chemotaxis, Moreover, although HuMIP- 1 a binding 
could easily be measured on monocytes or monocytic ce11 lines, the number of sites were too 
few to characterize on neutrophils by the sarne technique. Taken together, these results show 
that neither HuMIP-la nor -16 stimulate significant neutrophil activation and support the 
concept that the biologic effects of members of the C-C branch of the platelet factor 4 
superfamily are not primarily directed toward neutrophils. 



Introduction: 

Over the last 5 years, a new ciass of cytokines has been discovered, and characterization of 

the biologic activities of its memben has begun (1,2). The members of this new class of 

cytokines, which has been variously referred to as the PF4, the intercrine, or most recently, 

the "chemokine" superfamily, are related by predicted primary structural similarities and by 

the conservation of a four-cysteine motif. The superfamily has two branches, classified 

according to the position of the first two cysteines in the conserved motifs, the "C-X-Cn 

branch, which includes such molecules as PF4, IL-8, MGSA (groa), and NAP-2. These are 

characterized by the separation of the first two cysteines in the primary structure by an 

intervening amino acid, whereas in the "C-Cm branch the two cysteines are directly adjacent. 

The second arm of the family is comprised of such molecules as RANTES, 1-309, monocyte 

chernotactic proteins- 1, -2, and -3, and MIP- la and -6 (1). 

Studies on the biologic activity of these cytokines have revealed specific patterns of Ieukocyte 

activation. In general, it appears that members of the C-X-C branch (e.g., IL-8, groa, and 

NAP-2) activated neutrophils (3-5). whereas members of the C-C branch activate mononuclear 

cells (6-8). However, an exception to this rule are MIP-la! and -16, the products of two 

closely related genes (for original purification and cloning references, see 9-13). It has been 

shown that MIP-lu and -18 exert a wide range of effects on various myeloid cells, including 

hematopoietic precurson (14,15) and neutrophils. In terms of the latter ce11 type, it was 

reported that purified murine MIP-1, (a mixture of MuMIP-la and -16) is chemotactic for 

neutrophils (1 6) and stimulates neutrophil degranulation (1 7) and the respiratory burst (1 6) in 

vitro. In addition, MuMIP- 1 induces a localized inflammatory reaction character ized b y the 

infiltration of neutrophils in mice (16). In rabbia. intracisternal injection of MuMIP-1 lads 

to a rapid influx of neutrophils, followed by monocytes (17). 

While these previous reports have demonstrated that M W 1  exerts a stimulatory effect on 

hurnan neutrophils, those studies were performed using purified MuMIP-1, which was a 

mixture of MIP- 1 a and - 18 (1 6,17). Therefore, it is uncertain whether both species of MIP- 1 

are required for one or more of these effects, or whether one or the other of these cytokines 

exerts specific effects. In addition, it is not known whether HuMIP-1 stimulates human 

neutrophils. We have therefore characterized the ability of purified rHuMIP-la and -18 to 



activate human neutrophils at several important functional levels. We now report that rHuMIP- 

la has little stimulatory activity toward human neutrophils, with the exception that it 

stimulates intracellular calcium mobilization and right-angle light scatter via a pertussis toxin- 

sensitive G protein-dependent mechanism and that HuMIP-10 exerts no detectable stimulatory 

effects on neutrophiis. These results dierefore support the paradigm that members of the C-C 

branch of the PF4 superfamily do not exert signifiant effects on neutrophils. 

Materials and Methods: 

Reagentsr 

HBSS was obtained from GIBCO (Burlington, Ontario, Canada). Ficoll-Paque was obtained 

fiom Pharmacia (Dorval, Quebec, Canada). rHuMIP-La and -18 MCP-2 were produced in 

Escherichia coli by linking a cDNA encoding the mature secreted form of the molecules 

(devoid of the mammalian signal sequence) to the bacterial ST II promotor in an expression 

plasmid (T. J . Schall et al., manuscript in preparation) . Tests on these solutions using the 

Limu1u.r amebocyte assay for LPS were negative. FURA-ZIAM, INDO-lIAM, NBD- 

phallacidin and BCECF/AM were purchased from Molecular Probes (Eugene, OR). FMLP, 

cytochalasin B. and dextran were purchased from the Sigma Chernical Co. (St. Louis, MO). 

Synthetic human IL-8 and groa were a generous gift from Dr. Ian Clark-Lewis (The 

Biomedical Research Center and Department of Biochemistry, University of British Columbia, 

Vancouver, British Columbia, Canada). 

Cell separutiun : 

Whole blood was obtained b y venipuncture, collected into tubes containing heparin, and 

following dexuan sedimentation, neutrophils were purified by centrifugation on Ficull-Paque 

cushions (1 8). Contaminating erythrocytes were removed by hypotonie lysis and the cells were 

resusperided in HBSS containing Ca2+ (1.6 rnM) at a final concentration of 10 x IO6 cellslml. 

The percentage of neutrophils in the ce11 preparations used in this study exceeded 97% and 

cd1 viability as determined by trypan blue exclusion was greater than 98%. The entire 

separation was carrieci out at rwm temperature. Human peripheral blood monocytes were 

prepared as previously described with certain modifications (19). Mononuclear cells were 



allowed to adhere to plastic petri dishes for 1 hour, after which tirne the nonadherent fraction 

was removed and the remaining cells were gently washed. The cells were then left at 3PC in 

a humidified atmosphere (5% COJ for 72 hours, by which time they were in suspension. 

Monocytes obtained by this method were >99% viable (as determined by fiow cytometry 

using anti-LeuM3). U-937 cells (from American type Culture Collection, Rockville, MD) were 

routinely cultured in RPMI 1640 supplemented with 10% FCS. For binding experiments. the 

celis were differentiated with 1.5% DMSO for 48 hours. 

Meusurement of intracellular calcium: 

Intracellular free calcium in neutrophils was monitored using the fluorescent probe FURA- 

2/am (20, 21). Briefly, neutrophil suspensions (lx 10' cellslml) were incubated wih 1 PM 

FURA-2/AM for 30 min. The cells were then washed free of the extracellular probe, 

resuspended at 5 x 106 cellslml, and allowed to re-equilibrate for 10 min at 37C. They were 

then transferred to the thermostatted cuvette cornpartment (370C) of an SLM 8000C 

spectrofluorimeter (SLM Aminco, Urbana, IL) and the fluorescence was monitored at 

excitation and emission wavelengths of 340 and 510 nm, respectively, and calibrated as 

described previously (22). Alternatively, intracellular free calcium in monocytes was 

determined using INDO-IIAM. The same protocol as that described above was carried out 

with the exception that the monocytes were stimulated at 2.5 x 106 cells/ml and fluorescence 

was monitored at 350 and 405 nm, excitation and emission wavelengths, respectively. 

Measurernent of right-angle üghr SC- 

The right-angle light scatter response was measured at the same time as intracellular calcium 

by taking advantage of the "T formatn layout on the SLM 8000C as previously described (23). 

For these measurements, the emission monochromator was set to 340 nm. 

Intracellular pH measurement: 

Intracellular pH was monitored using the fluorescent probe BCECFlAM essentially as 

previously described (23-25). Briefly, neutrophil suspensions (IO7 cellslrnl) were incubated 

with BCECFlAM (4 pM) for 30 min at 37OC. The cells were then washed f k e  of the probe 

that remained in the extracellular milieu, resuspended at 3 x 1@ cellslrnl, incubated for 10 



minutes at 3?C, tram ferred to a thermostaticall y control led, mag neticall y stirred cuvette 

cornpartment of a fluorimeter (SLM 8000) and the fluorescence intensity was monitored 

(emission and excitation wavelengths of 500 and 530 nm, respectively). The fluorescent 

signals were calibrated by lysing the cells with 0.1 % Triton X-100 and recording the 

fluorescence of the signals at varying pH values. A correction value of O. 15 pH units was 

applied to the calculated values of intracellular pH and the spectra were normalized with 

respect to the slope of the relationship between the changes in fluorescence and the pH to 

account for variations in the amounts of dl-incorporated BCECF and for quenching. 

Measurement of actin polymerizatiun: 

Actin polymerization was measured essentially as previously described (25). Briefly, 

neutrophils (106/ml) were stimulated at 3PC for the indicated period of time and fixed in 

3.15 % formalin for 15 minutes at room temperature. The cells were then centrifuged for 15 

seconds at 12,000 x g in a microcentrifuge, and the pellet was resuspended in 175 pl of HBSS 

and 25 pl of an NBD-phallacidin solution (8.25 x lC7M final concentration) wntaining 

lysophosphatidlcholine (32 pg/ml final concentration). After a 10 minutes incubation at room 

temperature in the dark, the cells were washed free of unbound phallacidin by centrifugation. 

Cell-associated fluorescence was measured (excitation and emission wavelengths of 465 and 

535 nrn, respectively) in the SLM 8000C. Data are expressed as the ratio of the fluorescence 

of treated ceils to control cells. 

Measurement of elastase and lysoqnte release: 

Neunophil degranulation was assessed by measuring the release of elastase and lysozyme by 

modifications of previously described methods (256, 27). Elastase release was measured 

kinetically in a Thermomax microtiter plate reader (Molecular Devices Corporation, Pa10 Alto, 

CA). The agonists or controls were placed at the bottom of the microtiter plate reader 

(Molecular Devices Corporation, Pa10 Alto, CA). The agonists or controls were placed at the 

bottom of the microtiter wells and 25pI of HBSS and 2581 of 32 m M  methoxysuccinyl-Ala- 

Ala-Val-p-nitroalanine prepared in DMSO were added. The plate was then warmed to 3 7 C  

in the microplate reader for 5 minutes. During this warming step, the neutrophils (5 x 106IrnI) 

were incubated at 3 7 C  with or without cytochalasin B (Splfml). One hundred pl of cells were 



then added to each well of the microtiter plate and the elastase release was measured for 5 

minutes by monitoring the absorbance at 405 nm. Over this period of time, the reaction was 

linear as determined by the Softmax program (r2 r 0.99). To determine lysozyme release, 

neutrophils, at a concentration of 5 x lOVml, were incubated under the conditions indicated 

in the relevant figure at 3 7 C  for 15 min. The reactions were stopped on ice and the cells 

centrifuged at 15.000 x g for 30 seconds. Lysozyme content in the supernatant was then 

determined kinetically using the Thermomax microplate reader. Briefly, 204 of supernatant 

were added to 2004 of a solution consisting of 30mg Micrococcus iysodeikicu/100 ml in 

phosphate citrate buffer (50 mM, pH 6.0) containing 0.05 % Triton X- 100, and the reaction 

was followed for 5 minutes at 450 nm. The reaction was linear over this period of time. 

Memurement of neubophü c h e r n o t ~  

Chernotaxis of neutrophils was assesseci using the 48-well chemotaxis microchamber apparatus 

(Neuroprobe Inc., Cabin John, MD) essentially as previously described (28). Briefly, 27pi of 

the test solutions or diluent were added to the bottom wells of the apparatus. The wells were 

then covered with a 5 pm pore size PVP polycarbonate filter and the apparatus was sealed. 

The neutrophils, suspended at 106fml in RPMI 1640 containing 0.1 5% BSA, were then added 

to the top well and the apparatus was incubated at 37'C for 60 min. The filters were stained 

using Dif-Quick kits. and the number of neutrophils in four randomly chosen 1mm2 areas in 

each well was quantified using a Domino automatic image-anal ysis system (Optomax. Ho11 is. 

NH) . 

'251-HuMIP-lar binding shuiies: 

rHuMIP- la was labeled using the Enzymobead iodination reagent kit (Bio-Rad). For binding 

studies, the cells were incubated with - 0.5 nM lWabeled MIP-la in the presence of increasing 

concentration of unlabeled MIP- l a for displacement binding experiments, or w ith increasing 

concentrations of radiolabeled ligand in the presence or absence of excess unlabeled ligand for 

saturation experiments. Al1 reactions were performed with IO7 cells in 150~1 total volume. 

The incubation was terminated by removing aliquots from the ce11 suspension and separating 

cells €tom buffer by centrifugation through a silicone/parafin oil mixture as previously 

described (29). Nonspecific binding was determined in the presence of 1 p M  unlabeled ligand. 



Equilibriurn binding data were anal yzed by the LIGAND binding program (30). Scatchard 

analysis was performed on the binding data to determine K, and r,, values. 

HuMIP-la, but not HuMIP-I@, mobilihs intraceiiuhr calcium and stimulated shape change 

in neutrophils: 

The effect of HuMIP-la and -16 on calcium mobilization in human neutrophils was 

investigated (Fig. 1A). A signifiant increase in the level of intracellular calcium was observed 

when neutrophils were incubated with HuMIP-la. In contrast, HuMIP-1/3 failed to elicit 

calcium mobilization, regardless of the concentration used. Maximal calcium mobilization in 

neutrophils in response to HuMIP- l a  was observed within 5 seconds of addition of HuMIP- 

18, after which time the levels gradually retumed to baseline. To veriS, that the HuMIP-1B 

used in these experiments was active, paraileleci experiments were performed on human 

monocytes. In contrast to that observed in neutrophils, both HuMIP-la and -1fl stimulated 

calcium mobilization in monocytes (Fig. 1B). The magnitude of the effect of HuMIP- la on 

calcium mobilization was compared with equimolar concentrations of IL-8 and Grocu (Fig. 

1C). The relative level of calcium mobilization in neutrophils in response to HuMIP-la was 

considerably lower than that induced by either IL-8 or Groa. Further studies indicated that 

the effect of HuMIP-la was dose-dependent (Fig. 2,A and B), with a threshold dose being 

observed at between 1 and 3 nM and continuing with up to 300nM, the highest concentration 

used in this study. Right-angle light scatter was monitored at the same tirne as calcium 

mobilization (Fig.3). As with intracellular calcium mobilization. HuMIP-lai stimulated a rapid, 

dose-dependent change in neutrop hi1 right-angle light scatter, indicating that the cytokine also 

induces a change of shape in these cells. The HuMIP-1fl had no detectable effect on either 

calcium mobilization or right-angle l ight scatter regardless of the concentration used (data not 

shown). 

As a first step in determining the mechanism by which HuMIP-lu activated calcium 

mobil ization and shape change in neuuophils, the cells were pretreated with either pertussis 

toxin, its inactive B-oligomer, or diluent for 3 h at 37C. During the final 30 min of this 

incubation, FURA-2 was added to the cells. Following this pretreatment, the cells were 
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binding. However, multiple experiments failed to conclusivei y demonstrate specifc HuMIP- la 

binding to neutrophils at a level of detection of between 1 and 3000 receptors/cell (data not 

shown). However, binding of the same lUI-HuMIP-la could be readily detected and 

characterized on the monocytic ce11 line U-937 (Fig. 7) and monocytes isolated from the 

peripheral b l d  (data not shown). The U-937 ce11 line, when treated for 48 h with 1.5 % 

DMSO, had similar binding characteristics to monocytes with a KD of - 5 nM and - 20,000 
binding sites/cell. Monocytes that had been isolated from buffy coats by adherence to culture 

dishes for 48 to 72 hours were tested for HuMIP-la binding immediately afier becoming 

nonadherent. These cells bound 'UI-HuMIP-la in a sanirable fashion and binding cuuld be 

inhibited by increasing concentrations of unlabeled 1 igand (data not shown). Scatchard 

transformation of the binding data revealed a dissociation constant of binding (K,) of 

approximately 3 nM and - 50,000 sitedcell. In the same experiments, high levels of specific 

binding of 12-'1-HuIL-8 to neutrophil, but not monocytes or U-937 cells, were observed (data 

not shown). 

HuMIP-la does not sthuiate neutrophil degranuiatîon: 

Neutrophil degranulation in response to HuMIP-la was assessed by measuring elasrase and 

lysozyme release. The cells were preincubated with either cytochalasin B or DMSO for 5 min 

at 37C and stimulated with increasing concentrations of HuMIP-la (Fig. 8A). No detectable 

elastase or lysozyme activities were found in the supernatant irrespective of the stimulation 

time (up to 1 hour), and irrespective of whether or not the cells were pretreated with 

cytochalasin B. In  contrast, both FMLP and IL-8 stimulated significant release of both 

enzymes in the same experiments. 

MIP-la does not d e r  intraceuular pH in neuirophüs: 

Neutrophils were pretreated with the intracellular pH probe BCECFIAM to determine whether 

HuMIP-la stimulates an alteration in intracellular pH. A possible effect of HuMIP-la on 

neutrophil intracellular pH was wmpared with that of two other cytokines, IL-8 and GM-CSF. 

The rationale for choosing these two cytokines is that they both stimulate an alteration in 

intracellular pH in neutrophils; however, they elicit different types of responses inasmuch as 

the effect of IL-8 is much more rapid than that of GM-CSF. HuMIP- la, used at up to 300nM, 
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prirnary amino acid structure (1.2). The "C-X-C" branch. which includes PF4. IL-8, MGSA 

(groa), and NAP-2, is characterized by the separation of the first two cysteines in the primary 

structure by an intervening arnino acid. In contrat, the "C-C" branch. which includes 

RANTES, MCP- 1 and -2, 1-309. and MIP- la and - 18, the two cysteines are directiy adjacent. 

S tudies on the biologic activity of these cytokines have revealed specific patterns of leukocyte 

activation and, in general, although specific cytokines may affect certain other ce11 types, it 

appears that members of the C-X-C branch activate neutrophils (3-5). whereas memben of 

the C-C branch activate rnononuclear cells (6-8). A lingering exception to this paradigrn has 

been MuMIP-1 of the C-C branch. It has been reporteci that purified murine MIP-1, a mixture 

of what is now known to be two different molecules, MIP-la and - I& activates neutrophils 

(16, 17). For example, it has been reponed that purified murine MIP-1 causes fmtpad 

inflammation in mice characterized by a local infiltration of neutrophils (16). In the context 

of molecules, these previous results require confirmation, since a mixture of murine MIP-la 

and 6 was used in these previous studies (16,17). It is therefore unclear as to whether human 

MIP- 1 activates human neutrophils. In the present study , we investigated the effect of purified 

rHuMIP-la and -18 on human neutrophil activation. We now report that HuMIP-la, but not 

HuMIP-L& induces a srnail increase in intracellular calcium and a shape change, but neither 

cytokine exerts any detectable effect on other neutrophil hnctions such as degranulation, 

activation of the Na+/H+ antiport, actin polymerization, or chemotaxis. These results are 

important since they support the general observation that the biologic targets for the C-C 

cytokines are mononuclear leukocytes and not neutrophils and therefore clarifi the biologic 

roles of the two branches of the chemokine superfarnily. 

It is unlikely that there is any major biologic significance to the ability of HuMIP-la to 

stimulate calcium mobilization and shape change in neutrophils. Certainly, the increase in 

intracellular calcium appears not to be of sufficient magnitude to result in the activation of 

well documented calcium-dependent responses such as degranulation. Indeed, the stimulation 

of calcium mobilization by HuMIP-la was significantly smaller in magnitude than several 

other neutrophil agonists, including the closely related cytokines IL-8 and Groa, and both of 

these agonists induce degranulation in neutrophils (3,s). Moreover, in the present study, we 

also observeci a shape change in neutrophils in response to HuMIP-la, as assessed by right 

angle-light scatter, yet HuMIP-la did not affect actin polymerization or chemotaxis in 



neutrophils, thereby uncoupling shape change from actin polyrnerization and chemotaxis in 

neutrophils. The fact that both intracellular calcium mobil ization and shape change occurred 

in the absence of other signs of neutrophil activation conforms to the theory that these two 

marken may be the most sensitive indices of neutrophil activation (3 1). 

While the biologic significance, if any, of the minor neutrophil activation induced by HuMIP- 

loi remains to be determined, we believe that the observed ability of HuMIP- la to stimulate 

calcium mobilization and shape change is a specific response and involves ligation of a MIP- 

la ce11 surface receptor. Several pieces of data support this contention. First, neutrophil 

activation was completely inhibited by prior treatment of neutrophils with pertussis toxin, an 

indication of a requirement for hinctional G proteins for neutrophil activation by HuMIP-la 

(32). Second, the fact that prior treatment of the cells with HuMIP-la completely inhibited 

subsequent calcium mobilization in response to HuMIP- la (i-e., caused specific homologous 

receptor desensitization), implies that this response CO the cytokine is specific. These two 

phenornena (G protein dependence and receptor desensitization) , have been reported for other 

"classic" neutrophil chemoattractant receptors (33, 34). Third, the response to HuMIP-la was 

specific in that HuMIP- la, a closely related cytokine, did not trigger calcium mobilization in 

neutrophils, yet did so in human monocytes. These data also provide convincing evidence for 

the existence of separate receptors for these two cytokines. In addition, it has previously been 

shown that HuMIP-1B antagonh the inhibitory effect of HuMIP-la on myeloid progenitor 

proliferation (15). The results of the present study indicate that HuMIP- 10 does not antagonize 

the effects of HuMIP- l a  by binding to the MIP-la receptor and therefore suggest that the 

antagonistic action of HuMIP-10 is mediated by a distinct receptor. 

Our results supponed the contention that neutrophils possess specific receptors for MIP- la. 

We therefore attempted to determine whether MIP- l a  binds to specific receptors on the 

neutrop hi1 surface. However , multiple experiments failed to detect significant specific binding . 
In spite of this, it is still possible that neutmphils express very low numbers of HuMIP-la 

binding sites which are sufftcient to mediate the small increase in intracellular calcium and the 

shape change observed, but not a high enough level of expression to be detected by standard 

binding techniques. Such a low level of receptor expression would support the limited 



neutrophil activation in response to HUM I P- 1 <Y recep tor and the development of speci fic 

antibodies directed against such a recep tor. 
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Figure 1: The e f fe t  of HuMIP-1~r and -18 on calcium rnobilization. Neutrophils and 

monocytes were incubated with Fun-2lAM and INDO-[/AM, respectively, and calcium 

mobilization was monitored as described (see Materials and Methods). A, calcium 

mobilization in neuuophils in response to HuMIP-la and -18 (both at IO-' M). B, calcium 

mobilization in monocytes in response to HuMIP- la and -l@ (both at IO-' M). C, the relative 

effect of HuMIP-la, IL-8, and Grocl on calcium mobilization in neutrophils (al1 at lu7 M). 

These results are al1 representative of at least three others performed with similar results. The 

arrow indicates the point of injection. 
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Figure 2: Dose-dependency of the effect of HuMIP-la on calcium levels in human 

neutrophils. The cells were incubated with the intracellular calcium probe FURA-2IAM and 

calcium levels were monitored as described (see Materials and Methods). A, results of a 

representative expriment showing the tirne course of the effect of different concentrations of 

HuMIP-la. B, effect of dose of HuMIP-la on intracellular calcium levels. Each point 

represent the mean f SD of at least five separate experiments. 
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Figure 3: The effect of HuMIP-la on right-angle light scatter in neuaophils. The cells were 

prepared as described in the legend to Figure 1. and right-angle light scatter in response to 

different concentrations of HuMIP-la was monitored as described (see Materials and 

Methods). The experiment shown in this figure is representative of five others performed with 

sirnilar results. 



Figure 4: The involvement of G proteins in the calcium-mobilizing effect of HuMIP-1 a. A, 

resulu of a representative experirnent in which neutrophils were pretreated for 3 h with 

pertussis toxin, its B-oligomer. or diluent (H,O). FURA-ZIAM was added during the last 30 

minutes. The ceils were then stimulated with IO-' M HuMIP-la. B, effect of increasing 

concentrations of pertussis toxin on the calcium mobilization induced by HuMIP-la. The 

results are presented as the means + SEM of three separate experiments, each performed at 

least in triplicate. Control value was 158 f 32 nM (n= 3 separate experiments). 
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Figure 5: The effect of EGTA on the mobilization of  intracellular calcium induced by 

HuMIP- 1 a. Neutrophils were prepared for calcium mobil ization studies as describeci. One 

minute before stimulation with IO-' M HuMIP-la, EGTA (3 mM final concentration) was 

added to the cuvettes containing the neutrophils. 



Figure 6: Desensitization of die effect of HuMIP-la on neutrophil calcium mobilization and 

right-angle light scatter. Neutrophils were prepared for intracellular calcium mobilization 

measurernents as described (see Materials and Methods). The concentration of HuMIP- 1 a 

used was M. The second stimulus was added at 120 seconds as indicated by the arrow. 

This experiment is representative of four others performed with similar resuits. 



Figure 7: Characterization of the binding of 1251-MIP-la to U-937 cells. U-937 cells were 

incubated with 131-MIP- la and increasing concentrations of unlabeled ligand. The inset shows 

the Scatchard plots for HuMIP-la binding to each ce11 type. U-937 cells were treated with 

1.5 % DMSO for 48 hours before experimentation. These experirnents are representative of 

four others performed with similar results. 



Figure 8: The effect of HuMIP-la on human neutrophil degranulation. The cells were 
preincubated with 5 pglml cytochalasin B for 5 minutes at 37 OC and stimulated with 
increasing concentrations of HuMIP- la or lQ7 M W L P  and IL-8, and release of elastase (A) 
or lysozyme (B) was monitored. These results are the means f SEM of at least three separate 
experiments, each performed in tr iplicate. 
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Figure 9: The lack of effixt o f  HuMIP-la on intracellular pH in neutrophils. Neuaophils 
were loaded with the intracellular pH probe BCECFIAM and intracellular pH was monitored 
as described (see Materials and Methods). Lack of effect of HuMIP-la (lm7 MM) at a short 
time point (0-200 s) (A) and a long time point (060 min) (B). In the same experiments, I L 8  
(IO-' M) and GM-CSF (1 nM) modulated intracellular pH. These results are from a single 
experiment representative of four othen performed with similar results. 



Figure 10: HuMIP-la does not directly stimulate chernotaxis in neuuophils. Chernotaxis was 
determined using the 48-well microchamber method as described (see Materials and Methods). 
In each experiment, fh4LP was used as a positive wntrol. these results are €rom a single 
experiment, which is representative of four others performed with similar results . 



Relative Increase rn 
Polyrnerized Actin 

rHuMIP-1 a (M) 
1 O-' 1.06 I 0.10 
1 1 .O3 + 0.05 
1 o - ~  1 .O6 I 0.08 
IO -10  1 .O4 t 0.07 

FMLP 1.66 I 0.23 
11-8 1 -48 + 0.09 

Table 1: Lack of effect of rHu MIP-la on neutrophil actin polyrnerization. Neutrophils were 
stimulated with either rHuMIP-la (at the indicated concentrations), fMLP, or IL-8 (both at 
IO-' M) for 15 minutes, and actin polymerization was determined as described (see Materials 
and Methods). The values represent the means f SEM of duplicate values fiom three 
separate experiments. 
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CONCLUSION 

The major histological characteristic of the inflammatory reaction in rheumatoid arthritis is 

the invasion of the synovium b y T lymphocytes, monocyte/macrop hages and neutrophils 

[1,2,3]. Monocytelmacrophages and T lymphocytes accumulate in the synovial tissue and 

synovial fluid, whereas neutrophils are present in the synovial fluid [3,4,6]. The migration 

of leukocytes into the inflamed joint lads to an active immune response, and these cells can 

greatly contribute to joint degradation by secreting proteolytic enzymes and reactive oxygen 

radicals [30-331. Numerous studies have shown the presence of cytokines, including TNFa, 

IL- la, IL-lfl, IL-6 and GM-CSF in the rheumatoid synovium of patients with arthritis [ I l -  

181. Monocytelmacrophages and synovial fibroblasts appear to be major cells producing these 

cytokines. While the presence of inflammatory cells was believed to be mainly due to the 

presence of inflammatory cytokines and the expression of adhesion molecules on the surface 

of endothelial cells and leukocytes [1,2,6], the recent discovery of the chemokine family has 

provided new insights into the migration of leukocytes to the synovial environment. 

Chemokines are small structural ly related chernotactic cytokines which are regarded today as 

a major stimulus of leukocyte migration to inflammatory sites. Two subfamilies of the 

chemokine superfamily, C-X-C and C-C chemokines exist [132-2391. C-X-C chernokines act 

primarily on neutrophils, whereas C-C chemokines activate monocytes, basophils, eosinophils 

and lymphocytes. Since these molecules are likely to play an important role in leukocyte 

recruitment to the synovial environment, 1 investigated the expression and secretion of 

chemokines by synovial fibroblasts frorn patients with RA and from neutrophils of healthy 

donors. 

In the present thesis, it is shown that MCP- 1, IL-8. RANTES and MCP-2 are upregulated 

at both the level of gene expression and protein secretion in synovial fibroblasts. TNFa, IL- 

18 and IFNy al1 üpregulate MCP-I and MCP-2 at both mRNA expression and protein 

secretion. TNFa and IL-lfl synergistically interacted with IFNy to stimulate MCP-L and 

MCP-2 expression. In support of these findings, other investigators have found that in 

addition to TNFa, IL-16 and IFNI, MCP-1 expression was markedly increased in 

synoviocytes from patients with RA stimulated with LPS, TGFP and PDGF [233]. Our results 



along with others, have confïrmed that synovial fibroblasts produce MCP-1 in response to a 

variety of factors that are known to be present in rheumatoid synovium. Besides being 

chemotactic for monocytes, MCP-1 also regulates the adhesion molecules CD I lc (p 150.95 a- 

subunit) and CD l lb  (Mac- l a-subunit) expression, as well as the production of IL- l and IL-6 

in hurnan monocytes (2341. These data indicate that MCP-1 is not only a chemotactic factor 

but also a cytokine with the capacity to regulate important effector functions of 

monocyte/macrophages which may play a role in ampliQing the local inflammatory reaction. 

The fact that synovial fibroblasts from patients with RA are an important source of MCP-1. 

suggests that MCP-1 may play a central role in recruiting monocyte/macrophages to the 

synovial membrane. In addition to MCP-1, we have shown that both TNFa and IL-16 

upregulate gene expression and protein secretion of IL-8 in synoviocytes. The combination 

of the monokines (TNFor or IL-1p) with either IL-4 or IFNr resulted in a differential 

regulation of IL-8 and RANTES. It was found that IL-8 expression was inhibited in the 

presence of IFNy and eiihanced by IL-4, whereas the opposite effects were observed on 

RANTES expression. This inhibitory effect of IFNy on IL-8 secretion has also been 

documented by other laboratories [235,236, chapter 2&3]. In the data presented in this thesis, 

IL-8 was shown to be the major neutrophil-activating factor of the C-X-C chemokine family 

released in supernatants of cuhred synoviocytes stimulated with TNFa and IL- 16 suggesting 

an important role for IL-8 in both neutrophil recruitment to. and activation in, the synovium. 

The stimulating effects of the monokine TNFa and the growth factor GM-CSF in 

inducing the secretion and expression of IL-8 were also investigated in human blood 

neutrophils. The results indicated that both TNFa and GM-CSF synergistically upregulate 

the secretion of IL-8. Similar studies performed by another group on monocytes/macrophages 

showed that IL-8 constitutes over 90 % of the neutrophil-stimulating activity released by blood 

and synovial mononuclear phagocytes from RA patients [236].  In addition, LPS , 1 L- 16, 

rheumatoid factor-containing immune complexes and zymosan (opsonized and non-opsonized) 

were found to be more potent stimuli of IL-8 secretion than IL-3, GM-CSF and TNFa [236]. 

Our observations along with those of othen suggest that neutrophils, mononuclear phagocytes 

and synovial fibroblasts are major sources of IL-8 production, and that a strong chemotactic 

gradient to promote neutrophil migration may be generated in the rheumatoid synovium. 



The mononuclear cell infiltrate in the rheumatoid synovium is principal1 y comprised of 

monocytes and memory T cells. While both MCP-1 and IL-8 have been shown to be secreted 

by synovial fibrobalsts, it is unlikeiy that they alone control the mononuciear ce11 infiltration 

in the rheumatoid synovium since MCP-1 was a specific chemotactic factor for 

rnonocyte/macrophages and IL-8 was specific for neutrophils. We therefore investigated the 

possible regulation of RANTES, a specific chemotactic factor for both monocytes and T cells 

of the memory phenotype, in synoviocytes from patients with RA. It was demonstrated that 

both TNFa and IL48 upregulated gene expression and protein secretion of RANTES. This 

regulation was inhibited by IL-4 and enhanced by lFNy and hence was the opposite to that 

observed with IL-8. The presence of T cells may be attributed to the presence of MCP-1 and 

RANTES, since recent reports indicating that MCP-1 is a potent chemoattractant for 

lymphocytes of the memory phenotype (CD45ROt), CD4+ and CD8+ T cells, but not B cells 

(CD20f) or natural killer cells (CD l6+) have been published L235.2361. The chemotactic 

activity of MCP-1 towards T lymphocytes was also wnfirmed by other investigators, who 

demonstrated that MCP-1, MCP-2 and MCP-3 attracted both CD4+ and CD8+ T cells subsets 

[220]. In addition, RANTES is the first chemokine identifid as having T ceIl chemotactic 

properties 12131. Overall, the finding that synovial fibroblasts are a major source of IL-8, 

MCP-1 and RANTES suggests that these chemokines play a major role in leukocyte 

recruitment to the synovial environment. 

The presence of great number of neutrophils in rheumatic synovial fluid imply that a 

potent chemotactic factor is generated locally. Phagocytosis is known to be an important 

function in neutrophils and host defence. Therefore, we investigated chemokine regulation 

in phagocytosing neutrophils. In that respect, it was found that only IL-8, MIP-la and MIP- 

l@ were expressed. MCP-1, MCP-2, MCP-3, RANTES or 1-309 were not detected in 

unstimulated cells. or in cells incubated with TNFa, GM-CSF, zymosan. gram-positive 

bacteria (Staphylococus aureus), MSU or CPPD crystals, either alone or in combination. C- 

X-C and C-C chemokine expression was differentially regulated and dependant on the nature 

of the phagocytic particles. It was found that the secretion of C-X-C chemokines (IL-8) was 

favored and that of the C-C chemokines (MIP-la and probably MIP-1p) was inhibited. 

Neutrophils undergoing phagocytosis of pathogenic gram-positive bacteria were found to 



secrete both IL-8 and MIP-la. The presence of either TNFa or GM-CSF potentiated this 

secretion. This suggests that neutrophils engaged in clearing gram-positive infectious bacteria 

will release IL-8, MiP-la and probably MIP-lp. In theory, this will lead to the recruitment 

not only of neutrophils, but also of mononuclear cells and the establishment of humoral 

response as MIT- la has been shown to recruit B cells in virro (2391. On the other hand, 

neutrophils phagocytosing non pathogenic particles such as zymosan, aggregated IgG, MSU 

or CPPD crystals will only secrete IL-8, thereby enhancing recniitment of neutrophils. More 

interestingly, the effect of other stimuli such as TNFa that generate MIP-1 CY is inhibited and 

only the secretion of IL8 is promoted. The latter observation correlates perfectly with the 

pathology of gout where the majority of leucocyte infiltrate in the synovial fluid is neutrophils. 

Since MSU and CPPD crystals are believed to play a critical role in the development of gout, 

by showing that they will generate only a chemotactic factor for neutrophils and will suppress 

the expression of chemotactic factors for mononuclear cells, the predominant presence of 

neutrophils within the synovial fluid of patients suffering from gout may be explained. The 

regulation of chemokines according to the nature of phagocytic particles sugges ts also that 

neutrophils undergoing phagocytosis have the capacity to distinguish between a physiological 

function of clearing cellular debris or other non noxious self particles and a pathological state 

where humoral and cellular immune responses are required. 

The results provided by these studies suggest a general scheme of events that may occur 

at the rheumatoid synovium. Although the factors that initiate RA are not known. certain 

antigens and viruses, or endogenous antigens such as type 11 collagen are believed to play a 

role. It is well acceptai that synovial macrophages will process and present antigens along 

with MHC class II molecules to CD4+ T cells within the rheumatoid synovium, and that T 

cells release IFNy and TNFa [50]. In response to TNFa and IFNy, synovial fibroblasts 

release MCP-1, MCP-2 and RANTES [chapters 1, 3 & 41, C-C chemokines that are potent 

chemotactic and activating cytokines for monucyte/macrophages and T cells. In mm, MCP-1 

may stimulate the local and recruited monocyte/macrophages to secrete IL- 1 and IL-6. The 

presence of I L 4  also induces an increase in expression of IL-8 which is also produced by 

synovial fibroblasts [chapters 2 & 31, endothelial cells [240,241], chondrocytes [242] and 

monocytes [197,198,199]. The generation of IL-8 will create a specific gradient for neutrophil 



migration to the synovial fluid and the synovial membrane. Also, the presence of GM-CSF 

can upregulate MHC class 11 on synovial macrophages [70-731, which rnay amplify antigen 

presentation to T cells. The presence of TNFa and GM-CSF induces the secretion of IL-8 

and MIP-la by neutrophils [chapter 51, a signal which rnay contribute to recruiting more 

neutrophils to the inflammatory joint. Moreover, IL-6 is known to be a B ce11 activator and 

rnay enhance secretion of rheumatoid factor. The presence of rheumatoid factor complexes 

rnay uigger phagocytosis in neutrophils in the synovial fluid which may also increase 

expression of IL-8 within the synovial fluid and homing of greater number of neutrophils 

[chapter 5&6]. MIP- La will affect the migration of more T cells and monocytes: it induces 

TNFot, IL-1 and IL-6 production in monocytelmacrophages [243]. Although early reports 

suggested that M IP- 1 rnay be a chemoattractant for neutrophils, the data generated in [chapter 

T j  of the present thesis indicate that this is not the case. The effecu of MIP-la generated by 

neutrophils in the synovial environment are therefore likely to be restricted to mononuclear 

cells [chapter 7] in the arthritic inflammatory reaction. The presence of TNFa and IL-8 rnay 

also stimulate angiogenesis within the synovial vasculanire [ 1911, along with the proliferation 

of synovial fibroblasts, and under the effect of PDGF and FGF, the synovium becomes 

hyperplastic. The pannus rnay extend from the inflamed synovium, growing over, and eroding 

the articular cartilage [1,2]. TNFa and IL-1 are believed to contribute actively to the 

destruction of the cartilage. TNFa stimulates the production of PGE, and collagenase by 

synovial fibroblasts and articular cartilage chondrocytes [4 11. Along with TNFa and IL- 1, 

MCP-1 may also induce the release of metaloproteinases by macrophages. The mechanism 

proposed herein rnay help build up a general picture on how cytokines, growth factors and 

chemokines rnay contribute to ampliQing the inflammatory reaction in rheumatoid synovium 

and how the arthropathies rnay be controlled. 

Future research perspectives 

By showing that cultured human synovial fibroblasts from individuals suffering from RA 

and neutrophils from healthy donors have the capacity to express and secrete chomokines. the 

results reported in my thesis have shed Iight on the possible mechanisrns that may occur 

during an arthritic inflammatory response. It becomes acceptable to state that the presence 



of these chemokines may help in recruiting different types of inflammatory cells such as 

neutrophils, monocytes and lymphocytes to the inflamed joint. Therefore, the immediate 

projects that stem from the data presented in this snidy are to determine whether inhibition of 

the biological actions of chemokines would be beneficial in the treatment of rheumatoid 

arthritis. Therefore, in the long term, 1 would like to focus on developing animal models in 

which a specific chemokine or chemokine receptor will be knocked out in specific tissues. 

The latter will help in studying the role of leukocytes in arthritic diseases and the biological 

impact of a given chemokine or chemokine-receptor on the development of an arthritic 

disease. Several studies have shown the biological significance of IL-8 in inflammation as a 

potent chernoattractant and activator of neutrophils. In the present study , it has been shown 

that IL-8 is secreted by both monokine-stimulated synovial fibroblasts and neutrophils 

stimulated with both monokines and microinflamrnatory crystais. However. the effect of each 

ceIl type alone on the severity of arthritic diseases in not well established. In gout, more than 

90 % of cells present within an inflamed synovial fluid are neutrophils [244]. This is also the 

case at various stages of rheumatoid arthritis. The data obtained in this study suggest that IL- 

8 is the major chernoattractant molecule secreted in the presence of phagocytic particles such 

as the inflarnmatory MSU or CPPD crystals. The secreted IL-8 may act as an autocrine 

amplifier by recruiting more neutrophils to the site of inflammation. Sioce neutrophils are 

believed to be a source of a great amount of tissue-degrading enzymes and inflammatory 

cytokines, this may greatly exacerbate the pathogenesis of the disease. While IL-8 appears 

to be the major neutrophil chemotactic and activating chemokine in inflammation in the 

human, inspite of considerable effort, a homologue of human IL-8 in mice has not been yet 

found. However, it is believed that murine MIP-2, a member of the C-X-C chemokine farnily 

exhibits a neutrophil chemotactic and activation pattern that is similar to that of IL-8 in 

humans [MO]. In order to determine whether the in vitro observations made in this thesis 

using human cells apply equally to the murine system, preliminary studies on the effect of 

various inflammatory agonists wil l be conducted on murine synovial fibroblasts and 

neutrophils to examine the pattern of gene expression and protein secretion of murine MIP-2. 

If it appears that IL-8 and MIP-2 expression are similar. the next step would be to generate 

a MI P-2-tissue-specific gene knock out mouse. To accomplish th is tissue-specific gene knock 

out, a specific tissue marker is needed. To date, there is no specific marker for synovial 



fibroblasts, therefore, knocking out genes specifically at the level of synoviocytes is not 

possible for now. Of course it will be of great interest to find such a tissue specific marker. 

However, CD1 lb  is recognized to be expressed only in terminally differentiated neutrophils, 

rnonocyte/macrophages and granulocytes [ X S  ,2461. Therefore. knocking MIP-2 gene at the 

level of neutrophils and monocytelmacrophages will be feasible. The generation of such a 

mouse would be a useful tml to assess the contribution of MIP-2 gene expression to 

inflammation in an inflamed joint. The latter suggestion will conuibute to the understanding 

of the role of MIP-2 in recruiting murine neutrophils and its possible role in joint degradation 

seen either in gout or rheumatoid arthritis. To achieve this, 1 could use a new strategy which 

is based on the use of the bacteriophage P l  cre-loxP site-specific recombination system [247]. 

Bacteriophage P1 encodes a 38 kDa Cre recombinase that catalyzes site-specific DNA 

recombination, resultant DNA structures are dependent upon the orientation of L o x P  sites. 

Direct repeats of LoxP dictate an excision of intervening sequences whereas inverted repeats 

specify inversion [245]. To generate mice where the MIP-2 gene is knocked out specifically 

in neutrophils and monocyte/macrophages, 1 have chosen to use the CD1 lb prornoter. Two 

mouse strains are required, the fist being a conventional transgenic main in which a CD 1 lb- 

promoter-cre transgene is expressed. The second strain carries the MIP-2 gene flanked by two 

LoxP sites. In offspring derived from these strains carrying the CDllb-promotercre 

transgene and a LoxP-flanked target gene, cre-LoxP site-dependent recombination will occur 

in cells where the CD1 lb-promoter-cre gene is expressed, thereby deleting the target gene. 

In conuast, the target gene should remain hnctional in cells where the CD1 lb-cre transgene 

is not expressed. By developing such a twl, it will becorne possible to mess the effect of 

MIP-2 molecuie, a potent murine neutrophil chemoattractant in a chronic or an acute 

inflammatory reaction. This would allow us to determine whether MIP-2 (human IL-8 

homologue) is contributing to attracting more neutrophils to inflarnmatory sites in rnice treated 

with microinflammatory crystals or in experimental arthritis (collagen type II). Also, it would 

give us an idea about the contribution of MIP-2 to the severity of both diseases at the level 

of cartilage degradation. 

Another tool to be used is a single chain antibody (scFv) to inhibit protein secretion at 

the level of the cytoplasm and subsequently the biological effect of a target molecule. The 



rheumatoid synovium is biologically highly active, and has wnsiderabie potential to cause joint 

destruction due to its ability to synthesize and release various tissue-degrading enzymes and 

leukocytes-activating cytokines. The process of tissue proliferation and leukocyte infiltration 

is believed to be controlled to a large degree by stimulation by leukocyte and synoviocyte- 

derived cytokines and growth factors. In this case I would choose suornelysin, a tissue 

degrading enzyme, as a target molecule. The generation of singlethain antibodies against 

stromelysin will be a useful tool to smdy the role of synoviocytes and their contribution in 

degrading cartilage. Recently a novel approach to block the maturation and functions of 

protein that translocate through the endoplasmic reticulum (ER) has been developed, by using 

a single chain antibody (sFv) which is stably expressed and retained in the ER [248]. In this 

proposal, the stromelysin protein will be used as a target to determine whether the TNFa and 

IL- 16 mediated synovial fibroblast stimulation of stromelysin secretion will be inhibiteci. The 

expected result is that the ER-retained ami-saornelysin sFv will bind to stromelysin and block 

its secretion. To obtain the relevant antibody 1 would use the polymerase chain reaction 

(PCR) to ampli@ the rearranged VH and VL genes from splenic mRNA of mice immunized 

with human stromelysin and use a PCR-assembly process to link these fragments into sFvs. 

For the random comb inatorial libraries, the pool of rearranged heavy and light chains will be 

randomly combined by PCR using an interchain linker. The PCR-amplified sFv fragments 

will be cloned into bacterial and mamrnalian vectors. sFvs will be detected by ELISA and 

western-blotting. If a high level of anti-stromelysin sFv is expressed and retained in the ER, 

we will then examine whether the ER retained anti-stromelysin sFvs have the ability to bind 

to stromelysin protein, generated upon stimulation with TNFa or IL+ in cultured synovial 

fibroblasts from patients with RA. To assess the inhibitory effect of anti-strornelysin sFvs, 

a specific anti-stromelysin ELISA will be performed on supernatants and ce11 lysates from 

transfected and untransfected cultured synovial fibroblasts. This smdy would determine the 

feasibility of using a new therapeutic approach in treating patients suffering from active 

arthropathies. As NI vivo gene transfer vectors become available, it may be possible to 

directly transfect synovial fibroblasts in the inflamed synovium with a vector that carries the 

anti-stromelysin sFv. 
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