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Erratum
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It is possible that GSTM and TM have independent effects on the
mRNA expression for collagenase, VCAM-1 and E-selectin.
Blackburn et al, 1991
Figure 4.6. The double asterisk which pertains to the collagenase
result at dexamethasone 100 mM is misplaced below the X axis.
Legend for Figure 4.7.The concentration of dexamethasone
should read nM.
Brinckerhoff et al, 1987
Angel et al, 1987
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Overall et al, 1989
Whal 1987
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Harant et al, 1996
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Whether gold compounds act by inhibiting transcription or by
promoting transcript degradation remaind to be determined.
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Thesis summary

Joint inflammation is a major cause of morbidity in modern society. Rheumatoid

arthritis is the most common form of chronic joint inflammation in Australia and other

western countries. The morbidity associated with this condition is mediated by the

damaging effects that products of inflammation have on the extracellula¡ components of

the joint. The most potent damage is mediated by enzymes capable of breaking down

the structural proteins that are present within cartilaginous and ligamentous structures.

The family of enzymes most responsible for this are the matrix metalloproteinases

(MMPs) particularly collagenase and stromelysin. Their activity is antagonized by their

inhibitor, tissue inhibitor of metalloproteinases (TIMP-1). TIMPs are produced by

synovial lining cells and chondrocytes as well as the neutrophils present in inflamed

atea.

In this study, I examined the influence of various factors including anti-rheumatic

agents on the expression and activity of MMPs and TIMP-I. Furtherrnore, the effects

of these anti-rheumatic agents have been examined on the expression of specifrc genes

related to regulatory cytokine network, such as, interleukin-8 (tr--8) in stimulated

human synoviocytes. The specific areas examined were:

A. The complex structure of TIMP-I maintained by disulfrde bonds is such that one

would expect it to be inactivated by oxidants. The presence of neutrophils in the acute

and chronically inflamed joints provides a potent source of the oxidants HOCI and N-

chlorotaurine (NCT). Human recombinant TIMP-1 (hrTIMP-1) was inactivated with

HOCI, but not with NCT, as measured by its ability to inhibit the BCl collagenase

activity in vitro. Anti-rheumatic agents differentially altered the oxidative inactivation

of the hITIMP-I.
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B. Gold sodium thiomalate (GSTM) is a well established disease modifying anti-

rheumatic agent used in the treatment of rheumatoid arthritis (RA). Human synovial

fibroblasts in monolayer culture expressed the specific genes for collagenase and

TIMP-1 as determined by northern analysis. This expression was significantly

increased in response to the pro-inflammatory cytokine IL-1P. GSTM but not its

thiomalate (TM) salt, down regulated the level of collagenase gene expression in

cytokine stimulated synoviocytes. The ineffectiveness of TM suggests that the relative

inhibition of collagenase gene expression appeaß to be mediated by gold rather than its

thiomalate component.

C. The effect of a range of anti-rheumatic agents on cytokine stimulated synoviocytes

was examined. enhanced the level of MMP-I but not TIMP-I gene expression.

Tenidap effectively reduced the gene level of MMP-1, MMP-3 and TIMP-I in cultured

OA synoviocytes. Dexamethasone significantly reduced MMP-I and MMP-3 gene

expression, but not TIMP-1. Cyclosporin-A also partially reduced the expression of

MMP-I, whereas methotrexate was inactive.

D. Transforming growth factor-p (TGF-P) is an anti-inflammatory cytokine which is

known to regulate the level of MMP-I and TIMP-I secretion. In pro-inflammatory

cytokine stimulated synoviocytes, TGF-p inhibited the catabolic effects of cytokines on

collagenase gene secretion. TGF-p in combination with IL-lP or TNF-a synergistically

increased the expression of TIMP-I mRNA. Similarly, TGF-p also inhibited the

stimulatory effects of IL-lp and TNF-a on PGE2 production. Taken together, TGF-P

appears to be capable of protecting extracellula¡ matrix by modulating the expression of

collagenase and TIMP-I mRNA as well as the secretion of inflammatory mediators,

e.g. PGE2.

E. The chemotactic cytokine, interleukin-8 (IL-8) is considered as a major mediator of

the continuous accumulation and activation of neutrophils in RA conditions. Since

neutrophils are known to be a significant source of MMPs and TIMP-1 in RA joints, the

importance of IL-8 is underlined. Besides, IL-8 is likely to retain its activity and to
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have a long lasting effect on neutrophil recruitment. Therefore antagonising or

inhibiting the synthesis of this cytokine may have important pathophysiological and

possibly therapeutical implications. RA synoviocytes secreted substantial amount of

IL-8 mRNA and protein in response to the pro-inflammatory cytokines, IL-lp and

TNF-P, but not constitutively. IL-8 mRNA and protein levels were detenrrined using

northern analysis and enzyme-liked immunosorbent assay (ELISA). Dexamethasone

exerted a potent suppressive effect on the production of IL-8 from cultured

synoviocytes in the presence of the pro-inflammatory cytokines.

In conclusion, in this thesis I have explored pathways by which therapeutic agents may

affect the inflammatory reaction in rheumatoid arthritis. I have confirmed and

expanded observation on anti-rheumatic agents that a¡e capable of regulating the

activity as well as the expression and production of a variety of inflammatory mediators

related to tissue destruction in the inflamed joinr
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Chapter I

Introduction and review

1.1. General introduction

A hallmark of rheumatic disease is the irreparable degradation of the extracellula¡ matrix

(ECM). Enzymatic action of proteinases on the various components of the ECM, causes

much of this degradation (Birkedal-Hansen et al, 1993). All four classes of proteinases

i.e., serine, cysteine, aspartic, and metallo- contribute to matrix destruction. The matrix

metalloproteinases (MMPs) are proteinases that contain tightly bound zinc. MMPs have a

major role in physiological resorption of collagen and other macromolecules in

developement and postnatal remodeling as well as in pathological resorption associated,

for example the destruction of joints in rheumatoid arthritis (RA). MMPs are members of

a large subfamily of proteinases and comprise a multi-gene family of at least 16 members.

MMP genes are among the most abundant of those expressed by cells in inflammatory

and malignant lesions (Matrisian 1992). The MMPs have several structural features in

common that include a propeptide domain that contains the "cysteine switch", the catalytic

zinc-binding domain, and a hemopexin-like domain. Membership in this family requires

that four criteria be met: the enzyme should display proteolytic activity and function

outside the cell, and its cDNA should code for a protein sequence for the cysteine switch

mechanism (PRCGxPD) and for the binding of the catalytic zinc (tIExGHxxGxxHSfI).

The members of this family, can be grouped into three main classes based on substrate

specif,rcity. All are synthesized and secreted in a latent proenzyme form and require

proteolytic cleavage for activation.

The expression of MMPs is regulated at the transcriptional level in response to a variety

of stimuli. Cytokines and growth factors such as interleukin-la (Il.-lcr) and U--lp,

epidermal growth factors (EGF), platelet-derived growth factor (PDGF), and tumour
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necrosis factor-a (TNF-o) are all potent inducers of both collagenase and stromelysin.

They are also regulated at the protein level by a number of inhibitors particularly their

specific inhibitor, tissue inhibitor of metalloproteinases (TIMP). Connective tissue cells

including fibroblasts, osteoblasts, and chondroc¡es are the major source of these

enzymes and their inhibitors. Studies with connective tissue cells have shown a positive

correlation between metalloproteinase expression and tissue damage.

Because connective tissue destruction by collagenase and stromelysin is largely

irreversible, an understanding of the way to inhibit their expression and activation is an

important area to consider in designing effective therapeutic srategies. There are 2

principle ways to decrease levels of MMPs: inhibition of enzyme synthesis or inhibition

of enzyme activity.

TIMPs are produced locally by chondrocytes and synovial fibroblasts. It is likely that

much of the connective tissue destruction seen in RA and osteoa¡thritis (OA) is due to an

imbalance between activated MMPs and TIMPs. The other means of deqeasing MMP

levels is to decrease the actual synthesis of these proteins. 3 classes of compounds

comprising transforming growth factor-p (TGF-p), retinoids, and glucocorticoid

hormones, appeü to suppress MMP synthesis by suppressing gene transcription. Recent

studies suggest that transcriptional mechanisms alone are insufficient to account for the

regulation of metalloproteinase gene expression, and post-transcriptional effects also

appear to be important (Vincenti et al, 1994 ).
,
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1.2. The family of MMPs

1.2.1. fntroduction

Matrix metalloproteinases (MMPs) a¡e a family of metal ion dependent enzymes which

play a pivotal role in the degradation and remodelling of the extracellula¡ matrix (ECM)

components. ECM is a complex network composed of protein constituents including

collagens and elastin, glycoproteins such as laminin, fibronectin, as well as various

proteoglycans and glycosaminoglycans. The integrity of the ECM is controlled by a

balance between synthesis and degradation of its components. MMPs a¡e believed to be

the main physiologically relevant mediators of matrix degradation. This family of

proteinases, can hydrolyse peptide bonds in proteins at neutral pH, and require a zinc ion

at their active site (Lennarz et a1.,1991). Due to the physiological importance of the

substrates susceptible to cleavage by MMPs, their activity is tightly regulated at several

levels. Thus controlling the activity of MMPs has direct and indirect effects on the

desruction of matrix macromolecules (Wilde et al, 1994). The first level of control is at

the transcriptional level, regulating the amount of enzyme produced. MMPs are

synthesised as inactive zymogens and their activation forms the second level of the

control. Finally these enzymes have natural inhibitors, TIMPs, which form the third level

of control. These inhibitors inhibit MMPs by making inactive complexes with active and

sometimes latent enzymes (Bodden et al, 1994; Birkedal-Hansen et al, 1993).

1.2.2. Definition and common properties

MMPs are a family of enzymes which require intrinsic Zn+z and extrinsic Ca+2 for fult

activity. They are secreted from a variety of connective tissue cells and

polymorphonuclea¡ leucocytes in an inactive pro enzyme or zymogen fomr, which can be

activated by losing I0-L2 KDa in molecula¡ weight at the active site @monard et al,

1990). Synthetic inhibitors interact with or remove the ZnZ+ at the active site of the
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enzyme. These include chelators, such as ethylene diamine tetra acetic acid @DTA), and

1,10-phenanthroline. Biological inhibitors are cr2-Macroglobulin (crz-M) and TIMPs.

1.2.3. Classification of MMPs

The MMP family have a number of common structural and functional features, however

they differ in their substrate specificity (Matrisian et al, 1992) . These enzymes are

divided into five subclasses based on their substrate specificity: collagenases,

gelatinases, and stromelysins, membrane bound and others. (Table 1.1 is organised,

using Nagase etal,1992:. Parsons etal,7997; Mattei et al, 1997).

a
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Table 1.1. Matrix Metalloproteinase family and substrates

Enzvme Abbreviation MMP# M olecular
welghtlD a)

L¡&¡¡
Collagenases
Fibroblast-type
collagenase

Neutophif
PMN-type
collagenase

Collagenase 3

Gelatinases
Gelatinase A
type (IV)
collagenase

Gelatinase B
rype GV)
collagenase

Stromelysins
Sromelysin-1

Sromelysin-2

Others
Stromelysin-3

Macrophage
metalloelastase

Put¿tive
Meallo
proteinase
(Matrilysin)

Membrane
bound

Membrane-type
(MT)
MTl-MMP

MT2-MMP

MT3-MMP

FIB.CL

PMN-CL

GL-A

GL-B

sL-1

SL-2

SL.3

MME

PUMP-I

MMP-14

MMP.I5

MMP.16

MMP.3

MMP.IO

MMP.II

MMP.I2

57,000/59,000

s7,000

55,000

53,000

MMP-I 57,000/
52,000

MMP-8 75,000

MMP-13 65,000

MMP-2 72,0W

MMP-9 92,000

Main substrates

Collagen I. II, III, (IIÞ>Ð, VII,
V[I, X; gelatin; Proteoglycan @G)
core protein

Same as FIB-CL

Gelatin; collagen IV, V, Vtr, X, XI,
elastin; fibronectin; PG core protein

Gelatin; collagen IV, V; elastin;
PG core protein

Proteoglycan, gelatins, fibronectin,
laminin, collagen III, IV, IX, X
Same as SL-l

Fibronectin, laminin, collagen IV

Elastin

Fibronectin, Iaminin, collagen IV,
gelatin, proCl, PG core protein

Activate PTeMMP-2

Activate Pro'MMP-2

?

MMP-7 28,000

66,000

64,000

,|
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1.2.3.1. Collagenases (EC 3.4.24.7)

There are three collagenases in the MMP family: frbroblast collagenase (FIB-CI-) (MMP-

1), polymorphonuclear collagenase (PMN-CL) (MMP-8) and most recently collagenase-3

(MMP-13). FIB-CL with molecula¡ mass of 52-57 KDa is secreted by fibroblasts from

skin, mucosa, synovium, cornea and uterus. PMN-CL which is made in PMN

leucocytes and stored in granules, is highly glycosylated with the molecula¡ mass of 75

KDa whereas only 70-80Vo of FIB-CL is glycosylated (57 KDa form). FIB-CL is readily

activated by trypsin and plasmin but PMN-CL is not. FIB-CL preferentially cleaves type

III collagen whereas PMN-CL has a preference to digest type I collagen. However both

of these enzymes can cleave all three cr chains of native types I, tr and Itr collagen. This

cleavage occurs at Gly-Leu or Gly-Ile bond (residue775-776), located at a distance three

qua.rters away from the amino-terminus. FIB-CL and PMN-CL can also cleave tJæe \lII

collagen within helical sequences, generating two fragments of approximately 83 and 80

KDa @mona¡d et al, 1990). Collagenase-3 (MMP-13) with molecular weight of 54 KDa

is found in tumour cells (Freije et a7,1994). V/ith only 5OVo identity to the MMP-1 amino

acid sequences, the MMP-13 protein more closely resembles the interstitial collagenase

isolated from rats and mice (Vincenti et al, 1996).

1.2.3.2. Gelatinases (EC 3.4.24.24\

72KDa gelatinase A (type fV collagenase) (MMP-2) and 921(Da gelatinase B (l\4MP-9)

(EC 3.4.24.35) are the two members of this class. They have substrate specificity for

denatured collagens (gelatins) and intact type IV, V, VU, basement membrane collagen,

elastin and proteoglycan core protein.
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1.2.3.3. Stromelysins (EC 3.4.24.11)

Stromelysin 1 (MMP-3),2 (MMP-10), and 3 (MMP-I1) are the three enzymes of this

class, which cleave proteoglycan core protein, fibronectin, laminin, gelatins, elastin and

types trI,IV, V, D( collagens.

The smallest member of the MMP family is known by a number of names, putative

metalloproteinase-1, (PUMP-1), matrilysin, matrix metalloproteinase-7, MMP-7 (EC

3.4.24.23) and has a molecular weight of 28 KDa. Matrilysin seems to have the most

potent proteoglycanase activity of the MMPs tested. The other member of this family of

enzymes is macrophage metalloelastase (MME) (MW, 53 KDa) (MMP-12) @C3.4.24)

(Birkedal-Hanson et al, 1993 ; Emonard et al, 1990; Bodden et aI, L994) . Membrane-

type MMP (MT-MMP), 66 KDa has been identified as an integral plasma membrane

protein capable of activating MMP-2. (Sato et al,1994)

1.2.4. Domain structure of MMPs

The primary sequence of va¡ious members of the MMPs suggests that these enzymes are

formed of several distinct domains, conserved among farnily members. These enzymes

may be regarded as derivatives of the five-domain modula¡ structure characteristic of

collagenases and stromelysins formed either by addition or deletion of domains @gure

1.1). The first L7-29 residues of the NH2-terminal domain of the MMP precursor is a

leader sequence called a signal peptide. This signal peptide consists of a hydrophobic

signal sequence that targets the enzymes for secretion. The followingTT-87 residue

propeptide is responsible for the latency of the enzyme. The removal of this domain

results in activation of the eîzyme. A single unpaired cysteine residue (Cys73) in a

highly-conserved region of this pro domain (PRCGVPD) is shown to be responsible for

the maintenance of enzyme latency (Windsor et al, 1991) . The catalytic domain contains

the conserved sequence: HEXGFIXXGÐGI in human fibroblast collagenase. His-199,

His-203, and His-209 are the three ligands that bind zinc which is present in the active
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site (V/indsor et al, 1994). The next domain is a 5-50 residue, proline-rich hinge region.

The COOH terminal region is a hemopexin (a heme-binding protein) or vitronectin (the

extracellular matrix component) -tike domain consisting of approximately 200 residues,

which are held together by a single disulfide bond composed of two Cys residues . This

last domain appears to play a role in encoding substrate specificity. The replacement of

the carboxy terminal domain from collagenases and stromelysin make these enzymes

unable to degrade collagen. This suggests that this domain has an important role in

substrate degradation (Matrisian 1992) . PUMP-I which is the smallest member of this

family lacks this domain. The gelatinases contain three repeats of fibronectin type II

modules in their catalytic domain that allow the active and latent forms of these enzymes

to bind gelatin @irkedal-Hansen et al, 1993).
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Figure 1.1

Domain structure of MMPs. Pro MMPs are consist of five conserved domains,

including: signal peptide, propeptide, catalytic domain, hinge region and pexin like C-

terminal domain. Figure adapted from Birkedal-Hansen et al, 1993.
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1.2.5. Activation of pro MMPs

The activation process of the pro MMPs in the extracellular milieu is an additional key

step in the regulation of collagenolysis (Suzuki et al, 1990) . The latent forms of MMPs

can be activated by a variety of chemical and physical means. These include treatment

with: proteases, conformational perturbants, such as the surfactant sodium dodecyl

sulphate (SDS), chaotropic ions (SCN-), organomercurials aminophenyl mercuricacetate

(APMA), oxidants such as NaOCl, disulfide compounds such as oxidised glutathione,

and sulftrydryl alkylating agents such as N-ethylmaleimide (NEM) (Van Wart er al, 1990)

. Each of these activation mechanisms leads to modifîcation, exposure, or proteolytic

release of the Cys residue from the active site Zn2+ that is linked to this propeptide

residue (Cys73 in human FIB-CL) (Springman et al, 1990) (Figure 1.2). In the latent

form, the enzyme form is folded to form a covalent bond be¡¡reen the thiol group of the

cysteine residue and the active site zinc atom. After cleavage, the protein opens. At this

stage an H2O molecule provides the fourth ligand for the Zinc ion (Figure 1.3). This

water molecule appears to be necessary for hydrolysing the peptide bond of the substrate

according to the mechanism proposed by Lennarz (Lennarz et al, 1991) . Once the Cys-

Zn bond is cleaved, the enzyme itself generates the fully active form by further cleavages

at its pro domain. SL-l, SL-2 and PUMP-I can cause maximum activation in pro

collagenases known as "superactivation". The biologic activation of MMPs is still

incompletely understood @gure 1.4).
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Figure 1.2

Three different proMMP activation pathways. The latent MMPs may be activaæd through

each of the three different pathways, leading to a open form of the enzyme. These

include: cleavage of the pro enzyme by the proteinases (left column) or reaction of the pro

domain site cysteine residue with metal ions, organomercurials, oxidizing agents (middle

column) and thiol-reactive agents (right column) . Figure adapted from Birkedal-Hansen

et al, 1993.
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Figure 1.3

Activation mechanism of latent human FIB-CL according to Cysteine switch model.

TRY: trypsin cleavage site; PKK: plasma kallikrein cleavage site; CL (PKK, PL):

autolytic cleavage site after the initial cleavage by PKK or PL; CL (APMA): autolytic

cleavage site afterreaction with 4- APMA; SL: stromelysin cleavage site. Figure adapted

from Suzuki (1990) .
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Figure 1.4

Proteolytic cleavage of the propeptide associated with activation of human FIB-CL and

SL-l. Exogenous proteinases (plasma kalikrein [PKK], trypsin [TRY], chemotrypsin

[CT], human neutrophil elastase [HNE], and human stromelysin-l [SL-l], cleave the

proenzyme at different peptide bonds identified by arrows. Autolytic cleavage sites are

followed after activation by plasma kallikrein (CL IPKKI) or APMA (CL IAPMAI; SL-1

IAPMAI). Figure adapted from Suzuki 1990, and Nagase 1990.
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L.2.6. Gene structure of MMPs

Recent analysis of the exon and intron structure of the genes for MMP members suggests

that, the modular structure of MMP genes is highly conserved. The CL, SL-1, and SL-2

genes each contain 10 exons (Figure 1.5). PUMP-I which only contains the pre, p o,

and catalytic domains, lacks exon 6 encoding the hinge region and also exons 7 to 10

encoding carboxy terminal domain. Gelatinase A and B genes each contain 13 exons and

12 introns of 26-27 Kb, and thus have larger genes compare to other MMPs. This is

because the three additional fibronectin domains in their catalytic site are encoded with

th¡ee additional exons.(Huhtala et al, 1991; Matrisian IggZ) .

1.2.7. MMP gene expression

The transcriptional mechanisms that control MMP gene expression are still at an early

state of definition. Generally ranscription of the MMP genes requires the involvement of

a number of cis- and trans-acting factors that mediate basal and activated transcription .

The 8-base pair sequence 5'-TGAGTCAC-3', is a phorbol responsive elemenr (TRE),

which is located at approximately position - 11 in the promoter region of collagenase (73

) and stromelysin (-77 ). This sequence is called the activator protein-l (AP-l) binding

site (Krane et al, 1990). The AP-l site binds members of the Fos and Jun families of

transcription factors including, c-Fos, Fra-2 and Jun-D. There are currently three

identified Jun proteins, c-Jun, JunB and Jun-D, and four Fos related proteins, c-Fos,

FosB, Fra-Z. There is a second AP-l element at -186 in the rabbit promoter, 5'-

TTAATCA-3', which bind members of Fos and Jun family. Larger fragments of the

promoter also enhance transcription, suggesting a contribution from upstream elements,

strch as the PEA-3 site at 94, 5'-GAGGATGT-3', which is located just upstream of the

AP-1 site (White and Brinckerhoff 1995). Recent studies indicate that basal transcription

by PMA, cytokines and growth factors requires the specif,rc interaction of AP-l with

other cis-acting elemens, particularly PEA3 sites.
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Figure 1.5

Exon structure of MMP genes. The exon structure of human FIB-CL, gelatinase B (72

KDa) and gelatinase A (92 KDa) and rat stromelysin is showed associated to the different

domains of the proMMPs. Figure adapted from Birkedal-Hansen et al, 1993 and

Matrisian 1992.
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While the AP-l site is involved in expression of MMPs, the presence of one or more AP-

2 elements appears critical. Thus the AP-l site alone does not regulate transcription of

MMPs (Benbow and Brinckerhoff 1997). The promoters of the MMPs exhibit a high

degree of similarity in their cis-acting regulatory elements (Figure 1.6), although there are

also some differences. MMP-1 and MMP-3 are often but not always coordinately

regulated. The similarity between their DNA sequence may explain their coordinate

expression in some cells. In contrast, the differential spacing of their PEA-3 sites, and

perhaps different binding affinities for transcription factors, may explain their different

expression patterns in other cells. Together, complex interactions of the AP-1 site and

other cis-acting sequences in the promoters with certain transcription factors that bind to

these sequences, control the ranscription of the MMPs in response to particular inducers.

In addition to the AP-1 site, other sequences located upstream in the promoter region, are

also important, and may even be necessary. Some of these upstream sequences may

function independently of the AP-1 site, while others may act in cooperation with it

(Brinckerhoff et al,1992). Recently a binding site for the transcription factor PEA3 has

been shown 9 bases upstream from the AP-l site in the collagenase gene, this protein acts

synergistically with AP-1 after phorbol induction (Woessner 1991).

Thus interaction of multiple elements with the promoter appears to be essential for

transcriptional control. A variety of stimuli under a variety of normal and pathologic

conditions can influence those elements to regulate the metalloproteinase gene expression

(Vincenti et al, 1994).
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Figure 1.6

Model of MMP promoters showing the location of cis-acting elements known to

participate in transcription. Where the exact location of the element is known , the

position is indicated. (x) indicates the regions containing elements implicated in

transcription. (AP-1, Activator Protein-1 site; PEA3, Polymavirus Enhancer A-binding

Protein-3 site; TIE, TGF-B Inhibitory element; GC, Sp-l binding sites). Figure adapted

from Benbow and Brinkerhoff (1997).
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1.2.8. Regulation of MMP gene transcription

The synthesis of the mRNAs that encode MMPs, is stimulated by exposure to agents

such as growth factors and cytokines. FIB-CL, stromelysin-1, stromelysin-3 and

gelatinase-B genes are stimulated with gowth factors whereas gelatinase-A appears to be

only moderately induced by the same factors. The second group of modulators of the

MMPs are hormones, which can mediate transcriptional regulation of MMP expression.

For example progesterone and medoxy-progesterone can inhibit the production of

collagenase and inhibit matrix remodelling in uterine tissues. The third group of factors

are physical signals or events that can stimulate MMP expression, such as heat-shock,

phagocytosis of particulate matter, or treatment with cytochalasin B. Some studies

indicated that cell-shape changes often can induce MMP expression. The presence of

substrate alone is also suggested to be an MMP expression modulator as the cell-substrate

adhesion can often dictate changes in the cell shape (Benbow and Brinkerhoff L997;

Vincenti et al, 1996).

1.2.9. Involvement of MMPs in various physiological processes

MMPs are involved in va¡ious physiological processes under normal and pathological

conditions (Table 1.2). Connective tissue cells such as fibroblasts, osteoblasts,

chondrocytes and endothelial cells, as well as neutrophils, macrophages or tumour cells

are involved in a variety of processes leading to ECM degradation.
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Table 1.2. MMPs involved in tissue remodelling

Adapted from Ries et al, 1995.

Normal Drocesses Pathological Drocesses

Ovulation Cancer invasion

Endometrical cycling Tumou¡ metastasis

Trophoblast/Blastocvst implantation Leukemic dissemination

Embryogenesis Rheumatoid arthritis

S alivary gland morphogenesis Osteoarthritis

Mammary developmenlinvolution Periodontal disease

Cervical dilatation Fibrotic lung disease

Foetal membrane rupture Liver cirrhosis

Uterine involution Corneal ulceration

Bone growth plate Gastric ulcer

Bone remodelline Dilated cardiomyopathy

Tooth eruption Aortic Aneurism

Hair follicle cycle Arteriosclerosis

V/oundÆracture healin g Osteosclerosis

Angiogenesis Epidermolysis bullosa

Macrophage function Glomerulonephritis

Neutrophil function Encephalomyelitis
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1.2.10. Inhibition of MMPs

1.2.10.L. Synthetic inhibitors and antibodies

Chelating agents such as EDTA and l,lO-phenanthroline can inhibit the activity of the

enzyme by removing or blocking the active site zinc ion. Although these agents are

potent inhibitors of MMPs, they have limited analytical or therapeutic potential because of

their lack of selectivity. The most potent synthetic inhibiton contain a thiol group which

is believed to form a coordination bond with the active siteZn2+.

HS-(CHZ-R-Leu)-Phe-Ala-NH2 and HS-(CH2-R-Leu)-Trp-Ala-NH2 are two examples

of thiol containing inhibitors with IC59 in the 40-70 nM range. Hydroxamate inhibitors

with a terminal hydroxyl group and a vicinal carbonyl group together form a bi-dentate

Zn2+ hgand. (HONH-CO-CHZ-CH(Bu)-CO-NH-CH(Bu)-CO-NH-CH(Me)-COOEÐ

The mechanism of inhibition by tetracyclines and their synthetic analogues is suspected to

be dependent on the chelating properties of these compounds. These inhibitors inhibit

PMN-CL with a KI in the pM range whereas they are less effective inhibitors for FIB-

CL, but the reason for this selectivity is not known.

A range of blocking antibodies with effective and specific inhibitory properties have been

produced. Some of these inhibiting antibodies are highly specific and are as effective as

good synthetic inhibitors. Monoclonal and polyclonal antibodies, purified by affiniry

columns can both attain an IC5g in the range of (20-200 nM). Inhibiting antibodies have

also been shown to block matrix degradation by live cells in several model systems

(Birkedal-Hansen et al, 1993).
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1.2.10.2. Natural inhibitors

Naturally occurring inhibitors include, the a-Macroglobulins (aMs), which are non-

specific, and the TIMPs which are specific. The proteinase-binding aMs are large

glycoproteins found in the plasma of vertebrates and invertebrates, and in bird and reptile

egg whites. crMs function as molecular traps for proteinases. Most o,Ms are tetramers

assembled from two 360-KDa disulfide-bridged dimers. The o,Ms form complexes with

a wide variety of proteinases. Once the complex is made the proteinase is targely

protected from reaction with large substrates and inhibitors. Different mammalian alvls

are known such as: human o;2M,rat cr1M, rat c2M and rat a1I3. Human o2M and bovine

a2M form complexes with several different collagenases including FIB-CL and PMN-

CL. Only active collagenase reacts with the aMs. Different dMs can form complexes in

which 95Vo of co[agenase is covalently bound in a very high molecular weight complex.

Complex formation is initiated by specific limited proteolysis in the so-called bait region

located as residues 68L-7LZ in human o2M. This event triggers a set of conformational

changes resulting in the formation of a tight complex (Sottrup et al, 1989). a2-M is

perhaps the best known of collagenase inhibitors. This 780 KDa general protease

inhibitor shows >95Vo of the anti collagenolytic properties of serum. However the large

size of this protein appears to limit its biological importance in the connective tissue

matrix. For this role various tissue derived inhibitors identified in tissue extracts or media

of cell or explant cultures are likely to be more importanr(Stricklin et al, 1983)
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1.3. The family of TIMPs

1.3.1. Introduction

Breakdown of connective tissue is an important event in many normal and pathological

processes. The TIMP family of proteins are thought to play an important role in

connective tissue catabolism by regulating the activity of matrix-degrading enzymes

(MMPs) (V/illiamson et al, 1993). TIMPs act as the f,rnal point for the limitation of

tissue proteolysis. TIMPs are secreted by connective tissue cells in balance with secreted

metalloproteinases so that an equilibrium between enzyme and inhibitor exists (Baragi et

al, 1994).

1.3.2. Members of the TIMP family

There are four members of the TIMP family: TIMP-I, TIMP-2, TIMP-3 and TIMP-4

(Greene et al, 1996). They have 40Vo similarity in their amino acid sequence with25Vo

identity that includes 12 cysteine residues forming six disulfrde bonds ftVillimson et al,

1994). Natural disulhde bonds stabilize the native conformation of proteins by lowering

the entropy of the unfolded form (Duche et al, 1994). TIMP-I with a M,28 I(Da is a

complex glycoprotein with heterogeneous glycan units attached at Asn 30 and Asn 78

with a Mr 20 KDa protein core. 30Vo of the molecular mass of TIMP-1 is glycoprotein,

the removal of which does not change TIMP-I inhibitory function. In addition to binding

at the active site of the MMPs, TIMP-I forms a 1:1 complex with the 92 I(Da

progelatinase B (Williamson et al, 1994: Birkedal-Hansen et al, 1993). TIMP-2 is a

nonglycosylated protein with Mr 22 KDa which forms a complex with the 72I(Da

progelatinase A. Although both human TIMPs inhibit a range of metalloproteinases, they

show different specificities. TIMP-2 is the more effective inhibitor of both 72 KDa

gelatinase (MMP-2) and 92 KDa gelatinase (MMP-9), while TIMP-1 is the bette¡

inhibitor of MMP-I. The third human TIMP (hTIMP-3) has been cloned and sequenced
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from phorbol ester-differentiated TI{P-1 cells stimulated with bacterial lipopolysaccharide

(LPS). This 21.6 KDa protein includes 211 amino acids and contains an N-linked

glycosylation site near the carboxyl terminus. Human TIMP-3 shows M.3Vo amino acid

sequence similarity with TIMP-2 and 38.4Vo with TIMP-I, however it has 80.87o

sequence similarity with the IMP-3 from chicken embryo frbroblasts called chIMP-3

(V/ilde et aI, 1994). Human TIMP-4 sha¡es 37Vo seeuence identity with TIMP-I and

SLVo identity with TIMP-2 and TIMP-3. The expression of TIMP-4 protein has been

identified in MDA-MB-435 human breast cancer. Using Northern analysis, Green and

his colleagues have determined a unique expression pattern for TIMP-4, where very low

levels of its transcript were detected in the kidney, placenta, colon, and testes whereas it

was found in abundance in the adult hea¡t. (Greene et at, 1996)

1.3.3. TIMP structure

The sequences of the eight TIMPs from different organisms show a highly conserved

secondary structure including six conserved disulfrde bonds. Reduction of the disulfide

bonds inactivates the protein, whereas it is relatively stable to change in temperature and

acidic conditions. The TIMP molecule consists of two main domains: a large 3-loop, N-

terminal domain possessing the inhibition of the MMPs and a small 3-loop, C-terminal

domain (Figure 1.7). The C-terminal domain is likely to be important in protein

localization or complex formation with the progelatinases. The most strongly conserved

region is the f:rrst}4 N-terminal amino acids, where 17 of the residues a¡e identical in all

8 proteins. (Figure 1.6. Adapted from Williamson et al, 1993)
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Figure 1.7

A, Two dimensional structure of human TIMP-I and TIMP-2. B, Arrangement of the

native disulfide bonds in a two-dimensional representation of the primary structure of

TIMP-1. Carbohydrate attachment sites a¡e denoted [CHO], predicted tryptic cleavage

sites a¡e denoted t and the insoluble üryptic core peptide is denoted by shaded circles. The

extent of the truncated Dtzl-tg+ TIMP-I molecule is shown by the dashed line (-

). Figure adapted from Birkedal-Hansen et al, 1993 and V/illiamsom et al, 1993 .
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1.3.4. Complex formation

TIMP is known to bind to active enzyme with a 1:1 stoichiometry to form an inactive,

non-covalent complex, with. a dissociation constant ranging from 10-9 -10-10 M

(Birkedal-Hansen et al, 1993). Binding can be reversed yielding fully active inhibitor at

acidic conditions in the presence of a chelating agent. TIMP is not modified during

complex formation and retains inhibitory activity after dissociation and appears to be

structurally unchanged. TIMP can also bind to the pro-enzyme form of gelatinases A and

B, against which the two forms of inhibitor show distinct specificity (V/illiamson et al,

1993) . Precise details of the interaction between TIMP and the MMPs are un-known, but

recent findings have shown that the N-terminal three loops alone are suffrcient for both

the binding and inhibition of active MMPs. However it is indicated that the C-terminal

three loops of TIMP-I play a part in the binding to progelatinase B. Chemical

modification of TIMP-1 has indicated that histidine residues are required for inhibitory

activity (O'Shea et al, 1992) . It has been reported that the progelatinase A-TIMP-2

complex can autoactivate in the presence of organomercurials to produce enzyme that has

low activity toward gelatin and can be inhibited by the further addition of free TIMP-2,

suggesting the presence of two distinct TIMP-2 binding sites on gelatinase A. The

complex between progelatinase and TIMP-2 can also inhibit collagenase activity

indicating there are two distinct metalloproteinase binding sites on TIMP-2. By removal

of the C-terminal domain, TlMP-2-gelatinase A affinity is decreased, which indicates an

additional TIMP binding site on the C-terminal domain of active gelatinase A that is

distinct from the TIMP-2 specific binding site on the proenzyme (ie. active site). Both

TIMPs show similar affinities for gelatinase suggesting that the TlMP-binding sites on

the active enzyme are cornmon to both inhibitors (Murphy et al,1992) .
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L.4. Tissue destruction by neutrophil oxygen metabolites

1.4.I. Introduction

A variety of the tissue destructive events that involve the pathological destruction of

collagen are cha¡actenzed by the presence of large numbers of neutrophils. Triggered

human neutrophils simultaneously release and activate large amounts of thei¡ lysosomal

enzymes including elastase and collagenase. These proteolytic enzymes must be activated

in order to catalyse collagen degradation. The process of enzyme activation is controlled

by an oxygen-dependent mechanism. Oxygen metabolites are among as the most

destructive toxins released from the cell. This oxidation appears to cause partial

unfolding of the native structure of the protein. After the proteins a¡e modif,red by

unfolding, they are more susceptible to degradation by proteolytic enzymes. Recent

studies have shown that the oxidants and proteolytic enzymes act in a cooperative manner

to allow neutrophils to release their full destructive potential (V/eiss 1989).

L.4.2. Factors which activate neutrophils

A variety of soluble mediators are capable of stimulating neutrophils to release their

granule constituents and/or to generate destructive oxygen metabolites. Cytokines

released from activated macrophages or T-lymphocytes are effective stimulators of the

respiratory burst of PMNs. Among different cytokines, tumour necrosis factors (TNFs)

are reported to stimulate this release of oxygen metabolites by granulocytes. TNF is a

factor in serum produced in vivo by mononuclear cells upon exposure to endotoxin.

TNF-a and TNF-B are showed to be direct stimulants of the respiratory burst and

degranulation of neutrophils. However their ability to stimulate this neutrophil oxidative

burst is markedly enhanced in response to chemotactic peptide, N-formyl-methionyl-

leucyl-phenylalanine (FMLP) and the tumour promoter phorbol myristate acetate (PMA)

(Berkow et al, 1987; Test 1991).



27

1.4.3. The NADPH oxidase system

The neutrophil's ability to mediate acute inflammatory tissue damage is attributed to a

number of agents. These agents can be divided into two groups: those present in the

intracellular granules and those produced at the plasma membrane. Granule-associated

enzymes such as latent collagenase and latent gelatinase are capable of hydrolysing many

polypeptides. These are released once the neutrophil has been exposed to the appropriaæ

stimulus. Whereas the plasma membrane is the site of a membrane-associated enzyme

called, NADPH oxidase, which is activated in triggered neutrophils. NADPH oxidase

participates in the generation of three reactive oxidants, superoxide anion (O2o-),

hydrogen peroxide (HzOz), and the hydroxyl radical (OH'). Superoxide anion is an

oxygen molecule that has accepted an extra, unpaired electron. The extra electron gives

O2"- 
^net 

negative charge (12 protons, 13 electrons) and the unpaired extra electron gives

accounts for the molecule being a free radical.

oxidase
2Oz'-+H*+NADP+2C., + NADPH

This reaction appeÍus to be catalysed in human neutrophils by a pyridine-nucleotide

dependent oxidase, which is able to shuttle elecnons from the appropriate electron donor

to oxygen. Superoxide anion can act as a reducing agent, an oxidising agent, a ligand, a

base or a nucleophile. It is also cytotoxic. However its ability to participate in these

reactions depends on the solvent. Two molecules of superoxide anion can react to form

the hydroxyl radical (OH") and hydrogen peroxide by a spontaneous dismutation reaction.

Or"-*Or"-+2H+ \or+ o,

The OHo is a powerful oxidant which is produced by the further reaction between HzØ

and O2o-.



28

Or"- * HzOz OH"+OFf+O,

There are two strong lines of evidence that oxygen-derived free radicals produced by

stimulated leukocytes are important mediators of inflammatory tissue damage. First, free

radicals injure tissues and irreversibly alter macromolecules (i.e. collagen). Second, the

scavengers of oxygen-derived free radicals such as superoxide dismutase (SOD) can

prevent injuries caused by these free radicals. One mechanism by which oxygen-derived

free radicals can provoke inflammation is by the inactivation of natural anti-proæinases.

For example oxidation of the methionine thioether residue at the active site of the o1-

proteinase inhibitor can inactivate this proteinase inhibitor. This finding suggests that

naturally occurring proteinase inhibitors can be oxidized in vivo.

Myeloperoxidase is another enzyme that is localized to the neutrophil granules. This

enzyme was originally purified by Agner in 1941, and was named verdoperoxidase.

Triggered cells can release this enzyme into extracellula¡ fluids. Myeloperoxidase

catalyses the oxidation of halide ions to HOCI with the ssns¡mFtion of hydrogen

peroxide. Chloride, bromide, iodide are possible halides in this system. As Cl- has the

highest concentration in the plasma (more than a thousand times that of the other halides),

it is thought to be the preferred halide in this reaction.

HzOz+ X- + H+
Myeloperoxidase

HOX + HrO
( X- = Cl-, Br-,I-, SOV- )

HOCI exists in equal concentration to the conjugate base hypochlorite (OCl-).

HOCI/OCI- generated from this reaction is perhaps the most powerful biologically

relevant oxidant, as it is a very potent electron acceptor. It is capable of destroying a

variety of microorganisms and mammalian cell targets as well as causing damage to

proteins, lipids, carbohydrates, and nucleic acids by oxidizing their functional groups.

These groups include amino, imidazolium, phenolic ring, guanidium, indol residue, the
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amide nitrogen of peptide bonds and disulfide bonds. For polypeptide chains that are

covalently linked by disulfide bonds, as in insulin, oxidation with HOCI can cleave the

disulfide bonds, yielding cysteic acid residues (Weiss 1989).

Cysteine

H cH2- S 
- 

S _ CFI2 _ H

o

HOCt

H cH2 
- 

so3- o3s 
- 

cH2 
-c- 

H

o

Cysteic acid

Finally the reaction of HOCVOCI- with free amino acids generate long-lived N-

chloramines. These N-chloramines have less oxidizing potential than HOCVOCF,

however they have a longer effective lifetime. These long lived N-chloramines are

probably able to diffuse away from their site of generation (ie. adjacent to the neutrophil)

and cause damage at distant sites, while HOCVOCI- is believed to react close to its site of

production (Davies et al, 1993) . HOCI has the ability to rapidly react with the p amino

acid taurine to form the stable oxidant, taurine chloramine.

HOCI +H'N-CHTCIåSO3H

I
N

I

c

¿

I
o

I
N

I

C

I

C

I

I

I
¿

I

o

I
N

I

C

I

c
I

CINH{H2CH2SO3H+ HrO
Taurine chloramineTaurine
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The generation of chloramine in neutrophils was inhibited by catalase, the

myeloperoxidase inhibitors, azide, cyanide, and by chloride free conditions, but not by

superoxide dismutase or hydroxyl radical scavengers (Wiess et al, 1982).

1.5. Cytokines

1.5.1. Introduction

Cytokines are small, extracellula¡ glycoproteins acting on the cells via surface receptors to

influence the proliferation, migration and behaviour of many cell types (Stewart et al,

1995). They play an important pathological role in RA by mediating connective tissue

destruction and inflammation. They are released by cells in response to specif,rc signals,

and exert either a positive or negative effect on the expression of genes to affect the

function or response of target cells. The pro-inflammatory cytokines, IL-l. and TNF-c

can stimulate the production of proteases by fibroblasts, synoviocytes, and chondrocytes.

Elevated levels of IL-la and IL-lp mRNA are found in both synovial fluid and the tissues

of the inflamed joinr Anti-inflammatory cytokines such as IL-4, IL-10, and TGF-p show

inhibitory effects on protease production. TGF-p stimulates the production of collagen,

proteoglycan, fibronectin and TIMP, which form part of the repair mechanism. Each of

the above cytokines binds to specific receptors on target cells in order to exert their

biological activities.

1.5.2. Origin of cytokines

The key pro-inflammatory cytokines IL-l, TNF, IL-6 and IL-8 are produced by

monocytes/macrophages and other cells involved in RA such as synoviocytes and

chondrocytes. These cytokines cause destruction of cartilage and bone by releasing

degradative enzymes such as collagenase and stromelysin. IL-1, TNF and IL-6 are
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produced by monocytes duririg the acute phase of RA. There is a direct relationship

between the number of monocytes and the level of cytokine production @ayer and

Burger 1994)

The age of the pro-inflammatory cytokine producing cell directly affects the level of

production. Once monocytes have differentiated into macrophages less cytokines are

produced. Anti-inflammatory cytokines like IL-4 and granulocyte-macrophage colony

stimulating factor (GM-CSF), reduce production of pro-inflammatory cytokines by

increasing monocyte differentiation into macrophages.@uff et al, 1994)

1.5.3. IL-l and rNF-s as mediators of inftammation in joint

IL-l and TNF-c activate chondrocytes and synoviocytes to produce metalloproteinases

such as stromelysin and collagenase. They also inhibit the synthesis of proteoglycans

(Duff L994; Bodden etal, L994). tr--l can induce synovitis by releasing enzymes and

other inflammatory mediators, and eventually leads to the destruction of cartilage and

bone which is cha¡acteristic of RA (Makino et al, 1994). Specific immunoassays for IL-l
have shown raised levels of IL-l in synovial fluid f¡om RA joints (Rooney et al, 1990)

and in blood of patients with active RA (Eastgate et al, 1991). Several studies using

target cells such as dermal fibroblasts, articular chondrocytes, trabecula¡ bone cells and

almost all mesenchymal cells have shown that IL-l has similar stimulatory effects on the

production of collagenase and prostaglandins (for a review see Dayer and Burger lgg4).

Three forms of IL-l are known. IL-la, a protein of 17.5 KDa including 159 amino

acids, is essentially cell-associated. tr--lp is a protein of 17.3 KDa with 153 amino acids,

released into the extracellular environment after stimulation. IL-1 receptor antagonist (IL-

lRa) is a22-25 KDa protein that shares approximately 26Vo and,l97o amino acid identity

with IL-IB and IL-la respectively (Stewart et al, 1995). Synovial fluid IL-lp

concentration more closely reflects local inflammarion while whole blood IL-1p

concentration reflects systemic inflammation. IL-1 plays a pivotal role in the process as

leading to joint damage. This is illustrated by studies using neutralising antibodies
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against IL-IP and IL-lo in patients with RA, which show inhibition of cartilage

resorption of human cartilage by RA synovial fluids (Suzuki et al, 1990; Bendrzen et al,

1990). These three members of IL-l family a¡e each capable of binding to membrane

receptors, but only ll.-lcr and IL-lp are biologically active. IL-1Ra acts as a competitive

IL-1 inhibitor, it binds to the receptor without activating signal transd.uction @inarello

199 1).

There are two types of IL-l receptors. Type I (IL-lRI) has a higher affinity for IL-la

and IL-1Ra and mediates signalling activity. Type II (IL-IRID has a higher affinity for

n--1P and lacks signalling capacity. Va¡ious known mechanisms by which IL-1 transmits

its signal have been proposed. One effect of IL-1 is tg activate the transqiption factor

NF-IB in several cell types. NF-IB is thought to reside in latent form in the cytoplasm

complexed with its inhibitor, I¡B. It is thought that inactivation of inhibitor, 1LB by

phosphorylation release NF-¡8, which then enters the nucleus where it binds to its target

enhancer motif to activate transcription (Stylianou et al, L9g2).

Similarly TNF-o has many biological activities in common with IL-1. TNF-a has

extensive properties affecting the inflammatory cells by stimulating the production of

collagenase and PGEz by synovial cells (Dayer and Burger 1994). It also synergizes

with IL-l or other cytokines to increase or inhibit their biological activities. TNF-a is

produced as a propeptide of 26 KDa. It is associated with the cellula¡ membrane where it

is biologically active. Its active form consists of 3 subunits of 17 KDa making a trimeric

form. TNF-o exerts its biological activities by binding to specific rcceptors located on the

cell surface. There are two types of TNF-c receptors, including type I or p55 and,type2

or p7 5, which mediate signal transduction. They can be cleaved fromthe cell membrane

yielding soluble forms (sTNFR). The sTNFR can bind TNF-o, acting as endogenous

antagonists and prevent TNF-a from attaching to the membrane bound recepto$ @a:rera

et al, 1996). The number of total receptors in normal and malignant cells, has been

estimated to be between 103 and lÚlcell. This protein was found in the synovial fluid of

more than 50Vo of rheumatoid patients. It is also synthesised by rheumatoid synovial
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tissue. It has been shown that, the combination of TNF-c and IL-1 triggers a more

serious inflammatory response than that resulting from any of them separately (Wagge

and Espevik 1988). There is now little doubt about the pathological significance of IL-l
and TNF-o in diseases such as RA, since IL-l, IL-1Ra, and TNF-o are present in the

rheumatoid synovial membrane and can be detected in plasma and in synovial exudates of

RA patients together with soluble forms of both TNFR and IL-IRII (Stewart er al, 1995).

Also clinical studies using monoclonal antibodies to TNF have shown promising effects

in inhibiting mortality in animal models of sepsis, however preliminary human studies

have not been as encouraging (Wherry et al, 1993). It has also been noted that IL-1 and

TNF-o induce each other at least in vitro as well as many other pro inflammatory

cytokines, including granulocyte-macrophage colony stimulating factor (GM-CSÐ,L-6,

leukemia-inhibitory factor, IL-8 and other chemotactic factors. Therefore ongoing

anticytokine strategies for RA are primarily focused on suppressing the actions of IL-l

and TNF.

1.5.4. Transforming growth factor-P (TGF-p)

For the first time in 1981 Ha¡old Moses and Michael Sporn independently discovered.

TGF-P in their laboratories (Moses et al, 1981; Roberts et al, 1981). Three isoforms of

TGF-P (TGF-Ê1, þ2 and Ê3) have been found to exist in mammals. They are mainly

involved in three biological activities. Firstly, the TGF-p inhibir the growth of most cells,

but stimulates the growth of some mesenchymal cell types (Schwann cells, Osteoblasts,

Chondrocytes). Secondly, They have anti-proliferative properties (inhibition of T- and

B-lymphocytes), which leads to their immunosuppressive effects. Thirdly, they enhance

the formation of extracellular matrix components (collagen, fibronectin,

glycosaminoglycans and proteoglycans). TGF-P is also useful in another way by

opposing the effects of other cytokines. The potent immunosuppressive effects of the

TGF-P also suggest that this cytokine may be valuable in the rrearrnenr of disease like RA

which is cha¡acterizedby aberrant function of the immune system @uscetti and Palladino
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1991). It also antagonizes the action of certain inflammatory cytokines such as IL-l and

TNF-a (Wahl 1992).In a number of studies, TGF-p has been shown to be a negative

regulator of the degradation of synovial cells and articular chondrocytes @dwards et al,

1987, Overal et al, 1991; Lum et al, 1996). An increase in TIMP-I biosynthesis in

response to TGF-p is accompanied by concomitant decreases in the synthesis of both

MMPs. IL-l increases the degradation of matrix components and reduces the synthesis

of new matrix, which results in an overall loss of cartilage matrix. TGF-B on the other

hand increases the biosynthesis of the structural components and effectively rescues the

cartilage from the catabolic effects of the inflammatory cytokines. Lum et al have

determined the effrciency of TGF-p to reverse the catabolic effects of IL-lp on human

articular chondrocytes (Lum et al, 1996).

1.6. Neutrophil activation by chemotactic factors

Infilration of tissues with large numbers of neutrophils is observed in a variety of

pathological conditions. Neutrophils are able to scavenge damaged tissue and kitl and

digesting micro organisms. Neutrophils phagocytose particulate material and this is

accompanied by release of proteolytic enzymes, superoxide, H2O 2, andvariety of

bioactive lipids from granules. Several of these products, themselves are capable of

inducing inflammation and tissue damage, which is normally observed after neutrophil

accumulation.

In recent years, several neutrophil chemoattractants have been charactenznd. Neutrophils

exposed to chemotactic stimuli marginate, adhere to the endothelial cells, and migrate into

the extravascular space. After stimulation in vitro, several functional responses,

including shape change, adherence, directed movement, enzyme secretion, and the

respiratory burst are observed. To initiate each response, first the agonist binds to its

receptor and the agonist-receptor complex interacts with a GTP-binding protein, followed

by stimulation of phosphatidyl inositol hydrolysis by a phospholipase C. This yields

inositol phosphate and diacylglycerol and finally the entire reaction leads to c¡osolic free
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calcium rise and the activation of protein kinase C, which is part of the signal

transduction process (Baggiolini et al, 1989).

Several neutrophil chemoattractants with different origins and modes of formation have

been cha¡actenzedin recent years.

1.6.1. The family of pro inflammatory supergene "intercrine"

During the past 20 years, numerous members of a new family of cytokines have been

identified. These 8-10 KDa cytokines are basic, heparin-binding polypeptides. They

exhibit 20-45Vo homology in their amino acid sequence, and have pro inflammatory and

reparative activities. Many of these cytokines are produced by various cell types

therefore using the term macrophage inflammatory peptide (MIP) for some of them is

inappropriate. This family of cytokines have been called the "intercrine" family and

classified in two subsets, based on their chromosomal location and amino acid sequence.

The cDNA for intercrine cr subfamily is located on human chromosome 4, which

includes: interleukin-8 (IL-8), platelet factor-4 (PF-4), IP-10, p thromboglubin (PTG),

and GROMGSA. Those for intercrine p subfamily are on human chromosome L7

including: LD-78, ACT-2, RANTES, and macrophage chemoattractant and activating

factor-MCAF. All the intercrines have four cysteine residues making t'wo disulfide

bridges. In the cr subfamily the first two cysteines are separated by only one amino acid

which is called "C-X-C", whereas in p subfamily it is called "C-C" because their first

two cysteines are adjacent. Structural analysis reveals that these cysteines are important

for the tertiary structure and for binding of the intercrines to their receptors. (Oppenheim

et al, 1991)

L.6.2. Neutrophil-activating peptide-1 (NAP-1)/IL-8

In 1985 Luster et al reported the gene expression for a peptide named "IP-10" in the

interferon gamma (IFN-gamma) stimulated macrophages. (Luster et al, 1985) In 1987
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Yoshimora and his group were the first to identify and separate a novel monocyte cell-

derived neutrophil chemoattractant peptide from IL-l and TNF. This peptide was initially

named monocyte-derived neutophil chemotactic factor (MDNCF) (Yoshimura et al,

1987). Since then various investigators have referred to this peptide as a MDNCF,

neutrophil activating protein (NAP), and the mostrecentty IL-8.

IL-8 is produced in vitro by a wide variety of cell types including monocytes, neutrophils

and dermal fibroblasts. IL-8 activates a number of functions of human neutrophils,

including increasing their adhesion to unstimulated human umbilical cord vein endothelial

cells (HUVECs), leading to directional transendothelial migration. Figure 1.8 shows the

migration of neutrophils from the blood at the inflammatory site (Mukaida et al, 1995).

1.6.3. Molecular properties of IL-8

The precursor of human IL-8 contains 99 amino acids. At the C-terminal region,

residues (91-95), Lys-Phe-Leu-Lys-Arg are most probably the heparin binding site.

There are 14 basic amino acids (lysine and arginine) in the 72 a¡nno acid form of mature

IL-8, giving basic characteristics to this protein. Intermediate forms (79 and 77 amino

acids) as well as truncated (69 amino acids) forms of IL-8 have also been purif,red from

the cultured media of LPS-stimulated human PBMC, TNF stimulated fibroblasts, and

endothelial cells. Nuclear magnetic resonance (NMR) and x-ray crystallography

techniques have been performed to analyse three-dimensional structure of human IL-8,

using purified recombinant IL-8 expressed in E coli. (Clore et al, 1990; Baldwin et al,

1990).

Figure 1.9 shows the overall topology and hydrogen-bonding pattern for IL-8

(Oppenheim et al, 1991).
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Figure 1.8

Neutrophil infiltration and IL-8. Local production of IL-8 by infiltrating leukocytes and

tissue fibroblasts induces neutrophil migration to the inflammatory site and activates

neutrophils. At the inflammatory site, neutrophils attach to the blood-vessel wall by

binding to selectin, an adhesion molecule present on the cell surface of endothelial cells.

The neutrophils then extravasate into the tissue through gaps between the endothelial

cells, following the concentration gradient of IL-8. Neutrophils play an important role in

host defence through various mechanisms, including phagocytosis of the pathogen,

increased respiratory burst and release of lysosomal enzymes. Figure adapted. from

Harada et al, 1996.
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Figure 1.9

Schematic presentation of the overall topology and hydrogen-bonding patrern of IL-8

Figure adapted from Oppenheim et al, 1991.
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L.6.4. Mechanism of IL-8 gene expression

IL-8 is produced by numerous types of cells upon stimulation with pro inflammatory

cytokines such as IL-1 (Mukaida et al,1992). In response to inflammatory stimuli,IL-8

mRNA is expressed within t hr and after 3 hrs it reaches a maximum. Studies utilizing

the nuclea¡ run off assay (Oliveira et al,1992) have revealed that, in several cell types IL-

I or TNF are partly responsible for the IL-8 mRNA induction by activation of

transcription. However in U373 cells, these cytokines increase the stability of IL-8

mRNA (Kasahara et al, 1991).

IL-8 genomic DNA consists of four exons and three introns with a single TATA and

CAT like structure, collectively 1.5 Kb S'-flanking region. The 5'-flanking region

contains several potential binding sites for transcription factors such as AP-l, NF-IL-6,

and NF-¡B (Figure 1.10).
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Figure 1.10

Schematic stntcture of human IL-8 gene. Binding site regions for the transcription

factors including AP-l, NF-IL6, and NF-¿Ba¡e shown. The number of amino acids

encoded by each exon are shown below the line. Figure adapted from Mukaida et al,

1994.
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In a resting state NF-¡B is associated with its inhibitor I¡B, whereas upon activation it

dissociates from inhibitor followed by nuclear translocation and binding to its cÍs

elements (Baeuerle 1992). This dissociation is explained by phosphorylation of I¡B

(Baeuerle and Baltimore 1988) and protein degradation (Toledano er al, 1991), but it is

still not clea¡ how IL-l treatment modifies IL-8 expression. NF-IB appears to be the

most crucial factor in IL-8 gene transcription, although it needs to cooperate with NF-IL6

and AP- l, respectively as the fust and second choice (Mukaida et al, 1994).

1.6.5. IL-8 gene repression

The molecula¡ mechanism of IL-8 gene repression, is proposed, in a human glioblastoma

cell line, T98G, stimulated with IL-1. The immunosuppressant, FK 506 and a synthetic

glucocorticoid, dexamethasone, have been used. According to this proposed mechanism,

FK 506 suppressed the activation though the IL-8 AP-1 and NF-¿B sites induced by the

combination of phorbol ester and Ca2+-mobilizing agents. 'Whereas glucocorricoids

suppress the IL-8 gene transcription by interfering with the most essential transcription

factor, NF-¿B (Figure 1.11 ) (Mukaida et aI, 1992 e. ß94).
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Figure 1.11

Proposed mechanism of a glucocorticoid-mediated IL-8 gene repression in a human

glioblastoma cell line, T98G, stimulated with IL-l. Figure adapted. from Mukaida et al,

1994.
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1.7. Anti-rheumatic drugs

I.7.I. Introduction

Management of rheumatoid arthritis (RA) and OA relies on both drugs and several

biologic agents, although the mode of action of these agents needs to be carefully

evaluated. Three classes of drugs are used for the treatment of RA: nonsteroidal anti

inflammatory drugs (NSAIDs), glucocorticoids, and the slow acting agents" New drugs

, which have disease modifying or immunomodulating properties a¡e also under

investigation. These include three types of agents: tenidap, a compound with

cyclooxygenase inhibition and cytokine modulating activity properties. Monoclonal

antibodies against intracellula¡ adhesion molecule-1 (ICAM-l), and antibodies to TNF-cç

which are likely to provide useful therapeutic approaches to the treatment of RA. These

new agents are designed according to the recent understandings about the molecula¡ basis

of chronic inflammation and tissue degradation and synthesis (Blackburn, 1996). Also

successful inhibition of metalloproteinases might open new ways to formulate "designer

therapies" (Vincenti et al, 1994).

1.7.2. Gold containing drugs

Gold compounds have long been used as therapeutic agents for rheumatoid arthritis

(chrysotheraphy). The compounds used are, gold(I) gold sodium thiomalate (GSTM),

gold thioglucose (GTG) and auranofin (AF) (tetra acetyl thioglucose) (triethyl phosphine)

gold(I).

Au- Na

CH2-COONa

s-cH-coo
I

Aurothiomalate

n
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These drugs are distributed throughout the body via the blood stream after administration.

The sulfur containing components of these gold containing drugs reach the blood stream

rapidly and are then almost completely eliminated via the kidneys. This rapid cleavage of

the gold-sulfur bond, in the blood stream suggests that the thiolate part of the drug is not

important in long term effect of the drug. The suggestion that the therapeutic component

in these compounds is gold, implies that the organic ligands provides a delivery system

and stabilize the gold against decomposition in storage. Gold is in either the +1 or the +3

oxidation state. The +3 is toxic, it oxidises tissue with which it comes into contact, and

becomes reduced to +1 oxidation state. All of the gold containing drugs used in

chrysotheraphy contain the element in the +1 oxidation state (Parish t992). Gold(I)

forms its most stable compound with thiol (sulfur) ligands. However it has other ligands

such as phosphorus, nirogen and oxygen. It appears that these compounds can undergo

ligand exchange very readily since there is plenty of space a¡ound the gold atom to let

attacking groups approach and bind. Thus one ligand may be displaced with a new

n



45

ligand. A detailed study in rats have shown that, the level of gold in the joints is 2-3

times gxeater than those in the surrounding bone, suggesting some accumulation of gold

in the synovial fluid. Based on va¡ious effects of gold compounds noted in different

model systems, a number of mechanisms have been proposed to explain the mechanism

of gold compounds in RA. GSTM inhibits various enzymes in human synovial cells, and

several human epidermal enzymes. Although the effects demonstrated in vitro a¡e broad,

it is not known whether these actions are relatively important. Further evaluation of the

mechanism of action of these agents may lead to improvements in therapy. Our study

was undertaken to answer the question whether gold compounds may interfere with the

pathways responsible for the imbalance benveen the MMPs and their inhibitors in vitro as

well as in cultured human synovial cells.
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1.7.3. Nonsteroidal Anti-inflammatory Drugs (NSAIDS)

NSAIDs, such as indomethacin are widely used in the treatment of patients with RA.

NSAIDs are distinguished from slow-acting antirheumatic drugs by their faster action and

less profound effect on the disease @ay 1988). These drugs act by preventing the

conversion of arachidonic acid to intermediate and terminal prostanoids such as

prostaglandin E2 (PGEz). This may ¡elate to the fact that, in inflammatory rheumatic

diseases, pain responds faster to NSAID treatment than the other indices of inflammation

such as swelling and erythema. However there is increasing evidence that additional

biochemical effects may be important especially in the control of inflammation. These

drugs have been regarded as not being able to slow the progression of RA, ie. there a¡e

not disease-modifying agents (Harris 1986). Whether there is such a sharp distinction

between anti-inflammatory drugs (eg. NSAIDs) and disease-modifying agents is a matter

of controversy particularly as there are now agents (eg tenidap) which appear to bridge

this gap (see Chapter 4).

co

cH3o

Indomethacin

The terminal prostaglandins are pro-inflammatory. Prostaglandin endoperoxidase

synthases (cyclooxygenase, COX) catalyzes the first step in the conversion of arachidonic

acid into the prostanoids and related metabolites. It is now recognized that this enzyme

has two isoforms COX-1, which is constitutive and COX-2 which is inducible (for a

review see Griswold and Adams 1996). Cyclooxygenase inhibition and the subsequent

CH¡
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inhibition of prostaglandin synthesis is likely to be the unifying mechanism for the anti-

inflammatory effects of common NSAIDs. Indomethacin is widely used as a potent

inhibitor of COX-I and COX-2 activity. It has also been shown that treatment with

indomethacin increases synovial fibroblast cell growth in the presence of IL-1 or TNF

(Gitter et al, 1989). Clinically, indomethacin is used in the treatment of rheumatoid and

osteoa¡thritis.

I.7.4. Glucocorticoids

Glucocorticoids are potent immunosuppressive and anti-inflammatory drugs, used

successfully in the treatment of RA. Glucocorticoids such as dexamethasone a¡e able to

affect a variety of intracellular metabolic pathways. These include a reduction of

prostanoid synthesis, through inhibition of phospholipase A2 and cyclooxygenase

(Kohler et al, 1989 &1990). Dexamethasone can also inhibit TPA-induced TNF-o

expression as well as IL-1a/F production (Knudsen et al, 1987). It can also diminish the

synthesis of IL-l and IL-6 by mononuclear cells (Lyson and McCann 1992). Therefore it

is likely that the effects of glucocorticoids are mainly due to inhibition of cytokine release

by immune cells.
cH2oH

cHs c:o
OH

-- -oH
cH3

'CHr

o

Dexamethasone

Glucocorticoids form complexes with their specific cytoplasmic receptors, called

glucocorticoid receptor (GR) which bind to regulatory elements of the DNA. Therefore

t
I
I

F
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the receptor density of the target cells and the receptor affinity of the glucocorticoid,

appeared to be among the factors which determine the magnitude of the biologic effects of

glucocorticoids. However in a study by Schtaghecke it was shown that, diminished

receptor density in RA patients did not result in glucocorticoid resistance (Schlaghecke et

al, 1994).

Glucocorticoids are also known as potent inhibitors of collagenase induction by

inflammatory cytokines. The target for this effect appears to be the AP-l site within the

collagenase promoter region, which also mediates its induction. This negative regulation

is mainly due to repression of AP-l activity by the GR.

1.7.5. Methotrexate

Methotrexate has been approved as an effective second-line agent to treat rheumatoid

arthritis. However mechanisms of its action on the disease process are largely unknown.

N NHz

COOH

HOOCCH2CH2 2

il
o CHs

Methotrexate

Therefore more studies are needed to complete the understanding of its action (Furst and

Joel 1988).

Experimental studies have suggested that, methotrexate is effective in inhibiting IL-1

production in adjuvant arthritis in rats (Segal et al, 1990). It can also inhibit certain

activities of IL-1 in human mononuclea¡ cells without interfering with the production or

secretion of IL-1 (Segal et al, 1990; Songsirideg and Frust 1990). Whereas different
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studies indicated that methotrexate had no effect on arachidonic acid metabolism.

Phospholipase A2 activity, cyclooxygenase and the 5-lipoxygenase metabolic pathways

were not affected by methotrexate (Bannwarth et aI,1994). Furthermore, methotrexate

appeared to have no effect on IL-1 stimulated production of prostaglandin E2, hyaloronic

acid and collagenase from human synovial fibroblasts in culture (Meyer et al, 1993). In

another study by Firestein (Firestein et al, 1994), the synovial gene expression was

determined by quantitative in situ hybridiization using computer-assisted image analysis.

They have indicated that collagenase gene expression significantly decreased after

methotexate therapy without any change in cell density. However, methotrexate did not

directly inhibit the induction of collagenase gene expression by IL-1, in cultured human

synoviocytes (Firestein et al, 1994).

L.7.6. Cyclosporin-A

Cyclosporin-A (CyA) is a widely used immunosuppressive drug used in a number of

auto immune disorders. One of the most important known properties of CyA is the

ability to inhibit the production of cytokines involved in the regulation of T cell activation.

CyA has also direct effects on B cells, macrophages, bone a¡d cartilage cells. Recent

studies have described the mechanism of action for CyA. Generally lipophilic, the CyA

molecule diffuses across the membrane and binds to specific proteins known as

cyclophilins. Binding of CyA to cyclophilins appea¡s to be a close link to the

immunosuppressive properties of the drug (Russell et al, 1993). Cyclophilins are a

group of intracellular proteins, that are enzymes that act as peptidyl-prolyl cis-

transisomerases (rotamases). This activity results in changes in the proline residues

within proteins. Selective inhibition of cytokine gene transcription may occur where CyA

blocks this activity by binding to the cyclophilins. Specifrcally inhibition of T-cell growth

factor (\,-2) production appears to be an important action of CyA (Brauer et al, 1993 ;

Elliott et al, 1984).
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In a study by Lohi (Lohi et al, 1994), CyA potently enhanced the,expression of

collagenase in dermal fibrobiasts. In this study the increased level of AP-1 activity, was

suggested to be the possible reason for this effect of CyA. In another study by Brauer,

CyA has effectively decreased the level of IL-6 in the synovial fluid and serum of rats

with antigen-induced a:thritis (Brauer et al, 1994).

In order to estimate the degree of efficacy of CyA a series of clinical trials were

undertaken. The trials data indicated that CyA is potentially a disease modifying

antirheumatic drug (DMARD), since it is able to reduce the two important parÍìmeters-

synovitis and acute phase reactants. Moreover CyA is likety to slow the progression of

cartilage and bone damage caused by RA (Forre 1990). Comparative controlled nials

have also suggested that CyA has similar effects to those observed with D-penicillamine

or azathioprine (Kurki P, 1993).

1.7.7. Retinoic acid

Retinoic acid has immunomodulatory properties, and is effective on proliferation and

differentiation. Retinoic acid binds to nuclear receptors, the retinoic acid receptors, and

retinoic X receptors (RARcr,B,y and RXRc,p,1). These receptors belong to the

superfamily of steroid and thyroid hormone receptors, and are able to bind to specific

DNA sequences, which act as ligand-inducible transcription factors. In a study by

Brincke¡hoff, the production of collagenase by rheumatoid synovial cells was inhibited

by retinoic acid (Brinkerhoff et al, 1980). In the case of the collagenase promoter,

retinoic acid can act as a negative regulator of AP-1 responsive genes by interaction of

RARs with c-Jun, resulting in prevention of AP-l binding to its response element (Schule

et al, 1991). It is also proposed that retinoic acid regulation of the collagenase gene, in a

rabbit synovial fibroblast cell line (HIG82), depends on the availability and interaction of

specific RARs with multiple DNA elements within the promoter and with transcription

factors, including AP-1 related proteins (Pan et aJ,7992).
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Retinoic acid

The expression of TIMP-1 has also been shown to be regulated by retinoids (Cla¡k et al,

1937). Since the retinoid compounds have been shown to coregulate the expression of

collagenase and TIMP-I in an inverse manner, this could prove these agents to be

therapeutically important.
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1.7.8. Tenidap

Tenidap is the first representative of a new chemical family of anti arthritic agents, the

oxindoles. Tenidap sodium acts as an anti a¡thritic agent by modulation of the production

and action of pro inflammatory cytokines and inhibition of cyclooxygenase.

o

cl

N
Tenidap

NHz

Several anti arthritic properties of this novel drug includes, its ability to protect cartilage

integrity, modulate cytokine synthesis, and its potent inhibitory action on the release of

activated neutrophil collagenase (Blackburn et al, 1991). In addition a number of studies

suggest the ability of tenidap to down-regulate levels of IL-l receptor on culture human

(normal or OA) chondrocyte and RA synoviocytes (Pelletier et al, 1996). These findings

suggest that, the functional significant of this down-regulation may result in decreased

mRNA and protein levels of collagenase and stromelysin in response to stimulation with

IL-1.

S

o
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1.8. Summary

Inflammation of the joint is characterised by the selective inhltration of inflammatory cells

into the synovium, e.g. neutrophils. Oxygen metabolites have been consistently

identified as the most destructive toxins released from the neutrophils in inflamed tissue.

The inflammatory cells also release a number of cytokines which act as mediators of

pathology in inflammatory diseases. These include, proinflammatory cytokines, such as

IL-1a, tr--1P and TNF-cr as well as anti-inflammatory cytokine TGF-p.

Members of the family of MMPs such as collagenase and stromelysin are expressed in

large amount from connective tissue cells, in inflamed joint. The expression of these

proteolytic enzymes is stimulated with the present cytokines, IL-1p and TNF-a.

Because these enzymes have fundamental role in the pathophysiology of RA and because

the destn¡ction of the extracellular marix is largely irreversible, their inhibition would be

an important way to prevent the tissue destruction. According to the established

treatments, which are thought to influence levels of enzyme, there are 2 principle ways to

decrease levels of metalloproteinases: inhibition of enzyme activity or inhibition of

enzyme synthesis. A local imbalance between activated enzymes and their inhibitors such

as TIMP, will lead connective tissue destruction.

The other mediator of the inflammation, IL-8 can mediate the recruitrnent of inflammatory

cells into the joint. IL-8 gene and IL-8 protein are rapidly produced in the presence of

stimulants tr--lp and TNF-o,.

Taking together, these inflammatory mediators push the balance towards degradative

processes in inflamed joint.

Antirheumatic drugs have been used widely to modulate connective tissue degradation,

although the mechanism of action of these drugs are poorly understood. Therefore, in

this thesis I have been trying to answer to the following questions:
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Do oxidants, released by activated neutrophils, inhibit the activity of, TIMP-1

against collagenase? Do antirheumatic drugs interfere with the oxidative

inactivation of TIMP-1 ?

Do antirheumatic drugs affect the expression of the mRNA for MMPs and TIMP-I

in human synovial fibroblasts? Do they antagonise the catabolic effects of the pro

inflammatory cytokines such as IL-IB and TNF-oin these cells? Do anti-

inflammatory cytokines, such as TGF-P, antagonize the stimulatory effects of these

pro inflammatory cytokines?

Do antfuheumatic drugs prevent inflammation by inducing the expression and,/or

production of IL-8, in cells that are present in inflamed joint, human synovial

fibroblasts? Do antirheumatic drugs antagonise the catabolic effects of the pro

inflammatory cytokines such as IL-18 and TNF-o, which enhance IL-8

expression?

2

J



Chapter 2

The oxidative inactivation of tissue inhibitor of metalloproteinases-l

(TIMP-l) by hypochlorous acid (HOCI) is suppressed by anti-

rheumatic drugs

2.L. Abstract

The fact that TIMPs prevent uncontrolled connective tissue destruction by limiting the

activity of MMPs, have been conclusively explained in chapter 1. The complex tertiary

structure of TIMPs which is dependent upon 6 disulphide bonds suggests that they

should be susceptible to oxidative inactivation. 'We examined the oxidative inactivation

of human recombinant TIMP-1 (hr TIMP-1) by HOCI and the inhibition of this process

by anti-rheumatic agents.

hTTIMP-1 was exposed to HOCI in the presence of a variety of anti-rheumatic drugs.

hTTIMP-1 activity was measured by its ability to inhibit BC1 collagenase activity as

measured by a fluorimetric assay using the synthetic peptide substrate (DNP-Pro-Leu-

Ala-Leu-T¡p-Ala-Arg) specific for MMP- 1.

The neutrophil derived oxidant HOCI, was able to inactivate hTTIMP-1 at

concentrations of these oxidants reported to be achieved at sites of inflammation.

However, the long tived N-chloramine derivative, N-chlorotaurine (NCT), was not able

to inactivate hrIMP-1 at concentrations achieved in the pericellular environment of the

neutrophil. We have also determined that, anti-rheumatic drugs have the ability to

protect hTTIMP-1 from inactivation by HOCI. For D-penicillamine, this effect occurs at

plasma levels achieved with patients taking the drug but for other agents tested this

occurs at relatively high concentrations that are unlikely to be achieved in vivo except

may possibly be relevant in a micro-environment.
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These results a¡e in keeping with the concept that biologically derived oxidants can

potentiate tissue damage by inactivating key but susceptible protein inhibitors such as

TIMP-I which form the major local defence against MMP induced tissue breakdown.
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2.2. lntroduction

Collagenase can cleave native collagen molecules and allow the resultant denatured

collagen to be digested by a range of other enzymes including other MMPs. In this way

collagenase regulates fibrilla¡ collagen turnover (Murphy et al, 1991, Mallya et al

1990).

TIMPs regulate the activity of MMPs by tightly binding to the active site of the enzyme

and forming inactive complexes with a 1:1 stoichiometry (Williamson et al, 1993). The

balance between the activities of MMP and TIMP is a crucial factor in regulating

extracellula¡ matrix breakdown in vivo (Denhardt et al, 1993). Average concentrations

of MMPs and TIMP fragments are significantly elevated in the joint fluid of patients

with osteoa¡thritis (OA) as compared with voluntee¡s with healthy knees (Lohmander et

al, 1993). Structural studies of TIMP-1 suggest a highly conserved secondary structure.

There are 12 cysteine residues which form six conserved disulf,rde bonds, giving a

protein structure of six loops and two domains. TIMP activity is dependent upon this

elaborate tertiary structure (Birkedal-Hansen et al, 1993). The high density of disulfide

bonds and relatively complicated tertiary structure, which is a functional requirement,

would suggest that this proteinase inhibitor is susceptible to oxidants @enhardt et al,

19e3).

HOCI is a major product of the oxidative burst of neurophils (Weiss et al, 1989). There

is accumulation of polymorphonuclear leukocytes (PMN) in the synovial fluid of

patients with rheumatoid arthritis (RA) which, after stimulation, may release

inflammatory mediators (Laurindo et al, 1995). The oxidative burst of neutrophils

generates superoxide anion (O2-), which is rapidly dismutated to form hydrogen

peroxide (tlZOù. The neutrophil enzyme, myeloperoxidase, catalyzss the reaction of

HZOZ with chloride ions to form the highly reactive and cytotoxic agent hypochlorous

acid (HOCI) (Weiss and Peppin 1986). In aqueous solution HOCI exists in essentially

equal concentration as the conjugate base hypochlorite (OCl-) and together form a
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powedul biologically relevant oxidizing agent capable of causing damage to proteins (

Weiss et al, 1982).

HOCI will react with amino acids such as taurine to generate a derivative group of

oxidants known as the chloramines (Zglicznski et al, 197L). Generally, chloramines are

less powerful oxidants than HOCI itself (Wiess et al, 1989). Taurine, whose biological

role remains unclear, is found at concentrations approaching 20 mM in neutrophils and

macrophages (Grisham et al, 1984). NCT has been reported to be essentially unreactive

with major cellular components. It has been suggested that taurine may act as a "sink"

for the oxidizing potential of HOCI/OCI-, generating a chlorinated species of lower

reactivity and thereby minimizing indiscriminate damage (Grisham et al, 1984). Since

taurine is the most abundant endogenous amine in the pericellular environment of the

neutrophil, we have used NCT as an example of chloramines in our model. In many

cases oxidation appears to result in a partial unfolding or rearrangement of target

proteins (Okada et al, 1988, Davis et al, 1993)"

Previous reports have shown that latent neutrophil collagenase (MMP-8) can be

activated by neutrophil derived oxidants, principally HOCI. This has highlighted the

way that oxidant generation and enzymatic mechanisms can interact to lead to tissue

breakdown. Oxidative inactivation of enzyme inhibitors is an indirect mechanism of

interaction between oxidant generation and the equilibrium between proteases and their

inhibitors. The most well known instance where this occurs is the oxidative inactivation

of plasma proteinase inhibitors, such as cr1-proteinase inhibitor (o1-PI), where oxidation

of the methionine at the active site of s1-PI results in loss of affinity of this inhibitor for

its target enzyme (Matheson et al, 1981). In another study by Frears the inactivation of

TIMP-1 by peroxynitrite (ONOO-) has been demonstrated (Frears et al, 1996). 'We

have reasoned that since hTTIMP- t has an elaborate 6 loop structure, each loop

maintained by interchain disulfide bonds, that oxidative cleavage of these disulfide

bonds would result in major structural disintegration and consequence loss of affinity

for matrix metalloproteinases.
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Thiol-containing antirheumatic drugs, such as D-penicillamine, sodium aurothiomalate,

and aurothioglucose, are widely used in treatment of RA (Cuperus et al, 1985). Some

studies have investigated the êffects of antirheumatic drugs, including thiol-containing

drugs, on the oxidative activity of myeloperoxidase (Pekoe et al, 1982, Matheson R,

1982). It has been demonstrated that D-penicillamine effectively scavenges HOCI

formed by myeloperoxidase and inhibits the enzyme itself (Cuperus et al, 1985).

In this study, we have examined the possibility that oxidants may inactivate hTTIMP-1

and thus aliow MMPs to be unfettered in areas of HOCI generation, as for example the

pericellular environment of the activated neutrophil. 'We have also examined the

hypothesis that anti-rheumatic drugs, particularly those shown to act as anti-oxidants,

may protect hTTIMP-1 from oxidative inactivation (Bannwart et al, 1994).



60

2.3. Materials and methods

2.3.I. Materials

Chemicals and biologicals were purchased from the following sources: Chemicals used

in the operation of acid-soluble type I collagen and the collagenase assay, Sigma

Chemical Company, St.Louis, MO., USA or Ajax Chemicals, Sydney, Australia.

Penicillin/streptomycin and tissue culture plates, Flow Laboratories, Virginia, USA.

Assay wells (Nunc-Immunomodule maxisorp), for coating with purifred type I collagen

were from Nunclon, Denmark.

D-Penicillamine, gold sodium thioglucose (aurothioglucose), chloroquine, taurine

Trypsin, soy bean rypsin inhibitor (SBTI), and Tris (hydroxymethyl aminomethane),

were purchased from ttre Sigma Chemical Company, St.Louis, MO., USA. Gold

sodium thiomalate (aurothiomalate) was from Aldrich, U.K. Reagent grade chemicals

were purchased from BDH Chemicals Australia Pty. Ltd., Kilsyth, Victoria, Australia.

Dulbecco's Modified Eagle's Medium (DMEM) was from Cytosystems, Castle Hill,

New South Wales, Australia. Auranofin was from Smith, Klein and French (Pty Ltd).

Methotrexate was from David Bull Laboratories, Melbourne, Australia. Aurothiomalate

and aurothioglucose were stored desiccated as powder at -20oC. D-penicillamine,

methotrexate, chloroquine and auranofin were stored desiccated at 4oC.

Human recombinant TIMP-1 (hrTIMP-1) was a gift from Dr. Andrew J. Docherty

(Celltech Resea¡ch Slough, Berkshire, U.K). The rat mammary ca¡cinoma cell ùne BC-

I was a gift from Professor Robert L. O'Grady, University of Technology, Sydney,

Ausralia (Stevenson et al, 1985).

NCT was made by the addition of a solution of NaOCI to taurine buffer (50 mM

Taurine, 10 mM CaCl2, 100 mM NaCl, pH 7.5) according to the method of 'Weiss

(Wiess et al, 1982).
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2.3.2. Collagen preparation

Tendons were exÍacted from 12 medium rat tails and placed in ice cold sodium chloride

solution (0.2 M). After rinsing them three times with NaCl (0.2 M), they were damp

dried. A pre-cooled stainless steel mortar and pestle was used for smashing the tendons.

To allow thorough freezing and fracturing, the mortar was only filled to one quarter

capacity with tendons. Liquid nitrogen was used to freeze the tendons which were then

hammered with a sledge hammer. This process was repeated fou¡ times to produce

finely ground tendons. Shattered tendons were stirred in 0.5 M Acetic Acid for 48

hours. Then the solution was filtered through a metal sieve. The solution was

centrifuged in a pre cooled TY 65 rotor for 2 hours at 28 K, 4o in a Beckman L8-70 M

Ultracentrifuge. The supernatant was dialysed against 0.02 M phosphate buffer pH 7.8.

After dialysis the collagen was dissolved in 0.5 M acetic acid overnight. The collagen

was then lyophilised in a pre-chilled glass vessel using a vacuum freeze drier at -40o

with the pressure < 1 Torr for 48 hours, to make a white, light shell inside the vessel.

The white powder was collected and dissolved in 0.5 M acetic acid to g¡ve 2 mg/ml

concentration. At this step collagen molecules were dissolved in acetic acid. By the

addition of high concentrations of an electrolyte (NaCl), the solvent molecule (acetic

acid) is unable to solvate the solute macromolecules (collagen) resulting the collagen

molecules to come out of solution. This is called salting out. For salting out the

collagen, 307o NaCl solution in 0.5 M acetic acid was used to adjust salt concentration

of collagen solution into 6Vo. In order to aviod high local concentration 450 mls of

NaCl in 0.5 M acetic acid was added dropwise on ice and stirred over night. Then it

was Centrifuged at 50009 for I hour at 4oC in a Beckman high speed centrifuge with a

JA14 rotor in 250 mls buckets. The pellet was collected and dissolved in 200 mls of 0.5

M acetic acid, then dialysed out the salt and the salt concentration was readjusted to 3Vo,

centrifuged at 50009 for t hour. The supernatant containing collagen solution was

collected and its salt concentration was adjustedto 4Vo. The pellet contains collagen
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which was dissolved in 0.5 M acetic acid and the excess salt was dialysed out against

0.1 M acetic acid (Chandrakasan et al,. L976) .

2.3.3. Hydroxy proline assay

There is a standard relationship between the molarity of hydroxy proline and the

concentration of collagen in solution. Thus collagen concentation was measu¡ed using

the hydroxy proline assay performed at a diagnostic laboratory (Endoc¡ine Laboratory

(IMVS)) according to the method of Bergman and Loxley (Bergman and loxley 1970).

1/10, and 1/100 dilutions of collagen was made up in neutralising buffer (100 mM Tris-

Cl, 200 mM NaCl, 0.04Vo NaN3, pH = 7.8). According to this assessment, the

molarity of hydroxy proline for the 1/100 dilution was reported 43 pM. The

concentration of the purified collagen was calculated to be 3.92 mg/ml using the

molarity of hydroxy proline in this preparation.

2.3.4. Standard curve of the puriflred collagen

Collagen coated plates were prepared according to the method of Nethery (Nethery et

al, 1986). Briefly, a stock solution of collagen was dissolved in a neutralising buffer

on ice. Then a range of collagen concentrations was made using the same neutralising

buffer. 50 pl aliquots of each concenration was gelled in each row of microwells

(Nunc-Immuno Module, MaxiSorp Fl6, DK 4000 Roskilde, Denmark) giving a range

of concentrations between 0-30 pg/well. The collagen containing microwells were

incubated at 30oC in a humidified container for 24 hrs, followed by another 24 hrs

incubation in dry conditions at the same temprature. After which any remaining salt

was removed by rinsing the wells 3 times with millipore frltered water. Microwells

were then stained using 25Vo (w/v) Coomassie Blue (Coomassie blue R250, LKB,

Reactifs IBF Villeneure-la Garenne, France), in l07o acetic acid, 507o methonol and

40Vo fiItered water, for 25 mins at room temprature (RT). After the incubation time the

stain was tipped out of the wells, rinsed 3 times and d¡ied at RT.
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The absorbance at 595 nm was determined on the Bio Rad Model 3550-uv Micro plate

Reader. An absorbance (595 nm) versus concentration curve was constn¡cted from the

above information (Nethery et al, 1986). This standard curve of collagen enables us to

determine the amount of remained collagen in each micro well in the collagenolytic

experiments. (Figure 2. 1)

2.3.5, BC-1 collagenase preparation and purification

A neoplastic rat epithelial cell line, BCl was grown under a serum-free medium

(HAMS F-12 10.65 glZL, DMEM L8.42 glZL, NaHCO3 2gl2L, Pen/Strep 5U/ml,

insulin 5pglml, transferrin lmg/ml, L-glutamine0.292 mg/ml, BSA 5mg/ml)\n75 c#

flasks at37oc in a humidihed atmosphere containing 57o CO2, according to the method

of Stevenson (Stevenson et al, 1985). These cells have the ability to produce large

quantities of latent collagenase3 (MMP-13), viz. BC1 collagenase (Guy Lyons et al,

1989; Freije et al, 1994). Every 3 days the conditioned media was collected and

centrifuged at 30009 for 15 mins to get ride of the unwanted particles. The enzyme,

BC1 collagenase was then purified by passing the clarified conditioned media pH = 7.5

through a Heparin-Sepharose affinity column. Bound protein was eluted from the

column using an eluting buffer consisting of Tris-Cl 50 mM, NaCl 800 mM, CaCl2 10

mMr,0.2Vo NaN3 (Stevenson et al, 1985). Column eluates were assayed forprotein by

using a Bio-Rad protein assay according to (Bradford et al, 1976). This method

involves the binding of the Bio-Rad dye to proteins. The dye was added to the serial

concentrations of the bovine serum albumin (BSA) as standard curve, and the

absorbance was measured at the wavelength of 595 nm.
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2.3.6. Activation of BCl collagenase

Enzyme BCI collagenase was incubated at 35oC for 15 mins with Trypsin at a final

concenÍation of 2.5 ¡tglml in the assay buffer (Tris 50 mM, NaCl 100 mM, CaCIZ 10

mM, NaNJ 0.02Vo, pH 7.5) . The reaction was terminated by using a 5-fold molar

excess of soya-bean trypsin inhibitor (SBTÐ 12.5 ¡tg/rnL A time course for this assay of

collagenase activity showed that the maximum activity was achieved between 5-15

mins incubation of the collagenase with trypsin (Fig2.2).

2.3.7. Microtiter spectrophotometric collagenase assay

This assay is based on collagen digestion by trypsin-activated BCl collagenase.

Collagen (20 ¡rg/well) was gelled onto the bottom of micro wells at 30oC for 24 hours in

humidified conditions, and another 24 hours in dry conditions. These collagen coated

wells were stored under the assay buffer for up to 2 weeks.

Trypsin activated collagenase was incubated in these wells for 15 mins at 35oC to digest

the substrate over night. After assay incubation the wells were washed and stained with

Coomassie Brilliant blue R-250 for 20 mins and rinsed. Absorbance at 595 nm

quantif,ied on a BIO RAD model 3550-UV micro plate reader. The enzyme activity

units/ml was determined by reference to the standard curye of the collagen (Nethery et

al, 1986). 1 unit of collagenase activity equals to 1 pg of collagen fibrils degraded per

min at 35o.

2.3.8. Fluorimetric assay of the BC1 collagenase activity.

This assay was performed according to the method of Netzel-Amett (Netzel-Arnet et al,

1991). The assay relies on cleavage of the substrate, DNP-Pro-Leu-Ala-Leu-Trp-Ala-

Arg at the Ala-Leu bond, thus releasing Trp fluorescence from quenching by the DNP

group at the N-terminal region of the heptapeptide substrate. The substrate used, is best

cleaved by collagenase (MMP-1). The heptapeptide substrate was synthesized using the
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solid phase method with Na-Fmoc-amino acids. The synthetic peptide was coupled

with dinitrofluorobenzene prior to cleavage from the resin. It was purif,red by HPLC

using a Waters Cl8 Novapak column and subsequently recovered by lyophilization.

The heptapeptide was solubilized in 47o DMSO.

Samples, after dialysis to the appropriate buffer, were activated and then equilibrated at

35oC for 30 seconds in a 5mm path length quartz cuvette (Starna type 3-5) and the assay

srarted with the addition of the heptapeptide substrate to give a final concentration of 12

mM. The reaction was monitored over time at 35oC in a Perkin-Elmer LS-5 fluorimeter

(excitation I = 280nm, slit width: 10nm; emission I = 360nm, slit width: 10nm).

Collagenolytic activity was calculated from the initial linear slope of the curve being

expressed as the rate ofincrease in fluorescence at 360 nm per second.

2.3.9. Collagenase inhibition assay

The inhibitory capacity of hTTIMP-1 was determined using the same flourimetric assay

as above. In this assay, trypsin activated BC1 collagenase was used as the indicator of

the hTTIMP-1 inhibitory activity. To establish the dose curve with hTTIMP-1, different

concentrations of the hTTIMP-1 between 1 to 50 nM was applied to the active enzyme

to make the inactive complex in 30 seconds. Synthetic peptide, L2 ¡tM, was then added

to show the Vo inhibition of the enzyme with the inhibitor. In order to examine the

effects of HOCI on the activity of hTTIMP-1, we initially incubated hTTIMP-1 with

different concentrations of HOCI, between 0.1 and 200 ¡.tM at 35oC for t hour. The

HOCI pre-exposed hTTIMP-1 was then used in the next experiments, to inhibit the

activity of BCl collagenase. .Subsequently reactants were added to the cuvette in the

following sequence: assay buffer, oxidant-exposed hTTIMP-1, enzyme (BCl

collagenase), substrate (synthetic peptide).

Results were expressed as change in fluorescent intensity per unit time. For

experimental samples this was expressed as a percent of control, which was the reaction

of activated BC1 collagenase and substrate alone.
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2.3.10. Drugs

For experiments involving anti-rheumatic agents, a range of these drugs was applied to

the hTTIMP-1 prior to the addition of HOCI. The drug and oxidant pre-incubated

hTTIMP-1 was then used in the next experiments to inhibit the activity of BCl

collagenase. Fresh solutions of drugs were prepued on a daily basis.

2.3.11. Statistical analysis

Each experiment ìwas repeated three times. All results were expressed as the mean *

standard error of the mean (SEM). Where error bars are not shown, they are smaller or

the same size as markers.
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2.4. Results

2.4.I. Standard curve of the collagen

Collagen coated micro wells, stained with Coomassie Brilliant blue, gave a 4-5 mm

diameter circle of uniformly stained collagen. The intensity of the blue colour indicates

the amount of remaining collagen. Figure 2.1 shows that 4595 is proportional to the

amount of collagen per micro well over the range L0-25 pg collagen. Thus

solubilization of collagen may be measured directly from the final absorbance in the

range 4595 = I-2.9.

2.4.2. Activation of BCl collagenase, using spectrophotometric collagenase assay

Enzyme BC1 collagenase was incubated at 35oC for times between 0-30 mins with

trypsin at a final concentration of 2.5 ¡tg/ml in assay buffer (Tris 50 mM, NaCl 100

mM, CaCl2 10 mM, NaN3 0.02Vo, pH 7.5). The reaction was terminated using 12.5

Itg/ml SBTI. The time course curve shows that maximum collagenase activity was

achieved between 5-15 mins pre-incubation of the collagenase with trypsin (Figure 2.2).

2.4.3. Inhibition of BC1 coliagenase by hTTIMP-1

For subsequent experiments, activation of BCl collagenase was achieved by pre-

incubation for 10 mins with trypsin. This reaction was then stopped by addition of a 5

fold mola¡ excess of SBTI as above. As shown in Figure 2.3, hrTIMP-l was able to

inactivate BCI collagenase that had been activated by pre-exposure to trypsin. The

inhibition was investigated for a maximum hTTIMP-1 concentration of 35 nm, at which

the BCl collagenase activity was reduce d to I}Vo of the control. There was a sigmoidal

relationship between the concentration of inhibitor and enzyme activity.
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Figure 2.1.

Dose curve of the collagen.

Ice cold collagen was diluted with neutralizing assay to give a range of collagen

concentrations. 50 pl aliquotes of each collagen solution were gelled in microwells,

washed and stained, then 4595 was measured as described in methods section. Each

data point represents the mean of quadruplicate wells * SEM. Where SEM is not

shown, it is less than or equal to the size of the markers.
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Figure 2.2.

Time dependent activation of collagenase with trypsin.

BCl coltagenase was incubated with trypsin (2.5 ¡tglml) for indicated time points.

After each incubation time point , the reaction was stopped using SBTI (12.5 pglml).

The data represent mean value + SEM of triplicate measurments.
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Figure 2.3.

Inhibition of trypsin activated BCl collagenase by TIMP-I

Serial concentrations of TIMP-1 applied to the active enzyme at37"C. A synthetic

peptide was used as the substrate to determine the level of the BC1 collagenase activity.

l00Vo control collagenase activity was the level of BC1 collagenase activity, when this

eîzyme was not reated with any concentration of TIMP-I. 507o inhibition, of the BC1

collagenase activity, was achieved using 7 nM TIMP-I. Values represent means t

SEM for three separate experiments expressed as 70 control collagenase activity.

Where SEM is not shown, it is less than or equal to the size of the markers.
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2.4.4. Oxidative inactivation of TIMP'I

We examined for the loss of activity of hTTIMP-1 to inhibit BC1 collagenase, after pre-

exposure to HOCI. TIMP-I was diluted in PBS to give the final concentration of 1.1

¡rM. Figure 2.4 shows the inactivation of TIMP-I activity after pre-exposure to HOCI

between concentrations of 0.1-200 pM. I00Vo control TIMP-I activity is when no

HOCI was applied therefore the inhibitor has its maximum activity to inhibit the active

enzyme. 504o inactivation was achieved using 175 pM HOCI, while 200 pM HOCI

caused compelete inactivation of the inhibitor. This represents an oxidant to inhibitor

molar ratio of 200:1. In order to show that this was not due to a direct effect of HOCI

on enzyme, HOCI was exposed to BCl collagenase at the final concentration achieved

in this experiment (ie. 200 ¡rM) and no change in collagenase activity was observed.

When NCT was used as an oxidant in concentrations of NCT between (0.1-10 mM) no

inactivation of hTTIMP-1 was seen (Figure 2.4).

2.4.5. Effects of anti-rheumatic drugs on BCI collagenase activity

Figure 2.5 shows the direct effect of several anti-rheumatic agents on BCl collagenase

activiry. Auranofin has no inhibitory effect up to a concentration of 500 pM, whereas

chloroquine, aurothiomalate and aurothioglucose give moderate inhibition at 500 pM

but not 100 pM. Methonexate and D-penicittamine have signifrcant effects at 100 ¡tM.

Subsequent experiments to examine oxidative inactivation of TIMP-I were therefore

designed such that BCl collagenase used in the collagenase inhibition assay was not

exposed to concentrations of each drug greater than 30 pM, where there is no significant

effect of the drug on BCl collagenase activity.
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Figure 2.4.

Oxidative inactivation of human recombinant TIMP-I by HOCI and NCT.

TIMP-I was incubated with increasing concentrations of HOCI (100-200 ¡tM) or NCT

100-500 pM ) at 37o for t hour. L007o control TIMP-I inhibitory activity was the level

of TIMP-I activity when this inhibitor was not incubated with any oxidant. 175 pM

HOCI caused 50Vo inactivation of TIMP-1, whereas no inactivation of TIMP-I was

achieved using NCT up to 500 pM. Using HOCI 200 pM completely abolished the

inhibitory activity of TIMP-1. Values represent means t SEM for three separate

experiments expressedas Vo control TIMP-I inhibitory activity.
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Figure 2.5.

Direct effect of several anti-rheumatic agents on MMP-1 activity.

Trypsin-activated BC1 collagenase was incubated with serial concentrations of different

anri-rheumatic drugs including, Aurothioglucose (10-500 pM), Aurothiomalate (10-500

pM), Auranofin (10-500 pM), Chloroquine (10-500 pM), D-penicillamine (10-500

pM), and Methotrexate (10-500 pM) for t hour at 35oC. L007o control collagenase

acrivity, indicates the level of BC1 collagenase activity, when this enzyme was not

treated with any drug. Values represent means t SEM for three separate experiments

expressed as 70 control collagenase activity.
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2.4.6. Effects of anti-rheumatic drugs on the inhibitor oxidative inactivity

Figure 2.6 shows the results of experiments 'ühere hrIMP-1 is exposed to HOCI in the

presence of a variety of anti-rheumatic drugs. At07o TIMP-1 activity, the inhibitory

effect of TIMP-1 is completely suppressed by HOCI, while no oxidative inactivation of

TIMP-I is evident at I00Vo. First experiment is mainly designed for the treatment of

TIMP-1, where pre-treatment with drugs can protect TIMP-1 from HOCI inactivation.

In the second experiment the pretreated TIMP-1 is exposed to BC1 collagenase, where

the samples are diluted, and therefore BC1 collagenase avoids exposure to drug

concentrations over 30 ¡rM. D-penicillamine shows the greatest ability to protect

hTTIMP-1 from oxidative inactivation by HOCI, this effect being evident at a

concentration of 10 pM. With other drugs tested, auranofin, chloroquine and

aurothiomalate had the ability to protect TIMP-I from oxidative inactivation at a

concentration of 100 pM in descending order of potency. All drugs were partially

effective at the 500 pM concentration. Note that this is about 20 fold higher than the

biological drug levels.



75

Figure 2.6.

Activity of hrIMP- I in the presence of drugs and oxidant.

Human recombinant TIMP-1 was pretreated with a variety of anti-rheumatic drugs

followed by exposing to HOCI for t hour at 35oC. At ÙVo control TIMP-I activity,

where this inhibiror was not prereated with drugs, the hTTIMP-1 inhibitory effect

against collagenase, was completely suppressed by HOCI. 'Whereas, at I007o control

TIMP-1 activity, the oxidative inactivation of hTTIMP-1 was completely abolished by

anti-rheumatic drugs. Values represent means + SEM for three separate experiments

expressed as 7o control TIMP-1 activity.
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2.5. Discussion

In rhe present study we have shown that Hocl can directly inactivate TIMP-I in vitro'

Our preliminary experiments with enzyme alone were undertaken using the collagen

fibril digestion assay, however using inhibitors in these micro wells caused certain

limitations of this assay. These limitations include, lowering the sensitivity of this

assay, and also TIMP-1 was active in phosphate containing buffer whereas by using this

buffer with calcium containing assay buffer, there was the risk of forming insoluble

calcium phosphate. Therefore subsequent experiments with ef1zyme and inhibitor

together were designed using the fluorimetric assay'

First, TIMP-I was shown to inhibit the cleavage of the synthetic peptide by active

enzyme. However TIMP-1 looses this ability after being pretreated by HOCI' This

suggests that neutrophils, which inf,rltrate inflammatory sites, may contribute to TIMP-1

inactivation by releasing their major product of oxidative burst, HOCI' Quantitative

analyses demonstrated. that 106 maximally triggered neutrophils produced

approxima tely 2xl0-1 mol of HOCI during a two-hour incubation (Test and weiss'

1986). The quantities of oxidant generated by the neutrophil are impressive' Because

TIMP-I has a 6 loop structure, made by the disulfide bond' the oxidative cleavage of

these disulfide bonds may result in lack of inhibitory activity in this inhibitor'

Previous reports have shown that latent neutrophil collagenase (MMP-8) can be

activated by neutrophil derived oxidants, principally HOCI (Weiss' 1989)' This has

highlighted the way that oxidant generation and enzymatic mechanisms can intefact to

lead to tissue breakdown. Direct oxidative inactivation of enzyme inhibitors is a more

direct mechanism of interaction between oxidant generation and the equilibrium

between proteases and their .inhibitors. The most well known instance' where this

occurs, is the oxidative inactivation of plasma proteinase inhibitors' such as ct'1-

proteinase inhibitor (cx,l-PI), where oxidation of the methionine at the active site of cr't-
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pI results in loss of affinity of this inhibitor for its target enzyme (Matheson et al, 1981).

In another study by Frears the inactivation of TIMP-I by peroxynitrite (ONOO-) has

been demonstrated (Frears et al, 1996). The srructure of TIMP-1 has also been modified

using the chemical reagent, diethylpyrocarbonate (DEPC), which is a potent inactivator

of human TIMP-1. Exposure to DEPC specifically modify histidine residues, resulting

in loss of human TIMP-I activity (Williamson et al, 1993)'

We have reasoned that since hTTIMP-1 has an elaborate 6 loop structufe, each loop

maintained by interchain disulfide bonds, that oxidative cleavage of these disulfrde

bonds would result in major structural disintegration and consequent loss of affinity for

matrix metalloProteinases.

In this study, we have demonstrated that pre-exposure of hTTIMP-1 to HOCI resulted in

loss of its capacity to inhibit activated collagenase. Our results a¡e in agreement with

the other study by Stricklin and Hoidal, indicating TIMP degradation with hypochlorite

ion (Stricklin and Hoidal lgg2). HOCI released from neutrophils rapidly reacts with

readily available amines and is thus unlikely to diffuse alvay from the immediate

pericellular environment of the neutrophil. The most abundant amine in the pericellular

environment of the neutrophil is taurine, thus most HOCI is converted to NCT (Weiss

1989). We have shown that NCT does not inactivate hTIMP-1. Thus, oxidative

inactivation of hTTIMP-1 is likely to occur only in the pericellular environment of the

neutrophil, or in a cellular micro-environment, where HOCI is found.

'We have also shown that a spectrum of anti-rheumatic agents have the ability, at

sufficient concentrations, to prevent the oxidative inactivation of TIMP-1. For D-

penicillamine it is evident at concentrations approaching those reported in patients

taking this agent (ie. abour 100 ¡.rM). With the other agents studied however,

suppression of HOCI induced inactivation of hTTIMP-1 occurs at concentrations

significantly higher than plasma concenrations in patients. However, this in itself does

not dismiss a potential therapeutic effect since selective cellular uptake of drugs may

result in intracellular concentrations higher than plasma levels. For example, in vivo
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uptake of gold occurs over days or weeks, and the frnal distribution of gold in cells may

be very different from simple serum levels (Flurst et al, 1989, Jelum and Munthe L992).

The inactivarion of protease inhibitors by oxidants leading to enhanced proteolytic

activity has been suggested as a model for neutrophil mediated matrix degradation

(Weiss 1989). Our study enhances this model by demonstrating that the neutrophil

mediated matrix degradation may also apply to TIMP-1 oxidative inactivation.

Furthermore we showed that therapeutic agents may interfere with this balance between

oxidants and enzyme inhibitors.

Our next approach would be answering the question, whether these therapeutic agents

may overcome tissue destruction in another way by modulating MMP-I and/or TIMP-I

expression from the cells which are present in inflamed area, synoviocytes. This area of

action for different anti rheumatic agents has been explained in chapter 3.



Chapter 3

Effects of gold sodium thiomalate on MMP'I and TIMP-I gene

expression in the absence or presence of glucocorticoids

3.1. Abstract

The inflammatory cytokine, interleukin-1 G--1), which is present in inflamed joints,

enhances collagenase gene expression (Mc Neul et al, 1990). Gold sodium thiomalate

(GSTM) is a well established d.isease modifying anti-rheumatic agent used in the

rreatment of RA ('Walz, 1984). Glucocorticoids have potent anti-inflammatory effects

including the suppression of collagenase gene expression (Jonat et al, 1990). There is

also evidence that GSTM may interfere with the DNA binding and transactivation

activity of the glucocorticoid receptor (GR) (Makino et al, 1993).

We examined. the effect of GSTM, Gold sodium thioglucose (GSTG), and thiomalate

(TM) on collagenase and TIMP-I gene expression in cultured human synovial

fibroblasts. Steady-state mRNA levels for these genes and glyceraldehyde-3 phosphate

dehydrogenase (GAPDH) were determined by Northern analysis. The level of mRNA

for collagenase and TIMP-I genes, expressed under experimental conditions was

quantifred by the slot-blot technique.

GSTM inhibited the IL-1 stimulated expression of collagenase mRNA, however it did

not significantly change the expression of TIMP-I mRNA under the same conditions.

GSTM 500 ¡rM resulted in 50Vo inhibition of IL-lp stimulated collagenase gene

expression. TM alone did not alter collagenase gene expression at the same

concentrations. GSTG produced the same effect as the effect of GSTM at equimolar

concentrauons.
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These observations suggest that gold compounds have the capacity to regulate

collagenase, bur nor TIMP-1 gene expression after stimulation by IL-lp. This capacity

is likely to be dependent on the presence of the aurous ion, as it was not seen with

ligand (TM) alone. Furthermore, GSTM counteracted the repression of collagenase

gene expression by glucocorticoids.

3.2. Introduction

Gold in the form of the gold (I) compounds, such as GSTM has been advocated for the

treatrnent of a number of human diseases, especially inflammatory polyarthritis such as

rheumatoid arthritis (RA). GSTM is a water soluble salt of gold thiol complexes. The

clinical efficacy of gotd compounds in the Íeatment of RA has been clearly

established, however their mechanism of action is still uncertain. Recently it has been

found that GSTM acts as an immunosuppressive agent which inhibits protein kinase C

(pKC) (Hashimoto er al, 1992). This effect was attributed to the interaction of gold

with the sulftrydryl moiety in the enzymatic domain of PKC. It has been demonstrated

that GSTM significantly down-regulated expression of adhesion molecules, including

intracellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-l

(VCAM-1), on human umbilical cord vein endothelial cells (HUVECs) (Koike et al,

1994).

The synovial membrane consists of a thin layer of synovial cells that rapidly merges

into the subsynovial layers. The normal synovial lining layer is made of Type A cells,

believed to stem from monocytes. Type A cells are macrophage-like, and they exhibit

phagocytic functions. Type B cells have fibroblast-like morphology, and synthesize

hyaluronan which is responsible for synovial fluid viscosity.(Schumacher et al, 1985;

Wiessmann et al, lg82). In joint diseases such as RA, the cellular phenotype and

architecture of the synovial tissue is greatly altered (Harris, 1990). In situ studies of

rheumatoid synovium have demonstrated that the fibroblastoid-like synovial lining

cells can cause matrix degradation by increased expression of stromelysin and
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collagenase (McCachren et al, 1991). Cytokines released by monocytes and

lymphocytes infiltrating rhe tissue beneath the lining layer might initiate the expression

of these metalloproteinases.

Fresh and cultured fibroblastoid cells from rheumatoid synovium are capable of

producing a number of cytokines including IL-l,IL-6 and transforming growth factor p

(TGF-Þ) on rheir own (Ritchlin et aI, t994). Several studies on cultured fibroblasts

from rheumatoid and osteoarthritic synovium have shown that synovial cells from

parienrs with RA differ from those with non-inflammatory synovitis like OA. For

example, in fibroblasts cultured from RA synovium up to at least the tenth passage,

(representing 5-6 months of tissue culture), the net amounts of MMP-3, MMP-1 and

TIMP-1 were still significantly greater than those expressed in third passage synovial

cells from patients with OA, although for both, the level decreased with increasing

passage number (Murphy et al, 1981). Since type A (macrophage-like cells) do not

persist for this long in culture, this persistently altered gene expression involved the

type B (fibroblast-like) cells. Therefore the main focus in this study was the fibroblast-

like synoviocytes.

Cytokines are important mediators of inflammation, playing a major role in the

physiologic regulation of connective tissue metabolism. The levels of IL-1, tumour

necrosis factor-a (TNF-a), IL-6 and other cytokines are elevated in the synoviai fluid

and the serum of patients with RA (Barrera et at, 1996). There is also evidence that

serum levels of IL-l and IL-6 correlate with disease activity (Schlaghecke et al, 1994).

Both IL-l and TNF-o up-regulate collagenase gene expression in synovial cells in

culture (Mackay et aI, 1992; Unemori et al, 1991). These two cytokines have also been

shown to increase TIMP expression in skin fibrroblasts (Dayer et al, 1986), which forms

another level of regulation of activity. In a study on the post-receptor signalling

pathways through which IL-1p exerts its effects, it has been indicated that IL-1P

stimulation of MMP expression and synthesis in human synovial fibroblasts involves

the activation of PKC (DiBattista et al, 1994).
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Dexamethasone treatment of the fibroblasts, reduces PMA-induced steady state levels

of the collagenase mRNA (Jonat et al, 1990 ). Repression of metalloproteinase

synthesis by glucocorticoids occur transcriptionally. Briefly, in glucocorticoid

mediated repression, AP-l (one enhancer element, located in the promoter region of

collagenase gene site) is the best understood region. In the presence of hormone (h),

the glucocorticoid receptor (GR)-hormone (GRh) complex interacts with the AP-1,

causing repression of transcription (Vincenti et al, 1994). The possibility that GSTM

may interfere with the DNA-binding and trans-activation activity of the GR was

reported by Makino and his colleagues (Makino et al, 1993). They (Makino et al,

1994) have demonstrated this antiglucocorticoid action of GSTM, using phorbol ester-

treated human fibroblasts. Although in their study, GSTM did not prevent phorbol

ester-mediated induction of collagenase gene expression, in contrast, GSTM

paradoxically derepressed effects of glucocorticoids on collagenase gene expression

and restored collagenase mRNA levels. They suggested that the molecular target of

that paradoxical GSTM action was likely to be the glucocorticoid receptor.

Given this background, In order to elucidate the effects of GSTM on collagenase

activity, we have examined the levels of mRNA for MMP-1 and TIMP-1 in cultured

human synoviocytes exposed to drug and IL-1p. Because ourmain interest was to

examine different effects of gold containing therapeutic agents on MMPs and TIMP

expression, we felt it important to examine the effect of GSTM on glucocorticoid-

mediated repression of collagenase gene expression in IL-1p pre-ueated human

synovial fibroblasts.
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3.3. Materials and methods

3.3.f. Reagents and drugs

Dulbecco's Modified Eagle's Medium (DMEM) was from Cytosystems Pty Ltd, Castle

Hill, NSV/, Australia. Human recombinant interleukin l-Beta (IL-1p), BSA , Sephadex

G-50 spin column, HEPES and salmon sperm DNA, gold sodium thioglucose,

thiomalate and dexamethasone were all obtained from the Sigma Chemical Company,

St. Louis, Mo 63178 USA. RNAzol was from TEL-TEST INC. USA. Gigaprime

DNA labelling kit and (32p) ¿CfP were both from Bresatec Ltd, Thebarton, South

Australia. Positively charged nylon hybridization transfer membrane (Hybond TM-

N+) was from Amersham Australia, PO Box 99, North Ryde, Sydney, New South

Wales, Australia. Gold sodium thiomalate was from Aldrich Chemicals, Castle Hill,

New South Wales, Australia. All drugs were stored desiccated as powder at -20oC. To

preprire fresh solutions of drugs on a daily basis, each of them was dissolved in DMEM

except for thiomalate, which was dissolved in PBS and f,rltered through a sterile filter

unit (MILIEUX-GOV 0.22 pm Filter Millipore Products Division, Bedford, MA

01730).

3.3.2. Fibroblast cultures

Synovial tissue was obtained from the patients with RA during hip replacement surgery

or arthroscopy. Patients were asked to participate in this study and informed consent

form was obtained. The study protocol was approved by the Research Ethics

Committee of the Royal Adelaide Hospital. Cultured synovial fibroblasts we¡e

prepared according to the method of Tessier (Tessier et al, 1993). Briefly, the tissues

were minced into 1-3 mm3 pieces, suspended in 3 ml of DMEM, supplemented with

l5Vo heat inactivated foetal calf serum (FCS) and antibiotics in a25 mn:2 flask, and

incubated for 2 weeks at 37oC in a humidified atmosphere containing 5Vo CO2. Cells

were ha¡vested from stock cultures by trypsinization with 0.5Vo trypsin at37o for 5 min
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and subcultured into 25-mm2 or 75 mm2 flasks. By the third passage, all of the

cultured cells exhibited the typical fibroblast-like morphology. Fibroblasts in the 3-9

passage were inoculated into 60 x 15 mm sterile polystyrene tissue culture dishes

(LUX contur style, Nunc, Inc., Naperville usA) at 5 x 105 ce[s/well, and grown to

confluency. In general, before experimentation, cells were exposed to serum free

media containing 0.27o BSA for 24 h, since FCS contains a variety of growth factors

and cytokines that may modulate collagenase and TIMP-1 synthesis by fibroblasts. All

experiments with cytokines and drugs were performed between the third and ninth

passage in serum free media. The viability of cells was always examined with trypan

blue exclusion.

3.3.3. Plasmids

Plasmids containing the oDNA sequences of interest were obtained from a number of
sources:

Human collagenase cDNA- 1.25 Kb fragment of the human collagenase cDNA in SP6

plasmid (vector circle), between the Hind III and Bam HI restriction sites of the
polylinker region (construcred by Mark I Cockett - Celltech Ltd)

Human stromelysin cDNA- 1.58 Kb human stromelysin cDNA in SP6 plasmid (circte
vector), between two Eco RI restriction sites of the polylinker region (constructed by
Mark I Cockett - Celltech Ltd)

Human TIMP-I cDNA- An approximately 650 bp fragment of the human TIMP-I
cDNA in vector pSP65 inserted between Hindltr to BamHI resrriction sites @ocherty
et al, 1985). These plasmids were kind gifts from Dr. A Docherty, Celltech Ltd.

Human GAPDH cDNA- 1.007 Kb fragment of the human epithelium GAPDH cDNA

in the ampicillin resistance vector, pStII inserted between EcoRI to BamHI restriction

sites. This plasmid was a kind gift from Dr. Trapnell (Arcari et al, 1984).
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3.3.3.1. Amplification and purification of plasmid cDNA

Small quantities of plasmids were obtained, therefore cloning and growth in competent

bacteria was required to generate adequate amounts for the following experiments. All
plasmids used, contained genes for ampicillin resistance. All manipulations involving

bacteria were conducted in a lamina¡ flow cabinet in a specially designated ,pC2, class

room. E. coli bacteria cells, DH5a from a glycerol stock that was stored for several

months at -70oc, were grown on an L-broth (Tryptone l0 g, yeast 5 g, Nacl 10 g in 1

litre HzO, pH = 7.5, autoclaved) LB-Agar plate at 37oC overnight. One of the colonies

grown on the LB-Agar plate over night was inoculated. into a 10 ml sterile tube

containing 5 mls of L-Broth and incubated in an agitating incubator at37"C to grow

overnight. The best time to introduce the plasmid into the bacteria is at its logarithmic

phase. To keep the bacteria at its logarithmic phase, I ml of the above mixture

containing bacteria was placed into a 500 rnl autoclaved flask containing 50 mls of L-
Broth. An OD6gg absorbance between 0.35 and 0.45 was ind.icative of the logarithmic

phase of bacterial growth. Rate of growth was periodically checked by analysing an

aliquot of the culture suspension with a spectrophotometer. Using a glass L ml cuvette,

the insrn¡ment was blanked with L-broth. 1 ml aliquots of the culture were periodically

removed and the absorbance at 600 nm was read. After 2 hrs incubation, the OD666

was 0.35 and bacterial growth was stopped by sening the culture (flask) on ice for 30

mins. The total volume of the culture suspension, containing bacteria at its logarithmic

phase, was then transferred to a precooled sterile 50 ml centrifuge tube and centrifuged

at 1500 E at 4oC in a Beckman JB 20 rotor for 15 minutes. The supernatant was gently

tipped off and the pellet was gently resuspended in 17 ml of precooled simple frozen

storage buffer [FB buffer: KCI '7.4 g, CaCl2.2H2o 7.5 g, glycerol 100 g, potassium

acetate (KC2H3O2) 10 mls of a 1 M stock (0.01 M), pH = 7.51 using a pipette, then

kept on ice for 30 mins. This buffer facilitates subsequenr transformation (plasmid

incorporation) and then the suspension was centrifuged at 1500 g at 4oC for 15

minutes. The final pellet was resuspended in 2 mls of FB buffer. The bacteria was
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dispensed to pre-cooled 10 ml sterile tubes on ice, enough tubes to have three tubes per

plasmid being prepared, plus an extra to act as a negative control. For each plasmid the

three tubes were prepared by adding 10,20, or 50 ng of plasmid stock. This dose range

was used to help ensure that following subsequent growth on agar plates, at least one of

the concentrations would yield a plate from which a single colony could easily be

picked. No plasmid was added to the negative control tube. After the appropriate

amounts of plasmid were added to the bacteria, the tubes were kept on ice for 30 mins.

Then the cells were heat shocked by partially immersing the tubes into a water bath at

42oC for 1 minute and 15 seconds to introduce the plasmid into the bacterial cells, then

returned to ice. The nansformed bacteria were groìtrn in 800 ml of L-broth at37"Cfor

30 minutes in an agitating incubator. Ampicillin agar plates 0.IVo were prepared by

adding tryptone 10 g, yeast 5 g, NaCl 10 g, and agar 15 g in 1 litre H2O, pH = 7.5,

autoclaved, cooled to 60oC, then ampicillin (100 mg), was added. This solution was

then poured into 100 mm sterile Petrie dishes in a laminar flow cabinet, and allowed to

set. In order to collect the plasmid containing bacteria, 200 pl of these nansformed

cells, from each 10 ml tube, were grown on the 0.17o ampicillin agar plate, then the

plates were incubated overnight at 37oC overnight. Only bacteria that contain the

antibiotic resistance plasmid could grow on this plate, whereas the untransformed

negative control bacteria failed to grow. This indicated successful transformation by

plasmids as evidenced by the imparting of ampicillin resistance to the transformed

cells.

3.3.3.2. Small scale preparation of plasmid cDNA

A mini-prep plasmid purification was performed to confirm the identity of the

transforming plasmids.

Single colonies of transformed cells were picked with a sterile wire loop and inoculated

into 10 ml tubes containing 2 mls L-broth, then incubated at 37oC, shaking, overnight.

4 colonies were picked and put into a separate tube, for each plasmid. Next day 1.6
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mls was transferred from each tube to a microcentrifuge tube. Glycerol stocks were

made with the remaining 400 pl and stored at -20oC. 1.6 mls of the suspension of

transformed bacterial cells were spun at 8000 g for 30 seconds at 4oC in a microfuge.

The medium was removed by aspiration and the remaining pellet was resuspended in

50 ¡.tl TES buffer (Tris 25 mM, EDTA 10 mM, SDS 0.17o) to cause lysis of cells. Then

200 ml of 0.2 M NaOH, 17o SDS solution was added to the mixture of the lysed cells

and mixed, then 150 pl of ice-cold Na Acetate 3 M, pH 4.6 was added to the above

mixture and frozen at -20oC for 60-90 minutes. The cold mixture was subsequently

spun at 8000 g for 15 mins at room temperature (RT).

Supernatant containing plasmids was removed into a sterile Eppendorf tube. The

plasmid DNA was recovered from the lysate by extraction with phenol-chloroform then

ethanol precipitation as follows. An equal volume (400 pl) of a mixture of

phenol/chloroform/isoamyl alcohol (25:24:I) was added to the tube, vortexed, and

centrifuged at 13000 rpm for 3 min, then the upper, aqueous phase removed to a new

tube. To precipitate the cDNA plasmid, 1 ml of l}OVo cold ethanol was added to the

supernatant and left for 5 minutes at -20oC. The DNA was pelleted by centrifuging at

13000 rpm for 15 min, then the pellet was washed again with 70Vo ethanol and

centrifuged at 7000 g for 15 minutes. To remove any contaminating bacterial RNA,

the cDNA plasmids were pelleted and resuspended in TE/RNase buffer (Tris, EDTA,

RNase 1^20 ¡tglrnl) and stored at -20oC.

3.3.3.3. Digestion of cDNA plasmid

To confirm the presence of the appropriate plasmid a restriction enzyme digestion

reaction was designed to separate the cDNA insert from the plasmid backbone, then

agarose gel electrophoresis to determine the size of the cDNA fragment was performed.

For each digestion, 1 pl of the selected plasmid was digested using the appropriate

restriction enzymes for that specific plasmid. For example for SP64 human

collagenase plasmid, I ¡rl of plasmid containing MMP-I cDNA was added to 2 pl of
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one-phor-all buffer. Then 1 ¡rl of each of the two restriction enzymes Hind III and

Bam HI which are specific for the SP64 plasmid were added to the above mixture, with

15 pl H2O. The digestion process was done at37oc for t hour. A final volume of l0

pl of the cleaved product was loaded onto a lVo aflarose gel in TAE buffer containing

ethidium bromide. The samples were electrophoresed at 70 volts for t hour, using a

Bio-Rad Model 1000/500 power supply. A polaroid photograph of the gel under UV

illumination was taken to show desired bands, the cDNA products and the remaining

part of the plasmid after being cut. The high molecula¡ weight marker next to the

products, indicates the actual size of each product which is in agreement with the size

of each insert, for human recombinant TIMP-I (hrTIMP-l, 0.9 Kbp), human

recombinant MMP-1 (hrMMP-l, I.25 Kbp), for human recombinant suomelysin

(hMMP-3, 1.58 Kbp). Once the plasmid identity had been conf,rrmed, the glycerol

stocks made earlier from the'mini-prep' transformed bacterial cultures were used for a

large scale pl asmid purific ation (maxi-preparation).

3.3.3.4. Maxi preparation of cDNA plasmids

For large scale plasmid preparation, the cDNA containing bacterial cells, 20 ¡tl, were

incubated in 250 ml of T-broth containing 0.LVo ampicillin in a large conical flask and

incubated in an agitating incubator at 37oC overnight. Bacteria from overnight

culturing were collected after 10 minutes centrifugation at 15009, then resuspended in

TES buffe¡. These cells were lysed by adding 10 mls of NaOH (200 mM) in SDS (17o)

and 10 mls of K-Acetate (3 M). The mixture was kept at -20"C for 15 minutes. To

remove the lysed cells, the above mixture was centrifuged in 15009 at 4oC for 15

minutes. Plasmid containing supernatant was removed into the falcon tubes and each

tube was filled with cold isopropanol and kept on ice for 10 minutes. The above

mixture was centrifuged at 15009 at 24oC for 15 minutes to precipitate the cDNA

plasmids. The pellet was washedin7}Vo ethanol and left to dry for 10 minutes. The

dried pellet was resuspended in 2.5 ml TE buffer, containing ethidium bromide. Then

100 mg of Cesium chloride was added to each tube and fully dissolved by vortex
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mixing. The solution was centrifuged at 120009 at 25oC for 18 hrs in a Beckman

Optima TAX Ulracentrifuge, using a 100.2 rotor.

After ultracentrifuging, the cDNA plasmid containing layer appeared as a thin pink

layer in the middle of each tube. This layer was carefully aspirated from each tube

using a 19 gauge needle and a 1 ml syringe. TE buffer was added to make up the final

volume to 2 mls. Then 2 mls of iso-amyl alcohol was added and the mixfure was

vortex mixed. After settling this mixture for a few minutes, the ethidium b¡omide

containing layer which was on top was aspirated. The remained solution was washed

again with another 2 mls of isoamyl alcohol, to remove the ¡emaining ethidium

bromide. The washing step was repeated several times until all of the ethidium

bromide was removed. To precipitate the plasmids, 5 mls of cold l00Vo ethanol was

added and the mixture was left at -20o for 30 mins. The pellet was collected by

centrifuging the mixture at 40009 for 30 mins. After removing the supernatant and

aspirating the excess fluid, the remained pellet was left to dry for 5 mins. The pellet

was resuspended in 500 pl TE buffer by vortexing. A mixture of 50 pl of 3 M sodium

acetate pH 4.6 and 1 ml ethanol I00Vo was added to the plasmids and stored at -20o for

30 mins. Then the mixture was centrifuged for 15 mins at 4oC. The pellet was washed

twice with 1 ml of 707o ethanol and re dissolved in 200-500 pl of diethyl

pyrocarbonate @EPC) treated water and stored at -20oC. The OD26g for the plasmid

products was measured using the UV lamp on a spectrophotometer.

3.3.3.5. Isolation of cDNA sequence

The cDNA sequence was separated from the plasmid sequence, for further use as a

template for generating radio labelled probes. Restriction enzymes were used to cut the

plasmid DNA in the polylinker regions at either end of the cDNA. The restriction sites

for each cDNA are indicated above. A typical digestion reaction consisted of

combining reagents in the following proportions- 100 ¡tg plasmid, 10 pl restriction

enzyme 1, 10 pl restriction enzyme 2, in One-Phor-All buffer (made to a final
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concentration of lx by adding an appropriate amount of sterile water). The reaction

was performed in a microcentrifuge tube incubated at37oc fo¡ 4 hours, then heated to

inactivate the restriction enzymes, depending on the enzymes used. A small aliquot

was run in a lVo agarose gel to check for completeness of digestion. If satisfactory, the

entire reaction volume was loaded in a lVo gel and run sufficiently to clearly separate

cDNA band from plasmid bands.

The cDNA band was cut from the gel and the cDNA recovered from the gel by

electroelution as follows. The gel slice was placed in a strip of 1.5 cm diameter dialysis

tubing (MW<10000), with a small amount of I x TAE running buffer, then the tube

was clamped at either end and placed transversely in a gel running tank filled with

running buffer. Current was applied for suff,rcient time to ensure cDNA passage out of

the gel, then the current direction was reversed briefly (30 sec). The running buffer

containing the cDNA was aspirated from the dialysis tubing and concentrated by

spinning through a Cenricon 30 micro concentrator tube. The tube was topped up and

re-spun twice with sterile water to remove salts, then the retentate collected into a

microfuge tube and the cDNA quantitated by spectrophotometer (OD26g of 1 = 50

mg/ml DNA). A small aliquot was also run in a I7o agarose gel to check the integrity

of the cDNA.

3.3.4. Isolation of messenger RNAs

Total cellular RNA was isolated by the method of Chomzynski P (Chomzynski et al,

1987). Briefly RNAzol TM B (TEL-TEST INC. USA) was used to denature the cell

membrane and RNA was extracted with phenol-chloroform/isoamylalcohol.

Isopropanol was used to precipitate the RNA. Following solubilization of the RNA

pellet in DEPC treated sterile water, RNA was quantitated spectrophotometrically at

260 and 280 nm with a spectrophotometer (Beckman DU 640, Beckman instruments),

and the ODzOo/OD4g ratio was between 1.7 and2.0.
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3.3.5. Radiolabeling of cDNA probes

Probes were prepared from the 100 ng of cDNA for MMP-I, TIMP-I, or

glyceraldehyde phosphate dihydrogenase (GAPDH), that was denatured at 95oC for 10

min, in 25 ml hybridization solution. cDNA were then labelled with the stabilised o-

32P deoxycyridine 5'-triphosphate 132p¡ dCTP, 10 pci/ml using a Gigaprime DNA

labelling kit (oligo-labelling or random-priming system). The probe was then purified

on a sephadex G-50 spin column. Specific radioactivity of the probes was usually

about 2 x 108 cpm per mg of cDNA in 25 ml hybridization solution.

3.3.6. Northern blotting

Quadruplicate samples of total cellular RNA (6-7 Llg) were denatured and

electrophoresed on a formaldehyde gel (Maniatis et al, 1982). RNA bands were stained

with ethidium bromide, photographed, blotted onto nylon membranes, baked and

crosslinked for 3 mins to UV light. Then each lane was separated and probed for either

MMP-1, TIMP-1, and GAPDH-labelled cDNAs. Blots were prehybridised for 3 hours

at 42"C in a solution containing 507o formamide, 5 x SSPE (1.5M sodium chloride,

0.1M sodium phosphate, 0.01M ethylene diamine tetra acetic acid @DTA) pH ='1.4,

100 pglml denatured salmon sperm DNA, 2 x Denhardt's solution, and 57o sodium

dodecyl sulphate (SDS). Hybridization was performed in the same solution by addition

of denatured probe for 22-24 hours at 42oC. Blots were washed sequentially in 2 x

SSPE and}.lVo SDS, twice at room temperature. This was followed with a wash in 1 x

SSPE/0.17o SDS at 42oC. Membranes were exposed to a Kodak X-Ray film in an

autoradiograph cassette for 5 days.
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3.3.7. Slot-blot analysis

Purified total RNA (approximately 3 pg) was denatured with 3 x volume of a

denaturing mixture (2l%o formaldehyde, I3Vo of 10 x MOPS and 66Vo formamide) and

heated for 15 min at 95oC. Positively charged nylon hybridization transfer membrane

(Hybond TM-N+) was hydrated for 25 mins in sterilized20 x SSC (3M NaCl,0.3M

Sodium citrate, PH = 7.0). The membrane was then mounted in a 48-well, slot-blot

apparatus (BioRad, 3300 Regatta Boulevard Richmond, California 94804). 1 ml of the

corresponding high salt solution cold 20 x SSC was added to each of the denatured

RNA samples immediately prior to transfer. Each sample was applied in quadruplicate

containing four descending dilutions (1, l/2,I/4, UI6). Samples, were then vacuumed

through the membrane and wells were washed once with 500 ml 20 x SSC and twice

with 500 ml 10 x SSC. Membranes were removed from the slot-blot apparatus, and

RNA was crosslinked to the membrane by exposure for 3 min to UV light.

3.3.8. Hybridization

Membranes were prehybridized in a mixture of sterilized, DEPC treated 10 x SSPE pH

='7 .4,0.57o SDS, 5 x Denhardt's reagent and 0.5 mg denatured salmon spenn DNA for

t hour at 65oC. A glyceraldehyde-3-phosphate dehydrogenase (GAPDH) probe served

as a control of RNA loading as it is constitutively expressed. The prehybridized

membrane were then hybridized with the denatured probe in 25 ml of the mixture for

18-24 hours (Maniatis et al., 1982). After hybridization stringent serial post

hybridization washes were conducted at 65oC, with the f,rnal wash in 0.1 x SSPE, 0.17o

SDS, dried, and wrapped in clear Glad Wrap and exposed to X-ray film for 24 hours at

-70"C (Bennett et a1., 1994). The density of each lane was quantitated by exposing the

membrane to a phosphorimager screen (Molecular Dynamics) and the image on the

screen was scanned using an Image Quant (IQ version 3.0) soft ware on a Molecular

Dynamics Phosphorlmager computer.
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To re-probe each membrane, the first probe was removed by using the solution of

boiled 0.57o SDS for 15 mins at room temperaturs (Liu et al, 1995).

3.3.9. Morphology and viability of human synoviocytes

Figure 3.1 shows the cellular morphology of nonstimulated and stimulated human

synoviocytes with 10 plvf IL-18 in the absence and/or presence of GSTM (500 pM).

The trypan blue dye exclusion test has indicated that, cell viability was ) 98Vo.

However, decreased viability of these cells was observed when >500 pM GSTM was

used. The inhibition of the collagenase gene by GSTM, in the experimental range,

could not therefore be explained by detachment of the cells from the culture plates.

3.3.10. RNA, Protein, and data analysis

The results are expressed as the relative intensity (RI) of MMP-1 or TIMP-1 mRNA

normalised to the level of GAPDH mRNA. Percent control of the RI was calculated as

the ratio of the RI of collagenase or TIMP-I band, to the RI of the GAPDH band.

Values were expressed as mean t the standard errors of the mean (SEM) \vith "n" refers

to number of cell lines (i.e., patients) analysed. 'Where SEM is not shown, the size of

the error bar is the same size or smaller than symbols. Student's t-test was used to test

for significant differences between means.
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Figure 3.1.

Cellular morphology of primary and passaged cultured synoviocytes.

Photographs of A. primary cultures , B. Synoviocyte cultures in passage 3 , C. U--1p

(10pM) treated synoviocytes in passage 3, D. Thfud passaged cells treated with n--lp

in combination with GSTM 500 pM





9s

3.4. Results

3.4.1. Specificity of each probe to its complementary mRNA

V/e initially investigated the expression of the enzyme collagenase and its inhibitor

TIMP-I in our system by cultured human synoviocytes upon stimulation with IL-IB

(10 pM) in serum free medium. We used complementary DNA probes corresponding

to collagenase, TIMP-1 and the control gene GAPDH. Figure 3.2 shows the

autoradiographs of Northern blot analysis using mRNA isolated from confluent

cultured human synoviocytes in serum free medium for 24 hours. RNA from these

cells showed a detectable level of hybridization to the bands, corresponding to TIMP-1,

MMP-1, and GAPDH, 32P-labelled cDNA, indicating the specificiry of each cDNA

probe to its complementary mRNA.

3.4.2. Human recombinant IL-lp-mediated collagenase and TIMP-I mRNA

expression was time and dose dependent

Dose-response studies of IL-1B mediated collagenase and TIMP-1 mRNA expression

were performed using synoviocytes from the same patients. Figure 3.34 shows that

there is a dose-dependent increase in cytokine-induced collagenase expression between

the concentrations 1-100 pM of IL-1P, yielding the maximal response at 100 pM.

TIMP-1 mRNA expression is also up-regulated in a dose-dependent manner reaching a

maximum by using tL-18 (10pM) (Figure 3.38).

Human recombinant IL-l0 (10pM) induced collagenase mRNA expression in cultured

human synoviocytes from patients with RA in a time-dependent fashion. This was

seen in the first 24 hours of incubation and plateaued after that. There is a significant

increase in the level of collagenase mRNA expression at 8 hours of incubation with IL-

lÊ (10pM) compared to the control (Figure 3.4).
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These results are in accordance with the previous studies and allowed us to establish

optimal conditions (IL-lP 10 pM îor 24 hrs) to examine the effects of anti-rheumatic

agents particularly gold compounds and their ligands on collagenase and TIMP-I

production.



97

Figure 3.2.

Messenger RNA (mRNA) expression of collagenase, TIMP-I, and GAPDH in cultured

human synovial fibroblasts.

Autoradiographs of Northern blot analysis using mRNA isolated from human synovial

fibroblast in serum-free medium for 24 hours. The Northern blots were hybridised as

described in the methods section. Detectable levels of hybridization to the bands,

corresponding to A. TIMP-I, B. MMP-I, and C. GAPDH, 32PlabeUed cDNA,

indicates the specificity of each cDNA probe to its complementary mRNA.
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Figure 3.3.

n--1P induced a dose-dependent increase in collagenase and TIMP-I mRNA

expression.

Human synoviocytes were cultured with various concentrations of stimulant for 24

hours. After incubation time, (A) collagenase and (B) TIMP-I mRNA expression was

assayed by the slot blotting technique. The vertical axis represent the 7o control of RI

for collagenase and TIMP-I mRNA expression; ba¡s, SEM.
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Figure 3.4.

Time-dependent increase in collagenase mRNA expression by IL-lp induced human

synoviocytes.

Human synovial fibroblasts were cultured with 10 pM IL-18 for the indicated time

points. After incubation time, collagenase mRNA expression was assayed by the slot

blotting technique as described in the methods section. The vertical axis represents Vo

control of the RI for collagenase mRNA expression.
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3.4.3. GSTM significantly suppressed collagenase gene expression on rhll.-lp

stimulated cultured human synovial fïbroblasts

Pre-treatment of human synovial fibroblasts with GSTM and GSTG down-regulated

tr--1p induced collagenase gene expression between the concentrations 100-500 pM,

whereas TM was without significant effect at this range (Figure 3.5). Note that drug

concentrations used in these experiments were 5 to 10 fold higher than clinically

attainable concentrations. Each compound tested had no significant effect on the rhIL-

1B induced TIMP-1 expression in the same cells and under the same conditions (Figure

3.6). Figure 3.7 also shows the slot-blot analysis of collagenase and TIMP-1 induction

by IL-18 followed by repressive effects of GSTM. tr--lp (10 pM) was added to

confluent monolayers of human synovial fibroblasts in serum-free medium in the

presence and absence of GSTM at the final concentrations of 100 and 500 pM. RNA

was harvested after treatnlent of the cells and blotted in duplicate onto a blotting

membrane. Blots were then hybridized with 32P-labelled cDNA clones for collagenase

(A) and TIMP-I (B). GAPDH 32P-labelled cDNA, was also included as a control.

3.4.4. Glucocorticoid-lnediated suppression of collagenase gene expression and

effects of GSTM

'We then examined the suppressive effects of a synthetic glucocorticoid, dexamethasone

on collagenase and TIMP-l expression. We studied the possibility that GSTM might

cooperate with and/or potentiate the negative effect of glucocorticoids on collagenase

gene expression.

Dexamethasone tre¿ìtnren t of human synoviocytes significantly reduced IL- 1-induced

levels of collagenase nrRNA but not TIMP-1 (Figure 3.8), indicating the presence of

functional GR in these cells. Next we pretreated RA synoviocytes with dexamethasone
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in the absence or presence of GSTM (1-100 pM), followed by another 24 hours

treatment with IL-1B (10pM), cells were then collected and the extracted mRNA was

used to determine the relative intensity of the collagenase mRNA expression under

treatment conditions. Figure 3.9 shows that, GSTM (100 pM) counteracted

dexamethasone-induced repression of collagenase gene expression, although only 30Vo

of the inhibitory effect of clexanrethasone was blocked. This effect of GSTM \ryas not

evident when lower concentrations of this drug were used.
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Figure 3.5.

Expression of collagenase mRNA on human synovial fibroblasts incubated with IL-lp

in the absence and presence of GSTM, TM and GSTG.

Collagenase mRNA expression was measured after 24 hrs using slot blot analysis.

Mean + SEM was calculated from three individual experiments. Where SEM is not

shown, it is less than or equal to the size of the marker5. *, p < 0.05; **, p ( 0.005.
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Figure 3.6.

Expression of TIMP-1 mRNA in human synovial fibroblasts incubated with IL-lp in

the absence and presence of GSTM, TM and GSTG.

Confluent human fibroblasts between passages 3-9 were cultured for 24 hrs in semm

free (0.2Vo BSA) medium. No addition (conrrol).
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Figure 3.7.

Comparison of cellular mRNA obtained from cultured human synoviocytes in

treatment conditions using slot blot protocols.

Cell treatments ale as follows, Panel A. standard extraction dissolved in 20 x SSC, B.

tr--10 (10 pM), C. IL-1P + GSTM (100 pM) , D. IL-lp + GSTM (500 pM). The RNA

samples were applied to a nylon membrane and probed with 32P-labelled

complementary DNA (cDNA) for a. MMP-i, b. TIMP-I, c. GAPDH and exposed for 2

days.
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Figure 3.8.

Effect of dexamethasone on the mRNA expression of human collagenase and TIMP-1.

A. Confluent cultnres of IL-1p stimulated human synovial fibroblasts were incubated

with the indicated concentrations of dexamethasone for 24 hours. After incubation,

mRNA expression was deternrined using slot blot analysis. *, p ( 0.05; **, p < 0.005.
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Figure 3.9.

Reversal of glucocorticoicl-induced depression of collagenase mRNA production by

synovial cells.

Human synovial fibroblasts were cultured for 24 hours with dexamethasone (10 nM) in

the absence or presence of GSTM at the indicated concentrations. Cells were then

stimulated with IL-1B (10pM) for another 24 hours. mRNA was extracted and each

sample was blotted as described in the methods section. Blots were probed

sequentially with 32P-labelled cDNA for collagenase and GAPDH. (*) p value is equal

to 0.05 (P = 0.05).
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3.5. Discussion

More than 40 years ago the benefit of gold compounds in the treatment of rheumatoid

arthritis was first reported, however the mechanism of their action is still not clearly

understood. In vitro stuclies have shown that gold compounds have suppressive action

on the production or activity of monocyte-derived proinflammatory cytokines such as

IL-1 (Awad et al 1995). Cold compounds also antagonize some biological effects of

IL-1 (Williams et al, 1992). The mechanism of action of gold in RA is an important

goal for research on gold therapy, however more understanding of the biochemistry of

these drugs will facilitate research on the mechanism of action and therapeutic

regimens. A body of evidence indicates that the anti-rheumatic activity of gold

compounds is attributed to effects on various inflammatory mediators upstream of

collagenase activation. For example, GSTM significantly inhibited inuacellular

adhesion molecule-1 and vascular cell adhesion molecule-1 expression on vascular

endothelial cells (Koike et al, 1994). Prostaglandin E2 (PGE2) synthesis is also

inhibited by CSTM used in therapeutic serum concentrations. Because the antierosive

effects of gold compouncls appear to be particularly important to study, therefore the

main purpose of this study rvns to investigate the effects of GSTM, GSTG and TM on

the expression of collagenlse and TIMP- 1 by RA synoviocytes.

Gold is selectively concentrated within inflamed synovial tissues during gold therapy

(Vernon-Roberts et al, I97 6). We have first confirmed that RA synoviocytes produce

significant amounts of MMP-I and TIMP-I upon stimulation with the pro-

inflammatory cytokine IL-18, in our cultured synoviocyte system. Then we studied the

modulatory effects of gold containing anti-rheumatic drugs as well as their ligand

component (TM) orì thc incluced expression of these genes in cultured RA

synoviocytes.
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Our study demonstratecl that GSTM but not its TM component, down-regulated

collagenase gene expression in human rheumatoid synovial fibroblasts exposed to IL-

1B. This suggests that after cleavage of gold-thiomalate (gold-ligand) link in the blood

stream, the thiomalate (Tl\4) component is unlikely to play a part in effects of this drug.

Our results a¡'e in contrast to the work of Newman et al, who have reported that the

inhibitory effects of GSTM on production of mRNA for VCAM-I and E-selectin

(Newman et al, 1994). We clearly used a different cellular model. However both

results taken together woulcl imply that both components may have independent effects

on mRNA expression of various proteins. The ineffectiveness of TM in our system

suggests that the relative inhibition of MMP-1 gene expression is possibly mediated by

gold rather than its thionralate componeRt.

TIMP-I expression was not significantly affected by GSTG, GSTM or its TM salt.

This may simply result front different promoter regions on TIMP-1 gene or lack of

some responsive elements which might regulate inhibition of MMP-1 gene expression

by gold containing dnrgs. IL-19 stimulates MMP synthesis by activating PKC in

human synoviocytes (DiBattista et aL, 1994). Immunoregulatory effects of GSTM is

attributed to rhe inhibition of T cell PKC activity (Hashimoto et al, 1992). These

suggest that, one possible mechanism through which inhibition of MMP-1 gene by

gold drugs occurs, may be related to the inhibition of PKC.

In another report it was ckiimed that, GSTM did not affect PMA-mediated induction of

collagenase mRNA expressiorr in monolayer cultures of normal adult skin fibroblasts

(Makino et al,1994). However different cell types and different stimulants as well as

different experimental conditiorrs might simply be the reason for the ineffectiveness of

gold in their systenr.

V/e have also denronstratecl that GSTM has an antiglucocorticoid effect in IL-1 induced

collagenase gene expression by human synoviocytes. This is in agreement with the

work by Makino, inclicating the paradoxical reversal of the repression of collagenase
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gene expression by GSTM, using phorbol-ester-treated human skin frbroblasts.(Makino

et al, 1994). Glucocorticoids down-regulate the cytokine induced collagenase

expression by inhibiring AP-1 activity, which is mainly related to the interaction

between the AP-l ancl glucocorticoid receptor (Gn¡. The antiglucocorticoid action of

GSTM was suggested to be due to the interaction between GSTM, or Au(I), and

glucocorticoid receptor (GR). This interaction is likely to be the reason for liberation

of collagenase gene expression from glucocorticoid dependent repression. Further

studies are clearly needed to investigate the involvement of AP-l as well as other DNA

binding elemenrs in MMP-1 and TIMP-I genes upon treatment of the cells with gold

drugs.

In conclusion, a clecrease in the synthesis of collagenase mRNA in the inflamed

synovium may be one oi the mechanisms by which GSTM exerts its anti-

inflammatory acrions in cliseases such as rheumatoid arthritis. This effect is likely to

be dependent on the golcl corlponent, rather than the TM component. Simultaneous

treatment of the cells with GSTM and dexamethasone, may also result to partially

block the suppressive ef'fects of glucocorticoids.

We next planned to determine the regulatory effects of other classes of anti-rheumatic

agents on collagenase and TIMP-1 gene expression.



Chapter 4

Regulation of MMP-I, MMP-3, and TIMP-I- gene expression by

anti-rheumatic drugs, in cytokine stimulated human synovial

fibroblasts

4.1. Abstract

The steady-state levels of extracellular matrix proteins are regulated by the rates of their

synthesis and degradation. Activated synoviocytes secrete high concentrations of MMPs

in RA and related conditions.

We have examined the effects of anti-rheumatic agents, on MMP-I, MMP-3, and TIMp-1

gene expression by cultured RA and OA synoviocytes exposed to pro-inflammatory

cytokines. Both enzyme and inhibitor gene levels were quantified by slot-blot analysis.

The NSAID, indomethacin enhanced the level of MMP-1 but nor TIMP-I gene

expression, howover tenidap effectively reduced the gene level of MMP-1, MMP-3 and

TIMP-1 in cultured human synoviocytes from OA patients. Dexamethasone ind.uced a

dose-dependent decrease in collagenase and stromelysin mRNA level, whereas TIMP-1

gene expression appeared to be unchanged by glucocorticoids. Cyclosporin-A reduced

the expression of MMP-1 dose dependently, whereas methotrexate did not influence the

level of MMP-1 and TIMP-1 gene expression.

Taken together, our data suggest that, some anti-rheumatic agents may induce their effects

by blocking the synthesis of MMPs but others do not. This effect leads to the inhibition

of the tissue degradation which may have therapeutic value in several forms of arth¡itis.
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4.2. Introduction

Synovial membranes play an important role in the pathophysiology of the arthritic

conditions. In a number of studies using immunohistochemistry and in situ

hybridization, in inflamed synovium, synovial lining cells appeared to express and

synthesize a large amount of MMPs (McCachren, 1991; Gravallese et al, 1991).

IL- t has been demonstrated to be a potent stimulator of MMP synthesis by various cell

types. It acts through binding to a plasma-membrane receptor, (IL-lR) (Pelletier et al,

1995). The use of IL-1 treated synovial fibroblast culture is a useful model system for

understanding the regulation of MMPs in RA and OA conditions.

NSAIDs a¡e effective in controlling the symptoms of patients with RA and other forms of

inflammatory arthritis. Two important mechanisms of their actions are to inhibit tissue

cyclooxygenases, which are responsible for the conversion of arachidonic acid to

prostaglandins, and interfering with pro-inflammatory cytokine production. Treatment

with the NSAID, indomethacin, increases synovial fibroblast cell growth in vitro in the

presence of IL-1B or TNF (Gitter et 41, 1989). Other cyclooxygenase inhibitors and

glucocorticoids have similar enhancing effects on IL-1B induced fibroblast proliferation.

Tenidap sodium has combined inhibitory activity against the cyclooxygenase and 5-

lipoxygenase (Blackburn et al, 1991a). Tenidap is also reported to inhibit the production

of IL-1, IL-6 and TNF and the action of IL-1(Sipe et al, 1992). Inhibition of the release

of activated neutrophil collagenase (Blackburn et al, 1991b) is another action of tenidap.

It thus has a number of actions in addition to cyclooxygenase inhibition which ars not

shown by other available NSAIDs. The average therapeutic concentration of tenidap in

serum of patients with OA and RA is around 10-20 pg/rr/.. At therapeutic concentrations

tenidap is shown to decrease the levels of IL-lR in chondrocytes and synovial fibroblasts

(Pelletier et al, 1993; 1996).

Experimental studies have suggested that methotrexate can effectively inhibit IL-1

production (Segal et al, 1990). It also inhibits certain activities of IL-1 without interfering
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with the production or secretion of IL-1 (Segal et aI, 1990; Songsiridej and Furst 1990).

Inhibition of synovial fibroblast proliferation and the chemotactic activity of neutrophils,

might be indirect consequences of suppression of IL-1 activity, by methotrexate (Meyer et

al, 1993). Methotrexate has also been reported to increase IL-2 synthesis and potently

inhibit IL-6 activity (Bannwarth et al, 1,994). In a¡ticular tissues, methotrexate decreases

the activity of proteolytic enzymes, pafticularly serine proteases and metalloproteinases

(Segal et al, 1990). The anti-inflammatory effect of mettrotrexate is also attributed to the

inhibition of the polymo¡phonuclea¡ (PMN) cell chemotaxis, monocyte chemotaxis, and

superoxide production (Nesher et al, 1991; Segal et al, 1990). Methotrexate also inhibits

macrophage activation and the influx of activated macrophages into the synovial tissue

(Bannwarth et al, 1994). Furthermore synovial fibroblast proliferation \ilas inhibited by

methotrexate ffeatment in cultured human synovial fibroblasts at concentrations achieved

in vivo (Meyer et al, 1993).

Glucocorticoids regulate the expression of a variety of genes, through the repression of

AP-1 activity by the GCR (Beato M, 1989). The synthesis of MMPs is also

transcriptionally repressed by glucocorticoids. A number of studies have shown the

down-regulation of MMPs production by glucocorticoids (for a review see Vincenti et al,

r9e4).

CyA has beneficial symptomatic effects since it improves pain and reduces functional

impairment in RA patients (Wells and Tugwell, 1993). CyA also improves both clinical

and biological inflamrnation in RA patients. Evidence from several laboratories also

suggests that CyA directly affects gingival fibroblast functions in vitro. However in these

experiments only some individuals were susceptible to CyA gingival enlargement

because, the level of production and activity of MMP- 1 and TIMP-I was va¡iable among

individuals (Tipton et al, 1991). Furthermore CyA appears to suppress the immune

system by the inhibition of T-cell activation. CyA may act mainly by inhibiting the

secretion of cytokines from T cells and from other cells (Russell et al, 1993). There is little

work on the interaction of CyA with the expression of the genes for MMPs and TIMP.
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In the previous study we showed that, collagenase gene expression in human synovial

fibroblasts was up-regulated by pro inflammatory cytokines and gold containing anti-

rheumatic compounds showed the ability to repress this cytokine stimulation of MMP

genes.

Here we investigated the modulation of IL-l induced MMP-I, MMP-3 and TIMP-I gene

expression, using indomethacin, dexamethasone, CyA, methotrexate and tenidap, in

human synovial fibroblasts from patients with OA and RA. Since MMPs are important

targets for the pharmacological treatment of these diseases, this study was undertaken in

order to obtain more information on possible mechanisms within which these therapeutic

agents act. This study also answered the question, whether MMP-I and TIMP-I mRNAs

are differentially modulated by the action of these different therapeutic agents.

4.3. Materials and methods

4.3.L. Reagents

All chemicals used in this study were provided from the same sources as mentioned in

Chapter 3, unless otherwise specified. Indomethacin, cyclosporin-A, and dexamethasone

were from Sigma Chemical Company, St. Louis, Mo 63178 USA. Methotrexate,was

from David Bull Laboratories (DBL) Melbourne, Australia. Tenidap (Pfrzer Inc, Groton

CT 06340) was kindly provided by Dr. Michael James, Rheumatology Unit, Royal

Adelaide Hospital.

4.3.2. Methods

4.3.2.1. Synovial fibroblast cultures

Synovial tissue was obtained from the patients with OA and RA and processed as

described in Chapter 3. Briefly, Cells were released from the small pieces of tissue by
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enzymatic digestion using collagenase (2 mg/ml), in DMEM supplemented with 157o

heat inactivated FCS, 100 units/ml penicillin, 100 pg/ml streptomycin, L-glutamine 2 mM

at37oC for 8 hours. The isolated cells were then incubated in tissue culture flasks, in

DMEM supplemented with I5Vo heat inactivated FCS and antibiotics at 37oC in an

humidified atmosphere of 57o CO2, to allow adherence of fibroblastic and non-

fibroblastic cells, present in the synovial preparations. At confluence, cells were

passaged by trypsinization (0.05Vo trypsin in PBS) and seeded in 6-well culture plates at

about 5 x 104 cells/well ancl tllowed to grow for 3 days in the same medium before the

treatments. 24 hours betbre each experiment, the medium was removed and the cells

were incubated in serum-free medium. First passage cells containing macrophage-like

fibroblasts, were only used for experiments using tenidap.

Effects of each drug on N4MP-1, MMP-3 and TIMP-1 gen expression were evaluated by

pre-incubating the cells in the presence of each drug indicated for 24 hours at 37oC,

followed by 24 hours stimulation with IL-1B.

4.3.2.2. Collagenase, stromelysin and TIMP-I mRNA expression

At confluence, first passûge OA synovial fibroblasts in 6-well plates were incubated in

serum free media containing 0.27o BSA in the absence or presence of tenidap (1-100

¡.rglml) for 24 hours, tbllowed by an additional 24hour incubation with IL-1p (10 pM).

Experiments with dexamethasone, indomethacin, CyA, and methotrexate, were

performed, under the same conditions, on RA synovial fibroblasts at passages between 3

and 9. Morphology and viability of the cultured cells were always examined and

conf,rrmed using an invertecl microscope.

At the end of the incubation time, cells were washed with sterile PBS and RNA was

extracted as described irr nrethocls section in Chapter 3. Radiolabeling of the cDNA

probes, slot-blot analysis, ancl hybridization of the membranes were also performed as

described in methocls section irr Chapter 3.
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4.3.3. Data analysis (Statistics)

The results are expressed as the RI of MMP-1 or TIMP-1 mRNA normalised to the level

of GAPDH mRNA. Percent control of the R[ was calculated as the ratio of the RI of

collagenase and TIMP-I band, to the GAPDH band. Values wero expressed as mean *

the standa¡d error of the mean (SEM). V/here SEM is not shown, the size of the error bar

is the same size or smaller than symbols. Student's t-test was used to test for significant

differences benveen means.
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4.4. Results

4.4.I. Effects of indomethacin on IL,l stimulated MMP-I and TIMP-I

gene expression in human fibroblast-like synoviocytes

'We examined whether indomethacin effects the expression of MMP-I and TIMP-I. L-
1p stimulation of human RA synoviocytes enhanced the level of MMP-1 and TIMP-1

mRNA expression. Cells were pretreated for 24 hours with increasing concentrations of

indomethacin, prior to another 24hour stimulation by IL-lp (10 pM). At the end of the

incubation time, cells were analysed for the expression of collagenase and TIMP-1 gene.

As shown in Figure 4.1, indomethacin plus IL-1p induced a significant increase in the

level of MMP-1 mRNA expression, whereas the level of TIMP-1 mRNA expression

remained unchanged. Results are expressed as 7o control mRNA expression. l00Vo

conrrol indicates the level of mRNA expression when cells are incubated with IL-1B (10

pM).

Figure 4.2 also shows the photographs of a representative slot blot analysis.

4.4.2. Effects of cyclosporin-A (CVA)

We next analysed the effect of CyA on collagenase and TIMP-1 gene expression from RA

synoviocytes. Confluent cultures at passages between 3-9, were pre-treated with

increasing concentrations of CyA (1-100 pM) for 24 hours, followed by 24 hours

stimulation with IL-1B (10 pM). The basal levels of collagenase and TIMP-1 gene

expression were low whereas they were enhanced by IL-1p. CyA reduced the level of

collagenase gene expression, while the level of the TIMP-I mRNA remained unchanged

(Figure 4.3). The CyA concentration required to reduce the amount of MMP-1 mRNA

by 50Vo (507o inhibition constant; IC56) was 14 ¡tM.. l00Vo conrrol is the level of mRNA

expression of cells stimulated with IL-1p (10 pM).

Photographs of the representative slot-blot analysis are also showed in Figure 4.4.
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Figure 4.1.

Effect of indomethacin on IL-lP stimulated collagenase and TIMP-1 gene expression.

RA synovial fibroblasts were pretreated with increasing concentrations of indomethacin

for 24 hours foilowed by further treatment with 10 pM of tr--1p for 24 hours. Slot-blot

analysis of the mRNA, extracted from the treated cells, showed that indomethacin plus

IL-18 significantly enhanced the level of MMP-1 mRNA expression. Whereas the level

of TIMP-I gene expression was not changed. Mean values + SEM for cells from 3 RA

patients. Signif,rcant differences are indicated (*, p value < 0.05).
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Figure 4.2.

Comparison of cellular mRNA obtained from RA synovial fibroblasts in treatment

conditions using slot-blot protocols.

Cells were pre-incubated for 24 hours with increasing concentrations of indomethacin

followed by 24 hours incubation with 10 pM IL-lp. Concentrations of indomethacin

used in each lane were as follows; lane 1, 0 pM; Lane 2,1 plut; lane 3, 10 pM; lane 4, 100

pM. mRNA was then extracted and applied into a nylon membrane. The membrane \vas

hybridized with the 32P-labelled cDNA for A. MMP-1, then sequentially stripped and

rehybridized to B. TIMP-I, C. GAPDH and exposed for 1 day to a phosphorimager

screen. This experiment is representative of 3 others that were performed, all with simila¡

results.
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Figure 4.3.

Effect of CyA on IL-18 mediated collagenase and TIMP-I gene expression.

RA synovial fibroblasts were pretreated with increasing concentrations of CyA for 24

hours followed by further treatment with 10 pM of tr--lp for 24 hours. mRNA was then

extracted and fixed onto a nylon membrane by slot-blot analysis. The filter was then

hybridized to MMP-1 probe, stripped and rehybridized to TIMP-1 and a GAPDH probe

to determine the total amount of RNA loaded into each slot. Relative intensity of

collagenase or TIMP-1 mRNA expression was normalised to the GAPDH mRNA in each

slot and expressed as qo control of the mRNA with respect to control (no drug). Mean

values + SEM for cells from 3 RA patients. Significant differences are indicated (*, p <

0.05; **,p <0.005).
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Figure 4.4.

Comparison of cellular mRNA obtained from RA synovial fibroblasts in treatment

conditions using the slot-blot protocols.

Cells were pte incubated for 24 hours with increasing concentrations of CyA (1-100 pM)

followed by 24 hours incubation with 10 pM IL-1p. Concentrations of CyA, used in

each lane, were as follows; lane 1, 0 pM; lane 2,1 pM; lane 3, 10 pM; larrc 4,100 ¡rM.

The mRNA samples were applied to a nylon membrane. The membrane was hybridized

with the 32P-labelled cDNA for A.MMP-1, then sequenrially sripped and.rehybridized to

B.TIMP-1, C.GAPDH as described in Materials and Methods (Chapter 3). This

experiment is representative of 3 others that was performed, with similar results.
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4.4.3. Effects of methotrexate

RA fibroblast-like synoviocytes (passage 3-9) were pretreated with methotrexate (0.1-500

¡rM ) for 24 hours, followed by 24 hour stimulation with IL-lp (10 pM). Collagenase

and TIMP-1 mRNA levels were assessed by slot blot analysis (n = 3). Methotrexate did

not affect the induction of collagenase or TIMP-1 gene expression by tr--1p (Figure 4.5).

Methotrexate was tested at concentrations corresponding to serum levels achieved

therapeutically (0.01 and 1 ¡rglml) (Kremer et al, 1986), as well as concenrrarions well in

excess (10-500 pNa). 1007o control is the level of mRNA expression achieved when the

cells are stimulated with IL-1p (10 pM).

4.4.4. Effects uf glucocorticoids

RA fibroblast-like synoviocytes between 3-9 passages were preincubated for 24 hours

with dexamethasone 100 nM, followed by 24 hours stimulation with IL-18. Pretreaünent

of the cells with dexamethasone signifrcantly inhibited the expression of collagenase and

stromelysin mRNA. We next characterized the concentration range over which

dexamethasone reduced MMP-1 and MMP-3 mRNA expression in IL-18 stimulated cells.

mRNA from the dexamethasone and tr--18 reated cells was extracted and analyzed by

slot-blot for the levels of MMP-1, MMP-3, and TIMP-I gene expression. Stimulation of

synovial fibroblasts for 24 hours with IL-18 resulted in the accumulation of these genes.

However pre-treatment of synovial fibroblasts with increasing concentrations of

dexamethasone (l-100 nM) for 24 hours, resulted in a dose-dependent suppression of

MMP-1 and MMP-3 gene expression. In contrast, TIMP-I gene level was not

signilrcantly affected by dexamethasone treatment (Figure 4.6). l0\7o control is the level

of mRNA expression when the cells are stimulated with IL-lp (10pM).

Figure 4.7 shows the representative slot-blots for the expression of MMP-1, MMP-3,

TIMP-I, and GAPDFI genes. The results of the Figure 4-6 arc summarized in a table,

comparing the relative expression as well as the 7o inhibition of MMP-1, MMP-3, and
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TIMP-1 mRNA levels (Table 4.2).
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Figure 4.5.

Effect of methotrexate on tr--1P stimulated collagenase and TIMP-1 gene expression.

RA synovial fibroblasts were pretreated with increasing concentrations of methotrexate

for 24 hours followed by stimulation with 10 pM of IL- 1 B for 24 hours. The mRNA was

extracted from the treated cells and applied into a nylon membrane using slot blot

analysis. The filters \ /ere then hybridized to collagenase then stripped and rehybridized

to TIMP-1 and GAPDH probes. Histograms show the percent relative mRNA levels

detected, with respect to control (no methotrexate). Mean values + SEM for cells from 3

RA patients. Significant differences are indicated (*, p < 0.05; x*, p < 0.005).
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Figure 4.6.

Effect of dexamethasone on IL-lp stimulated collagenase and TIMP-I gene expression.

RA synovial fibroblasts were preffeated with increasing concentrations of dexamethasone

(1-100 nM) for 24 hours followed by stimulation with 10 pM of IL-1p for 24 hours. The

mRNA was exffacted from the treated cells and applied into a nylon membrane using slot

blot analysis. The filters were then hybridized to collagenase, stripped and rehybridized

sequentially to TIMP-1 and GAPDH probes. The graph shows the percent relative

mRNA levels detected, with respect to control (no dexamethasone). Mean values + SEM

for cells from 3 RA patients. Significant differences are indicated (*, p < 0.05; x*,, p ç

0.00s).
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Figure 4.7.

Comparison of cellular mRNA obtained from RA synovial fibroblasts in treatment

conditions using standard procedure of the slot-blot analysis.

Cells were pre incubated for 24 hours with increasing concentrations of dexamethasone,

followed by 24 hours stimulation with 10 pM IL-18 . mRNA was extracted and applied

into a nylon membrane. Concentrations of dexamethasone used in each lane rwere as

follows; lane 1, 0 Ltlvt; Iane 2, 1 LtM; lane 3, 10 p¡ut; lane 4, 100 nM. The membrane was

hybridized with the 32P-labeiled cDNA for A. MMP-I, then sequentiatly stripped and

rehybridized to B. MMP-3, C. TIMP-I, D. GAPDH and exposed to a phosphorimager

screen for 24 hours. This slot-blot is representative of 3 others that were performed, all

with similar results.
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Table 4.2. Relative expression of MMP-1, MMP-3, and TIMP-1 mRNA, normalised

to GAPDH, in RA synoviocytes treated with dexamethasone and recombinant human

rL-18.

Dexamethasone E'eatment
concentration (nM)

7o mRNA
normalised to GAPDH

Vo dexarrrcthasone
inhibition

MMP.1

Dexamethasone 0

Dexamethasone 1

Dexamethasone 10

Dexamethasone 100

MMP.3

Dexamethasone 0

Dexamethasone 1

Dexamethasoue 10

Dexamethasone 100

TIMP.1

Dexamethasone 0

Dexamethasone 1

Dexamethasone 10

Dexamethasone 100

100

41.68

33.25

18.83

0

58.32

66.75

8t.t7

100

52.67

50.65

36.76

0

47.34

49.5

63.24

0

5.13

-2.68

12.0t

100

94.87

102.68

87.99

Synovial fibroblasts were preincubated for 24 hours with increasing concentrations of
dexamethasone (1-100 nM), followed by 24-hour incubation with rhll--1p. Membranes

with mRNA were hybridised with MMP-I, MMP-3, TIMP-1, and GAPDH probes.

Density of the hybridized bands were quantified with an image quantity (IQ) program.

Values are expressed as the relative expression of mRNA normalised to GAPDH (mean

from 3 indepenclent RA patients).
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4.4.5. Effects of tenidap on IL-1 stimulated MMP-1, MMP-3 and TIMP-I

mRNA expression

Cells from OA synoviocytes at their first passage, were pretreated with tenidap 10 ¡rg,/ml

for 24 hours followed by IL-1p stimulation at 37oC for another 24 hours. Tenidap

induced a marked reduction in collagenase mRNA expression after incubation time.

Therefore we characterized the concentration range over which tenidap reduced MMPs

and TIMP-I nrRNA expression in IL-lp treated synoviocytes. The IC5g for MMP-1 gene

expression was 5 pg/ml. IC56 for MMP-3 and TIMP-I was about 1 trglrnl (Figure 4.8).

L00Vo control is the level of mRNA expression when the cells are stimulated with XL-1p

(1OpM).

Representative slot-blot analysis of MMP-I, MMP-3, TIMP-I, and GAPDH genes are

shown in Figure 4.9.

Next we used RA synoviocytes, under similar experimental conditions, 24 hours

pretreatment of the cells with tenidap followed by another 24 hours stimulation with IL-1.

In 3 RA patients used in our experiments (Figure 4.10) there was no significant effect of

tenidap on MMP- 1, and TIMP- 1 mRNA expression, at concentrations corresponding to

therapeutic levels, (10-20 pg/ml). IC56 for MMP-1 and TIMP-I in these cells was about

100 ¡.tglml. Note that this is 10 fold higher than the concentration achieved in serum

levels of patients treated with this agent.

Using OA synoviocytes, while IL-18 induced an increase in mRNA levels of MMPs and

TIMP-1, the combination of tenidap with IL-IPdecreased their message levels as

compared with controls (1007o stimulation with IL-1B alone), with maximum inhibition

of 87.287o for MMP-I,87.3Vo for MMP-3, and 90.49Vo for TIMP-I (Table 4.3).

However, using RA synoviocytes, maximum inhibition was lowered to 43Vo for MMP-1,

and 57Vo for TIIT4P-1.
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Figure 4.8

Effect of tenidap on IL-1B mediated collagenase, stromelysin, and TIMP-1 gene

expression.

OA synoviocytes first passage, were pretreated with increasing concentrations of tenidap

for 24 hours followed by further treatment with IL-lp (10 pM) for 24 hou¡s. The mRNA

expression, from cells under different treatments, was detected using the standard

protocols for slot-blot analysis. The level of mRNA in each band was normalized to the

GAPDH mRNA. Graph shows the percent relative mRNA levels detected with respect to

control (no tenidap). Mean values + SEM for cells from 3 OA patients. Significant

differences are indicated (*, p < 0.05; **, p ( 0.005).
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Figure 4.9.

Comparison of cellular mRNA obtained from OA synovial fibroblasts in treatment

conditions using standard procedure for slot-blot analysis.

Cells were pre incubated24 hours with increasing concentrations of tenidap followed by

24 hours incubation with 10 pM IL-lp. mRNA was extracted and applied into a nylon

membrane. Concenration of tenidap in each lane was as follows; lane 1, 0 pdrnl; Iane2,

I ¡tg/ml; lane 3, 10 pgl-l; lane 4, 100 ¡tglml. The membrane was hybridized with the

32P-labelled cDNA for A. MMP-I, B. MMP-3, c. TIMP-1, D. GAPDH and exposed for

I day to a phosphorimager screen. This slot-blot is representative of 3 others that

performed, with similar results.
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Figure 4.10.

Effect of tenidap on collagenase and TIMP-I mRNA expression in IL-1p stimulated RA

synoviocytes.

RA synoviocytes were pretreated with increasing concentrations of tenidap f.or 24 hours

followed by stimulation with 10 pM of IL-1p for 24 hours. The mRNA was extracred

from the treated cells and used in a slot blot analysis. The filters were then hybridized to

collagenase and TIMP-1 probes, stripped and rehybridized to a GAPDH probe. The level

of mRNA in each band was normalized to the GAPDH mRNA. Histograms show The 7o

control mRNA levels detected, with respect to control (no tenidap). Mean values + SEM

for cells from 3 patients. Significant differences are indicated (x, p < 0.05; {.*, p <

0.00s).
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Table 4.3. Relative expression of MMP-1, MMP-3, and TIMP-1 mRNA, normalised.

to GAPDH, in RA and OA synoviocytes treated with tenidap and IL-lp (10 pM).

Tenidap treatmerìt 7o mRNA normalised to GAPDH 7o inhibition

(oA) (RA) (oA) (RA)

MMP.1

Tenidap 0

Tenidap 1

Tenidap 10

Tenidap 100

MMP-3

Tenidap 0

Tenidap 1

Tenidap 10

Tenidap 100

TIMP.1

Tenidap 0

Tenidap I
Tenidap 10

Tenidap 100

100

58.67

z1

20

100

237

239

57

-J
0

4I
77

80

0

-r37

-r39

43

100

32.05

72.7

14.83

100

42.21.

20.04

9.51

0

67.95

87.3

85.17

100

106

97

43

0

57.79

79.96

90.49

0

-6

J

57

Cultured synoviocytes were preincubated for 24 hours with increasing concentrations of
tenidap ( l- 100 ¡rg/ml), tbllowed by a24-hour incubation with rhll--lp. Membranes with

mRNA were hybriclised with MMP-1, MMP-3, TIMP-I or GAPDH probes. Density of
the hybridizecl bands were quantified with an image quantity (IQ) program. Values are

expressed as the relative expression of mRNA normalised to GAPDH (mean from 3

independent experiments).
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4.5. Discussion

Several pharruacologicnl agents have been used in an attempt to treat RA. Despite

documentation oI clinical efficacy, there is still no clear explanation for the mechanism of

action of these cornpouncls in RA. Because the ultimate cause of the disease is unclear,

suppression of the inflammatory process, remainss the therapeutic aim to prevent the

damage to aüicular cartilage and connective tissue. Our studies were carried out to

deterrnine a biochemical basis for the action of these compounds in RA.

Because the inrbalance between the MMPs and TIMP are likely to play a critical role in the

pathogenesis of this disease, our studies were designed to examine the effects of a range

of the therapeLrtic agents on the expression of MMPs and TTMP-I on pro-inflammatory

cytokine sti mula tecl h u nra n synovial fibroblasts.

According to the results obtained in Chapter 3, we have first confirmed that human

synoviocytes express substantial amounts of MMP-1, MMP-3, and TIMP-I upon the

stimulation with pro-inflammatory cytokines, U--1P and TNF-a.

We found that indomethacin, as a representative NSAID, signif,rcantly enhanced the level

of MMP-1 gene expression i¡r RA fibroblast-like synoviocytes. 'Whereas TIMP-I mRNA

expression was not changed. This is in contrast to the another previously reported study,

which suggested that indomethacin did not change the induction of collagenase mRNA by

IL-l or TNF in rheunratoid hunran synovial fibroblasts (MacNaul et al, 1990). However

DiBattista et al have shown that, prostaglandins inhibit IL-lp induced MMP expression

and synthesis in lturrr¿ut s)/r'toviâl fibroblasts (DiBattista et al, 1994). Indomethacin is a

potent inhibitor o[ prostrgllnclin production. These two facts taken together, support the

enhancenrent ol collagen¿rse gene expression by indomethacin in our system. On the

other hand, prostaglitnclins clo not seem to be the only mediators of collagenase gene

expression by IL-1 ancl TNF. Stuclies demonslrating that protein synthesis inhibitors can
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prevent the IL-1 indLrction of collagenase (McCachren et al, 1989), have supported the

requirement for an intennediate gene product in IL-1 induction of collagenase expression.

Since indomethacin increases synovial fibroblast cell growth in the presence of IL-lp

(Gitter et al, 1989), this would. be another explanation for elevation of the MMP-1 gene

expression in our study.

Our results also clerronsrate thût CyA inhibits IL-1p induced MMP-1, but not TIMP-1,

mRNA, fi'om RA synovial fibroblasts in a dose dependent manner. However, the precise

mechanism by which CyA inhibits collagenase mRNA expression remains unresolved.

The important property of CyA (for a review, see Furst 1995) is its ability to inhibit the

production ol cytokines involved in the regulation of T cell activation (Russell et al,

1993). CyA has also been found to slow the formation of type I collagen triple helix,

resulting in redLrction of type I collagen production by cultured fibroblasts (Steinmann et

al, 1991). In a study by Lohi et al, CyA enhanced collagenase but not stromelysin-l,

gelatinase A, gelatinase B and TIMP-1 mRNA expression in human lung fibroblasts and

dermal fibroblasts from systenric sclerosis patients (Lohi et al, 1994). However their

assay conditions cliller from our work in many respects. In their study, combination of

CyA with PVIA resrrlted in a persistent and prolonged induction of c-jun, which was

attributed to the persisterrce of high level of AP-1 activity which could explain the

increased collagenase mRNA levels. However the induction of stromelysin-1 and

gelatinase is also partially mediated by AP-1 transcription factor, whereas CyA had no

enhancing effect on their mRNA levels in that study. This suggests that the effects of

CyA are not entirely nrecliatecl by AP-1.

The results ol our stucly sLl-cgests that CyA treatment results in collagenase mRNA

repression. Since there have also been reports of CyA interference or competition with

the binding oi IL-1 (Bencltzen and Dinarello 1984), suppression of collagenase gene

expression in otlr S)/stetlr rrtay sinrply be explained by CyA inactivation of IL-l as a result

of the IL- l rece ptor blockage or IL-1 receptor gene suppression on the RA synoviocytes.

CyA collagenrse ,senrl repression might not be necessarily within the same DNA
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sequences tlrtt puticipute in the induction of rranscription. Further studies are required to

determine whether using the specific mutations within the collagenase promoter that

abolish transcription activ¿ttion, may or may not abolish repression by CyA. Another

possibility woulcl be, that collagenrse mRNA half-life may be affected by CyA, resulting

to the decreased level of collagenase mRNA in our system.

The synthetic gltrcocolticoid, dexarnethasone, suppressed the expression of MMP-1 and

MMP-3 significarrtly, but did not have any effect on TIMP-I gene expression. Simitarly

glucocorticoicls are known as potent inhibitors of the induction of the collagenase family

of metalloproteinrses by phorbol esters and inflammatory mediators (Brinkerhoff et al,

1986; Frisch ancl RLrley,1987; Offringa et al, 1988). According to a number of studies,

the transcripticln uctivltion olcollagenase, stromelysin and TIMP-1 genes is mediated by

an AP-l recognition site (TRE) within their promoter. This suggests that TIMP-1,

collagenase and stronrelysin may be coo¡dinately regulated through the actions of a shared

set of cis elernents and trans-acting factors (Edwards et al, 1992; DiBanista et al, 1995).

The AP-1 site is also the target for repression by glucocorticoids and provides a

mechanism that explains how the inhibition of MMP genes occrrs (Angel et al, 1987a,

I987b; Brenner et al, 1989). But the facr that TIMP-I gene expression was not

coordinately legulated by dexamethasone in our study, would suggest, the presence of

other promoter elerìrents in each of these genes that may explain the differences between

regulation of I\4MPs and TIMP-1 genes by glucocorticoids. The other reason would

simply be the hck of a glucocorticoid response element (GRE) at the AP-l site of the

TIMP-l pronroter', which does not allow the glucocorticoid receptor-horrnone complex

(GRh) to interacr rvitlr tlre AP-l and repress the transcriprion.

Several effects of terridap on hLrnrnn synoviocytes and chondrocytes have been reported.

They inclucle the suppressiorr of IL- t stimulated metalloprotease synthesis and expression

in OA and nornral chonclrocytes (Pelletier et al, 1993). This effect was likely to be related

to a decrease in the level o[IL-1 receptors (IL-lR). Tenidap also was shown to be a

potent inhibitor oi'll--1R level in OA and RA synovial fibroblasts (Peiletier et al, 1996).
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However the exlct nrechanism responsible for the decreased IL-1R is unknown. In this

study we huve exarninecl the et'tects of this drug on OA and RA synoviocytes. Our

results determined thirt, tenidap (10 ¡tg/rnl) effectively repressed the expression of MMP-

1, MMP-3, and TIMP-1 genes in OA synoviocytes. This is in agreement with the study

by Pelletier and his colleagues (Pelletier et al, 1996), rilho showed the suppressive effect

of tenidap on IL-1 inducecl collagenase synthesis in synoviocytes. They have also

suggested that this indirect effect of tenidap on MMP expression occurs via the decreased

level of the IL- I receptor. The reduction of MMP synthesis by tenidap was also shown

in vivo in the synoviun and cartilage of the OA experimental dog model (Fernandes et al,

1995). However, using tenidap (100 pglml) on RA synoviocytes repressed the level of

MMP-I but not TIMP-1 gene expression at higher concentration (10 fold higher than the

concentration usecl fbr O¡\ cells). Interestingly, in RA synoviocytes, using tenidap (1-10

Fg/ml) incleased the level of MMP expression. Since PGEz down-regulates the

expression of IL-lB inducecl collagenase expression (DiBattista et al, L994), it may be

possible that, this ¿ìction of tenidap is mediated by suppressing endogenous PGE2

synthesis, as this cÌrr,rg is a potent inhibitor of cyclooxygenase. However, PGE2 also

down-regulates the IL-1p induced TIMP-1 mRNA expression (DiBattista et al, 1995),

thus it is unlikei¡, that this would be the sole explanation.

In this stucly, methotrexate did not alter collagenase or TIMP-I mRNA levels in IL-l

stimulated RA synoviocytes. In another study on synovial biopsies by quantitative in situ

hybridization using compLlter-assisted image analysis (Firestein et al, 1994), oral

methotrexate therÍìpy clecreased collagenase, but not TIMP-1 or stromelysin gene

expressiorr in the synovinnr. However in the same study, methotrexate had no effect on

collagenase uncl 'ftMP-1 nrRNA expression in control or IL-1 treated synovial

fibroblasts. These clurir indicute that methotrexate does not directly decrease collagenase

or TIMP- I gene expression whereas probably it has an indirect effect due to an alteration

in the synovial cytokine milieu. Several animal models as well as in vitro observations

have inclicatecl the direct interference of methotrexate with the activity of pro-inflammatory

cytokines such as II--l (Segal et al, 1989; 1990). Furthermore, other biological effects of
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methottexíìte, inclucling the inhibition of synovial fibroblast proliferation and the

chemotactic activity of neutrophils, nray be indirect consequences of the suppression of

IL-1 activity by nrethotrexate (Meyer et al, 1993).

Inhibiting synovial inflammation and tissue degradation by blocking the synthesis of

MMPs, may have therapeutic value in several forms of arthritis. However the mechanism

by which these tlierapeLttic agents might regulate synoviocyte function to express the

genes for MMPs rncl TIMP-1 is still not completely understood.

In addition to rhe regulatory effects of these widely used anti-rheumatic agents, the

synthesis of tlle metalloproteinases and their inhibitors can also be regulated by

I polypeptide growth factors and cytokines. Therefore our next study is aimed to

determine whether TGF-ß is capable of modulating the secretion of MMPs and TIMP-1,

as this coulcl have potential therapeuúc implications for RA and furthermore suggest new

avenLìes of therapeutic application.



Chapter 5

Transforming growth factor-B (TGF-p) modulates the

pro-inflammatory effects of IL-lp and TNF-o in human synovial

fibroblasts

5.1. Abstract

In connective tissue, extracellular matrix degradation by IL-1 and TNF-a is mediated

by a variety of mediators of inflammation and tissue destruction such as, prostaglandins

(PGs) and MMPs (Mauviel et al, 1994). In cultured synoviocytes, IL-18 and TNF-cr

have been shown to stimulate the synthesis of collagenase and prostaglandin E2

(PGE2), whereas TGF-p is known to repress the synthesis of metalloproteinases and

increase TIMP-I production. In this study, TGF-p alone slightly suppressed

collagenase mRNA expression and significantly increased TIMP-I mRNA expression

by rheumatoid synovial fibroblasts. Incubation of the cells with the combination of

TGF-P plus pro-inflammatory cytokines, suppressed the Il-l-mediated increased level

of collagenase mRNA expression although synergistically up-regulated the level of

TIMP-I mRNA expression. Similarly, TGF-P inhibited the stimulatory etïects of IL-1p

and TNF-o on PGE2 production.

Our observations suggest that TGF-p is capable of protecting the extracellular matrix of

human synovial hbroblasts by modulating the expression of collagenase and TIMP-1

genes as well as the production of inflammatory mediator, PGE2.
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5.2. Introduction

The MMP/TIMP ratio has an important role in modulating connective tissue turnover.

This enzyme:inhibitor system has been the subject of recent reviews (Lennars and

Strittmatær 1991; Matrisian L992: Emonard and Grimaud 1990).

The expression of MMP-1 and TIMP-1 is regulated by a number of cytokines and

hormones, acting on the cells via surface receptors (Dayer and Burger L994). IL-1 and

TNF-a activate chondrocytes and synoviocytes to produce metalloproteinases such as

stromelysin and collagenase (Duff, 1994; Bodden et al, 1994). Specific immunoassays

for IL-1 have shown, raised levels in synovial fluid from RA joints (Rooney et al, 1990)

and in the serum of patients with active RA (Eastgate et al, 1991). Similarty TNF-a has

many biological activities in common with IL-1. TNF-a has profound effects on cells

in inflamed area, especially the stimulation of collagenase and PGE2 by synovial cells

(Dayer and Burger 1994). In addition, a connection between the induction of IL-1

mRNA with the increased level of collagenase and PGEz stimulating activity was

observed in rheumatoid synovial cells (Dayer et al, 1984). Several studies using target

cells such as dermal fibroblasts, articular chondrocytes, and almost all mesenchymal

cells have shown that IL-1 has similar stimulatory effects on the production of

collagenase and prostaglandins (for a review see Dayer and Burger 1994)-

In contrast, the fibrogenic growth factors, e.g. transforming gro!üth factor p (TGF-p) act

to increase the synthesis of matrix components such as collagen, proteoglycan, and

fibronectin and to prevent their breakdown. Thus TGF-p is thought to play a key role

in fibrosis and wound healing (Wahl 1992). TGF-p, is a 26 KDa homodimeric growth

factor which is present at high concentration within platelets (Assoian et al, 1983) and

is secreted at the site of tissue repair by intlammatory cells (Assoian et al, 1987)

including, activated lymphocytes, macrophages, neutrophils and synovial fibroblasts

(V/ahl et al, 1990; Brennan et al, 1990; Arend and Dayer 1990). In a srudy using

human synoviocytes it has been shown that, in RA, TGF-p mRNA and peptide
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synthesis is substantial (Wahl et al, 1990). TGF-P contributes to matrix regeneration in

the joint by inducing the production of collagenase inhibitors and suppression of

proteolytic enzymes (Overall et al, 1989) as well as blocking the induction of

interstitial collagenase by other cytokines (Matrisian et al, 1992). It also induces

transcription of several cytokines including itself (Whal et al, 1987). Being both a

potent stimulator of TIMP-1 and procollagen in vitro, implies that this growth factor

has a potent ability to accumulate the matrix proteins in tissues (Whal, 1992)

Prostaglandins (PGs) are synthesized in response to cell injury, and their appearance in

tissues is a sign of cell damage. PGs play an important role in the pathogenesis of the

inflammation such as inflammatory joint diseases. The PGs are 20 carbon fatty acid

derivatives characterized by a five membered ring and they are generated by the

oxidation of polyunsaturated fatty acids, in particular arachidonic acid. The arachidonic

acid is released from cell membranes. Following this initial release, arachidonic acid is

oxygenated by cyclooxygenase (the first enzyme in the prostaglandin cascade) to

produce two unstable endoperoxide intermediates, PGG2 and PGH2. PGHZ is further

isomerized to form two main products, PGE2 and PGF2s. It appears that de novo

synthesis of PGs must precede their release and biological action since there is little

evidence to suggest that PGs are stored intracellularly (Kunze and Vogt I91l). PGs are

generally labile in most tissues, and PGE2 is rapidly (<30 seconds) hydrolysed to

inactive metabolites in the circulation (Samuelsson et al 1978).

Several lines of evidence suggest that the PGs, primarily PGEI and PGE2 may acr as

mediators of int-lammation (Vane 1976). Firstly , PGs cause inflammation when

injected subcutaneously, they are vasodilators and they potentiate the tbrmation of

edema induced by other agents, for example they also sensitize tissue to pain

stimulation. Secondly PGE1 and PGE2 have been found in inflammatory exudates (

Higgs and Salmon 1979) and thirdly, their biosynthesis is strongly inhibited by anti-

inflammatory drugs. Thus, PGs are important inflammatory mediators in arthritis and

their synthesis is stimulated in synoviocytes by cytokines (Chin and Lin 1988; Gilman

1987; Meyer et al 1990; Dayer et al 1986; Kumkumian et al 1989). In particular, PGE2
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is an important stimulus for the production of intracellular proteases leading to tissue

destruction and bone resorption (Rodemann and Goldberg, 1982). Indomethacin, is a

non-steroid anti-inflammatory drug, which inhibits prostaglandin synthesis by

inhibiting cyclo-oxygenase (Roth et al 1975; Roth and Majerus L975; Rome and Lands

L97s).

In RA, synovium is infiltrated by mononuclear cells and is hyperplastic. These

mononuclear cells secrete inflammatory mediators, including IL-1 and TNF- TGF-p is

also present in synovium (Wahl et al, 1985) and is the most well studied inhibitor of the

degradative factors in synovial cells. Thus, the net efficiency of TGF-B to rescue the

synovium from the catabolic effects of the inflammatory cytokines depends on the

relative response of cells to cytokines and growth factors in terms of production of

proteolytic enzymes and their inhibitors. It was therefore important to analyse, the

levels of the collagenase, TIMP-1 genes and production of the PGE2, to determine the

relative responses of human synovial tibroblast to IL-18, TNF-a as well as the

efficiency of TGF-p to reverse this response. In this report, we have examined the

effects of TGF-p on cytokine stimulated rheumatoid synovial fibroblasts. We have

examined whether, this growth factor modulates the expression of MMP-I and TIMP-1

as well as the production of PGE2.
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5.3. Materials and Methods

5.3.1. Reagents

Human recombinant TGF-BI, was purchased from the Sigma Chemical Company, St.

Louis, Mo 63178 USA. Rabbit anti-PGE2polyclonal antibody was purchased from

Sigma (St. Louis, Mo, USA). Radiolabelled [5,6,8,I1,12,t4,15 (n)-3H]-pCBz6.2-6.3

TBq/mmol) was purchased from Amersham International (Amersham UK). PGE2

standard was purchased from Caymen Chemicals ( Ann Arbor, Michigan, USA).

Dextran T70 was from Pharmacia Fine Chemicals (Uppsala, Sweden). AII other

chemicals used in the PGE2 assay were of analytical grade and purchased from either

Sigma or Ajax Chemicals (Sydney, Australia).

5.3.2. Fibroblast cultures

Cultured synovial fibroblasts were prepared according to the method of Tessier et al

(Tessier et al, 1993), as explained in Chapter 3. In general, before experimentation,

confluent cells were exposed to serum free media, containin g 0-2Vo BSA, f.or 24 hours

prior to each experiment. BSA in culture media prevents protein deprivation, since

FCS contains a variety of growth factors and cytokines that may induce collagenase

and TIMP-1 synthesis by fibroblasts. Following overnight starvation, cells were

stimulated for 24 hours by cytokines. In experiments with TGF-B and cytokines, cells

were pre-treated with TGF-þfor 24 hours, followed by another 24 hours incubation in

the presence of the pro-inflammatory cytokine, IL-1.

5.3.3. Northern blot analysis

Northern blot analysis was performed in order to determine the specifìcity of each

probe to its complementary mRNA. This analysis is explained in the methods section

of Chapter 3.
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5.3.4. Slot-blot analysis

Slot blot analysis was performed according to the method explained in Chapter 3.

5.3.5. RNA, Protein, and data analysis

The results expressed as the RI of MMP-I or TIMP-1 mRNA normalised to the level of

GAPDH mRNA. Percent control of the RI was calculated as the ratio of the RI of

collagenase or TIMP-1 band to the RI of the GAPDH band. Values were expressed as

mean + SEM with "n" refers to the number of cell lines (i.e., patients) analysed. 'Where

SEM is not shown, the size of the error bar is the same size or smaller than symbols.

Student's t-test was used to test tbr signiticant differences between means.

5.3.6. PGE2 assay

Standard curves were established tbr each assay between PGE2 concentrations of 10

pg-10 ng. Standard PGE2 was diluted in I mM Na2CO3, pH 10. RA human

synoviocytes were seeded in 24 well plates ú2 x 104 cells/well. Cells were cultured in

serum containing medium nL37oC for 4 days to become contluent. After the incubation

time, supematant was removed and the cells were gently rinsed with PBS. 300 pl of the

serum free medium was added to each well. For control, cells were incubated,

untreated in serum t'ree media, for 24 hours. For cytokine treatment, cells were treated

for 24 hours with each cytokine IL-lP (10 pM) or TNF-a (10 ng/ml). For indomethacin

treatment, indomethacin (15 ¡tM) was added to the cells at least 5 minutes before the

cytokine. For TGF-B treatment, cells were pretreated with TGF-p (10 ng/ml) for 24

hours, followed by another 24 hours treatment with IL-1p or TNF-a. After the

incubation time, the supernatant was removed and used in a PGE2 assay.

Prostaglandins present in synoviocyte supematants were assayed using a modification

of the radioimmunoassay (RIA) described by Jane and Behrman (1974). Aliquots (100

pl) of sample were added to the RIA assay but-fer which con.sisted of 0.1Vo gelatin,

0.97o NaCl, 0.01 M Tris base a¡rd 0.057o NaN3, pH 7.3. To this mixture 100 ¡rl of 3H-



t43

PGE2 suspended in lmM Na2CO3 was added (stock solution contained 20pt 3H-PGE2

(7.07 TBqlmmol) in 10 ml of I mM NazCO¡). Anti-PGE2 antibody (100 pl) was added

to the reaction mixture (stock solution contained I vial anti-PGE2 reconstituted with 10

ml RIA buffer). This mixture was then incubated at 37"C for 2 hours. After

incubation, samples were cooled to 4"C for I hour. To separate bound from unbound

PGE2, 500 pl of a solution containing lVo activated charcoal, l%o Dextran T70, 0.05Vo

NaN3 was added to each sample and mixed. Samples were then centrifuged at 4'C in a

pre-cooled centrifuge for 20 minutes at 2,000 g. Aliquots (500 pl) of supernatant were

carefully removed and radioactivity was determined with a Beckman LS-6000 LL

scintilation counter. Standard PGEz was assayed under the same conditions. Standard

curves were plotted on a logarithmic scale and quantities of PGEz in samples were

determined from the standard curve.
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5.4. Results

5.4.1. Regulation of collagenase and TIMP-I mRNA levels by TGF-p

We examined the effects of the anti-intlammatory cytokine TGF-P on the expression of

MMP-I and TIMP-I mRNA. Cultured human synoviocytes were treated with TGF-p

(0.1-10 ng/ml) in a serum free medium at 37oC for24 hours. After the incubation

time, the cells were washed and total mRNA was extracted as described in methods.

The levels of mRNA for collagenase and TIMP-I were assayed using slot-blotting

analysis. According to the results in Figure 5.1, TGF-P alone enhanced the expression

of TIMP-I nRNA while suppressed the level of collagenase mRNA- l00%o control

was the level of mRNA expression tbr untreated cells. The 7o control collagenase

mRNA expression was decreased by 45Vo when the cells were treated with 10 ng/ml

TGF-P. Whereas the Vo control TIMP-1 mRNA expression was increased up to 50Vo

with 10 ng/mlTGF-p.

5.4.2. Collagenase and TIMP-I mRNA levels are time and dose dependently

increased by IL-lp or TNF-a

IL-1P or TNF-cr stimulation of cultured human RA synoviocytes resulted in up-

regulation of collagenase and TIMP-1 mRNA. Figure 5.2 shows that, cytokine

stimulation of collagenase mRNA was time dependent. RA synoviocytes were treated

with either IL-IP (10 pM) or TNF-a (10 ng/ml) in a serum tree media ú37"C for the

indicated time points. The level of the collagenase mRNA expression reached a

maximum atier the cells were treated tor 24 hours with either IL-lP or TNF-cr.
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Figure 5.L.

Differential expression of collagenase and TIMP-l mRNA in (RA) synovium upon

stimulation with TGF-p.

Cultured human synovial fibroblasts were exposed to TGF-p in serum free medium

tor 24 hours. Results of slot blot analysis of in vitro collagenase and TIMP-1

mRNA levels are shown; values are the mean and SEM levels of collagenase and

TIMP-I mRNA. Each experiment was performed in triplicate. (n = 3). Significant

differences are indicated (*, p < 0.05).
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Figure 5.2.

Time course of IL-1p and TNF-cr stimulation in RA synoviocytes, induced by IL-lp

or TNF-a.

Confluent, human synoviocytes were cultured with IL-1p (10 pM) or TNF-o (10

ng/ml) for the lengths of time indicated. At each time point, cells were washed and

the mRNA was extracted as described in methods. The Ievel of mRNA for

collagenase was assayed, using the slot-blot protocol. Vertical axis, Vo control of

the relative intensity for collagenase mRNA expression. Each experiment was

performed in triplicate. (n = 3). Significant differences are indicated (*, p < 0.05).
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The pro inflammatory-cytokine stimulation of collagenase and TIMP-1 genes occurred

in a dose dependent manner by IL-1p or TNF-cr. As shown in Figure 5.3 A, IL-lP (0.2-

100 pM), TNF-a (0.2-100 ng/ml) and PMA (0.2-100 nM) stimulated the expression of

collagenase mRNA, in cultured human synoviocytes, for 24 hours. I00Vo control is the

level of the mRNA expression when the cells were not treated with any stimulant.

Using IL-1Ê (100 pM) increased the level of collagenase gene expression up to 10 fold.

'When the cells were treated with TNF-a (0.2-10 ng/ml¡, the Vo control collagenase gene

expression increased in a dose dependent manner reaching to a maximum of l200Vo at

10 ng/ml, whereas using higher concentration of this cytokine (i.e., 100 ng/ml) reduced

this level down to 8007o. PMA did not induce any change in the level of collagenase

mRNA expression.

Figure 5.3 B shows the level of TIMP-1 mRNA expression under the same conditions.

There was a dose dependent increase in the level of TIMP-I mRNA expression when

the cells were treated with IL-18 or TNF-a at the indicated concentrations. PMA (0.2-

10 nM) did not induce any signitìcant change in TIMP-1 mRNA expression, whereas

using higher concentrations (i.e., 100 nM) slightly enhanced the level of TIMP-1

mRNA expression.

5.4.3. Modulation of collagenase and TIMP-I mRNA by IL-lp and TNF-c in the

presence of TGF-B

Next we investigated the etfects of TGF-p on cytokine stimulated RA synoviocytes

RA synoviocytes were pre-treated with TGF-P (0.1-10 ng/ml) at 37oC for 24 hours in

serum-free media, followed by 24 hours stimulation with IL-1B (10 pM) or TNF-o (10

ng/ml). As shown in Figule 5.4 A, IL-lP or TNF-a-stimulated up-regulation of

collagenase gene expression, was signitìcantly reduced in the presence of TGF-8.

Results were expressed as, 7o contlol of the collagenase mRNA expression. 100%

control was determined as the maximum level of the collagenase gene expression,
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Figure 5.3.

Dose-response experiment, examining the eft-ects of IL-1p, TNF-u, and PMA on

collagenase and IMP-1 mRNA exprcssion.

The Vo control of collagenase mRNA expression in RA synoviocytes treated with

IL-IP, TNF-a, or PMA is determined using the slot-blot protocols (Figure 5.3 A).

Human synoviocytes were cultured with various concentrations of stimulants, i.e.

IL-IP (0.2-100 pM), TNF-c¿ (0.2-100 ng/ml) , or PMA (0.2-100 nM), for 24 hours.

After each incubation, the level of the collagenase mRNA expression was assayed

by the slot-blotting technique. L00Vo control is indicated for the cells which have

not been treated with any cytokine. Figure 5.3 B shows the 7o control of TIMP-1

mRNA expression in RA synoviocytes treated with various concentrations of

stimulants, i.e. IL-lp (0.2-100 pM), TNF-o (0.2-100 ng/ml) , or PMA (0.2-100 nM),

for 24 hours. Each experiment was performed in triplicate. (n = 3). Significant

differences are indicated (*, p < 0.05).



V
o 

co
nt

ro
l

T
IM

P
-I

 m
R

N
A

 e
xp

re
ss

io
n

V
o 

co
nt

ro
l

co
lla

ge
na

se
 m

R
N

A
 e

xp
re

ss
io

n

r¡
ä

N
)

o o (l ID -t l)

T
J

IJ
a) o a rl

oi
l¡+

E
J ? 

a 
å

5 5

t,.
)l

t

-{
* '{x

--
l 

x
l--

i\F
l.

rb
+

ù-
r 

h

F
iì{

 
F

f

F
Ô

-i 
*

*

t-
-

I

-{
*



t49

Figure 5.4.

Modulation of collagenase and TIMP-I mRNA expression by IL-lp and TNF-a in

the presence of TGF-p.

Figure 5.4 t shows The 7o control of collagenase mRNA expression, when RA

synoviocytes were treated with IL-1p, or TNF-a in combination with TGF-p.

Human synoviocytes were treated with TGF-P (0.1-10 ng/ml) for 24 hours in serum

free media, followed by stimulation with IL-lP (10 pM), or TNF-cr (10 ng/ml), for

another 24 hours in the same media. After the incubation time (48 hours), the level

of the collagenase mRNA expression was assayed by the slot-blotting technique.

Figure 5.4 B shows fhe 7o control of TIMP-1 mRNA expression, when RA

synoviocytes were treated with IL-lp, or TNF-cr, in combination with TGF-p.

Human synoviocytes were treated with TGF-P (0.1-10 ng/ml) for 24 hours in serum

free media, followed by stimulation with IL-1p (10 pM), or TNF-cr, (10 ng/ml), for

another 24 hours in the same media. After the incubation time (48 hours), the level

of the TIMP-1 mRNA expression was assayed by the slot-blotting technique. Each

experiment was performed in ttiplicate. (n = 3). Significant differences are

indicated (*, p < 0.05). \
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when the cells were treated with IL-lB orTNF-a. Note that the level of collagenase

mRNA expression was very low in untreated cells. In cytokine stimulated cultured

synoviocytes, TGF-p (0.1-10 ng/ml) decreased the level of collagenase gene expression

in a dose dependent manner.

According to Figure 5.4 B, when the cells were exposed to IL-IF or TNF-a in

combination with TGF-P, TIMP-1 expression was increased significantly. I00Vo

control, was the level of TIMP-1 gene expression, when the cells were treated with IL-

1P (10 pM) or TNF-o (10 ng/ml) alone. Treatment of the cells with either cytokine in

combination with TGF-B induced a higher level of TIMP-I gene expression compared

to sum of the data achieved with either cytokine or TGF-p alone. Therefore, here we

have demonstrated that TGF-p in combination with IL-lF or TNF-a, interact in a

synergistic manner to increase TIMP-I gene expression. Fufihermore according to

these data TGF-P significantly reduced the increased level of collagenase mRNA

expression with IL-1p or TNF-o.

The paradoxical effects of TGF-p to up-regulate the TIMP-l gene expression and

down-regulate collagenase gene expression in the IL-1B induced cultured cells is

illustrated in Table 1.
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Table 1. Relative expression of human collagenase and TIMP-I mRNA, normalized

to GAPDH, in human synovial fibroblasts treated with recombinant human IL-lp in the

presence or absence of TGF-p. (n = 3)

mRNA normalized to GAPDH

No treatment IL-lp TGF-p IL-l + TGF-p 7o Inhibition
collagenase gene

Collagenase

100

100

100

319

390

2r95

r62

t4r
1 145

276

316

tzr6

r3.5

20

44.5

No treatment L-1p TGF-p IL-l + TGF-Þ 7o Enhancement
TIMP-l gene

TIMP-1

100

100

100

100

94.93

136

93

233

111

127

126

312

159

223

168

462

43

75.5

33.5

48



t52

5.4.4. Comparison of cellular mRNA for collagenase and TIMP-I using slot-blot

protocols

Figure 5.5 shows the autoradiograms of mRNA extracted from cultured human

synoviocytes exposed to IL-1P and TGF-p separately or in combination. IL-1P

stimulates both collagenase and TIMP-I mRNA expression. TGF-P exerts a reciprocal

effect, where TIMP-1 mRNA levels are increased and collagenase levels are reduced.

The combination of TGF-p and IL-1p resulted in suppression of collagenase expression

and induction of TIMP-I expression. Expression of the GAPDH was unaffected by

exposure to these cytokines.
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Figure 5.5.

Comparison of cellular mRNA obtained tìom cultured human synovial fibroblasts

in serum free media in treatment conditions using the slot blot protocols.

Panel A, Standard mRNA extraction dissolved in 20 x SSC (cells with no treatment)

B, Cells exposed to IL-18 (10 pM) C, Cells exposed to TGF-p (10 ng/ml) and D,IL-

lp (10 pM)+TGF-p (10 ng/ml).

The mRNA samples were applied to a nylon membrane and probed with 32P-

labelled complementary DNA (cDNA) for a. MMP-I, b. TIMP-I and c. GAPDH

and exposed for 2 days-
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5.4.5. TGF-P modulates the stimulation of PGEz production by IL-1p or TNF-cr

IL-1 and TNF-cr are potent stimulators of PGE2 expression in rheumatoid synovial

fibroblasts (Unemori et ú,1994). Synovial fibroblasts were treated with IL-1p or TNF-

a alone or in combination with TGF-p (10 ng/ml). Cells were also treated with either

cytokines in combination with indomethacin (15 mM) for 24 hours. Conditioned

media from the treated and untrcated cells, were collected and assayed for the release of

PGEz by synoviocytes, as described in methods. TNF-a (10 ng/ml) or IL-18 (10 pM)

alone caused large increase in PGEz secretion. Indomethacin (15 mM), significantly

reduced the stimulation of PGE2 production by these proinflammatory cytokines.

TGF-p (10 ng/ml) alone caused no signiticant change in PGE2 secretion, whereas,

pretreatment of these cells with 10 ng/ml TGF-F for 24 hours, followed by exposure to

IL-1P (10 pM) or TNF-a (10 ng/ml) for a further 24 hours, significantly decreased the

cytokine induced production of PGE2. (Figure 5.6)

Since TGF-B reduced the enhanced level of PGE2 by IL-1p or TNF-c,, these results

indicate the possible involvement of TGF-P in modulating the synthesis of PGEz in

stimulated human synoviocytes.
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Figure 5.6.

Production of PGE2 in response to cytdkines alone and in combination with TGF-p.

Confluent, human synoviocytes in serum tiee medium were exposed to IL-lÊ (10

pM), TNF-a (10 ng/ml) alone or in combination with TGF-p (10 ng/ml) or

indomethacin (15 ¡rM). Following these incubations, cell supernatants were

collected and assayed for the PGBzproduction. Vertical axis is the concentration of

PGE2 (ng). Values represent the mean + SEM of three separate experiments (in

quadruplicate). Significant ditlèr'ences are indicated (*, p < 0.05).
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5.5. Discussion

Extracellular matrix dynamics are regulated by the balance between the deposition of

structural components such as collagen, and their degradation by extracellular secreted

proteases e.g. collagenase and stromelysin. The activity of these metalloproteinases is

regulated partly by the activity of their specitic inhibitor TIMP. Therefore the control

of metalloproteinase and TIMP expression is an important regulatory mechanism in

extracellular matrix tumover (Edwards et al, 1987).

Our results demonstrate another important mechanism in extracellular matrix turnover;

selective modulation of the transcriptional induction of MMP-1 and TIMP-1 by TGF-p

alone and in cornbination with pro-intlammatory cytokines including IL-1P and TNF-cl.

TGF-P is capable of leducing the collagenase mRNA level whereas stimulating the

expression of TIMP-I mRNA by human synovial fibroblasts in serum free media.

Furthermore, TGF-p synergistically induces the TIMP-1 mRNA expression when the

cells are simultaneously exposed to IL-1p or TNF-o. There is also evidence that TGF-p

is able to reduce the collagenase mRNA secretion in conjunction with IL-1p or TNF-o.

These opposing et'fects of TGF-p on the expression of the enzyme and inhibitor,

effectively leads to inhibition of extracellular matrix breakdown.

In a study by Wright, using a diftise tibril assay, TGF-P and IL-lp in combination,

significantly increased the TIMP secretion in cultured media of the human

synoviocytes (Wright et al, 1991). However our results make it clear that TGF-B

regulates the expression of MMP-1 and TIMP-1 gene at transcriptional level and

possibly the et-fects of this growth factor rrc not post-transcriptional. Another study on

the human articular chondrocytes, have shown the ability of TGF-B to modulate the

catabolic effects of IL-1B (Lurn ec al, 1996). Our results in this study showing an

inhibition of collagenase and induction of TIMP-l production in response to TGF-p are

in agreement with their findings. Other mediators of inflammation, PGs, can cause

joint pain and swelling as seen in RA (Mehindate et al, 1995). Elevation of PGE2 is
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found in synovial effusions of patients with int'lammatory joint disease (Sepalla et al,

1985). PGE2 expression is stimulated by pro-intìammatory cytokines such as IL-1 and

TNF, and is believed to be an important stimulus for production of intracellular

proteases (Rodemann and Goldberg 1982). In this study, we show that, the enhanced

secretion of PGE2 by IL-lp or TNF-a, stimulated synovial cells, is significantly

inhibited by TGF-8. There is a similarity in the effects of IL-lp and TNF-a in

combination with TGF-Ê, on PGE2 production and collagenase synthesis. In both

cases, TGF-P is capable of inhibiting the stimulatory effects of IL-lp and TNF-a. This

suggest that a particular step(s) in the biochemical pathway of synthesis is possibly

induced by TGF-p. On the other hand, these beneticial effects of TGF-B might occur in

two separate pathways in parallel. Our results indicate that the human synovial

fibroblast response to cytokines and growth factors is complex and is dependent on

local cytokine concentrations, as well as their antagonising interactions. Although local

cytokine concentrations in synovium and their levels during the disease process are not

known, measurements of these substances in rheumatoid synovial fluid indicates that

there is marked variation between samples (Duff et al, 1988; Wahl et al, 1990). Further

studies are needed to clarity the role of these cytokines in human synovial fibroblasts.

In conclusion, TGF-p is known to promote wound healing and matrix synthesis, thus it

would prevent matrix breakdown and initiate repair of connective tissues. The net

balance between the levels of activated enzyme and the amount of TIMP-1 results in

the overall enzyme activity in the extracellular milieu. If TGF-P both inhibits MMP-1

whilst stimulating TIMP-1 secretion by synoviocytes, then it has a powerful means of

shifting the MMP/TIMP-1 ratio away tiom matrix degradation. Our results confirm

and extend observations of above studies. These ef'fects of TGF-B are seen at the

mRNA levels, suggesting the involvement of pretranslational mechanisms in these

eft'ects. The capacity ol TGF-p to antagonise the immunoregulatory etïects of several

pro inflammatory cytokines sLrggest that this growth factor may be valuable, in

developing new therapeutic agents, tbr the treatment of int-lammatoly diseases. Further
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studies are clearly needed to i-esolve the possible use of this gl'owth factor in the

therapy of joint disease such as RA and OA.



Chapter 6

Inhibition of IL-8 mRNA synthesis and secretion in rheumatoid

synoviocytes as a mechanism of action for glucocorticoids

6.1. Abstract

Rheumatoid inflammation is characterized by the presence of neutrophils in the

synovial fluid and synovium. Interleukin-8 (IL-8) is a novel neutrophil chemotactic

factor released from cells at the site of infection or tissue injury in response to

inflammatory stimuli. We investigated whether glucocorticoids, suppress the

production of this cytokine by cultured RA synoviocytes stimulated with IL-18 or TNF-

o The level of IL-8 production in cultule supernatants of RA synoviocytes, was

measured by specific enzyme-linked immunosorbent assay (ELISA). The gene

expression of IL-8 was determined using slot-blot analysis. Dexamethasone exerted a

potent suppressive effect on the production of IL-8 from cultured synoviocytes IC56 =l

nM. This suppressive effect was also observed at the level of mRNA IC56 = 0.5-1 nM.

These results suggest that, suppression of IL-8 synthesis and secretion might be another

mechanism for the usefïlness of glucocorticoids by which glucocorticoids suppress

synovial inflammation in the treatment of RA .
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6.2. Introduction

An early event in the inflammatory process is migration of neutrophils into the synovial

joint of patients with RA. Neutrophils are inflamm¿rtory cells which contain a wide

range of proteinases such as MMPs. Upon stimulation, these tissue degrading enzymes

are released from neutrophils along with oxygen metabolites. In this way activated

neutrophils contribute to tissue damage at sites of intlammation. Therefore, one

mechanism for controlling inf'lammatory reactions is to regulate the migration and

activation of neutrophils (Welbourn et al, 1991).

In RA a number of mediators secreted by endothelial and /or mononuclear cells such as

platelet-activating factor, leukotliene B4 (Ford et al. 1980, Lee et al, 1985), IL-1, and

TNF-a (Le J and Vilcek J 1987, Shalaby et al, 1985) may influence the migration of

neutrophils into the synovial membrane. Interleukin-8 (IL-8), has been described as a

novel leukocyte-derived chemotactic cytokine (Matsushima et al, 1989). IL-8 is a

member of the family of chemokines, which are factors responsible for signalling

during both acute and chronic intlammation (Oppenhiem et al, 1991). There is

considerable evidence that IL-S is elevated at sites of inf'lammation and can induce

inflammatory states. For example, in RA, the presence of IL-8 is increased in joint

fluid and cells of the pannus (Houssiau et al, 1988). There is also evidence that, intra-

articular injection of IL-8 into the knee joint space, induces a rapid infiltration of a

large number of neutrophils into the joint space and synovial tissues (Endo et al, 1991).

Furthermore, intradermal injection of IL-8 also results in massive neutrophil infiltration

(Colditz et al, 1989). IL-8 is known to exeft these eft-ects through its specific receptors

which are located on the plasma membrane of neutrophils. Therefore migration of

neutrophils is directed in response to very low concentrations of IL-8 (Oppenhiem et al,

1991). The matule tbrm of IL-8 consists of 72-amino acids with the molecular mass of

8 kDa. Upon exposure to IL-1 or TNF, endothelial cells (Schroeder et al, 1989), human

tlbroblasts (Strieter et al, 1989), and human synovial cells (Watson et al, 1988), express

IL-8. Since, valious cell types can only express the IL-8 gene and IL-8 protein in the
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presence of stimulants, but not constitutively, it appears that IL-8 gene expression is

tightly controlled consistent with its púmaly role in regulating neutrophil migration

(Mokaida et al 1992). Therefore, repression of IL-8 gene activation may be a novel

way to suppress intfammation by reducing the leukocyte infiltration. Preliminary

evidence for this is suggested in a study by Seitz, where some evidence for modulation

of IL-8 expression by NSAIDs, glucocotticoids, and IFN-gamma is provided (Seitz et

al, 1991).

Synovial cells are capable of producing IL-8 in response to inflammatory cytokines,

although the amount of secreted IL-8 varies tiom cell to cell (Hirota et al, 1992). The

amounts of IL-8 detected in synovial f'luid of patients with active RA are increased

compared to that of patients with OA (Endo et al 1991). In addition, IL-1 and TNF-a

(mRNA and protein) are produced at high levels by cells isolated from the synovial

membrane of individuals with RA (Buchan et al, 1988; Hirota et al, 1992)-

Glucocorticoids are also used as anti-inflammatory agents in various types of cells

including, peripheral blood mononuclear cells, fibrosarcoma cells, and glioblastoma

cells, to suppress the IL-8 mRNA expression and protein production induced by IL-1,

TNF, or LPS. (Mokaida et al 1994).

In summary, since the influx of neutrophils is a critical step in the pathogenesis of RA,

determining the regulation of the factors recruiting these cells, is of major importance.

IL-8 is believed to be an important factor in attracting neutrophils to the site of

inflammation. As the activities of IL-8 are relevant to the pathogenesis of RA, we

conducted this study to determine the level of IL-8 gene expression and protein

secretion in cytokine stimulated human synoviocytes from patients with RA. We also

examined the inhibitory et'tects of the synthetic glucocorticoid, dexamethasone, on

cytokine induced IL-8 mRNA expression as well as protein production in rheumatoid

human synoviocytes.
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6.3. Materials and methods

6.3.1. Reagents

Recombinant human IL-8 was tiom Amgen, Amgen Centre, 1840, Deavilland Drive,

Thousand Oakes, CA 91320-1789 U.S.A. Anti-human IL-8 neutralizing antibody was

from R&D Systems, 614 Mckinley Place N.E Minneapolis, MN 55413 U.S.A.

Streptavidin, horseradish peroxidase conjugated was tiom Pierce, Rockford, Illinios

61105 U.S.A. Biotinylated tabbit anti-goat immunoglobulins was from DAKO

Corporation, Carpinteria, CA, U.S.A. Collagenase, clostridiopeptidase A (EC 3-4.24.3)

and O-phenylene diamine-HCl tablets were tiom Sigma Chemicals, St. Louis, MO.

Nunc Immuno Plate Maxisorb tlat-bottom 96-well ELISA trays were purchased from

Nunc, Denmark. Giga-prime DNA labelling kit, (a32P¡dCTP and (y32P)ATP were

from Bresatec (Thebarton, South Australia).

6.3.2. Fibroblast cultures

Synovial tissue was obtained fi'om informed patients with RA. Cultured synovial

fibroblasts were prepared according to the protocol, described in Chapter 3. Fibroblasts

from the 3th-10th passage were inoculated onto 60 x 15 mm sterile polystyrene tissue

culture dishes ac a density of 5 x 105 cells/well, and grown to semi-confluency. In

general, before experimentation, cells were exposed to serum free media containing

0.27o BSA, for 24 hours. Tlie tbllowing day, the cells were treated as described in the

Figure legends. After each incubation, cultured supernatants were collected and stored

ú -2OoC until assayed for IL-8 protein production, and the cellular RNA was obtained

from the remaining cells.
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6.3.3. kolation of messenger RNAs

Following each experiment, total cellular RNA was isolated according to the method

outlined in Chapter 3.

6.3.4. Radiolabeling of cDNA probes

The IL-8 probe used in this study was the 244-base pair PstVEcoRI cDNA fragment

representing the coding region of the IL.8 cDNA tiom nucleotides 49 to 293. The IL-8

cDNA was then radiolabelled with ls-32P)dCTP, using a random primer DNA labelling

system (Giga-prime DNA labelling kit, Bresatec). A y32p-lobelled synthetic

oligonucleotide (5'-GTTGGTTTCTTTTCCTC-3'), that binds to the 28 S ribosomal

RNA was used to monitor mRNA binding to the membrane. This oligonucleotide was

constructed tiom the known consensus sequences tbr 28 S RNA (kindly provided by

Dr. Shaun McColl, Dept. of Immunology, University of Adelaide), and radiolabelled

with 1y32p¡ATP using a 5'DNA terminus labelling system.

6.3.5. Northern analysis

Northern analysis (of RNA prepared by the standard protocol) was carried out

essentially as described in previous Chapters (Sambrook et al, 1989).

6.3.6. Slot-blot analysis and hybridization

This technique was ldopted specitìcally to prevent any denaturing of the RNA during

the loading process and reduce RNA degrudation. The membrane was then hybridized

(according to the same protocol in Chapter 3) with the denatured IL-8 probe in 25 ml

for 18-24 hours (Maniatis et al, 1982). To reprobe each membrane, the first probe was

removed by using the solution of boiled 0.57o SDS for 15 mins at room temperature.
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Each membrane was then leptobed with the oligonucleotide probe for 28 S RNA as a

control for mRNA loading, as it is constitutively expressed.

The results are expressed as the relative intensity (RI) of IL-8 mRNA normalised to the

level of 28 S mRNA. Percent control of the RI was calculated as the ratio of the RI of

the IL-8 band to the RI of the 28 S band. Values were expressed as mean + SEM with

"n" refers to the number of cell lines (i.e., patients) analysed. Where SEM is not

shown, the size of the error bar is the same size or smaller than symbols. Student's t-

test was used to test fbr significant diffelences between means.

6.3.7. IL-8 enzyme linked immunosorbent assay (ELISA)

The assay described here is a competitive ELISA, hased on the method used for

quantitìcation of Substance P (Scicchitano et al, 1995). Intra- and inter-assay variance

is 6Vo md l5Vo.

All steps were pertbrmed at room temperature unless otherwise stated. The layout for

the plates is shown in t-rgure 6. 1. Trays were kept covered to prevent evaporation.

1. Nunc Immuno Plate Maxisorb flat-bottom 96-well ELISA trays were sensitized with

100 ¡rVwell of IL-8 (15 ng/ml), fbr 4 hours.

2- Trays were washed three times with washing buffer (0.01M PBS pH = 7.4

containing 0.05Vo (v/v) Tween 20) by the tlicking technique.

3. Nonspecitic binding sites were blocked by adding 100 pVwelt ol blocking buffer

(lVo (vlv) horse serum in 0.01 M PBS pH=7.4 containing 0.05Vo (w/v) sodium azide)

fbr a minimum of 30 min.

4. Trays were washed as in step 2.

5. A total of 50 ¡rl of either standard IL-8 (wells A3, A4) or unknown samples

(cultured supernatant) (wells A5-412) wele added and then serially titrated in l:2
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dilutions down the tray in pr{mary antibody diluent (0.1 M PBS/Tween containing l%

horse serum and 0.05% sodium azide). For example, 50 pl of standard IL-8 was added

to 43, A4 with 50 ¡tl diluent, mixed then, 50 ¡rl transt'erred to wells 83, 84.

6- Quality controls (50 ttl) were added to wells EI,E2 --> Hl, H2 without further

dilution. Quality control samples for the ¿ISSay are, concentrations of IL-8 at (5 ng/ml)

and (10 ng/ml) in 0.1 M PBS/Tween containing0.T5Vo BSA (w/v) which were stored

at -70oC in 500 pl aliquots in miclotubes. Vy'e detected no loss in concentration after

storage for 6 months.

Negative control wells include:

AL, A2 are antigen-free and contain 100 pl of 0.01M PBS

81, 82 are primary antibody-tiee which contain 100 pl primary antibody diluent and

act as a control tbr non.speciirc binding of secondary antibody and subsequent steps.

CL, C2, D1, D2 are positive controls which contain primary antibody but no soluble IL-

8, to compete with bound IL-8 on plate and yield the maximum OD+ 0. This maximum

OD¿so was 1.2.

7 . A total of 50 ¡tl of a 1:2000 primary antibody, goat anti-human IL-8 was added to

the wells giving a final dilution of 1:4000.

8. The trays were coveled and left overnight at 4oC.

9. Next day, trays were washed as in step 2

10. A total of 100 ¡tl of the secondary antibody (biotinylated rabbit anti-goat) was used

at 1:40,000 fìnal dilution for I hour at 37oC.

11. Trays were washed as in step 2

12. A total of 100 pl of stleptavidin, horseradish peroxidase conjugated was used at a

final dilution of 1:2000 tbr 1 hour at3l"C.
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13. Trays were washed as in step 2

14. For detection, O-phenylene diamine-HCl tablets were used in substrate buffer (40

mM citratel2.T mM phosphate pH 5). Five 10 mg tablets and 35 ml of 30Vo H2O2was

added to 100 ml substrate bulfèr, then 100 pl was added to each well. Trays were

incubated for 30 min in the dark.

15. The reaction was then inhibited by the addition of 100 pl of 2.5 M sulfuric acid to

each well.

Optical density (OD) was read at 490 nm, blanked on air, with ret-erence at 630 nm

using an MR 7000 EIA-CALC Dynateck ELISA reader (Dynateck, USA). A curve

was constructed by plotting OD+qO vs standard concentration. The sigmoid program

used for curve tìtting was based on the Rodbalbs Four Parameter equation, according to

the method of Folkesson (Folkesson et al, 1985) as described in the operating manual

for the ELISA reader. This titted curve routinely generates an,r value of 20.99. OD

reading for samples wele compared to those of the standards for quantitation, provided

that the OD values obtained for samples fell within the linear range of the curve fit.

The sensitivity of the ELISA was 19 ng/well.
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Figure 6.1. Layour of rhe ELISA ttay
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6.4. Results

6.4.1. Specificity of IL-S probe to its complementary mRNA

We initially investigated the expression of the IL-8 mRNA in our system by cultured

human synoviocytes upon stimulation with IL-lp (10 pM) in serum free medium. We

used a complementary DNA plobe corresponding to IL-8. Figure 6.2 shows the

autoradiograph of Northern blot analysis using mRNA isolated from confluent cultured

human synoviocytes in serum free medium for 24 hours. RNA from these cells

showed a detectable level of hybriclization to the band corresponding to IL-8 32P-

labelled cDNA, indicating the specitìcity of the IL-8 cDNA probe to its complementary

mRNA.

6.4.2. Detection of antigenic IL-S by ELISA

A standard curve representing a cornpilation of 15 separate assays is shown in figure

6.3. The lower lirnit of detection ol IL-8 was about 19 ng/well. To assess selectivity,

negative and positive controls fbr: nonspecific bindings were tested in each ELISA tray.

For a negative control for nonspecitlc binding of antibodies to each tray, the OD496 in

wells which were not sensitised with IL-8 protein was about 0.02. For a negative

control lbr nonspecitìc binding of secondary antibody to IL-8 bound to tray, the OD¿9O

for the (primary antibody-fiee) wells was about 0.02. For a positive control, all

reagents were added with no soluble IL-8 to compete with the bound IL-8 on each

plate. The OD¿9g for the positive controls were about I.2, which represents the

maximum level.
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Figure 6.2.

Expression of IL-8 mRNA in cultured human synovial fibroblasts.

Autoradiograph of Northern blot analysis using mRNA isolated from human synovial

fibroblasts in serum-free medium for 24 hours. The Northern blot was hybridised,

using a32P radiolabelled IL-8 cDNA.
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Figure 6.3.

Standard curve of tl're interleukin-8 (IL-8) ELISA.

Each point represents the mean of 15 separate determinations carried out in duplicate

and vertical bars indicate strndard deviation. The lower limit of detection was 19

ng/well.
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6.4.3. Time dependent induction of IL-8 synthesis and production in response to

IL-lp and TNF-o

RA human synoviocytes were cultured with either IL-18 or TNF-a to induce IL-8

secretion and production. IL-lÞ (10 pM) or TNF-c (10 ng/ml) were applied to the cells

in a serum free media fbr the indicated times. Cells were collected at each time point

and the level of mRNA expression for IL-8 was determined using the standard

protocols for slot-blot analysis. Figure 6.4 A shows that IL-lp and TNF-o increase the

level of IL-8 mRNA expression in a tirne dependent manner. l00Vo RI of IL-8 mRNA

exprcssion is the level of IL-8 gene expression when the cells were not treated with any

cytokine. Whereas exposrÌre of the cells to either IL-1P or TNF-a rapidly and

dramatically increased IL-8 rnRNA explession. This increase was observed within 2

hours after stimulation with IL-1 or TNF and plogressively increased thereafter. The

maximal level of expression was achieved at24 hours atler stimulation. The dose of

IL-lP and TNF-a used in these experiments was sufficient tbr maximal stimulation of

IL-8 mRNA accumulation. We ohserved that, the level of IL-8 gene expression

induced by IL-1p and TNF-c was varirble tiom donor to donor although the kinetics of

induction was the same.

Figure 6.4 B shows the level of IL-8 protein production in cultuled supernatant of the

cells treated with IL-lP (10 pM) or TNF-c (10 ngiml) at each indicated time point. The

time points on the l'rorizontal axis indicate the peliod of incubation time for the

treatment of the cells with either cytokine. The results of the competitive ELISA

illustrates that the induction of IL-8 protein was increased between 2 to 24 hours in

cultured superr¡atants of the cytokine stimulated synoviocytes The level of IL-8 protein

achieved statistical signitìcance (P < 0.05) at 24 hours of cytokine treatment. The

maximal level of IL-8 secretion was achieved after 5 days tbr cells tleatecl with IL-18

and 7 days for cells treated with TNF-a.
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Figure 6.4.

Time course of IL-8 mRNA expression and production in RA synoviocytes treated with

IL-lp (10 pM) and TNF-ø (10 ng/ml).

A. RA synoviocytes in culture were treated with IL-IB, 10 pM or TNF-o, 10 ng/ml for

the times indicated. RNA was isolated and analysed by slot-blot using a single-

stranded RNA plobe tbr IL-8 mRNA.

B. IL-8 production was also detelmined in the culture supernatants of the cultured RA

synoviocytes using a cornpetitive ELISA assay. Each data point represents the mean

values + SEM for cells tiom three RA patients. Signitìcant differences are indicated (*,

p<0.05; **,p<0.005).
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6.4.4. Dose dependent induction of IL-B synthesis and production in response to

IL-lp and TNF-a

The cytokine induction of IL-8 secletion was also increased in a dose dependent

manner between IL-1P (0.2-100 pM) and TNF-cr (0.2-100 ng/ml). RA human synovial

fibroblasts were treated with IL-lp (0.2-100 pM) or TNF-o (0.2-100 ng/ml) in serum-

tiee media at 37oC, tor 24 hours. After the incubation time, total mRNA was isolated

from the rernaining cells, and the level of IL-8 mRNA expression was determined using

the standard protocols for slot-blot analysis. Figure 6.5 A shows IL-lpand TNF-cr

increased the level of IL-8 mRNA expression in a dose dependent manner. Specific IL-

8 mRNA expression was calculated as the 7o RI of IL-8 to 28S mRNA expression and

IL-8 expression in stimulated cells was expl'essed as Vo Rl to the expression in

unstimulated cells. IL-18 (1t){) pM) increased the RI of IL-8 mRNA expression to a

maximum ot I50Vo compaled to the control (lj}Vo). Using TNF-cr 1100 ng/ml) the RI

of IL-8 mRNA expres.sion reached a maximum of 600Vo compared to the control.

Culturecl supernatants of the above treÍìted cells, were assayed for the production of IL-

8 protein. The level of IL-8 plotein secretion was increased by IL-lP (0.2-100pM) and

TNF-a (0.2-100 ng/rnl) in a dose dependent manner over these ranges (Figure 6.5 B).

The maximal level of IL-8 production was achieved using IL-1P t100 pM) and TNF-a

(100 ng/ml). However the use ol IL-1P (10 pM) or TNF-a (10 ng/ml) produced

substantial amount of IL-8 protein in cultured supernatants o[ the rheumatoid

synoviocytes.
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6.4.5. Effects of dexamethasone on IL-lp induced IL-8 mRNA expression and

synthesis

'We examined the inhibitory ell-ects of a synthetic glucocorticoid, dexamethasone on the

level of IL-8 mRNA expression as well as IL-8 production in IL-1P induced human

synovial tìbroblasts. Figure 6.6 A shows the addition of dexamethasone (1-100 pM)

significantly decreased the level of IL-8 mRNA expression in IL-1Ê stimulated

synoviocytes. l00Vo control IL-8 mRNA expression indicates the level of IL-8

expression in cells stimuhted with IL-lp (10 pM) for 24 hours at 37"C.

Dexamethasone (100 ¡rM) induced a707o inhibition in IL-8 secretion.

Cultured supernatants of the above treated cells, were collected and assayed for the

production of IL-8 protein synthesis (Figure 6.6 B). L00Vo IL-8 release indicates the

maximum level of the IL-8 protein secretion in IL-1B (10 pM) treated rheumatoid

synoviocytes for 24 houls at 37oC. The maximum level of IL-8 protein production

(I00Vo IL-8 rele¿se) was between L3-127 ng/ml. Using dexamethasone in as low as

0.1¡tM induced a si-qnifìcant reduction in the level of IL-8 protein secretion in these

cells. 10pM dexamethasone decrer.sed the level of IL-8 protein secretion down to257o.

These results are likely to irrdicate that the inhibitory eff'ect of dexamethasone is

mediated by direct effect on gene expression, although IL-8 protein secretion was also

reduced with this drug.
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Figure 6.5.

Effects of various concerÌtrations of IL-1P, TNF-o and PMA on IL-8 mRNA expression

and production in RA synoviocytes.

A. Cells were grown to cont'luence and stimulated with increasing concentrations of

IL-lP (0.1-100 pM), TNF-a (0.1-100 ng/ml), and PMA (1-100 nM) for 24 hours. The

cells were harvested, RNA was prepared and IL-8 mRNA was then detected as

described under " Matedals and methods". The fìlters were then stripped and reprobed

for 28S ribosomal RNA. The data plesented arc the mean values + SEM for cells from

three RA patients.

B. The supernatants of the above cells were collected, and IL-8 protein was determined

by competitive ELISA as described under "Materials and methods".
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Figure 6.6.

The eft'ect of dexamethasone on cytokine induced up-regulation of IL-8 gene

exprcssion and ploduction in RA synoviocytes.

Contluent cells were preincubated with increasing concentrations of dexamethasone for

24 hours. The cells were then incubated with 10 pM IL-lp for another 24 hours-

A- After incubation time, the cells were harvested and analysed for IL-8 mRNA and

28S ribosomal RNA, using slot blot analysis, as described under "Materials and

methods".

B. The cultured superratants were collected, and IL-8 protein was detected by ELISA

as described in "Materials and methods". Vo confiol with respect to control (no

dexamethasone) is shown, Control values (l00%o) were 12.95 to L27 ng/ml for IL-8

protein released.
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6.5. Discussion

There is a body of evidence documenting the accumulation of neutrophils within the

synovial joint of patient.s with RA. The production of chemotactic factors within the

joint is believed to have a major role in miglation of neutrophils into the inflamed area.

IL-8 is one of tlie major ¡nediator.s of intlammation and joint destruction, and is

released by activated synoviocytes in the prolit'erating synovium. This implies an

important role for this cytokine in the pûthogenesis of RA. We investigated this by

examining the expression and secretion of IL-8 in cultured human synoviocytes from

patients with RA. Our results confinn the IL-8 expression and production in cytokine

stimulated RA synoviocytes. We have also shown that dexamethasone, regulates the

expression and production of IL-8 by these cells.

Tlie level of IL-8 expression and production was not detectable in cultured

synoviocytes incubated in the absence ol IL-18 or TNF-a. However exposure of these

cells to exogenous pro-int'larnmatory cytokines, IL-lP or TNF-a resulted in enhanced

level of IL-8 mRNA anci protein secretion. The mechanism of IL-8 gene expression by

IL-1, TNF or PMA is not completely understood. Although diff-erent factors are

believed to play a lole in IL-8 gcne regulation by various stimulants. For example, in a

TNF-cr stimulated human melanor¡a cell line, the activation of IL-8 gene transcription

was attributable to enhanced NF¡B binding (Hanant et al, 1996). Whereas in HL-60

cells, elevation of IL-8 gene expression with LPS and PMA was attributed to the

increased stability of IL-8 r¡RNA (Kowalski and Denhardt 1989). However in our

model, it is not determined whether either, enhancing binding sites tbr transcriptional

factors or increa.sing the stability olIL-8 mRNA could increase IL-8 gene expression in

cytokine stimulated hu¡nan synclviocytes.
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Furthermore, pre-treatment oI human synoviocytes with dexamethasone followed by

stimulation with cytokines, resulted in decreased level of IL-8 gene expression. The

inhibitoly efl'ect of dexamethasone was also evident in IL-8 protein secretion.

The effect of glucocorticoids on IL-8 expression and ploduction is well documented.

'We 
observed significant regulatory activity of dexamethasone on the production and

expression of IL-8 by RA synoviocytes. Glucocorticoids have recently been shown to

inhibit the induction of IL-8 by IL-1 orTNF in human tibrosarcomacells. This was

controlled mainly at the activation step of the transcription factors bound to the NF¿B-

site (Mukaida et al, 1992b). Sirnilarly, dexamethasone inhibited the IL-18 induced IL-8

secretion in human rel.inal pigrnent epithelial cells (Kurtz et al, 1997), human bone

marrotù/ stromal cells (Cliaudhary and Avioli 1996) and the LPSstimulated monocytes

(Canadra and Bucah 1997). The 5'-tlanking region of the IL-8 gene contains a

potential binding site for glucocorticoid receptoL (Oppenhiem et al, 1991) It is also

suggested that glucocorticoids modulate IL-8 expression by a combination of genomic

mechanisms (Brattsand and Linden 1996). Several mechanisms for the regulation of

IL-8 gene expression by glucocorticoids have been suggested including inactivation of

tlanscription factols (e.g, AP-1, NFIB) and /or mRNA destabilization (Brattsand and

Linden 1996). Further studies ale needed to determine the mechanism of action for

glucocorticoids in synoviocytes.

Taken together, these result.s demonstriìte tl'rat IL-l and TNF are important stimulators

of IL-8 induction tiom Ilumrn synovial fibloblasts. They confìrm and extend studies

on the e1Ïect of cytokines on IL-8 protein and mRNA regulation. In the previous

studies we deterrnined that dexamethasone wûs capable of reducing the level of MMPs

but not TIMP-1 genes. Here we demonstrated another modulatory eft'ect of this agent

to inhibit the pro-intlamrnatory process by reducing the level of IL-8 secretion and

productiorr. Results irr Chaptcr 4 showed that dexametha.sone 'ù/as a significant

inhibitor ol MMP mRNA expre.s.sion. The.se observations sugge.st that the regulation of

IL-8 gene expression lesernble the regulation of MMP genes. Furthermore, our data
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suggest that a decrease in the synthesis of IL-8 in inflamed synovium may be another

mechanism by which glucocorticoids exert their anti-inflammatory actions in diseases

such as RA. Dexamethasone is an important anti-inflammatory agent in the treatment

of arthritis, as it is able to minirnize IL-8 and MMPs secretion without affecting TIMP

exprcssion from the same population of RA synoviocytes.



Chapter 7

General discussion

The aims of the experiments described in this thesis were to determine the effects of

anti-rheumatic agents on TIMP-l oxidative inactivation and to a wider extent, on the

expression of MMPs, TIMP-1 and IL-8 mRNA in the connective tissue cells of the

joint, i.e. synovial cells. The tìndings of this study have supported and demonstrated

the role of antirheumatic agents as well as anti-intlammatory cytokines in the joint.

The first major observation was the role of the neutrophil derived oxidant, HOCI in

inactivation of TIMP-1. This suggests that neutrophils, which infiltrate inflammatory

sites, may contribute to TIMP-1 inactivation by releasing their major product of

oxidative burst, HOCI. HOCI released from neutrophils reacts rapidly with readily

available amines and is tl'rus unlikely to ditfuse away from the immediate pericellular

environment of the neutrophil. The most abundant amine in the pericellular

environment of the neutrophil is taurine, thus most HOCI is^converted to NCT (Weiss et

al, 1989). This study has shown that NCT does not inactivate hTTIMP-1. Thus,

oxidative inactivation of hITIMP-1 is likely to occur only in the pericellular

environment of the neutropllil, or in a cellular micro-environment, where HOCI is

found. The diftèrential reactivity ol these oxidants may be an effective way in which

the non specitìc et'tects of neutrophil derived oxidants may be contained in a biological

milieu. The inactivation of protease inhibitors by oxidants leading to enhanced

proteolytic activity has been suggested as a model for neutrophil mediated matrix

degradation. This study enhances this model by demonstrating that the neutrophil

mediated matrix degradation may also apply to TIMP-1 oxidative inactivation. To

determine whether neutrophils can or cannot attack extracellular tissues by oxidative

inactivation of TIMP-l irr a physiologic system, an in vitro model of an inflammatory
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site needs to be constructed. In this model neutrophils can become triggered in vicinity

of an insoluble matrix of connective tissue proteins in the presence of purified TIMP-1.

In this condition the ability of neutrophils to generate and use HOCI to oxidize the

TIMP-1 needs to be clearly detelmined. Further experimental attempts to elucidate

these events may not only provide insights into tissue damage but also lead to the

identification of irnportalrt new targets of pharmacologic agents.

This study has also shown that a spectrum of anti-rheumatic agents have the ability, at

sufficient concentrations, to prevent the oxidative inactivation of TIMP-1. For D-

penicillamine it is evident at concentrations approaching those reported in patients

taking this agent (i.e. about 100 pM). With the other agents studied however,

suppression of HOCI induced inactivation of hTTIMP-1, occurs at concentrations

significantly higher than plasmr concentrations in patients. However, this in itself does

not dismiss a potential therapeutic et'tect since selective cellular uptake of drugs may

result in intracellular concentrations higher than plasma levels. This strategy, in

common with many prcvious investigations into the effects o[ anti-rheumatic drugs, has

been to take currently used agents, albeit of inconsistent efficacy, and explore their

efl'ects in a simplified model of the biological situation. An alternative strategy is to

look purely at mechanisms and devise agents that are deriled from a knowledge of the

int-lammatory process-the most notable recent example being trials with anti-TNF

antibodies. Both strategies have their place and it is clear from the studies presented

here and elsewhere that the currently used agents still have much to tell us about the

process(es) of joint intlam mation.

The second observation was the determination of a biochemical basis tbr the effects of

a wide range of the pharmucological agents used in RA. Because the imbalance

between the MMPs and TIMP is likely to play a critical role in the pathogenesis of this

disease, these studies wel'e designed to examine the eft'ects of these therapeutic agents

on the expression ol MMPs and TIMP'l on pro-int'lammatory cytokine stimulated

human synovial fibroblasts. To constn¡ct an in vitro situation of an inflammatory
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system, human synovial cells were cultured with IL-1p. High levels of MMPs and

TIMP-I mRNA expression were observed in thcse cells. The use of gold containing

anti-rheumatic ¡¡gents showed that, GSTM but not its TM component, down-regulated

collagenase gene expression in human rheumatoid synovial fibroblasts. TIMP-1

expression was not attected by GSTM or its TM salt. The ineffectiveness of TM in this

system suggests that the relative inhibition oIMMP-l gene expression is mediated by

gold rather than its thiomalate ligand. It has been claimed that the organic ligands were

beneficial parts of the drug. However our data implies that the gold component is

necessary to inhibit colhgenase mRNA in an in vitro study. Organic ligands form a

suitable delivery system and tbllow very dit'terent metabolic pathways from that of rhe

gold. They reach the blood stream very efiìciently and quickly and once there, rhe

gold-sulphur link cleave rapidly. The thiolate parts of the drug are then almost

completely eliminated via kidneys and urine and thus would appear unlikely to play a

part in long telm et'tects of the drugs. Whether gold compounds acr by inhibiting

transcription or by promoting transcript degradation remains to be determined. Recent

studies have suggested thrt anti-rl'reumatic gold compounds may have direct inhibitory

actions on protein kinase C in several types of cells (Hashimoto et al, 1992; Froscio et

al, 1989). Because AP-1 is co¡rsidered to be one of theluclear signals for protein

kinase C (Karin i991), it is likely that GSTM suppresses collagenase gene expression

by reducing the AP-1 activity. Further studies are clearly needed to clarify whether

GSTM-sensitive protein kinase C is involved in AP-1 activation. Following these

experiments theretbre, it would be necessary to clarity the et'tects of GSTM, on AP-1

activity and to a wider extent on c-tbs and c-jun gene transcription.

Vy'e have also demonstrated that GSTM partially liberated collagenase gene expression

from glucocorticoid dependent repression. This is in agreement with the similar work

by Makino, indicating that GSTM counteract the repressive effects of glucocorticoids

on collagenase gene expressiorr using phorhol-ester-treated human skin fibroblasts.

This antiglucocorticoid action oi GSTM is attributed to the interaction becween GSTM,

or Au(I), and GR. In any case, additional studies are needed to elucidate the molecular
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nature of gold acrion in pltients with RA.

Indomethacin, as a representative NSAID, signiticantly enhanced the level of MMP-1

gene expression in RA fibroblast-like synoviocytes. Whereas TIMP-1 mRNA

expression was not charrged. It was shown that, prostaglandins inhibit IL-1Ê induced

MMP exprcssion and synthesis in human synovial fibroblasts (DiBattista et al, 1994).

Indomethacin is a potent inhibitor oI prostaglandin production. These two facts gave an

explanation to support the observation of enhancement of collagenase gene expression

by indomethacin in our system. These results also demonsrrare that CyA inhibits IL-lp

induced MMP-1, but not TIMP-1, mRNA. However, the precise mechanism by which

CyA inhibits collagena.se mRNA expression needs to be resolved. Since there have also

been reports of CyA intert'erence or competition with the binding of IL-1 (Bendtzen and

Dinarello 1984), theretbre supplession of collagenase gene expression in our system

may simply be explained by CyA inactivation of IL-1 as a resulr of the IL-1 receptor

blockage or IL-1 receptor gene suppression on the RA synoviocyres. CyA collagenase

gene repression might not be necessarily within the same DNA sequences that

participate in the induction of transcription. Further studies are required to determine

whether using the specitic mutations within the collagenase promoter that abolish

transcription activation, may or may not abolish reprëssion by CyA. Another

possibility would be, tliat collagenase mRNA half-life may be affected by CyA,

resulting to the decreased level of collagenase mRNA in our sysrem. The synthetic

glucocorticoid, dextmethasone suppressed the expression of MMP-1, and MMP-3

signitìcantly, but did not have any et'tect on TIMP-l gene expression. Glucocorticoid

hormones repress tran.scription of the collagenase gene by the interaction of

glucocorticoid receptors with the AP-l proteins, tbs and jun (Vincenti et al, 1996). The

fact that TIMP-1 gene expression was not coordinately regulated by dexamethasone in

our study wotlld suggest the presence o[ other promoter elements in each of these genes

that may explain the dift'erences between regulation of MMPs and TIMP-1 genes by

glucocorticoids. The other rerson would simply be the lack of a glucocorticoid

response element (GRE) at the AP-1 site of the TIMP-l promoter, which does nor allow
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the glucocorticoid receptor-hormone complex (GRh) to inreracr with the AP-1 and

repress ths trÍrnscription. The et'tects ol tenidap were also examined on OA and RA

synoviocytes. These results determined that tenidap eftèctively repressed the

expression of MMP-1, MMP-3, and TIMP-l genes in OA synoviocytes. This was in

agreement with the study by Pelletier and his colleagues (Pelletier et al, 1996), who

showed the suppressive eft'ect of tenidap on IL-1 induced collagenase synthesis in

synoviocytes. These allthors su-egested that this indirect et'tect of tenidap on MMP

expression occurs via a decreased level oi the IL-1 receptor. However, tenidap (100

ttg/ml) suppressed MMP-1 production by RA synoviocytes but not TIMP-l gene

expression at higher concentration (10 tbld higher than the concentration used for OA

cells). Since PGE2 down-regulates the expression of IL-18 induced collagenase

expression (DiBattista et al, 1994), it may be possible that, this action of tenidap is

mediated by the suppre.ssion of endogenous PGE2 synthesis, as this drug is a potent

inhibitor of cyclooxygenase. However, PGEz also down-regulates the IL-1p induced

TIMP-1 mRNA exprcssion (DiBattista et al, 1995), thus it is unlikely that this would be

the sole explanation.

Methotrexate did not alter collagenase or TIMP-l mRNA levels in IL-1 stimulated RA

synoviocytes, whereas probably it has an indirect et'fectîdue to an alteration in the

synovial cytokine milieu. This indicates th¿t methotrexate does not directly decrease

collagenase or TIMP-1 production. Methotrexate therapy was shown to decrease the

activity of proteolytic enzymes in articular tissue. This effect may be related to the

inhibition of IL-1 activity and the decreased migration of polymorphonuclear cells to

int-lamed joints. Although the positive eflt'ect of methotrexare on cartilage lesions in

animal models may support this mode of action, it is interesting that no clinical study

has demonstlatecl that rnethotrexate inhibits the development of joint erosions

(Bannwarth et al, 1994). Several animal models as well as in vitro observations have

indicated the direct intertèrence oI methotrexate with the activity of pro-inÍlammatory

cytokines such as IL-l (Se-tal et al, 1989; 1990). Clearly turther studies are needed ro

elucidate the mechanisrn(s) by which these agents act in RA. In addition to the
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regulatory eft'ects oI these widely used anti-rheumatic agents, the synthesis of the

metalloproteinases and their irrhibitors can also be regulated by polypeptide growth

factors and cytokines.

The third observttion was the tole of TGF-B in extracellular matrix turnover by

selective modulation of the expression and secretion of MMP-1, TIMP-l and PGE2.

TGF-P was capable of reducing the collagenase mRNA level at the same time

stimulating the expression of TIMP-1 mRNA in cultured human synovial fibroblasts.

Furthermore, TGF-p induced a significant increase in the TIMP-1 mRNA expression

when the cells were simultaneously exposed to IL-1p or TNF-a. in combination with

TGF-P. There was also evidence that TGF-p was able to reduce the collagenase mRNA

secretion in conjunctiorr with IL-lP or TNF-a. These opposing effects of TGF-B on the

expression of the enzyme and inhibitor, eft'ectively leads to inhibition of extracellular

matrix breakdown. Furthennore, TGF-B significantly inhibited the enhanced secretion

of PGE2 by cytokine stimulated synovial cells. These results showed a similarity in the

effects of TGF-p in combination with IL-1p and TNF-a, on PGE2 production and

collagenase synthesis. In both cases, TGF-P was capable of inhibiting the stimulatory

effects of IL-18 and TNF-a. This suggest that a particular step(s) in the biochemical

pathway of synthesis is inducecl by TGF-p. Although, thesfbeneficial effects of TGF-B

might occur in two separate pathways in parallel. Our results indicate that the human

synovial tìbroblast response to cytokines and growth factors is complex and is

dependent on local cytokine corlcentt'ctions, as well as their antagonising interactions.

Since TGF-P both inhihits MMP-1 whilst stimulating TIMP-l secretion by

synoviocytes, it is a powerlul mearìs of shifting the MMPÆIMP-l ratio away from

matrix degradatiorr. These eft'ects ol TGF-p are present at the level of mRNA

expression, thus suggesting the involvement of pret[anslational mechanisms in these

et'tects. The capacity of TGF-B to antagonise the immunoregulatory eftècs of several

pro-intlammatory cytokines suggests that this growth t'actor may be valuable in

developing new therapeutic agents, tbr the treatment of int'lammatory diseases. Further

studies are also needed to rc.solve the possible use of this growth factor in the therapy of
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joint disease such as RA and OA, where tissue destruction events present a great

problem.

Studies of IL-8 production by humun synovial cells are also consistent with an

important role of tltis cytokine in the pathogenesis of RA. The production of

chemotactic tactors within the joint by cells that are narive to the joint (i.e. synovial

cells) underlines the importance of these cells in the early phase of the intlammatory

response within the joint. IL-8 is one o[ the ma.jor mediators of int'lammation and joint

destruction, released by activated synoviocytes in the prolit'erating synovium. We

examined the expression and secretion of IL-8 in cultured human synoviocytes from

patients with RA. These results suppol't the presence and role of IL-8 in response to

pro-inflammatory cytokines in joint cells. The role of the commonly used

glucocorticoid, dexamethasone, irr regr.rlating the expression and production of IL-8 by

these cells was also studied.

The mechanism of regulation of IL-8 gene expression by IL-l or TNF is nor complerely

understood. Ditt'erent tactors are believed to play a role in IL-8 gene regulation by

various stimulants. For exarnple, in a TNF-a stimulated human melanoma cell line, the

activation of IL-8 gene transcription was attributed to the enhanced NF¿B binding

(Harrant et al, 1996). Wheleas in HL-60 cells, elevation of IL-8 gene expression with

LPS and PMA was attributed to the increased stability ot'IL-8 mRNA (Kowalski and

Denhardt 1989). However in our synoviocyte culture system, turther sn:dies are needed

to determine whether either, enhancing binding sites for transcriptional factors or

increasing the stability of IL-8 mRNA could increase IL-8 gene expression in cytokine

stimulated human synoviocytes.

Furthermore, pre-tleatrnent o[ human synoviocytes with dexamethasone followed by

stimulation with cytokines, resulted in a decreased level of IL-8 gene expression and

protein secretion. The ettect of glucocorticoids on IL-8 expression and production is

well documented. We observed significant regulatory activity of dexamethasone on the

production and expression of IL-8 by RA synoviocytes. Glucocorticoids have recently
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been shown to inhibit the induction oI IL-8 by IL-l or TNF in human fibrosarcoma

cells. This was controlled mainly at the activation step of rhe transcription factors

bound to the NF¡B-site (Mukaida et al, 1992b). It is suggested rhar, glucocorticoids

modulate IL-8 expression by a combination o[ genomic mechanisms (Brattsand and

Linden 1996). Several mechunisms for the regulation of IL-8 gene expression by

glucocorticoids have been suggested including inactivation oI transcription factors (e.g,

AP-1, NFIB) and /or mRNA destabilization (Brattsand and Linden 1996). Furrher

studies are needed to determine the mechanism of action for glucocorticoids in

synoviocytes.

Taken together, our rcsults contìrm and extend studies on the effect of cytokines on IL-

8 regulation- In the previons studies we determined that dexamethasone was capable of

reducing the level of MMPs but not TIMP-1 genes. Here we demonstrated another

modulatory efièct of this agent to inhihit the pro-inflammatory process by reducing the

level of IL-8 secretion and production. These observations suggest that the regulation

of IL-8 gene expression is likely to resemble the regulation of MMP genes. This might

be simply attributed to the simil¿rr binding site regions for the transcription factors (e.g.

AP-1, NF-ËB) on the promoter legion of these genes. Furthermore, our data suggest

that the decrease in IL-8 expression and secretion by dextmethasone may reduce the

recruitment of leukocytes to rheumatoid synovium and thus may contribute to the anti-

inflammatory etlècts of this compound. Dexamethasone is likely ro be an important

anti-inflammatory agent in the pathology of arthritis, as it is able to minimize IL-8 and

MMPs secretion without at'tectirrg TIMP tì'om the same population of RA synoviocytes.

In summary MMPs, TIMP and IL-8 have ¿ premier role in the int-lammation and

irreversible degradation of the ECM. Theretbre considerable attention has been paid

tbr developing strategies to reducc their levels in diseased.joints. Several studies

directed attention on synthesis o[ these tictors. These preclinical studies have been

carried out in cell-lree and/or cell culture systems and in animal models. However

there have been no significant successes in the clinical area. The reasons for this are
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several. The complicated stnrcture of collagen along with the biochemistry of inflamed

synovial tissue are only i¡ patt of these dif[iculties. Some of the technical difficulties

involve include, designing inhibitors of these factors and delivering them ro the affected

joints without reducing their specilicity and eftìcacy. iShe lack of fundamental

knowledge about the biochemistry and molecular biology of these factors are more

important problems. Understanding of mechanisms controlling the regulation of both

MMP and TIMP genes as well as IL-8 genes gives us the ability to know how ro turn

these genes on and otT, and hopefully, to moderate disease progression. Indeed,

although these studies are still not at clinical level these possible approaches may

become a reality in the future. By incleasing the knowledge of the basic mechanisms

underlying the therapeutic pathways, we hope further studies will help to open the areas

to formulate agents that are targeted at specitìc molecular mechanisms and become

effective in vivo. Successful inhibition of MMPs and IL-8 which is the focus of our

studies, are surely among them.
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Tissue inhibitors of metalloproteinases (tIMPs) pre-
vent r¡ncontrolled co
limiting the activity
(MlvlPs). That TIMPs
tive inactivation is zuggested by their complex tertiary
struqtu¡e which is dependent upon 6 disulphide
bonds. We exam,ined the oddative inactivation of
human recombinant TIMP-I (h¡ TIMP-I) by HOCI and

assay nsing the qrnthetic peptide subsF¿te @NP-Pre
Leu-Ala-Leu-Trp-Ala-Arg), best deaved by MMP-1.

The neutrophil derived oxida¡rt HOCI, but not the
derived oxidant N<hlorotaurine, can inactivate TIMP-
1 at concenkabions achieved at sites of i¡rflamsration.

concentrations that are rrnlikely to be achieved in vivo,
except possibty in a microenvi¡onment. These results
are in keeping with the concept that biologically
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derived oxidants can potentiate tissue darnage by in-
activating key but sr:sceptible protein inhibitors such
as TIMP-I which form the major local defence against
lvfrVP induced tissue breakdown.

Kcgaords: Trssue inhibitor of metalloproteinases (IIMP), oxi-
dants, anti-rheumatic drugs and h1çochlorous acid

INTRODUCTION

The maEix metalloproteinases (MMPs) are a
fanily of proteolytic erìz]¡gtes that a¡e capable of
degrading the macromolecules of the ð(tsacellu-
la¡ matrix. They represent ¿rn important mecha-
nisut by which the. tumover of stn¡cA¡ral proteins
such as collagen is regulated.tu ÙOvtt-l can
cleave native collagen molecr¡les and allow the
resulta¡rt denatu¡ed coll,agen to be digested by a
range of other en4rmes including othe¡ MMPs.
In this way MMP-1 regulates fibrillar coll,agen
turnover.(æl

Trssue inhibitors of metalloproteinases (IIMPs)
forst a fanity of proteiru and a¡e the major local
inhibitors of MMPs with activity against all
l¡nown ¡,gvgr5.Él TIMPs regulate the activity of
MMPs by tightty binding to the active site a¡td
forning inactive complexes with a 1:1 stoidtiom-
etry.tsl The bala¡tce between the activities of
MMPs a¡rd TIMPs is a strcial factor in regulating
extracellula¡ maEix breakdown in vivo.(ól Thus
far, fou¡ members of the TIMP fanify have beerr
identified, nanly TIMP-I, mvÍP-Z, TIMP-3 &
TIMP4. TIMP-I is a 30 KDa glycoprotein for¡nd
in stost body f,uids. TIMP-2 is an nnglycosylated
21 KDa protein. These two proteins have 40%
astino acid sequence homology. Average concen-
trations of MMPs and TIMP fragments are signif-
icantly elevated in the joint fluid of patimE with
osteoarth¡itis (OA) as compared with volnnteers
with healthy knees.Ø Sbuch¡ral studies of TIMP-
1 suggest a highiy coruen¡ed secondary stn¡ctule.
There are72 cysteine residues which forsr six con-
served rliculfide bonds, gring a protein sEr¡cture
of six loops a¡rd two domairu. TIMP activity is
dependent upon this elaborate tertiary sts1¡c-
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h¡¡e.t8l The high density of disulfide bonds and
relatively complicated tertiary stn¡cture, whidr is
a fr¡¡tctional requirement, would suggest that this
proteinase inhibitor is susceptible to oxida¡rts.t6l

HOC1 is a major product of the oxidative bu¡st
of neutrophfü.tel There is accr:grulation of pol.y-
morphonudear leukocytes (PMN) in the synovial
fluid of patients with rher¡statoid arthritis (RA)
which, after stimulation, may release i¡-flam.sra-
tory mediators.[10] The oxidative burst of neu-
Eophils generates superoxide anion (O;), whidt
is rapidly dismutated to forn hydrogen peroxide
(HzOJ. The neutrophil enzyme, myeloperoxi-
dase, catalyzes tlte reaction of HrOz with drloride
ions to forn the highly ¡eactive and rytotoxic
agenÈ hypochlorous acid (HOCa.ntl In aqueous
solution HOCI exists in essentially equal concen-
Eation as the conjugate base h¡rpochlorite (OCt-)
and together form a powerful biologically rele-
v¿n¡ qxirli?ing agent capable of causing danage
to proteins.ttzl

HOCI will react with artino acids such as tau-
rine to generate a derivative gFoup of oxida¡rts
known as the chloramines.tr3l Generall/, chlo-
ra.utines a¡e less powerfrrl oxida¡rts tha¡t HOCI
itself.tel Taurine, whose biological role remains
unclear, is found at concentrations approaching
20 m-lvf in neutrophils and macrophages.tr4l N-
Chlorotaurine has been reported to be essentially
t¡n¡eactive with maj or cellular comp onents. It has
been suggested that tar¡¡ine may act as a "sink"
for the oxidizing potential of HOCI/OCI-, gener-
ating a chlorinated species of lower reactivity
and the¡eby ninimÞing indiscriminate dam-
age.fr{l Since taurine is the most abr¡ndartt
endogenous amine in the pericellular envi¡on-
ment of the neutrop¡¡1,(r*l we have used N-
chlorotaurine as an example of chloramines in
ou¡ model. In many cases oxidation appears to
result in a partial unfolding or rea¡rangestent of
target proteins.tts'l6l

Previous reports have shown that latent neu-
trophil collagenase (lvfMP-8) can be activated
by neutrophil derived oxidants, principally
HoCl.te'n'tzl This has highlighted the way that

ANTT.RHEUMATIC DRUGS AATD TIMP.I INACTIVATON 3
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oxidant generation and enzymatic mecha¡tisms
can interact to lead to tissue breakdown. Di¡ect
oxidative inactivabion of enzyme irttribitors is a
more dbect mecha¡rism of interaction befween
oxidant generation and the equilibrium be-
tween proteases and thei¡ inhibitors. The most
well known instance, where this occurs, is the
oxidative inactivation of plasma proteinase
inhibitors, such as c1-proteinase inhibitor (cr¡-

PI), where oxidation of the methionine at the
active site of a1-Pl results in loss of affinity of
this inhibitor for its target enzyme.trTl ¡1
a¡tother study by Frears eÉ ¿I. the inactivation of
TIMP-I by peroxynitrite (ONOOJ has been
demonst¡ated.fl8l We have ¡easoned that since
hTTIMP-1 has an elaborate 6 loop stnrctr:te,
each loop maintained by interchain disulfide
bonds, that oxidative cleavage of these disut-
fide bonds would result in major sEuctu¡al dis-
integration and corrsequertt loss of affinity for
natrix metalloproteinases.

Thiol-containing arttirher.utatic dmgs, such as

D-penicillanine, sodium atr¡othiomalate, and
ar:rothioglucose, are widely used in treaEtent of
ILLfrel Sorne studies have investigated the etrects
of antirher:static dmç, including thiokontaining
dnrgs, on the oxidative activity of myeloperoxi-
dase.t2o2rl It has been shown that D-penicillartine
effectively scavenges HOCI' forsted by myeloper-
oxidase and inhibits the enz¡tzre iBelf.t¡4

In this shrdy, we have e¡<astined the possibility
that neutsophil derived oxidants may inactlvate
fuTIMP-l and thr¡s allow MMPs to be r¡nfettered
in areas of HOCI generation, as for exasrple the
pericellular envi¡on-srent of the activated ner¡-
trophil. We have also examined the hlpothesis
that a¡tti-rheumatic drugs, particularly those
shown to act as anti-oxida¡rts, may protect
h¡TIMP-1 from oxidative inactivation.[2ol

tvfATERIAtS AND METHODS

IVfaterials
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D-Pmicillamine, gold sodium thioglucose (auro-
thioglucose), chloroquine, taurine and Tris (hyd¡e
ryrmethyl astinomethane) ffris], were purchased
from the Sigma Chemical Company, Sl. Louis,
MO., USA. Gold sodir:n thiomalate (aurothioma-
late) was Êom Ald¡ich, U.K Reagent grade che
micals were purchased froan BÐH Chemicals
Australia Pty. Ltd., I(lsyth, Victoria, Australia.
Mediawere from Cytosystems PtyLtd, Castle Hill,
NS:W, Ar:sEalia. Ar¡ranofin was from Smith, Klein
and Frmch (Pry Ltd). Methotre,xate was from
David Bull Laboratories, Melbourne, AusEalia.
Au¡othiomalate and ar:rothioglucose were stored
d.esiccated, as powder, at -20oC. D-penicillamine,
stethotrexate, chloroquine a¡td au¡anofin were
stored desiccated at 4oC.

Hr:sran recombina¡rt TIMP-1 (tuTIMP-l) was a
gift from Dr. A. Docherty (Celltech Resea¡ch
Slough, Berkshire, U.K). The rat mam.urary carci'
noma cell line BC-1 was a gift Êon Dr. J. O'Grady,
University of Technolo gy,sydney,Australia.tEl

N<lrlorotar:¡ine was made by the addition of a
solution of NaOCI to tar¡rine buffer (50 mlr4
Taurine, 10 m.N4 CaCl2, 100 mM NaCl, pH7.5)
according to the rnethod of Weiss et al.fr2l

BC-1 Collagen:ü¡e

Serrrst-free medium (HAMS F-t2.70.659/2L,
DMEM 78.429/2L, NaFfCO3 2g/2L, Pen/Seep
su/ml, insulin Spg/mI, transferrin 7mg/ø!,
L-glutamine 0.292m9/ml, BSA Smg/ml), was
conditioned by BC-1 cells to produce MMP-I
(serun-free-BC-1). These cells have the ability to
produce large quantities of matrlr metallopro-
teinases, partiarlarly MlvfP-1. The enzyute, BC-1

collagenase was purified by passing the condi-
tioned media through Heparin-Sepharose affin-
ity coluurn, and was eluted from the colum¡r
using an eluting buffer consisting of Tris-Cl
50 mM, NaCl 800 mlvf, CaCl2 L0 mM., 0.2"/"

NaN3.fzll Cotrrm¡r eluates were ar;sayed for pro-
tein by using serial concentrations of the bovine
sen¡m albumin (BSA) as standard curwe and
measuring the absorbance at 280 nm.

ANTI.RHEUMA-TICDRUGSAIVDTIMP.IINACTTVATION

t

5
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Activation of BC-1 Collagenase

Enzyme BC-l collagenase was inctrbated at 35oC

for 15 mins with hypsin at a final concentration
of,2.5 ltg,/mL in the assay buffer (Tris 50 mIvf,
NaCl 100 rnM, CaCl¿ 10 mM, Na.t\3 0.02"/",

pH 7.5). The reaction was terrtinated using
72.5 ¡tg/mISBI. A time cou¡se for this assay of
collagenase activity showed that the ma^:<imr.¡rt

activity was achieved between 5-15 mins inctrba-
tion of the collagenase with trypsin.

Fluorimetric Assay of Collagenase Activity

This assay was perfor:ared according to the
method of Netzel-Amelt et al.l2al The assay relies
on cleavage of the substrate, DNP-Pro'Leu-Ala-
Leu-Trp-Ala-Arg at the Ala-Leu bond, thus
releasing Trp fluorescence from quenching by the
DNP group at the N-tersrinal region of the hepta-
peptide subsEate. The substrate used, is best
cleaved by MMP-I. The heptapeptide substrate
was synthesized using the solid phase nethod
with Na-Fmoc-asrinoacids. The synthetic peptide
was coupled with diniEofluoroberrze¡re prior to
cleavage from the resin. It was pr:rifi.ed by HPLC
using a Waters C18 Novapak coh.¡n¡r and snbse-
quently recovered by lyophilization The hepta-
peptide was solubilired in 4% DÀÁSO.

Sanples, after dialysis against the appropriate
buffer, were activated and then equilibrated at
35'C fór 30 seconds in a 5 mat path lengtft quartz
cuvette (Stama type 3-5) a¡rd the assay started
with the addition of the heptapeptide subsEate
to give a final concenEation of 12 ¡M. The reac-
tion was noni,tored over time at 35oC in a Perkin-
Elmer t-$5 f,.uorimeter (excitation I = 280 nst, slit
width: 10 nm; emission I = 360 nct, slit width:
10 n-ar). Collagenolytic activity was calculated
from the initial linear slope of the cu¡ve being
expressed as the rate of increase in fluorescence
at 360 nm per second.

Collagenase Inhib ition Assay

It
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The inhibitory capacity of h¡TIMP-1 was deter-
mined using the sasre spectrophotomekic assay
as above. In this assay, brypsin activated enzlEre
was used as the indicator of the hrTLVfP-1
inhibitory activity. To establish the dose cuÍve
with hrTIMP-1, different concentrations of the
hrTIMP-l between 1 to 50 nlvf was applied to the
active enzlmre to make the inactive complex in
30 seconds. Synthetic peptide, 12 FM, was then
added to show the % inhibition of the enzyme
with the inhibitor. Initially concent¡ations of
HOCI between 0.1 and 200 pM were inctrbated
with hTTIMP-1 at 35"C for t hor¡¡. A tirne course
for this inhibitory assay showed that mæcimr.¡sr
inhibition was achieved after 30-60 mins pre-
incubation of TIMP-1 with HOCI. Subsequently
reactarits were added to the cuvette in the follow-
ing sequence: assay buffer, oxidant-exposed
hTTIMP-1, en4¡me (BC1 collagenase), substate
(synthetic peptide).

Resrrlg were expressed as change in fl,uores-
cent intensity per r¡¡tit time. For experimental
samples this was eçressed as a percent of con-
trol, which was the ¡eaction of activated BC1 col-
lagenase a¡td substrate alone.

Drugs

For experimenb involving anti-rheumatic agents,
hTTIMP-1 was pre-lreated with a range of a¡rti-
rher¡gratic dnrgs prior to the addition of HOCI-
The sequence of addition w€u; as follows: assay
buffer, dm g, hTTIMP-1, oxidant, BC1 collagenase,
substrate. Fresh solutioru of dnrgs were prepared
on a daily basis.

Statistical Analysis

Each experiment was repeated three times. All
results were expressed as the mean t startda¡d
error of the mean (SEVÍ).

RESULTS

ì
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fnhibition of BC-l Collagenase by Hurtan
Recombinant TIMP-I

BC-l collagenase was activated by Eypsin and
the reaction was stopped using SBTI. This acti-
vated enz,¡me was used as the conEol in the fol-
lowing fluorimetric ¿ursays. As shown in Figure 1,
hTTIMP-1 was able to inactivate BC-l collagenase
that had been activated by pre-exposure to
trypsin. The inhibition w¿u¡ investigated for a
ma:<isL¡.st h¡TIMP-1 concentsation of 35 rrÀ4, at
which the BC1 collagenase activity was reduced
to 10% of the contsol There was a sigmoidal ¡ela-
tionship between the concentration of inhibitor
artd enz¡rme activity.

Oxidative Inactivation of TIMP-I

We exartined the loss of activity of h¡TIMP-1 to
inhibit BC1 collagen¿$e, after preexposrxe to
HOCL TIMP-1 was diluted in PBS to give the final
concentration of 1.1 ¡tM. Figure 2A shows the
inactivation of TIMP-I after pre.exposure to
HOCI betwee¡r concentrations of 10G-200 trl\4.
100% control TIMP-I activity is when no HOCI
was applied. 50% inactivation was adrieved using
175 FM HOCI, while 200 !À4 HOCI causd com-
plete inactivation of the inhibitor. This represents
a¡t oxida¡rt to inhibitor mola¡ ratio of 200:1. In
order to show that this was not due to a di¡ect
effect of HOCI on BC1 collagenase, HOCI was
ocposed to BC1 collagenase at Ére frral concmEa-
tion achieved in ñis experiment (ie.200 ¡ùf) and
no change in collagenase activity was obsen¡ed
(data not shown). When N-cålorohurine (NCT)
was used as an oxidant in concentratioru of NCT
between (0.1-10 mlvf) no inactivation of h¡TIMP-1
w¿u¡ seen.

A time cot¡ne of TIMP-I oxidative inactivation
is shown in Figure 28. TIMP-I was incubated
with HOCI (200 trlvf) at 37"C for the indicated
time points. TIMP-1 oxidative inactivation
sta¡ted after 15 minutes incubation with HOCI
reaching to a maxistr.¡sr after 60 minutes.

ù

GALLEY PAGES BH'/e7 /Ls



Effects of Anti-rheusratic Dnrgs on BC1
Collagenase Activity

Fig.te 3 shows the di¡ect effect of several anti-
rheumabic agents on BC1 collagenase activity.
Auranofin has no inhibitory effect up to a con-
cenf¡ation of 500 ¡.t-lvf, whereas chloroquine,
ar¡¡othiomalate and auro thioglucose give moder-
ate inhibition at 500 FM but not 100 trM.
Methotrexate a¡rd D-penicillarrine have signifi-
cant effects at 100 ¡rM Subsequent experinenb
to exastine oxidative inactivation of TIMP-1we¡e
therefore designed such that BC1 collagenase
used in the collagenase inhibition assay was not
exposed to concenkations of each dnrg greater
than 30 ¡.tM, where there is no signifi,cant effect of
the dnrg on BCl colLagmase activity.

Effects of Anti-rher¡nratic Dnrgs on the
Oxidative Inactivition of the TIMP-I

Figr:re 4 shows the rest¡lts of experirnents where
hTIMP-1 is pre'inctrbated with a variety of æti-
rheu¡natic dnrgs prior to HOCI tseatme¡rt. At 0%
TIMP-I loses its ability to inhibit collagmase
when treated with HOCI (200 Flvf). At 100%
TIMP-1 activity, no oxidative inactivation of
TIMP-I is evident as the ¡esulr of TIMP-1pre-
treaürent with some dnrgs. The first stage of this
ocperiment involves exposute of TIMP-I to oxi-
da¡rt in the presence of drrg to detersrine
whether the dnrg can protect TIMP-1 from oxida-
tive inactivation- In the second stage of the crper-
iurent, TIMP-I, in combination with the dnrg and
HOCI, is exposed to BC1 collagenase to deter-
mine TIMP-I activity. At this stage, becanse the
samples are diluted, BC1 collagenase is not crpo-
sured to dnrg concentrations over 30 Éùf.

D-penicilla.atine shows the greatest ability to
protect hTTIMP-1 from oxidative inactivation by
HOCI, this effectbeing evident at a concentration
of 10 pM. Of the other drugs tested, auranofin,
dtloroquine and aurothiomalate had the ability
to protect TIMP-1 from oxidative inactivation at a
concent¡abion of 100 pÀ4. All drugs were partially

ANTI-RHEUIVfATIC DRUGS A¡¡D TIMP-I INACTMTION 9
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effective at the 500 FM concenEation, although
this is about 20 fold higher than the serun levels
acheived during tseahent with these agents.

DISCUSSION

ln the present study we have shown that HOCI
can directly inactivate TIMP-I in vitro. TIMP-1
was shown to inhibit the deavage of a synthetic
peptide by - active rna¡rnalia¡r MMP(BCI col-
Lagenase). TIMP-1 loses this ability after being
pretreated by HOCI. Since HOCI is a product of
activated neuEoptrils, this suggests that neu-
tsopttils, which infilEate inflannatory sites, may
contribute to TIMP-I inactivation. Quantitative
analyses have desronsEated that 106 ma:<irnally
kiggered neutropttils produce approximately 2 x
10-7 mol of HOCI during a two-hor¡¡ inctrba-
tion.lãl The quantity of oxidanE generatedby the
neuüophil are impressive.

The dependence of the inÌúbitory activity óf
TIMP-I on this &loop str¡ctr¡¡e is r:nderlined by
its inactivation by reducing and alþlating agents
such as dithioth¡eitol and indoaceta.nide.tz6l
Another agent, known to nodify the stability of
the inhibitor by altering its tertiary stn¡chre is
guanidine hydrochloride (GdnHCl), resulting in
stnrctu¡al disintegration of TIMP-I.í4 The stn¡c-
h¡re of TIMP-1 has also been ¡nodified using
diethylpyrocarbonate (DEPC), which is a potent
inactivator of hr.rnanTIMP-I. Exposr:re to DEPC
specifically modifies histidine residues, resulting
in loss of human TIMP-I activity.tzl

We demonstnted thatpre.exposr¡¡e of h¡TIMP-
1 to HOCI resulted in loss of its capacity to inhibit
activated collagenase. Our results a¡e in agree-
ment with the work already has been done by
Stricklin and Hoidal, indicating TIMP degrada-
tion with hypochlorite ion.fzel HOCI released
from neutrophils rapidly reacts with readily
available a-stines and is thus unable to diffuse
away frorr the immediate pericellular envi¡on-
ment of the neutrophil. The most abunda¡tt
amine in the pericellt¡Ia¡ envkongte¡rt of the neu-
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tsophil is taurine, thus most HOCI is converted to
NCT.fe'r'r-Fl We have shown ttrat NCT does not
inac tivate hTTIMP-1. Thus, oxida tive inactivation
of hTTIMP-1. is likely to occur only in the pericel-
lular envi¡onrtent of the neutrophil, or in a cellu-
la¡ micro envi¡onstent, where HOCI is for.¡nd.

We have also shown that a specEurt of anti-
rheusratic agents has the ability, at sufficient con-
cenEations, to prevent the oxidative inactivation
of TIMP-1. In several this occr¡¡s at concentrations
above serum concentration, howeve! this effect
may be releva¡rt in an extracellular stiaoenvi¡on-
menL For Dperticillasrine it is evident at concerr-
Eations approadring those reported in patients
taking this agent 20 pg/ml (100 t$.tæ31¡ With
the other agents shrdied howeveç zuppression of
HOCI induced inactivaiion of h¡TIMP-1 occr¡¡s at
conce¡rüatioru significantly higher than plasma
concenEations in patienE. Howevet this in itsetf
does not dismiss a potential therapeutic effect
since selective cellular uptake of dmgs may result
in intsacellula¡ concentrations higher than plasma
levels. For exanple, in vivo uptake of gold occt¡rs;

over days or weeks,[32åtl and the Ênal distitution
of gold in cells may be very different from simple
serum levels. In a shrdy by Wasil and his group,
where HOCI inactivated alpha 1-antiprotease,
most a¡rti-inflaur.autory drugs were capable of
reacting with HOCI. They have also suggested
ttut, the a¡tti-i¡rfla.sr.uratory effects of Dpenicil-
lanine and gold sodir¡st thiomalate night be the
result of rapid scavenging of HOCI by these
drugs.fsl

The inactivation of protease inhibitors by oxi-
dants leading to enha¡tced proteolyhic activity
has been suggested as a model for neutrophil
mediated matrix degradation.tel Our sttrdy
enha¡rces this model by dentonstrating that it
may also apply to TIMP-1. Furthersrore we
showed that therapeutic agents may interfere
with this balance befween oxidartLs and enz¡¡rre
inhibitors.
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