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Abstract

Proteoglycans (PGs), composed of a core protein cared or more covalently attached
sulfated glycosaminoglycan (GAG) chaimsteract with a wide range of bioactive molecules,
such as growth factors and chemokines, to regakdtdehaviors in normal and pathological
processes. AdditionallypGs, through their compositional diversity, playpraad variety of
roles as modulators of proteinase activitieteractions of proteinases with other molecules
on the plasma membrane anchor and activate therrspécific location on the cell surface.
These interactions with macromolecules other tihair bwn protein substrates or inhibitors
result in changes in their activity and/or may hawportant biological effects. Thus, GAG
chains induce conformational changes upon theidibg to peptides or proteins. This
behavior may be related to the ability of GAGs ¢b @ modulators for some proteins 1) by
acting as crucial structural elements by the cérdf@roteinase activities?) by increasing
the protein stability, 3) by permitting some binglito occur, exposing binding regions on the
target proteinpr 4) by acting as co-receptors for some inhibjtptaying important roles for
the acceleration of proteinase inhibition. Understagdihe modulatory effects exerted by
PGs on proteinase activities is expected to leatew insights in the understanding of some

molecular systems present in pathological statesjging new targets for drug therapy.
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Introduction

Proteoglycans (PGs) are a family of biomoleculed #te composed of a core protein
and one or more covalently attached sulfated gbmmsoglycan (GAG) chains. Synthesis
and sulfation of GAGs occur on genetically distiacteptor core proteins within the Golgi,
followed by rapid translocation to the cell surfdte GAGs are linear polymers of repeated
disaccharidic units of hexosamine and hexuronid,aekcept for keratan sulfate in which
hexuronic acid is replaced by galactose. The poeseh either two hexosamine isomers, D-
glucosamine or D-galactosamine, divides the GAGs two groups: glucosaminoglycans
[heparin (HP)/heparan sulfate (HS) and keratanatl{KS)] and galactosaminoglycans
[chondroitin (CS)/ dermatan sulfate (D%J). Hexuronic acid is also present as two epimers:
D-glucuronic acid and L-iduronic acid. Hyaluronicid, which is not attached to a protein
core, is a non-sulfated GAG composed of D-glucwauid and D-glucosamine. The degree
and position of the sulfate group/moiety as wellhessdegree and position of 50 epimerisation
are extremely variable in sulfated GAGs dependinghe tissular/cellular/metabolic context,
ensuring structural variability of these polysacahes(3).

PGs are ubiquitous, being present as cell surfagleaules anchored in the plasma
membrane, as components of the extracellular matrbas soluble molecules present in
extracellular matrix and serum. Soluble PGs as a&lthose bound within the extracellular
matrix are derived from cell secretions or by shegldrom the cell surface. PGs play a role
in both cell-cell and cell-extracellular matrix adlon and can also act to promote assembly
of extracellular matrix molecule¢d4). Additionally, PGs interact with a wide range of
bioactive molecules such as growth factors and dhkeras via their GAG chains to regulate
cell behaviors in normal and pathological proces$ésis, these molecules are increasingly
thought to participate in regulating a wide varietly biological processes, including the

inflammatory response and tumor cell metastasieirfdbility to control proteinase activities
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is established. Thus, GAGs induce conformationahges upon their binding to peptides or
proteins. This behavior may be related to the tgbidf GAGs to act as modulators for some
proteins by changing their catalytic activity, bycieasing protein stability or by permitting

some binding to occur, by exposing binding regionshe target protein.

Proteinases

Proteinases comprise a group of enzymes that catéihe cleavage of a peptide bond
in a protein or a peptide by nucleophilic attacktloe carbonyl carbon. This is mediated by an
amino acid (cysteine, serine, threonine) or by watelecules either fitted between two
aspartate amino acids and/or complexed by an idniztal on cysteine, serine, aspartate and
matrix metalloproteinases (MMPSs), respectivelybpisome other mechanig®).

Proteinases are also classified according to thestrate specificity, which implies
the recognition of peptide bonds or residues aathmo or carboxyl terminus of the molecule
as well as side chains of the surrounding amindsaait the bond to be cleaved. These
endoproteinases play an important roleefl migration and invasion, the remodelioigthe
extracellular matrix, anthe liberation and modification of growth factofidiese proteinase
activities are ultimately regulated by the balaheéveen activation of inactive proforms and
pre-proforms, and the levels of their endogenohgitors in cellular or tissue compartments,
of which tissuenhibitors of metalloproteinases (TIMPS), serinetpinase inhibitors (Serpin)
and cystatins represent major clas@s Many of these proteinases act on the cell surface
either becausthey contain a membrane spanning or binding doroaias theesult of their

interaction with specific receptors on the seliface (Table 1).

MM P Docking
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Proteinases can be either fieghe cytosol or bound to the surface of a celie Tell
surface-boundorms are thought to enhance inflammatoeyl functions. It remains unclear
how these enzymes make it to the correct locatidgheacell surface and how the proteolytic
activity is controlled at the pericellular spacewever, it is becoming increasingly clear that
extracellular proteolysis is a cell-regulated pssceAfter all, cells do not release proteinases
indiscriminately. Rather they rely on precise iat#ions to accurately degrade, cleave, or
process specific substrates in the pericellulacespéndeed, an emerging concept is that
MMPs, as for some serine and cysteine proteinégesre anchored to the cell membrane,
thereby targeting their catalytic activity to sgecsubstrates within the pericellular space.
However, it has been suggested that proteinasaniirtd cell-surface proteins can affect
intracellular signaling, facilitate proenzyme lazation and activation, mediate cell motility
by disruption of cell contacts with the extracedul matrix (ECM), and promote
internalization of the enzyme. For example, integiare shown to act as receptors for several
proteinases (8 Such interactions have been detected in caveolaagdopodia, and at the
leading edge of migrating cells, where directedemltytic activity is needed.

Metalloproteinases are secreted proteins belongiiog a family of zinc
metalloendopeptidases that have the capacity evel&CM and a variety of extracellular
protein substrates. Using oriented peptide libsatie identify potential metalloproteinase
cleavagesites, several integrins, P@sd chemokines or their receptors have been ickshtif
as substrates. Thus, metalloproteinasesrelaase growth factors from the ECM or the cell
surfaceThey can modify both cell-cell and cell-ECM intdracsby the proteolysis of cell
surface growth factors and adhesreneptors, and they are key regulators of inflanonyat
responsesyhich can be pro- or anti-inflammato(9). This activity makes available active
growth factors and cytokines. Because their sutestrare diverse, metalloproteinases are

involved in a variety of homeostatic functions, ls&s bone remodeling, wound healing, and
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several aspects of immunity. However, metalloprasés are also involved in a number of
pathological processes, such as tumor progresBimnosis, chronic inflammation and tissue
destruction. These metalloproteinases can be sdedivinto three sub-families: MMPs

(matrix metalloproteinases), ADAM (a disintegrand metalloproteinase domain) and
ADAMTS (a disintegrin and metalloproteinasgh thrombospondin motifg)10).

Specific cell-MMP interactions have been report®a;h as the binding of MMP-2 to
integrin avp3 (11), MMP-9 to integrina4pl (12), and MMP-1 to integrimu2p31 (13).The
membrane-type MMPs (MMP-14, -15, -16, -17, -24, a2f) are single-pass transmembrane
proteins that are fixed and active at the cellaefand, in addition to acting as proteinases,
may provide docking sites for other MMPs. Thus, M activates proMMP-2 at the cell
surface(14). Tissue Inhibitor of MetalloProteinase-2 (TIMP-23sha specialized role in the
activation of proMMP-2 by MMP-14. The N terminalrdain of TIMP-2 forms an inhibitory
complex with the active site of MMP-14, while thet&minal domain interacts with the
hemopexin domain of MMP-2. This trimeric complex a@ssential for activation of this
gelatinasg15). It is likely that other MMPs are also attachedcédis via specific interaction
to membrane proteins, and determining these anchdidead to identifying activation
mechanisms and relevant substrates.

Previous studies have shown that cell surface HSle@G&ion as docking sites for
MMPs at the cell surfacél6) (Figure 1) and the cell surface localization of MMPs is
important for their ability to regulate carcinogsirse(17). Anchoring MMPs to the cell
surface or extracellular matrix would not only peatthem from rapidly diffusing away but
would also enable the cell to keep them under clegpilatory control. For example,
syndecan-2 acts as a docking receptor for pro-MMR{7the cell surface, syndecan-2
interacts directly with pro-MMP-7 at the plasma nieame, enhancing its processing into

active MMP-7, which in turn regulates tumorigenictiaties of colon cancer cell§18).
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Another PG, the highly polymorphic facultative cslirface PG CD44, is implicated in a
variety of cellular functions, including adhesiomjgration, activation, invasion, and cell
survival. Several of these functions have beernbated to the ability of CD44 to bind
hyaluronan(19), for which CD44 appears to be a major cell surfaoeptor. CD44 may also
dock MMP-7(20) and MMP-9(21) to the cell surface. Therefore, the formation dfiRt
adhesion receptor complexes appears to be a corpatbway through which soluble MMPs
are localized to the cell surface. Their locali@ation the cell surfaceonfers resistance to
TIMP inhibition (22) and may be responsible for the increase in péduleelproteolytic
activity. Together withthe cell surface activation of MMP-2 and MMP-7, dbe
results/observatiorsiggest that localization of MMPs to the cell scefés a generaheans of

regulating MMP activity.

Zymogen activation

A great majority of proteinases are produced asaggns, with a signal sequence and
a propeptide segment that must be proteolyticalbcgssed to be activated. For example,
zymogen activation of both MMPs and ADAMTS requjras least, the removal of the N-
terminal prodomain. ADAMTS and a subset of MMPs;luding the membrane bound
MMPs, contain a furin recognition sequence betwtheir propeptide and catalytic domains,
allowing cleavage and activation by furin convestamzymes in the Golgi apparafis).
Prodomain removal can also be achieved by theraofiother MMPs, such as the MMP-14-
mediated activation of pro-MMP-2, or through activa cascades involving co-activators
such as plasmi(23).

Sulfated GAGs could play important roles in coningl the activation and thereby the
activity of MMP (Figure 1). The autolytic activatioof proMMP2 is enhanced by HR4),

suggesting that sulfated GAGs may have wide ratesantrolling MMP proteolysis. HS
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regulates ADAM 12 through a molecular switch medsian The noncovalently associated
prodomain in concert with the catalytic domain ddAM 12 form a novel molecular switch
critical for the regulation of the ADAM 12 protedly activity by HSPGg25). Via direct
interaction with proMMP-7, sulfated GAGs such asmiiroitin-4,6-sulfate act as allosteric
modulators promoting the autolytic activation oé throteinase. Once activated, GAGs may
facilitate proteolysis of certain substrates byeiatting with the substrate, the enzyme, or
both Activation of pro-MMP-2 by MMP-16 is also signifiatly enhanced in the presence of
excess chondroitin 4-sulfate (C4S), whereas chatmré-sulfate or low-molecular-mass
hyaluronan was ineffective. C4S, which is expressedhe tumor cell surface, can bind pro-
MMP-2 and facilitate its activation by MMP-16-expsing tumor cells to enhance invasion
and metastasis

(26).

Among the seven aggrecanases, ADAMTS-4 is mainpyessed in an active form in
osteoarthritic cartilage, suggesting that ADAMTSsy play an important role in the
degradation of aggrecan in human osteoarthriticilage (27). However, suppression of
ADAMTS-4 and ADAMTS-5, individually or in combinain, attenuated the degradation of
aggrecan in cytokine-stimulated normal cartilagee BRctive form of ADAMTS-4 has been
reported to co-localize with ADAMTS mediated aggnecleavage in developing long bones
in the rat, implying that ADAMTS-4 mediates the dlpmental turnover of aggrecan during
long bone formatiori28). However, ADAMTS-5 has been found to be the maggracanase
in mice (29). In addition, the aggrecanase activity of ADAMTSaas at least 1,000-fold
greater than that of ADAMTS-4 under physiologicainditions (30). The activity of
ADAMTS is regulated not only at the transcriptioalel but also by post-translational
modifications starting with the processing of thhegrotein form by furin or MMP-9. At the

cell surface, further activation takes place; ghydphosphatidyl inositol-anchored MT-MMPs
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and syndecans may collaborate on the surface Isf toemaintain normal ECM homeostasis
and also to respond to pro-inflammatory signals itigreased activation of ADAMTS
proteinases, which cleave aggregating PGs. ADAMT&#vation involves the coordinated
activity of both glycosylphosphatidyl inositol-araled MMP-17 and the PG form of
syndecan-1 on the cell surfag8l). MMP-17 is the proteinase responsible for ADAMTS4
activation. Moreover, the activated enzyme form lbarbound to the cell surface through the
GAG chains of membrane associated syndecan-1. Anagyndecan, syndecan-4, controls
ADAMTS-5 activation through direct interaction witthe proteinase, thereby controlling
cartilage breakdown in osteoarthrit{82). Syndecan-4 is crucial in regulating MMP-3
expression by activating ERK1/2 and by targeting AMDIS-5 to the cell surface of
chondrocytes. Consequently, loss of syndecan-4tsesureduced expression of MMP-3 and
a marked decrease in aggrecanase activity (Figure 1

In contrast, syndecan-2 acts as a suppressor foP#¥Mctivation on the cell surface
(33). Syndecans comprise a family of cell surface HSR&&jbiting complex biological
functions involving the interaction of HS side amawith a variety of soluble and insoluble
HP-binding extracellular ligands. Munesue et andastrated an inverse correlation between
the expression level of syndecan-2 and the meikagiatential of clones established from
Lewis lung carcinoma 3LL. Removal of HS from thdl seirface of low metastatic cells by
treatment with heparitinase-I promoted MMP-2 adiova In contrast, transfection of
syndecan-2 into highly metastatic cells suppre$4lllP-2 activation. These results indicate a
novel function of syndecan-2, which acts as a sggar for MMP-2 activation, causing
suppression of metastasis in at least the met@astggiem used in the present study. Another
PG, testican 3, inhibits proMMP-2 processing mediaby membrane type-MMPE&4).
However, testican 2 abolishes inactivation of menbr type MMPs by other testican

families, and permits migration of glioma cells eegsing MMP-14 in the presence of other

10
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testican family proteing35). The expression level of testican 2 was the higla@song
testican family members regardless of histologgralde of astrocytic tumors. These results
suggest that abundant distribution of testican 2/ roantribute to glioma invasion by
inactivating other testican family members, whidhrdiibit membrane type-MMPs.

A proteolytic cascade associated with cancer cellasion and aimed at the
degradation of the ECM, similar to the clotting afiiorinolytic cascades in serum, was
proposed36). This hypothesis is now broadly accepted, althaugthexperimentally proven.
The enzymes sitting at the top of the cascade neycdihepsins (lysosomal cysteine
proteinases), in particular cathepsin(®). Cathepsin B activity is often high in various
compartments of tumors where invasion by cancds,cehdothelial cells or inflammatory
cells takes place. It can activate pro-urokinagpetylasminogen activator (pro-uPA), which,
by cleaving plasminogen, generates plasmin. Therla a proteinase of broader specificity
that may cleave the propeptide portion of certaiM®4$. The cascade is probably more
complex than that, as cathepsins may also direathvate a number of MMPs. The
propeptide, which runs in an extended conformatiwaugh the active site cleft, forms an
helical domain on top of the enzyme, which sereeartichor the prodomain to the body of the
enzyme(38). Proteolytic removal of the prodomain, which isuiegd for the activation of
cysteine cathepsins, occurs in the acidic milieuth&® endosomal/lysosomal systdB9).
Endopeptidases, such as cathepsins B, L, S, amdrKpe activated autocatalytically or by
other proteinases such as cathepsin D and péf@inProcathepsin B was found to be an
active species, suggesting that autocatalytic aiitim of cysteine cathepsins is a multi-step
process, starting with a unimolecular conformatiatange of the zymogen, which unmasks
the active site and, in the presence of negatiglerged molecules or surfaces, also converts
the zymogen into a better substrate. This is faidwy the bimolecular proteolytic removal

of the propeptide, which can be accomplished in onenore stepg41l). In conclusion,

11
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GAGs, which are found in the lysosomes, have thenti@al to interact with and regulate the
activities of cysteine cathepsins. Autocatalytidivaation of cysteine cathepsins can be
substantially accelerated in the presence of GAGsl ather negatively charged
polysaccharidesSGAGs facilitate procathepsin B activation throwdjsruption of propeptide-
mature enzyme interactior(d2). In the first step GAGs bind to procathepsin B,rehy
inducing a conformational change, which converts glocathepsin B molecule into a better
substrate. In the next step the prodomain is rechdyeintermolecular proteolytic cleavage.
Following propeptide dissociation, the bound GA®Ghably dissociates and is thus free to
bind to another procathepsin B molecule. TheserghBens suggest that the mechanism of
insertion of cysteine cathepsins on the plasma mameband its cellular traffic may depend
on HSPGs present on the cell surface. In additiba, activity of cathepsin D, another
lysosomal cathepsin, but pertaining to the aspartiteinase family, which is overexpressed
in breast tumors and that activates the cysteitigepains, is also regulated by GAG3).
GAGs increase the activity of cathepsinrDvitro. HP increases the activity of the proenzyme
form and stimulates the mature (prodomain cleaesdyme. In addition, HP increases the
limited proteolysis of procathepsin D at acidic p¢bncomitant with an increased rate of
substrate peptide cleavage. Like cathepsin D, GAt@sice the activation of th@-site
amyloid precursor protein cleaving enzyme (BACEY). BACEL is a membrane-anchored
enzyme that catalyzes the first step in the prodocof -amyloid, the protein that
accumulates in the brain of Alzheimer’s diseaseepts (45). BACE1 cleavage of amyloid
precursor proteifAPP) may possibly occur in the endoplasmic reticylendosomes, the
Golgi and the cell surface. HS can co-localize VB&CEL in these subcellular compartments
(46). This suggests that HS may be able to regulate BA&fivity in these compartments. It
is also worth noting that APP (a major BACE1 sudtsfy can bind HP. Thus endogenous

GAGs may not only activate the BACE1 zymogen dureayly stages of the secretory

12
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pathway, but they could also help to orientategheyme with its substrate, which suggests a
mechanism of HP-induced proBACE1 activation in Wmhmonformational changes in the
monomer may be needed for activation.

In conclusion, interactions of proteinases with eotrmolecules on the plasma
membrane anchor and activate them at a specifatitot on the cell surfacénteractions of
proteinases with macromolecules other than their pwtein substrates or inhibitors result in

changes in their activity and/or may have importaalogical effects.

Proteolytic activity regulation

PGs could play important roles in controlling thetiwation and thereby activity of
proteinases. Thus, PGs, via their GAG chains, raajitate proteolysis of certain substrates
by interacting with the substrate, the enzymehergroteinase inhibitors.

HP promotes the binding of thrombin to fibr{d7) and stimulates the activity of
plasminogen activato(48). HP acts in vitro(49) and in vivo (50) as a tight-binding,
hyperbolic, competitive inhibitor of human neutrdpslastase (HNE), and this inhibition is
strongly dependent upon polysaccharide chain leagthdegree of sulfatiof®l). HNE is an
essential component of the phagocytic machinerypafmorphonuclear leukocytes. The
concentration of HNE in the azurophil granules oflymorphonuclear leukocytes is thought
to be in the millimolar range. An efficient anti-H\control system must therefore be present
at inflammatory sites. Healthy individuals havei@&nt HNE inhibitors includingal-
proteinase inhibitoro(1PI), a2 macroglobulin, secretory leukocyte peptidasebinbi (SLPI)
and elafin(52). In vitro, the sulfated GAG has been shown to significaimtyease the rate
constant for the inhibition of HNE53), neutrophil cathepsin @4) and mast cell chymase
(55) by SLPI. In addition, HP in combination with SLBemonstratedn vivo efficacy

reducing early and late phase bronchoconstriction.

13
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alPl is a multifunctional serpin, which circulateshlood and is implicated in a myriad
of physiological functions. It is an acute phaset@n and protects pulmonary tissuadPI
depicts a high degree of sequence and structurablogy towards other serpins. Serpins
adopt a metastable conformation that is requiredhi@ir inhibitory activity(56). Serpins can
inhibit serine or cysteine proteinases by a rentdekaconformational change-based
mechanism in which the proteinase, having initiatezhvage of the serpin, is translocated
70 A from one pole of the serpin to the ottff). Translocation results from the existence of
a covalent acyl linkage between the proteinaseadiite residue serine and the P1 residue,
and full insertion of the RCL intB-sheet A of the serpi(v6). alPl, like several other serpins
such as antithrombin, proteinase nexin-I, HP cdefadl (HC-II), plasminogen activator
inhibitor-1 or protein-C inhibitor, is a HP bindingerpin (58). These serpins possess a
positively charged cluster at the protein surfabat tinteracts with various GAGs.
Antithrombin becomes fully effective upon activatiby HP. The role of inhibition of blood
coagulation proteinases by antithrombin is acctddraeveral thousand fold in presence of
catalytic amounts of HP or related GAGS9). Binding of a specific HP or HS
pentasaccharide to antithrombin induces allostadtvattion changes that mitigate the
unfavorable interactions and promote template bigpdif the serpin and proteinase. Like
antithrombin, HP brings about significant changé$ wespect ta1PI structure and function.
The intrinsic ability of catalytic quantities of Hktcelerates the inhibitory potential wiPI.
Thus, the association rate constantsadfl in the presence of HP were found to be
significantly enhanced compared to the native forfiss activation results from the specific
binding of HP to a lysin rich stretch on helix@). a1Pl shows a sigmoidal transition upon
activation induced by heparin binding indicativeatibsteric modulation, and appears to be
characterized by two steps of binding: a weak #Wdd by a strong binding. Recently, a

similar result was described with the squamousaaitinoma antigens (SCCAs), a serpin of

14
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cathepsin L. Higgins et al (2010) showed that thes@nce of HP accelerated inhibition of
cathepsin L by SCCA-1 and SCCA-2 which specifichilyd HP and HS but not other GAGs
(61). In the case of SCCA-1, HP increased the secondrarthibition rate constant. A
templating mechanism was shown, consistent withatgr complex formation. Furthermore,
SCCA-1 inhibition of cathepsin L-like proteolytictavity secreted from breast and melanoma
cancer cell lines was significantly enhanced by HP.

Acceleration of proteinase inhibition also occursew HP binds a non-serpin inhibitor
such TIMP-3. TIMP-3, contrary to the other TIMPshibits all known interstitial and
membrane-bound MMPs as well as several key ADAM$ ADAMTSs (62). TIMP-3 is
unique, because it is the sole TIMP regulator ad ofithe most versatile ADAM sheddases,
ADAM-17 (63). Furthermore, TIMP-3 is also renowned for its a@pito induce apoptosis in
mammalian cell§64). Another extraordinary quality that distinguisheBVP-3 from the
other TIMPs is its ability to adhere to the ECM.I|lda the other TIMPs, TIMP-3 is not
readily solublg65), but instead is sequestered at the cell surfacsbgciation with the GAG
chains of PGs, especially HP. TIMP-3 interacts wadll surface and extracellular matrix
GAGs via the large number of positively chargeddwss in TIMP-3, and it was shown that
this is the basis for its location in the extragi@f matrix bothin vivo and in cell culture.
Hence, colocalization of TIMP-3 with proenzymesthie pericellular environment may be a
mechanism for increasing the rate of inhibitionM#Ps, such as MMP-2, and regulating
extracellular matrix breakdown during morphogenptincesse€o6).

HP and HS were found to increase the activity aabilgy of the lysosomal cysteine
cathepsin Cathepsin B has been implicated in a variety cfea$es involving tissue
remodeling states, such as inflammation, and tummatastasis, by degradation of
extracellular matrix componen(67). The mature form of cathepsin B has been showeto

rapidly inactivated at neutral or alkaline pH andits endogenous proteins inhibitors, mainly

15
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from the cystatin family(68). On the other hand, it has been shown that memitraned
forms of cathepsin B are very resistant to inatiivaat neutral pH69). The nature of the
cathepsin B-GAGs interaction was sensitive to tharge and type of polysacchari(i9).

Like papain(71), HP and HS bind cathepsin B specifically, and thteraction induces an
increase ofu-helix content, which stabilizes the enzyme strieeteven at alkaline pk70).
This coupling on the cell surface potentiates thdopeptidase activity of the enzyme by
increasing 5-fold its half-life at physiological pfihe presence of cathepsin B on the plasma
membrane results in focal dissolution of extradaflumatrix proteins and could be enabling
the tumor cell to invade the tissue.

Cathepsin K, another cysteine cathepsin, is coraides the principal proteinase
responsible for the degradation of most of the bwagrix (10). Controlled degradation of
collagen is observed in bone remodeling. Followiigpt attachment to the bone surface,
osteoclasts secrete protons into a closed extuwaeltompartment enclosed by a sealing
zone. This local acidification solubilizes the nraebone and renders the organic matrix
available to proteinases. Cathepsin K is abundaathg predominantly expressed in
osteoclasts where it is localized in the lysosonreshe ruffled border and in the resorption
lacunae on the bone surfa€®). GAGs can also participate in bone resorption raguh
through the modulation of proteinase activity. Tdalagenolytic activity of cathepsin K is
related to a specific complex constituted of fivehepsin K and five CS molecules. This
complex has a triple helical collagen-degradingvégt whereas the monomeric form of
cathepsin K can degrade noncollagenous subsii@psAt acidic pH, GAGs predominantly
expressed in bone and cartilage, such as CS anemidance the collagenolytic activity of
cathepsin K, whereas DS, HS and HP selectivelybinlitis activity (74). The structure of
cathepsin K is flexible and converts between midtgpnformational states with distinctive

characteristics at physiological plasma pH. GAGzaase the activity of the enzyme and
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promote a conformational change. GAGs act as Hallosteric modifiers of cathepsin K by
affecting the distribution of a preexisting equilibn of conformational state@5). GAGs,
which exploit the conformational flexibility of thenzyme, regulate its activity and stability
against autoproteolysis. At pH 7.40, the enzymeaatigs collagen on its own and that CS/DS
reduces its collagenolytic activity, whereas HP ades it. Altogether this shows that the
molecular mechanism behind the unique collagermobgtivity of cathepsin K depends on the
environment.

In conclusionPGs, through their compositional diversity, plapraad variety of roles
as modulators of proteinase activities: (1) actsgerucial structural elements by the control
of proteinase activities, or (2) acting as co-régepfor some inhibitors, playing important

roles for the eceleration of proteinase inhibition.

Conclusion

Proteinases mediate vital processes in cells anthanhomeostasis of tissues and
organs. Proteinases have also been shown to patéan tumor growth anaetastasis, with
different proteinases exerting different functicaisvarious stages of tumor development.
These observations indicate that these enzymegaod targets for the development of
anticancer therapies. However, an important quessidghe extent to which proteinases have
structural roles in remodeling tissues versus @ iregulating access to signaling molecules.
This requires precise understanding of the roles of individarateinasesyith respect to not
only ECM degradation, but also modulatimincytokine and growth factor function. Thus, a
better understanding of the regulatory mechanisrasdontrol proteinase activities in cancer
cells could provide new ways for therapeutic inéetvon that are more specific and effective.
Before inhibitors of proteinases can be applietherapy, it is important to determine which

proteinases are active in which tumor type andettect role they have. Besides, to elucidate
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the in vivo roles of proteinases in cellular pathways andeimeridentify proteinase drug
targets, it will be essential to determine theigrdeglome that illustrates the large substrate
specificity of proteinases. Once a proteinase oroferoteinases has been identified as a
promising target for anticancer treatment, theadoiction and/or activities can be modulated
at each of the various steps that lead to the sgigland activation of the mature enzyme. The
modulatory effect exerted by PGs on proteinasesities is expected to lead to new insights
in the understanding of some molecular systemseptes pathological states, providing new

targets for drug therapy.
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Figurelegends

Figure 1: Regulation of metalloproteinases by GAGs

The activation and activity of MMP-2 is stronglygtdated by GAGs. For example, Heparin
enhanced the autolytic activation of proMMP-2. Rartore, chondroitin-4-sulfate,

expressed on cell surface, binds proMMP-2 and ifat@k its activation by MMP-16, a

membranous protease, whereas testican 3 and hepalfate inhibit this processing. The
activity of MMP-7 is also regulated by GAGs. It'si\ded by sulfated GAGs like chondroitin-
4,6-sulfate which acts as allosteric modulator pbng the autolytic activation. Syndecan-2
interacts directly with pro-MMP7, enhancing its gessing into active MMP7. Another
syndecan, syndecan-4, is able in the one handynwwat the ADAMTS-5 activation through

direct interaction.
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Table 1: Catalytic class and subcellar locatioproteinases.

Proteinases Catalytic Extracellular Cytosolic Plasma Lysosomal
class membrane
associated
Cathepsin D Aspartate + - - 4+
BACE1 Aspartate + - - +++
MMP (1-13; 19-21; 26-28) Métallo +++ - + +
MT-MMP (MMP14-17; 23-25) Métallo + - +++ -
ADAM Métallo + - - -
ADAMTS Metallo + - +++ -
Cysteine Cathepsins (B, L, S, K) Cysteine - - ++ +++
Neurophil elastase Serine - - + +++
Cathepsin G Serine - - + +++
Thrombin Serine +++ - - -
Plasminogen activator Serine - + +++ -
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