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Rezamat

Metaloproteazele matriceale (cu accent pe colagenaze)

Metaloproteazele matriceale (MPM) reprezintd un grup major de enzime ce reglezd compozitia matricei
celulare. MPM sunt endopeptidaze zinc-dependente, cunoscute pentru abilitatea lor de a clava unul sau mai
mulfi constituenti ai matricei extracelulare, ca §i proteine nonmatriceale.

Aceastd prezentare s-a focalizat pe elementele structurale si functionale ale MPM-urilor, ca si pe rolul lor
in procesele fiziologice sau patologice in care se crede cd MPM-urile joacd un rol important, dacd nu chiar
indispensabil

In concordangd cu caracteristicile lor structurale si functionale, familia MPM-urilor a fost clasificatd 1 in
sase subgrupe diferite, dar inrudite, in care adesea specificatiile substatului se suprapun.

Sinteza MPM-urilor si functiile lor sunt reglate de activarea transcriptionald, procesele posttranscriptionale
(eliberarea pro-domeniului, chituirea suprafetei celulare), si controlul activitatii de cdtre o familie de inhibitori
endogeni cunoscuti sub numele de inhibitori tisulari ai metaloproteazelor (ITMP ). Balanta dintre MPM-uri si
ITMP este cea care stabileste turnover-ul matricial, unde un exces al MPM-urilor sau un deficit de ITMP
poate duce la o degradare in exces a matricei extracelulare (MEC).

In plus, sintezele recente ale inhibitorilor selectivi si non-selectivi ai MPM-urilor ar putea ajuta la o mai
bund intelegere a relatiei dintre activarea celulelor inflamatorii si remodelarea tisulard §i propune noi posibilitdti
terapeutice ale bolii inflamatorii.

Cuvinte cheie: matricea extracelulard, metaloproteazele matriceale, inflamatie

"PHO University dental Clinical Centre “Sveti Pantelejmon”, - Skopje, “Ss. Cyril and Methodius University”, Faculty of Dentistry, Clinic for

Oral Surgery,
“University “Goce Delcev” - Stip Faculty of Medical Sciences, Study for General Stomatology, Macedonia
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Matrix metallopreteinases (with accent to colagenasses)

Matrix metalloproteinases (MMPs) are a majorgroup of enzymes that regulate cell-matrix composition.The
MMPs are zinc-dependent endopeptidases known for their abilityto cleave one or several (extracellular ma-
trix) ECM constituents, as well as nonmatrixproteins.

This revue was focused on structural and functional elements of MMPs, and their role in physiological and
pathological processes in which it is believed the MMPs play an important,or even indispensable role.

According to their structural and functional characteristics, MMPs family members have been classified
into six different but closely related subgroups with fairly characteristic but often overlapping substrate speci-
ficities.

MMP synthesis and functions are regulated by transcriptional activation, post-transcriptional processing
(release of pro-domain, cell surface shedding), and control of activity by a family of endogenous inhibitors
collectively known as tissue inhibitors of metalloproteinases (TIMPs). The balance of MMPs to TIMPs there-
fore determinesmatrix turnover, where either an excess of MMPs or a deficit of TIMPs mayresult in excess
ECM degradation.

Moreover, the recent development of selective and non-selective inhibitors of MMPswould also provide
new insights in the knowledge of the relationship between activationof inflammatory cells and tissue remodel-

ing and propose new therapeuticpossibilities to the treatment of inflammatory disease.
Key words: extracellular matrix, matrix metalloproteinases, inflammation

Modularea interactiunilor matricei celulare se
realizeazd printr-un sistem proteolitic unic
responsabil de hidroliza unei varietdti de componente
ale matricei extracelulare (MEC). Prin reglarea
integritatii si compozitiei structurii MEC, aceste
enzime joacd un rol crucial In controlul semnalelor
elaborate de moleculele matriceale, ce regleazd
proliferarea celulara, diferentierea si moartea
celulara. '

Turnover-ul si remodelarea MEC trebuie sa fie
strict controlatd deoarece o proteolizd necontrolatd
contribuie la o dezvoltare anormald precum si la
generarea unor multitudini de conditii patologice
caracterizate de o degradare excesiva sau de lipsa
degradarii componentelor MEC.

Metaloproteazele matriceale (MPM) reprezintd un
grup major de enzime ce regleazd compozitia matricei
celulare. MPM-urile sunt endopeptidaze zinc-
dependente cunoscute pentru abilitatea lor de a
scinda unul sau mai multi constituenti ai MEC,

precum $i proteine nonmatriceale. Ei reprezintd o

mare familie de proteaze ce impart elemente
structurale si functionale comune, fiind produse de
gene diferite.

128

Modulation of cell-matrix interactions
occursthrough the action of unique proteolytic
systems responsiblefor hydrolysis of a variety of
extracellular matrix (ECM) components. By
regulatingthe integrity and composition of the ECM
structure, these enzymesystems play a pivotal role
in the control of signals elicitedby matrix molecules,
which regulate cell proliferation, differentiation,and
cell death.

The turnover and remodeling of ECM must be
highlyregulated since uncontrolled proteolysis
contributes to abnormaldevelopment and to the
generation of many pathological
conditionscharacterized by either excessive
degradation or a lack of degradationof ECM
components.

Matrix metalloproteinases (MMPs) are a
majorgroup of enzymes that regulate cell-matrix
composition.The MMPs are zinc-dependent
endopeptidases known for their abilityto cleave one
or several ECM constituents, as well as
nonmatrixproteins. They comprise a large family of
proteases that sharecommon structural and functional
elements and are products ofdifferent genes.
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Prima comunicare despre o enzim# a unei
vertebrate (in opozitie cu bacteriile) ce a fost capabild
de a ataca tripla spirald a colagenului de tip I a fost

-realizatd in 1962 de citre Jerome Gross si Charles

Lapiere. In acest raport, ei au demonstrat faptul ca
activitatea enzimei, secretati de fragmente tisulare
din culturd ale pielii de pe bratele si coada aflate in
rezorbtie ale unui mormoloc, o colagenazi ce actiona
asupra colagenului la 27°C, la pH neutru. !

Motivul interesului iIn MPM este expus in Tabelul
1, ce aratd unele aspecte ale implicdrii MPM-urilor
in cadrul proceselor biologice normale si patologice.

Strocture domeniclal si functia

Dacd se examineazda MPM-urile cu plecare de la
capatul N-terminal, se pot observa urmitoarele:
peptida de semnal, propeptida, situsul de scindare
furinic, domeniul catalitic, repetitiile fibronectin-like,
regiunea balama, domeniul hemopexin, si extensia
de insertie a membranei (Fig 1.). 3

The first report of an enzyme from vertebrate (as
opposed to bacterial) sources that was capable of
attacking the triple helix of native type I collagen was
published in 1962 by Jerome Gross and Charles
Lapiere. In this report they demonstrated that the enzyme
activity, secreted by cultured tissue fragments of tail
fin skin from resorbing tadpole tails in metamorphosis,
was true collagenase acting on collagen at 27°C at
neutral pH.!

The reason for this interest on MMPs is pointed out
most clearly by Table 1, which shows some of the points
of involvement of the MMPs in normal biologic and
pathologic processes.

Domain Structure and Function

If one examines the MMPs starting from the N
terminus, the following features are seen: signal peptide,
propeptide, furin-cleavage site insert, catalytic domain,
fibronectin-like repeats, hinge region, hemopexin
domain, and membrane insertion extension (Fig 1.).3

Tabelul 1. Implicarea MPM-urilor in cadrul proceselor normale si patologice.
(Adaptate dupd Parks W. C., Mecham R. P. (1998) Matrix metalloproteinases. Academic Press Limited, UK 2)

PROCESELE NORMALE $1 PATOLOGICE IN CARE SUNT IMPLICATE MPM-urile
Normal Patologic
Dezvoltare Reproducere Mentinere Distructie Boli fibrotice Slabirea
tisulara matricei
Implantarea Ciclul endometrial | Remodelarea Artroza Ciroza ficatului Cardiomiopatie
blastocitului osoasa reumatoida cu dilatatie
Dezvoltarea Ruptura folicului de Ciclului ostoartrita Boala Epidermoliza
embrionului Graaf folicului pilos plamanului buloasa
fibrotic
Cresterea nervilor Luteoliza Vindecarea Invazia Otoscleroza Anevrism aortic
ranilor canceroasa
Indepartarea Dilatatia cervicala Angiogeneza Metastazele arteroscleroza
cattilajelor de canceroase
crestere
Crestere scheletala, Involutia uterina
osoaséa postpartum Apoptoza Ulcer de Scleoza multipla
decubit
Cresterea nervilor Morfogeneza Regenerare
glandelor mamare nervoasa Ulcer gastric
Maturarea smaltului | Involutia glandelor Functia Ulceratie
mamare macrofagelor corneana
Resorbtia dentara Ruptura Functia Boala
primara membranei fetale neutrofilelor parodontala
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Table 1.Involvement of the MMPs in normal and pathological processes.
(Accepted from Parks W. C., Mecham R. P. (1998) Matrix metalloproteinases. Academic Press Limited, UK?

NORMAL AND PATHOLOGICAL PROCESSES IN WHICH MMPs ARE IMPLICATED
Normal Pathological
Development Reproduction Maintenance Tissue Fibrotic Diseases Weakening of
Destruction Matrix
Blastocyst Endometrial Remodeling of Rheumatoid Liver cirrhosis Dilated
implantation cycling bone arthritis cardiomyopathy
Embryonic Graafian follicle Hair follicle cycle Osteoarthiritis Fibrotic lung Epidermolysis
development rupture disease bullosa
Nerve growth Luteolysis ‘Wound healing Cancer invasion Otosclerosis Aortic aneurysm
Growth plate Cervical dilatation - Angiogenesis Cancer metastasis Atherosclerosis
cartilage removal
Skeletal, bone growth Postpartum
uterine involution Apoptosis Decubitus ulcer Multiple sclerosis
Nerve outgrowth - Mammary gland Nerve
morphogenesis regeneration Gastric ulcer
Enamel maturation Manunary gland Macrophage Cormeal ulceration
involution function
Primary tooth Rupture of fetal Neutrophil Periodontal
resorption membranes function disease
& S
e & e Sl
oM Q«S C:;"* ' o &
~ QW
| T
PROTOTYPE

i i

Cys Cys
Figura 1. Reprezentarea unui prototip de MPM. Toate colagenazele interstitiale contin variatii ale domeniului indicat in
acestd reprezentare.
(Adaptat dupi Birkedal-Hansen H., Moore W.G.I,, Bodeen M.K., et al. (1993) Matrix metalloproteinases: A review. Crit. Rev.
Oral Biol. Med. 4,197-250. %)
Figure 1.Representation of a prototype matrix metalloproteinase. All the interstitial collagenases contain variations of the
domains indicated in this representation. (Adapted from Birkedal-Hansen H., Moore W.G.I., Bodeen M.K., et al.(1993)
Matrix metalloproteinases: A review.Crit. Rev. Oral Biol. Med. 4,197-250. B!

Single peptideis typically a stretch of 17-20
residues, rich in hydrophobic amino acids, that serves
as a signal for secretion into the endoplasmic
reticulum for eventual export from the cell.

Peptida singulard este deobicei o sectiune de 17-
20 reziduuri, bogate in aminoacizi hidrofobi, ce
servesc ca un semnal pentru secretia in reticulul
endoplasmatic pentru eventualul export celular.
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Domeniul propeptidic constd in aprox. 80-90 de
aminoacizi ce contin un reziduu cisteinic, ce
interactioneazd cu atomul catalitic de zinc prin
intermediul grupului thiolic al lantului secundar. O
secventd foarte bine conservatd (.. . PRCGXPD. . .)
este prezentd in propeptid. Indepirtarea propeptidului
prin proteoliza are ca rezultat activarea zimogenului,
deoarece toti membrii familiei MPM sunt produsi intr-
o formd latentd. Cisteina din aceasti secventi
(Intrerupdtorul cisteinic”) leagi zincul catalitic

pentru a mentine o latentd a pro-MPM-ului. 3 Aceastd’

cisteind se gdseste in toate MPM-urile, inclusiv in
acelea care prezintd situsul de scindare furinic.

Situsul de insertie al scindorului furinic. Acesta
se intinde pe aproximativ 9 reziduuri incluzand
secvnta RXKR/RRKR ce duce la clivajul extracelular
al furinului. MPM-11, -14, -15, -16, si -17 poseda
aceastd secventd. In enzimele restante, clavarea prin
proteaze externe se desfisoard la mijlocul propeptidei
expundnd partial zincul si conducénd la clivajul
autolitic al restului propeptidei. Situsul exact al
clivajului final poate varia in cazul unei singure
enzime, conducind la diferite grade de activare, in
special In cazul MPM-1.

Domeniul catalitic (aproximativ 170 de
aminoacizi) contine doi ioni de zinc si cel putin un
ion de calciu subordonat la reziduuri diferite. Unul
din cei doi ioni de zinc este prezent in situsul de
activare si este implicat in procesul catalitic al MPM-
urilor. Ionul de zinc catalitic este esential pentru
activitatea proteolotica al MPM-urilor; cele trei resturi
de histidind ce functioneazi cu zincul catalitic sunt
conservate in toate MPM-urile. Cele 50-54 de resturi
de la capatul C-terminal al domeniului catalitic includ
situsul de legare al zincului catalitic. Se cunosc putine
despre rolurile celui de al doilea ion de zinc si al
calciului din interiorul domeniului catalitic, dar MPM-
urile prezintd o mare afinitate pentru ionii structurali
de zinc si calciu. ¢

Repetirile Fibronectin-Like. Aceste structuri
specializate ajutd la legarea enzimei la substraturile
gelatinei si ale colagenului. ’

Regiunea balama. Domeniul catalitic este conectat
la urmitorul domeniu hemopexinic de o regiune de
legdturd ce poartd adesea denumirea de regiune
balama. Poate avea intre O si 75 de resturi. Cea mai
lungéd balama se géseste la MPM-9 si se aseamana

The propeptide domainconsists of approximately
80-90 amino acidscontaining a cysteine residue,
which interacts with the catalyticzinc atom via its
side chain thiol group. A highly conservedsequence
(.. .PRCGXPD. . .) is presentin the propeptide.
Removal of the propeptide by proteolysisresults in
zymogen activation, as all members of the MMPs
familyare produced in a latent form. The Cys within
this sequence (the “cysteine switch”) ligates the
catalytic zinc to maintain the latency of pro-
MMPs.’This cysteine is found in all MMPs, including
those that have the furin-cleavage site.

Furin-cleavage site insert. This stretch of about
nine residues includes the consensus sequence of
RXKR/RRKR that leads to intracellular cleavage by
furin. MMP-11, -14,-15, -16, and-17 possess this
sequence. In the remaining enzymes, a cleavage by
external proteases occurs in the middle of the
propeptide, partially exposing the zinc and leading
to autolytic cleavage of the remainder of the
propeptide. The exact site of final cleavage may vary
within a given enzyme leading to different degrees
of activation, particularly in the case of MMP-1.

The catalytic domain(about 170 amino acids)
containstwo zinc ions and at least one calcium ion
coordinated to variousresidues. One of the two zinc
ions is present in the activesite and is involved in the
catalytic processes of the MMPs.The catalytic zincion
is essential for the proteolytic activity of MMPs; the
threehistidine residues that coordinate with the
catalytic zinc areconserved among all the MMPs. The
50-54 residues at the C-terminal end of the catalytic
domain include the site of binding of the catalytic
zinc. Little is known about the rolesof the second
zinc ion and the calcium ion within the
catalyticdomain, but the MMPs are shown to possess
high affinities forstructural zinc and calcium ions.®

Fibronectin-Like Repeats.These specialized
structures aid the binding of enzyme to gelatin and
collagen substrates.’

Hinge Region. The catalytic domain is connected
to the following hemopexin domain by a linker
region usually referred to as the hinge region. It
ranges in length from O to 75 residues. The longest
hinge is found in MMP-9 and shows considerable
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foarte mult cu colagenul de tip V prin faptul ci este
bogatda In prolind. O balama clasicd contine
aproximativ 16 reziduuri, inclusiv un numér mare
de reziduuri prolinice. ®

Domeniul hemopexin-like (aproximativ 210
aminoacizi) este foarte conservativ si prezintd o
secventd similard cu proteina plasmaticd hemopexin.
Domeniul hemopexin-like joacd un rol functional n
legarea la substrat gi/sau interactiunea cu inhibitorii
tisulari ai metaloproteinazelor, o familie de inhibitori
proteici specifici MPM-urilor °. Domeniul
hemopexinic  este  absolut indispensabil
colagenazelor in clavarea triplei spirale a colagenului
interstitial '°, desi domeniul catalitic poate prezenta
singur activitate proteoliticd asupra altor substraturi.
- Extensia de insertie membranari. Desi majoritatea
MPM-urilor prezintd capdtul C-terminal la sfarsitul
domeniului hemopexinic, cele patru MT-MPM
prezintd o extensie suplimentard ce guverneazi
insertia acestor proteaze la membrana celulara.
Lungimea acestora variaza de la 80 la 110 resturi.

Clasificarea MPM-urilor

In prezent au fost identificate 24 de MPM-uri
diferite ale vertebratelor, din care 23 au fost
identificate la oameni. !!

Conform caracteristicilor lor structurale si
functionale, membrii familiei MPM au fost clasificati
in sase subgrupe diferite, totusi Inrudite, cu specifitti
pentru substraturi ce adesea se suprapun. Aceastd
clasificare ia 1n calcul colagenazele (MPM-1, 8, 13
si 18), gelatinaze (MPM-2 si 9), stromalizine (MPM-
3, 10 si 11), elastaze (MPM . 7 si 12) si MPM-uri de
membrand (MT-MPM-uri, MPM-14, 15, 16 si 17),
precum si alti membri nedenumiti. *

In afara unei structuri 3-D comune 3, MPM-urile
impart un aranjament similar genic, sugerdnd faptul
cd se trag din duplicarea unei gene strimos comune.
Cel putin opt din genele umane cunoscute ale MPM-
urilor (MPM-1, 3, 7, 8, 10, 12, 13 si 20) se gésesc pe
cromozonul 11 la 11q21-23. Alte gene MPM sunt

Tmprastiate pe cromozomii 1, 8, 12, 14, 16, 20 si 22.
12

O scartd trecere in revistd @ colagenazelor

interstiticle individuale

Domeniul chimic si biologic al colagenazelor

132

homology to type V collagen in that it is rich in
proline. A typical hinge contains about 16 residues
including a number of proline residues.®

The hemopexin-likedomain(about 210 amino
acid)of MMPs is highly conserved and shows
sequence similarityto the plasma protein, hemopexin.
The hemopexin-like domainhas been shown to play
a functional role in substrate bindingand/or in
interactions with the tissue inhibitors of
metalloproteinases(TIMPs), a family of specific MMP
protein inhibitors.? Thehemopexin domain is an
absolute requirement for collagenases to cleave triple
helical interstitial collagens'®, although the catalytic
domains alone retain proteolytic activity toward other
substrates.

Membrane Insertion Extension.Although most
MMPs have their C terminus at the end of the
hemopexin domain, the four MT-MMPs have a
further extension that governs insertion of these
proteases into the cell membrane. Its length ranges
from about 80 to 110 residues.

To date, 24 different vertebrate MMPs have been
identified of which 23 are found in humans.!!

According to their structural and functional
characteristics, MMPs family membershave been
classified into six different but closely related
subgroups with fairlycharacteristic but often
overlapping substrate specificities. This classification
considerscollagenases(MMP-1, 8, 13 and 18),
gelatinases (MMP-2 and 9), stromelysins (MMP-3,
10, 11), elastases (MMP-7 and 12), and membrane
type MMPs (MT-MMPs, MMP-14, 15, 16 and 17)
and a group of unnamed members.*

In addition to a remarkably common 3-D
structure®, MMPs share a similar gene arrangement,
suggesting that they arose by duplications of an
ancestor gene. At least eight of the known human
MMPs genes (MMP-1, -3, -7, -8, -10, -12, -13 and -
20) are clustered on chromosome 11 at 11q21-23.
Other MMP genes are scattered among chromosomes
1, 8, 12, 14, 16, 20, and 22.'2

Classification of M

@ ef overview of the ind

bri vidaal
interstitial collagenases

The area of interstitial collagenase chemistry and
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interstitiale, in paralel cu acela al metaloproteazelor
matrieiale in general, a cunoscut o dezvoltare
explozivd. Colagenaza-1 (MPM-1), colagenaza-2
(MPM-8) si colagenaza-3 (MPM-13) reprezintd
subfamilia colagenazei capabili de a initia
degradarea colagenului nativ fibrilar tip I, II, II, V si
IX. " Colagenazele pot deasemenea digera un numir
de molecule MEC si non MEC.

Colagenazele diferd prin specifititile de substrat
si rolurile functionale. 3% 3 MPM-1 degradeazi
colagenul tip ITI, MPM-8 preferd colagenul tip I si
MPM-13 colagenul II. 413

MPM-1 este exprimat in fibroblasti, celule
endoteliale, macrofage, hepatocite, condrocite,
osteoblasti, celule tumorale si keratinocite epidermale
migratorii, iar expresia sa poate fi indusi in anumite
boli inflamatorii si cancere. '* Gena MPM-1 este
localizatd pe cromozomul 11q22.' Este exprimati
la un nivel slab in conditii obisnuite, totusi, expresia
sa poate creste semnificativ in conditii patologice.

MPM-8 a fost pentru prima dati clonati din ARN
mesager, extras din leucocitele periferice ale unui
pacient cu leucemie cronicd cu granulocite. !¢ MPM-
8 este sintetizat in leucocitele polimorfonucleare in
timpul maturdrii in mdduva osoasi, si stocat In
granule intracelulare specifice, din care este secretat
in mediul cextracelular ca si rispuns la stimuli trigger
externi, enzima jucind astfel un rol cheie in distructia
celulard din timpul bolilor inflamatorii.'?” MPM-8
poate fi deasemenea detectati in mucoasa
fibroblastilor, condrocitelor, odontoblastilor,
monocitelor-macrofagelor, celulelor canceroase,
celulelor leucemice, celulelor maligne plasmatice si
celulelor endoteliale umane. '*!** Specia majord de
colagenaze detectatd in inflamatiile parodontale este
MPM-8. 2!

MPM-8 este exprimat in vivo de citre celulele
bronhice epiteliale si de citre macrofagele implicate
in bronchiectazie, condrocitele din artrita reumatoidi
si leziunile osteoartritice, fibroblastii sinoviali
reumatoizi, in celulele umane epiteliale din santul
gingival, in celulele umane ale ateroamelor, in
celulele plasmatice asociate keratozei orale, si in
celulele in proliferare ale tesutului migrator
cicatricial, in fibroliza dermald si 1n celulele
inflamatorii. 22 In vitro, MPM-8 este eliberat de citre
leucocite in timpul stimuldrii chemotactice, in vivo,
ca raspuns la conditiile inflamatorii locale. 2

biology, in parallel with that of the matrix
metalloproteinases in general, has undergone
explosive growth. Collagenase-1 (MMP-1),
collagenase-2 (MMP-8) and collagenase-3 (MMP-
13) comprise the collagenase subfamily capable of
initiating degradation of native fibrillar collagen
types I, II, III, V and IX."Collagenases can also
digest a number of other ECM and non-ECM
molecules.

The collagenases differ in their substrate
specificities and functional roles.3® 3°MMP-1
preferably degrades collagen III, MMP-8 prefers type
I collagen, and MMP-13 prefers collagen II. 13

MMP-1 is expressed by fibroblasts, endothelial
cells, macrophages, hepatocytes, chondrocytes,
osteoblasts, tumors cells and migrating epidermal
keratinocytes and its expression can be induced in
certain inflammatory diseases and cancers.!*The
MMP-1 gene is localized on chromosome 11q22."5It
is constitutively expressed at low levels under
normal physiological conditions; however, its
expression may increase markedly in pathological
conditions.

MMP-8 was first cloned from messenger RNA
(mRNA) extracted from the peripheral leucocytes of
a patient with chronic granulocytic leukemia.'sMMP-
8 is synthesized in polymorphonuclear leukocytes
during their maturation in bone marrow and stored
in specific intracellular granules, out of which it is
secreted to the cell environment in response to
external triggering stimuli and the enzyme thus plays
a key role in tissue destruction during inflammatory
diseases.'’MMP-8 can also be detected in mucosal
fibroblasts, chondrocytes, odontoblasts, monocyte/
macrophages, melanoma cells, leukaemia cells,
malignant plasma cells and human endothelial
cells.'®!*The major collagenase species detected
in inflamed human periodontium is MMP-8.2!

MMP-8 is expressed in vivo by bronchial epithelial
cells and macrophages involved in bronchiectasis,
chondrocytes in rheumatoid arthritis and
osteoarthritic lesions, rheumatoid synovial
fibroblasts, in human gingival sulcular epithelial
cells, in cells of human atheroma, in plasma cells
associated with oral keratocysts and by cells in
proliferating and migratory wound epithelia, in
dermal fibroblasts and inflammatory cells.? In vitro,
MMP-8 is released out of leucocytes during the
chemotactic stimulation and, in vivo, as reply to local
inflammatory conditions. 23

133




Revista Roméina de Medicind Dentara

Vol. XIV —nr. 2/2011

MPM-13 a fost clonat Intdi din cADN-ul tumorilor
mamare. ** El prezintd cea mai largd gama de
substraturi dintre colagenazele interstitiale si, In plus
fatd de acestea, poate scinda o varietate de
componente BM. MPM-13 scindeazi tipul II de
colagen mult mai eficient decét tipurile I si III, iar
dintre colagenazele interstitiale, scindeazd cel mai
eficient gelatina. ?° Expresia fiziologicd a MPM-13
se pare cd se limiteazd la osul in dezvoltare?,
vindecarea réanilor si dinti. 2’ Este exprimat in cantitati
mari Tn conditii patologice cum ar fi artrita
reumatoidd, osteoartrita, boala parodontald, ulceratii
cronice, condrocitele hipertrofice, osteoblasti, precum
si in celulele plasmatice si in multe celule
carcinomatoase si melanomice. %292 Se pare cd
MPM-13 este implicat In invazia tumorald si in
metastazare datoritd plajei sale foarte largi de
specificitate la substrat impreund cu eficienta
cataliticd si a expresiei sale regulate in celulele
canceroase. *°

Reglarea activitatii MPM-urilor

Activitatea MPM-urilor este reglatd la multiple
niveluri, incluzand conversia proenzimei in forma
activatd, inhibitia prin inhibitorii tisulari ai MPM-
urilor (ITMP) si reglarea transcriptiei.

In mod obisnuit existi un nivel scizut de MPM-
uri in tesuturile adultilor, si cu céteva exceptil,
productia si activitatea lor este mentinutd la niveluri
practic nedetectabile. Pierderea controlului activitdtii
poate degenera in boli.

Astfel, MPM-urile sunt tinute sub control la nivel
transcriptional si post-transciptional, iar expresia lor
creste in conditiile in care sistemul este solicitat —
cum ar fi vindecarea unei rdni, repararea unui proces
de remodelare, tesuturi infectate, si chiar In diverse
tipuri de celule crescute in culturi. *

MPM-urile sunt de asemenea reglate de cdtre
activarea precursorilor zimogeni si inhibate de
inhibitori endogeni, inhibitori tisulari ai
metaloproteazelor (ITMP). Activarea extracelulard a
majoritdtii MPM-urilor este reglatd de o cascadd
proteolitica si poate fi initiata de alte MPM-uri deja
activate sau de o multime de proteaze serine. ITMP
reprezintd principalii inhibitori naturali ai MPM,
astfel ei tin sub control strict activitatea cataliticd a
metaloproteazelor. Astfel, balanta dintre MPM si
ITMP este criticd pentru remodelarea MEC.
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MMP-13 was originally cloned from human breast
tumourcDNA library.?It has the widest substrate
selection among the interstitial collagenases and,
in addition to collagens, it is able to cleave various
BM components. MMP-13 cleaves type 1I collagen
more efficiently than type I and III, and among
interstitial collagenases, it is most effective in
cleaving gelatin.?> The physiological expression of
MMP-13 seems to be limited only to developing
bone?, wound healing and teeth.?’It is widely
expressed in pathological conditions including
rheumatoid arthritis, osteoarthritis, periodontitis,
chronic ulcerations, hypertrophic chondrocytes,
osteoblasts as well as plasma cells and many
carcinoma and melanoma cells.?®2?**MMP-13 is
predicted to have an important role in tumors
invasion and metastasis due to its wide substrate-
specificity together with catalytic efficiency and its
upregulated expression in cancer cells.*

Regulation of activity of MMPs

The activity of MMPs is regulated at multiple
levels, including conversion of proenzyme to the
activated form, inhibition by tissue inhibitors of
MMPs (TIMPs) and regulation of transcription.

MMPs levels are usually low in normal adult
tissues, and with some exceptions, their production
and activity are maintained at practically
undetectable levels. A loss of activity control may
result in diseases.

Thus, MMPs are tightly regulated at the
transcriptional and post-transcriptional levels and
their expression become elevated when there is a
challenge to the system, such as wound healing,
repair or remodeling processes, in diseased tissues,
and even in several cell types grown in culture.

MMPs are also regulated by activation of the
precursor zymogens and inhibition by
endogenous inhibitors, tissue inhibitors of
metalloproteases (TIMPs). The extracellular
activation of most MMPs is regulated by a
proteolytic cascade and can be initiated by other
already activated MMPs or by several serine
proteases. The TIMPs are the main natural
inhibitors of MMPs and, as such, they tightly control
metalloproteases catalytic-activity. Thus, the balance
between MMPs and TIMPs are critical for the
eventual ECM remodeling.
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Reglarea transcriptionald a MPM pare a fi pasul
cheie in reglarea MPMurilor din moment ce
majoritatea genelor MPM sunt exprimate doar cind
remodelarea activa fiziologicd sau patologicd a
tesuturilor are loc. * ‘

Per ansamblu, este clar faptul cd reglarea
transcriptionald a productiei de MPM este un
fenomen foarte complicat ce include reglarea
producerii si degraddrii factorilor de transcriptie, si
reglarea activitdtilor lor trans-activatoare si prin
aceste procese modelarea producerii MPM-urilor in
celule. }

‘Variatii spontane de secventd ale promotorilor
MPM ar putea influenta pasi critici in legarea la
factorii de transcriptie, sau ai eficientei de transcriptie,
ceea ce are ca rezultat o discrepantd in expresia
MPM-urilor la diferitii indivizi. Defapt, polimorfismul
genetic poate degrada situsurile de legare al unor
factori de reglare, influentand astfel expresia MPM-
urilor. ¥

P

zcanismal de inhibitie al 1T

ITMP (21-30 kDa) reprezintd majorii reglatori
endogeni ai activitdtii MPM-urilor in tesuturi, iar pand
- in prezent au fost identificati patru ITMP omologi
(ITMP-1 péna la -4). *

ITMP sunt proteine secretorii, dar pot fi gdsiti pe
suprafata celulard in asociere cu alte proteine
membranare. ITMP prezintd efecte asupra cresterii
celulare si a supravietuirii ce nu pot fi intelese
intotdeauna In contextul abilitdtii lor de a inhiba
activitatea MPM-urilor.

ITMP-1 a fost identificat pentru prima datd ca un
potentator al activitatii eritroidului *°, consecutiv ca
si agent ce stimuleazd cresterea anumitor linii
celulare.

ITMP-2 prezintd deasemenea activitate de
potentator al activitdtii eritroidului si stimuleaza
cresterea celulelor limfatice *® precum si a
fibroblastilor. ITMP-2 a fost detectat in jurul
keratinocitelor migratorii din ranile umane, si se
crede cd este produs de aceste celule. ¥

Niveluri inalte de ITMP-3 incurajeazd apoptoza

in multe tipuri celulare atit in vitro cit si in vivo®,.

acest efect fiind asociat cu modularea receptorilor
apoptozei.

ITMP-4 poate declansa de asemenea apoptoza in
fibroblastii cardiaci transformati, dar inhibd apoptoza
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The transcriptional regulation of MMPs appears
to represent the key step in MMPs regulation since
most MMPs genes are expressed only when active
physiological or pathological tissue remodeling takes
place.*

Overall, it is clear that the transcriptional
regulation of MMPs production is a very complicated
phenomenon including the regulation of the
production and degradation of transcription factors
and the regulation of their trans-activating activities
and via these processes the modulation of MMPs
production in cells.

Spontaneous sequence variations in the promoters
of MMPs could influence critical steps in binding to
transcription factors or overall transcriptional
efficiency, which results in discrepancy in the
expression of MMPs in different individuals. In fact,
genetic polymorphisms can alter the binding sites of
some functional regulating factors and influence the
level of MMPs expression.

Inkibition mechanism of TIMPs

TIMPs (21-30 kDa) are the major endogenous
regulators of MMPs activities in the tissue, and four
homologous TIMPs (TIMPs-1 to -4) have been
identified to date.

The TIMPs are secreted proteins, but may be
found at the cell surface in association with
membrane-bound proteins. TIMPs have effects on
cell growth and survival that cannot always be clearly
reconciled with their ability to abrogate MMPs
activity.

TIMP-1 was first identified as an erythroid
potentiating activity*and subsequently as an agent
that stimulates growth of some cell lines. ”

TIMP-2 also has erythroid potentiating activity
and stimulates the growth of lymphoma cells*® and
fibroblasts. TIMP-2 protein has been detected around
migrating keratinocytes in human wounds and is
believed, at least partially, to be produced by these
cells. *7

High levels of TIMP-3 promote apoptosis in many
cell types in vitro and in vivo 3%,and this effect is
associated with death receptor modulation.

TIMP-4 can also instigate apoptosis in transformed
cardiac fibroblasts but inhibits apoptosis in human
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in celulele cancerului mamar in vitro si in tumorile
mamare in vivo; astfel fiind un promotor tumoral
cand este exprimat peste limite.

Se estimeaza faptul cd ITMB inhibd invazia
celulard in vitro, geneza tumorald, metastazele in
Vivo, si angiogeneza. * ITMP prezinti functii
biologice aditionale. ITMP-1 si -2 prezintd activititi
mitotice asupra unui numdr de tipuri celulare, pe cind
expresia crescutd a acestor inhibitori reduce cresterea
tumorald 4, si ITMP-2, dar nu si ITMP-1 inhib#
factorul de crestere al fibroblastilor — ce induce
cresterea celulei umane endoteliale. 3% Aceste
activitdti biologice ale ITMP sunt independente de
activitatea inhibitorie MPM. * ITMP fiind astfel niste
reglatori importanti nu numai pentru turnoverul
matriceal ci si pentru activitatea celulari.

Rezumat si perspective de viitor

in ultimii ani, MPM-urile au cdpitat o atentie
crescutd in multe studii asupra evenimentelor tisulare
fiziologice, inflamatie, precum si procese
inflamatorii, iar acest interes crescut se datoreazi
probabil catorva factori.

In primul rand, MPM sunt produsi sau activati in
functie de necesitate, iar expresia acestor enzime
asigurd un indicator viabil al remodeldrii tisulare in
desfasurare. Astfel, pentru investigatori, aceste
enzime sunt modele de produse genice ce sunt reglate
cu acuratete si eliberate tintit pentru anumite
substrate extracelulare de citre o multime de celule
in timpul a numeroase procese tisulare normale, cum
ar fi vindecarea réanilor, resorbtia osoasid si
morfogenezi. In contrast, o productie 1n exces a
MPM-urilor reprezintd un semn distinctiv al multor
boli distructive, cum ar fi ulceragiile artritice sau
cronice, si pentru o multitudine de procese ce sunt
asociate acestor boli cum ar fi inflamarea, metastazele,
angiogeneza, iar reglarea aberantd a productiei de
MPM este consideratda a fi un mecanism primar ce
contribuie la progresia bolii si a leziunii. Astfel,
intelegdnd mecanismul de expresie si activare al
MPM-urilor, precum si identificarea proteinazelor ce
sunt produse de citre celule in conditii specifice va
genera un mare impact asupra intelegerii fiziologiei
si a patogenieii bolilor. “° ‘

Multe rapoarte recente au demonstrat faptul ca
diferite MPM actioneaza asupra proteinelor non-
matriceale, cum ar fi citokinele, chemokinele,
receptori si peptide antimicrobiane. *! Totusi, MPM-
urile nu ar trebui vizute doar ca proteine ale catalizei

breast cancer cells in vitro and mammary tumours
in vivo; it is thus atumor promoter when
overexpressed.

It is widely appreciated that TIMPs inhibit cell
invasion in vitro, tumorigenesis, metastasis in vivo,
and angiogenesis. **TIMPs exhibit additional
biological functions. TIMP-1 and TIMP-2 have
mitogenic activities on a number of cell types,
whereas over expression of these inhibitors reduces
tumor cell growth 34, and TIMP-2, but not TIMP-1,
inhibits basic fibroblast growth factor-induced
human endothelial cell growth.®These biological
activities of TIMPs are independent of MMP-
inhibitory activities.* TIMPs are therefore important
regulators not only in matrix turnover but also in
cellular activities.

Summary and future prospects

In recent years, MMPs have gained considerable
attention in many studies on normal tissue events,
inflammation, and disease processes, and this
enhanced interest is probably due to several factors.

For the most part, MMPs are produced or activated
when needed, and expression of these enzymes
provides a reliable indicator of ongoing tissue
remodeling. Thus, for investigators, these enzymes
are models of gene products that are accurately
regulated and precisely targeted to specific
extracellular substrates by a wide variety of cells
during numerous normal tissue processes, such as
wound healing, bone resorption, and morphogenesis.
In contrast, exuberant production of MMPs is a
hallmark of many destructive diseases, such as
arthritis and chronic ulcerations, and of many disease-
related processes, such as inflammation, metastasis,
and angiogenesis, and aberrant regulation of MMPs
production is thought to be a primary mechanism
contributing to disease progression and injury. As
such, understanding how MMPs expression and
activation are controlled and identifying which
proteinases are produced by which cells under
defined conditions will have a great impact on our
understanding of normal biology and disease
pathogenesis.* :

Several reports in recent years have demonstrated
that various MMPs act on non-matrix proteins, such
as cytokines, chemokines, receptors and
antimicrobial peptides.*'Thus, MMPs should not be

~ viewed solely as proteinases for matrix catalysis, but
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matriceale, ci mai degrabd ca si enzime ale proceselor
extracelulare, implicate in reglarea evenimentelor
celuli-celuld, celuld-matrice. 4

MPM-urile continud si fie descoperite. MPM-uri
tnalt specializate cum ar fi enamelizina ce se giseste
doar 1n smaltul dintelui embrionic poate avea
corespondenti nedescoperiti in alte tesuturi sau
organe. Proiectul genomului uman va descoperi fdrd
indoiald asemenea exemplare.

Mai sunt multe de invédtat despre MPM-uri si
inhibarea acestora. Nu stim aproape nimic despre
substratul natural al MPM-urilor in vivo, despre
modul in care celula simte si regleaza nivelul de
enzime si inhibitori ai matricei, precum si despre
abilitatea celulei de a substitui o enzimd cu o alta in
deficiente. Atentia se va indrepta fird dubii asupra
modurilor de a regla activitatea prin manipulare
genetici si prin expresia anumitor inhibitor
enzimatici.
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