MIOFIBROBLASTO
Paxilina — verde
(adesao focal)

Actina de musculo liso
—vermelho

B-catenina — Azul
(contato célula-célula)

http://flylib.com/books/en/2.953.1.12/1/

Fase de remodelamento no
reparo tecidual

Luciana Corréa
Disciplina de Patologia Geral da FOUSP



Principais eventos do processo de reparo em pele e mucosa
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subendothelial collagen exposure

A teessmcccescrcacmcecesenan,
F g A N S

<—— vasoconstrition <——-§

N}

oxygen free-radical metabolites
inflammatory mediators
bactericidal activity
autolytic debridement

myofibroblast
diferentiation

contraction

_/

N Ay e B coagulation
{4 o,
T N St ]‘.Ac_. _,[. "At” - 'E cascade
COU TSI TEONNPTORRNCOIIISCT

e
DROINON e LAy

"""""" CYTOKINES ~ =~ "=~~.
l o A PDGF TGF-f . .a=" : l
VEGF 5';?};""““ R bFGF monocyte recruitment
" )
LLTRTRR

3
.

FIBRIN CLOT

3SVHd AYOLVWWY NI

v
extracellular matrix

synthesis and deposition

y

NEOANGIOGENESIS

HEALED WOUND

GRANULATION

PROVISIONAL

MATRIX

remodefing

COLLAGEN
MATRIX

3SVHd 3IALLVH3IAN0¥d

Neves et al. Diabetic Foot Infections: Current Diagnosis and Treatment. The Journal of Diabetic Foot Complications, 2012; Volume 4, Issue 2, No. 1, Pages 26-45



Reepitelizagao quase completa
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Apoptose de células endoteliais
Secre¢ao de colageno
Migracao de fibroblastos

colageno




FASE DE REMODELAMENTO

* Rapida sintese e degradacao da matriz extracelular

*Inicialmente ha grande quantidade de coldageno do tipo lll, que é substituido por

colageno do tipo |

*Ha formacdo de ligacdes entre as fibras colagenas originando feixes colagenos

* Ha contracao da ferida

.. type 1
S collagen

type 3
collagen

Collagen fibril

A single collagen molecule

NSNS

Triple helix

D

[

fibroblast cells

COLLAGEN FIBRE MAKE-UP

http://www.physioroom.com/injuries/supplements/ligaments.php




FIBROBLASTOS
* Sintese de colageno
o~ . TGF.be
* Secrec¢ao de metaloproteinases Igr CSla
N FIL“1, g
* Diferenciacdo em miofibroblastos Ligagdo de VEGF
fatores de GF

crescimento

Formacao do

, transcricao
procolageno \ l (MAPKs, NFkVORCA MECANICA

Ativacgao de vias de

Integrinas
ecregao de O \
procolageno o0

) X J
ormacao do

colageno Secregao de
(tipo 1 e 1) metaloproteinases

egradacao da
matriz secretada



METALOPROTEINASES

Dermis BM Epidermis
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Eur Respir J 2011; 38: 191-208




Muatric Metalloprofeinnses Carrent Medicinagl Chemiztry, 20010 Vol 7, No. 31 3753

Tahble 1. Classification of Matrix Metalloproteinases
MMP Metalloproteinase klka ELC classification Locus Substrates
Collagenase (type L, inter- Collagens {( LILIIL VI and X}, gelatm; aggrecan; L-
MMP-1 g w“;[]"" . 43 EC3.4.24.7 11g22-q23 selectin; 1L-1P proteoglycanes; entactin; ovostating
’ MMP-2; MMP2
Crelatinase & 72 kDa
Collagens (L1, V, V11X X1 and XIV); gelatn;
MMBIP-2 Gelatmase type IV EC34.24 24 lGgl3 clastm; fibronectin;agerecan; MBP, ostconecting
iy laminm-1; MMP-1; MMP-9; MMP-13
collagenase
Stromelysin-1 e Li] Collagens (11LIYV,Y, and 1X); gelatn; aggrecan;
perlecan; deconn; lammin; elasting casem; os-
MMP-3 EC34.24.17 11g23 teonecting ovostating antacting plasminogen; MBP;
Prateoglykanase IL-1f; MMP-ZTIMP-2; BMMP-T; MMP-8; MMP-9;
MMP-13
Collagens (IV and X}; gelating aggrecan; deconng
fibronecting laminin; entactin; elasting casein; trans-
MMP-7 Matrilys 20 EC34.2423 11g21-g22 * * : B *
ysin +'1 fernin;, plasminogen; MBP, B4-integrin; MMEP-1;
MBP-Z; MMP-S; MMP-STIMEP-1
MMP-§ Neutrophil collagenase 58 EC34.2434 11g21-g22 Callagens (LILIILV, VIL VLIl and X}, gelatin; aggre-
can; fibronectin
Collagens ( [V, V,VIL,X and X1V}, gelatin; entacting
MMP-4 Crelatinase B 92 EC3424.35 2igl1.2-gl3.1 agerecan; elasting fibronecting osteonecting plasmi-
nogen;, MBP; IL-1h
- - _— Collagens ( H1-%); gelatin; casemn; aggrecan; elastm;
MBP-10 Stromelysin-2 4 EC34.222 11g22.3-g23 = r e e
melysin Lo MMP-1; MMP-§
MBP-11 Stromelysin-3 +4 n0 match 22ql12 Linknown (the most hkely casein)
Collagen 1V, gelanin; elastin; casemn; fibronectm;
MBP-12 Macrophage metaloelastase 45 EC3424.65 11g22.2-q32 3 vitronectin; laminin; entactm; MBP, fibnnogen;
fibrin; plasminogen
Collagens ( LILIILIY XX and X1V}, gelatin; plas-
MBIP-13 Collagenase-3 35 no match 11g22.3 minogen; aggrecan; perlecan; fibronecting os-
teonectin;, MAMP-9




Matrix Metalloprofeinases

Current Medicinal Chemisory, 20010 Fol I7, Yo 31 3753

Table 1. Classification of Matrix Metalloproteinases
Collagens (I-111}; gelatin; casein; fibronectm;
MMP-14 MTI-MMP 54 o match l4gll-gl2 lamimn;, vitronecting entacting proteoglyeans; MMP-
2, MMP-13
MMP-15 MT2-MMP ‘1 no match 16q12.2-g21 Fibronectin; entactin; lammin; perlekan; MMP-2
MBP- 16 MT3-MMP — o match HgZ1 Collagen 11I; gelatm; casemn; fibronectin; MBMMP-2
35
MBP-1T MT4-MMP 54 no match 12g24 LInknown
MBMP-18 Collagenase-4 o match unknoamn Collagens (LILILVII a X}; gelatin; agerecan
MM P-19 T | no match 12q14 Crelating aggrecan; fibronectm
MMP-200 Enamelysin o match unknown Amelogrencin; aggrecan
MMP-21* o match Ip36.3 Lnknown
MMP-22% o match Ip36.3 LInknown
MMP-23% o match unknown Lnknown
MBIP-24 MT5-MMP no mateh 20gl11.2 LInknown
MMP-25 Leukolysin/MT6-MMP no match 16p/3.3 Pro-gelatnnse A, """;'*I;::”m':“”: coltagen [V,
MM P-26 Endometase, matrilysin-2 o match unknown Crelatin lig P'L; fibninogen; fibronecting vitronectin
MMP-28 Epilysmn o match I7gll2 Casemn

® .. BMP genes were found on chromesomes, but thesr function amd structure have nol been sdentified yet,
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INTERACOES CELULA-MATRIZ O Ades3o a matriz extracelular

o Juncdo intercelular

O Proteinas matriz extracelular

Thrombospondin)Y Cytoskeleton
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Fibronectin
/./.4\, Growth factors
e
Cytoplasm

Cytoplasm
Extracellular Matrix

Receptor
Growth factor

Nucleus

Mutsaers et al. 1997
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FORMAGAO DE MIOFIBROBLASTOS

ED-A fibronectin
Mechanical tension

Proto-myofibroblast
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FATORES ESSENCIAIS PARA A DIFERENCIAGAO EM MIOFIBROBLASTOS

* Presenca de grande quantidade de fibronectina na matriz extracelular, formando
conexdes com proteinas de adesao focal celular do fibroblasto (fibronexos)

* Tensao mecanica sobre a matriz extracelular, criando novos pontos de adesao focal
* Presenca do fator de crescimento TGF-beta (mecanismo ainda ndo conhecido)

 Expressao de actina de musculo liso por todo citoesqueleto, adquirindo capacidade
contratil
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HE
MECANOTRANSDUCAO

Mecanotransduc¢ao — reacdes bioguimicas produzidas a partir de um estimulo

mecanico (fisico)
Extracellular

Mecanotransdugao intracelular
3 matrix
\Mechanlcal
== \ forces )
o

—— Stretch-
activated
ion channels

\I

Growth factor /
receptors /K ‘ Integrins G-protein- coupled

receptors

Plasma
membrane

Cytosol

MAPK

\ Transcnptlon factors ‘)<

PI3K

Actin
cytoskeleton

Mechanoresponsive genes —»

Nucleus

* Ativacao de vias de
transcricao relacionadas
a proliferacao, migracao e
sobrevivéncia celular
(MAPKs, NFkB, PI3K)

* Ativacao do 6xido
nitrico (proliferacao
celular)

* Influxo de calcio
(modificacao do
citoesqueleto)
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MECANOTRANSDUCAO

Mecanotransdug¢ao extracelular

5

Exposure of

—_ hidden domains

Alteration of
spatial density

1

Mechanical
forces

Extracellular
matrix

Release of
stored factors

Plasma
membrane

* Exposicao de sitios de
dominio celulares para
ligacdo protéica

* Alteracdo da densidade
de concentracgao de
citocinas, fluidos, ions

* Modificacao da
membrana plasmatica,
provocando a secrecao
de proteinas
armazenadas
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MECANOTRANSDUCAO

Estimulo mecanico e tecido d0sseo

LAMELA OSSEA
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Deformacdes circulares sobre a membrana
plasmatica (tracdo e compressao)

Gusmao. Belangero (2009)



Rede de conexoes entre osteodcitos —
amplificacao da mecanotransducao

TRENDS In Endocrinology & Metabolsm

EXTENSION
OF OSTEOCYTE

CANALICULAR WALL
PROJECTION

SITE OF INTEGRIN
ATTACHMENT

CANALICULUS

CANALICULUS




Interacdo ostedcito/osteoblasto/osteoclasto

carga carga
' osteomto'
Caz2+___ oo > Ca2+

inibicdo da (
apoptose

Prostaglandina E2 Oxido Nitrico

inibicdo de apoptose o
de osteoblastos inibicdo de RANKL

Ativacao de osteoblastos Inibicao de osteoclastos
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6 semanas da fratura




8 semanas da fratura






