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Factores de crescimento

v Proteinas que:
= Se ligam a receptores da superficie celular,

= estimulando, de forma especifica, a migracao e
proliferacido de muitos tipos celulares e a sintese
de novos tecidos.

g Lindberg K, Badylak SF. Porcine small intestinal submucosa (SIS): A bioscaffold
Wlelede O rtopedia supporting in vitro primary human epidermal cell differentiation and synthesis of basement
membrane proteins. Burns 2001;27:254-266.




Regulacao celular

Autdcrina— As células respondem a substancias que
elas proprias libertam

Paracrina— Moléculas libertadas por uma determinada
célula para actuar sobre outra céllula localizada na
vizinhanga.

= Tem uma semi-vida muito curta

= “E actuacéo tipo dos factores de crescimento.

Enddécrina — Determinadas células Iproduzem e
libertam moléculas que sao lancadas na corrente
sanguinea atingindo ceélulas/orgao a distancia

= Hormonas (tir6ide, suprarrenal, etc.).

Casos especificos

= Contacto directo: Moléculas localizadas na superficie
de células adjacentes, tém conhecimento mutuo e podem
servir como meio de sinalizacdo entre as células.
» O reconhecimento de certos marcadores celulares no
processo de embriogénese.
= Sinapse — Ocorre nas células do sistema nervoso, com a
libertacdo na fenda sinaptica de neurotransmissores..

Autocrine and Paracrine Loops

larget cells

Direct contact Paracrine signaling

Hormaone secretion into
blood by endocrine gland Neurotransmitter
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Citocinas

v'Proteinas ou glicoproteinas:

Q) rtgpec

= com um peso molecular inferior a 30 Kd, e uma
sequéncia de aminoacidos variavel, mas estruturada de
forma tridimensional numa hélice de tipo a.

= As principais células produtoras sdo os linfocitos T
helper e os macréfagos.

= Actuam numa rede de celulas vizinhas, interagindo
entre si, nomeadamente no desenvolvimento e
estimulacdo da resposta humoral, inflamatoria,
regulacdo da hematopoese, controle da proliferacao
celular e inducao da cicatrizacao.

Subfamilia dos factores de crescimento




Caracteristicas citocinas

Hepatdcito

Cilula TH
activada




Matriz
extracelular

Factores
sollveis

Influéncias
biomecanicas

Proteoglicanos, Enzimas
Colagénio




Factores de crescimento

PDGF
(Platelet- Plaquetas, celula endoteliais,
Derived placenta
Growth Factor)

Proliferac&o do tecido
conjuntivo, células da clia
e musculo liso

EGF
(Epidermal
Growth factor)

Proliferacédo de células
mesenquimatosas,
epiteliais e gliais

Glandula submandibular, glandula de
Brunner-duodeno)

TGF-a

(Transforming

Growth factor) Comur_n em células alvo e Importante na cicatrizacdo
relacionado como EGF da pele

FGF

(Transforming Multiplas linhas celulares. (pelo Proliferacdo de diversas

Growth factor) menos 19 familias e 4 tipos de linhas celulares, inibicdo
receptores) de stem-cells




Factores de crescimento

Factor Origem Funcéao essencial

Proliferacéo e
diferenciagéo eritrocitos

Eritropoietina

Accéo anti-inflamatéria
TG F'ﬁ (s_uppresséo producédo
Células Th activadas e células citocinas), promocéao
(Transforming natural killer (NK) cicatrizagdo cutanea,
Growth factor) inibicao da proliferacéo
linfécitos e macrofagos

IGF-I Proliferacéo de varios

(Transforming tipos celulares
Growth factor)

Proliferacdo de varios

IGF-| I- Varios tipos celulares tipos celulares,
(Transforming P principalmente de origem

Growth factor) fetal




v Composto por duas cadeias distintas de polipeptideos, A e B que
podem formar homodimeros (AA; AB)ou heterodimeros (AB).

v Apenas o heterodimero interactua com o receptor PDGF.

As accoes dos PDGFs exercem-se em:
= Células mesnquimatosas
» Células tecido conjuntivo

PDGF Pathway

&

“" / FDGFR




PRGF
Platelet rich growth factor

v E um conjunto de proteinas plaguetarias e
plasmaticas.

v Obtém-se a partir do sangue periferico do proprio
doente momentos antes da sua utilizacao.

v Aceleram a reparacao e a regeneracao dos diversos
tecidos.




PRGF/PRP

Platelet-rich growth factor/platelet-rich plasma

v Factores plaquetarios
PDGF — Factor de crescimento derivado das plaguetas
VEGF — Factor de crescimento vascular endotelial
TGF B — Factor de crescimento transformado Beta
EGF - Factor de crescimento epidérmico
FGF B — Factor de crescimento fibroblastico

v Factores plasmaticos

IGF | - Factor de crescimento insulinico
HGF - Factor de crescimento hepatocito

Wileled e Ortg !|Ia




PRP contents & normal values
where known ()

Platelet Count (150-400 x10°L")
-granule factors

EGF (129)° (pg/ml)

VEGF (155)° (pg/ml)

(35)° (ng/ml)
PDGF (3.32)" (ng/ml)
bFGF
Plasmatic factors
IGF-1 (ng/ml)

- Eppley BL, Woodell JE, Higgins J. Platelet quantification and Growth Factoranalysis from Platelet-Rich Plasma:
implications for wound healing. PlastvReconstr Surg 2004;114:1502-8

- Marx RE. Platelet-rich plasma: evidence to support its use. J Or Max Surg 2004,;62(4):489-496

- Anitua E, Andia I, Sanchez M et al. Autologous preparations rich in growth factors promote proliferation and induce
VEGF and HGF production by human tendon cells in culture. J Orth Res 2005;23:281-286

- Sanchez M, Anitua E, Azofra J et al. Comparison of surgically repaired Achilles tendon tears using platelet-rich fibrin
MalLER S At p Med 2007;35(2):245-251<




vAntoniades (19s1)

= 12 a purificar os PDGF a partir das plaguetas.
* (Proc Natl Acad Sci USA; 1981, 78).

MarXx (2004)

= Desenvolvimento da técnica preparacao PRP.
= (J Or Max Surg, 2004, 62).




PRP/Factores de crescimento

v Utilizacdo sangue autologo

v Centrifugacao (2 fases)
= PPP- Plasma pobre em plaguetas
» PRP- Plasma rico em plaquetas

v Activacao das plaquetas e coagulo de fibrinogéneo

= Agregacao das plaguetas seguindo-se a libertacédo dos F C
contidos nos granulos a.

= Activacao lenta (5 a 10 minutos) — associa-se 50 microlitros
de cloreto de calcio por cada cm? de plasma rico em F C.

= Activacao rapida (1 a 2 minutos) — associam algumas
gotas de trombina enddgena.
v Utilizam-se os F C logo apos a activacao no caso da
trombina ou alguns minutos apds no caso do cloreto




PRP/Factores de crescimento

v Aplicado ¢

Anitua E, Sanch@
iplatelet rich fibrin the

v Risco de reaccao a ‘minimo

.

7 AR, Sheridan PJ, Kupp 18 platelet-rich p
J‘: f. ACJTT eview. Int J Oral Max Imp Q. C
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Riscos e complicagoes

v Locais
= AlteracOes degenerativas
* |nflamacao (primeiros dias)
* Fibrose (inicia-se a partir da 22 semana)
v Sistémicas
* Infeccéo (risco minimo com sistemas fechados)
* Diminuicao sistémica das citocinas

Growth Factor Delivery Methods in the Management
Injuries:The State of Play

and Bruce Hamilton

Wilelo,d e QD rtgpedia




Alguns sistemas




“Artesanal’

Utiliza trombina bovina
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Casos clinicos




#1

v Fractura bi-maleolar tipo C
= Abril de 2006

v Jogador profissional de futebol

| |
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v Operado em Abril de 2006.
= Utilizacao de FC
= Retorno competitivo em Julho de 2006

Vilele,d e O rtopedia




#2

v PAS, 37 anos

v Osteonecrose avascular cabeca femoral
= Novembro de 2004
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#3

v VMC, 37 anos

v Rotura cronica tendao de Aquiles
e -4 ’/2; TN ¢ Ry
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4

v AMMB, 49 anos
v Rotura aguda tendao aquiles

Vl(; de Ortoded




Sutura percutanea

!!

Sutura
percuta nea
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v AAMC, 19 anos
v OCD grau Il




Cirurgia
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#6

v AJMC, PU 19860200404

Sexo masculino, 18 anos

Sindrome osteocartilagineo femoro-patelar a dt2
Sem antecedentes de traumatismo préevio.
Diversos episodios de hidrartrose

Mobilidade 135-0-0.

Sem instabilidade capsulo-ligamentar

Sinais rotulianos positivos (+++/+++)
» Rabot
» Zohlen

ICRS -D

Lysholm - 60

Wileled e Ortg !|Ia




| Radiologia |
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3 de Junho de 2004




Controlo em Agosto 2004

* Marcha sem limitacoes

= Atrofia musculo quadricipital
= Mobilidade 135-0-0.

= Sem hidrartrose

» Sinais rotulianos negativos
" [CRS — Grupo A

* Lysholm - 92




3 meses




SIMARTIE

SP AEG

3 meses

4 IM& 8120

Ak

H

E,
Sam

&EF REGA

ool LT BT

¢ 1WA 28 FED

B

_N

:.

~

g

i}

L
X ¥ B
i -
| 2 =
{e




Questao

Sera assim tao grande o sucesso?




Aplicacién de plasma autdlogo
rico en factores de crecimiento

c1n c1rugla artroscoplca

M. Sanchez(1) .{ Azofra(1) B Aizpuriall),
R. Elorrlaga( E. Anltua I Andia(3)




RESULTADOS OBTENIDOS

Evolucion clinica

Presencia de grandes hematomas postoperatorios

que cursan con dolor, edema pretibial y tebricula

(

(

srupo A

50 pacientes

sin PRGF)

|
|
1

Grupo A
50 pacientes
(conn PRGF)

i
(

18%
9 pacientes)

0%

(3 pacientes)

Presencia de hematomas menores

2 M0

U0

15 pacientes)

Lol

Artritis infecciosa » resolvieron con sinovectomia,

lavado artroscopico y tramiento antibiotico, 6 semanas)

20,
(]

| (1 paciente)

!(.‘I:I:i

(8 pacientes)

y 0

(1 paciente)
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(13 pacientes)

24%

(12 pacientes)
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El sindrome del “Ciclope” ha obligado a realizar una artrolisis

64
(3 pacientes)

¥

(1 |‘J:11_'[L'73[\' )

Manipulaciones forzadas

(2 ;Ut'li"ﬂlt;\"l

Rodillas perfectamente estables

(35 pacientes)

Rodillas que presentan una maniobra de Lachman
con un tope anterior, Corn test dinamico f!?l\ﬂ[ shift)

negativo O insinuacion del mismo

(15 pacientes)

(41 pacientes)

16%M

(9 pacientes)

Movilidad completa

02%

(31 pacientes)

- la flexion por debajo de los 120°

4%

(2 pacientes)

f 3y
O2%

(31 pacientes)
A

| (2 pacientes)

‘alta de extension, sin contar los casos de ciclopes:

i ] 5 - y I, p
flexo” menor 6 igual a 5° y tolerable

H':',.l

(4 pacientes)

18%

(9 pacientes)




Pesquisa bibliografica

v PubMed

v Cochrane
= Evidence based medicine
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v Muitos estudos
* “In vitro”
* Modelos animais
v Estudos no ser humano (poucos)
» Feridas pele e tecido celular subcutaneo
» | esOes tendinosas e ligamentares
* LesOes musculares
» Regeneracao 0ssea
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Regeneracao 0ssea
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Controlled delivery of platelet-rich plasma-derived growth factors for bone formation
Helen H. Lu ' 27, Jennifer M. vo T, Hsin Sheila Chin T, Jeffrey Lin 1 2, Matthew Cozin 2, Rick Tsay 2, Sidney Eisig 2, Regina Landesherg 2

"Biomaterials and Interface Tissue Engineering Labaratary, Department of Biomedical Engineeting, Columbia University, Mew York, Mew yark 10027
2Division of Oral and Maxillofacial Surgery, Caollege of Dental Medicine, Calumbia University, Mew Yark, Mew Yorlk 10032
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KEYWORDS
platelet-rich plasma = alginate = growth factor delivery = bone regeneration
ABSTRACT

Flatelet-rich plasma (PRF) represents an autologous source of growth factors essential for bone regeneration. The clinical efficacy of PRF is, howeever, unpredictahle, and this
is likely due to the inefficient and inconsistent delivery of PRP-derived growth factors. Previous investigations have shown that current methods of PEF preparation resultin a
premature release of the relevant hone stimulatory factors. As successful bone regeneration requires multiple factors presented in a physiologic termpoaral and spatial cascade,
the abjective of this study is to control the bioavailability of PRP-derived growth factors using a hydrogel carrier system. Specifically, the release of platelet-derived growth factor,
transforming growth factor heta-1, and insulin-like growth factor from two types of alginate carriers was compared over time. The effects of the released factors on the growth
and alkaline phosphatase (ALY activity of human osteoblastlike cells were alzo evaluated. [twas found that factor release profiles varied as function of carrier type, and
hinding of growth factors to the alginate matrix also modulated their release. The bioactivity of released factors weas maintained i witro and they prormoted cell proliferation and
ALF activity. These results demonstrate the potential of this autologous multifactor delivery systemn for controlling the hioavailahility of PRP-derived factors. Future studies will
focus on optimizing this system to increase the clinical efficacy of PRP by matching the distribution and temporal sequencing of PRP-derived factors to the bane healing
cascade, @ 2008 Wiley Periodicals, Inc. J Biomed Mater Res 2008
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[ 1: Ortop Traumatol Rehabil. 2007 May-Jun; 9(3):227-38,

Current opinion ahout using the platelet-rich gel in orthopaedics and trauma surgery.
[Article in English, Polish]

Wrotniak M, Bielecki T, GaZzdzik TS,

Katedra | Oddziat Kliniczny Ortopedii Slaskie] Akademii Medyczne] w Katowicach, WSS Mr 5, Sosnowiec,

The use of growth factors in combination with tissue engineering seems to be the most promising method in the
future far the treatment of tissue, bone and cartilage defect, Growth factors are cytokines with regulatory
functions for healing in tissues of the musculoskeletal system, These small peptides are synthesised by resident
cells at the site of injury such as mesenchymal stem cells and chondrocytes, ar by the infiltrating inflammmatory
process. Platelet-rich plasma (PRP) is a novel osteoinductive therapeutic approach that is increasingly used in
treatment of such complications of bone healing processes, The activator for PRP is a mixture of thrambin and
calcium chloride, &fter connecting these substances platelet-rich gel (PRG) is formed and numerous regulatory
molecules to the injury site such as PDGF, TGF-, WYEGF, IGF, EGF and antimicrobial proteins are released. The aim
of this article is presentation of present knowledge about properties and possibilities of using platelet-rich
plasma in the treatment of soft tissue and bone healing disturbances,

FMID: 17721419 [PubMed - indexed for MEDLIME]
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Roturas ligamentares
2003

The roles of growth factors in tendon and ligament healing.

[] 1: Sports Med. 2003;3

Molloy T, Wang ¥, Murrell G.

Orthopaedic Research Institute, S5t George Hospital Campus, University of New South Wales, Sydney, Australia.

Tendon healing is a complex and highly-regulated proc that is initi sustained and eventually terminated
by a large number and variety of molecules. Growth f; ; p ent most important of the
molecular families involved in heallng dlllj ¢ L ] buen underi’:nken in an effor
to elucidate their mar ] s some of the re::er‘ut vestigat nto the roles of five
qrn'.fu'rh 'r:u_ vhose ac : st characterised during tendon healing: insulin-like growth factor-1
| ), vascular endothelial growth factor GF), platelet-derived
( : growth factor (bFGF). five are markedly up-regulated following
ter‘udor‘u iI'IjI_Jr"g,l' arur:l are active at mult sta f the healing pr IGF-I has been shown to be highly
expr during the ear ruﬂ:muru:nmr-p ph in @ number of anin ndon healing models, and appears to aid
in the proliferation and migration of fibrobla nd to subsequently incre collagen pro.:hlu'lon TGFbeta is
also a e during inflammation, and h f effi including the regulation of cellular migration and
proliferation, and fibronectin bnu:lmg interacti WVEGF is produced at its highest levels only after the
inflammatory phase, at which time it is a powerful stimulator of angiogenesis. PDGF is produced shortly after
tendon damage and helps to stimulate the production of other growth factors, including IGF-I, and has roles in
tissue remodelling.In vitro and in vivo studies have shown that bFGF is both a powerful f
angiogenesis and a regulator of cellular migration aru:l proliferation. This review als
recent studies into the use of these molecules as ther:
tendon and ligament healing. Studies into the effec
bFGF into the wound site singly and in combination h: 5 3
parameters used to define the functional deficit of a he:nllrug ferudmu prll:"ahoru of IGF-1 h'“ buﬂr‘u shown to
n 1'I|e Achilles Functional Index and the breaking energy of injured rat tendon. TGFbeta and PDGF have
j :n:ﬂ'ﬂl-,- to increase the breaking energy of healing tendon. Finally, application of bFGF has been
shown to promote cellular proliferation and collagen synthesis in vivo.

PMID: 12696985 [PubMed - indexed for MEDLINE]




AJSM, 2004

The Influence of Locally Applied
Platelet-Derived Growth Factor-BB on
Free Tendon Graft Remodeling After
Anterior Cruciate Ligament Reconstruction

Andreas Weiler,*" Cornelius Férster,* Patrick Hunt," Roman Falk,” Tobias Jung.Jr

Frank N. Unterh:.aus::%r,Jr Volker Berg mann,® Gerhard SChJﬂidl‘ﬂﬂiE‘l‘,T and Norbert P. Haas'

From "Sports Traumatology & Arthroscopy Service, Trauma & Reconstructive Surgery, Charité,
Humboldt-University of Berlin, Germany, the IDeparrmenf of Trauma & Reconstructive Surgery,
University of Rostock, Germany, and the “Institute of Veterinary Pathology, Free University of

Berlin, Germany

Background: Ligame nd tendons do not gain mec al properties of the nativ 2 after injury or g

Purpose: To determine the influence of platelet-derived growth factor an tendon graft remodeling.

growth factor
onstruction.



AJSM, 2007

Comparison of Surgically Repaired
Achilles Tendon Tears Using Platelet-Rich
Fibrin Matrices

Mikel Sam,hpz MD, Eduardo Anitua,” MD, DDS, Juan Azofra,” MD, Isabel Andia,” PhD,
Sabino Padllla MD, PhD, and lihigo Muuka &

From the *Ar rhn:r.,copfr Surgery Unit, USP-La Esperanza Clinic, Vitoria-Gasteiz, BEJQC,'U{-‘
Country, wp'—Jm the YBTI Biotechnology Institute, Vitoria-Gasteiz, Basque Country, Spain,

and the Deparfmenf of Research and Development, Medical Services, Athletic Club Bilbao,
Basque Country, Spain

Background: Platelet-rich fibrin matrices rel e a natural mixture of growth factors that play central roles in the complex
proc s of tendon h a.

Hypothesis: Application of autologous platelet-rich matrices during Achilles tendon surgery may promote healing and functional

recovery.
Study Design: C

Open suture repair in conjunction with
¢ compared with a m

th:—-rlumh'
=lial (VEGF), hepa

Results: Athl
complicatio

>ombined with the appl
bilities for e =aling = This needs to be

Keywords: spe




Br J Sports Med 2007

[] 1:BrJ Sports Med. 2007 Nov 5 [Epub ahead of print]

Growth Factor Delivery Methods in the Management of Sports Injuries:The State of Play.

Creaney L, Hamilton B.
n Mary University of London, United Kingdom.

recent years there B
imury. Growth factors h; i in Maxillo-facial an I and the technology is
now benn; dew r.:.'|D|:|f='|:| ’rm ; and Sports Medicine applica _' ns. m::m’rf actors mediate the biological
: ues such has muscle, tendon and ligament following acute traumatic,
e demonstrated clear benefits in terms u’r celerated healing. There
are various w DT delivering hlghﬂr dnhee of growth factors to injured tissue, but each has in common, a
reliance on release of growth factors from blood platelets. Platelets contain grmfufh factors in their 3-granules
(IGF-1, bFGF, PDGF, EGF, VEGF, TGF-31) and these are released upon injection at the site of an injury. Three
commonly utilised technigues are known as Platelet-rich plasma, autologous blood iﬂjer"’ricn'rs.. and autologous
conditioned serum. Each of these techniques have been studied clinically in humans to a very limited degree so
far, but results are promising in terms of earlier return to play following muscle and particularly tendon injury.
The use of I'_'HD'n"uHI factors in Sports Medicine is restricted under the terms of the WADA anti-doping code,
particularly because of concerns regarding the IGF-1 content of such preparations, and the potential for abuse
as performance- er'|}'|ar|n:|r|g agents. We review the basic science and clinical trials related to the technology,
and discuss the use of such agents in relation to the WADA code.

PMID: 17984193 [PubMed - as supplied by publisher]




Estudos tipo RCT

ecies | Tissue- Study Details Res
type

Blood |

Injections | Human

(ABI)

Animal
Conditionsd
Serum
(ACS)

Platelet- Animal
Rich

Plasma

(PRP)

Human

Relaxin Animal

Tendon
Ligament

Muscle

Muscle

Tendon
Ligament

Muscle

Tendon
Ligament

Muscle

Muscle

1)Edwards 2003°
Lateral Epicondylitis
2) Connell 2006* —
Medial Epicondylitis
3)Connell 2[!1]6“0 —
Lateral Epicondylitis

Wright-Carpenter
2004” — Human Skeletal

1)MLishra 2006 — Elbow
tendinopathy
2)Sanchez 2005% —
Achilles tendon rupture
3)Sanchez 20077 —
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(Autologous blood injection)




Conclusao

v Factos
» Os FC dinamizam a reparacgéao tecidular apos traumatismo
= Tém potencial para acelerar a reparacao de tecidos moles

= EXxistem varias técnicas para aumentar a concentracao de FC nos
tecidos traumatizados
» Ministracao de sangue total autologo
» Plasma rico em plaquetas
= Faltam estudos consistentes das sua eficacia no ser humano

» A maior parte apontam para a sua eficacia nas roturas tendinosas e
musculares

= A maioria dos estudos ainda sdo em modelos laboratoriais e
animais

» A sua utilizagéo € considerada como “doping” em certos paises

» Atencao a utilizac&o directa de sangue autologo (ABI)
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