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Via Nacional
Via PCT (Fase Nacional) X Capitulo | X | Capitulo Il
No. Solicitud Internacional PCT/ES2012/000196
Fecha de Presentacion Internacional 13/07/2012

Como resultado del examen de fondo realizado, con fundamento en el Articulo 45 de la
Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Radicado N°14-13982-00000-0000 24/Enero/2014
Reivindicaciones: Radicado N°14-13982-00000-0000 24/Enero/2014
Dibujos: Radicado N°14-13982-00000-0000 24/Enero/2014
Secuencias: Radicado N°14-13982-00000-0000 24/Enero/2014
Prioridad: ES P 201100867 11/Julio/2011

2. Analisis de la Prioridad

Se acepta la reivindicacion de prioridad porque ésta solicitud fue presentada dentro del
plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencion
De acuerdo con lo establecido en el numeral 1.2.2.2 del capitulo primero del Titulo 10

de la Circular Unica para efectos del examen de patentabilidad, se tendra en cuenta la
tasa pagada por la solicitante al momento de comenzar el examen para las
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reivindicaciones adicionales; esto es que cuando la solicitud contenga mas de diez (10)
reivindicaciones y no se haya pagado la tasa complementaria, sélo se estudiaran las
cubiertas por la tasa pagada. En el presente caso se estudiaran las reivindicaciones 1 a
19 del capitulo reivindicatorio (Radicado N°. 14-13982-00000-0000).

Titulo de la solicitud: “PROCEDIMIENTO DE OBTENCION DE UNA COMPOSICION
QUE CONTIENE FACTORES DE CRECIMIENTO A PARTIR DE UN COMPUESTO
SANGUINEO Y COMPOSICION OBTENIBLE POR DICHO PROCEDIMIENTO”

El problema planteado en esta solicitud consiste en la necesidad de obtener nuevos
métodos de obtencidn de una composicion para tratar de forma regular patologias
cronicas y, particularmente, patologias cronicas de naturaleza autoinmune.

Para resolver este problema técnico la solicitud en estudio proporciona un método de
obtencion de una composicion que contiene factores de crecimiento a partir de un
compuesto sanguineo y composiciéon obtenible por dicho procedimiento.

El objeto de la presente solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): A61K 38/18.

4. De la solicitud de patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicacion 1 no es clara puesto que menciona un “Procedimiento de obtencion de
una composicion que contiene factores de crecimiento, que comprende las fases de: a)
disponer de un plasma rico en plaquetas o de un sobrenadante de plasma rico en
plaquetas que contiene factores de crecimiento liberados, b) aplicar un tratamiento
térmico al plasma rico en plaquetas o al sobrenadante de plasma rico que en plaquetas,
durante el cual se aumenta la temperatura del mismo, c) liofilizar dicho plasma rico en
plaquetas o sobrenadante de plasma rico en plaquetas” y hace referencia que las
etapas b) y c) “se realizan en orden indistinto”, lo cual es impreciso y no permite
distinguir el objeto de la invencion del estado de la técnica. Se sugiere a la solicitante
mencionar las caracteristicas técnicas estructurales, es decir, las condiciones
especificas de cada etapa, las cuales se encuentren debidamente sustentadas por
medio de pruebas técnicas en el capitulo descriptivo.

La reivindicacibn 19 no es clara ni posee sustento puesto que menciona una
composicidbn que contiene factores de crecimiento, caracterizando esta por el
procedimiento por el cual es obtenida la composicion. Se recuerda a la solicitante que
una composicion se caracteriza estructuralmente, es decir, por los componentes y
proporciones de los mismos, los cuales se encuentren debidamente sustentados en el
capitulo descriptivo.

5. Determinacion del Estado de la Técnica
El estado de la técnica se determindé con base en la fecha de presentacion de la

solicitud de prioridad: 29 de julio de 2011, y se encontraron los siguientes documentos
gue anticipan el objeto de esta solicitud:

item Documento Titulo Fecha de Publicacién
D1 EP 1066838 | Done lissue  regenerating 10/Enero/2001
composition
Pietramaggiori G, | Freeze-dried platelet-rich
Kaipainen A- | plasma shows beneficial
D2 . . S ; 2006
Wound Repair | healing properties in chronic
Regen wounds
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D3 EP 2077118 facteurs de - croissance de 8/Julio/2009
plaquettes et son procédé de
préparation
Purification and Properties of
Weida Huang, | Epithelial  Growth Inhibitor
Takashi Kimura- | (EGI) from Human Platelets: .
D4 The Journal of | Its Separation from Type f 18/Noviembre/2008
Biochemistry Transforming Growth Factor
(TGF-B)

El documento D1* divulga una composicién para la regeneracion de tejido éseo y un
método para preparar dicha composicion, que se utiliza principalmente pero no
exclusivamente en cirugia oral y consiste en un gel rico en factores de crecimiento
plasma (PRGF gel) obtenida a partir de la sangre del paciente. Con la ayuda de dicho
gel, mas rapido y mas eficaz la regeneracion 6sea de las cavidades a ser tratada se
obtiene en comparacién con materiales y técnicas conocidas (Resumen).

El documento D2? divulga una composiciéon que contiene factores de crecimiento de
plaguetas para uso terapéutico y/o cosmético, que comprende preferiblemente los
factores de crecimiento PDGF, TGF, IGF, EGF, CTGF, bFGF y VEGF (Resumen).

El documento D3° divulga un método para preparar un concentrado de factores de
crecimiento coagulable de plaquetas (Resumen).

El documento D3* divulga métodos para purificar TGF-3 a fin de obtener tal, en altos
rendimientos (Resumen).

6 . Examen de Patentabilidad (Art 14 D486)
Novedad (Art 16 D486)
La reivindicacion 19 consiste en: “Composicion que contiene factores de crecimiento,

obtenible segun el procedimiento de cualquiera de las reivindicaciones 1 a 18"
(Radicado N°. 14-13982-00000-00000).

Comparacion de las caracteristicas técnicas esenciales, con las del estado de la técnica:

Caracteristicas esenciales D1
Composicion Composiciéon
L factores de crecimiento
factores de crecimiento A
(reivindicacién 1)

Las caracteristicas esenciales de la composicién de la reivindicacién 19 habian sido
divulgadas previamente en el documento D1, el cual da a conocer una composicion la
cual comprende factores de crecimiento (reivindicacion 1).

En consecuencia, la reivindicacion 19 carece de novedad, segun lo divulgado en el
documento D1.

Nivel inventivo (Art 18 D486)

La reivindicacion 1 consiste en: “Procedimiento de obtencion de una composicion que
contiene factores de crecimiento, que comprende las fases de: ......” (Radicado N°. 14-

1http://worldwide.espacenet.com/publicationDetails/biblio?CC=EP&NR=1066838A1&KC=A1&FT=D

2 http://www.ncbi.nlm.nih.gov/pubmed/17014669
3http://worldwide.espacenet.com/publicationDetails/biblio?CC=EP&NR=2077118A1&KC=A1&FT=D

4 http://www.researchgate.net/publication/19690059_Purification_and_properties_of_epithelial_growth_inhibitor_(EGI)_from_human
_platelets_its_separation_from_type_beta_transforming_growth_factor (TGF-beta)
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Comparacién de las caracteristicas técnicas esenciales, con las del estado de la técnica:

Caracteristicas esenciales

D2

D3

Procedimiento

Procedimiento

Procedimiento

a) Disponer de un plasma rico en
plaguetas o de un sobrenadante de

Disponer de un plasma rico
en plaguetas o de un
sobrenadante de plasma rico

Disponer de un plasma rico
en plaguetas o de un
sobrenadante de plasma

plasma rico en plaquetas que | en plaguetas que contiene | rico en plaguetas que

contiene factores de crecimiento | factores de crecimiento | contiene factores de

liberados liberados (Resumen, P&g. | crecimiento liberados (Parr.
573, Col. 1). [0011)).

b) Aplicar un tratamiento térmico
al plasma rico en plaquetas o al
sobrenadante de plasma rico en

No se menciona

Aplicar un  tratamiento
térmico al plasma rico en
plaquetas o al sobrenadante
de plasma rico en plaquetas

plaquetas (Parr. [0028)]).

Liofilizar dicho plasma rico en
plaguetas o sobrenadante de
plasma rico en plaquetas
(Resumen, Pag. 574, Col. 3).

c) Liofilizar dicho plasma rico en
plaguetas o sobrenadante de
plasma rico en plaquetas

No se menciona

El documento D2 se considera el estado de la técnica cercano a la invencion definida
en la reivindicacion 1 porque ensefia un procedimiento de obtenciébn de una
composicidon que contiene factores de crecimiento, que comprende las fases de
disponer de un plasma rico en plaquetas o de un sobrenadante de plasma rico en
plaguetas que contiene factores de crecimiento liberados (Resumen, Pag. 573, Col. 1) y
la etapa de liofilizacion del plasma (Resumen, Pag. 574, Col. 3).

La diferencia entre la solicitud, definida en la reivindicacion 1 y el procedimiento del
documento D2 consiste en que la solicitud menciona la etapa de aplicacion de un
tratamiento térmico al plasma rico en plaguetas.

El efecto técnico asociado a la etapa de aplicar un tratamiento térmico al plasma rico en
plaguetas es que permite eliminar el complemento y reducir la presencia de algunas de
las inmunoglobulinas mas frecuentes en el plasma o el sobrenadante que juegan un
papel critico en reacciones cruzadas desde el punto de vista inmunoldgico.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “cOmo proveer un procedimiento alternativo para la obtencion de
una composicién que contiene factores de crecimiento.”

Sin embargo, el documento D3 ensefia un procedimiento de obtencion de una
composicién que contiene factores de crecimiento que comprende la etapa de aplicar
un tratamiento térmico al plasma rico en plaquetas a una temperatura entre 2°C y 50°C
(Parr. [0028]).

En consecuencia, la persona del oficio normalmente versada en la materia, modificaria
el procedimiento de obtencién de una composicion que contiene factores de crecimiento
ensefiado en el documento D2, con la etapa de aplicar un tratamiento térmico al plasma
rico en plaquetas divulgada en el documento D3, con el fin de proveer un procedimiento
alternativo, para llegar asi al objeto de la reivindicacion 1 de la solicitud. Por lo cual se
considera obvia.

Las reivindicaciones 2-5, 7-18 no mencionan caracteristicas técnicas adicionales por lo
tanto tampoco tienen nivel inventivo.

La reivindicacibn 6 consiste en: “Procedimiento segun la reivindicacion 5, que se
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caracteriza por que: -el plasma rico en plaquetas o el sobrenadante de plasma rico en
plaquetas se somete a una temperatura de 56°C durante un tiempo entre 30 y 60
minutos” (Radicado N°. 14-13982-00000-00000).

Comparacién de las caracteristicas técnicas esenciales, con las del estado de la técnica:

Caracteristicas esenciales D2 D4

Procedimiento Procedimiento Procedimiento

Disponer de un plasma rico
en plaguetas o de un
sobrenadante de plasma
rico en plaquetas que
contiene factores de

Disponer de un plasma rico
a) Disponer de un plasma rico en | en plaquetas o de un
plaguetas o de un sobrenadante | sobrenadante de plasma rico
de plasma rico en plaguetas | en plaquetas que contiene
gque contiene factores de | factores de crecimiento

- . ; . crecimiento liberados

crecimiento liberados liberados (Resumen, PAag. .
(Resumen, Pag. 689, Col.

573, Col. 1). 5)

Aplicar un  tratamiento
b) Aplicar un tratamiento térmico el térmico el plasma rico en
plasma rico en plaquetas o el plaquetas o_el sobrenadante
sobrenadante de plasma rico en | o se menciona de plasma rico en plaquetas
plaquetas se somete a una se somete a una
temperatura de 56°C durante un temperatura de 56°C
tiempo entre 30 y 60 minutos durante un tiempo entre 30

minutos (Tabla 3).

Liofilizar dicho plasma rico en
plaguetas o sobrenadante de [ No se menciona
plasma rico en plaquetas
(Resumen, Pag. 574, Col. 3).

c) Liofilizar dicho plasma rico en
plaguetas o sobrenadante de
plasma rico en plaquetas

El documento D2 se considera el estado de la técnica cercano a la invencion definida
en la reivindicacion 6 porque ensefia un procedimiento de obtencion de una
composicion que contiene factores de crecimiento, que comprende las fases de
disponer de un plasma rico en plaguetas o de un sobrenadante de plasma rico en
plaguetas que contiene factores de crecimiento liberados (Resumen, Pag. 573, Col. 1).y
la etapa de liofilizacion del plasma (Resumen, Pag. 574, Col. 3).

La diferencia entre la solicitud, definida en la reivindicacion 6 y el procedimiento del
documento D2 consiste en que la solicitud menciona la etapa de someter el plasma rico
en plaquetas o el sobrenadante del plasma rico en plaquetas a una temperatura de
56°C durante un tiempo entre 30 y 60 minutos la etapa de aplicaciéon de un tratamiento
térmico al plasma rico en plaquetas.

El efecto técnico asociado al someter el plasma rico en plaquetas o el sobrenadante del
plasma rico en plaguetas a una temperatura de 56°C durante un tiempo entre 30 y 60
minutos es que permite eliminar el complemento y reducir la presencia de algunas de
las inmunoglobulinas més frecuentes en el plasma o el sobrenadante.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencién se
puede formular asi: “como proveer un procedimiento alternativo para la obtencion de
una composicion que contiene factores de crecimiento”

Sin embargo, el documento D4 ensefia un procedimiento de obtencibn de una
composicién gque contiene factores de crecimiento que comprende la etapa de aplicar
un tratamiento térmico al plasma rico en plaquetas; el plasma rico en plaquetas o el
sobrenadante de plasma rico en plaquetas a una temperatura de 56°C durante un
tiempo entre 30 minutos (Tabla 3).

En consecuencia, la persona del oficio normalmente versada en la materia, modificaria
el procedimiento de obtencién de una composicion que contiene factores de crecimiento
ensefiado en el documento D2, con la etapa de aplicar un tratamiento térmico al plasma
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rico en plaquetas a una temperatura de 56°C durante un tiempo entre 30 divulgada en
el documento D4, con el fin de proveer un procedimiento alternativo, para llegar asi al
objeto de la reivindicacion 6 de la solicitud. Por lo cual se considera obvia.

7. Conclusion

Los requisitos de Patentabilidad de la presente solicitud estan afectados asi:

‘ Reivindicaciones Requisito que
Item Documento
afectadas afecta
D1 EP 1066838 19 Novedad
D2 P|etramagg|o_r| G, Kaipainen A- 1-18 Nivel inventivo
Wound Repair Regen
D3 EP 2077118 1-5,7-18 Nivel inventivo
D4 Weida Huang, Takgsh| Kimura- The 6 Nivel inventivo
Journal of Biochemistry
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En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir del dia siguiente de la fecha de notificacion de la presente comunicacion.
En caso de no dar respuesta al presente requerimiento, o0 si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término faltante de
sesenta (60) dias para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara
a modificar el capitulo reivindicatorio y éste contenga mas de diez (10) reivindicaciones, no
pagard la tasa de modificacidbn voluntaria pero si la correspondiente al pago por
reivindicacion adicional.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

-

—5

JOSE LUIS SALAZAR LOPEZ
Diractor de Nuevas Craaciones (c)

%T-Ta

El anterior requerimiento fue notificado por fijacion en lista, de fecha 2015-09-01

Elabord: Juanita Andrea Carvajal
Revisé: Sandra Carolina Crespo

Expediente 14-13982- -2 1 er Art 45.

Superintendencia de Industriay Comercio: Cra13 No. 27- 00 pis 6,7 y 10- PBX: (571) 5870000
E-mail: contacteno Bogotd D.C., Colombia
{,p) Ulllf:i%[.N[E'F!l:El'J R
NDUSTRIA ¥ TURISMO

Sefior ciudadano la entidad le ofrece |os siguientes canales para hacer seguimiento a su solicitud asi:
Péagina web: www sic gov Linea gratuita a nivel nacional: 018000 910165
Centro de atencién telefénica en Bogotd: 5920400 Kiosco Informatico Centro Comercial Gran Estacién en Bogota




Composition factor of a growth, Freeze dried platetelet rich plasma, Purification
and Properties of factor Growth

NCBI
ispch
Patentscope
Google/patents

e
>

Actualizacion de la Técnica de Obtencion y Uso del Plasma Rico en Factores de Crecimiento
(P.R.G.F)




CRITERIOS DE BUSQUEDA

Compaosition factor of a growth £

wWelb Imagenes Moticias “ideos Mas ~ Herramientas de blsquse

Cerca de 254,000,000 resultados (0.70 segundos)

Articulos académicos para Composition factor of a growth

-.. -like growth factor-l in growth hormone-deficient adults .. - Svensson -
Mencionado por 123

... factor-l and growth hormone on body composition in ... - Thompson -
Mencionado por 166

_.. growth factor-beta depends upon the composition and __. - Madri - Mencionado
por 501

Lack of an association between insulin-like growth factor-l ..
www.ncbionlmonih.gow pubmed/670367 ~ Traducir esta pagina

por DP Kiel - 1998 - Mencionado por 48 - Articulos relacionados

Lack of an association between insulin-like growth factor-l and body compos iti
muscle strength, physical performance or self-reported mobility among older

Deficient insulin-like growth factor | in chronic heart failure
wwww.ncbi_nlmonih.gov/pubmed/9703466 ~ Traducir esta pagina
por J Miebauer - 1998 - Mencionado por 1584 - Articulos relacionados
BACKGROUND: Recent studies of growth hormone supplementation in

insulin-like growth factor | levels show signs of altered body compositi

with low

One year of insulin-like growth factor | treatment does not ...
wwwwnebi_nlmonih govw/pubmed/ 11257574 ~ Traducir esta pagina

por AL Friedlander - 2001 - Mencionado por 92 - Articulos relacionados

Cne year of insulin-like growth factor | treatment does not affect bone density, body
composition, or psychological measures in postmenopausal women.

Circulating levels of fibroblast growth factor-21 increase with
wawwsciencedirect com/___fpiifS2214623715000472 ~ Traducir esta pagina

por LJ Hanks - 2015

Circulating levels of fibroblast growth factor-21 increase with age independently of
body composition indices among healthy individuals. Lynae J. Hanks: -

Deficient insulin-like growth factor | in chronic heart failure
www.sciencedirect.comy. . _fpii/SO7351097983002265 - Traducir esta pagina
por J Migbauer - 1998 - Mencionado por 184 - Articulos relacionados

Patients with low insulin-like growth factor | levels show signs of altered body
composition, cytokine and neurcoendocrine activation, to a greater extent than ...

Deficient insulin-like growth factor | in chronic heart failure ...
content_onlinejacc_orglarticle_aspx?articleid=1125300 ~ Traducir esta pagina
por J Miebauer - 1998 - Mencionado por 184 - Articulos relacionados

Patients with low insulin-like growth factor | levels show signs of altered body
composition, cytokine and neurcendocrine activation, to a greater extent than ...

FOFA On the formation, growth and composition of nucleation __.
wew researchgate net/ _growth _composition. . /0%9e. . = Traducir esta pagina
por M KULMALA - 2001 - Mencionado por 355 - Articulos relacionados

This method, when used with hygroscopic growth-factors, can also estimate basic
composition properties of these recently-formed particles. From size spectra ...

FOA Effects of Environmental Factors and Nutrient Availability __.
woanw. mdpl.comf 1 996-1073/6/ XN 4607/ pdf ~ Traducir esta pagina

por AJuneja - 2013 - Mencionado por 29 - Articulos relacionados

3 sept. 2013 - the Biochemical Composition of Algae for Biofuels Production: .... on
the impacts of environmental and nutritional factors on algal growth rates

Chapter 3. Factors that Influence Microbial Growth - Food -

www fda.govwFood!.. fucm094145 htm ~ Traducir esta pagina

19 mar. 2015 - Table 3-2 lists the approximate minimum aw values for the growth of
- growth or toxin production based on the nutrient composition of the __

One Year of Insulin-Like Growth Factor | Treatment Does
press.endocrine. org/doiffull/ 10, _Jjcem.86.4 7377 ~ Traducir esta pagina

por AL Friedlander - 2001 - Mencionado por 92 - Articulos relacionados

One Year of Insulin-Like Growth Factor | Treatment Does Not Affect Bone Density
Body Composition, or Psychological Measures in Postmenopausal Women._



Composition factor of a growth ) “ Juan

Web Imagenes Moticias Videos Mas ~ Herramientas de blsqueda

LaWeb ~ Antes del 1 jul. 2011 ~ Cualquier oficina de patentes ~ Cualguier estado de preseniac

Composition for delivery of hematopoietic growth factor
www.google.com.co/.../EP1351696A2%cl... - Traducir esta pagina
Solicitud - Presentada el 26 Jun. 2001 - Publicada el 15 Oct. 2003 -
Jefirey B. Etter - Rxkinetix, Inc.
A hematopoietic growth factor delivery composition includes a
hematopoietic growth factor, a liquid vehicle, a first biocompatible
polymer and a second ...
Descripcion general - Informacion relacionada - Debatir

Composition of whey growth factor extract for reducing ...
www.google.com.col.../[EP1940426A17cl... - Traducir esta pagina
Solicitud - Presentada el 8 Sep. 2006 - Publicada el 9 Jul. 2008 -
Wichelle Rowney - Murray Goulburn Co-Operative Co Limited
Waore specifically, it relates to compositions containing whey growth
factor extract, as well as their use in methods for reducing muscle
inflammation in individuals ...
Descripcion general - Informacion relacionada - Debatir

Vaccine composition comprising autologous epidermal growth.
= — www.google.com.col/patents/US5894018 - Traducir esta pagina

! Otorgada - Presentada el 21 Feb. 1896 - Emitido el 13 Abr. 1999 -

Augustin Bienvenido Lage Davila - Centro De Immunologia Malecular

‘Yaccine composition comprising autologous epidermal growth factor or

a fragment or a derivative thereof having anti-tumor activity and use

thereafin the ..

Descripcion general - Informacion relacionada - Debatir

Use of pharmaceutical compaosition containing epidermal ..
=— www.google.com.co/patents/UST799760 - Traducir esta pagina

Otorgada - Presentada el 22 Ago. 2008 - Emitido el 21 Sep. 2010 - Jorge
Berlanga Acosta - Centro De Ingenieria Genetica ¥ Biotecnologia
The invention relates to the use of Epidermal Growth Factor (EGF)ina ...
Said composition can be administered to recently-created surgical
surfaces damaged ...
Descripcion general - Informacion relacionada - Debatir

Synerg\st\c composition comprising a fibroblast growth
www.google.com.co/patents/US5283704 - Traducir esta pagina
5 Otorgada - Presentada el 31 Ene. 1992 - Emitido el 22 Feb. 1994 -
- Domenico Ungheri - Farmitalia Carlo Erba S.R.L.

. The composition comprises a fibroblast growth factor, a sulfated ... The
fibroblast growth factor may be a basic fibroblast growth factor or an
analogue thereof, ...

Descripcion general - Informacion relacionada - Debatir

Synerg\stu: composition comprising a fibroblast growth
www.google.com.col.../[EP0497341A2%... - Traducir esta pagina
Solicitud - Presentada el 30 Ene. 1992 - Publicada el 5 Ago. 1992 -
Domenico Ungheri - FARMITALIA CARLO ERBASrl.
The composition comprises a fibroblast growth factor, a sulfated .. The
= fibroblast growth factor may be a basic fibroblast growth factor or an
analogue thereof, ...
Descripcion general - Infarmacion relacionada - Debatir

Methods and compositions for delivery of growth factor to ..
www.google.com.co/.../US20090093175 - Traducir esta pagina
= Solicitud - Presentada el 4 Sep. 2008 - Publicada el 16 Abr. 2009 -
= Benjamin Marcus Buehrer - Affinergy, Inc.
E* The presently disclosed subject matter relates to a peptide composition
= for non-covalently localizing fibrous connective tissue-inducing growth
factor ..
Descripcion general - Informacion relacionada - Debatir

Comp05|t|0ns for inducing secretion of insulin-like growth
= www.google.com.col/patents/US6984405 - Traducir esta paglna
..  Dtorgada - Presentada el 14 Dic. 2001 - Emitido el 10 Ene. 2006 - Jae-
~=. So00 Kim - Naturalendo Tech Co., Ltd.

The present invention relates to a pharmaceutical or a food composition

- for inducing or stimulating secretion of insulin-like growth factor-1. Maore
particularly, the ...
Descripcion general - Informacion relacionada - Debatir

A stable composition comprising epidermal growth factor as
www.google.com.col.../WO2001062276... - Traducir esta pagina
Solicitud - Presentada el 6 Feb. 2001 - Publicada el 30 Ago. 2001 -
Young-Jun Kim - Dae Woong Pharma
The present invention relates to a stable composition which comprises
an epidermal growth factor (hereinafter referred to as 'EGF') as an active
ingredientand a ...
Descripcion general - Infarmacion relacionada - Debatir



Purification and Properties of factor Growth @ “

Web Noticias Imagenes Videos Mas - Herramientas de blisqueda

Cerca de 101,000,000 resultados (0.55 segundos)

Articulos académicos para Purification and Properties of
factor Growth

Purification and properties of an endothelial cell growth _.. - Miyazono -
Mencionado por 323

... properties of a type. beta. transforming growth factor ... - Roberts - Mencionado
por 322

... -like growth factor binding protein complex. Purification ... - Baxter - Mencionado
por 289

The purification and properties of human T cell growth factor.

www.ncbi.nlm.nih.govipubmed/6976987 - Traducir esta pagina

por JW Mier - 1982 - Mencionado por 70 - Articulos relacionados

J Immunol. 1982 Mar;128(3):1122-7. The purification and properties of human T
cell growth factor. Mier JW, Gallo RC. Human T cell growth factor (TCGF) has ...

Purification and properties of a type beta transforming ..
www.ncbi.nim.nih.gov/pubmed/6607069 ~ Traducir esta pagina

por AB Roberts - 1983 - Mencionado por 314 - Articulos relacionados

Biochemistry. 1983 Dec 6,22(25):5692-8. Purification and properties of a type beta
transforming growth factor fram bovine kidney. Roberts AB, Anzano MA, ..

Purification and properties of a type. beta. transforming .
pubs.acs.org/doi/abs/10.1021/bi00294a002 ~ Traducir esta pagina

por AB Roberts - 1983 - Mencionado por 314 - Articulos relacionados

Purification and properties of a type .beta. transforming growth factor from bovine
kidney. Anita B. ... Click to increase image size Free first page. View: POF.

Bioassay, Purification, and Properties of a Growth Factor ..
onlinelibrary wiley.com/doi/10.1111/].1399. /pdf ~ Traducir esta pagina

porJK Mauney - 1952 - Mencionado por 41 - Articulos relacionados

Binassay, Purification, and Properties of a Growth. Factor from Coconut. By. J. K.
MAUMEY, W. 5. HILLMANA C. O. MILLER, F. SKOOG,. Department of liutaiiy ..

Purification and Properties of a Nerve Growth-promoting .
cancerres.aacrjournals.org/content/17/1/15 fullpdf ~ Traducir esta pagina
por § Cohen - 1957 - Mencionado por 82 - Articulos relacionados

Purification and Properties of a Nerve Growth-promoting. Factor Isolated from
Mouse Sarcoma 180*. STANLEYCOHENANDRITALEVI-MONTALCINI.

Full Text (PDF) - Cancer Research
cancerres.aacrjournals.org/content/ . /15 full pdf+htm... - Traducir esta pagina
por § Cohen - 1957 - Mencionado por 82 - Articulos relacionados

Show PDF in full window; AbstractFree; » Full Text (PDF). - Classifications. Aricles. -
Services. Email this article to a colleague; Alert me when this article is cited ..

the purification and properties of human t cell growth factor
www. jimmunol.org/content/128/3/1122 full_pdf - Traducir esta pagina

porJW Mier - 1982 - Mencionado por 71 - Articulos relacionados

Human T cell growth factor (TCGF) has been purified more than 800-fold from ...
Although some biochemical characteristics of many of these substances are ...

Purification and properties of a type beta. transforming .
www.researchgate_ net/.. /231216162_Purification_an. .. - Traducir esta pagina
ABSTRACT Type beta transforming growth factor (TGF-beta) has been purified 200
000-fold from baovine kidneys. This peptide is characterized by its ability to ..

Purification and Properties of a Mammary-Uterine-Pituitary ...
www._jbc_org/content/259/7/4049 full_pdf - Traducir esta pagina

por T lkeda - 19584 - Mencionado por 66 - Articulos relacionados

purified growth factors have broad cell type and species spec- ificities as ... A
description of the methods ofpurification and the properties of sheep UDGF are ...



GOUSI@ Freeze-dried platelet rich plasma “

Academico Aproximadamente 10.700 resultados (0,14 s) Cualgquier moment

Sugerencia: Buscar solo resultados en espaiiol. Puedes especificar el idioma de bisqueda en Configuracion de Google Académico..

Alveolar ridge and sinus augmentation utilizing platelet-rich plasma in kainosdental net [PDF]
combination with freeze-dried bone allografi: case series

JD Kassolis, PS Rosen... - Journal of ..., 2000 - Am Acad Periodontology

Background: Alveclar bone regeneration is frequently necessary prier to placement of

implants. Efforts to improve wound healing have focused on factors that may enhance bone

formation following guided bone regeneration (GBR) techniques alene or in combination ...

Citado por 331 Articulos relacionados  Las 7 versiones  Citar  Guardar

A comparative study of osseointegration of Avana implants in a demineralized freeze- joms.org [HTML]
dried bone alone or with platelet-rich plasma

SG Kim, WK Kim, JC Park, HJ Kim - Jounal of Oral and Maxillofacial ..., 2002 - Elsevier

Purpese: The purpese of this study was to assess the efficacy of demineralized bone powder

(DBP) alene or combined in a mixture with platelet-rich plasma (PRF) used to enhance

osseointegration of dental implants in a deg model. Materials and Methods: Tissue ...

Citado por 170 Articulos relacionados  Las 11 versiones  Citar  Guardar

tpoF] In vivo study on the healing of bone defects treated with bone marrow researchgate.net [PDF]
stromal cells, platelet-rich plasma, and freeze-dried bone allografts, alone and in ...

D Dallari, M Fini, C Stagni, P Torricelli... - Journal of ..., 2006 - researchgate.net

ABSTRACT: The repair of confined trabecular bone defects in rabbits treated by autclogous

bone marrow stromal cells (BMSC), platelet-rich plasma (PRP), freeze-dried bone allografts

(FDBA) alone and in combination (BMSC+ PRP; FDBA+ BMSC; FDBA+ PRP; FDBA+ ...

Citado por 169 Articulos relacicnados  Las 11 versiones  Citar  Guardar Mas

Growth factor levels in platelet-rich plasma and correlations with donor age, researchgate net [PDF]
sex, and platelet count

G Weibrich, WKG Kleis, G Hafner, WE Hitzler - Jounal of Cranio- ..., 2002 - Elsevier

... of the angiogenic cytokine vascular endothelial growth factor (VEGF) from platelets: significance

for ... A comparison of ePTFE membranes alone or in combination with platelet-derived growth factors

and insulin-like growth factor-l or demineralized freeze-dried bone in ...

Citado por 420 Articulos relacionados  Las 7 versiones  Citar  Guardar

Freeze-dried platelet-rich plasma shows beneficial healing properties in chronic wounds
G Pietramaggiori, A Kaipainen... - Wound repair and ..., 2006 - Wiley Online Library

ABSTRACT Fresh platelet concentrates are used in many centers to treat recalcitrant

wounds. To extend the therapeutic shelf-life of platelets, we analyzed the wound-healing

effects of fresh-frozen and freeze-dried (FD) platelet-rich plasma (PRP) using a diabetic ...

Citado por 78 Articules relacionados  Las 5 versiones  Citar  Guardar



Wound Repair and Regeneration

Freeze-dried platelet-rich plasma shows beneficial healing
properties in chronic wounds

Giorgio Pietramaggiori, MD"%; Arja Kaipainen, MD, PhD3; Joshua M. Czeczuga, MS*; Christopher T. Wagner,

PhD*; Dennis P. Orgill, MD, PhD'

1. Division of Plastic Surgery, Brigham and Women's Hospital, Harvard Medical School, Boston, Massachusetts,
2. Division of Plastic Surgery, Civil Hospital, University of Padova, Padova, Italy,
3. Department of Surgery, Vascular Biology Program, Boston Children’s Hospital, Harvard Medical School, Boston, Massachusetts, and

4. LifeCell Corporation, Branchburg, New Jersey

Reprint requests:

Dennis P. Orgill, MD, PhD, Division of
Plastic Surgery, Brigham and Women's
Hospital, 75 Francis Street, Boston,
MA 02115.

Email: dorgill@partners.org

Manuscript received: December 6, 2005
Accepted in final form: March 7, 2006

DOI:10.1111/1.1743-6109.2006.00164.x

ABSTRACT

Fresh platelet concentrates are used in many centers to treat recalcitrant wounds.
To extend the therapeutic shelf-life of platelets, we analyzed the wound-healing
effects of fresh-frozen and freeze-dried (FD) platelet rich plasma (PRP) using a
diabetic mouse model. Db/db mice with 1.0cm? dorsal excisional wounds (n=
15/group) were treated with a single application of FD PRP (1.2x 10° platelets/
pL) with or without a stabilization solution, and compared with wounds treated
with fresh-frozen, sonicated PRP, and untreated wounds. Granulation tissue ar-
ea, thickness, and wound size were analyzed 9 days posttreatment. Immuno-
stained sections were quantified for vascularity and proliferation using
antiplatelet endothelial cell adhesion molecule I and antiproliferating cell nucle-
ar antigen antibodies. The results showed that all PRP preparations increased
granulation tissue formation as assessed by surface coverage, thickness, and an-
giogenic response, when compared with untreated wounds. In addition, wounds
treated with FD PRP, and biochemically stabilized FD PRP, exhibited higher
proliferative levels. The possibility to deliver growth factors using platelets, and
the potential to extend the shelf-life of platelet concentrates makes freeze-drying

methods particularly suitable for enhanced wound care.

Pldtelet aggregation initiates coagulation in bleeding
vessels' and releases growth factors that regulate wound-
healing events. Platelets carry over 20 growth factors?
including platelet-derived growth factor-BB (PDGF-BB),
epidermal growth factor (EGF), transforming growth fac-
tor-f (TGF-B), and vascular endothelial growth factor
(VEGF), which have all been shown to improve wound
healing in heahng -impaired animal models and in human
chronic wounds.> > Conversely, reduced levels or absence
of these same growth factors, and some of their assoc1ated
receptors, have been found in difficult-to-heal wounds.®
The temporal changes in growth factor concentrations
in wound beds are indicative of a complex process involv-
ing multiple pathways that orchestrates wound healing.
Demonstration of enhanced wound healing through
synerggmtic growth factor application supports this con-
cept.” The underlying practical difficulty with designing a
multiple growth factor treatment is to predict the proper
time-dependent growth factor ratios for optimal healing.
An alternative approach is to replicate and possibly
enhance the natural response to wounding through the
application of platelet-rich plasma (PRP). PRP prepara-
tions can concentrate platelets and their growth factors
up to eight times the basal levels in whole blood with-
out inducing platelet activation.” PRP is currently used
in combination with cancellous bone grafts to treat
0sseous defects and has been used extensively in plastic
surgery.'®'? The use of autologous PRP eliminates the
potential for disease transmission and immunogenicity;
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however, preparation requires time to draw and process
patient blood. Furthermore, the quality of autologous
platelet preparations 1s inconsistent due to individual
patient characteristics,'> many of whom have systemic
diseases and are debilitated. This inconsistency may ex-
plain in part the mixed results seen in clinical studies.'*!”
Healthy, allogeneic platelets may potentially circumvent
this problem by allowing process standardization, but
current blood-banking standards require platelets to be
stored at room temperature and discarded after 5 days'®

DG Dermal gap

EG Epithelial gap

EGF Epidermal growth factor
FD Freeze-dried

FDp FD platelets

FFs Fresh frozen, sonicated
GM Growth medium

H&E Hematoxylin & eosin

NT Nontreated

PCNA Proliferating cell nuclear antigen

PDGF Platelet-derived growth factor

PECAM-1 Platelet endothelial cell adhesion molecule-1
POD Postoperative day

PRP Platelet-rich plasma

SRM Serum reduced medium

TGF-B Transforming growth factor-p

VEGF Vascular endothelial growth factor
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thereby limiting the availability of these cells for wound-
healing applications. Platelets stored for as long as 21 days
retain their proliferative activity,'” but are at risk for
bacterial }grohferanon and accumulation of pyrogenic
cytokines. Refrigerated preservation (4°C) or cryo-
preservation methods (—80 or 196 °C) reduce the poten-
tial for bacterial proliferation,> but shorten cell lifespan®*
by inducing irreversible ?latelet activation, commonly
known as the cold lesion.>*® Improved understandmg of
the cold lesion enables preparation of platelets in such a
way as to preserve their physiological properties following
cold storage.?>*” One method of platelet stabilization is to
directly target intracellular biochemical pathways modu-
lated by reduced temperatures using specific second mes-
senger effectors. Such a formulation containing amiloride,
adenosine, and sodium nitroprusside has been shown to
protect platelets from damage during cold and cryopre-
served storage and, thereby, prevent platelet activa-
tion.”®?° Platelets cryopreserved using this biochemical
stabilization method show retention of i in vitro platelet
function compared with fresh control cells,?® maintain cir-
culation residence time in vivo,” and provide clinically ef-
fective correction of platelet count following transfuswn in
chemotherapeutically induced thrombocytopema Stor-
age modality plays a significant role in acceptance of any
potential therapy. With respect to wound-healing treat-
ments, cryopreserved storage of a platelet-based product
at either —80 or —196 °C would be difficult at most wound
care clinics and hospitals. An effective, freeze-dried (FD)
therapeutic would provide simpler storage requirements
and possibly, self-application. This study investigated the
effectiveness of platelet storage options by applying a sin-
gle dose of FD PRP, with or without biochemical stab-
ilization, to full-thickness wounds and compared the
results with control wounds treated with fresh-frozen, son-
icated PRP, and nontreated wounds.

MATERIALS AND METHODS

Single donor units of human platelets were purchased
from an American Association of Blood Banks-accredited
blood bank, stored with agitation at room temperature,
and used within 5 days of donation. All required donor-
screening and release-testing were performed by the blood
bank in accordance with American Association of Blood
Bank requirements.>? The single donor unit was divided
into three aliquots to prepare the platelet based therapeu-
tic materials, each containing 1.2x 10° platelets/uL. Fresh-
frozen, sonicated (FFs) PRP was prepared by adjusting
the platelet concentration of one aliquot with a physiologic
buffer (Buffer B; 136 mM NaCl, 11.9mM NaHCOs3;,
5.6mM glucose, 5SmM HEPES, 2.7mM KCI, 2.0mM
MgCl,, 0.42mM NaH,POy4; pH 7.4), sonicating the cell
suspension to disrupt cellular structure and release intra-
cellular constituents (~ 10 seconds; VibraCell250, Sonics
& Materials, Newtown, CT), and stored frozen at —80 °C
until used. FD PRP was prepared by adjusting the second
aliquot with Buffer B and drying in a LyoStar freeze-dryer
(FTS Kinetics Systems, Stone Ridge, NY). The final al-
iquot was adjusted using a combination of Buffer B and a
biochemical stabilization solution (250 uM amilioride,
100 uM adenosine, 50 uM sodium nitroprusside, 1% (v/v)
dimethyl sulfoxide, 4% (w/v) polyvinyl pyrrolidone [Plas-

574

Pietramaggiori et al.

done C-15, International Specialty Products, Wayne, NJ],
and 50 mM mannitol) and freeze-drying as above to pre-
pare a biochemically preserved FD platelet (FDp) sample.
All manipulations of the platelet materials were performed
using the standard aseptic technique and all solutions were
filter sterilized using filters having 0.2 um diameter pores
(Millipore, Billerica, MA). Platelet concentrations were
verified using a CellDyn 1700 hematology analyzer (Ab-
bott Laboratories, Abbott Park, IL). The FDp products
were packed under dry nitrogen in heat-sealed foil pouches
and stored at —80 °C until use.

In vitro analysis of growth factor load and distribution

Growth factor levels for PDGF-AB, TGF-B, VEGF, and
EGF were measured in sonicated PRP samples and in
platelet-free supernatants to determine total growth
factor load, plasma-based growth factor levels, and the
relative distribution of growth factors between the intra-
cellular and extracellular compartments. Comparison of
pre- and postprocessing plasma-based growth factors
specifies load redistribution due to processing. Platelet
ability to release growth factors was also quantified by de-
termining plasma-based growth factor concentration be-
fore and following platelet activation with a mixture of
2 pg/mL collagen and 20 pM adenosine diphosphate for
S minutes.

Growth factor levels were determined using the enzyme-
linked immunosorbent assay method, and were tested ac-
cording to the manufacturer’s instructions (R&D Systems,
Minneapolis, MN). The intensity of the color development
was measured using a microplate reader (BioRad Labora-
tories, Hercules, CA).

In vitro cell proliferation assay

Swiss Albino 3T3 fibroblast cells (CCL-92; American Type
Tissue Collection, Manassas, VA) were seeded in a 24-well
tissue culture plate at 10,000 cells/well and grown in
growth media (GM; Dulbecco’s modified Eagle’s medium
with 4mM glutamine, 4.5g/L glucose, 1.5g/L sodium
bicarbonate, and 10% fetal calf serum [Invitrogen/
GIBCO, Carlsbad, CA)] for 16 hours in a humidified in-
cubator at 37°C and 5% CO,. In order to halt growth but
maintain viability, GM was replaced with serum-reduced
media (SRM; equivalent to GM but supplemented with
0.25% fetal calf serum). An 8 um pore Tranwell® (Life
Sciences, Acton, MA) insert containing 100 uL. of SRM
was set in place, and 75 pL of platelet material was added.
GM and SRM conditions were included as experimental
controls. Experimental groups were grown for 72 hours,
after which, the Transwell®s and culture media were re-
moved, 500 uL of fresh SRM and 100 puL. of CellTiter96
Aqueous one solution (Promega Corporation, Madison,
WI) was added per well, and the plates were returned to
the incubator for an additional 3 hours. Following this re-
action period, 100 uL of the media from each well was
analyzed spectrophotometrically at 540 nm using a plate
reader (BioRad Laboratories). All conditions (SRM, GM,
FFs, FD, and FDp) were performed in triplicate and re-
ported as percentage increase over baseline. Baseline was
established after 16 hours.
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Figure 1. Methodology used to quantify wound closure: styl-
ized illustration and clinical images. The upper panel shows
an illustration of the experimental wound and the clinical pa-
rameters used to quantify wound healing. At postoperative day
(POD) 0, the wound area was quantified using digital planimetry
methods. At POD 9, contraction (C), epithelialization (E), and
open area (O) were quantified accounting for 100% of the orig-
inal (POD 0) area.

Wound model and treatment procedure

Homozygous genetically diabetic 8-12- week old, Lep/
r—db/db male mice (strain C57BL/KsJ- Lepr ®) were used
under an approved animal protocol in an AAALAC-
accredited facility. The day before surgery, hair was
clipped and depilated (Nair®, Church & Dwight Co.,

Princeton, NJ). On the day of the surgery, animals were
weighed and anesthetized w1th 60 mg/kg Nembutal (pento-
barbital). A dorsal 1.0cm? area of skin and panniculus
carnosus was excised and the wounds were photographed.
Simultaneously, the platelet-based treatments were pre-
pared: the FFs samples were thawed, while the FD sam-
ples, FD and FDp, were rehydrated with sterile deionized
H,O to the original predrying volume and separated into
250 uL aliquots. Each aliquot was treated with 1 U/mL
thrombin (Chronolog Corporation, Havertown, PA) just
before application and allowed to clot in situ, thereby
facilitating persistence of the platelet material in the
wound. Fifteen wounds in each platelet experimental
group (NT, FFs, FD, and FDp) were treated. All wounds
were covered with a semi-occlusive polyurethane dressing
(Tegcldelrm‘M 3M, St. Paul, MN). On postoperative day
(POD)’, the animals were cuthanized and the wounds were
photographed excised, and fixed in 10% neutral-buffered
formalin solution.

Microscopic analysis

Central wound cross-sections were embedded in paraffin,
sectioned, and stained (Figure 1) according to routine
hematoxylin & eosin (H&E) protocols. Panoramic cross-
sectional digital images of each wound were prepared
using Adobe Photoshop CS Software (Adobe Systems In-
corporated, San Jose, CA) to analyze granulation tissue
area and thickness (Figure 2A).

These sections were analyzed with digital planimetry
(Scion Image, Scion Corporation, Frederick, MD) by two
independent observers, blinded to experimental treatment,
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to quantify the area and thickness of granulation tissue.
Capillary density was evaluated using three fields per slide
viewed at x20 magnification: one in the middle of the le-
sion and one at each wound margin. The images were
viewed with Adobe Photoshop CS Software and blood
vessels in each high-powered field were marked and count-
ed. Thirteen to 15 samples/group were analyzed.

The epithelial gap (EG) and dermal gap (DG) were
measured using a Nikon Shadowgraph (Tokyo, Japan).
EG was defined as the distance between the advancing
edges of keratinocyte migration, w1th EG of 0 representing
a completely reepithelialized wound.** DG was defined as
the distance between uninjured dermis on both sides of the
wound. Two serial sections were averaged to determine
EG and DG.

Immunohistochemical protocol

Paraffin-embedded sections were rehydrated, and antigen
retrieval for pan-endothelial cell marker MECA-32 and
proliferating cell nuclear antigen (PCNA) analysis was ac-
complished by microwaving the sections in 10 mM sodium
citrate (pH 6.0) for 10 minutes. Sections for endothelial
cell markers platelet endothelial cell adhesion molecule 1
(PECAM-1) and CD34 were treated with 40 ug/mL pro-
teinase K (Roche Diagnostics Corp., Indianapolis, IN) for
25minutes at 37°C. PECAM-1, CD34, and MECA-32
(Pharmingen, San Jose, CA) and PCNA (DAKO Corp.,
Carpinteria, CA) primary antibodies were incubated at
4°C overnight. PECAM-1, MECA-32, and CD34 signal
was intensified using the tyramide amplification system
(PerkinElmer, Boston, MA). PCNA staining detection
was performed using a Vectastain ABC Kit (Vector Lab-
oratories, Burlingame, CA).

Vessel density and cell proliferation quantification

Digital color images of the wound sections were preproc-
essed before quantification to ensure uniform contrast of
PECAM-I1-positive areas relative to the background. A
mask of positive staining was created using the color mask
function of the program CorelPhotoPaint v.10 (Ottawa,
ONT, Canada) by sampling five different chromogen color
tones represented in positively stained areas. The masked
vessel areas were converted to pure black while the back-
ground was made pure white. The black and white repre-
sentations were used for area quantification in IPLab
software (BD Biosciences Bioimaging, Rockville, MD) by
applying the segmentation function. Tissue regions were
defined by projecting the original H&E image over the
processed image. Blood vessel density, quantified over the
entire image, is expressed as the ratio of vessel area to total
granulation tissue area. Between four and seven micro-
scopic fields at x20 magnification were used to evaluate
vessel density for each wound and treatment modality.
Wounds were analyzed for cell proliferation using image
analysis of PCNA-stained sections in a manner similar to
the method of vessel density quantification. High-power
digital images of PCNA-stained wound sections were used
to measure the number of PCNA-positive cells relative to
the total number of nuclei (Figure 3). The degree of prolif-
eration was quantified over the entire wound section using
four to six fields at x20 magnification and expressed as a
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Figure 2. Analysis of granulation tis-
sue. (A) Panoramic photomicro-
graphs of wound beds show the
different amount of granulation tis-
sue deposition between study
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Wound closure analysis

Digital photographs captured on POD 9 were compared
with initial photographs (POD 0), by two independent ob-
servers who were blinded to the treatment mode using
planimetric methods (Scion Image). Wound closure was
quantified by measuring contraction, reepithelialization,
and open wound as a percentage of the original wound ar-

NT FFs FO

"]

granulation tissue area and thickness
T ‘ |J—‘
FO FDp

were performed. The boxes also cor-
FFs

high-field magnification. * indicates
p < 0.01 except where noted.

ea. The sum of contracted, reepithelialized, and open
wound areas equals 100% of the original wound size.**
This method of quantifying wound closure is presented in
Figure 1.

Statistical analysis

Values were expressed as means + standard deviation in
the text and figures. One-way analysis of variance and ad
hoc Bonferroni tests were used to determine the signifi-
cance of differences between treatment modes.
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wound is distant from this quadrant,
the less likely it is healing. Nontreat-
ed wounds combine poor vascula-
ture with low levels of proliferation,
while all treatment groups show their
unique position. In this study, FD and
FDp wounds combine higher vascu-
lature and proliferation levels com-
pared with all other groups.
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Multivariate analysis was performed using Statistica v7.0
(StatSoft Inc., Tulsa, OK).

RESULTS

Growth factor concentrations were initially measured and
TGF-B, PDGF-AB, VEGF, and EGF were selected for
their known importance in improving wound healing.
Growth factor concentrations were measured from
250 uL. aliquots of the PRP suspension before and after
preparation of the distinct platelet therapeutics. The con-
centration of each growth factor in the different therapeu-
tics is reported in Table 1. No significant differences were
noted in either the total load or distribution of growth fac-
tors as a result of processing. However, the ability of plate-
lets to release growth factors following freeze-drying was
dependent on inclusion of the biochemical stabilization
solution. For example, TGF-f release from fresh platelets
was approximately 50%; from rehydrated platelets that
had been FD without biochemical stabilization, FD was
16.9%, whereas, rehydrated platelets that had been FD
with biochemical stabilization, FDp was significantly
higher at 40.4%. Similar release profiles were noted for all
growth factors analyzed (not shown, submitted for publi-
cation).

The fibroblast proliferation assay was used to determine
whether preparation of samples affected the ability of
platelets to stimulate cell growth in vitro. All platelet ther-
apeutics showed statistically equivalent in vitro ability to
increase cell proliferation over the SRM control condition
(Table 2). Platelet-induced proliferation averaged 90% of
optimal growth conditions.

Platelet therapeutics increase granulation tissue area,
thickness, and vascularity

Granulation tissue formation in response to the applica-
tion of the PRP preparations was measured for granula-
tion tissue area, thickness, and number of blood vessels per
high-power magnification field.

FDp, FD, and FFs treatments, respectively, induced a
significant 2.3-, 2.3-, and 1.9-fold increase in granulation
tissue area compared with the nontreatment (NT) group
(p < 0.01, Figure 2C). Proportional increases were also
seen in granulation tissue thickness in the center of the le-
sion (Figure 2D).

Increased tissue vascularization in response to treat-
ment with platelet material was found when blood vessels
were counted in standard H&E-stained sections. FDp and

Table 1. Growth factor concentrations in platelet samples as
determined by enzyme-linked immunosorbent assay

Platelet preparation mode

Growth factor PRP FD FDp
TGF-B (ng/mL) 334.4+21.6 3148+10.0 2452+12.0
PDGF (pg/mL) 8672+ 144 7,304 +776 7,784 + 636
VEGF (pg/mL) 330.8+37.6 346.4+652 268.0+3.2
EGF (pg/mL) 2,185.2+36.4 2,016.4+68.8 2,064.8+23.2
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Table 2. In vitro fibroblast proliferation assay as percentage in-
crease over baseline

Condition % Increase
Growth media 750+6
Serum-reduced media 11042
FFs 620+4
FD 76042
FDp 680+5

FD treatments resulted in significant (p < 0.01) increases
in mean vessel count per high-power field when compared
with NT. The increase was significant (p < 0.01) also com-
paring FDp with FFs. The level of contraction of a wound
can be measured by the DG. The DG was significantly
larger in FD-treated wounds compared with the NT group
(p < 0.05, Figure 2B). To assess wound closure micro-
scopically, EG was quantified. The EG of the NT group
was significantly (p < 0.01) smaller (Figure 2B) than the
EG of both FD and FDp groups.

Although direct counts of vessels per high-power field
showed statistically significant increases in platelet-treated
wounds, this method of analysis fails to take into consid-
eration the distribution of vessels within the formed gran-
ulation tissue. Vessel density in granulation tissue area was
measured by high-power digital images of PECAM-1
immunohistochemically stained wound sections (Figure
3A). This analysis showed a significant (p < 0.01) fivefold
increase in blood vessel density in both the FFs and FD
groups and a sevenfold increase in the FDp group when
compared with the NT group (Figure 3A). Analysis of
CD34 and MECA-32 immunohistochemically stained sec-
tions revealed a pattern similar to those stained for PE-
CAM-1 (data not shown).

The high cell density of the granulation tissue in FD and
FDp wounds showed an elevated proliferative response of
stromal cells. PCNA staining showed that FD and FDp
groups resulted in a significant (p < 0.01) increase in cell
proliferation compared with NT and FFs groups (Figure
3A, B).

Vascularity and proliferation are two key characteristics
of granulation tissue. PECAM-1 and PCNA results were
plotted together to stage wound-healing modulation and
provide a quantitative assessment of granulation tissue
quality (Figure 3B). In order to distinguish between com-
binatorial responses, multivariate statistical analysis was
performed. The resulting two-dimensional plot shows that
FD- and FDp-treated wounds resulted in statistically bet-
ter responses compared with FFs and NT wounds. More-
over, the combinatorial analysis suggested a difference
(p=0.054) between the FD and FDp conditions, indicat-
ing a high degree of distinction between the two condi-
tions.

Wound closure (POD 9) was delayed and contraction
reduced in FD-treated wounds

Wound closure was evaluated at POD 9 in an attempt to
maximize the difference between the treatment groups

577



Freeze-dried platelet-rich plasma enhances wound healing

Pietramaggiori et al.

(Figure 4A). Previous work in our laboratory showed that
a 1.0cm? wound in a diabetic mouse reaches the 50% clo-
sure point between days 8 and 12 (data submitted for pub-
lication).

The NT and FFs groups exhibited a mean closure sig-
nificantly (p < 0.01) higher than the FDp group (Figure
4B). By POD 21, FDp wounds closure was not delayed
(data not shown). Wound healing occurs by a combination
of wound contraction and reepithelialization in all groups.
Reepithelialization was similar in all treatment groups,
while a trend toward reduced wound contraction was ob-
served in FD platelets-treated groups, particularly the
FDp group (Figure 4B).

DISCUSSION

Platelets are used clinically for a wide variety of wound-
healing applications. This study showed that platelet con-
centrates modulate wound healing in the diabetic mouse
model. Differences were observed between FD and FFs
conditions: FDp preparations stimulated cell proliferation
in the granulation tissue more efficiently than FFs plate-
lets. While the FFs condition provides a bolus dose of
growth factors with a short half-life before degradation,
the kinetics of growth factor release from FDp is not
known. This study suggests that release upon reconstitu-
tion occurs in a manner consistent with activation of fresh
platelets. In vitro analyses showed that freeze-drying fol-
lowed by reconstitution did not alter the intra/extracellu-
lar ratio of growth factors, especially when platelets were
biochemically stabilized. In vivo results did not show sig-
nificant differences between the two FD conditions; how-
ever, biochemical stabilization may be beneficial for long-
term storage of platelet preparations. The stabilization so-
lution preserves platelet membrane integrity and thereby
protects the growth factors from storage-induced degra-
dation, allowing platelet o granule release to occur in a bi-
ologically relevant manner.

Currently, individual growth factors administered for
wound healing are used at much higher concentrations than
those in platelet preparations in this study. The complex
mixture of growth factors delivered by platelets potentially
actin synerey, while also being protected against rapid deg-
radation.”®* '® In this study, the concentration of platelets in
all preparations was normalized to that currently used in
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clinically treated wounds.” '® Further increases in platelet
concentration progressively caused a reduction in prolifer-
ation in vitro (data not shown), probably due to saturation
and down-regulation of the growth factor receptors. The
question remains whether higher concentrations in vivo
may be beneficial or whether multiple applications may be
more favorable than a single one.

Wound closure is one of the most significant parameters
in assessing wound healing; it might be argued that less
wound closure is a sign of failure of the proposed therapy.
The delayed wound closure observed in this study was a
consequence of reduced contraction. Both FD and bio-
chemically stabilized FDp showed the ability to modulate
wound healing, enhancing proliferation of cells and vessel
growth in granulation tissue, while decreasing wound con-
traction. The cause of the decreased contraction is unclear
at this stage. The increased granulation tissue could have
reduced contraction, acting like a mechanical splint or the
biochemical stabilization formulation, containing adeno-
sine, amiloride, and sodium nitroprusside, might have had
a direct pharmacological effect on the fibroblasts of the
wound. Because contraction causes morphological and
functional deviations,?> reduced contraction would be ad-
vantageous in the treatment of several wound types (e.g.,
burn, cavity, skin donor-sites, or nongranulating wounds);
therefore, additional studies are needed to understand the
mechanisms of this finding.

The rich growth factor profile of platelets has the po-
tential to be an effective vehicle for the treatment of a va-
riety of wound types. This study suggests that growth
factors may be more effective when directly delivered by
platelets, allowing a slow release, to enhance the physio-
logical response to injury, rather than administered as a
bolus dose. This may be particularly relevant because of
our aging population with a growing incidence of Type 2
diabetes and obesity.
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