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Bogota, D.C. LZ 212P£EPQSPRESRECU Folios, 44% 2(71- o

et

Re:  Expediente No. 09 — 106.866
Solicitud de Patente de Invencion
“COMPLEJO ASOCIADO DE UN DERIVADO
ORGANICO DEL SiLICIO CON FRAGMENTOS
CALIBRADOS DE ACIDO HIALURONICO PARA
UNA ACCION PREVENTIVA PREPARADORA
DE LAS DEGRADACIONES CUTANEAS™
EXSYMOL S.A.M.
RECURSO DE REPOSICION

Actuando en mi calidad de apoderado de la sociedad EXSYMOL S.A.M., domiciliada
en 98000 Ménaco, Principado de Moénaco, por medio del presente escrito me permito
manifestarle que, obrando dentro del término legal, interpongo RECURSO DE
REPOSICION ante el Superintendente de Industria y Comercio, contra la Resolucién

No. 78979 del 20 de Diciembre de 2012 , proferida por esa Dependencia dentro del
Expediente de la referencia y por medio de la cual, Nego la Patente de Invencion
denominada “COMPLEJO ASOCIADO DE UN DERIVADO ORGANICO DEL SILICIO
CON FRAGMENTOS CALIBRADOS DE ACIDO HIALURONICO PARA UNA ACCION
PREVENTIVA PREPARADORA DE LAS DEGRADACIONES CUTANEAS”

OBJETO DE ESTE RECURSO

1.- Que se REVOQUE el Articulo Primero de la Resolucion No. 78979 del 20 de
Diciembre de 2012, por medio del cual, se Niega la Patente de Invencién denominada
‘COMPLEJO ASOCIADO DE UN DERIVADO ORGANICO DEL SILICIO CON
FRAGMENTOS CALIBRADOS DE ACIDO HIALURONICO PARA UNA ACCION
PREVENTIVA PREPARADORA DE LAS DEGRADACIONES CUTANEAS”

2.- Que en su reemplazo se dicte la Resolucién que CONCEDA Ia Patente de
Invencion denominada “COMPLEJO ASOCIADO DE UN DERIVADO ORGANICO DEL
SILICIO CON FRAGMENTOS CALIBRADOS DE ACIDO HIALURONICO PARA UNA
ACCION PREVENTIVA PREPARADORA DE LAS DEGRADACIONES CUTANEAS” a
favor de la sociedad EXSYMOL S.A.M.
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Este recurso se fundamenta en los siguientes:

HECHOS

PRIMERO: EI 30 de Septiembre de 2009, se presento solicifud de Patenté‘e de
Invencion titulada “COMPLEJO ASOCIADO DE UN DERIVADO ORGANICO DEL
SILICIO CON FRAGMENTOS CALIBRADOS DE ACIDO HIALURONICO PARA UNA
ACCION PREVENTIVA PREPARADORA DE LAS DEGRADACIONES CUTANEAS” a
nombre de la sociedad EXSYMOL S.A.M. , solicitud a la que se le asigné el numero de
expediente 09 — 106.866.

l
1
i

SEGUNDOQ: EIl extracto de la solicitud fue publicado en la Gaceta de Propledad

Industrial No 626 de 22 de Marzo de 2011, y no se presentaron aposmones a la
solicitud. , ;

'
1

TERCERO: Mediante oficio No. 14688 del 16 de Agosto de 2012, se realizé ! un
requerlmlento a Ia solicitud en aplicacién del articulo 45 de la Decisién 486 de la
Comumdad Andlna de Naciones. :

l

CUARTO: EIl 13 de Noviembre de 2012, dentro del término legal, mi poderdante d|o
respuesta al requerimiento formulado y presenté nuevas reivindicaciones.

QUINTO: Que mediante Resolucion No. 78979 de 20 de Diciembre de 2012 el
Superintendente de Industria y Comercio Negé la Patente de Invencién denominad|a
‘COMPLEJO ASOCIADO DE UN DERIVADO ORGANICO DEL SILICIO CON
FRAGMENTOS CALIBRADOS DE ACIDO HIALURONICO PARA UNA ACCION
PREVENTIVA PREPARADORA DE LAS DEGRADACIONES CUTANEAS” i

¥
[l
t
1

Considera el Superintendente que la solicitud de patente de invencion incumple con el
requisito de nivel inventivo, por lo cual, no puede ser concedida. Adicionalmente,

considera: _ |

“(...) En el presente caso, los compuestos reclamados en la solicitud no tienen nivelll
inventivo, teniendo en cuenta que la reivindicacién 1 refiere "un complejo a base de un:,
derivado. organico de silicio. que se caracteriza en. que dicho derivado se combina con"l
uno o varios fragmentos calibrados de acido hialurénico con un peso molecular:.;
comprendido entre los 150 y 600 kDa, teniendo dicho derivado una formula general ()"
(...) El documento D1 se considera el estado de la técnica cercano a la invencién;
definida en la reivindicacion 11 porque divulga una seria de combinaciones de 3,

componentes que comprende derivado organico de silicio y acido hialurénico (...
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(...) La interleuquina IL-1 y el TNF-alfa, mediadores inflamatorios, pueden mducir

I
conjuntos de células articulares, tales como condorcitos y células sinoviale$ para

producir citoquinas. tales. como IL-8 y IL_6, asimismo, estimula proteaéas. y

prostaglandinas E2 (PGE”) que son capaces de generar una disminucion notable"' de la
sintesis proteica en hueso y piel. Por otra parte, se ha demostrado que la IL-1 y el TNF-

o aumentan la resorcion dsea osteoclastica in Vitro, de hecho, en el documento D2 se
indica que el bloqueo de la IL-1 con un antagonista del receptor {L-1 (IL- 1ra) en
fibroblastos sinoviales reduce los niveles de IL-6 y IL-8, pero no de TNF-a y que la

adicion de anticuerpos anti-TNF-alfa a células sinoviales reduce en gran medlqa la
produccion de otras citoquinas proinflamatorias tales como IL_1, GM-CSF, IL-6 (Pé:g 2,
numeral 2.1, cntoqlnas proinflamatorias) causantes del envejecimiento de la piel, por lo
anterior, para la persona del oficio normalmente versada en la materia es claro que el
bloqueo de la actividad proinflamatoria de la IL-1 en fibroblastos sinoviales a traves de
fragmentos calibrados.de HA asociados a derivados de silicio. organico conducma la
disminucion de la secrecion de otras citoquinas proinfimataorias como -6 y -8, por lo

tanto este mecanismo resultaria efectivo para el control de la inflamacion de esta Imea
celular.

.
‘
i

En razon a lo expuesto, la persona del oficio normalmente versada en la materia tend_ria
motivacion o suficiente expectativa de éxito para seleccionar las combinaciones l‘lde
componentes que comprende el acido hialurénico de peso molecular entre 500- 730kba
divulgadas. en documento. D1 de la manera como lo. indica el documento. D2 para !Iegar
asi al objeto de la reivindicacién 1 de la solicitud. Por lo cual se considera obvia. !

Dado que las reivindicaciones 2 a 5 no presentan caracteristicas técnicas esencialés :

)

que le confieran nivel inventivo frente a la reivindicacion 1, también se considerara
l
obvias (...)" '

SEXTO: De acuerdo con lo anterior, corsidera el Despacho que la presente sohcutud

de Patente de Invencién carece de nivel inventivo conforme lo establecido en el articulc;;
18 de la Decision 486 de la Comunidad Andina de Naciones el cual establece: :.
i
“Articulo 18.- Se considerard que una invencion tiene nivel inventivo, si_para una
persona del oficio nommalmente versada en la materia técnica correspondiente. esa.

invenciéon no hubiese resultado dbvia ni_ se hubiese derivado de manera evidente deli
estado de la técnica.” (Subrayas fuera de texto).

Respetuosamente, los solicitantes no estan de acuerdo, con esta afirmacion del

Examinador, conforme a las siguientes consideraciones:

1. El sefior Examinador afirma que “Adicionalmente, el documento D2 refiere que las
citoquinas proinflamatorias juegan un papel fundamental en la iniciacién y desarrollo

'
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del proceso de las enfermedades de la piel, en particular de la degradacion cutanea y
del envejecimiento (referencia 2).” ‘

1
'
v
|
'
t
!

= Aunque se hizo una lectura cuidadosa del Documento 2 (OsteoArthritis‘i and
Cartilage, 2005), previamente citado, no podemos leer Ia.s divulgacioneis del
Examinador que se citan arriba en el Documento 2 sobre el papel dé las
citoquinas en el desarrollo de enfermedades de la piel. |

|
[
t
I
'

= El sefior Examinador también se refiere a una “(referencia 2)” pero cuando
leemos dichas “(referencia 2)” en su encabezamiento (“The role of cytok/nes in
osteoartntis pathophysiology”) y ante todo, su resumen (ver ANEXO A), parece

obvxo que esta (referencia 2) no trata ni con degradacién cutdnea ni con
envejecmento ‘

2. El sefior Examinador también afirma: “La interleuquina IL-1 y el TNF- alfa
mediadores inflamatorios, pueden inducir conjuntos de células articulares, tales como

condrocitos y células sinoviales para producir citoquinas tales como IL-8 y |L1-6
asimismo, estimula. '

...... de la sintesis proteica en hueso y piel. Por otra parte, se ha demostrado que‘la

IL-1 y el TNF-a. aumentan la resorcion dsea osteoclastica in vitro, de hecho, en el
DOCUMENTO D2 se indica que el bloqueo de la It-1 con un antagonista del receptbr

IL-1 en fibroblastos sinoviales reduce los niveles de IL-6 y IL-8, pero no de TNF-alfa: y
causantes del envejecimiento de la piel.”

|
l
l
l
i
|
'
i
1
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= Nuevamente, luego de una cuidadosa lectura de este Documento 2, no
podemos leer las divulgaciones que reporta el Examinador en el Documento 2

acerca del bioqueo de IL-1 con el antagonista del receptor IL-1 y las resultantes
consecuencias en la piel.

= Resulta muy dificil controvertir tal alegacion cutanea sin respaldo bibliografico!
reportado. : |

= Por otra parte, el sefior Examinador menciona correctamente al citar las

expresiones “células articulares, tales como condrocitos y Células sinoviales” y

‘resorcion 6sea”, el Documento 2 se refiere claramente a cartitago 6seo asi
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como a sus células constitutivas (condrocitos y células sinoviales).': Sin
embargo, consideramos que no es tan cierto que a partir del Documento 2

I
persona versada en la técnica pueda hacer una extrapolacion a la piel (como lo

, una

hace el sefor Examinador) con los mismos eventos negativos, especial

mente
puesto que dicha persona versada en biologia debe recordar que existen

esenciales diferencias que distinguen un tejido conectivo (como el cartilago

6seo objeto del Documento 2) de un tejido epitelial (como la epidermis cuténea
objeto de la presente invencion:

i
'

f
t
P

1

- El cartilago 6seo esta constituido de condorcitos en tanto que la epide

rmis
cutdnea estj prihcipalmente constituida de un tipo diferente de células
(keratinocitos); N '

i
- El cartilago 6seo es un tejido que no se regenera a si mismo en tanto que'la
epidermis cutanea es un tejido dotado con un proceso de regeneracion.

s
1

3. Estamos de acuerdo con ef sefior Examinador cuando considera la diferencia entre

la invencién definida en la reivindicacion 1y la combinacion de componentes revelado',s

en D1 (GB 2159408A), sobre Ia “Caracteristica C”:' peso molecular del acido
hialurénico.

!
|
1
4
Ie
'

Precisamente, con el fin de evitar una eventual ambigledad), adjunto encontrara (veri

ANEXO B) una respuesta del proveedor Japonés de acido hialurénico (la compaiiia:
“Q.P. Co, Ltd. Japan”,

ver pagina 3, linea 21 de Ia patente GB 2159408A) que reporta
que el acido hialurénico que se menciona en dicha patente es verdadera y realmente
un acido hialurénico con un peso molecular alto (ver el reporte “

1.0 million Da”), como
el que se usa en el producto “D.S.H. CN® (1500-2200 kDa) objeto de la prueba
comparativa 4 en la descripcion de la presente solicitud.

4. Con respecto al problema técnico objetivo que pretende resolver esta invencion, mi

representada considera pertinente presentar al sefior Examinador un reformulacién del
mismo, en particular:

Mejorar ENORMEMENTE la eficacia de las actuales composiciones
cosméticas basadas en acido hialurénico (tales como

las que se
mencionan en el Documento 1).
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- Pero teniendo cuidado de evitar la accién INDESEABLE resuitante de las
reacciones tipicas de dafio enzimatico (hialuronidasas) que: !

1
{
!
H
i
v
'

* Ocurren naturalmente en la piel y degradan el acido hialurénico (“HA™),
y _

j
* Resultan (por division) en la produccién de pequenos fragmentos de HA
para lo cual se_reconoce un_efecto adverso pro-inflamatorio.

1
{
v
1
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5. El sefior Examinador afirma que “En razon de lo expuesto, la persona del oficio

normalmente versada en la materia, tendria motivaciéon o suficiente expectativaide

éxito para_seleccionar las combinaciones de componentes que comprende el acido
hialurénico de peso r_nolecular entre 500-730 kDa divulgadas en el documento D1 (DZ)
de la manera_como o indica el documento D2 (D7) para llegar asi al objeto de!la

reivindicacién 1 de la solicitud. Por lo cual se considera obvia.” (resaltado fuera de
texto)

En primer lugar, tal combinacién del Documento 2 con el Documento 1 seria mas bien
DESFAVORABLE con respecto al conocimiento general que dicha persona versada en

la técnica tenga acerca de acido hialurénico (“HA) en la fecha de solicitud de nuestra
patente local (2009).

1
|
'

De hecho: las ensefianzas de la literatura reportan a la persona versada en la técnica:

enfrentada al problema de buscar una composicion cosmética mejorada basada e

n
HA o en fragmentos de HA, que:

(

y

i

[

'

\

|

'

'

|

|

)
a

opuestos de acuerdo con la seleccién de fragmentos de HA con varios
pesos moleculares,

- particularmente, que fragmentos de HA con peso molecular alto si se

comportan de manera diferente en comparacién con fragmentos de HA con
peso molecular bajo o medio.

o Como soporte de lo anterior reproducimos un parrafo del texto de la
presente solicitud:
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“Y la conclusién de todos estos trabajos es en general unanime, a saber: que el HA
i

fragmentado posee un comportamiento diferente del HA nativo, y que segun el témaﬁo
de los fragmentos, es decir su peso molecular, se observan efectos biol@icos
diferentes, hasta incluso opuestos (Noble P.W., Matrix Biol. (2002), vol. 21, pp 25-
29, Asari A., GlycoForum/Hyaluronan Today (2005), capitulo 29 et refereincias
citadas).”

1
1
1
§

1

e Y anexamos la referencia bibliografica citada en el mismo “(Noble -

P.W., Matrix Biol. (2002)” (ver ANEXO C) !

t
[
I

+ v Como consecuencia, con este conocimiento sobre diferentes eféctos

biolégicos de acuerdo con los fraqmentos de HA de diferentes pesos
moleculares:

 Consideramos que esta podria ser una primera_sefial para ilustrar qué la
persona versada en la técnica (en su busqueda de una composicion cosmé‘tica
, mejorada basada en HA) estaria bastante desmotivada para considérar
sustituir el HA de peso molecular alto (tal como se menciona en el Documehto
1) _por los fragmentos de HA de 500-730 kDa (tal como se menciona en ' el
Documento 2), debido a que el Documento D2 trata con fragmentos de HA
cuyo peso molecular no cae con el tamaiio del acido hialurénico que "sel

utiliza en el Documento 1.

!
t
1
1
1

» Consideramos éste como un argumento que permite descartar la asociacion
(fragmentos de HA de 500-730 kDa (seguin el Documento 2) asociados con lcli;)s
compuestos érgano-silicio (segun el Documento 1)) que el sefior Examinador
intenta presentar como obvia cuando objeta la naturaleza inventiva déel

1

complejo, tal como se define en la reivindicacion 1.

1
|
1
'
¢

6. El sefior Examinador rechaza nuestro argumento anterior sobre el efecto

citoestimulante cuando cita y opone una nueva publicacion de 1988 titulada “Hyaluronic
acid modulates proliferation of mouse dermal fibroblasts in culture”, conforme con el
siguiente parrafo de la Resolucion:

“En referencia al argumento de la solicitante, segun el cual el efecto técnico de Ia::
invencion no solo se refiere a evitar el efecto adverso pro-inflamatorio de los pequeﬁosi
fragmentos de é&cido hialurénico (...)sino que también a potenciar el efectoli
citoestimulante de los fragmentos de &cido hialurénico de peso molecular débil o'
mediano. Es pertinente sefialar que la persona del oficio normalmente versada en Ia

}
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materia concluiria sin dificultad que la inclusion de 4cido hialurénico en la composrcrén

farmacéutica, debido a su efecto citoestimulante, favoreceria un efecto c:toestlmulante
porque este efecto ya. estaba divulgado y reconocido, como. o refiere. por ejem

M
documento “Hyaluronic acid modulates proliferation of mouse dermal fbroblasts in

culture” en el que se menciona el efecto citoestimulante del HA sobre cultivos ce/ulares
epidermales en fase estacionaria (fibrobalstos dermales de rat6n) por lo tanto el efecto

técnico_atribuido a la invencién no es sorprendente o inesperado’. (subrayado fuera
I
de texto) : '

6.1 Luego de analizar dicho (1988, autor: Yoneda y otros), lo que REALME

|
NTE
podemos leer (ver ANEXO D) es: !

|
o u, - L 2
[ ]

Como ‘“sustancias exégenas” (ver pagina 266, segunda linea, columna
derecha), queremos llamar la atencién del sefior Examinador sobre que lo due
realmente ha. sido probado es un acido hialurénico de peso moiecular lgual a
9.5.10° (0 950 kDa), el cual se debe considerar como un acido hialurénico de
peso molecular alto puesto que esta muy cercano a 1000 kDa (como el que: se

: utiliza en el Documento 1). Por lo tanto, estimamos que las conclusiones del
sefior Examinador sobre dicho acido hialurénico alto no pueden apllcarse

|
automaticamente a la reivindicacion 1 de la presente solicitud con un complejo
basado en fragmentos de acido hialurénico comprendidos entre 150 y 600 kDa
(y por ello, sin interferencia con el tamario arriba mencionado de cerca de 1000 .

kDa), mas aun teniendo en cuenta lo anteriormente expuesto sobre que la

literatura ensefia que efectos biolégicos diferentes y opuestos son observadds

usualmente de acuerdo con el HA o fragmentos de HA con pesos moleculares
diferentes.

6.2 Adicionaimente, querembs resaltar que en el articulo de Yoneda solo se revela (ve
ANEXO D) que:

1
1
i
1
i
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= Ver resumen: “ef &cido hialurénico promovié O inhibiié el crecimiento celular’

(y no exclusivamente para promover el crecimiento celular como serior el:

1

Examinador unicamente menciona en el pamafo transcrito: “este efecto’

(citoestimulante) ya estaba divulgado y reconocido en la técnica anterior”);

@ Verresumen y paginas 266 + 271: “el &cido hialurénico puede actuar como |
un MODULADOR de proliferacién de fibroblasto dermal en ratén”

- Aun en la misma pagina 271 se hace mencién acerca def acido hialurénico

introducido de manera exégena que (contraric a la afirmacion del
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Examinador) “e/ &cido hialurénico exégeno més  bien INHIéE la

proliferacion celular cuando se agrega a cultivos celulares”: !

H

- Ademas, esto estaria en concordancia con la referencia mencionada en la
pagina 272 del articulo de Yoneda, donde podemos leer el titulp del
articulo de Goldberg con *HYALURONATE INHIBITION OF CELL_
PROLIFERATION (1987”) (ver menci6n subrayada en el ANEXO D).

'
I
'

7. Insistimos en que el sefior Examinador mire con mas detenimiento las pruebas 1y
4 en el texto de la presente solicitud, debido a que: f

* Por ejemplo, los resultados en la tabla 4 [ver prueba 4] claramente
demuestran que:

1
'
|
1
'
]
I

@ No hay proliferacion celular de queratinocitos cuando el producto
“D.S.H. CN®” (que corresponde a una asociacién de un compuesto

organo-silicio (silanol) con un tamafo de acido hialurénico de peso
t
molecular ALTO (superior a 100 kDa) como el que se menciona.en

el Documento 1) fue probado en epidermis humana (reconstruida), <1:on

H

un % de citoestimulacion iqual al 0%

1
I
1
¢

1

o Aqui hay una alta proliferacion celular de queratinocitos cuando! el,
‘complejo MSH” (con un tamafio de &cido hialuréni;co
comprendido entre 150 kDa y 600 kDa) fue probado en la misr"na
epidermis humana, con un % de citoestimulacién igual al 69,5% !

e Por ejemplo, los: resultados en la tabla 1 [ver prueba 11 claramente
demuestran que: |

t
I

= Existe una débil proliferacion celular de queratinocitos cuando
fragmentos de HA de 150-600 kDa fueron probados en eplderm|s
humana (reconstruida) a la concentracion de 5%, con solo un % de
citoestimulacién igual al 28%

\
t

= Existe una proliferacion celular de queratinocitos mucho mas mejorada‘(
cuando el “complejo MSH” (con los mismos fragmentos HA de 150-

600 kDa pero asociados al _monometilsilanetriol) fue probado a la;;

misma concentracion de 5%, con un % de citoestimulacién aumentada’
hasta 63%
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* Con tales sorprendentes resultados, consideramos que estos datos ta'rnbién

constituyen otras sefiales de la naturaleza inventiva de las pres‘,entes
3

reivindicaciones de complejo y composicion. l.

i

8. Por ultimo, consideramos que en la decision impugnada el sefior Examinador ignord

totalmente 1o que originalmente mencionamos como una “PROPIEDAD.

INESPERADA™) (ver pryeba 3 acoplada a la Fig. 1 + paragrafo asociado én la

descripcion). Por lo tanto, como complemento de nuestros anteriores argumentos,
i
deseamos insistir nuevamente en las ventajas peculiares que lleva el complejo de la

presente invencion, ventajas que se resumen y sustentan la naturaleza inventiva de las
reivindicaciones pendientes:

|
I

1

v’ Una__sorprendente capacidad de nuestro complejo y composiciones
derivadas para RETARDAR y LIMITAR la negativa accién catabélica del tejido

cutaneo, dicha accién negativa que causa dafio en el acido hialurénico (con

enzimas de hialuronidasa) de la piel y que lleva a dividir el HA o fragmentos de
HA en fragmentos mas pequefios por lo que se sabe que una acumulacién,? de
formas de HA de peso molecular bajo induce de manera adversa a un estédo
inflamatorio;

[
i
¢

v’ El papel protector (en nuestro complejo) de la entidad “derivado organico de

silicio” en la entidad “fragmentos de HA”, que la técnica anterior nunca antes’
sugirio.

De esta manera no se configura la falta de nivel inventivo argumentada por el '
examinador.
SEPTIMO: De acuerdo con lo anterior, y teniendo en cuenta que la solicitud de patentie
de Invencién cumple coh los requisitos legales, solicito la concesion de la patent:ge
titulada “COMPLEJO ASOCIADO DE UN DERIVADO ORGANICO DEL SILICIO CON"
FRAGMENTOS CALIBRADOS DE ACIDO HIALURONICO PARA UNA ACCION
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The role of cytokines in osteoarthritis pathophy... [Biorheology. 2002]... hitp://www.ncbi.nlm.nih. gov/pubmed/12082286

.
| PubMed |
Display Settings:  Abstract 105 pun vext

Blorheology. 2002;39(1-2):237-46.
The role of cytokines in osteoarthritis pathophysiology.

Osteoarthritis Research Unit, Centre hospitalier de I'Université de Montréal, Hpital Notre-Dame, Montréal, Québec, Canada. julio.fernandes @ sympatico.ca

Abstract
Morphological changes observed in OA include cartilage eroslon as well as a variable degree of synovial inflammation. Current research
altributes these changes to a complex network of biochemical factors, including proteolytic enzymes, that lead to a breakdown of the cartilage
macromolecules. Cylokines such as IL-1 and TNF-alpha produced by activated synoviocytes, mononuclear cells or by arficular cartilage itself
significantly up-reguiate metalloproteinases (MMP) gena expression. Cytokines also biunt chondrocyte compensatory synthesis pathways
required to restore the integrity of the degraded extrecellular mafrix (ECM). Moreover, in OA synovium, a relative deficit in the production of
natural antagonists of the IL-1 receptor (IL-1Ra) has been demonstrated, and could possibly be related to an excess production of nitric oxide
in OA tissues. This, coupled with an upregulation in the receptor level, has been shown to be an additional enhancer of the catabolic effect of
IL-1 In this disease.IL-1 and TNF-alpha significantly up-regulate MMP-3 steady-slate mRNA derived from human synovium and chondrocytes.
The neutralization of IL-1 and/or TNF-alpha up-regulation of MMP gene expression appears to be a logical development in the potential medical
therapy of OA. Indeed, recombinant IL-1receptor antagonists (ILRa) and soluble IL-1 receptor proteins have been tested in both animal models
of OA for modification of OA progression. Soluble IL-1Ra suppressed MMP-3 transcription in the rabbit synovial cell line HIG-82. Experimental
evidence showing that neutraizing TNF-alpha suppressed cartilage degradation in arthritis also support such strategy. The important role of
TNF-alpha in OA may emerge from the fact that human articular chondrocytes from OA cartilage expressed a significantly higher number of the
p55 TNF-alpha receptor which could make OA cartilage particularly susceptible to TNF-alpha degradative stimul. In addition, OA cartilage
produces more TNF-alpha and TNF angleaipha convertase enzyme (TACE) mRNA than normal cartilage. By analogy, an inhibitor to the p55
TNF-alpha receptor may also provide a mechanism for abolishing TNF-alpha-induced degradation of cartilage ECM by MMPs. Since TACE is
the regulator of TNF-alpha activity, imiting the activity of TACE might also prove efficacious in OA. IL-1 and TNF-alpha inhibition of chondrocyte
compensatory biosynthesis pathways which further compromise cartilage repair must also be dealt with, perhaps by employing stimulatory
agents such as transforming growth factor-beta or insulin-like growth factor-1. Certain cytokines have antiinflammatory properties. Three such
cytokines - IL-4, IL-10, and IL-13 - have been identified as able to modulate various inflammatory processes. Their antiinflammatory potertial,
however, appears lo depend greatly on the target cell. Interleukin-4 (IL-4) has been tested in vitro in OA tissue and has been shown to suppress
~ the synthesis of both TNF-alpha and IL-1beta in the same manner as low-dose dexamethasone. Naturally occurring antiinflammatory cytokines
such as IL-10 inhibit the synthesis of IL-1 and TNF-alpha and can be potential targets for therapy in OA. Augmenting inhibitor production in situ
by gene therapy or supplementing it by injecting the recombinant protein is an attractive therapeutic target, although an in vivo assay in OA is not
available, and its applicability has yet to be proven. Similarly, IL-13 significantly inhibits ipopolysaccharide (LPS)-induced TNF-alpha production
by mononuclear celis from peripheral blood, but not in cells from inflamed synovial fluid. IL-13 has important biological activities: inhibition of the
production of a wide range of proinflammatory cytokines in monocytes/imacrophages, B cells, natural kiler cells and endothelial cells, while
increasing IL-1Ra production. In OA synovial membranes treated with LPS, IL-13 inhibited the synthesis of IL-1beta, TNF-alpha and
stromelysin, while increasing IL-1Ra production.In summary, modulation of cytokines that control MMP gene up-regulation would appear to be
fertile targets for drug development in the treatment of OA. Several studies illustrate the potential importance of modulating IL-1 activity as a
means to reduce the progression of the structural changes in OA. In the experimental dog and rabbit models of OA, we have demonstrated that
in vivo intraarticular injections of the IL-Ra gene can prevent the progression of structural changes in OA. Future directions in the research and
treatment of osteoarthritis (OA) will be based on the emerging picture of pathophysiological events that modulate the Initiation and progression
of OA.

PMID: 12082286 [PubMed - Indexad for MEDLINE]
Publication Types, MeSH Terms, Substances

LinkOut - more resources
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Abstract

Hyaluronan is an unbiquitous glycosaminoglycan present in most tissues. Under homeostatic conditions hyaluronan exists as
a high molecular mass polymer that has important roles in tissue structural integrity. Under conditions of stress such as
following tissue injury, hyaluronan becomes depolymerized and lower molecular mass polymers arc generated. The b:o[ggg
properties of these hyaluronan fragments appear to be distinct from the larger precursor molecules. This review examines the

biological role of hyaluronan fragments in tissue injury and repair, © 2002 Elsevier Science B.V./International Society of

Matrix Biology. All rights reserved.

1. Introduction

Hyaluronan (HA) is an ubiquitous glycosaminogly-
can found in almost all tissues. Hyaluronan was first
characterized from the vitreous of the eye (Meyer and
Palmer, 1934) and shown to contain a hexuronic acid,
an amino sugar and acetyl groups with no sulfo-ester
content. HA was subsequently isolated from umbilical
cord tissue, and glucuronic acid and glucosamine sugar
constituents were identified (Meyer and Palmer, 1936).
The actual linkages of the repeating disaccharide
motif (-p-1,4-glucuronic acid-B1,3-N-acetylglucosa-
mine-), was described in 1954 (Weissman and Meyer,
1954), The number of repeat disaccharides can ap-
proach 30000 (a molecular mass of 10 X 10% Da) in
tissues such as synovial fluid. In addition to regulating
physiologic processes in normal tissues, HA under-

Abbreviations: ROL, Reactive Oxygen Inter Inlermediates; ECM,
Extracellular Matrix.

* Tel.: +1-203-932-5711 ext. 2208; fax: + 1-203-937-4784.

E-mail address: paul.noble@yale.edu (P.W. Noble).

goes dynamic regulation under conditions of tissue
injury and inflammation. The purpose of this review is
to discuss the emerging roles of HA in tissue injury,
inflammation and repair, with an emphasis on the
lower MW forms of the molecule.

2. Hyaluronan as a signaling molecule: its potential
role in initiating the host response to tissue injury

Hyaluronan is a remarkable polymer that appears
to have distinct biological functions depending on the
circumstances under which it is produced. Under
physiologic conditions, HA exists as a high molecular
weight polymer in excess of 10° Da. However, fol-
lowing tissue injury, HA fragments of lower molecular
mass accumulate. The potential functional signifi-
cance of the generation of HA fragments has been
suggested by in vitro studies (Hodge-Dufour et al.,
1997; Horton et al., 1999; McKee et al., 1996, 1997,
Noble et al,, 1993, 1996). The observation that HA
may interact differently with various cells and pro-

duce distinct biological effects depending on the poly-

0945-053X /02 /% - see Mont matter © 2002 Elsevier Science B.V./International Society of Matrix Biology. All rights reserved.
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mer molecular mass was initially made with endothe-
lial cells (West and Kumar, 1989). Oligomers of 8-16
disaccharides prepared by enzymatic digestion of na-
tive HA induce angiogenesis in a chick corneal assay,
while the native high molecular weight polymer does
not.

A number of other laboratories have since identi-
fied a similar phenomenon using different cell types,
different polymer sizes and_examining different bio-
Jogical effector functions (Rooney et al.,, 1995). In

general, the ability of cells to respond to HA of
differing sizes appears to vary with cell type. Gener-
ally, native high molecular mass polymers of 3-6 X 10°
Da do not induce inflammatory or proliferative genes.
However, high molecular weight HA can activate pro-
tein tyrosine cascades in endothelial cells (Lokeshwar
and Selzer, 2000) although at low levels. Furthermore,
although endothelial cells are able to activate protein
tyrosine kinase cascades with high molecular weight
HA, activation is several-fold greater in the presence
of HA fragments (Lokeshwar and Selzer, 2000).
Studies with inflammatory macrophages have shown
that fragmented HA with a molecular mass with a
peak in the range of 2.5 X 10° Da, but not the high
molecular mass precursor, can induce the expression
of inflammatory genes (Hodge-Dufour et al., 1997;
Horton et al., 1998, 1999; McKee et al., 1996, 1997;
Noble ct al., 1993, 1996). Similar results have been
shown with renal tubular epithelial cells (Beck-
Schimmer et al, 1998), T-24 carcinoma cells
(Fitzgerald et al., 2000) and eosinophils (Ohkawara et
al., 2000). The critical importance of excluding con-
taminating substances from HA preparations has re-
cently been brought to light (Filion and Phillips, 200 1.
The biological relevance of these studies is supported
by reports demonstrating that fragmented HA that
induces inflammatory gene expression in vitro is in
the same size range as HA that accumulates under
inflammatory conditions in vivo (McKee et al., 1996).
In contrast, a different size requirement is observed
with dendritic cells where HA oligosaccharides in the
6-20 size range, but not the 2.5 X 10° Da or higher
molecular weight, induce inflammatory gene expres-
sion (Termeer et al., 2000). The common theme ap-
pears to be that high MW HA does not initiate a

program of gene expression geared toward cell prolil-
“cration, migration, or activation, whereas a variety of
genes that regulate biological properties are ex-
pressed m_response to _fragmented fower molecular

mass HA. Hyaluronan fragmentation in vivo may re-
sult from regulated expression of secreted
hyaluronidases (Csoka et al., 1997) or from oxidation
(Uchiyama et al., 1990), and this fragmentation is
required for acquisition of a signaling function for
HA. Generation of HA fragments under conditions of
tissue injury may serve the function of signaling to the

host that normal homeostasis has been profoundly
disturbed.

3. Hyaluronan depolymerization in tissue injury

Hyaluronan is a normal constituent of basement
membrane, and in its native form, HA exists as a high
molecular weight polymer, typically in excess of 10°
Da. Hyaluronan plays a role in maintaining the struc-
tural integrity of tissues such as the joint where it is
responsible for maintaining the viscosity of joint fluid.
In addition to existing as a soluble polymer, HA is
bound to large proteoglycans such as aggrecan and
versican. Hyaluronan side chains of aggrecan are im-
portant in cartilage organization and recent data have
suggested that HA is essential for maintaining carti-
lage integrity (Knudson, 1993; Nishida et al,, 1999). At
sites of inflammation, such as during inflammatory
arthritis or in wound healing, HA becomes depoly-
merized inlo lower molecular weight forms.

There appear to be two mechanisms for depolymer-
izing HA, enzymatic and non-enzymatic (Laurent and
Fraser, 1992). The enzymes that degrade HA are
hyaluronidases, chondroitinases and hexosaminidases
(Laurent and Fraser, 1992). Most hyaluronidases are
lysosomal enzymes and require an acid pH for maxi-
mal activity (Kreil, 1995). However, the hyaluronidase
PH-20, found in sperm, is active at pH 7 (see article
by Cherr et al. in this mini-review series). Recently, a
soluble form of PH-20 has been identified (Gmachl
and Kreil, 1993; Gmachl et al,, 1993; Li et al, 1997,
Meyer et al.,, 1997).

In addition, a novel hyaluronidase (Hyal-2) that
generates HA fragments of 10-20 X 10° Da has beeo
described (see article by Lepperdinger et al. in this
mini-review series). Hyal-2 is expressed in fibrotic
lung injury (Lepperdinger et al., 1998; Li et al., 2000).

Hyaluronan can also be degraded into smaller frag-
ments by exposure to ROI (Deguine et al., 1998). This
is an important mechanism for generating HA frag-
ments at sites of inflammation (Saari, 1991). Interest-
ingly, hyaluronidases are endoglucosaminidases
whereas ROJs fragment HA randomly at internal
glycoside linkages.

Hyaluronan degradation products appear to have
biological functions distinct from the native high
molecular weight polymer. Oligosaccharides of less
than 20 disaccharides have been shown to be angio-
genic (West et al, 1985). Low and intermediate
molecular weight HA (2X 10*-4.5 X 10° Da) stimu-
late gene expression in macrophages, endothelial cells,
eosinophils and certain epithelial cells (McKee et al,,
1996, 1997; Oertli et al, 1998; Slevin et al,, 1998).
Hyaluronan degradation products are purported to
contribute to scar formation (West et al,, 1997). Fetal
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Summary

When the concentration of hyaluronic acid was
monitored in primary cultures of mouse skin
dermal fibroblasts, there was an increase in hya-
luronic acid proportional to the increase in cell
number during the logarithmic growth phase.
The concentration reached the maximum value
2 days before the cells became confluent, and then
decreased gradually. Hyaluronic acid added at
Imgml™' during the logarithmic phase

promoted Er)inhibited cell growth, depending on
the density of cells at the time when hyaluronic
acid was added. Hyaluronic acid (Imgml™')
added to subconfluent or postconfluent cultures
induced a transient DNA synthesis with a con-
sequent increase (>20%) in cell number. The
effects appeared to be specific, since neither hya-
luronic acid oligosaccharides nor some other
types of glycosaminoglycan (chondroitin, chon-
droitin sulphates, heparan sulphates and

heparin) had any similar effects. Dibutyryl aden-
osine 3',5'-cyclic monophosphate (dbcAMP), at
ImM, added to subconfluent or postconfluent
cultures had promoting effects successively on
hyaluronic acid synthesis and on cell growth. An
increase in hyaluronic acid synthesis also oc-
curred when dbcAMP was added to day 1 cultures
in the logarithmic growth phase, but the effect on
cell growth was reversed; there was an inhibition
rather than a promotion. The pattern of cell
density-dependent variation of the dbcAMP effect
is quite similar to that observed with exogenously
added hyaluronic acid. Therefore, we propose
that hyaluronic acid added exogenously or sup-
plied endogenously by increased synthesis may
act as a modulator of mouse dermal fibroblast
proliferation.

Key words: hyaluronic acid, skin fibroblasts, cyclic AMP,
cell growth.

Introduction

A series of types of cell behaviour during culture, such
as cell attachment to the substratum, cell proliferation
and arrest of cell growth at confluent cell density, are
regulated by the extracellular matrix surrounding cells
(Toole, 1981). Hyaluronic acid is a major component
of the extracellular matrices and its synthesis and
degradation are significantly related to these cellular
functions. Many reports in recent years have suggested
a close relationship between the activity of hyaluronic
acid synthesis and cell proliferation (Morris, 1960;
Daniel er al. 1961; Davidson et al. 1963; Davidson,
1963; Nameroff & Holtzer, 1967; Koyama & Ono,
1970; Bishoff, 1971; Toole, 1972; Moscatelli & Rubin,
1975; Lembach, 1976; Angello & Hosick, 198Z;
Matuoka et al. 1985, 1987; Brecht et al. 1986; Gold:

Journal of Cell Science 90, 265-273 (1988)
Printed in Great Britan © The Company of Biologists Limited 1988

berg & Toole, 1987). Thus, viral transformation of
fibroblasts has been shown to causc an enormous
increase in the rate of hyaluronic acid synthesis as well
as an abnormal acceleration of cell growth (Takagaki &
Toole, 1979; Okayama et al. 1977). An increase in
hyaluronic acid synthesis preceding cell proliferation
has been observed in wound healing of various tissues
(Toole & Gross, 1971). Further, Tomida et al. (1974)
have shown that hyaluronic acid synthetase activity in
cultured rat fibroblasts was enhanced under conditions
that permit cell proliferation and decreased with a
decline in cell replication in a confluent phase. How-
ever, Koyama et al. (1975) have also made apparently
divergent observations that the enhanced production of
hyaluronic acid in rat fibroblast cultures caused by
treatment with adenosine 3',5"-cyclic monophosphate
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or its dibutyryl derivative (dbcAMP) resulted in an
inhibition rather than a promotion of cell growth, and
that a macromolecular factor in foetal calf serum could
induce hyaluronic acid synthetase activity without
accompanying cell proliferation (Tomida et al. 1975).

In thé present study we treated mouse dermal
fibroblasts at different growth stages with hyaluronic
acid and dbcAMP in order to investigate the effects of
exogenously added and endogenously synthesized hya-

luronic acid on cell proliferation. We report that

hyaluronic acid can modulate cell proliferation and that
the effect varies depending on cell density and hyalu-
ronic acid concentration.

Materlals and methods

Preparation of cells

Mouse skin dermal fibroblasts were prepared from 3- or 5-
day-old neonates of DDY mice by the method of Yuspa &
Harris (1974). The head, limbs and tail of a neonate were
removed. Whole skin was floated on cold Hanks' balanced salt
solution (Ca?*-, Mg?*-free) containing 0-25 % (w/v) trypsin
(1:250, Grand Island Biological Co., Grand Island, NY),
keeping the dermis downward. After incubation overnight at
4°C, the dermis was scraped away from epidermis, cut into
small pieces and then incubated in Hanks' balanced salt
solution containing 0-35% (w/v) collagenase (Grand lsland
Biological Co., Grand Island, NY) at 37°C for 45min.
Dissociated cells were collected by centrifugation at 300 g for
Smin, and suspended in Dubbecco’s modified Eagle's me-
dium (Grand lsland Biological Co., Grand Island, NY)
supplemented with 10% (v/v) foetal calf serum, 0-01 M-N-2-
hydroxyethylpiperazine-N'-2-ethanesulphonic  acid, and
ascorbic acid (50 ugml™"). The cells were passed through a
Nitex filter mesh (60 meshem™') and stored in liquid nitro-
gen until used.

Cell cultures

The cells (3x10° cells, unless otherwise indicated) were
seeded into 60-mm tissue culture dishes (Becton Dickinson &
Co., Los Angeles, CA) containing 3 ml of Dulbecco’s modi-
ficd Eagle’s medium supplemented with 10 % (v/v) foctal calf
serum, penicillin (50 units ml™"), streptomycin (50 ug mi™"),
0-01 mM-N-2-hydroxyethylpiperazine-\"-2-ethanesulphonic
acid, and ascorbic acid (50 uygml™') (DMEM), and cultured
at 37°C in & humidified atmosphere of 5% (v/v) COy in air.
The medium was changed 1 day after plating (day 1), and
then changed every other day.

The cells grew more slowly at a lower plating efficiency in
the primary culture than in a secondary culture, regardless of
whether or not the cells had been stored as above. Since our
preliminary studies showed that addition of 1 mM-dbcAMP to
day 5 cultures caused an approximately threefold stimulation
of hyaluronic acid synthesis in the primary culture, compared
to an approximately twofold stimulation in the secondary
culture, we chose the primary culture system in which to
study the regulation of cell growth in response to alterations
of hyaluronic acid level.

266 M. Yoneda et al.

Treatment of cells with exogenous substances

The effects of exogenous_hyaluronic acid (M, 9-5x10°%;
protein content, 0:04% (w/w); Seikagaku Kogyo Co.,
Tokyo, Japan) or dbcAMP (Sigma Chemical Co., St Louis,
MO) on cell growth were examined at three different stages;
logarithmic phase (day 1), subconfluent phase (day 5; 2 days
before reaching confluence), and postconfluent phase
(day 11; 4 days after reaching confluence). On the indicated
day, the growth medium was replaced by a medium contain-
ing the drug. Incubation continued for the periods indicated
in individual experiments and the medium containing the
drug was changed every other day during that time. Other

pounds examined for their effects on cell growth were:
chondroitin, chondroitin 4/6-sulphate, heparan sulphate,
dermatan sulphate and heparin (Seikagaku Kogyo Co.,
Tokyo, Japan), hyaluronidase-digested hyaluronic acid and
butyrate. For digestion with hyaluronidase, 20 mg of hyalu-
ronic acid (M, 9:5% 10°) was incubated at 37°C for 20 h with
Img of testicular hyaluronidase (430 unitsmg™', type V,
Sigma Chemicl Co., St Louis, MO) in Iml of 0-1M-
phosphate buffer, pH 5:3, containing 0-15M-NaCl. Degra-
dation reached a plateau after 10h, as assessed by determi-
nation of released reducing groups (Park & Johnson, 1949).

Determination of cell number

Cells were washed twice with warm Hanks' balanced salt
solution (Ca**-, Mg?**-free) and then treated with 0-12%
(w/v) trypsin in the same medium at 37°C for 30 min with
gentle shaking. The cells were dissociated by pipetting. In
some cases when cells were cultured for a long time or treated
with exogenous hyaluronic acid, further treatment with 0-1 %
(w/v) collagenase type 1 (Sigma Chemical Co., St Louis,
MO) in Hanks' balanced salt solution at 37°C for 30 min was
needed before pipetting to ensure complete dissociation.
Digestion with trypsin or collagenase was sometimes carried
out in the presence of hyaluronic acid in order to study the
effect of hyaluronic acid on the dissociation, Cell numbers
were counted in a Coulter counter (model Zp, Coulter
Electronics, [nc.) or with a haemocytometer. Each value,
with attained deviation, given in figures or tables was
calculated from triplicate or duplicate determinations.

Measurement of hyaluronic acid content

The medium was collected, and the cell layer was washed
twice with Hanks' balanced salt solution. To the combined
solution of medium and washing solution were added 3 vol.
of cold 95% (v/v) ethanol containing 1-3 % (w/v) potassium
acetate (Kimata et al. 1982). After standing at 0°C for
30min, the precipitate containing hyaluronic acid was col-
lected by centrifugation at 12500 g for 30 min. The precipi-
tation was repeated twice. A cell layer, on the other hand, was
suspended in 1 ml of cold Hanks' balanced salt solution by
scraping with a policeman, and then centrifuged at 12000 g
for 5 min. The pellet was suspended in 1 ml of water and then
treated with ethanol as described above, The precipitation
was repeated twice. Hyaluronic acid in the precipitates,
obtained as above from the medium and cell layer, was
measured essentially as described (George et al. 1978).
Briefly, the precipitates were subjected 0-2 m-alkali, followed
by Pronase digestion. The digest was heated at 100°C for
5min and clarified by centrifugation. From the supernatant



postconfluent cultures, caused transient DNA syn-
thesis followed by cell proliferation (Fig. 6B). The
effect was maximal at a hyaluronic acid concentration
of Imgml™' and appeared relatively slowly with a lag
period of about 24 h. The effect was specific in that
neither hyaluronidase-digested hyaluronic acid nor
other types of glycosaminoglycan could substitute for
the high molecular weight hyaluronic acid (Fig. 7;
Table 1). It should be stressed that exogenous hyalu-
ronic acid rather inhibits cell proliferation when added

to cell cultures in the logarithmic growth phase. The
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Fig. 9. Effect of dbcAMP on cell number and hyaluronic
acid synthesis in cells in subconfluent and postconfluent
phases (day 5 and day 11 cultures, respectively). dbcAMP
(1 mM) was added to cultures on either day 5 or day 11,
and the drug was present in the media used thereafter,
Hyaluronic acid in the cell layer (A), hyaluronic acid in the
medium (B), the total cell number (C) were determined 2
and 4 days after the treatment, (O——Q) No addition
(control); (@—@) 1 mM-dbcAMP added. The amounts
of hyaluronic acid produced are expressed as the amounts
of hyaluronic acid secreted into the medium during the
2-day culture after each medium change. Points in
parentheses in A and B indicate the amounts of hyaluronic
acid in the cell layer and those in the medium, respectively,
I day after the treatment.

inhibitory effect of hyaluronic acid is in keeping with
the observation by Goldberg & Toole (1987); using
rabbit synovial cells, 3T3 cells, or simian virus-
transformed 3T3 cells cultured in media supplemented
with various concentrations of hyaluronic acid, these
authors observed a dramatic decrease in both cell
number and [*H]thymidine incorporation rate, com-
pared to controls cultured without added hyaluronic
acid, Thus, the effect of hyaluronic acid on cell
proliferation appears to vary depending on the cell
density.

A wide range of hyaluronic acid concentration
(0-1-3-0mgml™" of culture medium) was used in the
present studies. Since this glycosaminoglycan is gener-
ally found in tissue in a concentration range from 0-05
to 3-0mgml~' (Comper & Laurent, 1978), the concen-
trations used here are physiological and the observed
effects could reflect a physiological function of hyalu-
ronic acid in vivo.

It is well known that treatment with dbcAMP causes
many cellular changes including an increase in hyalu-
ronic acid synthetase activity (Friedman, 1976;
Tomida et al. 1977). Tomida et al. (1977) showed that
addition of actinomycin D or cycloheximide following
exposure of cells to dbcAMP blocked the increase in
hyaluronic acid synthetase activity, suggesting the
involvement of synthesis of enzymes in the dbcAMP-
induced synthetase activation. In the present study,
dbcAMP was shown to have a growth-promoting effect
very similar to that of exogenously added hyaluronic
acid. Although there is no direct evidence to show a
causal relationship between the two, modulation of the
cell’s ability to synthesize hyaluronic acid could be a
cause of the observed effects of dbcAMP on cell
proliferation. Taken together, the conclusion of this

study is that exogenous as well as endogenous hyalu-

ronic acid may act as a modulator of mouse dermal

fibroblast proliferation.

The interstitial matrix surrounding fibroblasts has
been shown to contain, in addition to hyaluronic acid,
type I and III collagen, a large chondroitin sulphate
proteoglycan, a small dermatan sulphate proteoglycan,
heparan sulphate proteoglycan, fibronectin, and many
other unidentified macromolecules (Toole, 1981).
There are many indications that hyaluronic acid inter-
acts with other matrix components. For instance, we
have found that hyaluronic acid interacts with a large
chondroitin sulphate proteoglycan, which also has the
ability to interact with fibronectin and type I and I11
collagen (Yamagata et al. 1986). In relation to this
finding, Jilek & Hirmann (1979) showed that hyalu-
ronic acid could increase or decrease the extent of
binding of fibronectin to collagen. Although the mech-
anism by which hyaluronic acid exerts the growth-
promoting action is not known, one possibility is that
exogenous hyaluronic acid, by binding to other matrix
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components, causes a modulation of the interstitial
matrix into a hyaluronic acid-enriched matrix, which is
conducive to cell proliferation. If so, the hyaluronic
acid-treated matrix could be distinguished either bio-
chemically or morphologically from the untreated
matrix, That this is indeed the case is shown in the
accompanying paper (Yoneda et al. 1988).
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