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Abstract

The enzyme cathepsin B was immunolocalized by immunofluorescence in articular cartilage and subchon-
dral bone in both normal and dyschondroplastic samples obtained from young horses aged 1-5 years old.
Distribution of the enzyme was variable in dyschondroplastic cartilage due to a general lack of zonal
organization. A strong intracellular immunoreaction was observed in abnormal chondrocytes arranged in
clusters in all of the zones of the dyschondroplastic cartilage. Conversely, in normal articular cartilage the
expression of cathepsin B was low at the articular surface as well as the mid zone but higher in the majority
of chondrocytes at the deep zone. No morphological differences were observed in osteoclasts of normal and
pathological samples.

Key words: HORSE, CHONDROCYTES, CATHEPSIN B, OSTEOCLASTS, DYSCHONDROPLASIA,
OSTEOCHONDROSIS.

Resumen

La enzima catepsina B fue inmunolocalizada mediante inmunofluorescencia en muestras de cartilago
articular y hueso subcondral normal y discondropléasico en caballos jévenes de uno a cinco afios de edad. La
distribucién de laenzima varié en cartilago discondroplasico debido a la desorganizacion celular existente en
esas muestras. Una intensa expresién intracelular de la enzima fue observada en los condrocitos agrupados
anormalmente en todas las zonas del cartilago discondroplasico. En el cartilago articular normal la expresion
de la catepsina B en la superficie articular fue baja, asi como en la zona media pero mayor en casi todos los
condrocitos de la zona profunda. En cuanto a los osteoclastos no se observo diferencia morfolégica entre las
muestras de cartilago normal y patolégico.
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Introduction

presentitselfduring equine developmentis

dyschondroplasia, or early stage of osteo-
chondrosis.! It can present as a result of altered
cellular differentiation of the cartilage at the artic-
ular surface and growth plate,?2 which, as a result,
causes defective endochondral ossification (the pro-
cess by which cartilage is substituted by bone).
This, in turn, leads to cartilage thickening or reten-
tion.*The failure of endochondral ossification leads
to necrosis of the basal layers of the retained artic-
ular cartilage, which can cause it to become unat-
tached, with subsequent clinical manifestations of
dyschondroplasia.* The first lesions are commonly
generated in the deep or hypertrophic articular
cartilage zone, thus causing retention of the de-
mineralized cartilage.®®

The pathogenesis of osteochondrosis has not yet
been precisely defined. Itis believed to be a multifacto-
rial problem that can be caused by the amount of
growth, nutrition, mineral imbalances, hereditary fac-
tors,endocrine alterationsor the equine’s level of phys-
ical activity.’

During the normal endochondral ossification pro-
cess, various degrading enzymes, such as metallo-
proteinases,® cysteine proteinases and adenosine-
triphosphatases (ATPases),® are capable of degrad-
ing collagen and proteoglycans, both of which are
essential components of the extracellular matrix in
articular cartilage. Said enzymes, produced by chon-
drocytes, osteoblasts, endothelial cells and osteo-
clasts, play an important role in the endochondral
ossification process. As a consequence of this, exces-
sive production and secretion of these enzymeswould
resultinirreversible cartilage degradation,'**2where-
as their inadequate secretion would cause a reten-
tion of non-degraded cartilage with subsequent de-
fects in the process.

The cysteine proteinase called cathepsin B is of
special interest, since this enzyme has been associ-
ated with the extracellular matrix destruction that
takes place in arthritis**® and with the proteogly-
can degradation that occurs during the renovation
process in the extracellular matrix of human carti-
lage.’ Cathepsin B has been shown to be capable of
degrading extracellular in vitro cartilage compo-
nents in a great variety of species.®'"%° It is capable
of degrading proteoglycan submits (agrecan), as
well asalinking protein, which stabilizes the link of
agrecan to hyaluronic acid.?’ Its action upon types
1,211, IX, X1,22 and X® of collagen, as well as its role
in activating other proteinases (pro-plasminogen
activator, pro-collagenase and pro-stromelysin)3®®
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Introduccién

presentan durante el desarrollo de los equinos

es la discondroplasia, esta Gltima constituye la
etapatempranade laosteocondrosis.! Se presentacomo
resultado de unaalteracion en ladiferenciacién celular
del cartilago en crecimiento de la superficie articular y
delaplacadecrecimiento,?lo que, asu vez, propiciaun
defecto en la osificacion endocondral (proceso en el
que el cartilago es sustituido por hueso) que resultaen
unengrosamiento o retencion de cartilago.® Dichafalla
en la osificacion endocondral lleva a la necrosis de las
capas basales del cartilago articular retenido, lo cual
puede provocar su desprendimiento y manifestarse
con signos clinicos de discondroplasia.* Las primeras
lesiones se generan cominmente en la zona profunda
o hipertrdéfica del cartilago articular, ello ocasiona re-
tencion del cartilago desmineralizado.>®

La patogénesisde laosteocondrosis no se hadefinido
exactamente. Se cree que es un problema multifactorial
gue puede ser causado por el grado de crecimiento,
nutricién, desbalance mineral, heredabilidad, alteracio-
nes endocrinas y la actividad fisica de los equinos.’

Dentro del proceso normal de osificacion endocon-
dral se ha observado que varias enzimas degradativas,
tales como las metaloproteinasas,? las proteinasas cis-
teinicasy adenosintrifosfatasas (ATPasas)®son capaces
de degradar el colageno y los proteoglicanos, compo-
nentes esenciales de lamatriz extracelular del cartilago
articular. Dichas enzimas, las cuales son producidas
por condrocitos, osteoblastos, células endoteliales y
osteoclastos, juegan un papel importante en el proceso
de osificacion endocondral. Como consecuencia de lo
anterior una produccién y secrecion excesiva de estas
enzimas ocasionaria la degradacion del cartilago de
manerairreversible,’*'? o bien unasecrecion inadecua-
da de ellas causaria la retencion de cartilago no degra-
dado y provocaria un defecto en dicho proceso.

Es de especial interés el estudio de la proteinasa
cisteinica catepsina B, ya que a esta enzima se le ha
asociado con la destruccion de la matriz extracelular en
artritis®®* y con la degradacion de proteoglicanos den-
tro del proceso de renovacion de la matriz extracelular
del cartilago humano.!® Se ha demostrado que la catep-
sinaB es capaz de degradar in vitrocomponentes extra-
celulares del cartilago en una gran variedad de espe-
cies.21® Tiene la capacidad de degradar subunidades
de proteoglicanos (agrecan)y de proteinaenlazadora, la
cual estabilizael enlace del agrecan con el &cido hialuro-
nico.? Se conoce también su accion sobre el colageno de
tipo 1,2 11, IX, XI,2 X2y su efecto activador en otras
proteinasas (activador proplasmindgeno, procolagena-
sa y proestromelisina).>*> Ademas, posee la capacidad
de iniciar una cascada de eventos degradativos contra
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iswell known. Furthermore, it possesses the ability
of starting a cascade of degradation events against
a great variety of substrates.’®*? Diverse studies
have observed an important increase in the enzy-
matic activity of cathepsin B in pathological condi-
tions, including rheumatoid arthritis,* osteoarthri-
tis?® and equine dyschondroplasia.t” Cathepsin B
also has a degradation effect on non-calcified car-
tilage in the endochondral ossification process,
given that it has been shown in various studies®*®
that osteoclasts, cells which are indispensable for
this process, synthesize and secrete high levels of
this enzyme.

Previous studies have demonstrated the pres-
ence of the cysteine proteinase, cathepsin B, in
horse chondrocytes,'"?? aswell as in those of other
species. It has been found in the osteoclasts of
birds,8rats**and humans,*®* where its functionis the
degradation of the extracellular matrix if the hyper-
trophic cartilage zone during the normal process of
endochondral ossification. However, cathepsin B
has not been found in horse osteoclasts, even when
its presence in chondrocytes is fundamental for the
degradation of extracellular matrix.?” The objective
of the present study was to locate and investigate
the distribution of cathepsin B in chondrocytes and
osteoclasts of pathological and normal samples of
articular cartilage, with the purpose of establishing
apossible function of this enzyme in the pathogen-
esis of equine dyschondroplasia.

Material and methods
Enzymes and antibodies

In this study we used purified bovine cathepsin B (EC
3.4.22.1)* and lysed equine chondrocytes and fibro-
blasts.Z2 These were analyzed via 15% gel electrophore-
sis (SDS-PAGE).” Following electrophoresis, the gels
where used for a Western blot?® or were stained with
Coomassie blue. The primary antibody used for the
Western blot was an ovine antihuman cathepsin B
antiserum (s a h U554/4),® while for the secondary
antibody we used anti-ovine rabbit immunoglobulins
(1gG) conjugated with FITC** (fluoresceine isothioci-
anate). This was done to prove the specificity of the
primary antibody against equine cathepsin B, by ana-
lyzing both purified bovine cathepsin B (asamolecular
weight marker) and lysed equine chondrocytes and
fibroblasts.

Cartilage and aubchondral bone samples

Ten complete samples of normal cartilage and sub-
chondral bone from the lateral femoral trochlea of

una gran variedad de sustratos.**# En diversas investi-
gaciones se ha observado importante aumento de la
actividad enzimatica de la catepsina B en condiciones
patolégicas, tales como artritis reumatoide,* osteoartri-
tis® y discondroplasia equina.t’ También la catepsina B
tiene una accion degradativa dentro del proceso de
osificacion endocondral, sobre el cartilago no calcifica-
do, ya que se ha demostrado en diferentes estudios®*®
que los osteoclastos, células indispensables en este pro-
ceso, sintetizan y secretan altos niveles de esta enzima.

Estudios previos han demostrado la presencia de la
proteinasa cisteinica catepsina B en condrocitos del
caballo'%*27y otras especies. También se ha localizado
en osteoclastos de aves,? de ratas®® y de humano,?® en
donde su funcion es degradar lamatriz extracelular de
la zona hipertroéfica del cartilago dentro del proceso
normal de osificacion endocondral. Sin embargo, la
catepsina B no ha sido localizada en osteoclastos del
caballo, aun cuando su presencia en condrocitos es
fundamental para la degradacién de la matriz extrace-
lular.? El objetivo de este estudio fue localizar e inves-
tigar la distribucién de la catepsina B en condrocitos y
osteoclastos en muestras patolégicas y normales de
cartilago articular con el proposito de establecer una
posible funcion de esta enzima en la patogénesis de la
discondroplasia equina.

Material y métodos
Enzimas y anticuerpos

En esta investigacion se utilizé catepsina B purificada de
bovino (EC 3.4.22.1)* y lisados de condrocitos y fibroblas-
tos de caballo,? que fueron analizados por electroforesis
(SDS-PAGE) en geles al 15%.% Después de la electrofore-
sis, los geles fueron usados para Western-Blot? o tefiidos
con azul de Coomassie. En la técnica de Western-Blot se
utiliz6 como anticuerpo primario un antisuero obtenido
a partir de ovino contra catepsina B humana (s o h U554/
4)®y como anticuerpo secundario se utilizaron inmuno-
globulinas(IgG)deconejoantiovinoconjugadascon FITC**
(isotiocianato de fluoresceina). Lo anterior se realizé para
comprobar la especificidad del anticuerpo primario con
catepsina B de caballo, en donde se analizaron catepsina
B purificada de bovino (como marcador de peso molecu-
lar) y lisados de condrocitos y fibroblastos de caballo.

Muestras de cartilago y hueso subcondral

Se obtuvieron diez muestras completas de cartilago y
huesosubcondral normal de lacrestalateral delatréclea

* Sigma, St. Louis, Missouri USA.
** Dako, Denmark.
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12 horses without a previous history of orthopedic
developmental problems, were obtained. The sam-
ples were collected during the first three to six
hours post mortem. The same number of samples of
dyschondroplastic subchondral bone and cartilage
were obtained from seven horses during arthro-
scopicsurgery. In thisstudy, the animals used were
all between one and five years of age. All the sam-
ples were stained with toluidine blue and hema-
toxylin-eosin,® for histological analysis. The were
included in paraffin orimmediately frozenin OCT*
with liquid nitrogen (-186°C) for histochemistry
and immunolocalization analyses to locate cathe-
psin B.

The samples prepared in liquid paraffin were
fixed in 4% paraformaldehide for 24 hours, at
room temperature. Then they were cut (8 mm
thickness) with a microtome** and mounted on a
slide which had been previously treated with auto-
adherent poly-L-lysine, and were then left stand-
ing in a 56°C oven overnight. The samples were
stored at room temperature until they were to be
used. The frozen samples were cut using a cryo-
genic microtome**atatemperature of-30°C. Sam-
ples from the lateral crest of the femoral trochlea,
were obtained, and cut perpendicularly to the
articular surface at an 8 um thickness. These sam-
ples included three zones of articular cartilage
(superficial or articular, mid zone or proliferative
and deep or hypertrophic), as well as around 5
mm of subchondral bone.

Immunofluorescence

The sections of cartilage and subchondral bone
were treated with ablocking solution (tris-HCl with
a pH of 7.4 in presence of 5% caseine and 10%
bovine fetal serum) for 15 minutes, to avoid non-
specific union of the primary antiserum. Then they
were incubated for an hour at room temperature or
at 4°C during the night, with 25 ul of primary
antiserum (s o h U554/4) diluted with a 1:50 buffer-
ed washing solution (1% bovine serum albumin in
PBS). In the sections that were to be used as con-
trols, the primary antiserum was substituted by
normal ovine serum or diluted pre-immune ovine
serum (U554/1), alsoina 1:50 proportion. Following
incubation, the antiserum was removed by wash-
ing each section three times for 15 minutes in PBS.
The sections were then incubated with blocking
solution for 15 minutes. Then they were incubated
for an hour with 25 ul of the secondary antiserum,
anti-ovine rabbit IgG conjugated with FITC ***ina
1:100 dilution with buffered washing solution. Af-
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del fémur de 12 caballos sin historia previa de enferme-
dades ortopédicas del desarrollo. Las muestras fueron
colectadasdentrodelas primeras 3-6 horas post mortemn.
También se us6 el mismo nimero de muestras de carti-
lagoy hueso subcondral discondroplasico de siete caba-
llos, que se obtuvieron durante cirugias por artroscopia.
Para este estudio se utilizaron animales de entre de uno
acinco afos de edad. Todas las muestras se tifieron con
azul de toluidina o con hematoxilina y eosina® para
observar su histologia. Las muestras fueron preparadas
en parafinaoinmediatamente congeladasen OCT*con
nitrégeno liquido (-186°C) para estudios histoquimicos
e inmunolocalizacion de la catepsina B.

Las muestras preparadas en parafinaliquidase fijaron
en paraformaldehido al 4% durante 24 horas a tempera-
tura ambiente. Posteriormente se cortaron (8 mm de
espesor) usando un microtomo** y se montaron en por-
taobjetos tratados previamente con un autoadherente de
poly-L-lisina, para después reposar a 56°C en un horno
porunanoche. Lasmuestras se guardaronatemperatura
ambiente hastasu utilizacion. Lasmuestrascongeladasse
cortaron con un microtomo criogénico** a unatempera-
turade -30°C. Se obtuvieron muestras de la cresta lateral
de latréclea del fémur, cortadas perpendicularmente ala
superficie articular con un espesor de 8 um, las cuales
incluian las tres zonas del cartilago articular (superficial o
articular, mediao proliferativay profundao hipertrofica),
asi como alrededor de 5 mm de hueso subcondral.

Inmunofluorescencia

Las secciones de cartilago y hueso subcondral se trataron
con solucién bloqueadora (tris-HCI pH 7.4 en presencia
de caseina al 5% y suero fetal bovino al 10% ) durante 15
minutos, para evitar la unién no especifica del antisuero
primario. Después se incubaron por unahoraatempera-
tura ambiente o bien a 4°C durante la noche con 25 ul de
antisuero primario (s oo h U554/4) diluido en una propor-
cion de 1:50 en solucion amortiguadora de lavado (albU-
mina de suero bovino al 1% en PBS). En las secciones
utilizadas como testigo se remplazé el antisuero primario
por suero normal de ovino o suero ovino preinmune
(U554/1) diluido también en una proporcion de 1:50.
Despuésdelaincubacionseremovioel antisuerolavando
las secciones tres veces durante cinco minutos en PBS.
Luego se incubaron las secciones con solucién bloquea-
dorapor 15 minutos paradespuésincubarse durante una
hora con 25 ul de antisuero secundario, 1gG de conejo
antiovino conjugadas con FITC,*** diluidas 1:100 en
solucién amortiguadora de lavado. Después se lavaron

* Medio de montaje Tissue-Tek Elkhart, IN USA.
** Bright Instruments, Huntingdon, UK
*** Dako, Denmark



ter washing, as was previously mentioned, the nu-
clei were stained with 0.01% methyl green (p/v) for
two minutes and then rinsed in PBS for 30 seconds.
The sections were mounted in CytoFluor (glycerol/
PBS), to be observed through a photomicroscope*
equipped with epifluorescent illumination, and
were photographed.

Results

Western blot

The electroblot clearly showed two bands with mo-
lecular weights of 30-kDa and 25-kDa, which con-
firmed that the antihuman ovine cathepsin B antise-
rum (s o h, U554/4) recognized both chains of puri-
fied bovine cathepsin B. The same antiserum reacted
with two bands slightly heavier than 32-kDa and 27-
kDa, which correspond to the equine chondrocyte
enzyme. Lysed fibroblastswere alsoruninthe analy-
sis, but no bands were detected which were equiva-
lent to these enzymes, maybe because the concen-
tration of lysed fibroblasts was insufficient for their
detection. The lack of any other bands confirms once
again the antiserum specificity against cathepsin B
(Figure 1).

Histochemistry and immunolocalization
of cathepsin B in equine chondrocytes
and osteoclasts

Using immunofluorescence it was possible to immu-
nolocalize cathepsin B in equine chondrocytes and
osteoclasts. The immunoreaction, seen as an apple
green fluorescence, recognized the great majority of
the chondrocytes and osteoclastsin the deep or hyper-
trophic zone. This reaction was much more intense in
dyschondroplasticanimals. Onthe other hand, bothin
ill and healthy animals, fluorescence decreased in the
superficial or articular zone and in the mid or prolifer-
ative zone.

In the normal cartilage samples, stained with tolui-
dine blue, the characteristic columnar organization of
chondrocytes was seen in the deep or hypertrophic
zone (Figure 2a). In these samples, cathepsin B was
intracellularly immunolocalized by immunofluores-
cence, indicating an immunopositive reaction to the
primary antibody (Figure 2b).

Histologically, the dyschondroplastic cartilage,
showed abnormal clusters of chondrocytes in the
deep or hypertrophic zone, as well as partial loss of
metachromatic staining due to the degradation of
the extracellular matrix, resulting from a loss of
proteoglycans in said zone (Figure 3a). These sec-

como ya se menciond y se tifieron los nucleos con verde
metilo al 0.01% (p/v) durante dos minutos y se enjuaga-
ron en PBS durante 30 segundos. Las secciones se mon-
taron en Citofluor (glicerol/PBS) y fueron observadas a
travésde unfotomicroscopio* equipadoconiluminacion
epifluorescente y se fotografiaron.

Resultados
Western-blot

El electroblot demostro claramente dos bandas con pe-
sos moleculares de 30-kDa y 25-kDa, respectivamente,
lo cual confirm6 que el suero de ovino antihumano
catepsinaB (s o h, U554/4) reconoci6 las dos cadenas de
la catepsina B de bovino purificada. El mismo antisuero
reacciono con dos bandas ligeramente mas pesadas de
32-kDay 27-kDa, respectivamente, ello correspondeala
enzimaen los condrocitos del caballo. Para este andlisis
se corrieron también lisados de fibroblastos en los cuales
no se encontraron las bandas equivalentes a la enzima,
debido tal vez a que la concentracién de lisados de
fibroblastos no fue la suficiente para su deteccion. La
ausenciade otras bandas confirmanuevamente la espe-
cificidad del antisuero para catepsina B (Figura 1).

Histoquimica e inmunolocalizacion de la
catepsina B en condrocitos y osteoclas-
tos del caballo

Mediante la técnica de inmunofluorescencia se pudo
inmunolocalizar la catepsina B en condrocitos y osteo-
clastos del caballo. La inmunorreaccion se reconocio
como una fluorescencia de color verde manzana en la
gran mayoria de los condrocitos de la zona profunda o
hipertrofica, asi como en los osteoclastos. Esta reaccion
fue mucho mas intensa en animales con discondropla-
sia. Por otra parte, tanto en los animales enfermos como
en los sanos la fluorescencia disminuyé en la zona
superficial o articulary en lazona media o proliferativa.

En las muestras de cartilago normal tefiidas con azul
de toluidina se observo la organizacién columnar ca-
racteristica de los condrocitos en la zona profunda o
hipertréfica (Figura 2a). En estas muestras la catepsina
B se inmunolocalizd intracelularmente mediante in-
munofluorescencia, lo cual indicareacciéninmunopo-
sitiva al anticuerpo primario (Figura 2b).

En la histologia del cartilago discondroplasico se
observaronagrupacionesanormales de condrocitosen
lazona profunda o hipertréficay pérdida parcial de la
tincion metacromatica debido a la degradacion de la
matriz extracelular como consecuencia de la pérdida

* Nikon Diaphot.
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Cat. B Caballo
Bovino C F

Figura 1. Western-Blot de un gel de poliacrilamida (SDS-
PAGE) utilizando suero de ovino antihumano (s o h, U554/
4), en donde se observan las bandas de 30-kDa y 25-kDa
con catepsina B purificada de bovino. El suero reconoci6
las bandas de 32-kDa y 27-kDa que corresponden a la
catepsina B cruda de lisados de condrocitos (C). No se
observaron bandas en los lisados de fibroblastos (F).
Western blot of a polyacrylamide gel (SDS-PAGE) using
antihuman ovine serum (s o h, U554/4), where one can
observe the 30-kDa and 25-kDa bands which correspond
to purified bovine cathepsin B. The serum also recognized
the 32-kDa and 27-kDa bands that correspond to the raw
cathepsin B from lysed chondrocytes (C). No bands for
lysed fibroblasts (F) can be seen.

tions also showed an immunopositive reaction to
the primary antibody (s a h, U554/4) with intracellu-
lar cathepsin B (Figure 3b). This was confirmed by
the control sample, in which there was no immunof-
luorescence (Figure 3c).

Osteoclast morphology, both in normal and
pathological samples, can be observed in Figure 4a,
seen as a multinucleated cell located in Howship’s
lacunae. Histologically, no organizational or mor-
phological differences were seen in normal or dys-
chondroplastic samples. The immunolocalization
of cathepsin B in these cells was demonstrated
upon obtaining a specificimmunopositive reaction
to the primary antibody (s o h, U554/4) against
cathepsin B (Figure 4b). Said specificity was con-
firmed by the control sample, where immunofluo-
rescence was not observed (Figure 4c). None of the
samples of subchondral bone showed enzymatic
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de proteoglicanos en dicha zona (Figura 3a). En estas
secciones también se encontrd una reaccion inmuno-
positiva del anticuerpo primario (s o h, U554/4) con la
catepsina B intracelularmente (Figura 3b). Lo anterior
se confirmd con el control en donde lainmunofluores-
cencia fue nula (Figura 3c).

La morfologia del osteoclasto tanto en muestras nor-
males como patoldgicas se observa en la Figura 4ay se
identifica como una célula multinucleada que se en-
cuentra en las lagunas de Howship. No se observo
histoldgicamente algunadiferenciaen laorganizaciono
morfologia celular entre muestras de cartilago normal y
discondroplasico. La inmunolocalizacién de la catepsi-
naBen estas células se demostrd al obtener unareaccion
inmunopositiva especifica del anticuerpo primario (s o
h, U554/4) con la catepsina B (Figura 4b). Dicha especifi-
cidad se confirmd con el testigo en donde no se observé
inmunofluorescencia (Figura4c). No se lleg6 a observar



Figura 2. Histologia tefiida con azul de toluidina (a) e inmunolocalizacién de catepsina B (b) en condrocitos de la zona profunda o hipertréfica
(X 400 ) de una muestra de cartilago normal tomada de la cresta lateral de la troclea del fémur de un caballo de cinco afios.

Histology with toluidine blue stain (a) and immunolocalization of cathepsin B (b) in chondrocytes from the deep or hypertrophic zone (X 400)
of a sample of normal cartilage taken from the lateral crest of the femoral trochlea of a five year old horse.

extracellular expression. These results show, for
the first time, the immunolocalization of cathepsin
B enzyme in horse osteoclasts.

Discussion

This study shows, for the first time, the immunolo-
calization of cathepsin B enzyme in horse osteo-
clasts. Said enzyme has not been purified from
equine tissue, so the first part of the research fo-
cused on confirming the specificity of the antibo-
dies used.

Immunoelectroanalysis proved that the antiser-
um used in this study (s a h, U554/4) is specific for
immunolocalization of the cathepsin B enzyme in
the horse. This analysis clearly showed two bands
with molecular weights equal to 30-kDa and 25-
kDa, respectively, which confirmed that the anti-
human ovine cathepsin B antiserum (s o h, U554/4)
recognized both chains of purified bovine cathep-
sin B. The same antiserum reacted with two bands
slightly heavier than 32-kDa and 27-kDa, respec-

expresion extracelular enzimatica en areas de hueso
subcondral de las muestras estudiadas. Estos resultados
determinan por primeravez lainmunolocalizaciondela
enzima catepsina B en los osteoclastos del caballo.

Discusién

En la presente investigacion se informa por primera
vez lainmunolocalizacion de laenzima catepsinaB en
osteoclastos del caballo. Dicha enzima no hasido puri-
ficada de tejido equino, por lo que la primera parte de
este estudio se enfoco a la confirmacion de la especifi-
cidad de los anticuerpos usados.

Mediante inmunoelectroanalisis se comprobé queel
antisuero usado en esta investigacion (s o h, U554/4) es
especifico para la inmunolocalizacién de la enzima ca-
tepsinaB en el caballo. Elinmunoelectroanalisis demos-
tré claramente dos bandas con pesos moleculares de 30-
kDa y 25-kDa, respectivamente, ello confirmé que el
suero de ovino antihumano catepsina B (s o h, U554/4)
reconocioé las dos cadenas de la catepsina B de bovino
purificada. EI mismo antisuero reaccioné con dos ban-
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Figura 3. Histologiaeinmunolocalizacion de catepsina B en los condrocitos de lazonaprofundao hipertréfica (X 400) de unamuestrade cartilago
discondroplasico tomada de la cresta lateral de la troclea del fémur de un caballo de cuatro afios.

a) Seccion tefiida con azul de toluidina en donde se observa la agrupacion de los condrocitos en la zona profunda o hipertréfica, que contrasta
con la organizacién normal en columnas como se aprecia en la Figura 2a.

b)Secciénincubadaconsuerodeovinoantihumano (soh, U554/4) diluido 1:50y con IgG de conejo antiovino conjugadas con FITC diluidas 1:100.
Se observa claramente la reaccién inmunopositiva indicando la presencia de la catepsina B en los condrocitos.

¢) Testigo en donde el suero de ovino antihumano (s o h, U554/4) fue sustituido por suero normal de ovino diluido 1:50. Se observa una reaccion
inmunonegativa hacia la presencia de la catepsina B.

Histology and immunolocalization of cathepsin B in chondrocytes from the deep or hypertrophic zone (X 400) or asample of dyschondroplastic
cartilage taken from the lateral crest of the femoral trochlea of a four year old horse.

a) Section stained with toluidine blue: note the group of chondrocytes in the deep or hypertrophic zone which contrasts with the normal
columnar grouping seen in Figure 2a.

b)Section incubated with antihuman ovine serum (s a h, U554/4) 1:50 dilution and conjugated anti-ovine rabbit IgG with FITC ina1:100 dilution.
The immunopositive reaction can be clearly seen, indicating the presence of cathepsin B in the chondrocytes.

¢) Control sample in which the antihuman ovine serum (s o h, U554/4) was substituted by normal ovine serum in a 1:50 dilution. An

immunonegative reaction against cathepsin B can be observed.

tively, which correspond to the chondrocyte en-
zyme found in the horse. This study also used
lysed fibroblasts from which no bands were found,
probably due to the fact that the concentration of
lysed fibroblasts was not sufficient for enzyme
identification.

The present study confirmed the presence of
cathepsin B both in normal and dyschondroplas-
tic equine articular cartilage. However, differenc-
esincathepsin Benzyme levelsexpressed by chon-
drocytes in the different zones that make up the
articular cartilage, were noticed. The cells from
the deep zone expressed a greater enzymatic lev-
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das ligeramente maés pesadas de 32-kDay 27-kDa, res-
pectivamente, lo cual corresponde a la enzima en los
condrocitos del caballo. En esta investigacién se usaron
también lisados de fibroblastos en los cuales no se obser-
varon las bandas equivalentes a la enzima probable-
mente debido a que la concentracion de los lisados de
fibroblastos no fue la adecuada para su identificacion.
En el presente estudio se confirma la presencia de la
catepsina B tanto en cartilago articular normal como en
cartilago discondroplasico del caballo. Sin embargo, se
observa diferencia entre los niveles enziméticos de la
catepsina B expresados por los condrocitos en las dife-
rentes zonas que conforman el cartilago articular; las



Figura 4. Morfologia e inmunolocalizacién de catepsina B en osteoclastos (X 400) de la cresta lateral de la troclea del fémur de un caballo de dos

afos.

a) Histologia del osteoclasto (flecha) tefiido con H & E, se observan claramente seis nucleos.

b)Seccion de hueso subcondral incubada con suero de ovino antihumano (s o h, U554/4) diluido 1:50 y con IgG de conejo antiovino conjugadas
con FITCdiluidas 1:100. Se observaclaramente lareaccién inmunopositiva, que indicalapresencia de la catepsina B en los nticleos del osteoclasto.
¢) Testigo en donde el suero de ovino antihumano (s o h, U554/4) fue sustituido por suero normal de ovino diluido 1:50. Se observa unareaccion
inmunonegativa hacia la presencia de la catepsina B.

Morphology and immunolocalization of cathepsin B in osteoclasts (X 400) from the lateral crest of the femoral trochlea of a two year old horse.
a) Histology of an osteoclasts (arrow) stained with H & E, six nuclei can be seen clearly.

b) Section of subchondral bone incubated with antihuman ovine serum (s o h, U554/4) 1:50 dilution and conjugated anti-ovine rabbit IgG with
FITCinal:100 dilution. The immunopositive reaction can be clearly seen, indicating the presence of cathepsin B in the nuclei of the osteoclasts.
¢) Control sample in which the antihuman ovine serum (s o h, U554/4) was substituted by normal ovine serum in a 1:50 dilution. An

immunonegative reaction against cathepsin B can be observed.

el. These data confirm the interesting variation
which had been recognized previously in enzyme
expression both in normal articular cartilage and
dyschondroplastic horse cartilage.”**?" Neverthe-
less, the histological samples in dyschondroplastic
horses showed high levels of intracellular enzy-
matic expression in the clusters of chondrocytes,
associated to the decreased levels of metachromatic
staining, which has been interpreted as evidence of
extracellular matrix degradation.?> Though these
clusters predominated in the deep zone, they were
also observed in the articular and mid zone of the
pathological samples.

The importance of increased cathepsin B enzy-
matic expression in cell clusters has still not been

células de la zona profunda expresaron el mayor nivel
enzimatico. Estos datos confirman la interesante varia-
cién previamente reconocidade laexpresién de laenzi-
ma en el cartilago articular normal y discondroplésico
del caballo.'"%?" No obstante, en las muestras histolégi-
cas de los caballos con discondroplasia se identificaron
altos niveles de expresién enzimaticaintracelularmente
en las agrupaciones de condrocitos, asociadas con dis-
minucion en la tincion metacromatica, lo cual ha sido
interpretado como una degradacién de la matriz extra-
celular.®? Aunque estas agrupaciones celulares predo-
minaron enlazonaprofunda, también se observaronen
la zona articular y media de las muestras patolégicas.
Hastaahoranose conoce laimportanciadelincremen-
to en la expresion enzimatica de la catepsina B en dichas
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determined. Nevertheless, chondrocyte clusters are
one of the main characteristics observed in dys-
chondroplasia,® and, as such, it is reasonable to
suggest that the increment of cathepsin B in these
clusters has pathological significance. These cell
clusters, which differ morphologically from hyper-
trophic chondrocytes in the deep zone of articular
cartilage,5® have also been observed in osteoarthri-
tis;?53%% however, very little is known about the
mechanism by which they are formed or the way in
which they act. It has been suggested that pro-
teoglycan degradation in extracellular matrix un-
leashesthe proliferation of chondrocytes, thus caus-
ing the clusters, *2and, furthermore, that these par-
ticipate in the local repair process which takes place
in osteoarthritis.?>*® Though it is certainly true that
enzymes play an important role in the remodeling
of extracellular matrix in osteoarthritis, it has been
difficult to determine which enzymes are present
and their precise role. On the other hand, cathepsin
B has also been shown to be capable of degrading
type Il collagen,®® as well as provoking changes in
the organization of pericellular collagen types VI
and IX.*” Based upon these observations, we sug-
gest that the high levels of cathepsin B in cellular
clusters of dyschondroplastic cartilage are impor-
tant in this disease.

The enzymatic expression of cathepsin B was
immunolocalized in healthy and dyschondroplas-
tic horse osteoclasts. However, neither in the nor-
mal nor in the pathological bone were there differ-
ences in enzymatic levels expressed by osteoclasts
adhered to bone in areas with active resorption.
Morphological changes were observed in chondro-
cytes from pathological samples, but no such chang-
es were encountered in osteoclasts. Cathepsin B
expression by osteoclastsis intracellular, neverthe-
less, some pericellular liberation was noticed, pos-
sibly because of the use of Triton X-100, which
increases lysosomal membrane permeability,® as
well as the density of the CytoFluor, which could
have liberated the enzyme through osmosis. Cer-
tainly, osteoclast-derived cathepsin B is important
in the degradation of cartilaginous extracellular
matrix in normal endochondral ossification, given
that it contributes to the complete degradation of
type X collagen.®

Despite the potentially important function of cathe-
psin B in extracellular matrix metabolism, surprising-
ly little is known about its pathological or regulatory
functions upon cartilage. In vitrostudies have shown
that cathepsin B is capable of degrading the majority
of extracellular matrix components, including pro-
teoglycans® and types 1,2 11, IX and XI? of collagen.
Following this enzyme’s identification in cartilage,®®
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agrupacionescelulares. No obstante, laagrupacion de los
condrocitosesunade las principales caracteristicas obser-
vadas en la discondroplasia;® por tanto, es razonable
sugerir que la presencia incrementada de la catepsina B
en estas agrupaciones tiene importancia patologica. En
estasagrupaciones, las cuales difieren morfoldgicamente
de los condracitos hipertroficos de la zona profunda del
cartilago articular,®* se han observado también en os-
teoartritis;®**%* sin embargo, se conoce muy poco de su
mecanismo de formacion y accion. Se ha sugerido que la
degradacion de los proteoglicanos en lamatriz extracelu-
lar desencadenan la proliferacion de los condrocitos pro-
vocando la agrupacion de éstos® y que estas agrupacio-
nes participan en el proceso de reparacion local de la
osteoartritis.®* Ciertamente lasenzimasjuegan un papel
importante en la remodelacion de la matriz extracelular
de la osteoartritis, pero ha sido dificil reconocer las enzi-
mas que participany establecer su principal funcion. Por
otra parte, se ha demostrado también que la catepsina B
es capaz de degradar el colageno de tipo 11* y ejercer
cambiosen laorganizacion de los colagenos pericelulares
V1y IX.® Con base en estas observaciones se sugiere que
los altos niveles de la catepsina B en las agrupaciones
celulares del cartilago discondroplasico pueden tener
una participacion importante en esta enfermedad.

La expresion enzimatica de la catepsina B fue inmu-
nolocalizada en osteoclastos de caballos sanos y con
discondroplasia; pero no se observé diferencia en los
niveles enzimaticos expresados por los osteoclastos ad-
heridos al hueso en los lugares de resorcion 6sea activa
entre muestras normales y patolégicas. En las muestras
patoldgicas utilizadas en esta investigacion se observa-
ron cambios morfoldgicosen loscondrocitos; sinembar-
go, enlososteoclastos no se reconocieron alteracionesen
cuanto a su morfologia. La expresion de la catepsina B
por los osteoclastos fue intracelular; no obstante, se
observo un poco de liberacion enzimatica pericelular
debido tal vez al uso del Triton X-100, que produce un
aumento de la permeabilidad de la membrana lisoso-
mal®y aladensidad del citofluor, la cual pudieraliberar
laenzima por ésmosis. Ciertamente la catepsina B deri-
vadade lososteoclastos esimportante enladegradacion
de la matriz extracelular del cartilago en el proceso
normal de osificacion endocondral al contribuir a la
degradacion completa del colageno tipo X.8

Apesar de lafuncion potencialmente importante dela
catepsina B en el metabolismo de la matriz extracelular,
sorprendentemente se conoce muy poco acerca de su
regulacion en el cartilago y funcion patolégica. Experi-
mentos in vitro han demostrado que la catepsina B tiene
lacapacidad de degradar lamayoria de los componentes
de la matriz extracelular incluyendo los proteoglicanos®
y los colagenos de tipo 12 11, IX, X1.2 Después de la
identificacion de esta enzima en el cartilago® las investi-
gaciones se han basado exclusivamente en su capacidad



research has been based exclusively on its capacity of
degrading extracellular matrixin human rheumatism
and osteoarthritis;**? however, its role in equine
dyschondroplasia is unknown. Though it has the
ability of degrading proteoglycans, itis notvery likely
to be directly responsible for the low level of these
compounds in the extracellular matrix, as was ob-
served in the cellular clusters of dyschondroplastic
samples. One must also consider the role of other
enzymes, such as serinprotease, metalloproteinase
and agrecanase, in the degradation of proteogly-
cans.’®® Type IV collagen, which has a structural
function in the extracellular matrix,**#" is found in
high quantities in the cellular clusters observed in
dyschondroplasia® and osteoarthritis.*** Type X col-
lagen is of particular interest, given that it predomi-
natesinthe deep or hypertrophic zone of the extracel-
lular matrix, this being the main zone in which bone
replaces cartilage during endochondral ossification.?
The first step in degrading this type of collagen, takes
place via the joint action of cathepsin B and metallo-
proteinases produced in the chondrocytes prior to
the osseous invasion.t Once bone invades cartilage,
the presence of chondrocytesinthiszone, is practical-
ly null, suggesting that the last phase of collagen fiber
degradation is produced by enzymatic action from
osteoclasts, specially cathepsin B, which acts at a
lysosomal level.”® Obviously, degradation of type X
collagen is important for endochondral ossification.
Alterations in said collagen, due to abnormal activity
of cathepsin B produced by osteoclasts, probably leads
to a failure in endochondral ossification and a weak-
ening of the growth plate, the defining characteristics
of dyschondroplasia.
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