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Summary

A striking feature of developing rabbit joints is the presence of a pericellular ring of type V collagen around the cells of the chondrogenous
layers before cavitation and this persists around the articular chondrocytes throughtout life. To investigate whether type V collagen is found
with a similar distribution in the articular cartilage of other species, equine and human articular cartilage was examined. A pericellular ring
of type V collagen was found around the articular chondrocytes of both species in cartilage from young and old animals. Type Xl collagen
is closely related to type V collagen and hybrid molecules of types V and Xl a.-chains are known to exist. A significant feature of type V col-
lagen is that it may be used as a marker of articular chondrocytes in a variety of mammalian species.
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Typ 5-Kollagen im Gelenkknorpel von Mensch und Pferd

Artikularer Knorpel entwickelt sich anders als andere Knorpelgewebe. Er entwickelt sich aus der Interzone der Knorpelschicht. Eine heraus-
stechende Eigenschaft bei jungen Kaninchen ist die Présenz einer perizelluléren Ringes vom Kollagen Typ V, der um die Zellen der knorpe-
ligen Schicht vor der Kavitation und bleibt fir den Rest des Lebens bestehen. Equiner und humaner Knorpel wurden untersucht um her-
auszufinden, ob das in anderen Spezies auch der Fall und eine Ghnliche Verteilung vorhanden sein wisrden. Ein perizellulérer Ring von Kol-
lagen Typ V wurde sowohl bei jungen wie auch alten Individuen gefunden. Kollagen vom Typ Xl ist dem Typ V sehr &hnlich und Hybrid-
Molekile von Typ V und Xl -Ketten existieren. Die Signifikanz von Kollagen Typ V ist, dass es als Biomarker fir artikulére Chondrozyten in

verschiedenen Spezies gebraucht werden kann.

Schlusselwérter: Gelenkknorpel, Pferd, Mensch, Typ 5-Kollagen, Kollagen

Introduction

Articular cartilage is distinct from other cartilages. It develops
from the highly cellular chondrogenous layers of the interzo-
ne. A striking feature of the fetal rabbit knee joint before cavi-
tation is the pericellular distribution of type V collagen in the
matrix of the chondrogenous layers; there is none in the
underlying epiphyseal cartilage. The pericellular distribution
of type V collagen around articular chondrocytes persists
throughout life in the rabbit (Bland and Ashhurst 1996 and
2001). Other unique features of articular cartilage are that
the matrix does not contain type Il collagen until after cavita-
tion and matrilin-1 is never found in normal articular cartila-
ge; both are present in epiphyseal cartilage (Bland and Ash-
hurst 1996 and 2001, Kavanagh and Ashhurst 1999, Murphy
et al. 1999, Segat et al. 2000, Hyde et al. 2007). It seems
unlikely that this pericellular distribution of type V collagen is
unique to the rabbit.

Type V collagen is very closely related to type Xl collagen and
some fibrils may be heterotypic associations of a-chains from
both collagens (Fichard et al. 1994). Type Xl collagen has not
been localized in articular cartilage, although it is known to
be a constituent of the matrix (Eyre et al. 1987, Furuto et al.
1991, Thomas et al. 1994). In epiphyseal cartilage it is found
throughout the matrix (Petit et al 1993).

The aim of the present investigations was to determine the
distribution of type V collagen in human articular cartilage
from 7 to 70 years and in horse articular carfilage from 2
weeks to 17 years.
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Materials and Methods

Tissue preparation

Normal human articular cartilage was obtained with consent
from the femoral condyles of knee joints of patients aged bet-
ween 7 and 70 years undergoing amputation as a result of
osteo- or soft tissue sarcocomas; it was macroscopically nor-
mal. It was fixed within 2 to 6 hours after surgery. The horse
articular cartilage was from the tarsal joints of 2 neonatal
foals (1-3 days old) and a 2-week-old foal, from the fetlock
(metacarpophalangeal) joints of two 7-year-old geldings, and
the tarsal joint of a 17-year-old gelding. The tissue was fixed
in 4% buffered formaldehyde and embedded in wax. Sections
were cut at 7 um.

Immunohistochemistry

A goat anti-rabbit type V collagen antibody was used (Page et
al. 1986). This antibody was affinity purified. Its primary reac-
tivity is against the a2 chain of type V collagen, but it shows
low reactivity against the a2 chain of type XI collagen (Bland

and Ashhurst 1996).

The immunohistochemical procedure used was described in
detail by Bland and Ashhurst (1996). Briefly, the sections were
pretreated with trypsin, hyaluronidase , I-lysine, and undiluted
heat-inactivated normal rabbit serum. The sections were
exposed fo the anti-collagen antibody at optimal dilution in
1% BSA in PBS overnight at 4°C. The bound antibodies were

Pferdeheilkunde 26



located with rabbit anti-goat IgG antibody conjugated to
alkaline phosphatase.

Two controls were performed. The specific antibody was omit-
ted or was substituted by pre-immune goat serum at appro-
priate dilution.

Results

In both the human and horse articular cartilage at all the ages
examined strong binding of the antibody to type V collagen was
observed as a pericellular ring around the chondrocytes (Figs
1,2 and 3). Some antibody-binding occurred in the inferterri-
torial matrix, especially in the surface layer of the cartilage.
Antibody-binding in the human interterritorial matrix gradually
decreases with age so that it is much reduced at 35 years, but
absent at 70 years. The results were negative when the sections
were exposed to pre-immune goat serum or the primary anti-
body was omitted; there was no coloration.
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Fig. 1 Immunohlsfochemicol localization of type V collagen around the
chondrocytes in articular cartilage - cartilage from a 35-year-old man.
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Fig. 2 Immunohistochemical localization of type V collagen around
the chondrocytes in articular cartilage - cartilage from a 70-year-old
man.

Discussion

These results indicate that type V collagen is present in the peri-
cellular matrix of articular chondrocytes of man and horses
from after birth to old age. This agrees with the observations of
rabbit articular cartilage (Bland and Ashhurst 1996, 2001).
Type V collagen is very closely related to type Xl collagen and
hybrid molecules of both type V and type Xl a-chains may occur
(Fichard et al. 1994). An attempt to locate type Xl collagen
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using a rabbit anti-bovine type XI collagen antibody failed
because the control experiment substituting pre-immune rabbit
serum for the specific antibody gave an identical result. Non-
specific binding of rabbit immunoglobulins to type XI collagen
was observed by Eyre (personal communication), which may
explain this finding. Thus, the specific antibody may be simply
trapped by the steric properties of the matrix. It is noteworthy
that there are few accounts of the localization of type Xl colla-
gen in articular cartilage (see below).

The few observations of the distributions of types V and XI col-
lagens in developing limbs and articular cartilage indicate
that they have different localizations. Type V collagen is pre-
sent in rabbit articular cartilage throughout life, but there are
no similar studies of type XI collagen. Type V collagen was
located in the matrix of the developing articular cartilage, but
not in that of the underlying epiphyseal cartilage, of develo-
ping chicken long bones (von der Mark and Ocalan 1982).
Type Xl collagen is evenly distributed throughout the matrix of
bovine and human fetal epiphyseal cartilage (Swoboda et al.

Fig. 3 Immunohistochemical localization of type V collagen around
the chondrocytes in articular cartilage - cartilage from a 7-year-old
gelding. Magnifications of Figs 1 to 3 are the same; bar on Fig. 1
equals 20 um.

1989, Petit et al. 1993). Of the antibodies raised to specific
regions of the N-terminal region of the a1(Xl) chain only one
antibody, p8, to a 20 amino-acid region, was bound by deve-
loping articular cartilage in fetal rats (Morris et al. 2000); the
other antibodies were bound by diaphyseal and epiphyseal
cartilage. A brief report suggests that both types V and XI col-
lagens are located in the chondrocytes of articular cartilage
of mature rats (Furuto et al. 1991). Identification of the cells
expressing the mRNAs for these collagens supports the immu-
nohistochemical observations. Type V collagen mRNAs, a.1(V)
and a3(V), are expressed by cells lining developing joint cavi-
ties, presumably putative articular chondrocytes, but not by
epiphyseal chondrocytes of 15.5 and 16.5 day fetal mice,
whereas type Xl collagen mRNAs, a1(Xl) and a2(XI), are
expressed only by epiphyseal chondrocytes of 15.5-day fetu-
ses (Andrikopoulis et al. 1992, Sugimoto et al. 1998, Ima-
mura et al. 2000).

Types V and Xl collagen molecules provide a template around
which types | and Il molecules aggregate to form fibrils (Eyre
2002, Hansen and Bruckner 2003, Wenstrup et al. 2004, Wu
et al. 2009). Type V collagen is associated with type | colla-
gen and type Xl collagen with type II, but, as was mentioned
above, some of the molecules are hybrid. Such molecules

589



Type V Collagen in human and equine articular cartilage

occur in articular cartilage. Recent investigations show that
the a1(V) chain gradually replaces the a2(Xl) chain in the
fibrils of mature bovine articular cartilage (Wu et al., 2009).
Various permutations of the molecular associations of types V
and Xl a-chains in forming fibrils have been detected in dif-
ferent tissues which suggests that type V/XI molecules may be
important in determining the type of fibrils appropriate to
each tissue.

The identification of type V collagen in the matrix around the
putative chondrocytes in the chondrogenous layers of deve-
loping joints (Bland and Ashhurst 1996 and 2001) showed
that these cells are unique and distinct from the chondrocytes
of epiphyseal cartilage. Since that time further distinctive fea-
tures have emerged. Matrilin-1 is not present in mouse or
rabbit articular cartilage at any stage, whereas it is present in
epiphyseal cartilage (Kavanagh and Ashhurst 1999, Murphy
etal. 1999, Segat et al. 2000, Hyde at al. 2007). In contrast,
versican is present in articular, but not epiphyseal cartilage
(Snow et al. 2005). More recently, Koyama et al. (2008) tra-
ced Gdf5-expressing cells in developing mouse interzones
and provided further evidence that they form a cohort distinct
from the epiphyseal chondrocytes. While these investigations
are restricted to mice and rabbits, the identification of type V
collagen around human and horse artficular chondrocytes
suggests that these cells are also distinct from the earliest
developmental stages. In contrast to most other chondrocy-
tes, articular chondrocytes persist for long periods; their life-
span is not known. It would be of inferest to investigate the
distribution of type V collagen and the molecules mentioned
above in other persistent cartilages, such as the rings in the
trachea.
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