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ABSTRACT

August, 1998

An investigation into the molecular basis of familial forms of

osteoarthropathy in South Africa

Robea Ballo, Department of Human Genetics, UCT Medical School, Observatory,
Cape Town, South Africa.

Generalised osteoarthritis (OA) is a common disorder of the joints which can lead to
pain and disability. Identification of the determinant gene(s) is limited in part by the
lack of Mendelian inheritance in most forms of the disorder, the combination of
genetic and environmental influences and the late development of the condition. An
approach to the investigation of the aetiology of OA would be to take advantage of
the monogenic basis of inherited skeletal dysplasias in which OA is a major
component. For this reason, the molecular genetic basis of the epiphyseal dysplasias,
which encompass a spectrum of phenotypes ranging from mild to severe skeletal
involvement, is addressed in this thesis. Familial skeletal disorders in South Africa in
which OA is a major feature were identified and investigated using intragenic and
closely linked microsatellite markers in order to determine linkage to candidate genes.

Mutational analysis was undertaken to identify the genetic defect.

The candidate genes were selected on the basis of the involvement of their products in
the structural integrity of articular cartilage, the primary tissue which is affected in the
osteoarthropathies. The most likely candidate for the epiphyseal dysplasias was the
COL2A1 gene, which encodes type II collagen, the major component of articular
cartilage. Other candidate genes in the present investigation included those encoding
the minor collagenous components, namely, types IX and XI collagen, the genes

encoding the collagen of the growth plate, type X collagen and those encoding the
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the collagen of the growth plate, type X collagen and those encoding the type VI
collagen monomers. Screening of the genes encoding the proteoglycans aggrecan,
decorin, fibromodulin and lumican, and the genes encoding other non-collagenous
proteins of the extracellular matrix such as cartilage oligomeric matrix protein,
cartilage link protein, cartilage matrix protein, chondrocalcin and matnix

metalloproteinase 3, was also undertaken.

In some of the rare epiphyseal dysplasias, phenotypic features include high myopia
and deafness, as in the Stickler syndrome type 1. In the present study, a COL2A1
haplotype was found to cosegregate with a condition resembling Stickler syndrome
type 1 in an Afrikaner family which also manifested atypical brachydactyly. The
underlying molecular defect proved to be a C2503T transition which resulted in an
Arg704Cys substitution. The mildness of the condition in this family, compared to
the greater skeletal involvement in other SED phenotypes which are caused by Arg-
Cys substitutions, could possibly be attributed to the variant position of the change

within the Gly-X-Y repeat of the triple helix.

The COL2A1 gene was also implicated in two large kindreds from the western Cape
province who exhibited a form of spondyloepiphyseal dysplasia (SED). These
respective disorders, SED type Cape Town (SEDCT) and Namaqualand SED
(NSED), both presented with dysplasia of the femoral capital epiphyses and severe
secondary degenerative OA which developed in early adulthood. The clinical and
radiographic phenotypes in both families were similar, differing only in the respective
stature of the affected individuals. The disorder in each kindred was found to
cosegregate with the same COL2A1 haplotype. Mutation analysis revealed a
Gly472Cys substitution in the triple helix of the type II collagen protein in affected
persons from both families. The common mutation implies that these two conditions

are the same entity and that a founder effect is operative.

In another family with the mild, Ribbing type of multiple epiphyseal dysplasia

(MED), no recombinants were found using markers close to the COMP gene.



viil

Mutation screening revealed a C1594G transversion in exon 14 which encodes a
calmodulin-like repeat of the COMP molecule. The mutation resulted in an
Asn523Lys substitution which is thought to alter the calcium binding capacity of the
COMP molecule.

Familial primary generalised OA (FOA) in a large family was investigated for linkage
to eighteen possible candidate genes. Of those, twelve were excluded on the basis of
LOD scores <-2.00 at theta=0.00 and meiotic recombination, from being involved in
the aetiology of the condition. The involvement of the other six genes could not be
determined conclusively. The findings of this investigation indicate that a potential

candidate for FOA may exist at a locus within 5¢cM of the COL11A1 gene.

Mseleni joint disease (MJD) is a severe form of OA which has an unusually high
incidence in a geographically isolated population. An association to candidate genes
expressed in cartilage, was investigated by comparing allele frequencies in affected
and unaffected groups of people from the Mseleni district. Although there was no
obvious linkage disequilibrium with the candidate genes, an increased homozygosity
for the alleles of an intragenic COL9A1 marker was observed and warrants further
investigation. Histological analysis showed an accumulation of type VI collagen

around the chondrocytes.

Although no clear conclusions can be drawn concerning the overall contribution of
genetics to the common form of OA in the population, the findings presented in this
thesis will contribute towards the understanding of the different genes which are
involved in OA and the mechanisms by which the condition can arise. These
molecular findings also provide a means of management in the affected individuals
by virtue of presymptomatic diagnosis and planning suitable lifestyles for individuals

who are at risk of manifesting these skeletal dysplasias.



ACKNOWLEDGEMENTS

I would like to thank the following people:

Professor Peter Beighton for affording me the opportunity to undertake this study
on his collection of patient material and for imparting much of his knowledge
about the skeletal dysplasias and thus contributing towards my understanding of

these genetic conditions.

Professor Rajkumar Ramesar for his expert scientific guidance and constructive
criticism during the experimental aspects of the project and for his invaluable

advice in the writing of this thesis.

[ am greatly indebted to my friends and colleagues in the Department of Human
Genetics:
Dr Jacquie Greenberg, for her moral support, advice and encouragement for the
duration of my stay at the Department of Human Genetics. Thanks are also due to
her for editing parts of this thesis.
Rene Goliath and Alison September for their invaluable support and assistance
with methodology and thesis writing.
Carmen Pheiffer for her friendly disposition and assistance.
Richard Varhol and Dr ‘George’ Rebello for their assistance and patience in
trouble-shooting computer problems.
Rebecca Felix and Soraya Bardien for being such friendly companions.
Sisters Carolyn Tullett and Di Sklar for liason with families, updating of pedigrees
and collection of patient material.
My dear friend Margaret Grainger, for her kind and inspiring words, and to Irene

Appollis and Mary Viljoen for their assistance and friendly disposition.

I had the good fortune of spending three months in the laboratory of Dr William



Horton, Portland, Oregon. I am grateful to him and members of his staff for their
hospitality (in particular Mirta Machado), and their tuition (in particular Kerry
Maddox).

My sincerest thanks to Michael Fielding of the Professional Communications Unit,
UCT, who took time off his busy schedule to guide me in the initial stages of my

thesis writing.

I am most thankful to our many contacts overseas for their generous provision of
primers, technical advice and general information when it was required. Primers were
obtained from:

Drs Dan Cohn and Michael Briggs (COL2A1, COL9A2 and COMP).

Drs Matt Warman and Leena Ala-Kokko (COL11A1).

Dr Mikka Vikkula (COL11A2).

I gratefully acknowledge the various funding bodies for financing my research and
my travel expenses when attending overseas conferences:
The University of Cape Town
The Mauerberger Foundation
The Harry Crossley Foundation
The Medical Research Council of South Africa
The international OsteoArthritis Research Society (OARS)
Shriners Hospital for Crippled Children, Portland, Oregon

Finally, I would like to thank my family members who have been so co-operative and
understanding thoughout the duration of my Ph.D. A very special thanks to my
mother for her tolerance and patience and endless concern, and to Faisal, who came

on the scene towards the end of my project and added another dimension to my life.



TABLES

Table 2-1

Table 3-1

Table 3-11

Table 3-I11

Table 4-1

Table 4-11

Table 4-111

Table 4-1V.

Table 4-V.

Table 5-1

Table 5-11

Table 5-111

Table 6-1

Table 6-11

Table 7-1.

Table 7-11.

The candidate genes, their chromosomal loci and the

microsatellite markers which were used for linkage analysis.

Termination mutations in the COL2A1 gene which result in
Stickler syndrome type 1.

Oligonucleotide sequences of primers used to amplify the
exons of the triple helix of the COL2A1 gene.

Chondrodysplasia-causing Arg-Cys mutations which have
been identified in the type II collagen triple helix.

Pathogenic glycine substitutions in type II collagen.

Two point LOD scores obtained for Southern blot/ RFLP
analysis with COL2A1 RFLP-probes.

Two point LOD scores obtained for microsatellite analysis
with COL2A1 polymorphic markers in the SEDCT family.

Two point LOD scores obtained for microsatellite analysis
with COL2A1 polymorphic markers in the NSED family.

Chondrodysplasia-causing gly/cys substitutions in type II
collagen.

A summary of published MED phenotypes and their
determinant mutations.

Oligonucleotide primers for PCR amplification of exons
10-14 of the COMP gene.

Two point linkage analysis between MED in the South
African kindred and polymorphic microsatellite

markers from the candidate gene loci.

Two-point LOD scores between FOA and markers from
the candidate gene loci.

Two-point LOD scores between FOA and COL11A1
markers.

A comparison of allele frequencies between affected
MJD individuals and controls from the Mseleni population.

The homozygosity frequency for marker 509-12B1 at the

COL9YAL1 locus in the affected and control group from Mseleni.

X1

43

50

58

65

68

72

73

76

80

89

90

108

110

127

130



FIGURES

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1-1

2-2a.

2-2b.

2-3a.

2-3b.

2-4.

2-5a.

2-5b.

2-6

2-7

2-8.

2-9.

X1l

Photographs comparing the morphology of the articular 4
cartilage surface of femoral heads from hip specimens
(a) with and (b) without osteoarthropathy.

Representation of 12q13.11-q13.12 and the approximate 13
location of the microsatellite markers which
were used to show linkage to COL2AL1.

Representation of 21q22.2-q22.3 and the approximate 16
location of the intragenic and microsatellite markers which
were used to show linkage to COL6A2 .

Representation of 2q36-q37 and the approximate location 16
of the microsatellite markers which were used to show
linkage to COL6A3.

Representation of 1p32.3-p33 and the approximate 19
location of the microsatellite markers which were used to
show linkage to COL9A2.

Representation of 20q13.2-q13.33 and the approximate 20
location of the microsatellite markers which were used to
show linkage to COL9A3.

Representation of 6q16.3-p22.3 and the approximate location of the
microsatellite markers which were used to show linkage to 22
COL10AL.

Representation of 1p13-p22 and the approximate location of the 24
microsatellite markers which were used to show linkage to

COL11ALl.

Representation of 6p21.2-p21.3 and the approximate location of the

microsatellite markers which were used to show linkage to 25
COL11A2.
A schematic representation of the stages of development of 26

a procollagen molecule.
Mechanisms of collagen failure. 30

Representation of 19p12-13 and the approximate location of 33
the microsatellite markers which were used to show linkage
to COMP.

Representation of 1q31-q32 and the approximate location of the 35
microsatellite markers which were used to show linkage to
FMOD.



FIGURES

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

2-10.

2-11.

2-12.

3-1
3-2(a)
3-2(b)

3-3

3-4
4-1

4-2

4-4

4-5

5-1

5-2(a)

5-2(b)

5-4

5-5

6-1

Representation of 8q22-q24 and the approximate location of the

microsatellite markers which were used to show linkage
to CCAL2.

Representation of 12q21.2-q22 and the approximate location
of the microsatellite markers which were used to show linkage

to LUM.

Representation of 11q22-q23 and the approximate location of

D11S898 which was used to show linkage to MMP3.

Stickler-like kindred. The clinical features of the family.

Stickler-like kindred: Anterior-posterior radiograph of the hands.

Stickler-like kindred: Pattern profile analysis of the digits.

Stickler-like kindred: (a) Pedigree and (b) PCR-SSCP
analysis of exon 39 of the COL2A1 gene.

Stickler-like kindred: Sequence analysis.

SED: The SEDCT kindred.

SED: The NSED kindred.

SED: Haplotypes and PCR-SSCP analysis in SEDCT.
SED: Haplotypes and PCR-SSCP analysis in NSED.

SED: Sequence analysis of COL2A1 exon 29
in SEDCT and NSED.

MED kindred: Antero-posterior radiograph of the pelvis
of the proposita at the age of 45 years.

MED kindred: Antero-posterior radiographs of the hands.

MED kindred: Pattern profile analysis of the digits of the
proposita age 45 (F45) and her son, age 21 (M21).

MED kindred: Pedigree (a) and PCR-SSCP analysis (b)
of exon 14 of the COMP gene.

MED kindred: Sequence analysis.

FOA kindred: Pedigree of the family.

X1l

Page

36

37

38

46

54

55

67
67
72
73

74

84

86

86

91

92

99



FIGURES

Fig. 6-2a

Fig. 6-2b

Fig. 6-2c

Fig. 6-2d

Fig. 6-2¢

Fig. 6-2¢

Fig. 7-1.

FOA kindred: Radiographs of the knees of a 25yr old and
a 56yr old affected individual.

FOA kindred: Radiographs of the pelvis of a 66yr old
affected person.

FOA kindred: Radiographs of the ankles of a 25yr old and
a 56yr old affected individual.

FOA kindred: Radiographs of the spine of a 66yr old
affected individual.

FOA kindred: Radiograph of the hand of a 66yr old
affected person.

FOA kindred: Abridged pedigree showing the haplotypes
around the COL11A1 locus.

MJD: An electronmicrograph of an articular cartilage
specimen showing a chondrocyte surrounded by a broad
. banded aggregate which is typical of type VI collagen.

Xiv

g
)
4]

101

101

102

104

109



XV

ABBREVIATIONS AND SYMBOLS

AGC1
Ala

AR

Arg
Asn
ASP
Asp
autorad
bp

°C

C

Ch.
C-propeptide
C2503T

Ca™
[CA]n
CCAL2
CRTM
CRTLI1
cM
COMP
COOH-term
CSGE
DCN
dCTP

autosomal dominant

gene encoding aggrecan

alanine

autosomal recessive

arginine

asparagine

affected sibpair analysis

aspartic acid

autoradiograph

base pair/s

degree Celsius

collagenous

chapter

carboxyl terminal propeptide
substitution of cytosine at position 2503 by
thymine

calcium ions

CA dinucleotide

chondrocalcin gene

cartilage matrix protein

cartilage link protein

centiMorgan

cartilage oligomeric matrix protein
carboxyl terminus

conformation sensitive gel electrophoresis
decorin

o-deoxycytosine-triphosphate



DNA
EDM 1
EDM?2
EGF-like
et al

FACIT

FMOD
FOA
Glu
Gly
HID

kb
kD
KcM
lod
LUM
Lys

mM

HE

MDE

MED

min

ml

ul

MJD

MMP3
N-propeptide

Xvi

deoxyribonucleic acid

MED locus 1 on chromosome 19
MED locus 2 on chromosome 1
ectodermal growth factor-like
and others

fibril-associated collagens with interrupted triple
helices

fibromodulin

familial generalised osteoarthropathy
glutamate

glycine

Handigodou disease

hours

kilobase/s

kilodaltons

Kosambi centiMorgans

log of the odds

lumican

lysine

molar

millimolar

microgram

gel matrix

multiple epiphyseal dysplasia
minutes

millilitre(s)

microlitre(s)

Mseleni Joint disease

matrix metalloproteinase 3

amino terminal propeptide



NC
NH,_term
NSED
OA
PAGE
PCR
PSACH

RFLP
SED
SEDC
SEDCT
Ser
SSCP
STK
UCT
UK
UTR
Val
VNTR

N
® O

gl

xvii

non-collagenous

amino terminus

Namaqualand spondylo-epiphyseal dysplasia
osteoarthropathy

polyacrylamide gel electrophoresis
polymerase chain reaction
pseudoachondroplasia

rough endoplasmic reticulum

restriction fragment length polymorphism
spondylo-epiphyseal dysplasia
spondylo-epiphyseal dysplasia congenita
spondylo-epiphyseal dysplasia type Cape Town
serine

single strand conformational polymorphism
Stickler syndrome type 1

University of Cape Town

United Kingdom

untranslated region

valine

variable number of tandem repeats

watts

affected/ unaffected male

affected/unaffected female

deceased male/female



SECTION 1

CHAPTER 1: GENERAL INTRODUCTION

CHAPTER 2: LITERATURE REVIEW



CHAPTER 1:

GENERAL INTRODUCTION

"...our knowledge of the disease is incomplete, perhaps because it is one of those
dull commonplace disorders that are hard to study with enthusiasm, but new
knowledge of osteoarthritis must be gained if the later years of our lengthening lives
are not to be plagued by increasing pain and disability".

JH Kellgren, 1961

Osteoarthritis (OA) is the end result of a number of pathophysiological processes,
hereditary or environmental, which all have a common pathway of cartilage
destruction. It 1s a common disorder of joints which, in many instances, causes
progressive loss of motion. Despite considerable progress in the understanding of OA
over the past three decades, there is still a pressing need to unravel the aetiology of
the condition, in order to identify risk factors for the development and progression of

OA, and to devise primary prevention strategies.

The available evidence suggests that genetic factors have a major role in OA. The
nature of the genetic influence is, however, speculative and may involve a structural
defect, alterations in cartilage or a genetic influence on a known risk factor. The role
of genetic factors in the development of OA has attracted extensive research which

has been facilitated by the advances in molecular biology.



Because of the difficulty in separating out the individual factors which contribute
towards the phenotype of a multicomponent condition such as OA, researchers have
often opted to study monogenic disorders in which OA is a major feature, but which
show clear mendelian inheritance. The advantage of investigating these latter
conditions is that they result from a single gene defect and thus provide the best
approach to isolating the different mechanisms which can contribute toward OA.
The general opinion of researchers in this field is that genetic studies of well-
characterised families expressing common forms of OA, may give important,
possibly novel, insights into pathogenesis. In this regard, the present South African
study involved the investigation of kindred with rare skeletal dysplasias in which

OA is a component.

1.1. PLAN OF THE THESIS

This thesis is divided into eight chapters. The first chapter provides an introductory
background to the osteoarthropathies and provides a general overview of the aim of

the study and the scientific approach to the investigation.

The second chapter introduces articular cartilage which is assumed to be defective in
the osteoarthropathies. The role of the various candidate genes in the aetiology of
skeletal abnormalities is discussed, thus providing scientific reason for nominating
them as candidates for the genetic conditions covered by this thesis. In Chapters 3-7
each of the unique osteoarthropathies encountered in the South African population is

discussed separately, providing background information on the clinical and



radiological findings and discussing the molecular investigations undertaken in
this project. The thesis is concluded in the eighth chapter, where the findings of the
molecular studies in the South African families are summarised and the scientific
contribution which these investigations have made towards our understanding of

OA, 1s discussed. Future prospects for further investigations are addressed.

1.2. INTRODUCTORY BACKGROUND TO

OSTEOARTHROPATHY (OA)

Generalised OA is a degenerative disorder which affects multiple bones and
joints, the most commonly affected being the large weight-bearing joints such as
the hips and knees together with the hands, spine and feet. The condition is
characterised by destructive lesions in articular cartilage which progresses to a
loss of this tissue and may eventually lead to exposure of the subchondral bone

(Fig.1.1).

Osteoarthropathy is not a single entity but could be regarded as the final common
pathway of cartilage degradation [Freeman, 1980]. The aetiology of the common,
ostensibly non-genetic form of OA is unknown but epidemiologic studies have
revealed a relationship between age and other contributing factors such as
occupation and lifestyle [Mankin et al., 1986; Hochberg, 1991; Felson, 1993;
Tikly, 1994]. The issue surrounding the heritability of generalised OA is
controversial and has sparked much debate. For a long time, it was considered that
familial OA was secondary to the effects of skeletal abnormalities or

chondrodysplasias. Evidence has






accumulated to suggest, however, that an inherited predisposition may be an
important factor in the development and progression of some forms of generalised
OA ([Stecher et al, 1953; Kellgren et al, 1963; Prockop et al., 1997]. Much
knowledge has been gained concerning the structural collagenous and non-
collagenous components of articular cartilage and their disruption in some disorders.
This thesis was undertaken to investigate, at a molecular level, the aetiology of
familial chondrodysplasias of which OA is a major feature, which had been

encountered in the South African population.

1.3. THE PROBLEM TO BE INVESTIGATED: FAMILIAL OA

IN SOUTH AFRICA

Conventional "non-genetic" generalised OA is as prevalent in the elderly South
African population as it is worldwide, affecting 15-20% of people over the age of 50
years [Reynolds et al., 1992]. In addition, several large southem African kindreds
suffer from early onset familial degenerative arthropathy of the hip [du Toit, 1979;

Beighton et al., 1984; Ramesar and Beighton., 1992].

The different inherited osteoarthropathies vary from each other by virtue of their
natural history and the anatomical distribution of the joints which are affected. All
except one of the conditions chosen for this study follow an autosomal dominant
pattern of inheritance and are therefore perpetuated from generation to generation,
affecting large numbers of individuals within the kindreds. The following conditions

in this category have been investigated: Namaqualand Hip dysplasia (NSED),



spondyloepiphyseal dysplasia type Cape Town (SEDCT), multiple epiphyseal
dysplasia (MED) and a syndrome resembling arthro-ophthalmopathy (Stickler
syndrome type I). A familial form of autosomal dominant osteoarthropathy (termed
FOA for the purposes of this study) with no other syndromic features and affecting
several individuals in a large family, has also been investigated. Another disorder
which has been addressed in this study, is Mseleni joint disease (termed MJD for the
purposes of this study). This disorder is a severe, chronic form of OA encountered in
southern Africa, which affects several hundred people within a small remote region
of the province of Kwa-Zulu Natal in South Africa. Although MJD clusters in

families, it does not have a clear Mendelian pattern of inheritance.

14. THE AIM OF THIS STUDY

The aim of this study was to elucidate the molecular genetic basis of disease in
familial forms of OA in the South African population. In order to achieve this
objective, investigations were undertaken to determine whether the OA phenotypes
were associated with candidate genes which code for the major components of
articular cartilage. Thereafter the genes in question were screened for disease-
predisposing mutations. The goal of this study was therefore to identify the defective
gene and characterise the pathogenic mutation in each of the osteoarthropathies to be

investigated.



1.5. THE APPROACH TO THIS STUDY

Inherited forms of skeletal abnormalities have been a focal point of interest in the
Department of Human Genetics, UCT, for more than 25 years. Numerous
families and sporadic individuals with skeletal abnormalities had been
documented at clinics during that period. Affected individuals were thoroughly
examined, both clinically and radiologically. In order to determine the extent of
the skeletal involvement and to make an accurate diagnosis, blood specimens
were obtained from the available family members and their DNA was banked to

allow for subsequent molecular investigations.

In order to pursue molecular analyses, it was necessary, in some instances, to
obtain blood specimens from additional family members. Molecular
investigations included linkage analysis to determine whether the OA stigmata
were cosegregating with any of the candidate genes. This approach involved the
use of polymorphic intragenic markers for accurate colocalization of the disorder
and candidate gene and in order to reduce the risk of recombinations.
Microsatellite DNA markers from the vicinity of the chromosomal regions of the
candidate genes were used if the intragenic marker was not informative or not
available. Two-point LOD scores were calculated using a computer programme to
determine whether there was an association between the condition and the DNA
marker. In those instances where no recombinant events were observed between
the phenotypic status and DNA markers in family members, the candidate gene in
that chromosomal region was screened for exonic mutations by single stranded

conformational polymorphism (SSCP) analysis. Variations from the



expected SSCP mobility pattern, suggesting a possible mutation, were verified by
direct sequencing of the exons. These variants were compared with the known
nucleic acid sequences and the effect of the sequence change upon the protein

product was deduced.



CHAPTER 2:

LITERATURE REVIEW; THE BIOLOGY OF

ARTICULAR CARTILAGE

2.1. GENERAL BACKGROUND

Cartilage is a highly specialised avascular structure which is widely distributed in the
human body and which plays an important role in the formation and growth of the
skeleton. The cells that produce the cartilage matrix are the chondroblasts or
chondrocytes. The development of the human skeleton involves two stages: firstly,
the formation of a cartilage model - a process of cell differentiation and pattern
formation; secondly, the replacement of this cartilage by bone during endochondral
ossification - the latter process involves cartilage maturation (hypertrophy), matrix

degradation, vascular invasion and ossification [Erlebacher et al., 1995].

This study is focussed on articular cartilage, which is the thin layer covering the bone
ends which articulate in joints. The chain of events observed in the development of
OA is best explained by the assumption that the primary abnormality is in the
articular cartilage and that all pathological changes in the other joint structures are

attributable, directly or indirectly, to these cartilage changes.
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The mechanical properties of cartilage and its ability to withstand pressure and allow
low friction movement, are determined by its components, which are mainly collagen
and proteoglycans. During cartilage synthesis the chondrocytes secrete and assemble
a highly complex extracellular matrix in which the fibrillar collagen framework and
proteoglycans interact. A dense macromolecular network is created which imparts
structural integrity and resilience to the cartilage tissue. The most abundant
macromolecules are type II collagen which comprises about 85% of the total
collagen content, together with aggregates of aggrecan and hyaluronic acid [Byers,
1993]. Several other collagens, small proteoglycans and non-collagenous
components are covalently bound to each other and contribute towards the stability

of the cartilage matrix.

2.2. COLLAGENOUS COMPONENTS OF ARTICULAR

CARTILAGE

The collagens are a complex family of secreted molecules that share similar triple-
helical domains and are comprised of closely related proteins which are genetically
distinct [Eyre et al., 1987a). Cartilage displays an extensive variety of collagen
types, the most widespread and abundant being the fibrillar collagens viz. types I, II,
III, V and XI. This thesis will focus on molecular genetic investigations of the
integrity of the genes encoding types II and XI collagen, as well as those encoding
the fibril-associated type IX collagen, the network collagen, type X, and type VI

collagen of microfibrils [Byers, 1993].



11

The distinctive feature of every collagen molecule is its unique protein structure
which comprises highly repetitive sequences of amino acids in the format: glycine
(Gly)-X-Y [Prockop, 1992]. The length of the uninterrupted repeating tripeptide unit
varies among collagens, ranging from 338 to 341 triplets in the fibril-forming
proteins, and being considerably shorter in the other collagen subgroups. The amino
acid in the X position is frequently proline and the Y position is frequently occupied
by hydroxyproline. The presence of a glycine residue at every third position enables
the collagen molecule to form a helical structure. The glycine is in the center of the
triple helix, occupying a restricted space which can only accommodate this small
amino acid. Glycine does not contain a bulky side group and the chains are able to
interact with each other at the glycine residues. If the side-chain of any substituting
amino acid disrupts the triple helix, the consequences are highly deleterious

[Williams and Jimenez, 1995a; Horton, 1996; Rimoin, 1996] (Table 2-I).

In order to achieve the tightest fit, the 3 polypeptide chains of the collagen presursor
fold and twist into the triple helical conformation which is crucial for transport of the
fibrillar collagens beyond the rough endoplasmic reticulum (RER). The triple helix
is stabilised by interchain hydrogen bonds between the amide group of glycine and
the oxygen of the carbonyl group of an amino acid in the X position in an adjacent
chain. Further stabilisation occurs as a result of hydrogen bonds between the
hydroxyl group of hydroxyproline and the carbonyl backbone of the chain [Mathews

and van Holde, 1990].
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Each collagen is made up of 3 polypeptide o chains wound into a characteristic lefi-

handed triple helix. The molecule may be composed of only one type of a chain (i.e.
a homotrimer as in type II collagen) or 2 or all 3 chains may be different (collagen
types VI, IX, XI) [Horton, 1996]. By convention, each of the collagens are identified
by roman numerals and the individual a chains of the triple helices are represented
by arabic numerals. Categorisation of the collagens is based on their o chain

characteristics, molecular assembly and supramolecular structures [Murray, 1986].

2.2.1. Type II collagen

This is the major collagenous component of all hyaline cartilage, nucleus pulposus
and vitreous humour [Ayad et al., 1994]. It forms the network of fibrils upon which
the other matrix components can be deposited [Mayne, 1989]. Type II collagen is a
homotrimer containing three identical a1(II) chains which form a continuous triple
helix. Chondrocytes are the main cells expressing the single gene, COL2A1, which
encodes all 3 chains of the helical molecule. COL2A1 has been localised to
12q13.11-q13.12 [Takahashi et al.,, 1990] between the microsatellite markers
D12S331 and D12S339 (The Human Gene Map http:/ /www.ncbi.nlm.nih.gov/cg-
bin/SCIENCE96; Fig. 2-1 ). The combined efforts of a number of investigators has
led to the elucidation of the structure of the COL2A1 gene [Strom and Upholt, 1984;
Cheah et al., 1985; Sangiorgio et al., 1985; Vikkula and Peltonen et al., 1989; Ala-

Kokko and Prockop, 1990].































































































































































































































































































































































































































































































