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were comparable. The only case (1v-3} whose value was >-28D, was relatively old
(15 years}, making the measurements more difficalt because of closure of the epiphy-
seal plate. In older cases, however, diagnosing MED radiographically is not difficutt
because of the typical appearance of the epiphyseal ends. Measurements are more
useful in early or subtle cases in which the diagnosis MED has not yet been made
[Schlesinger et al. 1986]. Usefulness of measurements in early cases was also de-
scribed by Ingram [1992], who found in 10 (62%) of 16 patients with MED values
<-25D when epiphyseal height was compared with metaphyseal width, and in six
(38%) of 16 patients with MED values <-25D in epiphyseal height/epiphyseal width
ratios.

MRI investigations of MED have seldom been published. Only a single study of the
knees and elbows of a 33-year old case showed cartilage hypertrophy on these lo-
cations where the epiphyseal bone was narrowed on the normal radiograph, The
bone marrow and cartilage seemed normal, there were no free bodies [Geisster and
Ott 1992]. Another single case study was on an 11-year MED patient with a double
patella [Yochum et al. 1995). Without a clear description, the published MRI-scan
showed normal cartilage and a double patella, and a normal quadriceps tendon.
MRI investigations of hip joints of young children revealed irregularity of the proxi-
mal femoral epiphyses, a diffusely decreased signal, and a typical garland formation
of the epiphyseal plate [Toby et al. 1985, Mackenzie et al. 1989, Mandell et al. 1989,
Grimm and Just 1992]. In the present study, no cartilaginous abnormalities of the
knee joints were found, nor was cartilaginous hypertrophy seen, as reported by
Geissler and Ott [1992]. We suggest that the relatively thick cartilage is epiphyseal
cartilage, not replaced by bone, instead of hypertrophic cartilage.

Articular cartilage was also normal on MRI and arthroscopy. Young MED cases have
apparently unaffected articular ends of the knees. This is concordant with arthro-
graphy of hips in MED [Lachman et al. 1973, 1974, Toby et al. 1985].

The usefulness of MRI is manifold, but no substitute for clinical acumen in internal
knee derangements [Dandy 1997]. For lesions of the articular cartilage the sensitivity
of MRI is low [Spiers et al 1993]. Similarly in MED, MRI obtains only value for
diagnosis when mechanical complaints occur. So, in MED cases with pain without
severe physical abnormalities, MRI will be of limited benefit for diagnosis or therapy.

5.5 CONCLUSIONS

From this study it may be concluded that:
Radiographic anthropometry in MED is useful to detect the disease in children
and young adolescents.
In the family studied, radiographic anthropometry has a high predictive value.
MRI of the knee joint has no additional value in confirming the diagnosis MED.
Indications for MRI in patients with MED are the same as in regular patients.






6 Pathological Features of Cartilage
in Multiple Epiphyseal Dysplasia (MED)

6.1 INTRODUCTION

Multipte Epiphyseal Dysplasia (MED} is associated with degenerative changes of
affected joints. Orthopaedic interventions are indicated when intra-articular mechan-
ical problems or axial deformities occur [Dahners et al. 1982, Jackson et al. 1954,
Kaufman and Coventry 1963, Laurencin et al. 1996, Mansoor 1970, Weinberg et al.
1960]. The intra-articular macroscopical findings were only described by Dahners
et al. [1982]. Microscopy showed irregular epiphyseal plates, disorganisation of
cartilage cell columns, with clustering of chondrocytes into dispersed and irregular
heaps [Anderson et al. 1962], In electron microscopy the chondrocytes were found
to be ovoid or rounded, occupying the greater part of the lacunae [Stanescu 1975,
Stanescu et al. 1993].

The presented MED family and its associated collagen IX nmuutation prompted detailed
analysis of cartilage fibrils. Collagen fibrils and hydrated complexes of proteoglycan
and hyaluronic acid form the network of cartilage. In fetal hyaline cartilage, these
fibrils are heterogeneous in diameter [Bruckner et al. 1988, whereas in adulfs fibrils
are thicker, 30-200 nm. Moreover, collagen fiber diameter not only increases with
age, but also with cartilage depth [Lane and Weiss 1975]. The matrix immediately
surrounding the chondrocyte, however, has thin fibriis (15-25 nm in diameter) [Poole
et al. 1985].

Collagen IX co-polymerizes with collagens I and XTI during fibril formation [Mendler
et al. 1989} and appears to lie on the collagen-fibrillar surface, It might play a role
in the regulation of fibril diameter [Wotton et al. 1988}. Collagen 1X accounts for
1% of the collagenous protein of adult mammalian articular cartilage and for 10%
in fetal cartilage [Eyre 1991} In human infantile cartilage, collagen 1x was found
in all zones of cartilage of rib growth plate. Immuncelectron microscopy showed
that antibodies specific for type X collagen labeled fibrils of all diameters within
the entire newborn and infantile growth plate, as did antibodies specific for type
I [Keene et al. 1995]. Therefore, it was hypothesized that collagen X serves as a
molecule that binds together the type I collagen meshwork [Smith and Brandt 1992}

Cartilage biopsies, obtained during surgery on six MED cases, were evaluated histo-
logically and electron-microscopically.
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Figure 6.1

A Semithin section of MED carlilage (x400)

B Low magnification of chondrocyle of MED cartilage (x7500)

C  Cyloplasin of MED chondrocyte with normal looking rough endoplasmic reticultin (RER)

D Cylopinsm of contrel cell with rough endoplasmic reticulum (RER) and Golgi zone (GZ)

E  Golgi zone (GZ) of MED cell and area with many microfilaments (MT} close fo nucleus (NU)

F  Dilated rough endoplasmic reticulum (DRER) in MED cartilage

Gand H  Matrix components of MED (G) and control cartilage (H). Notice characteristic thin (small
arrows), thick collagen bundles (arrow heads) and aggregated proteoglycan complexes
{thick arrows)

C-H {x 45,000}

se¢ for Figure 6.1.G and 0.1.H nex page
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6.2 METHODS AND MATERIALS

During nine surgical procedures on six patients (cases 11-6, 11-33, 1v-4, Iv-14, v-18
and 1v-81) in a ten year period, either open surgical or arthroscopic biopsies were
obtained. In the arthroscopic procedures, a Yamshidi needle biopsy (14 gauge) was
taken from the cartilage of the non-weight-bearing part of the medial femoral con-
dyle. In the case of an arthrotomy, biopsies were taken with a Yamshidi needle,
or with an osteotome. Consent was obtained from the patients or their parents, and
from two healthy individuals (operated for trauma of the elbow or knee) to obtain
cartilage biopsies for comparative examination.

The biopsies were fixed 1-2 days in 0.1 M phosphate-buffered (pH 7.4) 2% glutaral-
dehyde. Postfixation was for two hours in 1% OsO, in 0.1 M phosphate buffer (pH
7.4}, washing in the buffer, followed by dehydration and embedding in Epon 812.
After polymerization, specimens were cut on a Reichert Ultracut E as to obtain
semithin {2 pm) and ultrathin (80 nm) sections of both the superficial and deeper
zones of the cartilage. Semithin sections were stained with toluidine blue. Ultrathin
sections were mounted in identical orientation, stained with uranylacetate (30 min)
and lead citrate {10 min} and examined in a Philips 301 electron microscope.
H.M. Peters, Stichting PAMM, Eindhoven and P. Bumna, University Hospital Radboud,
Nijmegen performed light microscopy. Electron microscopy was by P. Buma, Nij-
megen, and W.R. Wilcox, UCLA School of Medicine, Los Angeles.

6.3 RESULTS
6.3.1  Macroscopy

Specimens of joints of cases II-6, -33, 1v-4 and 1v-81 showed synovitis and macro-
scopic degenerative cartilage: the cartilage was irregular, fissured and fibrillated.
Loose bodies were removed in three individuals (elbow or knee), and these had
a smooth surface. In the two young cases (cases Iv-14 and v-18), at arthroscopy of
the knee joint, normal joint surfaces were seen.
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Postoperative range of motion returned to normal in five/six cases after several
months. The locking complaints resolved upon removal of the loose bodies. The
MCP T joint mobility in 1v-81 remained limited.

6.3.2  Microscopical Examination

The three corpora libera {loose bodies) from the elbows of cases II-6, m-33, and Iv-4
showed normal cortical bone. The cartilage of the youngest patient {case 1v-4) was
completely normal. The loose bodies of the two older cases (1lI-6 and 111-33), as well
as the MCP joint (Iv-81) showed degenerative changes, comparable with osteoarthritis:
the zonal organization was less well defined, there was fibrillation and disruption
of the superficial layers, and the matrix had a fibrous appearance.

The articular cartilage of the younger cases 1v-14 and v-18 (Figure 6.1.A) showed
normal cartilage: the chondrocytes had a normal appearance and distribution, accord-
ing to their layer (superficial, transitional and middle layer}, and the tidemark was
intact; the proteoglycans in the superficial and transitional zones stained normal.
Some clustering of chondrocytes was observed, but gross degeneration characterized
by chondrocyte death, depletion of proteoglycans, or fibrillation was tacking.

6.3.3  Electron Microscopy of Cartilage

This was done in four cases (Iv-4, 1v-14, v-81 and v-18) and two controls. The
chondrocytes were normal in MED {Figure 6.1.B) and in controls, in respect of thin
cytoplasmic processes penetrating into the layer of pericellular matrix, cell organelles,
and Golgi zones or areas with microfilaments (Figure 6.1.C, Figure 6.1.D and Figure
6.1.E}. Identically, the rough endoplasmic reticulum showed secretion filled dila-
tations (case IV-14) (Figure 6.1.F).

The matrix was normal in MED cases and controls with thin and thick collagen fibres,
and proteoglycans (Figure 6.1.G and Figure 6.1.H). The matrix contained large, banded
collagen fibrils and aggregated fibrils.

6.4 DiscussicN

The present family adolescents have similar arthroscopic findings as reported: in
pre-adolescents cartilage is normal, but from adolescence onwards early degenerative
changes and Joose bodies may occur [Lehman and Murray 1981], as was seen at
arthrotomy in cases -6, M-33, Iv-4 and 1v-81,

Paucity of chondrecytes in all layers [Anderson et al. 1962] of the growth plate was
not observed, nor was irregularity of the epiphyseal plates, or disorganisation of
chondrocyte columns. The degenerative changes, observed in the loose bodies of
cases 1I-3 and 111-6, probably have a mechanical cause. We have no explanation for
the degeneration of the articular cartilage of case 1v-81.
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Similarly, the ‘fingerprint’ endoplasmic reticulum described before in MED and
pseudoachondroplasia, was not seen in electron microscopical examination in our
cases [Maynard et al. 1972, Stanescu et al. 1975, 1982, 1993]. Both mild and severe
PSACH as well as MED type-1 proved to be linked to the same region of chromosome
19 {Briggs et al. 1993, Hecht et al. 1993, Ochlmann et al 1994]. The gene in this region
of chromosome 19p3.1 is coding for COMP (cartilage oligomeric mafrix protein), one
of the structural proteins of the cartilage extracellular matrix [Briggs et al. 1995, Cohn
et al, 1996]. It is assumed that the mutant non-collagenous protein might be stored
in the enlarged endoplasmic reticulum in patients with EDM1 and PSACH. In our
family the EDM1 locus was excluded (Chapter 3). Thus, production and storage of
mutant COMP is very unlikely in our family.

EDM2 is caused by a mutation in the gene coding for the o2 polypeptide chain of
type-IX collagen. Type-1x collagen is located on the surface of collagen type-ii fibrils
[Eyre 1991]. We had therefore expected to observe abnormalities in the collagen
fibrils, but we did not find any abnormalities. Possible explanations for the lack
of inclusion bodies and the normal collagen fibrils are: 1) the abnormal type-IX
collagen is efficiently secreted; 2) the mutant COL9AZ gene is not expressed; 3) there
is little type-IX collagen in the hyaline cartilage and the system in the rough
endoplasmic reticulum for clearing out abnormal proteins is efficient enough to
prevent retention; 4) the abnormal 02 chains are rapidly destroyed and not incorpor-
ated into frimers; or 5) the mRNA for the mutant allele is unstable and rapidly
degraded. Based on our findings we cannot elucidate the mechanism; further investi-
gations, such as biochemical studies on cartilage and cultured chondrocytes of
affected individuals, are indicated to find the mechanism.

6.5 CONCLUSIONS

From this study it may be concluded that:
Articular cartilage in young patients from this family with MED has a normal
macroscopical and microscopical appearance,
Cartilage of elderly patients with MED shows degenerative changes similar to
osteoarthritis.
At electron microscopy, the rough endoplasmic reticulum of cartilage cells as
well as collagen fibrils are normal in this type of MED.






7 Conclusions

7.3 NOMENCLATURE

Classification of the osteochondrodysplasias has a long tradition, since 1951. The
initial three groups [Rubin 1964}, became extended into the Paris Nomenclature of
Skeletal Dysplasias, based on clinical and radiographical findings. As itis extensive,
it is less easily introduced into clinical practice. Moreover, it is refined every two
years at the International Skeletal Dysplasia Meetings (Chapfer 10). Due to develop-
ments in genetics since the 1980°s, future classifications will be based more on the
chromosomal localisation of the particular genes involved. The genes involved in
several skeletal dysplasias and connective tissue disorders have been identified [Dietz
and Mathews 1996]. The number of chondrodysplasia loci, however, is muchsmaller
than predicted a decade ago. Mutations of COL2A1, for instance, cause at least six
different phenotypes [Vikkula et al. 1994, Horton 1995].

The phenotypic differentiation into a more severe Fairbank type {1947} and a milder
Ribbing type [1937], introduced confusion, because of both intrafamilial variability
and alternating application of these eponyms on either severe or mild types [Ballo
et al 1997, Kozlowski and Lipska 1967, Lachman et al. 1973]. It might be better to
use MED type I or H, or, according to the genetic loci, resp. EDM1 and EDM2.

7.2 CLINICAL PRESENTATION AND INCIDENCE

The family presented has multiple epiphyseal dysplasia, with extremely variable
expression for site and severity of the lesions, and number of joints (knees, ankles,
elbows and hands) involved. No straightforward explanations for this variation were
found in weight, height, sex, or height of affected relatives.

The single large family studied influenced the prevalence of MED in our region. The
estimated prevalence of 11.2 to 16.3 per million [Wynne-Davies and Gormley 1985]
is probably higher {Andersen and Hauge 1989, Jacobs 1968, Mena and Pearson 1976}

7.3 GENETIC STUDIES

Mutations of either of the two known loci for MED (EDMI and EDM2) seem to be
associated with different genetic defects and phenolypes. MED type-l, caused by a
mutation in the cartilage oligomeric matrix protein (COMP’) gene, is associated with
a more severe MED with hip involvement [Weaver et al. 1993). MED type-11, caused
by a mutation in the COL9A2 gene, has a moderate phenotype, without hip involve-
ment (the present family, and family A of Barrie et al. [1958]). The absence of hip
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and shoulder involvement in MED II is unexplained. One possibility might be the
different contributions of COL9A?2 to these joints. Further research in families with
MED is necessary to establish the range of genetic and clinical heterogeneity of these
disorders.

7.4 RADIOGRAPHIC STUDIES

A precise diagnosis of MED 11 is possible now by mutation analysis. However, mu-
tation analysis is expensive and time consuming,. Tn our family, radiographic anthro-
pometry was a very useful method for diagnosis. So, the initial diagnostic work-up
in a family with MED type I has to include physical examination and standard
radiographs of the knee joint in children aged 4 to 15 years old in order to detect
the disease. Supplemental radiographic studies were not contributing. Our arthro-
scopic observations in two cases are concordant with the findings on their MRI scans.
Thus, no abnormalities were seen at the articular cartilage, neither at arthroscopy,
nor on MRI scans (Chapfer 5).

7.5 PATHOLOGICAL FINDINGS

In the MED type II family studied here, microscopy of the cartilage was normal until
young adulthood and unspecific arthritic changes were seen in the older cases.
Disorganisation of cartilage cell columns, and structurally abnormal abundant inter-
cellular cartilage matrix with cleft formations and areas of degeneration was reported
[Anderson et al. 1962]. Another microscopical study showed ovoid or rounded
chondrocytes, with large vacuoles, and a ‘fingerprint’ endoplasmic reticulum [May-
nard et al. 1972, Stanescu et al. 1975, 1982, 1993]. The most likely explanation for
these differences is, that these other studies were performed on patients with MED
type I; here one may expect accumulation of non collagenous protein material {prob-
ably mutant COMP) in the rough endoplasmic reticulum, the inclusion bodies. In
MED type-T, caused by a mutation in the gene coding for the 2 polypeptide chain
of type-IX collagen, abnormalities in the collagen fibrils were expected, but not found.
Apparently, there is little type-1X collagen in the hyaline cartilage of the examined
adolescent and adult patients, whereas there is efficient clearance of abnormal pro-
teins by the rough endoplasmic reticulum. Other explanations are that the abnormal
02 chains are rapidly destroyed and not incorporated into frimers; that the abnormal
type-IX collagen is efficiently secreted; that the mutant COL9A2 gene is not expressed
in the articular hyaline cartilage; or that the mRNA for the mutant allele is unstable
and rapidly degraded.

Another unsolved problem is the beginning of complaints during childhood, and
their decrease during adolescence, unless the joints show either marked axial devi-
ations or osteoarthritis. This may be explained by the physiologic decrease of collagen
X during development: in fefal cartilage it accounts for up to 10% of the collagen,
and for only 1-2% in adult hyaline cartilage [Eyre et al. 1987]. This decrease in
synthesis starts in fetal life [Reginato et al 1995]. Collagen IX probably functions in
binding and stabilising the type I collagen meshwork [Bruckner at al. 1988, Smith
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and Brand 1992]. So, collagen Ix has its most important role during the first years
of life. In this way, it can be explained that complaints develop on increasing weight
bearing of the epiphyses and disappear after complete calcification of the epiphyses.
This fact can also explain the ‘constitutionally weak epiphysis’ described in MED
{Ribbing 1937].

7.6 THE EFFECTS OF MUTANT COLYA2

The disturbance of calcification of the epiphysis, in contrast to the relatively normal
articular cartilage, has not (yet) been explained. The calcification of the cartilage
matrix is clearly a complex interactive pracess. It has a number of important players,
whose roles are starting to become clear. The uncalcified extracellular matrix of the
growth plate is composed of a fibrillar network of type II collagen; these collagen
fibrils are much thinner than those found in adult hyaline cartilage, destined to
survive [Poole et al, 1989]. Collagen 1X, covalently cross-linked to type 1l collagen,
may play an important intermediary role in the interaction of other molecules with
the fibrillar network of type 1 collagen. Likewise, collagen IX may function as a
regulator of fibril diameter [Wotton et al. 1988]. It can therefore be theorized that
mutant collagen 1X causes the disturbed calcification of the epiphysis. This can lead
to deformation of the epiphysis, axial deformities and mechanical osteoarthritis.
On the other hand, due to its supramolecular function, mutant collagen IX may alter
the physical integrity of articular cartilage; in this way, it might be one of the causes
of ostecarthritis after adolescence.

The specific localisation of involved joints in MED type I and the absence of shoulder
and hip involvement is in striking contrast with MED type L. This might be studied
by cartilage analysis of hip and shoulder joints in patients with MED type 11, and
differential quantification of normal and mutant 1x02 chains.






8 Summary

Muttiple Epiphyseal Dysplasia (MED} is one of the genetic osteochondrodysplasias,
it affects both sexes. Autosomal dominant inheritance is the main form of inheritance,
although autosomal recessive inheritance and spontaneous mutations have been
described. MED is characterised by painful joints and gait abnormalities. Onset of
the disease is early childhood. Radiographs show delayed and irregular mineral-
ization of epiphyseal ossification centers and centers for carpal and tarsal bones.
The disease may cause axial deformities of the limbs. Vertebral bodies sometimes
show mild aberrations such as anterior wedging,.

Pathological studies have revealed an irregularity of the epiphyseal line. Chondro-
cytes are decreased in number; areas of matrix between cartilage columns show
degenerative changes. The treatment of MED is symptomatic.

The phenotypic spectrum of MED in a large family in the South-East region of the
Netherlands was studied. In this family, 54 individuals have involvement of the
knee, elbow, ankle, wrist, hand and feet joints. No shoulder or hip involvement is
ever seen after adolescence. The height of the affected individuals is short to normal;
spinal involvement is never seen. The penetrance of the genetic defect is complete.
However, the expression of the genetic defect is extremely variable; thera are no
correlations with body height or sex (Chapfer 2),

At least three loci have been suggested for MED. The first known locus for MED (EDM1)
has been mapped to a region on chromosome 19. The second locas (EDM2} was
mapped to the short arm of chromosome 1. Exclusion of the EDM! and EDM2 loci
in other families with MED suggests the existence of at least one additional lacus.
Genetic linkage studies were performed in the present family, and the EDM1 locus
was excluded. However, there was a significant linkage between one of the markers
for the EDM?2 locus (MYCL) and the disorder (Chapter 3). The maximum lod score for
MYCL proved to be 7, =15.31 at @ = 0.016.

Linkage analysis was performed before. The mutation of the gene, however, was
not yet detected. By using RNA from affected chondrocytes, we were able to detect
the mutation of the involved gene (Chapter 4}. This mutalion was in the region of
chromosome 1 containing a type IX collagen gene (COL9A2), one of the cartilage
specific collagen types. The study revealed that the sequence of the 5’ splice site
of intron 3, GTGAG, was converted to GCGAG in one allele of an affected patient. The
mutation in the COL9A?2 gene leads to an inframe deletion of 12 amino acids in the
collagen 1Xo2 chain. All affected individuals, including the one who was recombinant
for MYCL, were heterozygous for this change. The lod score for this mutation was
Z=17.55 at recombination fraction 6=0.0.
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Anthropometric measurements were made of the distal femoral metaphysis and
epiphysis of the knee joint of 15 individuals (12 affected, three not affected). Epiphy-
seal height was plotted against the width of both the epiphysis and the metaphysis.
In 11 of 12 individuals with MED, the plotted values were more than two standard
deviations below the mean. Sensitivity was 92%, specificity was 100%, and positive
predictive value was 100%. So, anthropometry proved to be useful to detect involve-
mentf, with a high positive predictive value (Chapter 5).

MRI investigations of the knee joints were performed in six young individuals with
MED. As in conventional radiographs, MRI images showed irregular and delayed
ossification of the epiphyses; articular cartilage had a normal appearance. We con-
clude that MRI investigations had no additional value in confirming the diagnosis,
nor in planning treatment. The indications for MRI in patients with MED are the same
as in patients without this condition.

Microscopical studies, performed on articular cartitage, obtained after operations
on six patients with MED, have been described in Chapter 6. Arthroscopy in two
young patients showed a normal appearance of the cartilage; arthrotomy in the other
four patients showed degenerative cartilage. Light microscopical examination re-
vealed no abnormalities in three young patients, whereas cartilage of three other
patients showed degenerative changes, as can be seen in osteoarthritis. Electron
microscopical exanination of the chondrocytes showed normal ultrastructural charac-
teristics, The matrix contained large, banded collagen fibrils, aggregated fibrils and
proteoglycans. The collagen fibrils were variable in size and showed a normal ap-
pearance and distribution, These findings are not concordant with the literature;
however, these reported cases probably had MED type I, whereas our patients have
MED type IL.

Int Chapter 7 the overall findings of this thesis are discussed. Based on the literature
and our findings, we assume that the two known loci for MED (EDM1 and EDM2) have
their own phenotypes. We recommend using the names MED type I or I, instead
of the names Fairbank or Ribbing Type formerly used. Besides, we advise performing
physical examination and standard radiographs of the knee joint in children with
possible MED. Finally, the normal pathological findings are discussed, as well as
the possible effects of the mutant coLgaz. Collagen IX possibly has its most important
function during the first years if life. Mutant collagen IX may cause disturbed
calcification of the epiphysis, leading to the delayed and fragmented ossification,
seen on radiographs.



9 Samenvatting

Multipele epiphysaire dysplasie (MED) is een van de osteochondrodysplasieén; het
is een erfelijke ziekte en komt zowel bij mannen als bij vrouwen voor. Overerving
‘is autosomaal dominant, athoewel ook autosomaal recessieve overerving en spontane
mutaties zijn beschreven. De ziekte wordt gekenmerkt door pinlijke gewrichten
en/of een afwijkend looppatroon. De eersle ziekteverschijnselen beginnen in de
vroege jeugd. Op réntgenfoto’s is een vertraagde en onregelmatige verbening van
groeikernen van lange pijpbeenderen en middenhands- en middenvoetsbeenderen
te zien. Dit kan leiden tot asafwijkingen van de extremiteiten. Soms is geringe wig-
vorming van de wervels te zien,

Patholagisch-anatomische onderzoekingen toonden aan dat sprake is van een irregu-
laire groeischijf, een vermindering van het aantal chondrocyten, en degeneratieve
veranderingen van de matrix tussen kraakbeencellen. De behandeling van MED is
symptomatisch.

De klinische en radiologische gegevens van een familie met MED uit de directe
omgeving van het Sint Joseph Ziekenhuis te Veldhoven worden beschreven in hoofd-
stk 2. Van deze familie hebben 54 leden afwijkingen aan hun knieén, hun elleboog-,
enkel-, pols- en handgewrichten of hun voet. Bij de volwassenen zijn geen afwijkin-
gen vastgesteld aan heup- of schoudergewrichten. Evenmin zijn afwijkingen gezien
aan de wervelkolom. De lichaamslengte van aangedane familieleden is normaal of
kleiner dan normaal. De penetrantie van het gen is volledig, maar de expressie ervan
is uiterst variabel. Er is evenwel geen relatie tussen de ernst van de ziekte en de
lichaamslengte of het geslacht.

Er zijn ten minste drie loci voor MED. Het locus dat het eerst ontdekt is (BDm1) ligt
op chromosoom 19. Het tweede locus (EDM2) ligt op de korte arm van chromosoom
1. Er zijn families met MED bij wie geen koppeling gevonden is met een van deze
twee loci; er moet dus ten minste nog een derde locus zijn. In de door ons bestu-
deerde familie is het #BDM1-locus uitgesloten. Er was wel significante koppeling tussen
de ziekte en een marker in de buurt van het EDM2-locus, het MYCL-lacus (foofdstuk
3). De maximale LOD-score was 15,31 bij een recombinantiefractie van 0,016,

Het gevonden locus was reeds langer bekend; de mutatie zelf was echter nog steeds
niet gevonden. Wij waren in staat moleculair genetische onderzoeken naar het
aangedane gen te verrichten door RNA te isoleren uit chondrocyten van een patiénte
met MED (hoofdstuk 4). De genmutatie bij de onderzochte vorm van MED is aanwezig
in het gedeelte van chromosoom 1, waar ook een der collageen IX-genen (COL9AZ)
ligt; collageen IX is een van de voor kraakbeen specifieke collagenen. Uit onze studie
bleek, dat de volgorde van de baseparen aan het 5" eind van intron 3 in een allel
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van de patiénte veranderd was: GCGAG in plaats van GTGAG. Door deze mutatie
in het COL9A2-gen ontstaat een tekort van 12 aminozuren in de collageen IXoi2-keten.
Alle aangedane individuen, inclusief degene die recombinant bleek te zijn voor het
MYCL-gen, hebben de mutatie. De LOD-score voor deze mutatie was 17,55 bij een
recombinatiefractie van 0,0.

Radiologische studies, te weten anthropometrie- en MRI-studies, worden besproken
in hoofdstuk 5. Bij vijftien kinderen (twaalf met MED, drie niet aangedaan)} zijn metin-
gen verricht aan de distale epifyse en metafyse van het femur op standaard voor-
achterwaartse rontgenfoto’s van het kniegewricht. De hoogte van de epifyse werd
grafisch uitgezet tegen de breedte van de epifyse en de metafyse. Bij elf van de
twaalf personen met MED bleken deze waarden meer dan twee standaarddeviaties
onder het gemiddelde fe zijn. De sensitiviteit was 92%, de specificiteit 100% en de
positief voorspellende waarde was eveneens 100%. Radiologische anthropometrie
is dus zeer bruikbaar om bij jonge kinderen van de onderzochte familie MED aan
te tonen.

MRI-studies zijn verricht bij zes jonge mensen met MED. Net als op conventionele
réntgenfoto’s tonen MRI-beelden irregulaire en vertraagde verbening van de epifyses.
Het gewrichtskraakbeen had een normaal aspect. Wij concluderen dan ook, dat MRI
geen aanvullende waarde heeft om de diagnose MED te stellen.

Microscopische studies, die verricht zijn aan het gewrichtskraakbeen, verkregen bij
verschillende operaties bij patiénten met MED, worden beschreven in lieofdstiik 6.
Het kraakbeen bij jongere patiénten had een normaal aspect bij arthroscopie. Degene-
ratief kraakbeen werd gezien bij arthrotomie bij oudere patiénten. Licht microsco-
pisch onderzoek toonde geen afwijkingen aan bij jonge mensen; kraakbeen onderzoek
bij twee oudere patiénten toonde degeneratieve afwijkingen, zoals deze cok worden
gezien bij arthrose. Elektronenmicroscopisch onderzoek leverde normale beelden
op wat betreft de chondrocyten. De intercellulaire matrix bevatte proteoglycanen
en grote, gestreepte collageenvezels, die soms in groepjes lagen. De collageenvezels
hadden een normaal aspect en een normale verdeling over de intercellulaire matrix;
de vezels hadden verschillende diktes. Onze bevindingen komen niet overeen met
literatuurgegevens; de gepubliceerde onderzoekingen betreffen evenwel waarschijrdijk
patiénten met MED type I

In hoofdsiuk 7 worden de algemene conclusies van dit proefschrift besproken. Zowel
op basis van de literatuur als op grond van onze eigen gegevens, menen wij dat
de twee bekende loci voor MED (EDM1 en EDM2) ieder hun eigen fenotype hebben.
Wij adviseren dan ook in het vervolg de namen MED type 1 of Il te gebruiken, in
plaats van de veelal gebruikie namen ‘type Fairbank’ of “type Ribbing’. Daarnaast
adviseren wij om bij een mogelijk aangedaan kind uit een familie met MED lichame-
lijk onderzoek te verichten en standaard rontgenfoto’s van de kniegewrichten te
laten maken.

Ten slotte worden de normale bevindingen bij pathologisch-anatomisch onderzoek
besproken, alsmede de mogelijke effecten van het afwijkende collageen ix, Collageen
1X heeft waarschijnlijk zijn belangrijkste ro] tijdens de eerste levensjaren; hierdoor
kan een afwijkend collageen IX aanleiding geven tot een verstoring van de verkalking
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van de epifyse. Dit leidt dan weer tot de vertraagde en onregelmatige verbening
van de epifyse, zoals dat op réntgenfoto’s van patiénten met MED wordl gezien,






10 International Classification
of Osteochondrodysplasias
(2nd revision)

A DEFECTS OF THE TUBULAR {AND FLAT) BONES AND/OR AXIAL SKELETON

1 ACHONDROPLASIA GROUP
Thanatophoric dysplasia
Thanatophoric dysplasia-straight femur/cloverleaf skull type
Achondroplasia
Hypochondroplasia

2 ACHONDROGENESIS
Type 1A
Type 18

3  SPONDYLODYSPLASTIC GROUP (Perinatally lethal)
San Diego type
Torrance type
Luton type

4  METATROPIC DYSPLASIA GROUP
Fibrochondrogenesis
Schneckenbecken dysplasia
Metatropic dysplasia

5 SHORT RIB DYSPLASIA GROUP (WITH/WITHOUT POLYDACTYLY)
SR(P) Type I Saldino Noonan
SR¢P) Type I Majewski
Sr(P} Type M Verma-Naumoff
Sr(r} Type iv Beemer-Langer
Asphyxiating Thoracic Dysplasia
Ellis-van Creveld Dysplasia

6  ATELOSTEOGENESIS/ DIASTROPHIC DYSPLASIA GROUP
Boomerang dysplasia
Atelosteogenesis type 1
Atelosteogenesis type 2 (de la Chapelle)
Omeodysplasia I {Maroteaux)
Omodysplasia T (Borochowitz)
Oto-palato-digital syndrome type 2
Diastrophic dysplasia
Pseudodiastrophic dysplasia
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7

10

KNIEST-STICKL.ER DYSPLASIA GROUP

Dyssegmental dysplasia-Silverman Handmaker type
Dyssegmental dysplasia-Rolland-Desbuqois type
Kniest dysplasia

Oto-spondylo-megaepiphyseal dysplasia

Stickler dysplasia (heterogeneous, some not linked to COL2A1)

SPONDYLOEPIPHYSEAL DYSPLASIA CONGENITA GROUP
Langer-Saldino Dysplasia (Achondrogenesis type 1)
Hypochondrogenesis

Spondyloepiphyseal dysplasia congenita

(OTHER SPONDYLO EPI-(META-}JPHYSEAL DYSPLASIAS
X-linked Spondyloepiphyseal dysplasia tarda

Other late onset Spondylo epi-(meta-)physeal dysplasias
Progressive pseudorheumatoid dysplasia
Dyggve-Melchior-Clausen dysplasia

Wolcott-Rallison dysplasia

Immunoosseous dysplasia

Pseudoachondroplasia

Opsismodysplasia

DYSOSTOSIS MULTIPLEX GROUP
Mucopolysaccharidosis type I-H
Mucopolysaccharidosis type 1-5
Mucopolysaccharidosis type II
Mucopolysaccharidosis {ype H-A
Mucopolysaccharidosis type 1I-B
Mucopolysaccharidosis type III-C
Mucopolysaccharidosis type H-D
Mucopolysaccharidosis type IV-A
Mucopolysaccharidosis type IV-B
Mucopolysaccharidosis type vi
Mucopolysaccharidasis type Vil
Fucosidosis

o-Mannosidosis

B-Mannosidosis
Aspartylglucosaminuria

gM1 Gangliosidosis, several forms
Sialidosis, several forms

Sialic storage disease
Galactosialidosis, several forms
Mucosulfatidosis

Mucolipidosis 1T

Mucolipidosis 111

Mucolipidosis 1v

Chapter 10
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11

12

13

14

15

16

17

SPONDYLOMETAPHYSEAL DYSPLASIAS

Spondylometaphyseal dysplasia-Kozlowski type
Spondylometaphyseal dysplasia-corner fracture type (Sutcliffe)
Spondyloenchondrodysplasia

EPIPHYSEAL DYSPLASIAS
Multiple epiphyseal dysplasia Fairbanks/Ribbing

CHONDRODYSPLASIA PUNCTATA (STIPPLED EPIPHYSES) GROUP
Rhizomelic type

Conradi-Hiinermann type

X-linked recessive type

MT-type

Others including CHILD syndrome, Zelhweger syndrome, Warfarin
embryopathy, chromosomal abnormatities, fetal alcohol syndrome

METAPHYSEAL DYSPLASIAS
Jansen type

Schmid type

Spahr type

McKusick type (CHH)
Metaphyseal Anadysplasia
Shwachmann type

Adenosine deaminase deficiency

BRACHYRACHIA (SHORT SPINE DYSPLASIA)
Brachyolmia, several types

MESOMELIC DYSPLASIAS
Dyschondrosteosis
Langer type
Nievergelt type
Robinow type

ACRO/ACRO-MESOMELIC DYSPLASIAS
Acromicric dysplasia

Geleophysic dysplasia

Acrodysostosis

Tricho-rhino-phalangeal dysplasia type 1
Tricho-rhino-phalangeal dysplasia type 2
Saldino-Mainzer dysplasia
Pseudohypoparathyroidism, several types
Cranioectodermal dysplasia
Acromesomelic dysplasia

Grebe dysplasia

83
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18 DXYSPLASIAS WITH SIGNIFICANT (BUT NOT EXCLUSIVE) MEMBRANEOUS BONE

19

20

21

22

23

24

INVOLVEMENT
Cleidocranial dysplasia
Ostecdysplasty, Melnick-Needles

BENT BONE DYSPLASIA GROUP
Campomelic dysplasia
Kyphomelic dysplasia
Stitve-Wiedemann dysplasia

MULTIPLE DISLOCATIONS WITH DYSPLASIAS

Larsen syndrome

Desbuquois syndrome

Spondylo-epi-metaphyseal dysplasia with joint laxity

OSTEODYSPLASTIC PRIMORDIAL DWARFISM GROUP
Type 1
Type 2

DYSPLASIAS WITH DECREASED BONE DENSITY
Osteogenesis Imperfecta (several {ypes)
Osteoporosis with pseudoglioma
Idiopathic Juvenile Osteoporosis

Bruck syndrome

Homoecystinuria

Singleton-Merten syndrome

Geroderma Osteodysplastica

Menkes syndrome

DYSPLASIAS WITH DEFECTIVE MINERALIZATION
Hypophosphatasia

Hypophosphatemic rickets
Pseudodeficiency rickets, several types
Neonatal hyperparathyroidism

DYSPLASIAS WITH HNCREASED BONE DENSITY
Osteopetrosis
a precocious type
b delayed type
¢ intermediate type
d with renal tubular acidosis
Dysosteosclerosis
Pycnodysotosis
Osteosclerosis-Stanescu type
Axial osteosclerosis including
a Osteomesopycnosis
b with Bamboo hair (Netherton syndrome)
¢ Tricho-thiodystrophy
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Osteopoikilosis
Melorheostosis
Osteopathia Striata
Osteopathia Striata with cranial sclerosis
Diaphyseal dysplasia, Camurati-Engelmann
Craniodiaphyseal dysplasia
Lenz-Majewski dysplasia
Craniometaphyseal dysplasia
Endosteal hyperostosis
a van Buchem disease
b Sclerosteosis
-¢  Worth disease
d with cerebellar hypoplasia
Pachydermoperiostosis
Fronto-metaphyseal dysplasia
Craniometaphyseal dysplasia
a severe type
b mild type
Pyle (disease) dysplasia
Osteoectasia with hyperphosphatasia
QOculo-dento-osseous dysplasia
a severe type
b mild type
Familial Infantile Cortical Hyperostosis-Caffey

B DISORGANIZED DEVELOPMENT OF CARTILAGENCUS AND FIBROUS COMPONENTS
OF THE SKELETON

Dysplasia epiphysealis hemimelica

Multiple cartilaginous exostoses
Enchondromatosis (Ollier)

Enchondromatosis with hemangiomata (Maffucci)
Metachondromatosis

Osteoglophonic dysplasia

Fibrous dysplasia (Jaffe-Lichtenstein)

Fibrous dysplasia with pigmentary skin changes and precocicus puberty
(McCune-Albright)

Cherubism

Myofibromatosis (generalized fibromatosis)

C IDIOPATHIC OSTEOLYSES

1 Predominantly phalangeal
Hereditary acroosteolysis several forms
Hajdu-Cheney type
2 TPredominantly carpal/tarsal
Carpal-tarsal osteolysis with nephropathy
Francois Syndrome (dermo-chondro-corneal dystrophy)
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3 Multicentric

Winchester syndrome

Torg type

Mandibulo-acral dysplasia
4  Other

Familial expansile osteolysis

Chapter 10

From: Beigltton et al. 1992
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Dankwoord
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Sala en Paul Winkelman en onze assistenten in opleiding dank ik voor hun belang-
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afname of rontgenonderzoek, was een enkel telefoontje vaak voldoende. Tk hoop
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werkelijk, dat de vitkomsten van deze dissertatie in de toekamst zulien leiden tot
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Lieve Elly, zonder jouw steun en liefde was dit boekje niet mogelijk geweest. Jij
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ten slotte, lieve Casper en Thijs: het boekje is klaar; we gaan een feestje bouwen!
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