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Figure 17.3  Skull radiograph of a normal adult male showing clear distinction

between the inner and outer tables of the calvarium.

Figure 17.4  SCL. Skull radiograph of an affected male homozygote at seven years
of age. There is mild basal sclerosis and loss of distinction of the tables of the skull. The

metal artefact at the base of the skull is a hearing aid.
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Figure 17.5  SCL. Skull radiograph of an affected homozygote in the third decade.

There is marked distortion of the mandible and sclerosis of the calvarium.

Figure 17.6  SCL. Skull radiograph of an obligate heterozygote. Basal sclerosis is

evident with loss of distinction between the tables of the calvarium.
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17.3.2 Bone Densitometry

The results obtained from the families with sclerosteosis are shown in

Tables 17.1, 17.2 and 17.3. Data from the control subjects are shown in Table
17.4.

Subject No. Family No.* Age  Sex Status  Spine BMD T[30] score SD Z score SD

g/cm2
1 U 7 M homo 1.19 0.86 7.73
2 M 24 M homo 2.13 9.40 9.40
3 W 28 M homo 2.32 11.18 11.18
4 G 34 F homo 2.63 14.38 14.43
5 M 44 M homo 2.23 10.38 10.57
6 D 49 M homo 2.17 9.80 10.14
7 D 54 F homo 1.81 6.91 7.97
8 G 4 M het 0.60 -4.45 1.03
9 G M het 0.66 -3.94 1.29
10 D 18 F het 1.10 0.43 0.72
11 U 34 F het 1.34 2.62 2.67
12 U 37 M het 1.31 1.95 2.00
13 G 40 F het 1.59 4.94 5.15
14 w 49 F het 1.44 3.59 4.26
15 G 50 F het 1.27 2.02 2.76
16 B 51 M het 1.10 0.08 0.46
17 B 56 F het 1.40 3.24 4.38
18 M 65 F het 1.08 0.29 2.08
19 M 68 M het 1.27 1.59 2.44
20 G 76 F het 1.16 1.06 3.52
21 w 13 M ? 0.96 -1.23 0.92
22 M 30 M ? 1.18 0.85 0.85
23 M 31 M ? 1.22 1.19 1.19
24 M 34 M ? 1.20 0.96 0.96
25 M 37 M ? 1.18 0.85 0.90
26 M 42 F ? 1.27 2.06 2.37
* See Appendix for pedigrees of the families.
Table 17.1 Results of lumbar spine densitometry study. Bone mineral density

(BMD) values, T and Z scores are shown for each individual. Subjects 1-7 represent
affected homozygotes, subjects 8-20 are obligate heterozygote carriers and subjects 21-

26 had unknown molecular status at the time of the study.
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Subject Family Age Sex Status Hip BMD T Score Z Score
No. No.* g/em2 T[20]M T[28]F

1 U 7 M  homo 143 2.74 ND

2 M 24 M  homo 2.19 8.58 8.68
3 w 28 M  homo 242 10.39 10.59
4 G 34 F homo 2.35 11.46 11.51
5 M 44 M homo 2.02 7.30 7.84
6 D 49 M homo 2.33 9.64 10.30
7 D 54 F homo 1.99 8.43 9.20
8 G 4 M  het 0.68 -2.99 ND

9 G 5 M  het 0.75 -2.50 ND
10 D 18 F het 1.28 2.54 ND
11 U 34 F het 1.15 1.46 1.51
12 8] 37 M het 1.17 0.75 1.13
13 G 40 F het 1.40 3.54 3.71
14 w 49 F het 1.00 0.23 0.73
15 G 50 F het 1.11 1.09 1.64
16 B 51 M het 1.05 -0.16 0.53
17 B 56 F het 1.02 0.39 1.23
18 M 65 F het 0.87 -0.89 0.49
19 M 68 M het 1.14 0.55 1.62
20 G 76 F het 0.94 -0.26 1.80
21 w 13 M ? 0.97 1.14 ND
22 M 30 M ? 1.13 0.48 0.70
23 M 31 M ? 1.37 2.28 2.54
24 M 34 M ? 1.08 0.04 0.37
25 M 37 M ? 1.17 0.73 1.12
26 M 42 F ? 1.06 0.72 0.96

Table 17.2 Results of the hip densitometry study. Z scores for individuals under the
age of 20 years could not be determined (ND) as no age-matched reference population

data were available.
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Subject No. Family No. Age Sex  Status Forearm T[20]score  Z score
BMDg/cm?

1 U 7 M homo 0.56 -2.23 ND

2 M 24 M homo 0.92 4.43 4.44
3 w 28 M homo 1.02 6.34 6.40
4 G 34 F  homo 104 9.30 9.53
5 M 44 M homo 1.13 8.39 8.66
6 D 49 M homo 1.00 6.01 6.40
7 D 54 F homo 0.84 541 6.40
8 G 4 M het 0.32 -6.59 ND

9 G 5 M het 0.34 -6.22 ND

10 D 18 F het 0.63 1.31 ND

11 U 34 F het 0.61 0.95 1.17
12 6] 37 M het 0.82 2.55 2.69
13 G 40 F het 0.66 1.93 2.29
14 w 49 F het 0.58 0.37 1.07
15 G 50 F het 0.62 1.06 1.82
16 B 51 M het 0.71 0.51 0.94
17 B 56 F het 0.64 1.43 2.49
18 M 65 F het 0.55 -0.37 1.36
19 M 68 M het 0.71 0.54 1.61
20 G 76 F het 0.47 -1.93 0.83
21 w 13 M ? 0.47 -3.79 ND

22 M 30 M ? 0.69 0.25 0.32
23 M 31 M ? 0.81 2.46 2.55
24 M 34 M ? 0.68 -0.05 0.06
25 M 37 M ? 0.70 0.37 0.51
26 M 42 F ? 0.68 2.30 2.73

Table 17.3 Results of the forearm densitometry study. Some Z values could not be
determined (ND) owing to the lack of population reference values for persons under the

age of 20 years.
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Control Age Sex Spine Spine Spine Hip BMD HipT HipZ Forearm Forearm Forearm

Subject BMD  Tscore Zscore (g/cm2)  score  score BMD Tscore Z score
No (g/cm2) (g/cm2)

Cl 22 0.87 -1.62 -1.47 0.84 -1.12 -1.08

c2 23 1.00 -0.42 -0.28 0.96 -0.17 -0.14

C3 25 095 -0.85 -0.80 0.94 -0.33  -0.33  0.50 -1.34 -1.27
Cc4 32 0.80 -2.22 -2.19 0.77 -1.69  -1.66

C5 39 1.10 052 0.70 0.99 0.12 0.26

Co6 42 093 -1.11 -0.78 0.90 -0.66 -0.41

C7 42 1.08 026 0.58 0.99 0.14 0.39

C8 43 1.07 -0.16 0.02 1.02 -0.43  0.09 0.71 0.54  0.79
CcY 44 1.18 124 1.67 1.07 0.77 1.09

Cl10 47 077 -2.49 -1.88 0.77 -1.75  -1.30

Cl1 51 0.96 -0.84 -0.02 0.91 -0.57 0.04

Cl12 52 1.03 -0.18 0.70 1.09 096 1.62

C13 53 1.13 034 078 1.15 0.58 132 0.73 0.85 1.34
Cl4 55 099 -0.56 0.57 0.83 -1.24  -040 0.53 -0.77  0.30

Cl15 55 091 -124 -0.17 0.83 -1.19  -0.40

Cl6 59 0.80 -2.26 -0.87 0.71 -2.22  -1.18
C17 el 1.05 -0.02 153 0.92 -0.46  0.71
C18 62 1.13 039 1.09 0.95 -091 0.03
Cl19 o4 0.82 -243 -1.68 1.05 -0.14 0.84
C20 o4 0.71 -3.11 -1.39 0.69 -237  -1.06
C21 68 0.86 -1.70 031 0928 -039 1.18
C22 68 0.87 -2.04 -1.19 0.77 -2.35 -1.28

c23 71 0.63 -3.81 -1.63 0.82 -1.29  0.44

C24 80 0.67 -343 -0.72 0.56 -3.48  -1.12 0.34 -437  -1.07

Table 17.4 Results of the densitometry study in control subjects.

The T-score is the most useful parameter in the interpretation of BMD
data and the T score values for spine, hip and forearm densitometry studies from
the above tables are represented graphically in Figures 17.7, 17.8, and 17.9.
Owing to the relatively small study sample, the T scores of both males and

females are plotted on the same graphs against age in years.
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Spine T score vs Age

Figure 17.7
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Lumbar spine densitometry T score data in four subject groups. The T

score is expressed in units of standard deviation. The key for the different symbols

denoting each group is shown in the panel on the right of the graph.
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The key for the different symbols

denoting each subject group is shown in the panel on the right of the graph.
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Forearm T score vs Age
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Figure 17.9  Forearm densitometry T score data. The key for the different symbols

denoting each subject group is shown in the panel on the right of the graph.

17.4  Statistical Analysis of Results

A statistical analysis of the data was performed with the assistance of Dr
Sedick Isaacs of the Department of Medical Informatics at Groote Schuur
Hospital. The results are summarised below and details of the analysis may be

found in Appendix 3.

For purposes of comparison the study sample was divided into four

groups as follows:

Level 0 = Control subjects
Level 1 = Affected homozygotes
Level 2 = Heterozygote carriers

Level 3 = Family members with unknown molecular status

As bone mineral density varies with age and sex owing to factors such as

post-menopausal loss of bone mass in females, the four groups were initially
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compared using a one way analysis of variance in terms of both age and sex.
Differences in age and sex between the groups were taken into account using a
covariance analysis of BMD at each of the 3 anatomical sites studied. A
significant difference was found between all groups for spine and hip BMD values
with the exception of groups 2 and 3. In the forearm, a significant difference was
found between the homozygote group and all other groups, but not between the

controls and the heterozygotes or the unknown group.

17.5 Discussion

The age-related osseous changes in homozygotes with sclerosteosis do
not usually become radiologically apparent before the age of five years.
Thereafter, bone density becomes increasingly pronounced [Beighton et al.,
1976]. The age-related progression of the disorder was evident in the skull
radiographs of the 7 affected homozygotes with ages ranging between 7 and 54
years. The 6 affected individuals over 20 years showed an increase in the extent
of the characteristic features of sclerosteosis with advancing years, viz. dense
hyperostosis and sclerosis of the calvarium and skull base with massive
enlargement of the mandible. These changes were present to a much lesser degree
in an affected boy aged 7 years. In contrast, the heterozygotes had variable
changes on skull radiographs that were much milder than the homozygotes, but
that were identifiable as calvarial thickening and loss of distinction between the
tables of the skull in adults. Although mild, the changes in the heterozygotes were

generally age-related, and showed a similar pattern to that of the homozygotes.

The bone densitometry studies revealed that homozygotes with
sclerosteosis have a significantly increased bone mineral density in the lumbar
spine, hip and forearm as compared with heterozygotes and with both the
manufacturers reference population and an ethnically matched control population.

In addition, the T scores in homozygotes for spine, hip and forearm were
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significantly increased, as anticipated. Figures 17.7,17.8 and 17.9, in which the
BMD T scores vs. age are represented for lumbar spine, hip and forearm
respectively, show that bone mineral density in the first decade is near normal. It
then increases dramatically in the third and fourth decades to reach a maximum,
before decreasing again in later life. The maximum T scores recorded were those
of an affected homozygote at 34 years of age. The eldest affected person at 54
years of age had lesser T scores in keeping with the similar pattern of age-related
decrease in bone mass found in normal individuals, although her actual values
remained well in excess of the normal range for all three sites which were studied.
In the absence of serial individual measurements of BMD taken throughout life in
affected individuals, it is not possible to accurately assess the extent to which
BMD decreases with advanced age in sclerosteosis, nor whether there are any
differences in bone loss between men and postmenopausal women. In future,
longitudinal BMD assessments would be useful in the further evaluation of the

role of ageing in the rate of bone deposition and resorption in sclerosteosis.

Changes in skeletal density in homozygotes are of minor degree in the
first decade. Nevertheless, it is surprising that the youngest individual, at 7 years
of age, had a forearm T score of -2.23 SD below the mean for a young population
at peak bone mass. This value is unexpectedly low for a sclerosing bone
dysplasia, but the anomalous result may be due to the fact that peak bone mass in
normal persons is only achieved at age 20. Thus a T score for an individual of 7
years may be of less value than a Z score at this age (Z scores are not available for
young age groups owing to lack of reference data). A second possible explanation
is that the manufacturer’s reference population is not sufficiently well matched for
age in this particular population group. Furthermore, owing to logistical and
ethical reasons no children of Afrikaner descent were available at the time of the

study to act as ethnically, age matched controls for accurate comparison. Low T
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scores were also found in the spine, hip and forearm regions in the two youngest

heterozygotes aged 4 and 5 years, possibly for the same reasons.

In the heterozygous gene carriers, eight out of ten persons over the age of
20 years had spine T scores in excess of 1 SD above the mean; values which fall
outside the range of normal. The remaining 2 individuals had positive T score
values which, although they were within normal range, placed the subjects in a
category well above the fracture threshold for their age groups. A statistical
analysis of the available data, in which the BMD values at each of three
anatomical sites, in the four groups, (controls, homozygotes, heterozygotes and
family members with unknown status) were compared with one other, showed a
statistically significant difference in the values for both BMD spine and BMD hip
between all groups, with the exception of the heterozygote and the unknown
group. Thus the homozygotes and heterozygotes may be distinguished from each
other and from normal control subjects on the basis of increased bone density at
these sites. For the forearm BMD values only the homozygotes showed a
statistical difference from the other 3 groups. Thus it appears that forearm BMD
is a less reliable indicator of carrier status than spine and hip BMD. Using the
statistical technique of linear discriminant functions the following linear equation
was derived from the data in order to allow the prediction of homozygous or

heterozygous status:

D = 3.223*BMDspine-0.0327*age-3.5013

(where * denotes multiplication)

If D > 1.47 then the value predicts the individual is a homozygote; if D <
1.47 then the value predicts a heterozygote. In this way, 6 out of the 7
homozygotes could be successfully predicted (with the exception of the youngest,

aged 7 years), as were all of the heterozygotes. Using the same method the
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“unknown group” of six individuals with uncertain molecular status were all
predicted to be heterozygote gene carriers with the exception of the youngest
member. This prediction was subsequently confirmed by haplotype analysis
which showed that all members of the unknown group were heterozygotes while

the youngest member of the group was homozygous normal.

In the technical report on the densitometric evaluation of BMD, which
was mentioned in the introduction to this chapter, WHO [1994] defined normal
and abnormal values of bone density as a function of the T Score. The
conclusions drawn were that a BMD value within 1 SD of the young adult mean
(1.0>T>-1.0) is within the normal range, whereas a BMD value between 1 and 2.5
SD below the young adult mean (-1.0>T>-2.5) represents osteopaenia; and a
BMD value of more than 2.5 SD below the young adult mean (T<-2.5) indicates
osteoporosis. Using these criteria it is possible to analyse the BMD of individuals
with sclerosteosis, in terms of their risk of osteoporosis and the potential for bone
fractures. To the author’s knowledge no affected homozygote has ever sustained a
skeletal fracture, and the resistance of the skeleton in sclerosteosis to traumatic or
osteoporotic fractures is undoubtedly due to markedly elevated bone mineral
density. Heterozygous sclerosteosis gene carriers also have increased BMD and
they may therefore be less likely than the normal population to suffer from the

complications of osteoporosis in later life.

In the last five years there has been substantial scientific interest in the
pathogenesis of the sclerosing bone dysplasias in conjunction with research into
the underlying mechanisms of osteoporosis. Elucidation of the pathogenesis of
sclerosteosis and other sclerosing bone dysplasias will undoubtedly lead to
increased knowledge of the processes of normal and abnormal bone remodelling
and lead to a greater understanding of bone metabolism. Recognition that

asymptomatic gene carriers of sclerosteosis have increased bone density, which
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reduces their risk of developing complications associated with low bone mass,

may have important implications for future therapeutic management of

osteoporosis.
17.6 Comment

This study shows that, as a group, heterozygous gene carriers of
sclerosteosis manifest a significant increase in bone mineral density in the lumbar
spine and left hip, as compared with an ethnically matched control population.
Increase in BMD in heterozygotes at these sites is, however, age related and it is
therefore not possible to distinguish carriers from normal controls at the extremes

in age, with any degree of accuracy.

In terms of prediction of gene carrier status in family members, it appears
that the majority of heterozygotes are detectable in the middle decades of life and,
more importantly, during their childbearing years, using a combination of skull
radiographs and bone densitometry. Knowledge that the sclerosteosis gene is
expressed in the heterozygous state will also have important implications for the
elucidation of the disorder at the genetic and biochemical levels. As a means for
population screening, however, bone densitometry has diagnostic limitations and
it is unlikely to be cost-effective on a large scale. In future, the method of choice
for heterozygote detection will therefore undoubtedly involve molecular

screening.
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CHAPTER EIGHTEEN

PROPOSALS FOR A PROGRAMME OF MOLECULAR
MANAGEMENT FOR SCLEROSTEOSIS IN SOUTH AFRICA

The mapping of the sclerosteosis gene to chromosome 17q12-q21 now
enables new levels of genetic management to be undertaken within known
affected families. These initiatives include pre-symptomatic and pre-natal
diagnosis and the detection of asymptomatic gene carriers. At the present time,
linkage analysis is the only available molecular method for these investigations.
In the near future, however, cloning of the gene will permit the direct detection of
the gene defect using gene specific probes. The need for labour intensive linkage

studies will thus be virtually eliminated.

18.1 Pre-Symptomatic Diagnosis

The diagnosis of sclerosteosis is based upon the recognition of
characteristic clinical and radiological manifestations. Owing to the relative rarity
and slow progression of the disorder it may remain undiagnosed in affected

infants and in children of families with no prior history of the disorder. In these
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instances, the diagnosis may be achieved only after complications such as facial
paralysis and deafness have developed and when cranial sclerosis has become

evident on skull radiographs.

In the absence of syndactyly, which may be the only recognisable feature
of the disorder present in the first five years of life, the differential diagnosis of
sclerosteosis includes a number of other sclerosing bone dysplasias with
alternative patterns of inheritance. An accurate diagnosis of sclerosteosis is
critical for purposes of genetic counselling and is particularly important for young
couples with an affected child, as they may be at high risk of producing further
affected offspring. Indeed, couples may already have had further children by the
time diagnostic certainty is achieved in the proband. Once sclerosteosis is
suspected, early confirmation of the diagnosis would enable the parents to make

informed choices with regard to planning further children.

As the Afrikaner population is genetically homogeneous, all affected
individuals are likely to carry identical or similar marker haplotypes linked to the
sclerosteosis gene locus (i.e. homozygosity by descent). Confirmation of a
suspected diagnosis in a young infant is therefore currently feasible. Nevertheless,
linkage studies for this purpose have not yet been undertaken owing to a number

of logistical problems, although the service is technically in place.

18.2 Pre-Natal Diagnosis

For parents of an affected child the option of pre-natal diagnosis (PND)
in further pregnancies is a great advance in the genetic management of
sclerosteosis. PND is now available for the 22 families studied in the project and
can be undertaken on request. A more comprehensive service will follow once the
gene is cloned. As the number of affected families with sclerosteosis in South

Africa is relatively small; the requirement for pre-symptomatic and pre-natal
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diagnosis will probably be in the region of less than 10 tests per year. All
molecular investigations could be therefore be performed by a single central

laboratory in the country.

18.3 Carrier Detection

At present, linkage studies and haplotype analysis enable the detection of
heterozygous gene carriers within affected families. In this way, the molecular
status of siblings of affected individuals and their parents has been established. It
is not currently possible, however, to detect carriers within the wider Afrikaner
population using these methods, as detection of the gene defect in unrelated

heterozygotes requires the use of gene specific DNA probes.

As the number of asymptomatic sclerosteosis gene carriers in South
Africa can be estimated at approximately 27,000 individuals, heterozygote
detection will be crucial for prevention of the disorder in the future. Once specific
gene probes become available, a number of different strategies may potentially be

used in planning programmes of this type.

The technique most likely to identify large numbers of carriers is that of
family or “cascade” genetic screening, where a network of relatives of the affected
families are traced and investigated for carrier status, after appropriate
counselling. In the absence of gene probes, linkage analysis may still be used,
although there are numerous limitations including cost, increased labour and

uninformativeness of results.

The identification of potential heterozygotes in extended families is more
difficult than in first degree relatives, owing to the logistical problems involved in
tracing distant kin in large pedigrees. The existence of genealogical data on

families with sclerosteosis, in which many kindreds have already been traced back
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through more than 10 generations [Torrington, unpublished data], will greatly
facilitate the identification of potential gene carriers within families, if a cascade

screening approach is to be used.

An important disadvantage of linkage analysis is the fact that once a
family member has been identified as a carrier, it is still not possible to determine
the status of an unrelated spouse. As the gene frequency of sclerosteosis in the
Afrikaner population is relatively high the ability to test a partner for carrier status
will be of the utmost importance to a couple planning a pregnancy. Cloning of the
gene and the ability to test individuals will therefore represent a major advance in

this regard.

18.4 Population Screening

Once direct detection of the sclerosteosis gene defect is available,
population screening will become feasible. Experimental trials and programmes
of population screening for carriers of genetic disorders such as cystic fibrosis
(CF) and the haemoglobinopathies have already been implemented in a number of
countries world-wide [WHO, 1996]. Several approaches have been used in
screening for these disorders, in order to determine which method of carrier
detection is the most appropriate. Methods that have already been attempted in
CF include the targeting of young adults near reproductive age and the screening
of mothers during pregnancy. The latter approach has been found to be the most

satisfactory in terms of individual uptake of testing [Brock, 1996].

The methods that have been used in population screening for carriers of
cystic fibrosis may be suitable as models for heterozygote detection in other
autosomal recessive disorders. In previous CF studies, pregnant women have
been screened principally in two ways. One method involves a sequential

approach, where the women are screened initially for common CF mutations and
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their partners are tested only if the women are found to be positive for a mutation.
Another uses couple screening, where both partners agree to be tested as a unit
and are given a “high risk” result only if both partners are gene carriers, and a
negative result in all other situations. The latter method has been identified as the

probable one of choice for detection of CF carriers in routine health care in Europe

[Brock, 1996].

A similar programme may be suitable for heterozygote detection in
sclerosteosis and may have the possible advantage of being easier and more cost
effective to implement than for CF. This is due to the fact that sclerosteosis, in
contrast to CF, is likely to be caused by a single intragenic mutation. This will
enable the development of a test that screens for one mutation only, instead of a
panel. Before such a screening programme can be initiated in South Africa, many
ethical, social and legal issues will have to be addressed in order to ensure

SucCcCess.
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CONCLUDING COMMENTS

Genetic investigations were undertaken in 22 families with sclerosteosis.
Linkage studies have confirmed genetic homogeneity of the disorder within South
Africa and the gene has been mapped to an interval of <3-cM on chromosome
17q12-q21 between the marker loci D17S1787 and D178930. In addition,
investigation of bone mineral density by imaging techniques in affected
individuals and in gene carriers has shown that the gene exerts phenotypic effects

in both homozygotes and heterozygotes.

Following the molecular study of sclerosteosis, carrier detection has
become possible and pre-natal diagnosis is available to known families on request.
Although further medical and molecular studies will be necessary, these advances
have greatly improved the outlook for affected individuals and their families, and
have wide ranging implications for the Afrikaner community. In addition, the
progress made in mapping the gene has generated greater awareness of the

disorder within South Africa.
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19.1 Counselling and Support Groups

The majority of affected families with sclerosteosis have received genetic
counselling from clinical staff members of the Department of Human Genetics at
UCT and from Dr Herman Hamersma of Johannesburg, as part of their ongoing
care and management. In the future, with implementation of pre-natal diagnostic
services and nation-wide screening programmes for carrier detection, further
counselling and support networks will be needed. These could involve trained
health care workers, in particular genetic nurses and social workers. Equally, the
establishment of a sclerosteosis or sclerosing bone dysplasia lay support group
would be appropriate in order to educate individuals and the community about the

condition, its natural history and the genetic services available.

During the course of this project and through regular contact with
affected families, the author has attempted to encourage formation of a support
group, with the aim of providing affected families with an opportunity to meet one
another, to share experiences and discuss the problems of living with the disorder.
A number of families has already shown an interest in becoming members of an
established group and are keen to participate in its formation. Although individual
counselling will remain an important aspect of the genetic management of
sclerosteosis, the establishment of a lay support group will have many benefits.
For instance, where parents of young affected children have had no first hand
experience of the progressive nature of the condition, its ultimate severity and
disabling complications, interaction with other families may allow them to make
difficuit but informed decisions with regard to pre-natal diagnosis in future
pregnancies. In addition, a lay support group could play a valuable role in
promoting awareness and understanding of the disorder within the community and

in providing an accessible and ongoing support basis for affected families.
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19.2 Future Studies

During the course of this project it became apparent that a number of
further studies may be helpful in improving understanding of the biological basis
of sclerosteosis and in achieving provision of an appropriate service for affected
families. Although the following studies are outside the scope of this thesis they

may be relevant in the near future.

i) A large scale molecular study of persons of Afrikaner ancestry to
determine the precise frequency of heterozygous gene carriers within the

population.

i) A study to determine attitudes of individuals in affected families
towards the pre-natal diagnosis of sclerosteosis and possible termination

of pregnancy.

iii) Longitudinal imaging studies of bone mineral density in affected
homozygotes and heterozygous gene carriers of sclerosteosis in order to
determine the effects of age and sex on rates of bone deposition and

resorption.

The mapping of the SCL gene has provided the first step in elucidation of
the disorder at the molecular and biochemical levels. Once the gene is cloned
further studies will be needed to characterise the encoded protein and to identify
its role in bone metabolism. Progress at this level will lead to a greater
understanding of the complex processes of skeletal modelling, and subsequently
to the development of pharmaceutically active small molecules that can be
targeted at the specific biological pathways involved. Ultimately, with this
knowledge, therapeutic drugs may be derived and developed for use in the
treatment of sclerosteosis and other similar skeletal disorders. Gene therapy may

also become an option in the future.
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Appendix 1: - Sclerosteosis pedigrees with haplotypes for selected markers closely
linked to chromosome 17ql12-q21. The disease chromosomes are represented by the
solid black bars. Alleles are number coded and the order of the markers is shown in the
box.
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Appendix 1: - Sclerosteosis pedigrees with haplotypes for selected markers closely
linked to chromosome 17q12-q21. The disease chromosomes are represented by the
solid black bars. Alleles are number coded and the order of the markers is shown in the
box.
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Appendix 1: - Sclerosteosis pedigrees with haplotypes for selected markers closely

linked to chromosome 17q12-q21.

The disease chromosomes are represented by the

solid black bars. Alleles are number coded and the order of the markers is shown in the

box.
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Appendix 1: - Sclerosteosis pedigrees with haplotypes for selected markers closely

linked to chromosome 17ql12-q21.

The disease chromosomes are represented by the

solid black bars. Alleles are number coded and the order of the markers is shown in the

box.
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Appendix 1: - Sclerosteosis pedigrees with haplotypes for selected markers closely
linked to chromosome 17q12-q21. The disease chromosomes are represented by the
solid black bars. Alleles are number coded and the order of the markers is shown in the
box.
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Appendix 1: - Sclerosteosis pedigrees with haplotypes for selected markers closely
linked to chromosome 17q12-q21. The disease chromosomes are represented by the
solid black bars. Alleles are number coded and the order of the markers is shown in the
box.
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Appendix 1: - Sclerosteosis pedigrees with haplotypes for selected markers closely

linked to chromosome 17q12-q21.

The disease chromosomes are represented by the

solid black bars. Alleles are number coded and the order of the markers is shown in the
box.
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Appendix 1: - Sclerosteosis pedigrees with haplotypes for selected markers closely
linked to chromosome 17q12-q21. The disease chromosomes are represented by the
solid black bars. Alleles are number coded and the order of the markers is shown in the
box.
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Appendix 1: - Sclerosteosis pedigrees with haplotypes for selected markers closely
linked to chromosome 17q12-q21. The disease chromosomes are represented by the
solid black bars. Alleles are number coded and the order of the markers is shown in the
box.
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Appendix 1: - Sclerosteosis pedigrees with haplotypes for selected markers closely

linked to chromosome 17q12-g21.

The disease chromosomes are represented by the

solid black bars. Alleles are number coded and the order of the markers is shown in the

box.
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LINKAGE DATA FOR AD CMD AND DMF




Chromosome
Region 'Locus |Gene Disorder / encoded protein function Marker cM AD CMD DMF syndrome
o R - B - -z Eﬁéta =0 Zmaima lZ at th;t; ? Zmax / theta
CHR1 ] ) | B B ’ |
1p36 | OCP1 Auditory transcription factor D1S214,, | 0517  0.760/0.10 -3.500  0.422/0.20
1p34.3-p32.3 ~  COLBA2 Basement membrane component D1S228,,  -3.052  0.084/0. 25 -2.800  0.368/0.15)
' D1S552 5 T -8.370  -0.061/0.45 0.189  0.189/0.00
- ) D1s233, 9623  -0.047/0.45]
D 15186 | -7.800  -0.003/0.45 -6.657  -0.084/ 0.45
1p34 DFNA2 AD nonsyndromal deafness D1S193, T8.124  -0.129/0.45 -4.253 -0.094/ 0.45
B " MYCL1, | T
B - D1S550, | - o
1p33-p32.3 'CoL9A2 B D1S211 1-3.890  -0.009/0.45 -4.619  -0.056/0.45|
1p21 COL11A1 Cartilage-specific fibril-associated collagen D151883, | | B
N B |D1S534, | - B
o {f - ~ |D1s305, f -
- *‘ b - - ~ |D1s194, 12436  0.020/0.35 -7.127  -0.010/0.45
1921-923 ' DFNA7 W AD nonsyndromal deafness —*D1S19§L* -27.018  0.009/ 0.45| -4.558 -0.036/ 0.45
] | ~ D1s210, -26.798  -0.003/0.45 -4.945  -0.072/0.45
1925-q31 | BGP Bone gamma-carboxyglutamic acid protein D1S318¢ o
B \ ~ [Associated with mineralisation of bone] D1S518 4 ’ -
1941 | |[TGFb2  Skeletal development o D1S179,, |-11.926 0.035/0.30 -4.568  0.159/0.30
1q41 |\USH2A [_ Usher syndrome D1S180, 77;—127 385 -0.008/045 -8.712  0.291/0.25
| | D1S102 123130 -0.001/0.45 -4.002  0.516/0.15]
| o T T L i
CHR2 S B ) | - N -
2p23-p22  DFNB9 AR nonsyndromal deafness D2S207 ., 3951  0.308/0.20
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Chromosome i
Region jLocus iGene .Disorder / encoded protein function /Marker cM ‘ AD CMD DMF syndrome
,,7,,7 o T Zatthetazo  Zmax/theta  |Zattheta=0  Zmax/theta
: - |
(ARNSD)  D28423,  -30.402 -0.030/0.45 0472  0.472/0.00
- B - D2S131 L-gziggs -0.017/0.45) 0.243  0.519/0.15
| j -  D2s305. _|-9.001  -0.668/0.45 -5.579  -0.123/ 0.45|
2p13 TGFa  Cartilage-inducing activity ~ |D28405, -17.798 -0.014/0.45 0.852 0.852/ 0.00
| | D2S352, | 7. 966  0.069/0.35|-4.923  -0.086/0.45
R Q_SELLJ -11.744  -0.004/ 0.45' 0.578  0.633/0.10
] |  |D2S406,  |-1493  -0.005/0.45 -5.754  -0.036/0.45
B B - ~ D2s428,, 5966  0.085/0.25 -4.656  -0.062/0.45
| | ) - D2S436.,  -24.120 -0.019/045| -4.287  -0.380/0.45
2931 | COL5A2 |Regulation of collagen fibril growth ~ D2S110,, | 24651  0.172/0.25-3.957  0.190/0.25]
2q31 q32 ~ HOXd  'Skeletal development ~ |D28222,; [ -25.097 0.015/0.35{ -5.520 -0.094/ 0.45]
2031-q32.3 | COL3A1 Collagen f_lprrlllrogene&srii - D2S142 l -18.718 -0.003/ 0. 45‘_11&57 -0.005 Q:45
2q32 DLX1&2 \Branchlal arch development D281 1 12 1 -24.752 0. 153/ 0.25| -7.240 0.293/0.25
S D2S72, 115 528  0.005/0.40[-0.051  0.016/0.15
- 1 | ~ |D2s309, | -8.176  0.025/0.45 0.599  0.617/0.05
2935 [PAX3  |Waardenburg syndrome - Type| ~ |D2S155,  -17.477  0.033/0.30 -4.244  0.126/0.25]
I 7 D2S126, | -17.455 -0.010/0.45 -8.969  -0.090/ 0.45
2q36-g37 COL4A3/ Alport syndrome ~ D2s427, | -21.708 -0.269/0.30 -9.098  -0.097/0.45|
?ﬂ 4 7:7 COL6A3 Regulation of growth of coIIagen - D2S125 3 | -17.669 -0.052/0.40 -4. 894 ~ -0.069/0.45
I e |D28211,  [-13.699 -0.031/045 -10.30  -0.049/ 0.45
) | - D28102 | -17.864 0056/045 -6500  -0.028/ 0.45]
CHR 3 - . T ,
' D3S1307 ,, |
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Chromosome 1 |
Region ‘Locus  Gene 'Disorder / encoded protein function ?Marker cM ‘ AD CMD \ DMF syndrome
N B | Zattheta0  Zmax/theta  Zattheta=0 Zmax/theta |
T ) - ~ D3S1304, |-12.640 -0.050/0.45 B
3p23-p21  TGFbR2 Role in induction of cartilage ] D3S1768 ,, | -8.280  0.018/0.45 -
3p21.3 ~ |COL7A1_Role in formation of collagen triple helix TD3S176624 / -10.140  -0.042/0.45 - o
3p21-p14  DFNB6 AR nonsyndromal deafness 'D3s1285, | -3.163  0.551/0.20| 1.080  1.080/0.00
3p14.1-p12.3 MITF  Waardenburg syndrome -Type Il D3S1217, |-17.334  0.020/0.45/ 2.360  -0.006/ 0.45]
] ] ~ 'D3s1210,  1.538  1.538/0.00 -5.146  -0.001/0.45]
N | B D3S1261,  -16.875 -0.012/0.45 -10.239  0.138/0.25
0 B  |p3s1284,, [-3495  0.032/0.25 -10.239  0.147/0.25
- D351752 s | -16.910 -0.016/0.45 X o N
- | B ~ D3s1215, -7.650  0.320/0.30
| N | D3S1233; | 0619  0.619/0.00 -4.243  0.466/0.15
3q12-13 |COL8A1 Present in mesenchymal cells surrounding D3S1769, | -7.235  0.198/0.25 -3.950  0.654/0.10
7 | cartilage ] D3S1269,, | -13.036 -0.078/0.45/-1.010  0.169/0.25
3q21-g25 | USH3 \Usher syndrome - Type Ill D3S1238,  -7.282  0.756/0.15/ -2.133  -0.018/0.45
’ | | - - D3S1764 ,; | -10.546  1.036/0.20 -1.725  -0.045/0.45
R ]  D3S1744, ‘ 0727 0.727/0.00| -16.343 -0.010/0.45
T D3S1763, |-3.753  -0.002/0.45 -11.725 -0.110/0.45
7 T ~ D3st282, |-551  0002/045 0522  0.558/0.05
- o I - - {03312621 |-12.67 _-0.021/0. 45 -
cRa | -~ —_ | l ,,,,,,,,,
| i D4S412,, | -18.179 -0.044/0.45 -6.000  -0.225/0.45
| | 7 lb4s3e4,, 3528  0.037/040 0.105  0.105/0.00|
4p163 | |FGFR3 |Role in development of cartilage templates D45403 ,, | 4026 0.235/0.25 -9.419  -0.027/0.45
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Chromosome
Region bLocus .Gene Disorder / encoded protein function /Marker cM AD CMD DMF syndrome
R - ’ Zattheta=0  Zmaxitheta  (Zattheta=0  Zmax/theta |
4p16.3 DFNA6 P AD nonsyndromal deafness GATA2G12 13410 0.038/0.40/ -9.378  0.145/0.35)
4p16.3-161  MSX1  Defective gene causes facial abnormalities D4S404,  -3.839  -0.012/0.45 -10.605 -0.012/045
4p14 ~ BMP3  Member of bone morphogenetlc proteln fa D4S230 12 ] 6.927  0.494/0.25 -5. 067 0.047/0.40
i T -  D4S174,  |-8460  0.074/0.40 6027  -0.033/0.45]
 |D4s1627, |[-12.241 0034/0.40 0692  0.692/0.00
1 R - D45392 ,
a IATA2A03 o | ] |
4q21 [FGF5  Role in skeletal development ~ |D4st1647.,, | 1
4G25-q27 FGF2  Role in skeletal development D4S193 , - T
B B ' ]  Dasa02, |
i - D4S175, | ) I i
| |  |D4S1625, - Jr ]
! - D4S243, T
- ‘D4S408 10 o -
) - D4S171 o 1 -
~ |D4S1652 - ‘\
I N ]
- ~ D5S678,  -3.165  0.466/0.15| 0422  0.478/0.10
1 - - 'D58417, | 10508  0.521/0.25 0561  0.561/0.00 |
| ‘Growth hormone receptor AA?D’§S406 8 -1.967 0.111/0.30 0.243  0.510/ O.15ﬁ
i 7 % ! i \D5S676 6539 0.233/0.33 -4483  -0.062/045
- N | ) ~ |D5S2004, "“?’"3’.'57“2’ ~ 3572/0.00 ]
| ? 'D5S807, | 0657  2.9/0.05 0.004  0.004/0.00]
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Chromosome !
Region ;Locus 'Gene ‘Disorder / encoded protein function ‘Marker cM | AD CMD DMF syndrome
i - iZattheta=0  Zmax/theta ‘z attheta=0  Zmax/theta
- - ;ljsseses’?f0 2987  0.259/0.15 -4.824  -0.076/0.45
| ~ 'D5s432, | 1579  1579/0.00 -4501  -0.055/0.45
B | S _ |D5S1987, | 35  35/000  -4989  -0.058/0.45
""" o - - ] D5S2081, | 2.84  2.84/0.00 -4.438  -0.077/0.45
B | _ |DsS1991, | 341 341/0. 00 | 0.033  0.033/0.45
) D551989, | -2.982  0017/0.45 -5.157  -0.006/ 0.45
B . D5S1954, 1968  1.968/0.00/-5359  -0.006/0.45
5p11-p13 AD CMD ‘AD craniometaphyseal dysplasia 'D5S1963,  |4.08 4.08/0 \ 5325  -0.005/0.45)
 D5S416, |-6.989  0.058/0.35 -5.324  -0.005/ 0.45
D55486 |, 213 2.13/0.00 | -5.549  -0.004/0.45
- B |D5S2096,  1.247  1.247/0.00 -0.104  -0.001/0.45
) - D5S411, | -3807  047/020 | 4714 0208/0.25
B o ~ |D5S2074, | -7.058  0.745/0.20 -5.006  -0.024/0.45|
| ~  D5S648, | -3476  0.690/0.15 -5.967  -0.094/0.45|
- ID5S502 B ~ |-5474  0.152/0.35
- __|D5S819,, [-3708  0.500/0.15 -3.810  0.345/0.20
I ID5S426,  -9.114  -0.326/0.30 -4.929  0.070/0.45
[ - ) - D5S660;  -4.056  -0.019/0. 45* -4.876  -0.003/ 0.45|
o T - D5S407, 8373 0.001/0.45 -1.660  -0.065/0.45]
L i B B Des427 . |-3655 0087/035 7267 -0.017/0.45
- E ] -  |Dss629, |-8670 -0.145/0.30 -5.967  -0.094/ 0.45
o - 7 ) 'D5S424 ,, | N
"""" R | D5S641, |-8.588  -0.040/0.45 -9.836  -0.086/0.45
| D5S428,,  -9.205  -1.200/0.45| -5.343 _ -0.076/0.45
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Chromosome
Region Locus Gene Disorder / encoded protein function Marker cM AD CMD DMF syndrome
[Zattheta=0  Zmax /theta ‘\Z attheta=0  Zmax/ theta
: | ’ D5S815,,  -12.577  0.157/0.30 -5.832  -0.213/ 0.45]
5622-q'3717 CSF2 Abnormallty causes defect|ve osteoclastlc ATA4D10,, T
o T activity - | D5S818,  -7.755  -0.113/0.45 -3.165  0.087/0.35
5q31 | FGFR1 'Role in skeletal development D5S816 , 4957  -0.091/0.45 -9.200  -0.039/0.45
5q31  DFNA1 HDIA1  AD nonsyndromal deafness D5S393, | -8613  -0.072/045
5q32-33.1 |TCOF1 TREACLE Treacher Collins syndrome 7 'D58658 , -8.593  -0.052/0.45/ -4.709  0.187/0.25
- - D5S638 , -9.478  -0.160/0.45| -5.199  0.007/0.45
5333-g35 CSF1R  Role in osteoclastic activity D5S210,  |-5.051  0.435/0.20/ 0.148  0.148/0.00
5q34-g35 | MSX2  Intramembranous ossification |D5S436, | -2.598 0.449/0.15 -4.342  0.065/0.45
5q35-qter FGFR4 Skeletal development 'D55434 ; -6.981  -0. 070/ 0.45 -3.197 0.082/ 0.35
- D5S673, | -12.820 -0.092/0.45 -4.344  -0.036/0.45
T ) |D5S820, | -12.762 -0.001/0.45 -5269  -0.065/0.45
- - D5S403,, | -4.905  -0.024/0.45
. GATAT1A11 5 o
D55408 5, -
B - GABRAT -
CHR6 ) - | B | -
[ - -  D6S477 4, -8.010  -0.060/0.45|-4.103  -0.251/0.45
B D6S277,  -12.570 -0.030/0.45 -3.917  -0.248/0.45
6p242-p23  EDN1  Vasoconstrictor peptide ' D6S263,,  -7.990  -0.010/0. 45; -5.796  -0.186/0.45]
D6S259,  -15510 -0.130/0.45 -5351  -0.257/0.45
= o o  D6eS260,  -19.870 -0.160/0.45 -6.413  -0.007/0.45
] D6S288, 8720 0.010/0.35 -5.391  -0.078/0.45
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Chromosome

‘Marker cM

Region ‘Locus Gene ‘Disorder / encoded protein function AD CMD DMF syndrome
iZ at theta =0 Zmax / theta %Zatthetaﬁd' Zmax / theta
) - D6S285, -8.100  0.065/0.35 -5.568  -0.155/0.45
6p21  DFNA13  AD nonsyndromal deafness D6S299 4 7 ' - o
R - D6S265,  -8.971  -0.068/0.45 0.462  0.462/0.00]
o D6S258, -8.685  -0.054/0.45 -5.441  -0.083/ 0.45
77777 ] ) D6S306, | -8.834  -0.059/ 0.45‘ -5.679  -0.084/0.45
D6S273, ~0.007/0.45! -5612  0.003/0.45
6p21.3 ~ |COL11A Found in cartilage B D6S1055 | -0.425  -0.069/0.45 -5.453  0.003/0.45]
6p BM IP5  Alterations in ear and skeletal structures  |D6S291 ¢ -9.955  -0.051/0.45 -5.355 0.004/0.45
6p ~ |BMP6  Abnormalities of skeleton D6S271, -12.601  0.015/0.45 -7.165  -0.106/ 0.45
6 COL12A1 Found in connective tissue ~ DBS269,  -9.846  0.010/0.45 -0.724  0.014/0.40]
) T 7 - D6S272, | -9.578  0.030/0.45 -7.316  -0.107/0.45
6q ~ AD nonsyndromal deafness D6S257,, | -18.494 -0.010/0.45 -6.424  -0.036/0.45
6qﬂ12-q1?;_i d@@@ﬁ@iﬁfsréﬁrmtural integrity of collagen D6S251 4 ‘ ] -
| - D6S252 6
) D6S474,
6G21-22.3 COL10A1 |Found in cartilage | D6S262 4
6q22.3-g23 | DFNA10 AD nonsyndromal deafness |ATA1F08 )
édéaﬂri_ﬁ”mfﬁ :CTGF*,, Connective tissue growih factor D6S255, | i -
, - _ |D6S305,, o B
6G26-27 IGF2R  Regulates rate of skeletal growth ~ D6S264 , B
I D6S503 ;; ) )
| D6S281 |
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Chromosome

‘Locus

Region ‘Gene 'Disorder / encoded protein function Marker cM AD CMD DMF syndrome
— - - Zattheta=0  Zmax/theta  Zattheta=0  zmax/thota |
CHR7 7 | | |
T - D7S5314% | | -
] B D7S513 | |
B | -  D7S507 4 | -
T B - |D751808, } B
D7S817 , B )
7p15 ' DFNAS5 |AD nonsyndromal deafness ~ |D78510 -13.714  0.409/0.30 -11.414 -0.069/ 0.45
7p15-p*14 - HOXA  Embryonic development - craniofacial  |D7S519 -13.549  -0.050/0.45 -5.188  -0.082/ 0.45
T - ~anomalies - |GATA4E04, | -8.766  0.259/0.30 -0.910  -0.023/0.45
7p13-p12 | IGFBP1/2 Regulation of skeletal growth D7S502,, |-3.921  0.261/0.30 -6.092  -0.007/0.45
- - D7S802; | -4.686  0.304/0.30 -5.012  0.042/0.40]
| - D7S820,, | 0.895  0.895/0.00 -5.100  0.028/0.40|
7921-g22 COL1A2 Collagen of skin, tendon and bone D7S821 , -3.611 0.223/0.30 -9.900 -0.069/ 0.45
7q22  |DLX5/6  Role in development of branchial arches  |[D78501,  -8.044  0.088/0.35 -9.600  -0.016/0.45
- ’ B ~ |D7ss25,  -4516  0.061/0.35 -5.600  -0.123/0.45
7q31 DFNB4 PDS  |ARnonsyndromal deafness ~ D7S523,,  -5521  0.147/0.30/-9.420  -0.062/ 0.45|
D7S799,  -8212  0.202/0.35 -10.081 -0.069/0.45
- O D7S500 , B
I B - D75495 B N
o ' D7S8505, B
- ] B : __ GATAMH10,, © - -
o F T B D7S550 , -
I B  |D7s559 - ]
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Chromosome

Marker cM

Region jLocus Gene jDisorder/encoded protein function AD CMD DMF syndrome
- T - o - WVTZat theta=0 ZmaXTtFeEAZaiEeta=o Zmax / theta
CHR 8 ] 1 - - S
- D8S264 ,, - |
- ] -  D85136 4 B
8p21 BMP1 Induction of cartilage 7 'D8S87, ) }
8p11.2-p11.1 FGFR1 |Role in skeletal development D8S285 , -13.887  0.010/0.45| -5.452  -0.052/ 0.45
- | -  D8S165 12511 -0.105/0.45 -3.103  0.616/0.15
8q13.3  BOR |EYA1  Branchio-oto-renal syndrome  |D85166, -16.851 -0.022/0.45 -4.677  -0.050/ 0.45
] 1 'D8S260 -8.804  0.037/0.40 -5.173  -0.023/0.45]
| ~ [pss2re,
ol . _

- -~ 7}7,, S — B
| I O
CHR 11 i
- T D11S1984

- . D11S875,5
- N ~ |D11S904 ,, 1 -
e D1181392,, - -
- | . D11S1985
11912.3-21 DFNA1 [MYO7A  AD nonsyndromal deafness INT2 B -263  -0.050/0.45 |
11913.5 DFNB2 IMYO7A AR nonsyndromal deafness D11916, -5.017  -0.037/0.45 -3.610  -0.090/0.45
119135 USH1B [MYO7A  Usher syndrome j D118911,  -14.375 0.030/0.45 -3610 -0.090/0.45
11913 FGF3 _ |Roleinskeletal development  D11S937, | -8.998 0.019/0.40 -0.880  0.140/0.30 |
11913 FGF4 Regulates skeletal patterning D11S1396 ;, T B -
o e D11S876, |
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Chromosome

I
;Marker cM

Region Locus  Gene Disorder / encoded protein function AD CMD DMF syndrome
- i h Zattheta=0  Zmax/theta ?éﬁheta=0 Zmax / theta
‘ | ) D1151391 |
| L D11S976 45 |
| | - D11S990, ) [
- i ID115912 |
- | 1 ~ |D115968 B
CHR12
i D12S372,
B B IR : D12S374,, |-5.014  -0.006/0.45 -6.268  -0.114/0.45
12p13  FGF6  IRole in skeletal development D12S391,, |-0.266  0.833/0.20 -6.147  -0.052/0.45
l D125269,, | -4.619  -0.013/0.45/-6.067  -0.089/0.45
- D12S61, 7
- GATA5A09 ., )
12913 - HOXe ) ~ |D128270,, | -10.300 -0.028/0.45 -5200 -0.020/0.45
12q13 | ~ CMD translocation breakpoint D12S375, | -4.900  0.120/0.25 -5200  -0.082/ 0.45
12913.1-q13 coat D12S379 5 |-4.231  -0.001/0.45 -5474  -0.082/0.45
| | PAH, |
| | D12S84 ,, | -12.431  0.195/0.35 -0.498  0.200/0.25
17?:q22-q23‘ |IGF1 Regulates rate of skeletal growth D12S79 1, - 1 “ -
| D12S395,, | -5.144  0.004/ 0;{5T-s.sgﬁﬁ-_q.‘@[p.ﬂfi
- D12S60, ] -
- - |D125392
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Chromosome
Region Locus  Gene Disorder / encoded protein function 'Marker cM i AD CMD DMF syndrome
Zattheta=0  Zmax/theta Zattheta=0  Zmax/theta
CHR13 I e | o
1312~ DFNA3 GJB2  AD nonsyndromal deafness  D13S175, | -9.642  -0.055/0.45/ -0.870  0.921/0.05
13q12  DFNB1 GJB2 AR nonsyndromal deafness D13S232, | -4.317  -0.007/0.45 -0.633  -0.004/ 0.45
o T D13S221,  -9.081  0.179/0.25 -4.959  0.172/0.25
- B - D13S217, | -13.027 -0.108/0.45 -5562  0.160/0.35
- D13S171,  -5.029  -0.098/0.45 -5.174  0.068/0.30
T N  D13S220;  -13.557 -0.055/0.45 -5299  -0.005/0.45
] D13S218,  -9.344  0.009/0. 45 -5.546  -0.005/ 0.45
- - . D13S325,, | -9.344  0.009/0.45 0090  0.090/0.00
_*4**’ B} D13S156, | -15.058 -0.102/0.45 -5.383  0.120/0.35
B B ' D13S317, |-7.916  0.127/0.20 -0.650  -0.031/0.45
- ;  D13S71,, | -14.311 -0.059/0.45 -4.575  -0.006/ 0.45
13934 'COL4A1/ Interstitial collagens D13S225,; | -15.010 0.012/0.45 6260  -0.012/0.45
- | D138173 -13.699  -0.112/0.45/-0.239  -0.002/0.45
B _ D13s115 4339 0. 015/0.45 1.071  1.167/0.05
- ~ D135143 | 0201 0.201/0. ool -0.050  -0.001/0.45
CHR 17 | : I
T D17S578.s 2226  0.716/0.20' -10.400 -0.166/0.45
- - - ) - D17S849,,  -10.744 -0.052/0.40 -3.873  0.303/0.25
- R - ) D17S796,  -12.873 -0.033/0.45 -10.582 -0.354/0.40
I )  D17S520,,  -10.514  0.375/0.30 -6.449  -0.264/0.40
- ' - |D17S799,, |-3417  -0.055/0.45 -10.319 -0.194/0.40
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Chromosome !
Region Locus  Gene Disorder / encoded protein function ;Marker cM AD CMD ‘ DMF syndrome
| - B 3 ) i TZ attheta=0  Zmax / theta jZWat'it;eta =0 Zmax/theta |
17p11.2  DFNB3 MY6?5' ARnonsyndromal deafness ~ D175122,  -3431  -0011/0.45 -1.923  0.189/0.20)|
' ] - D17S805, | 1191  1.191/0.00 -2.363  -0.009/0.45|
' - - 'D17S783, | -10.125 -0.332/0.45 -1.860  0.092/ 0.25
17q11.2-912 CSF3  Role in osteoclastic differentiation D175798,, | -7.867  -0.047/0.45 ]
B B _ | D17s579, |-4012  0.208/0.25(-6.257  -0.184/0.40
77q21 q227 DLX3/4 Involved in branchial arch development \D178809 7 1-8502  -0.360/0.35 -1.660  -0.073/0.45
17g21-22 HOXb - ID17S795,, | -12.134 -0.221/0.35 -6.588  -0.073/0.45
1721.3-22 COL1A1  Collagen of bone D17S785, |-16.179 -0.484/0.40 -7.055  -0.770/ 0.45]
| B D17S784 | -11.962 -0.199/0. 45! 7470  -0.165/0.45
I - D175952  -3.855  -0.005/ 0. 45 0049  0.112/0.10]
- -  D17S839 | -4299  -0.097/0.45 0172  0.723/0.0
T D17S842 1916  1.916/00 0515 051500
~ D17S935  -3.631  -0.046/0.40 -4.491  -0.004/0.45
=
HR 1 B - ]
-  |D18S59
] - D18S63
- - _ |p18s62, R
B - ' D18S843 ., - B
) I 'D18S542 4, o
B - D18s66, |
o B | D18uM|39 8868  0.095/0.35 -4.543  0.031/0.40|
18911 .1—q7171 2 - 'Human homologue of gene causing murine D1885359 -0.894 -0.035/ 0.45| -3.600 0.008/ 0.45
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Chromosome ‘
Region ‘Locus Gene Disorder / encoded protein function ‘Marker cM AD CMD ‘ DMF syndrome
- T o - T iz attheta=0 Zmax/theta  Zattheta=0 Zmax/theta |
s cranlofaCIaI anbrﬁéhes o 7 777D‘178S363 s | -15.752 -0.135/ 0.4&'?—7.@0 0.008/ 0.45
18912 B R CMD translocation breakpoint B D188644 B '\ 1
- D18S543 1, |
- D18S541, I
I | - |D18S844
CHR19 R . N I
19913 DFNA4 AL AD nonsyndromal deafness - B
19q13 o DFNB4 AR nonsyndromal deafness - 7 9198247 s | -8.718 0.056/ 0. 40 -8.700 0.173/0.35
19q13.1 JTGFb1 Cartilage inducing activity 77JD19817787 1 -13.098  -0.068/ 0. 45 -4.068 0.211/0.25
o _ D19S253 ,, \7 ]
- ' D198433,;, | -12 761 -0.023/0.45 0. 158 ~0.494/0.15
e - ) D198425, | | -2.570 0.405/ 0. 15I -57700 -0.253/ 0.45)
B o D1982243 -13.254  -0. 056/ 0.45 -3.741 -0.181/0.45
- I - D19S178 -12.904 -0.006/0.45' -0.011 pﬁg/g\%
- I B APOC2; -8.340 -0.069/ 0.45 -3. 600\‘\_-9‘115/ 0.45|
] N I { D19S246 -18.223 -0.073/0.45 -4.200 -0.021/0.45
- | B B D19S180, -3.767  -0.001/0.45 -4.700  -0.089/0.45
~ |D198254 = -22.540 -0.071/0.45 -0.462 -0.031/0.45]
— E— |
CHR20 I BN ]
20p12 " BMP2 AssogLa_tgd with skeletal d|sorder§ B |D20S103 s | -8.140 0.247/ 0.30;’7:4_.677117*___—990;'-” 0.45
i \D20895 s
APPENDIX 2
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Chromosome

Region Locus iGene ‘Disorder / encoded protein function Marker cM | AD CMD DMF syndrome

|Z attheta=0 Zmax / theta Z at theta=0 Zmax / theta
1

D20S115,, | -3.704  0.036/0.40| -5264  0.126/0.35

D20S27, | -8.148  -0.002/0.45 0.067  0.086/0.40
BN R A ~ 'D20S47¢ | 2111 0.467/0.25 -4415  0.115/0.35
20q11.2 | TGFb B ~ |D20S106 ;; | ~ -7.497  -0.107/0.45
20911-g13 | 'SCR ~ |Loss of bone resorﬁ)n actii}ity a D20S119 4 | o S
20q13.1-913.3 BMP1 | B ~ D20S109,, ]
20q13.2-g13.3 EDN3 ‘Waardenburg syndrome Type IV D20S120 | -3.404 0.270/ 0.15| -0.660 -0.002/ 0.45
| , I .

CHR22 |
229112 |cayler cardiof acial syndrome - facial palsy |D22S420, | -4.764  -0.007/0.45 -8.500  -0.046/ 0.45|
22q11 CATCH 22 spectrum D22S427, |-7.660  0.001/0.45 -5400  0.022/0.40
- e 7 N D22S264, |-14.298 -0.213/0.45 -3.169  1.3550.10
: D22S425, |-7.691  -0.063/0.45 -4.583  0.005/0.45

\D225446, ‘+-8.826 -0.007/0.45 -5.444  -0.008/ 0.45

D22S257, | -9.204  -0.048/0.45 -0.993  0.008/ 0.45|
| : D22S345,,  -7.737  -0.077/0.45 -5.732  -0.006/ 0.45
] | _ D22S685, | B
'D225683 |
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BONE DENSITOMETRY STATISTICAL ANALYSIS




APPENDIX 3

Statistical Analysis of Bone Densitometry Study

A significant difference in bone mineral density (BMD) was expected to
occur between the affected homozygote group and the other three groups at each
of the three anatomical sites studied. Nevertheless, the aim of the study was to
determine whether there was a significant difference in BMD between the obligate
heterozygote group and the controls. There are a number of analytical approaches
available and a simple one-way analysis was the easiest method, however, as the
population against which the standardisations of BMD were made is different
from the population in the study, a covariance analysis on BMD was chosen. For
the analysis the four groups of subjects in the study were assigned level codes
according to their molecular status (MSTAT) [level O — controls; level 1 - affected
homozygotes; level 2 - obligate heterozygotes; level 3 - unknowns]. Since age is
a determining factor in BMD the four groups were initially compared with one
another in terms of age, using a one-way analysis of variance.

Comparing the groups on Age

Means Plot: Least significant difference (LSD)
Confidence level: 95 %
Range test: LSD

Analysis of Variance

Source of Variation Sum of Squares d.f. Mean Square F-ratio Sig. Level
Between groups 2824.594 3 941.53133 3.119 0.0350
Within groups 13885.326 46 301.85491

Total (corrected) 16709.920 49

0 missing value(s) have been excluded.



Table of Means for BMD.Age by BMD.Molecular Status

Group Count Average Standard Standard 95 % LSD Intervals For
Level Error Error Mean
(internal) (pooled s)

0 24 50.916667 3.1782302 3.5464472 45.867737 55.965596
1 7 34.285714 6.1517101 6.5667443 24.936913 43.634515
2 13 42.538462 6.3190954 4.8186729 35.678317 49.398606
3 6 31.166667 4.0448870 7.0928945 21.068808 41.264526
Total 50 44.040000 2.4570507 2.4570507 40.541999 47.538001

Method: 95% LSD

Level Count Average Homogeneous Groups
3 6 31.166667 X

1 7 34.285714 X

2 13 42.538462 XX

0 24 50.916667 X

Level contrast Difference +/- limits

0-1 16.6310 15.0261*
0-2 8.37821 12.0460
0-3 19.7500 15.9661*
1-2 -8.25275 16.3989
1-3 3.11905 19.4611
2-3 11.3718 17.2643

*denotes a statistically significant difference between groups.
The controls (level 0) were therefore significantly older (p < 0.05) than

both the affected homozygotes (level 1) and the unknown group (level 3).

One-Way Analysis of Variance for Spine BMD.

In the following analysis Spine BMD values were compared for the four

different groups without correcting for age differences.

Level codes: BMD.MSTAT
Labels:
Means plot: LSD Confidence level: 95 Range test: LSD

Analysis of Variance

Source of Variation Sum of Squares d.f. Meansquare F-Ratio  Sig. Level
Between groups 7.0178103 3 2.3392701 37.874 0.0000
Within groups 2.8411946 46  0.0617651

Total (corrected) 9.8590049 49




Table of uncorrected means for BMD Spine

Group Count Average Standard Standard 95 % least significant
Level Error Error difference (LSD)
(internal) (pooled s) intervals for mean

0 24 0.9290417 0.0313086 0.0507301 0.8568193 1.0012640
1 7 2.0668571 0.1736771 0.0939339 1.9331273 2.2005870
2 13 1.1773077 0.0789608 0.0689287 1.0791768 1.2754386
3 6 1.1690000 0.0449444 0.1014603 1.0245553 1.3134447
Total 50 1.1816800 0.0351469 0.0351469 1.1316429 1.2317171

Multiple Range Analysis for BMD Spine by MSTAT

Method: 95 % LSD

Level Count Average Homogeneous Groups

3 6 1.1690000 X

1 7 2.0668571 X

2 13 1.1773077 X

0 24 0.9290417 X

Level Contrast difference +/- limits

0-1 -1.13782 0.21494 *

0-2 -0.24827 0.17231 *

0-3 -0.23996 0.22839 *

1-2 0.88955 0.23458 *

1-3 0.89786 0.27838 *

2-3 0.00831 0.24696

* denotes a statistically significant difference (p < 0.05)

Covariance Analysis for BMD Spine

Analysis of Variance for BMD

Source of variation Sum of Squares d.f. Meansquare F-ratio Sig.level
Covariates

BMD.age 0.1417872 1 0.1417872 2.403 0.1282
BMD.sex 0.0755699 1 0.0755699 1.281 0.2639
Main effects

A:BMD.MSTAT 6.8380703 3 2.2793568 38.635  0.0000
Residual 2.5958892 44 0.0589975

Total (corrected) 9.8590049 49

All F-ratios are based on the residual mean square error.



Table of Least Squares Means Corrected for Age and Sex

Level Count  Average Standard Error 95% Confidence for Mean
Grand Mean 50 1.3617022 .0418727 1.2772939  1.4461105
A:BMD.MSTAT

0 — control 24 0.8895091 0.00533523 0.7819599  0.9970583

1 - homozygotes 7 2.1267836 0.0967112 1.9318302  2.3217369

2 - heterozygotes 13 1.1807430 0.0674568 1.0447616  1.3167245

3 - unknowns 6 1.2497730 0.1074040 1.0332647  1.4662812

Multiple range analysis for BMDSpine by BMD.MSTAT
Method: 95 % LSD

Level Count LS Mean Homogeneous Groups
3 6 1.2497730 X

1 7 2.1267836 X

2 13 1.1807430 X

0 24 0.8895091 X

Level Contrast Difference +- limits
0-1 -1.23727 0.23330 *
0-2 -0.29123 0.17389 *
0-3 -0.36026 0.25498 *
1-2 0.94604 0.23725 *
1-3 0.87701 0.27329 *
2-3 -0.06903 0.25517

* denotes a statistically significant difference

The controls (level 0) therefore differed significantly from all other
groups as did the affected homozygotes (level 1). The obligate heterozygotes
(level 2) also differed significantly from the controls and homozygotes but not

from the unknown group (level 3).

BMD HIP

Analysis of Variance for BMD.BMDHip - Type III Sums of Squares

Source of variation Sum of Squares  d.f. Meansquare F-ratio Sig.level
Covariates

BMD.age 0.0118883 1 0.0118883 0.298 0.5937
BMD.sex 0.0001290 1 0.0001290 0.003 0.9555
Main effects

A:BMD.MSTAT 7.0041969 3 2.3347323 58.555  0.0000
Residual 1.7145070 43 0.0398723

Total (corrected) 9.7549280 48

1 missing value has been excluded

All F-ratios are based on the residual mean square error



Table of Least Squares Means for BMD.BMDHip

Level Count  Average Standard Error 95% Confidence for Mean
Grand Mean 49 1.2953785 0.0343380 1.2261134  1.3646435
A:BMD.MSTAT

0 — control 23 0.8860478 0.0446224 0.7960375  0.9760581

1 - homozygotes 7 2.1104285 0.0793042 1.9504595  2.2703975

2 - heterozygotes 13 1.0448108 0.0554361 0.9329876  1.1566340

3 - unknowns 6 1.1402267 0.0880814 0.9625529  1.3179006

Multiple Range Analysis at p=0.05 for BMD.BMDHip by BMD.MSTAT

Method: 95 % LSD

Level Count LS Mean Homogeneous Groups
3 6 1.1402267 X

1 7 2.1104285 X

2 13 1.0448108 X

0 23 0.8860478 X

Level Contrast Difference +/- limits
0-1 -1.22438 0.19200 *
0-2 -0.15876 0.14355 *
0-3 -0.25418 0.20978 *
1-2 1.06562 0.19528 *
1-3 0.97020 0.22483 *
2-3 -0.09542 0.21009

* denotes a statistically significant difference

Multiple Range Analysis at 0.01 for BMD.BMDHip by BMD.MSTAT

Method: 99% LSD

Level Count LS Mean Homogeneous Groups
3 6 1.1402267 X

1 7 2.1104285 X

2 13 1.0448108 X

0 23 0.8860478 X

Level Contrast difference +/- limits
0-1 -1.22438 0.25657 *
0-2 -0.15876 0.19182
0-3 -0.25418 0.28033
1-2 1.06562 0.26095 *
1-3 0.97020 0.30044 *
2-3 -0.09542 0.28075

*denotes a statistically significant difference



BMD Forearm

Analysis of Variance for BMD2.BMDF - Type III Sums of Squares

Source of variation Sum of Squares d.f. Meansquare F-ratio Sig.level
Covariates

BMD.age 0.0935768 1 0.0935768 4.576 0.0424
BMD.sex 0.0366399 1 0.0366399 1.792 0.1928
Main effects

A:BMD.MSTAT 0.6012885 3 0.2004295 9.800 0.0002
Residual 0.5112852 25 0.0204514

Total (corrected) 1.2344326 30

19 missing values have been excluded
All F-ratios are based on the residual mean square error

Table of Least Squares Means for BMD2.BMD Forearm

Level Count  Average Standard Error 95% Confidence for Mean
Grand Mean 0.6850472 0.0274534 0.6284924  0.7416019
A:BMD.MSTAT

0 — control 0.5339558 0.0660653 0.3978594  0.6700523

1 - homozygotes 0.9353139 0.0550929 0.8218211  1.0488068

2 - heterozygotes 0.5928442 0.0407159 0.5089683  0.6767202

3 - unknowns 0.6780747 0.0610011 0.5524108  0.8037387

Multiple range analysis for BMD.BMDF by BMD.MSTAT

Method: 95 % LSD

Level Count LS Mean Homogeneous Groups
3 6 0.6780747 X

1 7 0.9353139 X

2 13 0.5928442 X

0 5 0.5339558 X

Level Contrast difference +/- limits
0-1 -0.40136 0.18082 *
0-2 -0.05889 0.15751
0-3 -0.14412 0.19070
1-2 0.34247 0.14379 *
1-3 0.25724 0.16455 *
2-3 -0.08523 0.15531

*denotes a statistically significant difference
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