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Abstract

Scheuermann juvenile Kkyphosis or
Scheuermann disease is the most fre-
quent cause of kyphosis in adolescence.
However, the natural history and genetic
basis is still unknown. Reports of identi-
cal radiological changes in monozygotic
twins, sib recurrence, and transmission
over three generations suggest underly-
ing heritability. In this study, 12 pro-
bands were referred to us. Upon radiolo-
gical examination of the proband’s
parents and sibs, seven were shown to
have familial Scheuermann disease with
an autosomal dominant pattern of in-
heritance. Of the remaining five pro-
bands, four had chromosomal anomal-
ies. The three largest pedigrees were
subjected to linkage analysis with three
candidate genes: Duffy, COL1A1l, and
COL1A2. Linkage of Scheuermann dis-
ease was excluded with Duffy (lod score
= —2:195 at 6=0-10) and COL1A2 (lod
score = —2:750 at 6=0-05) in these fami-
lies.

Scheuermann juvenile kyphosis or Scheuer-
mann disease is the most frequent cause of
kyphosis during adolescence! with a popula-
tion prevalence of approximately 8:3%.2 Itis a
progressive disorder with onset in late child-
hood or early adolescence and has been
reported to occur more frequently in boys than
girls. Scheuermann disease is characterised by
lumbar or thoracic kyphosis or both (fig 1),
back pain, and a variety of vertebral changes
including wedging, end plate irregularity, nar-
rowing of disc spaces, Schmorl’s nodes, and
detached epiphyseal rings (fig 2). The natural
history and genetic basis for this disorder has
yet to be elucidated. Almost complete identity
of radiological changes in monozygotic twins
suffering from Scheuermann disease suggests
there is a major heritable contribution.’? A
number of reports support autosomal domin-
ant inheritance of this disease in some fami-
lies.>® In the present study, 12 probands with
diagnosed Scheuermann disease were referred.
Upon radiological examination of the pro-
band’s parents and sibs, it was established that
there was a familial incidence of the disease in
seven families. These families were investi-
gated further and an autosomal dominant form
of inheritance was probable in all seven. In
order to elucidate the genetic basis of Scheuer-
mann disease in these families, several candi-
date genes were selected for linkage studies.
In the three generation family reported by
Kelwalaramani et al,* Scheuermann disease

cosegregated with  Charcot-Marie-Tooth
neuropathy (CMT) in an autosomal dominant
pattern. Some forms of CMT have been loca-
lised to centromeric chromosome 1 markers
including the Duffy blood group (1p2-1q2)™*°
with a combined maximum lod score of 7-08 at
0=0-1."° To investigate whether Scheuermann
disease could also be localised to chromosome
1, linkage studies were performed between the
three pedigrees described in this study and
Duffy. Additionally, histological studies have
shown defective collagen fibre formation
within the cartilagenous end plates of vertebral
bodies in persons suffering from Scheuermann
disease,!' 2 suggesting that a defect may exist
in collagen biosynthesis. Defects in type I
collagen have been shown to be responsible for
several of the variants of osteogenesis imper-
fecta’*'® and Ehlers-Danlos syndrome type
VIIIA.' Type II collagen has also been impli-
cated in other connective tissue diseases such
as Stickler’s syndrome,'” spondyloepiphseal
dysplasia,'® and primary osteoarthritis associ-
ated with mild chondrodysplasia.’® As
Scheuermann disease is a connective tissue
disorder with defective collagen fibre forma-
tion, COL1A1 and COL1A2, which code for

Figure 1 Lateral truncal view of 45 year old proband
in family 1 with thoracic kyphosis caused by
Scheuermann disease.
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Figure 2 Lateral spine radiograph of a 14 year old boy showing some radiological
features of Scheuermann disease including irregular end plates and vertebral wedging.

the two subunits of human collagen type I,
proal(I) and proa2(I), were considered appro-
priate candidate genes for linkage studies.

Materials and methods

FAMILIES

Twelve subjects with Scheuermann disease,
selected for a suspected family history or addi-
tional genetic anomaly, were referred for in-
vestigation. Blood samples were collected and
a complete family pedigree and history was
taken. Upon radiological examination of each
proband’s parents and sibs, seven families
were shown to have familial Scheuermann
disease. From these seven families blood was
collected from 98 subjects, 49 of whom were
affected. Radiographs were obtained from each
family member and interpreted independently
by a radiologist with special expertise in bone
dysplasias. All bloods were typed for Duffy
(Fy), ABO, Rh, MNS, P, Kell, Le, Lu, and JK
to confirm parentage. Subjects were diagnosed
as having Scheuermann disease if they showed
radiological evidence of vertebral wedging, ir-
regular end plates, Schmorl’s nodes, narrow-
ing of disc spaces, detached epiphyseal rings,
and lumbar or thoracic kyphosis.
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Figure 3 Age of diagnosis (age penetrance) curves
drawn from population screening studies of Sorenson®
and Marciniak.”

DNA EXTRACTION, SOUTHERN BLOTTING, AND
HYBRIDISATION

DNA was extracted from heparinised whole
blood, digested with restriction enzymes
according to the manufacturer’s directions,
and run on 0-8% agarose gels using standard
methods.?? DNA was transferred to Hybond-
N membranes (Amersham Aust Pty Ltd) and
hybridisations were performed as suggested by
the supplier, using (**P)-dCTP nick trans-
lated probes.

PROBES

The probe p2FC.6 was obtained from P Tsi-
pouras.?! It spans an Rsal generated polymor-
phism from near the 5’ end of human COL1ALl.
The probe NJ/4.1 was also supplied by P
Tsipouras?? and spans a Stul polymorphism
from near the 3’ end of the human COL1A2
gene. NJ/4.1 also detects an Mspl RFLP. How-
ever, this polymorphism was not informative
for any of the families tested in this study.

Family 1

. e
il ot e

Family 3

Figure 4 Pedigrees of families 1, 2, and 3. Subjects from whom DNA and x rays were analysed are marked with a

black square.
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Table 1 Linkage results of Scheuermann disease and Duffy lod scores with 6,=0,.

Recombination fraction

0-001 0-05 010 015 0-20
-1-141 —-0-123 0-048 0-103 0-110
—3-493 —1-141 —0-663 —0-412 —0-258
-5-640 —2212 —1-580 —1-201 -0-925

—-10-274 —3-476 —=2:195 —-1-510 —-1-073

LINKAGE ANALYSIS

The computer program LIPED? was used for
calculation of lod scores between the Scheuer-
mann disease locus and individual markers at
various recombination fractions. The maxi-
mum gene frequency for Scheuermann disease
was estimated at 0-04. Age of onset was also
included as a variable (fig 3).

Results

Twelve probands were referred with diag-
nosed Scheuermann disease. Blood samples
were collected from all 12 and extensive family
histories were taken. After radiological exami-
nation it was shown that seven of the families
investigated had familial Scheuermann dis-
ease. Radiographs were not reviewed for any
family members under 8 years. Of the remain-
ing five probands, four had chromosome an-
omalies. One patient had a chromosome 2
anomaly (46,XX,2q+) and the remaining
three had sex chromosome anomalies
(47,XYY, 47,XXY, and 45,X0). Additionally,
two affected subjects from family 3 were men-
tally retarded males (with no dysmorphology).
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Figure 5 RFLPs used in Scheuermann disease studies. (A) COL1A2 Stul RFLP.
Homozygotes have either 11-5 kb (data not shown) or 6-5/5 kb (lanes 2, 5-12) bands.
Heterozygotes show all three bands (lanes 1, 3,4). (B) COL1A1 Rsal RFLP.
Homozygotes have either a 2-6 kb (lanes 1, 3-8, 11, 12) or a 3-6 kb (lane 2) band.
Heterozygotes show both bands (lanes 9, 10).
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Of the 49 affected subjects, 26 were male and
23 were female. x? analysis showed there was
no statistical difference between the number of
affected males and females (x2=0-09, p < 0-05).

All seven families with familial disease
showed a pattern of autosomal dominant in-
heritance with the possible exception of two of
the smaller families, where X linked inherit-
ance could not be ruled out. Three multigener-
ational families with sufficient family members
consenting to radiographic and DNA studies
to allow inclusion in the study were suitable
for linkage analysis (fig 4). Linkage to Duffy,
COL1Al, and COL1A2 was investigated.

The frequency of the two common Duffy
(Fy) alleles a and b is 0-45 and 0-55 respect-
ively. All three families were informative for
Duffy. Families 2 and 3 showed non-linkage
to Duffy at 5cM or less (Z=—2-212 at
0=0-005). Lod scores for family 1 showed only
probable non-linkage giving Z= —1-267 at
0 cM. However, the combined maximum lod
scores of all three families showed non-linkage
with Duffy at 10cM or less (Z= —2-195 at
0=0-01) (table 1).

The probe NJ1/4.1 contains 4-1kb of
human cDNA from near the 3’ end of the
proa2(I) collagen gene (COL1A2). NJ1/4.1
identifies a Stul RFLP. Homozygotes for the
+ allele show an 11-5kb band and homozy-
gotes for the — allele show bands of 6-5 kb and
5 kb. Heterozygotes show all three bands (fig
5A). The frequencies of the + and the —
alleles are 0-918 and 0-082 respectively. Family
3 was not informative giving a lod score of
—0-756 at 0 cM. Family 1, however, showed
non-linkage to proa2(I) at 5cM (lod score =
—2:248 at 0 =0-05). Combining the maximum
lod scores of families 1 and 2 excluded linkage
with proa2(I) at 5cM or less (Z= —2-750 at
0=0-05) (table 2).

The probe p25C.6 contains 1-8 kb of human
cDNA from near the 5’ end of the proal(I)
collagen gene (COL1A1). p2FC.6 identifies an
Rsal RFLP. Homozygotes for the + allele
show a 2-6 kb band and homozygotes for the —
allele show a 3-6 kb band. Heterozygotes show
both bands (fig 5B). The frequencies for the +
and — alleles are 0-86 and 0-14 respectively.
Probably because of the low frequency of the
— allele generated by p2FC.6 (PIC=0-21),
neither family 2 nor 3 was informative for
COL1A1l polymorphism. The lod scores
generated by linkage analysis with family 1
showed only probably non-linkage to
COL1A1 (Z= —1-321 at 0=0) (table 3).

Autoradiographs of Southern blots of both
the families’ DNA and DNA from the remain-
ing five probands not included in the collagen
type I linkage studies showed only the
expected RFLPs indicating that in these cases
Scheuermann disease was not the result of a
major deletion or insertions in the regions
spanned by either NJ/4.1 or p2FC.6.

Discussion

Scheuermann disease has received a large
amount of attention in medical publications of
recent years. Primarily these reports have
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Table 2 Linkage results of Scheuermann disease and COLIA2 lod scores assuming

=0,
Recombination fraction
Pedigree
designation 0 0-001 0-05 0-10 015 0-20
1 - —4-812 —2-248 —1-486 -0-994 —0-648
2 —-0-756 —0-748 -0-502 -0-367 -0-280 -0-218
Total — o -5560 —-2-750 -1-853 -1-274 —0-866

centred on clinical descriptions,?? lifestyle
influences on the disease process,” and medi-
cal management strategies.®® While Scheuer-
mann disease is recognised as a discrete disease
and medical practitioners are aware of both the
negative cosmetic and clinical effects of this
disorder, the natural history and genetic basis
is still unknown.

While this study cannot be a population
genetic study because of the biased ascertain-
ment of the probands, it shows that radiologi-
cal evidence of Scheuermann disease may be
more frequent in families than previously sus-
pected from the frequency of Scheuermann
kyphosis.

The results of this study do not support
previous reports of Scheuermann disease
affecting more males than females. It is pos-
sible that males generally play more contact
sport or are involved in more labour intensive
work than females. This may lead to an
increased incidence of back pain and hence
more frequent presentation of males to ortho-
paedic clinics.

The results from this study excluded linkage
of the Scheuermann disease locus to the cen-
tromeric chromosome 1 marker, Duffy. It has
recently been shown that CMT is a heterogen-
eous disorder® with some families showing
linkage to chromosome 17 loci.?? If the co-
segregation of CMT and Scheuermann disease
in the family described by Kelwalaramani ez
al* is a result of mutation of closely linked
genes, then it may be that Scheuermann dis-
ease can be localised to one of the newly
emerging CMT localisations. Linkage analysis
using NJ1/4.1 gave a maximum lod score of
—2750 at 0=0-05, which conclusively
excluded the COL1A2 gene as a mutation site
in Scheuermann disease in the families tested.

Owing to lack of highly polymorphic sites in
COL1ALl, lod scores only indicated probable
non-linkage. The discovery of additional
highly polymorphic sites in COL1A1 has still
to be resolved. While the present study indic-
ates that Scheuermann disease is probably not
the result of a defect in collagen type I, the
relationship between this disorder and other
fibrillar collagen genes still remains unknown.
This analysis is currently being performed.

Table 3 Linkage results of Scheuermann disease and COL1A1 lod scores assuming

6,=06,
Recombination fraction
Pedigree
designation 0 0-001 0-05 010 015 0-20
1 -1-321 —1-308 —0-848 —-0-571 —0-386 -0-254
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We have reported four subjects who have
Scheuermann disease and chromosome anom-
alies, three of whom had sex chromosome
anomalies. In a survey performed by Muller
and Gschwend,?? 10 out of 22 cases of Turner’s
syndrome were shown to have Scheuermann
disease. Additionally they presented a case
report of a patient with both Klinefelter’s
syndrome and Scheuermann disease. As the
clinical manifestations of Scheuermann disease
coincide with puberty, it may be that Scheuer-
mann disease is influenced by hormonal/de-
velopmental factors. Further studies of unse-
lected groups of patients with sex chromosome
aneuploidy are indicated to confirm the fre-
quency of Scheuermann disease and XO,
XXY,and XYY respectively. The subject with
the chromosome 2 anomaly (2q+) was not
available for further evaluation.

This work has enabled planned follow up
studies of the cohort described in this report
which will give important information pertain-
ing to the natural history of Scheuermann
disease.

We gratefully acknowledge Professor T K F
Taylor and Dr J Cummine for referring
patients, Dr K Kozlowski for expert radiologi-
cal diagnosis, Dr J Donald and Dr D Ross for
assistance with LIPED, and the Red Cross
Blood Transfusion, Sydney for blood typing.
Dr Petros Tsipouras kindly supplied the
COL1A1 and COL1A2 probes used. This
study was supported by a grant from SPINE-
CARE.
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