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Introduction

ORIGINAL COMMUNICATION

Facioscapulohumeral muscular dystrophy

Phenotype-genotype correlation in patients
with borderline D4Z4 repeat numbers

Abstract Facioscapulohumeral
muscular dystrophy (FSHD) is as-
sociated with a decreased number
of D4Z4 repeats on chromosome
4q35. Diagnostic difficulties arise
from atypical clinical presentations
and from an overlap in D4Z4 num-
bers between controls and FSHD
individuals. Thus, a molecular ge-
netic test result with a borderline
D474 number has its limitations
for the clinician wanting to differ-
entiate between the diagnosis of
FSHD and a myopathy presenting
with FSHD-like symptoms.

To investigate this problem in
more detail we conducted a sys-
tematic study of 39 unrelated
FSHD patients with borderline
D4Z4 repeat numbers and 102
healthy controls. Our aim was
threefold: [1] to define the molecu-
lar diagnostic cut-off point be-
tween FSHD cases and the control
population, [2] to describe the my-
opathic spectrum in patients with

borderline D4Z4 repeat numbers
and [3] to look for correlations be-
tween D4Z4 number and clinical
severity.

The results indicate that there is
no definite D4Z4 diagnostic cut-off
point separating FSHD, FSHD-like
myopathies and controls. A broad
myopathic spectrum with four
phenotypes (typical FSHD, facial-
sparing FSHD, FSHD with atypical
features, non-FSHD muscle dis-
ease) was found in the borderline
region. The expected correlation of
D474 repeat number and clinical
severity was not found. Therefore
the molecular test is of limited help
to differentiate FSHD from FSHD-
like muscle disorders when the
D4Z4 numberisn= > 8.

Key words Facioscapulo-
humeral muscular dystrophy
(FSHD) - D4Z4 repeat - facial-
sparing FSHD - phenotypical
variety in FSHD

onset may vary widely between and within affected fam-

ilies [9].

A deletion of an integral number of 3.3 kb KpnlI re-

Facioscapulohumeral muscular dystrophy (FSHD) is an
autosomal dominantly inherited myopathy with a char-
acteristic pattern of muscular wasting and weakness in-
volving primarily face and shoulder girdle muscles.
Later on, foot dorsiflexors, lower abdominal muscles
and the pelvic girdle are affected. Extramuscular mani-
festations such as neurosensory hearing loss and retinal
vasculopathy are described. Clinical severity and age of

peats (D4Z4) in the subtelomeric region of chromosome
4 (4q35) is associated with the disease [18,23]. The dele-
tion leads to a reduction of D4Z4 repeats below a criti-
cal number on the FSHD-causing allele. The number of
remaining D474 repeats on the FSHD allele seems to be
directly related to the age at onset and progression of the
disease with low repeat numbers causing a more severe
phenotype [7].



Initially, FSHD patients were shown to exhibit on one
allele a repeat number smaller than seven units, whereas
their non-FSHD allele shows, like control alleles, higher
D474 numbers (n=2>8-100) [22, 23]. Later, the critical
number of remaining D474 repeats was raised for diag-
nostic purposes (n=9-10). At the same time it became
evident that in controls the smallest alleles found con-
tained 6-11 D4Z4 repeats [8, 13,17, 19]. Thus, a remark-
able overlap seems to exist between D4Z4 alleles in con-
trols and in FSHD individuals, making a definition of a
clear cut-off point difficult. Furthermore, single cases
with a typical FSHD phenotype but repeat numbers
clearly above the diagnostic threshold (n=2>11) and
single patients not completely meeting the diagnostic
criteria for FSHD but still within the D4Z4 diagnostic
range (n=38-10) were described [2, 3, 5, 13, 14, 20, 21].
Thus, a molecular genetic test result with a borderline
D474 number has its limitations for the clinician want-
ing to differentiate between the diagnosis of FSHD and
a myopathy presenting with FSHD-like symptoms. We
therefore initiated a systematic study to characterise
suspected FSHD patients with repeat numbers of n=>8
on a detailed clinical and molecular basis. The aim of the
study was threefold: (1) to evaluate whether there is a di-
agnostic cut-off point between FSHD cases and the con-
trol population, (2) to define the myopathic spectrum in
patients with borderline D474 repeat numbers, (3) to see
whether patients with large residual D4Z4 repeat arrays
(=borderline repeat numbers) display a specifically
mild phenotype.

Patients

A total of 39 unrelated patients (13 females, 26 males; age
at investigation 18-75 years) with a molecular genetic
test result of 8-14 D4Z4 repeats were recruited from our
records. Of these, 34 patients were personally re-exam-
ined by one of the authors (M. B.) and five patients were
classified on grounds of the clinical charts. The patient
sample comprised 12 familial and 27 sporadic cases.
Clinical examination at patients’ homes followed a
standardised protocol including a detailed medical his-
tory and a neurological examination. The neurological

Table 1 Distribution of clinical phenotypes in relation to D4Z4 repeat number
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examination included muscle strength testing according
to a modified MRC score and a FSHD severity scale [10,
11]. Laboratory, EMG and muscle biopsy data were re-
viewed.

The study was approved by the ethics committees of
the Universities of Marburg and Ulm.

Methods

D4Z4 repeat length determination (£3.3 kb=+1 D4Z4 repeat) was
carried out in patients’ DNA extracted from blood leucocytes. A dif-
ferentiation of specific 4q35-EcoRI-fragments and unspecific 10q26-
EcoRI-fragments was performed by double restriction analysis with
EcoRI and BInl. 4q35-EcoRI-fragments persist shortened by 3 kb,
whereas 10q26-EcoRI-fragments are cleaved into small units and are
no longer detectable. Uni-directional gel electrophoresis (0.5% gels)
with a high molecular weight marker as reference for sizing was fol-
lowed by Southern blot hybridisation with probe p13E-11 (D4F104S1)
[1]. D4Z4 repeat numbers were calculated from EcoRI-fragment sizes
as follows:

fragment size in kb - 5 kb flanking sequence
3.3kb

Eight and nine D4Z4 repeats (32-35 kb EcoRI fragment size) were de-
fined to be the upper diagnostic range for FSHD, 10-11 repeats (38-41
kb) were defined as grey-zone, whereas repeat numbers above 12
(=45kb) were considered to be beyond the diagnostic range for FSHD
(Table 1).

Translocations of 4q35 repeat arrays to chromosome 10 and 10926
repeat arrays to chromosome 4 are found in approximately 20 % of the
normal population. Only deletions of repeats on chromosome 4 cause
the FSHD phenotype, no matter whether they are chromosome 4 or
chromosome 10 derived [17]. Therefore in patients carrying a FSHD-
sized Binl-sensitive fragment,assumed to be of 10926 origin,a dosage
test was performed to rule out translocation events between chromo-
some 4 and 10 [15]. A further dosage test was performed in those pa-
tients, who did not show a typical FSHD phenotype and carried a
Blnl-resistant fragment to exclude that it is 10926 derived.

In 102 controls without any obvious sign of muscle disorder (49
male and 53 female volunteers, age 20-50 years) fragment sizes and
translocation status were determined using pulsed-field gel elec-
trophoresis (PFGE 0.8 % agarose gel in 0.5xTBE, 23h,21°C, pulse times
1-16 s, 200Volt).

number of repeats = [16].

Results

According to the diagnostic criteria defined by the Eu-
ropean Expert Group on FSHD, four phenotypes were

N Upper diagnostic range Grey-zone Beyond diagnostic range > 14 DAZ4 repeats
8-9 D474 repeats 10-11 D4Z4 repeats 12-14 D474 repeats (> 51kb)
(32-35 =3 kb) (38-41 + 3 kb) (45-51 = 3 kb)
FSHD 24/39 17 5 2 -
Facial-sparing FSHD 6/39 5 1 - -
Atypical FSHD 4/39 3 1 = =
Non-FSHD 5/39 2 2 1 -
Controls 102 3 4 17 78
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found in our patient sample: [1] typical FSHD, [2] facial-
sparing FSHD, [3] phenotype with atypical features for
FSHD, [4] non-FSHD phenotype [9]. The distribution of
the four phenotype categories in relation to D474 ranges
for all 39 patients are summarized in Table 1.

Typical FSHD: A total of 24/39 patients undoubtedly
fulfilled the diagnostic criteria for FSHD. As expected
most patients (n=17) had D4Z4 repeats within the di-
agnostic range. Five patients had D4Z4 repeat numbers
in the grey-zone, while two patients were clearly beyond
the diagnostic range.

Clinical presentation, age at onset and severity did
not differ between the three D474 ranges. The same was
true for the male to female ratio, creatine kinase (CK)
level and family history. In particular, the seven patients
with D4Z4 repeats outside the diagnostic range were
neither less severely affected nor had they later onset of
disease (Table 2).

Facial-sparing FSHD: A FSHD phenotype without fa-
cial involvement was found in six patients (Table 3). Five
patients had fragments within the diagnostic range, only
one patient showed 11 D4Z4 repeats. Interestingly, all fa-
cial-sparing FSHD patients were male. Examination of
the patients’ family members did not reveal any affected
relatives except for patient 5. His mother and both sis-
ters were shown to be subclinically affected with mild
shoulder weakness; both sisters additionally exhibited
facial weakness. According to the diagnostic criteria pa-
tient 5 had to be re-classified as typical FSHD, showing
the importance of a detailed examination of supposedly
unaffected family members.

Atypical FSHD: Four patients presented with atypical
features for FSHD. Their features and distribution are
shown in detail in Table 3. Three patients fell into the di-
agnostic range of 8-9 repeats, only one exhibited 11 re-
peats. The particular clinical features of the latter were
characterized by a one-sided atrophy of pectoralis,
trapezius and supraspinatus muscles without progres-
sion.

Non-FSHD phenotype: After careful clinical re-exam-
ination five patients were classified as lacking a FSHD
phenotype. Their patterns of muscle involvement and

atypical features argued against FSHD. Details are sum-
marized in Table 3. With respect to repeat size, two pa-
tients were found within the diagnostic range of 8-9 re-
peats, whereas two fell with 10 repeats into the
grey-zone. Only one patient showed 13 repeats, a repeat
number beyond the diagnostic range. The clinical pic-
tures were very heterogeneous, no pattern of clinical
presentation seemed to be specifically related to repeat
size. This was also true for extramuscular manifesta-
tions, laboratory and biopsy findings.

Control population: In our control population we
found 3 cases with D474 repeats in the upper diagnostic
range of 8-9 D474 repeats, 4 cases in the grey-zone of
10-11 D4Z4 repeats and 17 cases with 12-14 D4Z4 re-
peats. In total 24/102 presented with repeat numbers
from 8-14 (Table 1).

Special findings: Additional short Binl-sensitive
(10q26-derived) fragments from 10-48 kb were found in
12/39 patients. All these patients were disomic for 4q35
in the dosage test, thus the Blnl-sensitive fragments
most likely derive from chromosome 10 and are not as-
sociated with the FSHD phenotype. Patients with atypi-
cal or non-FSHD phenotype were disomic for 4q35 in
the dosage test, thus the Blnl-resistant fragment found is
most likely chromosome 4 derived.

Discussion

The present study provides evidence that there is no def-
inite D4Z4 diagnostic cut-off point separating FSHD,
FSHD-like myopathies and controls. A broad myopathic
spectrum with four phenotypes (typical FSHD, facial-
sparing FSHD, FSHD with atypical features, non-FSHD
muscle disease) is found in the three defined borderline
regions: upper diagnostic range, grey-zone and beyond
the diagnostic range. There are typical FSHD cases with
D4Z4 repeat numbers clearly beyond the diagnostic
threshold. No healthy control carried an allele of n<7
D4Z4 repeats, whereas in accordance with the literature
alleles in the upper diagnostic range were found in 3 %
of our controls [19]. Therefore, in our experience this

Table2 Clinical presentation of typical FSHD patients in relation to D4Z4 repeat number

n Sex Ageatonset ~ MRC  Severity! K (1u/1) Family history
males  females mild intermediate  severe positive  negative
Upper diagnostic range 17 9 8 15-40y 32-5 3 9 5 104-286 6 1
8-9 D4Z4 repeats
Grey-zone 5 4 1 13-20y 36-5 2 1 2 120-324 2 3
10-11 D4Z4 repeats
Beyond diagnostic range 2 1 1 16-18y 4-45 - 2 - not increased 2 -

12-14 D4Z4 repeats

1 Severity score according to Ricci et al. 1999: 0.5-1.5 = mild, 2.0-3.0 = intermediate, 3.5-5.0 = severe
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molecular test is of limited help to differentiate FSHD
from FSHD-like muscle disorders when the D474 num-
berisn= >8.

It is well accepted that there is a correlation between
clinical severity and D4Z4 repeat number: low repeat
number stands for early age at onset and severe clinical
course, whereas high repeat number means later age at
onset and milder course [7]. This correlation between
clinical severity and D4Z4 number has recently been
supported on an experimental basis [4, 12].It was shown
that a multiprotein complex (YY1, HMGB2, nucleolin)
binds to D474 and reduces the expression of the 4935
genes FRG1, FRG2 and ANT1. In contrast, a D474 dele-
tion results in a pathological overexpression of these
genes. It was shown by in vivo and in vitro studies that
the level of overexpression was inversely correlated to
the D4Z4 number. This indicates that D4Z4 repeat num-
ber is the major factor influencing the extent of the tran-
scriptional misregulation that leads to the FSHD pheno-
type. Therefore, one might expect predominantly mild
affections in FSHD patients with repeat numbers close
to normal. This, however, was not the case in our series.
No specifically mild phenotype was found in our FSHD
patients with borderline repeat numbers. Severe pheno-
types were even observed in the grey zone of 10-11 re-
peats. Thus, our results strongly suggest that other fac-
tors than D4Z4 repeat number contribute to the
phenotypic severity in the borderline region.

The five patients classified as facial-sparing FSHD
showed a pattern of scapulo-humero-peroneal muscle
involvement, age at onset and D474 range as seen in typ-
ical FSHD. Therefore we agree with other authors that
these cases form a subgroup of FSHD instead of a sepa-
rate disease entity of scapulohumeral myopathy [3, 5].

Our nine atypical and non-FSHD cases were very het-
erogeneous in phenotype and extramuscular manifesta-
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