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Abstract

The survival motor neuron (SMN) gene was lacking in 6/12
patients with arthrogryposis multiplex congenita (AMC) as-
sociated with spinal muscular atrophy (SMA). Neither point
mutation in the SMN gene nor evidence for linkage to chro-
mosome 5q13 were found in the other patients. Hitherto, ar-
throgryposis was regarded as an exclusion criterion in SMA.
Our data strongly suggest that AMC of neurogenic origin is
genetically heterogeneous, with a subgroup being allelic to
SMA. Absence or interruption of the SMN gene in the
AMC-SMA association will make the diagnosis easier and
genetic counselling will now become feasible. (J. Clin. In-
vest. 1996. 98:1130-1132.) Key words: motor neurons e
Werdnig-Hoffmann disease « inherited « congenital contrac-
tures « gene

Introduction

Arthrogryposis multiplex congenita (AMC)! is a frequent se-
quence of congenital joint fixation (incidence: 1/3000 live
births) secondary to decreased fetal movements in utero (1, 2).
AMC has been ascribed to either oligohydramnios or a variety
of diseases involving the central nervous system, skeletal mus-
cle, or spinal cord. Since neuronal degeneration and neu-
ronophagia occur in the anterior horns, it has been hypothe-
sized that the AMC of neurogenic origin could be related to
acute spinal muscular atrophy (SMA type I, Werdnig-Hoff-
mann disease) (3). SMA type I is characterized by severe, gen-
eralized muscle weakness and hypotonia in the first six
months. Death, from respiratory failure, usually occurs within
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the first two years. This disease may be distinguished from the
intermediate (type II) and juvenile forms (type III, Kugelberg-
Welander disease) (4). The underlying biochemical defect(s)
remain(s) unknown. Recently, we have identified the survival
motor neuron (SMN) gene as the SMA-determining gene,
since it is either absent or interrupted in 90-100% of typical
SMA patients (5-7) and patients retaining the gene carried in-
tragenic SMN mutations (5, 7). Yet, variants of infantile SMA
with cerebellar hypoplasia, pontocerebellar degeneration,
multiple long bone fractures at birth or congenital heart de-
fects (CHD) with or without joint contractures have been de-
scribed (9). Recently, we have shown deletions of the SMN gene
associated with SMA and CHD (10). Here, we describe SMN
gene deletion in 6/12 patients with the AMC-SMA association.

Methods

Families. A total of 12 unrelated patients including eight males and four
females of various geographic origins was selected in this study. Inclusion
criteria were (a) congenital joint contractures of at least two regions
of the body (1); (b) generalized muscle weakness with muscular atrophy
and areflexia, without extraocular involvement; (c) electromyo-
graphic studies showing denervation and diminished motor action po-
tential amplitude; and (d) muscle biopsy consistent with denervation
with no evidence of storage material or other structural abnormalities (4).

DNA analyses. DNA was extracted from peripheral blood leuko-
cytes, lymphoblastoid cell lines or muscle tissues.

Dinucleotide repeat polymorphism analysis. For genotyping using
markers C272 (D5F15081,-S2) and C212 (D5F149S51, S2), amplifica-
tion conditions were as follows: denaturation 94°C, annealing 55°C,
extension 72°C, for 1 min each, for 30 cycles (11).

SMN gene analysis. Only two discrepancies in exons 7 and 8 have
been described between SMN gene and the centromeric copy (5).
Single strand conformation polymorphism (SSCP) analysis of exons 7
and 8 PCR amplified products allowed the SMN and the centromeric
genes to be distinguished. SMN exons 7 and 8 were studied by SSCP
analysis after PCR amplification of genomic DNA (200 ng) using un-
labeled primers R111- 541C770 (exon 7) and 541C960-541C1120
(exon 8) (5). The other exons were studied by SSCP analysis after
PCR amplification of genomic DNA (200ng) using unlabeled primers
flanking each exon (12).

Results

The diagnosis of AMC-SMA association was made at birth with
an uniform phenotype characterized by a severe hypotonia,
absence of movements except extraocular mobility and con-
genital joint contractures of at least two regions of the body (Fig.
1 and Table I). The contractures involved either distal joints only
(cases 9 and 10) or distal and proximal joints (cases 1-8, 11—



Table I. Clinical and Genetic Characteristics of AMC-SMA Patients

Case
1 2 3 4 5 6 7 8 9 10 11 12%

Sex m f m m m m m m f f f
Age of death ds8 dé d1 d2s d11 d13 4mo >3yr >3yr d20 >9yr >16mo
Decreased fetal movements + + - + — - + - + - + +
Hypotonia at birth + + + + + + + + + + + +
Respiratory involvement at birth + + + + + + + - + + - —
Neurogenic EMG nd + + + + + nd + + + + +
Muscle atrophy (MB) + + + + + + + + + + + +
Contractures

Hips - - - - + - + - - + +

Knees + + + + + - + - - + +

Ankles + - - + — - — + + + + +

Elbows — + + + — — + + — _ _ _

Wrists - + + - + + + + — + _

Fingers - + - — + + - _ _ _ _
Associated signs facial Ao.Co - - - - fract. - facial  facial  facial -

micro micro  micro  micro

C212/C272 markers + + del/+  del/+ + del/+ + + unlink + + +
SMN gene del del del del del del + + + + + +

+, present; —, absent; Ao.Co, aortic coarctation; Fract., bone fracture; Facial. micro, facial involvement with micrognathia; nd, not done; MB, muscle
biopsy; del, homozygous deletion; unlink, disease locus unlinked to chromosome 5q13. *Both the child and her father were affected.

12). Joint involvement ranged from two affected joints (case 9)
to severe generalized postural defects (cases 2 and 8, Table I).
Decreased fetal movements were noted in 7/12 patients and
neonatal respiratory distress was observed in 9/12 patients re-
quiring artificial ventilation. Four infants are still alive but
most of them (8/12) died within the first month of life due to
respiratory failure. Facial involvement associated with micro-
gnathia was noted in 4/12 patients. No family history was noted
except in family 12 in which both the child and her father were
affected suggesting an autosomal dominant form of AMC.
Table I shows that SMN exons 7 and 8 were lacking on both
mutant chromosomes in 6/12 patients (cases 1-6, Fig. 2). Anal-
ysis of loci detected by markers C212 and C272 mapping up-
stream from the SMN gene showed that 3/6 patients had a large
inherited deletion involving both loci on one parental allele, the
other parental allele carrying only one locus instead of the ex-
pected two (Fig. 2). Analysis of the other SMN exons and
exon-intron boundaries did not reveal intragenic mutations in
the patients retaining the SMN exons 7 and 8 (cases 7-12, not
shown, available on request). In addition, genetic analysis of
family 9 showed that both the affected and the healthy sibs car-
ried the same 5q13 haplotype using markers flanking the SMN
gene suggesting that the disease gene was not linked to chromo-
some 5q13 (not shown). Exclusion of chromosome 5q has also
been shown in one family with two AMC-SMA patients (13).

Discussion

The International SMA Consortium has established a number
of inclusion and exclusion criteria for classical SMA (4). In-

Figure 1. Clinical characteristics of patient 2. Note the flexion contrac- bt el E s B
tures of hips, knees, elbows, and wrists with ulnar deviation and fingers.
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Figure 2. Genetic analysis of family 6. (A) Family study based on mi-
crosatellite marker C272. Note the non contribution of the mother to
his affected child. Dots indicate allelic fragments. (B—C) SSCP analy-
sis of PCR-amplified exons 7 (B) and 8 (C) of SMN (closed arrow-
heads) and its centromeric copy (open arrowheads). SMN exons 7 and
8 are present in parents but not in patient. F, father; M, mother; A, af-
fected infant.

deed, atypical forms of infantile SMA with cerebellar hypopla-
sia, pontocerebellar degeneration, multiple long bone frac-
tures at birth or congenital heart defects (CHD) have been
described and could represent separate entities with a different
genetic basis (4, 9). One of the exclusion criteria was in fact ar-
throgryposis with severe and generalized contractures.

Our observation of SMN gene deletion in 6/12 patients
(50%) showing either mild or severe generalized contractures
strongly supports the view that this subgroup and classical
SMA are allelic disorders as recently shown in the CHD-SMA
association (10). Interestingly, all the patients harboring SMN
gene deletion had a severe progressive course with a fatal out-
come due to respiratory failure within the first month of life
whereas 4/6 patients without SMN gene deletion had severe
hypotonia at birth without progressive course such as de-
scribed in Werdnig-Hoffmann disease, with death usually oc-
curring within the first two years (4).
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Thus, the SMN gene should be carefully investigated in AMC
patients with evidence for spinal cord involvement. Yet, AMC of
neurogenic origin remains a genetically heterogeneous condition
as the SMN gene was not mutated in 6/12 patients. SMN gene
analysis will make the diagnosis easier in the AMC-SMA associ-
ation, thus contributing to clarify the nosology of AMC. SMN
gene deletion should be of help in the genetic counselling of this
association, and prenatal diagnosis will now become possible.
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