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A patient severely affected by spinal neurofibromas
carries a recurrent splice site mutation in the NF1 gene
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Spinal neurofibromas are found in up to 38% of NF1 patients. However, they cause clinical implications only
in about 5% of the patients. In contrast, multiple symptomatic spinal neurofibromas are the main clinical
finding in patients with familial spinal neurofibromatosis. Familial spinal neurofibromatosis has been
considered to be a distinct clinical form of neurofibromatosis. Linkage analysis in two families and
identification of a NF1 gene mutation in a third family strongly associate spinal neurofibromatosis with the
NF1 gene. We describe a NF1 patient who satisfies the NIH diagnostic criteria and has severe spinal
involvement with bilateral spinal root neurofibromas at every level. A recurrent splice site mutation (IVS19b-
3C4G) was identified in the NF1 gene in the patient. We discuss the possibility that the clinical picture of this
patient represents an additional example of spinal neurofibromatosis. By comparison of the clinical
expression of NF1 in this patient and that in another patient with the identical mutation the hypothesis that
spinal neurofibromatosis is associated with a particular mutation is highly unlikely. The involvement of other
genes linked to the NF1 gene or modifying genes is currently the most likely explanation for the clinical
phenotype of spinal neurofibromatosis.
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Introduction
Neurofibromatosis type 1 (NF1 (MIM 162200)) is one of the

most common autosomal dominant disorders, affecting

approximately 1 in 3500 individuals. A hallmark of NF1 is

the extreme heterogeneity in clinical expression, even

among related individuals carrying the same mutation.1,2

Each of the classical signs of NF1 such as cafeÂ au lait spots

(CLS), iris Lisch nodules and cutaneous neurofibromas are

found in more than 90% of the patients. Other features are

found less frequently.

Spinal neurofibromas with clinical implications are re-

ported in only about 5% of NF1 patients.3 ± 5 This estimate

may be too low, since, MRI studies in randomly selected

asymptomatic NF1 patients show that spinal neurofibromas

are found in up to 38% of patients.4,6 ± 8 Tonsgard et al4 report

that paraspinal masses particularly of the thoracic region

frequently involve symmetrically multiple vertebral levels.

However, multiple neurofibromas symmetrically affecting all

vertebral levels of the cranial, thoracic and lumbar spine have

so far only been described in patients with familial spinal

neurofibromatosis (FSNF (MIM 162210)). FSNF with multiple

spinal cord neurofibromas as its main clinical feature has,

therefore, been considered an alternate form of neurofibro-

matosis.9 ± 11
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In this report we present a patient severely affected by

spinal neurofibromas carrying a recurrent splice site muta-

tion and fulfilling the NIH criteria for NF1.

Clinical report
At the age of 25 years a female patient (NF1399) presented

with incomplete paraparesis in arms and legs, and a

sensory deficit below the craniocervical region. Magnetic

resonance tomography (MRT) revealed severe spinal

involvement as multiple paraspinal nerve sheath tumours

were found symmetrically on either side of each segment

of the vertebral column from the craniocervical junction

to the sacrum (Figure 1). Intracranially, no masses were

demonstrable at any of the cranial nerves. No optic or

hypothalamic gliomas or meningiomas were demonstrated.

Further, it was shown that numerous dumbbell-neurofi-

bromas encroached the spinal canal through the enlarged

intervertebral foramina at several cervical and lumbar

levels and caused myelum- and cauda-equina compression

(Figure 2). These intradural extramedullary tumours led to

a series of surgical interventions. Histo-pathologic exam-

ination revealed a homogenous morphologic pattern in all

spinal neurofibromas composed of spindle-shaped tumour

cells in a myxomatous stroma enclosing collagen fibres

and ganglion cells. Immunhistochemical study was patho-

logically positive with the diagnosis of neurofibromas. In

addition, one excised cutaneous lesion also was diagnosed

as being a neurofibroma.

The patient herself reported that NF1 was suspected from

the age of 10 years when several CLS were found and four to

five lumps in her left leg and over the right muscles. On

admittance, patient NF1399 fulfilled the NIH criteria of NF1

due to the presence of numerous cutaneous neurofibromas in

addition to CLS and axillary freckling (Table 1).

According to the patient's report both her parents did not

show any signs of NF1, such as CLS, freckling or neurofi-

bromas. Neither of her parents had a medical history of brain

or spinal cord tumours nor did they show scoliosis or other

osseous lesions. Further, patient NF1399 reported that her

sister (NF1500) has been diagnosed with NF1, as well, due to

three lumps at her left ankle and calve. However, patient

NF1500 did not show CLS, freckling, Lisch nodules or other

clinical signs of NF1. Neuroimaging did not reveal spinal

neurofibromas in the patient NF1500.

Molecular analysis

For protein-truncation testing (PTT) total RNA of the

patient NF1399 and of healthy individuals was extracted

from PHA-stimulated short-term lymphocyte cultures trea-

ted with and without puromycin.12 The entire cDNA of the

NF1 gene was PCR amplified in five overlapping fragments

using primer pairs as described.13 PCR products were

subjected to a transcription/translation reaction and the

synthesised polypeptide fragments subjected to electro-

phoretic separation.

The analysis of the second segment (S2) nucleotides 1486-

3583 (exon 10B to 21) of the NF1 cDNA revealed in the

patient a shortened fragment in addition to the normal

product (Figure 3a). According to the size of the shortened

peptides the mutation was suspected within the second half

of the analysed fragment. Therefore, a RT ± PCR product of

exons 15 ± 21 of the NF1 gene was generated from RNA of the

patient using the sense primer P714 and the antisense primer

of fragment S2. The PCR product was cloned into an AT-

cloning vector and individual clones were subjected to

sequence analysis. Loss of exon 20 was detected in five of

14 analysed clones. In one clone the first 39 bp of exon 20

were missing due to the use of a cryptic splice acceptor site

present in exon 20. The remaining eight clones contained

full-length cDNA. These results were highly indicative for a

mutation affecting the splice acceptor site of exon 20. For

sequence analysis of exon 20 and its flanking intronic

sequences genomic DNA was digested with the restriction

enzyme BmyI, that cuts specifically the NF1 pseudogene DNA

sequence mapped to chromosome 15 (accession no.

AC023191 or AC037471), but leaves the sequence of the

NF1 gene itself uncut. Subsequently, PCR amplification was

performed using primers specific for exon 20 as described.15

We identified a C to G transversion at the base-3 of the 5'-
splice site of exon 20 in the patient NF1399 (Figure 3b).

Sequence analysis of exon 20 clearly excluded the presence of

this mutation IVS19b-3C4G in the patient's sister NF1500,

in whom also PTT was unable to reveal any other truncating

mutation. Mutation IVS19b-3C4G has been described

previously in a classic NF1 patient.16

Figure 1 T2-weighted MRT of the thoracic spine: (a)
Neurofibromas (arrows) affecting all spinal nerve roots shown in
frontal section. Contrary to the findings in the cervical and in
lumbar spine, these neurofibromas extend laterally without
involving the spinal canal. (b) This is confirmed by the normal
image of the thoracic myelum and the entire midsagittal section.
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Discussion
We present here a NF1 patient with exceptionally severe

spinal involvement. Spinal neurofibromas, which frequently

affect multiple vertebral levels, are found in up to 38% of NF1

patients.4,6 ± 8 However, they cause clinical implications only

in about 5% of the patients.3 ± 5 In contrast, multiple

symptomatic spinal neurofibromas are the main clinical

finding in patients with familial spinal neurofibromato-

sis.7,17 ± 19 Because of the extensive phenotypic variability

typical of NF1 even among members of the same family, the

observation of spinal neurofibromatosis in all affected

members is striking. Thus, familial spinal neurofibromatosis

FSNF or SNF has been regarded as an alternate form of NF1. In

addition to the presence of multiple spinal neurofibromas

FSNF is characterised by very mild cutaneous signs of NF1 in

the affected patients. Based on three multi generation

families CLS were considered the sole cutaneous sign present

in all affected family members.7,17,19 Recently, Kaufmann et

al18 described two families which presented with severe

spinal involvement, but did not show CLS. Although overall

the cutaneous features are very mild in the affected in these

families several of them show additional dermal features as

may be deduced from Table 2. Thus, several of the probands

in these families fulfilled the criteria for classic NF1 if the

cutaneous signs were taken into account.

Due to the lack of other affected family members the

diagnosis of FSNF may not unequivocally be made in the here

presented index patient. Further, our patient does not fit the

strict criteria for SNF, since she shows cutaneous features that

are sufficient to fulfill the NIH criteria for NF1. However, the

severe spinal involvement in this patient is striking and may

indicate that this patient belongs to the distinct clinical

entity of spinal neurofibromatosis.

It has been discussed that the type of NF1 mutation may

have a specific effect that explains the severe neurological

phenotype of SNF.17 The splice mutation found in our patient

has also been identified in a classic NF1 patient and her

similarly affected father.16 Spinal MRI of the latter patient did

not reveal any evidence of spinal neurofibromas, hence

demonstrating a lack of genotype-phenotype correlation

with respect to this specific mutation. The clinical pheno-

types of the patients carrying the identical mutation are

summarised in Table 1. Similarly, Kaufmann et al18 found in

one of the described families with severe spinal involvement

a recurrent splice mutation that caused classical NF1 in

another unrelated patient. Furthermore, it is assumed that

most germline mutations in NF1 patients result in haploin-

sufficiency through the reduction of neurofibromin le-

vels.13,15,20 Hence, the involvement of modifying genes is

currently the most likely explanation for the clinical

phenotype of spinal neurofibromatosis.

Figure 2 Contrast-enhanced T1-weighted magnetic resonance
tomography (MRT) of the cervical spine: (a) Neurofibromas at
the C2-, C3- and C4-spinal nerve roots extending far into the
spinal canal (white arrows). (b) Axial section through C3/4
demonstrates the typical enlarged intervertebral foramen caused
by neurofibromatous tumour growth (black arrows) and severe
myelum compression (black arrowheads). Note that also the
contralateral nerve root appears thickened as it is enhanced by
contrast uptake (white arrow).

Table 1 Clinical features of 2 NF1 patients with the
mutation IVS19b-3C4G

Patient NF1399 Patient NF025

Age (years) 27 20
Multiple CLS present present
Cutaneous neurofibromas present present
Lisch nodules absent absent
Freckling present present
Optic nerve glioma absent absent
Specific bone dysplasia absent absent
Spinal neurofibromas present absent
Mild mental retardation absent presenta

aThe affected father of patient NF025 lacks the feature mental
retardation.

a b

Figure 3 (a) PTT results of segment S2 of a control person (C)
and our patient (pat.). RNA for RT ± PCR was extracted from PHA
stimulated short term cultivated blood lymphocytes treated with
(+P) and without puromycin (7P). The wild-type (wt) and
aberrant band caused by loss of exon 20 (3314del182) are
indicated. (b) Sequencing results of exon 20 and its adjacent
intronic sequences of the patient and a control individual
(contr.). In the patient heterozygosity for C and G at base-3 of
the splice acceptor site of intron 19b is indicated by an
arrowhead.
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The here-presented NF1 case further illustrates the

difficulties of counselling patients with border-line clinical

features of NF1. This is of particular interest in cases of

suspected spinal neurofibromatosis which is hallmarked by

very mild cutaneous expression. Moreover, oligosympto-

matic expression of NF1 has been reported also in patients

without spinal involvement.21 Our index patient's sister

(NF1500) has been suspected to have NF1 for many years due

to her first degree relationship with a NF1 patient and

multiple lumps at her calves that were in location and size

comparable to her sister's (NF1399) neurofibromas. However,

no other clinical signs of NF1 were detectable and neuroima-

ging in patient NF1500 did not reveal spinal neurofibromas.

Moreover, the medical history of the parents who were not

available for further clinical or molecular investigation was

unremarkable. Thus, molecular analysis rendered the clinical

diagnosis for NF1 in patient NF1500 highly ambiguous.

The case of the here-described sisters demonstrates that

reaching conclusions on the genotype-phenotype correla-

tion in NF1 remains a major challenge. The latter may be met

adequately only if the phenotypic descriptions of the

patients are carefully detailed on the one hand and if more

powerful mutation detection technologies16 are applied on

the other hand.
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