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Mutations in the NF1 gene (17q11.2) cause neurofibromatosis
type 1 (NF1), a pleiotropic and progressive autosomal dominant
disorder with marked variability of clinical expression. Clinical
diagnosis is usually readily achieved in most adult and adoles-
cent patients due to the presence of at least two of the classic
signs of NF1. However, the absence of many of the disease-
defining features in young children frequently renders definite
diagnosis impossible in this age group. Particularly, clinical
diagnosis is challenging in young patients whose phenotypical
presentation does not lie within the common spectrum of “typi-
cal” NF1 features. Sensitive and reliable molecular genetic test-
ing can be of great help in these cases. Here, we report clinical
and molecular findings in a 2-year-old boy with features of NF1.

Severe growth retardation together with other dysmorphic fea-
tures was also suggestive for Silver-Russell syndrome (SRS) in
this patient. Molecular genetic testing identified a novel NF1
mutation and, thus, enabled a confident NF1 diagnosis despite
the unusual phenotypical presentation in this patient. (Pediatr
Res 58: 1265–1268, 2005)

Abbreviations
CLS, café-au-lait spots
CSH1, somatomammotropin hormone 1
MRI, magnetic resonance imaging
NF1, neurofibromatosis type 1
SRS, Silver-Russell syndrome

NF1 (MIM 162200) is one of the most common autosomal
dominant disorders, affecting approximately one in 3500 indi-
viduals. A hallmark of NF1 is the extreme heterogeneity in
clinical expression (1,2). Each of the classic signs of NF1 such
as café-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. In general, the major
clinical features appear in an age-dependent order. Multiple
CLS are usually the first clinical sign in NF1. However, CLS
are not exclusively found in NF1 but can also be a feature of
other conditions including SRS.

SRS was originally described by Silver et al. in 1953 (3)
followed by the description of five additional children by
Russell et al. in 1954 (4). Affected children are characterized
by severe retardation of length and weight at birth, short stature

in later life, and typical craniofacial abnormalities with small,
triangular face and prominent forehead resulting in a pseudohy-
drocephalic appearance (5). In addition, there is a wide variety of
less constant findings including skeletal asymmetry, fifth finger
clinodactyly, psychomotor retardation, and CLS (6). This pheno-
typical variance might reflect the heterogeneous etiology of SRS.
While most cases seem to be sporadic, various modes of inheri-
tance and involvement of several chromosomes have been de-
scribed (7). Most consistently, maternal uniparental disomy of
chromosome 7 (matUPD7) is observed in about 10% of patients
with a clinical diagnosis of SRS. Another candidate region is
localized on distal 17q within the growth hormone gene cluster.

In this report, we present a patient with multiple CLS, severe
growth retardation, and various dysmorphic features. Although
NF1 appeared to be the most likely cause for this phenotype,
the patient did not fulfill the diagnostic criteria as proposed by
the National Institutes of Health consensus conference on
neurofibromatosis in 1988 (8). Therefore, a clinical diagnosis
of NF1 could not be established in a strict sense. In contrast,
almost all clinical features of this patient were within the
phenotypical spectrum of SRS. Therefore, we performed mo-
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lecular genetic analysis for SRS and NF1 in the patient. The
results of the testing and the clinical features of the patient are
discussed in this report.

METHODS

Case. The boy presented here was born as the sixth child of a German
family; all other children in the family were boys as well, and none of them
was reported to have any severe illnesses, developmental retardation, or
suspicious phenotypical features. His parents were healthy, body measure-
ments (height, weight, head circumference) were normal, and there was no
history of CLS or any other NF-associated features. After an uneventful
pregnancy, he was delivered at 34 weeks of gestation by cesarean section due
to a breech presentation. Body weight at birth was 2270 g (50th percentile),
height was 48 cm (75th percentile), and head circumference was 33.5 cm
(50th–75th percentiles). Apgar scores (1 and 5 minutes postpartum) were 8 and
9, respectively. The first clinical examination of the child showed bilaterally
undescended testes but no other pathologic finding. Recurrent failure to feed
well during the newborn and infant period prompted laboratory tests of thyroid
function and revealed slight hypothyroidism. However, therapy with sodium-
L-thyroxine, which is maintained date, was unable to improve the feeding
difficulties. At the age of 10 months, CLS appeared and suggested NF1 as
underlying disease. The boy was then presented at the NF1 clinic of the local
children’s hospital for further evaluation. Except for CLS (Fig. 1),examination
of the boy did not reveal any other NF1-associated finding. Similarly, eye
examination was entirely normal. MRI of the brain showed a small hyperin-
tense focal lesion in the region of the left caudate nucleus. This is a typical
finding in pediatric NF1 patients and thus corroborating the provisional
diagnosis of NF1, although the diagnostic criteria as defined by the National
Institutes of Health consensus conference were not (yet) fulfilled in the patient.

While CLS did not significantly change over time, feeding problems and
delay in psychomotor development appeared to deteriorate in the following
months. In addition, the mother had noted inadequate heavy sweating of the
boy. At the age of 2 years, the boy was first presented in our NF clinic. At that
time, the boy had just acquired the ability to walk alone but was still unable to
speak. The following investigations were approved by our review board for
good clinical practice and were performed after informed consent had been
obtained from the boy’s parents. Neurologic examination revealed generalized
muscular hypotonia and absent tendon reflexes. His height (77 cm) was 5 cm
below the third percentile, his weight (7855 g) was 2500 g below the third
percentile. Only the head circumference (48.3 cm) was within normal range
(10th–25th percentiles). Together with low-set ears and prominent forehead,
this resulted in a pseudohydrocephalic appearance (Fig. 1). The anterior
fontanel was wide open but not bulging. Physical examination of the heart,
lungs, and abdomen was normal. Both testes were undescended with otherwise
normal male genitalia. Scattered over the whole body there were about 20
CLS, several of them were more than 5 mm in diameter. Axillary or inguinal
freckling and (sub)cutaneous neurofibromas were not noted. There were no
osseous malformations except for bilateral fifth finger clinodactyly (Fig. 1).

Laboratory investigations showed normal hematologic and coagulation
parameters as well as normalized thyroid function with medication with
sodium-L-thyroxine. Since a radiographic examination of the left hand showed
a significantly delayed skeletal maturation (bone age 14 months, chronologic
age 24 months), additional laboratory investigations were done to check for
growth hormone (GH) deficiency. However, serum levels for IGF-1 (83
ng/mL; 50th–95th percentiles) and GH-dependent IGF-binding protein 1 (IGF-
BP3, 3.2 �g/mL; �95th percentile) did not suggest GH deficiency so that
measurement of GH in response to stimulation was postponed.

The boy again presented at the age of 3 years 5 months. There was clear
developmental progress despite significant speech delay and failure to thrive.
His height (88.2 cm) was still 7 cm below the third percentile, his weight (11.5
kg) was 1 kg below the third percentile. Head circumference (50.8 cm) was at
the 50th percentile. Delay of skeletal maturation was even more severe with a
bone age of 17 months (Fig. 2).the phenotypical appearance of the boy had
remained unchanged. A control MRI of the brain was performed that again
showed the focal hyperintense lesion in the left caudate nucleus. In addition,
similar lesions could be demonstrated in the cerebellum and the pontine region
without mass effect or focal contrast enhancement.

Molecular genetic and molecular cytogenetic analysis. To test for unipa-
rental disomy of chromosome 7 (UPD7) and loss of the somatomammotropin
hormone 1 (CSH1), microsatellite markers from the long and the short arm of
chromosome 7, i.e. D7S493, D7S481, D7S636, and D7S2446, as well as from
the GH gene cluster containing CSH1 on chromosome 17, D17S254, were
genotyped. DNA was extracted from peripheral blood lymphocytes of the
patient and his mother and polymerase chain reaction (PCR)–amplified using
fluorescence-labeled primers according to standard protocols. PCR products
were separated and analyzed on an automated sequencer (ABI377, Applera,
Darmstadt, Germany).

For mutation analysis in the NF1 gene, first fluorescent in situ hybridization
(FISH) analysis was performed with NF1 gene-specific probes RP11-142O6,
CITB-23O13, and RP11-805L22, previously described by Jenne et al. (9).
Second, protein-truncation testing (PTT) was used to find small sequence
alterations in the NF1 gene. Briefly, total RNA of the patient and of healthy
control individuals was extracted from phytohemagglutinin (PHA)-stimulated
short-term lymphocyte cultures treated with puromycin (10). The entire cDNA
of the NF1 gene was reverse-transcriptase-PCR (RT-PCR) amplified in five
overlapping fragments using primer pairs as described (11). Subsequently,
PCR products were subjected to a transcription/translation reaction and the

Figure 1. Clinical photographs of the reported patient at the age of 2 (C, D,
F) and 4 years (A, B, E,). Cutaneous CLS (E, F) suggested NF1 as underlying
disease but were also compatible with the diagnosis of SRS. Short stature (C),
fifth finger clinodactyly (D), and the pseudohydrocephalic appearance with prom-
inent forehead (A, C) and low-set ears (A, B) were rather indicative of SRS.

Figure 2. Radiograph of the patient’s left hand. Brachymesophalangism of the
fifth finger with prominent hypoplasia of the middle phalanx. Otherwise normal
anatomy with normal bone density. Chronologic age 3 years 5 months, average
skeletal age 1 year 5 months with dissociation (radius/ulna: 1 year 5 months;
carpus 1 year, metacarpalia 1 year 5 months, phalanges 1 year 7 months).
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synthesized polypeptide fragments were separated on a SDS-polyacrylamide
gel. A primer located in exon 11 (5=-TCATGAAGAACCAGCAGAGC-3=)
was used for sequencing of the RT-PCR product of the fragment S1. PCR
amplification of exon 10A was performed with the primer pair NF1ex10aF
(5=-GGAAATCATGGTGTGTGTTTGC-3=) and NF1ex10aR (5=-CAACAT-
ACCACAACATTTAGAGG-5=). The resulting PCR product was sequenced
using an automated sequencer (LiCor).

RESULTS

Maternal uniparental disomy of chromosome 7 (UPD 7) has
been described in approximately 10% of patients with SRS
phenotype [reviewed in Ref. 7)]. Furthermore, several SRS
patients with paternally inherited heterozygous deletion of the
chorionic CSH1 gene have been described (12). Therefore, four
highly polymorphic microsatellites from chromosome 7, as
well as a microsatellite marker located in the GH gene cluster
were genotyped in the patient and his mother. The results did
not reveal evidence of UPD 7 nor a deletion of the GH gene
cluster region in the patient.

The molecular genetic and molecular cytogenetic analysis of
the NF1 gene was performed in two steps. An initial FISH
analysis did not reveal indication for a microdeletion or other
rearrangements affecting the NF1 locus. For further mutation
analysis of the NF1 gene, PTT was used. The analysis of the
first segment (S1) nucleotides c.1-1868 (exon 1 to 12A) of the
NF1 cDNA revealed in the patient a shortened fragment in
addition to the normal polypeptide product (Fig. 3A).fore, the
RT-PCR product of S1 was subjected to sequencing analysis
and by this means a T to A transversion at nucleotide 1299 of
the coding sequence in exon 10A was identified. The nucleo-
tide position is calculated from the initiation codon in NF1
mRNA NM_000267.1, where position � 1 corresponds to the
A of the ATG, which is located at nucleotide 212. To our
knowledge, this mutation (c.1299T�A) has so far not been
described. The transversion creates a premature termination
codon at amino acid position 433 (p.Tyr433�) and was con-
firmed also at the genomic level by sequencing exon 10A of the
patient (Fig. 3B).

DISCUSSION

NF1 usually is a straightforward diagnosis in adolescents
and adults presenting with typical features of the disease. In

infants and young children, however, correct clinical diagnosis
might be difficult and can be especially challenging when the
phenotypical presentation does not lie within the common
spectrum of typical NF1 features. This is exemplified by the
patient described here whose phenotype was compatible with
the diagnosis of NF1 but who also showed a significant overlap
with another genetic condition, SRS.

The diagnostic criteria for NF1 initially established in 1988
by the National Institutes of Health consensus conference were
written stringently to avoid misclassification of subjects in-
cluded in studies aimed at the identification of the NF1 and
neurofibromatosis type 2 (NF2) genes (8) consensus develop-
ment conference. These clinical criteria allow unambiguous
diagnosis in 94% of patients by the age of 6 years (13).
However, younger children usually present with multiple CLS
as the sole criterion, which is not sufficient to establish a
correct diagnosis in the absence of a positive family history.
Although NF1 is by far the most likely diagnosis in these
children, CLS are not pathognomonic for NF1 and may be
indicative of various other conditions (14). In this situation, it
might be helpful to look for other NF1-associated features that
are not included in the National Institutes of Health diagnostic
criteria list but may confirm the provisional diagnosis NF1 as
an underlying disease. Cranial MRI abnormalities such as
hyperintense lesions on T2-weighted images usually appear
early in childhood and are found in up to 87% of all NF1 children
(15). However, these unidentified bright objects also present in
our patient are not recommended to be used as a diagnostic
criterion since the data on their specificity for NF1 are scarce (16).

Other prominent features of the patient presented here were
poor weight gain, reduced growth, and relative macrocephaly.
Although many reports have described short stature and mac-
rocephaly as a consistent finding in NF1, these growth abnor-
malities usually become apparent in later childhood and ado-
lescence (17,18). In contrast, our patient exhibited failure to
thrive and reduced growth rate throughout infancy and early
childhood. This abnormal growth pattern and several other
phenotypical features (Table 1)as underlying disease but were
rather suggestive of SRS, a condition including multiple CLS
in the syndromal expression pattern. However, the fact that our
patient showed normal intrauterine growth was not in line with
this differential diagnosis since most SRS patients show a severe
reduction of weight and length at birth (6). Thus, clinical exam-
ination alone did not allow a clear diagnosis in this patient since
he exhibited typical features of both NF1 and SRS.

We therefore took a molecular genetic approach and were
able to identify, to the best of our knowledge, a novel nonsense
mutation of the NF1 gene (c.1299T�A, but we could not
provide molecular evidence of SRS. Since the genetic basis of
SRS is not yet fully understood and molecular analysis yields
a positive result in only about 10% of SRS patients, this result
does not exclude mutations in other genes. Despite these
limitations, it is highly likely that NF1 is the underlying disease
exhibiting an unusual phenotypical expression including SRS-
like features in our patient.

Reviewing more recent studies, it appears that no final
concordant conclusion has been found for the question of
whether the growth profiles of NF1 patients reveal that to some

Figure 3. (A) PTT results of segment S1 of a control person (C) and our
patient (P). The wild-type (wt) and aberrant band caused by a premature
termination codon p.Tyr433� are indicated. (B) Sequencing results of exon
10A and its adjacent intronic sequences of the patient and a control individual
(contr.). In the patient, heterozygosity for A and T at the nucleotide 1299 of the
coding sequence is indicated by an arrowhead.
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extent stature is reduced in all NF1 patients (19) or whether
stunted height is likely to affect only a portion of NF1 patients
(18). The latter study indicated that there are no prominent
differences in height between NF1 and normal subjects up to 7
(girls) and 12 (boys) years old, respectively. Thereafter, height
velocity and relative height (standard deviation scores or per-
centiles) decrease with respect to healthy peers, reaching a
mean adult height close to the 25th percentile for the general
population. Moreover, the percentage of patients with true
short stature (lower than the third percentile) increases from
childhood (5%) to late puberty (18%), and final height is
significantly below the genetic target and predicted adult height
calculated just before or at the beginning of puberty (20).
These clinical data suggest that alterations of stature in NF1 are
the result of lower growth velocity during adolescence.

The molecular mechanisms by which NF1 haploinsuffi-
ciency leads to this growth pattern are unknown. In addition, it
is unclear whether a specific type of NF1 mutations and/or
other genetic factors (modifiers) are responsible for altered
growth behavior. To our knowledge, a similar course as in our
patient has only been described in a single NF1 patient with
Noonan syndrome features including ptosis, epicanthic folds,
low posterior hairline, low-set ears, and pulmonary stenosis
[case 5 of Baralle et al. (21)]. In contrast to our patient who
harbors a truncating mutation in exon 10A, an in-frame 3-bp
deletion in exon 25 was found in the patient described by Baralle
et al. Recently, Spiegel et al. (personal communication) found that
patients with the common NF1 microdeletion encompassing a
1.5-Mb DNA segment show overgrowth during childhood. Thus,
there is accumulating evidence that genetically different sub-
groups of NF1 patients show a growth pattern that differs not only
from the normal population but also most NF1 patients.

The case described here exemplifies the difficulties of diag-
nosing NF1 in infants and young children with a rare pheno-
typical presentation. Even 14 years after cloning the gene
(22–24), molecular genetic NF1 diagnostics is still considered
a major challenge. However, in recent years, approaches have
been developed that reach mutation detection rates of up to
95% (25). It appears to be essential for the success of these
approaches that they combine an RNA-based assay, such as
that here applied, and improved PTT, with additional supple-
mental methods to identify missense mutations as well as
whole gene and multiexon deletions. As presented here, these
powerful mutation detection technologies do not only enable a
confident NF1 diagnosis in patients for whom symptomatic

diagnosis is not always straightforward but will also enhance
our understanding of possible pathogenetic mechanisms under-
lying rare phenotypical presentations of NF1.
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Table 1. Phenotypical features of the reported patient compatible
with the clinical diagnosis of SRS, NF1, or both

SRS SRS and NF1 NF1

Relative macrocephaly with
low-set ears and prominent
forehead

CLS MRI hyperintensities

Feeding problems Short stature
Retarded bone age Muscular hypotonia
Delayed closure of anterior

fontanel
Motor delay

Clinodactyly V Speech delay
Excessive sweating
Cryptorchism
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