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Abstract

Background: Neurofibromatosis-Noonan syndrome (NFNS) is a rare autosomal dominant hereditary disease. We
present a case of NFNS due to the heterozygous deletion of exons 1–58 of the NF1 gene on chromosome 17 in a
15-month-old boy.

Case presentation: A 15-month-old boy was admitted for motor and language developmental delay, numerous
café-au-lait spots, hypertelorism, left blepharoptosis, pectus excavatum, cryptorchidism, secondary atrial septal
defect, and UBOs (undefined bright objects) revealed by cranial MRI T2FLAIR in basal ganglia and cerebellum. Using
whole exome sequencing, we identified a de novo heterozygous deletion including exons 1–58 of the NF1 gene.

Conclusion: Although genetic tests are useful tools for diagnosis of NFNS, NF1, or NS, comprehensive analysis of
genetic factors and phenotypes is indispensable in the clinical practice. To the best of our knowledge, this case
presents the first Chinese NFNS case due to NF1 defects, and the NF1 exons 1–58 deletion-related phenotype is
unlike any other reported case.
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Background
Neurofibromatosis-Noonan syndrome (NFNS) is a rare
autosomal dominant hereditary disease with clinical char-
acteristics of neurofibromatosis type I (NF1) and Noonan
syndrome (NS) [1]. In recent years, there had been reports
of NFNS cases related to NF1 gene mutations in foreign
countries [2–5], but no cases had been reported in China.
We present a 15-month-old boy with NFNS associated
with exons 1–58 heterozygous deletion of the NF1 gene
on chromosome 17. This case is expected to improve cli-
nicians’ understanding of the disease.

Case presentation
A 15-month-old boy was admitted to the pediatric clinic
of the First Affiliated Hospital of Bengbu Medical Col-
lege on April 23, 2018, because he could not walk. The
medical history reported by the parents was that café-
au-lait spots could be seen on the skin of the body and
limbs when the child was born. With aging, the spots
gradually increased and became larger, and the child’s
development was retarded. At admission, the child could
not speak, crawl, or walk. The patient was first born
child with normal full-term delivery. The birth weight
was 3.0 kg. The parents of the child were normal, and
there was no family history.
Physical examinations showed that body temperature

was 36.5 °C, breathing was 24 times/min, pulse was 120
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bpm, body mass was 9.2 kg (−1SD to -2SD), body length
was 72.5 cm (−2SD to -3SD), and with a conscious mind.
Oval café-au-lait spots of different sizes were scattered on
the skin of the body and limbs, with light brown and clear
boundary, not protruding from the surface of the skin, with
a diameter of about 0.5–1.5 cm (more than 6 had a max-
imum diameter of more than 5mm) (Fig. 1a-b). He had
hypertelorism (widened eyes distance) with left blepharop-
tosis (Fig. 1c) and congenital pectus excavatum (Fig. 1d).
We found the patient grade 2–3 systolic ejection murmurs
on the left second intercostal, below the margin of sternum
and bilateral cryptorchidism, without hepatosplenomegaly.
The results of tandem mass spectrometry, urinary or-

ganic acid analysis, and blood gas analysis, gonadotropin,
sex hormones, and plasma testosterone level were nor-
mal, and no significant anomaly of eye sight and was
found. Result of ultrasonocardiography suggested the pa-
tient had secondary atrial septal defect. Cranial magnetic
resonance imaging (MRI) showed lesions with inter-
mediate signal intensity on T1WI and high signal inten-
sity on T2WI and T2FLAIR, as known as UBOs
(undefined bright objects), and the lesion boundary was
not clear (Fig. 1e-f).
To diagnose, we collated the signs and symptoms of

the patient into forms of HPO (the Human Phenotype
Ontology) and retrieved the top 10 diseases associated
with the phenotypes using the online analysis tool,
Phenotype Profile Search, provided by The Monarch Ini-
tiative (https://monarchinitiative.org/), and it turned out
that chromosome 17q11.2 deletion syndrome, Legius
syndrome, NFNS, and NF1 are the most likely primary
disorders. (Fig. 2).
To confirm the findings and differentially diagnose, we

performed whole exome sequencing (Deyi Dongfang
Translational Medical Research Center, Beijing, China)
to find the genetic factors. The targeted sequencing
followed the instruction recommended by Illumina using
the short reading method to screen single nucleotide
variants (SNVs) and short indels (< 50 bp), followed by a
comprehensive analysis of variant pathogenicity assess-
ment according to the ACMG clinical practice guide-
lines, genotype-phenotype matching, and inheritance
type confirmed by trio data and Sanger sequencing or
real-time PCR (Polymerase Chain Reaction). Based on
the sequencing data, however, we found a de novo het-
erozygous large deletion, including the exons 1–58, in
the NF1 gene, which is not previously documented and
it was confirmed by using real-time PCR (Fig. 3). We
also analyzed variations in the genes correlated to the
RAS/MAPK pathway signaling, PTPN11, SOS1, RAF1,
BRAF, SHOC2, KRAS, HRAS, MAP 2 K2, PPP1CB, RRAS,
and MAP 2 K1, and Legius syndrome related SPRED1,
and no pathogenic or likely pathogenic mutations were
found.

At present, the child is undergoing rehabilitation train-
ing. Motor development is still retarded. The child
shows no other abnormalities.

Discussion
NFNS is a clinically independent autosomal dominant
hereditary disease [6] and it is considered as a RASopa-
thy, which are defined as a group of medical genetic syn-
dromes caused by germline mutations in genes that
encode components or regulators of the Ras/mitogen-
activated protein kinase (MAPK) signaling pathway, in-
cluding Noonan syndrome and Noonan-related syn-
dromes [7]. All the phenotypes in our patient can be
explained by the RASopathies, e.g., NF1 and NS (Fig. 2),
and age and environmental factors may play roles in on-
set of NFNS phenotype, which makes it difficult to diag-
nose without genetic testing [7–9].
The result, see Fig. 2, shows that the phenotypes in pa-

tients with RASopathies overlap with each other and it
lacks distinct genotype-phenotype relationships, however,
NF1 exon 1–58 deletion in our patient may help to under-
stand the genotype-phenotype relationship in NF1-related
disorders. Kehrer-Sawatzki H et al. [10] discussed the
genotype-phenotype relationships in patients with large
NF1 deletions, as known as Neurofibromatosis type 1
microdeletion syndrome, and the authors suggested that
overgrowth or tall-for-age stature, large hands and feet,
hyperflexibility of joints, muscular hypotonia, increased
numbers of subcutaneous, and plexiform and spinal neuro-
fibromas are most common findings in the patients, how-
ever, none of these was found in our patient. On the other
hand, some patients with canonical NFNS, characterized by
multiple cafe-au-lait macules, absence of neurofibromas,
short stature, learning disabilities, pulmonary valve stenosis
and features of Noonan syndrome, were found due to spe-
cific NF1 mutations, such as c.2970-2972delAAT deletion
or missense variants at codon 1809 [11, 12]. Based on the
documented research, the findings, NF1 exons 1–58
deletion-related phenotype in NFNS patients could be dif-
ferent from that of the other mutations, in our case suggest
a new NFNS-related genotype of NF1 defects.
Unequal meiotic crossover has been reported to be re-

sponsible for microdeletions in the NF1 gene [13],which
could explain the mechanism of the deletion in our pa-
tient, but the clinical outcomes may vary. Comparing to
MRI findings, intermediate signal intensity on T1WI,
and high signal intensity on T2WI and FLAIR, and no
enhancement, no abnormal signal of space-occupying ef-
fect in enhanced scan in NF1 patients [14], results of
MRI in our patient showed UBOs (undefined bright ob-
jects, nonspecific white matter hyperintensity signals on
T2-weighted or fluid attenuated inversion recovery
(FLAIR) MRI), which means non-specific pathological
changes and etiology. Sabol et al. [15] suggested that
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UBOs should be considered a criterion for NF1 diagno-
sis, because UBOs were found in 97–100% NF1 patients,
and, in previously reported case [16] and in our patient,
UBOs were found in NFNS patients, which provides fur-
ther evidence that NFNS is a mixed type syndrome of
both NF1 and NS.

In addition, NFNS should be differentiated from the
Leopard Syndrome. The main characteristics of the
Leopard Syndrome are numerous pigmented nevus
(similar to “leopard skin” spots), facial features, and car-
diovascular and nervous system abnormalities. The
Leopard Syndrome is an autosomal dominant genetic

Fig. 1 a-b Café-au-lait spots on the skin. c Unusual face, with widely-spaced eyes and left blepharoptosis. d Pectus excavatum. e-f Cranial MRI
showing lesions with high signal intensity on T2FLAIR in basal ganglia and cerebellum
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disease, mainly caused by PTPN11, instead of NF1, mu-
tations [17]. Regarding diagnosis of other RASopathies
patients with multiple lentigines, genetic tests were
needed to exclude candidate RASopathy genes, such as
PTPN11 and RAF1, mutations [18].

Conclusion
This is, as far as we know, the first documented Chinese
NFNS case [19], which may indicate the underestimated

relevance of NFNS in Chinese patients with NS or NS-
like disorders, as known as RASopathies. Genetic test is
powerful tool for differential diagnosis in RASopathies
patients, however, meticulous identification of symptoms
and signs and a comprehensive analysis are also critical
in clinical practice. Based on the findings in our patient
with novel NF1 exons 1–58 deletion, it suggests a new
genotype-phenotype relationship remained to be clari-
fied by further research.

Fig. 2 Top 10 diseases screened using online tool, Phenotype Profile Search, The Monarch Initiative. The analysis can be performed on
page https://monarchinitiative.org/analyze/phenotypes

Fig. 3 Detection of exons 1–58 of the NF I gene in the proband and his parents. The results showed that the ratio of the copy number of exons
1–58 of the NF I gene in the proband to the normal control was about 0.5, indicating that there was a heterozygous deletion of exons 1–58 of
the NF I gene. The ratio of the copy number of exons 1–58 of the NF I gene in the proband’s parents to the normal control was about 1,
indicating that the copy number of exons 1–58 of the NF I gene in the proband’s parents was normal
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