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Two novel mutations of  NF1 gene 
identified in Chinese patients with severe 
neurofibromatosis type 1

Sir,
Neurofibromatosis type  1  (NF1; OMIM# 162200) is a 
common autosomal dominant genetic disorder, with an 
incidence of 1 in 2000–5000 individuals.1 Its clinical 
features include ‘café‑au‑lait’ macules  (CALMs), multiple 
neurofibromas, axillary or inguinal freckling, iris Lisch 
nodules, skeleton anomalies, learning disabilities, and 
predisposition to malignancies. The mutations responsible 
for NF1 have been identified in the NF1 gene on chromosome 
17q11.2. This gene spans approximately 350 kb of genomic 
DNA and encodes a large GTPase‑activating protein 
called neurofibromin, which is a negative regulator of the 
Ras‑mediated signal transduction pathway.2 Until now, the 
germline mutation rate of the NF1 gene is one of the highest 
known for human inherited diseases.3

In this study, we performed mutation analysis of the NF1 
gene in three Chinese families and in one sporadic case 
with NF1. The patients were diagnosed based on clinical 
and histopathological features, according to the National 
Institutes of Health criteria  [Table  1].4 All the three 

probands and the sporadic patient presented with typical 
skin manifestations, including numerous neurofibromas, 
especially large size neoplasm, skin freckling, and CALMs 
all over the body [Figure 1]. Detailed clinical descriptions of 
the patients are summarized in Table 2.

The study was approved by the Ethics Committee of 
Zhejiang University School of Medicine. After proper 
written informed consent from the participants, blood 
samples were obtained from the three NF1 families, 
including 8 affected and 3 unaffected individuals, one 
sporadic patient and 100 unrelated controls. Genomic DNA 
was extracted from the peripheral blood using the FlexiGene 
DNA kit (QIAGEN, Germany). We then sequenced the NF1 
gene in four patients using Sanger sequencing, multiplex 
ligation‑dependent probe amplification  (MLPA), and 
complementary DNA (cDNA) sequencing. Four mutations 
of NF1 gene (NM_000267.3) were identified in our patients, 
including two novel and two reported mutations  [Table  3 
and Figure 2].

In the proband of family 1 (patient 1), a novel splice‑site 4‑bp 
deletion (c. 204 + 1_204 + 4delGTGA) was detected in intron 
2, which caused a partial skipping of exon 2. This created an 
abnormal messenger RNA  (mRNA) transcript containing a 
deletion of 105 nucleotides of exon 2, as confirmed by cDNA 
sequencing analysis [Figure 3a]. Translation of this abnormal 
mRNA transcript would produce the substitution of valine 
with arginine at amino acid position 34 (p.Val34Arg) and an 
in‑frame deletion of 35 amino acids between positions 33 
and 69. Another novel mutation is a single‑exon deletion of 
exon 4, that was identified by MLPA analysis in the proband 
of family 2 (patient 2). The single exon 4 deletion was also 
confirmed by cDNA sequencing to result in an aberrant 
mRNA transcript containing a deletion of 191 nucleotides 
between exons 3 and 5 [Figure 3b], which would produce an 

Table 1: Diagnostic criteria for neurofibromatosis type 1 
established by the National Institutes of Health consensus 

development conference (1988)
Clinical criteria of NF1: two or more of the followings must be present to 
assess the diagnosis
Six or more CALMs >0.5 cm in the prepubertal child or >1.5 cm after 
puberty
Skinfold freckling
Two or more neurofibromas of any type or one plexiform neurofibroma
Two or more Lisch nodules
Optic pathway glioma
Bony dysplasia
A first‑degree relative with NF1
NF1: neurofibromatosis type 1; CALMs: café‑au‑lait macules

Table 2: Summary of clinical features

Patient 
ID

Sex/age 
(years)

Family 
history

Phenotypes

No. of 
NF

Largest size 
of NF (cm)

Skinfold 
freckling

No. of 
CALMs

Ocular 
abnormalities

Malignancy Osseous lesions

Patient 1 Female/28 + 5 15 × 20 Axillary freckling >6 - - Congenital skull defect
Patient 2 Female/47 + 2216 30 × 8 × 3 Inguinal freckling >6 - - -
Patient 3 Female/38 + 415 13 × 5 - >6 - - -
Patient 4 Female/47 - 528 25 × 10 × 4 Inguinal freckling >6 - - -
–: negative results; +: positive results; NF: neurofibromas; CALMs: café‑au‑lait macules
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NF1 protein with the substitution of glutamine with valine 
at amino acid position 97  (p.Gln97Val) and a frameshift 
deletion of 63 amino acids (from amino acid positions 96 to 
160). The frameshift deletion introduces a stop codon (TGA) 
at amino acid position 109. This results in a truncated 
protein with only 108 amino acids, that is far smaller than 
normal neurofibromin  (2818 AAs). Neurofibromin has two 
major functional domains. One is the GTPase‑activating 
protein domain, which is encoded by exons 21–27. The 
other one is cyclic adenosine monophosphate–dependent 
protein kinase recognition sites, encoded by exons 11–17.5 
The splice‑site mutation in patient 1 produced an abnormal 
protein with all the functional domains. The exon 4 deletion 
in patient 2 resulted in a truncated short peptide without 

any functional domains, This resulted in the functional 
deficiency of neurofibromin  (due to the loss of one copy 
of NF1). We also found two previously reported mutations 
at splice sites c.1527+1G>A  (in family 3  case, patient 
3) and c.6641+1G>A  (in the sporadic case, patient 4).6,7 
Pathogenicity analyses by MutationTaster indicated that the 
two current variants were both deleterious.8 These mutations 
were all co‑segregated with NF1 phenotype in the three 
families, carried by all the related patients and absent from 
unaffected individuals  [Table  3]. None of these mutations 
were found in 100 unrelated controls and in dbSNP database.9

More than 2600 different mutations, ranging from 
single‑nucleotide substitutions to large deletions, have been 

Table 3: Four mutations identified within neurofibromatosis type 1 gene in this study

Patient ID No. of patients tested per familya Location DNA change Mutation type Remarks MutationTaster
Patient 1 2 IVS02 c. 204+1_204+4delGTGA Splice site Novel -
Patient 2 2 Exon04 Exon 4 deletion Deletion Novel -
Patient 3 4 IVS44 c. 6641+1G>A Splice site Recurrent Disease causing
Patient 4 1 IVS13 c. 1527+1G>A Splice site Recurrent Disease causing
–:no result. aMutation screening was performed for one healthy control per family

Figure  1b: Patient 2 presenting numerous neurofibromas, single giant 
neoplasm and a few café‑au‑lait macules on the back

Figure 1a: Patient 1 showing diffuse freckles, sporadic café‑au‑lait macules 
and neurofibromas on the back
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Figure 1d: Patient 4 developing numerous neurofibromas, diffuse freckles, 
and café‑au‑lait macules on the back

Figure 1c: Patient 3 manifesting a large number of neurofibromas and several 
café‑au‑lait macules on the back

reported in NF1 patients according to Human Gene Mutation 
Database.10 It appears that the mutations are distributed 
throughout the entire NF1 gene without any hotspots.11 
To date, only a few unambiguous genotype–phenotype 
correlations of NF1 have been identified. Alkindy et al. found 
that patients with splice‑site mutation have a significantly 
increased risk of developing neoplasm, particularly 
malignant peripheral nerve sheath tumors and central nerve 
system gliomas, compared with those with other mutations 
in NF1 gene.12 In this study, all the four patients showed 
severe clinical manifestations of NF1 phenotype, including a 
large number of cutaneous and subcutaneous neurofibromas 
and huge neoplasm on the trunk. However, the three patients 
with splice‑site mutations  (patients 1, 3, and 4) did not 
suffer from malignancy. In addition, patient 1 also showed 
calvarial defect, which may be due to the abnormal protein 
with all the functional domains, produced by the splice‑site 
mutation, that may interfere the function of normal protein. 
Patient 2 did not suffer from learning disability, bony 
dysplasia, or any malignancy, which could be the effect of 
the functional insufficiency of neurofibromin. However, due 
to the limited number of patients analyzed in our study, these 

phenotype–genotype correlations need to be confirmed by 
further studies.

In summary, our study discovered two novel mutations 
of NF1 gene that cause either abnormal functionality or 
functional deficiency of neurofibromin. We also found 
a case of congenital skull defect in a NF1  patient with 
abnormal function of neurofibromin. Splice‑site mutations 
were not found to be associated with malignancy, or related 
phenotypes. These results have helped to further expand 
the NF1 mutation database, apart from providing clinically 
useful information for genetic counselling and prenatal 
diagnosis of NF1.
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Figure 2c: c.1527+1G>A mutation in patient 4

Figure 2b: c.6641+1G>A mutation in patient 3
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Figure 2a: c.204+1_204+4delGTGA mutation in patient 1
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Familial pityriasis rubra pilaris in a Chinese 
family caused by a novel mutation in 
CARD14 gene

Sir,
Pityriasis rubra pilaris  (PRP)  (MIM# 173200) is a rare 
genodermatoses characterized by palmoplantar keratoderma and 
follicular hyperkeratotic papules. Generally, several follicular 
hyperkeratotic papules coalesce to form large, well‑demarcated 
and scaly erythematous plaques interspersed by areas of normal 
skin.1,2 Erythroderma may result in severe cases. Familial PRP 
is inherited in an autosomal dominant manner. In addition, the 
clinical symptoms of familial PRP usually start to appear at the 
time of birth or in the first few years of life and patients gradually 
develop diffuse palmoplantar keratoderma, prominent follicular 
hyperkeratosis, and erythema.3

In this study, we investigated a Chinese family with familial 
PRP in the Department of Dermatology, Dermatology 
Hospital, Southern Medical University, Guangzhou, China. 
All the family members participating in this study had given 
their informed consent. The ethics committee of Dermatology 
Hospital, Southern Medical University had approved the 
study in accordance with the Declaration of Helsinki.

The proband was a 3‑year‑old Chinese girl who was born 
healthy  [Figure  1a], but began to develop palmoplantar 
keratoderma along with erythema at 2 years of age. This was 
followed by development of large patches of hyperkeratosis 
and  erythema  with waxy keratotic plaques and fine scales on 
the knees, ankles, soles and gluteal cleft  [Figure 1b‑g]. The 
surface of the keratotic plaques was covered with thin, hard, 
and rough scales. Biopsy from the right palm of the proband 
showed hyperkeratosis, acanthosis, and sparse lymphocytic 
infiltration in the superficial dermis [Figure 1h and i].

Proband’s mother presented with palmar hyperkeratosis and 
erythema during her childhood but milder than the proband, 
and the rashes gradually eased with increasing age. 
Proband’s nonidentical twin sister (III‑2) had erythema and 
hyperkeratosis on palms and soles epidermis only, similar 
to but milder than in the proband [Figure 2a‑c]. Proband’s 
father was normal. Proband’s maternal grandmother  (I‑2) 
and uncle (II‑3) showed mild diffuse PPK without erythema.

General physical examination, systemic examination and 
developmental and cognitive assessment of the proband 
were normal. Dermatologic examination for dermatophytes 
and candida was negative from the hyperkeratotic skin of 
hands and feet of the proband. The rest of the skin and other 
ectodermal tissues were completely normal.

The patient and affected relatives were diagnosed with PRP 
according to the diagnostic criteria by two independent 
dermatologists.4 To identify the genetic basis of the disease in 
this family, targeted next‑generation sequencing and Sanger 
sequencing were performed. Targeted next‑generation 
sequencing and Sanger sequencing identified a novel 
heterozygous mutation: c.2263C>T, p.Q755* in exon 16 of 
CARD14 in the proband (III: 1) and in all the affected family 
members. This mutation was absent in the unaffected family 
members and in normal controls  [Figure  2d and e]. This 
mutation co‑segregated well with the disease phenotypes 
among the affected members in this family.

Here, we identified the first nonsense mutation in the human 
CARD14 gene, which results in the formation of truncated 
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