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Type 1 neurof ibromatosis (NF1),  or von   
Recklinghausen disease, is a genetic disor-
der that is well known for its clinical features.   
Effective treatment modalities for NF1 have not 
yet been established. The advent of new treat-
ment options for NF1 such as topical vitamin D3 
analogues, lovastatin, rapamycin (or sirolimus), 
and imatinib mesylate has added new dimensions 
that require further investigation to provide the 
greatest benefit to patients.
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Type 1 neurofibromatosis (NF1), or von 
Recklinghausen disease, is a multisystem 
disorder affecting approximately 1 in 3500 

people in South East Wales.1 Type 1 neurofibroma-
tosis has been described in the literature since the  

13th century but was not recognized as a dis-
tinct disorder until 1882 in Friedrich Daniel von 
Recklinghausen’s landmark publication “On Multiple 
Fibromas of the Skin and Their Relationship to 
Multiple Neuromas.”2

Genetics 
Type 1 neurofibromatosis is an autosomal-dominant 
disorder with a nearly even split between spontane-
ous and inherited mutations. It is characterized by 
neurofibromas, which are complex tumors com-
posed of axonal processes, Schwann cells, fibroblasts, 
perineural cells, and mast cells. The NF1 gene   
(neurofibromin 1), discovered in 1990,3 is located 
on chromosome 17q11.2 and encodes for the pro-
tein neurofibromin. This large gene (60 exons 
and >300 kilobases of genomic DNA) has one of 
the highest rates of spontaneous mutations in the   
entire human genome.4,5 Mutations exhibited by the 
gene are complete deletions, insertions, and nonsense 
and splicing mutations. Ultimately, these mutations 
may result in a loss of heterozygosity of the NF1 gene   
(a somatic loss of the second NF1 allele).   
Segmental, generalized, or gonadal forms of NF1 
demonstrate mosaicism.6

Pathogenesis 
Neurofibromin, the NF1 gene product, is a tumor 
suppressor expressed in many cells, primarily 
in neurons, glial cells, and Schwann cells, and 
is seen early in melanocyte development.7 The   
MAPK/ERK signaling pathway is a complex series 
of signals and interactions involved in cell growth 
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PRACTICE POINTS
•	 Histopathology and magnetic resonance imaging are useful in diagnosing type 1 neurofibromatosis (NF1).
•	 Newer treatments like statins and tyrosine kinase inhibitors are worth exploring in NF1.
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and proliferation.5 Under normal conditions, neu-
rofibromin, an RAS GTPase–activating protein 
promotes the conversion of the active RAS-GTP 
bound form to an inactive RAS-GDP bound form, 
thereby suppressing cell growth8,9; however, other 
possible effects are being investigated.10 Mast cells 
have been implicated in contributing to inflamma-
tion in the plexiform neurofibroma microenviron-
ment of NF1.11,12 In addition, haploinsufficiency of   
NF1 (NF1+/−) and c-kit signaling in the hema-
topoietic system have been implicated in tumor 
progression. Accumulation of additional mutations 
of multiple genes, including INK4A/ARF and the 
protein p53, may be responsible for malignant trans-
formation. These revelations of molecular and cel-
lular mechanisms involved with NF1 tumorigenesis 
have led to trials of targeted therapies including the 
mammalian target of rapamycin and tyrosine kinase 
inhibitor imatinib mesylate, which is demonstrating 
promising preclinical results for treatment of periph-
eral nerve sheath tumors.13,14

Diagnosis
Seven cardinal diagnostic criteria have been delin-
eated for NF1, at least 2 of which must be met to 
diagnose an individual with the condition.15 These 
criteria include (1) six or more café au lait macules 
(5 mm in diameter in prepubertal patients, 15 mm 
in postpubertal patients); (2) axillary or inguinal 
freckles (>2 freckles); (3) two or more typical neu-
rofibromas or 1 plexiform neurofibroma, (4) optic 
nerve glioma, (5) two or more iris hamartomas   
(Lisch nodules), often only identified through 
slit-lamp examination by an ophthalmologist;   
(6) sphenoid dysplasia or typical long bone abnor-
malities such as pseudoarthritis; and (7) first-degree rel-
ative with NF1. Diagnosis may be difficult in patients 
who exhibit some dermatologic features of interest but 
who do not fully meet the diagnostic criteria. 

Skin manifestations of NF1 may present in 
restricted segments of the body. It has been reported 
that half of those with NF1 are the first in their fam-
ily to have the disease.16 Children with 6 or more 
café au lait macules alone and no family history of 
neurofibromatosis should be followed up, as their 
chances of developing NF1 are high.17 Occasionally, 
Lisch nodules may be the only clinical feature. Type 
1 neurofibromatosis mutation analysis may be used 
to confirm the diagnosis in uncertain cases as well 
as prenatal diagnosis. However, genetic testing is 
not routinely advocated, and expert consultation is 
advised before it is undertaken. Furthermore, biopsy 
of asymptomatic cutaneous neurofibromas should 
not be undertaken for diagnostic purposes in indi-
viduals with confirmed NF1.18

Hyperintense lesions on T2-weighted magnetic 
resonance imaging (MRI) of the brain (formerly 
known as unidentified bright objects) probably are 
caused by aberrant myelination or gliosis and are 
pathognomonic of NF1.19 The presence of these 
lesions can assist in the diagnosis of NF1, but MRI 
under anesthesia is not warranted for this purpose 
in children, who may not be able to stay still during 
the test.20

Physicians should not only be able to identify the 
cardinal skin features of NF1 but also the less com-
mon cutaneous and extracutaneous findings, which 
may indicate the need for referral to a dermatologist 
and/or neurologist.1 Café au lait macules (CALMs) 
are among the salient features of NF1. Classically, 
these lesions are well demarcated with smooth, regu-
lar, “coast of California” borders (unlike irregular 
“coast of Maine” borders) and a homogeneous appear-
ance. Although the resemblance to the color of coffee 
in milk has earned these lesions their name, their 
color can range from tan to dark brown. The presence 
of multiple CALMs is highly suggestive of NF1.21 
The prevalence of CALMs in the general population 
has varied from 3% to 36% depending on the study 
groups selected, but the presence of multiple CALMs 
in the general population typically is less than 1%.22 
Frequently, CALMs are the first sign of NF1, occur-
ring in 99% of NF1 patients within the first year of 
life. Patients continue to develop lesions throughout 
childhood, but they often fade in adulthood.23

Table 1. 

Cutaneous Findings of  
Type 1 Neurofibromatosis  
(von Recklinghausen Disease)

Common Findings

Axillary/inguinal freckling (Crowe sign)

Café au lait macules

Increased base pigmentation

Neurofibromas (dermal/plexiform)

Uncommon Associations

Blue-red macules

Glomus tumor

Juvenile xanthogranuloma

Melanoma

Nevus anemicus

Pseudoatrophic macules
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Freckling of the skin folds is the most common 
of the cardinal criteria for NF1. Other sites include 
under the neck and breasts, around the lips, and 
trunk. Their size ranges from 1 to 3 mm, distinguish-
ing them from CALMs. Considered nearly pathog-
nomonic, NF1 generally occurs in children aged 3 to 
5 years in the axillae or groin.15,24

Cutaneous neurofibromas generally are   
cutaneous/dermal tumors that are dome shaped, 
soft, fleshy, and flesh colored to slightly hyperpig-
mented. Subcutaneous tumors are firm and nodular. 
Neurofibromas usually do not become apparent 
until puberty and may continue to increase in size 
and number throughout adulthood. Pregnancy also 
is associated with increased tumor growth.25 The 
tumors are comprised of Schwann cells, fibroblasts, 
mast cells, and perineural cells. There also is an 
admixture of collagen and extracellular matrix.26 
The cutaneous and extracutaneous manifestations of   
NF1 are outlined in Table 1 and Table 2.27-31

Management
Type 1 neurofibromatosis needs to be differentiated 
from other conditions based on careful clinical exami-
nation. Additionally, histopathologic examination of 
the lesions, imaging studies (eg, MRI), echocardiog-
raphy, regular skeletal roentgenogram, and detailed 
ophthalmologic examination are important to look 
for any visceral involvement. Painful and bleeding 
tumors and cosmetic enhancement warrant surgical 
intervention, including various surgical techniques and 
lasers.32,33 Application of sunscreen may make pigmen-
tary alterations less noticeable over time. Although 
not often located on the face, CALMs also may be 
amenable to various makeup products. Various stud-
ies have demonstrated improvement of freckling and 
CALMs with topical vitamin D3 analogues and lov-
astatin (β-hydroxy-β-methylglutaryl-CoA reductase 
inhibitors)34-36; however, this needs further explora-
tion. Rapamycin has demonstrated efficacy in reducing 
tumor volume in animal studies by inhibiting the mam-
malian target of rapamycin cellular pathway.37 Imatinib 
mesylate has demonstrated efficacy both in vivo and in 
vitro in mouse models by targeting the platelet-derived 
growth-factor receptors α and β.38
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Table 2. 

Extracutaneous Findings of  
Type 1 Neurofibromatosis  
(von Recklinghausen Disease)

Cardiovascular

Hypertension

Vascular dysplasia

Endocrine

Pheochromocytoma

Precocious puberty

Gastrointestinal

Constipation

Gastrointestinal stromal tumors

Ophthalmologic27,28

Lisch nodule (iris hamartoma)

Optic glioma

Malignancy

Juvenile myelomonocytic leukemia

Malignant peripheral nerve sheath tumor

Neurologic/Psychologic29

Astrocytoma 

Headaches

Learning disabilities/ADHD

Seizures

Skeletal30,31

Dysplasia of the long or sphenoid bones

Macrocephaly

Pectus excavatum

Prominent brow

Pseudarthrosis (especially of the tibia)

Scoliosis

Short stature
Abbreviation: ADHD, attention-deficit/hyperactivity disorder.
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