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Clinical Masks of Neuro-
fibromatosis Type 1
Резюме 

Нейрофиброматоз 1-го типа является самым распространенным аутосомно-доминантным опухолевым синдромом, встречающимся  с ча-

стотой 1 на 3000 населения. Особенностью клинических проявлений болезни является постепенное появление признаков и выраженный 

клинический полиморфизм от стертых и атипичных форм до тяжелых классических проявлений. В данном обзоре рассмотрены заболе-

вания, симптомы которых значительно схожи с нейрофиброматозом 1-го типа, в связи с чем важным методом для дифференциальной 

диагностики является молекулярная диагностика болезни. Поскольку 10% случаев заболевания обусловлены крупными делециями локу-

са 17q11.2, помимо секвенирования гена NF1 необходимо проведение зависимой от лигирования мультиплексной амплификации зонда. 

В большинстве случаев начальными проявлениями нейрофиброматоза 1-го типа являются множественные пигментные пятна, которые 

на протяжении многих лет могут быть единственными внешними признаками болезни. В связи с этим могут быть ошибочно установлены 

диагнозы, для которых характерны данные пигментные изменения: синдромы Блума, LEOPARD, Карнея, Костелло, Коудена, Легиуса, Ний-

меген, Нунан, Пейтца-Егерса, Сильвера-Рассела, кардио-фацио-кожный синдром. Обнаружение подкожных нейрофибром может стать 

основанием для неверной диагностики схожих по клинике синдромов Легиуса и множественной эндокринной неоплазии. Кроме того, 

множественные липомы являются специфическими проявлениями липоматозов Маделунга или Деркума, семейного ангиолипоматоза, 

этиология которых считается неизвестной. Сделано предположение, что эти заболевания являются атипичными формами нейрофибро-

матоза 1-го типа, поскольку ряд авторов описали идентификацию мутаций в гене NF1 у пациентов со множественным липоматозом. 

Поэтому важное значение имеет широкое внедрение в клиническую практику возможности молекулярно-генетической идентификации 

болезни для выявления случаев нейрофиброматоза 1-го типа, не соответствующих принятым NIH (National Institute of Health) критериям 

диагностики. Наиболее перспективно создание панели с исследованием всех генов, мутации в которых могут вызывать схожие с нейро-

фиброматозом 1-го типа проявления. Ранняя диагностика заболевания необходима для своевременного начала лечения и предотвраще-

ния тяжелых проявлений, поскольку в клиническую практику внедряются эффективные методы противоопухолевой терапии, такие как 

ингибиторы митоген-активируемой киназы.
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Abstract

Neurofibromatosis type 1 is the most common autosomal dominant tumor syndrome. The prevalence of the disease is 1 in 3000 people. 

Neurofibromatosis type 1 is characterized by the gradual appearance of signs of the disease and pronounced clinical polymorphism from erased and 

atypical forms to severe classical manifestations. The review is devoted to the consideration of diseases, the manifestations of which are significantly 

similar to neurofibromatosis type 1, and therefore, molecular diagnosis of the disease is an important method for differential diagnosis. To make a 

diagnosis of neurofibromatosis type 1, it is necessary to find mutations in the NF1 gene using sequencing. In 10% of cases, neurofibromatosis type 

1 is caused by large deletions of the 17q11.2 locus, therefore, multiplex ligation-dependent probe amplification is also necessary. Typically, the initial 

manifestations of neurofibromatosis type 1 are multiple café-au-lait spots, which may be the only external signs of the disease for many years. 

Therefore, patients with neurofibromatosis type 1 may be mistakenly diagnosed with diseases for which these pigmentary changes are characteristic: 

Bloom, LEOPARD, Carney, Costello, Cowden, Legius, Nijmegen, Noonan, Peitz-Jägers, Silver-Russell, cardio-facio-cutaneous syndromes. The 

detection of subcutaneous tumors can become the basis for an incorrect diagnosis of the clinically similar Legius syndrome and multiple endocrine 

neoplasia. In addition, multiple lipomas are specific manifestations of Madelung or Dercum lipomatosis, familial angiolipomatosis, the etiology of 

which is considered unknown. Therefore, I assume that these diseases are atypical forms of neurofibromatosis type 1, since a number of authors have 

described the identification of mutations in NF1 gene in patients with multiple lipomatosis. Therefore, it is important to widely introduce into clinical 

practice the possibility of molecular genetic identification of the disease in order to identify cases of neurofibromatosis type 1 that do not meet 

the diagnostic criteria adopted by the NIH. It is promising to create a panel for the study of all genes, mutations in which can cause manifestations 

similar to neurofibromatosis. Early diagnosis of the disease is necessary for timely initiation of treatment and prevention of severe manifestations, 

since effective methods of antitumor therapy of neurofibromatosis type 1, such as inhibitors of mitogen-activated kinase, are being introduced into 

clinical practice. 
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AMP — adenosine monophosphate; NF1 — neurofi bromatosis type 1

Introduction
Neurofi bromatosis type 1 (NF1) is the most common 

hereditary tumor syndrome with autosomal dominant 

inheritance pattern. Th e global average incidence of 

NF1 is 1 per 3,000 people [1]. NF1 is caused by germline 

heterozygous mutations in the NF1 gene, which is located 

at 17q11.2 and includes 280,000 bp and 57 exons. Mature 

mRNA of this gene is 11,000  bp long and  is  translated 

into the tumor suppressor protein neurofi bromin [2]. 

Th e NF1  gene is characterized by increased mutability, 

therefore, 50% of NF1 cases are sporadic due to de novo 

mutations in the germ cells of parents [3].

Neurofi bromin regulates RAS-cyclic AMP (cyclic 

adenosine monophosphate) pathway, MAPK/ERK kinase 

cascade, adenylate cyclase and cytoskeletal assembly. Th e 

main domain of this protein is GRD (GAP (GTP-ase 

activating protein) related domain) that converts GTP-

bound RAS oncogenes into GDP-bound (inactivated) 

forms [4]. Th e pathogenesis of NF1 is caused by the eff ect 

of neurofi bromin defi ciency (due to NF1 mutations) on 

the hyperactivation of RAS oncogenes that increase AKT 

(RAC-alpha serine/threonine-protein kinase)/mTOR 

(mammalian target of rapamycin) and RAF (rapidly 

accelerated fi brosarcoma)/MEK (mitogen-activated pro-

tein kinase) signaling. As a result, the risk of developing 

tumors increases [2].

NF1  is characterized by complete penetrance by 

the age of five [5], when specific signs of  the  disease 

develop. These include café-au-lait macules (CALM), 

freckles, Lisch nodules, neurofibromas, optic nerve gli-

omas, and specific skeletal anomalies (sphenoid wing 

dysplasia, thinning of cortical bone, congenital pseud-

arthrosis). Diagnosis of NF1  is clinically confirmed 

by the presence of two of these signs or one sign in the 

case of first-degree blood relatives with NF1. These cri-

teria are established by the National Institutes of Health 

(NIH) [1].

Specifi c features of NF1  include the development of 

new symptoms with age, as well as a pronounced vari-

ability of clinical presentations even in patients with an 

identical mutation and  in  members of the same family 

[1, 2, 6, 7], with the exception of monozygotic twins who 

have coinciding manifestations of NF1 even in the devel-

opment of malignant neoplasms [8]. CALM are detected 

in 98% of NF1 patients [9], specifi c cutaneous or subcu-

taneous neurofi bromas in 95%, plexiform neurofi bromas 
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in 50% [10], spinal neurofi bromas in 35%, and optic 

nerve gliomas in 18% [9]. NF1  patients are character-

ized by high risk of malignant neoplasms (MNs), espe-

cially of  aggressive type such as MPNST (malignant 

peripheral nerve sheath tumor), that develops in 13% of 

patients, most oft en degenerating from plexiform neu-

rofi bromas [11]. Moreover, on average, in 10% of cases, 

somatic mutations in the NF1 gene in individuals with-

out NF1 cause sporadic MNs that are resistant to stan-

dard pharmacotherapy [4].

Differential diagnosis 
of pigment spots in 
neurofibromatosis type 1
CALM are detected in 3% of healthy newborns [12]. 

Since the average incidence of NF1 is 0.033% [1], CALM 

in most cases are not associated with a germline muta-

tion in the NF1 gene, which can lead to a wrong diagnosis 

of NF1 in children. Th ere are a number of diseases with 

clinical signs similar to NF1, for which CALM are a typi-

cal symptoms or may develop in some patients. For the 

purposes of diff erential diagnosis, hereditary tumor syn-

dromes with similar signs have to be considered above 

all. Clinical signs of NF1  are similar to those of neu-

rofi bromatosis type 2, patients with NF2  also develop 

CALM, however, in smaller size and numbers (Figure 1). 

Th is disease is caused by mutations in the NF2 gene (that 

encodes schwannomin and is located at 22q12.2) [13]. 

Th e clinical presentation in Legius syndrome (NF1-like 

syndrome) is also very similar to that of NF1: multiple 

CALM or freckling, macrocephaly, facial dysmorphism, 

cognitive and behavioral disorders. Th is disease develops 

due to the mutations in the SPRED1 gene that includes 

7 exons and is localized at 15q3.2. Th e gene product (like 

neurofi bromin) works as a negative regulator of RAS-

MAPK signaling pathways [14].

In addition to NF1  and neurofi bromatosis type  2, 

multiple CALM were described in cases of  other 

RASopathies: Noonan syndrome (mutations in the 

PTPN11  tyrosine phosphatase gene, localization 

12q24.3), Costello syndrome (mutations in HRAS 

oncogene localized at 11p15.5), cardiofaciocutaneous 

syndrome (mutations in BRAF genes (encodes BRAF 

oncogene, locus 7q34)), MAP2K1 (encodes mitogen-

activated protein kinase, locus 15q22.31), MAP2K2 

(locus 19p13.3), KRAS (encodes KRAS oncogene, locus 

12p12.1) [12]. RASopathies include LEOPARD syn-

drome (Lentigines, Electrocardiographic conduction 

abnormalities, Ocular hypertelorism, Pulmonic steno-

sis, Abnormal genitalia, Retardation of growth, Deaf-

nes) when multiple lentigines (brown spots) on the 

face (Figure 2) are caused by mutations in the PTPN11 

(protein-tyrosine phosphatase non-receptor 11) gene. 

More than 65% of patients with LEOPARD syndrome 

have major missense mutations in the PTPN11 gene — 

Tyr272Cys and Th r468Met. Like in NF1, the signs of 

LEOPARD syndrome also include skeletal anomalies, 

neuroblastomas, and hemoblastoses [15].

CALM and sun-sensitive butterfl y-shaped facial rash 

are typical for Bloom’s tumor syndrome that is caused 

by mutations in the BLM gene (locus 15q26.1), whose 

product has helicase activity [16]. Multiple CALM are 

also found in patients with other hereditary tumor syn-

dromes: Fanconi anemia (aff ected FANCA gene (Fan-

coni anemia complementation group, locus 16q24.3)), 

Figure 1. Comparative characteristics of café-au-lait spots in neurofi bromatosis type 1 (A) and neurofi bromatosis type 2 (B) [13]
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Nijmegen syndrome (NBN gene (Nijmegen breakage 

syndrome, 8q21.3)) [17], Lynch syndrome (MSH2 (mutS 

homolog 2, 2p21); MSH6, MLH1, PMS2  genes) [18], 

Cowden syndrome (PTEN gene, 10q23.31) [19], Peutz-

Jeghers syndrome (STK11 gene encodes tumor suppres-

sive serine-threonine kinase 11, locus 19p13.3)  [16], 

Gorlin-Goltz syndrome (PTCH1  gene, 9q22.32) [20]. 

CALM are also detected in 84% of cases of ataxia-tel-

angiectasia (Louis-Bar syndrome), which is caused by 

mutations in  the  ATM gene (localization 11q22.3) that 

encodes serine-threonine protein kinase [21]. In  cases 

of  tuberous sclerosis, CALM are also detected in addi-

tion to typical depigmented spots [20]. Tuberous scle-

rosis is caused by mutations in tumor suppressor genes 

TSC1 (localization 9q34) or TSC2 (16p13.3) and its inci-

dence is 1:6000 people [22].

Multiple CALM are typical signs of McCune-

Albright-Braytsev syndrome (caused by a mutation in 

the GNAS gene (Guanine Nucleotide binding protein, 

Alpha Stimulating activity polypeptide, localization 

20q13.32) [12]), Silver-Russell syndrome (caused by 

hypermethylation of the H19 gene (11p15.5, tumor sup-

pressor long non-coding RNA) [23], Carney syndrome 

(PRKAR1A gene, protein kinase cAMP-dependent type 

1  regulatory subunit, 17q24.2) [20]. A  familial case of 

the development of multiple CALM was described; 

the lesion was caused by  a  germline mutation in the 

MAP2K2 gene that encodes mitogen-activated protein 

kinase involved in neurofibromin regulatory pathways 

[24]. Mutations in the MAP2K2  gene are typical for 

Costello syndrome [12]. However, in the case described 

by the authors, CALM was the only sign of the disease 

[24]. CALM can also be found in patients with Marfan 

syndrome (fibrillin-1  gene, FBN1, 15q21), Gaucher’s 

disease (glucosylceramidase beta gene, GBA, 1q22) and 

Hunter disease (iduronate sulfatase gene, IDS, Xq28) 

[16]. Since sporadic skin or subcutaneous tumors that 

can be confused with neurofibromas and lead to the 

diagnosis of NF1 cannot be excluded in any individuals 

with the  diseases described above, a differential diag-

nosis is required, which is based on molecular genetic 

identification of a germline mutation in DNA isolated 

from blood WBC.

Differential diagnosis of 
tumors in neurofibromatosis 
type 1
Tumors that are similar to NF1  both in appearance 

and in pathogenesis develop in cases of  type 2 neurofi -

bromatosis. Th ey can include NF1-like cutaneous neuro-

fi bromas, nodular schwannomas from peripheral nerves, 

and specifi c plaques (irregular, pigmented lesions cir-

cumscribed from the surrounding skin (Figure 3)). 

A  characteristic diff erence between neurofi bromatosis 

type 2 and NF1 is the development of schwannomas of 

acoustic nerves [25]. In tuberous sclerosis, facial angio-

fi bromas (many reddish papules in the area of the chin, 

cheeks, nose, and nasolabial folds), gingival fi bromas, 

subungual fi bromas, and shagreen plaques on the skin 

Figure 2. Typical brown pigmented spots on the face in LEOPARD syndrome [15]
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can also be confused with signs of NF1 [26]. In addition 

to CALM, Carney syndrome is characterized by pig-

mented tumors on the skin that may resemble pigmented 

neurofi bromas [20]. In cases of Legius syndrome, mul-

tiple lipomas develop that are similar to subcutaneous 

neurofi bromas [14].

NF1  types with subcutaneous neurofi bromas 

depending on the location of the lesion may  resem-

ble the clinical presentation of diff erent lipomatoses. 

In  patients with Madelung’s disease, lipomas are typi-

cally located on the lower body, legs and neck (proxi-

mal form), thighs, hands and knee joints (distal form), 

forearms, lower body, thighs and lower legs (central 

form) [27]. Like  NF1, Madelung’s disease can be also 

accompanied with polyneuropathy [28, 29] and cogni-

tive impairment [30]. Multiple painful subcutaneous 

lipomas are also typical for Dercum’s disease, which was 

described as early as 1892 and has an autosomal domi-

nant pattern of inheritance, similar to NF1. Th is disease 

is subdivided into diff use, generalized nodular, localized 

nodular, and periarticular types [31].

In addition to Dercum’s disease, a number of authors 

describe familial angiolipomatosis with an autosomal 

dominant inheritance with no accurate identifi cation 

of the genetic causes of  this  disease. It  is assumed that 

they are based on NF1 [32, 33]. It can be assumed that 

Madelung’s and Dercum’s diseases are also atypical forms 

of NF1. Th is is evidenced by information on the role of 

mast cells in the development of angiolipomas in Der-

cum’s disease [34] and familial angiolipomatosis [35], 

since mast cells are also important in the development of 

neurofi bromas [36].

Other hereditary tumor syndromes can also cause 

multiple lipomas. Familial multiple lipomatosis (FML) 

with the incidence of 1:50,000 people [37] may be caused 

by atypical hereditary retinoblastoma. A  family was 

described with a splice site mutation in the RB1  gene 

(encodes the  tumor suppressor protein RB, locus 

13q14.2) accompanied by the development of many 

lipomas with incomplete penetrance in regard to reti-

noblastoma [38]. FML is also found in cases of multiple 

endocrine neoplasia with loss of heterozygosity of the 

MEN1 gene (locus 11q13.1, encodes the tumor suppres-

sor protein menin) in some tumors [39]. A recent publi-

cation describes a case of genetically confi rmed Cowden 

syndrome (mutation c.195C>A (p.Y65*) in the PTEN 

gene) with multiple CALM and subcutaneous lipomas. 

Immunohistochemical results revealed no loss of hetero-

zygosity for the PTEN gene in tumors [19].

Th erefore, since the genetic basis of a number of lipo-

matoses has not yet been established, but an autosomal 

dominant type of inheritance was determined, it can be 

assumed that they are one of the types of NF1 and other 

hereditary tumor syndromes. To  confi rm this assump-

tion, mutations in the NF1  gene and other tumor sup-

pressor genes in all patients with multiple lipomas should 

be searched for. At the same time, there are cases when 

no mutations in the NF1  gene are found with a  typical 

NF1  clinical presentation with CALM, freckles, neu-

rofi bromas, and Lisch nodules [40], as  well as cases of 

familial lipomatosis with an autosomal dominant type of 

inheritance and with the  absence of mutations in NF1, 

SPRED1, and PTEN genes [41]. Th is suggests the need 

to develop a full panel of molecular genetic tests for dif-

ferential diagnosis of various diseases with signs simi-

lar to NF1. Table 1 includes the characteristics of all the 

abovementioned diseases with a clinical presentation 

characterized by the presence of CALM and/or tumor 

syndrome. To  develop a  diff erential diagnostic panel 

for NF1, molecular genetic testing of genes is required 

that can be aff ected by mutations causing these diseases 

(Table 1).

Figure 3. Cutaneous neurofi bromas in neurofi bromatosis type 1 (A) [12] and classic cutaneous plaques in neurofi bromatosis 

type 2 (B) [13]
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Table 1. Neurofi bromatosis type 1 diff erential diagnoses

Disease (mutated gene, localization)
Pigmented cutaneous manifestations 

(diff erence from NF1*)

Tumors and tumor-like formations 

(diff erence from NF1)

Familial angiolipomatosis (unknown) not typical multiple lipomas (histologically angiolipomas)

Ataxia-telangiectasia 

(ATM, 11q22.3)

CALM** leukemias, carcinomas

Bloom’s syndrome

(BLM, 15q26.1)

CALM, a rash on the face of the 

“butterfl y” type

leukemias

Gorlin-Golts syndrome

(PTCH1, 9q22.32)

CALM basal cell skin cancer, medulloblastoma

Gaucher disease (GBA, 1q22) CALM not typical

Dercum disease (unknown) not typical multiple painful lipomas (histologically angiofi brolipomas)

Cardio-facio-cutaneous syndrome 

(BRAF-7q34, MAP2K1-15q22.31, 

MAP2K2-19p13.3, KRAS-12p12.1)

multiple CALM not typical

Carney syndrome (PRKAR1A, 17q24.2) CALM on the face pigmented skin tumors, heart myxomas, pituitary 

adenomas 

Costello syndrome (HRAS, 11p15.5) multiple CALM skin papillomas

Cowden syndrome (PTEN, 10q23.31) CALM skin trichilemmomas (on the face and ears), thyroid and 

breast cancer, endometrial cancer, hamartomas, intestinal 

polyps, multiple lipomas

Lynch Syndrome (MSH2, 2p21) multiple CALM colon cancer, endometrial and ovarian cancer

Legius syndrome (SPRED1, 15q3.2) multiple CALM or freckles multiple lipomas (histologically lipomas)

Madelung disease (unknown) not typical multiple subcutaneous lipomas with specifi c localization 

(not neurofi bromas histologically)

McCune-Albright-Braitse syndrome 

(GNAS, 20q13.32)

large CALM not typical

Marfan syndrome

(FBN1, 15q21)

CALM not typical

Multiple endocrine neoplasia

(MEN1, 11q13.1)

not typical multiple lipomas (lipomas histologically)

Neurofi bromatosis type 2 (NF2, 22q11.2) CALM (fewer and smaller spots) NF1-like cutaneous neurofi bromas (fewer), nodular 

schwannomas (from large nerve trunks), plaques 

(pigmented)

Nijmegen syndrome (NBN, 8q21.3) multiple CALM rhabdomyosarcoma, lymphoma, leukemias

Noonan syndrome (PTPN11, 12q24.3) multiple CALM neuroblastoma, leukemias

Peutz-Jeghers syndrome (STK11, 

19p13.3)

CALM, pigmented spots on the lips 

and oral mucosa

polyps and hamartomas of the gastrointestinal tract, colon 

cancer, pancreas cancer, breast and ovary cancer

Hereditary retinoblastoma (RB1, 

13q14.2)

not typical multiple lipomas (histologically lipomas), retinoblastoma 

(retina malignant tumor) 

Silver-Russell syndrome (Н19, 11p15.5) multiple CALM not typical

Tuberous sclerosis (TSC1-9q34, TSC2-

16p13.3)

depigmentation spots along with 

CALM

angiofi bromas (localized on the face), fi bromas (located 

on the gums and under the nails), internal organs 

hamartomas 

Fanconi anemia (FANCA, 16q24.3) CALM

multiple CALM

squamous cell carcinoma, leukemias, Wilms’ tumor and 

brain tumors

Hunter syndrome (IDS, Xq28) CALM

CALM

not typical

LEOPARD**** syndrome (PTPN11, 

12q24.3)

multiple lentigines neuroblastoma (malignant tumor, unlike benign 

neurofi bromas)

Note: NF1* — neurofibromatosis type 1; CALM — café-au-lait macules, LEOPARD**** — Lentigines, Electrocardiographic conduction abnormalities, Ocular hypertelorism, Pulmonic 

stenosis, Abnormal genitalia, Retardation of growth, Deafnes)
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Identification of atypical forms 
of neurofibromatosis type 1
Results of histological examinations of subcutaneous 

tumors in NF1  revealed the presence of  atypical signs 

of the disease in the form of liponeurofi bromas. For 

example, analysis of 130 neoplasm samples from various 

NF1 patients demonstrated that the microscopic pattern 

in  24.6% of cases can be described as liponeurofi bro-

mas. Th ese changes are most oft en found in patients of 

advanced age and in female patients. At the same time, 

intratumoral fat deposits diff er in morphology and size 

in comparison with subcutaneous tissue during light 

microscopy [42]. Histological results also demonstrated 

atypical neurofi bromas consisting of cells with hyper-

chromic nuclei, with a large number of recurrent chromo-

somal aberrations including deletion of the 9p21.3 locus 

that includes CDKN2A/B genes. It should be noted that 

9p21.3  deletion is a specifi c sign of  MPNST, therefore, 

these atypical neurofi bromas [11] are characterized by 

frequent malignant transformation [43].

Due to the possibility of detection the mutations in 

the NF1  gene, clinical signs of NF1  that do not meet 

the NIH diagnostic criteria are described. NF1 patients 

with multiple lipomas are described [44, 45]. In  2021, 

sequencing of the NF1  gene in two patients from the 

same family with lipomatosis and  CALM revealed the 

missense mutation c.3445A>G (p.Met1149Val) [46]. Ear-

lier in 2020, missense mutations leading to the replace-

ment of methionine in position 1149 of neurofi bromin 

(p.Met1149) were described in 62  NF1  patients with 

mild clinical course of the disease, mainly with CALM 

and with no visible plexiform neurofi bromas and glio-

mas [47]. In 2019, 135 NF1 patients from 103 unrelated 

families were described; they had identical three-nucle-

otide deletion of c.2970_2972del resulting in methionine 

depletion in neurofi bromin (p.Met992del). All patients 

are  characterized by atypical clinical presentation with 

no cutaneous, subcutaneous, or spinal neurofi bro-

mas, as well as optic nerve gliomas. However, 38.8% of 

patients had cognitive impairments, and 4.8% had brain 

tumors not related to optic nerves [1]. In 2019, Trevis-

son E. et al. identifi ed the missense mutation c.3112A>G 

(p.Arg1038Gly) in 7 NF1 patients with CALM as the only 

sign of the disease [48].

In 2009, Upadhyaya M. et al., while examining 

NF1  patients with spinal plexiform neurofi bromas, 

determined the association of missense and splicing 

mutations in the NF1 gene in patients with scarce clini-

cal signs of the disease that did not meet the NIH diag-

nostic criteria [49]. In  2015, Pinna V. et al. examined 

786  NF1  patients and found among them 6  unrelated 

patients with  identical missense mutation c.5425C>T 

(p.Arg1809Cys) with a mild course of the disease with 

characteristic CALM and freckling, but with no skin 

or plexiform neurofi bromas, no Lisch nodules, skel-

etal anomalies, or gliomas of optic nerves [50]. Th ere 

were cases of NF1  with inapparent clinical signs with 

no visible skin or plexiform neurofi bromas, with a three 

nucleotide deletion in exon 17 of the NF1 gene (c.2970-

2972 delAAT) that results in the loss of one amino acid, 

methionine (p.Met991) in neurofi bromin [5]. A  mis-

sense mutation with an arginine amino acid substitu-

tion in an identical position (p.Arg1809) in 136 patients 

with NF1  causes one typical feature of NF1  such  as 

only multiple CALMs, with no visible skin or plexiform 

neurofi bromas. Th ese patients were characterized by 

Noonan-like syndrome (25%); they also had increased 

risk of developing pulmonary artery stenosis and short 

stature [3]. It  is noteworthy that multiple pigmented 

spots, short stature, and pulmonary artery stenosis are 

also specifi c for LEOPARD syndrome [51].

Genophenotypic correlations in NF1 were also deter-

mined for microdeletions of the 17q11.2 locus together 

with the NF1 gene and its fl anking neighboring genes that 

are detected in 10% of  all  NF1  patients. Th ese patients 

have more pronounced signs of the disease with cognitive 

defi ciency and facial dysmorphism [7], as well as early 

manifestation of tumors [52]. Th e 3 most common types 

of microdeletions are the following: type 1 as 1.4 mega-

bases in size, fl anked proximally by NF1-REPa and dis-

tally by NF1-REP-c; type 2 as 1.2 megabases in size, with 

deletion of NF1, SUZ12  and SUZ12P genes; type  3 as 

1.0 megabases in size, with breakpoint regions in paralo-

gous areas in the middle of NF1-REP-b and distally of 

NF1-REP-c [53]. Type 1 is detected in 70–80% of cases, 

type 2 in 10–23%, and type 3 in 1–4%. Th e reason is non-

allelic homologous recombination (NAHR) between low 

copy repeats during meiosis (types  1 and  3) or mitosis 

(type 2) [7]. More severe manifestations of NF1  with 

extended deletions of the entire NF1 gene with neighbor-

ing loci [53] may indicate the impact of the loss of genes 

located in the area of the microdeletion on the pathogen-

esis of NF1. In particular, in cases of type 1 microdele-

tion, the HCA66 gene is lost, which has a protein product 

that interacts with the tumor suppressor Apaf-1 (apoptic 

protease activating factor-1). Th erefore, when HCA66 is 

inactivated, cells become less susceptible to  apoptosis, 

which contributes to the exacerbation of the tumor syn-

drome in NF1 [54].

Current diagnostic approaches 
and management of 
neurofibromatosis type 1
Since the clinical manifestations of NF1 may not meet 

the criteria established by NIH, one of the most impor-

tant methods of diagnosing this disease is the molecular 

genetic test for the mutation that should be performed in 

all suspected cases. Since the disease is caused by germ-

line heterozygous mutations in the NF1 gene, DNA iso-

lated from peripheral blood WBC is  used to fi nd said 

mutations. Subsequently, the detection of intragenic 

mutations is carried out using next-generation sequenc-

ing with Integrative genomics viewer soft ware [55] and 
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confi rmation of  results via Sanger sequencing [56]. 

Since 10% of NF1  cases are caused by microdeletions 

at  the  17q11.2  locus [7], multiplex ligation-dependent 

probe amplifi cation (MLPA) is used to detect them with 

analysis of results by means of Coff alyser MLPA analysis 

soft ware [57].

Th e identifi cation of mutations in the NF1  gene 

is important for the development of treatment for 

NF1 patients, since, in cases of nonsense mutations (up 

to 20% of all types of changes in NF1 [58]), the technique 

of terminating the translation of premature termination 

codons in the reading frame can be used. To  this end, 

pseudouridylation, inhibition of nonsense-mediated 

mRNA decay, and suppressor tRNAs are used [59]. Man-

agement of cystic fi brosis with aminoglycosides demon-

strated that the use of gentamicin in low doses in cases 

of nonsense mutations in the CFTR gene (formation of a 

stop codon at amino acid residues 542 and 553 of protein 

product) contributes to the translation of a protein of 

normal length in the amount of 25–35% of normal. Th is 

eff ect is associated with closely related mismatch of ami-

noacyl-tRNA with a premature termination codon [60]: 

deoxystreptamine ring of aminoglycosides connected to 

several amino sugars connects to the decoding center of 

the ribosome (acts as a proofreader for attaching only 

related aminoacyl-tRNAs to the peptidyl transferase 

center of ribosome). Th e eff ectiveness of gentamicin 

in  restoring normal protein expression in the presence 

of a premature termination codon was proven in experi-

ments on mice regarding the Duchenne muscular dys-

trophy, nephrogenic diabetes insipidus, hemophilia, reti-

nal degeneration, APC-mediated colon cancer, Hurler 

syndrome. Other antibiotics that cause translational 

termination of premature termination codons include 

negamycin (binds to  the small ribosomal subunit), spi-

ramycin, josamycin, and tylosin. Suppression of trans-

lation of premature termination codons in mammalian 

cells without aff ecting translation termination in normal 

termination codons is caused by PTC124, known as 

ataluren. Th is agent demonstrated its  eff ectiveness in 

restoring the translation of normal proteins in models of 

various monogenic diseases [59]. Antitumor activity is 

also demonstrated by tetracycline group antibiotics that 

inhibit protein synthesis in tumor mitochondria, thus 

causing a cytotoxic eff ect. Further, the analysis of a cul-

ture of MPNST cells from an NF1 patient demonstrated 

that doxycycline in combination with photodynamic 

eff ect caused by 5-aminolevulinic acid had a pronounced 

cytotoxic eff ect on tumor cells [61]. Th e suppression of 

translation of premature termination codons has been 

shown to be eff ective against tumor suppressor genes 

in other hereditary tumor syndromes [59], however, no 

such studies were conducted for NF1. However, in cases 

of deep intron mutations in the NF1  gene that cause 

insertions of latent exons in mRNA, experimental stud-

ies on fi broblast and lymphocyte lines demonstrated the 

eff ectiveness of antisense oligomers in the restoration 

of normal splicing. Th ese molecules specifi cally bind to 

new 5’ splice sites required for insertion of latent exons 

and suppress them, preventing the formation of mutant 

mRNA [58, 62].

Currently, the only agent approved by the FDA (Food 

and Drug Administration) for the targeted therapy 

of NF1  is the ATP-independent inhibitor of mitogen-

activated protein kinase (MEK) selumetinib [63]. This 

agent is recommended at a dose of 25 mg per 1 m2 of 

body surface area. Back in 2016, the results of treatment 

of 24 NF1 pediatric patients with selumetinib were pub-

lished. There were rare side effects in the form of acne, 

asymptomatically increased level of creatine kinase, 

and  lesions of the gastrointestinal tract (GIT). After a 

course of treatment with 28-day cycles, 71% of children 

demonstrated a decrease in the size of neurofibromas 

[64]. The effectiveness of  selumetinib in combination 

therapy with LDN-193189 (inhibitor of BMP2  recep-

tor of type 1) was proven in vitro on MPNST (NF1-/-) 

cell line, while the isolated use of LDN-193189  gave 

no proper antiproliferative effect. Based on the results 

obtained, it is expected that selumetinib can be used 

in the complex chemotherapy of MPNST [65]. In 2020, 

Baldo F. et al. examined 17  children with plexiform 

neurofibromas during one year of treatment with selu-

metinib and observed a decrease in size (more than 

20% of volume) of tumors in 16 out of 17 patients with 

NF1 [66]. In 2020, Santo V.E. et al described the effec-

tiveness of selumetinib in the management of plexiform 

neurofibromas in 18 out of 19 patients with NF1 (95%) 

during the first 60–90 days of treatment [67]. In 2020, 

Gross A.M. et al., in a phase 2 open-label clinical trial of 

selumetinib on a continuous schedule (28-day cycles) 

in children with NF1, described a persistent decrease in 

the size of inoperable neurofibromas in 70% of patients 

(35 of 44) [68]. Selumetinib has been shown to be effec-

tive in the management of brain tumors in cases of NF1: 

in 36% (9 of 25) of patients with grade 1 pilocytic astro-

cytoma and in 40% (10 of 25) of patients with low-grade 

glioma [69]. Treatment with selumetinib (12 cycles) in 

24  NF1  patients with spinal neurofibromas demon-

strated 75% efficacy [70].

Gene therapy may become a promising technique for 

NF1management. Th e insertion of a full-length normal 

NF1  gene using recombinant adeno-associated virus 

(rAAV) containing an  expression cassette to replace 

mutant alleles and to restore neurofi bromin function is 

diffi  cult due to the large size of cDNA (8500 bp). Th ere-

fore, the use of truncated variants of NF1 gene that retain 

functional domains is more favourable [58]. A panel of 

AAV vectors was used in vitro on MPNST cell lines and 

human Schwann cell lines to restore the Ras-GTPase 

activity of neurofi bromin. As a result, signifi cant resto-

ration of the ability to suppress RAS oncogenes using 

neurofi bromin domain was determined [71]. Partial 

restoration of their normal tumor suppressive function 

was demonstrated on cell lines of neurofi bromas, upon 
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transfection of isolated domains GRD, CSRD, LRD, CTD 

of the NF1 gene into their genomes. Th ese recombinant 

transgene sequences can be designed to encode trun-

cated functional proteins that can be easily packaged into 

viral vectors [72].

Conclusion
Neurofibromatosis type 1  is the most common 

hereditary tumor syndrome. A number of authors have 

described atypical manifestations of NF1, including 

those with multiple lipomas, as well as those that do 

not meet NIH criteria. Since no genetic etiology was 

established for a number of familial lipomatoses, it was 

suggested that they may be atypical signs of NF1  and 

other hereditary tumor syndromes. It  is evidenced by 

the data of the results of the papers by different authors, 

presented in this review. To confirm this assumption, a 

standardized panel should be developed to search for 

mutations in tumor suppressor genes that are involved 

in diseases characterized by  the  development of mul-

tiple lipomas and/or CALM. Modern medicine requires 

wide implementation of methods available for patients 

for molecular genetic confirmation of NF1  diagnosis 

into clinical practice. It will allow early identification of 

the disease and the use of effective treatment methods 

with mitogen-activated protein kinase inhibitors.
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