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Summary. Neurofibromatosis type 1 is one of the most common genetic diseases. It can be
inherited in an autosomal dominant manner, but in almost half of the cases it occurs de novo.
Neurofibromatosis type 1 is associated with café au lait spots, freckles in the inguinal and axillary
areas, neurofibromas, Lisch nodules of the iris or choroidal anomalies, optic pathway gliomas and
characteristic bone anomalies. In the world, the pathology occurs with a frequency of 1:3500
newborns. Mutation in the NF1 gene, which is located on chromosome 17 q11.2, leads to the inability
to synthesize the cytoplasmic protein neurofibromin. This latter protein acts as a modulator of cell
growth and differentiation, starting from intrauterine life, it is expressed by cells of the nervous
system, endothelium and smooth muscles near blood vessels. The mutated protein and associated
changes in the cellular environment lead to a very high risk of cerebrovascular changes. Deficiency
of the NF1 gene leads to hyperactivation of RAS, which triggers the AKT/mTOR and Raf/MEK/ERK
proliferation signaling pathways. As a result, benign neoplasms are formed - neurofibromas, which
have a high tendency to malignancy. The gold standard for diagnosing neurofibromatosis type 1 is
molecular genetic testing. The article provides information on the prevalence, clinical picture,
diagnostic and treatment options for neurofibromatosis type 1, as well as our own clinical observation.
The presented clinical case is interesting due to the progressive course of the disease in a child and
the formation of multiple plexiform neurofibromas. Currently, there are no methods for preventing
this pathology, but early diagnosis and targeted therapy improve the quality of life of patients.
Targeted therapy can have a great impact and slow the growth of neurofibromas. Selumetinib is a
selective inhibitor of mitogen-activated protein kinase types 1 and 2 (MEK 1,2). It blocks MEK
activity and the Raf/MEK/ERK signaling pathway, which helps suppress the proliferation of tumor
cells in which this signaling pathway is activated.

Key words: neurofibromatosis type 1, neurofibromas, children.

TPYJHOCTHU JUAT'HOCTUKHU
HEWPO®UBPOMATO3A 1 TUIIA Y PEBEHKA

H.A. Beasix!, I1.O. Korosa!, U.B. ITusuiop’,

E.I1. Makapkuna?, A.IL.Yepuenko!, F0.B./Ieena!
'Pasanckuii rocynapcTBeHHbIN MEMIMHCKUI YHUBEPCUTET
Toposckas feTcKas MOMUKINHUKA Ne 3
Psasanb, Poccuiickas @enepanus

Pesrome. Heiipodpubpomaroz 1 tuma sBisgercs oaHMM U3 HauOojiee paclpOCTPaHEHHBIX
reHeTHYecKux 3aboneBaHuii. OH MOXXET HacleloBaThCs MO AyTOCOMHO-JOMHUHAHTHOMY THUITY, HO
MOYTH B TIOJIOBHHE ciydaeB Bo3HHKaeT de novo. HelipoduOpomaro3 1 Ttuma accouumpyercs c
NATHAMHU I[B€Ta Koe C MOJOKOM, BECHYIIKaMH B I1aXOBOW M IOAMBIIIEYHON 00JacTsiX,
Helpopubpomamu, y3enkamu Jluma pamyKKu WIM XOPUOHJIAJbHBIMU AHOMAJIMSMHU, [JIMOMaMU
3pUTENBHOTO MYTH U XapaKTepHbIMU aHOMANUSAMHU KocTe. B mupe marosorusi BcTpedaeTcss ¢
gactotoil 1:3500 HOBOpOXIeHHBIX. MyTtanus B reie NF1, koTopblii HaxomuTcs B XpPOMOCOME
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17 ql1.2, nmnpuBOAMT K  HECIOCOOHOCTH  CHHTE3UPOBATh  IHMTOIIA3MAaTHYCCKHA  OCJIOK
HelipopuOpoMHUH. DTOT MOcIeTHUI OeNoK AeWCTBYET Kak MOAYIATOP pocTa W auddepeHuuanuu
KJICTOK, HauuHas C BHYTPUYTPOOHOH KW3HM, 3KCIpeccupyeTcs KIETKaMH HEPBHOW CHCTEMBI,
SHJIOTENHS U TIIAJIKUX MBIIII] BOJIM3H KPOBEHOCHBIX COCYI0B. MyTHpPOBABIIHN OETOK M CBA3aHHBIE C
HUM H3MEHEHMs KJIETOUYHOW Cpeibl MPUBOAAT K OYEHb BBICOKOMY PHUCKY LiepeOpOBacKyJsSpHBIX
n3meHenuid. Jlepumur rena NF1 mpuBomut k rumepaktuBauumud RAS, 4TO BBI3BIBaeT 3amycK
curHanbHBIX TyTel nponudepannn AKT/mTOR u Raf/MEK/ERK. B pesynsrare dhopmupyrorcs
I00pOKaYecTBEHHbIE HOBOOOpa30BaHUS — HEUpPO(HUOPOMBI, MMEIOLINE BBICOKYIO CKIOHHOCTH K
MaJIWTHU3aIMU  30JI0TBIM CTAHAAPTOM JUArHOCTHKM HeWpopuOpomaros 1 Tuma sBisgercs
MOJIEKYJISIPHO-TEHETUYECKOE TECTUPOBaHUE. B cTaTbe npuBeeHbl CBEACHHUS O PACIIPOCTPAHEHHOCTH,
KJIIMHUYECKOM KapTHUHE, BO3MOKHOCTSX IMAarHOCTUKH U JIedeHus HelipoguOpomarosa 1 Tuna, a Taxoke
coOCTBeHHOE KIMHUYeckoe HaOmopeHnue. IIpencraBieHHBIM KIMHUYECKHH Cllydail WHTEepeceH
IPOrPECCUPYIOLINM TEeUeHHEeM 3a0oieBaHusl y peOeHka U (OPMUPOBAHMEM MHOXKECTBEHHBIX
iekcu(opMHBIX HelpopuOpoM. B Hacrosiee BpeMsi He pa3paboTaHbl METOABI MPOMUIAKTUKU
JAHHOM MaTOJIOTMH, OTHAKO PAaHHSAA AMAarHOCTHKA U TapreTHas Tepanus yaydIlaroT KadyeCTBO KU3HU
MaIyreHToB. TapreTHas Tepanusi MOXKET OKa3aTh OOJIbIIOE BIHUSIHUE U 3aMEJIUTh POCT HEHpOoPuOpoMm.
CenymMeTHHUO SBISETCS CEJIEKTUBHBIM MHTMOUTOPOM MHUTOIE€H-aKTUBHPYEMOW MPOTEUHKUHA3B! 1 1
2 tuma (MEK 1,2). On Gnokupyer aktuBHOCThb MEK u curnanssbii myts Raf/MEK/ERK, dro
CIOCOOCTBYET YIHETEHHMIO MpOoJH(epany OMyXOJeBbIX KJIETOK, B KOTOPBIX aKTHBUPOBAH JAHHBIN

CUTHAQJIbHBIN ITyTh.

KuoueBble ciioBa: HeiipodhuOpomaro3 1 Tuma, HeHpopuOPOMBI, TETH.

Introduction. Neurofibromatosis is a group of
heterogeneous disorders characterized by the
formation of tumors of the central and peripheral
nervous system, skin and bone lesions [1]. There are
3 types of neurofibromatosis: neurofibromatosis type
1 (NF1) - 96%, neurofibromatosis type 2 (NF2) - 3%
and schwannomatosis (SWN) - 1% [2].
Neurofibromatosis type 1 is one of the most
frequently diagnosed diseases of the nervous system
predisposing to cancer. In the world, the pathology
occurs with a frequency of 1:3500 newborns. The
disease is inherited in an autosomal dominant
manner, but in approximately 50% of individuals it is
caused by a spontaneous de novo mutation [1,3].

The first sporadic descriptions of patients with
skin tumors in neurofibromatosis type 1 appeared in
1642 in the treatise of the Italian scientist U.
Aldrovandi "History of Monsters". In 1882, the
German pathologist F.D. von Recklinghausen gave a
complete scientific description of the clinical and
morphological changes in a patient with
neurofibromatosis [4]. Since this was long before the
discovery of DNA, the disease began to bear his
name - Recklinghausen's disease. Almost a hundred
years later, in 1987, D. Berker conducted the first
mapping and  identified the gene for
neurofibromatosis type 1 [3]. In 1988, the US
National Institutes of Health held a conference on
neurofibromatosis with the goal of developing
consistent criteria for its diagnosis [5].

The cause of the disease is damage to the NF1
gene located on chromosome 17q11.2, encoding the
tumor suppressor protein neurofibromin. This protein

is a RAS-GTPase activator, produced in neurons,
oligodendrocytes and Schwann cells [6]. Normally,
neurofibromin interacts with the product of the RAS
proto-oncogene, inhibiting its function and
implementing dynamic control over cell growth.
Deficiency of the NF1 gene leads to hyperactivation
of RAS, which triggers the AKT/mTOR and
Raf/MEK/ERK proliferation signaling pathways. As
a result, benign neoplasms are formed -
neurofibromas, which have a high tendency to
malignancy [2,6].

The mutation rate of the NF1 gene is one of the
highest in all known human diseases, which explains
the variability of the clinical picture [3]. Skin
manifestations in the form of "café au lait" spots are
considered the most common changes in NF1, they
are usually the first sign of the disease [5]. Freckles
in the groin and axillary areas are characteristic, less
often diffuse over the entire body [7]. Cutaneous
neurofibromas are present in almost all patients with
NF1, they appear in adolescence and are located on
the trunk, then spread to the limbs, neck and face.
Unlike  cutaneous  neurofibromas, plexiform
neurofibromas are found in 50% of patients, often
attract attention in early childhood and are considered
congenital [2,5]. Gliomas of the optic pathway are
observed in 15-20% of children [8]. Skeletal
abnormalities  associated with NF1 include
macrocephaly, short stature, and osteopenia, as well
as localized bone dysplasias (sphenoidal wing
dysplasia, long bone dysplasia, and dystrophic
scoliosis) [2]. Scoliosis may affect 10-26% of people
with neurofibromatosis, making annual spinal
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examinations essential during childhood and early
adolescence. Approximately 50% of children with
NF1 have learning disabilities, as well as increased
susceptibility to autism spectrum disorders [7].

The diagnosis of NF1 is based on the clinical
criteria recommended by the National Institutes of
Health (NIH, 1987) Consensus, which include at
least 6 café-au-lait spots, 2 cutaneous or
subcutaneous  neurofibromas, 1 plexiform
neurofibroma, axillary or inguinal freckles, optic
glioma, Lisch nodules (iris hamartomas), and
characteristic bone lesions. A combination of at least
2 of these criteria is required to make a clinical
diagnosis of NF1 [4,9].

Surgery is the main treatment for neurofibromas,
but it has a high recurrence rate because plexiform
neurofibromas are difficult to remove entirely due to
interdigitation into normal tissues and peripheral
nerves. Persistent pain at the site of a plexiform
neurofibroma may indicate malignancy. It is
important to note that plexiform neurofibromas have
a lifelong risk of malignant transformation [2,9].
Chemotherapy is a potential therapeutic option for
plexiform neurofibromas.

Targeted therapy can have a great impact and slow
the growth of neurofibromas. In April 2020, the US
Food and Drug Administration (FDA) approved the
use of selumetinib (KOSELUGO, AstraZeneca) for
children with NF1 from 2 years of age with
inoperable plexiform neurofibroma [10]. Selumetinib
is a selective inhibitor of mitogen-activated protein
kinase types 1 and 2 (MEK 1,2). It blocks MEK
activity and the Raf/MEK/ERK signaling pathway,
which helps suppress the proliferation of tumor cells
in which this signaling pathway is activated. Other
MEK inhibitors, such as trametinib and binimetinib,
have also shown positive preliminary results [8,10].

The aim of the work was to describe our own
clinical  observation of the course of
neurofibromatosis type 1 in a 13-year-old child.

A clinical case. Patient 1., born in 2011. From the
anamnesis it is known that the child is from the 2nd
pregnancy (lst pregnancy miscarriage, 3rd
pregnancy - healthy child), which proceeded with
gestosis and ureaplasmosis in the 2nd trimester. The
first term labor, spontaneous. Body weight at birth is
3100 g, body length is 51 cm, head circumference is
34 cm, chest circumference is 33 cm, Apgar score is
8/9 points.

The boy grew and developed in accordance with
his age. Past illnesses - acute respiratory viral
infection, chickenpox. Preventive vaccinations were
carried out according to the national calendar. The
allergological anamnesis is not burdened.

It is known from the anamnesis that at the age of
3, pigment spots of the color "coffee with milk"
appeared on the child's body, but the parents did not
contact a pediatrician with this complaint. At the age
of 5, the boy was operated on at the State Budgetary
Institution of the Rostov Region "N.V. Dmitrieva
Regional Children's Clinical Hospital" (Ryazan) for
fibroma of the occipital region.

At the age of 7, the parents noted complaints of
swelling in the chin and neck area, the child was
examined by a pediatric oncologist and geneticist at
the consultative and diagnostic center of the State
Budgetary Institution of the Rostov Region "N.V.
Dmitrieva Regional Children's Clinical Hospital".

According to medical records, an objective
examination of the child revealed a “coffee with
milk” colored spot measuring 15.0 x 8.0 cm on the
anterior surface of the body, as well as multiple
pigment spots measuring from 1.0 x 0.5 cm to 3.0 x
3.0 cm on the skin of the trunk and limbs (Figure).

Figure. Multiple pigmented spots of the color "cafe-au

According to the results of ultrasound
examination of soft tissues of the neck (03.03.20),
subcutaneous formations with a heterogeneous

i
-lait spots" on the skin of the back.

structure were found symmetrically on both sides in
the area of the sternum and the upper posterior
surface of the neck.
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According to MRI data of soft tissues of the neck
(06.03.20), an MR picture of a solid formation of
subcutaneous fat tissue of the craniovertebral region
and soft tissues of the neck with spread to the
anterior chest wall, as well as to the upper
mediastinum and spinal canal at the level of the C1-
C2 segment is noted.

Complete blood count (03.03.20): erythrocytes —
4.68x1012/1, hemoglobin — 132 g/l, MCV — 78.6,
MCH - 28.2, platelets — 409%109/1, leukocytes —
6.35x109/1, eosinophils — 8%, band cells — 1%,
segmented cells — 46%, lymphocytes — 34%,
monocytes — 11%, erythrocyte sedimentation rate —
5 mm/h.

Blood biochemistry (11.04.20): C-reactive
protein is negative, LDH is 442.7 U/L, AST is 23.7
U/L, ALT is 16.0 U/L, total bilirubin is 12.1 umol/L,
total protein is 74.1 g/L, urea is 3.0 mmol/L,
creatinine is 45.4 mmol/L, Na is 143.1 mmol/L, K
is 3.82 mmol/L, Ca is 2.33 mmol/L, P is
1.02 mmol/L, ferritin is 7.7 ug/L.

MRI of the brain (06.03.20) shows a picture of
isolated focal changes in the brain tissue, as a
manifestation of dysmyelination in NF1. The child
was given a  preliminary  diagnosis  of
neurofibromatosis type 1.

In August 2020, to confirm the diagnosis, the boy
underwent a molecular genetic study at the Dmitry
Rogachev National Medical Research Center for
Pediatric Hematology and Oncology (Moscow): a
deletion of one nucleotide c¢.7009delG in a
heterozygous state was found in the NF1 gene in exon
47, leading to a shift in the reading frame and the
formation of a premature stop codon
p-Glu2337LysfsTer38.

Results of the histological examination dated
08/15/20: plexiform neurofibroma of the occipital
region on the right, has expression of EMA,
GLUT1, S100, CD34. The child was clinically
diagnosed with neurofibromatosis type I,
histologically verified plexiform neurofibroma of
the occipital region on the right.

In August 2022, in order to search for a known
mutation, a study of the biological material of the
nuclear family was conducted at the N.P. Bochkov

References

1. Ferner RE, Gutmann DH. Neurofibromatosis type
1 (NF1): diagnosis and management. Handbook
of clinical neurology. 2013;115:939-955.
https://doi.org/10.1016/B978-0-444-52902-
2.00053-9.

2. Tamura R.  Current understanding  of
neurofibromatosis type 1, 2, and
schwannomatosis. Int. J Mol. Sci. 2021;

Research Center for Medical Genetics (Moscow)
using DNA sequencing: the boy was found to have a
heterozygous deletion in exon 47 of the NF1 gene:
NM  000267.3:  ¢.7009del, NP  000258.1:
p.Glu2337fs, chr17:29670035.

The mother was also found to have a heterozygous
deletion in exon 47 of the NF1 gene: NM 000267.3:
¢.7009del, NP 000258.1: p.Glu23371s,
chr17:29670035. The father and younger brother did
not have a heterozygous deletion in exon 47 of the
NF1 gene.

The boy was recommended pathogenetic therapy
with the drug "Koselugo" (Selumetinib). The issue of
its provision is currently being resolved.

Conclusions. Thus, this clinical case
demonstrates the heterogeneity of the manifestations
of neurofibromatosis type 1. The first signs of the
disease are nonspecific, appear after birth and usually
progress over time. Therefore, for timely diagnosis
and optimal tactics of managing patients with
neurofibromatosis type 1, specialists should be aware
of the various clinical features of this disorder.
Children with this pathology require an
interdisciplinary approach and continuity in therapy
throughout their lives.

According to the literature, the prognosis of the
disease is  ambiguous. = Complications  of
neurofibromatosis are diverse and include blindness
due to optic nerve glioma, vascular disorders
associated with NF1-specific vasculitis, pathological
bone fractures, attention deficit hyperactivity
disorder, cosmetic defects [1,2]. In addition, patients
with NF1 have an increased susceptibility to the
development of pheochromocytoma, sarcoma,
melanoma and breast cancer [8,11].

Neurofibromatosis type 1 has a high degree of
variability in clinical presentation, which complicates
clinical diagnosis, especially in early childhood.
Accurate diagnosis of NF1 is important for
individualized clinical care, multidisciplinary
approach and genetic counseling. Pediatricians play
a crucial role in improving the diagnosis of this
disease. All patients with NF1 require careful
periodic monitoring to minimize the risk of serious
complications.

22(11):5850.
https://doi.org/10.3390/ijms22115850

3. Llnaiioep HA., Lllanoeanosa EA.
Snudemuonoeuss  paxomamo3sos. Becmuux
KauHuyeckou oonvuuyor Ne 51. 2011;9:46-51.
[SHnajder N.A., SHapovalova E.A.
Epidemiologiya fakomatozov. Vestnik
klinicheskoj bol'nicy Ne 51. 2011,;9:46-51. (In
Russ.).]

EBpasuiickuii )KypHail 31paBOOXpaHEHUS

2025 Ne2



4. Koumoposuy AK.,

BOIIPOCHI HEJUATPUN

8. Evans DGR, Salvador H, Chang VY, Erez A, Voss

T'ycapes C.A.
Heiipoghubpomamos oprownou noaocmu.
Monooou  yuenvun.  2016;15.2(119.2):15-17.
[Kontorovich A.K., Gusarev S.A. Nejrofibromatoz
bryushnoj polosti. Molodoj uchenyjyj.
2016,15.2(119.2):15-17. (In Russ.).]

. Roberti V, Laghi A, Moramarco A, Giustini S,
Roberti V, Laghi A, Moramarco A, et al.
Cutaneous manifestations in neurofibromatosis
type 1. Clin Ter. 2020;171(5):371-377.
https://doi.org/10.7417/CT.2020.2242

. Miller DT, Freedenberg D, Schorry E, Ullrich NJ,
Viskochil D, Korf BR, et al. Health Supervision for
Children with  Neurofibromatosis Type 1.
Pediatrics. 2019;143(5): e20190660.
https://doi.org/10.1542/peds.2019-0660

. Ferner RE, Bakker A, Elgersma Y, Evans DGR,
Giovannini M, Legius E, et al. From process to
progress-2017  International Conference on
Neurofibromatosis 1, Neurofibromatosis 2 and
Schwannomatosis. Am J Med Genet A.

SD, Schneider KW, et al. Cancer and Central
Nervous System Tumor Surveillance in Pediatric
Neurofibromatosis 1. Clinical cancer research.
2017;23(17):e46-e53.

https://doi.org/10.1158/1078-0432.CCR-17-0589

. Ly KI, Blakeley JO. The Diagnosis and

Management of Neurofibromatosis Type 1. Med
Clin  North Am.  2019;103(6):1035-1054.
https://doi.org/10.1016/j.mcna.2019.07.004

10.Gross AM, Wolters PL, Dombi E, Baldwin A,

Whitcomb P, Fisher MJ, et al. Selumetinib in
children with inoperable plexiform
neurofibromas. The New England Journal of
Medicine. 2020; 382(15): 1430-1442.
https://doi.org/10.1056/NEJMoal912735

11.Wegscheid ML, Anastasaki C, Gutmann DH.

Human stem cell modeling in neurofibromatosis
type 1 (NFI1). Experimental neurology.
2018;299:270-280.

https://doi.org/10.1016/j.expneurol.2017.04.001
2019;179(6):1098-1106.
https://doi.org/10.1002/ajmg.a.61112

Information about the authors

Natalia Anatolyevna Belykh — MD, Professor, Head of the Department of Faculty and Polyclinic
Pediatrics of Ryazan State Medical University, Ryazan, Russia. ORCID ID: 0000-0002-5533-0205,
e-mail: nbelyh68@mail.ru

Inna Vladimirovna Pisnyur — Assistant of the Department of Faculty and Polyclinic Pediatrics
of Ryazan State Medical University, Ryazan, Russia. ORCID ID: 0000-0002-9267-439X, e-mail:
innaabramova@yandex.ru

Polina Olegovna Kotova — Resident of the first year of the Department of Faculty and Outpatient
Pediatrics, Ryazan State Medical University, Ryazan, Russia. ORCID ID: 0000-0002-0792-3233, e-
mail: polina.iertskina@mail.ru

Elena Pavlovna Makarkina - Deputy Chief Medical Officer, Ryazan City children's polyclinic
N°3, Ryazan, Russia. ORCID ID: 0000-0001-6106-6722, e-mail: mak.elrenal 965@yandex.ru

Aleksei Pavlovich Chernenko — student, Ryazan State Medical University, Ryazan, Russia.
ORCID ID: 0009-0005-0257-5435, e-mail: chernenko.899@yandex.ru

Yulia Vitalievna Deeva — Assistant of the Department of Faculty and Polyclinic Pediatrics of
Ryazan State Medical University, Ryazan, Russia. ORCID ID: 0000-0003-0975-1137, e-mail:
yudeeva80@mail.ru

For citation

Belykh N.A., Kotova P.O., Piznyur I.V., Makarkina E.P., Chernenko A.P., Deeva YU.V. Difficulties
in diagnosis of neurofibromatosis type 1 in a child. Euroasian Health Journal. 2025;2:66-70.
https://doi.org/10.54890/1694-8882-2025-2-66

EBpa3suiickuii )ypHai 31paBOOXpPaHECHUS 70 2025 Ne2



