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PRECLINICAL DIAGNOSTICS OF VON HIPPEL-LINDAU SYNDROME IN A CHILD
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The description of the child aged 5 months with the von Hippel-Lindau syndrome without any manifestations of this syn-
drome is presented. The reason for the molecular genetic examination was the presence of cases of this syndrome in the fam-
ily (mother and sister). The heterozygous variant ¢.355T>C p.F119L was found in the VHL gene. An objective examination
revealed no pathology. A comprehensive laboratory and instrumental examination aimed at searching for components of
the von Hippel-Lindau syndrome, including a blood test for metanephrines and normetanephrines, ultrasound of the ab-
dominal organs, examination of the fundus, also did not reveal any abnormalities. Given the results of molecular genetic
diagnosis, the child remains under observation and will undergo regular examinations to identify components of the von
Hippel-Lindau syndrome, including blood/urine tests for normetanephrines.
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AOKNINHNYECKAA AUATHOCTUKA CUHAPOMA ®OH XNNENA-IMHAAY Y PEBEHKA
rPYaAHOIro BO3PACTA

© O.A. ManueBckuin'*, P/. Manuesckas', B.A. Manunesckun', A.H. Tionbnakos*?

'BalLKUPCKUIA rOCyAapCTBEHHBIN MegUUMHCKUN yHUBepcuTeT, Yda, Poccun
2MepuMKO-TeHETUYECKMIA HAaYUHbI LIeHTP MMeHU akagemumka H.IN. boukoBa, MockBa, Poccus
3Poccuinckan geTckas KnnHndeckasa 6onbHuUa, MockBa, Poccus

MpepcTaBneHo onvcaHue ciyyas AUarHOCTUKKU cuHapoma ¢oH Xunnena-JiuHgay y pebeHka B Bo3pacTe NATU MeCsALEB, He
nmMetoLero Kakmx-nmbo nposBneHnii JaHHoro 3aboneBaHuaA. MoBoOAOM ANA MONEKYNAPHO-TeHeTUYeCckoro o6cnefoBaHns
CTano HanuMuue CiyyaeB JAHHOTO CUHAPOMA B ceMbe (MaMa U cecTpa). B reHe VHL 6bin BbISIBIEH reTepo3MroTHbIN Bapu-
aHT ¢.355T>C p.F119L. Mpn 06bEKTMBHOM 06CNIEA0BAaHUMN CO CTOPOHbBI BHYTPEHHUX OPraHOB MATOSIONM He BbisiBiIEHO. Kom-
nnekcHoe nabopaTopHO-NHCTPYMEHTaNIbHOE 00C/Ief0OBaHME, HAMPABIEHHOE HA MOWCK KOMIMOHEHTOB CMHApPOMa GoH Xur-
nena-JfinHgay, B TOM YMcsie aHanm3 KPOBU Ha MeTaHehpUHbI 1 HopmeTaHedpyHbl, Y3 opraHoB GpIoLWHO NONOCTH, OCMOTP
rN1a3HOTO [iHa, TAaKXKE HEe BbIABUIIO KAKNX-TMOO OTKIIOHEHUI. YUnTbIBAs Pe3ysibTaTbl MONEKYNSPHO-TEHETUYECKOW ANArHOCTY-
KK, pebeHoK ocTaeTca nof HabnogeHnem 1 byaeT npoxoanTb perynapHoe obcnefoBaHme C Lenbio BbiABAEHNA KOMMNOHEH-
TOB cuHZpoma ¢oH Xunnensa-JIHaay, BKoYas aHann3bl KPOBU/MOUYM Ha HOPMETAHEPPUHDI.

KJTKOYEBbIE CJTIOBA: demu; heoxpomoyumoma; cuHOpom ghoH Xunnens-J/luHoay.

RELEVANCE

Pheochromocytomas/paragangliomas (PCC/PGL) are
neuroendocrine tumors that develop from the chroma-
ffin cells of the adrenal medulla (80-90% of cases) and ex-
tra-adrenal localization, releasing catecholamines in excess
amounts. In childhood, PCC/PGL is characterized by a pre-
dominance of extra-adrenal localization, bilateral damage
to the adrenal glands in the case of adrenal localization
of PCC, recurrent course and multifocal lesions [1, 2]. Also
in childhood PCC/PGL is manifested by arterial hypertension
in 64-93% of cases, headache in 39-95%, sweating in 90%,
palpitations in 53%, signs and symptoms of a mass effect.
In 30% of cases, the disease is detected in the form of acci-
dental formation in the adrenal glands [3].
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In contrast to the adult population, in childhood and young
adulthood the proportion of monogenic diseases that cause
the development of PCC/PGL is much higher (40 and 80%,
respectively) [1, 2]. In children with PCC/PGL, mutations are
most often observed in genes associated with the activation
of hypoxia-induced signalling, in particular in the von Hippel-
Lindau (VHL) gene, and in genes encoding one of the suc-
cinate dehydrogenase (SDH) subunits. Von Hippel-Lindau
syndrome (VHL syndrome) in children is the most common
genetic cause of PCC/PGL [4]. VHL syndrome develops due
to an inactivating germinal mutation in the VHL suppressor
gene on chromosome 3p25.3, has an autosomal dominant
type of inheritance and high penetrance (more than 90%). This
gene encodes two protein isoforms with molecular weights
of 30 kDa (full form) and 19 kDa (shortened form), which play

Received: 13.03.2023. Accepted: 28.07.2023.
doi: https://doi.org/10.14341/probl13280

Problems of Endocrinology. 2024;70(1):100-104


https://crossmark.crossref.org/dialog/?doi=10.14341/probl13280&domain=pdf&date_stamp=2024-02-28

REVIEW

an important role in regulating the response to hypoxia and
are necessary to maintain cellular homeostasis.

VHL mediates tumor invasion and metastasis by reg-
ulating HIFs protein expression [5, 6]. In approximately
20% of patients the disease is caused by do novo muta-
tions [7]. Among germinal mutations, missense mutations
are the most common (50-70%), while nonsense mutations
and splice site mutations were less common [8, 9]. A specific
feature of the course of VHL syndrome is the genotype-phe-
notype correlation. In particular, it has been shown that
missense mutations are associated with greater risks of met-
astatic diseases and a more aggressive course with a rapid
progression of clinical manifestations.

In addition to pheochromocytomas, in VHL syndrome,
highly vascular tumors, neuroendocrine tumors of the pan-
creas, epididymis, central nervous system, retinal heman-
gioblastoma, carcinoid syndrome, cysts in the kidneys and
pancreas can develop, which requires a multidisciplinary ap-
proach to diagnosis, follow-up of patients and their therapy.
PCC/PGL develops in 10-25% of cases of VHL syndrome, phe-
ochromocytomas are more common, and the risk of meta-
static disease is 3-8% [10, 11].

CASE DESCRIPTION

Child K. was invited by a pediatric endocrinologist for
examination due to family history of pheochromocytoma
in several family members.

Mother has malignant pheochromocytoma (adre-
nalectomy on the right side — in 2001, on the left side -
in 2015). Molecular genetic diagnosis was not available.
A child’s sibling was diagnosed with pheochromocytoma
at the age of five years with no clinical manifestations, in-
cluding arterial hypertension and tachycardia. Abdominal
CTscaninthe projection of both adrenal glands revealed soft
tissue lesions having a rounded shape with clear and even
contours with dimensions 24x13.5x24.5 mm on the right
and 23x29.5x37 mm on the left, with heterogeneous density
from +35 HU in the center to +55 +57 HU in the periphery.
In spot urine the level of fractionated metanephrines (free +
conjugated) was at 65 pug/g creatinine, fractionated norme-
tanephrines at 5980 pg/g creatinine. Bilateral adrenalecto-
my was performed. Histological findings were consistent
with pheochromocytoma with high metastatic potential
(PASS score 6, GAPP score 6). Subsequently, there were two
local relapses and lung metastases. With the opportuni-
ties of the AlphaEndo program, a molecular genetic study
was conducted at the National Medical Research Center
of Endocrinology of the Russian Ministry of Health, during
which the heterozygous variant ¢.355T>C p.F119L was iden-
tified in the VHL gene during Sanger sequencing.

The maternal aunt was also previously diagnosed with
bilateral pheochromocytoma, for which bilateral adrenalec-
tomy was performed. Molecular genetic diagnosis was not
carried out. Her daughter was diagnosed with pheochro-
mocytoma accidentally at the age of 11 during a preventive
medical examination at school. Ultrasound of the abdominal
organs in the projection of the right adrenal gland revealed
an oval mass with clear even contours of a liquid-solid struc-
ture measuring 58x30x40 mm, a solid component of a homo-
geneous structure with medium echogenicity, a liquid com-
ponent in the form of several liquid inclusions measuring
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7-22x13 mm. On CT in the area of the right adrenal gland,
an oval mass was found with dimensions of 41x28x48 mm,
density from +21 to +40 HU, with an area of irregular shape,
reduced density to +10 HU. There were no clinical manifesta-
tions of the disease, including arterial hypertension. Plasma
levels of adrenaline were 17 pg/ml (reference range 18-460),
norepinephrine 20629 pg/ml (reference range 85-1250),
dopamine 82.6 pg/ml (reference range 50-220), and ser-
otonin 26 ng/ml (reference range 50-220 ng/ml). Urinary
excretion of free metanephrines was 15.24 pg/day (refer-
ence range 7.69-33.33 ug/day), free normetanephrines -
2595.87 ug/day (reference range 7.91-35.18 ug/day), norepi-
nephrine - 2517 pg/day (reference range 15-80 ug/day), and
dopamine - 264 pg/day (reference range 65-400 pg/day).
The heterozygous variant c.355T>C p.F119L was also iden-
tified in the VHL gene.

When examining child K., the parents did not make any
complaints about his health. Physical examination of inter-
nal organs revealed no pathology. The blood pressure level
was 88/54 mm Hg, heart rate 112 beats per minute. There
were no symptoms of excess catecholamines in the form
of sweating, arterial hypertension, tachycardia, and poly-
uria. The child is able to hold his head from a month and
a half, he sits with support. There were no focal neurological
symptoms, symptoms of cranial nerve damage, pathologi-
cal reflexes. The child is able to fix gaze, recognizes parents
and family members, which indicates the absence of visual
impairment.

Taking into account the absence of hypertension and
tachycardia in the sib with pheochromocytoma, the levels
of metanephrines and normetanephrines in blood plasma
were tested, although VHL Alliance experts recommend
doing this after reaching the age of 5. The plasma lev-
el of free metanephrine was 0.25 nmol/L (reference range
0-0.49 nmol/L), free normetanephrine - 0.57 nmol/L (refer-
ence range 0-0.89 nmol/L), which made it possible to ex-
clude pheochromocytoma. The comprehensive objective
and laboratory-instrumental examination aimed at finding
the components of von Hippel-Lindau syndrome, includ-
ing examination of the fundus, ultrasound of the abdomi-
nal cavity and kidneys, did not reveal any abnormalities.
The heterozygous variant ¢.355T>C p.F119L was identified
in the VHL gene. Taking into account the results of molecu-
lar genetic diagnosis, the child remains under observation
and will undergo regular examination in order to identify
the components of von Hippel-Lindau syndrome, including
blood/urine tests for normetanephrines.

DISCUSSION

This case report indicates the possibility of preclinical
diagnosis of hereditary forms of pheochromocytomas by
molecular genetic examination of adult patients and their
families.

This will make it possible to detect both the develop-
ment of pheochromocytoma and other components of VHL
syndrome at an early stage, thereby avoiding their metasta-
sis and improving the prognosis for the life of patients [2].
The need to actively identify children with familial forms
of pheochromocytoma is justified by the fact that quite of-
ten they are asymptomatic. The pathogenic variant ¢.355T>C
p.F119L identified in our patient belongs to the missense
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mutations, which are the most common and which are as-
sociated with high risks of metastatic diseases and a more
aggressive course with rapid progression of clinical man-
ifestations [4, 9]. Thus, knowledge of the type of mutation
enables not only to identify VHL syndrome before the devel-
opment of pheochromocytoma and any other clinical man-
ifestations, but also to predict the course of pheochromocy-
toma and, possibly, determine treatment tactics. The study
by Michael Reich demonstrated that the probability of oc-
currence of various components of VHL syndrome increases
with age [12]. This justifies the need for follow-up of patients
by a multidisciplinary team.

Variant ¢.355T>C p.F119L has been previously described
in patients with various manifestations of VHL syndrome.
Kang et al. revealed this mutation in a patient with a CNS
tumor and retinal hemangioblastoma and without pheo-
chromocytoma [14], while in the series by Albattal et al. this
mutation is described in a patient with bilateral pheochro-
mocytoma without other components of the syndrome [15].
Individuals who have not been found to have changes
in the VHL gene during DNA analysis do not need follow-up.

HAYYHbI OB30P

To predict the relative risk of certain manifestations in family
members with this syndrome, several categories of VHL syn-
drome are distinguished. These categories are determined
by the type of mutation and are characterized by a high or
low risk of various manifestations of the syndrome depend-
ing on the mutation. Despite this, all patients with VHL syn-
drome are recommended to be monitored for all possible
signs, regardless of subtype [13].

In accordance with the recommendations of experts
on VHL syndrome (VHL Alliance, 2020), follow-up of children
should be started at infancy [13]. Young people require oph-
thalmological examination, including fundus examination.
The VHL Alliance recommends the “5-11-15 rule”: annual
24-hour urine test or blood test for normetanephrines and
metanephrines from 5 years of age, examination by audiolo-
gist and tomography of the brain and spinal cord every two
years from the age of 11, and MRI of the abdominal cavity
every two years from the age of 15 (Table 1).

In the VHL Patient and Caregiver Handbook the VHL
Alliance recommends using MRl instead of CT in case of VHL
syndrome in order to reduce the overall lifetime exposure

Table 1. Guidelines for surveillance of patients with VHL syndrome (VHL Alliance, 2020) [13]

Age
Type of examination — — 9 — — — Preananc
(tumor screening) Up to Beginning | Beginning | Beginning | Beginning | Beginning g y
5 years atage5y | atagel11y | atage15y | atage30y  atage65y
. . Annually
Medical h'.Stoty from age Annually Annually Annually Annually Annually Before .
and examination conception
1 year
BP and pulse Annually
Before
(pheochromocytoma, | from age Annually Annually Annually Annually Annually .
. conception
paraganglioma) 2 years
Before
Every Every Every Every conception
E:rr]:auns (irstzllgz’lcoma) ?r—;rir:oenths 6-12 6-12 6-12 Annually Annually and then
9 9 months months months every 6-12
1 year
months
Metanephrines Sto Before
(pheochromocytoma, Annually Annually Annually Annually P .
. examinations | conception
paraganglioma)
CNS MRI with/
without contrast (CNS Eveer:rs Eveer;,rs Eveer:rs Z;[(Z?ninations Eszocree tion
hemangioblastoma) y Y y P
Audiogram . Every Every Every Stop
(endolymphatic sac L
2 years 2 years 2 years examinations
tumor)
Abdominal MRI with/
without contrast
(renal cell carcinoma,
pheochromocytoma/ Every Every Stop Before
paragangliomas, 2 years 2 years examinations | conception
neuroendocrine
tumors/pancreatic
cysts)
MRI of the internal
auditory passages One time
(endolymphatic sac
tumor)
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of people with VHL syndrome to radiation. To control particu-
larly important areas of the brain and spinal cord, the most
effective and cost-effective way is CNS MR, including MRI
of the brain, cervical, thoracic and lumbar spine. To exclude
hemangioblastomas of the brain and spinal cord, it is nec-
essary to perform MRI scans with a magnetic field strength
of at least 1.5 T (Tesla) with or without contrast enhance-
ment and necessarily with thin sections of the posterior cra-
nial fossa [13]. Macrocyclic and gadolinium class Il contrast
agents are preferred for CNS MRI.

In addition to the generally accepted anamnesis collec-
tion and physical examination, patients undergo neurologi-
cal examination, auditory and vestibuloneural tests, assess-
ment of symptoms of excess catecholamines (headaches,
palpitations, sweating, hyperactivity, anxiety, polyuria, ab-
dominal pain).

An extended ophthalmic examination, including oph-
thalmoscopy, to exclude retinal hemangioblastoma should
be performed every 6-12 months, depending on the result
of the previous examination (especially in children) and
the expected need for follow-up. If a detailed ophthalmic
examination in the usual way is not possible, examining
children under anesthesia shall be considered. It is also
advisable to evaluate the possibility of performing ultra-
wide-angle photography and ultra-wide-angle fluorescence
angiography, which should not replace an examination by
ophthalmologist.

To diagnose pheochromocytoma, it is advisable to de-
termine the level of free plasma metanephrines due to their
higher sensitivity compared to measuring the level of me-
tanephrines in 24-hour urine test [13].

Abdominal MRI is aimed at early detection of cysts and
carcinomas of the kidneys, serous cystadenomas and neu-
roendocrine tumors of the pancreas, PCC/PRG of the adrenal
glands and extra-adrenal localization. It can be performed
simultaneously with brain MRI under one long-term anes-
thesia, especially in children. However, CNS and abdominal
MRI protocols should be performed sequentially. It is not
recommended to assess changes in the spine using the ab-
dominal MRI protocol or to assess the condition of the ab-
dominal organs using the results of the CNS MRI protocol. If
no CNS hemangioblastomas are detected, routine follow-up
is continued every 2 years. In the presence of hemangioblas-
toma(s) and an increase in its (their) size and/or in the pres-
ence of concomitant symptoms, scans should be performed
annually (or more often) depending on the situation (or
a patient has to be referred to a neurosurgeon). If the initial
scan shows no kidney lesions, routine follow-up is continued
every 2 years.

If small kidney tumors (less than 3 cm) are detected, MR
must be repeated every 3-6 months until stability. After
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stability has been determined during three consecutive
scans, repeated studies are considered once every 2 years.
If the renal neoplasm is 3 cm or more, a consultation with
urologist is recommended. High-resolution magnetic res-
onance imaging (section thickness T mm) for examination
of the internal auditory meatus should be performed after
15 years old [13].

It is advisable to continue regular medical and ophthal-
mological examinations in persons over 65 years of age who
have not shown any manifestations of VHL syndrome by this
age [13].

CONCLUSION

Unfortunately, in the families described in our study,
none of the adult patients were offered molecular genet-
ic diagnostics, despite the fact that the clinical guidelines
of the Russian Association of Endocrinologists for the di-
agnosis and treatment of pheochromocytoma/paragangli-
oma recommend genetic examination for all patients with
PCC/PG [2]. The need for molecular genetic diagnosis is jus-
tified by the fact that more than a third of all patients with
PCC/PG have hereditary mutations; the diagnosis of heredi-
tary syndrome in the proband is the way to timely diagnosis
and treatment of other family members, and the identifica-
tion of a genetic defect creates the possibility of using pre-
implantation and prenatal diagnostics. The legal representa-
tives of the children we examined were explained the goals
and results of genetic testing and the importance of exam-
ining all lineal relatives. The long-term follow-up plan has
been developed for the child with molecular genetically
confirmed VHL syndrome, taking into account the recom-
mendations of the VHL Alliance.
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