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von Hippel-Lindau syndrome (VHLS) is a rare, autosomal dominant genetic disease with

high penetrance and variable phenotypic expression caused by variants in the VHL gene.

VHLS is associated with the presence of vascular tumors, often hemangioblastoma

of the central nervous system, retina, or spinal cord and, less frequently, pancreatic

cystic neoplasm, pancreatic neuroendocrine tumor, clear cell carcinoma of the kidney,

endolymphatic sac tumor, pheochromocytoma, and paraganglioma. The authors report

a case of a patient with VHLS with a rare pathogenic variant in the VHL gene and with

an optic nerve hemangioblastoma, a rare phenotypic expression.

Case report: A 49-year-old woman was diagnosed with cystic neoplasm of the

pancreas, renal cell carcinoma of the right kidney, and hemangioblastoma of the left

optic nerve. The patient’s family history revealed siblings with VHLS manifestations.

The index case was her mother who died at age 63 of clear cell renal carcinoma. The

information was obtained by consulting the patient’s medical register and by interviews

with the patient and her relatives. The presence of left optic nerve hemangioblastoma

was suggested by CT scan of the skull and orbit. The sequencing of the VHL

gene was performed in the peripheral blood by the polymerase chain reaction (PCR)

technique, and the duplication and deletion research was performed using the multiplex

ligation-dependent probe amplification (MPLA) technique. The presence of a rare

pathogenic variant c.263G> A (p.Trp88Ter) was observed in heterozygosity in the VHL

gene that determined a premature stop codon. CT scan of the skull and orbits suggested

the presence of HB in the optic nerve of the left eye. The results of the CT scan of the

skull and orbits show thickening with tortuosity of the left optic nerve, with a small area

of nodular enhancement. The right optic nerve had a conserved aspect.
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Conclusion: This is the fourth case described of this rare pathogenic variant of the VHL

gene, according to the Human Gene Mutation Database and VHLdb database records

and with an optic nerve hemangioblastoma of the optic nerve, a very rare phenotypic

expression of the VHLS.

Keywords: von Hippel-Lindau syndrome, hemangioblastoma, optic nerve neoplasms, brain neoplasms, renal

carcinoma, VHL gene

INTRODUCTION

The von Hippel-Lindau syndrome (VHLS), also known as
familial cerebello retinal angiomatosis, is an autosomal dominant
genetic disease with high penetrance and variable expressivity
(1). VHLS is characterized by the presence of benign and/or
malignant tumors, most of them of vascular origin, with the
most frequent being hemangioblastoma (HB), usually located
in the central nervous system (CNS), mainly in the brain and
cerebellum (1, 2), but also founded in the spinal cord and
retina (1). Less than 5% of HBs present in the supratentorial
compartment and optic nerve HBs are extremely rare, with the
vast majority of this tumor occurs in patients with VHLS (3, 4).

Other non-vascular benign and malignant tumors that
may form part of SVH are pancreatic cystic neoplasm,
pancreatic neuroendocrine tumor, clear cell renal carcinoma
(CCR), endolymphatic sac tumor, pheochromocytoma (PCC),
paraganglioma (1, 2, 5), endolymphatic sac tumor, and papillary
cystadenoma of the epididymis (1, 2, 5).

VHLS is determined by the presence of germline or somatic
pathogenic variants in the VHL gene (von Hippel-Lindau tumor
suppressor, Gene ID7428), mapped at 3p25.26 (1, 2).

The incidence of VHLS ranges from 1 case in every 36,000
to 45,000 live births (6, 7). The natural history of the disease,
including themanifestation of tumors and their severity, is highly
variable among affected families, even cases within the same
family (1, 2, 5, 6). The mean age of the first manifestation is
26 years, although it can affect patients from 1 to 70 years
(1, 2, 5). The disease is highly penetrating, and 90% of patients
develop symptoms before age 65 (1). An occurrence of genetic
anticipation has been observed that determines the involvement
of patients at progressively earlier ages and with more severe
manifestations in successive generations (2).

Usually, the initial clinical manifestations in 60 to 80% of
the patients with VHLS are due to the presence of HB in
the CNS (1). Despite the benign nature of these tumors, they
represent the major cause of morbidity and mortality due
to compression exerted by their growth or by spontaneous
bleeding of the vascular component of these tumors in the CNS
structures (1, 2, 5).

The aims of this study were to describe a patient with VHLS
with a rare VHL pathogenic variant and a rare phenotypic
manifestation represented by HB of the left optic nerve. To the
best of our knowledge, this pathogenic variant was described just
in other three cases reported, and until now, 20 cases of optic
nerve HB have been reported with 14 of them associated with
VHLS (3).

CASE PRESENTATION

Clinical Report
Our case reporting followed CARE recommendations (8). A 49-
year-old woman had sporadic episodes of rotational vertigo 12
years ago and abdominal pain 10 years ago. Ultrasonography and
magnetic resonance imaging (MRI) of the abdomen revealed the
presence of pancreatic cysts that did not show significant growth
in imaging tests. Seven years ago, a computed tomography scan
(CT) of the abdomen showed a solid mass in the lower pole
of the right kidney. The patient was then submitted to right
partial nephrectomy, and pathological examination revealed the
presence of CCR. There was no need for adjuvant treatment. In
the same year, the patient complained of altered visual acuity and

a CT scan of the skull and orbit was made. The results show
thickening with tortuosity of the left optic nerve, with a small
area of nodular enhancement, with an extension about 0.8 × 0.5

× 0.4 cm. The right optic nerve had a conserved aspect. These
results were considered suggestive of the presence of HB in the
optic nerve of the left eye (Figure 1A). MRI of the head showed a
gadolinium-enhancing well-circumscribed mass on the left optic
nerve in the orbital (Figure 1B). The mother of the patient died
at age 63 from an advanced kidney tumor, and her father is alive
and healthy at age 80. The patient has one child, currently 27

years old, who has a recurrent headache complaint but refuses
to undergo the investigation for VHLS, and a healthy, symptom-
free, five-year-old grandson. The patient has five brothers and
two sisters. One sister underwent partial nephrectomy due to
carcinoma in the right kidney without the need for adjuvant

treatment, another sister was operated on by HB from the CNS
and had pancreatic cysts, and one brother had two HBs removed
that were located in the brain and spine. A nephew of the patient
at age 12 was diagnosed with HB from the CNS and died 4
years later due to complications of brain tumor that did not
come to be removed. Another niece was diagnosed at age 21
of cerebral HB, and 6 months ago the tumor had resected. The
family pedigree of the proband is shown in Figure 2. To date,
the patient has no manifestation of PCC, is under urological
and endocrinological follow-up, and is submitted to abdominal
CT every year and to orbit and CNS MRI every two years.
In the control examinations, the patient maintains images of
pancreatic and renal cysts (Figure 1C) without images of renal
tumor recurrence or metastases. The right optic nerve is intact,
and there are no CNS lesions in the MRI of the brain. She
has only a slight decreased of the visual acuity in the left eye
due to the optic nerve HB and does ophthalmologic follow up
each 2 years.
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FIGURE 1 | Computed tomography (A) and magnetic resonance imaging of the skull and orbit (B), and computed tomography of the abdomen (C) of the von Hippel-

Lindau syndrome proband. (A) Left optic nerve thickening with tortuosity and an enhancement area with nodular aspect. (B) Left intraorbital tumor on T1-weighted

imaging (white arrow). (C) Pancreatic cysts and renal cysts.

FIGURE 2 | Familiar pedigree of the proband (arrow) with von Hippel-Lindau

syndrome.

METHODS

This study was performed according to the guidelines of
the Declaration of Helsinki, fulfilling all requirements for
retrospective studies in humans. Clinical data, family data,
images and peripheral blood sample were collected only after
signing of the Informed Consent Terms approved by the
Institutional Research Ethics Committee.

Sequencing Sanger Analysis
One mL of peripheral blood was collected on filter paper
to extract genomic DNA (Qiagen, Germantown, MD, USA).
The VHL gene sequence (OMIM: 608537) was amplified by
polymerase chain reaction (PCR), and sequencing was performed
from both the DNA strands of the entire coding region and
the intron and junction regions. The product of the sequencing
was compared to a reference sequence of GRCh37 human
genome (9).

TABLE 1 | Published reports of patients with von Hippel-Lindau syndrome with

pathogenic variant c.263G> A (p.Trp88 *) described in the Human Gene Mutation

Database10.

References Type of

genetic variant

Phenotype Streaming

Mattocks et al. (15) TS/NS Not described Germinative

Gallou et al. (13) TS/NS CCR Somatic

Gallou et al. (14) TS/NS CCR Somatic

Present report NS CCR, optic nerve HB,

cystic pancreatic

neoplasm

Germinative

TS, transition; NS, nonsense; CCR, renal cell carcinoma; HB, hemangioblastoma.

RESULTS

Sequencing of the VHL gene revealed a pathogenic
variant c.263G>A [(VHL:Ch3(GRCh37):g.10183794G>A,
NM_000551.3:c.263G>A, p.Trp88Ter] in heterozygosis, as
confirmed by the Human Gene Mutation Database (HGMD R©)
(10). This variant has previously been described as causing VHLS
by Gallou et al. and by Wong et al. According to the American
College of Medical Genetics and Genomics (11) this variant
is classified as pathogenic (clinical test, variant ID: 182978)
and Class 1.

DISCUSSION

The present study reports the case of a woman with VHLS
who manifested clinically due to the presence of pancreatic
cystic neoplasia, RCC in the right kidney, and HB in the optic
nerve of the left eye. The diagnosis of VHLS was confirmed by
the identification of the pathogenic variant VHL:c.263G>A in
heterozygosis. According to the HumanGeneMutation Database
(10) and VHLdb (12) databases, only three other cases have
been described until now with the same pathogenic variant
(13–15) (Table 1).
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In the patient of this report, VHL gene sequencing identified a
pathogenic variant that determined a premature stop codon that
predisposes to exuberant clinical manifestation. The inheritance
of this VHL variant, according to the proband’s heredogram, is
possibly maternal, since the mother of the proband died as a
consequence of renal cancer complications.

The VHL gene has four exons, but only three of them are
coding (exon 1: codon 1 to 113; exon 2: codon 114 to 154; and
exon 3: codon 155 to 213) (16). These exons can be transcribed
alternately from codons 1 and 54. The gene products are two
isoforms of the VHL protein, 1>30-kDa (VHL30) composed of
213 amino acids and a smaller one (VHL19) of 19-kDa, which
results in a protein of 160 amino acids translated from codon
54 (17, 18).

Additional pathogenic variants for CCRs were found (18),
indicating that VHLS-associated neoplasms may not be caused
exclusively by pathogenic variants in the VHL gene but also
by pathogenic variants in the hypoxia-inducible factor 1-alpha
(HIF-1A) gene or in other genes, such as PBRM1, SETD2, and
BAP1(19–23). The VHL protein participates in the induction
and degradation of the HIF-1A protein and in the presence of
an anomalous VHL protein, the involvement of VHL in the
degradation of HIF-1A is inhibited and proteasomal cleavage
is suppressed (23–25). The entry of HIF-1A into the nucleus
promotes the transcriptional activation of pro-angiogenic genes,
such as vascular endothelial growth factor (VEGF), platelet-
derived growth factor beta (PDGF-β), transforming growth
factor alpha (TGF-α), chemokine receptor type (CXCR4),
erythropoietin (EPO), and glucose transport 1 (GLUT-1) (25),
leading to vascular proliferation and angiogenesis, influencing
extracellular matrix remodeling, and increasing resistance to
apoptosis (26–29). Uncontrolled angiogenesis contributes to the
hypervascular nature of tumors that develop in VHLS (25, 27).

VHL is ubiquitously expressed in 27 different tissues of the
human organism (30), and the mutated gene may also result in
abnormal regulation of the TP53 gene, the NF-kB (kappa-light-
chain-enhancer of activated B cells) pathway, retinol-binding
protein, remodeling factor of p400 chromatin, extracellular
matrix, and cytoskeleton (31), events that may contribute to the
formation of tumors observed in the VHLS, as occurred in the
patient of this report.

Several germline pathogenic variants were identified in the
VHL, the most frequent being the missense variants that occurs
in 27 to 52% of the cases, followed by the non-sense variants that
is present in 13 to 27% of the cases (31, 32).

However, a broad spectrum of pathogenic variant types
have been described, including frameshift, large deletions or
microdeletions, gene rearrangements, deletions or inframe
insertions, and, more rarely, variants at splicing sites (32).
Somatic inactivation of the wild-typeVHL allelemay occur due to
allelic loss, hypermethylation, or point mutation (1). According
to the Universal Database (33), there are 1,230 pathogenic
variants described in the VHL gene, among which 55.8% are
missense and 9.9% are non-sense.

In addition, deletions of the VHL gene in exons 1, 2, and 3
involving the neighboring gene C3orf10 or BRK1 (SCAR/WAVE
actin nucleating complex subunit) that participates in the actin

nucleation process may decrease the rate of cell growth and lead
to a lower incidence of CCR in patients with VHLS (1).

An analysis of pathogenic variants in 945 Dutch families
with VHLS found that type 1 had 43% of missense variants,
17% of frameshift, 13% of non-sense, 9% of splicing, 8%
insertion/deletion inframe, and 10% partial/complete deletions
(32). VHLS type 2 was associated with missense variants that
compromised VHL protein binding sites and was found in
83.5% of families (32). Patients with a complete deletion of the
VHL gene have a decreased incidence of HB in comparison
with patients with missense variants (3). The patient of the
present report has a non-sense variant in heterozygosity that
determined a premature stop codon (p.Trp88∗). Individuals
who meet VHLS criteria with multiple organ involvement
carry identifiable VHL pathogenic variants in almost 100% of
cases (18).

In VHLS, the growth pattern of HBmay be linear, exponential,
and/or fluctuating and there may be more than one tumor with
different growth patterns between them in the same patient (7).
Therefore, HBs in VHLS have a worse prognosis than those found
in the general population (5). In the CNS, HB can be found in the
cerebellum in 16–69% of cases, brainstem in 5–22%, spinal cord
in 13–53%, equine tail in 11%, and supratentorial region in 1–7%
of patients with VHLS (1).

Multiple bilateral renal cysts are found in 50–70% of patients
(7). In general, renal cysts are asymptomatic and rarely result
in renal failure, even when multiple and bilateral (7). Multiple
and bilateral RCCs occur, respectively, in 30–45% and 30–50% of
symptomatic patients who already have metastases, and lymph
node metastases are described in 15% of CCR cases (7, 34).
Hematogenous metastases are relatively frequent in RCCs and
involve mainly lung, liver, and bone, and pathogenic variants
in the VHL gene are considered the most frequent causes of
hereditary and sporadic RCCs (34).

Adrenal PCCs occur in 16–20% of patients with VHLS,
are usually benign, uni or bilateral, and occasionally may be
multifocal, although they are malignant in 5% of cases (34). In
VHLS, PCCs manifest in younger patients when compared to
sporadic PCCs, and of all the PCCs diagnosed in the population,
20% of them occur in patients with VHLS (1, 7). Men with VHLS
may develop papillary cystadenoma of the epididymis in 25 to
60% of cases, usually occurs during adolescence and is usually
benign, multiple, and bilateral, and may be associated with male
infertility (1, 7).

The involvement of the optic nerve by a HB is extremely
rare and the incidence is estimated as 1.3% in VHLS (3). The
optic nerve HB may grow very slowly over a number of years
(35, 36). The differential diagnosis for a solitary optic nerve
tumor includes an optic nerve sheath meningioma, an optic
schwannoma and an optic glioma (3). Most authors recommend
close radiological and ophthalmological follow-up after the
diagnosis of an optic nerve HB is made and would consider
surgery based on the visual progression and growth in the size
of the lesion (3, 4). VHLS patients who present loss of vision
not consistent with a retinal examination should be evaluated
for an optic nerve HB (4). In the patient of this report, due to
the slight decreased of the visual acuity in the left eye due to the
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optic nerve HB, it was decided only by clinical follow-up of the
visual disturbances.

Detection of mosaic pathogenic variants may represent a
difficulty in the diagnosis of VHLS. Mosaicism is an under-
recognized phenomenon in VHLS, which could result in an
overestimation of true cases of de novo variants. Generally,
patients with mosaicism tend to present a milder clinical picture
or even be asymptomatic (37). In this situation, a genetic blood
test should be performed when there is clinical suspicion of
VHLS or in the existence of a relative with VHLS (38, 39).
Duplication and deletion research is currently performed by the
multiplex ligation-dependent probe amplification (MPLA) test,
and the gene sequencing includes the exons and the intron-exon
junctions. When screening fails to identify a pathogenic variant
in peripheral blood, screening for other tissues may be necessary
for confirmation of clinical diagnosis (2).

Clinical diagnosis of the disease is made by the family
history of VHLS and the presence of at least one of the
disease-associated tumors (CNS and/or retinal HBs, CCRs,
pancreatic neuroendocrine tumors, or papillary cystadenoma of
the epididymis) (5, 6, 34). In patients without a family history,
the presence of two or more HBs in the CNS or the retina or the
presence of an HB in the CNS or retina and a renal or pancreatic
tumor, with the exception of the cysts of the epididymis and renal
cysts, both common in the general population, are indicative of
VHLS (1, 5, 7).

In VHLS, the average life expectancy for men (59.4 years)
is significantly higher than that for women (48.4 years) (6, 40).
The mean age of death in VHLS is 49 years and is usually due
to complications related to the presence of cerebellar HB or
metastatic RCC (6, 40, 41).

Genetic counseling for VHLS patients should clarify the
risk of recurrence of the disease in the family, the need for
periodic testing of family members with the VHL gene mutation,

treatment of disease manifestations, risk of late diagnosis,
the possibility of prenatal diagnosis, and the options for the
prevention of transmission of the mutated gene to descendants
(1, 2). The patient in this study already has a child and a
grandchild, both of whom are undergoing genetic counseling and
were advised to take the genetic test for the diagnosis of VHLS,
but they refused.

The early diagnosis of VHLS leads to clinical and/or surgical
treatment under more favorable conditions, reducing the risks
of RCC metastasis, blindness in patients with retinal HB or HB
of the optical nerve, and bleeding of CNS HB, and contributes
to reduction in morbidity rates and mortality related to this
syndrome. VHLS patients who present with loss of vision not
consistent with a retinal examination should be evaluated for an
optic nerve HB.
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