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Introduction

Von Hippel–Lindau (VHL) disease (MIM #193300) occurs as
the result of germlinemutations in the VHL tumor suppressor
gene, located on chromosome 3p25–26. Patients with VHL
disease are at risk of developing visceral cysts and tumors
throughout the body. VHL disease is eponymously named
after the German ophthalmologist Eugene von Hippel, who
described retinal angiomatosis, and the Swedish pathologist
Arvid Lindau, who studied cerebellar tumor.1–3 The proto-
typical lesions of VHL disease include simple cysts, heman-
gioblastomas (HBs) of the retina and central nervous system,
clear cell renal cell carcinomas (RCCs), pheochromocytomas,
pancreatic neuroendocrine tumors (PNETs), pancreatic se-
rous cystadenomas, and endolymphatic sac tumors (ELSTs).
Simple cysts are most commonly encountered in the pancre-
as, liver, and kidney, and cystadenomas have been described

in the epididymis and broad ligament.4 While VHL disease
typically presents in early adulthood, in patients with estab-
lished VHL disease screening and surveillance for the devel-
opment of neoplastic lesions is recommended to begin
starting by the age of 2 years.5 This article serves as a review
of VHL disease, including the genetic alterations underlying
the syndrome, clinical features, and the pathology of the
visceral cysts and tumors that are common to VHL disease.

Genetic Basis of VHL Disease

The VHL gene is a tumor suppressor gene which was mapped
to chromosome 3 in 1988 and isolated in 1993.6–8 The VHL
gene is composed of three exons coding for two isoforms of
the protein pVHL.9,10 Since the initial discovery of the VHL
gene, it has been elucidated that pVHL is part of a multi-
protein complex including elongin B, elongin C, and Cullin 2
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Abstract Von Hippel–Lindau disease is an autosomal dominant syndrome which occurs second-
ary to germlinemutations in the VHL tumor suppressor gene, located on chromosome 3.
Clinically von Hippel–Lindau disease is characterized by an increased risk of developing
simple visceral cysts, most commonly in the pancreas and kidneys, in addition to an
increased risk of developing neoplasms, often with clear cell features, in a multitude of
organ systems. The most common neoplasms are cerebellar and retinal hemangio-
blastomas, adrenal pheochromocytomas, clear cell renal cell carcinomas, pancreatic
neuroendocrine tumors, pancreatic serous cystadenomas, and endolymphatic sac
tumors. These lesions most commonly present during adulthood; however, screening
and surveillance for the development of these lesions should begin in the pediatric years
for patients with von Hippel–Lindau disease. In this review article, the genetics andmost
common neoplasms of von Hippel–Lindau disease are reviewed, with an eye towards
implications for the pediatric patient.
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(CUL2).11 This multiprotein complex is normally responsible
for ubiquitination and degradation of the α subunits of
hypoxia-inducible factors (HIFs) 1 and 2.11 Inactivation of
the VHL tumor suppressor gene and subsequent loss of
function of the pVHL complex (VBC-CUL2) result in accumu-
lation of HIFs with subsequent increase in the transcription
and expression of tumorigenic factors including vascular
endothelial growth factor and platelet derived growth factor.
Increased expression of these tumorigenic factors are subse-
quently associated with the development of highly vascular
tumors, as is seen in several VHL disease–related
neoplasms.10

VHL disease–associated tumors occur by the classic Knud-
son two-hit modelwhere both VHL alleles are inactivated due
to mutation. Individuals with VHL disease typically inherit a
VHL gene mutation from a parent and only cells that undergo
a second-hit somatic mutation of the wild-type allele will
develop tumors.6 Somatic mutations in VHL tumor suppres-
sor gene have been shown to sporadically occur in clear cell
RCCs and central nervous system HBs, suggesting the VHL
tumor suppressor gene also plays a role in the development of
these sporadic tumors.12,13A clinical diagnosis of VHL disease
can bemade in a simplex case, or with no family history, in an
individual with two or more VHL disease–related tumors, or
by finding a single VHL-related tumor in an at-risk relative of
an individual with known VHL disease.14 The detection of
germline mutations by sequence analysis and deletion/dupli-
cation analysis in individuals with clinical VHL disease is
100%.15 The detection of a mutation in a proband with VHL
allows for identification of at-risk asymptomatic familymem-
bers through targeted mutation analysis.16

Missense, frameshift, nonsense, in-frame deletions/inser-
tions, large/complete deletions, and splice mutations have
been described as pathogenic in families with VHL.17 Geno-
type-phenotype correlations allow for targetedmedicalman-
agement particularly related to risk for pheochromocytoma;5

however VHL disease is highly variable and therefore current
genotype-phenotype studies have limited clinical value.9,18

VHL disease has been separated into two clinical types based
on the presence or absence of pheochromocytoma, with VHL
type 1 associated with a lower risk of developing pheochro-
mocytomas.19–21 VHL type 1 typically results from loss of
functionmutations or mutations that affect protein folding.22

In contrast, the majority of VHL type 2 results from missense
mutations.17 VHL type 2 has been further subdivided into
type 2A, associated with a lower risk for renal cell carcinoma,
type 2B, associated with a high risk for renal cell carcinoma,
and type 2C, associated with isolated pheochromocyto-
ma.21,23 Specific missense mutations have been correlated
with subtypes of VHL Type 2 including the C505T missense
mutation correlating with low risk of renal cell carcinoma,
missense mutations occurring at codon 167 correlated with a
high risk of pheochromocytoma and the “Black Forest”
founder mutation Y98H correlated with a VHL Type 2A
phenotype.23,24 It has also been suggested that individuals
with VHLdeletions that include the C3orf10 gene in exon 1 are
at a lower risk of renal cell carcinoma.25,26 Germline muta-
tions in the VHL tumor suppressor gene have been identified

in individuals with familial isolated pheochromocytoma. This
finding has led some to suggest genetic testing for VHL
disease in patients with isolated and apparently sporadic
pheochromocytoma.27,28 Additionally, it is estimated that up
to 30% of those with apparently isolated CNS hemangioblas-
tomas have a germline mutation in VHL and therefore clinical
screening or genetic testing for VHL is recommended.29 In
contrast, epididymal cysts, although frequent in VHL, are not
sufficient for clinical diagnosis of VHL and therefore it is not
recommended to perform VHL gene testing when present
without other indications.7

VHL disease is inherited in an autosomal dominant pat-
tern.8,30 Individuals with VHL disease have a 50% chance of
passing the mutation to their offspring. VHL disease is almost
completely penetrant, with most individuals with a patho-
genicmutation in the VHL tumor suppressor gene having VHL
disease–related symptoms by the age of 65 years.30 Most
individuals with VHL disease have a positive family history;
however, some report no family history of VHL-related
tumors due to either a de novo, or sporadic, mutation or a
parent who is a mosaic for the VHL gene mutation.31 The
estimated incidence of sporadic mutations in VHL disease is 1
in 36,000 live births with no known parental age affect.30,32

Mosaicism is described as more than one genetically or
cytogenetically distinct cell lines within an organism.33 Indi-
viduals with clinical VHL disease and no identifiable VHL gene
mutation in peripheral blood lymphocytes have been docu-
mented, suggesting they are mosaic for the VHL gene muta-
tion and the VHL gene mutation is not present in the
peripheral blood.31 Mosaicism should be considered in any
individual with clinical manifestations of VHL disease and
negativemolecular genetic testing.31Mosaicism can be either
present in the somatic cells and gonadal cells or confined to
the gonadal, or germline, cells. An individual who is mosaic
for a mutation in the VHL tumor suppressor gene has up to a
50% chance of passing on the mutation to an offspring,
depending on the gonadal generation in which the VHL
gene mutation occurred.34 While individuals who are germ-
line mosaics are unaffected, individuals with somatic mosai-
cism may be mildly affected or unaffected, depending on the
distribution of the mutation within the tissue.35 Therefore, it
is reasonable to test parents of a presumably simplex case,
and if no mutation is identified in the peripheral blood
lymphocytes, testing of siblings may be considered due to
the chance of gonadal mosaicism.31 Presymptomatic testing
for at-risk relatives is available with a known familial muta-
tion and allows for presymptomatic screening for VHL-related
tumors.27,36

Hemangioblastomas

HBs andVHL diseasehave awell-studied relationship. HBs are
benign vascular neoplasms of the central nervous system
(World Health Organization [WHO] grade I of IV).37 Patients
with VHL disease are at increased risk of developing HBs,
often in the cerebellum or the retina, with less common
occurrence in the spinal cord or brainstem.13,38 In VHL
patients, HBs often present in the third decade, with a
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mean age of diagnosis of 29 years, although they have been
reported in the pediatric population as well.13,39,40 In addi-
tion, these tumors are most often multiple. Irrespective of
location, HBs have a common histology, characterized by a
vascular proliferation with thin-walled capillaries admixed
with a variable number of larger stromal cells with clear to
eosinophilic foamy cytoplasm (►Fig. 1). The capillaries are
typically closely packed together and are variably sized. The
stromal cells have hyperchromatic nuclei and, on special
staining, demonstrate PAS-positive, diastase-resistant cyto-
plasmic globules. There should be no necrosis and only rare
mitotic figures identified. Immunohistochemical staining
demonstrates that inhibin, S-100 protein, and neuron-specif-
ic enolase are variably expressed in the stromal cells, with
VEGF always positively expressed in the stromal cells. The
differential diagnosis includes metastatic RCC, however the
combination of inhibin-positivity and CD10-negativity inHBs
should result in the appropriate diagnosis.41

Cerebellar HBs will initially present with headaches, nau-
sea, and vomiting which, in the pediatric population, may be
confused with the more common medulloblastomas.39 Cere-
bellar HBs can be subdivided into four categories based upon
morphology.42 It has been suggested that the development of
cystic features (types 1, 2, or 4) is associated with the
development of symptoms which often necessitates inter-
vention.42 The growth pattern of cerebellar HBs has been
described as stuttering, and patients may be asymptomatic
for long periods of time.43 In one study, the cumulative
probability of VHL patients developing cerebellar HB was
0.84 by 60 years of age.44 Treatment is surgical resection and
although curative, patients do not necessarily have an im-
provement in their long-term outcomes, due to the nature of
VHL disease.45

The connection between cerebellar and retinal capillary
hemangioblastomas (RCHBs) was described by Lindau nine
decades ago in 1926.46RCHBs are often thefirst manifestation
of VHL disease.44 The mean age of presentation is during the

early third decade (ages 22–26 years), although the age range
of presentation varies widely, with reports of RCHBs in
infants.44,46,47 Despite the genetic underpinnings and mech-
anism of VHL disease, recent evidence fails to demonstrate a
significant association between increasing patient age and
the number of RCHBs.48 Treatment of RCHBs is either laser
photocoagulation, cryotherapy, or vitreoretinal surgery, de-
pending on the severity of the lesion, although recurrence is
not uncommon and vision loss is possible.46,49

Brainstem HBs are far less likely to occur than cerebellar
HBs. However, in younger populations (<40 years old), a HB of
the brainstem or spinal cord has a high likelihood of multiple
occurrences.13,50 Similar to cerebellar HBs, surgical resection
of brainstem HBs is the typical treatment once they are
symptomatic, with microsurgery preferred over radiosur-
gery.51,52 For both spinal cord and brainstem HBs, the neu-
rological status before surgery is the best predictor for
subsequent neurological function.52,53 If the patient is
asymptomatic, frequent neurological monitoring and imag-
ing should be performed.52,53

Renal Lesions of VHL disease: Renal Cysts and
Renal Cell Carcinoma

Renal lesions are a common manifestation of VHL disease,
with approximately one-third of patients developing kidney
lesions with an increased likelihood for the development of
multiple bilateral tumors.1,9,44,54 The cumulative probability
of a VHL patient developing RCC by the age of 60 years is
0.69.44 RCCs typically present in patients with VHL disease in
the fourth decade, however VHL disease–associated RCC has
been reported occurring as young as 16 years old.1,55 In a
study of 328 renal lesions from 23 patients with VHL disease,
58% of the lesions were carcinomas, all with clear cell
features.56 The remaining lesions were either simple cysts
(31%) or atypical cysts (7%).56 Patients with RCC may develop
hematuria, flank pain, or a palpable mass as the presenting
sign or symptom.

On gross examination, clear cell RCCs are typically well-
circumscribed masses with pushing borders. These tumors
are often orange-yellow with a variegated appearance due to
interspersed red hemorrhage and necrosis. Tumors may be
confined to the renal parenchyma, or may bulge the Gerota
fascia, extend into the renal sinus, or involve the renal vein.
Microscopically these tumors demonstrate neoplastic cells
with clear cytoplasm and prominent vascular component
interspersed between the clear cells (►Fig. 2). The nuclear
features of the neoplastic epithelial cells can range from small
and round nuclei without nucleoli to large, pleomorphic, and
irregular nuclei with prominent nucleoli, and it is these
nuclear changes which are evaluated with the Fuhrman
nuclear grading system.57 In cystic RCCs the tumors are
composed of variably sized cysts which demonstrate variable
amounts of neoplastic clear cells in the cyst walls. RCC is the
most common cause of death in patients with VHL disease,
accounting for 50% of deaths.44 Patients with RCC may
developmetastatic disease,with a predilection formetastases
to occur in the bone, lung, and liver.1 Surgical resection is the

Fig. 1 Hemangioblastoma of the cerebellum, demonstrating a rich
proliferation of thin-walled capillaries and large stromal cells with
foamy cytoplasm (hematoxylin and eosin, 400�).
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mainstay of treatment for RCC, however targeted surgical
therapy such as cryoablation and drug therapy targeting VHL
transcription products are being employed, especially in
advanced disease.54,58

Pheochromocytomas and Paragangliomas

Pheochromocytomas and paragangliomas are neoplasms of
the autonomic nervous system which are uncommon tumors
in the general population but develop in approximately one-
fifth of patientswith VHL disease.59 Pheochromocytomas arise
from the chromaffin cells in the medulla of the adrenal gland.
Paragangliomas are similar to pheochromocytomas, however
they arise from extra-adrenal chromaffin cells. These extra-
adrenal chromaffin cells are present in the sympathetic ner-
vous system as well as the parasympathetic ganglia, leading to
the potential to develop paragangliomas throughout the body,
including in the thorax, abdomen, pelvis, or head and neck
regions. Symptoms may be secondary to mass effect or cate-
cholamine production, resulting in secondary hypertension or
stroke, although paragangliomas arising in the parasympa-
thetic nervous system are nonfunctional.60,61 In VHL disease
the pheochromocytomas and paragangliomas are almost uni-
versally of the nonadrenergic phenotype.

As outlined earlier, the phenotypic presentation of VHL
disease (i.e., type 1 vs. type 2) is based upon the presence or
absence of pheochromocytomas. Pheochromocytomas tend
to present at a younger age in VHL patients as compared with
nonsyndromic patients, with a mean age of diagnosis of
28 years.62,63 Conservative surgical resection of adrenal
lesions has been advocated, especially when lesions are
identified at an early stage.59

The histologic features of pheochromocytomas and para-
gangliomas are similar, only differing in their location of
origin. Histologically these tumors are classically character-
ized by polygonal neoplastic cells arranged in small nests or
“zellballen” pattern (►Fig. 3). The neoplastic cells have round
to oval nuclei with a prominent nucleolus and finely granular

amphophilic cytoplasm. Surrounding the nest of neoplastic
cells are sustentacular cells which are highlighted on S-100
protein immunohistochemical staining. Mitotic figures and
necrosis should not be prominent features.

Pancreatic Lesions of VHL Disease

Patients with VHL disease are at risk for developing multiple
different pancreatic lesions, including simple cysts within the
pancreatic parenchyma, serous cystadenomas, and PNETs.64

Approximately 75% of patients with VHL disease will develop
simple pancreatic cysts.4 These simple cysts are benign and
typically asymptomatic, unless they cause compressive or
obstructive symptoms.65 Histologically these cysts are com-
posed of uniform cuboidal epithelial cells virtually identical
to that of the serous cystadenoma discussed below. In com-
parison to the serous cystadenoma, however, the cysts are
distributed irregularly throughout the pancreatic parenchy-
ma.66 Surgical treatment is typically only indicated when
patients are symptomatic.

Approximately one-fifth of patients with VHL disease will
develop a PNET, with approximately half of these tumors
occurring in the head of the pancreas.67,68 Patients with PNETs
are often asymptomatic, as PNETs in VHL disease are nonfunc-
tioning.69 PNETs often present in VHL disease in the fourth
decade, as compared with two decades later in nonsyndromic
patients.70 Radiographically PNETs are typically well demar-
cated when they are small, and as they increase in size the
borders become less well defined.71 These tumors are highly
vascular and will show enhancement on contrast enhanced
imaging. Grossly PNETs are typically small (less than 3 cm), tan
to pink, well-circumscribed lesion, although infiltrative edges
may be identified grossly. Histologically these tumors are
composed of neuroendocrine cells, characterized by moder-
ately sized uniform cells with pale to eosinophilic cytoplasm
and round to oval nuclei with the characteristic neuroendo-
crine “salt-and-pepper” granular chromatin pattern (►Fig. 4).
In patients with VHL disease, PNETs may also demonstrate

Fig. 3 Pheochromocytoma with large polygonal epithelial cells adjacent to
normal adrenal cortical tissue (hematoxylin and eosin, 200�).

Fig. 2 Clear cell renal cell carcinoma with cytoplasmically clear
epithelial cells and anastomosing vascular network (hematoxylin and
eosin, 200�).
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clear cell features, with cleared-out cytoplasm secondary to
the presence of glycogen or lipid in the cytoplasm.71 The
neuroendocrine cells are often arranged in trabecular, solid,
or glandular architectural configurations.72 The histologic
grading, as defined by the WHO, involves assessment of the
mitotic rate and Ki-67 proliferation index.73 Given the poten-
tial for metastatic disease regardless of the histologic grade,
surgical resection is typically recommended for all PNETs
greater than 2 cm, however, in VHL disease this must be
weighed against the likelihood of the development of multiple
or recurrent PNETs.74 Nearly half of VHL patients with PNETs
developmetastatic disease, with patients more likely to devel-
op metastases if the primary tumor was greater than 3 cm in
size or harbors an exon 3 mutation.67

In addition to the development of simple cysts and PNETs,
patients with VHL disease are at risk of developing pancreatic
serous cystadenomas. The serous cystadenoma is typically a
benign neoplasmwhich ismost commonly located in the body
or tail of the pancreas, however malignant transformation is
possible.66 Abdominal pain is the most common associated
symptom.75 Grossly the serous cystadenoma is composed of
numerous small cysts with a stellate scar. Histologically these
cysts are lined by relatively uniform cuboidal epithelial cells
with a round nucleus (►Fig. 5). The cytoplasmof the epithelial
cells is rich in glycogen, thus imparting a clear appearance on
standard hematoxylin-and-eosin–stained slides and positivity
on PAS staining. On cytology these cysts contain serous fluid.
Observation is considered appropriate for smaller asymptom-
atic lesions, while it has been recommended that resection is
undertaken for larger serous cystadenomas irrespective of
symptomatic status.75

Endolymphatic Sac Tumor

ELSTs are rare tumors that are most commonly associated
with VHL disease, with 10 to 15% of patients with VHL disease
developing ELSTs.76 ELSTs arise in the endolymphatic sac, a
portion of the membranous labyrinth of the inner ear that

resides within the petrous temporal bone. While VHL dis-
ease–associated ELSTs had been sporadically reported since
1921, Heffner’s report of a series of 20 cases of low-grade
adenocarcinoma of probably endolymphatic sac origin in
1989 solidified this as a distinct entity.76–80 It has been
demonstrated that VHL deficiency induces cellular prolifer-
ations along the epithelium of the endolymphatic sac and
duct, with preferential involvement of the intraosseous por-
tion of this epithelium.81 These typically slow-growing tu-
mors tend to destroy a large portion of the posterior temporal
bone and extend into the posterior cranial fossa.80 ELSTs may
be present bilaterally and a majority of patients report
subjective hearing loss, tinnitus, and vertigo.82 When per-
formed early, surgical resection of ELSTs can preserve hearing
and reduce audiovestibular dysfunction.83

ELSTs demonstrate either papillary, cystic, or epithelioid
clear cell patterns. Themajority of tumors demonstratehighly
vascular papillary structures lined by a single row of cuboidal
epithelial cells (►Fig. 6). These tumors have low-grade mor-
phology, with limited pleomorphism and rare mitotic figures.
Approximately half of ELSTs have cystic features containing
proteinaceous material and a single layer of epithelial cells
lining the cyst wall.81 Additional histologic features include
the presence of hemosiderin and degenerative features,
including fibrosis, inflammation, and cholesterol clefting.81

In keeping with their underlying pathogenesis, these tumors
are highly vascular, with strong immunohistochemical ex-
pression of HIF-1 and HIF-2.81

Surveillance

Surveillance guidelines have been developed by the VHL
Family Alliance and are recommended for individuals with
knownVHL disease, individualswhohaveknownVHL disease
by presymptomatic testing, and at-risk family members of
individuals with VHL disease who have not undergone mo-
lecular genetic testing.84 VHL Family Alliance surveillance
recommendations for the evaluation of newborns with VHL,

Fig. 5 Pancreatic microcystic serous cystadenoma with variably sized
cystic spaces lined by uniform, cytoplasmically clear, cuboidal epi-
thelial cells (hematoxylin and eosin, 400�).

Fig. 4 Pancreatic neuroendocrine tumor with nest of neoplastic
neuroendocrine cells (hematoxylin and eosin, 200�).
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or at risk for VHL, to include screening for signs of neurologi-
cal symptoms, nystagmus, strabismus, and white pupil, in
addition to routine newborn hearing evaluation. Starting at
one year of age, annual ophthalmology evaluation with
indirect ophthalmoscope and physical examination including
signs of neurological symptoms, nystagmus, strabismus, and
white pupil are recommended in addition to annual blood
pressure monitoring and examination for vision and hearing.
Starting at five years, testing for fractioned metanephrines
through blood or 24-hour urine test is recommended to
screen for pheochromocytoma. An audiology examination
is recommended starting at five years of age and occurring
every two to three years, or annually in those with hearing
loss, tinnitus, or vertigo. Screening for visceral lesions using
abdominal ultrasound is recommended at age eight years or
earlier if indicated, and abdominal MRI only if biochemical
abnormalities are found. Starting at sixteen years, abdominal
ultrasound, and at least every other year abdominal MRI with
and without contrast to assess kidneys, pancreas, and adre-
nals and MRI of the brain and total spine every two years to
screen for CNS lesions is recommended.84

Conclusion

VHL disease is an autosomal dominant disease characterized
by visceral cysts and neoplasms, including clear cell RCC, HBs
of the central nervous system and retina, pheochromocyto-
ma, PNETs, pancreatic serous cystadenomas, and ELSTs. Al-
though a majority of VHL disease–associated tumors develop
during adulthood, it has been recommended that vigilant
screening of VHL patients should start during the pediatric
years to identify, monitor, and control neoplasms before they
become symptomatic.5
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