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Abstract. The objective of the present study was to systemati-
cally investigate the clinical features, diagnosis and therapeutic
treatment of Von Hippel-Lindau (VHL) syndrome in order to
improve understanding of this disease. A total of 3 cases of
VHL syndrome treated at the Affiliated Hospital of Zunyi
Medical College (Zunyi, China) between September 2014 and
October 2015 were retrospectively analyzed. The associated
literature was reviewed, and the diagnostic and therapeutic
features were discussed. Case 1 was diagnosed as VHL
syndrome accompanied by a renal tumor on the right side, and
radical tumor resection in the right kidney was performed.
Postoperative pathological examination indicated clear cell
carcinoma. Case 2 was diagnosed as VHL syndrome accom-
panied by bilateral adrenal pheochromocytoma. The left-side
adrenal tumor was removed, and postoperative pathological
analysis was suggestive of adrenal pheochromocytoma. Case
3 visited the hospital due to the presence of masses on the
left and right sides of the kidney, but did not undergo surgery
for personal reasons. Follow-ups were scheduled subsequent
to surgery at another hospital. The diagnosis in all 3 cases
was confirmed by genetic testing, where VHL mutations
were detected in all patients. Following surgery, pedigree
and genetic analysis was performed in all 3 pedigrees and
VHL mutations were identified in 7 family members. The
diagnosis of VHL syndrome should be based on the clinical
manifestation of the patients and the results of genetic tests.
DNA analysis of mutations is the main method for diagnosis.
An appropriate surgical plan should be formulated based on
the site, size and number of tumors, and the condition of the
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patient. Since VHL syndrome is an inheritable genetic disorder
and relapse following surgery is common, pedigree analysis of
the patient and lifelong follow-ups are essential. Additionally,
physicians should pay attention to VHL syndrome in order to
avoid missing diagnosis or misdiagnosis.

Introduction

Von Hippel-Lindau (VHL) syndrome is an autosomal dominant
genetic disorder with an incidence of 1/36,000 to 1/45,500 (1).
VHL syndrome is characterized by hemangioblastoma of the
central nervous system (CNS) and retina, and multiple cysts
and tumors in visceral organs. VHL syndrome may occur at
any age, and the penetrance is >90% prior to the age of 65 (1).
Without treatment, most patients succumb to the disease by
the age of 50 years, and the most common causes of VHL
syndrome-associated mortality are comorbidities of cerebellar
hemangioblastoma or metastasis of renal cell carcinoma (2). In
1993, Latif ef al (3) reported that the VHL gene was located
on chromosome 3p25-26 by linkage analysis, and for the first
time the VHL gene was successfully cloned. The VHL gene
is a tumor suppressor. The encoded protein is able to regulate
the activity of elongin, a transcription elongation factor, and
suppress tumor growth by inhibiting mRNA synthesis (4).
Mutation, deletion or methylation of the VHL gene
may lead to abnormal protein synthesis. Therefore, VHL
syndrome is associated with disruption of VHL gene structure
or function (4). According to whether the patient develops
pheochromocytoma or renal carcinoma, VHL syndrome may
be divided into types I and II. Pheochromocytoma is only
present in type II VHL syndrome (5). These subtypes may be
further divided. Type IA is characterized by retinal and CNS
hemangioblastoma, pancreatic cysts, neuroendocrine tumors
and renal carcinoma. Type IB is characterized by retinal and
CNS hemangioblastoma, pancreatic cysts and neuroendocrine
tumors without the presence of renal carcinoma. Type IIA is
characterized by pheochromocytoma and retinal and CNS
hemangioblastoma without the presence of renal carcinoma.
Pheochromocytoma, retinal and CNS hemangioblastoma,
as well as renal carcinoma, are present in type IIB VHL
syndrome. Patients presenting only with pheochromocytoma
are classified as type 2C (5). Based on the classification criteria,
the 3 cases of VHL syndrome treated at the Affiliated Hospital
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of Zunyi Medical College (Zunyi, China) between September
2014 and October 2015 were characterized as type IA,
2A and IA, repectively. The present study was approved by the
Medical Ethics Committee at the Affiliated Hospital of Zunyi
Medical College and written informed consent was obtained
from all patients.

Case report

Case 1. On September 10, 2014, a 38-year-old male patient
visited the Department of Urology at the Affiliated Hospital
of Zunyi Medical College due to the detection of lesions in his
right kidney during a physical examination. In November 2011,
the patient visited Chongqing Southwest Hospital (Chongqing,
China) due to dizziness and headache. Lesions were detected
in the left side of the brain stem (Fig. 1A). The tumor was
removed by surgery. Postoperative pathological examination
confirmed that the lesions were hemangioblastomas. VHL
syndrome was not considered as a diagnosis at that time. The
patient had no previous history of hypertension, infectious
diseases or allergy. The patient's mother was deceased, and the
cause may have been associated with VHL. The patient's father
suffered from hypertension and diabetes. One of the patient's
sisters (II-3) suffered from diabetes, and the remaining siblings
had no history of hypertension, diabetes or tumor.

Physical examination after admission demonstrated that
the body temperature of the patient was 36.5°C, and the heart
rate was 81 beats/min. The respiration rate of the patient was
18 times/min, and blood pressure was 132/94 mmHg. The
patient exhibited normal development, slow gait and poor
balance. Old surgical scars were observed on the left side
of the occipital region. Muscle atrophy was observed to be
marginally more on the left side of the limbs compared with
the contralateral limbs. The patient responded well in terms
of sensation, pain and physiological reflex. No abnormalities
were observed in the heart, lung or abdomen. Bilateral renal
computed tomography (CT) indicated the presence of a
64x59 mm mass in the right renal parenchyma, with a clear
edge. The mass protruded into the renal capsule and suppressed
the renal pelvis. Low-density areas with multiple cysts and
shadows of line-like partitions were observed inside the mass.
Contrast-enhanced scanning revealed uneven enhancement,
and the partitions demonstrated significant enhancement. In
delayed-phase imaging, the contrast was strengthened and
patch-like intensified shadows were observed in the middle of
the mass (Fig. 1B).

Brain CT revealed that the left occipital bone was altered
following surgery. Malacia was observed in the left side of the
cerebellum. Multiple enhanced nodules were observed in the
brain. Brain magnetic resonance imaging (MRI) indicated
that bone defect and the shadow of the internal fixation were
observed in the left occipital bone. Weak long T2 signals were
observed in the left cerebellar hemisphere. Enhanced nodules
were observed in the right occipital lobe, right cerebellar
hemisphere and foramen magnum. Weak long T2 signals
could be observed in the surrounding areas. The largest nodule
was located in the right cerebellar hemisphere with a size of
~8x10 mm (Fig. 1C). MRI of the thoracolumbar spinal cord
revealed that multiple nodule-like shadows were present on the
surface of the thoracolumbar spinal cord and nerve plexus in the
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cauda equina. The larger nodules had a diameter of ~6 mm. The
contrast was markedly enhanced in the MRI images. Abnormal
enlarged blood vessels were observed in the surrounding areas,
which appeared to indicate hemangioma. Multiple nodules with
signals of a similar intensity were observed next to the lumbar
spinal canal and cauda equina. The larger nodules had a diam-
eter of ~5.5 mm. The contrast was markedly enhanced in the
images, which indicated the presence of multiple neurofibromas
(Fig. 1D and E). Electrocardiogram, chest radiograph, liver
and kidney function, and the coagulation profile all appeared
normal. The patient was revealed to have diabetes during
the intial examination following hospitalization. Following
preoperative preparation, the patient underwent radical tumor
resection of the right kidney under general anesthesia. The
sample was dissected following surgery, and the tumor was
observed in the middle and upper portions of the right kidney
with a size of ~8x7x6 cm. The tumor displayed fish-flesh-like
lesions accompanied by necrosis and had metastasized into the
surrounding renal pelvis (Fig. 1F).

Postoperative pathological examination confirmed the diag-
nosis of renal clear cell carcinoma in the right kidney. The tumor
did not invade the surrounding adipose tissue or the residual
ureter and blood vessels (Fig. 1G).

Hematoxylin and eosin staining was performed. Tissue
paraffin sections (slice thickness, Sum) were prepared and
dewaxed with xylene for 15 min. Sections were then placed in
100% ethanol for 5 sec, 95% ethanol for 5 sec, 80% ethanol
for 5 sec and 70% ethanol for 5 sec, separately, to hydrate.
Subsequently, tissue sections were rinsed with running tap
water for 5 sec. The tissue sections were then stained with
hematoxylin (BA-4097; Baso Biotechnology Co. Ltd., Zhuhai,
China) for 8 min, following by rinsing with running tap water
for 15 sec. The tissue sections were placed in hydrochloric acid
alcohol for 5 sec, and then rinsed with running tap water for
8 min. Eosin (1%; BA-4098; Baso Biotechnology Co. Ltd.) was
used for staining for 15 sec. The tissue sections were placed
under running tap water to remove excess dye for 20 sec, and
then placed in 80% ethanol for 5 sec, 95% ethanol for 5 sec,
100% ethanol for 10 sec and xylene for 2 min, separately. Finally,
the tissue sections were sealed. The aforementioned steps were
performed at room temperature. Genetic analysis revealed a
mutation in the VHL gene of the patient, ¢.227_229delTCT
(p-Phe76del), which resulted in the deletion of phenylalanine
at position 76 of the encoded protein. This genetic analysis
result was confirmed by Sanger sequencing (Fig. 1H). Pedigree
analysis was performed following surgery (Fig. 1I). Further
genetic tests and physical examinations were performed on rela-
tives of the patients with informed consent. The tests included
abdominal Doppler ultrasonography and brain MRI. Although
all family members had no abnormal findings in genetic tests
and physical examinations, follow-up visits were scheduled for
all family members. The follow-up for the patient continued
until September 2015, at which point the patient was in good
condition without recurrence or novel tumor development else-
where.

Case 2. A 4l1-year-old male patient was admitted to the
Department of Ophthalmology and Endocrinology at the
Affiliated Hospital of Zunyi Medical College between 24
September and 5 October 2014 due to blurred vision and
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Figure 1. Examination of case 1. (A) Contrast-enhanced CT scan showing lesions in the left side of the brain stem. (B) Contrast-enhanced CT scan indicated
a mass in the right kidney (~64x59 mm) with significant and uneven enhancement. (C) MRI scan indicating malacia in the left cerebellum. Enhanced nodules
were observed in the right occipital lobe, cerebellar hemispheres and foramen magnum. The left occipital area was altered following surgery. (D) MRI scan
showing multiple enhanced nodules and abnormally enlarged blood vessel clusters in the thoracic spinal canal. (E) MRI scan indicating multiple enhanced
nodules in the lumbar spinal canal. (F) Fish-flesh-like alteration, necrosis and metastasis into the renal pelvis and surrounding areas are observed in the tumor.
(G) Hematoxylin and eosin staining showing diffusion of a large amount of clear cells in the right kidney, accompanied by cystic formation. The cytoplasm
was clear, and the nuclei were of similar size and shape. The nuclei were deep-stained, and nuclear division was rare. Magnification, x200. (H) Genetic test
results in case 1 confirmed by Sanger sequencing. (I) Pedigree chart of case 1. CT, computed tomography; MRI, magnetic resonance imaging; VHL, von

Hippel-Lindau.

elevated blood glucose level. During hospital admission,
adrenal masses were identified on the left and right sides,
and the patient was transferred to the Department of Urology
on 23 October 2014. Vision was lost in the right eye due to a
previous injury. The patient had hypertension and diabetes for
>2 months. In September 2010, the patient underwent resection
of the lesions in the right cerebellar hemisphere. Postoperative
pathological analysis confirmed that the lesion was a heman-
gioblastoma. The mother of the patient was deceased, and the
cause was unknown. The mother exhibited a brain tumor and
coronary heart disease whilst alive. Multiple nodules were
detected in the thyroid gland of the patient's eldest sister (II-1),
but were not treated. The rest of the family members were
healthy.

Physical examination after admission demonstrated that
the body temperature of the patient was 36.8°C, and the heart
rate was 84 beats/min. His respiration rate was 19 times/min,
and blood pressure was 154/112 mmHg. An old surgical scar
was observed in the right occipital area. Opacity of the lens was
observed in the right eye, which led to weak vision, while the
left eye retained blurry vision. No abnormality was observed
in the heart, lung or abdomen. Abdominal CT indicated the
presence of irregular bumps in the left (size, ~72x54 mm) and
right (size, ~92x73 mm) adrenal glands. The edge was clear,

and the density was uneven. Low-density areas and shadows
of calcification were observed. Contrast-enhanced scanning
revealed that the solid portion of the mass was markedly
enhanced, but the cystic region was not enhanced (Fig. 2A).
No swollen lymph nodes were observed in the abdomen,
pelvis or retroperitoneal area; therefore, bilateral adrenal
pheochromocytoma was considered. Brain CT indicated that
the right occipital area was altered following surgery. A cystic
low-density area (34x44 mm) with clear edges was observed
in the right cerebellar hemisphere, which was indicative of
a cystic lesion or malacia in the right cerebellar hemisphere
(Fig. 2B). Cortisol and aldosterone levels were in the normal
range. Electrocardiogram, chest radiograph, liver and kidney
function, and coagulation profile all appeared normal.
Following preoperative preparation, the patient underwent
resection of the left adrenal tumor under general anesthesia.
The gross sample is presented in Fig. 2C.

Postoperative pathological examination confirmed that
the tumor was an adrenal pheochromocytoma (Fig. 2D).
Pedigree analysis was performed following surgery (Fig. 2E).
Genetic tests and physical examinations were performed for a
number of relatives of the patient (who had not succumbed to
disease) with informed consent. The same missense mutation,
c.499C>T (p.Argl67Trp), in the VHL gene was found in two
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Figure 2. Examination of case 2. (A) CT scan showing nodules in the left and right adrenal glands. Low-density areas and calcification shadows are also
observable. A contrast-enhanced scan revealed that the solid portion of the mass was markedly enhanced, but the cystic region was not enhanced. (B) CT
scan indicating cystic lesions or malacia in the right cerebellar hemisphere. The right occipital bone was altered following surgery. (C) Gross sample
of the tumor obtained following surgery. (D) Hematoxylin and eosin staining indicating proliferation of a large amount of cells with rich cytoplasm in
sections of left adrenal gland tissue. The cytoplasm was marginally eosinophilic, weakly stained or transparent and aligned in a nested shape. The nuclei
were of varying sizes and were pleomorphic. There were numerous blood vessels with local infiltration of a large amount of eosinophils. Magnification,
x200. (E) Pedigree chart of case 2. (F) Confirmation of genetic test results in case 2 by Sanger sequencing. (G) Postoperative abdominal CT indicating
an irregular mass (~92x73x105 mm) in the right adrenal gland, which appeared to be pheochromocytoma and adrenal carcinoma. The left adrenal gland
was altered following surgery. (H) CT scan revealing multiple metastases in the left and right lungs. The diameter of the largest tumor was ~8.5 mm. CT,

computed tomography; VHL, von Hippel-Lindau.

family members (II-2 and II-3) and the patient, which led to the
substitution of arginine with tryptophan at position 167 of the
encoded protein. This genetic analysis result was confirmed
by Sanger sequencing (Fig. 2F). Physical examinations were
also performed, including abdominal Doppler ultrasonog-
raphy and brain MRI, on several family members. MRI of
the brain of the patient's brother (II-3) indicated a nodule in
the left cerebellar tonsil with a size of ~9.0x10.5 mm, which
indicated the presence of a hemangioblastoma, astrocytoma or
ependymoma. However, the diagnosis could not be confirmed.
Therefore, patient II-3 was regarded as a carrier of the mutant
gene. Doppler ultrasound examination of the patient's eldest
sister (II-1) suggested the presence of multiple nodules with
calcification and liquefaction in the left and right thyroid

glands. The size of the larger nodules was ~34x17 mm on the
left side and ~29x16 mm on the right side of the thyroid gland.
A lymph node (size, 14x4 mm) was detected on the right side
of the neck, and another lymph node (size, 10x3 mm) was
detected on the left side. Spot-like signals corresponding to
blood flow were observed inside the node. Another sister of
the patient (II-2) carried the mutated VHL gene. However,
no VHL-associated lesions were detected, therefore 11-2 was
considered to be a mutation carrier. Routine follow-ups were
suggested.

The daughter and father of the patient declined testing
due to personal reasons. The remaining family members
had no abnormalities according to the abdominal Doppler
ultrasound and brain MRI scan. The family members
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with abnormal results were advised to arrange for routine
follow-ups. Due to physical and economic reasons, the
patient returned to the Affiliated Hospital of Zunyi Medical
College. On 2 June 2015, for resection of the right adrenal
gland tumor. Postoperative abdominal CT is presented
in Fig. 2G. However, preoperative chest CT indicated that
multiple pulmonary metastases were present on the left and
right sides (Fig. 2H), which was indicative of malignant
pheochromocytoma. Since surgery could not be performed,
the patient was advised for a transfer to the Department of
Oncology. The patient succumbed following 6 months.

Case 3. A 38-year-old male patient visited the Department of
Urology at the Affiliated Hospital of Zunyi Medical College
on 27 April 2015, due to the detection of a mass in the right
kidney during physical examination. The patient had previ-
ously undergone extracorporeal shock wave lithotripsy in
February 2010 at Changzheng Hospital (Zunyi, China) for the
treatment of kidney stones (details are unknown). There was
no history of hypertension, infectious diseases or allergy.

The mother of the patient had pancreatic cancer. She did
not undergo surgery and subsequently succumbed to disease.
The father of the patient is alive. The eldest sister of the patient
(II-1) underwent surgery for a brain tumor in June 2007, and
had pancreatic and renal cysts (details are unknown). Another
sister (II-2) underwent surgery for breast cancer on the left
side in April 2014 and was treated with regular chemotherapy
following surgery (details are unknown). The rest of the siblings
reported no history of hypertension, diabetes or cancer.

Physical examination after admission demonstrated that
the body temperature of the patient was 36.9°C, and the heart
rate was 62 beats/min. The respiration rate was 18 times/min,
and blood pressure was 121/85 mmHg. No abnormalities were
observed in the heart, lung or abdomen. Upper abdominal CT
revealed the presence of multiple nodules and lumpy low-density
areas in the left and right kidneys with uneven density. The
diameter of the larger nodule in the right kidney was ~34 mm.
Contrast-enhanced imaging indicated that the lesions were
enhanced unevenly in a progressive manner with clear edges.
Multiple round low-density lesions were observed in the left and
right kidneys, and in the pancreas. Contrast-enhanced scanning
revealed no significant enhancement. Based on the presence of
multiple lesions in the left and right kidneys and the pancreas,
as well as the patient's medical history, VHL syndrome was
considered as a possible diagnosis (Fig. 3A). Brain CT revealed
no abnormalities, but sphenoiditis was observed on the right side.
Thoracic MRI revealed a round-shaped mixed signal (diameter,
12.0 mm) in the sixth thoracic vertebra. Contrast-enhanced
scanning revealed minor enhancement, which appeared to
indicate the presence of a hemangioma (Fig. 3B). Lumbar MRI
revealed reduced T2 signals in the L5/S1 intervertebral disc,
which was marginally protruding. Contrast-enhanced scanning
did not demonstrate abnormal enhancement. A round long
T2 signal (size, 10x7 mm) was observed in the S2 horizontal
sacral area, which appeared to indicate the presence of a small
sacral cyst (Fig. 3C). Electrocardiogram, chest radiograph,
liver and kidney function, and coagulation profile all appeared
normal. Following preoperative preparation, partial resection
of the right kidney was planned, but the patient and his family
requested to be discharged.
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Follow-up of the patient indicated that the patient
underwent partial resection of the right kidney at the West
China Hospital Affiliated to Sichuan University (Chengdu,
China). Postoperative pathological analysis confirmed that
the tumor was a renal carcinoma (clear-cell carcinoma of
the right kidney; Fuhrman Grade II) (6,7). The tumor was
close to the renal capsule and did not demonstrate significant
invasion. The incision area was not invaded by the tumor.
Following recovery, the patient returned to the Affiliated
Hospital of Zunyi Medical College on 21 September 2015.
Bilateral renal CT indicated that the lower part of the right
kidney was altered following surgery, and multiple small
cystic lesions were detected in the left and right kidneys. The
diameter of the largest lesion was ~6 mm. Contrast-enhanced
scanning did not reveal marked enhancement. Small cystic
lesions were also detected in the pancreas (Fig. 3D). The
pedigree of the patient's family was analyzed and established
(Fig. 3E). Genetic tests were performed on several relatives
with informed consent. The patient and 6 other family
members, volunteered to take the VHL genetic test. The tests
revealed that the same missense mutation in the VHL gene
[c.500G>A (p.Argl67Gln)] was found in the patient and his
two sons, which led to a substitution of arginine with gluta-
mine at position 167 of the VHL-encoded protein, and this
was confirmed by Sanger sequencing (Fig. 3F). Abdominal
ultrasound examination of the patient's two sons revealed no
abnormality. MRI of the brain was subsequently planned, but
the patient and his two sons declined. Follow-up examina-
tions conducted until October 2015 indicated that the patient
was in good condition in general, and no new tumors were
identified elsewhere. Follow-up examinations of the other
family members remain underway.

Discussion

VHL syndrome is a rare autosomal dominant genetic disease.
The offspring of patients with VHL syndrome have a 50%
chance of inheriting the disease. The gene responsible for this
disease is located on chromosome 3p25-26. At the age of 60,
the penetrance may exceed 98% (8). The main clinical mani-
festations include retinal and CNS hemangioblastoma, which
are frequently accompanied by renal clear cell carcinoma,
renal cysts, pancreatic tumors, pancreatic cysts and internal
lymphoma. In 1859, von Hippel, a German ophthalmologist, for
the first time reported two cases of retinal hemangioblastoma
with familial inheritance (2,9-11). In 1926, Swiss pathologist
Lindau performed a systemic clinical observation of the disease
and reported that cerebellar and retinal hemangioblastoma
were only parts of the CNS hemangioblastomas, and that the
manifestations of these types of hemangioblastoma were associ-
ated (2,9-11).

In 1964, Hayden et al (12) first named the disease VHL
syndrome, and this nomenclature has been widely recognized.
In 1993, Latif et al (3) located the VHL gene on chromosome
3p25-26 and for the first time cloned this gene successfully. A
previous study (13) confirmed that the VHL gene is a tumor
suppressor that exhibits the classic features of tumor suppressor
genes. Mutations and deletions in the VHL gene are the funda-
mental causes of VHL syndrome (4). Currently, a common
diagnostic criterion for VHL syndrome in patients who do
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Figure 3. Examination of case 3. (A) CT scan indicating multiple nodules with low-density shadows in left and right kidneys. The larger nodule in the right
kidney had a diameter of ~34 mm. Contrast-enhanced scanning showing uneven enhancement in a progressive manner. Bilateral renal and pancreatic multiple
cysts were observable. (B) Contrast-enhanced MRI scan showing minor enhancement, which was indicative of a hemangioma. A round mixed signal (diameter,
~12 mm) was observable in the sixth thoracic vertebra. (C) MRI scan showing a round long T2 signal in the horizontal sacral area of S2, which indicated the
presence of a sacral cyst. (D) Contrast-enhanced CT scanning revealed no marked enhancement. Multiple cystic lesions were observed in the left and right
kidneys. The lower part of the right kidney was altered following surgery. (E) Pedigree chart of case 3. (F) Genetic test results in case 3 confirmed by Sanger
sequencing. CT, computed tomography; MRI, magnetic resonance imaging; VHL, von Hippel-Lindau.

not have a family history is that they should exhibit =2 of the
following characteristic lesions: i) =2 retinal, spinal cord or
brain hemangioblastomas, or a single hemangioblastoma asso-
ciated with visceral organ lesions (multiple renal or pancreatic
cysts); ii) renal clear cell carcinoma; iii) adrenal or extra-adrenal
pheochromocytoma and iv) rare lesions including, internal
lymphoma, papillary cystadenoma of the epididymis and broad
ligament, and neuroendocrine tumors of the pancreas (14).
Patients with a family history of VHL syndrome should have
=1 of the following lesions: i) Retinal hemangioblastoma,

ii) spinal cord or cerebellar hemangioblastoma, iii) adrenal or
extra-adrenal pheochromocytoma, iv) renal clear cell carcinoma
and v) multiple renal or pancreatic cysts. In patients with atypical
clinical manifestations, the VHL genetic test is recommended to
exclude the diagnosis of VHL syndrome (14).

From the perspective of clinical practice, diagnosis rates
of VHL syndrome in the early stages remain low. This may be
due to physicians lacking a thorough understanding of VHL
syndrome and therefore overlooking the comprehensive exam-
ination of other body systems, family history of the patient and
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genetic tests. Additionally, VHL syndrome is characterized by
the presence of multiple tumors in multiple organs; however,
the majority of patients with VHL syndrome present with
only a single lesion at the time of admission. In the present
report, brain hemangioblastoma was detected in cases 1 and
2 when the patients visited the hospital for the first time.
According to Glasker et al (15), 19% of patients with VHL
syndrome who are admitted to the hospital for the first time
due to neurological symptoms are observed to have multiple
hemangioblastomas, and 36% of patients possess tumor-asso-
ciated symptoms that are indicative of VHL syndrome. Since
the severity of clinical symptoms and the number of tumors
affected organs vary, early diagnosis of VHL syndrome is
relatively difficult (1,2). In cases 1 and 2, VHL syndrome was
considered when lesions in the visceral organs were detected
following resection of the brain hemangioblastomas. The diag-
nosis could not be confirmed until the results of the genetic
tests with the clinical symptoms were combined. According
to Conway et al (16), the sensitivity of the VHL genetic test is
86%, and all patients with positive results were confirmed by
clinical diagnostic criteria. Therefore, the accuracy of genetic
test-based diagnosis is markedly improved compared with
clinical manifestation-based diagnosis.

Conway et al (16) found that 67% of patients with VHL
syndrome developed a new CNS tumor within a mean of
2.1 years. In cases 1 and 2, the mean time for developing a new
tumor was 3.5 years. The patient in case 3 remains under close
follow-up, and no new tumor has been detected to date. Surgical
resection of the tumor remains the main treatment method. In
the case of CNS hemangioblastomas, resection is preferred by
certain clinicians, while others prefer regular follow-up and
decide on surgery when clinical symptoms occur (16). Retinal
hemangioblastomas should be removed as soon as possible
to avoid loss of vision and other complications. Additionally,
VHL syndrome accompanied by pheochromocytoma requires
surgery. Partial resection of the adrenal gland may be consid-
ered. In patients without hypertension, an a-receptor blocker
still should be administered (17).

Notably, there are no standard criteria for surgery in cases
of VHL syndrome accompanied by renal clear cell carci-
noma (17). Duffey et al (18) analyzed 108 VHL syndrome
patients with a renal tumor (diameter, <3 cm) and reported that
following a mean of 28 months (range, 0-244 months), no tumor
metastasis was observed. Additionally, in VHL syndrome
patients (n=73) with a renal tumor with diameter, >3 cm,
following an average of 72.9 months (range, 0-321 months),
metastasis occurred in 20 cases (27.4%). Therefore, VHL
syndrome patients with a tumor diameter <3 cm require
close follow-up and monitoring. Abdominal CT and serum
creatinine should be examined at least every 6 months. When
the diameter of the largest tumor is >3 cm, surgery should be
considered (19-22). Linehan et al (23) suggest that if the size
of the tumor is <3 cm and it is present on the renal surface,
tumor enucleation may be performed. If the tumor size is rela-
tively large (>4 cm) and is located on one side of the kidney,
partial resection should be considered. If the tumor is present
in the center of the kidney and is the kidney will be difficult
to preserve, radical nephrectomy should be considered (23).
The patient in case 1 underwent radical nephrectomy, because
the tumor in the right kidney was large and located in the
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center. Potential invasion into the renal pelvis could not be
excluded. In addition, Roupret et al (24) suggested that VHL
syndrome-induced renal clear cell carcinoma tends to present
as multiple lesions in the left and right kidneys and has a high
relapse rate following nephron-sparing surgery. Therefore,
thorough elimination of all potential relapses and metastasis
may be possible only with bilateral nephrectomy. Following
surgery, the patient requires renal replacement therapy,
including dialysis and renal transplantation. However, there is
evidence that the use of immunosuppressants in patients who
require dialysis or renal transplantation following nephrectomy
would increase the risk of tumors developing elsewhere (25).
Therefore, this treatment plan should only be selected when
the left and right kidneys cannot be preserved, and a matched
kidney is available for transplantation.

The aim of surgical treatment of VHL syndrome accom-
panied by renal clear cell carcinoma should be thorough
elimination of the tumor and preservation of as much renal
tissue as possible. The optimal surgical plan should be selected
based on tumor size and site, and the physical conditions of the
patient. During postoperative follow-up, relapse in the same
kidney or new tumors in the other kidney should be closely
monitored (23-25). Based on the diagnosis and treatment in
case 2, where VHL syndrome was accompanied by tumors
in multiple organs, follow-up surgery for the complete resec-
tion of other tumors should be performed as soon as possible
following the primary surgery. Even if follow-up surgery is not
performed, follow-up should be performed every 3 months.
The patient in case 2 was diagnosed with bilateral adrenal
pheochromocytoma. Resection of the left adrenal tumor was
performed, and postoperative pathological analysis confirmed
that it was an adrenal pheochromocytoma. However, the
right adrenal tumor was not removed rapidly enough, and the
patient did not return for routine follow-up. A total of 8 months
later, the patient returned for resection of the right adrenal
tumor. However, preoperative chest CT indicated the presence
of multiple metastases in the left and right lungs, which was
indicative of malignant pheochromocytoma. No surgery could
be performed at that time.

Currently, there are certain limitations associated with the
surgical treatment of VHL syndrome, as surgical treatment
does not prevent tumor relapse and metastasis elsewhere (26).
Therefore, postoperative follow-up of the patients and their
family members is essential. Emerging investigations of the
VHL gene and novel therapeutics, including gene therapy
and targeted therapy may be beneficial for patients with VHL
syndrome. Early diagnosis, treatment and regular follow-ups are
critical for good prognosis of VHL syndrome. Missed diagnosis
or misdiagnosis often results from an insufficient understanding
of VHL syndrome among physicians (26). Therefore, patients
with CNS hemangioblastoma and multiple lesions in visceral
organs should be examined carefully, and VHL syndrome
should be considered as a potential diagnosis. Genetic tests for
VHL should also be conducted to exclude the possibility of
VHL syndrome when necessary. Since there is a risk of tumori-
genesis with VHL syndrome, lifelong follow-up of the patient
is essential. The follow-up should include (14,26) the following
measurements: i) urinary catecholamine levels every 6 months;
ii) fundus examination annually; iii) CNS MRI every 6 months;
and iv) abdominal CT and ultrasound examination annually.
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Since VHL syndrome is an autosomal dominant genetic
disorder, pedigree analysis and genetic diagnosis may provide
important insights into treatment and prognosis, as well
as prenatal and postnatal care. In case 1, a total of 7 family
members volunteered for the genetic test. The proband
(II-6) carried a deletion in the VHL gene [c.227_229delTCT
(p-Phe76del)] that led to the deletion of phenylalanine at posi-
tion 76 of the VHL-encoded protein. p.Phe76del blocked the
binding of the VHL protein with hypoxia-induced factor-a
(HIF-a), and this affected the stability of HIF-a and induced
VHL syndrome (27). The p.Phe76del mutation has been
reported to be associated with type I VHL syndrome (27). The
remaining family members, including the father of the patient
(I-1), did not carry mutations in the VHL gene. However, since
the mother of the patient was previously deceased, the authors
of the present study hypothesize that this may have been
associated with VHL syndrome, and that the patient may have
inherited the mutation from his mother.

The patient in case 2 exhibited type II VHL syndrome.
Type II VHL syndrome occurs in ~10-20% of patients with
VHL syndrome (1). Sequencing of the VHL gene of the
7 family members revealed the same missense mutation in the
VHL gene [c.499C>T (p.Argl67Trp)] in the proband (II-4),
his sister (II-2) and brother (II-3). The mutation resulted in
the substitution of arginine at position 167 with tryptophan.
Crossey et al (28) and Brauch et al (29) reported that the
p.-Argl67Trp mutation was closely associated with VHL
syndrome. Mutation of the amino acid at position 167 has been
reported to increase the risk of pheochromocytoma (28,29).
In the present report, the mutation was at position 238. In a
study with 469 pedigrees with VHL syndrome across North
America, Europe and Japan, Zbar et al (30) observed that
p-Argl67Trp mutation was a hotspot, and the detection rate
of this mutation was high in VHL syndrome families with
pheochromocytoma. A total of 21 patients with pheochro-
mocytoma in 33 families carrying the p.Argl67Trp mutation
were reported. Siu ef al (31) performed genetic screening of
9 Chinese pedigrees with VHL syndrome and detected the
p-Argl67Trp mutation in a patient with pheochromocytoma.
The mother of the patient exhibited a brain tumor and coro-
nary heart disease, and it was likely that she succumbed due
to VHL syndrome (31). In the present report, it is possible that
the proband (II-4), sister (II-2) and brother (II-3) inherited the
mutation from their mother.

In case 3,atotal of 7 members of the family volunteered for
the genetic test, and the same missense mutation [c.500G>A
(p-Argl67GlIn)] in the VHL gene was detected in the proband
(IT-4) and his two sons (IT1I-6 and II1-7). This mutation led to
the substitution of arginine at position 167 with glutamine.
Hes et al (32) reported that the p.Argl67GIn mutation was
detected in 11 members from 3 typical VHL syndrome
pedigrees. Among the 11 members, 4 had renal carcinoma
and 3 exhibited renal cysts. Additionally, Ciotti e al (33)
found in a controlled study of 43 VHL syndrome patients
and 42 healthy controls that the p.Argl67GIn mutation was
detected in 2 VHL syndrome patients, where one patient
exhibited bilateral renal carcinoma and the other had renal
carcinoma, pancreatic cysts and ovarian cysts. The proband
of the pedigree also exhibited pancreatic and bilateral renal
cysts. Therefore, the authors of the present report hypothesize
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that the p.Argl67GIn mutation may be associated with cyst
formation in visceral organs. However, this hypothesis
requires validation in additional cases. In the present report,
all members from the three pedigrees who remain alive are
under follow-up, particularly those carrying the VHL muta-
tions.

VHL syndrome is a rare autosomal dominant genetic
disorder with symptoms that may not be evident, meaning early
diagnosis is rare. DNA analysis of VHL genetic mutations is the
primary method used to confirm the diagnosis of the disease.
The main treatment method of VHL syndrome is surgery. A
reasonable surgical strategy should be selected according to
the site and number of tumors as well as the physical condition
of the patient. Patients with VHL syndrome accompanied by
tumors in multiple organs should undergo complete resec-
tion of the tumors as soon as possible. Additionally, pedigree
analysis and genetic testing are essential. Physicians should
pay sufficient attention to VHL syndrome in order to avoid
missed diagnosis or misdiagnosis.
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