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Although pancreatic neuroendocrine tumors (NETs)
in von Hippel-Lindau (VHL) disease have been re-
ported, their pathological features have not been
characterized. In addition, it is unknown whether
alterations of the VHL gene are responsible for pan-
creatic NET development. To evaluate NETs in VHL
patients, we performed histopathological analysis of
30 pancreatic tumors in 14 patients. In addition, DNA
from NETs and normal pancreatic tissue from 6 pa-
tients with documented germ-line VHL gene muta-
tions was studied for allelic deletions of the second
copy of the VHL gene by fluorescence in situ hybrid-
ization and polymerase chain reaction-based single-
strand conformational polymorphism analysis. Mor-
phologically, the tumors were characterized by solid,
trabecular, and/or glandular architecture and promi-
nent stromal collagen bands. Sixty percent of the
tumors revealed at least focally clear-cell cytology. All
tumors were positive for panendocrine immunohis-
tochemistry markers (chromogranin A and/or synap-
tophysin); 35% of NETs demonstrated focal positivity
for pancreatic polypeptide, somatostatin, insulin,
and/or glucagon; and no immunostaining for pancre-
atic and gastrointestinal hormones was observed in
65% of tumors. Dense core neurosecretory granules
were evident by electron microscopic examination,
and the clear cells additionally revealed abundant in-
tracytoplasmic lipid. All NETs that were subjected to
genetic analysis showed allelic loss of the second
copy of the VHL gene. We conclude that multiple,
nonfunctional pancreatic NETs occur in VHL patients.
Stromal collagen bands and clear-cell morphology are
important histological features of VHL-associated
NETs. The presence of allelic deletions of the VHL

gene in pancreatic NETs provides direct molecular
evidence for a role of the gene in their tumorigenesis
and establishes NET as an independent tumor type of
VHL disease. (Am J Pathol 1998, 153:223–231)

Von Hippel-Lindau (VHL) disease is an autosomal dom-
inant disorder in that affected individuals are predis-
posed to develop a variety of neoplasms in multiple tar-
get organs. The neoplasms are frequently multiple in a
given organ and include hemangioblastomas of the cen-
tral nervous system, retinal angiomas, renal cell carcino-
mas, pheochromocytomas, and cysts of the kidneys and
epididymis.1 The most common manifestations of pan-
creatic VHL disease are benign cysts and microcystic
(serous) adenomas that occur in 35 to 75% of patients.2,3

Pancreatic neuroendocrine tumors (NETs) have been re-
ported to occur with an incidence of 17% in VHL patients
in the radiological literature.4 Until the present, gross
features, histomorphology, and immunohistochemical
and ultrastructural characteristics, as well as genetic al-
terations of VHL-associated NETs, have not been ana-
lyzed in a series of cases.

The gene for VHL disease has been localized to chro-
mosome 3p25.5 and was identified in 1993.5 The two-hit
theory of Knudson6 predicts that in a familial cancer
syndrome such as VHL disease, the genotype of each
neoplasm should consist of an allele with an inherited
germ-line mutation and loss of the second wild-type allele
through allelic deletion. In fact, genetic studies of differ-
ent VHL disease-associated tumors, including hemangio-
blastomas,7 renal cell carcinomas,8–10 pheochromocyto-
mas,11 pancreatic microcystic adenomas,12 and
endolymphatic sac tumors,13 demonstrated loss of het-
erozygosity (LOH) at chromosome 3p at the VHL gene
region. VHL gene deletion, however, has never been
studied in VHL-associated pancreatic NETs, and it is
therefore unknown whether these tumors show genetic
evidence of VHL disease-related pathogenesis.

In this study, we performed macroscopic, histopatho-
logical, and immunohistochemical evaluation of 30 pan-
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creatic NETs in 14 VHL patients. Furthermore, to investi-
gate VHL gene alterations in VHL NETs, DNA from tumor
and normal pancreatic tissue in 6 patients was studied for
allelic deletions of the VHL gene by fluorescence in situ
hybridization (FISH) and/or polymerase chain reaction
(PCR)-single-strand conformational polymorphism analy-
sis (SSCP).

Materials and Methods

Patients

Fourteen VHL patients (eight females and six males;
mean age, 35 years; range, 18 to 48 years) with solid
pancreatic lesions were selected from the group of famil-
ial VHL patients followed at the National Cancer Institute,
National Institutes of Health14 (Table 1). Each patient had
a documented germ-line mutation in the VHL gene.

Thirteen patients were caucasian, and one was from
India. Two patients presented with abdominal pain, nau-
sea, or diarrhea. Twelve patients were asymptomatic at
presentation, and their tumors were discovered inciden-
tally during screening by computed tomography or mag-
netic resonance imaging. All tumors were clinically non-
functional. Radiologically, at least one solid tumor in each
patient was enhanced on contrast computed tomography
or magnetic resonance imaging scans;3,14 additional
smaller tumors were seen on intraoperative ultrasound or
on serial sectioning of pancreatectomy specimens. Other
nonpancreatic VHL-associated tumors included pheo-
chromocytoma, retinal hemangioma, central nervous sys-
tem hemangioblastoma, renal cell carcinoma, and renal
cysts (Table 1). Four patients were treated by enucle-
ation, five patients were treated by distal/partial pancre-
atectomy, two patients underwent total pancreatectomy,
two patients were treated by pancreaticoduodenectomy

(Whipple’s procedure), and one patient had an explor-
atory laporotomy and biopsy of pancreatic and liver le-
sions. From one patient (patient 2), additional pancreatic
NETs were obtained at autopsy (Table 1).

Morphological Examination of Tumors

Thirty formalin-fixed, paraffin-embedded pancreatic tu-
mors were obtained from the files of the Laboratory of
Pathology, National Cancer Institute, National Institutes of
Health. All tumors were grossly examined and measured.
Tumors were evaluated on hematoxylin and eosin (H&E)
stain, periodic acid-Schiff (PAS), and PAS-diastase
(PAS-D) stains. Immunohistochemistry stains for cytoker-
atin AE1/AE3 (1:300/1:100) and chromogranin A (1:1600)
(both from Boehringer Mannheim, Indianapolis, IN); syn-
aptophysin (1:1000) (Zymed, San Diego, CA); neuron-
specific enolase (NSE) (1:200), glucagon (1:900), pan-
creatic polypeptide (1:8000), somatostatin (1:3000),
gastrin (1:2000) (DAKO, Carpinteria, CA) S100 (1:8000),
and insulin (1:50) (BioGenex, San Ramon, CA) were per-
formed in all tumors in which sufficient tissue was avail-
able (Table 2). Tumor cells were scored as positive by
immunohistochemistry stain when they showed moder-
ate-to-marked intensity of staining in the appropriate dis-
tribution for the marker, with adequate tissue controls.
Electron microscopy was performed in five cases (pa-
tients 1, 3, 4, 7, and 8). For electron microscopic exam-
ination, 2.5% glutaraldehyde-fixed, osmium-postfixed tu-
mor tissue was embedded in Maraglas 655 (Ladd
Research Industries, Burlington, VT). Thin sections were
stained with uranyl acetate and lead citrate and were
reviewed in a Philips CM10 transmission electron micro-
scope.

Table 1. VHL-Associated Pancreatic NETs: Patient and Tumor Characteristics

Patient

Age
(years)

Sex Procedure
No. of tumors
(tumor No.)

Size range
(cm)

Location in
pancreas

Other
pancreatic

lesions Other VHL tumors

1 38F Partial pancr 1 (1) 3 Body None ph, ra
2 48M Distal pancr;

autopsy
5 (2–6) 0.5–2 Head, body, tail Cysts h, ra, ph, rcc, rc

3* 34F Expl. lap with
biopsy

2 (7–8) 1.2–8 Head-body Cysts h, ra, ph, rcc

4 22M Partial pancr 2 (9–10) 1–2 Body, tail Cysts h, ra, ph, rcc
5 43F Total pancr 3 (11–13) 2–3 Head, body, tail Cysts h, ra, ph, rc
6 23F Enucleation 3 (14–16) 1.5–4 Head, body, tail NA rc
7 29M Enucleation 1 (17) 2 Tail Cysts ph, h, ra, rcc, rc
8 38F Enucleation 1 (18) 3 Head NA rcc
9 39F Enucleation 1 (19) 1.5 Head NA ph

10 42M Distal pancr 1 (20) 3 Tail MCA h
11 42F Total pancr 1 (21) 0.5 Body-tail MCA, Carcinoma h
12 34M Pancreaticoduod 2 (22–23) 1–2 Head, head MCA ph, h, ra, rc
13 18M Distal pancr 3 (24–26) 0.4–1.5 Tail None None
14 35F Pancreaticoduod

and
enucleation

4 (27–30) 0.5–1.5 Head, body, tail None ra

Abbreviations: F, female; M, male; pancr, pancreatectomy; expl. lap, exploratory laparotomy; pancreaticoduod, pancreaticoduodenectomy
(Whipple’s procedure); NA, adjacent pancreas is not available for evaluation; MCA, microcystic adenoma; ph, pheochromocytoma; ra, retinal
hemangioma; h, hemangioblastoma; rcc, renal cell carcinoma; rc, renal cysts.

*Patient with liver metastasis (tumor 8).
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Genetic Analysis of Tumors by PCR-SSCP and
FISH

Six NETs from VHL patients 1, 4, and 11–14 and a pan-
creatic adenocarcinoma from patient 11 were analyzed
for VHL gene deletion by PCR-SSCP analysis using a
single nucleotide polymorphic marker (104/105) at the
VHL gene locus.10,15 Three patients (patients 1, 4, and
11) were informative for the marker; ie, normal DNA
showed two different alleles (heterozygosity). Briefly, tu-
mor and normal pancreatic cells were procured by a
modified tissue microdissection procedure using 5-mm
histological sections from frozen or formalin-fixed, paraf-
fin-embedded tissue.16 Cells were procured with a 30-
gauge needle and immediately resuspended in 10-mL
solution containing 10 mmol/L Tris-HCl, pH 8.0, 1 mmol/L
ethylenediamine tetraacetic acid, pH 8.0, 1% Tween 20,
0.1 mg/ml proteinase K, and incubated overnight at 37°C.
The mixture was boiled for 10 minutes to inactivate the
proteinase K, and 10% of this solution was used for PCR
analysis. The PCR amplification reaction was carried out
for 30 cycles at 95°C for 30 seconds, 70°C for 30 sec-
onds, using primers to the single-nucleotide polymor-
phism upstream of the coding region of the VHL gene:
upstream, 59-AGT GGA AAT ACA GTA ACG AGT TGG
CCT-39; downstream, 59-GTC CCA GTT CTC CGC CCT

CCG GGG CAT-39.15 Labeled amplified DNA was mixed
with an equal volume of formamide loading dye (95%
formamide, 20 mmol/L ethylenediamine tetraacetic acid,
0.05% bromphenol blue, and 0.05% xylene cyanol) and
analyzed on SSCP gel.10,15 The samples were denatured
for 5 minutes at 95°C and loaded onto a gel consisting of
6% acrylamide (49:1 acrylamide:bis), 5% glycerol, and
0.63 Tris-borate ethylenediamine tetraacetic acid. Sam-
ples were electrophoresed at 8 W at room temperature
overnight. Gels were transferred to 3-mm Whatman pa-
per and dried, and autoradiography was performed with
Kodak X-OMAT film (Eastman Kodak, Rochester, NY).
The complete or near complete (90% decreased inten-
sity) absence of one allele on acrylamide gel was inter-
preted as LOH. Each result was reproduced two to three
times.

Four tumors from VHL patients 1, 2, 7, and 10 were
analyzed for VHL gene deletion by FISH. Briefly, a touch
preparation was performed from fresh or frozen tumors.
FISH was performed using a P1 plasmid clone containing
the entire VHL gene as a probe.17 DNA was labeled with
digoxigenin-11-dUTP by nick translation (Boehringer
Mannheim). Biotin-labeled a-satellite centromeric probe
specific for chromosome 3 (Oncor, Gaithersburg, MD)
was used as a control. Slides were denatured in 70%
formamide/23 standard saline citrate at 72°C for 2 min-

Table 2. VHL-Associated Pancreatic NETs: Histopathology and Immunohistochemistry Results

Patient
Tumor

No. Architecture Cytoplasm
Collagen/Atypia

(yes or no) Chr Syn S100 NSE Ker Gluc PPP Som Ins Gastr

1 1 solid/trabec amph Yes/Yes 1 1 1 1 1 2 foc1 1 2 2
2 2 trabec eos/clear Yes/No

3 solid eos/clear No/Yes
4 solid eos No/Yes
5 solid eos Yes/Yes
6 solid eos Yes/No 1 1 1 1 1 2 1 2 2 2

3 7 solid clear NA 1 1 1 1 1 2 2 2 2 2
8† solid clear NA 1 1 1 2 2 2 2 2

4 9 trabec eos Yes/Yes 2 1 1 1 1 2 2 2 2 2
10 solid clear Yes/No

5 11 trabec eos* No/Yes 1 1 1 1 1 2 foc1 2 2 2
12 trabec/gland amph/clear Yes/Yes
13 trabec/gland amph/clear Yes/Yes

6 14 solid clear Yes/Yes foc1 2 foc1 foc1 2
15 trabec eos/clear Yes/Yes 2 2 2 2 2
16 trabec eos/clear Yes/Yes 2 2 2 2 2

7 17 solid/trabec clear/eos Yes/Yes
(calcification)

1 1 1 1 1 2 2 2 2 2

8 18 solid/trabec clear Yes/Yes 2 1 1 1 1 2 2 2 2 2
9 19 trabec eos* No/Yes 2 1 1 1 1 2 foc1 foc1 2 2

10 20 solid amph/clear Yes/No foc1 1 1 1 1 2 2 2 2 2
11 21 trabec eos* Yes/No 1 2 2 2 2 2
12 22 trabec eos No/No foc1 1 2 2 2 2 2

23 solid amph/clear Yes/Yes foc1 1 2 2 2 2 2
13 24 gland amph/clear Yes/Yes 1 1 foc1 1 1 2 2 2 foc1 2

25 solid amph Yes/No 2 1 1 1 1 2 1 2 2 2
26 solid amph No/No 2 2 2 2 2

14 27 solid amph Yes/No 1 1 1 1 2 2 2 2 2
28 solid clear Yes/No 1 1 foc1 1 2 2 2 2 2
29 solid clear Yes/No 1 1 1 2 2 2 2 2
30 trabec amph/clear Yes/Yes 1 1 1 foc1 2 1 foc1 2 2

NA, not applicable or not available; trabec, trabecular; gland, glandular; amph, amphiphilic cytoplasm; eos, eosinophilic cytoplasm; collagen,
stromal collagen bands; Chr, chromogranin A; Syn, synaptophysin; Ker, cytokeratin AE1/AE3; Gluc, glucagon; PPP, pancreatic polypeptide; Som,
somatostatin; Ins, insulin; Gastr, gastrin; foc, focal; 1, positive immunohistochemistry stain; 2, negative immunohistochemistry stain; blank, not done.

*Tumors composed of small cells.
†Liver metastasis.
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utes and dehydrated in ethanol series of 70, 80, 90, and
100%. The probes were denatured at 70°C for 10 minutes
and then incubated at 37°C for 30 minutes for preanneal-
ing. DNA (250 mg) was applied to the slide and allowed
to hybridize overnight in a humidified chamber at 37°C.
Detection was performed using anti-digoxigenin rhoda-
mine and avidin-fluorescein isothiocyanate. Hybridization
signals were scored using a Zeiss Axiophot fluorescence
microscope, and three-color images were captured on a
Photometrics cooled-charge-coupled device camera
(Photometrics, Tucson, AZ) using IP Lab image software
(Signal Analytics Corporation, Vienna, VA). At least 100
interphases with strong hybridization signals were scored
for each tumor. The presence of more than 20% cells with
only one VHL signal was interpreted as an allelic deletion
(loss of one copy of the VHL gene). The tumor cells
retained both centromeric probes. Normal frozen pancre-
atic tissue control showed both centromeric probes and
less than 2% of cells with one VHL signal.

Results

Tumor Gross Characteristics

Thirty tumors were identified in 14 patients. Seven pa-
tients had multiple pancreatic tumors, and seven patients
had a single tumor. The tumors were located in the head,
body, and/or tail of the pancreas (Table 1). All tumors
were well circumscribed and varied in size from 0.4 to 8
cm (median, 2 cm). The color was tan, red/brown, gray,
or yellow (Figure 1). Invasion of adjacent organs was not
observed.

Tumor Microscopic Analysis

Histologically, 28 tumors were confined to the pancreas.
One tumor in patient 1 showed a direct extension to a

peripancreatic lymph node. Metastases to peripancreatic
lymph nodes were not observed. Patient 3 had a biopsy-
documented liver metastasis (tumor 8). Scattered islets,
nerves, and exocrine ductules were seen within the tumor
in 50% of the cases. The tumors showed solid, trabecu-
lar, and/or glandular architecture (Table 2; Figure 2, A
and B). Twenty-two tumors showed prominent stromal
collagen bands (Figure 2C), and one tumor demon-
strated calcification (Table 2). Congo red stain for amy-
loid was negative in the stroma. Angioinvasion was not
present. The cytoplasm was eosinophilic in 8 tumors
(Figure 2A), amphiphilic in 4 tumors, clear in 7 tumors
(Figure 2, B and C), eosinophilic and clear in 5 tumors,
and amphiphilic and clear in 6 tumors. Thus, 60% (18 of
30) of tumors demonstrated cells with clear cytoplasm
(Figure 2, B and C). PAS and PAS-D stains demonstrated
glycogen in a minority of cases. The nuclear features
characteristic for NETs were seen in all of the cases.
Seventeen of 28 (61%) tumors showed prominent focal
nuclear atypia (Figure 2C). Mitoses were infrequent; the
mitotic rate did not exceed 2 mitoses per 10 high-power
fields. Evaluation of the pancreas for other lesions was
possible in 11 cases. Additional lesions observed in-
cluded benign serous cysts (5 cases), microcystic ade-
nomas (3 cases), and a pancreatic adenocarcinoma (1
case) (Table 1). Nesidioblastosis and hyperplasia of the
islets of Langerhans were not observed in adjacent pan-
creas.

Immunohistochemistry

All 18 tumors that were evaluated by synaptophysin stain
showed moderate-to-marked cytoplasmic positivity (Ta-
ble 2; Figure 3A). Chromogranin A stain was positive in
14 of 18 tumors evaluated. S100 (Figure 3B) and NSE
stains were positive in all tumors evaluated (15 of 15 and
11 of 11 tumors, respectively). Cytokeratin AE1/AE3 dem-

Figure 1. Gross photographs of two VHL-associated pancreatic NETs. A: A 3-cm solid, well-circumscribed, tan-gray tumor (tumor 1) with prominent collagen
stroma removed from patient 1 by partial pancreatectomy. B: A 1-cm NET (tumor 29) removed from patient 14 by enucleation. The tumor displays a prominent
yellow color secondary to abundant lipid content.
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onstrated positivity in 16 of 16 tumors. Fifteen of 23 tu-
mors evaluated with hormonal markers (glucagon, pan-
creatic polypeptide, somatostatin, insulin, and gastrin)
showed negative results. Four tumors were positive with
multiple hormonal markers. Six tumors were positive for
pancreatic polypeptide, 4 for somatostatin, 2 for insulin,
and 1 for glucagon. The majority of these stains showed
only focal positivity in tumor cells (Figure 3, C and D). All
23 tumors were negative for gastrin. Prominent small
vessels in NETs were demonstrated by a vascular
marker, CD34 (QBEND 10, Immunotech Inc., Westrock,
MA).

Electron Microscopy

Electron microscopy was performed in six tumors from
five patients. Electron-dense neurosecretory granules
(Figure 2D) were demonstrated in all tumors. Neoplastic
clear cells showed abundant intracytoplasmic lipid drop-
lets. In addition, irregular, concentric, electron-dense
phospholipid or lipoprotein membranes consistent with
“myelin figures” were observed in clear cells (Figure 2D).
Both primary pancreatic and metastatic tumor in the liver
in patient 3 showed tumor cells that were surrounded by
basal laminae and contained large amounts of lipid and

numerous neuroendocrine granules. Cytoplasmic glyco-
gen was detected in one tumor.

VHL Gene Allelic Deletion Results

In each of the three informative patients (patients 1, 4,
and 11) studied by PCR-SSCP analysis, LOH of one VHL
gene allele was found in DNA from pancreatic NET and
not in the DNA extracted from adjacent normal pancre-
atic parenchyma. Figure 4A illustrates representative re-
sults of SSCP analysis of DNA amplified across a single
nucleotide polymorphic site at the VHL gene from two
NETs in patients 1 and 4. For each patient, both alleles
are present in lanes N1 and N2 (Figure 4), respectively,
containing DNA procured from the adjacent normal pan-
creas. In contrast, loss of the lower allele is detected in
lane T1 in patient 1, and loss of the upper allele is de-
tected in lane T2 in patient 4, containing DNA from pure
populations of microdissected NET cells (Figure 4). In
patient 11, both pancreatic adenocarcinoma and NET
were analyzed. LOH at the VHL gene was not detected in
pancreatic adenocarcinoma in contrast to an NET in the
same patient and to all NETs in the study. In four VHL
patients (patients 1, 2, 7, and 10), allelic deletion of one
copy of the VHL gene was detected by FISH in interphase

Figure 2. Histology and electron microscopy of representative VHL-associated pancreatic NETs. A: Tumor 19 (patient 9) shows trabecular architecture and small
NET cells with eosinophilic cytoplasm (H&E, 3400). B: Tumor 18 (patient 8) shows solid architecture, small vessels, and cells with prominent clear cytoplasm
(H&E, 3400). C: Tumor 14 (patient 6) demonstrates nests of tumor cells with clear cytoplasm and focal nuclear atypia surrounded by stromal collagen bands
(H&E, 3630). D: Electron micrograph of a “clear” cell from tumor 18 (patient 8); prominent lipid globules and myelin figures and small dense core granules
(arrows). Magnification, 38900.
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touch preparations of pancreatic NETs. Figure 4, B–D,
illustrates representative results of FISH analysis in tu-
mors from patients 1, 7 and 10.

Discussion

Reports on NETs of the pancreas arising in VHL patients
have been limited to case reports18–22 and radiological
series.2–4,23 Although a relationship between pancreatic
NETs and VHL disease has been suggested, neither
pathological analysis of a series of tumors nor examina-
tion of genetic alterations in VHL-associated NETs have
been reported.

Twelve percent of all VHL patients (n 5 256) evaluated
at the National Cancer Institute had solid pancreatic le-
sions by imaging studies.14 VHL patients with pancreatic
NETs in the current study were significantly younger
(mean age, 35 years) than sporadic patients with NETs
(mean age, 58 years).24 All tumors were hormonally non-
functional. The pancreatic NETs in VHL patients were
often multiple, both microscopic and macroscopic in size,
and were located throughout the pancreas (Table 1).

Although usually well circumscribed and confined to
the pancreas, VHL-associated NETs can metastasize, as
evidenced by one case in this study. Recently, four other
VHL patients referred to the National Cancer Institute had
documented liver metastases from a pancreatic NET.

These four cases are reported elsewhere,14 but they
were not included in the present study, because the
primary pancreatic tumor was diagnosed by radiology
only and was not available for evaluation. The median
primary tumor diameter in patients with metastases was 5
cm, compared with a median primary tumor diameter of 2
cm for patients without evidence of metastatic disease.
Therefore, the size of the primary VHL NET appears to be
related to the risk of metastatic disease.14 Similarly, three
of the six NETs in VHL patients reported by the Mayo
Clinic were malignant.4

Histologically, all VHL-associated pancreatic lesions
demonstrated an architecture characteristic for NETs.
Neuroendocrine differentiation was confirmed by synap-
tophysin, chromogranin A, NSE, and S100 staining,
and/or small, dense core granules shown by electron
microscopy. Negative immunostaining for pancreatic and
gastrointestinal hormones was observed in 15 of 23 of
tumors (65%), and 8 of 23 (35%) NETs demonstrated
focal positivity for pancreatic polypeptide, somatostatin,
insulin, and/or glucagon. Small vessels, stromal collagen
bands, and focal nuclear atypia were prominent in the
majority of our VHL cases. The distinguishing feature of
VHL NETs was clear-cell morphology that was present in
60% of the tumors, regardless of size. The cytoplasmic
clearing was attributed to prominent lipid globules and
myelin figures demonstrated by electron microscopy. A

Figure 3. Immunohistochemistry results in representative VHL NETs. A: Positive synaptophysin stain in tumor 19 (patient 9) (3400). B: Positive S100 stain in tumor
19 (patient 9) (3400). C: Focally positive pancreatic polypeptide stain in tumor 11 (patient 5) (3400). D: Focally positive insulin stain in tumor 14 (patient 6)
(3400).
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minority of VHL-associated NETs showed cytoplasmic
glycogen on PAS and PAS-D stains or on electron mi-
croscopy.

NETs in VHL patients may be a diagnostic challenge
because other VHL-associated tumors, such as renal
cell carcinoma, hemangioblastoma, pancreatic micro-
cystic (serous) adenoma, and epididymal cystade-
noma, which contain numerous small vessels and clear
cells, are histologically similar. The most common le-
sions to be considered in the differential diagnosis of

VHL NETs are microcystic adenoma of the pancreas
and metastatic renal cell carcinoma. Microcystic ade-
nomas and NETs may occur in the same pancreas, and
solid areas of microcystic adenoma can be hard to
distinguish from clear-cell NETs in VHL patients.14,25

However, pancreatic microcystic adenomas are usu-
ally glycogen rich and lack dense core granules.26

Clear-cell renal cell carcinomas tend to form sheets of
clear cells and microcysts separated by thin fibrovas-
cular septae rather than the broad collagen bands

Figure 4. A: Detection of VHL gene (3p25.5) LOH by PCR-SSCP analysis in tumor 1 (T1; patient 1) and tumor 9 (T2; patient 4) using a single nucleotide
polymorphic marker (104/105) upstream of the coding region of the VHL gene. Arrowheads: Loss of the lower allele is detected in lane T1 in patient 1, and loss
of the upper allele is detected in lane T2 in patient 4, containing DNA from pure populations of microdissected NET cells as compared with matched normal DNA
(lanes N1 and N2, respectively) procured from the adjacent pancreas. B, C, and D: VHL gene deletion detected by FISH in interphase touch preparations of three
VHL NETs. Green signal: a-Satellite centromeric marker specific for chromosome 3; red signal: chromosome 3p25 P1 probe containing the VHL gene. Both
centromeric probes are retained in tumor cells and are seen in normal somatic cells (green signals appear as dots or as a “blush” when out of focus). B: Tumor
1 (patient 1) showing allelic deletion of the VHL gene in two tumor cells one red signal as compared with a normal somatic cell with two red signals (bottom).
C: Allelic deletion of the VHL gene in NET cells (tumor 17, patient 7; one red signal. D: Allelic deletion of the VHL gene in NET cells (tumor 20, patient 10; one
red signal).
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common in NETs; renal cell carcinomas also have cyto-
plasmic glycogen or lipid and are negative for neuroen-
docrine immunohistochemistry markers. Two additional,
uncommon pancreatic tumors may also be considered.
The first, clear-cell “sugar” tumor of pancreas, similar to
“sugar” tumor of lung, demonstrates abundant cytoplas-
mic glycogen and is HMB-45-positive and cytokeratin,
NSE, and chromogranin A-negative.27 The second, clear-
cell carcinoma of the pancreas, is exceedingly rare
and demonstrates significant pleomorphism and inva-
siveness.26

The presence of pancreatic NETs, as well as pheo-
chromocytomas in patients with VHL, suggests that VHL
disease may represent a continuum of multiple endocrine
neoplasia.4,18,20 Multiple pancreatic NETs commonly oc-
cur in multiple endocrine neoplasia type 1 (MEN1).24,28,29

However, along with similarities, several distinguishing
features may be seen in pancreatic pathology of patients
with VHL disease and MEN1. First, NETs are found in 82
to 100% of MEN1 patients,24 as compared with an inci-
dence of 12 to 17% in VHL disease.4,14 Second, hormon-
ally functional NETs are rare in VHL disease4,21 but are
relatively common in MEN1;28 all tumors were nonfunc-
tional in this study. Finally, pancreatic resection speci-
mens in MEN1 patients demonstrate multiple microad-
enomas and nesidioblastosis in 30% of MEN1 cases.29

VHL patients in this study had a mean of two pancreatic
NETs. Although scattered islets and ductules were fre-
quent within VHL-associated NETs, nesidioblastosis
and/or NETs less than 0.4 cm in size were not observed
in adjacent pancreas.

The two-hit tumor suppressor gene theory of Knud-
son6 predicts that in a familial cancer syndrome such
as VHL disease, the genotype of each neoplasm
should consist of one allele with an inherited germ-line
mutation and loss of the second wild-type allele, which
occurs through chromosomal deletion. Therefore, LOH
or mutation at the VHL gene should be detectable in
the lesion if the lesion represents a VHL-associated
neoplasm. LOH at chromosome 3p has been detected
in VHL-associated renal cell carcinomas,8 –10 heman-
gioblastomas,7 pheochromocytomas,11 endolymphatic
sac tumors,13 and pancreatic microcystic adeno-
mas.12 In this study, allelic deletion of the second copy
of the VHL gene was detected in NETs from all six VHL
patients with known germ-line mutations. Furthermore,
in one case (patient 11), VHL gene heterozygosity was
retained in a pancreatic adenocarcinoma that was as-
sociated with a NET with a VHL gene deletion. The
presence of allelic deletions of the VHL gene in pan-
creatic NETs provides direct molecular evidence for a
role of the VHL gene in their tumorigenesis and estab-
lishes NET as an independent tumor type of VHL dis-
ease. In contrast, retention of heterozygosity in adeno-
carcinoma, coupled with the absence of other VHL
patients with pancreatic carcinoma in our series, sug-
gests that VHL gene alterations are unlikely to be as-
sociated with the development of pancreatic adeno-
carcinoma in VHL patients.
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