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Introduction: Hemangioblastomas occur as sporadic or as von Hippel-Lindau syndrome (VHL) associated tumors.
In both settings, activation of the VHL-HIF-1 (hypoxia induced factor) pathway is thought to be important in tumor
biology.

Material and methods: We performed immunohistochemical studies on 23 hemangioblastomas, 13 meningiomas
and 4 hemangiopericytomas to evaluate expression of the VHL-HIF- 1 regulated proteins vascular endothelial growth
factor (VEGF), carbonic anhydrase IX (CAIX) and hypoxia inducible gene 2 (HIG-2).

Results: Hemangioblastomas showed significantly higher expression of CAIX and VEGF than the other tested tumors.
They showed strong membranous expression of CAIX in a pattern identical to that observed in clear cell renal cell
carcinomas (CCRCC). Interestingly, hemangioblastomas lacked significant reactivity for HIG-2.

Conclusions: The VHL-HIF-1 regulated genes VEGF and CAIX are expressed in hemangioblastomas but significant
HIG-2 expression is not observed. Carbonic anhydrase IX staining in particular may be a helpful marker of hemangio-
blastomas but does not aid in the distinction from CCRCC.
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Introduction

Hemangioblastomas are highly vascular tumors.
Their two main components are prominent vascular
channels and the so-called stromal cells. The latter are
regarded as the true lesional cells but are of unclear
histogenesis [11,29]. Common anatomic sites include
the cerebellum (over 60% to 75%), spinal cord and
brainstem [3,7,21].

Hemangioblastomas can be associated with the
autosomal dominant familial tumor syndrome von

Hippel-Lindau syndrome (VHL) or they can be spora-
dic [3,29].

Von Hippel-Lindau syndrome is a hereditary
cancer syndrome. Affected patients have deacti-
vating mutations of the VHL gene. This leads to an
increased risk of developing a number of tumors
including hemangioblastoma, clear cell renal cell
carcinoma (CCRCC) and endolymphatic sac tumors
[10,21]. Clear cell renal cell carcinomas are the
leading cause of death in VHL patients [29]. Over-
all, some 20% to 30% of hemangioblastoma cases
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may be VHL syndrome associated [7]. Sporad-
ic hemangioblastomas and sporadic CCRCC also
commonly show bi-allelic VHL gene inactivation
[15,16,23,29].

The VHL gene product pVHL is a master regulator
of HIF-1a. (hypoxia inducible factor-1 alpha). HIF-1
is a ubiquitously expressed heterodimeric basic-he-
lix-loop-helix transcription factor composed of the
highly unstable HIF-1a and the stable HIF-1 subunit
[16]. HIF-1a is the main regulatory subunit. It helps
to orchestrate the cellular response to hypoxic con-
ditions. pVHL, elongin B and elongin C form the VBC
complex that is a key regulator of the HIF-1a path-
way [23]. Under normoxic conditions pVHL and the
VBC complex direct HIF-1a for polyubiquitination
and degradation. The oxygen dependent nature of
this reaction results from the fact that pVHL only rec-
ognizes HIF-1a after oxygen-level sensitive hydroxyl-
ation of HIF-1a. Deactivating VHL mutations result in
the abnormal accumulation of HIF-1a and the sub-
sequent over-expression of its downstream targets
[15]. These target genes include carbonic anhydra-
se IX (CAIX), vascular endothelial growth factor (VEGF),
erythropoietin, glucose transporters and glycolytic
enzymes [26,29].

Carbonic anhydrase IX (CAIX) is an isoenzyme
of the a-carbonic anhydrase family, which regu-
lates intra- and extracellular pH by the reversible
hydration of CO, to form HCO3" and protons [4].
Hypoxia is the main mechanism to induce expres-
sion of CAIX. Transcriptional activation of CAIX by
hypoxia is mediated by HIF-1 via binding to the
hypoxia-responsive element (HRE). In physiological
conditions various normal tissues express CAIX at
very low levels. It is overexpressed in CCRCC and
under hypoxic conditions such as tissues around
areas of necrosis. VHL-HIF-CAIX and VHL-HIF-VEGF
pathways are thought to be important in the tum-
origenesis of CCRCC in patients with or without VHL
syndrome [5,12,13]. In CCRCC pVHL inactivation is
found in preneoplastic renal tissue, suggesting that
it represents an early step in carcinogenesis [15].
Induction of CAIX in tumor cells might contribute to
an aggressive phenotype by promoting cell prolifer-
ation, invasion and acid tolerance [12]. Vortmeyer
et al. looked at “tumorlet”-like microscopic spinal
cord lesions in autopsy samples of VHL patients and
were able to show activation of the VHL-HIF-CAIX
pathway in this setting by immunohistochemical
studies [27].
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Strong uniform membranous expression of
CAIX is characteristic of CCRCC and often used
as a diagnostic marker. Hypoxia inducible gene-2
(HIG-2) is another downstream target upregulated
by the VHL-HIF-1 pathway and has recently been
described as another marker of CCRCC[1,6,25]. One
study suggested that HIG-2 is a novel lipid droplet
protein that can stimulate intracellular lipid accu-
mulation [6].

In most cases hemangioblastoma is a diagnosis
that can be made based solely on the H&E stain.
In some instances and especially with fixation or
thermal artifacts, the morphologic appearance of
hemangioblastomas may mimic that of metastatic
CCRCC and some primary intracranial tumors such
as certain meningioma variants [22,24]. The differ-
ential diagnosis between metastatic CCRCC and
hemangioblastoma is particularly critical in VHL
syndrome patients since they are at increased risk
of developing both of these tumors. This is illus-
trated by reports of VHL patients who were found
to have metastatic carcinoma within CNS heman-
gioblastomas [8,14,19]. A few markers have been
suggested as helpful in the diagnosis of hemangio-
blastoma and in distinguishing hemangioblastoma
from CCRCC. Inhibin-A is expressed in 87% to 100%
of hemangioblastomas [2,9,22,28]. Pax2 and Pax8
were shown to be negative in hemangioblastomas
but positive in the vast majority of CCRCC [2,22].
Aquaporin 1 was found in nearly 100% of heman-
gioblastomas but only 18% of CCRCC [24,28]. Ad-
ditionally the stromal cells are also reported to
express vimentin (100%), CD56/NCAM (100%),
VEGF (100%), S-100 (82%), Ezrin (59%), and CD99
(88%). Up to 36% of hemangioblastomas may be
positive for EMA and some are positive for GFAP
[11,28]. CD10 has been reported to be expressed in
12% of hemangioblastomas [22].

In the present study we conducted immunohis-
tochemical staining of hemangioblastomas, heman-
giopericytomas, and meningiomas including clear
cell meningioma, microcystic meningioma as well as
angiomatous meningioma. The aim was to address
the following hypotheses: (A) Hemangioblastomas
may express HIF-1 regulated proteins such as CAIX,
VEGF and HIG-2 in a pattern similar to other VHL
syndrome associated tumors, particularly CCRCC.
(B) These HIF-1 regulated proteins may be useful dia-
gnostic markers for distinguishing hemangioblasto-
mas from possible mimics.
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Material and methods

This study was approved by the Institutional
Review Board of the University of Chicago Medical
Center. A total of 41 intracranial tumors were col-
lected from the archive of the Pathology Department
at the University of Chicago Medical Center. These
included 23 hemangioblastomas (3 with document-
ed association with VHL syndrome), 14 meningio-
mas, and 4 hemangiopericytomas (Table I). Micro-
cystic (3), angiomatous (3) and clear cell (2) variants
of meningioma were included. All the tissues were
fixed in 10% neutrally buffered formalin and paraffin
embedded. Sections were cut at 4 pm and processed
in batches for immunohistochemical staining using
monoclonal anti-CAIX (obtained from Novus Biologi-
cals, Littleton, Colorado, USA), monoclonal anti-VEGF
(Santa Cruz Biotechnology, Santa Cruz, California,
USA) and anti-HIG 2 (Novocastra/Leica Microsys-
tems, Leica Microsystems, Buffalo Grove, lllinois,
USA) antibodies.

Immunohistochemical staining was performed
according to standard protocols. Briefly, sections
were first deparaffinized and rehydrated, followed
by antigen retrieval by heating the sections in
EDTA buffer at pH 9 for 15 minutes. Endogenous
peroxidase activity was removed by incubating
the sections with 3% H,O, in methanol for 5 min-
utes. Non-specific binding was minimized by incu-
bation with Protein Block (DAKO, Carpinteria, CA)
for 20 minutes. After that, the sections were incu-
bated with the primary antibody for 1 hour, followed
by the secondary antibody conjugated to a horse-
radish peroxidase-labeled polymer for 30 minutes.
Slides were then developed with 3-30-diaminoben-
zidine chromogen and counterstained with hema-
toxylin.

The slides were reviewed and scored indepen-
dently by two pathologists. Staining extent, staining
intensity and subcellular localization were evalu-
ated. The percentage of the tumor areas showing
strong (3+), moderate (2+), weak (1+) or negative (0)
staining respectively were recorded. The extent of
staining was classified as diffuse (> 80% area with
positive staining) or focal (1-79%) unless further
specified.

The staining index was calculated as a single
numerical value to summarize and compare the level
of staining: the percentage of area with 3+ staining
was multiplied by 3, the percentage of area showing
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2+ staining was multiplied by 2, and the percent-
age of area with 1+ staining was multiplied by 1.
The sum of these values is the staining index of an
individual case [17,18].

Statistical analysis was performed using Graph-
Pad Prism version 6.0 for MacOS X, GraphPad Soft-
ware, La Jolla California USA. The Kruskal-Wallis
test was used to determine whether the observed
differences between meningiomas, hemangioperi-
cytomas and hemangioblastomas were statistical-
ly significant. Post-test analysis was performed by
Dunn’s multiple comparison test. This statistical
analysis was performed on two parts of the results:
(1) the percentage of tumor area showing positive
staining of any intensity and (2) the calculated
staining index.

Results

The results of the performed immunohistochem-
ical staining are summarized in Table I.

Carbonic anhydrase IX staining

Carbonic anhydrase IX expression was detect-
ed in all the examined hemangioblastomas (23/23)
with a strong diffuse membranous staining pat-
tern (Figs. 1A-B). This pattern is identical to that
described in CCRCC. Carbonic anhydrase IX staining
in hemangioblastomas was significantly stronger
than in meningiomas and hemangiopericytomas
(Kruskal-Wallis: p < 0.0001), none of which exhib-
ited any strong membranous staining (Figs. 2A-B).
In addition to strong membranous staining all the
hemangioblastomas also showed at least focal weak
cytoplasmic staining.

In meningiomas of various subtypes, only weak
cytoplasmic staining, either focal or diffuse, was
observed. The tumor cells of microcystic meningio-
mas showed focal or diffuse weak cytoplasmic stain-
ing, particularly surrounding the microcystic spaces.
Angiomatous meningiomas and meningiomas with
clear cell features also showed diffuse weak cyto-
plasmic staining. None of the meningiomas exhibit-
ed any significant membranous labeling.

All the hemangiopericytomas showed weak
to moderate cytoplasmic staining of CAIX. In one
hemangiopericytoma, tumor cells surrounding an
area of necrosis exhibited strong membranous
staining in a pattern interpreted as being the result
of regional hypoxia.
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Fig. 1. Representative images of |mmunoh|stochem|cal stalnlng A) and B) illustrate staining in hemangio-
blastomas (HB). In general, these exhibited cytoplasmic staining of variable intensity and strong uniform
cell membrane staining. C) and D) show two examples of VEGF staining in hemangioblastomas (HB). E) and
F) illustrate the lack of significant HIG-2 staining in hemangioblastomas (E) and the focal distinct immuno-
reactivity in a hemangiopericytoma (F) around an area of necrosis.
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Fig. 2. The graphic representation of the results for CAIX (A and B), VEGF (C and D) and HIG-2 (E and F)
include the comparison of two separate features: (1) the percentage of tumor labeled positive for a given
marker irrespective of the intensity of staining (A, C and E) and the calculated staining index (B, D and F).
The differences illustrated in figures A, B, C and D were all statistically significant with a p value of < 0.0001
in the Kruskal-Wallis test. Brackets at the bottom of individual graphs are used to indicate statistical signif-
icance in the pairwise comparison (*indicates a p value of 0.05, ***indicates a p value of < 0.001).
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Vascular endothelial growth factor
staining

All the hemangioblastomas (23/23) showed cyto-
plasmic staining (Figs. 1C-D). Most hemangioblasto-
mas (17/23) demonstrated diffuse moderate cyto-
plasmic staining. Overall, hemangioblastomas exhib-
ited significantly stronger VEGF immunoreactivity
than the other two types of tumor (Kruskal-Wallis:
p < 0.0001; see Figs. 2C-D). Most meningiomas (12/14)
showed scattered, very focal (< 30% area) weak cyto-
plasmic staining.

Hypoxia inducible gene 2 staining

Hypoxia inducible gene 2 staining was low in all
three types of tumor. Overall, hemangiopericytomas
showed slightly higher expression of HIG-2 than
hemangioblastomas or meningiomas (Figs. 1E-F).
Some hemangiopericytomas showed strong expres-
sion of HIG-2 in perinecrotic areas (Fig. 1F). This was
interpreted as an internal positive control that sup-
ports the adequacy of the stain.

Discussion

It has long been recognized that hemangioblasto-
mas can be associated with polycythemia and with
intratumoral extramedullary hematopoiesis [23].
These features have been attributed to erythropoi-
etin overproduction — a sign of VHL-HIF-1 signaling
pathway activation. Our study looked at the expres-
sion of other hypoxia induced markers. We hypoth-
esized that these would be expressed in hemangio-
blastomas in analogy to findings in CCRCC and as
a result of VHL-HIF-1 signaling pathway activation.
Vascular endothelial growth factor expression in
hemangioblastomas has been reported by Ishizawa
[11]. We have seen similar results and found stron-
ger VEGF expression in hemangioblastomas com-
pared to meningiomas and hemangiopericytomas.

Proescholdt et al. conducted a study of CAIX
expression in brain tumors of various type. They
report strong CAIX staining in the few included cas-
es of hemangioblastomas [20]. However, the stain-
ing pattern was not described and the potential
diagnostic value was not discussed. We compared
the expression of CAIX in hemangioblastomas with
some of its potential mimickers. Similar to CCRCC,
hemangioblastomas showed strong diffuse mem-
branous expression of CAIX. Based on these results,
CAIX cannot be relied on as a marker for establish-

Folia Neuropathologica 2014; 52/3

ing a diagnosis of CCRCC when hemangioblastoma
is part of the differential diagnosis. Strong staining
for CAIX with membranous accentuation is, how-
ever, a helpful diagnostic marker in distinguishing
hemangioblastoma from other intracranial tumors.
In the authors’ opinion, CAIX provides more robust
labeling of hemangioblastomas than other reported
markers, including D2-40 and inhibin A.

Several HIF-1 inducible proteins such as erythro-
poietin, VEGF and CAIX are expressed in hemangio-
blastomas. In this context it is interesting to note
that HIG-2 [1,6,25], as another hypoxia inducible
and HIF-1 regulated protein, did not appear to be
expressed in hemangioblastomas even though it has
been shown to be a marker of CCRCC. This difference
could point to differences in the detailed expression
profile of hypoxia inducible genes between CCRCC
and hemangioblastomas.

In summary, hemangioblastomas uniformly ex-
press VHL-HIF-1 regulated proteins including VEGF
and CAIX. A strong membranous staining pattern for
CAIX can be a helpful marker of hemangioblastoma
in the distinction from other intracranial tumors but
cannot be used to exclude the possibility of meta-
static CCRCC.
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