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Abstract: Hemangioblastoma (HB), a rare neoplasm of uncertain histogenesis, is characterized histologically by
the presence of vacuolated; lipid-containing cells ‘stromal cells’ and a well developed, fine capillary network. Stro-
mal cells are the neoplastic component of this tumor. Five-um sections were stained using streptavidin- biotin im-
munoperoxidase and immunofluorescent techniques. The stromal cells were uniformly “HIF-1«, Galectin-3, VEGF,
VEGFR, WT-1, and bcl2,” positive. Endothelial cells but not stromal cells were uniformly immunoreactive to CD31.
Co-localization of HIF-1a with galectin-3 and VEGF as well as galectin-3 with VEGF in stromal cells is confirmed by im-
munofluorescent technique. In conclusion, the development of HB is multi-factorial and the expression of galectin-3
correlates with the expression of HIF-1a and VEGF. Galectin-3 can be used as a marker for the diagnosis of HB as

well as it can be a valuable candidate for future targeting immunotherapy.
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Introduction

Haemangioblastoma (HB) is a rare neoplasm of
uncertain histogenesis. HB represents 1.5-
2.5% of all intracranial neoplasms and 7-12%
of posterior fossa neoplasms. They are usually
infratentorial, with a majority of them occurring
over the cerebellum (76%) around the fourth
ventricle and less commonly in the cerebral
hemispheres (9%), spinal cord (7%) and brain-
stem (5%) [1]. HB is characterized histologically
by the presence of vacuolated; lipid-containing
cells ‘stromal cells’ and a well developed, fine
capillary network. Stromal cells represent the
neoplastic component of the neoplasm [1-3].

HB is subdivided into two variants: a reticular
variant, where stromal cells are evenly distrib-
uted among the capillary meshwork; and a cel-
lular variant in which stromal cells are arranged
in larger nests or sheets [1-3]. Although it has
been the subject of long-term controversy, the
histogenesis of stromal cells is still unresolved
[2]. Hence, hemangioblastoma constitutes a
single entity under the designation ‘tumors of

uncertain histogenesis’ in the WHO 2000 clas-
sification [3] and ‘other neoplasms related to
meninges’ in the WHO 2007 classification [4].
Galectin-3, a glycoprotein with a 31-kDa molec-
ular weight, is a member of the beta-galacto-
side binding family of lectins [5]. It has been
suggested to play a role in a variety of biological
processes such as cell growth, cellular adhe-
sion, cell cycle regulation, neoplastic transfor-
mation and metastasis [5]. Galectin-3 is a pro-
angiogenic molecule that plays an important
role in vascular endothelial proliferation [6].

Hypoxia-inducible factor (HIF) is a set of tran-
scription factors that regulate the cellular
response to hypoxia [7]. HIF is a heterodimeric
DNA-binding complex composed of two basic
helix-loop-helix  proteins, the constitutive
expressed HIF-B or aryl hydrocarbon nuclear
translocator [8] and the oxygen sensitive hypox-
ia-inducible HIF-a [9]. HIF heterodimers recog-
nize and bind to hypoxia response elements
(HREs) in the genes that have the consensus
sequence G/ACGTG [8]. Under normoxic condi-
tions, hydroxylation of two prolyl residues by
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prolyl hydroxylases in the oxygen dependent
degradation domain of the a-subunits occurs
[10]. This causes the von Hippel-Lindau tumor
suppressor protein (pVHL) to interact with the
o-subunit, targeting it for proteolysis by the
ubiquitin-proteasome pathway [11]. Therefore,
in normoxia HIF-1a subunit has a very short
half-life [12] and cells continuously synthesize
and degrade HIF-1a protein. In hypoxia, prolyl
hydroxylation is inhibited, HIF-1a protein
escapes proteasomal degradation, translo-
cates to the nucleus and dimerizes with HIF-1.
This complex then binds to the HRE in promoter
or enhancer sequences of target genes [13]
and results in their transcription. In the current
monograph we show the expression of galec-
tin-3 correlates with the expression of HIF-1a
and VEGF in HB.

Materials and methods
Tissue sections

Five-um sections were prepared from Paraffin
blocks of four cases of HBs which were retrieved
from the surgical pathology archive in the
pathology department at Tawam hospital in
AlAin city in the United Arab Emirates (UAE). All
Sections were stained with hematoxylin and
eosin.

Immunohistochemistry

Five-um sections were used for immunohisto-
chemical staining which was performed by
standard techniques using the following anti-
bodies: galectin-3 (mouse monoclonal, clone
NCL, 1:100, Novocastra, UK); HIF-1a (rabbit
polyclonal antibody, 1:250, Davids
Biotechnologie GmbH, Germany), WT-1 (mouse
monoclonal, clone 6FH2, 1:50, LAB VISSION,
USA), CD31 (mouse monoclonal, clone JC70,
1:100 Cell Marque, USA), bcl2 (mouse mono-
clonal, clone 124, 1:150 Cell Marque, USA),
VEGF (rabbit polyclonal A20, 1:100, Santa Cruz
biotechnology, USA), VEGFR (rabbit polyclonal
C20, 1:100, Santa Cruz biotechnology, USA).
Sections from benign prostatic hyperplasia tis-
sue were used as positive controls for galec-
tin-3. Placental tissue was used as a positive
control for VEGF, VEGFR, CD31 and HIF 1a.
Sections from lymph node were used as posi-
tive control for bcl2. Sections from ovarian
serous carcinoma were used as positive con-
trol for WT-1. For negative controls, primary
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antibody was replaced with normal goat serum
and carried out the whole procedure.

Immunofluorescent double labeling

Double-immunofluorescence analysis was
done on 5-um sections to show co-localization
of our proteins of interest in various parts of the
tissue sections. Five-um sections were depar-
affinized with xylene and rehydrated with
descending concentrations of ethanol. The sec-
tions were later treated with HIF-1a (rabbit poly-
clonal antibody, 1:50, Davids Biotechnologie
GmbH, Germany) overnight at 4°C. Similar sec-
tions were also treated separately with VEGF
(rabbit polyclonal A20, 1:50, Santa Cruz bio-
technology, USA). All sections were subse-
quently incubated in donkey Ig conjugated-
Rodamine (1:100, Santa Cruz biotechnology,
USA) for 2 hours at room temperature. After
washing several times in PBS, the same sec-
tions were later incubated overnight at 4°C with
galectin-3 (rabbit polyclonal, 1:50, H160, Santa
Cruz biotechnology, USA). After washing several
times in PBS, the sections were incubated for 2
hours at room temperature in donkey Ig conju-
gated-FITC (1:50). The sections were mounted
in water-soluble mounting media and viewed
with Olympus Fluorescent microscope.

Interpretation of results

Two pathologists reviewed the slides indepen-
dently. For IHC, cells were labeled as positive
for HIF 1a, WT-1 expression if the neoplastic
cells were reactive in a nuclear staining pat-
tern. Cells were labeled positive for galectin-3 if
they were reactive in a cytoplasmic and/or
nuclear staining pattern. Cells were labeled as
positive for CD31, VEGF, VEGF-R, and bcl2
expression if the neoplastic cells were reactive
in a cytoplasmic and or membranous staining
pattern. For immunofluorescent double label-
ing, cells were counted positive when the show
combined expression of galectin-3 with HIF 1«
and galectin-3 with VEGF.

Stromal cells and endothelial cells expressing
Galectin-3, HIF 1a and VEGF were counted per
100 cells of hemangioblastoma using image J
software (http://nih.gov/ij/).

Statistical analysis

Data were analyzed using Statistical Package
for Social Sciences (SPSS) (version 20) statisti-
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Figure 1. Cerebellar Hemangioblastoma. A: Clusters and thick trabeculae of cells with clear cytoplasm and uniform
round nuclei (thin arrow) surrounded by rich capillary net work (thick arrow), X400, H&E. B: Nuclear expression of
HIF 1« in all stromal cells (thick arrow) and some endothelial cells (thin arrow), streptavidin-biotin immunoperoxi-
dase method, X400. C: Nuclear (thin arrow) and cytoplasmic (thick arrow) expression of galectin-3 in stromal cells
and some endothelial cells, streptavidin-biotin immunoperoxidase method, X400. D: Cytoplasmic expression of
VEGF in stromal cells (thin arrow and some endothelial cells (thick arrow), streptavidin-biotin immunoperoxidase

method, X400.

Table 1. Frequency of expression of galectin-3, HIF 1

and VEGF in HB

The stromal cells have round to elongated
hyperchromatic nuclei with inconspicuous

nucleoli and vacuolated clear cytoplasm

Cell Type Galectin-3 HIF 1o VEGF
Stromal cells 92.80% 94.1% 94.80%
Endothelial cells 89.4% 93.8% 93.4%

(Figure 1A).

cal program (SPSS, Chicago, IL). P value<0.05
considered significant. Pearson’s R was used to
measure the correlation between the expres-
sion of galectin-3 and the expression of HIF 1
and VEGF.

Results
Light microscopic examination

The tumor sections exhibited numerous arbo-
rizing capillary-size blood vessels lined by endo-
thelial cells with intervening clear stromal cells.
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Immunohistochemical study

Expression of HIF 1a: There is nuclear expres-
sion of HIF 1« by all stromal cells and many
endothelial cells in 94.1% and 93.8% respec-
tively (Table 1) and (Figure 1B).

Expression of VEGF: There is cytoplasmic
expression of VEGF by 94.8% of stromal cells
and 93.4% of endothelial cells (Table 1) and
(Figure 1D).

Expression of VEGFR: The stromal cells show
diffuse cytoplasmic expression of VEGFR in all
sections (Figure 2A).

Int J Clin Exp Pathol 2013;6(5):853-861
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Figure 2. Expression of VEGFR, WT-1, CD31 and bcl2 in HB. A: Cytoplasmic expression of VEGFR in stromal cells
(thick arrow), streptavidin-biotin immunoperoxidase method, X400. B: Nuclear expression of WT-1 protein in all
stromal cells (thick arrow), streptavidin-biotin immunoperoxidase method, X400. C: cytoplasmic and membranous
expression of CD31 in endothelial cells, streptavidin-biotin immunoperoxidase method, X400. D: cytoplasmic ex-
pression of bcl2 in stromal cells (thick arrow), streptavidin-biotin immunoperoxidase method, X400.

Expression of galectin-3: There is cytoplasmic
and nuclear expression of galectin-3 by 92.8%
of stromal cells and 89.4% of endothelial cells
(Table 1) and (Figure 1C).

Expression of WT-1 protein: There is diffuse
nuclear expression of WT-1 protein by all stro-
mal cells in all sections (Figure 2B).

Expression of bcl2: There is diffuse cytoplas-
mic expression of bcl2 by all stromal cells in all
sections (Figure 2D).

Expression of CD31: There is diffuse cytoplas-
mic and membranous expression of CD31 by
all endothelial cells while stromal cells show no
expression in all sections (Figure 2C).

Immunofluorescent double labeling Study

HIF 1o and Galectin-3 double labeling: There is
co-localization of HIF 1o and Galectin-3 in stro-
mal cells (Figure 3).
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HIF 1 and VEGF double labeling: There is co-
localization of HIF 1a and VEGF in all stromal
cells (Figure 4).

Galectin-3 and VEGF double labeling: There is
co-localization of galectin-3 and VEGF in all
stromal cells (Figure 5).

Correlation between the expression of Galec-
tin-3, HIF 1o and VEGF

The expression of galectin-3 is significantly cor-
related with the expression of HIF 1 in stromal
cells (P=0.04) and endothelial cells (P=0.019).
The expression of galectin-3 is significantly cor-
related with the expression of VEGF in stromal
cells (P=001) and endothelial cells (P=0.05)
(Table 2).

Discussion

HB is a rare low grade neoplasm that occurs
either sporadically in 75% of cases or as a man-

Int J Clin Exp Pathol 2013;6(5):853-861
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Figure 3. HIF 1a and Galectin-3 double labeling. A: Nuclear expression of HIF 1a in stromal cells (arrow head), Rho-
damine, IF, X400. B: Nuclear (arrow head) and cytoplasmic (thick arrow) expression of galectin-3 in stromal cells,
FITC, IF, X400. C: Co-expression of HIF 1a and galectin-3 in all stromal cells. There is nuclear co-localization of HIF
1o and galectin-3 giving a yellow color (arrow head). There is cytoplasmic expression of galectin-3 (thick arrow), IF,
Rhodamine-FITC double labeling, X400. D, Nuclear expression of HIF 1« in stromal cells (arrow head), Rhodamine,
IF, X2000. E. Nuclear (arrow head) and cytoplasmic (thick arrow) expression of galectin-3 in stromal cells, FITC,
IF, X1000. F. Co-expression of HIF 1a and galectin-3 in all stromal cells. There is nuclear co-localization of HIF 1a
and galectin-3 giving a yellow color ( arrow head). There is cytoplasmic expression of galectin-3 (thick arrow), IF,
Rhodamine-FITC double labeling, X1000.

ifestation of von Hippel-Lindau (VHL) disease in factor that stimulates endothelial cells and
25% of cases, with VHL alleles reported to be leads to vascular proliferation [20].
inactivated in up to 50% of sporadic and 100%
in VHL associated In the present study, we show stromal cells with
strong and diffuse nuclear and cytoplasmic
HB [1-3]. Although the embryological origin of staining of galectin-3 suggesting over expres-
the stromal cells in HB is debated, it is clear sion of galectin-3 gene (Figure 1C). We show
from laser capture microdissection and immu- diffuse and strong nuclear staining of HIF-1at in
nohistochemical studies that stromal cells are stromal cells and many endothelial cells (Figure
the cells in which von Hippel-Lindau protein 1B). The diffuse and intense staining of galec-
(pVHL) function has been compromised [2, 3]. tin-3 by stromal cells can be used as a histo-
VHL mutations in HB invariably lead to HIF dys- logic marker to diagnose HB. In addition, it
regulation [14]. HIF is not only induced in hypox- highlights a possible role of galectin-3 in the
ia but also other factors such as insulin-like development of HB; however, this is just specu-
growth factor [15], epidermal growth factor lative and needs further studies for
[16], interleukin-1 [17], Ras [18] and Src [19] confirmation.

oncogenes are also known to regulate it.
We also show co-localization of HIF-la and

Loss or inactivation of VHL leads to accumula- galectin-3 in stromal cells (Figure 3) and show
tion of HIF in pVHL-defective HB stromal cells a significant correlation between the expres-
and drives the production of various hypoxia sion of galectin-3 and HIF-1« in stromal cells
inducible mRNAs including the mRNAs encod- suggesting that up-regulation of galectin-3
ing vascular endothelial growth factor (VEGF), gene might be mediated by HIF-1a. This is a
platelet-derived growth factor B, erythropoietin, novel finding and has not been previously
Galectin-3, WT-1 protein, and transforming reported in HB. This finding is supported by
growth factor alpha. VEGF is a paracrine growth Greijer et al. which have shown galectin-3 up-
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Figure 4. HIF 1a and VEGF double labeling. A: Nuclear expression of HIF 1« in stromal cells (arrow head), IF, Rhoda-
mine, X600. B: cytoplasmic (arrow head) expression of VEGF in stromal cells, IF, FITC, X600. C: Co-expression of HIF
1acand VEGF in all stromal cells. There is nuclear expression of HIF 1« (arrow head). There is cytoplasmic expression
of VEGF (thin arrow). There is cytoplasmic and peri-nuclear co-localization of HIF 1a and VEGF (thick arrow) giving
a yellow color, IF, Rhodamine-FITC double labeling, X600. D: Nuclear expression of HIF 1a in stromal cells (arrow
head), IF, Rhodamine, X1000. E: Cytoplasmic (arrow head) expression of VEGF in stromal cells, IF, FITC, X1000. F:
Co-expression of HIF 1 and VEGF in all stromal cells. There is nuclear expression of HIF 1a (arrow head). There
is cytoplasmic expression of VEGF (thin arrow). There is cytoplasmic and peri-nuclear co-localization of HIF 1a and
VEGF (thick arrow) giving a yellow color, IF, Rhodamine-FITC double labeling, X1000.

regulation to be mediated mainly by HIF-1x
[20]. Zeng et al. also demonstrates that HIF-1a
regulates galectin-3 expression by interacting
with hypoxia regulatory elements in the promot-
er region [21]. Koch et al, have shown secreted
galectin-3 may lead to proliferation of endothe-
lial cells by inducing chemotaxis and facilitating
their motility during the initial phase of tube for-
mation, which might be an essential step in the
development of HB [22].

We also show diffuse expression of VEGF
(Figure 1D) and VEGFR (Figure 2A) by stromal
cells as well as we were able to co-localize HIF-
1a and VEGF in stromal cells (Figure 4), sug-
gesting that VEGF expression in HB might be
mediated by HIF-1a. Calvani et al. have also
shown that up-regulation of both VEGF & bFGF
is mediated mainly by HIF-1a [23]. In addition,
Galectin-3 is an important pro-angiogenic mol-
ecule that plays an important role in vascular
endothelial proliferation through up-regulation
of VEGF and bFGF [6]. We also show co-localiza-
tion of galectin-3 and VEGF in stromal cells and
a significant correlation between the expres-
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sion of galectin-3 and VEGF in stromal cells and
endothelial cells, which supports their role in
the proliferation of stromal cells and endotheli-
al cells. This finding is supported by Koch et al.
which have also shown a significant up-regula-
tion of avR3 integrins by treating the endothe-
lial cells with exogenous galectin-3 and the for-
mation of capillary tubes induced by galectin-3
was inhibited by the neutralization of the action
of galectin-3 by its specific carbohydrate inhibi-
tors or the specific antibodies [22].
Overexpresion of integrin av833 will lead to
endothelial cell migration, attachment and vas-
cular proliferation [24].

The high and specific expression of galectin-3
by stromal cells in HB can be a useful marker
for the diagnosis of HB as well as it can be a
valuable candidate for future targeting
immunotherapy.

We also show expression of WT-1 by stromal
cells (Figure 2B). WT-1 gene is an HIF-1a target
and over expression of HIF-1a by stromal cells
mediates expression of WT-1 protein. WT-1 pro-

Int J Clin Exp Pathol 2013;6(5):853-861
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Figure 5. Galectin-3 and VEGF double labeling. A: Cytoplasmic (arrow head) and nuclear (thin arrow) expression of
Galectin-3 in stromal IF, FITC, X400. B: Cytoplasmic expression of VEGF (arrow head) by all stromal cells, IF, Rho-
damine, X400. C: Co-expression of galectin-3 and VEGF in all stromal cells. There is cytoplasmic co-localization of
galectin-3 and VEGF (arrow head) in stromal cells giving a yellow color, IF, Rhodamine-FITC double labeling, X400.
D: Cytoplasmic (arrow head) and nuclear (thin arrow) expression of Galectin-3 in one stromal cell, IF, FITC, X10000.
E: Cytoplasmic expression of VEGF (arrow head) in one stromal cell, IF, Rhodamine X10000. F: Co-expression of
galectin-3 and VEGF in one stromal cell. There is cytoplasmic co-localization of galectin-3 and VEGF (arrow head)
giving a yellow color, IF, Rhodamine-FITC double labeling, X10000.

studies are needed to confirm the mecha-
nistic relationship between the expres-

Table 2. Correlation between the expression of galec-
tin-3, HIF 1a and VEGF in HB

Cell Type HIF 1o VEGF sion of galectin-3, HIF-1a and VEGF in HB,
Galectin-3  Stromal cells P=0.04 P=001 as immunohistochemical analysis is not
Endothelial cells P=0.019 P=0.05 enOUgh to establish a mechanistic

tein is a transcription factor and can mediate
transcription of factors involved in angiogene-
sis [25]. We also show expression of Bcl2 by
stromal cell. Bcl2 is an antiapoptotic protein;
hence its expression by stromal cells might be
an essential step in tumor formation [26]. Bcl2
can stabilize HIF-1a through the impairment of
ubiquitin dependent HIF-1a degradation with
the involvement of the 3 isoform of the molecu-
lar chaperone HSP90 and leading to over
expression of HIF-1a [27]. On the other hand,
up-regulation of HIF-1a can induce over expres-
sion of bcl2 [26].

We believe that there is a synergistic action
between HIF-1a and galectin-3 in the develop-
ment of HB, since galectin-3 up-regulation is
possibly HIF-1la-mediated, and both VEGF and
bFGF-up-regulation are probably mediated by
both galectin-3 and HIF-1a, however; functional
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relationship.

In conclusion, the development of HB is multi-
factorial and the expression of galectin-3 cor-
relates with the expression of HIF-1a and VEGF.
Galectin-3 can be used as a marker for the
diagnosis of HB as well as it can be a valuable
candidate for future targeting immunotherapy.
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