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Short Communication
Coexpression of Transforming Growth Factor-a.
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Capillary Hemangioblastomas of the Central
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The expression of epidermal growth factor re-
ceptor (EGFR) and thepre-proform ofone of its
ligands, transforming growth factor-a (TGF- a),
was studied by Northern blotting in a series of14
capiUary hemangioblastomas of the central ner-
vous system. A constant coexpression of EGFR
and pre-pro-TGF-a mRNAs was found. Immuno-
cytochemical investigation ofan extended series
of5I capillary hemangioblastomas revealed that
the stromal ceUs in these tumors showed immu-
noreactivity with monoclonal antibodies to EGFR
and TGF-a. Analysis ofgene dosage by Southern
blotting in 20 tumors indicated a normal gene
copy number of EGFR and TGFat in aUl cases.
Ourfindings suggest that autocrine and/orjux-
tacrinegrowth stimulation via theEGFR may con-
tribute to tumor growth in capillary hemangio-
blastomas. (AmJPathol 1995, 1477:245-250)

Capillary hemangioblastomas are benign, vessel-
rich, and usually cystic tumors of uncertain histogen-
esis that most frequently occur in the cerebellum of
adults.1 These tumors arise either in the setting of von
Hippel-Lindau syndrome or, more often, as solitary
sporadic lesions without extracerebellar stigmata or

family history.2 Histologically, capillary hemangio-
blastomas consist of stromal or interstitial cells that lie
in a dense network of capillary vessels.1 Despite ex-
tensive immunocytochemical and electronmicro-
scopical studies, the nature and origin of the stromal
cells is still uncertain. Different studies have charac-
terized these cells as showing phenotypes as diverse
as undifferentiated mesenchymal,3 neuroendocrine,4
and even fibrohistiocytic.5
The molecular genetic alterations underlying the

growth of capillary hemangioblastomas are poorly
understood at present. The recent identification and
cloning of the von Hippel-Lindau (VHL) tumor sup-
pressor gene6 in conjunction with the finding of mu-
tations and/or deletions of the VHL gene in sporadic
capillary hemangioblastomas7 and other neoplasms
associated with von Hippel-Lindau disease8-10 sug-
gest a loss of function of the VHL gene as a critical
step in the development of these tumors. In addition,
there are studies showing that the characteristic pro-
liferation of capillary vessels may be due to the pro-
duction and secretion of vascular endothelial derived
growth factor, a potent angiogenic factor, by the stro-
mal cells.1 1-12

In the present study we have investigated a series
of capillary hemangioblastomas by Northern blotting
for the expression of epidermal growth factor receptor
(EGFR) mRNA and the precursor transcript of one of
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its ligands, transforming growth factor-a (TGF-a).
Here we show that EGFR and pre-pro-TGF-a mRNAs
are consistently coexpressed in capillary hemangio-
blastomas. Immunocytochemistry for the respective
protein products revealed that the expression of both
is localized to the stromal cells. Our findings thus sug-
gest a potential role of EGFR and TGF-a in the growth
of capillary hemangioblastomas by providing auto-
crine and/or juxtacrine growth-stimulatory signals for
the stromal cells.

Materials and Methods

Materials

Formalin-fixed and paraffin-embedded tumor tissue
from 46 cerebellar (39 primary and 7 recurrent tu-
mors) and 5 spinal capillary hemangioblastomas was
immunocytochemically analyzed for the expression
of EGFR and TGF-a. The tumors were derived from 43
patients (23 males, 20 females; mean age at opera-

tion, 45 years; range, 14 to 68 years). Three of the
patients had a known family history of von Hippel-
Lindau disease. Unfixed frozen tumor tissue for the
extraction of DNA and RNA was available from 20 of
these cases and peripheral blood for the extraction of
leukocyte DNA was collected from 12 patients. Suf-
ficient RNA for Northern blotting could be extracted
from 14/20 tumors. Tumor tissue and blood had been
frozen immediately after operation and stored at
-135°C for up to 4 years. Controls for the mRNA ex-

pression studies included nonneoplastic adult human
brain tissue (cortex and white matter from the tem-
poral lobe of a patient operated on for epilepsy), two
pilocytic astrocytomas and two medulloblastomas of
the cerebellum, and the A431 epidermoid carcinoma
cell line (see Figure 2). A431 was obtained from
American Type Culture Collection (ATCC CRL1555).

DNA and RNA Extraction and Analysis

Extraction of high molecular weight DNA and total
RNA as well as Southern and Northern blotting were

carried out as previously described.13'14 Plasmid
probes for TGFa (clones phTGF1-10-925 and
phTGF1-1 0-3350), EGFR (clone pE7) and the control
probe pYNH24 (detects the anonymous locus
D2S44) were obtained from ATCC. Southern and
Northern blots were hybridized using these probes
labeled with [32P]-dCTP by random priming. Hybrid-
ized membranes were exposed to phosphor storage
screens (Molecular Dynamics, Sunnyvale, CA),
scanned in a Molecular Dynamics Phosphorlmager,

and analyzed using the Molecular Dynamics Image-
Quant software. Quantitative densitometric analysis
of Southern blot hybridizations was performed by
using the variable number of tandem repeats probe
pYNH24 as reference.14 A synthetic 50-base oligo-
nucleotide probe complementary to bases 101-150
in the glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA (EMBL accession no. X01677) was
used to assess variations in loading of Northern blots.
This probe was labeled with [32P]-dCTP by 3'-tailing
as described.13

Immunocytochemistry

Immunocytochemical stainings were performed on
formalin-fixed paraffin sections of 51 capillary heman-
gioblastomas using the avidin-biotin peroxidase
method as described.15 The substrate for the peroxi-
dase reaction was 3,3-diaminobenzidine (Sigma
Chemical Co., Deisenhofen, Germany). As primary
antibodies we used the mouse monoclonal IgG1 an-
tibody E30 (Merck, Darmstadt, Germany), which de-
tects a formalin-resistent polypeptide epitope on the
extracellular domain of the EGFR protein. The mouse
monoclonal IgG2a antibody 213-4.4 (Oncogene Sci-
ence Inc., via Dianova, Hamburg, Germany) was
used for the detection of TGF-a. This antibody rec-
ognizes a formalin-resistent epitope between resi-
dues 34 and 50 of the TGF-a polypeptide. Both an-
tibodies were used at final dilutions of 1 pg/ml for an
incubation period of 16 hours at room temperature.
Negative controls were performed by omitting the pri-
mary antibodies and applying an irrelevant mouse
monoclonal IgG antibody instead. As positive con-
trols paraffin sections from selected glioblastomas
with known overexpression of EGFR and/or TGF-a as
well as normal skin were used.

Results
The expression of EGFR as well as the pre-pro form
of TGF-a was studied by Northern blotting in 14 capillary
hemangioblastomas. These experiments showed sig-
nals for EGFR and pre-pro-TGF-a transcripts in all cases
studied (Figure 1). The signal intensities obtained for
EGFR and the pre-pro-TGF-a mRNAs relative to the
GAPDH control signals were stronger in the capillary he-
mangioblastomas than those seen in the four cerebellar
control tumors (two pilocytic astrocytomas and two
medulloblastomas) and also exceeded those obtained
for nonneoplastic brain (Figure 1).
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Figure 1. Analysis ofEGFR and TGFa precursor mRNA expression in capillary hemangioblastomas by Northern blot hybridizations. The controls

include the A431 epidermoid carcinoma cell line, nonneoplastic control brain tissue (CB), two cerebellarpilocytic astrocytomas (Cl, C2), and two

medulloblastomas (C3, C4). Note the strong signals obtainedfor EGFR and TGFa precursor mRNAs in the capillary hemangioblastomas (cases 2, 3,
7, 9, 10, 14, and 15), while the control tumors (Cl to C4) demonstrate either no or very weak expression. A431 cells strongly overexpress EGFR
because ofgene amplification. The blot was stripped and rehybridized with an oligonucleotide probe for GAPDH to demonstrate approximately
equal amounts ofRNA loading. The approximate transcript sizes are indicated on the right side.
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Figure 2. Immunoreactivity for EGFR (a, C) and TGF-a (b, d) in two capillary hemangioblastomas (cases 28 (a and b) and 16 (c and d)). Note
the moderate to strong immunostaining ofstromal cells for both proteins. The sections are counterstained with hematoxylin. 350X.
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Immunocytochemistry revealed a moderate to
strong immunoreactivity with the monoclonal anti-
body against TGF-a in stromal cells of all the capillary
hemangioblastomas investigated (Figure 2, b and d).
Some regional variations in the intensity of the im-
munostaining were present in most of the tumors. The
immunoreactive products appeared to be mainly lo-
cated in the cytoplasm but also along the cell mem-
brane of the stromal cells. Occasional staining of cap-
illary endothelial cells was observed. In contrast,
immunoreactivity for EGFR was completely restricted
to the stromal cells and was mainly located at the cell
surface (Figure 2, a and c). The staining intensity for
EGFR was generally weaker than for TGF-a and in
some cases was restricted to focal areas. However,
only 4/51 tumors were immunocytochemically totally
negative for EGFR.

Densitometric analysis of EGFR and TGFa gene
dosage in 20 capillary hemangioblastomas was per-
formed on Southern blots. All tumors showed signal
intensities corresponding to two copies of each gene
and no evidence for loss of one allele or gene am-
plification could be detected (Figure 3).
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Figure 3. Souithern blot analVsis of EGFR and TGFa gene dose in
capillary hemangioblastonmas (cases 2 to 9) as well as in control
brain (CB) and A431 carciniomna cells. Tumnior DNA (T) and blood
DNA (B) ofpatients 2 to 9 nwas digested with TaqI, electrnphoretically
separated on 0.80% agarose gels, and blotted to nylon membranes.
The membranes were probed with radiolabeled plasmid probes for
EGFR ( pE7), TGFa (phTGFI- 10-925), anid the control locuis D)2S44
(PpYAH24). A431 shons an1 am?plified signal for the EGFR gene,
uhereas none of the capillary hemangioblastomas demonstrates an
increase in gene dosage. Densitometric analysis using the D2S44 sig-
nal as referenzce for the amount ofDNA loaded inz eacb lante reivealed
the presence of tuo alleles of both genes (EGFR and TGFa) in the tu-
inor DNA of all capillary hemanigioblastomas. Note that cascs 6 and 7
are in/brmatiie for the Taql polmnmorphism detected by, phTbGFI10-
925 and both sboth retentioni of tuo alleles in the tuniior DANA.

Discussion

Growth factors and growth factor receptors have
been shown to play important roles not only in normal
development and differentiation but also in the ab-
normal growth of tumor cells. 16 Transforming growth
factor-a (TGF-a) is a member of the epidermal growth
factor superfamily of polypeptide mitogens.17 The
mature and secreted 50-amino acid polypeptide is
derived from a 160-amino acid transmembrane pre-
cursor protein, which is transported to the cell sur-
face.17 The precise physiological functions of TGF-a
are presently unknown, but it has been shown in vari-
ous in vitro studies to regulate cellular proliferation,
migration, and even differentiation.17 In vivo, TGF-a is
expressed by various normal developing and adult
tissues.18 However, its expression appears to be
most abundant in certain pathological conditions
including wound healing19 and particularly neoplas-
tic growth.20 In vitro studies21-23 as well as experi-
ments using transgenic mice24,25 have documented
that overexpression of TGF-a can result in neoplastic
transformation of various cell types. This growth-
promoting activity of TGF-a is mediated by the
EGFR.2627 It has been shown that not only the se-
creted mature TGF-a polypeptide but also the
membrane-bound proTGF-a precursor is capable of
EGFR activation.28'29 EGFR activation resulting in
neoplastic transformation in vitro may also be caused
by overexpression of the receptor at high levels in the
presence of one of its ligands.30'31

In vivo, coexpression of TGF-a and EGFR has been
demonstrated in a variety of human tumors including
different types of epithelial cancers as well as certain
non-epithelial tumors.20 Among the tumors of the ner-
vous system transcripts for either TGF-a or EGF are
consistently expressed in low- and high-grade glio-
mas, with the latter tumors frequently demonstrating
amplification and overexpression of the EGFR
gene.13 In the present study we demonstrate a co-
expression of TGF-a and EGFR by stromal cells in
capillary hemangioblastomas of the central nervous
system. In contrast to malignant gliomas, no evidence
for EGFR gene amplification was found in these tu-
mors. However, it is noteworthy that another tumor
associated with the von Hippel-Lindau syndrome, ie,
renal cell carcinoma, frequently demonstrates not
only mutations in the VHL gene9,10 but also enhanced
expression of TGF-a and EGFR.3233 As in the cap-
illary hemangioblastomas, overexpression of EGFR in
renal cell carcinomas is usually not a consequence of
gene amplification.34 Thus, both tumor types, ie, renal
cell carcinomas and capillary hemangioblastomas,
may not only show morphological similarities but also
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appear to share common molecular alterations. In
conclusion, our results suggest that coexpression of
EGFR and TGF-a may play a role in the growth of
capillary hemangioblastomas by providing autocrine
or juxtacrine growth stimuli for the stromal cells. It re-
mains to be investigated whether and how the ex-
pression of TGF-a and EGFR can be related to alter-
ations in the VHL gene.
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