
AmericanJournal ofPathology, Vol. 134, No. 2, February 1989
Copyright ©) American Association ofPathologists

Histogenesis of Stromal Cells in Cerebellar
Hemangioblastomas
An Immunohistochemical Study

1. Becker, W. Paulus, and W. Roggendorf
From the Institute ofBrain Research ofthe University of
Tubingen, Tubingen, Federal Republic ofGermany

Fifteen cerebellar hemangioblastomas were exam-
ined by immunohistochemistry for expression of
neuron-specific enolase (NSE) and various neuro-
peptides using the avidin-biotin-complex peroxi-
dase reaction with the following antibodies: NSE,
synaptophysin, serotonin, substance P, vasoactive
intestinal peptide (VIP), neuropeptide YY, neuro-
tensin, and leu-enkephalin. In all tumor biopsies
most of the stromal cells were positive for NSE.
About 30% of the stromal cells showed a weak cy-
toplasmic synaptophysinpositivity. Approximately
25% ofthe stromal cells were labeled with antibod-
ies against substance P and neuropeptide YY. The
partly strong reactivity was localizedpreferentially
in perinuclear regions. These positive cells were
mainly distributed in small cell clusters but were
also scattered in the tumorparenchyma. In all tu-
mor biopsies scattered cells exhibited strong peri-
nuclear enkephalin positivity, correspondingprob-
ably to mast cells, whereas stromal cells were
entirely negative. For serotonin, VIP, and
neurotensin no specific reaction was seen. On the
basis of thesefindings it isproposed that hemangi-
oblastomas have a neuroendocrine component.
(AmJPathol 1989, 134:271-275)

Hemangioblastomas are rare benign tumors localized
predominantly in the cerebellar hemisphere, but they may
also occur at other sites in the central nervous system.1
The association of cerebellar, spinal cord, or retinal hem-
angioblastomas with cystic deformations or tumors in var-
ious abdominal organs (eg, phaeochromocytomas, pan-
creatic islet cell tumors, renal cell carcinomas, or testicular
cystadenomas) is characterized as von Hippel-Lindau
syndrome.2-4 The hemangioblastoma is a distinct noso-
logic entity with clearly recognized clinical features, bio-
logic behavior, and histologic characteristics. Although

many investigations including ultrastructural and immuno-
histologic studies have been published on the histoge-
netic origin of this tumor, its origin has not been satisfacto-
rily clarified. The presence of three cell types characteris-
tic of hemangioblastomas, ie, endothelial cells, pericytes,
and stromal cells, has been established by electron mi-
croscopy.5-10 The stromal cells have no counterpart
among normal cells. It is still unknown whether all three
cell types are neoplastic or whether only one type is re-
sponsible for the neoplastic proliferation. In any case, elu-
cidation of the origin of stromal cells should help clarify
the histogenesis of hemangioblastomas. Most authors
suggest that stromal cells originate from vessel wails,1016
(ie, endothelium, pericytes, and angiogenic mesenchy-
mal cells) or from histiocytes,17 or their precursor

6,8,18 ~~~~~~19-21 22cells.6818 Derivation from astrocytes, microglia, or
meningeal cells23 also has been proposed.

In view of the endocrine associations of von Hippel-
Lindau syndrome, the histologic similarities between
some hemangioblastomas and neuroendocrine tumors,
as well as the description of neuron-specific enolase
(NSE) positivity of stromal cells in single cases, we exam-
ined cerebellar hemangioblastomas for expression of
NSE and a panel of neuropeptides.

Materials and Methods

Formalin-fixed, paraffin-embedded sections from 15 sur-
gical biopsies of cerebellar hemangioblastomas were
studied using immunohistochemical methods. Five mi-
cron, nonpredigested sections were incubated with
affinity-purified antibodies (Table 1) using the avidin-biotin
peroxidase complex reaction (ABC), as modified by Hsu
et al.24 Tissue sections were developed in 3,3'-diamino-
benzidine:H202 (Sigma Chemical Company, St. Louis,
MO) and counterstained with hematoxylin. The specificity
of the reaction was demonstrated in positive control tis-
sue, known to express high levels of the investigated neu-
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Table 1. Primary Antibodies, Source, Dilution and Positive Control Tissue

Antigen Species Dilution Positive control

NSE* Rabbit 1:2000 Medulla oblongata
Synaptophysin t Mouse 1:50 Neuroblastoma
Serotonint Rabbit 1:50 Rectal mucosa
Substance P§ Rabbit 1:250 Substantia nigra
VIP§ Rabbit 1:4000 Median eminence
Neuropeptide YY Rabbit 1:4000 Rectal mucosa
Neurotensin§ Rabbit 1:1000 Ant. hypothalamus
Leu-Enkephalin§ Rabbit 1:500 Sub. gelatinosa

Dako Corporation, Santa Barbara, CA.
t Boehringer Mannheim, FRG.
t Bio-Science Products, Emmenbrucke, Switzerland.
§ Amersham International, Buckinghamshire, UK.
Cambridge Research Biochemicals, Cambridge, UK.

ropeptides (Table 1 ).25 Negative controls were provided
by omitting the primary antibody and replacing it with non-
immune serum.

Results

All anatomic structures expressing the corresponding an-
tigen used as positive controls were strongly labeled with
the antibodies (Table 1).

Hematoxylin and eosin (H&E)-stained sections of all
15 tumor specimens showed the characteristic histology
of hemangioblastomas (Figure 1 A). The tumors were
composed of thin-walled endothelium-lined vascular
channels of varying sizes. Polygonal stromal cells showed
some nuclear pleomorphism and abundant, lightly
stained, partly foamy cytoplasm. Some stromal cells were
small and difficult to differentiate from endothelial or peri-
cytic cells.

In all biopsies, most of the stromal cells showed a vari-
ably strong cytoplasmic immunoreactivity to NSE. About
one third of the stromal cells (range, 15-40%) expressed

synaptophysin diffusely in the cytoplasm (Figure 2).
These cells with positive reaction were predominantly lo-
calized in small cell clusters; some were scattered
throughout the tumor parenchyma. About 10-30% of the
stromal cells showed cytoplasmic immunoreactivity for
substance P (Figure 3) and neuropeptide YY. In the case
of both peptides, the partly strong reactivity was localized
preferentially in perinuclear regions. These positive-stain-
ing cells were distributed primarily in small cell clusters. In
all tumor biopsies, scattered cells (no more than
5%) exhibited strong perinuclear enkephalin positivity,
whereas stromal cells were negative (Figure 1 B). On serial
sections, these cells were identified with alcian blue as
mast cells. No immunoreactivity was demonstrated with
antibodies against serotonin, VIP, and neurotensin in any
part of the tumors.

Discussion

In spite of many immunohistochemical and electron mi-
croscopic studies, the histogenesis of cerebellar heman-

Figure 1A. The classical appearance ofcer-
ebellar hemangioblastomas, composed of
thin-walled blood vessels and polygonal
stromal cells with lightly stained, partly
foamy cytoplasm. H & E, X100. B: Scat-
tered cells exhibit strong perinuclear en-
kephalin positivity, stromal cells are nega-
tive. ABC-technique, Leu-enkephalin-anti-
body, paraffin section, X 150.
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Figure 2. Some stromal cells express synap-
tophysin. These positive cells are predomi-
nantly localized in small cell clusters.
ABC-technique, synaptophysin-antibody,
paraffin section, X 150; Inset X500

gioblastomas remains controversial. Several theories
have been proposed including derivation from astrocytes,
angiogenic cells, histiocytes, primitive mesenchymal or
meningeal cells. The availability of antibodies against vari-
ous neuropeptides enabled us to substantiate the hypoth-
esis of a neuroendocrine origin.

We demonstrated cytoplasmic NSE immunoreactivity
in the stromal cells of all 15 examined hemangioblasto-
mas. Our results are corroborated by four reports26--9 de-
scribing positive-staining stromal cells for NSE in collec-
tives of one, two, three, and ten tumors. To the best of
our knowledge, hemangioblastomas nonreacting for NSE
have never been described. NSE, an isomer of the glyco-
lytic enzyme enolase, was initially thought to be present
exclusively in neurons. It was later detected in neuroendo-
crine cells, reactive astrocytes, and several non-neural
CNS tumors.'" Some authors demonstrated NSE in other
cells such as platelets31 or smooth muscle cells.32

In addition, we showed variable cytoplasmic positivity
to neuropeptides, (ie, substance P, neuropeptide YY

[PYY]) in stromal cells. Ismail and coworkers28 described
a granular cytoplasmic staining of stromal cells with anti-
sera to somatostatin and bombesin, sometimes with anti-
sera to pancreatic polypeptides. Pancreatic polypeptide
has a chemical structure similar to that of peptide YY
(69% sequence homology) and neuropeptide Y. It, there-
fore, is possible that staining with pancreatic polypeptide
is due to a cross-reactivity to PYY or neuropeptide Y of
the antibody directed at these peptides.-3334 Conse-
quently the cells labeled with pancreatic peptides that Is-
mail and coworkers found, might correspond to our posi-
tive-staining cells for PYY. In their recent study, Grant and
coworkers29 examined ten cerebellar hemangioblasto-
mas with a selection of antibodies against peptide hor-
mones and synaptophysin. They found no positive stain-
ing for bombesin, pancreatic polypeptide, somatostatin,
thyroglobulin, calcitonin, glucagon, insulin and gastrin.
Synaptophysin was also totally negative in their tumors;
they therefore argued against a neuroendocrine origin of
stromal cells. The different reactivity, especially for synap-

Figure 3. Some stromal cells show cytoplas-
mic immunoreactivity for substance P.
Note the intermingeling of positive and
negative stromal cells. ABC-technique,
Substance P-antibody, paraffin section,
X 150; Inset X500
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tophysin, could be method related: Grant and coworkers
predigested the paraffin sections for immunostaining us-
ing 0.1% trypsin in 0.1% calcium chloride solution at 37
C. They used the same antibody for synaptophysin (clone
SY 38) that we did. In our preparation, however, we omit-
ted predigestion, as recommended by the manufacturer,
to avoid antigen denaturation. In ultrastructural studies of
hemangioblastomas, Ishwar and coworkers,35 Andrioli
and Scarini,36 and Ismail and coworkers28 demonstrated
the presence of membrane-bound electron-dense gran-
ules in stromal cells. Ismail speculated that these secre-
tory granules could contain neuropeptides; lshwar and
Andrioli, however, suggested that they contain erythropoi-
etin. Bohling et a137 examined ten hemangioblastomas
and found small granular cells scattered among stromal
cells that showed a positive-staining reaction with anti-
erythropoietin and anti-renin. They concluded that heman-
gioblastomas harbor a fourth cell type with erythropoietin-
like immunoreactivity that may be responsible for the sec-
ondary polycythemia associated with these tumors.

Our immunohistochemical studies showed enkephalin
positive-stained mast cells scattered in hemangioblasto-
mas. The presence of mast cells in hemangioblastomas
is a common finding and has been reported by several
authors.133839 Immunoreactivity for endorphins and en-
kephalins in lymphoid cells was described by Smith et
al,40 and Martin and coworkers41 found high levels of pre-
proenkephalin mRNA in mast cells.

Our immunohistochemical findings, the histologic ap-
pearance of hemangioblastomas containing cells with
lightly stained cytoplasm and cell nests surrounded by
capillaries reminiscent of a neuroendocrine tumor, and
the description of the association of hemangioblastomas
and neuroendocrine tumors4 point toward a neuroendo-
crine component in hemangioblastomas.

References

1. Russel DS, Rubinstein LJ: Pathology of tumours of the ner-
vous system. 4th edition. Baltimore, Williams and Wilkins,
1977, pp 120-125

2. Lindau A: Discussion on vascular tumours of the brain and
spinal cord. Proc R Soc Med 1931, 24:363-370

3. Cramer F, Kimsey W: The cerebellar hemangioblastomas:
Review of fifty-three cases, with special reference to cere-
bellar cysts and the association of polycythemia. Arch Neu-
rol Psychiatry 1952,67:237-252

4. Probst A, Lotz M, Heitz Ph: Von Hippel-Lindau's disease,
syringomyelia and multiple endocrine tumors: A complex
neuroendocrinopathy. Virchows Arch [Pathol Anat] 1978,
378:265-272

5. Chaudhry AP, Montes M, Cohn GA: Ultrastructure of cere-
bellar hemangioblastoma. Cancer 1978, 42:1834-1850

6. Spence AM, Rubinstein U: Cerebellar capillary hemangi-
oblastoma: Its histogenesis studied by organ culture and
electron microscopy. Cancer 1975, 35:326-341

7. Cancilla PA, Zimmerman HM: The fine structure of a cerebel-
lar hemangioblastoma. J Neuropathol Exp Neurol 1965, 24:
621-628

8. Castaigne P, David M, Pertuiset B, Escourelle R, Poirier J:
L'ultrastructure des hemangioblastomes du systeme ner-
veux central. Rev Neurol (Paris) 1968,118:6-26

9. Cervos-NavarroJ: ElektronenmikroskopiederHanmangioblas-
tome des ZNS und der angioblastischen Meningeome. Acta
Neuropathol (Berl) 1971,19:184-207

10. Lee SH, Kim AK, Rengachary SS, Dixon AY: Histogenesis of
the stromal cell in intracranial hemangioblastomas. Am J Clin
Pathol 1985, 83:394-395

11. Jurco S, Nadji M, Harvey DG, Parker JC, Font RL, Morales
AR: Hemangioblastomas: Histogenesis of the stromal cell
studied by immunocytochemistry. Hum Pathol 1982,13:13-
18

12. Shimura T, Hirano A, Llena J: Ultrastructure of cerebellar
hemangioblastoma: Some new observations on the stroma
cells. J Neuropathol Exp Neurol 1985, 44:308A

13. Kawamura J, Garcia JH, Kamijyo Y: Cerebellar hemangi-
oblastoma: Histogenesis of stromal cells. Cancer 1973, 31:
1528-1540

14. Kamitani K, Masuzawa H, Sato J, Kanazawa I: Capillary hem-
angioblastoma: Histogenesis of stromal cells. Acta Neuro-
pathol (Berl) 1987, 73:370-378

15. Seyama S, Ohta M, Nishio S, Matsushima T: Cells constitut-
ing cerebellar hemangioblastomas: Ultrastructural study.
Acta Pathol Jpn 1982, 32:399-413

16. McComb RD, Jones TR, Pizzo SV, Bigner DD: Localization
of factor VIII/von Willebrand factor and glial fibrillary acidic
protein in the hemangioblastoma: Implications for stromal
cell histogenesis. Acta Neuropathol (Berl) 1982,56:207-213

17. Curran RC: Colour Atlas of Histopathology. 3rd edition. Ox-
ford, Harvey Millard Publishers, 1985:165

18. McGovern VJ, Wyke BD: Hemangioxanthoma of the brain:
A study of eight cases of so-called "pseudoxanthomatous"
hemangioblastoma. Med J Aust 1948,1:297-302

19. Jakobiec FA, Font RL, Johnson FB: Angiomatosis retinae:
An ultrastructural study and lipid analysis. Cancer 1976, 38:
2042-2056

20. Kepes JJ, Rengachary SS, Lee SH: Astrocytes in hemangi-
oblastomas of the central nervous system and their relation-
ship to stromal cells. Acta Neuropathol (Berl) 1979, 47:99-
104

21. Tanimura A, Nakamura Y, Hachisuka H, Tanimura Y, Fuku-
mura A: Hemangioblastoma of the central nervous system:
Nature of the stromal cells as studied by the immunoperoxi-
dase technique. Hum Pathol 1984,15:866-869

22. Lozano R, Costero I: Ein Tumor des verlangerten Rucken-
marks. Dtsch Z Chir 1926,198:270-276

23. Ironside JW, Stephenson TJ, Royds JA, Mills PM, Taylor CB,
Rider CC, Timperley WR: Stromal cells in cerebellar heman-
gioblastomas: An immunocytochemical study. Histopathol-
ogy 1988,12:29-40

24. Hsu SM, Raine L, Fanger H: The use of avidin-biotin-peroxi-
dase complex (ABC) in immunoperoxidase technique: A
comparison between ABC and unlabelled antibody (PAP)
procedures. J Histochem Cytochem 1981, 29:577-580



Stromal Cells in Hemangioblastomas 275
AJP February 1989, Vol. 134, No. 2

25. Krieger DT, Brownstein MJ, Martin JB: Brain Peptides. Wiley
& Sons, New York, 1983

26. Gibbons FE, Hedinger C: Hippel-Lindau-Syndrom: Morpho-
logie und immunhistochemisches Verhalten einiger dem
Syndrom zugeordneter Tumoren. Schweiz med Wschr
1987,117:23-27

27. Feldenzer JA, McKeever PE: Selective localization of gam-
ma-enolase in stromal cells of cerebellar hemangioblasto-
mas. Acta Neuropathol (Berl) 1987, 72:281-285

28. Ismail SM, Jasani B, Cole G: Histogenesis of hemangioblas-
tomas: An immunocytochemical and ultrastructural study in
a case of von Hippel-Lindau syndrome. J Clin Pathol 1985,
38:417-421

29. Grant JW, Gallagher PJ, Hedinger C: Hemangioblastoma:
An immunohistochemical study of ten cases. Acta Neuropa-
thol (Berl) 1988, 76:82-86

30. Schmechel DE: Gamma-Subunit of the glycolytic enzyme
enolase: Nonspecific or neuron specific? Lab Invest 1985,
52:239-242

31. Marangos PJ, Campell IC, Schmechel DE, Murphy DL,
Goodwin FK: Blood platelets contain a neuron-specific eno-
lase subunit. J Neurochem 1980, 34:1254-1258

32. Haimoto H, Takahachi Y, Koshikawa T, Nagura H, Kato K:
Immunohistochemical localization of gamma-enolase in nor-
mal human tissues of non-nervous and non-neuroendocrine
systems. Lab Invest 1985, 52:257-262

33. Edvinsson L, Emson P, McCulloch J, Tatemoto K, Uddman
R: Neuropeptide A: Immunocytochemical localization to and

effect upon feline pial arteries and veins in vitro and in situ.
Acta Physiol Scand 1984,122:155-163

34. Lundberg JM, Terenius L, Hokfelt T, Tatemoto K: Compara-
tive immunohistochemical and biochemical analysis of pan-
creatic polypeptide-like peptides with special references to
presence of neuropeptide Y in central and peripheral neu-
rons. J Neurosci 1984, 4:2376-2386

35. lshwar S, Taniguiche RM, Vogel FS: Multiple supratentorial
hemangioblastomas: Case study and ultrastructural charac-
teristics. J Neurosurg 1971, 35:396-405

36. Andrioli GC, Scarini I: Intrinsic hematopoietic activity of cere-
bellar hemangioblastomas: Ultrastructural study of three
cases. Neurochirurgia 1979, 22:24-38

37. Bohling T, Haltia M, Rosenlof K, Fyhrquist F: Erythropoietin in
capillary hemangioblastomas. Acta Neuropathol (Berl) 1987,
74:324-328

38. Ho KL: Ultrastructure of cerebellar capillary hemangioblas-
toma. II. Mast cells and angiogenesis. Acta Neuropathol
(Berl) 1984, 64:308-318

39. Kamitani H, Masuzawa H, Sato J, Kanazawa I: Erythropoietin
in hemangioblastoma: Immunohistochemical and electron
microscopy studies. Acta Neurochir (Wien) 1987, 85:56-62

40. Smith EM, Morrill AC, Meyer WJ, Blalock JE: Corticotropin
releasing factor induction of leukocyte-derived immunoreac-
tive ACTH and endorphins. Nature 1986, 321:881-881

41. Martin J, Prystowsky MB, Angeletti RH: Preproenkephalin
mRNA in T-cells, macrophages, and mast cells. J Neurosci
Res 1987,18:82-87


