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A report on two cases with light microscopy, transmission
electron microscopy and immunohistochemical investigation
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Summary. Primary granular cell tumours of the breast in 35 and 55
year old women were studied by light microscopy, transmission electron
microscopy and immunohistochemistry. Light and electron microscopy
revealed a neural origin of the tumours and this was further substantiated
by immunohistochemical studies, with positive S-100 protein reaction
and negative reactions for surface heavy and light chains, CEA, alfa-1-
antitrypsin, muramidase and GFA-protein. Granular cell tumour of the
mammary gland is a very rare tumour. Clinically it sometimes simulates
carcinoma because of its fibrous consistency, fixation to pectoral fascia
and skin retraction. The diagnosis of granular cell tumour should be
included in the differential diagnosis of carcinoma of the breast.

The granular cell tumour is derived from neuro-ectodermal tissue.
Whether it represents a neurogenic cell-confined metabolic disturbance
with lysosomal activation, or a true neoplasm remains to be elucidated.
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In 1926 Abrikosoff described a tumour of the tongue composed of granular
cells which he believed to be derived from striated muscle. Since then identi-
cal lesions have been described from a varity of organs including the female
breast parenchyma (van Toth 1972). In this localisation, however, the entity
is distinctly uncommon (Azzopardi 1979). Mulcair (1968) found a total
of only 15 granular cell tumours of the breast parenchyma and added an-
other 15 of his own. Umansk and Bullock (1968) reported 19 cases including
both breast and overlying skin. Van Toth (1972) tabulated 100 cases from
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Fig. 1a—d. Case two. Mammography with (a) caudal-lateral-cranial view, (b) medial-lateral-
cranial view showing granular cell tumour deep in the mammary tissue in the upper medial
quadrant. (c¢) simplified illustration of the tumour location. (d) section of non-encapsulated
tumour in case two within atropic breast tissue. HE x 4
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the world literature, 93 in female and 7 in male patients but included cases
which more properly should be classified as cutaneous lesions. Cytologically
diagnosed granular cell tumours are also on record (Sussman et al. 1973;
Zajdela 1975; Lowhagen and Rubio 1977). According to Weitzner et al.
1981 only 52 true intramammary granular cell tumours were on record.
They made a survey of these cases and added two of their own. Since
then another 3 cases have been reported (McCracken et al. 1979; Jena
et al. 1982). The aim of this investigation is to study two examples of
a granular cell tumour of the female breast parenchyma, not involving skin
or fascial tissue. The tumours were studied by light microscopy, transmission
electron microscopy and immunohistochemically.

Case reports

Case one. A previously healthy 35 year old woman was admitted for a tumour in the left
breast. She had two children and regular menstrual flow. One year earlier she had noticed
the tumour and had been examined twice at another hospital. No biopsies were taken and
no mammography was performed at that time. At clinical examination a hard, well defined
tumour situated in the upper medial quadrant near the areolar margin deep in the mammary
tissue was palpated. The size was estimated to be about 10 x 10 mm, and the tumour was
not fixed to the skin or to the pectoral muscle. As malignancy was suspected the tumour
was excised for histological examination. The postoperative cause was uneventful and no
recurrence has been noticed at fullow up.

Case two. Fifty-five year old immigrant, with past history of malaria, tonsillectomy and uterine
myomata, presented with a 1.5 cm firm mass in the upper inner quadrant of the left breast.
The tumour was fixed to the deeper structures at palpation. Cytology revealed naked poly-
morpic nuclei having large nucleoli and malignancy was suspected. Two plain mammography
examinations revealed a lesion of uncertain nature, possibly a carcinoma (Fig. 1 A—C). A mas-
tectomy with axillary dissection was performed. The postoperative cause was uneventful and
no recurrence has been detected at follow up.

Methods

Light microscopy. Formalin-fixed, paraffin-embedded tumour tissue was sectioned at 5 mp
and stained with Haematoxylin-cosin, van Gieson’s connective tissue staining, Gordon-Sweet
procedure for reticulin and PAS for neutral mucins and glucogen.

Table 1. Survey of the antisera used and

the immunoreactions of the granular cell Antisera raised Immunocytochemistry
tumors of the breast against of the tumour
IgA Neg
IgG Neg
IgM Neg
Kappa-chains Neg
Lambda-chains Neg
GFA-protein Neg
Muramidase Neg
CEA Neg
alfa-1-antitrypsin Neg

S-100 protein Pos
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Fig. 2. Macroscopical view of the non-encapsulated fairly well demarcated, greyish-white tu-
mour (case one)

Fig. 3. Section of tumour showing the obvious intramammary location. (case one) HE x 7

Fig. 4. Higher magnification of tumour, with small dark nuclei and granular cytoplasm, grow-
ing within maimmary tissue. Note tubular structures surrounded by tumour cells. (case one)
HE x 210
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Electron microscopy. One mm? blocks of tumour tissue were postfixed in glutaraldehyde and
osmium-textroxide, counterstained in uranylacetate and embedded in Epon as described pre-
viously (Willén et al. 1975).

Immunocytochemistry. The immunohistochemical demonstration of immunoglobulins was per-
formed by an indirect immunoperoxidase conjugate technique (Taylor and Burns 1974; Burns
1978). The antisera used are given in Table 1. The method has in detail been described elsewhere
(Alm et al. 1983). All the immunoglobulin antisera, normal swine serum and peroxidase conju-
gated swine antirabbit immunoglobulin were purchased from DAKO Immunoglebulins AB,
Stockholm, Sweden. Purification, production and staining levels of antisera against S-100
protein has previously been described in detail (Haglid et al. 1973; Angervall et al. 1984;
Kindblom et al. 1983).

Results

Gross appearance. The specimen from case one consisted of a 6 x4 x3 cm
mammary tissue fragment without skin or fascial tissue. Centrally a non-
encapsulated 2,5x2x2cm well demarcated, solid, greyish-white tumour
was seen (Fig. 2). The specimen from case two consisted of a small left
breast with fatty, atrophic breast tissue. In the upper inner quadrant a
1.5 cm firm greyish non-encapsulated tumour was seen.

Microscopy. Light microscopy from both tumours revealed tumour cells
arranged in nests and clusters of varying size and randomly placed within
ordinary mammary tissue (Fig. 1D and 3). The cells themselves had in-
distinct cell borders and abundant cytoplasm that contained numerous small
eosinophilic granules and a few small vacuoles. The granules stained posi-
tively with PAS staining (Fig. 4 and 5).

Immunohistochemical findings. The result of the immunohistochemical reac-
tions are shown in Table 1; only S-100 protein was positive. Interestingly,
the cytoplasm and nuclei of a peripheral nerve also showed a positive reac-
tion for S-100 protein (Fig. 6).

Electron microscopy. The tumour cells were arranged in compact groups
of cells surrounded by abundant collagen and a few histiocytes. Each of
the granular cells was surrounded by a distinct basement membrane (Fig. 7).
Unmyelinated axons were present and neurotubles, neurofilaments and mi-
tochondria were observed (Fig. 8). Cell inclusions of three types were de-
tected : osmophilic bodies with concentric lamellae, homogenous lighter bod-
ies and aggregates of tubular filaments (Fig. 9).

Discussion

The histogenesis of granular cell tumour is still unsettled. Abrikosoff (1926)
thought that granular cell tumours originated from striated muscle. In 1935
Feyrter proposed that they could be derived from neural tissue, an idea
that has received considerable support in recent years. It has been suggested
that these tumours are derived from Schwann cells (Sobel et al. 1971), peri-



Fig. 5. Higher magnification of tumour in case two, growing in atropic breast tissue. HE
x 90

Fig. 6. Immunoperoxidase staining against S-100 protein within the granular cell tumour. Note
extensive cytoplasmic staining of the tumour cells as well as cytoplasmic granules within
Schwann cells in peripheral nerve (center). x 285
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Fig. 7. Electron micrograph of tumour cells in compact groups. In the cytoplasm numerous
inclusion bodies are seen. Electron micrograph x 10,000
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Fig. 8. Unmyelinated axons containing tubular filaments, focal densities and inclusion bodies.
Electron micrograph x 26,400

Fig. 9. Cytoplasm of a granular tumour cell containing three types of inclusion bodies; osmo-
philic bodies with concentric lamellae, homogenous light bodies and aggregates of tubular
filaments. Electron micrograph x 44,800
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neural fibroblasts or primitive mesenchymal cells (Sobel and Marquet 1974;
Garancis et al. 1970) or even histocytes (Azzopardi 1956).

By immunohistochemical studies, using S-100 protein antibody localisa-
tion, both glial and neuronal cells have been demonstrated to contain S-100
protein (Yamaguchi 1980; Ludwin et al. 1976). In the peripheral nervous
system S-100 has been found in Schwann cells (Yamagushi 1980).

The presence of this protein has also been shown in neural tissue neo-
plasm such as gliomas, astrocytomas, ependymomas and schwannomas
(Haglid et al. 1973; Rydén and McEwen 1966).

Outside the central nervous system S-100 protein is found in granular
cell tumours, neurofibromas, Schwann cell tumours (Nakazato et al. 1982;
Stefansson and Wollman 1982), plexiform nerve sheath myxoma (Angervall
et al. 1984), clear cell sarcoma of tendons and aponeuroses (Kindblom
et al. 1983), melanomas (Stefansson and Wollman 1982) as well as in cul--
tured human melanoma cells (Gaynor et al. 1980).

Our two cases contained S-100 protein immunohistochemically in the
tumour as well as in adjacent peripheral nerve tissue. We therefore support
the view that our tumour was of neuro-ectodermal origin.

Shousha and Lyssiottis (1979) demonstrated the presence of carcinoem-
bryogenic antigen (CEA) in 10 cases of granular cell tumours. They did
not find CEA in Schwann-cells, schwannomas or neurofibromas, but found
it in some cells within the perineural sheath. They suggested that this sup-
ports the original view by Pears (1950) that granular cells tumours were
derived from perineural cells rather than Schwann cells. In our case no
CEA could be detected and this again speaks for a schwann cell origin.

A negative stain for muramidase is against a histiocytic genesis and
negative reactions for light and heavy chains, against a lymphocytic one.
Negative reactions for CEA and alfa-1-anti-trypsin are not in favour of
an epithelial histogenesis. GFA-protein is never seen positive in perpheral
neural tumours, thus supporting the view that our tumour was derived
from peripheral nerve tissue.

By electron microscopy Apparicio and Lumbsden (1969) thought the
tumour to be derived from an undifferentiated mesenchymal cell. Sobel
et al. (1971) originally argued for an Schwann cell genesis but subsequently
(Sobel and Marquet 1974) derivating from a primitive mesenchymal cell.
The electron microscopic picture of the granular cell tumour in our case
is in keeping with the findings of Becher-Carstens 1970 and Ahmed 1978
e.g. derivation from Schwann-cells and unmyelinated axons.

Granular cell tumours of the breast can simulate cancer both clinically
and macroscopically (Azzopardi 1979). They may be fixed to the skin or
pectoral fascia with signs of skin retraction, have a very firm consistency,
they are not frequently mobile and usually not well circumscribed. The
yellowish colour and fibrous consistency makes it difficult to differentiate
them from carcinoma. Only microscopical examination will reveal the
proper diagnosis, as demonstrated by this case. The diagnosis of granular
cell tumour can also be made cytologically, provided that this rare type
of tumour is kept in mind (Lovhagen and Rubio 1977). Granular cell tu-
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mours of the breast are mostly situated within the upper medial quadrant
of the breast (Mulcare 1968; Weitzner 1981) which was also the case in
this report. Differentiation from traumatic (reactive) noduls is easily based
on light and electronmicroscopical uniform granules, staining reactions in-
cluding haemosiderin (Sobel et al. 1974). Differentiation for other granular
cell lesions have been outlined elsewhere in great detail (Sobel and Marquet
1974).

Only a few of these tumours have been reported to be malignant or
have an aggressive growth pattern (Crawford and De Bakey 1953 ; Kirschner
1962; Van Toth 1972). However, they can easily be reported as malignant
tumours on frozen sections, if the pathologist is not aware of this entity
(Umansky and Bulloch 1968; Mulcare 1968; Mc Cracken et al. 1979 and
Weitzner et al. 1981).

As regards therapy a simple excision is adequate as this type of tumour
is benign. In very rare cases, when malignant forms are found, more aggre-
sive surgery may be required (Umanski and Bullock 1968).

The granular cell tumour is derived from neuro-ectodermal tissue.
Whether it represents a neurogenic cell-confined metabolic disturbance with
lysosomal activation, or a true neoplasm remains to be elusidated.
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References

Abrikossoff A (1926) Uber Myome, ausgehend von der quergestreifter willkiirlicher Muskula-
tur. Virchows Arch [Pathol Anat] 260:215-233

Ahmed A (1978) Atlas of the ultrastructure of Human Breast Diseases. Churchill Livingstone,
London pp 65-69

Alm P, Brandt L, Olsson H (1983) Immunoglobulin-A producing probably primary lymphoma
of the breast. Virchows Arch [Pathol Anat] 399:355-360

Angervall L, Kindblom LG, Haglid K (1984) Dermal nerve sheat myxoma: a light and electron
microscopic, histochemical and immunohistochemical study. Cancer (in press)

Aparicio SR, Lumbsden CE (1969) Light and electron microscope studies on the granular
cell myoblastoma of the tongue. J Pathol 97:339-355

Azzopardi JG (1956) Histogenesis of the granular cell “Myoblastoma”. J Pathol Bacteriol
71:85-94

Azzopardi JG (1979) Problems in breast pathology. In: Bennington JL (ed) Major problems
in pathology, vol 11. WB Saunders company Ltd, London pp 398-399

Becher-Carstens PH (1970) Ultrastructure of granular cell myoblastoma. Acta Pathol Microbiol
Scand A 78:685-694

Burns J (1978) Immunohistological methods and their application in the routine laboratory.
In: Anthony PP, Woolf N (eds) Recent advances in histopathology No. 10. Churchill
Livingstone, Edinburgh, London and New York, pp 337-350

Crawford ES, De Bekey ME (1953) Granular cell myoblastoma. Two unusual cases. Cancer
6:786-789

Feyrter F (1935) Uber eine eigenartige Geschwulstform des Nervengewebes im menschlichen
Verdauungsschlauch. Virchow Arch [Pathol Anat] 295:480-501

Fisher E, Wechsler H (1962) Granular cell myoblastoma — A misnomer. Cancer 15:936-954

Garancis JC, Komorowski RA, Kuzma JF (1970) Granular cell myoblastoma. Cancer
23:542-550

Gaynor R, Irie R, Morton D, Herschman HR (1980) S-100 protein is present in cultured
human malignant melanomas. Nature 286:400—401



400 R. Willén et al.

Haglid K, Carlsson CA, Stavrou D (1973) An immunological study for human brain tumours
concerning the brain specific proteins S-100 and 14-3-2. Acta Neuropathol (Berl)
24:187-196

Jena GP (1982) Granular cell myoblastoma: a massive breast tumour. J R Coll Surg Edinb
27:60-61

Kindblom LG, Lodding P, Angervall L (1983) Clear cell sarcoma of tendons and aponeuroses.
An immunohistochemical and electron microscopic analysis indicating neural crest origin.
Virchows Arch [Pathol Anat] 401:109-128

Kirscher H (1962) Uber einen Fall von maligne entartetem Myoblastenmyom der Mamma.
Bruns® Beitr Klin Chir 204:87-93

Ludwin SK, Kosek JC, Eng LF (1976) The topographical distributions of S-100 and GFA
proteins in the adult rat brain: An immuno histochemical study using horse redish peroxi-
dase-labelled antibodies. J Comp Neurol 165:197-208

Lowhagen T, Rubio CA (1977) The cytology of the granular cell myoblastoma of the breast.
Report of a case. Acta Cytologica 21:314-315

McCracken M, Hamel PB, Benson EA (1979) Granular cell myoblastoma of the breast: a
report of 2 cases. Br J Surg 66:819-821

Mulcare R (1968) Granular cell myoblastoma of the breast. Ann Surg 168:262-268

Nakajima TL, Kameya T, Watanabe S, Hirota T, Sato Y, Shimosato Y (1982) An immunoper-
oxid peroxidase study of S-100 protein distribution in normal and neoplastic tissues. Am
J Surg Pathol 6:715-727

Nakazato Y, Ishizeki J, Takahashi K, Yamaguchi H (1982) Immunohistochemical localisation
of S-100 protein in Granular cell Myoblastoma. Cancer 49:1624-1628

Pearse AGE (1950) The histogenesis of granular-cell myoblastoma (granular cell perineural
fibroblastoma) J Pathol Bacteriol 62:351-362

Shousha S, Lyssiotic T (1979) Granular cell myoblastoma: positive staining for carcinoem-
bryonic antigen. J Clin Pathol 32:219-224

Sobel HJ, Marquet E, Schwarz (1971) Granular degeneration of appendiceal smooth muscle.
Arch Pathol 6:427-432

Sobel HJ, Marquet E (1974) Granular cells and granular cell lesions. Path Ann, Appleton-
Century-Crofts NY pp 43-79

Sobel HJ, Avrin E, Marquet E, Schwarz R (1974) Reactive granular cells in sites of trauma.
Am J Clin Pathol 61:223-234

Stefansson K, Wollmann RL (1982) S-100 protein in granular cell tumors (Granular cell
Myobastomas). Cancer 49:1834-1838

Strong EW, Mc Divitt RW, Brasfield RD (1970) Granular cell myoblastoma. Cancer
22:415-422

Sussman EB, Hajdu SI, Gray GF (1973) Granular cell myoblastoma of the breast. Am J
Surgery 126:669-670

Taylor CR, Burns J (1974) The demonstration of plasma cells and other immunoglobulin-
containing cells in formalin-fixed, paraffin-embedded tissues using peroxidase-labelled anti-
body. J Clin Pathol 27:14-20

Toth J (1972) Das granulérzellige myoblastom der mamma. Zbl Allg Pathol 115:366-371

Umansky C, Bullock WD (1968) Granular cell myoblastoma of the breast. Ann Surg
168:810-817

Weitzner S, Nascimento AG, Scanlon LJ (1979) Intramammary granular cell myoblastoma.
Am Surg 45:34-37

Willén R, Dubiel WT, Johansson L (1975) Viability properties in autologous fasicia lata heart
valve grafts. A transmission electron microscopical (TEM) study. Ann Thor Surg
19:494-502

Yamaguchi H (1980) Studies on the immunohistochemical localisation of S-100 and GFA-
proteins in the rat nervous system and in human brain tumours. Brain Nerve 32:1055-1064

Zajdela A (1975) The value of aspiration cytology in the diagnosis of breast cancer: experience
at the Found Curie. Cancer 35:499-506

Accepted April 2, 1984



