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Ganglioneuroma is a benign tumor that occurs usually in adults,
and it is most often located in the posterior mediastinum and re-
troperitoneum (1). It is composed of ganglion cells and neuroid
spindle cells. Ultrastructurally, the spindle cell component contains
mostly Schwann cells (1). Rare ultrastructural studies found, in ad-
dition to Schwann cell population, some cells with perineural-type
features (2,3). Recently, we reported a case of ganglioneuroma with
perineural cell differentiation proven with the immunohistochemi-
cal markers epithelial membrane antigen (EMA), claudin-1 and
GLUT-1 (4). After seeing that case, we speculated that perineural
cell differentiation can be more frequent in ganglioneuromas, and
this prompted us to collect and examine additional cases. Now,
we would like to present our series of 8 ganglioneuromas. Exami-
ning these tumors, we have found that perineural cell differentiati-
on appears to be a common feature of ganglioneuroma, and that

it can be demonstrated by currently used perineural cell markers –
EMA, claudin-1 and GLUT-1 (5–7).

MATERIAL AND METHODS

Eight cases with typical morphological and immunohistochemi-
cal features of ganglioneuroma were retrieved from our routine fi-
les. In all cases, the tumor tissue was fixed in 10% formalin and
processed routinely. The sections were stained with hematoxylin and
eosin. In all cases, available immunohistochemical slides showed
typical immunophenotype of ganglioneuroma. The spindle cell com-
ponent expressed the S100 protein, and the ganglion cells were
positive for neurofilament protein and/or calretinin.

In all cases, we performed immunohistochemical examination for
perineural cell markers on selected tissue blocks. The following pri-
mary antibodies were used: GLUT-1 (polyclonal, 1:200), EMA (clo-
ne E29, 1:700) (both from DAKO, Glostrup, Denmark), and clau-
din-1 (polyclonal, 1:50, Zymed). Immunostaining was performed
according to standard protocols using avidin-biotin complex labe-
led with peroxidase or alkaline phosphatase. Appropriate positive
and negative controls were applied. 
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SUMMARY
Eight cases of ganglioneuroma were examined for a presence of perineural cell differentiation, using the immunohistochemical markers
epithelial membrane antigen (EMA), claudin-1 and GLUT-1. The mean age of the patients was 42.3 years (range 26–68 years), six pa-
tients were females and two were males. Five tumors were located in the adrenal gland and 3 tumors in the retroperitoneum. Morpho-
logy of the tumors was typical, i.e., they were composed of neuroid spindle cell population and scattered mature appearing ganglion
cells. Spindle cells positive for perineural cell markers claudin-1 and GLUT-1 were found in all lesions, at least focally. EMA+ cells we-
re seen in 2 of 8 tumors. These perineural-type cells were often arranged in organoid fashion around the schwannoid bundles or
around the vessels. Our findings indicate that perineural cell differentiation is commonly present in ganglioneuromas.
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Perineurálna diferenciácia v ganglioneurómoch. 
Súbor 8 prípadov s imunohistochemickou expresiou perineurálnych markerov

SÚHRN
V súbore 8 ganglioneurómov bola zisÈovaná prítomnosÈ perineurálnej diferenciácie pomocou 3 imunohistochemick˘ch perineurálnych
markerov: epitelového membránového antigénu (EMA), klaudínu-1 a GLUT-1. Priemern˘ vek pacientov bol 42,3 rokov (rozsah 26–68
rokov), 6 tumorov bolo u Ïien a 2 prípady u muÏov. PäÈ tumorov bolo v nadobliãke a 3 v retroperitoneu. Morfológia tumorov bola
typická, t.j. tvorená neuroidnou vretenobunkovou populáciou a zrel˘mi gangliov˘mi bunkami. Vretenovité bunky pozitívne na perineu-
rálne markery klaudín-1 a GLUT-1 boli nájdené vo v‰etk˘ch tumoroch. EMA-pozitívne bunky boli v 2 léziach. Bunky s perineurálnou di-
ferenciáciou boli ãasto usporiadané organoidne v periférii neuroidn˘ch fasciklov alebo okolo ciev. Ná‰ nález ukazuje, Ïe perineurálna
diferenciácia je beÏne prítomná v ganglioneurómoch.
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RESULTS

Main clinical and gross features of the tumors are listed in tab-
le (Table 1). Mean age of the patients was 42.3 years (range 26–68
years), six patients were females and two were males. Five tumors
were located in the adrenal gland and 3 tumors in the retroperito-
neum.

Histologically (Fig. 1), the tumors were typical ganglioneuromas
composed of mature ganglion cells and surrounding bland-appe-
aring neuroid spindle cells. Ganglion cells were seen as isolated
cells or in small cell clusters. They had abundant cytoplasm, round
to oval nuclei, and some of them showed degenerative vacuoliza-

tion. The spindle-shaped cells had moderate cytoplasm and wavy
spindle shaped nuclei. They were arranged haphazardly or as in-
tersecting fascicles. These fascicles were usually compact in appe-
arance, and, focally, they were separated by a loose myxoid stro-
ma. Calcifications were seen in two tumors (cases 3 and 4), and
adipose metaplasia in two lesions (cases 2 and 6). No mitotic ac-
tivity or necrosis were present in any case.

Immunohistochemically (Fig. 2, Table 1), EMA was positive in
spindle cells in two of 8 cases, and this positivity was only focal.
Nevertheless, the reactivity was unequivocal. The positive cells we-
re often arranged in organoid fashion around the schwannoid
bundles or around intratumoral vessels. Claudin-1 and GLUT-1 we-
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Case No Age/sex Location Size (cm) EMA Claudin-1 GLUT-1
1 41/F Retroperitoneum 2,5 x 2 x 1 Negat. Diffuse Diffuse
2 50/F Adrenal 7 x 7 x 5 Negat. Focal Focal
3 26/F Adrenal 6 x 5 x 3 Focal Focal Focal
4 28/M Adrenal 15 x 10 x 10 Negat. Focal Diffuse
5 41/F Retroperitoneum 3 x 3 x2 Negat. Diffuse Diffuse
6 26/F Adrenal 9 x 8 x 6 Negat. Diffuse Focal
7 58/F Adrenal 9 x 8 x 8 Negat. Diffuse Focal
8 68/M Retroperitoneum 3 x 3 x 2 Focal Focal Diffuse

Table 1. Clinical data and immunohistochemical expression of perineural cell markers in 8 ganglioneuromas.

F – female; M – male; EMA – epithelial membrane antigen; Negat. – negative; Focal – positive cells seen in less than 30 % of the tumor volume

A B
Fig. 1. Typical ganglioneuroma showing neuroid
stroma and ganglion cells. HE, magnification x 60
(A), and x 160 (B).

A B

Fig. 2. Perineural cell differentiation in ganglioneu-
romas. Immunohistochemical findings: (A) 
claudin-1 in scattered spindle cells; (B) claudin-1
positive cells arranged in organoid fashion around
the schwannoid bundles; (C) GLUT-1 in scattered
stromal cells; (D) focal EMA positivity (seen in 2 ca-
ses). ABC technique, magnifications x100 (A-C),
x160 (D).

C D



re expressed in all lesions. The arrangement of the positive cells ap-
peared similar to that of EMA, but was more apparent and well
visible. In all tumors, these cells were arranged either as scattered
cells or in the above-mentioned organoid fashion. The cells positi-
ve for at least one of these two markers were found in more than
70 % of the tumor volume in 6 tumors, whereas they were only fo-
cally seen in 2 cases, i.e., conversely, every lesion contained at le-
ast some areas without positivity for claudin-1 and/or GLUT-1 (whe-
re the spindle cell population was composed exclusively of S100-
positive cells).

DISCUSSION

We have found that all cases in our study of ganglioneuroma ex-
pressed perineural cell markers claudin-1 and GLUT-1, whereas
EMA positivity was seen in two of 8 cases and was only focal. Thus,
it seems that perineural cell differentiation is a constant feature of
ganglioneuroma. Some ultrastructural studies found among spind-
le cells of ganglioneuroma cells with some perineural cell features,
such as bipolar thin cell processes, external lamina and pinocyto-
tic vesicles (2,3). However, perineural cell differentiation was not
found immunohistochemically in studies using EMA, and therefore
ganglioneuroma is regarded traditionally as an EMA-negative tu-
mor (1,8). In our series, EMA-positive cells were seen in 2 of 8 ca-
ses. This expression was, however, focal and not very conspicu-
ous. The perineural cells have extremely thin cell processes, and
EMA antibody bound to cell membranes of these processes pro-
duces only less visible, fine and fiber-like staining. Such weak EMA
positivity or even EMA negativity has already been observed and
discussed in various studies of perineural cell neoplasms (9–12). It
explains why EMA represents a less sensitive marker for perineu-
ral cell differentiation in tumors, including ganglioneuromas, as was
seen in our series. In contrast, recently discovered perineural cell

markers claudin-1 and GLUT-1 are more sensitive – in our series,
they showed expression in all cases. 

The histogenesis of cells with perineural differentiation in gang-
lioneuroma is unclear. As for all spindle cells in this tumor, the fol-
lowing three possible origins can be considered (3): /1/ neuro-
blastoma cells can differentiate along neuronal, Schwann cell and
perineural cell lines; /2/ spindle cells including Schwann cells and
perineural cells are formed by differentiation of ubiquitous (non-
neoplastic) mesenchymal cells in response to the formation of neu-
ritic processes; /3/ non-neoplastic Schwann cells and perineural
cells in the surrounding tissues are induced to proliferate and mi-
grate into the tumor.

Our observation of perineural cell differentiation in ganglioneu-
romas cannot answer definitively the question of their histogene-
sis. We believe that perineural cell differentiation represents one
of the features of neoplastic cell maturation. This impression is strong
especially in organoid areas with positivity of perineural cell mar-
kers seen in the periphery of the fascicles, resembling the normal
microscopic anatomy of the nerve sheath. Stromal cells of gangli-
oneuroma, including cells of the perineural type, could arise from
an immature neoplastic cell that is capable of differentiating ter-
minally toward various cell types of the nervous system. Such his-
togenesis is analogical with histogenesis of “mixed“ nerve sheath
tumors in which various types of nerve sheath cells were descri-
bed, for example neurofibroma-schwannoma (13), schwannoma-
perineurioma, neurofibroma-perineurioma (14), nerve sheath my-
xoma (9), neurofibroma with perineural cells (15,16).

In conclusion, our findings indicate that ganglioneuromas show
perineural cell differentiation with immunohistochemical expressi-
on of claudin-1, GLUT-1 or (less often) of EMA. The spindle cell
population in these tumors appears to be heterogeneous, and, in
this respect, similar to the cell population of neurofibromas. In prac-
tice, the perineural cell markers may assist in diagnosis of ganglio-
neuroma.
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