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Introduction

Centraleurocytoma (CN) is a kind of uncommon tumor 
arising in the central nervous system, most descriptions of 
which available in literature are in the form of isolated case 
reports and small series. CN approximately accounts for 
0.25-0.50% of all primary central nervous system tumors (1). 
This kind of tumor is composed of uniform round cells 
that show evidence of neuronal differentiation (1,2), and 
typically occurs in the supratentorial ventricular system 
in young adults. Owing to this rare incidence, diagnosis 
and management of this neoplasm remain controversial. 
Although the clinical course is usually benign, cases with 
poor outcome have been reported (3). It has not yet been 

clearly established which features of CN are of prognostic 
significance. In this study, the relationship among the 
histological characteristics, proliferation potential and 
clinical process of CN was examined.

Materials and methods

The specimens of 15 CN patients were retrieved from 
Department of  Pathology in Chongqing Medical 
University. All cases had been diagnosed between 1988 and 
2008. The diagnosis of CN was based on a combination 
of clinical information, morphologic examination and 
immunohistochemical results, and was confirmed by two 
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pathologists. The specimens were fixed in 10% formalin and 
embedded in paraffin. Paraffin-embedded sections (4 μm) 
were obtained and hematoxylin and eosin (H&E) staining 
was performed. All histological slides from each case were 
examined for the presence of atypical features, including 
cellular atypia, MIB-1 proliferation index, vascular endothelial 
proliferation and necrosis. Immunohistochemical staining 
was performed on formalin-fixed, paraffin-embedded tissue 
sections of the 15 cases. Microsections were deparaffinized 
and subjected to antigen retrieval by steaming (20 min at 80 
℃). Then, the slides were incubated at room temperature 
together with antibodies. Antibodies were detected using the 
streptavidin-perosidase (S-P) method, with diaminobenzidine 
as the chromogen. The proliferation potential was assessed 
on MIB-1 immunostained sections (Ki-67, Gene Co., Ltd.). 
A minimum of 1,000 cells were counted in the area of highest 
proliferative activity, and the number of labeled cells was 
expressed as a percentage of the total number of cells [MIB-1 
labeling index (LI)]. The MIB-1 LI was considered elevated 
when it was greater than 2% (4).

Results

Clinical features

The main clinical features of the 15 patients with CN 
are shown in Table 1. There were 8 males and 7 females 

aged 10-64 years (median 32.93 years).  The most 
common presenting symptoms were those related to 
increased intracranial pressure (ICP), including headache 
(15/15, 100%), papilledema (14/15, 93%), and vomiting 
(12/15, 80%). Memory disturbance was presented in 1 
patient. Dementia was presented in 1 patient. Computer 
tomography (CT) and magnetic resonance imaging (MRI) 
scans of the 15 patients showed that all tumors were located 
in the ventricular system, 7 were in septum pellucidum, 5 
were in the left or right ventricles and the other 3 were in 
the third ventricle. The largest tumor was 6.5 cm × 6.0 cm × 
4.0 cm, and the smallest one was 3.0 cm × 2.5 cm × 2.0 cm.

 

Pathological findings

CN is generally grayish in color, resembling the grey 
matter, well-circumscribed, with areas of hemorrhage. 
Grittiness experienced while dissecting resected specimen is 
due to the presence of calcification.

The tumor samples of all cases were stained with H&E 
for routine histopathologic processing. Under microscope, 
CN was well-differentiated tumor with benign histological 
feature, which may display varied histological architecture 
even in the same specimen. H&E stained sections often 
revealed that the tumor is composed of uniform, small-to-
medium-sized cells with rounded nuclei, finely stippled 

Table 1 Clinical data of patients with CN

Patient No. Age (year) Gender Location Follow up (year)

1 29 M Third ventricle 4.0

2 10 F Septum pellucidum 6.0

3 36 F Septum pellucidum 0.5

4 35 M Septum pellucidum 10.5

5 16 M Left ventricle -

6 24 M Septum pellucidum 4.3

7 60 F Third ventricle 1.0

8 21 M Left ventricle -

9 57 F Septum pellucidum 1.0

10 12 M Right ventricle -

11 26 F Septum pellucidum -

12 64 M Right ventricle 0.5

13 30 F Right ventricle 5.0

14 33 M Septum pellucidum 3.0

15 41 F Third ventricle 1.0

M, male; F, female
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Evaluation of immunohistochemical staining

Immunohistochemical staining results for each case are listed 
in Table 3. Diffuse and strong synaptophysin immunoreactivity 
was seen in all cases (15/15) (Figure 2). Neuron specific 
enolase (NSE) immunostaining was positive in four-

fifth of cases (12/15). Glial fibrillary acidic protein 

(GFAP) immunostaining was positive in one-fifth of 

cases (3/15). The MIB-1 proliferation index ranged 

from 0.8-12.5%, and was more than 2% in 3 of 15 

cases assessed (Table 3).

Figure 1 CN was composed of uniform round cells with clear 
cytoplasm, interlaced vascular patter, and nucleus-free areas of 
neuropil (HE ×200)

Table 2 Histological findings of CN

Patient No. Neuropil Nuclear atypia
Vascular 

proliferation

Mitosis 

(10 HPF)
Neurosis Calcification 

1 + - - - - -

2 + - - - - -

3 + - - - - -

4 − − − − − −

5 + − − − − −

6 + − − − − −

7 + + − − − −

8 + - + - - -

9 + - - - - -

10 + - - - - +

11 + - - - - -

12 + + + + - -

13 + − − − − −

14 + − − − + +

15 + − − − − −

chromatin and inconspicuous nucleoli, along with scant 
cytoplasm. The histopathologic appearance of CN may be 
similar to that of oligodendroglioma. This was particularly 
true for frozen section preparations. Both neoplasms had 
small uniform cells with rounded nuclei and scant cytoplasm 
resembling perinuclear halos (‘fried egg’ appearance). The 
tumor cells were dense in some areas and alternate with 
anuclear, less dense tumor parts. In particular, the anuclear 
areas may have a fine fibrillary matrix (neuropil). Vascularity 
was represented by long, thin-walled capillary-sized 
vessels, which were arranged in a linear arborizing pattern, 
imparting an endocrine appearance (Figure 1). In many 
cases, thin-walled dilated vascular channels, and foci of 
calcification were readily identified. Cases 7 and 12 showed 
nuclear atypia. Case 12 had a significantly higher mitotic 
rate than the others in this series. Vascular proliferation 
could be seen in cases 8 and 12. Case 14 showed focal 
necrosis. Calcification could be observed to a limited extent 
in cases 10 and 14 (Table 2).
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Follow-up 

Follow-up information was available for 11 patients. The 
follow-up period ranged from 0.5 to 10.5 years. Six patients 
with total tumor removal have no evidence of recurrence. In 
the three patients with subtotal removal and postoperative 
radiation, recurrence or progression of tumor had also not 
yet been found. Case 7 originally did favorably after partial 
resection of the tumor. Sixteen months later, however, he 
died of extensive hemorrhage, associated with the residual 
tumor which had progressed since surgery. Case 12 
remained clinically well at the half-year follow up. The CT 
scan, however, showed definite progression of the tumor. 
Four patients were lost in the follow-up period.

Discussion
 

Clinical features

CN was first described in 1982 by Hassoun et al. (2). It is a 
well-differentiated intraventricular tumor with characteristic 
of neuronal origin and a relatively benign clinical course. The 

Table 3 Immunohistochemical staining results of CN

Case No. SYN NSE GFAP MIB-1(%)

1 + − − 1.0

2 + + − 0.8

3 + + − 1.2

4 + + − 1.6

5 + − − 0.8

6 + + − 1.9

7 + + + 12.5

8 + + + 2.9

9 + + - 0.9

10 + + − 1.7

11 + + - 1.5

12 + + − 3.9

13 + − − 0.9

14 + + − 0.9

15 + + + 1.1
Immunohistochemistry was used to detect the presence 

(+) or absence (−) of synaptophysin (SYN), neuron- specific 

enolase (NSE), neurofilament protein (NF), glial fibrillary 

acidic protein (GFAP) and Ki-67 (MIB1). MIB1 labeling index 

(MIB1-LI) was calculated as percent of Ki-67-positive cells 

for evaluating tumor proliferation

Figure 2 Positive expression of synaptophysin in CN (SP ×200)

true incidence of the tumor, however, remains unknown and 
is estimated ranging from 0.1% to 0.5% of all the primary 
central nervous system tumors. The patients with CN are 
aged from 5 to 76 years (mean 34 years). There is a peak 
during the second and third decades of life, but patients older 
than 60 years have been reported. Both sexes are equally 
affected (5). Most neurocytomas are midline supratentorial 
lesions straddling the lateral and third ventricles, often in 
relation to the foramen of Monro and arising from the 
septum pellucidum, fornix, or walls of the lateral ventricles. 
But neurocytomas in the cerebrum, cerebellum, brain 
stem and spinal cord, which were called extraventricle 
(parenehymal) neurocytic neoplasms, had been found (6).

Here we reported 15 cases of CN. The mean age of the 
patients is 32.93 years. There are 8 males and 7 females. 
The most common presenting symptoms were related 
to increased ICP, including headache, papilledema and 
vomiting. All tumors were located in the ventricular system: 
7 in septum pellucidum, 5 in the bilateral ventricles and the 
other 3 in the third ventricle. These tumors generally came 
to clinical attention because of the mass effect produced 
by the tumor and secondary hydrocephalus. The patients 
complained of headache, nausea, vomiting, and memory 
and visual disturbances. CT and MRI results revealed that 
the tumors in the ventricle system were usually a big mass.

Macro- and microscopic characteristics

Macroscopically, neurocytoma occurs as a soft, ovoid, 
lobulated to nodular  mass  that  i s  general ly  wel l 
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circumscribed. The neoplasm is generally grayish in color, 
resembling the grey matter, with areas of hemorrhage. 
Grittiness experienced while dissecting resected specimen is 
due to the presence of calcification (5).

In the 15 cases of our series, all tumors were located in the 
ventricular system. The largest tumor was 6.5 cm × 6.0 cm × 
4.0 cm and the smallest one was 3.0 cm × 2.5 cm × 2.0 cm. 
These neurocytomas are generally grayish in color, with areas 
of hemorrhage. Calcification was found in 2 of 15 cases.

Microscopically, neurocytomas are well-differentiated 
tumors with benign histological feature, which may 
display varied histological architecture even in the same 
specimen. These tumors are composed of uniform, small-
to-medium-sized cells with rounded nuclei, finely stippled 
chromatin (“salt and pepper” chromatin) and inconspicuous 
nucleoli, along with scant eosinophilic cytoplasm and in 
some areas have small cells with perinuclear halos, which 
resemble oligodendroglioma. Cells are usually closely 
apposed but may also be set within a background of finely 
filamentous stroma having a neuropil-like quality. In 
places, tumors display dense cellular areas alternating with 
fibrillary/acellular areas. The latter components are mainly 
perivascular and have a fine fibrillary neuropil matrix 
mimicking “rosettes of ependymoma”. In many cases, thin-
walled dilated vascular channels, and foci of calcification are 
readily identified (5).

Histopathologic changes of our groups were similar 
to literature. The tumor was composed of uniform small 
round cells with rounded nuclei surrounded by prominent 
perinuclear halos, contained clear or slightly eosinophilic 
cytoplasm, and had nuclus-free areas of neuropil, a fine, 
interlaced vascular pattern.

Immunohistochemistry

Strong immunostaining for synaptophysin has been 
recognized as the most suitable and reliable diagnostic 
marker. Typically, synaptophysin immunoreactivity is noted 
in the neuropil, especially in fibrillary zones and perivascular 
cell-free areas, and not in the cell bodies of normal neurons. 
Tumor cells have been reported to express neuron-specific 
enolase. Immunostaining for synaptophysin (SYN) and 
neuron- specific enolase (NSE) confirm the neuronal 
nature of the neoplasm. Neuronal nuclear antigen (NeuN) 
expression is generally associated with tumor cells displaying 
terminal neuronal differentiation and is often helpful 
in resolving ambiguous synaptophysin staining (6). The 
significance of GFAP reactivity in tumor cells is difficult to 

explain, but in vitro experiments with neurocytomas have 
shown a shift from synaptophysin to GFAP expression with 
cell passages (6). It has been suggested that CN originates 
from bipotential (neuronal and astrocytic) progenitor cells 
in the periventricular region that persist into adulthood (7). 
In our cases, immunostaining studies suggested bipotential 
differentiation of the neoplasm, and the expressive rates 
of SYN, NSE and GFAP were 15/15, 12/15 and 3/15, 
respectively.

Biological behavior and prognosis

Although anaplasia has been demonstrated in CN, the 
influence of this feature on prognosis is uncertain (7). Yasargil 
et al. (8) reported that 2 of the 8 patients had evidence of 
anaplasia and were treated with post-operative radiation after 
total excision. Those tumors did not relapse at the time of the 
report after a follow-up of 5 and 12 months. Three patients 
in the same study had recurrences 38-92 months after total 
excision and none had evidence of anaplasia. Thus, it is not 
clear if tumors with anaplasia have a higher relapse rate 
or if they need additional treatment. Yet it appears that 
some cases of CN may be more aggressive despite benign 
histological feature (8). 

Most reports indicated that CN has limited growth 
potential (4). In one study of multiple proliferation markers 
[including silver nucleolar organizer region (AgNOR) 
technique, proliferating cell nuclear antigen (PCNA), and 
MIB-1 LI], only MIB-1 index tended to be higher in CN 
with mitosis and necrosis (9). In a larger study with 36 cases 
of CN, the MIB-1 LI showed that a LI of 2% might be 
critical in determining recurrence (4). The patients with an 
MIB-1 LI <2% had a 22% relapse rate compared to 63% 
when the MIB-1 LI was over 2% for the observation period 
of 150 months (4). Our results are in accord with these 
reports.

Molecular genetics

I t  appears  tha t  CN i s  genet ica l ly  d i s t inc t  f rom 
neuroblastoma and oligodendroglioma. Twenty-six percent 
of neuroblastoma has N-myc amplification and/or 1p36 loss 
of heterozygosity (LOH). These abnormalities are rare in 
CN (10). In addition, in oligodendroglioma, LOH of 1p 
and 19q are important aberrations. Tong et al. (10) found 
LOH of 1p in 6/9 and LOH of 19q in 5/9 CN. In Fujisawa 
et al. (11), all 8 cases of CN did not have allelic loss on 1p 
and 19q. Thus, it is unclear if these genetic markers are 
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relevant for CN. Mutations of p53 tumor suppressor gene 
have also not been detected in CN (11).

Histological origin

Currently,  it  remains controversial  as to whether 
neurocytomas arise from cells committed to neuronal 
phenotype  (12)  or  f rom bipotent ia l  ce l l s  in  the 
periventricular matrix (13). In vitro cultures by Westphal 
et al. (14) and others (15-17) have revealed that CN have 
properties reminiscent of bipotential precursor cells, 
which can exhibit both glial and neuronal differentiation. 
This bipotential property possibly explains the GFAP 
immunopositive cell population observed in CN. Our 
immunostaining results showed that the expressive rates 
of SYN, NSE and GFAP were 15/15, 12/15 and 3/15 
respectively, which supported the notion of bipotential 
differentiation.

Differential diagnosis

In this group of CN we presented, they had been initially 
diagnosed as other tumors based on light microscopy, 
including four cases of oligodendroglioma, and two cases 
of ependymoma. Despite the aforementioned characteristic 
histological appearances, there are a wide variety of 
differential diagnoses of CN (18-22): (I) Oligodendroglioma. 
Owing to their cytoplasmic vacuolations and monomorphic 
histologic appearances,  neurocytomas need to be 
differentiated from oligodendroglial tumors. Awareness of 
the condition, an intraventricular localization, along with 
histological features of cellular uniformity, neuropil islands, 
salt and pepper chromatin, eosinophilic granular bodies, 
and lack of infiltrated brain parenchyma, suggest a diagnosis 
of neurocytoma (6). Immunoreactivity for synaptophysin 
in neurocytomas substantiates histology. (II) Ependymoma. 
An intraventricular tumor with solid, noninfiltrating 
pattern along with perivascular pseudorosettes warrants 
a differential diagnosis of ependymoma. However, 
characteristic features of nuclear roundness with speckled 
chromatin and comparatively ill-defined perivascular 
rosettes suggest neurocytic origin, which are confirmed 
by synaptophysin immunopositivity of rosettes along with 
GFAP immunonegativity (5).
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