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ABSTRACT

Objective: The exact cell of origin of subependymal giant cell 
astrocytoma is debated but most currently consider the tumor in the 
astrocytic category. Mutations and subsequent biallelic inactivation of 
TSC1 encoding hamartin, or TSC2 encoding tuberin appear to be the 
underlying genetic aberrations. Inactivation leads to loss of proteins 
that inhibit mammalian target of rapamycin (mTOR) disrupting 
tightly regulated cell functions. 

Material and Method: We analyzed the expression of tuberin 
and hamartin along with an array of neuroepithelial markers in 9 
subependymal giant cell astrocytomas. In addition, RPS6 and 4EBP1 
regulatory proteins that are downstream in the mTOR pathway were 
also evaluated. 

Results: While hamartin and tuberin expression levels were relatively 
decreased compared to control tissue, this was not of particular 
practical use to detect the mutated gene since low levels of positivity 
could be detected throughout the central nervous system. As 
expected, the levels of RPS6 and 4EBP1 were increased, further 
confirming the activation of the mTOR pathway. GFAP was positive 
in 5 cases, while Synaptophysin positivity was found in all tumors. 
CD34 (a marker often observed in well differentiated glio-neuronal 
tumors), Olig2 (a nuclear marker present in most gliomas), IDH1 and 
IDH2 were entirely negative in all tumor cells. Ki67 (MIB-1) showed 
a low proliferation rate ranging from 2% to 8%. 

Conclusion: Staining with neuroepithelial markers supports the 
suggestion of ambiguous differentiation. Subependymal giant cell 
astrocytomas do not appear to have the typical expression profiles of 
astrocytic tumors, under which they have been classified. 

Key Words: Subependymal giant cell astrocytoma, Hamartin, 
Tuberin, mTOR complex, IDH1, IDH2, Olig2

ÖZ

Amaç: Subependimal dev hücreli astrositom hücre kökeni kesin olarak 
belirli olmamasına karşın astrositik tümörler arasında sınıflandırılan 
bir tümördür. Subependimal dev hücreli astrositomlarda tipik genetik 
anomali Hamartin’i kodlayan TSC1 veya Tuberin’i kodlayan TSC2 
genlerindeki mutasyon ve diğer alelin inaktivasyonudur. Bu genlerin 
inaktivasyonu “rapamisin’in memelilerdeki hedefi” olarak bilinen 
mTOR yolağı üzerinden hücrede sıkı biçimde kontrol edilen kritik 
işlevlerin bozulmasına neden olur.

Gereç ve Yöntem: Bu çalışmada, 9 subependimal dev hücreli 
astrositom olgusunda Tuberin ve Hamartin yanısıra nöroepitelyal 
belirteçlerin düzeylerini immünhistokimyasal yöntemlerle inceledik. 
Ayrıca mTOR yolağında yer alan RPS6 and 4EBP1 proteinlerinin de 
düzeylerini araştırdık. 

Bulgular: Hamartin ve Tuberin antikorları normal dokuya oranla 
tümörlerde daha az boyansa da normale benzer düzeylerde 
bulunmaları genetik anomaliyi saptama açısından yarar sağlamadı. 
RPS6 ve 4EBP1 kuvvetli pozitifliğinin mTOR yolağının aktivasyonunu 
gösterdiği görüşünü destekledi. İmmünhistokimyasal çalışmalarda 
GFAP sadece beş olguda kuvvetli pozitif olarak saptandı. Sinaptofizin 
bütün olgularda pozitif boyama gösterdi. Glionöronal tümörlerde 
tipik olarak görülen CD34 pozitifliği bu olgularda saptanmadı. Ayrıca 
Olig2, IDH1 ve IDH2 immünhistokimyasal olarak tüm olgularda 
negatif olarak bulundu. Ki67 (MIB-1) boyanma indeksi %2 ile %8 
arasında değişti.

Sonuç: Nöroepitelyal belirteçlerle boyanmanın astrositik dışı bir 
başkalaşıma kanıt oluşturduğu düşünüldü. Subependimal dev hücreli 
astrositom saf astrositik tümörledeki klasik immünhistokimyasal 
profile uymadığından bu tümörün astrositik grupta sınıflandırılma-
sının doğru olmama olasılığı bulunmaktadır. 

Anahtar Sözcükler: Subependimal dev hücreli astrositoma, 
Hamartin, Tuberin, mTOR kompleksi, IDH1, IDH2, Olig2
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INTRODUCTION

Subependymal giant cell astrocytomas (SEGAs) are 
benign, indolent, intraventricular tumors made up of 
large gemistocytic cells with an apparent astrocytic 
phenotype. SEGAs occur in association with tuberous 
sclerosis, most commonly in children and young adults. 
The Tuberous Sclerosis Complex (TSC) is an autosomal 
dominant syndrome that also occurs in many patients 
with no previous family history, indicating a high sporadic 
mutation rate for these genes (1). The disease manifests 
as multiple hamartomas, which form in the heart, brain, 
kidney and skin.  The genes involved in tuberous sclerosis 
include TSC1 encoding the hamartin protein, and TSC2 
encoding the tuberin protein. Mutations and subsequent 
biallelic inactivation of either TSC1 (located at 9q34) 
or TSC2 (located at 16p13) have been demonstrated in 
SEGAs (2). LOH more commonly involves TSC2 (57%) 
compared to TSC1 (4%); although LOH is less common 
in brain lesions (4%), it is much more common in renal 
angiomyolipomas and cardiac rhabdomyomas (56%) (3-
5). Biallelic inactivation is suggested to lead to the loss 
of proteins that inhibit mammalian target of rapamycin 
(mTOR) disrupting a large number of tightly regulated 
cell functions (6, 7). Previous studies have shown that the 
inactivation of TSC1 or TSC2 genes can be demonstrated in 
numerous sporadic tumor types in multiple organ systems 
(8-10). Dysregulation of the mTOR pathway appears to be 
primarily due to TSC gene inactivation in SEGAs. Studies 
have illustrated the link between mTOR dysregulation and 
the phosphorylation of its downstream substrates RPS6 
and 4EBP-1 (11, 12). These two downstream proteins, 
when phosphorylated, positively regulate the translation 
of proteins important for cell growth and replication            
(Figure 2) (1).

Currently, SEGA is considered among the astrocytic 
neoplasms by the WHO classification system and is 
described as a slowly growing tumor composed of “gangli-
oid astrocytes”. Earlier studies concerning the origin of 
SEGA supported the current classification of this tumor 
as a variant of astrocytoma due to a lack of significant 
neuronal specific marker expression and fairly consistent 
presence of GFAP (13). Tumors found to be GFAP negative 
in these early studies were exclusively found in patients 
that also had tuberous sclerosis (13, 14). This interesting 
finding was hypothesized to be the result of specific gene 
mutations in tuberous sclerosis, which may result in an 
inability to produce GFAP (13). Later studies, including 
the data presented here, have shown variable presence of 
both glial and neuronal specific markers in SEGAs with and 
without TSC mutations (15). Thus, the exact cell of origin 

for SEGAs is debatable since the neoplasms demonstrate 
evidence of divergent differentiation despite their mainly 
astrocytic appearance (15-17). 

While most SEGAs are easy to recognize on morphological 
grounds, some larger tumors or smaller samples may be 
diagnostically challenging and may raise other possibilities 
such as “gemistocytic astrocytoma” or pleomorphic xant-
hoastrocytoma. In order to determine the practical diag-
nostic value in identifying the mutated protein and aid in 
differential diagnosis, we analyzed the expression of tuberin 
and hamartin proteins in 9 patients with SEGA diagnosed 
within our institution between 1996 and 2010 (Table I). 
In addition, we evaluated the immunohistochemical exp-
ression of phosphorylated RPS6 and 4EBP1 regulatory 
proteins that are downstream to the hamartin-tuberin 
heterodimer in the mTOR pathway. Finally, we analyzed 
a set of common neuroepithelial and tumor-associated 
markers such as isocitrate dehydrogenase 1 and 2 (IDH1 
and IDH2) mutations shown to be common in infiltrating 
astrocytomas. 

MATERIAL and METHODS

Patients- We have searched the department of pathology 
archives for any patient diagnosed with subependymal 
giant cell astrocytoma (SEGA) between 1996 and 2010. 
Inclusion criteria for patients in the study were a previous 
diagnosis of SEGA with sufficient tumor tissue and clinical 
information. Consultation cases without available paraffin 
tissue, small samples and cases without sufficient clinical 
information were excluded. Appropriate permission for 
the study was obtained from the Committee for Human 
Research (CHR) of our institution (CHR no 10-00028).

Immunohistochemistry – Paraffin embedded tissue blocks 
were collected from the division of Neuropathology and 
1 referred case from another institution (patient #9). 4–6 
micron thick tissue sections were cut from the tissue blocks 
and applied to slides. The tissue was deparaffinized in xylene 
using three changes for 5 minutes each. Sections were 
hydrated gradually through graded alcohols: washed in 
100% ethanol twice for 10 minutes each, then 95% ethanol 
twice for 10 minutes each. Finally, the tissue was washed in 
deionized H2O for 1 minute with stirring and excess liquid 
was then aspirated from the slides. After antibody exposure, 
immunoperoxidase staining was performed utilizing a 
preformed avidin-biotinylated horseradish peroxidase 
complex as a detection reagent. The following antibodies 
were used on the prepared SEGA tissue specimens: 
Hamartin and Tuberin (polyclonal antibodies raised against 
N-terminus amino acids 1-300 of the respective human 
proteins, Santa Cruz Biotechnology Inc, dilutions 1:50 for 
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hamartin, 1:50 for tuberin), P-4E-BP1 (monoclonal antibody 
raised against a synthetic phosphopeptide of mouse 4E-
BP1, Cell Signaling Technologies, dilution 1:800), RPS6-P 
(polyclonal antibody raised against human phosphorylated 
S6 ribosomal protein, Cell Signaling Technologies, dilution 
1:200), neurofilament protein (Sigma Chemicals, 1:20.000), 
synaptophysin (DAKO, 1:150), CD34 (Novocastra, 1:400), 
Olig-2 (IBL Co., 1:400), Ki67/MIB-1 (DAKO, 1:1000), and 
GFAP (DAKO, 1:3000). Pepsin treatment of slides was also 
performed for a batch with GFAP antibody staining.

Immunostaining results were subjectively evaluated on a 
scale from 0 to +3 based on quartiles. 0 indicates no visible 
staining in tumor, +1 indicates positive staining in less than 
a quarter of tumor cells, +2 indicates positivity in up to half 
of tumor cells, and 3+ indicates strong positive staining in 
more than half of tumor cells. Staining results for Ki-67 
was based on counting 1000 cells in the area of the tumor 
perceived to have the highest number of positively stained 
nuclei.

PCR analysis of IDH1 and IDH2 genes–formalin fixed, pa-
rafin embedded (FFPE) specimens were micro dissected 
to isolate tumor cells (when necessary), deparaffinized, 
digested (in a 56° C water bath for a minimum of 48 ho-
urs) and extracted using Qiagen DNA Mini Kit. DNA was 
quantified using a Nanodrop spectrophotometer. PCR was 

subsequently performed on an ABI 9700 thermocycler in 
a 20uL total volume reaction containing: 200 ng DNA; 1x 
Roche 480 Probes Master Mix®; 0.30 µM primers [IDH1 
Exon 2 (Forward: TATTCTGGGTGGCACGGTCT, Rever-
se: GGTCTTTAAAGGTTGAACATA CAC); IDH2 Exon 
4 (Forward: GCTGCAGTGGGACC ACTATT, Reverse: 
GAGACGTC ATGTTC CGGTGT)]. PCR cycling condi-
tions were constructed as follows: 1. Denaturing at 95° C 
for 2 min., 2. 35 cycles including 95° C for 0.5 min, 56° C 
for 0.5 min, 72° C for 0.5 min, and extension at 72° C for 
7 min., 3. Cooling at 4° C on hold setting. PCR products 
were then purified using Affymetrix/usb ExoSAP-IT (Santa 
Clara, CA). Specimen was then diluted out 1:3 with high-
grade water. Cycle sequencing was subsequently performed 
using ABI Big Dye Terminator v1.1 Cycle Sequencing Kit 
(Life Technologies, Carlsbad, CA) in a 10uL reaction using: 
1.0 μl Big Dye® Terminator v1.1, 0.5 μl primer (10 pmol/ 
μl working concentration), and 1.0 μl amplicon; on an ABI 
9700 thermocycler. Big Dye cycling conditions were cons-
tructed as follows: 1. Hold for 1 min at 96° C., 2. 25 cycles 
including 96° C for 10 sec, 50° C for 5 sec, and 60° C for 1 
min. 3. Hold at 4° C. Big Dye® Terminator reaction products 
were purified using Princeton Separations CENTRI-SEP 
spin columns (Princeton Separations, Adelphia, NJ) and 
subsequently run on an ABI 3130 sequencer for analysis.

Patient
#

Male/
Female

Age
at Dx

Tuberous 
sclerosis 

confirmed 
Y/N

Comorbid
Tubers or
Nodules

Y/N

Seizures
Y/N Treatment

Living after 
F/U
Y/N

F/U 
(mths)

Recurrence/
Progression

Y/N

1 F 17 Y Y Y STR+Rad Y 173 N
2 F 1 Y Y Y STR N 26 ?
3 F 6 Y Y Y GTR Y 128 N
4 F 8 N N N GTR Y 94 N
5 M 7 Y Y Y STR Y 93 N
6 M 29 N N N STR Y 76 Y
7 M 18 Y Y Y STR Y 72 Y
8 M 4 Y Y Y STR Y 67 Y
9 M 57 Unk Unk N Unk Unk Unk Unk

Table I shows clinical information pertaining to all 9 patients from which our SEGA specimens were collected. The male: female ratio was 
5:4 with an age at diagnosis range of 1 to 57 years old. Tuberous sclerosis gene mutations were found in 6/9 patients, while 2 of the 9 patients 
were found to have normal genes and patient 9 status was yet to be determined. All patients who tested positive for tuberous sclerosis gene 
mutations were found to have either comorbid cortical or subependymal nodules and tubers, while the two patients testing negative for the gene 
mutations had no comorbid findings. Those who tested positive for gene mutations also experienced seizures as a primary symptom while those 
who tested negative did not have seizures. Patient treatment information included subtotal resection with radiosurgery (STR+Rad), subtotal 
resection alone (STR) or gross total resection alone (GTR). Follow-up time (F/U) varied from 26 to 173 months with only one confirmed 
fatality with patient 2. Confirmed recurrence or progression was confirmed in 3 of the 9 patients. Unk indicates unknown at this time.

Table I: Clinical features of patients with subependymal giant cell astrocytoma
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solid lesions. Time to recurrence was 1 year for two of the 
patients and 5 years for the other.

Pathological features:

Histological evaluation was performed by two of the 
authors (BB, TT). All tumors had diagnostic features 
of SEGAs according to WHO criteria. The tumors were 
predominantly composed of polygonal tumor cells 
resembling gemistocytes within a rich but variably fibrillar 
background. All tumors also harbored more spindled 
cells with prominent processes and occasional larger cells 
resembling ganglia. The larger cells had  enlarged nuclei 
with prominent nucleoli. Scattered mitotic figures up to 
2 per 10 high magnification fields were seen in almost 
all cases. Scattered small lymphocytic infiltrates and rare 
isolated mast cells were recognized in all cases. All of the 
cases had sufficient tissue for diagnosis and we did not 
have any tumor where there was uncertainty in diagnosis 
because of small tissue samples or ambiguous morphology.

Hamartin and tuberin expression was found to be relatively 
decreased in SEGA specimens compared to control tissue 
(Table II, Figure 2). RPS6 and 4EBP1 expression was found 
to be greater in SEGA specimens compared to control (Table 
II, Figure 2).  GFAP was strongly positive in only half of the 
cases (Table II, Figure 3). Synaptophysin was positive in all 
tumors. Staining for CD34 (a marker often observed in well 
differentiated glio-neuronal tumors) and Olig2 (a nuclear 

RESULTS

There were 5 male and 4 female patients with a median 
age at diagnosis of 16 years (range: 1 to 57 years; see Table 
I). Tuberous sclerosis gene mutations were confirmed in 
six of the nine patients, while two patients were found to 
have normal TSC genes and the genetic status of patient 
#9 was pending at the time of this report. All patients who 
tested positive for tuberous sclerosis gene mutations were 
found to have either comorbid cortical or subependymal 
nodules and tubers, while the two patients testing negative 
for the gene mutations had no comorbid findings (Figure 
1). Those who tested positive for gene mutations also 
experienced seizures as a primary symptom while those 
who tested negative did not have seizures. Additional 
clinical symptoms observed include headache in patients 
1, 2, 5, and 6, nausea and vomiting in patients 1, 2 and 5, 
weakness and malaise in patient 1, visual changes in patients 
1 and 6, and incontinence in patient 2. Details of clinical 
information were not available for  patient #9 at the time 
of this report. One patient underwent subtotal resection 
with radiosurgery (STR+Rad), 5 were treated with subtotal 
resection alone (STR) and 3 had gross total resection 
(GTR). Follow-up time (F/U) varied from 26 to 173 months 
with only one confirmed fatality. Patient #2 died after STR 
and 26 months follow-up. Recurrence or progression was 
observed in 3 of the 9 patients. All recurrences were in 
the form of newly developed, radiologically confirmed 

GFAP SYN OLIG2 Ki67 CD34 Ham Tub RPS6-P P-4EBP-1
Case 1 Pos (weak) Pos Neg 2% Neg 2+ 2+ 1+ 3+
Case 2 Pos Pos Neg 2% Neg 2+ 1+ 2+ 2+
Case 3 Neg Pos Neg 2% Neg 1+ 1+ 1+ 2+
Case 4 Pos Pos Neg 2% Neg 2+ 2+ 1+ 3+
Case 5 Pos Pos Neg 4% Neg 1+ 1+ 1+ 1+
Case 6 Neg Pos Neg 2% Neg 1+ 2+ 1+ 2+
Case 7 Neg Pos Neg 2% Neg 1+ 2+ 2+ 3+
Case 8 Pos Pos Neg 2% Neg 1+ 1+ 1+ 2+
Case 9 Pos Pos Neg 8% Neg 2+ 2+ 2+ 2+
Control 1 3+ 3+ 0 0
Control 2 3+ 3+ 0 0

Table II: Immunohistochemical results of subependymal giant cell astrocytomas

Table II shows immunohistochemistry results for all 9 SEGA specimens and the 2 non-pathological controls (from recent autopsy archives). Strong 
GFAP positivity was observed in 5 specimens with weak staining of 1 specimen and negative staining of the remaining 3 SEGAs. Synaptophysin 
was found to be positive in all 9 specimens while Olig2 and CD34 were found to be entirely negative in all specimens. Ki67 staining of the 
9 SEGAs showed a low proliferation rate, which ranged from 2% to 8%. SEGA staining for hamartin, tuberin, RPS6-P, and P-4EBP-1 were 
subjectively rated on a scale from 0 to 3+ based on comparison with control staining. Hamartin and tuberin staining of all 9 SEGAs showed 
decreased intensity (range 1+ to 2+) when compared to control (3+). RPS6-P and P-4EBP-1 staining of all 9 SEGAs showed increased intensity 
(range 1+ to 2+) when compared to control (0).
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Figure 1: Pre-operative contrast enhanced T1-weighted MR images of patients with SEGA. Cases 1-8. Top Row: Cases 1-4 from left to 
right respectively. Bottom Row: Cases 5-8 from left to right respectively.

marker present in most gliomas) were entirely negative in 
all tumor cells (Table II, Figure 3). All of the tumors stained 
with the neurofilament antibody were predominantly 
negative except for focal neurofılament positivity along the 
periphery where the tumors have an indistinct border with 
the neuropil. Ki-67 (MIB-1) showed a low proliferation rate 
ranging from 2% to 8% (only one case at 8%) supporting 
the indolent growth pattern of these tumors. The tumor 
with the highest Ki-67 labeling index had no evidence of 
recurrence or aggressive growth.

PCR analysis for mutations of IDH1 and IDH2 (often 
present in low grade infiltrating gliomas) were entirely 
negative in all tumor cells. 

DISCUSSION

Our study aimed at using the recently developed antibodies 
for hamartin and tuberin as adjuncts to pathological as 
well as molecular diagnosis. We had initially hoped that it 
would be possible to determine the missing protein at the 
immunohistochemical level to aid in the recognition of 
patients with TSC. Our results suggest that staining for either 
hamartin or tuberin is unlikely to be of diagnostic value due 
to positivity in almost all tumors and normal tissues, even if 

the expression is relatively decreased in SEGA as expected. 
It is also of interest that even in the setting of TSC1 or TSC2 
gene mutations, the protein is unlikely to be entirely absent 
from SEGA cells, thereby negating the diagnostic value of 
detecting the gene products.  An interesting observation 
with these antibodies was the fact that two of the SEGAs 
without either TSC1 or TSC2 mutations had near-identical 
immunohistochemical staining profile with respect to 
hamartin and tuberin. These results may imply technical 
challenges, but also suggest that the expression of these 
proteins in SEGAs is regulated in a more complex way than 
we presumed.

One possible explanation for presence of weakly positive 
immunostaining includes inactivation of the TSC 
heterodimer by tuberin phosphorylation by Akt (18) or 
Erk (19) in cases without TSC gene mutations. Both Akt 
and Erk kinases are located upstream of the TSC complex 
and are known to phosphorylate tuberin (TSC-2), which is 
thought to inhibit the GTPase enhancing activity resulting 
in mTOR activation (Figure 4). Therefore, activation of 
either of these two upstream kinases may result in mTOR 
dysregulation similar to that seen with TSC gene mutations. 
More specifically, it has previously been shown that Erk 
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Figure 3: Immunohistochemical staining of SEGA specimens with GFAP, synaptophysin, Olig2, and CD34. The first panel of 4 images 
shows GFAP staining with variable staining in different tumors: Top two images show positive staining while the bottom two show 
essentially negative staining with the GFAP antibody. All negative stains were repeated to confirm the staining intensity. The second panel 
shows two representative images of the weak synaptophysin (SPH) staining found in all tumors. Panel three shows two representative 
images of negative Olig2 staining, which was consistent in all 9 SEGAs. Panel four shows two representative images of negative CD34 
staining with positive staining in the vascular endothelium as internal control, which was also consistent in all tumors.

Figure 2:  Immunohistochemical findings in SEGA and normal tissue controls for hamartin, tuberin, RPS6-P, and P-4EBP-1 antibodies. 
Hamartin and tuberin antibody staining of SEGA specimens show only slightly decreased intensity compared to control staining when 
analyzed as a group. However, as seen in figure, they were not helpful in individual cases to determine whether there was a loss of the 
protein in SEGAs. RPS6-P and P-4EBP-1 antibody staining of SEGA specimens show significant increased intensity compared to normal 
controls, suggesting activation of the pathways downstream to mTOR.
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have less glial and more neuronal phenotype, at least on 
immunohistochemical grounds. 

While some of the immunohistochemical markers have 
come under scrutiny and suspicion in terms of their 
validity in showing neuronal differentiation, positive 
staining with neuronal markers along with negative GFAP 
and Olig-2 stains supports the suggestion of an ambiguous 
differentiation in SEGA (Figure 3). It is possible that the 
staining results obtained in our study reflect a technical 
problem or an aberration in the fixation pattern of paraffin 
blocks giving a false negative result. To account for this 
possibility, we have repeated all negative cases and have used 
pepsin digestion as an alternate method if the stain was still 
negative after two trials. In addition, two of the pathology 
specimens included small fragments of neuropil within the 
blocks, which showed strong unequivocal GFAP staining. 
While it is still possible that technical mishaps may account 
for the staining results in rare cases, we believe that GFAP 
staining can be truly negative in some SEGAs. Our results 
are in agreement with Ess and colleagues who found GFAP 
positive staining in 50% (4/8) of the SEGAs they analyzed 
(15). The results of their work illustrated the inconsistent 
presence of both glial and neuronal developmental 
markers in all their tumors and suggested SEGAs may 
develop from postnatally active neuroglial progenitor cells 

activation is present in all SEGAs and may also play a crucial 
role in tumor formation in tuberous sclerosis patients (19). 
Our data support the observations of other groups, which 
have shown that LOH is uniquely sporadic in SEGAs when 
compared to other tumors in TSC patients (3-5).  

The increased RPS6 and 4EBP1 immunostaining further 
confirms the activation of the mTOR pathway and the pos-
sible role these molecules may have in the growth of SEGAs, 
as previously suggested (1). This finding also implies that 
hamartin and tuberin detected on immunohistochemical 
studies are most likely dysfunctional molecules unable to 
inhibit activation of the mTOR pathway. Our results further 
justify the use of Rapamycin to control growth subtotally 
resected or non-resectable SEGAs (20-22).

In our experience, Olig-2 antibody has emerged as a 
quite reliable and easily interpretable marker of glial 
differentiation in diagnostic surgical neuropathology (23). 
In some instances where GFAP was not helpful, Olig-2 has 
greatly helped in the recognition of glial differentiation 
in tumors (unpublished observations). We have also 
presumed that Olig-2 could be another helpful marker 
in tumors where GFAP has been negative, but our results 
demonstrate complete absence of this nuclear stain in 
SEGAs. This finding is quite interesting, when combined 
with the results of the GFAP antibody that some SEGAs 

Figure 4: A schematic depiction of the signal transduction pathway including mTOR, TSC-1/TSC-2 regulatory complex, and downstream 
translation-modifying proteins RPS6 and 4EBP-1 believed to be involved in the growth of SEGAs. Abbreviations: PI3K: Phosphoinositide 
3-kinase, PDK1: Pyruvate dehydrogenase kinase isozyme 1, PTEN: phosphatase and tensin homolog protein, mTOR: mammalian target 
of rapamycin.
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