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1. Introduction 

The generic term "glioma" indicates a wide group of tumors of the central nervous 

system (CNS) arising from the glial component of CNS tissue that has a support 

and nutrition function for neurons [1,2]. Classically, based on the supposed 

specific cellular type of origin, gliomas are subclassified into astrocytomas, 

oligodendrogliomas, ependymomas, mixed gliomas (i.e. oligoastrocytomas) and 

other rarer subtypes, such as brain stem gliomas [3-5]. Gliomas are the second 

most common tumors of the CNS [6,7]. According to the fifth edition of the 

World Health Organization (WHO) Classification, they are distinguished on the 

basis of their growth pattern, into “diffuse”, which diffusely infiltrate the 

surrounding nervous tissue, and "circumscribed”, which rather display a more 

contained growth [7]; the clinical relevance of this distinction lies in the fact that 

circumscribed gliomas can be cured by surgical resection. Conversely, due to their 

intrinsic infiltrating nature, diffuse gliomas tend to recur after surgery and may 

require adjuvant treatment. The fifth WHO edition further classifies diffuse 

gliomas into “adult-type” and “pediatric-type”, first emphasizing that diffuse 

gliomas primarily occurring in adults and those primarily occurring in children 

exhibit distinct clinical and molecular features [7]. Because of the significant 

favorable prognostic value of IDH mutations and 1p/19q codeletion in diffuse 

gliomas in adults, they have been classified as: astrocytoma IDH-mutant, 

oligodendroglioma IDH-mutant and 1p/19q-codeleted, and glioblastoma IDH-

wild type (GBM IDHwt) [7]. According to specific histopathological or molecular 

features, astrocytoma IDH-mutant is graded as CNS WHO grade 2, 3, or 4, 

oligodendroglioma IDH-mutant and 1p/19q-codeleted as CNS WHO grade 2 or 3, 



while GBM IDHwt is classified as CNS WHO grade 4 [7]. Therefore, differently 

from the previous classification (2016), the designation of “glioblastoma” is now 

reserved to IDH-wild type tumors, whereas astrocytic IDH-mutant tumors with 

histologically worrisome features (microvascular proliferation and/or necrosis) are 

classified as IDH-mutant astrocytomas, CNS WHO grade 4 [7,8]. IDH mutations 

were first identified in diffuse gliomas in 2008 [6-16]. IDH1/IDH2 mutations 

determine a gain of function phenotype to the corresponding encoded proteins that 

lead to the 2-hydroxyglutarate overexpression [17]; this oncometabolite, through 

the induction of cytosine-phosphate-guanine (CpG) island methylator phenotype 

(G-CIMP), lead to diffuse hypermethylation in gene promoter regions, silencing 

the expression of multiple cellular differentiation factors and promoting glioma 

onset Approximately 90% of IDH-mutant diffuse gliomas harbor the IDH1 

p.R132H mutation[7,8], which can be detected via immunohistochemistry using a 

specific antibody. Of the remaining 10%, 5% displayed other mutations in IDH1 

at residue R132, and 5% displayed mutations in IDH2 at residue R172 [8]. DNA 

sequencing is required to identify IDH2 and IDH1 mutations that differ from 

p.R132H (so-called “non-canonical IDH mutations) [8]. Over the last decade, a 

novel diagnostic approach, as an alternative to histopathology, has been used for 

tumors of the central nervous system. This is based on the concept that different 

tumor types harbor distinct DNA methylation profiles depending on their cell of 

origin and the molecular alterations that they acquire during tumorigenesis [7,8]. 

In 2018, CNS tumors were distinguished in 82 methylation classes [8]. The 

methylation class family glioma IDH-mutant included three subclasses: i) 

subclass astrocytoma (mainly including tumors histologically classified as CNS 



WHO grade 2 or 3); ii) subclass high-grade astrocytoma (mostly formed of tumors 

histologically classified as CNS WHO grade 3 or 4); and iii) subclass 1p/19q 

codeleted oligodendroglioma. Other subtypes with distinct DNA methylation 

profiles have been recently described.  

 

2. Astrocytoma, IDH-mutant [7-35] 

The majority of IDH-mutant astrocytomas are localized in the supratentorial 

compartment, and specifically in the frontal lobes, similar to oligodendrogliomas 

IDH-mutant and 1p/19q codeleted. Although a subset of tumors may localize to 

the infratentorial compartment, they represent a molecularly distinct tumor type, 

which is discussed in a separate section of this review. IDH-mutant astrocytomas 

mainly affect young adults, with a median age of 37 years at diagnosis. According 

to the fifth edition of the WHO Classification, this is defined as a diffusely 

infiltrating IDH1- or IDH2-mutant glioma with frequent ATRX and/or TP53 

mutations and the absence of 1p/19q codeletion (which instead characterizes 

oligodendroglioma). Therefore, the mere presence or absence of specific genetic 

features defines this tumor type, whereas a diffuse growth pattern represents the 

only histological diagnostic criterion. However, while the mutation at codon 132 

of IDH1 or codon 172 of IDH2 is an essential diagnostic criterion, demonstrating 

the absence of 1p/19q codeletion is not necessary in cases showing ATRX 

mutations or the immunohistochemical loss of ATRX protein. ATRX encodes a 

chromatin-binding protein that acts as epigenetic and functionality regulator for 

telomeres. Particularly, its absence seems to induce an abnormal telomere 

maintenance mechanism called “alternative lengthening of telomeres” (ALT), able 



to preserve neoplastic cells from senescence. Interestingly, ATRX loss is mutually 

exclusive with mutations of telomerase reverse transcriptase (TERT) gene, which 

induce the activation of cellular immortality mechanism mediated by telomerases, 

found instead tipically in IDH-mutant and 1p/19q codeleted oligodendrogliomas 

and IDH-wild type GBMs.  

It should be emphasized that the assessment of ATRX immunostaining should 

always consider the endothelial or other non-neoplastic cells that serve as internal 

positive controls for the immunoreaction. ATRX mutations determine genomic 

instability and p53-dependent cellular death; consequently, TP53 mutations in 

IDH-mutant astrocytomas enables cell survival in the context of ATRX deficiency. 

Immunohistochemical staining of p53 protein is commonly used in routine 

practice as a surrogate for TP53 mutation; indeed, immunopositivity of >10% 

tumor nuclei is considered to predict the presence of TP53 mutations with a high 

diagnostic accuracy. Therefore, strong widespread immunostaining for p53 

supports the diagnosis of astrocytoma IDH-mutant in the differential towards 

oligodendroglioma IDH-mutant and 1p/19q codeleted. Histologically, IDH-mutant 

astrocytomas may range from well-differentiated, low-density and lowly 

proliferative tumors to anaplastic, hypercellular and highly proliferating tumors. 

Their histopathological features, together with genetic features consisting of the 

homozygous deletion (HD) of CDKN2A/B, are used as criteria for grading these 

tumors. Astrocytoma IDH-mutant CNS WHO grade 2 is defined as an infiltrative 

tumor, with a mild to moderate cellularity, lacking microvascular proliferation, 

necrosis, and CDKN2A/B HD, which is composed of glial cells with mild nuclear 

atypia, oval hyperchromatic nuclei and absent or uncommon mitoses. Compared 



to CNS WHO grade 2, astrocytoma IDH-mutant CNS WHO grade 3 features 

higher tumor density, even focal anaplasia, and significant mitotic activity. 

Although the cut-off of mitoses distinguishing CNS WHO grade 2 and 3 

astrocytomas IDH-mutant has not been established, one mitosis is sufficient for 

the designation of grade 3 in small biopsies, whereas more are required in larger 

specimens. Finally, IDH-mutant astrocytoma is classified as CNS WHO grade 4 in 

the presence of microvascular proliferation and/or necrosis and/or CDKN2A/B 

HD. The latter has been incorporated as a criterion for grading astrocytomas IDH-

mutant in the fifth WHO edition because tumors histologically defined as grade 3 

and showing this genetic abnormality had a clinical course corresponding to that 

of grade 4 tumors. According to the WHO classification, an astrocytoma IDH-

mutant with histological features consistent with CNS WHO grade 2 is diagnosed 

as CNS WHO grade 4 if CDKN2A/B HD is present. Therefore, the analysis of 

CDKN2A/B HD is mandatory for the proper grading of these tumors, according 

to the WHO. CDKN2A/B HD can be identified using fluorescence in situ 

hybridization (FISH), methylation profiling, or next-generation sequencing. All 

these techniques have several limitations and require expert personnel to interpret 

the results. FISH analysis is carried out using two probes: one that hybridizes to 

chromosome 9 centromeric sequences, and another that covers a region of 9p that 

includes CDKN2A, CDKN2B, and MTAP genes. Therefore, FISH may give false-

positive results in cases with deletions smaller than the region covered by the 9p 

probe. In addition, there is currently no consensus on the cut-off for nuclei with 

CDKN2A/B HD required to define the presence of this genetic alteration. In a 

study of 121 IDH-mutant astrocytomas using FISH and a cut-off of 30% deleted 



nuclei, CDKN2A/B HD was found in 1.8%, 3.2% and 27% of cases histologically 

classified as grade 2, 3 or 4. Notably, this genetic alteration was significantly 

associated with a worse prognosis only in tumors histologically classified as grade 

4 (i.e. with microvascular proliferation and/or necrosis) and this result was 

invariable using a cut-off value of 10% or 20% nuclei with CDKN2A/B HD. 

Another study, using FISH and a cut-off of 10% nuclei, did not find CDKN2A/B 

in any of the 15 analyzed IDH-mutant astrocytomas histologically classified as 

grade 2. In the Tumor Cancer Genome Atlas (TCGA) merged cohort of lowgrade 

gliomas and glioblastomas (accessible at www.cbioportal.org), we found 

CDKN2A/B HD in 4/110 (3.6) and in 7/102 (7%) IDH-mutant astrocytomas 

histologically defined as grade 2 or 3. CDKN2A/B HD was significantly 

associated with shorter patient overall survival in the latter (P=0.0229), but not in 

the former (P=0.161). Therefore, CDKN2A/B seems to be rare in IDH-mutant 

astrocytomas histologically classified as grade 2 and its prognostic value in this 

setting probably needs further confirmation. CDKN2A encodes for the p16 

protein; however, whether the immunohistochemical loss of p16 correlates with 

CDKN2A homozygous deletion is controversial. Therefore, the p16 

immunohistochemical assessment is not recommended as a surrogate for 

CDKN2A homozygous deletion. Since MTAP is located on chromosome 9p21, 

only 165kb telomeric to CDKN2A, and it is often deleted simultaneously with 

CDKN2A in tumors, immunohistochemical loss of MTAP protein has been 

recently proposed as a surrogate for CDKN2A/B homozygous deletion. Although 

further studies are needed to validate its use in clinical practice, the loss of MTAP 

seems to predict CDKN2A/B with a high sensitivity (88%) and specificity (98%). 



Although the morphology of histologically defined astrocytomas IDH-mutant 

CNS WHO grade 4 was traditionally considered overlapping with that of 

glioblastoma IDH-wildtype, some differences exist between these tumor types. 

Indeed, zonal and/or palisading necrosis is considerably more frequent in IDH-

wild type glioblastoma than in IDH-mutant astrocytoma CNS WHO grade 4 (90% 

vs 50%) (Nobusawa et al., 2009). In addition, the latter features significantly more 

TP53 (96.2% vs 27%) and ATRX (76.9% vs 4.6%) mutations and less frequent 

EGFR amplification (0% vs 46.3%), CDKN2A/B HD (16.7% vs 57.7%) and 

PTEN alterations (4.2% vs 33.9%). 

 

3. Glioblastoma, IDH-wild type (WHO grade 4) [36-43] 

GBM is a malignant glioma with astrocytic differentiation, characterized by high-

grade histological features, necrosis and/or microvascular proliferation in absence 

of mutations of IDH1/2 genes. WHO assigns a histological grade 4 to this entity. 

It tipically affect adult patients with a median age of 62 years. Although GBM can 

arise anywhere in the CNS, it usually affect the supratentorial region; temporal 

lobe is the most frequent site, followed by parietal lobe, frontal lobe and occipital 

lobe. Basal ganglia and thalamus also represent common locations; rare sites 

include brain stem, cerebellum and spinal cord. Hemispheric GBMs usually tend 

to infiltrate through corpus callosum the contralateral hemisphere (so-called 

“butterfly GBM”). Leptomeningeal spread is also common. 

The obsolete term “glioblastoma multiforme” well suggests the multiple 

histological aspects showed by the tumor; classically, GBM is a hypercellular 

lesion, composed of poorly differentiated cells with cytonuclear pleomorphism 



and high mitotic index with tendency to display necrosis and/or microvascular 

proliferation, both representing essential diagnostic clues. Morphology of these 

tumors varies from patient to patient and also within the same tissue, ranging from 

forms in which it is still possible to recognize the astrocytic nature of neoplastic 

cells to undifferentiated ones.  GBM may be composed of spindle, epithelioid or 

round-shaped cells, from large to small in size and may also contain lipidized, 

giant, granular, small cells or an oligodendroglioma-like component (i.e. round 

cells with rounded nuclei and clear perinuclear halo). GBM may also show 

metaplastic changes, such as epithelial squamous metaplasia or areas with 

glandular and ribbon-like epitelial structures. The mesenchymal differentiation of 

neoplastic cells may be so marked as simulate a true biphasic tumor with glial and 

mesenchymal components: in this cases a diagnosis of “gliosarcoma” is 

encouraged. As previously mentioned, microvascular proliferation and necrosis 

represent the diagnostic hallmarks of GBM: the former consists of proliferating 

vessels lined by multilayered and mitotically active/Ki-67 positive endothelial 

cells, often assuming a tortuous and glomeruloid appearance, the latter may 

display a palisading morphology consisting of multiple, irregular-shaped, often 

confluent necrotic foci surrounded by radially oriented neoplastic cells. 

IDH wildtype GBM variably express glial cell lineage markers, such as GFAP, 

OLIG-2, S100 and Vimentin, and EGFR in about 40-50% of cases. IDH R132H is 

typically negative in these forms. Ki-67 proliferation index may be extremely 

variable, ranging from cases with a Ki-67 >50%, to cases with low proliferative 

activity; however, frequent values are 15-20%. 



When pathologists face with an adult diffuse gliomas, IDH-wt, lacking necrosis 

and/or microvascular proliferation, a diagnosis of GBM IDHwt  may be rendered 

based on the presence of at least one of the following molecular features: i) 

combined chromosome 7p gain and 10q loss, ii) EGFR amplification, iii) TERT 

promoter mutation. 

Chromosome 7p gain combined to 10q loss represents the most common genetic 

signature of GBM. EGFR amplification is relatively common in GBMs and it is 

frequently associated with EGFR immunohistochemical overexpression (70-80%). 

Mutations of PTEN gene occur in 25-35% of IDH-wildtype GBMs, as well as 

mutations of TP53, far rarer in this entity, in about 25% of cases. CDKN2A 

deletions and TERT promoter mutations are common in IDH-wildtype GBM. By 

definition, IDH1 and IDH2 genes are wildtype. 

Despite the progress made in treatment of GBM patients, this tumor still remains 

fatal with the majority of patients dying within 18 months after diagnosis. 

Presence of MGMT promoter methylation is the strongest indipendent  prognostic 

and predictive factor of therapeutical response: only 35% of patients have 

methylated MGMT promoter, but about 90% of long-term survivors present this 

specific molecular trait. Patients who carry MGMT promoter hypermethylation 

are more sensitive to alkylating chemotherapeutical agents, such as temozolamide.  

No significant correlation has been found between EGFR amplification and 

survival. 

 

4. Oligodendroglioma, IDH-mutant and 1p/19q codeleted (WHO grade 2) 

[44-46] 



Oligodendrogliomas are diffusely infiltrating gliomas, first described by Bailey 

and Cushing in 1926, [47] which by definition harbour mutations in the IDH1 or 

IDH2 gene, associated with a characteristic complete co-deletion involving the 

chromosomal arms 1p and 19q. When the mutational status of the IDH1 / IDH2 

genes and / or the presence or absence of 1p / 19q codeletion is not evaluable, or 

provides inconclusive results, WHO recommends the diagnostic use of the term 

"oligodendroglioma, not otherwise specified ( NOS). 

WHO grade II oligodendrogliomas are rare neoplasms, accounting for about 1.2% 

of all brain neoplasms and about 6% of all human gliomas and occurring mainly 

in adults, with an average age at the diagnosis of about 40 years old; 

Oligodendrogliomas develop, in most cases, from the white matter of the cerebral 

hemispheres; the frontal lobes are the most frequent affected site, followed by the 

temporal, parietal and occipital lobes respectively. Extremely rare localizations 

are the posterior cranial fossa, the basal ganglia, the brain stem and the spinal cord. 

Cases of oligodendrogliomas involving more than one cerebral lobe and bilateral 

growth have also been described. Rarely, they may also have leptomeningeal 

growth or a diffuse ab initio onset, in the form of gliomatosis cerebri (peculiar 

growth pattern, involving different portions of the CNS, with no formation of 

well-defined nodules).  

Histologically, WHO grade 2 oligodendroglioma is a moderately cellular 

neoplasm consisting of a fairly homogeneous population of round-shaped cells, 

with a rounded central nucleus, and a characteristic perinuclear clear halo of 

artifactual nature, due to the procedures of formalin fixation and paraffin 

embedding, that confer to the tumor its characteristic "fried egg" morphology. 



Cytologically, neoplastic cells are characterized by hyperdense chromatin with 

“salt and pepper” aspects. Oligodendrogliomas have a fine and delicate 

vascularization, consisting of small, thin-walled, branching capillaries, forming 

the characteristic “chicken-wire” pattern. Presence of numerous intratumoral 

microcalcifications is a typical, albeit not pathognomonic finding. Some WHO 

grade II oligodendrogliomas present mucoid and/or microcystic degeneration, 

intratumoral nodules characterized by increased cellularity and a component of 

neoplastic cells with astrocytic morphology; however, even in the presence of a 

morphologically similar to astrocytes cellularity, the evidence of mutation of the 

IDH1 or IDH2 gene, associated with 1p/19q codelection, allows the diagnosis of 

IDH-mutated and 1p/19q-codeleted oligodendroglioma. Mitoses are generally 

absent, but in some cases the presence of an occasional mitosis and/or nuclear 

atypia is still compatible with the diagnosis of WHO grade II IDH-mutant and 

1p/19q-codeleted oligodendroglioma. Increased mitotic activity, necrosis and 

microvascular proliferation are absent. 

Immunohistochemically, most oligodendrogliomas are positively stained with 

anti-IDH-1 R132H antibody; however, the absence of positivity for this antibody 

does not rule out the diagnosis, as there are rarer mutations of IDH2 or IDH-1 

gene different from R132H portion that are not recognized by the abovementioned 

antibody; molecular test of gene sequencing must be performed in this setting. 

Typically, IDH-mutant and 1p/19q-codeleted oligodendrogliomas retain nuclear 

expression of ATRX and do not exhibit p53 overexpression, differently from the 

IDH-mutant astrocytoma group. Oligodendroglioma cells show diffuse and strong 

positivity for OLIG-2, S100 and Microtubule Associated Protein 2 (MAP-2); 



MAP-2 in this category of neoplasms shows an intense perinuclear cytoplasmic 

expression, with no evidence of cytoplasmic processes, more typical of astrocytic 

neoplastic cells. Vimentin is usually negative in WHO grade 2 

oligodendrogliomas, while it can be positive in the higher grade forms. The 

positivity for GFAP is variable, as this antibody can stain both reactive entrapped 

astrocytes and neoplastic cells with astrocytic morphology. Ki-67 proliferative 

index is generally <5%. 

In addition to the already mentioned “entity-defining” IDH1/2 mutations and the 

complete codeletion of chromosomal arms 1p and 19q, most of the grade II IDH-

mutant and 1p/19q-codeleted oligodendrogliomas present TERT promoter 

activating mutations, while, on the contrary, they typically do not harbour ATRX 

and TP53 mutations. This is consistent with the fact that, in human gliomas, the 

presence of 1p/19q codelection appears to be mutually exclusive with TP53 gene 

mutations and TERT promoter mutations never occur alongside those of ATRX 

gene. WHO grade 2 oligodendrogliomas have a relatively good prognosis, with a 

mean overall survival of approximately 12 years and a 10-year survival rate of 

approximately 50%; they tend to locally recur after surgical excision; histological 

malignant progression after local recurrences is common, although this event 

occurs more slowly than the astrocytic counterpart of same histological grade. 

 

5. Oligodendroglioma, IDH-mutant and 1p/19q codeleted (WHO grade 3) [45, 

47-52] 

It is a tumor that harbors by definition mutations of the IDH1 or IDH2 genes, 

combined to 1p/19q codeletion; anaplastic oligodendroglioma presents at least 

focal histological findings of anaplasia, including brisk mitotic activity and/or 



microvascular proliferation. It preferentially occurs in adults, with a mean age at 

diagnosis slightly higher than that of grade 2 oligodendrogliomas, of about 50 

years. Anaplastic oligodendroglioma generally arises at hemispheric level; the 

frontal lobes represent the most frequent site of involvement, followed by the 

temporal ones; other rarer sites (spinal cord, brain stem, etc.) have also been 

described. It can develop de novo, or as progression from a IDH-mutant and 

1p/19q-codeleted WHO grade 2 oligodendroglioma, with an estimated median 

time to progression of approximately 6-7 years. 

WHO grade 3 oligodendrogliomas are highly cellular neoplasms, that diffusely 

infiltrate the surrounding brain parenchyma and are composed of cells with 

morphological features resembling those of oligodendroglial cells (rounded shape, 

round nucleus, clear perinuclear halo); however, features of anaplasia are 

invariably present: foci of necrosis, microvascular proliferation, nuclear 

pleomorphism and brisk mitotic activity. Particularly, detection of brisk mitotic 

activity (defined by some authors as > 6 mitoses/10 HPF) and/or microvascular 

proliferation are mandatory to render this diagnosis. Branching vascular pattern is 

also often present in garde 3 oligodendrogliomas, as well as microcalcifications. 

These tumors can also display an astrocytic morphology, which, if combined to 

the frequent presence of necrosis and microvascular proliferation, can erroneously 

lead to the diagnosis of grade 4 glioblastoma. WHO grade 3 anaplastic 

oligodendrogliomas share the same immunohistochemical finding with their lower 

grade counterparts; however, Ki-67 proliferative index appears to be higher, 

generally> 5%, although a specific cut-off point has not been established. 



Almost all grade 3 anaplastic oligodendrogliomas have IDH1/2 gene mutations, 

associated with 1p/19q codeletion; more than 95% of them also harbour mutations 

of TERT promoter gene and, in 60% of cases, CIC gene mutations. ATRX and 

TP53 are frequently wildtype. MGMT promoter is frequently hypermethylated, 

which gives these tumors higher sensitivity to the alkylating agent temozolomide. 

WHO grade 3IDH-mutant and 1p/19q-codeleted oligodendrogliomas, despite 

having a poor prognosis, are characterized by better survival rates than WHO 

grade 3 astrocytomas, IDH-mutant. Median overall survival is about 3.5 years and 

the 10-year survival rate is about 39%. Local relapse and progression of the 

disease is the leading cause of death. 

 

6. Pilocytic astrocytoma (WHO grade 1) [53-57] 

Pilocytic astrocytoma (PA) is a slow-growing tumor, genetically characterized by 

the tandem duplication KIAA1549-BRAF and mutations in genes coding for 

proteins of the MAPK pathway. WHO assigns to PA a histological grade I. PA 

commonly arises in children and adolescents with a male predilection, but it can 

occurs at any age. PA is mainly located in the cerebellum and others midline 

structures, including optic pathways, brain stem and spinal cord. PA is the most 

frequent glioma associated to type 1 neurofibromatosis (NF1) and the optic 

pathways are the most frequent affected site in this clinical setting. 

PA is a lowly/moderately cellular lesion with a biphasic pattern, consisting of 

compacted bipolar cells with Rosenthal fibres and multipolar cells embedded in a 

loose, sometimes myxoid or microcystic background containing eosinophilic 

granular bodies. Scattered mitoses, pleomorphic nuclei, foci of necrosis, 

microvascular proliferation and leptomeningeal spread may be encoutered. 



Morphology of PA may be very heterogeneous and tumors with  

oligodendroglioma-like aspects may also occur. Due to the slow-growing biology 

of these tumors, sometimes regressive changes, including hyalinized ectatic 

vessels, haemorrhage with haemosiderin deposits, infarct-like necrosis, 

calcifications and perivascular lymphocytic infiltration are prominent features. 

Immunohistochemical tests tipically reveal strong positivity for GFAP, OLIG-2 

and S100; synaptophysin may be weakly positive and should not be interpreted as 

evidence of glioneuronal neoplasm. P53 is absent or weakly positive; IDH1 

R132H is tipically negative. A small subset of PAs shows an 

immunohistochemical positivity for BRAFV600E. Ki-67 index is tipically very 

low. 

A tandem duplication of 7q34 in BRAF gene, resulting in a fusion gene between 

KIAA1549 and BRAF, is the most typical genetic change of PAs (present in >70% 

of patients). In addition to KIAA1549-BRAF fusion (present in almost all cases 

located in the cerebellum), all PAs present alterations in genes involved in the 

MAPK pathway, including NF1 and BRAFV600E mutations (more common in 

supratentorial neoplasms). IDH-1/2, TP53 and ATRX are tipically wild-type. 

Prognosis of PA is tipically favourable with 10 years OS rate >95% after surgery. 

Rarely, PA can recur and progress in forms with anaplastic changes; however, the 

concept of anaplastic transformation of AP and the histological parameters of such 

anaplastic changes have not yet been well clarified, being limited only to cases 

recurred after surgery, or undergone prior irradiation therapy. 

 

 



7. Ependymoma [58-65] 

Ependymomas are circumscribed gliomas composed of small cells with rounded 

nuclei arranged in perivascular pseudorosettes and ependymal rosettes. They can 

affect almost all sites of CNS; however, ependymomas of children  preferentially 

occur intracranially (posterior fossa is the preferred site), whereas in adults they 

are most frequently spinal tumors. WHO classification recognizes multiple 

clinico-pathological entities by assigning them different histological grades. 

Briefly, subependymomas (WHO grade 1) are mostly located to the fourth or the 

lateral ventricles. Myxopapillary ependymomas (WHO grade 2), preferentially 

occurs in the lower spinal cord (conus medullaris, cauda equina and filum 

terminale). The category of classic ependymomas (WHO grade 2) comprise 

different histopathological variants, including papillary, clear cell, or tanycytic 

ependymoma. Anaplastic ependymomas (WHO grade 3) are hypercellular 

neoplasms with high mitotic count, necrosis, and microvascular proliferation. In 

2016 WHO introduced a novel molecularly defined subset of ependymomas, 

characterized by RELA fusion gene (“Ependymoma, RELA fusion-positive”). 

defines a distinct category of supratentorial WHO grade 2 and grade 3 

ependymomas in children and young adults. Immunohistochemical staining for 

L1CAM or p65 can be used as a readily usable surrogate marker for the presence 

of RELA fusion. In general, ependymomas are circumscribed gliomas composed 

of uniformely round cells with round to oval nuclei, forming perivascular 

anucleate areas (perivascular pseudorosettes) and in a minority of cases true 

ependymal rosettes. Cellularity and nuclear atypia greatly vary according to the 

histological grade and the specific ependymoma subtype. 



Immunohistochemically, ependimomas are uniformely characterized by positive 

staining for GFAP, S100 and Vimentin; whereas OLIG-2 and Synaptophysin are 

generally negative. A useful diagnostic clue is that ependymoma is the only 

glioma showing positivity for GFAP combined to absence of OLIG-2 staining. In 

addition, most ependymomas show a typical perinuclear dot-like or ring-like 

cytoplasmic positivity for EMA. Cytokeratins may be focally positive. Strong 

immunoreactivity for L1CAM and p65 is tipically found in ependymomas, RELA 

fusion-positive. Children with ependymoma have a worse prognosis than adults 

and the anatomical localization (intracranial vs spinal) probably explain these 

differences. Gross total resection is significantly associated with better outcome in 

both categories of patients. 

 

8.  CircSMARCA5-SRSF1 molecular axis 

Circular RNAs (circRNAs) are a recently found wide group of RNAs with 

biological functions not yet fully clarified [66,67]. However, the expression of 

several circRNAs has been found deregulated in several human disease from 

neoplastic to degenerative ones, suggesting an active role of circRNAs in their 

pathogenesis [66,67]. Recently, a circular RNA (circSMARCA5) that has been 

found downregulated in GBM biopsies with respect to normal brain parenchyma, 

as a decoy for the oncogenic serine and arginine rich splicing factor 1 (SRSF1), 

has been characterized [68,69]. It has been also demonstrated that modulation of 

circSMARCA5 expression influences the splicing pattern of vascular endothelial 

growth factor A (VEGFA) in the cell line U87MG, used as GBM in vitro model 

[68,69]. SRSF1 has been recently characterized as functionally involved in 



gliomagenesis: in particular, this protein that normally shuttles between the 

nucleus (where, once phosphorilated, accumulates in the speakles contributing to 

the assembly of the spliceosome) and the cytoplasm (where it interacts with other 

proteins) is upregulated in GBM and contributes in the aberrant splicing of a 

plethora of target pre-mRNAs [68,69]. Recently, Zhou et al [70] found that SRSF1 

is increased both in glioma tissues and cell lines and  its increased 

immunohistochemical expression was positively correlated  with histological 

grade (grade 2 diffuse astrocytoma vs grade 3 anaplastic astrocytoma vs grade 4 

GBM) and Ki-67 index and predicted poorer prognosis in GBM patients subset. 

 

 

 

 

9. Aim of the study 

The aim of this research is to study both at immunohistochemical and molecular 

level the selective activation of CircSMARCA5-SRSF1 molecular axis in a cohort 

of GBM biopsies and correlate these findings with histological and molecular 

features and  clinical outcome data. A further interesting perspective of the study 

is to test the immunohistochemical expression of SRSF1 on a cohort of non-

astrocytic adult gliomas, that have to be frequently considered in the differential 

diagnosis of astrocytic tumors, including oligodendrogliomas, ependymomas, 

pilocytic astrocytoma, subependymal giant cell astrocytoma and pleomorphic 

xanthoastrocytoma in order to evaluate the potential diagnostic utility of this 

protein in the neuropathological practice. 



10. Material and methods 

Cases have been retrieved from the pathology files of the Section of Anatomic 

Pathology, Department of Medical, Surgical, and Advanced Technologies “G.F. 

Ingrassia”, University of Catania. University of Catania. Only confirmed cases, 

both histologically and molecularly of IDH-wild type GBM (n = 42), IDH-mutant 

and 1p/19q co-deleted oligodendroglioma (n = 21), ependymoma (n = 15), 

pilocytic astrocytoma (PA) (n = 15), sub-ependymal giant cell astrocytoma 

(SEGA) (n = 5) and pleomorphic xanthoastrocytoma (PXA) (n = 4), diagnosed 

during the period between 2015 and 2021, have been included in the study.  

Clinical data were obtained from the original pathological reports. Overall 

survival (OS) times were available only for 28/42 GBM cases. Regarding the 

GBM cohort, non neoplastic brain tissue was also excised during surgery, when 

possible, from a non-eloquent brain region, adjacent to the neoplastic area and 

negative to 5-aminolevulinic acid (5-ALA) fluorescence: this non neoplastic 

tissue has been used as control tissue after pathological examination confirmed 

absence of infiltration of glioma cells (n=20). Molecular tests, through 

quantitative real time polymerase chain reaction (qRT-PCR) and next-generation 

sequencing (NGS), have been retrospectively performed on each case., in order to 

precisely define the “molecular asset” of the each glioma examined (in terms of 

IDH1/IDH2, ATRX and TP53 mutations, and MGMT promoter methylation 

status) and characterize circSMARCA5 and SRSF1 expression. A standard 

approach based on immunohistochemistry (IHC) and NGS has been  applied to 

retrospectively reclassify each case according to 2021 WHO classification: each 

tumor section underwent IHC for IDH1 (R132H), ATRX, p53, EGFR and SFRS1, 



followed by targeted NGS to confirm the immunohistochemical results. 

CircSMARCA5 and SRSF1 levels have been investigated by qRT-PCR both on 

GBM and unaffected brain samples.  

Each tumor section has been tested for immunohistochemical analyses using the 

streptavidin/biotin-based system for immunoperoxidase. Briefly, after appropriate 

deparaffinization and pre-treatments, sections have been incubated with mouse 

monoclonal anti-SRSF1 (clone sc-33652) antibody, diluted 1:50 in PBS, mouse 

monoclonal anti-IDH1 R132H (clone H09) antibody, diluted 1:100 in PBS, mouse 

monoclonal anti-ATRX (clone AX1) antibody, diluted 1:100 in PBS, mouse 

monoclonal anti-EGFR (clone H11) antibody, diluted 1:200 in PBS, and mouse 

monoclonal anti-p53 (clone DO-7) antibody, diluted 1:50 in PBS. For molecular 

studies, RNA has been purified from formalin fixed and paraffin embedded 

sections adjacent to those used for immunohistochemical studies, according to 

RecoverAll™ Total Nucleic Acid Isolation Kit (LifeTechnologies™)’s protocol. 

PCR reaction has been performed by using one-step Power SYBR® Green RNA-

to-CT™ 1-Step Kit (LifeTechnologies™). The following amplification conditions 

has been used: template denaturation and polymerase activation at 95 °C for 30 s, 

followed by 40 cycles of denaturation at 95 °C for 15 s, annealing at 60 °C for 30 

s, and extension at 72 °C for 30 s. Three technical replicates have been conducted 

in each PCR reaction. Finally, clinical data from each GBM patient in terms of 

age, sex, OS and progression free survival (PFS) have been collected, whereas the 

only clinical parameters available for other non-GBM gliomas enrolled in the 

study were age and sex. 

 



10.1 Immunohistochemical evaluation of SRSF1 

Immunohistochemical sections have been evaluated without information on 

clinical data. The presence of brown chromogen in the nucleus of cells has been 

interpreted as positive SRSF1 staining. No cytoplasmic staining has been 

observed in any case. Normal gallbladder tissue has been used as external positive 

control to check the validity of the immunoreaction. Evaluation of the different 

staining pattern of SRSF1 has been performed, as previously described [70,71]. 

Intensity of staining (IS) has been graded on a 0-3 scale (0= absent staining , 1= 

weak staining, 2= moderate staining, 3=strong staining). Five categories (0-4) of 

percentage of SRSF1 immunopositive cells (Extent Score, ES) have been 

identified: <5%; 5–30%; 31–50%; 51–75%; >75%. IS has been multiplied by ES 

to obtain the immunoreactivity score (IRS); low (L-IRS) and high (H-IRS) 

expression of SRSF1 have been defined as IRS < 6 and IRS ≥ 6, respectively. 

 

11. Results 

11.1 Clinico-pathological and molecular features of glioma cohort 

Among the 42 GBM cases, 19 patients (45%) were males and 23 (55%) were 

females (mean age: 63 years). As regards the specific anatomic site, 23 GBMs 

(55%) were located at the temporal lobe, 10 (24%) at the parietal lobe and 9 (21%) 

at the frontal lobe, three of which presented contralateral spread. All 42 GBM 

cases were histologically and molecularly classified as WHO grade IV IDH-wild 

type; neither IDH1/2 mutations nor ATRX mutations were identified at the 

immunohistochemical and molecular levels; no evidence of 1p/19q co-deletion 

was found; p53 immunohistochemical overexpression was found in only seven 



cases (17%), but no TP53 mutation was molecularly identified. O6-methylguanine 

DNA methyltransferase (MGMT) promoter were not hypermethylated in all cases. 

The mean OS of the 28 GBM cases for which follow-up data were available was 

17 months. Among the 21 oligodendroglioma patients, 12 (57%) were males and 

nine (43%) were females (mean age: 59 years). All oligodendrogliomas were 

located supratentorially, 8/21 (38%) at the temporal lobe, 7/21 (33%) at the 

parietal lobe and the remaining 6 (29%) at the frontal lobe. Histologically, 15/21 

(71%) were diagnosed as WHO grade II oligodendroglioma and 6/21 (29%) as 

grade III anaplastic oligodendroglioma. All oligodendrogliomas included in the 

study presented IDH-1 (R132H) mutations, confirmed both 

immunohistochemically and molecularly. The 1p/19q co-deletion was found in 

21/21 cases (100%). Of the individuals affected by ependymoma, 9/15 patients 

(60%) were males and 6/15 (40%) were females (mean age: 56 years). A total of 

11/15 (74%) ependimomas were localized supratentorially, 2/15 (13%) in the 

posterior fossa and 2/15 (13%) in the spinal cord. Histologically, 14/15(93%) 

were diagnosed as WHO grade II classic ependymomas, 1/15 (7%) as WHO grade 

I myxopapillary ependymoma. All ependymomas were positively stained with 

GFAP and at least focally with EMA (dot-like/ring-like staining). OLIG-2 was 

negative in 13/15 cases (87%). IDH1/2, TP53, ATRX genes were wild type. No 

1p/19q co-deletion was found in any case. Among the PA patients, 11/15 (73%) 

were males and 4/15 (27%) were females, with a mean age at diagnosis of 23 

years. 14/15 tumors (93%) were located at the cerebellum and 1/15 (7%) at the 

spinal cord. Immunohistochemical and molecular profiles of these tumors were 

relatively homogenous, showing diffuse positivity for GFAP and OLIG-2, focal 



expression of synapthophysin and absence of IDH 1/2, ATRX, TP53 mutations 

and 1p/19q co-deletion. All PAs included in the study showed a molecularly 

proven KIAA1549-BRAF fusion. Of the affected by SEGA, 3/5 patients (60%) 

were males and 2/5 (40%) were females (mean age: 21 years); all tumors (5/5) 

were located in the wall of the lateral ventricles and were associated to tuberous 

sclerosis syndrome. Immunohistochemically, all SEGAs were diffusely stained 

with GFAP, s-100 and SOX-2; focal positivity for synaptophysin was seen in 1/5 

cases. Neither IDH 1/2, ATRX, TP53, BRAFV600E mutations, nor 1p/19q co-

deletions were found. Finally, among the PXA patients, 3/4 (75%) were females 

and 1/4 (25%) male, with a mean age at the diagnosis of 26 years; 3/4 PXAs (75%) 

were located at the temporal lobe and 1/4 (25%) at the parietal lobe. Histologically, 

three cases (75%) were diagnosed as WHO grade II PXA and one case (25%) as 

WHO grade III anaplastic PXA; neoplastic cells exhibited an immunopositivity 

for GFAP in 4/4 cases and for synaptophysin in 1/4 cases; extravascular positivity 

for CD34 was observed in 3/4 cases. BRAFV600E mutations were molecularly 

found in 2/4 PXAs. 

  

11.2 SRSF1 immunohistochemical expression in GBMs, normal brain tissue and 

other gliomas. 

Among the 42 GBMs, 34/42 (81%) cases showed high immunohistochemical 

expression of SRSF1 (IRS ≥ 6) (Figure 1), whereas only in 8/42 (19%) low levels 

of immunohistochemical expression of SRSF1 (IRS < 6) were found. High 

SRSF1 levels (IRS ≥ 6) were found in 15/21 cases (71%) of oligodendrogliomas 

(Figure 2), whereas only 6/21 (29%) showed low expression (IRS < 6); all cases 



(6/6) of grade III anaplastic oligodendrogliomas had an IRS value ≥ 6. 2/15 (13%), 

ependymomas showed low SRSF1 levels (IRS < 6) and in the remaining 13/15 

cases (87%), SRSF1 immunoexpression was completely absent (IRS = 0) (Figure 

3). Similarly, low SRSF1 expression levels (IRS < 6) were found in 5/15 (33%) 

PAs (Figure 4) and in 10/15 cases (67%) no immunostaining (IRS = 0) was 

detected. Among the five SEGAs, 4/5 cases (80%) exhibited high SRSF1 

immunoexpression (IRS ≥ 6) (Figure 5A,B), while a low level of SRSF1 

immunoexpression was found in only one case (20%). Finally, 3/4 cases (75%) of 

PXA showed IRS values ≥ 6 (Figure 5C,D) and the remaining case (25%) had an 

IRS value < 6.  

 

Figure 1. WHO grade 4 IDH wild type glioblastoma. Histopathological 

examination showing a hypercellular glial tumor with extensive necrosis (A) and 

microvascular proliferation (B); high immunohistochemical nuclear expression of 

SRSF1 in a GBM tissue sample (C) (hematoxylin and eosin(A,B) and 

immunoperoxidase (C) staining; original magnifications 50×, 100× and 100×). 



 

Figure 2. WHO grade 2 IDH mutant and 1p/19q co-deleted oligodendroglioma. 

Histopathological examination showing a moderately cellular glial tumor, 

composed of bland-looking round cells with a perinuclear clear halo with no 

evidence of necrosis and/or vascular proliferation (A); immunohistochemical 

positivity for IDH1 R132H reveals the presence of an IDH-1 gene mutation (B); 

high immunohistochemical nuclear expression of SRSF1 in WHO grade 2 

oligodendroglioma (C) (hematoxylin and eosin (A) and immunoperoxidase (B,C) 

staining; original magnifications 100×, 100× and 100×). 



 

Figure 3. WHO grade 2 classic ependymoma. Histopathological examination 

showing a moderately cellular lesion, composed of small cells with rounded 

nuclei arranged in perivascular pseudorosettes with no evidence of anaplastic 

features (A); perinuclear “dot-like” staining for EMA highly suggestive for a 

diagnosis of ependymoma (B); absence of immunohistochemical expression of 

SRSF1 in WHO grade 2 classic ependymoma (C) (hematoxylin and eosin (A) and 

immunoperoxidase (B,C) staining; original magnifications 100×, 100× and 100×). 



 

Figure 4. WHO grade 1 pilocytic astrocytoma. Histopathological examination 

showing the typical biphasic appearance consisting of compacted bipolar cells 

with Rosenthal fibers and multipolar cells embedded in a loose, myxoid and/or 

microcystic background (A); weak and focal nuclear immunohistochemical 

expression of SRSF1 in WHO grade 1 pilocytic astrocytoma (B) (hematoxylin 

and eosin (A) and immunoperoxidase (B) staining; original magnifications 100×). 



 

Figure 5. Sub-ependymal giant cell astrocytoma and pleomorphic 

xanthoastrocytoma. (A) Histopathological examination of sub-ependymal giant 

cell astrocytoma showing large polygonal to elongated cells with 

ganglioid/gemystocytic-like morphology and abundant eosinophilic cytoplasm; 

neoplastic cells typically exhibiting strong immunoreactivity for s-100 (insert); (B) 

strong and diffuse immunohistochemical expression of SRSF1 in sub-ependymal 

giant cell astrocytoma. (C) Histopathological examination of WHO grade II 

pleomorphic xanthoastrocytoma showing pleomorphic mono and multinucleated 

cells with focal cytoplasmic xanthomatous changes; (D) neoplastic cells were 

strongly and diffusely stained with SRSF1 (hematoxylin and eosin (A,C) and 

immunoperoxidase (B,D) staining; original magnifications 100×). 

 

11.3 Correlation between circSMARCA5 expression, VEGFA pro- (Iso8a) and anti 

angiogenetic (Isp8b) isoform ratio and immunohistochemical expression of 

SRSF1 

SRSF1 immunohistochemical expression appeared to be significantly upregulated 

in GBM biopsies, compared to normal control brain tissue (NORM) (p-value = 



0.01867, Student’s t-test, nGBM = 42; nNORM = 20) (Figure 6), confirming the trend 

reported in literature. SRSF1 positivity was exclusively found within the nuclei.  

 

 

Figure 6. SRSF1 immunohistochemical expression.  

 

A negative correlation at the limit of statistical significance between 

circSMARCA5 and SRSF1 expression on the entire cohort studied (nGBM = 42; 

nNORM = 20) was found (r-value = -0.26716, p-value = 0.05554, Spearman’s 

correlation test). Analyzing the subset of patients for which it was possible to 

obtain real-time PCR data also for the single mRNA isoforms (pro- and anti-

angiogenic) of VEGFA, the negative correlation trend was maintained but 

statistical significance was lower, probably due to the reduction in the number of 

samples analyzed (r-value = -0.2371, p-value = 0.1770, Spearman’s correlation 

test, nGBM = 28; nNORM = 6) (Figure 7). As expected, based on the positive control 

played by the splicing factor SRSF1 on the ratio between the expression of 

VEGFA proangiogenic isoform (Iso8a) and antiangiogenic one (Iso8b), a positive 
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correlation was observed between the SRSF1 expression and the Iso8a / Iso8b 

ratio (r-value = 0.2867, p-value = 0.1001, Spearman's correlation test, nGBM = 28; 

nNORM = 6). Likewise, the absence of statistical significance was probably due 

to the low number of cases analyzed. 

 

Figure 7. Correlations between circSMARCA5 expression, VEGFA pro- (Iso8a) 

and anti angiogenetic (Isp8b) isoform ratio and SRSF1. Blue values indicate a 

positive correlation; red values a negative one. Color intensity and the diameter of 

the circles are proportional to the correlation coefficients. (Spearman correlation 

test, nGBM = 28; nNORM = 6). 

 

11.4 Correlation between Immunohistochemical Expression of SRSF1 and 

Prognosis 

Analysis of Kaplan–Meier survival curve showed that GBM patients with high 

immunoexpression of SRSF1 had lower OS times than the GBM group with low 

immunoexpression of this protein: median OS of patients with high 

immunoexpression of SRSF1 was 18.0 months (IQR 12.0–23.0), while patients 



with low SRSF1 levels exhibited median OS of 23.0 months (IQR 18.0–24.0) (p = 

0.18). Figure 8 shows Kaplan–Meier survival estimates for the two groups. 

 

 

 
 

Figure 8. Group A (n = 21): patients affected by GBM with IRSSRSF1 values ≥ 6; 

Group B (n = 7): Patients affected by GBM with IRSSRSF1 values < 6.3.4. 

 

12. Discussion 

CircRNAs represents a wide subgroup of RNAs whose biology and active role in 

the cellular metabolic “life” still remain largely unknown [68-68]. To date, in 

scientific literature there are numerous papers that describe how some specific 

circRNAs are effectively deregulated in several human degenerative and 

neoplastic diseases [66-69]. It is also known that splicing is the mechanism 



through which these RNAs originate [66-69]. It has been described that multiple 

circRNAs are highly expressed in human brain normal and neoplastic tissue and 

oncogenetic processes, including cellular differentiation and epithelial-to-

mesenchymal transition, regulate their differential expression [66-69]. Barbagallo 

et al [68,69] investigated the expression of 12 different types of circRNAs in both 

human unaffected brain parenchyma and CNS glial tumors and found that 

circSMARCA5 represents the best example of downregulated circRNA in WHO 

grade 4 GBM IDHwt specimens compared to normal cerebral tissue instead; 

particularly, circSMARCA5 seems to act as a tumor-suppressor RNA, negatively 

regulating cell migration through the RNA binding protein SRSF1, that in normal 

conditions acts as an oncoprotein with positive regulatory role on cell migration 

[68-69]. As a consequence, SRSF1 was found upregulated in GBM biopsies 

compared to normal brain [68-69]. It has been also demonstrated that SRSF1 is 

involved in the splicing of VEGFA. The VEGFA pre-mRNA splicing mechanism 

may alternatively generate both pro-angiogenic and anti-angiogenic isoforms; it 

has been hypothesized that the downregulation of  circSMARCA5, through the 

concomitant upregulation of SRSF1, lead to a switch of the proangiogenic-

antiangiogenic ratio of VEGFA, resulting in an angiogenic stimulation on GBM 

tissue [68,69]. The fact that patients affected by GBM with  circSMARCA5 

downregulation had poorer prognosis than those with higher circSMARCA5 

expression further supported these findings [68,69].  

In this study we tested the immunohistochemical expression of SRSF1 in the 

same cohort of patients studied by Barbagallo et al [68,69]; we found that SRSF1 

immunohistochemical expression was significantly increased in GBM biopsies, 



with respect to non neoplastic cerebral tissue used as normal control. Moreover, as 

expected we found an inverse correlation between circSMARCA5 and SRSF1 

expression and a positive one between the SRSF1 expression and the VEGFA 

Iso8a / Iso8b isoform ratio. Survival analysis confirmed that GBM patients whose 

biopsies had higher SRSF1 IRS values had a lower survival rate than the group 

with lower SRSF1 IRS values. 

A further potential application field of this study is use of SRSF1 

immunoexpression in the diagnostic approach to adult gliomas. To date there are 

no immunomarkers capable of specifically differentiating astrocytic diffuse 

gliomas from oligodendroglial, ependymal and pilocytic tumors. All the markers 

currently used in the histological diagnostic practice, including GFAP, OLIG-2, 

Vimentin and S100, are broad glial lineage markers, not useful in distinguishing 

between diffuse astrocytomas, oligodendrogliomas, ependymomas or adult 

pilocytic astrocytomas. Apart from OLIG-2 which is usually negative in 

ependymomas [70-72], the other above-mentioned markers are consistently 

expressed in all gliomas. This is especially true in the broad category of IDH-

wildtype gliomas, in which the absence of IDH1-2 mutations makes the 

differential diagnosis even more though since based on morphology alone. It has 

been previously demonstrated that SRSF1 is consistently immunohistochemically 

expressed in adult diffuse astrocytomas and its immunoexpression positively 

correlates with increased histological grading [70]. In this study we tested the 

immunohistochemical expression of SRSF1 in a cohort of patients affected by 

glial neoplasms different from astrocytomas/glioblastomas, including 21 

oligodendrogliomas, 15 ependymomas, 15 Pas, 5 SEGAs and 4 PXAs. We found 



high SRSF1 expression levels in most oligodendrogliomas (15/21; 71%), SEGAs 

(4/5; 80%) and PXAs (3/4; 75%), an absence of SRSF1 staining in 13/15 (87%) 

ependymomas and in 10/15 (67%) PAs; the remaining ependymoma (2/15) and 

PA (2/15) cases showed weak SRSF1 expression. 

Despite being aware of the relatively low number of cases examined, these results 

would suggest a strong diagnostic utility of SRSF1 protein in distinguishing adult 

diffuse astrocytomas from ependymomas and PAs (especially in tumors occurred 

in adults and in non-cerebellar localization). Regarding the diagnosis of 

oligodendroglioma, a potential application of SRSF1 would be in the distinction 

between oligodendrogliomas with astrocytic-like morphology and grade II and III 

adult astrocytomas, that may present a oligodendroglioma-like cellular component, 

as SRSF1 appears to be more diffusely expressed in former and less expressed in 

the latter [73]. 
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