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Abstract 

Gliosarcoma (GSM) is a very rare brain neoplasm, a histologic variant (IDH-wild type phenotype of Glioblastoma Multiforme 

(GBM), and like GBM is characterized by a poor prognosis compared to other Grade IV gliomas. The median survival of 

GSM is less than one year, whereas less than 5% of GSM patients survive after 5 years after performing the conventional 

therapy such as surgery, chemotherapy and radio treatment. Although it has similarities to GBM, GSM displays diverse 

distinct differences, morphologically and molecularly. It is a highly aggressive primary brain tumor with histologic 

components which comprise of glial (astrocytic) and sarcomatous features. Several differences have been observed in 

histological and molecular elements, however, detailed data regarding the genetic background of GSM is lacking. Most of 

GSMs are sporadic, however it is irrefutable that a minor percentage has been associated with germline mutations and various 

inherited cancer susceptibility syndromes, such as Lynch Syndrome. Previous reviews have demonstrated that GSM carries 

somatic changes in genes coding for PI3K/Akt (PTEN, PI3K) and RAS/MAPK (NF1, BRAF) signaling pathways that are 

critical for tumor development. It is important to notice that the PTEN alterations frequency in GSMs was greater than in 

GBMs. Various novel translocations, such those in the RABGEF1 gene, which create probably adverse combinations   have 

been observed.19 conventional genes have been detected in GSM, determined as those changed in more than 5% of samples, 

including PTEN (66%), TERT promoter (92%), and TP53 (60%). EGFR and CDKN2A also exhibited alterations in GSM 

cases. Tumors with available molecular profiling were mainly MGMT-un-methylated (87.5%), EGFR wild-type (100%), and 

IDH-1-preserved (100%). The current review highlights important molecular biology features of GSM in the light of recent 

literature, including its histological characteristics.  
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Introduction 

GSM is a primary malignant brain tumor which shows high heterogeneity, 

invasiveness, and resistance to modern treatments. It is considered to be 

a distinct clinicopathological disease [1,2] in the central nervous system 

(CNS) tumors classification and comprises approximately 2% of all the 

glial malignant neoplasms [2-4], represents less than 0.5% of all 

intracranial tumors and is most common in adults between 40 and 60 years 

old. GSM incidence has been estimated between 1% and 8% of all 

malignant gliomas, constituting only 0.48% of all brain tumors and from 

1.8% to 2.8% of GBM cases [5-9], and with a low incidence of 0.59%-

0.76% among all adult brain tumors [10]. Males are affected more 

frequently, than females (M:F ratio 1.8:1) [1,5, 11]. In pediatric 

individuals, it is infrequent, whereas it is more common in the white and 

non-Hispanic population [6, 9,12, 13]. 

GSM is regarded as grade IV neoplasm and is classified as a GBM variant 

in the revised 2007 WHO classification [14-16]. GSM was first 

mentioned by Heinrich Strobe in 1895 as a brain tumor comprising of 

both glial and mesenchymal ingredients [17]. 

GSMs are further categorized into primary de novo and secondary GSM, 

which are characterized by different median survivals between both types 

(25 vs. 53 weeks) [6]. Secondary GSM is believed to have appeared as a 

recurrence or progression of GBM, or as a consequence of radiation 

therapy [6,12]. Primary GSMs commonly appear de novo with a 
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preference for the temporal lobes, whereas secondary GSM occur after 

cranial radiation for GBM, as mentioned [3,12]. The dura invasion and 

extracranial metastases were more frequent in GSM than GBM with 

possible prognostic consequences [3,18], although some reports detected 

no considerable differences regarding the overall survival (OS) between 

both diseases [6, 19]. GSM mainly affects supratentorial locations and is 

localized in the temporal and parietal lobes, followed by the frontal and 

occipital lobes [14,20]. GSMs affecting the spinal cord are rare, 

constituting about 1% of all malignant spine gliomas [21] and may 

indicate metastasis comes from intracranial tumors or less commonly, de 

novo development [22, 23]. 

In clinical level, GSM progresses quickly and patients show a 3% greater 

risk mortality as compared with GBMs [24]. Prognosis of GSM is similar 

to GBM with a greater extraxial metastases incidence being detected [25]. 

Cachia et al. observed that the primary GSM median OS was 17.5 months 

[12]. Another multi-center report assessed the GSM median OS as only 

13 or 15 months, and also stated that chemotherapy with temozolomide 

(TMZ) was not resulted in an improvement in OS compared to radiation 

[26]. Similar research showed that even after standardized therapy, the 

mean OS time was only 6.6-18.5 months [27]. GSM is also characterized 

by a great rate of recurrence and metastasis. Although GSM management 

is in general similar to GBM, several clinical perspectives such as a 

tendency to extra-cranial metastasis, distinct radio-logical features and 

worse prognosis than GBM, indicate that GSM may be a distinctive 

clinicopathological disease [6]. 

Malignant astrocytes represent the majority of the glial element in GSMs, 

however, oligodendroglial elements have also been reported. GSM is a 

CNS mixed primary neoplasm, constituted of astrocytic anaplastic and 

malignant mesenchymal components [6,18, 28-32]. The gliomatous 

component exhibits GBM elements as it is anaplastic, often spatially 

distinguished, characterized by the dura and leptomeninges invasion, and 

hyperplastic or hypertrophied blood vessels. The gliomatous component 

also expresses glial fibrillary acidic protein (GFAP) and is reticulin-poor, 

whereas sarcomatous component is reticulin-rich but does not express 

GFAP [12]. The sarcomatous component shows malignant transformation 

signs such as mitotic activity, atypia of nucleus, and bundles of spindle 

cells. In some GSM cases mesenchymal differentiation with collagen 

deposition have been revealed [33]. 

According to histology, the glial element accomplishes the GBM 

cytologic criteria, and the mesenchymal element may exhibit a large 

diversity of morphologies with origin from fibroblastic, osseous, 

cartilaginous, striated and smooth muscle, or adipose cell origin. 

Conventionally, sarcomatous components resemble fibrosarcoma or 

malignant fibrous histiocytoma. The mentioned biphasic tumor 

subsequently was accepted as a result of the detailed histological analyses 

by Feigin et al. [34]. 

Because of the lack of particular and consistent diagnostic criteria 

however, the term GSM was also concerned tumors of glial origin which 

have acquired mesenchymal phenotypes, such as the ability to produce 

collagen fiber and reticulin network [34]. As mentioned, those tumors 

consist distinct diseases, the first as a glial origin tumor with 

mesenchymal components, known as glioma with desmoplastic 

metaplasia or desmoplastic glioma, and the second as a tumor with 

distinct gliomatous and sarcomatous components, known as GSM [35]. 

Other types of rare GSM transformation’s concern osteosarcoma, 

angiosarcoma, chondrosarcoma, and liposarcomatous, leiomyomatous, 

myosarcomatous, and neuroectodermal tumors [32,36-40]. 

The mesenchymal elements would be diagnosed as fibrosarcoma or 

undifferentiated pleomorphic sarcoma in a soft tissue microenvironment, 

whereas chondroosteogenic and myogenic differentiation may also be 

found in that microenvironment. Variants which contain liposarcomatous, 

angiosarcomatous, and mixed mesodermal-type characteristics have also 

been observed. Squamous differentiation, grandular structures, and 

adenoid development may also be exhibited within the glial locations of 

selected cases [11]. 

The accurate GSM etiopathology remains unknown. It has been suggested 

that the sarcomatous component arises from the hyperplasic blood vessels 

malignant transformation, frequently found in high-grade gliomas [41]. 

Brain neoplasms, comprising GSMs, are mainly sporadic, and only a 

small rate of those have been associated with hereditary cancer 

susceptibility syndromes, such as Lynch Syndrome (LS) [42]. LS consists 

an autosomal dominant tumor syndrome with a prevalence of about 3-5% 

of all bowel cancers. LS is also able to increase the developing tumors 

risk in the colorectum and other organs, such as the gastrointestinal tract, 

liver, gallbladder, ovaries, endometrium, brain, upper urethra, skin, etc. 

[43]. It has been recorded that the primary brain tumors risk, especially 

high-grade gliomas, increases by about four times in LS patients. 

However, few clinical cases have confirmed the relationship between LS 

patients and GSM appearance [42]. The majority of those neoplasms 

appear without the presence of known predisposing factors, however they 

have also been associated with prior irradiation, including the Thorotrast 

intra-cranial instillation [11]. The essential signaling pathways involved 

in GSM pathogenesis are presented in Figure 1. 
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Figure 1: Essential pathways involved in GSM pathogenesis 

*Displays truncating mutation caused by early stop codon

The GSM contemporary treatment is similar to the treatment used for 

GBM and is mainly surgical, combined with postoperative chemotherapy 

and radiotherapy, however, the clinical out-comes remain poor with 5-

year survival rates below 10% [44], and a median survival of 9 months 

compared with a median 15-month survival for other GBM forms [5]. 

Molecular Biology 

The majority of brain tumors, including GSM, is in most cases non-

hereditary and is mainly influenced by somatic gene mutations and 

various environmental factors. Frequent mutations have been detected in 

TP53, TERT, PTEN, and NF1genes in GSM cases, which have been 

linked with known cellular functions such as cell cycle regulation, genetic 

stability, and cellular proliferation [45]. Similarly, in a genetic analysis by 

Zaki et al. [9] was detected that the most commonly genes with mutations 

in GSM were TP53 (60%), PTEN (66%), TERT promoters (92%), and 

NF1 (41%), indicating the complicated and various GSM pathogenesis.  

GSMs and primary GBMs have similarities in their molecular profiles and 

show a similar ratio of PTEN, RB1 and NF1, changes. However, TP53 

mutations are more common and the ratio of EGFR 

overexpression/amplification is lower in GSM as compared with GBM 

[12, 18,46]. Recent reports have examined the genetic changes in primary 

and secondary GSM and molecular analyses revealed a great TP53 

mutations incidence and, scarcely, IDH and EGFR mutations 

[4,12,18,47,48], whereas similar researches reported lower frequencies of 

TP53 mutations [49,50]. GSM has been diagnostically separated into 

TP53 mutated and wild type GSM variants [18]. In GSM diverse unique 

copy number alterations have been detected and a subsection of changes 

presented especially in the sarcomatous element. Genetically, GSM is 

unstable, with a high rate of heterozygosity loss at 10q (88%) [31]. It has 

also been found that the GSM monoclonal origin would be linked with 

the p53 mutation, recorded in 23% of GSM compared with 11% of 

primary GBM, and showed also the p16 deletion [9,49,51]. 

Recently, few studies of concise genome sequencing of GSMs, that have 

mentioned key somatic mutations in known oncogenes such as TP53, 

RB1, PTEN, and NF1 and also amplifications of EGFR, AKT1, PDGFRA, 

MDM2, CDK4/6, and MET genes have been carried out [18,52,53]. RB1 

gene somatic alterations have been observed in 30% of GSM samples. 

(Table 1). 

Mutations have also been observed in great frequency in GSM specific 

analysis concerned TERT promoter, STAG2, and CDK2NB. Overall, the 

mentioned mutations are characterized by unclear clinical and prognostic 

coherence, though represent an interesting pathway for further growth as 

prognostic or tumor-specific treatment markers. Previous reports have 

found that the RAS/ MAPK and PI3K/Akt pathways alterations are 

critical for GSM development [54].  

PTEN alterations have been recorded in 26% of high-grade gliomas in the 

TCGA data, and identified in 45% of examined GSMs cases [52,55]. The 

incidence of TERT promoter mutations in GSM has been estimated to be 

83% [31], mutation of PTEN varies from 28.6% to 45% and homozygous 

deletions of P16 INK4alpha was 37% [38,40]. EGFR amplification was 

observed in 4% of GSM cases [40], whereas IDH mutations were rare 

[38]. 

Cho et al. compared GBM with GSM using whole exome sequencing and 

copy number variants (CNV), and observed that the following pathways 

more frequently changed in GSM, such as TP 53, PTEN, EGFR, 

RAS/MAPK, PI3K/Akt, RASGRF2, PAK3, ITGB7, FGFR1, COL5A1. The 

authors also found more frequent changes in phosphatidylinositol/calcium 

signaling (CACNA1F/ 1I, PLCB3/L1, ITPR1/3) [18]. 

From a bio-molecular point of view, GSM carries mutations in common 

with sarcoma of soft tissue caused by complication in the TP53, TERT 

promoter, Cyclin-dependent kinase inhibitor 2A(CDKN2A), CDKN2B, 

Retinoblastoma associated Protein Type 1(RB1), and Neurofibromin 1 

(NF1) [49]. Similar to GBM, GSM inhibits mutations in EGFR, PTEN, 

STAG2, and Protein Tyrosine Phosphatase Non-Receptor Type 11 

(PTPN11) [5,7,13]. (Table 2) 

In 2000, Reis et al. carried out a GSM detailed genetic analysis, searching 

for mutations which were frequently found in GBM. Using polymerase 

chain reaction (PCR) single-strand conformation polymorphism analysis 

and direct sequencing, TP53 and PTEN genes were analyzed, whereas the 

EGFR, p16, CDK4, and MDM2 genes were examined via differential 
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PCR. With the exception of absence in amplification in EGFR, GSMs 

exhibited all of the genetic aberrations observed in primary GBM (TP53 

and PTEN mutations, MDM2 and CDK4 amplification, homozygous p16 

deletion). In addition, identical mutations in TP53, p16, PTEN, and CDK4 

genes were recognized in the glial and sarcomatous elements of a GSMs 

subset examined [46]. (Table 1). Most GSMs carry somatic changes of 

RAS/MAPK (NF1) and PIK3/Akt (PTEN, PI3K) signaling pathways 

which are critical for tumor development [54]. PTEN somatic mutations/ 

indels were revealed in 50% of specimens and this frequency was greater 

than previously recorded,14% and 38%, respectively [12,46].  

Tumor Genetic Alterations* 

Soft Tissue Sarcoma (STS) TERT, DOCK8 

Glioblastoma Multiforme (GBM) PDGFRA, PIK3CA, ARID5B, IDH1, PIK3R1+13 mores 

Gliosarcoma (GSM) BRAF, SOX2, FBXW7, MSH6, SUZ12+4more 

STS and GBM CDK4, ATRX, COL7A1, GLI1, MDM2, KMT2D 

GSM and GBM PTEN, EGFR, STAG2, PTPN11 

STS and GBM and GSM TERTp, CDKN2A, CDKN2B, TP53, NF1, RB1, 

Table 1: Usually altered genes in Glioblastoma (GBM), Gliosarcoma (GSM), and Soft Tissue Sarcoma 

*Mei-Yee Kiang K, Chan AA, Ka-Kit Leung Gilberto. Secondary gliosarcoma: the clinic-pathological features and the development of a patient-

derived xenograft model of gliosarcoma Kiang et al. BMC Cancer (2021) 21:265. https://doi.org/10.1186/s12885-021-08008-y 

 

Actually, together with focal deletions, the somatic alterations frequency 

in PTEN gene was found 70%, indicating that the alteration of PTEN is 

essential for GSM growth. PTEN is a mitogenic signaling mediated by 

class 1phosphatidylinositol 3-OH kinase (PI3K) negative regulator. 

PTEN gene mutations or deletions occur often and have been linked with 

therapeutic resistance in GSM [13]. PTEN gene is also mutated/deleted in 

mesenchymal GBMs in approximately 50% of cases as reported by the 

TCG [13], whereas PTEN was the most frequently altered gene in GSM 

cases, as 70% of specimens carried somatic mutations, indels or focal 

deletions in the PTEN gene location [56,57]. 

Whereas the pathogenesis of GSM remains poorly understood, several 

reports have revealed shared mutations and cytogenetic aberrations, such 

as mutations of p53 and PTEN, deletion of p16, amplifications of MDM2 

and CDK4, between gliomatous and sarcomatous components of discrete 

tumors, suggesting a monoclonal origin implicating improper 

gliomagenic cells mesenchymal differentiation [46,52,58,59]. Although it 

has been subsequently demonstrated that p53 protein immuno-

histochemical accumulation does not definitely regard as identical to 

mutation of TP53 gene, Frandsen et al. initially suggested the possibility 

of similar TP53 mutations in the two components of GSM based on the 

p53 immuno-histochemical accumulation in their GSM cases [4]. 

Eventually, Biernat et al. showed identical TP53 mutations in the glial and 

sarcomatous elements of two GSM cases via single-strand conformational 

analysis and direct DNA sequencing [59].  

The GSM sarcomatous component histogenesis has been found to be 

controversial. Previous studies indicated that the sarcomatous elements 

derived from the hyperplastic blood vessels neo-plastic transformation, 

commonly observed in high-grade gliomas. Genetic researches detected 

the identical p53 and PTEN mutations presence and similar chromosomal 

abnormalities and cytogenetic changes in GSM glial and sarcomatous 

elements components indicating a monoclonal origin [46]. Paulus et al. 

using interphase cytogenetics, i.e., in situ hybridisation, exhibited 

monosomy for chromosomes 10 and 17 in both the glial and sarcomatous 

components of GSM, suggesting also a monoclonal origin for both 

components [58]. 

Minor differences between GBM and GSM in PTEN mutations and CDK 

amplification were observed in glial and sarcomatous components [60]. 

Moreover, less than 12% of GSMs have O6-methylguanine-DNA methyl-

transferase gene promoter (pMGMT) methylation, which has been linked 

with a good prognosis [13]. GSM biomarkers with possible therapeutic 

consequences concern EGFR, CDKN2A, BRAF, PTEN, and NF1[9]. 

MGMT promoter methylation is more common in GBM than in primary 

GSM and a tendency of increased survival in patients with 

hypermethylated MGMT promoter by improving the effectiveness of 

TMZ treatment was mentioned [61, 62]. 

The NF1 gene was found to be changed in 30% of GSMs due to indels. 

In human GBM tumors somatic mutations in the NF1 gene have been 

observed [56,57], amongst which splice site, non-sense, mutations, 

missense alterations, and frameshift indels were present. A number of the 

mentioned mutations have been recorded as germline changes in patients 

with neurofibromatosis, therefore are probably inactivating [47, 50]. It 

has also been recorded confirmation of the interaction between NF1 and 

GSM patients. Pathological events, such as p53 increased expression, 

indicate that exists no overexpression of EGFR, as in primary GBMs, and 

that the proliferation indices increase could result in a poor prognosis, in 

general [63]. In GSM cases have been revealed NF1 molecular changes 

via deleterious mutations and copy number losses. The function loss of 

NF1 increases RAS activity, inducing RAS/RAF/MEK/ERK pathway 

activation. MEK inhibitors as a single agent (PD0325901 and AZD6244) 

have been found to be efficient against a NF1-deficicient GBM cells 

subset dependent on RAF/MEK/ERK signaling [63]. In GSM the 

frequency of NF1 mutations was found to be 18% [56]. In a GBM 

mesenchymal type the NF1 gene is frequently deleted, however the NF1 

gene deletion/mutation overall frequency was estimated to be almost 30% 

in mesenchymal GBM cases [57], similar to GSM specimens. It is 

important to notice that the PTEN frequency mutations or NF1 alterations 

were much greater in GSMs than in GBMs, stated to be 41% for PTEN 

and only 10% for NF1 in GBM cases [57]. (Table 2). 

Gene  Type of alterations Protein alterations [8] 

TP53 Mutation C135F, C238Y, H193R, H179Y, D281G, L111P, I255N, 

K132R, R175H, P80Lfs*43, R248Q, R248W, R273C, 

R282W, R342*, T125M, V272M, S241F, Y205H, 

V73Wfs*50, 

PTEN Mutation/Copy Number Alteration Noncoding mutations appearing at hotspots C228T and C250T 

TERT 

promoter 

Mutation C71Y, N184Efs*6, G36R, R130*, R130Q, R173C, G230*, 

N48K, L325P, S229*, R233*, V166Sfs*14, V175M, W274*, 

X55_splice, X268_splice, deep deletion 

NF1 Mutation/Copy Number Alteration E1264*, I1679, Q2589*, Y2285Tfs*5, P1847Qfs*16, 

Y1680del, R1534*, R2637*, Deep DELETION 
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RB1 Mutation/Copy Number Alteration H733Ffs*13, S149*, R467*, M484Vfs*8, S567*S576Rfs*34, 

deep deletion 

EGFR Mutation/Copy Number Alteration A289V, R222C, amplification 

BRAF Mutation G32_A33dup, G466E, V600E 

CDKN2A Copy Number Alteration deep deletion 

CDKN2B Copy Number Alteration deep deletion 

APC Mutation A735V, R876Q 

STAG2 Mutation G935Vfs*2, K906Nfs*11, M318R 

MSH6 Mutation L1244dup, T1133A 

CBL Mutation R420L, R718* 

SOX2 Copy Number Alteration Amplification 

PTPN11 Mutation G60R, N308D, S502L 

CREBBP Copy Number Alteration A1603T, deep deletion 

ARID2 Mutation I124T, T1180K 

FBXW7 Mutation R465H, R465C 

SUZ12 Mutation G42Afs*30, T596Nfs*6 

Table 2: Targetable alterations in GSM-The top19 genes in GSM 

 

The amplification of EGFR was observed in 4% of GSM compared with 

35% of GBM cases [9,49,51]. GSMs have an explicit genetic profile, 

similar to GBMs except for the amplification of EGFR [46] and recent 

data suggested that genes amplification on proximal 12q could facilitate 

a sarcomatous genotype development [52]. Until now, limited 

information is available regarding the epithelial component’s molecular 

genetics, observed in connection with GBM or GSM cases. Previous 

research showed the same standard of TP53 mutations in astrocytic and 

in epithelial differentiation areas of GBMs [64]. That finding has been 

initially detected for glial and mesenchymal regions in GSMs [59]. 

GSM, does not carry EGFR mutations or amplifications at the same 

frequency, indicating that may exist extra/alternative mechanisms driving 

carcinogenesis and eventually mesenchymal transformation into a 

sarcomatous phenotype. Similar studies observed a very low EGFR 

amplification prevalence in GSM, however they also showed frequent 

chromosome 7 (72%) gain containing the EGFR locus. It is important to 

notice that EGFR mutation or amplification is not surely demanded for 

EGFR activation. It remains unclear whether the activation of EGFR 

signaling pathway is present in GSMs cases, however maybe it is present 

thru not direct mechanisms and not surely thru overexpression of EGFR 

caused by gene amplification [65,66]. Previous researches showed a very 

low or absent amplification/overexpression of EGFR in GSM cases 

[12,46], but the recent copy-number analysis utilizing CNV microarrays 

revealed frequent EGFR amplification [18]. Other GSMs genomic 

analyses have detected EGFR amplification frequencies of 4% in a survey 

of 22 samples, as mentioned, and 74% EGFR gain in another one of 18 

samples with one sample expressing EGFR amplification [46,67]. EGFR 

is considered to be a key oncogenic driver in GBM, amplified in 35-45% 

of IDH wild type GBMs [66].  

In an inclusive whole-genome copy number analysis of GSM, a report 

showed that amplification of EGFR was unusual, but also showed 

frequent chromosome 7 gains, which contain the EGFR locus, among 

other genes comprising PDGF-A, CDK6, and c-Met [67]. It is not clear 

whether the EGFR pathway is indirectly activated in GSM thru other 

mutations.  

EGFR mutations- targeted treatments are not expected to be essential 

therapeutic options in GSM due to genetic alterations low frequency. The 

EGFR amplification rate has been estimated 35-45% in IDH-wild-type 

GBMs [32], whereas in general, the alterations of EGFR are rare in IDH-

mutated GBM but more dominant in IDH-wild-type GBM [68]. 

Although, mutations/ indels of EGFR have not been recorded in GSMs, 

the amplification of chromosome 7 (the region where the EGFR gene is 

located) was very frequent and appeared in 40% of GSMs, however in the 

EGFR locus no focal amplification was detected [6,46]. 

In GSM cases the DNA copy number losses were frequent. The main part 

of copy number loss concern chromosomes 9 and 10, regions comprising 

CDKN2A and CDKN2B genes. The CDKN2A gene encodes for proteins 

p16 and p14arf, which are tumor suppressor genes and regulate the p53 

and RB1 cell cycle components (https:// www. omim. Org/entry/ 600160 

# mapping). The CDKN2B gene encodes for the p15ink4b protein, a 

p16ink4 (CDKN2A) family member, and a cell growth regulator that 

inhibits G1-phase progression (https:// www.omim.org/entry/ 

600431?search =cdkn2b&highlight = cdkn2b). CDNK2A loss was 

frequent in 35-60% of IDH-wild type GBM cases [55,69,70], and 

CDKN2A homozygous loss was also frequent in GBM cases (35-50%) 

(International Agency for Research on Cancer, 2016), whereas in a GSMs 

micro-array study, CDKN2A homozygous loss was detected in 14 of 18 

(77,7%) GSM specimens examined [67]. (Table 1). 

The molecular etiology which is involved in the transformation of GBM 

into GSM remains unclear. The progress in GSM has been associated with 

alterations in signaling pathways, such as MAPK (TP53, EGFR, and 

RASGRF2), phosphatidyl-inositol/calcium (CACAN1s, ITPRs, and 

PLCs), and focal adhesion/ tight junction (PTEN and PAK3) pathways 

[18,49]. In GSM the mesenchymal transformation has been associated 

with TWIST1, SNAI2, and MMP-2/MMP-9 up-regulation [71]. 

According to the WHO the TWIST, SNAI2, MMP2 and MMP9 

expression is a typical element of mesenchymal regions, indicating 

epithelial to mesenchymal transition (EMT), and may play an essential 

role. The molecular alterations revealed in GSM were comprised 219 

cases [62], and was found lower frequency of EGFR copy number 

amplification (CNA) in GSM (8%) versus GBM (up to 50%), and also 

was recorded that prior case series estimating both the glial and the 

sarcomatous components of GSM showed that both components shared 

common genetic and chromosomal alterations of the conventional GBM, 

findings which suggest a common clonal origin for both components [62]. 

The increased expression of PD-1 and PD-L1, is an EMT evidenced 

element in a diversity of tumors [72-74]. The PD-1/PD-L1 role in the 

pathogenesis of GBM and the potential for targeting the mentioned 

pathway has been examined [75]. Elevated levels of those proteins and of 

tumor infiltrating lymphocytes have been detected in GSMs versus GBMs 

in a series comprising 233 WHO Grade IV gliomas with 9 GSM cases 

[76]. 

Other possible pathways involved in GSM concern the OX40L/OX40 

pathway activation, which it is responsible for strong immunity and 

antitumor effects in GBM cases [77]. The loss of DNA copy number was 

present in regions coding for diverse OX40L/OX40 pathway protein 

ingredients, such as NF-kB, NF-kB2 (p52), NF-kB2 (p100), PKC-theta, 

Perforin, IKK-alpha, and Calcineurin A (catalytic). Inversely, various 
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regions that displayed chromosome loss were locations which coded for 

WNT pathway proteins Tcf (Lef), Dickkopf-1(DKK1), TCF 7 L2 (TCF4), 

beta-TrCP, Sirtuin 1, and BMI-1. Most of those WNT pathway proteins 

in an over-expressed or activated status, with the DKK1 exception, 

promote cell survival and proliferation [78]. Nevertheless, DKK1 is 

regarded to be a negative regulator of WNT signaling pathway, and has 

been implicated as a candidate gene in medulloblastoma as it is 

epigenetically silenced [79], whereas its loss, may result in the activation 

of the WNT signaling pathway with subsequent cell survival and 

proliferation. It has also been observed that DKK1expression resulted in 

glioma cell sensitivity to chemotherapy-induced apoptosis [80]. 

NF-kß, a protein complex which is responsible for DNA transcription 

controlling, is able to in-duce cell proliferation and antiapoptosis in case 

of improper regulated or constitutively activated. It has been recorded that 

NF-kß abnormal activation in GBM, led to cell invasive abilities, radio-

therapy resistance, and even the promotion of mesenchymal phenotype 

[81]. 

Although the multifactorial role of NF-kß is involved in a biological 

processes various number, such as cell survival and proliferation, 

motility, DNA repair, inflammation, etc., a direct path-way which leads 

to GBM pathogenesis is ambiguous. In GSM cases it has been detected a 

copy number loss in the region encoding for NF-kß, indicating that the 

NF-kß pathway activation seems not to have a critical role in GSM 

pathogenesis. Nevertheless, it is possible that loss of NF-kß could result 

in DNA repair mechanisms loss, leading to neoplasia [82]. 

The role of BRAFV600E mutation in GSM cases is controversial 

according to previous reports [83,84]. Activating BRAF-V600E mutations 

have been frequently observed in cases of pediatric glial and glioneuronal 

brain neoplasms [47,48]. However, it has been reported that BRAF V600E 

mutation is present in 10% of GMS cases, compared with 3% of GBMs, 

whereas SOX2 gene amplifications and mutation of MSH6 are present 

about in 10% and 20% of GBM cases, respectively [85,86]. Moreover, 

Zaki et al., compared common gene changes, greater than 5%, in GSM, 

GBM, and soft tissue sarcoma, and among those, GSM shared only four 

genes with GBM, none with sarcomas, whereas nine common genes were 

found monadic to GSM amongst the 5% threshold for each respective 

tumor type [9]. They also reported that BRAF mutations (V600E protein 

alteration, G32A33 duo, G466E), SOX2 amplification (11%), and MSH6 

mutations (L1244dup, T11 33A protein alteration), were special to GSM 

[9]. Previous studies recorded that most of those mutations overlap with 

GBM and other cancer types, however, GSM carries its own genetic 

mutations, such as, Suppressor of Zeste 12 (SUZ12), and Box and WD 

Repeat Domain Containing 7 (FBXW7) [5,9,13,51,86,87]. (Table 2). 

TGF-β superfamily signaling is responsible for a broad spectrum of 

cellular functions both in normal and tumor growth, as is implicated in 

determining the mesenchymal stem cell differentiation pathway [88,89] 

and in the EMT regulation in lung cancer and mesothelioma cases [90,91]. 

TGF-β/BMP signaling plays an essential role in osteoblast-genesis and 

bone formation [92, 93]. TGF-β signaling pathway also activates down-

stream SMADS, CTNNB1, MYC and FOS signaling pathways, which 

could result in the malignant induction of a pro-neural-mesenchymal 

transition in that tumor by increasing the following mesenchymal 

transcriptional factors expression, SNAI1, SNAI2, TWIST1, and ZEB1 

[71,94]. Those transcription factors are responsible for re-programming 

and activate the mesenchymal signature transcription in the recurrent 

GSM tumor [18,71,91]. Consequently, TGF-β signaling seems to play a 

critical role in modulating mesenchymal stem cell lineage selection and 

imposed the mesenchymal differentiation progression into the osteo-genic 

lineage by controlling the main transcription factor’s expression and 

activities [71,88]. 

The main noticeable difference between GSMs and GBMs concerns the 

collagen gene signature, indicating a more mesenchymal-like and extra-

cellular matrix rich micro-environment. Collagens type I (COL1A1, 

COL1A2), III (COL3A1) and VI (COL6A2, COL6A3) were highly up-

regulated in GSM cases [49]. The collagen-signature is involved in the 

gene’s groups functional analysis which differentially expressed between 

GBMs and GSMs, as “focal adhesion” is one of the distinguishing groups. 

Especially, COL6A3 seems to be a reliable marker of GSM tumors, as its 

expression was increased in the sarcomatous element, whereas it was 

practically absent in the gliomatous one [49].  

Gene’s overexpression which are associated with integrin complexes 

ITGA5-ITGB1-CAL4A3 and ITGB1-NRP1 in GSM cases when 

compared with GBMs showed that GSMs were more invasive and 

migratory tumors, as the mentioned integrins were implicated in the EMT 

processes [95,96]. A remarkable translocation between RABGEF1 and 

GTF2I RD 1P1 genes was revealed in three GSM samples. The close 

proximity of the mentioned genes is able to result in a possible long 

deletion or read-through transcript, as the distance between two fused 

RNA fragments is nearly three kb long. The RABGEF1 gene last exon is 

fused with the GTF2IRD1P1 gene, leading to its inactivation. As the 

RABGEF1 gene was associated with some cancers development that 

alteration may play a significant role in GSM development, however 

further research is required to explain the mentioned translocation impact 

[97,98]. 

The current viewpoint concerning the GSM cellular origin maintains the 

monoclonal theory that both glial and mesenchymal components may be 

come from a common neoplastic neuro-ectodermal precursor cell 

[46,99,100]. From a histological point of view, gliomatous and 

sarcomatous components of GMSs share specific genetic alterations and 

possibly come from a common clonal origin [31,59]. The analysis of 

gliomatous and sarcomatous elements of eight GSM cases by comparative 

genomic hybridization after micro-dissection detected that both 

components shared 57% of the discovered chromosomal imbalances. 

Nevertheless, the chromosomal alterations number in GSMs was 

significantly lower than that in GBMs, suggesting a greater genomic 

stability in GMSs [59]. Other authors described that gliomatous and 

sarcomatous elements of GSM shared common genetic alterations and 

chromosomal imbalances of the type conventionally described in GBM 

[52]. Those alterations comprised gains on chromosomes 7,9q, 20q, and 

X, and losses on chromosomes 10, 9p, and 13q. GSMs were also recorded 

to have a fewer chromosomes number implicated in imbalances, 

indicating a genomic stability greater level in GSMs [52]. It has also been 

recorded those chromosomes 9 and 10 showed the highest number of 

losses, and the copy number of gains mainly appeared on chromosome 7 

in GSM samples [67]. The loss of LOH on 10q is a common genetic 

alteration in primary and secondary GBM, indicating that 10q may 

comprise tumor suppressor genes [101]. In GSM, LOH 10q was also 

frequently observed (88%) [31]. 

Conclusions  

GSM is a rare clinicopathological entity, and is difficult to differentiate 

from GBM on clinical information, however shows a genomic and 

molecular aspect distinct from GBM and soft tissue sarcoma, even though 

is classified by the WHO as a GBM variant. The current review 

demonstrated that most GSM tumors have somatic alterations of 

PIK3/Akt (PTEN, PI3K) and RAS/ MAPK (NF1, BRAF) signaling 

pathways which are essential for tumor development and therapy 

resistance. GSMs, regarding somatic alterations, are considerably similar 

to GBMs, with a greater NF1 and PTEN alterations frequency, more 

similar to frequencies detected in mesenchymal GBMs. A better 

understanding of the cellular and molecular profiling of GSM and the 

development of targeted therapies may help individuals affected by this 

enigmatic tumor. In the meantime, early diagnosis and a multidisciplinary 

approach to treatment remain crucial against GSM and may improve 

further survival. 

References 



J. Brain and Neurological Disorders                                                                                                                                   Copy rights@ Nikolaos Andreas Chrysanthakopoulos, 

Auctores Publishing LLC – Volume 8(1)-135 www.auctoresonline.org  
ISSN:2642-973X   Page 7 of 9 

1. Ma R, Alexe D-M, Boeris D, et al. (2020). Primary 

gliosarcoma: Epidemiology, clinical presentation, management 

and survival. J Neurosurg Sci; 64(4): 341-346. 

2. Smith DR, Wu CC, Saadatmand HJ, et al. (2018). Clinical and 

molecular characteristics of gliosarcoma and modern 

prognostic significance relative to conventional glioblastoma. J 

Neu rooncol; 137: 303-311. 

3. Choi TM, Cheon YJ, Jung, et al. (2016). A stable secondary 

gliosarcoma with extensive systemic metastases: a case report. 

Brain Tumor Res Treat;4(2):133-137. 

4. Frandsen S, Broholm H, Larsen VA, et al. (2019). Clinical 

characteristics of gliosarcoma and outcomes from standardized 

treatment relative to conventional glioblastoma. Front Oncol; 

9:1425. 

5. Kozak KR, Mahadevan A, Moody JS (2009). Adult 

gliosarcoma:Epidemiology, natural history, and  factors   

associated  with  outcome. Neurooncol; 11:183-191. 

6. Han SJ, Yang I, Tihan T, et al. (2010). Secondary gliosarcoma: 

a review of clinical features and pathological diagnosis: 

Clinical article. J Neurosurg; 112: 26-32. 

7. Saadeh F, El Iskandarani S, Najjar M, et al. (2019). Prognosis 

and management of gliosarcoma patients: A review of the 

literature. Clin Neurol Neurosurg;182: 98-103. 

8. Louis DN, Perry A,Wesseling P, et al. (2021). The 2021WHO 

classification of tumors of the central nervous   system: a   

summary. Neurooncology; 23: 1231-1251. 

9. Zaki MM, Mashouf LA, Woodward E, et al. (2021). Genomic 

landscape of gliosarcoma: Distinguishing features and 

targetable altera-tions. Sci Rep; 11: 18009.  

10. Kakkar N, Kaur J, Singh GK, et al. (2017). Gliosarcoma in 

young adults: A rare variant of glioblastoma. World J Oncol; 

8:53-57. 

11. Rosai, J. Rosai and Ackerman's (2011). surgical pathology e-

book. Elsevier Health Sciences. 

12. Cachia D, Kamiya-Matsuoka C, Mandel JJ, et al. (2015). 

Primary and secondary gliosarcomas: Clinical, molecular and 

survival   characteristics. J.  Neurooncol; 125:  401-410. 

13. Zhang Y, Ma JP, Weng JC, et al. (2021). The clinical, 

radiological, and immunohistochemical characteristics and 

outcomes of primary intracranial gliosarcoma: A retro-spective 

single center study. Neurosurg Rev; 44: 1003-1015. 

14. Louis DN, Ohgaki H, Wiestler OD, et al. (2007). The 2007 

WHO classification of tumours of the central nervous system. 

Acta Neuro-pathol;114(2):97-109. 

15. Beaumont TL, Kupsky WJ, Barger GR, et al. (2007). 

Gliosarcoma with multiple extracranial metastases: Case report 

and review of the literature. J Neuro-Oncol; 83: 39-46.  

16. Torp SH, Solheim O, Skjulsvik AJ. (2022). The WHO 2021 

classification of central nervous system tumours: a practical 

update on what neurosurgeons need to know-a minireview. 

Acta Neurochir (Wien);164(9):2453-2464. 

17. Stroebe H. (1895). Ueber Entstehung und Bau der 

Gehirnglioma. Beitr Pathol Anat Allg Pathol; 19:405-486. 

18. Cho SY, Park C, Na D, et al. (2017). High prevalence of TP53 

mutations is associated with poor survival and an EMT 

signature in gliosarcoma patients. Exp Mol Med; 49 (4): e317. 

19. Raab P, Pilatus U, Hattingen E, et al. (2016). Spectroscopic 

characterization of gliosarcomas-Do they differ from 

glioblastomas and metastases? J Comput Assist 

Tomogr;40(5):815-819. 

20. Sade B, Prayson RA, Lee JH. (2006). Gliosarcoma with 

infratemporal fossa extension. Case Report. J 

Neurosurg;105(6):904-907. 

21. Beyer S, von Bueren O, Klautke G, et al. (2015). A systematic 

review on the characteristics, treatments and outcomes of the 

patients with primary spinal glioblastomas or gliosarcomas 

reported in literature until March 2015. PloS ONE; 11 

e0148312. 

22. Chen L, von Bueren AO, Klautke G, et al. (2012). A case study 

of a patient with gliosarcoma with an extended survival and 

spinal cord metastases. Cell Biochem Biophys; 62: 391-395.  

23. Yao K, Duan Z, Wang Y, et al. (2017). Spinal cord gliosarcoma 

with rhabdo-myoblastic differentiation: a case report. Int J Clin 

Exp Pathol;10: 9779-9785. 

24. Ortega A, Nuño M, Walia S, et al. (2014). Treatment and 

survival of patients harboring histological variants of 

glioblastoma. J Clin Neurosci; 21:1709-1713.  

25. Tude-Melo JR, Pitanga-Bastos-De Souza AL, Reis RC, et al. 

(2008). Infantile gliosarcoma. Arq Neuropsiquiatr; 66(1):88-

89. 

26. Castelli J, Feuvret L, Haoming QC, et al. (2016). Prognostic and 

therapeutic factors of gliosarcoma from a multi-institutional 

series. J Neurooncol; 129: 85-92. 

27. Feng SS, Li HB, Fan F, et al. (2019). Clinical characteristics 

and disease-specific prognostic nomogram for primary 

gliosarcoma: a SEER population-based analysis. Sci 

Rep.;9(1):10744.   

28. Miller C, Perry A. (2006). Glioblastoma: morphologic and 

molecular genetic diversity. Arch Pathol Lab Med;131: 397-

406. 

29. Verhaak RG, Hoadley KA, Purdom E, et al. (2010). Cancer 

Genome Atlas Research Net-work. Integrated genomic analysis 

identifies clinically relevant subtypes of glioblastoma 

characterized by abnormalities in PDGFRA, IDH1, EGFR, and 

NF1. Cancer Cell.;17(1): 98-110. 

30. Lee D, Cho YH, Kang SY, et al. (2015). BRAF V600E 

mutations are frequent in dysembryo-plastic neuroepithelial 

tumors and subependymal giant cell astrocytomas. J Surg 

Oncol; 111:359-364. 

31. Oh JE, Ohta T, Nonoguchi,N, et al. (2016). Genetic alterations 

in gliosarcoma and giant cell glioblastoma. Brain Pathol; 

26(4):517-522. 

32. Louis DN, Perry A, Reifenberger G, et al. (2016). The 2016 

World Health Organization Classification of Tumors of the 

Central Nervous System: a summary. Acta Neuropathol; 131 

(6):803-820. 

33. Meis JM, Ho KL, Nelson JS. (1990).  Gliosarcoma: A 

histologic and immunohistochemical reaffirmation. Mod 

Pathol; 3: 19-24.  

34. Feigin I, Gross SW. (1955). Sarcoma arising in glioblastoma of 

the brain. Am J Pathol.;31:633-653. 

35. Cerda-Nicolas M, Kepes J. (1993). Gliofibromas (including 

malignant forms), and gliosar-comas: a comparative study and 

review of literature. Acta Neuropathol; 85:349-361. 

36. Shukla S, Awasthi NP, Singh P, et al. (2015).  Gliosarcoma with 

leiomyomatous differentiation: a case report with an emphasis 

on histogenesis. J Cancer Res Ther;11(4): 917- 919. 

37. Yao K, Qi XL, Mei X, et al. (2015). Gliosarcoma with primitive 

neuroectodermal, osseous, cartilage and adipocyte 

differentiation: a case report. Int J Clin Exp Pathol; 8(2):2079-

2084. 

38. Bani MA, Zehani A, Chelly I, et al. (2016). Gliosarcoma with 

smooth muscle cell differentiation: a case report. Tunis Med; 

94(4): 337-338. 

39. Poyuran R, Bn N, Reddy YVK, et al. (2017). Intraventricular 

gliosarcoma with dual sarcomatous differentiation: a unique 

case. Neuropathology; 37(4):346-350. 

40. Hashmi FA, Salim A, Shamim MS, et al. (2018). Biological 

characteristics and outcomes of gliosarcoma. J Pak Med Assoc; 

68(8):1273-1275. 

41. Rath GK, Sharma DN, Mallick S, et al. (2015). Clinical 

outcome of patients with primary gliosarcoma treated with 

https://europepmc.org/article/med/29154508
https://europepmc.org/article/med/29154508
https://europepmc.org/article/med/29154508
https://link.springer.com/article/10.1007/s11060-017-2718-z
https://link.springer.com/article/10.1007/s11060-017-2718-z
https://link.springer.com/article/10.1007/s11060-017-2718-z
https://link.springer.com/article/10.1007/s11060-017-2718-z
https://synapse.koreamed.org/articles/1059683
https://synapse.koreamed.org/articles/1059683
https://synapse.koreamed.org/articles/1059683
https://www.frontiersin.org/articles/10.3389/fonc.2019.01425/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.01425/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.01425/full
https://www.frontiersin.org/articles/10.3389/fonc.2019.01425/full
https://academic.oup.com/neuro-oncology/article-abstract/11/2/183/1028591
https://academic.oup.com/neuro-oncology/article-abstract/11/2/183/1028591
https://academic.oup.com/neuro-oncology/article-abstract/11/2/183/1028591
https://thejns.org/view/journals/j-neurosurg/112/1/article-p26.xml
https://thejns.org/view/journals/j-neurosurg/112/1/article-p26.xml
https://thejns.org/view/journals/j-neurosurg/112/1/article-p26.xml
https://www.sciencedirect.com/science/article/pii/S0303846719301489
https://www.sciencedirect.com/science/article/pii/S0303846719301489
https://www.sciencedirect.com/science/article/pii/S0303846719301489
https://academic.oup.com/neuro-oncology/article-abstract/23/8/1231/6311214
https://academic.oup.com/neuro-oncology/article-abstract/23/8/1231/6311214
https://academic.oup.com/neuro-oncology/article-abstract/23/8/1231/6311214
https://www.nature.com/articles/s41598-021-97454-6
https://www.nature.com/articles/s41598-021-97454-6
https://www.nature.com/articles/s41598-021-97454-6
https://pmc.ncbi.nlm.nih.gov/articles/PMC5649997/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5649997/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5649997/
https://books.google.com/books?hl=en&lr=&id=1CKX7aGBbUsC&oi=fnd&pg=PP1&dq=Rosai,+J.+Rosai+and+Ackerman%27s+(2011).+surgical+pathology+e-book.+Elsevier+Health+Sciences.&ots=temY7SjfVV&sig=cTwtmIA6dOmdG65Rz1pbF0YyhLw
https://books.google.com/books?hl=en&lr=&id=1CKX7aGBbUsC&oi=fnd&pg=PP1&dq=Rosai,+J.+Rosai+and+Ackerman%27s+(2011).+surgical+pathology+e-book.+Elsevier+Health+Sciences.&ots=temY7SjfVV&sig=cTwtmIA6dOmdG65Rz1pbF0YyhLw
https://link.springer.com/article/10.1007/s11060-015-1930-y
https://link.springer.com/article/10.1007/s11060-015-1930-y
https://link.springer.com/article/10.1007/s11060-015-1930-y
https://link.springer.com/article/10.1007/s10143-020-01285-4
https://link.springer.com/article/10.1007/s10143-020-01285-4
https://link.springer.com/article/10.1007/s10143-020-01285-4
https://link.springer.com/article/10.1007/s10143-020-01285-4
https://link.springer.com/article/10.1007/s00401-007-0243-4
https://link.springer.com/article/10.1007/s00401-007-0243-4
https://link.springer.com/article/10.1007/s00401-007-0243-4
https://link.springer.com/article/10.1007/s11060-006-9295-x
https://link.springer.com/article/10.1007/s11060-006-9295-x
https://link.springer.com/article/10.1007/s11060-006-9295-x
https://link.springer.com/article/10.1007/s00701-022-05301-y
https://link.springer.com/article/10.1007/s00701-022-05301-y
https://link.springer.com/article/10.1007/s00701-022-05301-y
https://link.springer.com/article/10.1007/s00701-022-05301-y
https://cir.nii.ac.jp/crid/1573105974495427328
https://cir.nii.ac.jp/crid/1573105974495427328
https://www.nature.com/articles/emm20179
https://www.nature.com/articles/emm20179
https://www.nature.com/articles/emm20179
https://journals.lww.com/jcat/fulltext/2016/09000/spectroscopic_characterization_of_gliosarcomas_do.23.aspx
https://journals.lww.com/jcat/fulltext/2016/09000/spectroscopic_characterization_of_gliosarcomas_do.23.aspx
https://journals.lww.com/jcat/fulltext/2016/09000/spectroscopic_characterization_of_gliosarcomas_do.23.aspx
https://journals.lww.com/jcat/fulltext/2016/09000/spectroscopic_characterization_of_gliosarcomas_do.23.aspx
https://thejns.org/view/journals/j-neurosurg/105/6/article-p904.xml
https://thejns.org/view/journals/j-neurosurg/105/6/article-p904.xml
https://thejns.org/view/journals/j-neurosurg/105/6/article-p904.xml
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0148312
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0148312
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0148312
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0148312
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0148312
https://link.springer.com/article/10.1007/s12013-011-9312-3
https://link.springer.com/article/10.1007/s12013-011-9312-3
https://link.springer.com/article/10.1007/s12013-011-9312-3
https://pmc.ncbi.nlm.nih.gov/articles/PMC6965963/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6965963/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6965963/
https://www.sciencedirect.com/science/article/pii/S0967586814002513
https://www.sciencedirect.com/science/article/pii/S0967586814002513
https://www.sciencedirect.com/science/article/pii/S0967586814002513
http://www.scielo.org.co/scielo.php?pid=S2462-85222018000200091&script=sci_arttext
http://www.scielo.org.co/scielo.php?pid=S2462-85222018000200091&script=sci_arttext
http://www.scielo.org.co/scielo.php?pid=S2462-85222018000200091&script=sci_arttext
https://link.springer.com/article/10.1007/s11060-016-2142-9
https://link.springer.com/article/10.1007/s11060-016-2142-9
https://link.springer.com/article/10.1007/s11060-016-2142-9
https://www.nature.com/articles/s41598-019-47211-7
https://www.nature.com/articles/s41598-019-47211-7
https://www.nature.com/articles/s41598-019-47211-7
https://www.nature.com/articles/s41598-019-47211-7
https://meridian.allenpress.com/aplm/article-abstract/131/3/397/460164
https://meridian.allenpress.com/aplm/article-abstract/131/3/397/460164
https://meridian.allenpress.com/aplm/article-abstract/131/3/397/460164
https://www.cell.com/cancer-cell/fulltext/S1535-6108(09)00432-2
https://www.cell.com/cancer-cell/fulltext/S1535-6108(09)00432-2
https://www.cell.com/cancer-cell/fulltext/S1535-6108(09)00432-2
https://www.cell.com/cancer-cell/fulltext/S1535-6108(09)00432-2
https://www.cell.com/cancer-cell/fulltext/S1535-6108(09)00432-2
https://onlinelibrary.wiley.com/doi/abs/10.1002/jso.23822
https://onlinelibrary.wiley.com/doi/abs/10.1002/jso.23822
https://onlinelibrary.wiley.com/doi/abs/10.1002/jso.23822
https://onlinelibrary.wiley.com/doi/abs/10.1002/jso.23822
https://onlinelibrary.wiley.com/doi/abs/10.1111/bpa.12328
https://onlinelibrary.wiley.com/doi/abs/10.1111/bpa.12328
https://onlinelibrary.wiley.com/doi/abs/10.1111/bpa.12328
https://link.springer.com/article/10.1007/s00401-016-1545-1
https://link.springer.com/article/10.1007/s00401-016-1545-1
https://link.springer.com/article/10.1007/s00401-016-1545-1
https://link.springer.com/article/10.1007/s00401-016-1545-1
https://europepmc.org/article/med/2155418
https://europepmc.org/article/med/2155418
https://europepmc.org/article/med/2155418
https://pmc.ncbi.nlm.nih.gov/articles/PMC1942557/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1942557/
https://link.springer.com/article/10.1007/BF00334444
https://link.springer.com/article/10.1007/BF00334444
https://link.springer.com/article/10.1007/BF00334444
https://journals.lww.com/cancerjournal/fulltext/2015/11040/gliosarcoma_with_leiomyomatous_differentiation__a.43.aspx
https://journals.lww.com/cancerjournal/fulltext/2015/11040/gliosarcoma_with_leiomyomatous_differentiation__a.43.aspx
https://journals.lww.com/cancerjournal/fulltext/2015/11040/gliosarcoma_with_leiomyomatous_differentiation__a.43.aspx
https://pmc.ncbi.nlm.nih.gov/articles/PMC4396254/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4396254/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4396254/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4396254/
https://europepmc.org/article/med/27704522
https://europepmc.org/article/med/27704522
https://europepmc.org/article/med/27704522
https://onlinelibrary.wiley.com/doi/abs/10.1111/neup.12369
https://onlinelibrary.wiley.com/doi/abs/10.1111/neup.12369
https://onlinelibrary.wiley.com/doi/abs/10.1111/neup.12369
https://ecommons.aku.edu/pakistan_fhs_mc_surg_neurosurg/152/
https://ecommons.aku.edu/pakistan_fhs_mc_surg_neurosurg/152/
https://ecommons.aku.edu/pakistan_fhs_mc_surg_neurosurg/152/
https://journals.lww.com/indianjcancer/fulltext/2015/52040/Clinical_outcome_of_patients_with_primary.39.aspx
https://journals.lww.com/indianjcancer/fulltext/2015/52040/Clinical_outcome_of_patients_with_primary.39.aspx


J. Brain and Neurological Disorders                                                                                                                                   Copy rights@ Nikolaos Andreas Chrysanthakopoulos, 

Auctores Publishing LLC – Volume 8(1)-135 www.auctoresonline.org  
ISSN:2642-973X   Page 8 of 9 

concomitant and adjuvant temozolomide: A single institutional 

analysis of 27 cases. Indian J Cancer; 52: 599-603. 

42. Kim H, Lim KY, Park JW, et al. (2022). Sporadic and Lynch 

syndrome-associated mismatch repair-deficient brain tumors. 

Lab Invest; 102:160-171. 

43. Peltomäki P, Nyström M, Mecklin JP, et al. (2023). Lynch 

syndrome genetics and clinical implications. Gastroenterol; 

164:783-799. 

44. Stupp R, Hegi ME, Mason WP, et al. (2009). Effects of 

radiotherapy with concomitant and adjuvant temozolomide 

versus radiotherapy alone on survival in glioblastoma in a 

randomized phase III study: 5-year analysis of the EORTC-

NCIC trial. Lancet Oncol;10(5): 459-466. 

45. Pearson JRD, Regad T. (2017). Targeting cellular pathways in 

glioblastoma multiforme. Sign Transduct Target Ther; 

2:17040. 

46.  Reis RM, Könü-Lebleblicioglu D, Lopes JM, et al. (2000). 

Genetic Profile of Gliosarcomas. Am J Pathol; 156: 425-432. 

47. Upadhyaya M, Osborn MJ, Maynard J, et al. (1997). Mutational 

and functional analysis of the neurofibromatosis type 1(NF1) 

gene. Hum Genet; 99: 88-92. 

48. Lee D, Kang SY, Suh Y-L, et al. (2012). Clinicopathologic and 

genomic features of gliosar comas. J Neurooncol; 107: 643-

650. 

49. Wojtas B, Gielniewski B, Wojnicki K, et al. (2019). 

Gliosarcoma Is Driven by Alterations in PI3K/Akt, 

RAS/MAPK Pathways and Characterized by Collagen Gene 

Expression Signature. Cancers;11, 284. 

50. Fahsold R, Hoffmeyer S, Mischung C, et al. (2000). Minor 

lesion mutational spectrum of the entire NF1 gene does not 

explain its high mutability but points to a functional domain up-

stream of the GAP-related domain. Am J Hum Genet; 66: 790-

818. 

51. Romero-Rojas AE, Diaz-Perez JA, Ariza-Serrano LM, et al. 

(2013). Primary Gliosarcoma of the Brain: Radiologic and 

Histopathologic Features. Neuroradiol   J; 26: 639-648 

52. Actor B, Cobbers JMJL, Büschges R, et al. (2002). 

Comprehensive analysis of genomic alterations in gliosarcoma 

and its two tissue components. Genes Chrom Cancer; 34: 416-

427.  

53. Anderson KJ, Tan AC, Parkinson J, et al. (2020).  Molecular 

and clonal evolution in recurrent metastatic gliosarcoma. Cold 

Spring Harb Mol Case Stud; 6. 

54. Maehama T, Dixon JE. (1998). The tumor suppressor, PTEN/ 

MMAC1, dephosphorylates the lipid second messenger, 

phosphatidylinositol 3,4,5-trisphosphate. The J Biol Chem; 273 

(22): 13375-13378.  

55. Pessoa IA, Amorim CK, Silva Ferreira WA, et al. (2019). 

Detection and correlation of single and concomitant TP53, 

PTEN, and CDKN2A alterations in gliomas. Int J Mol Sci. 

56. Thiel G, Marczinek K, Neumann R, et al. (1995). Somatic 

mutations in the neurofibromatosis 1gene in gliomas and 

primitive neuroectodermal tumours. Anticancer Res; 15: 2495-

2499. 

57. Brennan CW, Verhaak RGW, McKenna A, et al. (2013). TCGA 

Research Network. The somatic genomic landscape of 

glioblastoma. Cell; 155: 462-477. 

58. Paulus W, Bayas A, Ott G, et al. (1994). Interphase cytogenetics 

of glioblastoma and gliosarcoma. Acta Neuropathol; 88(5):420-

425. 

59. Biernat W, Aguzzi A, Sure U, et al. (1995). Identical mutations 

of the p53 tumor suppressor gene in the gliomatous and the 

sarcomatous components of gliosarcomas suggest a common 

origin from glial cells. J Neuropathol Exp Neurol ;54: 651-656. 

60. Romeo SG, Conti A, Polito F, et al. (2016). miRNA regulation 

of Sirtuin-1 expression in human astrocytoma. Oncol Lett; 12: 

2992-2998. 

61. Kang SH, Park KJ, Kim CY, et al. (2011). O6-methylguanine 

DNA methyltransferase status determined by promoter 

methylation and immunohisto-chemistry in gliosarcoma and 

their clinical implications. J Neurooncol; 101(3):477-486.  

62. Alassiri AH, Alkhaibary A, Al-Sarheed S, et al. (2019). O6-

methylguanine-DNA methyltransferase promoter methylation 

and isocitrate dehydrogenase mutation as prognostic factors in 

a cohort of Saudi patients with glioblastoma. Ann Saudi Med 

;39(6):410-416. 

63. Lévy P, Bièche I, Leroy K, et al. (2004). Molecular profiles of 

neuro-fibromatosis type 1-associated plexiform neurofibromas: 

identification of a gene expression signature of poor prognosis. 

Clin Cancer Res; 10(11): 3763-3771. 

64. Mueller W, Lass U, Herms J, et al. (2001). Clonal analysis in 

glioblastoma with epithelial differentiation. Brain Pathol;11: 

39-43. 

65. Ålgars A, Lintunen M, Carpén O, et al. (2012). Reply: eGFR 

alterations and response to anti-EGFR therapy: is it a matter of 

gene amplification or gene copy number gain? Br J Cancer; 

106:428. 

66. Sigismund S, Avanzato D, Lanzetti L. (2018). Emerging 

functions of the EGFR in cancer. Mol Oncol; 12:3-20. 

67. Lowder L, Hauenstein J, Woods A, et al. (2019). Gliosarcoma: 

distinct molecular pathways and genomic alterations identified 

by DNA copy number/SNP microarray analysis. J Neuro-

oncol; 143(3): 381-392. 

68. Watanabe K, Tachibana O, Sata K, et al. (1996). 

Overexpression of the EGF receptor and p 53 mutations are 

mutually exclusive in the evolution of primary and secondary 

glioblastomas. Brain Pathol; 6(3): 217-223. 

69. Reinhardt A, Stichel D, Schrimpf D, et al. (2018). Anaplastic 

astrocytoma with piloid features, a novel molecular class of 

IDH wild type glioma with recurrent MAPK pathway, CDKN 

2A/B and ATRX alterations. Acta Neuropathol; 136: 273-291. 

70. Ma S, Rudra S, Campian JL, et al. (2020). Prognostic impact of 

CDKN2A/B deletion, TERT mutation, and EGFR 

amplification on histological and molecular IDH-wildtype 

glioblastoma. Neurooncol Adv; 2: vdaa 126. 

71. Nagaishi M, Paulus W, Brokinkel B, et al. (2012). 

Transcriptional factors for epithelial-mesenchymal transition 

are associated with mesenchymal differentiation in 

gliosarcoma. Brain Pathol;22(5):670-676. 

72. Wang Y, Wang H, Zhao Q, et al. (2015). PD-L1 induces 

epithelial-to-mesenchymal transition via activating SREBP-1c 

in renal cell carcinoma. Med Oncol;32(8):212. 

73. Kim S, Koh J, Kim MY, et al. (2016). PD-L1 expression is 

associated with epithelial-to-mesenchymal transition in 

adenocarcinoma of the lung. Hum Pathol; 58:7-14. 

74. Mak MP, Tong P, Diao L, et al. (2016). A patient-derived, pan-

cancer EMT signature identifies global molecular alterations 

and immune target enrichment following epithelial-to-

mesenchymal transition. Clin Cancer Res;22(3):609-620. 

75. Litak J, Mazurek M, Grochowski C, et al. (2019). PD-L1/PD-1 

Axis in Glioblastoma Multiforme.  Int J Mol Sci; 20 (21): 5347. 

76. Garber ST, Hashimoto Y, Weathers SP, et al. (2016). Immune 

checkpoint blockade as a potential therapeutic target: surveying 

CNS malignancies. Neuro-oncol; 18(10): 1357-1366.  

77. Shibahara I, Saito R, Zhang R, et al. (2015). OX40 ligand 

expressed in glioblastoma modulates adaptive immunity 

depending on the microenvironment: a clue for successful 

immunotherapy. Mol Cancer; 14:1-13. 

https://journals.lww.com/indianjcancer/fulltext/2015/52040/Clinical_outcome_of_patients_with_primary.39.aspx
https://journals.lww.com/indianjcancer/fulltext/2015/52040/Clinical_outcome_of_patients_with_primary.39.aspx
https://www.sciencedirect.com/science/article/pii/S0023683722000782
https://www.sciencedirect.com/science/article/pii/S0023683722000782
https://www.sciencedirect.com/science/article/pii/S0023683722000782
https://www.sciencedirect.com/science/article/pii/S0016508523000501
https://www.sciencedirect.com/science/article/pii/S0016508523000501
https://www.sciencedirect.com/science/article/pii/S0016508523000501
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(09)70025-7/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(09)70025-7/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(09)70025-7/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(09)70025-7/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(09)70025-7/abstract
https://www.nature.com/articles/sigtrans201740
https://www.nature.com/articles/sigtrans201740
https://www.nature.com/articles/sigtrans201740
https://www.sciencedirect.com/science/article/pii/S0002944010647463
https://www.sciencedirect.com/science/article/pii/S0002944010647463
https://link.springer.com/article/10.1007/s004390050317
https://link.springer.com/article/10.1007/s004390050317
https://link.springer.com/article/10.1007/s004390050317
https://link.springer.com/article/10.1007/s11060-011-0790-3
https://link.springer.com/article/10.1007/s11060-011-0790-3
https://link.springer.com/article/10.1007/s11060-011-0790-3
https://www.mdpi.com/2072-6694/11/3/284
https://www.mdpi.com/2072-6694/11/3/284
https://www.mdpi.com/2072-6694/11/3/284
https://www.mdpi.com/2072-6694/11/3/284
https://www.cell.com/AJHG/fulltext/S0002-9297(07)64009-9
https://www.cell.com/AJHG/fulltext/S0002-9297(07)64009-9
https://www.cell.com/AJHG/fulltext/S0002-9297(07)64009-9
https://www.cell.com/AJHG/fulltext/S0002-9297(07)64009-9
https://www.cell.com/AJHG/fulltext/S0002-9297(07)64009-9
https://journals.sagepub.com/doi/abs/10.1177/197140091302600606
https://journals.sagepub.com/doi/abs/10.1177/197140091302600606
https://journals.sagepub.com/doi/abs/10.1177/197140091302600606
https://onlinelibrary.wiley.com/doi/abs/10.1002/gcc.10087
https://onlinelibrary.wiley.com/doi/abs/10.1002/gcc.10087
https://onlinelibrary.wiley.com/doi/abs/10.1002/gcc.10087
https://onlinelibrary.wiley.com/doi/abs/10.1002/gcc.10087
https://molecularcasestudies.cshlp.org/content/6/1/a004671.short
https://molecularcasestudies.cshlp.org/content/6/1/a004671.short
https://molecularcasestudies.cshlp.org/content/6/1/a004671.short
https://www.jbc.org/article/S0021-9258(19)57766-3/fulltext
https://www.jbc.org/article/S0021-9258(19)57766-3/fulltext
https://www.jbc.org/article/S0021-9258(19)57766-3/fulltext
https://www.jbc.org/article/S0021-9258(19)57766-3/fulltext
https://www.mdpi.com/1422-0067/20/11/2658
https://www.mdpi.com/1422-0067/20/11/2658
https://www.mdpi.com/1422-0067/20/11/2658
https://europepmc.org/article/med/8669813
https://europepmc.org/article/med/8669813
https://europepmc.org/article/med/8669813
https://europepmc.org/article/med/8669813
https://www.cell.com/fulltext/S0092-8674(13)01208-7
https://www.cell.com/fulltext/S0092-8674(13)01208-7
https://www.cell.com/fulltext/S0092-8674(13)01208-7
https://link.springer.com/article/10.1007/BF00389493
https://link.springer.com/article/10.1007/BF00389493
https://link.springer.com/article/10.1007/BF00389493
https://academic.oup.com/jnen/article-abstract/54/5/651/2610445
https://academic.oup.com/jnen/article-abstract/54/5/651/2610445
https://academic.oup.com/jnen/article-abstract/54/5/651/2610445
https://academic.oup.com/jnen/article-abstract/54/5/651/2610445
https://www.spandidos-publications.com/ol/12/4/2992
https://www.spandidos-publications.com/ol/12/4/2992
https://www.spandidos-publications.com/ol/12/4/2992
https://link.springer.com/article/10.1007/s11060-010-0267-9
https://link.springer.com/article/10.1007/s11060-010-0267-9
https://link.springer.com/article/10.1007/s11060-010-0267-9
https://link.springer.com/article/10.1007/s11060-010-0267-9
https://www.annsaudimed.net/doi/abs/10.5144/0256-4947.2019.410
https://www.annsaudimed.net/doi/abs/10.5144/0256-4947.2019.410
https://www.annsaudimed.net/doi/abs/10.5144/0256-4947.2019.410
https://www.annsaudimed.net/doi/abs/10.5144/0256-4947.2019.410
https://www.annsaudimed.net/doi/abs/10.5144/0256-4947.2019.410
https://aacrjournals.org/clincancerres/article-abstract/10/11/3763/181851
https://aacrjournals.org/clincancerres/article-abstract/10/11/3763/181851
https://aacrjournals.org/clincancerres/article-abstract/10/11/3763/181851
https://aacrjournals.org/clincancerres/article-abstract/10/11/3763/181851
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3639.2001.tb00379.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3639.2001.tb00379.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3639.2001.tb00379.x
https://www.nature.com/articles/bjc2011571
https://www.nature.com/articles/bjc2011571
https://www.nature.com/articles/bjc2011571
https://www.nature.com/articles/bjc2011571
https://febs.onlinelibrary.wiley.com/doi/abs/10.1002/1878-0261.12155
https://febs.onlinelibrary.wiley.com/doi/abs/10.1002/1878-0261.12155
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3639.1996.tb00848.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3639.1996.tb00848.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3639.1996.tb00848.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3639.1996.tb00848.x
https://link.springer.com/article/10.1007/s00401-018-1837-8
https://link.springer.com/article/10.1007/s00401-018-1837-8
https://link.springer.com/article/10.1007/s00401-018-1837-8
https://link.springer.com/article/10.1007/s00401-018-1837-8
https://link.springer.com/article/10.1007/s00401-018-1837-8
https://link.springer.com/article/10.1007/s00401-018-1837-8
https://link.springer.com/article/10.1007/s00401-018-1837-8
https://link.springer.com/article/10.1007/s00401-018-1837-8
https://academic.oup.com/noa/article-abstract/2/1/vdaa126/5908751
https://academic.oup.com/noa/article-abstract/2/1/vdaa126/5908751
https://academic.oup.com/noa/article-abstract/2/1/vdaa126/5908751
https://academic.oup.com/noa/article-abstract/2/1/vdaa126/5908751
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3639.2012.00571.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3639.2012.00571.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3639.2012.00571.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1750-3639.2012.00571.x
https://link.springer.com/article/10.1007/s12032-015-0655-2
https://link.springer.com/article/10.1007/s12032-015-0655-2
https://link.springer.com/article/10.1007/s12032-015-0655-2
https://www.sciencedirect.com/science/article/pii/S0046817716301599
https://www.sciencedirect.com/science/article/pii/S0046817716301599
https://www.sciencedirect.com/science/article/pii/S0046817716301599
https://aacrjournals.org/clincancerres/article-abstract/22/3/609/254665
https://aacrjournals.org/clincancerres/article-abstract/22/3/609/254665
https://aacrjournals.org/clincancerres/article-abstract/22/3/609/254665
https://aacrjournals.org/clincancerres/article-abstract/22/3/609/254665
https://www.mdpi.com/1422-0067/20/21/5347
https://www.mdpi.com/1422-0067/20/21/5347
https://academic.oup.com/neuro-oncology/article-abstract/18/10/1357/2223033
https://academic.oup.com/neuro-oncology/article-abstract/18/10/1357/2223033
https://academic.oup.com/neuro-oncology/article-abstract/18/10/1357/2223033
https://link.springer.com/article/10.1186/s12943-015-0307-3
https://link.springer.com/article/10.1186/s12943-015-0307-3
https://link.springer.com/article/10.1186/s12943-015-0307-3
https://link.springer.com/article/10.1186/s12943-015-0307-3


J. Brain and Neurological Disorders                                                                                                                                   Copy rights@ Nikolaos Andreas Chrysanthakopoulos, 

Auctores Publishing LLC – Volume 8(1)-135 www.auctoresonline.org  
ISSN:2642-973X   Page 9 of 9 

78. Aros CJ, Pantoja CJ, Gomperts BN. (2021). Wnt signaling in 

lung development, regeneration, and disease progression. 

Commun Biol; 4: 601. 

79. Vibhakar R, Foltz G,Yoon J, et al. (2007). Dickkopf-1 is an 

epigenetically silenced candidate tumor suppressor gene in 

medulloblastoma. Neuro-oncology; 9:135-144. 

80. Shou J, Ali-Osman F, Multani AS, et al. (2002). Human Dkk-

1, a gene encoding a Wnt antagonist, responds to DNA damage 

and its overexpression sensitizes brain tumor cells to apoptosis 

following alkylation damage of DNA. Oncogene; 21: 878- 889. 

81. Soubannier V, Stifani S. (2017). NF-κB signaling in 

glioblastoma. Biomedicines; 5:29. 

82. Friedmann-Morvinski D, Narasimamurthy R, XiaY, et al. 

(2016). Targeting NF-kB in glioblastoma: a therapeutic 

approach. Sci Adv. 

83. Schwetye KE, Joseph NM, Al-Kateb H, et al. (2016).  

Gliosarcomas lack BRAF (V600E) mutation, but a subset 

exhibit β-catenin nuclear localization. Neuropathol; 36: 448-

455. 

84. Wang L, Sun J, Li Z, et al. (2017). Gliosarcomas with the BRAF 

V600E mutation: A report of two cases and review of the 

literature. J Clin Pathol; 70: 1079-1083. 

85. Alonso MM, Diez-Valle R, Manterola L, et al. (2011). Genetic 

and epigenetic modifications of Sox2 contribute to the invasive 

phenotype of malignant gliomas. PLoS ONE; 6: e26740.  

86. Dardis C, Donner D, Sanai N, et al. (2021). Gliosarcoma vs. 

glioblastoma: A retrospective case series using molecular 

profiling. BMC Neurol; 21: 231. 

87. Kröger S, Niehoff AC, Jeibmann A, et al. (2018). 

Complementary Molecular and Elemental Mass-Spectrometric 

Imaging of Human Brain Tumors Resected by Fluorescence-

Guided Surgery. Anal Chem; 90: 12253-12260. 

88. Roelen BA, Dijke P (2003). Controlling mesenchymal stem cell 

differentiation by TGFBeta family members. J Orthop Sci 

;8(5):740-748 

89. Grafe I, Alexander S, Peterson JR, et al. (2018). TGF-beta 

family signaling in mesenchymal differentiation.  Cold Spring 

Harb Perspect Biol;10(5): a 022202. 

90. Wang H, Wu Q, Zhang Y, et al. (2017). TGF-beta1-induced 

epithelial-mesenchymal transition in lung cancer cells involves 

upregulation of miR-9 and downregulation of its target, E-

cadherin. Cell Mol Biol Lett; 22:22. 

91. Turini S, Bergandi L, Gazzano E, (2019). Epithelial to 

mesenchymal transition in human mesothelial cells exposed to 

asbestos fibers: role of TGF-beta as mediator of malignant 

mesothelioma development or metastasis via EMT event. Int J 

Mol Sci; 20(1):150. 

92. Rahman MS, Akhtar N, Jamil HM, et al. (2015). TGF-

beta/BMP signaling and another molecular events: regulation 

of osteoblasto genesis and bone formation. Bone Res; 3:15005. 

93. Wu M, Chen G, Li YP (2016). TGF-beta and BMP signaling in 

osteoblast, skeletal development, and bone formation, 

homeostasis and disease. Bone Res; 4:16009. 

94. Fedele M, Cerchia L, Pegoraro S, et al. (2019). Proneural-

mesenchymal transition: phenotypic plasticity to acquire 

multitherapy resistance in glioblastoma. Int J Mol Sci; 

20(11):2746. 

95. Chu W, Song X, Yang X, et al. (2014). Neuropilin-1 promotes 

epithelial-to-mesenchymal transition by stimulating nuclear 

factor-kappa B and is associated with poor prognosis in human 

oral squamous cell carcinoma. PLoS ONE; 9: e101931.  

96. Huang RY-J, Kuay KT, Tan TZ, et al. (2015). Functional 

relevance of a six mesenchymal gene signature in epithelial-

mesenchymal transition (EMT) reversal by the triple 

angiokinase inhibitor, nintedanib (BIBF 1120).  Oncotarget; 6: 

22098-22113. 

97. Barr F, Lambright DG (2014). Rab GEFs and GAPs. Curr Opin 

Cell Biol; 22: 461-470. 

98. Wang S, Lu A, Chen X, (2014). RABEX-5 is up-regulated and 

plays an oncogenic role in gastric cancer development by 

activating the VEGF signaling pathway. PLoS ONE; 9: 

e113891  

99. Hsieh JK, Hong CS, Manjila S, et al. (2017). An IDH1-mutated 

primary gliosarcoma: case report. J Neurosurg;126(2): 476-

480. 

100. Peckham ME, Osborn AG, Palmer CA, et al. (2019). 

Gliosarcoma: Neuroimaging and immuno-histochemical 

findings. J Neuroimaging; 29: 126-132. 

101. Ohgaki H, Kleihues P (2007). Genetic pathways to primary and 

secondary glioblastoma. The Am J Pathol;170(5):1445-1453. 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.nature.com/articles/s42003-021-02118-w
https://www.nature.com/articles/s42003-021-02118-w
https://www.nature.com/articles/s42003-021-02118-w
https://academic.oup.com/neuro-oncology/article-abstract/9/2/135/1116590
https://academic.oup.com/neuro-oncology/article-abstract/9/2/135/1116590
https://academic.oup.com/neuro-oncology/article-abstract/9/2/135/1116590
https://www.nature.com/articles/1205138
https://www.nature.com/articles/1205138
https://www.nature.com/articles/1205138
https://www.nature.com/articles/1205138
https://www.mdpi.com/2227-9059/5/2/29
https://www.mdpi.com/2227-9059/5/2/29
https://www.science.org/doi/abs/10.1126/sciadv.1501292
https://www.science.org/doi/abs/10.1126/sciadv.1501292
https://www.science.org/doi/abs/10.1126/sciadv.1501292
https://onlinelibrary.wiley.com/doi/abs/10.1111/neup.12293
https://onlinelibrary.wiley.com/doi/abs/10.1111/neup.12293
https://onlinelibrary.wiley.com/doi/abs/10.1111/neup.12293
https://onlinelibrary.wiley.com/doi/abs/10.1111/neup.12293
https://jcp.bmj.com/content/70/12/1079.abstract
https://jcp.bmj.com/content/70/12/1079.abstract
https://jcp.bmj.com/content/70/12/1079.abstract
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0026740
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0026740
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0026740
https://link.springer.com/article/10.1186/s12883-021-02233-5
https://link.springer.com/article/10.1186/s12883-021-02233-5
https://link.springer.com/article/10.1186/s12883-021-02233-5
https://pubs.acs.org/doi/abs/10.1021/acs.analchem.8b03516
https://pubs.acs.org/doi/abs/10.1021/acs.analchem.8b03516
https://pubs.acs.org/doi/abs/10.1021/acs.analchem.8b03516
https://pubs.acs.org/doi/abs/10.1021/acs.analchem.8b03516
https://www.sciencedirect.com/science/article/pii/S0949265815339609
https://www.sciencedirect.com/science/article/pii/S0949265815339609
https://www.sciencedirect.com/science/article/pii/S0949265815339609
https://cshperspectives.cshlp.org/content/10/5/a022202.short
https://cshperspectives.cshlp.org/content/10/5/a022202.short
https://cshperspectives.cshlp.org/content/10/5/a022202.short
https://link.springer.com/article/10.1186/s11658-017-0053-1
https://link.springer.com/article/10.1186/s11658-017-0053-1
https://link.springer.com/article/10.1186/s11658-017-0053-1
https://link.springer.com/article/10.1186/s11658-017-0053-1
https://www.mdpi.com/1422-0067/20/1/150
https://www.mdpi.com/1422-0067/20/1/150
https://www.mdpi.com/1422-0067/20/1/150
https://www.mdpi.com/1422-0067/20/1/150
https://www.mdpi.com/1422-0067/20/1/150
https://www.nature.com/articles/boneres20155
https://www.nature.com/articles/boneres20155
https://www.nature.com/articles/boneres20155
https://www.nature.com/articles/boneres20169
https://www.nature.com/articles/boneres20169
https://www.nature.com/articles/boneres20169
https://www.mdpi.com/1422-0067/20/11/2746
https://www.mdpi.com/1422-0067/20/11/2746
https://www.mdpi.com/1422-0067/20/11/2746
https://www.mdpi.com/1422-0067/20/11/2746
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0101931
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0101931
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0101931
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0101931
https://pmc.ncbi.nlm.nih.gov/articles/PMC4673149/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4673149/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4673149/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4673149/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4673149/
https://link.springer.com/chapter/10.1007/978-3-319-07761-1_5
https://link.springer.com/chapter/10.1007/978-3-319-07761-1_5
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0113891
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0113891
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0113891
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0113891
https://thejns.org/view/journals/j-neurosurg/126/2/article-p476.xml
https://thejns.org/view/journals/j-neurosurg/126/2/article-p476.xml
https://thejns.org/view/journals/j-neurosurg/126/2/article-p476.xml
https://onlinelibrary.wiley.com/doi/abs/10.1111/jon.12565
https://onlinelibrary.wiley.com/doi/abs/10.1111/jon.12565
https://onlinelibrary.wiley.com/doi/abs/10.1111/jon.12565
https://www.sciencedirect.com/science/article/pii/S0002944010613582
https://www.sciencedirect.com/science/article/pii/S0002944010613582


J. Brain and Neurological Disorders                                                                                                                                   Copy rights@ Nikolaos Andreas Chrysanthakopoulos, 

Auctores Publishing LLC – Volume 8(1)-135 www.auctoresonline.org  
ISSN:2642-973X   Page 10 of 9 

 

 

 

 

 This work is licensed under Creative    
   Commons Attribution 4.0 License 
 

 

To Submit Your Article, Click Here: Submit Manuscript 

 

DOI:10.31579/2642-973X/135 

 

 

 

 

 

Ready to submit your research? Choose Auctores and benefit from:  

 

➢ fast, convenient online submission 

➢ rigorous peer review by experienced research in your field  

➢ rapid publication on acceptance  

➢ authors retain copyrights 

➢ unique DOI for all articles 

➢ immediate, unrestricted online access 

 

At Auctores, research is always in progress. 

 

Learn more https://auctoresonline.org/journals/brain-and-neurological-disorders  

file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=52
https://auctoresonline.org/journals/brain-and-neurological-disorders

