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ARTICLE INFO ABSTRACT

Keywords: Glioblastoma is the most aggressive malignant type of central nervous system tumors. The literature review
IDH1 and IDH2 revealed that the most common genetic abnormalities in primary and secondary glioblastomas are IDH1 / 2
P53 mutations, p53 mutations, and overexpression of EGFR.

EGFR

Primary and secondary glioblastoma Morocco

To our knowledge, this is the first Moroccan study to provide a global picture of genetic studies performed on
Moroccan patients to describe genetic markers and their frequency in our population.

An in-depth research in ScienceDirect and Pubmed on glioblastoma articles treated in Morocco, this research
is based on the following keywords: glioblastoma in Morocco, primary glioblastoma in Morocco, secondary

glioblastoma in Morocco.

We found only three research articles on genomic alteration of IDH1 / 2, p53 and EGFR expression. The
frequency of these gene mutations in our population was similar to those reported from other populations.
Additional molecular studies need to be performed on other genes to describe other genetic markers in the

Moroccan population.

Introduction

The glioma accounting for about 45% of brain tumors, is the most
common neoplasm of the central nervous system, representing 81% of
malignant brain tumors in all of the world (Ostrom et al., 2014). It is
classified according to the World Health Organization (WHO), ac-
cording to their cell of origin, these include astrocytic tumors (astro-
cytoma grade I-IV), oligodendrogliomas (WHO grade II-III) and oli-
goastrocytomas (WHO grade II-III).

The glioblastoma multiforme (GBM) is one of the most malignant
brain tumors in humans, accounting for 60% of all brain tumors in adult
(Rock et al., 2012). The primary glioblastoma (de novo) is the most
frequently and progress rapidly in elderly patients (> 45 years), con-
trariwise the secondary glioblastoma develops from the anaplastic as-
trocytoma or low-grade diffuse astrocytoma in younger patients (< 45
years) (Ohgaki and Kleihues, 2013).

The overall incidence is less than of 10/100 000 and It occurs more
in males than in females (Hanif et al., 2017). The cancer registry in
Morocco has no data on the incidence of the central nervous system. On
the other hand, GBM is associated with a poor prognosis.Despite ag-
gressive surgery, radiation, and chemotherapies with temozolomide,
the average life of survival still ~ 1year (Dong et al., 2014). The
progress in the treatment modalities, it remains incurable. Among the
most frequently observed genetic abnormalities in glioblastoma multi-
forme are overexpression and amplification of epidermal growth factor
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receptor (EGFR) with or without activating mutation and loss of PTEN
expression, IDH 1/2 and p53 genes mutation, and the loss of the arm
10q (Ines Crespo et al., 2015). The consequences of altering the sig-
naling pathways of these genes, cause uncontrolled cell proliferation,
enhanced cell survival and decrease apoptosis (Jian Chen, Renée M.
McKay, 2012).

The IDHs enzymes (IDH1, IDH2, and IDH3) play role in the citric
acid cycle, convert isocitrate to a-ketoglutarate with the conversion of
NAD + to NADH (Hanumantha Rao Madala et al., 2018). All mutation
identified to date in the IDH1 gene are missense at R132 and at ana-
logous (R172) in IDH2 (Ohgaki and Kleihues, 2013). The studies de-
monstrated that these mutations are frequent in secondary (> 80%)
than in primary (< 5%) (Ohgaki and Kleihues, 2013).

The p53 gene has a five conserved region and encodes for a tran-
scription factor protein (393 amino-acid), plays role in apoptosis, cell
regulation, and DNA reparation (Vogelstein et al., 2000). The P53
mutations are higher in secondary (> 90%) than in primary (< 35%)
(Nagpal et al., 2006). Loss of the p53 gene in GBM is due to mutations
in exons 5 and exon 8 or homozygous/heterozygous deletion of chro-
mosome 17 (Nagpal et al., 2006). The mutations affected exon 8 of the
p53 gene are missense at R273H (818 G > A), and nonsense at R306X
(916 C > T).The other mutation in exon 5 localized at Q136X
(406C > T) (Hilmani et al., 2013).

The EGFR gene is located on chromosome 7p12, codes for a tyrosine
kinase membrane receptor that is bound to the EGF ligand. This binding
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activates the dimerization and autophosphorylation receptor of the
cytoplasmic domain (Yamanashi et al., 2012). In Glioblastoma, muta-
tions of EGFR affect exons 18-19-20 and 21 (Arif et al., 2015). The
EGFR signaling pathways participate in cell cycle activation, cell sur-
vival, proliferation, angiogenesis, motility, adhesion and metastasis of
tumor cells (Wee and Wang, 2017).

The aim of this study was to conduct a literature review of the lit-
erature on glioblastoma genetic studies conducted in Moroccan patients
and to identify the characteristics of our population.

Methods

A comprehensive literature search was conducted via ScienceDirect
and PubMed (the latest research update was held on May 15, 2018) to
find research articles related to glioblastoma in Morocco, using the
following search terms: Glioblastoma Morocco, Primary glioblastoma
Morocco, secondary glioblastoma Morocco. No language restrictions
were imposed in either database.

The following criteria were used for our review: research articles
dealing with the genetics of glioblastoma in Morocco, including pri-
mary and secondary glioblastoma. The major reason for exclusion of
studies was as follow: reviews, epidemiological articles or poster and
studies without genetic assay or have not been done on the Moroccan
population (Fig. 1).

Results
Results of the literature search

After extensive research in Pubmed and ScienceDirect, we founded
90 results. we selected 3 research articles based on the title and re-
lationship with the genetic glioblastoma of Moroccan patients.

Results of selected articles

The Table 1 shows the results of the three studies carried out in
Morocco to determine the genetic characteristics of the Moroccan po-
pulation.

It was reported in these selected articles, after sequencing of 65 and
62 patients in two different studies performed by Senhaji et al, the IDH
1 gene mutation (codons 132) was found in 12.36% and 36.75% of
patients with glioblastoma (Senhaji et al., 2017; Senhaji et al., 2016).

{ Pubmed=10 }
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On the other hand, the study of Hilmani et al reported that there is no
IDH 1 gene mutation among 34 patients with primary glioblastoma
(Hilmani et al., 2013).

For the mutation at IDH level 2 (codons 172), the sequencing of 65
and 62 patients with GBM, did not revealed any mutation in these
patients, the same results were found in primary glioblastoma samples
by the Hilmani team (Hilmani et al., 2013).

The exons from 4 to 10 of the p53 gene were screened by sequen-
cing in 34 cases with primary glioblastoma; the analysis revealed a
mutation only in exons 5 and 8 with a frequency of 8.82% (Hilmani
et al., 2013) (Fig. 2).

Analysis of EGFR expression (exon 20) in 34 GBM patients revealed
overexpression of this gene in 26.15% of the samples (Senhaji et al.,
2017).

Discussion

Numerous alterations have been associated with genetic glio-
blastomas, such as the IDH1 / 2 mutation, the loss of 10q hetero-
zygosity, the p53 mutation, the MDM2 overexpression and the p16 <42
deletion (Fig. 1), but the mechanism leading to the development of
glioblastoma still unclear. Here we study different genetic alteration
studies in Moroccan patients with glioblastoma, after selection of arti-
cles, only the genes IDH1 / 2, p53 and EGFR were studied.

The IDH1 and IDH2 use NADP + as a cofactor to catalyze the re-
versible decarboxylation of isocitrate to a-ketoglutarate (a-KG), the
latter itself playing an antioxidant role (Hanumantha Rao Madala et al.,
2018). This reaction results from the production of NADPH in the
process. NADPH plays an important role in the reproduction of oxida-
tive glutathione (SU MIN LEE et al., 2002). IDH 1 is more expressed in
cytosol and peroxisome. In contrast, the IDH2 is in the mitochondria
(Horbinski, 2013). These enzymes play a vital role in the response to
oxidative stress. It has been reported that, the IDH mutations promote
cell proliferation and blocks cell differentiation (Cambruzzi, 2017).
Molecular analysis by sequencing of the IDH1 gene, codon 132, showed
a frequency of 12.36% and 36.75% in Moroccan population (Senhaji
et al.,, 2017; Senhaji et al., 2016). This finding is similar to those re-
ported from other populations in different continents; for example, 10%
in America, 20% in the Netherlands and 25% in India. Nonetheless, the
outcome of the studies conducted among Moroccans disagree with
others performed in Germany (3%), France (5.6%) and China (56%).
(Bleeker et al., 2008; Agarwal et al., 2013; Killela et al., 2014; Combs
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Fig. 1. Flow diagram of the study selection process.
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Table 1
Frequency of IDH1, IDH2 and TP53 mutations in glioblastomas from selected studies.
Article n IDH1 IDH2 P53 EGFR
Codons 132 Codons 172 Exons 5 & 8 Exon 20
GBM pGBM sGBM GBM pGBM sGBM GBM pGBM sGBM GBM pGBM sGBM
Senhaji et al. (2017) 65 12.36% ND ND 0% ND ND ND ND ND 26.15% ND ND
Senhaji et al. (2016) 62 36.75% ND ND 0% ND ND ND ND ND ND ND ND
Hilmani et al. (2013) 34 ND 0% ND ND 0% ND ND 8,82% ND ND ND ND

GBM glioblastomas, pGBM primary glioblastomas, sGBM secondary glioblastomas and ND not determined.
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Fig. 2. Genetic alteration in primary and secondary glioblastoma (Osborne
et al., 2001).

et al.,2011; Sanson et al., 2009; Zhou et al., 2012).

No mutations were observed in the IDH2 gene (172 codons), this
result confirmed that this mutation was a secondary glioblastoma
marker (Ohgaki and Kleihues, 2013).

The p53 is a transcription factor that plays a crucial role in apop-
tosis, DNA repair, participates and in the regulation of cell growth
(Vogelstein et al., 2000). The p53 is not a hallmark of tumor types
(Ngrgxe et al., 2016), while the expression of p53 was higher in sec-
ondary GBM (> 90%) than in primary (35%) (Kunihiko Watanabe
et al.,, 1997). The sequencing of the p53 gene (exons 5 and 8) in a
sample of the Moroccan population with primary glioblastoma revealed
a low frequency of mutation (8.82%) compared to the Italian (21.2%)
and American (23%) (Hai Yan et al., 2009; Shoji Shiraishi et al., 2002
and Mellai et al.,2011).

The EGFR is a tyrosine kinase family, including HER1 also known as
EGFR, HER2, HER3 and HER4 (XU et al., 2017). It’s a proto-oncogene
and anti-apoptotic protein that stimulating cell proliferation (Wee and
Wang, 2017). The EGFR is localized on chromosome 17q22 and divided
into 28 exons (Davies et al., 1980). The expression analysis of the EGFR
gene, exon 20, which codes for the tyrosine kinase region showed that
the amplification of this gene was 26.15% in the Moroccan population
(Senhaji et al., 2017). These results are similar to those of the Tunisian
population (24%) and discordant with other continents: in Italy (44%),
in Spain (53%) and in Portugal (53%) populations (Trabelsi et al., 2017;
Franceschi et al., 2015; Benito et al., 2010; Viana-pereira et al., 2008).

Conclusion

In this review, including the only three articles dealing with glio-
blastoma showed that the frequency of IDH1 (R132), IDH2 (R172) and
EGFR gene expression (Exon 20) in the Moroccan population coincide
and agree with other populations, as described in the discussion. On the
contrary, the frequency of the p53 gene (exons 5 and 8) is low com-
pared to the Italian and Japanese populations.

To our knowledge, this is the first Moroccan study on the frequency
of altered genes in patients with glioblastoma, based on the studies
conducted in this population. Other molecular studies must be con-
ducted on a large number of patients and describe other genetic mar-
kers, their impact on the diagnosis, survival and treatment of the
Moroccan population.

Conflict of interest
The authors declare no conflict of interest.
References

Agarwal, S., Sharma, M.C., Jha, P., Pathak, P., Suri, V., Sarkar, C., Chosdol, K., Suri, A.,
Kale, S.S., Mahapatra, A.K., Jha, P., 2013. Comparative study of IDH1 mutations in
gliomas by immunohistochemistry and DNA sequencing. NeuroOncology 15 (6),
718-726.

Arif, Arshad A., Pandith, Abdul, Rashid Bhat1, Altaf, Umar Ramzan, Malik, Nayil
Khursheed, Chibber, Sarabjit S., Wani, Abrar A., Tabasum, Rehana, Kirmani, Altaf,
2015. EGFR and PTEN gene mutation status in glioblastoma patients and their
prognostic. J. Carcinogen. Mutagen. 6 (2), 1-7.

Benito, R., Gil-Benso, R., Quilis, V., Perez, M., Gregori-Romero, M., Roldan, P., Gonzalez-
Darder, J., Cerda-Nicolas, M., Lopez-Gines, C., 2010. Primary glioblastomas with and
without EGFR amplification : relationship to genetic alterations and clin-
icopathological features. Neuropathology 30 (4), 392-400.

Bleeker, F.E., Lamba, S., Leenstra, S., Troost, D., Hulsebos, T., Vandertop, W.P., Frattini,
M., Molinari, F., Knowles, M., Cerrato, A., Rodolfo, M., Scarpa, A., Felicioni, L.,
Buttitta, F., Malatesta, S., Marchetti, A., Bardelli, A., 2008. IDH1 mutations at residue
p. R132 (IDH1 R132) occur frequently in high-grade gliomas but not in other solid
tumors. Hum. Mutat. 132 (1), 7-11.

Cambruzzi, Eduardo, 2017. The role of IDH1 / 2 mutations in the pathogenesis of sec-
ondary glioblastomas. J. Bras. Patol. Med. Lab. 53 (5), 338-344.

Jian, Chen, Renée, M.Mc Kay, Luis, F.Parada, 2012. Malignant Glioma: Lessons from
Genomics, Mouse Models, and Stem Cells. Cell 149 (1), 36-47.

Combs, S.E., Rieken, S., Wick, W., Abdollahi, A., von Deimling, A., Debus, J., Hartmann,
C., 2011. Prognostic Significance of IDH-1 and MGMT in Patients with Glioblastoma :
One Step Forward, and One Step Back? Radiat. Oncol. 6 (115), 1-5.

Crespo, Ines, Vital, A.L., Gonzalez-Tablas, M., Patino Mdel, C., Otero, A., Lopes, M.C., de
Oliveira, C., Domingues, P., Orfao, A., Tabernero, M.D., 2015. Molecular and
genomic alterations in glioblastoma multiforme. Am. J. Pathol. 185 (7), 1820-1833.

Davies Robin, L., Grosse, Virginia A., Kucherlapati, Raju, Bothwell, Mark, 1980. Genetic
analysis of epidermal growth factor action : assignment of human epidermal growth
factor receptor gene to chromosome 7. Proc. Natl. Acad. Sci. 77 (7), 4188-4192.

Dong, Yu-shu, Hou, Wu-gang, Li, Xiao-lan, Jin, Tian-bo, 2014. Genetic association of
CHEK2, GSTP1, and ERCC1 with glioblastoma in the han chinese population. J.
Immunother. Emphasis Tumor Immunol. 35 (5), 4937-4941.

Franceschi, chiaram.Mazzanti, lessi, francesca, aretini, paolo, Carbone, francescog., ferla,
marcola, scatena, cristian, ortenzi, valerio, vannozzi, riccardo, fanelli, giovanni,
pasqualetti, francesco, bevilacqua, generoso, zavaglia, katia, Naccarato, antoniog.,
2015. Investigating molecular alterations to profile short - and long - term recurrence
- free survival in patients with primary glioblastoma. Oncol. Lett. 10 (6), 3599-3606.

Hai Yan, D., Williams Parsons, M.D., Jin, Genglin, McLendon, Roger, Ahmed Rasheed, B.,
Yuan, Weishi, et al., 2009. IDH1 and IDH2 mutations in gliomas. N. Engl. J. Med. 360
(8), 765-773.

Hanif, Muzaffar, K., Perveen, K., Malhi, S.M., ShU, Simjee, 2017. Glioblastoma multi-
forme : a review of its epidemiology and pathogenesis through clinical presentation
and treatment. Asian Pac. J. Cancer Prev. 18 (1), 3-9.

Hilmani, Abidi O., Benrahma, H., Karkouri, M., Sahraoui, S., El Azhari, A., Barakat, A.,
2013. Clinicopathological features and molecular analysis of primary glioblastomas
in moroccan patients. J. Mol. Neurosci. 49 (3), 567-573.

Horbinski, C., 2013. What Do We Know about IDH1/2 Mutations so Far, and How Do We
Use It? Acta Neuropathol. 125 (5), 621-636.

Killela, Pirozzi, C.J., Healy, P., Reitman, Z.J., Lipp, E., Rasheed, B.A., Yang, R., Diplas,
B.H., Wang, Z., Greer, P.K., Zhu, H., Wang, C.Y., Carpenter, A.B., Friedman, H.,
Friedman, A.H., Keir, S.T., He, J., He, Y., McLendon, R.E., Herndon 2nd, J.E., Yan, H.,


http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0005
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0005
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0005
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0005
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0010
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0010
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0010
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0010
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0015
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0015
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0015
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0015
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0020
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0020
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0020
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0020
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0020
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0025
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0025
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0030
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0030
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0035
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0035
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0035
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0040
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0040
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0040
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0045
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0045
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0045
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0050
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0050
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0050
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0055
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0055
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0055
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0055
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0055
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0060
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0060
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0060
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0065
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0065
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0065
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0070
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0070
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0070
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0075
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0075
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0080
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0080
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0080

H. Hilal El Idrissi et al.

Bigner, D.D., 2014. Mutations in IDH1, IDH2, and in the TERT promoter define
clinically distinct subgroups of adult malignant gliomas. Oncotarget 5 (6),
1515-1525.

Madala, Hanumantha Rao, Punganuru, Surendra R., Arutla, Misra Subhasis Viswanath,
Srivenugopal, Kalkunte S., Thomas, T.J., 2018. Beyond brooding on oncometabolic
havoc in IDH-Mutant gliomas and AML: current and future therapeutic strategies.
Cancers 10 (49), 1-36.

Mellai, Marta, Piazzi, Angela, Caldera, Valentina, 2011. IDH1 and IDH2 Mutations,
Immunohistochemistry and Associations in a Series of Brain Tumors. J. Neurooncol.
105 (2), 345-357.

Min Lee, Su, Koh, Ho-Jin, Park, Jeen-Woo, Song, Dong-Chan, Byoung, J.Huh, Park, Tae-
Lin, 2002. Cytosolic nadp dependent isocitrate dehydrogenase status modulates
oxidative damage to cells. Free Radic. Biol. Med. 32 (11), 1185-1196.

Nagpal, Julie, Jamoona, Amrith, Gulati, Nicholas D., Mohan, Avinash, 2006. Revisiting
the role of P53 in primary and secondary glioblastomas. Anticancer Res. 26,
4633-4639.

Norgxe, Dorte Schou, Poulsen, Hans Skovgaard, Lassen, Ulrik, 2016. Hallmarks of glio-
blastoma : a systematic review. ESMO Open 1 (6), 1-9.

Ohgaki, Hiroko, Kleihues, Paul, 2013. The definition of primary and secondary glio-
blastoma. Clin. Cancer Res. 19 (4), 764-773.

Osborne, R.H., Houben, M.P.W.A,, Tijssen, C.C., Coebergh, J.W.W., 2001. The genetic
epidemiology of glioma. NEUROLOGY 57, 1751-1755.

Ostrom, Bauchet, L., Davis, F.G., Deltour, 1., Fisher, J.L., Langer, C.E., Pekmezci, M.,
Schwartzbaum, J.A., Turner, M.C., Walsh, K.M., Wrensch, M.R., Barnholtz-Sloan,
J.S., 2014. The epidemiology of glioma in adults: a ‘State of the science’ review.
Neuro-Oncology 16, 896-913.

Rock, Mc Ardle O., Forde, P., Dunne, M., Fitzpatrick, D., O’Neill, B., Faul, C., 2012.
Clinical Review of Treatment Outcomes in Glioblastoma Multiforme — the Validation
in a Non-Trial Population of the Results of a Randomised Phase III Clinical Trial : Has
a More Radical Approach to Improved Survival? Br. J. Radiol. 85, 729-733.

Sanson, Marie Y., Paris, S., Idbaih, A., Laffaire, J., Ducray, F., El Hallani, S., Boisselier, B.,
Mokhtari, K., Hoang-Xuan, K., Delattre, J.Y., 2009. Isocitrate dehydrogenase 1 codon
132 mutation is an important prognostic biomarker in gliomas. J. Clin. Oncol. 27
(25), 4150-4154.

Senhaji, Louati, S., Chbani, L., Bardai, S.E., Mikou, K., Maaroufi, M., Benzagmout, M.,
Faiz, M.C., Marie, Y., Mokhtari, K., Idbaih, A., Amarti, A., Bennis, S., 2016.

136

IBRO Reports 5 (2018) 133-136

Prevalence of IDH1 / 2 mutations in different subtypes of glioma in the north-east
population of Morocco. Asian Pac. J. Cancer Prev. 17, 2649-2653.

Senhaji, Sara, Louati, Laila, Chbani, Fatemi, Hind El, Hammas, Nawal, Mikou, Karima,
Maaroufi, Mustapha, Benzagmout, Mohammed, Boujraf, Said, Bardai, Sanae El, Giry,
Marine, Marie, Yannick, Faiz, Mohammed Chaoui El, Mokhtari, Karima, Idbaih,
Ahmed, Amarti, Afaf, Bennis, Sanae, 2017. EGFR amplification and IDH mutations in
glioblastoma patients of the northeast of Morocco. Biomed Res. Int. 2017, 1-7.

Shiraishi, Shoji, Tada, Kenji, Nakamura, Hideo, Makino, Keishi, Kochi, Masato, Saya,
Hideyuki, Kuratsu, Jun-ichi, Ushio, Yukitaka, 2002. Influence of P53 mutations on
prognosis of patients with glioblastoma. Cancer Epidemiol. Biomarkers Prev. 95 (2),
249-257.

Trabelsi, Chabchoub I., Ksira, I., Karmeni, N., Mama, N., Kanoun, S., Burford, A., Jury, A.,
Mackay, A., Popov, S., Bouaouina, N., Ben Ahmed, S., Mokni, M., Tlili, K., Krifa, H.,
Yacoubi, M.T., Jones, C., Saad, A., H’'mida Ben Brahim, D., 2017. Molecular diag-
nostic and prognostic subtyping of gliomas in tunisian population. Mol. Neurobiol. 54
(4), 2381-2394.

Viana-pereira, Lopes J.M., Little, S., Milanezi, F., Basto, D., Pardal, F., Jones, C., Reis,
R.M., 2008. Analysis of EGFR overexpression, EGFR gene amplification and the
EGFRVIII mutation in portuguese high-grade gliomas. Anticancer Re 28 (2A),
913-920.

Vogelstein, Bert, Lane, David, Arnold, J., Levine, 2000. Surfing the P53 network. Nature
408 (6810) 307-301.

Watanabe, Kunihiko, Sato, K., Biernat, W., Tachibana, O., von Ammon, K., Ogata, N.,
Yonekawa, Y., Kleihues, P., Ohgaki, H., 1997. Incidence and timing of P53 mutations
during astrocytoma progression in patients with multiple biopsies. Clin. Cancer Res. 3
(4), 523-530.

Wee, Ping, Wang, Zhixiang, 2017. Epidermal growth factor receptor cell proliferation
signaling pathways. Cancers 9 (5), 1-45.

Xu, H.O.N.G.S.H.E.N.G., Hailiang, Z.0.N.G., Chong, M.A.,, Xing, M.L.N.G., Hai, D.U., Lei
Cao Ming, S.H.A.N.G., Kai, L.I., Xiao Guang, H.E., 2017. Epidermal growth factor
receptor in glioblastoma. Oncol. Lett. 14, 512-516.

Yamanashi, Yuji, Tezuka, Tohru, Yokoyama, Kazumasa, 2012. Activation of receptor
protein-tyrosine kinases from the cytoplasmic compartment. J. Biochem. 151 (4),
353-359.

Zhou, You-xin, Wang, Jun-xiang, Feng, Ming, 2012. Analysis of Isocitrate Dehydrogenase
1 Mutation in 97 Patients with Glioma. J. Mol. Neurosci. 2012 (47), 442-447.


http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0080
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0080
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0080
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0085
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0085
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0085
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0085
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0090
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0090
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0090
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0095
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0095
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0095
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0100
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0100
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0100
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0105
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0105
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0110
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0110
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0115
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0115
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0120
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0120
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0120
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0120
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0125
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0125
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0125
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0125
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0130
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0130
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0130
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0130
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0135
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0135
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0135
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0135
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0140
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0140
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0140
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0140
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0140
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0145
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0145
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0145
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0145
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0150
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0150
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0150
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0150
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0150
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0155
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0155
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0155
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0155
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0160
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0160
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0165
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0165
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0165
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0165
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0170
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0170
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0175
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0175
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0175
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0180
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0180
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0180
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0185
http://refhub.elsevier.com/S2451-8301(18)30059-1/sbref0185

	Genetics of Glioblastoma in Moroccan population: Review of literature
	Introduction
	Methods
	Results
	Results of the literature search
	Results of selected articles

	Discussion
	Conclusion
	Conflict of interest
	References




