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Radiogenomic features of CNS tumours and 

MiRNAs correlation phenotypes analysis 
 
 
 
 
 
 

1 Introduction 

1.1 Gliomas - General overview 

Gliomas are the most common tumors of the central nervous system, representing 81% of 

primitive malignant brain tumors (Ostrom QT 2014). These neoplasms have highly invasive and 

aggressive behavior and represent a very broad diagnostic category. The most malignant and common 

form is the glioblastoma (Louis et al., 2007). Gliomas are named after their morphological similarity 

to glial cells, in fact they derive from astrocytic cells, ependymal cells, oligodendrocytic cells or from 

a mixture of all cell types and may develop from all central nervous system districts. Such common 

cellular origin determines that gliomas share similar features, including indistinct margins and 

malignant progression, and they may only be distinguished by genetic alterations or gene expression 

profiles (Walker C 2011) 

 

            C.E. T1 –insular left glioma (A.O. Brotzu)                            Graphic representation of left insular glioma (Mayo Foundation) 
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Glial cells were thought to have only supporting functions for neurons, but research studies 

showed that they also play a role in the homeostasis of the microenvironment and of the development 

of the nervous system (Dimou and Götz, 2014).  

It has been shown that glial cells, through the constitution of a network of cells interconnected with 

each other and connected to neurons, form a structural scaffold with supporting roles (Giaume et al., 

2010). participate in the regulation of synapses and in the formation of new synapses (Gundersen et 

al., 2015). 

 

In recent years the identification of molecular markers gave a major contribution to better 

classifying, understanding and treating gliomas; in clinical use it enables to stratify patients more 

accurately, especially in clinical research to assess the efficacy of new pharmacological protocols or 

new drugs. (Riemenschneider et al., 2010). The rapid expansion of imaging techniques determined 

the ability to acquire ever better images, with increasingly higher resolution and a greater ability to 

identify smaller lesions (Shijun Wang et al., 2012). Clinical treatment also presented adjuncts. surgery 

is now supported by neuronavigation systems, intraoperative tumor tracers, which improved surgical 

performance, chemotherapy and new radiotherapy techniques. 

Despite the progress made in research, only 5% of patients survived after 5 years (Ostrom 

QT et al., 2014), the results of the other patients with gliomas remain scarce and patients will 

eventually die from complications of this devastating disease. 

Only early diagnosis of gliomas, early surgery and further treatment improvements will be 

the most effective method to deliver better results to patients (Pellerino et al., 2018). 

 

1.2 Classification of WHO gliomas 

 

Until a few years ago the classification principle for gliomas was based on their morphological 

characteristics, cytoarchitecture and immunohistological heritage, high cellularity and mitotic index, 

proliferation of endothelial cells and necrosis (Louis DN et al., 2007). 

The international classification based on classical histology, has been recently revised and 

presents important modifications for the incorporation of different molecular biomarkers such as the 

IDH1 / 2 status, the 1p / 19q co-deletion and the methylation of the MGMT promoter (Reifenberger 

G et al., 2017) , mutation of H3 K27M; WNT and SHH activation; thus defining new groupings of 
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diagnosis and the need for standardization of the nomenclature including genetic and molecular 

characteristics (Louis DN et al., 2017) 

For tumor types without molecular diagnostic tests, a diagnostic designation of the NOS is 

allowed (ie not otherwise specified). A NOS designation implies that there is no molecular 

information characterizing the lesion. In this context, the NOS in most cases, include tumors that do 

not show diagnostic genetic alterations. The NOS defines a group of lesions that cannot be classified, 

but can be the subject of future studies that could classify them. (Louis et al., 2017) 

In text format, italics are used for symbols of specific genes. Linear hyphens are used in some 

designations. The WHO degrees are written with Roman numerals (I, II, III, IV). (Louis et al., 2017) 

 

By simplifying we can distinguish diffuse or circumscribed gliomas, with a special mention 

for embryonic tumors. 

All diffusely infiltrating gliomas (whether astrocytic or oligodendroglial) are grouped 

together, they include: 

 

    

Diffuse Gliomas Other astrocytomas 

Diffuse astrocytoma, IDH-mutant Grade sec WHO II Pilocytic Astocytoma Grade sec WHO I 

Anaplastic astrocytoma, IDH-mutant Grade sec WHO III Subependyma giant cell 
astrocytoma Grade sec WHO I 

Glioblastoma, IDH-wildtype Grade sec WHO IV Pleomorphic astrocytoma Grade sec WHO II 

Glioblastoma, IDH-mutant Grade sec WHO IV Anaplastic pleomorphic 
astrocytoma Grade sec WHO III 

Diffuse midline glioma, H3 K27M-
mutant Grade sec WHO IV     

Oligodendroglioma, IDH-mutant and 
1p / 19q-codelected Grade sec WHO II Embryonal tumors 

Anaplastic oligodendroglioma, IDH-
mutant and 1p / 19q codelected Grade sec WHO III Medulloblastoma (all subtypes) Grade sec WHO IV 

 

 

In patients diagnosed with glioblastoma without clinical or histological evidence of a less 

malignant precursor lesion, primary glioblastoma is defined. Glioblastomas diagnosed in a patient 
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with a previous diagnosis of low-grade diffuse astrocytoma or anaplastic astrocytoma are called 

secondary glioblastomas. (Ohgaki et al., 2013) 

 

1.3  Incidence and survival of glioma. 

 

There are many articles in the literature describing the incidence of gliomas. 

The incidence rate of gliomas was 7.7 / 100,000 in the decade 1990-2006 and 7.3 in 2007-

2016 in Finland (Natukka et al.,2019). 

In the United Kingdom, the incidence rate of 7.1 / 100,000 in 2014 (Sehmer et al., 2014). 

The incidence of malignant brain tumors in the US brain (CBTRUS) in the United States was 

5.74 / 100000 (95% confidence interval = 5.77-5.78). The highest incidence in Northern Europe 

(AAIR = 6.59, 95% CI = 6.52-6.66) and Canada (AAIR = 6.53, 95% CI = 6.41-6.66). Incidence was 

instead found to be lower in Southeast Asia (AAIR = 2.55, 95% CI = 2.44-2.66), India (AAIR = 2.85, 

95% CI = 2.78-2, 93) and East Asia (AAIR = 3.07, 95% CI = 3.02-3.12) (Leece R et al 2017) 

 

 
Age-standardised incidence of CNS cancer per 100 000 population for both sexes, 2016 

The Lancet Neurology 2019 18, 376-393DOI: (10.1016/S1474-4422(18)30468-X) 
 

 

 

Median survival time is 14.6 months after surgery and subsequent chemotherapy and 

radiotherapy. The five-year survival rate is 0.05% -4.7%, representing GBM as the most lethal 

primary brain tumor (Huang SW 2018), five-year survival rates show a women / men ratio = 20 , 7% 

/ 18.7% (Crocetti et al., 2012). 
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Survival was consistently longer among females than males. The female gender can be considered as 

a prognostic factor (Franceschi et al., 2018) 

 

The prevalence of glioblastomas is 86% (Sehmer et al., 2014). The age-related incidence is 

different between the different subtypes of glioma. The astrocytic type is typical of childhood with a 

peak in the first decade, the lowest incidence in the second decade and then reappears at 50-60 years 

(Feltbower RG et al., 2004). Glioblastomas occur in adults between 45 and 75 years of age, with a 

low increase starting at age 30 (Louis et al., 2007b) with an incidence of 3.32 cases per 100,000 

person-years in males and 2, 24 in females (Ohgaki et al., 2004). 

 

   
Global age-standardised incidence rate per 100 000 population of CNS cancer by age and sex, 2016 

The Lancet Neurology 2019 18, 376-393DOI: (10.1016/S1474-4422(18)30468-X) 

 

 

Overall survival at 1 year and 2 years for glioblastoma are 19.15% and 3.27% (Ghosh M et al., 2017). 

In patients under the age of 50, the median survival is 8.8 months compared to patients aged 50 to 59 

years who have a median survival of 7.3 months (Ohgaki et al., 2004). Patients with anaplastic grade 

III astrocytoma have a 2-year survival rate of 58% (Laws et al., 2003). 
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1.4 Biomarkers for Glioma 

The biomarkers currently used for glioma include hypermethylation of the O6 methylguanine-

DNA-methyltransferase (MGMT) promoter, combined hetrozygosity (LOH) loss of the 1p and 19q 

chromosomes, chromosome 10q LOH, isocitrate dehydrogenase (IDH) mutations and epidermal 

growth mutations factor receptor (EGFR) BRAF duplication / fusion. 

 

1.4.1  MGMT 

MGMT, a protein with enzymatic function of DNA repair that catalyzes the removal of methyl 

groups from the O6 position of guanine to cysteine (Von Deimling et al., 2011) reversing the 

cytotoxic effect of alkylating agents. The methylation of the MGMT promoter determines the absence 

of one of the main DNA repair systems thus making the tumor cells more susceptible to the arrest of 

the replicative cycle. The MGMT status is an important predictive factor in the success of 

chemotherapy treatment with alkylating agents such as Temolozomide (Hegi et al., 2005). It is known 

that the gliomas with promoter methylation and the MGMT gene silencing will respond better to 

TMZ, resulting in higher survival rates. 

 

1.4.2  IDH 

The IDH (isocitrate dehydrogenase) family of enzymes catalyze the transformation of the 

isocitrate by oxidative carboxylation into α-ketoglutarate, NADP + -dependent (IDH1 and IDH2) and 

independent NAD + -ID3). There are different forms of IDH; IDH1 is found in cytosol and 

peroxisomes and IDH2 and 3 are confined within the mitochondria and collaborate in the citric acid 

cycle for energy production (Zhang, C. et al., 2013). 

In astrocytomas, oligodendrogliomas and oligoastrocytomas and in secondary glioblastomas, 

mutations in the IDH1 and IDH2 genes (Von Deimling et al., 2011) are present in precisely 86% of 

grade II astrocytomas and oligodendroglioma and in 82% of III grade disease (Yan et al., 2009). 

Mutations in IDH1 and IDH2 are rare in primary glioblastomas de novo and in ependymal 

tumors and are a well-established method of differential diagnosis (Von Deimling et al., 2011). IDH 

mutations determine the accumulation of 2-HG, this may have a toxic effect on mutated cells for 

IDH1 / 2, on the other hand, it would seem to promote angiogenesis in the tumor by protein 

stabilization (HIF1). IDH mutations generally increase sensitivity to chemotherapy and are generally 

associated with a disease-free survival (Houillier et al., 2010) 
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1.4.3  EGFR 

The over-expression and frequent mutations of epidermal growth factor (EGFR) receptor  had 

been found in 30% of gliomas in and 60% of glioblastomas (Jansen et al., 2010). The most common 

EGFR mutation is the EGFR III variant (EGFRvIII). the mutation determines the absence of a ligand-

binding domain and as a consequence EGFRvIII is constitutively activated causing the uninterrupted 

activation of the EGFR-phospho-inositide 3-kinase pathway increasing cell proliferation (Stommel 

et al., 2007). 

Glioblastomas with the EGFRvIII mutation are more aggressive and with a more rapid 

proliferation, patients with mutated EGFR can benefit from targeted treatments (Jeuken et al., 2009). 

 

1.4.4  Duplication / fusion of BRAF in pilocytic astrocytoma. 

Pilocytic astrocytoma classified as grade I glioma according to WHO and is a non-infiltrating 

brain lesion (Louis et al, 2007; Louis et al, 2017). 

About 50-70% of pilocytic astrocytomas have fusions of the B1 gene (BRAF) of the murine 

oncogene v-RAF murine with the KIAA1549 gene which causes the loss of the N-terminal inhibitory 

domain of BRAF and simultaneous doubling of the resulting activation domain in the expression of 

the BRAF mutant protein (Siegal et al., 2015). The expression of the BRAF: KIAA1549 fusion gene 

allows the differential diagnosis between glioblastoma and pilocytic astrocytoma, which despite the 

different biological behavior histologically share the proliferative microvascular plot (Siegal et al., 

2015). 

 

1.4.5  Co-deletion of chromosomal arms 1p and 19q 

The oligodendroglioma is classified among the diffused gliomas (Louis et al.,2017), it derives 

from the oligodendrocytes, glial cells that in the healthy tissue exhibit a branched morphology and 

are involved in the myelin production (Louis et al., 2007a). 

1p19q aberration is characterized by an unbalanced translocation, with loss of the short arm of 

chromosome 1 along with the long arm of chromosome 19 in tumor cells or loss of heterozygosity in 

these chromosomal regions (Ręcławowicz et al., 2013) 

The combination of the deletion of 1p and 19q chromosomes in patients with anaplastic 

oligodendroglioma is associated with longer overall survival and better response to therapy (Jenkins 

et al., 2006) following alterations of the CIC gene on chromosome 19q and the FUBP1 gene on 

chromosome 1p (Bettegowda et al., 2011) 
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2.0  MiRNA 

2.1  Biological meaning and features of MiRNA 

MicroRNAs are small non-codifying RNAs (18-24 azotate bases) that play a fundamental role 

in eukariots post-transcriptional genome expression (Bartel et al., 2004). They are leading molecules 

in the RNA silencing process (Ha, Kim, 2014). Nonetheless, up until microRNAs were discovered, 

RNA was merely considered as a protein carrier molecule. Thanks to multiple scientific papers 

(Lagos-Quintana, M. 2001 Lee, R. C. 2001), the scientific world now recognizes their physiological 

role: microRNAs negatively regulate genome expression in the post-transcriptional phase by binding 

RNA. The MiRNA function is to regulate cellular behavior (Wang et al., 2011) and modulate gene 

expression at the post-transcriptional level by suppressing translation (Baraniskin et al., 2012).Other 

scientific studies demonstrated that microRNAs are always involved in development and pathological 

processes in animals: such as emopoiesis, miogenesis, and brain development; also, they may regulate 

cellular proliferation, differentiation, apoptosis and carcinogenesis.(Sassen S et al, 2008) interacting 

with most protein-coded transcripts (Ha and Kim, 2014). 

Victor Ambros and colleagues in 1993 discovered miRNA, a small RNA encoded by the lin-

4 locus, during the study of developmental progress in Caenorhabditis elegans (Lee et al., 1993 

Wightman et al., 1993). It was determined that the lin-4 gene produces RNA of about 22 non-coding 

nitrogenous bases that binds to sequences in the 3 "untranslated region (3" UTR) of lin-14 mRNA 

(Lee R et al., 1993). The interaction between lin-4 and lin-14 determines the translational repression 

of lin-14 mRNA (Lee R et al., 1993). Another small non-coding RNA, let-7, binds to the 3 'URL of 

lin-41 mRNA and suppressed LIN-41 protein levels (Berezikov et al., 2011). let-7 has been preserved 

in a wide range of animals, suggesting that in other organisms there may be other regulatory RNAs 

~ 22 nt (Pasquinelli, A. E. et al., 2000). 

 

The importance of miRNAs in mammalian development was initially demonstrating that the 

loss of both phases of miRNA biogenesis driven by Dicer and DGCR8, causes embryonic lethality 

(Bernstein et al., 2003; Wang et al., 2007) 

Today we know that miRNAs control a wide range of biological processes such as embryonic 

development mechanisms, cell differentiation, apoptosis, control of cell growth and regulation of 

metabolic processes (He and Hannon, 2004). Given their role in so many physiological process, it 

does not come as a surprise to see the microRNAs’ levels are altered in the course of a pathological 
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event (carcinogenesis, metastatical progression).(Blenkiron and Miska, 2007; Zhang et al., 2007; Ma 

and Weinberg, 2008). 

 

Since the discovery of the first miRNA in 1993 (Lee et al., 1993), as of 2012, 2,588 miRNA 

human genes, biogenesis and miRNA maturation have been well studied (Graves and Zeng, 

2012).Their biology has been thoroughly studied and still remains an important subject to develop, 

infact  several of them still appear without an evident function despite potentially regulate nearly all 

cellular pathways (Chen 2004) 

 

2.2  Biogenesis of microRNAs 

 

miRNA genes are found within introns of coding and non-coding transcripts, those found in introns 

of protein-coding genes share the promoter sequence (Ozsolak et al., 2008).  

Mature microRNAs are generated through a two-step nuclear and cytosolic processing pathway to 

produce about small RNAs of about 22 nucleotides that regulate gene expression at the post-

transcriptional level (Denli et al., 2004). 

The basic process of miRNA biogenesis starts with the transcription from the RNA polymerase II 

from the DNA, to produce a primary miRNA (pri-miRNA), the pri-miRNAs are therefore single-

stranded RNA molecules that fold in a "hairpin" forming a partial double helix following the pairing 

of complementary sequences (Lee et al., 2002). MiRNA transcription is regulated by epigenetic 

mechanisms and transcription factors including histone modification (Scott et al., 2006) and DNA 

methylation (Saito et al., 2006). The stem of the pri-miRNA is asymmetrically cut out at the level of 

the base of the "hairpin" by a type III RNA-endonucles, Drosha, an RNase III endonuclease, and 

DGCR8, (Denli et al., 2004) to create a fork more small with a projection of 3 "becoming precursor 

miRNA precursor, the pre-miRNAs (Bartel, 2004). In many cases a single pri-miRNA contains a 

cluster of several microRNAs and will thus be responsible for the origin of multiple miRNAs. 

The recognition by Drosha requires the interaction of this enzyme with a second protein, Pasha 

(Partner of Drosha), which recognizes the secondary structure of the base of the "hairpin" and 

sequences flanking this region, generally located at no more than 125 nucleotides of distance (Lee et 

al., 2003; Yeom et al., 2006). 

Subsequently the pre-miRNAs are actively translocated to the cytoplasm thanks to the synergistic 

action of Ran-GTP and Exportin-5 (Bartel, 2004). 

Once in the cytoplasm the pre-miRNAs are subjected to the catalytic action of a highly conserved 

protein: type III RNA-endonuclease: Dicer. (Bernstein, E 2001). With this step the pre-miRNA 
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filaments are processed in the duplex form of about 23 base pairs These double-helix RNA molecules 

are referred to as miRNAs: miRNA *, in which miRNA is the strand that will be included in the 

"RNA- Induced Silencing Complex ”(RISC); the miRNA * strand will instead be degraded (Bartel, 

2004). RISC's decision on which wire degrades is based on the stability of the base pair at the 5 'ends 

of the duplex. RISC is a ribonucleo-protein complex composed of single-stranded miRNA and a 

variety of proteins, among which the proteins of the Argonaute family are fundamental for the activity 

of the complex (Bartel, 2004). 

The 5 'monophosphate of the guide wire is anchored to a 5' phosphate-binding pocket inside AGO 

and the 3 'end binds to the PAZ domain of the AGO protein (Schirle and MacRae, 2012). The seed 

sequence of the guide wire has a helix-shaped conformation in the shape of an A, a short compact 

helical structure with bases not perpendicular to the helix axis, which allows the target mRNA to be 

scanned for mRNA complementation and cleavage target from the PIWI domain (Ha and Kim, 2014). 

Mature miRNAs with 2-8 nucleotides in common are from the same family (Bartel, 2009). Mature 

miRNAs derived from separate loci are identified with numerical suffixes such as miR-125a-1 and 

125a-2. 

MiRNAs that differ by one or two nucleotides in the sequence are "miRNA sisters" and usually have 

the same goals, identified by suffixes with letters such as miR-125a and 125b (Ha and Kim, 2014). 

 
(Kumaravel Somasundaram, Soumya Alige Mahabala Rao, Zahid Nawaz 
MicroRNA (miRNA) Regulation in Glioma: Implications in Development, Progression, Grading, Prognosis and Therapy Published in 2011) 
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2.3 Current MiRNA detection and CNS association 

MicroRNAs are deeply involved in molecular biology of gliomas. In 2005 Chan demonstrated that 

miR-21 is highly overregulated in gliomas cells and this feature induces an increased antiapoptosis 

activity: we can then presume that miR-21 works an oncogene by silencing antiapoptosis genes(Chan, 

2005). Chan’s work became a stimolo to analyze and assess microRNAs expression both in gliomas 

cells and in gliomas bioptical sample (Ciaffré 2005). Subsequently comparative studies were carried 

out, betweeb pathological and normal tissues samples. These studies allowed the scientific world to 

learn that not only miR-21 is highly expressed in gliomas but also miR-10b, miR-92b, miR-183, miR-

106b, while miR‐302c, miR‐379, miR‐329, miR‐134, miR‐221 appear to be underexpressed in 

gliomas compared to normal cerebral tissue (Sasavama 2009). Subsequently many studies have 

demonstrated the role of miRNAs as regulators of the processes of proliferation, differentiation, 

apoptosis, migration and invasion (Karsy 2012). 

The following table 1 summarizes the most cited and known miRNAs whose role is known in 

the natural history of gliomas.  
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miRNA Targets Functional Assay Tumor 
Grade 

Reference 

hsa-miR-101 TRIM44 Cell proliferation, Cell 
migration, Cell viability, 
Angiogenesis, Cell 
invasion 

Grade IV (Li et al., 2019) 

hsa-miR-10b BCL2L11, p16/CDKN2A, 
p21/CDKN1B 

Cell proliferation, Cell 
cycle regulator 

Grade III-
IV 

(Gabriely et al., 2011) 

hsa-miR-106 TIMP-2 Cell invasiveness Grade III-
IV 

(Wang et al., 2015) 

hsa-miR-124 Gli2/miR-124/AURKA  Cell proliferation, 
Angiogenesis, Cell 
invasion 

Grade-III-
IV 

(Xu et al., 2017) 

hsa-miR-125b Wnt/β-catenin Cell cycle regulator, 
Apoptosis / Stemness 

Grade-III-
IV 

(Yuan et al., 2018, Shi et al., 
2015) 

hsa-miR-133b FOXC1 Cell migration and Cell 
invasion 

Grade IV (Liu et al., 2018) 

hsa-miR-134 KRAS Cell Proliferation, Cell 
invasive 

Grade III-
IV 

(Wang et al., 2018) 

hsa-miR-137 RASGRF1, RTVP1, c-
KIT, YBX1, AKT2, 
CDC42, CDK6, TGFβ2 

Cell proliferation, Cell 
migration, Apoptosis, 
Stemness 

Grade IV 
and Glioma 
Stem Cells 

(Deng et al., 2016, Bier et al., 
2013, Tamim et al., 2014) 

hsa-miR-146a Notch1 / TGFβ, Smad4 / 
TRAF6, IRAK1, IRAK2 

Cell proliferation, Cell 
viability, Apoptosis and 
Chemosensitivity / 
Regulate NF-κB Signaling 
Pathway 

Grade IV (Mei et al., 2011) (Lv et al., 
2015) (Park et al., 2015,) 

hsa-miR-148a BIM (BCL2L11), MIG6 Reduced EGFR trafficking Grade IV (Kim et al., 2014) 

hsa-miR-154 PIWIL1 Cell proliferation, Cell 
migration Cell invasion 

Grade IV (Wang et al., 2017) 

hsa-miR-155 EAG1, GABRA1, 
MAPK13, MAPK14, 
MXl1, FOXO3a 

Cell proliferation, Cell 
invasion, Apoptosis and 
Chemoresistance 

Grade IV (D’Urso et al., 2012, Liu et 
al., 2015, Meng et al., 
2012, Zhou et al., 2013) 

hsa-miR-17-92 
cluster 

TGFβRII, Smad4, 
CAMTA1, CTGF, POLD2 

Cell viability, Cell 
proliferation, Apoptosis 
and Angiogenesis 

Grade III-
IV 

(Dews et al., 2010, Ernst et 
al., 2010,  Miele et al., 2014) 

hsa-miR-181a/b/c BCL2, Cyclin B1 Cell proliferation, 
Apoptosis, Cell invasion, 
Angiogenesis, 
Radiosensitivity, 
Chemosensitivity 

Grade-III-
IV 

(Zhang et al., 2014 Ciafre et 
al., 2005, Conti et al., 2009) 

hsa-miR-182 HIF2A, BCL2L12, c-MET Cell proliferation, Cell 
invasion, Angiogenesis, 
Apoptosis and 
Chemoresistance 

Grade IV (Kouri et al., 2015) 

hsa-miR-183 NEFL LRIG1 Cell proliferation Grade IV (Fan et al., 2018, Wang et al., 
2016) 

hsa-miR-18a CTGF Smad3 Cell proliferation, Cell 
migration, Apoptosis and 
Cell invasive 

Grade III-
IV 

(Fox et al., 2013) 

hsa-miR-19a/b RUNX3 via β-catenin/Tcf-
4 signaling 

Cell proliferation, Cell 
survival and Cell invasion 

Grade III-
IV 

(Sun et al., 2017, Wang et al., 
2018) 

hsa-miR-200a/b DNMT1 and EZH2 Cell proliferation, Cell 
invasion 

Grade IV (Ning et al., 2015) 

hsa-miR-203 ATM-dependent 
interferon PLD2, Robo1, 
ERK, MMP9 

Cell proliferation, Cell 
migration Cell invasion 

Grade IV (Yang et al. 2017, Dontula et 
al., 2013) 

hsa-miR-20a TIMP2 Cell invasiveness Grade III-
IV 

(Wang et al., 2015) 

hsa-miR-21 HNRPK, TAp63, PDCD4 Cell proliferation, Cell 
Invasive, Apoptosis 

Grade III-
IV 

(Conti et al., 2009, Gaur et 
al., 
2011, Papagiannakopoulos et 
al., 2008, Quintavalle ey al., 
2016) 

hsa-miR-210 HIF3A TMZ-resistant Cell survival and 
Chemoresistance 

Grade IV (Lee et al., 2015 Agrawal et 
al., 2014) 

hsa-miR-218 Robo1 Cell proliferation, 
Apoptosis, Cell invasion, 
Cell survival, Cell 
migration 

Grade IV (Gu et al., 2016) 
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Table 1 

For some miRNAs the true biological meaning has not yet been completely clarified, in fact 

for some of them the scientific publications do not agree on the univocity of action, sometimes exactly 

opposite behaviors are described. 

hsa-miR-219 CD164 Cell proliferation, Cell 
migration Cell invasion 

Grade IV (Shi et al., 2014) 

hsa-miR-221/222 SUN2,/  TIMP3/p57 PI3-
K/Akt signaling 

Cell cycle progression and 
anti-apoptosis 

Grade III-
IV 

(Hsieh et al., 2014, Zhang, 
2012, Chen et al., 2012 Xie et 
al. 2014) 

hsa-miR-296-3p SOCS2, STAT3 Cell invasiveness Grade IV (Lee et al., 2016) 

hsa-miR-296-5p CASP8, NGFR Cell invasiveness Grade IV (Lee et al., 2017) 

hsa-miR-296-5p SOX2 Stemness Glioma 
Stem Cells 

(Lopez-Bertoni et al., 2016) 

hsa-miR-302 DOCK4 Cell proliferation and 
Apoptosis 

Grade III-
IV 

(Debruyne et al. 2018) 

hsa-miR-320 Cyclin D1 and CDK6 Cell cycle progression Cell 
invasivness 

Grade III-
IV 

(Li ey al. 2018) 

hsa-miR-329 E2F1 Cell proliferation Grade III-
IV 

(Xiao et al., 2013) 

hsa-miR-335 cAMP/protein kinase A Cell survival, Cell 
proliferation, Cell invasion 
and Cell stemness 

Grade III-
IV 

(CShu et al., 2012) 

hsa-miR-34a PD-L1 c-Met, NOTCH1, 
NOTCH2, PDGFRA, 
CDK6, SMAD4, CCND1, 
SIRT1 

Cell survival, Cell 
proliferation, Cell 
migration, Apoptosis, Cell 
invasion, Stemness 

Grade-III-
IV 

(Wang et al., 2017, Di Bari et 
al., 2018, Genovese et al., 
2012, Silber et al., 2012) 

hsa-mIR-372 FER1L4/miR-372/E2F1  Cell proliferation, Cell 
invasion and Apoptosis 

Grade III-
IV 

(Xia et al., 2019) 

hsa-mIR-379 C14MC; MEF2; MEG3 Cell proliferation, Cell 
invasion and Apoptosis 

Grade IIII (Kumar et al., 2018) 

hsa-miR-381 BRD7 Cell proliferation Grade III-
IV 

(Tang et al., 2014) 

hsa-miR-429 SOX2 Cell proliferation, Cell 
invasion 

Grade IV (Dong et al., 2017) 

hsa-miR-451 mTOR/HIF-1α/VEGF 
PI3 K, AKT, CAB39 

Cell proliferation, 
Apoptosis, Stemness 

Grade IV 
and Glioma 
Stem Cells 

(Nan et al., 2018, Tian et al., 
2012) 

hsa-miR-491 TRIM28, IGFBP2, CDK6, 
BCL2L1, EGFR, MMP9, 
TRIM28 

Cell proliferation, Cell 
invasion, Stemness 

Grade IV (Qi et al., 2016, Li et al., 
2015, Yan et al., 2011,) 

hsa-miR-520b AKT1, PIK3CA and 
SOS1 

Cell proliferation Grade IV (Cunha et al., 2017) 

hsa-miR-595 SOX7 Cell proliferation Grade IV (Hao et al., 2016) 

hsa-miR-610 MDM2, CCND2, AKT3 Cell proliferation, Cell 
migration, Cell viability 

Grade IV (Yan et al., 2016 Mo et al., 
2016) 

hsa-miR-7 IGF-1R Cell proliferation, Cell 
migration, 

Grade-III-
IV 

(Wang et al., 2014) 

hsa-miR-9 JAK, STAT3, OL18A1, 
THBS2, PTCH1 and 
PHD3 

Stemness Cell 
proliferation, Cell 
migration, 

Glioma 
Stem Cells 

(Kim et al., 2011 Chen et al., 
2019) 

hsa-miR-92a BCL2L11 / KLF4 Cell proliferation and 
Apoptosis 

Grade IV (Niu et al., 2012) 

hsa-miR-92b CHIP/miR-92b/PTEN Cell Proliferation, Cell 
invasive 

Grade IV ( Xu et al., 2017) 

hsa-miR-93 RBL2 Cell proliferation, Cell 
migration and 
Angiogenesis 

Grade III-
IV 

(Liu et al., 2018) 

hsa-miR-98 IKBKE/NF-κB  Cell apoptosis Grade III-
IV 

(Wang et al., 2017) 

let-7b PBX3/MEK/ERK1/2/LIN
28 

Cell proliferation, Cell 
migration, Cell invasion 

Grade IV (Xu et al., 2018) 
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3 Radiology and radiogenomics 

3.1  Basic principles in instrumental study and brain imaging 

 

 
When a brain tumor is clinically suspected, radiology imaging is the main and most useful 

resource in order to obtain diagnostic confirmation and to plan the therapy (both clinical and 

surgical).  

 

In clinical practice, different imaging modalities are used for the study of the central nervous 

system. The imaging modalities of the Central Nervous System can provide structural and functional 

information. 

 

The structural or anatomical modalities allow to highlight the different structures and tissues 

of the Central Nervous System. Among these, the most used for Neuroimaging are computerized 

tomography (CT) and magnetic resonance (MR) imaging. 

 

CT imaging uses the differences in X-ray absorption as X-Rays through the different tissues 

of a patient's body. CT scans are obtained by the emission of X-rays from an X-Rays source that 

rotates around the patient's head. Each ray produces a 2D image from with a specific angle, the sum 

of all the 2D images are subsequently used to construct a 3D volume using tomographic 

reconstruction. CT scans are sharp, high-resolution images that are obtained very quickly. The main 

disadvantage of TC is the fact that it uses potentially dangerous ionizing radiation. 

 

Magnetic Resonance uses the magnetic properties of hydrogen nuclei present in large 

quantities in the human body. Today it represents the gold standard for brain studies thanks to the 

contrasting qualities of tissues and the fact that ionizing radiation is not used. Techniques developed 

in recent years as Diffusion Tensor Imaging (DTI) which, by measuring the anisotropic diffusion of 

water within the tissues, allows us to reconstruct the traits of the white substance by connecting the 

different parts of the neural networks in the brain. The presence of a tumor causing the rupture, 

displacement or infiltration of fibers has a direct impact on the fiber structures (Wei 2007). Further 

information for the diagnosis and study of brain tumors from MRI spectroscopy, that is, measurement 

of metabolites in tumor tissue and measurement of relative cerebral blood volume using a contrast 

agent (Soffietti 2010). 
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The use of functional imaging is useful in studying the Central Nervous System in relation to 

physiological changes caused by brain activity. 

Electroencephalography (EEG) and magnetoencephalography (MEG) are techniques that allow us to 

quantify brain activity. Both of these methods use electrodes positioned on the scalp; EEG detects 

electrical impulses in the brain due to neuronal activity, while MEG measures flow changes. The 

methods are commonly used by neurologists due to their simplicity, non-invasiveness and their very 

high temporal resolution, while they lack spatial signal accuracy. 

Position emission tomography (PET) and single photon emission computed tomography 

(SPECT) measure changes in cerebral blood flow and tissue metabolism and how they are altered by 

brain disorders using nuclear imaging techniques, marking a biological molecule with a radioactive 

isotope. 

The labeled molecule injected into the bloodstream is accumulated in areas where the molecule has 

an affinity, for example, the radioactive isotope fluorodeoxyglucose (FDG) behaves like glucose 

molecules and therefore the ematoencephalic barrier is able to trace the metabolic activity of the 

brain. 

The advantage is that the radioactive tracer specifically designed to target specific organs or processes 

related to a disease makes it very specific. This technique is invasive and potentially harmful due to 

the use of radioactive tracers and isotope production is expensive and available in certain centers. The 

CT and PET technologies combined in a single device, allowing you to sum up the anatomical 

information from CT scans with the metabolic information provided by PET scans. 

 

Functional magnetic resonance imaging (fMRI) with BOLD (Blood Oxygen Level 

Dependent) contrast has been used for over 25 years to detect localized neural activity in the cortex 

and to detect changes in neuronal activity related to functional activity of the brain induced by 

sensorimotor or cognitive activity (Gore 2019). Neuronal activation causes a selective increase in 

blood flow in a given brain area to compensate for oxygen consumption and therefore reduces the 

amount of deoxygenated hemoglobin molecules. Changes in hemoglobin oxygenation are detected 

by exploiting the paramagnetic properties of deoxygenated hemoglobin that affect the measured 

NMR signal. fMRI is a tumor surgery planning tool for the purpose of identifying the spatial 

relationship between the lesion and the functional area. The time spent in signal acquisition means 

that fMRI images do not have a great structural resolution. 
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3.2  MR features of CNS tumors 

 

Nuclear magnetic resonance imaging is a non-invasive imaging technique with the ability to study 

the structure and function of tissues from the cellular level to the whole organ level. The traditional 

magnetic resonance imaging is based on the properties of protons (present in very high quantities as 

they are part of the water molecules present in the tissues) subjected to specific magnetic fields, with 

an intensity between 0.2 T and 3 T for uses clinical (it reaches 7 T for experimental use only). 

The potential of magnetic resonance was discovered in 1946 by two groups of scientists: the first 

directed by Felix Bloch, of the University of Stanford, the second directed by Edward Mills Purcell, 

at Harvard University. 

The differences in the composition of the various tissues give rise to the intrinsic contrast of the 

specific image for each organ, which, however, can be further optimized through the use of contrast 

media that allow specific highlighting of organs and tissues. 

In clinical routine the great use is due to three factors: 

1.  sensitivity of the magnetic resonance signal in discriminating characteristics between normal 

and pathological tissues. 

2.  possibility of obtaining images with excellent spatial resolution and high discriminating 

power between the various soft tissues. 

3. the development of software and methods for image processing that allow the recognition of 

alterations at the molecular level beyond the human visual spectrum. 

 

Magnetic resonance imaging is the most complete imaging test for detection of gliomas and the 

application of different magnetic resonance techniques it allows a first classification of the different 

types of gliomas (Wang et al., 2019). 

Although there is not a specific MR protocol for the study of brain tumors, in 2015 the Society for 

Neuro-Oncology (SNO), the European Organization for Research and Treatment of Cancer (EORTC) 

and United States National Brain Tumor Society (NBTS) released a consensus document for a 

standardized imaging protocol for brain tumor assessment in clinical trials (Ellingson BM 2015). The 

same recommendations were also confirmed in 2018 by the paper by Thust SC et al. (Thust SC 2018) 

for glioma imaging assessment.  

The minimum standard protocol for 1.5 and 3 Tesla MR scanner consists of the following five 

sequences (Ellingson BM 2015, Thust SC 2018): 

1. Pre-contrast and post-contrast isotropic T1-weighted 3D (T1-3D): these sequences are 

fundamental for evaluation of enhancement of the tumoral lesion, according to the fact that 
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high-grade gliomas on MR show areas of increased enhancement after gadolinium-based 

contrast medium infusion. The contrast enhancement is due to the leakage of contrast medium 

in the interstitial space due to the neoangiogenesis (Wesseling et al., 1998). The isotropic 

acquisition guarantees a volumetric acquisition in order to reconstruct the images on multi-

planar reconstructions and to give better information to the surgeon for biopsy and 

preoperative planning (Thust et al., 2018). The preferable resolution is 1 x 1 x 1 mm, and the 

maximum recommended is 1.5 x 1.5 x 1.5 mm (Thust et al.,  2018).   

2. Axial 2D T2-weighted:  this sequence is fundamental for the evaluation of non-enhancing 

parts of gliomas, especially in low-grade gliomas that do not show typical enhancement on 

post-contrast T1-3D images. In fact, they appear hyperintense in T2 sequences (Weisman et 

al., 1972). Slice thickness should be not over 4 mm (with no interslice gap) for 1.5 T scanners, 

and not over 3 mm (with no interslice gap) for 3 T scanners. 

3. Axial 2D Fluid Attenuated Inversion Recovery (FLAIR): FLAIR sequences use a 

combination of T1- and T2- weighting in order to suppress signal originated form 

cerebrospinal fluid (CSF) (Ellingson et al.,  2015). This sequence offers a better visualization 

of vasogenic edema, surgery-induced and radiotherapy induced radiation, and tumor 

infiltration near cortex and in periventricular regions (Ellingson et al., 2015). Slice thickness 

recommended is the same for axial 2D T2-weighted sequence (Ellingson et al.,  2015). 

4. Axial 2D Diffusion Weighted Imaging (DWI): this sequence is important for identification of 

early ischemic injury and infection/abscess (Ellingson et al., 2015). Apparent Diffusion 

Coefficient (ADC) maps can be generated from DWI sequences, and they reflect the 

magnitude of water motion inside of the cells (Ellingson et al., 2015). The restriction of 

diffusion of water molecules can be due by cytotoxic edema (due for example by ischemic 

injury) or high cellular density, like observed in lymphomas (Ellingson et al., 2015, Guo AC 

2002), and it appears as areas of high signal on DWI images, with low values on ADC maps. 

The scanning protocol recommended suggest the collection of 3 b-values (0, 500 and 1000 

mm2/s) collected in 3 directions (x,y and z), with the slice thickness recommended for axial 

2D FLAIR and T2 sequences. 
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(Representation of MR images of the lesion seen in the different sequences (from left to top T2 and T2 Flair; below C.E. T1 and DWI) (AO-Brotzu)). 

 

Other advanced imaging techniques are not essential, but their use can help characterizing of gliomas 

even though they are not extensively validated or integrated into clinical practice (Thust SC 2018). 

In particular: 

• Perfusion MRI (pMRI): as reported in the name, this kind of sequences are able to estimate 

the blood perfusion at the level of capillaries, expressing quantitative data measured in ml/100 

gram of tissue (Jahng et al., 2014). High grade gliomas tend to have increased values of 

perfusion metrics (Essig et al.,  2013). This technique can be performed with the use of 

contrast medium by using dynamic susceptibility contrast (DSC) or dynamic contrast 

enhanced (DCE) methods, and without contrast medium by usingthe Arterial Spin Labeling 

(ASL) method (Jahng GH 2014 , Essig M2013). 

• MR Spectroscopy (MRS): this technique is able to characterize the chemical composition of 

a given preselected areas of the tumor (Horská et al., 2010). Data are exposed in terms of 

spectra, and usually in gliomas there is a direct correlation between Choline (Cho) 

concentration and grading of the tumor (Horská et al., 2010). This technique can be applied 

by using the single or the multi-voxel approach (Horská et al., 2010). 

• Diffusion Tensor Imaging (DTI): this is a technique able to map and characterize diffusion of 

water on the three dimensions of space as a function of spatial location, and to identify 

microstructural changes of white matter (Alexander et al., 2007). This technique can be used 
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for a better comprehension of the relationships between tumor and white matter, in particular 

of eloquent areas (Alexander et al.,  2007). 

• Functional MR (fMR): this technique exploits the Blood Oxygen Level Dependent (BOLD) 

signal in order to identify cortex activation at rest or during tasks (Weng et al., 2018). Its use 

can be useful in the preoperative phase to assess the relationship between tumor and eloquent 

cerebral areas like language area and motor areas (Weng et al., 2018). 

 

 

3.3 Limitations of Magnetic Resonance in the study of primitive CNS tumors 

Physical limitations 

  

Magnetic Resonance (MR) exam is contraindicated for patients who, due to accidents or 

previous surgeries, have different types of metal devices in their bodies, especially if they are near 

vital organs; the magnetic field produced by the scanner may induce movements or overheating. 

Also, crystalline prostheses used for cataracts before the mid-eighties of the last century and 

metal heart valves are an absolute contraindication to MR exam. 

  

Cardiac pacemakers and old-type neurostimulators may not be subjected to MR, because 

magnetic fields alter their functioning; though, in more recent years, radiologists are accustomed to 

preventing such events by turning off new devices before the exam and turning them on after the 

exam. 

 Furthermore, in the past decade new surgical materials were introduced to avoid magnetic 

fields interference. 

 All patients who worked as bodybuilders, turners, welders, metal paint workers or have 

experienced hunting accidents or were the victims of explosions may unconsciously have metal 

splinters in their bodies. 

Pregnancy does not represent a contraindication to MR, although it is advised to avoid such 

an exam in the first 12 weeks, unless it is utmost and urgent. 

  

           Diagnostic limitations 

  

Despite the radiological models of different types of brain tumors and the improvement of 

imaging techniques, radiological diagnosis is profoundly limited by the similarity of brain tumors 

imaging features. 
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Radiological brain tumors may, in fact, present overlapping image profiles with vascular 

lesions, inflammatory lesions, lymphoproliferative lesions, metastasis and infectious pathologies; 

thus hindering images reading and demanding biopsy or surgical exeresis of the suspect tissue 

(Anderson et al., 2014). 

  

In the last 30 years, the progressive improvement of techniques has allowed radiologists to 

visually highlight edemigenic components, peritumoral gliosis and response to experimental drugs, 

which has subsequently called for an updated version of the “Macdonald response criteria” 

(Macdonald et al., 1990) which identified four categories of response: complete response (CR), partial 

response (PR), stable disease (DS) and progressive disease (PD). 

In 2012, the RANO Response Assessment Neuro-Oncology criteria (Gállego et al 2012) were 

proposed, significantly reforming the “Macdonald response criteria” with the inclusion of the 

increased evaluation of tumor progression, pseudoprogression (PsP) and pseudoresponse and 

recommendations for the evaluation of misunderstanding imaging changes.  

RANO criteria and subsequent RANO modifications are explained in detail in various review 

articles (Ellingson et al., 2014). 

There are important limits that need to be overcome in the definition of glioma, from the 

distinction of the tumor mass from the surrounding healthy tissue to the recognition of progression 

and response to treatment. The complex characteristics of the glioma make these differences difficult 

to be reliably detected even by an experienced radiologist with only visual evaluation, due to 

morphology and tissue type, which manifests itself with little differences between the MR exams. 

Moreover, with the administration of contrast medium, the highlighted components not always 

indicate true tumor activity; as yet the enhancement changes related to chemotherapy or radiotherapy 

are not known (Upadhyay et al., 2011). 

 

 

3.4  Radiogenomic 

 

In the past, the role of medical imaging was limited to diagnosis and staging in the oncology field. In 

recent years, the progression of hardware and software allowed us to identify imaging markers 

derived from routine clinical images that are increasingly sought after in order to obtain more 

information on the tumor in a non-invasive way, thus taking an increasingly important role in the 

clinical process in oncology.  
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An expert radiologist diagnoses parameters deriving from the observation of images and applies 

diagnostic criteria based on his study and experience, with qualitative and quantitative evaluations 

such as tumor size, signal in the different MR sequences. 

 

 In radiomics, information is extracted with the help of specific mathematical algorithms and 

subsequently reworked by specialized computer software. In this way the radiological features 

provide a wide range of quantified parameters and have been shown to diversify and stratify precise 

imaging phenotypes beyond what is visible to the naked eye (Yip et al.,2017) 

 

Radiomics is the rapidly growing field of radiological research in which routine patient images are 

converted into quantitative data (Aerts et al., 2014) that can decode the tumor phenotype by improving 

the diagnosis and also providing indications on prognosis and response therapeutic (Tang 2018). 

Radiomics refers to the study in which MR scans are converted into quantitative data whereas 

radiogenomics is a specific application in which imaging, radiomic features are linked to genomic 

profiles (Rutman et al., 2009). In recent years, radiogenomics has become the link between biological 

parameters such as genomics, proteomics and metabolomics (Peeken et al., 2018) although this 

method still needs to be standardized to enter everyday use.  

 

The quantitative characteristics extracted from radiological images and linked to specific results 

generate a workflow defined in the literature as a "radiomic pipeline" where imaging functions are 

extracted, processed and analyzed (Park at al., 2018) This workflow is structured in a precise 

sequence of general steps: acquisition of the image followed by reconstruction of the images to be 

analyzed and then the data is extracted. 

  After the image acquisition phase, two general approaches emerge, depending on how the radiomic 

features derive and in which phase artificial intelligence is applied, if at all: classical radiomics (Paul 

et al., 2018),  with or without machine learning (Parmar et al., 2015) and the radiomics of deep 

learning that have already been used to predict mutation status of isocitrate dehydrogenase 1 in low-

grade gliomas (Li et al., 2017). 

In classical radiomics, selected hand-made imaging attempts to describe lesions through intuitive 

shape parameters through visible plot differences (Wang et al., 2014) is characteristic of conventional 

radiomics. The data selected in the image are then processed with statistical models or automatic 

learning, to compare them to specific results. 

Radiomics based on deep learning (DLR) has been developed to obtain a considerable amount of 

information from radiological images, excluding manual selection providing a staging or 
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classification without the need for detailed delineation (Aerts 2016). The functions of radiomics based 

on deep learning are best exalted in the extraction from multiple modes of magnetic resonance 

images. 

The performance of radiomics based on deep learning was tested in the study of tumors of the central 

nervous system with the aim of predicting the mutation status of isocitrate dehydrogenase 1 (IDH1) 

were validated in a data set of 151 glioma patients of low grade (Li et al. 2017). 

 

3.5  Texture analysis 

Texture analysis is a non-invasive radiomic technique, which determines the heterogeneity of 

macroscopic tissue comparing it to the heterogeneity of microscopic tissue, overcoming the limits of 

human visual perception (Soni et al., 2019).   

The texture analysis is a relatively recent method of investigation, can be defined as the analysis of 

the texture parameters of digital images in order to extract features and properties of its texture, with 

the aim of increasing the information obtainable from medical images (Castellano et al., 2004), 

 

The analysis can be conducted by using some dedicated software able to evaluate several 

quantitative parameters of an image, for example the skewness, the mean value of intensity of pixels 

and the kurtosis (Miles et al., 2013). In medical research, these parameters can be combined and 

analyzed in group in order to find correlation with determined variables, such as for example the type 

of tumor analyzed, the pattern of response to a therapy, or the molecular profile of the tumor (Miles 

et al., 2013). 

There are three possible approaches: 

• Statistical: the texture is characterized by describing the level of regularity, smoothness, or 

coarseness of a digital image; this is obtained by quantifying the displacement of the pixel intensity 

of the image by calculating statistical parameters. It is the most used method for the generalization of 

its results and the simplicity of the calculation. 

• Structural: it is the recognition of patterns within the texture of the image, identified, for 

example, by the recurrence of repeated geometric structures that is repeated primitive textures 

(texels), which, combined give rise to the complex pattern that constitutes the image sample . 

• Spectral: describe the directionality or periodicity of particular image patterns, which 

manifest with brighter points on the sample's Fourier spectrum. 

Below is a brief description of the main parameters used in the texture analysis of Magnetic 

Resonance: Media, variance, skewness and kurtosis are the first four moments of a distribution and 

fall under the "descriptive statistics"; 
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• Mean 

 

Mean is the sum of the sampled values divided by the number of items in the sample 

 

  
 

• Variance 

Variance 

  

xi represents the value of each pixel of the image (N - 1 in the denominator, since the value of   is 

not known, but it is estimated by the data; on the contrary we should replace N - 1 with N). 

  

• Skewness 

In theory and probability statistics, Skewness is a measure of the asymmetry of the probability 

distribution of a real value random variable on its average. The value of Skewness can be positive or 

negative or undefined. The skewness is positive when the distribution has a tail that extends 

towards the positive values of x, vice versa it will be negative; `is equal to zero for symmetric 

distributions, like the Gaussian. 

 

  

Standard error Skewness  

 

• Kurtosis 

Kurtosis (from the Greek: κυρτός, kyrtos or kurtos, which means "curved, arched") is a measure of 

the "tail" of the probabilistic distribution of a random variable of real value. Similarly, to the concept 

of asymmetry, kurtosis describes the form of a probability distribution. Kurtosis also varies between 
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3.4 I parametri statistici e la Texture Analysis

Finora si è parlato di analisi delle distribuzioni dei pixel: in realtà, non si
tratta di una definizione precisa, poiché ciò con cui si ha a che fare sono
istogrammi, rappresentazioni discrete delle distribuzioni dei valori dei pixel
all’interno della frazione del volume totale considerata.

Su di essi vengono calcolati una serie di parametri e grandezze, scelti
sulla base di considerazioni statistiche oppure fra quelli più frequenti negli
studi riguardanti la texture analysis927, tema che verrà approfondito nei
successivi paragrafi.

Questi dati sono:

• Media

• Varianza

• Skewness

• Kurtosis

• Moda

• Errore Standard della media

• Rapporto deviazione standard-media

• Uniformità

• Entropia

Media, varianza, skewness e kurtosis sono i primi quattro momenti di
una distribuzione e rientrano nella “statistica descrittiva”; com’è noto la
media è calcolata come:

x̄ =
1

N

NX

i=1

xi (3.1)

mentre la varianza è data da:

�
2 =

1

N � 1

NX

i=1

(xi � x̄)2 (3.2)

dove xi rappresenta il valore di ogni pixel dell’immagine (si è scelta la for-
mulazione con N � 1 al denominatore, poiché non è noto a priori il valore di
x̄, ma è stimato dai dati; al contrario bisognerebbe sostituire N � 1 con N).
La deviazione standard � è la radice quadrata della varianza, mentre l’er-
rore standard (uno stimatore più robusto rispetto al precedente) è calcolato
come �p

N
.
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La deviazione standard � è la radice quadrata della varianza, mentre l’er-
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rappresenta il valore di xi che ricorre con maggior frequenza all’interno della
distribuzione.

Tutte le grandezze citate finora sono state calcolate tramite funzioni di
Matlab, mentre il rapporto tra deviazione standard e media è risultato dalla
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positive and negative values, approaching zero for normal distributions; it assumes values all the 

more positive the more the distribution presents a peak (leptokurtica), vice versa, if the distribution 

is flat (platikurtica) of a Gaussian, the kurtosis will be negative. 

 

 

Standard error Kurtosis  

 

• Mode 

The mode of a sample is the element that occurs most often in the collection. 

 

•     Uniformity 

 
 

• Entropy 

 

These two measures represent the frequency    with which a certain value xi occurs within 

the histogram. The uniformity will assume a maximum value of 1 if the gray levels of the image are 

all the same; on the contrary, since entropy measures variability, for images with gray levels it will 

be equal to 0. 
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La skewness è positiva quando la distribuzione ha una coda che si estende

verso i valori positivi delle x, viceversa risulterà negativa; è uguale a zero
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per distribuzioni simmetriche, come la gaussiana.

Anche la kurtosi varia tra valori positivi e negativi, approssimandosi allo
zero per distribuzioni normali; assume valori tanto più positivi quanto più
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è
q

6
N per la skewness e

q
24
N per la kurtosis, anche se nei casi reali si tratta

in genere di errori molto sottostimati.
L’ultimo parametro annoverato tra i descrittori statistici è la moda, che
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è
q

6
N per la skewness e

q
24
N per la kurtosis, anche se nei casi reali si tratta

in genere di errori molto sottostimati.
L’ultimo parametro annoverato tra i descrittori statistici è la moda, che
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48 CAPITOLO 3. IL PROGETTO

Skewness e kurtosis sono momenti centrali di terzo e quarto ordine
che rappresentano rispettivamente quanto sia simmetrica e piccata una di-
stribuzione in esame rispetto ad una gaussiana standard. Sono calcolate
come:

Skw =
1

N

NX

i=1


xi � x̄

�

�3
(3.3)

Krt =

(
1

N

NX

i=1


xi � x̄

�

�4)
� 3 (3.4)

e sono entrambe adimensionali.
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4  Aim of the study 
 

The primary tumors of the central nervous system, in fact, although they are relatively rare 

tumors, always have a higher frequency, due to the increase in the average age of the population and 

a considerable improvement in the diagnosis thanks to advances in imaging. It should be remembered 

that the therapies found so far do not overcome the negative aspects of surgery (often very aggressive) 

and of chemotherapy.  

 

The work here presented is divided into three main sections: 

 

Our main purpose is to correlate microRNAs (extracted from gliomas samples) and the 

extracted MRI plot analysis features. 

 

Secondly, in order to overcome the current diagnostic model, we aim to identify and create a 

radiological protocol, applicable in clinical practice, to increase prognostic and predictive 

information: providing information on the evolution times of the disease and on the therapeutic 

response of a particular tumor. 

 

Lastly, my  intention is to create a multidisciplinary circuit between neurosurgery, biology 

and radiology to connect scientific research from the laboratory to the clinical practice. This purpose 

is well represented by the sentence “from bench to bedside”, thus creating a protocol for the early 

diagnosis of tumor phenotypes and subsequent clinical management. 
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5.0  Material and Methods 

 

According to the recent guidelines, all patients with clinical and radiological suspicion of a 

primary brain tumor undergo magnetic resonance imaging with and without contrast material 

injection for assessment of the lesion and planning of the surgical intervention. 

In September 2017 we sent our project to UR&S of A.O. Brotzu to ensure the feasibility.  

In October 2017, UR&S asked the Independent Ethics Committee of the A.O.U. Cagliari 

to assess the compliance with the Italian and European legislation. We received approval on May 

30th, 2018. 

The project was approved by the General Management of the A.O. Brotzu on June 26th, 2018. 

 

5.1 Collection of samples 

This research project has the purpose to include patients undergoing neurosurgical 

intervention of glioma’s exeresis in the Neurosurgery Department of the A.O. Brotzu directed by Dr. 

Carlo Conti and, after a valid informed consent from the patient, samples of tumor tissue and (when 

possible) sample of surrounding tissue were collected.  

The surgical operation was performed with the Zeiss OPMI Pentero intraoperative microscope 

and with the support of the Medtronic S7 Surgical Navigation System. 

Once the glioma is excised, part of it is stored in a formaldehyde solution, which will be 

analyzed by the Pathology department of A.O. Brotzu to obtain a definite diagnosis and to set up a 

treatment accordingly; whereas a tumor sample and a surrounding tissue sample are extracted and 

immediately soak in RNAlater.Ô ThermoFisher (Suhovskih et al.,2019) stored for 24 hours at + 4 ° 

and subsequently stored at -20 °.  

All samples are made anonymous and only have one alpha numeric code. 

 

 

 

5.2 RNA Extraction 

In the Unit of Oncology and Molecular Pathology directed by Prof. Amedeo Columbano, 

Total RNA from surrounding and tumor samples 48 hours later were subjected to the procedure of 

RNA extraction by using the miRNeasy mini Kit from Qiagen according to manufacturers 

instructions, at the end, the RNA was eluted with RNAse-free distilled water and stored at -80°C. 

This procedure appears to be more advantageous than others, such as extraction with Trizol, for both 

the tumoral and, especially for the surrounding tissue samples, because it allows the recovery of 
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suitable amounts of nucleic acids, despite the small size samples (tissue volume less than 0,5 mm3) 

(Trakunram et al., 2019). 

 

5.3 Determination of the quantity of RNA 

In the same Unit, RNA samples were vortexed, centrifuged and placed on ice. Using as a tool 

the NanoDrop 1000 spectrophotometer (Thermo Scientific) for the measurement of total RNA 

concentrations and purity ratios (260/280 and 260/230) was performed. 

 

5.4 Determination of RNA Integrity 

RNA integrity was assessed by RNA Integrity Number (RIN) from Agilent Bioanalyzer 2100 

instrument (Agilent Technologies) in the Unit of Oncology and Molecular Pathology . 

The procedures were performed according to the manufacturer's standard protocol. For the 

extracted samples the majority had a RIN of 3.52. Only RNA samples with a RIN equal to or greater 

than 2 were considered in the study. In order to evaluate whether very low RIN RNA samples could 

provide good indications on the expression of microRNA, we analyzed the expression of two 

microRNAs: miR21 and miR125b from RNA samples extracted from healthy and tumor tissues of 

10 glioma patients. 

In accordance with scientific data, we chose miR21 and 125b because they are the most up-

regulated and down-regulated in gliomas. 

The analysis was performed in Real-time PCR using specific probes and primers for each 

microRNA (Taq Man microRNA assay). 

 

5.5 RNA Sequencing 

Sanger sequencing was the first method to obtain an almost complete sequence of the human 

genome (sanger et al. 1977 and *1*) Sanger's sequencing is a "first generation" technology, which 

requires a lot of manpower and resources.  

In the last decade, Sanger sequencing has been supplanted by "new generation" sequencing 

(NGS), which allows sequencing millions of parallel DNA fragments. NGS applications allow 

genome and variant sequencing, RNA sequencing, study of DNA methylation, mapping of structural 

rearrangements and CHiP-seq (Shendure et al., 2008) The preparation of libraries is carried out in 

vitro with sequences fragmented DNA adapters, these are immobilized on a surface and subsequently 

amplified clonally (Metzker 2010). 

Illumina HiSeq3000 System up the CRS4 – Pula 
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5.5 Medical Image acquisition and selection of ROIs 

Diagnostic images have been acquired in the Radiology department of the Brotzu Hospital in 

Cagliari directed by Dr. Paolo Siotto.   

Every patient performed a MR scan using a 1.5 GE Signal Excite HD scanner (General 

Electric, Boston, USA), with a 32 channels head coil, and the following dedicated protocol that 

included the following sequences: a) 3D isotropic Fluid Attenuated Inversion Recovery (FLAIR) 

sequence (TE = 85.596 ms, TR = 8902 ms, Inversion Time = 2225 ms, flip angle 90°, slice thickness 

= 5 mm); b) structural pre-contrast T1-weighted (T1) sequence (TE = 10.088 ms, TR= 400 ms, flip 

angle = 90°, slice thickness = 5 mm); c) a post-contrast isotropic 3D T1-weighted (CE T1) sequence 

(TE = 5.02 ms, TR= 11.112 ms, flip angle = 20°, slice thickness = 1 mm); d) a Diffusion-Weighted 

Imaging (DWI) sequence (TE = 81.8 ms; TR = 6000 ms; B-values: 0 and 1000 s/mm2; acquisition 

matrix = 128 x 128; slice thickness = 5 mm); e) a T2-weighted (T2) sequence (TE = 98.736 ms, TR= 

4860 ms, flip angle = 90°, slice thickness = 5 mm). 

Horos version 3.3.5 software was used to view MR images and 3D reconstructions 

(https://horosproject.org). Texture analysis  have been studied in the Radiology Department A.O.U 

Cagliari directed by Prof. Luca Saba. 

The texture analysis is performed on data taken from specific regions of interest (ROI): one 

ROI  in the tumor tissue and another one, similar in size, in a healthy tissue area.   

ROI tracking is performed manually on the T1-weighted 3D isotropic post-contrast images (C.E. T1) 

through the LifeX 4.70 software (https://www.lifexsoft.org). Subsequently on the ROI track on the 

EC T1, the tracks on the T1, T2, T2 Flair and DWI sequences were selected to be analyzed with the 

LifeX 4.70 software. For the extraction of data from the different resonance sequences it was decided 

to set the software for the analysis of a reduced gray scale (256). 
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(an example of manual tracking of a ROI on C.E. T1 MR image – red= glioma, blue surrounding tissue) 
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6 Results 

 

6.1 Pathological diagnosis 

From July to December 2018, 13 patients were selected, including 6 females and 7 males, 

aged between 43 and 75, who underwent surgery due to suspicion of a primary tumor of the central 

nervous system. 

The pathological analysis performed by Dr Cristina Manieli confirmed the diagnosis of 

glioma; shown below in table 2. 

GENDER AGE DIAGNOSIS GRADING ACCORDING TO  WHO 

M 69 GLIOBLASTOMA IV 

M 64 OLIGODENDROGLIOMAS III 

F 73 GLIOBLASTOMA IV 

F 49 GLIOBLASTOMA IV 

M 30 OLIGODENDROGLIOMAS III 

M 51 GLIOBLASTOMA IV 

F 58 GLIOBLASTOMA IV 

M 75 GLIOBLASTOMA IV 

M 66 GLIOBLASTOMA POST-IRRADIATION IV 

F 55 GLIOBLASTOMA IV 

F 62 GLIOBLASTOMA IV 

M 43 GLIOBLASTOMA IV 

F 67 GLIOBLASTOMA IV 
 Table 2 

 

6.2 miRNAs  

Following the extraction of the miRNAs, the determination of their quantity and integrity 

through R.I.N., the samples were sent for deep sequencing through Illumina HiSeq3000. 

The analysis led to a large number of data, table 3 shows the differentially expressed miRNAs 

between the glioma sample and the surrounding tissue sample; for each of them an accurate 

bibliographic research was made to identify their biological function; for some of them there is no 

description in the literature of a known biological function. The samples whose target is 0, means that 

they have never been described in the primitive tumor processes of the Central Nervous System. 

 
miRNA Targets Status Functional Assay Tumor Grade Reference Total 

number 
miRNA 

surrounding 
sample 

Total 
number 
miRNA 
glioma 
sample 

mean 
difference 

 miR-122-
5p_mature 

SATB1 Upregulation promotes cell proliferation, 
Cell cycle regulator 

grade III-IV Liu et al., 2019 2108,846154 1545,923077 562,9230769 

 miR-122b-
5p_mature 

SATB1 Upregulation promotes cell proliferation, 
Cell cycle regulator 

grade III-IV Liu et al., 2019 20,61538462 24,23076923 -
3,615384615 
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miRNA Targets Status Functional Assay Tumor Grade Reference Total 
number 
miRNA 

surrounding 
sample 

Total 
number 
miRNA 
glioma 
sample 

mean 
difference 

 miR-124-
5p_mature 

LAMB1 Upregulation  inhibits the growth grade III-IV Chen et al., 
2014 

22293,82051 6541,769231 15752,05128 

 miR-
1260b_matu

re 

GATA4 Upregulation inhibits the migration and 
invasion 

Grade I-II Xu et al., 2017 106,1538462 224,3846154 -
118,2307692 

 miR-128-1-
5p_mature 

 mimics into 
LN229 and 

U251  

Upregulation inhibit proliferation and 
invasion 

Grade III-IV Lin et al., 2018 157734,2308 61122,46154 96611,76923 

 miR-128-2-
5p_mature 

 mimics into 
LN229 and 

U251  

Upregulation inhibit proliferation and 
invasion 

Grade III-IV Lin et al., 2018 125236,6923 47826,30769 77410,38462 

 miR-129-
5p_mature 

DNMT3A Upregulation inhibits cell proliferation and 
induces cell cycle arrest  

Grade III-IV Gu et al., 2018 6710,307692 2601,153846 4109,153846 

 miR-1307-
5p_mature 

0 
 

0 0 0 3173,461538 2019 1154,461538 

 miR-136-
5p_mature 

E2F1 Downregulati
on 

development of 
chemoresistance 

Grade III-IV Chen et al., 
2014 

10257,30769 3992 6265,307692 

 miR-137-
5p_mature 

RASGRF1  Upregulation inhibit proliferation Grade III-IV Deng et al., 
2016 

33088,46154 8834,384615 24254,07692 

 miR-139-
5p_mature 

Notch1 Upregulation inhibit proliferation grade III-IV Li et al., 2018 5433,230769 1781,076923 3652,153846 

 miR-153-
3p_mature 

BCL2  Upregulation increase of radiosensitivity grade III-IV Sun et al., 
2018 

12779,07692 5860,692308 6918,384615 

 miR-153-
5p_mature 

SNAI1 mRNA Upregulation inhibit invasion grade III-IV Zhao et al., 
2019 

12779,07692 5860,692308 6918,384615 

 miR-154-
5p_mature 

PIWIL1 Upregulation inhibit proliferation grade III-IV Wang et al. 
2017 

1565,461538 816,0769231 749,3846154 

 miR-
184_mature 

STC2 Upregulation retard the propagation, 
invasiveness and migratory 

ability 

grade III-IV Feng et al., 
2018 

161,2307692 83,46153846 77,76923077 

 miR-
1843_mature 

0 0 0 0 0 103,6153846 35,30769231 68,30769231 

 miR-190a-
5p_mature 

0 0 0 0 0 11057,23077 7055,692308 4001,538462 

 miR-203a-
5p_mature 

IFN response  upregulation inhibited proliferation and 
migration 

grade III-IV Yang et al. 
2017 

2058,307692 785,4615385 1272,846154 

 miR-21-
5p_mature 

SPRY1 via the 
PTEN/PI3K/A

KT 

upregulation promote  proliferation and 
inhibit senescence and 
apoptosis 

grade III-IV Chai et al., 
2018 

247737,4615 475642,5385 -
227905,0769 

 miR-210-
5p_mature 

BDNF upregulation inhibited the migration and 
invasion 

grade III-IV Liu et al., 2019 1271,923077 2521,076923 -
1249,153846 

 miR-212-
5p_mature 

BRCA1 upregulation increase of radioresistance grade III-IV He et al., 2018 118,8461538 39,38461538 79,46153846 

 miR-218-
5p_mature 

LHFPL3 upregulation preventing the invasiveness grade III-IV Li et al., 2019 42028,5641 9504,435897 32524,12821 

 miR-23a-
5p_mature 

ATP5A1 or 
ATP5B 

downregulatio
n 

preventing the 
microvascular proliferation 

grade III-IV Xu et al., 2016 9894,307692 17874,76923 -
7980,461538 

 miR-25-
5p_mature 

0 0 0 0 0 13189,23077 20738,53846 -
7549,307692 

 miR-29b-1-
5p_mature 

PTEN upregulation promotes proliferation and 
invasion 

grade III-IV Zhao et al., 
2019 

191879,5385 92615,69231 99263,84615 

 miR-29b-2-
5p_mature 

PTEN upregulation promotes proliferation and 
invasion 

grade III-IV Zhao et al., 
2019 

193389,3846 93498,15385 99891,23077 

 miR-29c-
5p_mature 

PTEN upregulation promotes proliferation and 
invasion 

grade III-IV Zhao et al., 
2019 

294511,3077 117029,9231 177481,3846 

 miR-323a-
5p_mature 

BRI3 and 
CDK6  

upregulation promotes proliferation and 
invasion 

grade III-IV Zhang et al., 
2017 

6662,384615 2487,923077 4174,461538 

 miR-
326_mature 

ARRB1 upregulation inhibit proliferation grade III-IV Nawaz et al., 
2016 

289,1538462 119,9230769 169,2307692 

 miR-328-
5p_mature 

abrogated 
EZH2 effects 

upregulation inhibit proliferation and 
invasion 

grade III-IV Wang et al., 
2016 

753,6923077 379,0769231 374,6153846 

 miR-330-
5p_mature 

ITGA5 mRNA upregulation inhibit proliferation and 
invasion and migration 

grade III-IV Feng et al., 
2017 

902,6923077 298,3846154 604,3076923 

 miR-338-
5p_mature 

FOXD1 upregulation inhibit proliferation and 
invasion and migration 

grade III-IV Ma et al., 2018 93175,61538 27895,30769 65280,30769 
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miRNA Targets Status Functional Assay Tumor Grade Reference Total 
number 
miRNA 

surrounding 
sample 

Total 
number 
miRNA 
glioma 
sample 

mean 
difference 

 miR-339-
5p_mature 

FOXD1-AS1 
silencing  

upregulation promotes proliferation and 
invasion 

grade III-IV Gao et al., 
2019 

1813,307692 2555,538462 -
742,2307692 

 miR-33a-
5p_mature 

 suppression 
SIRT6  

upregulation promotes proliferation grade III-IV Chang et al., 
2017 

2042,307692 878,3076923 1164 

 miR-362-
5p_mature 

PAX3  upregulation inhibit proliferation and 
invasion 

grade III-IV Xu et al., 2019 124 170,2307692 -
46,23076923 

 miR-369-
5p_mature 

ignote upregulation inhibited proliferation and 
migration 

grade III-IV Shahar et al., 
2016 

2708,923077 1287,230769 1421,692308 

 miR-379-
5p_mature 

FOXP2 upregulation preventing the 
microvascular proliferation 

grade III-IV He et al., 2018 15548,84615 6949,384615 8599,461538 

 miR-381-
5p_mature 

NEFL upregulation increase Temolozomide-
resistance 

grade III-IV Wang et al., 
2015 

4586 1412,384615 3173,615385 

 miR-382-
5p_mature 

YBX1 downregulatio
n 

inhibited proliferation, 
migration, invasion 

grade III-IV Wang et al., 
2019 

8712,307692 4890,769231 3821,538462 

 miR-411-
5p_mature 

ECONEXIN upregulation promotes proliferation grade III-IV Deguchi et al., 
2017 

11505,38462 4529,230769 6976,153846 

 miR-495-
5p_mature 

MYB upregulation inhibit proliferation and 
invasion 

grade III-IV Zhang et al., 
2016 

376,8461538 165 211,8461538 

 miR-
496_mature 

HCG11 upregulation promotes proliferation grade III-IV Chen et al., 
2019 

90,76923077 20,23076923 70,53846154 

 miR-615-
5p_mature 

EGFR upregulation inhibit proliferation and 
invasion and migration 

grade III-IV Ji et al., 2018 9,461538462 37 -
27,53846154 

 miR-629-
5p_mature 

0 0 0 0 0 428,8461538 661,1538462 -
232,3076923 

 miR-668-
5p_mature 

0 0 0 0 0 51,84615385 17,07692308 34,76923077 

 miR-7-
5p_mature 

RAF1 upregulation inhibit proliferation grade III-IV Liu et al., 2014 192467,2692 41678,03846 150789,2308 

 miR-92b-
5p_mature 

Sonic 
Hedgehog  

upregulation promotes proliferation grade III-IV Uziel et 
al.,2009 

1666,769231 3286,461538 -
1619,692308 

 miR-96-
5p_mature 

PDCD4 upregulation increase of radioresistance grade III-IV Guo et al., 
2018 

841,7692308 1195,153846 -
353,3846154 

 miR-769-
5p_mature 

ignote upregulation inhibit proliferation Grade I-II Liu et al., 2013 6697 2932,692308 3764,307692 

 miR-874-
5p_mature 

0 0 0 0 0 1284,692308 394,8461538 889,8461538 

 miR-132-
5p_mature 

Gli1  upregulation inhibited proliferation and 
migration 

grade III-IV Wang et al., 
2018 

5201,769231 1324,769231 3877 

 miR-491-
5p_mature 

TRIM28 upregulation inhibit proliferation and 
invasion 

grade III-IV Qi et al., 2016 799 293,7692308 505,2307692 

 miR-6516-
5p_mature 

0 0 0 0 0 35,07692308 13,15384615 21,92307692 

 miR-
1322_mature 

0 0 0 0 0 9964,076923 4487,615385 5476,461538 

 miR-138-
5p_mature 

     
15080,26923 8066,153846 7014,115385 

 miR-582-
5p_mature 

Caspase 3, 
Caspase 9, 

and Bim 

upregulation inhibit proliferation and 
invasion 

Grade III-IV Floyd et al., 
2014 

539,6923077 319,3076923 220,3846154 

 miR-628-
5p_mature 

DDX59 upregulation inhibit proliferation and 
invasion 

Grade III-IV Xie et al., 2019 1818,692308 786,3076923 1032,384615 

 miR-1287-
5p_mature 

EGFR downregulatio
n 

promotes proliferation Grade III-IV Wolter et al., 
2016 

131,7692308 84,53846154 47,23076923 

 miR-1296-
5p_mature 

0 0 0 0 0 613,6923077 220,5384615 393,1538462 

 miR-203b-
5p_mature 

ATM upregulation inhibit proliferation Grade III-IV Yang et al. 
2017 

68,07692308 14,61538462 53,46153846 

 miR-487a-
5p_mature 

0 0 0 0 0 148,9230769 52 96,92307692 

 miR-504-
5p_mature 

FZD7 upregulation inhibit invasion grade III-IV Liu et al., 2019 520,6153846 186,3076923 334,3076923 

 miR-584-
5p_mature 

ROCK1 upregulation inhibit proliferation grade III-IV Xu et al., 2017 1251,538462 344,1538462 907,3846154 

 miR-642a-
5p_mature 

0 0 0 0 0 10,38461538 4,307692308 6,076923077 
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miRNA Targets Status Functional Assay Tumor Grade Reference Total 
number 
miRNA 

surrounding 
sample 

Total 
number 
miRNA 
glioma 
sample 

mean 
difference 

 miR-664b-
5p_mature 

0 0 0 0 0 44,07692308 16,61538462 27,46153846 

 miR-942-
5p_mature 

0 0 0 0 0 41,46153846 60 -
18,53846154 

 miR-
2110_mature 

0 0 0 0 0 52,23076923 30,15384615 22,07692308 

 miR-33b-
5p_mature 

MYC upregulation promotes proliferation grade III-IV Wang et al. 
2017 

282,7692308 69,23076923 213,5384615 

 miR-488-
5p_mature 

PVT1  upregulation inhibit proliferation grade III-IV Xue et al., 
2018 

6253,769231 3965,230769 2288,538462 

 miR-548av-
5p_mature 

0 0 0 0 0 16,92307692 27,93589744 -
11,01282051 

 miR-552-
5p_mature 

0 0 0 0 0 20,38461538 10,92307692 9,461538462 

 miR-664a-
5p_mature 

0 0 0 0 0 315,4615385 205,7692308 109,6923077 

 miR-
760_mature 

FOXA1 upregulation inhibit proliferation grade III-IV Li et al., 2019 72,38461538 32,07692308 40,30769231 

 miR-891a-
5p_mature 

0 0 0 0 0 98,69230769 358,4615385 -
259,7692308 

 miR-124-
3p_mature 

Fra-2 upregulation inhibit proliferation grade III-IV Luo et al., 
2018 

22283,15385 6541 15742,15385 

 miR-329-
5p_mature 

E2F1 upregulation inhibit proliferation grade III-IV Xiao et al., 
2013 

905,0769231 393,5384615 511,5384615 

 miR-432-
5p_mature 

ZFAS1 upregulation enhanced cisplatin 
sensitivity  

grade III-IV Yang et al. 
2019 

3072,461538 1542,153846 1530,307692 

 miR-889-
5p_mature 

0 
    

2175,923077 632,3076923 1543,615385 

 miR-410-
5p_mature 

MET upregulation inhibit proliferation grade III-IV Chen et al., 
2012 

60 17,84615385 42,15384615 

 miR-1185-
5p_mature 

0 
    

1036,307692 389,1538462 647,1538462 

 miR-490-
5p_mature 

AT-hook 2 upregulation inhibit proliferation grade III-IV Zhang et al., 
2019 

230,2307692 83,30769231 146,9230769 

 miR-873-
5p_mature 

Bcl2  upregulation enhanced cisplatin 
sensitivity  

grade III-IV Chen et al., 
2015 

2526,076923 792,3076923 1733,769231 

 miR-105-
5p_mature 

0 0 0 0 0 101,9230769 52,30769231 49,61538462 

 miR-
1197_mature 

0 0 0 0 0 366 90,30769231 275,6923077 

 miR-
1243_mature 

0 0 0 0 0 8,769230769 3,846153846 4,923076923 

 miR-1250-
5p_mature 

0 0 0 0 0 87,53846154 34,46153846 53,07692308 

 miR-1252-
5p_mature 

0 0 0 0 0 55,84615385 17 38,84615385 

 miR-
1283_mature 

ATF4 upregulation inhibit proliferation grade III-IV Chen et al., 
2019 

52,53846154 15,84615385 36,69230769 

 miR-
1286_mature 

0 0 0 0 0 13,53846154 3,384615385 10,15384615 

 miR-208b-
5p_mature 

0 0 0 0 0 68,15384615 119,2307692 -
51,07692308 

 miR-211-
5p_mature 

ignote downregulatio
n 

inhibit proliferation and 
invasion 

grade III-IV Zhang et al., 
2017 

149,8461538 36,53846154 113,3076923 

 miR-3180-
5p_mature 

0 0 0 0 0 9,256410256 4,223076923 5,033333333 

 miR-3200-
5p_mature 

0 0 0 0 0 1119,692308 495,9230769 623,7692308 

 miR-383-
5p_mature 

VEGF upregulation inhibit proliferation and 
invasion 

grade III-IV Zhao et al., 
2017 

584,6153846 181,6923077 402,9230769 

 miR-433-
5p_mature 

CREB upregulation inhibit proliferation and 
chemosensitivity 

grade III-IV Sun et al., 
2017 

127,6923077 38 89,69230769 

 miR-4446-
5p_mature 

0 0 0 0 0 3,230769231 0,461538462 2,769230769 
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number 
miRNA 

surrounding 
sample 

Total 
number 
miRNA 
glioma 
sample 

mean 
difference 

 miR-4677-
5p_mature 

0 0 0 0 0 54,15384615 72,07692308 -
17,92307692 

 miR-4787-
3p_mature 

0 0 0 0 0 21,38461538 11,15384615 10,23076923 

 miR-4787-
5p_mature 

0 0 0 0 0 23,53846154 10,61538462 12,92307692 

 miR-516a-
5p_mature 

0 0 0 0 0 336 121,6923077 214,3076923 

 miR-520b-
5p_mature 

0 0 0 0 0 6,192307692 2,461538462 3,730769231 

 miR-539-
5p_mature 

DIXDC1 upregulation inhibit proliferation and 
invasion 

grade III-IV Quan et al., 
2017 

2419,461538 762,8461538 1656,615385 

 miR-
544a_mature 

Park7 upregulation inhibit proliferation and 
invasion 

grade III-IV Jin et al., 2016 238 35,53846154 202,4615385 

 miR-
548aw_matu

re 

0 0 0 0 0 33,76923077 9,230769231 24,53846154 

 miR-5584-
5p_mature 

0 0 0 0 0 21,53846154 5,769230769 15,76923077 

 miR-5586-
5p_mature 

0 0 0 0 0 48,61538462 17,38461538 31,23076923 

 miR-5699-
5p_mature 

0 0 0 0 0 44,69230769 27,15384615 17,53846154 

 miR-6511b-
5p_mature 

0 0 0 0 0 53,69230769 25,97435897 27,71794872 

 miR-655-
5p_mature 

0 0 0 0 0 251,7692308 106,3846154 145,3846154 

 miR-656-
5p_mature 

BMPR1A upregulation inhibit proliferation grade III-IV Guo et al., 
2014 

218,6923077 83 135,6923077 

 miR-876-
5p_mature 

KIF20A upregulation inhibit proliferation grade III-IV Tang et al., 
2019 

350,3076923 108,6153846 241,6923077 

 miR-888-
5p_mature 

0 0 0 0 0 52,46153846 181,4615385 -129 

 miR-
892a_mature 

0 0 0 0 0 20,76923077 77,61538462 -
56,84615385 

 miR-6503-
5p_mature 

0 0 0 0 0 1 6,538461538 -
5,538461538 

 miR-
890_mature 

0 0 0 0 0 3,461538462 13,69230769 -
10,23076923 

 miR-
891b_mature 

0 0 0 0 0 26,15384615 89 -
62,84615385 

 miR-
892b_mature 

0 0 0 0 0 9,230769231 39 -
29,76923077 

 miR-
548v_mature 

0 0 0 0 0 52,38461538 8,230769231 44,15384615 

 let-7d-
5p_star 

MYC downregulatio
n 

inhibit proliferation grade III-IV Wang et al., 
2016 

468,5384615 287,8461538 180,6923077 

 let-7e-
5p_star 

NRAS downregulatio
n 

inhibit proliferation and 
invasion 

grade III-IV Gong et al., 
2016 

65,19230769 41,23076923 23,96153846 

 let-7g-
5p_star 

VSIG4 downregulatio
n 

inhibit proliferation grade III-IV Zhang et al., 
2016 

259,4615385 195,2307692 64,23076923 

 miR-101-
5p_star 

TRIM44 upregulation inhibit proliferation grade III-IV Li et al., 2019 248,5384615 95,53846154 153 

 miR-103a-2-
5p_star 

MOV10, circ-
DICER1, ZIC4, 
and Hsp90β 

downregulatio
n 

inhibit proliferation and 
invasion 

grade III-IV He et al., 2019 12,46153846 7,538461538 4,923076923 

 miR-106b-
5p_star 

ignote downregulatio
n 

promotes proliferation Grade I-II Wang et al., 
2012 

298,8461538 504,7692308 -
205,9230769 

 miR-1307-
5p_star 

0 
    

434,0769231 303,5384615 130,5384615 

 miR-136-
5p_star 

Bcl-2 upregulation inhibit proliferation grade III-IV Liu et al., 2017 3306,923077 1776,384615 1530,538462 

 miR-137-
5p_star 

FOXK1 upregulation inhibit proliferation grade III-IV Ji et al., 2018 13,23076923 4,384615385 8,846153846 
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number 
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surrounding 
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Total 
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miRNA 
glioma 
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mean 
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 miR-139-
5p_star 

GFAP upregulation enhanced chemosensitivity  grade III-IV Wang et al. 
2018 

737,4615385 267,1538462 470,3076923 

 miR-148a-
5p_star 

DNMT1-
RUNX3 

upregulation inhibit proliferation and 
invasion 

grade III-IV Li et al., 2019 6,153846154 15,15384615 -9 

 miR-152-
5p_star 

 lncRNA H19 downregulatio
n 

promotes proliferation grade III-IV Chen et al., 
2018 

5,230769231 11,07692308 -
5,846153846 

 miR-153-
3p_star 

SNAI1 mRNA Upregulation inhibit invasion grade III-IV Zhao et al., 
2019 

27,76923077 11,69230769 16,07692308 

 miR-154-
5p_star 

0 0 0 0 0 80,15384615 29,84615385 50,30769231 

 miR-
1843_star 

0 0 0 0 0 106,9230769 28,76923077 78,15384615 

 miR-185-
5p_star 

ANXA2 downregulatio
n 

promotes proliferation grade III-IV Wu et al., 
2019 

36,84615385 20,38461538 16,46153846 

 miR-21-
5p_star 

SPRY1 via the 
PTEN/PI3K/A

KT 

upregulation promote  proliferation and 
inhibit senescence and 
apoptosis 

grade III-IV Chai et al., 
2018 

785,2307692 1906,307692 -
1121,076923 

 miR-299-
5p_star 

GOLPH3/MA
PK/ERK 

downregulatio
n 

enhanced chemosensitivity  grade III-IV Li et al., 2013 785,9230769 290,3076923 495,6153846 

 miR-29a-
5p_star 

PTEN upregulation promotes proliferation and 
invasion 

grade III-IV Zhao Y et al., 
2019 

462,9230769 319 143,9230769 

 miR-29b-2-
5p_star 

PTEN upregulation promotes proliferation and 
invasion 

grade III-IV Zhao Y et al., 
2019 

548,6153846 262,3076923 286,3076923 

 miR-29c-
5p_star 

PTEN upregulation promotes proliferation and 
invasion 

grade III-IV Zhao Y et al., 
2019 

860,1538462 396,3076923 463,8461538 

 miR-31-
5p_star 

FOXD2-AS1 upregulation promotes proliferation grade III-IV Wang et al., 
2019 

97,53846154 40,23076923 57,30769231 

 miR-323a-
5p_star 

IGF- 1R upregulation inhibit proliferation grade III-IV Lian et al., 
2014 

10,46153846 2,230769231 8,230769231 

 miR-324-
5p_star 

EZH2 upregulation inhibit proliferation and 
invasion 

grade III-IV Zhi et al., 2017 284,2307692 181,1538462 103,0769231 

 miR-330-
5p_star 

ITGA5 upregulation inhibit proliferation and 
invasion 

grade III-IV Feng et al., 
2017 

555,9230769 163,2307692 392,6923077 

 miR-338-
5p_star 

FOXD1 upregulation inhibit proliferation and 
invasion and migration 

grade III-IV Ma et al., 2018 126,0769231 31,30769231 94,76923077 

 miR-342-
5p_star 

E2F1 upregulation inhibit proliferation and 
invasion 

grade III-IV Huang et al., 
2019 

410,3846154 262 148,3846154 

 miR-361-
5p_star 

SND1 upregulation inhibit proliferation grade III-IV Liu et al., 2018 3402,153846 1963,615385 1438,538462 

 miR-376a-
5p_star 

ignote downregulatio
n 

promotes proliferation grade III-IV Huang et al., 
2017 

804,3846154 327,9230769 476,4615385 

 miR-377-
5p_star 

E2F1 upregulation inhibit proliferation and 
invasion 

grade III-IV Huang et al., 
2019 

35,30769231 15,61538462 19,69230769 

 miR-379-
5p_star 

MOV10, circ-
DICER1, ZIC4, 
and Hsp90β 

downregulatio
n 

inhibit proliferation and 
invasion 

grade III-IV He et al., 2019 138,3076923 75,23076923 63,07692308 

 miR-381-
5p_star 

NEFL upregulation increase Temolozomide-
resistance 

grade III-IV Wang et al., 
2015 

29,15384615 11,30769231 17,84615385 

 miR-411-
5p_star 

0 0 0 0 0 61,07692308 29 32,07692308 

 miR-485-
5p_star 

PAX3 downregulatio
n 

inhibit proliferation grade III-IV Wang et al., 
2018 

233,5384615 98,84615385 134,6923077 

 miR-501-
5p_star 

NUCKS1 upregulation promotes proliferation Grade I-II Giunti et al., 
2019 

10,46153846 16,84615385 -
6,384615385 

 miR-505-
5p_star 

Wnt/β-
catenin 

upregulation inhibit proliferation grade III-IV Zhang et al., 
2018 

14,46153846 24,61538462 -
10,15384615 

 miR-542-
5p_star 

AKT upregulation inhibit invasion grade III-IV Cai at al., 2015 165,3846154 377,8461538 -
212,4615385 

 miR-551b-
5p_star 

0 0 0 0 0 8,153846154 27,46153846 -
19,30769231 

 miR-629-
5p_star 

0 0 0 0 0 5,307692308 11,84615385 -
6,538461538 

 miR-744-
5p_star 

MAP2K4 upregulation inhibit proliferation and 
invasion 

grade III-IV Hübner et al., 
2018 

43,46153846 21,88461538 21,57692308 
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miRNA 
glioma 
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 miR-92b-
5p_star 

PTEN; upregulation promotes proliferation grade III-IV Xu et al., 2017 81,23076923 203,6153846 -
122,3846154 

 miR-93-
5p_star 

RBL2 upregulation promotes proliferation and 
invasion 

grade III-IV Liu et al., 2018 52,5 81,73076923 -
29,23076923 

 miR-95-
5p_star 

0 0 0 0 0 322,9230769 125,3846154 197,5384615 

 miR-219a-
5p_star 

Sal-like 
protein 

upregulation inhibit proliferation grade III-IV Jiang et al., 
2017 

15873,76923 6781,153846 9092,615385 

 miR-874-
5p_star 

0 0 0 0 0 191,6923077 61,92307692 129,7692308 

 miR-132-
5p_star 

Gli1  upregulation inhibited proliferation and 
migration 

grade III-IV Wang et al., 
2018 

734 240,7692308 493,2307692 

 miR-376b-
5p_star 

ignote downregulatio
n 

promotes proliferation grade III-IV Huang et al., 
2017 

736,0769231 411,2307692 324,8461538 

 miR-376c-
5p_star 

ignote downregulatio
n 

promotes proliferation grade III-IV Huang et al., 
2017 

746,3076923 419,5384615 326,7692308 

 miR-491-
5p_star 

TRIM28 upregulation inhibit proliferation and 
invasion 

grade III-IV Qi et al., 2016 76,84615385 24,30769231 52,53846154 

 miR-6516-
5p_star 

0 0 0 0 0 19,30769231 8,384615385 10,92307692 

 miR-
1322_star 

0 0 0 0 0 4,692307692 1,153846154 3,538461538 

 miR-582-
5p_star 

Caspase 3, 
Caspase 9, 
and Bim. 

upregulation inhibit proliferation and 
invasion 

Grade III-IV Floyd et al., 
2014 

407,0769231 154,8461538 252,2307692 

 miR-487b-
5p_star 

0 0 0 0 0 42,92307692 17,30769231 25,61538462 

 miR-376a-2-
5p_star 

ignote downregulatio
n 

promotes proliferation grade III-IV Huang et al., 
2017 

127,4615385 84,38461538 43,07692308 

 miR-628-
5p_star 

DDX59 upregulation inhibit proliferation and 
invasion 

Grade III-IV Xie et al., 2019 854,5384615 399,2307692 455,3076923 

 miR-1296-
5p_star 

0 0 0 0 0 16,46153846 4,307692308 12,15384615 

 miR-454-
5p_star 

NFATc2 upregulation inhibit proliferation grade III-IV Zuo et al., 
2019 

29,69230769 45,46153846 -
15,76923077 

 miR-487a-
5p_star 

0 0 0 0 0 87,07692308 32,53846154 54,53846154 

 miR-642a-
5p_star 

0 0 0 0 0 8,923076923 2,615384615 6,307692308 

 miR-664b-
5p_star 

AT-hook 2 upregulation inhibit proliferation grade III-IV Zhang et al., 
2019 

9,230769231 3,384615385 5,846153846 

 miR-329-
5p_star 

0 0 0 0 0 61,69230769 25 36,69230769 

 miR-885-
5p_star 

HOXB-AS1 upregulation promotes proliferation grade III-IV Chen et al., 
2019 

45,38461538 20,23076923 25,15384615 

 miR-
543_star 

GATA3 upregulation promotes proliferation grade III-IV Guo et al., 
2019 

35,07692308 16,07692308 19 

 miR-490-
5p_star 

AT-hook 2 upregulation inhibit proliferation grade III-IV Zhang et al., 
2019 

55,92307692 17,61538462 38,30769231 

 miR-873-
5p_star 

Bcl2  upregulation enhanced cisplatin 
sensitivity  

grade III-IV Chen et al., 
2015 

100,8461538 33,15384615 67,69230769 

 miR-2682-
5p_star 

0 0 0 0 0 25,61538462 9,846153846 15,76923077 

 miR-3200-
5p_star 

0 0 0 0 0 13,69230769 7,076923077 6,615384615 

 miR-383-
5p_star 

VEGF upregulation inhibit proliferation and 
invasion 

grade III-IV Zhao et al., 
2017 

27,23076923 7,769230769 19,46153846 

 miR-433-
5p_star 

CREB upregulation inhibit proliferation and 
chemosensitivity 

grade III-IV Sun et al., 
2017 

14 1,846153846 12,15384615 

 miR-539-
5p_star 

DIXDC1 upregulation inhibit proliferation and 
invasion 

grade III-IV Quan et al., 
2017 

45,76923077 12 33,76923077 

 miR-
544a_star 

Park7 upregulation inhibit proliferation and 
invasion 

grade III-IV Jin et al., 2016 40,65384615 5,230769231 35,42307692 

 miR-5586-
5p_star 

0 0 0 0 0 12,53846154 4,769230769 7,769230769 
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miRNA Targets Status Functional Assay Tumor Grade Reference Total 
number 
miRNA 

surrounding 
sample 

Total 
number 
miRNA 
glioma 
sample 

mean 
difference 

 miR-5699-
5p_star 

0 0 0 0 0 27,07692308 14,23076923 12,84615385 

 miR-758-
5p_star 

ZBTB20 upregulation inhibit proliferation grade III-IV Liu et al., 2018 102,3076923 42,84615385 59,46153846 

Table 3 

All the miRNAs were subsequently compared individually to verify the distribution between 

the glioma sample and the surrounding tissue sample through the Kolmogorov-Smirnova test, a non-

parametric test that verifies the shape of the sample distributions, which allowed to select the miRNAs 

present in the two samples presenting a normal distribution (illustrated in table 4) 

Surrounding miRNAs Gliomas miRNAs 

Kolmogorov-Smirnova Kolmogorov-Smirnova 

 Statistic df Sig.  Statistic df Sig. 

 miR-210-5p_mature 0,142 13 0.200*  miR-210-5p_mature 0,125 13 0.200* 

 miR-25-5p_mature 0,147 13 0.200*  miR-25-5p_mature 0,173 13 0.200* 

 miR-339-5p_mature 0,167 13 0.200*  miR-339-5p_mature 0,177 13 0.200* 

 miR-362-5p_mature 0,177 13 0.200*  miR-362-5p_mature 0,178 13 0.200* 

 miR-369-5p_mature 0,177 13 0.200*  miR-369-5p_mature 0,186 13 0.200* 

 miR-92b-5p_mature 0,133 13 0.200*  miR-92b-5p_mature 0,167 13 0.200* 

 miR-132-5p_mature 0,192 13 0.200*  miR-132-5p_mature 0,16 13 0.200* 

 miR-2110_mature 0,158 13 0.200*  miR-2110_mature 0,181 13 0.200* 

 miR-664a-5p_mature 0,151 13 0.200*  miR-664a-5p_mature 0,172 13 0.200* 

 miR-105-5p_mature 0,153 13 0.200*  miR-105-5p_mature 0,179 13 0.200* 

 miR-3180-5p_mature 0,133 13 0.200*  miR-3180-5p_mature 0,174 13 0.200* 

 miR-4677-5p_mature 0,191 13 0.200*  miR-4677-5p_mature 0,143 13 0.200* 

 miR-4787-3p_mature 0,191 13 0.200*  miR-4787-3p_mature 0,145 13 0.200* 

 miR-4787-5p_mature 0,177 13 0.200*  miR-4787-5p_mature 0,185 13 0.200* 

 miR-5699-5p_mature 0,173 13 0.200*  miR-5699-5p_mature 0,173 13 0.200* 

 miR-655-5p_mature 0,096 13 0.200*  miR-655-5p_mature 0,188 13 0.200* 

 let-7e-5p_star 0,129 13 0.200*  let-7e-5p_star 0,152 13 0.200* 

 miR-106b-5p_star 0,16 13 0.200*  miR-106b-5p_star 0,19 13 0.200* 

 miR-324-5p_star 0,137 13 0.200*  miR-324-5p_star 0,189 13 0.200* 

 miR-361-5p_star 0,192 13 0.200*  miR-361-5p_star 0,141 13 0.200* 

 miR-379-5p_star 0,109 13 0.200*  miR-379-5p_star 0,145 13 0.200* 

 miR-411-5p_star 0,167 13 0.200*  miR-411-5p_star 0,135 13 0.200* 

 miR-501-5p_star 0,139 13 0.200*  miR-501-5p_star 0,124 13 0.200* 

 miR-505-5p_star 0,156 13 0.200*  miR-505-5p_star 0,1 13 0.200* 

 miR-542-5p_star 0,189 13 0.200*  miR-542-5p_star 0,136 13 0.200* 

 miR-92b-5p_star 0,153 13 0.200*  miR-92b-5p_star 0,174 13 0.200* 

 miR-5699-5p_star 0,158 13 0.200*  miR-5699-5p_star 0,159 13 0.200* 
 Table 4 
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We performed then a paired Student’s T test in order to verify if the expression of miRNA 

were statistically different between glioma and surrounding tissue samples; results were considered 

statistically significant for p-value < 0.05. All the miRNA considered resulted statistically different 

between the two groups; in particular 10 miRNA (miR-25-5p_mature; miR-339-5p_mature; miR-

362-5p_mature; miR-92b-5p_mature; miR-4677-5p_mature; miR-106b-5p_star; miR-501-5p_star; 

miR-505-5p_star; miR-542-5p_star; miR-92b-5p_star) resulted more expressed in glioma samples, 

and the other 15 (miR-25-5p_mature; miR-339-5p_mature; miR-362-5p_mature; miR-92b-

5p_mature; miR-4677-5p_mature; miR-106b-5p_star; miR-501-5p_star; miR-505-5p_star; miR-

542-5p_star; miR-92b-5p_star) in surrounding tissue samples (Table 5)•. 

 Table 5 

miRNA 
Mean miRNA copies value 

p-value Mean value 
surrounding sample 

Mean value glioma 
sample 

 miR-25-5p_mature 13189,23077 20738,53846 0,005910603 

 miR-339-5p_mature 1813,307692 2555,538462 0,019301026 

 miR-362-5p_mature 124 170,2307692 0,048399867 

 miR-369-5p_mature 2708,923077 1287,230769 0,048373497 

 miR-92b-5p_mature 1666,769231 3286,461538 0,006662824 

 miR-132-5p_mature 5201,769231 1324,769231 0,014935277 

 miR-2110_mature 52,23076923 30,15384615 0,036332154 

 miR-664a-5p_mature 315,4615385 205,7692308 0,026356233 

 miR-105-5p_mature 101,9230769 52,30769231 0,0415525 

 miR-3180-5p_mature 9,256410256 4,223076923 0,022890307 

 miR-4677-5p_mature 54,15384615 72,07692308 0,043961808 

 miR-4787-3p_mature 21,38461538 11,15384615 0,019578883 

 miR-4787-5p_mature 23,53846154 10,61538462 0,004721968 

 miR-5699-5p_mature 44,69230769 27,15384615 0,004826651 

 miR-655-5p_mature 251,7692308 106,3846154 0,006070423 

 let-7e-5p_star 65,19230769 41,23076923 0,047372498 

 miR-106b-5p_star 298,8461538 504,7692308 0,012677956 

 miR-324-5p_star 284,2307692 181,1538462 0,022673039 

 miR-361-5p_star 3402,153846 1963,615385 0,005785739 

 miR-379-5p_star 138,3076923 75,23076923 0,041725195 

 miR-411-5p_star 61,07692308 29 0,016353379 

 miR-501-5p_star 10,46153846 16,84615385 0,034523997 

 miR-505-5p_star 14,46153846 24,61538462 0,029782656 

 miR-542-5p_star 165,3846154 377,8461538 0,007966039 

 miR-92b-5p_star 81,23076923 203,6153846 0,001048841 
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6.3 Texture analysis and Radiogenomics data 

In this study or purpose was to identify the potential association between advanced imaging 

features extracted from brain MR and the mRNA expression. All the features were tested with 

correlation analysis tests and we considered only those that showed statistically significant correlation 

(positive or negative with p values < 0.001) in the tissue specimens obtained from the neoplasms and 

from the normal brain tissues.  

One of the main advantages of the MRI is the potentiality to acquire the same tissue with 

different weightings in terms of physical properties of the radiofrequency (RF) signal by creating  

multiple different images of the same tissue, each one characterized by different phenotype 

determined by the variable tissue properties according to the RF and echo-waiting timing. 

In this study we had assessed the multiple features (HISTO Kurtosis; HISTO Energy (or 

Uniformity); HISTO_Kurtosis; HISTO_Entropy _log2; FLAIR HISTO_Kurtosis; HISTO_Kurtosis 

and HISTO_Entropy_ log2) in different imaging weightings (C.E. T1; T2; FLAIR; DWI). 

[C.E. T1 ] We found that some features (HISTO_Kurtosis) showed significantly strong 

negative correlation with the following miRNA (miR-369-5p_mature; miR-4787-3p_mature; miR-

4787-5p_mature;) with the following rho values respectively,  -0,6217, -0,75686, -0,67589.   

[C.E. T1 ] HISTO_Energy (Uniformity) shows significantly strong negative correlation whit 

miR5699_5p_mature with the following rho values  0,644258. 

[T2] Also HISTO_Kurtosis shows significantly strong negative correlation whit Mirna 411-

5p_ star with the following rho values -0,65822. 

[Flair] in this MR sequence the HISTO Kurtosis values detected show strong positive 

correlations with the two forms of miR-92 (miR-92b-5p_mature and miR-92b-5p_star) with the 

following rho values respectively 0,672699 and 0,67669. 

[DWI] We found that some features (Entropy) showed significantly strong correlation with 

the following miRNA (miR-369-5p_mature,  miR-132-5p_mature,  miR-655-5p_mature  miR-361-

5p_star,  miR-379-5p_star) with the following rho values respectively, 0,738630559, 0,668265048, 

0,705840954, 0,623838883, 0,736459576. 

[DWI] At the same time, we found that Kurtosis is significant correlated (with a negative 

association) with  miR-369-5p_mature and  miR-4787-3p_mature with the following rho values -

0,622411899 and -0,649857583 respectively. 

 

 

 



 44 

miRNA C.E. T1 HISTO 
Kurtosis 

C.E. T1 
HISTO_Energy 
(=Uniformity) 

T2 
HISTO_Kurtosis 

T2 
HISTO_Entropy_l

og2 

FLAIR 
HISTO_Kurtosis 

DWI 
HISTO_Kurtosis 

DWI 
HISTO_Entropy_ 

log2 

rxy R2 rxy R2 rxy R2 rxy R2 rxy R2 rxy R2 rxy R2 
 miR-339-
5p_mature 

/ / / / / / -0,79635 
  

0,0927 / / / / / / 

 miR-369-
5p_mature 

-0,6217 0,11 / / / / / / / / -0,62241 0,2069 0,73863
1 

0,0987 

 miR-92b-
5p_mature 

/ / / / / / / / 0,67269
9 

0,4579 / / / / 

 miR-4787-
3p_mature 

-0,75686 0,11 / / / / / / / / -0,64986 0,0987 / / 

 miR-4787-
5p_mature 

-0,67589 0,4568 / / / / / / / / / / / / 

 miR-5699-
5p_mature 

/ / 0,64425
8 

0,0047 / / / / / / / / / / 

 miR-655-
5p_mature 

/ / / / / / / / / / / / 0,70584
1 

0,2069 

 miR-361-
5p_star 

/ / / / / / / / / / / / 0,62383
9 

0,2069 

 miR-379-
5p_star 

/ / / / / / / / / / / / 0,73646 0,2069 

 miR-411-
5p_star 

/ / / / -0,65822 0,3428 / / / / / / / / 

 miR-92b-
5p_star 

/ / / / / / / / 0,67669 0,4579 / / / / 

Table 6 (rxy = Pearson’s correlation coefficient; R2=coefficient of determination)  
(rxy = Pearson’s correlation coefficient; R2=coefficient of determination)  
• Mirna 339-5p_mature (rxy = -0,79635; R2 = 0,0927). strong negative correlation T2 HISTO_Entropy_log2 

• Mirna 369-5p_mature (rxy = -0,6217; R2 = 0,11). strong negative correlation  C.E. T1 HISTO Kurtosis 

• Mirna 369-5p_mature (rxy = -0,62241; R2 = 0,2069). strong negative correlation DWI HISTO_Kurtosis 

• Mirna 369-5p_mature (rxy = 0,738631; R2 = 0,0987). strong positive correlation DWI HISTO_Entropy_ log2 

• Mirna 92-5p_mature (rxy = 0,672699; R2 = 0,4579). strong positive correlation  FLAIR HISTO_Kurtosis 

• Mirna 4787-3p_mature (rxy = -0,75686; R2 = 0,11). strong negative correlation  C.E. T1 HISTO Kurtosis 

• Mirna 4787-3p_mature (rxy = -0,64986; R2 = 0,0987). strong negative correlation DWI HISTO_Kurtosis 

• Mirna 4787-5p_mature (rxy = -0,67589; R2 = 0,4568). strong negative correlation  C.E. T1 HISTO Kurtosis 

• Mirna 5699-5p_mature (rxy = 0,644258; R2 = 0,0047). strong positive correlation  C.E. T1 HISTO_Energy 

(=Uniformity) 

• Mirna 655-5p_mature (rxy = 0,705841; R2 = 0,2069). strong positive correlation DWI HISTO_Entropy_ log2 

• Mirna 361-5p_star (rxy = 0,623839; R2 = 0,2069). strong positive correlation  DWI HISTO_Entropy_ log2 

• Mirna 379-5p_ star (rxy = 0,73646; R2 = 0,2069). strong positive correlation  DWI HISTO_Entropy_ log2 

• Mirna 411-5p_ star (rxy = -0,65822; R2 = 0,3428). strong negative correlation T2 HISTO_Kurtosis 

• Mirna 92b-5p_star (rxy = 0,67669; R2 = 0,4579). strong positive correlation  FLAIR HISTO_Kurtosis 
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The graphs for each individual miRNA in relation to the respective MR features are below. 
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6.3 Limits of the study 

The current data available for study for now are limited to a small number of patients, so 

further confirmation results or less will be obtained when they are included. 

Only diffuse gliomas that are histologically considered to be grade III and IV according to 

WHO were included in the study, a post-irradiation glioma recurrence was also included. 
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The first selection was based on the possibility of having a glioma sample and a surrounding 

tissue sample. The reason is often due to surgical approach strategies that did not allow the 

surrounding tissue to be taken (stereotactic biopsy or needle biopsy with neuronavigator) 

A further selection and relative decrease in patients depended on the low quality of RIN values 

(RNA Integrity number). There are multiple possible reasons why we observed low RIN index:  

- once the tissue is extracted from the brain, degrading phenomena start adding up before 

soaking the samples in the RNA later; 

-  possible cell death events, likely affecting tumor tissue and its surroundings, therefore 

altering nucleic acids; 

- the site of extraction relies on the surgical approach, thus determining different quality 

samples (grey matter vs white matter; tumoral cellularity vs necrotic cellularity). 

 

6.4 Future expectation 

The research project will continue with the study of each single miRNA examined, 

furthermore the collection of biological samples and MR images is still ongoing, with the aim of 

validating a study protocol of MR imaging to improve the pre diagnostic process. -operative and 

obtain a set to determine the presence of miRNAs with an exam already used in the standard protocols 

of all neurosurgical departments. Studies have already shown that through texture analysis a 

differential diagnosis can be made between gliomas and mestastases, differentiating them with a 

sensitivity of 80% and a specificity of 90% (Skogen et al. 2019). 
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7 Discussion 

Gliomas are considered rare neoplasms, every year around 5/100000 represents however the 

most important share of tumors of the central nervous system followed by metastases. The glioma, in 

its various forms, can develop at any age. Despite the important and numerous discoveries in all areas 

of preclinical and clinical research, the management of primary brain tumors represents one of the 

most complex challenges in the neurosurgical, radiological and oncological fields.  Today the 

therapeutic strategy of gliomas starts from the outcome of the histological and molecular examination, 

feeling a longer time frame than the speed with which high definition radiological images are 

obtained.  

Surgical resection makes it possible to remove the tumor mass, immediately resolving the 

symptoms related to cerebral hypertension, but even in surgery we immediately identify limits: to 

perform a surgical operation it is necessary to make sure that it is possible to arrive at the target lesion, 

and that the surgical path does not affect the functional integrity of the patient, and under these 

conditions perform a supra-maximal surgery. These conditions rarely occur simultaneously, so the 

human cost of surgical treatment is very high.   

With the research and the above data, we have explored the possibility of making a diagnosis 

not only of glioma, but of being able to identify a diagnostic marker already at the time of finding the 

pathology. Already some studies have already shown that through texture analysis a differential 

diagnosis can be made between gliomas and cases, differentiating them with a sensitivity of 80% and 

a specificity of 90% (Skogen et al. 2019).  

The data collected in this study show a perfect dualism: analyzing the miRNA data abstracted 

from the glioma, comparing it with the texture analysis of the tumor mass in the main MR sequences 

used daily, performing the same work on surrounding tissue miRNA data with texture analysis of 

normal tissue of the same physical location and the same volume of the same patient have obtained a 

very clear result: although diffirently expressed in positive or negative the miRNAs between the 

surrounding sample and the glioma sample, and taking the surrounding sample as a healthy reference, 

we noted that in all the features in the different MR sequences there is no significantly significant 

correlation between the amounts of surrounding miRNAs; on the contrary, the MR features extracted 

from the gliomas show strong correlations with miRNAs closely related to the statistically significant 

increase or decrease.  

For example we can note how miRNA 92, in its -star (upregulate in surrounding samples)and 

-mature (upregulate in glioma samples) forms, known to play in his mature form an oncogenic role 

in tumourigenesis, is significantly increased in glioma samples and presents a strong positive 

correlation in FLAIR HISTO_Kurtosis. 
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miRNA 92 in the literature is recognized as implicated in all phases of the pathogenesis of 

glioma, plays an important role on proliferation, migration, invasion and apoptosis of glioma cells 

(Wang et al., 2018).  

If confirmed its early identification in MR, it could make it a potential molecular target for 

sartorial therapies.  

Yet, miRNA 92 is not the only isolated miRNA. We found several miRNA’s, each of them 

shares its own relative positive or negative correlation.  

Mirna 369-5p_ has a mature and strong positive correlation with DWi HISTO_Entropy log2; 

Mirna5699-5p_ has a mature and strong positive correltion with contrast-enhanced HISTO_Energy 

(=Uniformity); Mirna 655-5p_ has a mature and strong positive correlation with DWi 

HISTO_Entropy_ log2; Mirna 361-5p_star has a strong positive correlation with DWi 

HISTO_Entropy_ log2; Mirna 379-5p_ star has a strong positive correlation  DWi 

HISTO_Entropy_ log2.  Whereas, the following miRNA’s exhibit a strong negative correlation 

with these texture analysis features: Mirna 339-5p_mature  strong negative correlation T2 

HISTO_Entropy_log2; Mirna 369-5p_mature strong negative correlation  C.E. T1 HISTO Kurtosis; 

Mirna 369-5p_mature strong negative correlation DWI HISTO_Kurtosis; Mirna 4787-3p_mature 

strong negative correlation  C.E. T1 HISTO Kurtosis; Mirna 4787-3p_mature strong negative 

correlation DWI HISTO_Kurtosis; Mirna 4787-5p_mature  strong negative correlation  C.E. T1 

HISTO Kurtosis; Mirna 411-5p_ star (rxy = -0,65822; R2 = 0,3428). strong negative correlation T2 

HISTO_Kurtosis. 

Therefore, cross-analysis of these data creates a radiologically detectable molecular trace, that 

might potentially become in the near future the least invasive and cheapest way to diagnose with 

certainty such disease and that might identify useful treatment targets. 

 

 

8 Conclusion 

These results confirm that the advanced extraction of data from imaging features produce 

biomarkers that are statistically associated with some sub-types miRNA features. 

The innovation from this research is that we found not only the potential association between 

imaging-derived features and some class of miRNA but also that we could derive from the imaging 

information related to the miRNA distribution and expression, by confirm that the so-called radiomics 

is a promising area of intersection between morphological features and biology 

This would imply that we could start considered these characteristics as advanced biomarkers 

for the identification from imaging of biological features (miRNA imaging-derived surrogates) that 
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would help the stratification of biological behavior of the tumor that is partially associated to the 

miRNA expression, as widely demonstrated in previously published literature 

9 Ethics approval and consent to participate 

In October 2017, we asked the Independent Ethics Committee of the A.O.U. Cagliari to assess the 

compliance with the Italian and European legistation. We received the approval on May 30th 2018.  

On June 26th 2018, the project was approved by the General Management of the A.O. Brotzu thus 

becoming operative. 
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