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INTRODUCTION 

Astrocytomas are the most common type of primary brain tumours 
within the group of brain neoplasms called gliomas [1], which are the most 
prevalent among all primary malignant tumours in brain [2]. Astrocytomas 
by the origin are derived from neuron supporting cells astrocytes and accor-
ding to the WHO (World Health Organization) are classified in 4 groups of 
malignancy [3]. Grade I – pilocytic astrocytomas are benign tumours with 
excellent prognosis of 10-year overall survival of over 90% cases [4], grade 
II –diffuse astrocytomas are low-grade relatively slow growing tumours 
with a median survival of 5-8 years [5], grade III – anaplastic astrocytomas 
and grade IV – glioblastomas, both are diffusely infiltrating high-grade 
tumours [3] with median survival of 2-3 years [6] and of 12-14 months [7], 
respectively. Glioma classification was based on tumour histological 
characteristics [8] until the update of 4th edition of WHO guidelines in 2016, 
which introduced molecular parameters in addition to histology to define 
tumours entities [3]. The later update recognized the significance of 
molecular information for diagnostics. However, even today’s tumour 
classification does not provide precise answers about patient outcome after 
tumour resection [9] and fail to explain a response to treatment and variation 
in disease progression [10], thus, the use of additional molecular markers is 
reasonable option to improve current prognostication, diagnostics and 
treatment decisions. Recent studies demonstrate that use of single molecular 
marker is not sufficient solution for highly heterogenic astrocytomas, 
therefore a set of diagnostically or prognostically relevant markers would be 
a promising option [11–13]. The tumour genesis and tumour checkpoint 
regulation are essential processes to be understood for scientist searching for 
applications of effective treatment as well as diagnostics or prognostics. The 
analysis of tumours of the same origin from benign to malignant state 
enables for tracking of such processes. Current work included grade I-IV 
astrocytic tumours as study material with the purpose to analyse selected 
molecular target behaviour in gliomagenesis. The knowledge of target 
expression levels throughout different tumour grades as well as its 
regulation over the process from gene to protein contributes to 
understanding of tumour checkpoint triggering mechanism. Current study 
encompassed analyses of the target gene promoter methylation and 
expression at protein and mRNA levels in astrocytomas of different grade. 
Such screening model in current research enabled to select the most 
significant targets for functional analysis and creation of sets of combined 
prognostically-diagnostically relevant data for astrocytoma malignancies. 



9 

1. THE AIM AND OBJECTIVES 

 
The aim of this research was to investigate associations of selected 

molecular targets with astrocytoma malignancy and patient clinical 
characteristics by applying the target screening at epigenetic, expression and 
functional levels in different grade tumours and assessing the relevance of 
individual targets and their combination for prognosis and diagnosis of the 
disease. 

 

Objectives: 

1. To create a target screening model for astrocytoma prognostication and 
diagnostics, for the purpose of functional target assessment by 
performing promoter methylation, mRNA and protein expression 
analysis. 

2. To assess the associations between selected target alterations and 
tumour malignancies, with the prospect of deeper understanding of the 
biological checkpoint triggering mechanisms occurring during 
gliomagenesis  

3. To evaluate astrocytoma cell behaviour after the ectopic induction of 
selected target expression, with the purpose to disclose the biological 
activity of the target under cancerous conditions 

4. To establish prognostically and/or diagnostically relevant set of 
molecular markers and to evaluate its suitability for astrocytoma tumour 
diagnostics and patient overall survival prognostics 
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2. RESEARCH RELEVANCE AND NOVELTY 

Despite the introduction of few molecular markers in addition to 
histology in the latest WHO guidelines, the prognostication and diagnostics 
of astrocytomas is not entirely sufficient. The presented study was intended 
to contribute solving this problem applying new target screening model and 
analysis of tumours of different malignancy. 

The novelty of this study begins with the study design, which allowed us 
to select only significant, disease associated targets. The analysis of 
potential targets encompassed three levels of the biological system – 
epigenetic target gene activity regulation, mRNA synthesis and protein 
synthesis – thus enabling the tracking of aberrations of the target gene 
activity at different points of its expression from its regulation to the 
presence of functional unit. 

The study encompassed all four malignancy grades of tumours of 
astrocytic origin (grade I-IV) which is rather a rare case in field of scientific 
research of glioma. The novelty of this study is that the analysis of activities 
of selected 18 target genes was carried out in a considerable cohort (154 
samples) consisting of benign and malignant tumours. The analysis of 
promoter methylation frequency, mRNA and protein level in different grade 
of astrocytoma allowed tracking aberrations in target activity per tumour 
grades and thus envision its importance for gliomagenesis and tumour 
malignancy and possibly to predict its oncogenic or oncosupressive 
behaviour. Such experimental scheme revealed unexpected molecular 
profile of grade I pilocytic astrocytomas in which protein expression of 
AREG, TES, RUNX3, TGFΒ1 and mRNA expression of CHI3L1 showed 
different levels from grade II and grade III astrocytomas but similar to grade 
IV astrocytomas (glioblastomas). This new phenomenon observed in the 
target collection was shown for the first time since there are only few 
publications where grade I-IV astrocytomas were analysed together [14–17], 
and in which, however, no data about AREG, TES, RUNX3, TGFΒ1 and 
CHI3L1 genes were presented. 

The part dedicated to functional studies of selected targets for the first 
time revealed that SEMA3C overexpression significantly increased cell 
migration rate of glioblastoma cells. Moreover, SEMA3C was for the first 
time analysed in astrocytomas specimens of different malignancy grades 
and showed its upregulation in highly malignant tumours, glioblastomas, 
revealing pro-oncogenic features of SEMA3C during gliomagenesis. ChIP 
analysis for the first time showed RUNX3 acting on its target genes in 
glioblastoma U87 cell line and clarified its role as “tumour modifier” 
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reflecting strong influence on tumour behaviour depending on the context of 
tissue and pathobiology. 

Finally, current study suggested unique and relevant set of 7 genes (AhR, 
AREG, NPTX, RUNX3, TES, MMP2 and MMP14) methylation data. The 
combination demonstrated excellent prognostic and diagnostic 
characteristics for astrocytomas suggesting its applicability in diagnostic 
schemes. 
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3. REVIEW OF THE LITERATURE 

3.1. Epidemiology of CNS tumours and Astrocytomas 

Cancer is the leading cause of death in the developed world and the 
second leading cause of death in the developing world [18]. Central 
Nervous System (CNS) cancers account for about 2% of all oncological 
cases [19], however, despite advances in therapy, the mortality from these 
tumours account for the greatest number life lost to cancer and reaches even 
about 74% of cases [20]. The incidence rate of all primary brain tumours 
reaches 10.82 cases per 100,000 persons per year worldwide [21], while in 
Europe ranges from 4.5 to11.2 cases of men and from 1.6 to 8.5 cases of 
women per 100,000 people, yearly (average 6.9) [1,20,22]. The incidence in 
Lithuania accounts for 8.1 cases/100,000 people, yearly [20]. Brain tumours 
that arise from glial cells called gliomas are the most prevalent among all 
primary malignant tumours in brain and make up 50-60% of cases [2]. 
Astrocytomas are the most abundant and malignant subtype of gliomas [1] 
encompassing all 4 grades of malignancy [3,8]. The incidence of 
astrocytoma is dependent on the age, gender and ethnicity (region) [1,23]. 
Older people tend to have much higher risk to develop astrocytoma 
(incidence rate 11.4/100,000, for people of the age of 65+ years) than those 
of the younger age (incidence rate 5.10 and 0.99/100,000 for people at 24-
64 and 15-24 year, respectively) (data from European cohort). Moreover, 
the incidence of males is higher than that of females, 5.41 and 3.54/100,000, 
respectively. Northern and central Europe populations astrocytoma 
incidence rate is slightly higher than in southern and eastern European 
populations (4.6 and 4.22 vs. 3.84 and 3.1/100,000, respectively) [23]. 

3.2. Updated WHO classification of gliomas: molecular markers 

In line with recommendations World Health Organization (WHO), the 
calssification of CNS tumors until 2016 was mainly based on the 
histological parameters, whereas the molecular data was mainly provided as 
a rather supplementary information within histologically defined categories 
[24]. The main histologic features such as nuclear atypia, mitosis, 
microvascular proliferation and/or necrosis were used for tumour grading 
were essential for therapeutic decisions and the prognosis of patients [13]. 
The new classification standards of CNS tumours appeared in 2016, which 
for the first time officially included molecular parameters in addition to 
histology to define tumour entities [3]. 



13 

Gliomas are a group of tumours that originate from neuron-supporting 
cells – astrocytes, oligodendrocytes and ependymocytes – which 
corresponding to their origin are named as astrocytomas (60-70% of cases), 
oligodendrogliomas (10-30% of cases) and ependymomas (<10% of cases) 
[19,25]. Gliomas, according to the updated fourth edition (2016) of the 
WHO classification of CNS tumours, are divided in two principle 
subgroups: diffuse gliomas and gliomas showing a more circumscribed 
growth pattern – non-diffuse gliomas [3,24]. Diffuse gliomas of astrocytic 
origin include: diffuse astrocytoma (grade II, IDH mutant), anaplastic 
astrocytoma (grade III, IDH mutant), glioblastoma (GBM) (grade IV, IDH 
mutant, previously described as secondary GBM), GBM (grade IV, IDH 
wild-type, previously described as primary GBM) and diffuse midline 
glioma (grade IV, H3K27M mutant). Non-diffuse gliomas of astrocytic 
origin include: pilocytic astrocytoma (grade I) and pilomyxoid astrocytoma 
(a not graded variant of pilocytic astrocytoma, according to the WHO 2007 
classification considered as grade II) [3]. For the detailed glioma grading 
according their origin see Fig. 3.1.  

Molecular parameters applied to classify tumours are mainly based on 
detection of mutations of the gene marker and chromosomal aberrations 
such as loss of short or long arm. The point mutations in isocitrate 
dehydrogenase 1 and 2 (IDH1/IDH2) genes were among the first noticed 
molecular markers, which at high frequencies occur in WHO grade II and 
III astrocytomas, oligodendrogliomas, and glioblastomas [26]. Studies on 
astrocytic and oligodendroglial tumours [27] revealed that this mutation is 
likely to be a tumour-initiating or tumour-driver mutation [28] even when 
there was no preexisting mutation of the tumour suppressor gene p53 [29]. It 
also became evident that patient clinical outcome with tumours of identical 
histology but different for IDH wild-type and IDH mutant status, was 
different. High-grade gliomas with IDH1/2 mutation showed favourable 
prognosis compared to IDH wild-type tumours [30], whereas the prognostic 
value in WHO grade II tumours is less clear [31]. The behaviour of WHO 
grade II and particularly grade III gliomas with IDH wild-type was similar 
to IDH wild-type GBM [32,33]. IDH mutation status supplemented the 
histological classification of astrocytic and oligodendrocytic origin tumours 
(see Fig. 3.1). It should be noted that IDH wild-type diagnosis for grade II 
and III gliomas is not available and a tumour, lacking a diagnostic mutation, 
is given an NOS (not otherwise specified) designation [3]. GBM with 
respect to IDH are divided in two subgroups: 1) IDH wild-type 
glioblastomas formerly known as primary glioblastomas, and 2) IDH mutant 
glioblastomas, formerly known as secondary glioblastomas. IDH1/IDH2 
status shows whether the grade IV tumour arise from grade II and/or III 
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astrocytoma and have better patient prognosis (IDH mutant), or appeared 
rapidly, without evolvement, known as primary GBM with the worse 
outcome (IDH wild-type) [34,35]. The exact classification of astrocytomas 
and oligodendrogliomas from 2016 is based on the co-deletion status of 
1p/19q chromosomes. Even for a tumour that has the histological phenotype 
of astrocytoma, the detection of complete 1p/19q co-deletion and IDH 
mutation leads to the diagnosis of oligodendroglioma and vice versa, the 
histological appearance of oligodendroglioma with no 1p/19q co-deletion 
but with IDH mutation, determines the diagnosis of astrocytoma in adults 
[3,24,36]. The last update of 4th edition of WHO CNS classification 
introduced the astrocytic origin grade IV diffuse midline gliomas(H3 
K27M-mutant) which prior the update were assigned to category of GBM 
[3]. The substitution mutation from lysine to methionine (K27M) in histone 
3 (H3) is associated with aggressive diffuse midline gliomas, which 
primarily occur in children but can also be encountered in adults [37]. 
Diffuse midline glioma (H3 K27M mutant) is recognized as a distinct 
category even when mitotic events, microvascular proliferation, and 
necrosis are not observed [37]. The clear evidence of molecular signature in 
tumours led to integrated histological-molecular classification of CNS 
tumours which has augmented the precision of subtyping of CNS tumours. 

  

  

Fig. 3.1. Gliomas classification scheme according to the update of 4th 
edition of WHO recommendations (2016). 

3.3. Other significant molecular markers beyond WHO 2016 
classification 

The update of the fourth edition (2016) of the WHO classification of 
CNS tumours encompasses three important molecular markers (IDH1 
mutation, H3K27M mutation and 1p/19q co-deletion) in a field of 
astrocytoma diagnostics and prognostics [3]. Nevertheless, there are more 
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biomarkers beyond WHO 2016 classification that have been identified in 
the context of astrocytomas, which could contribute to the accuracy in 
diagnostics and clinical outcome prognostics. 

ATRX gene mutations is a useful biomarker to discriminate astrocytomas 
from oligodendrogliomas [38]. ATRX gene has an important role in 
regulating telomere maintenance, chromatin remodelling, and nucleosome 
assembly [39]. Exome sequencing of 1p/19q intact and IDH mutated 
astrocytomas showed a high incidence of ATRX gene mutations while such 
mutations are very rare in 1p/19q codeleted oligodendrogliomas [40]. 
Moreover, ATRX mutation has also a prognostic value. IDH and ATRX 
mutant anaplastic astrocytomas showed survival benefit compared with IDH 
mutated but ATRX intact anaplastic astrocytomas [41]. 

Another relevant molecular marker is the mutation in TERT gene 
promoter. TERT is essential in maintaining telomere length and mutations 
in the gene promoter region result in TERT overexpression [42]. TERT 
mutation evaluation can be applied for more precise patient outcome 
prognostics. Glioblastoma patients with IDH wild-type but with mutated 
TERT promoter showed poor overall survival (median 11.3 months) 
compared to patients without mutations of these genes (median 16.6 
months) and compared to patients with having only IDH mutations (median 
42.3 months) [42]. 

BRAF fusion gene mutation is associated with a gain at the locus 7q34.  
Because of tandem sequences in BRAF and KIAA1549 genes, genes fuse 

between KIAA1549 exon 16 and BRAF exon 9 and generate a fusion 
protein with the N-terminal KIAA1549 ant the C-terminal BRAF. In such 
fused protein the N-terminus of BRAF is replaced by KIAA1549 amino acid 
sequence. BRAF N-terminus is responsible for BRAF C-terminal kinase 
auto-inhibition, therefore the KIAA1549/BRAF fusion results in a 
constitutive kinase activity [43]. The fusion mutation of BRAF gene has 
important diagnostic value since this mutation was identified exclusively 
only in pilocytic astrocytomas up to date [44].  

The impact of MGMT gene promoter methylation on GBM patient 
overall survival was first observed 18 years ago [45]. Since then a vast 
majority of studies confirmed that MGMT promoter methylation in 
glioblastomas is an independent prognostic and predictive biomarker 
indicating response to chemo-radiation with alkylating agents [46]. MGMT 
gene codes a DNA repair enzyme O(6)-methylguanine-DNA methyl 
transferase (MGMT) that reverts the naturally occurring mutagenic O6-
methylguanine back to guanine. Methylation of MGMT promoter results in 
gene silencing and reduction of the MGMT enzyme expression, which leads 
to suppression of DNA repair capabilities. In the context of chemotherapy 



16 

with alkylating agents, cancer cell with silenced MGMT suffers from DNA 
damages and undergoes death [30].  

As a substitution of 1p/19q codeletion, the expression analysis of CIC 
and FUBP1 genes could be used since CIC is located on 19q chromosome 
arm, and FUBP1 is located on 1p chromosome arm. Thus, 1p/19q co-
deletion is thought to be a mechanism to inactivate CIC and FUBP1 [30]. 
CIC and FUBP1 immunostaining are relevant markers to classify astrocytic 
and oligodendroglial tumours when 1p/19q test is not available either due to 
delays, or can be used as additional 1p/19q co-deletion confirming markers 
[30,47]. 

3.4. Astrocytomas morphology, physiology and symptomatic 

CNS tumours are a group of anatomically close tumours, however quite 
diverse in terms of morphology, molecular characteristics, clinical 
behaviour and apparently aetiology [1]. 

3.4.1. Pilocytic astrocytoma 

Pilocytic astrocytomas (PA) are cystic tumours comprising 5–6% of all 
gliomas preferentially appear in children and young adults (up to 20 years 
old) and are the most common primary brain tumours in pediatric patients 
[19]. However, PA may occur at any age [48]. These tumours are classified 
as benign and correspond to WHO grade I tumours with a characteristic of 
slow growing, well-circumscribed, frequently cystic astrocytoma with well 
contrast enhancement on magnetic resonance imaging (MRI) [19,49]. In 
children PA usually arise in the cerebellum (70-80% of cases), 
hypothalamic region, optic nerve and chiasm, third ventricular region and 
spinal cord [19], while in adults, there was no predominant localization [50]. 
Tumours are usually curable by surgical resection [19] also, surgical 
treatment may be followed up by radiotherapy, particularly when there has 
been incomplete resection and for some special cases chemotherapy as well 
[4,49]. Depending on the localization, symptoms are usually 
insidious resulting from, for example, increased intracranial pressure - 
headache, nausea and vomiting. Optic pathway infraction by the tumour 
may cause loss of visual acuity or field defects, tumour in hypothalamus 
may result in endocrine syndromes [4]. The histopathology of pilocytic 
astrocytomas shows low to moderate cellularity and biphasic architecture, 
capillary proliferation, foci of non-palisading necrosis, degenerative cellular 
pleomorphism, the presence of Rosenthal fibers and eosinophilic granular 
bodies and occasional mitoses [51]. In general pilocytic astrocytoma are not 
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associated with recurrence after complete excision and have an excellent 
prognosis with overall 10-year survival for over 90% of cases [50].    

3.4.2. Diffuse astrocytoma 

Diffuse astrocytomas are low-grade (WHO grade II) astrocytic tumours 
with a characteristic of slow growth, diffuse infiltration [51], occasional 
nuclear atypia and well-differentiation of fibrillary or gemistocytic 
astrocytes [19]. These gliomas that arise in the cerebral hemispheres (rarely 
in cerebellum) show marked tendency to infiltrate the surrounding brain 
parenchyma, thus determine complicated surgical resection and treatment 
failure [52]. The treatment of diffuse astrocytoma depends on clinical 
presentation, as well as tumour size and localization. If the location of 
tumour allows for complete resection, the only additional care required is 
follow-up scans. In adults and older children, radiation may be suggested in 
addition to surgery especially at the time of recurrence or progression 
[51,53]. Symptomatically the most common presenting feature (~40% of 
cases) is a seizure, also, the presence of headache, and personality changes 
[53]. The histopathology of diffuse astrocytoma shows low mitotic activity, 
low to moderate cellular and infiltrative growth, frequent microcystic 
degeneration and the absence of necrosis and microvascular proliferation 
[51]. Diffuse astrocytoma is a relatively slow growing tumour with a 
median survival of 5-8 years however, with high recurrence rates [5]. 
Diffuse astrocytoma accounts for approximately 10-15% of gliomas and 
preferentially appears in young adults (25-40 years) and much less often in 
childhood (6-12 years), shows a predominance in males and has intrinsic 
tendency for recurrence due to diffuse infiltration of brain tissue and 
spontaneous progression to anaplastic astrocytoma and/or finally to 
glioblastoma [19,51].  

3.4.3. Anaplastic astrocytoma 

Anaplastic astrocytoma is diffusely infiltrating high-grade (WHO grade 
III) astrocytic tumour with increased cellularity, cytologic atypia, apparent 
mitotic activity [51] and spotty contrast enhancement on MRI or computed 
tomography  (CT) scans due to blood–brain barrier breakdown [19]. 
Anaplastic astrocytomas are typical for middle aged people (40-50 years) 
and comprises 10-25% of all astrocytic gliomas [49]. The tumour may 
develop as de novo grade III astrocytoma or arise from pre-existing grade II 
diffuse astrocytoma [19]. Histologically anaplastic astrocytomas are 
characterized by signs of progressive diffuse anaplasia such as nuclear 
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atypia, conspicuous mitotic activity and increased cell density but lack of 
necrosis and microvascular proliferation [51]. This type of tumours in most 
cases are located in the cerebral hemi-spheres in adults and in the brain stem 
and thalamus in children and young adults [51]. Symptomatically as it is a 
case with the most of parenchymal brain tumours, patients present seizures, 
miscellaneous consequences of increased intracranial pressure (headaches, 
vomiting, lethargy or drowsiness, and changes in personality or mental 
status) and focal neurological deficit [49,54]. The treatment is typical for 
high grade tumours starting from surgical excision when possible, of choice 
with or without subsequent radiotherapy and/or chemotherapy depending on 
degree of resection, recurrence state and other parameters [54]. The 
prognosis is also depending on the localization and thus degree of resection 
and median survival for adults is about 2-3 years, often with transformation 
into a glioblastoma [6].  

3.4.4. Glioblastoma 

Glioblastomas (GBM) are the most common and most malignant and 
lethal (WHO grade IV) astrocytomas [55] accounting for 10-15% of all 
intracranial tumours [51] and 60-75% of the astrocytic tumours [19]. 
Histologically, GBM is characterized with marked nuclear atypia and 
cellular pleo-morphism, high mitotic rates, microvascular proliferation, 
vascular thrombosis and the presence of necrosis which is due to rapid 
tumour growth [51]. Molecular markers enable to classify GBM into two 
subgroups: primary and secondary GBM, however histologically these two 
subgroups of GBM are poorly separable [35,56] and only few indicators are 
more frequent for secondary GBM such as younger patient age, lesser 
degree of necrosis and tumour location in the frontal lobe [35]. Primary 
GBM is a dominant subtype with more aggressive phenotype and worse 
patient outcome, account ~90% of all GBMs [57]. GBM develop at any age, 
but typically affects adults with a peak incidence between 50 and 70 years 
of age [51] and preferentially occurring in the subcortical white matter of 
the cerebral hemispheres in adults [19] and rarely in brain stem particularly 
in children [51]. There is a slight man preponderance with a 3:2 
Man:Woman ratio [57]. Symptomatically patients display in one of three 
ways: focal neurological deficit, the consequences of increased intracranial 
pressure and seizures. Treatment starts from surgical resection (when 
possible) and subsequent adjuvant radiotherapy and chemotherapy [51]. 
“Stupp protocol” available from 2005 is usualy adjusted for younger than 70 
years old patients (radio- and chemotherapy with temozolomide) and 
significantly benefits to patient survival with minimal additional toxicity 
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[58]. Despite aggressive treatment GBM patients carry a poor prognosis 
with a median survival between 12-14 months [7] and less than 20% survive 
two years[59]. 

3.5. Risk Factors 

The etiology of human gliomas implicates a complex combination of 
known and unknown environmental and cancer-predisposing genetic-
epigenetic risk factors that ultimately result in aberrant glial cell 
proliferation and malignant transformation [60]. According to the literature 
data published in last 10 years many environmental and intrinsic risk factors 
for gliomas development have been identified. Nine years ago the question 
what caused glioma tumours typically went unanswered [61] and the only 
established risk factors for that time were very rare familial cancer 
syndromes (such as Lynch syndrome, Ollier disease, Li-Fraumeni 
syndrome, neurofibromatosis, tuberous sclerosis and melanoma-neural 
system syndrome [62]) and high-dose radiation [63]. After the intensive 
genomic and epigenomic researches few genetic variations were found to 
significantly increase glioma risk, however, only two of them were shown to 
substantially increase the risk [61]. One of the first discovered genetic factor 
was the variant of gene TP53 (rs78378222) which leads to the interruption 
of TP53 protein synthesis and increases glioma developing risk even for 2.4 
folds [64]. Following, inherited glioma risk allele (rs55705857) located near 
CCDC26 gene identified by Jenkins et al. team revealed around 5-fold risk 
to develop glioma [65]. Notwithstanding high risk of this (rs55705857) 
genetic variant the exact molecular mechanism which leads gliomas 
appearance is still unknown [61]. Other genetic variants, that do not reach 
1.5-fold of risk to promote glioma developing, are: the variants of genes 
involved in telomere maintenance RTEL1 (rs6010620) (1.2-fold risk), 
TERT (rs1920116) (1.3-fold risk), and TERC (rs1920116) (1.2-fold risk) 
[66]; two risk positions near EGFR gene on chromosome 7 (rs11979158 and 
rs2252586) (approx. 1.2-fold risk) which possibly facilitate EGFR 
overexpression [67]; risk region near CDKN2B gene (rs4977756) on 
chromosome 9 which is involved in G0-G1 transition regulation  (1.3-fold 
risk) and risk region near PHLDB1 (rs498872) gene on 11 chromosome 
(1.2-fold risk) [61].  

In terms of extrinsic risk factors the ionizing radiation is the most 
recognized environmental risk factor for CNS tumours development. 
Studies showed that excess relative risk estimate for glioma development 
ranged from 0.079 to 0.56 per Gray, while excess relative risk from 0.64 
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even to 5.1 per Gray was incidental for meningioma [63]. The expose to 
electromagnetic field is often speculated to be risk factor of brain tumours, 
nevertheless scientific studies did not reveal significant associations 
between glioma development and neither environmental nor occupational 
expose to electromagnetic field [68]. A number of studies have reported that 
heavy metals including arsenic, nickel, lead and cadmium are significantly 
associated with risk of brain tumours. The ability of metals to produce ROS 
and in such way induce DNA damages, epigenetic alterations, lipid 
peroxidation, and alteration of proteins are believed to be valid mechanisms 
in metal-induced carcinogenicity [69]. For instance prolonged exposure to 
arsenic was related to the methylation of tumour suppressor genes P15, P16, 
P53, and DAPK [69,70]. Exposure to nickel caused decreased expression of 
DNA repair gene – MGMT [71], continued exposure of cadmium enhanced 
DNMT activity, thus hypermethylation of DNA and as a consequence loss 
of expression was observed of onco-suppressor genes RASSF1A and p16 
[72]. Moreover, some studies showed the relation between cadmium expose 
and miRNA expression [73]. 

Other widely described extrinsic gliomas risk factor is nutrients. Studies 
showed that some nutrients can increase and some decrease the risk of 
glioma and this is in the line with the fact that various molecules which are 
present in the diet are involved in various epigenetic-genetic alterations in 
the cells [74]. It was shown that vitamins such as A, C, D, and E, their 
derivatives and anti-inflammatory drugs may have anti-cancer properties 
and may modulate gliomagenesis [60].  

The history of respiratory allergies was also found to be associated with 
20- 40% of lower risk of low and high grade glioma [75–79]. Recently 
several studies showed that positive history of chickenpox was associated 
with aproximately 20% lower risk for glioma [80,81]. In general 
inflammatory or infective processes may contribute to the development and 
possible aggressiveness of gliomas [82]. Some studies demonstrated that 
older age at menarche (≥ 15 vs. ≤ 12 years) increased risk of glioma 
development by 1.5-1.7-fold [83,84]. Nevertheless, the authors indicate that 
the analysis of hormone alterations can disclose causative risk factor and 
suggest precise explanation of molecular mechanism [84]. Other scientist 
found interesting associations between glioma development risk and person 
height, body mass index, and physical activity. They showed that taller 
people had double glioma risk [85–87], obese participants at age 18 had 
nearly 4-fold higher glioma risk and persons that were physically inactive at 
age of 15-18 years showed around 1.5-fold higher risks for glioma arise 
[85]. However, how strange some risk factors looks, most of the studies 
indicate, that these factors most likely are the consequence of molecular 
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aberrations from the early development, puberty to adult which decides in 
longer or shorter exposure to various signal molecules such as sex hormones 
which could be considered as causative risk factors. 

3.6. Review of target-genes selected for the study 

AHR 
The aryl hydrocarbon receptor, encoded by AHR gene, is a ligand-

activated helix-loop-helix transcription factor, which was identified to 
regulate the metabolism of planar aromatic hydrocarbons, dioxins and 
structurally related xenobiotics [88]. Inactive receptor is predominantly 
found in the cytosol in the complex with immunophilin homologous protein, 
two heat shock proteins (HSP90), and co-chaperone p23 [89]. AHR not only 
regulates the metabolism of polycyclic aromatic hydrocarbons but also is 
activated by such compounds – ligands [88]. After ligand-activation, the 
AHR -HSP90-AIP- cochaperone p23 complex is disrupted and AHR is 
translocating to the nucleus by AhR nuclear translocator (ARNT). In the 
nucleus, AHR -ARNT complex binds to xenobiotic responsive elements 
(XREs) or dioxin responsive elements (DREs) and induce transcriptional 
activation of an increasingly large array of physiologically relevant genes 
such as cytochrome P450s and glutathione-S-transferase, which are 
involved in metabolic and detoxification pathways [89,90]. AHR activation 
by polycyclic aromatic hydrocarbons triggers their detoxication as well as 
excretion and often leads their metabolic activation to genotoxic compounds 
[90]. Recent data showed that AHR regulates target genes not only by 
traditional transcription-dependent mechanisms but also by involving 
genomic insulators and chromatin dynamics [91]. In the context of 
glioblastomas, the activity of AHR is triggered by tryptophan derivatives 
which are abundant in the tumour microenvironment [92]. 

Since activated AHR pathway generates active genotoxins, the AHR 
plays a relevant role in tumour induction and this statement is in the line 
with the finding of marked changes of AHR expression in many animal and 
human cancers [90,93]. Cancerous tissue in gastric, prostate, lung, 
pancreatic, breast, urothelial carcinoma and human glioma and 
medulloblastoma tissues showed an increased AHR expression as compared 
to normal tissue [94–102], whereas primary leukaemia cell cultures from 
patients with acute lymphoblastic leukaemia showed downregulated AHR 
gene expression [103]. When comparing malignant and non-malignant cell 
lines, malignant cells had an 8-fold increased AhR expression compared to 
the normal representative cell lines [104]. Furthermore, the nuclear level of 
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AHR was significantly associated with histological grade in upper urinary 
tract urothelial carcinoma [95]. Data shows that AHR also plays a role in a 
cancer-related process like cell cycle [91],  angiogenesis, in the formation of 
new blood vessels to support the proliferation of tumour cells, and in cancer 
cell migration by mediating deregulation of cell-cell contact and stimulating 
migration and epithelial-mesenchymal transformation [90,105]. When 
talking about nonpathological cells -  AHR was found to be expressed in all 
normal tissues and high expression was abundant in adipose tissue,  
bronchial epithelial cells, and liver [105]. 

Regarding the regulation of AHR expression, it was found that AHR is 
an epigenetically regulated gene. AHR promoter in humans has a proper 
CpG islands to be methylated. Later analysis showed that these CpG islands 
are related to AHR gene silencing when chronic myeloid leukaemia K562 
and acute lymphoblastic leukaemia cell lines showed a correlation between 
zero expression of AHR and high gene promoter methylation level [103].  

There are a number of studies where AHR has been linked to glioma 
cells, but only few studies showed AHR aberrations in astrocytoma tumour 
malignancies. Gramatzki et al. showed that AHR protein expression was 
significantly downregulated in glioblastomas as compared to grade II 
astrocytomas. Grade III astrocytomas also showed higher protein expression 
as compared to GBM but lower as compared to grade II astrocytomas. In 
contrast to the mean expression of total tissue (cells), nuclear staining 
intensity was found to be increased in GBM as compared to grade II 
astrocytomas [101].  

CASP8 
Caspase 8 (CASP8) is a member of 12 caspase family of protease 

enzymes playing an important role in programmed cell death (including 
apoptosis, necroptosis and pyroptosis) and inflammation [106]. The 
programmed cell death – apoptosis – is classified into two forms: intrinsic 
apoptosis (mitochondrial pathway) and extrinsic apoptosis (death receptor 
pathway) and both of them depend on the activation of members of caspase 
family [107]. CASP8 is initiator caspase which has an important role in 
extrinsic apoptosis pathway. In the case of the TNF / TNFR1-mediated 
signalling, TNFR1 in association with TRAAD through its DEATH domain 
recruits protein FAAD consisting of C-terminal death domain (DD) and a 
N-terminal death effector domain (DED), which in turn recruits procaspase-
8 (Pro-Casp8) and activates the cascade of caspases [108]. Other death 
receptors engage FADD directly. Pro-CASP8 comprises a Pro domain at the 
N-terminus that includes two DEDs, a short linker region and large protease 
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subunit containing the catalytic site. When the FAAD is recruited by 
trimerized death receptors this causes conformational change in the FAAD 
protein that exposes DED domain to bind Pro-CASP8. This results in DED- 
mediated Pro-CASP8 oligomerization: binding of Pro-CASP8 recruits 
additional Pro-CASP8 molecules that leads to the formation of a filament 
[108]. Stoichiometric studies showed that about six Pro-CASP8 molecules 
binds to a single FADD protein [109]. Such filament formation by the Pro-
CASP8 allows the homodimerization of proteolytic domains of Pro-CASP8 
molecules. Homodimer of Pro-CASP8 acts in an autoproteolytic manner 
and after the cleavage fully matured enzyme CASP8 is released. Next, the 
effector caspases such CASP3 and CASP7 are activated by CASP8 cleavage 
which allows initiation of apoptosis [109]. 

Sometimes the X-linked Inhibitor of Apoptosis Protein (XIAP) can 
inhibit the activity of the effector caspases and suspend apoptosis. CASP8 
can circumvent XIAP inhibitory effects and renew programmed cell death 
process. In such conditions, CASP8 activates protein BID by its cleavage. 
Such cleaved BID (cBID) then activates effector proteins BAX and BAK, 
which mediate mitochondria outer membrane permeabilization and release 
of XIAP antagonist proteins from the mitochondria that blocs inhibitory 
XIAP effect thereby allow allowing executioner caspases to promote 
apoptosis [109]. 

CASP8 also plays a role during the development. Kang et al. showed that 
catalytically inactivated CASP8 mice mutant was embryonically lethal and 
suggested that catalytic activity of CASP8 has an important role in 
embryogenesis [110]. Other studies showed that conditional deletion of 
CASP8 in heart, liver or brain has no impact on development [111]. It was 
also shown that apoptotic function of CASP8 is not required for 
development since CASP8 cleavage site mutatant (D387A/D387A) mice 
reach adulthood without any observed complications.  This non-cleavable 
CASP8 is disabled to induce apoptosis, but remains able to block 
necroptosis. These findings suggest that primary role in development of 
CASP8 is to inhibit necroptosis [112]. 

Because apoptosis and CASP8 are closely related to cell survival, 
downregulation of apoptosis pathways play an important role in cancer 
pathogenesis allowing neoplastic cells to survive over intended lifespans. 
Expression data showed that CASP8 is frequently reduced in malignant 
neuroendocrine tumours, such as neuroblastoma [113], small cell lung 
carcinoma [114], also in brain tumours such like medulloblastoma [115] and 
recurrent glioblastoma [116], but retained or even upregulated in many other 
epithelial-derived cancers types [117]. These data suggests a dual role for 
CASP8 in tumour. Beside the function described above, it was shown that 
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CASP8 modulates cell adhesion and migration [118] and the presence of 
CASP8 in glioblastoma cell lines promotes the proliferation and neoplastic 
transformation of the cells [119]. Such CASP8 acting mode may be 
switched from apoptosis to alternative pathways that sustain tumour growth 
[118]. In view of expression changes of Casp8 in astrocytomas, a large-scale 
gene expression analysis have demonstrated elevated levels of CASP8  in 
glioblastomas compared to normal tissue [120]. Methylation analysis 
revealed hypermethylated CASP8 promoter in about 57 % of GBM cases 
and patients with methylated gene had significantly favourable survival 
prognosis [121]. Very recent study showed that CASP8 silencing via 
promoter methylation is associated with gene mRNA downregulation in 
gliomas and both are significantly associated with the glioma grade [122]. 
Data reveals that CASP8 have an important role in tumour genesis and great 
potential to be targeted for diagnostics or treatment applications depending 
on the inherent enzyme acting mechanism in the certain tumour. 

CDKN2A 
CDKN2A also called p16INK4a or just p16 is a cyclin dependant kinase 

inhibitor 2A gene located on chromosome 9p21. CDKN2A is involved in 
very important cell homeostatic checkpoint such as growth arrest, cellular 
senescence and apoptosis [123]. CDKN2A controls G1-S transition by 
interaction with CDK4/6 and thus inhibiting its kinase activity and thereby 
preventing Rb phosphorylation. Rb is associated with E2F1 transcription 
factor and phosphorylation of such complex release E2F1 which in turn 
initiate transcription of genes involved in G1-S transition. Phosphorylation 
of Rb increase CDKN2A expression creating a feedback loop between 
CDKN2A and Rb [124]. It is known that CDKN2A expression is constantly 
increasing with age in most of mammalians hence related with cellular 
senescence. Suppression of CDKN2A expression in senescent human 
mesenchymal stem cells reduced the number of senescent cells and 
endowed them with the ability to proliferate. [125]. CDKN2A is suggested 
as tumour suppressor gene and its inactivation was related with  
reprogrammed (dedifferentiated) cells and  proliferation [126]. Also, 
CDKN2A level was related with gene promoter methylation suggesting 
expression regulation mechanism for CDKN2A [125]. CDKN2A 
downregulation is associated with a more aggressive phenotype and poor 
prognosis in a wide range of cancers, including non-small cell lung, 
pancreatic carcinomas, head and neck melanoma, leukaemia and glioma 
cancers [summarized in [127]. Alterations in CDKN2A gene and 
downregulated expression were determined in various human gliomas [127–
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131]. Moreover, CDKN2A downregulation is associated with tumour grade, 
and low levels are abundant for high grade gliomas [129,131].  

Very contradictory data about CDKN2A silencing via promoter 
methylation and gene expression link in gliomas could be found in the 
literature. Some researchers showed that methylation of CDKN2A has no 
significant connection with gene mRNA level in gliomas [131,132], while 
others provide opposite information [133–135]. 

CHI3L1 
Chitinase-3-like-1 (CHI3L1), also known YKL40 - is a 40 kD 

mammalian glycoprotein which encoding gene is localized at chromosome 
1q32.1 [136]. CHI3L1 is one of 18 of glycosyl-hydrolase family member 
which lacks chitinase activity due to mutations within its catalytic domain. 
It should be noted that only two members of the family have enzymatic 
activity and the rest, including CHI3L1, are able only to bind to chitin or 
chito-oligosaccharides [137].  Due to the lack of chitinase activity, such 
chitinases are named as chitinase-like lectins [136]. It is interesting that 
even 18 chitinase members are present in mammalian genome while chitin 
is not found in vertebrates, except certain protein with homologies to fungal, 
plant and bacterial [136]. It was found that CHI3L1 in mammalians is able 
to interact with both proteins and carbohydrates such like heparin[138] and 
hyaluronan [139] and even type 1-3 collagen [138].  

CHI3L1 is a secreted protein that is also found in blood serum at nano-
molar concentrations [138].  Under the normal physiological conditions 
CHI3L1 is expressed in a few cell types such as activated macrophages, 
neutrophils, fibroblast-like synoviocytes, vascular smooth muscle cells and 
activated chondrocytes [136,138]. Increased expression of CHI3L1 was 
associated with wide range of pathologies, including inflammatory and 
autoimmune diseases, and cancer. During the activation of macrophages 
with LPS, along with inflammatory cytokines, chemokines, and matrix 
metallo-proteinases considerable upregulation of CHI3L1 was observed 
[140]. Nevertheless, CHI3L1 is best known to have a role in cancerous 
processes. The glycoprotein was found to be highly expressed in 
glioblastoma, breast, kidney, lung, ovarian, metastatic prostate, endometrial 
and colorectal cancers, malignant melanomas, Hodgkin’s lymphoma and 
leukaemia [136,138,141]. Moreover, increased CHI3L1 level was 
significantly associated with worse patient survival rates in 
astrocytoma[142] and glioblastoma [142,143], acute myeloid leukaemia 
[144], ovarian cancer [145], lung cancer [146], colorectal, breast and other 
cancers [136,138]. 
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A number of researches were performed to clarify the molecular role of 
CHI3L1 in cancer. Since it was reported that CHI3L1 promotes adhesion 
and migration of vascular endothelial cells, all the main interest was paid to 
angiogenesis. The CHI3L1 impact for angiogenic activity was evaluated by 
Shao et al. and Kawada et al. groups when stable CHI3L1 expression cell 
lines of breast and colon cancers were engineered. Such cells were 
implanted in immune-nude mice and the effects were evident: mice with 
implanted CHI3L1 overexpressing cells showed about a four-fold increase 
in tumour volume together with boosted vascularization as compared to 
control mice tumours [147,148]. The inverse research applying CHI3L1 
silenced U87 glioblastoma cell line for injection into mice showed weighty 
suppression of tumour angiogenesis with decreased vessel density as 
compared to control tumours [149]. Either, it was shown that CHI3L1 is not 
inducing angiogenesis directly but most likely stimulates intermediate 
signalling (Syn-1, αvβ5, FAK, ERK-1, ERK-2) leading to VEGF expression 
and resulting in synergistic effects on angiogenesis [149]. Taking altogether, 
there is growing body of research where CHI3L1 is suggested as a potential 
novel biomarker for cancer diagnostics and prognostics and as therapeutic 
target for tumour treatment. 

GATA6 
GATA6 – GATA motif binding protein 6 is a member of small zinc 

finger transcription factors family which includes only 6 members. The gene 
is localized at chromosome 18q11.2 (close to centromere) and composed of 
7 exons [150]. GATA6 includes two adjacent highly conserved zinc-finger 
DNA-binding domain characteristic of the GATA factor family. DNA 
binding domains interact with a canonical DNA motif (G/A)GATA(A/T). 
[151]. During vertebrate embryonic development, GATA factors regulate 
the cell proliferation, differentiation and survival. During embryogenesis 
GATA6 is expressed in gastrointestinal tract, lung and heart, while in adult 
organism it is found in the vast majority of cells and organs encompassing 
almost the whole body [152]. Weak GATA6 levels were also reported in 
human brain [151]. GATA6 expression at mRNA and protein level was 
detected in astrocytes, neurons, and endothelial cells in adult human brain 
[152].  

Altered levels of GATA6 have been observed in various diseases 
including neonatal lung diseases, pulmonary arterial hypertension, 
polycystic ovary syndrome as well as cancer, including pancreatic 
carcinoma and malignant astrocytoma. Mutations of GATA6 have been 
associated with congenital heart disease, atrial fibrillation, pancreatic 
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agenesis and diabetes [summarised in [153]. High GATA6 overexpression 
at mRNA and protein levels was observed in about half of primary 
pancreatic cancers compared to 0 from 33 normal pancreas specimens. 
Pancreatic cancer cells with GATA6 knockdown showed reduced cell cycle 
progression and proliferation, and colony formation [154]. In contrast 
Martilelli et al. recently reported that GATA6 inhibits the EMT in vitro and 
cell dissemination in vivo in pancreatic ductal adenocarcinoma. Moreover, 
the loss of GATA6 in pancreatic ductal adenocarcinoma was associated 
with altered differentiation and shorter overall patient survival [155]. The 
authors give the explanation that “GATA6 belongs to a new type of cancer 
genes whose effect can be oncogenic or tumour-suppressive depending on 
the cellular/genomic context” [155]. Other recent high impact epigenetic 
study revealed downregulation of GATA6 via promoter hypermethylation 
[156] which is in the line with Martinelli et al. results.   

Very few studies related to GATA6 alterations in human gliomas are 
published up to date. Analysis of GBM specimens showed GATA6 mRNA 
and protein expression absence in about 90% and 85% of cases, 
respectively. However, only 10% of LLG samples demonstrate loss of 
GATA6. Moreover, no difference on GATA6 expression between primary 
and secondary GBM was observed suggesting that the loss of GATA6 plays 
a role in astrocytoma progression rather than initiation [157]. 
Downregulation of GATA6 resulted in enhanced proliferation and 
transformation of astrocytes. 

The absence of GATA6 protein expression was abundant for human 
malignant astrocytoma cell lines (U87 and U373) and operative specimens. 
Restoration of GATA6 expression (in 87 and U373 cells) inhibited their 
tumorigenic growth in intracranial xenograft models, which may result from 
decreased angiogenic capacity because of inhibition of VEGF expression 
[157]. Other studies including our work were based on GATA6 methylation 
in glioblastomas. Promoter methylation of GATA6 was present in 30% 
[158], 68.4% [121], 42.8% [159] of GBM samples. GATA6 methylation 
was significantly associated with unfavourable patient survival [158] and 
disclosed GATA6 as an independent predictor for glioblastoma patient 
outcome [121]. 

HOXA11 
HOXA11 - homeobox A11 as well known as Hox1 is a member 

of HOX transcription factors which may regulate gene expression thus, play 
an important role in embryonic development, morphogenesis, differentiation 
of adult cells is involved in the regulation of uterine development and 
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female fertility. HOX genes in mammalians are arranged into four clusters 
A-D [160]. HOXA11 depends to first – A cluster of 15 members located on 
chromosome 7. HOXA11 gene is located on 7p15.2, composed of 2 exons 
and encodes 313 amino acid protein [161]. Protein is consisted of DUF3528 
element (found in some eukaryote genes, but its function is unknown) 
located in N terminus [162] and helix-turn-helix type homebox domain 
which is 65 [163] or according other source  71 [164] amino acid length and 
which interacts with DNA [165]. Almost all Hoxa genes promoters have 
CpG islands and the hypermethylation of these islands play pivotal role in 
the control of genes expression [166]. Epigenetic regulation of HOXA11 via 
promoter methylation was shown in human renal cell carcinoma cells when 
demethylation treatment resulted in demethylation of the promoter and 
increased HOXA11 expression [167]. 

Numerous examples of aberrant Hox gene expression have been found in 
cancer with multicapacity functions, including anti-apoptosis, metastasis, 
differentiation suppression and tumour growth [168]. Only several works 
analysing HOXA11 expression in cancers are present up to date. The most 
of research related to HOXA11 in cancer are focussed on analysis of gene 
promoter methylation and HOXA11 expression associated miRNA research. 
Epigenetic HOXA11 down-regulation was associated with carcinogenesis, 
proliferation, migration, and invasion in gastric cancer [169,170]. Se et al. 
showed that glioblastoma patients with high HOXA11 expression had 
significantly favourable survival prognosis as compared with low HOXA11 
level patients [166]. HOXA11 methylation was also shown to be a poor 
prognostic factor in renal cell carcinoma [167], ovarian [171], non-small 
cell lung [172], breast [173], bladder [174] and glioblastoma [166,175] 
cancers. High level of HOXA11 promoter methylation ranging from 51% to 
75% in glioblastomas was reported in few publications up to date 
[158,166,175,176]. Moreover, HOXA11 methylation was suggested as a 
unfavourable prognosis marker associated with older patient age and short 
survival for GBM patients [166,175]. 

Functional analysis showed that ectopically increased expression of 
HOXA11 led to significant inhibition of colony formation, proliferation, 
migration and invasion abilities in human renal cell carcinoma cells and 
moreover, induced cells apoptosis [167]. Overexpression of HOXA11 in 
several breast cancer cell lines suppressed cell growth [173]. Based on a 
variety of reports encompassing HOXA11 research in cancerous specimens 
and its functional analysis, HOXA11 was assigned as potential tumour 
suppressor gene. 
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MMPs (MMP2, MMP9 and MMP14) 

Matrix metalloproteinases (MMPs), also called matrixins are large family 
of secreted or membrane associated zinc-dependent proteolytic 
endopeptidases [177] most of which function in the extracellular 
environment of cells and degrade both matrix and non-matrix proteins 
[178]. Enzymes are named for their dependence on metal ions (Zn2+) for 
catalytic activity and ability to digest extracellular matrix components [179]. 
Based on domain organization and substrate preference MMPs are 
categorized into: true collagenases (MMP1;8;13), gelatinases (MMP2;9, 
also called gelatinase A and gelatinase B, respectively), stromelysins 
(MMP3;10;11), matrilysins (MMP7;26), metalloeslastase (MMP12), 
membrane type MMPs (MMP14-17;24;25) and others [180]. Currently, 23 
MMP family orthologs are known in humans [177,181].  Comparison of the 
sequences of MMPs catalytic domain displayed high similarity across 
almost all organisms, even archaebacterial and viruses [182]. A typical 
MMP comprises of a catalytic metalloproteinase domain which is about 170 
AA, a pro-peptide of about 80 AA, variable lengths linker or hinge peptide 
and hemopexin (Hpx) domain of about 200 AA [178,181].  

MMPs subfamily collagenases cut triple-helical interstitial collagen type 
I, II and III at a single site across the three chains into characteristic 3/4 and 
1/4 fragments. Gelatinases (MMP2;9) targets are gelatins, moreover 
gelatinases also cut laminin, a number of extracellular matrix molecules, 
including type IV, V and XI collagens, aggrecan core protein etc [183]. 
Despite that stromelysins have very similar catalytic domain as the 
collagenases, they do not digest interstitial collagens but have very 
important role in other pro-MMP activation and cleave several extracellular 
matrix molecules such like proteoglycans. Matrilysins cleave some 
extracellular matrix components and cell surface molecules, such as pro-
tumour necrosis factor α, pro-α-defensin, E-cadherin and Fas-ligand. 
Membrane type MMPs have a furin recognition site at their C-terminus and 
after activation in the cell, the enzymes are exposed on the cell surface 
[178]. Such membrane type MMPs, for example MMP14, can initiate 
proteolytic cascades by activating other MMPs, including pro-MMP-2, pro-
MMP-8 and pro-MMP-13 [184]. MMP14 can also digest collagens I, II, and 
III [178], laminin I and V, fibronectin, and vitronectin [179]. 

MMPs are regulated at four levels: gene expression regulation level, 
compartmentalization (some MMPs are stored in inflammatory cell 
granules), proteins activation by cleavage and activity blockage by its 
natural inhibitors (TIMPs) [183]. MMPs are initially expressed in an 
enzymatically inactive state and after the proteolytic removal of the pro-
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domain when cysteine residue is removed from catalytic site with zinc ion, 
the enzyme becomes active. The pro-domain cleavage is operated by furin 
inside the cell or extracellularly by other MMPs [181]. The expression of 
the most MMPs is not permanent and is activated after external induction by 
cytokines and growth factors [183]. For example the addition of fibronectin, 
TGF-β, (IGF)-1 as well as ADAM17 into culture media induced high 
expression levels of pro-MMP2 and active forms of MMP2 in several 
prostate cancer cell lines [179,185].  

MMPs play important roles in normal processes like morphogenesis and 
tissue remodelling, especially in embryonic development, wound healing 
and remodelling in response to injury [178,180], vascular development, 
involution of mammary glands, ossification [180], as well as in various 
pathological processes like arthritis, chronic tissue ulcers, cirrhosis and 
cancer [178,179]. MMPs play very important role in tumour invasion and 
metastasis [186]. As a result of extracellular matrix degradation by MMPs, 
cells become unattached and free to move while under physiological 
conditions MMPs are precisely regulated in order to prevent tissue 
disruption [178,183,187]. Out of the 23 known MMPs, 14 have been 
implicated in cancer development and progression [187] and elevated 
expression of MMP1;2;3;7;9;13 and 14 was shown to be positively 
correlated with cancer progression, metastasis, and poor overall prognosis 
[reviewed in [180].  

Both gelatinases – MMP2 and MMP9 are the most noticeable and 
extensively investigated in cancer. Most likely due MMP2 and MMP9 
ability to digest collagen IV which is essential part of basement membranes 
separating the epithelial cells from the underlying stroma, these gelatinases 
were one of the first noticed in cancer [187]. Consistent with those findings, 
increased MMP2 and MMP9 expression was often observed in aggressive 
tumours and advanced disease [188]. The link between increased MMP2 
level and shorter survival of patients was first noticed almost 20 years ago in 
breast cancer [189]. Later, associations have been shown between breast 
cancer grade and increased level of MMP2 [190]. Elevated MMP2 
expression was associated with worse overall survival for gastric [191] and 
breast cancer patients [187]. Elevated MMP2 and MMP9 expression has 
been extensively reported to be associated with more aggressive prostate 
cancer phenotypes [139,192–195] and high MMP2 levels correlated with 
larger tumour size [196]. The impact of gelatinases has also been reported in 
gliomas. The activity and level of MMP2 and MMP9 positively correlated 
with glioma malignancy [188], moreover decreased level of MMP2 and 
MMP9 suppressed migration of U87 and U251 glioma cell lines [197]. 
Another study showed significantly decreased cell proliferation in glioma 
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cell lines after the knockdown of MMP2 using MMP2 small interfering 
RNA [198].  

MMP14, also called MT1-MMP is anchored transmembrane protein 
exposing its catalytic domain on the surface of the cell. Since MMP14 is 
able to digest broad range of substrates, it plays very important role in 
degrading the extracellular matrix and therefore cancer cells motility [199]. 
Collagen digestion by MT1-MMP results in exposition of Arg-Gly-Asp sites 
and binding to the αvβ3 integrin. The ligation of the latter then activates 
ERK through c-Src, which in turn causes cancer cell proliferation [200]. 
High MMP14 levels were associated with increased aggressive phenotype 
by eliciting oxidative stress in prostate cancer cell lines [201]. Due to the 
reason that MMP14 is able to digest collagen, overexpression of MMP14 in 
human prostate adenocarcinoma cells produced bigger size tumours and 
more osteolysis in bone compared to control cells [202]. Downregulation of 
MMP14 via miRNA iR-584-3p suppressed gastric cancer cells 
tumorigenesis and aggressiveness in vitro and in vivo [203]. Very recent 
works showed that post-translational modifications of MMP14 are very 
important to its function, and expression of MMP14 without modifications 
results in altered cohesion of epithelial sheets while MMP14-T567E 
phosphomimetic mutants exhibit enhanced cell migration in ovarian cancer 
cells [204]. Upregulation of MMP14 was also reported in gliomas, 
moreover MMP14 level was associated with gliomagenesis and tumour 
grade as well as shorter survival of patients [205–208]. Wang et al 
suggested that the overexpression of MMP14 in grade I-IV astrocytomas 
could be used as independent prognostic factors for poor overall survival 
[206]. High MMP14 expression and activation were also observed in many 
types of tumours, such as cervical, lung, liver, bladder, neck and head, 
ovarian, breast, gastric, colon and malignant brain tumours and were 
associated with poor patient survival [reviewed [209–211].  

Taking all the data together it could be summarised that the level and 
activity of matrix metalloproteinases and especially gelatinases and 
membrane type MMPs have a major role for cancer since they directly 
influence cancer cell motility and thereby stimulates metastases, invasion 
and are reported in a diverse types of tumours. 

NDRG2 
NDRG2 – N-myc downstream-regulated gene 2 is one of four (NDRG1 - 

4) NDRG family member located at chromosome 14q11.2. According to the 
Gencode basis, NDRG2 gene encodes 16 representative protein coding 
mRNA transcripts which differ in length (371 – 284 aa) [212]. The names of 
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the family genes originate from the first discovered member NDRG1 which 
expression was found to be suppressed by the proto-oncogenes MYCN and 
MYC [213]. All members bear NDR and α/β hydrolase-fold region which is 
very similar between proteins, however, catalytic domain required for the 
hydrolase activity is missing. In general NDRG family proteins share 
around 57–65% amino acid (AA) identity [214]. AA sequences of all 
NDRG members were found to be highly similar between different species, 
and even NDRG2 of amphibian (in particular Xenopus tropicalis) showed 
high identity with human NDRG2 revealing the importance of conservation 
of these genes [213]. One of the known NDRG2 molecular mechanism is 
related to its biological activity by modulating phosphorylation of target 
proteins and thus regulates cell differentiation and proliferation [18]. 

NDRG2 as a cytoplasmic protein was shown to participate in 
development, neuronal plasticity, cell growth, differentiation, apoptosis and 
stress response [213,215]. During the development, NDRG2 is expressed in 
different organs and tissues, including brain, kidney, chorion,  gut, liver, 
heart, skeletal muscle, epidermis and cartilage [216]. Low expression levels 
of NDRG2 are detected at a relatively early embryonic stage, and gradually 
are increasing in postnatal and mature organisms [213]. High NDRG2 
expression levels in astrocytes and oligodendrocytes also show its 
importance for CNS functioning [217]. Nichols et al. showed that 
glucocorticoids are able to increase mRNA level of NDRG2 in glia cells, 
demonstrating NDRG2 importance for axon survival in response to 
glucocorticoids, as well as for synapse formation and neural differentiation 
[218]. As the result of findings that NDRG2 has a role in CNS, further 
research showed NDRG2 relation to depression [219] and some other 
pathophysiological processes in the brain such as cerebral ischemia [220], 
and Alzheimer’s disease [221].  

NDRG2 have been reported to be associated with cancer in numerous 
papers. NDRG2 role in cancer was reviewed in breast, prostate, cervical, 
bladder, gastric, colorectal, oesophageal, lung, liver, gallbladder, thyroid, 
pancreatic, myeloid leukaemia, meningioma, glioblastoma and other 
astrocytoma and neuroblastoma cancers [18,213,222].  The majority of the 
data report NDRG2 as oncosupressor gene which is downregulated in most 
of cancers and the reconstitution of NDRG2 reduces proliferation of the 
cells in vitro [213].  

Analysis of NDRG2 expression in gliomas showed insignificant mRNA 
change between normal brain tissue and low-grade gliomas but relevant 
downregulation in GBM and GBM cell lines. Moreover, overexpression of 
NDRG2 in cell lines markedly reduced proliferation rate [223]. Other 
studies as well as our study showed constantly decreasing NDRG2 
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expression per grade, and low protein as well as mRNA level was abundant 
for high grade gliomas. Furthermore, low NDRG2 expression patients 
showed worse survival prognosis [224–226]. Multivariate analysis carried 
out by Li et al., 2011 revealed NDRG2 expression as an independent 
prognostic factor for glioma patient the overall survival [224]. Nevertheless, 
it should be noted that Li et al., 2011 did not clarify the exact diagnosis of 
the glioma tumours, but only glioma grade and these results should be 
treated with caution.  

Downregulation of NDRG2 level in malignancies is determined by gene 
promoter methylation and such gene silencing way was widely described in 
the majority of primary tumours as well as astrocytomas and glioblastomas 
[226]. Such silencing of the gene was reported as a relevant biomarker for 
predicting aggressive behaviour and overall patient survival [18,226].  

NPTX2 
NPTX2 - Neuronal pentraxin 2 also known as NP2; NARP; NP-II [227] 

belongs to pentraxins family and is characterised by containing a pentraxin 
protein domain. Pentraxin family is divided into short (C-reactive protein 
and serum amyloid P component) and long pentraxins (PTX and neuronal 
pentraxins) [228]. NPTX2 is one of the three neuronal pentraxins (NPTX1, 
NPTX2 and NPTXR) sub-family (homologous proteins) members of which 
the NPTX1 was the first identified and which primarily have been 
characterized in the nervous system tissues. As usual, the name of the sub-
family originates from the first discovered member NPTX1 which is 
exclusively localized in the nervous system – neurons [229] and due to this 
reason this type of pentraxins is called neuronal. After NPTX2 discovery, it 
turned out that NPTX2 mRNA besides brain is also present in testis, heart, 
pancreas, liver and skeletal muscle [229]. Human NPTX2 gene is localized 
at chromosome 7q21.3-q22.1 and contains five exons which form one 
protein coding transcript [227]. It was observed that both NPTX1 and 
NPTX2 interacts with NTPXR (neural pentraxin receptor) to form homo or 
heteromeric multimers which may function to bind NPTX to cell membrane 
surfaces [230]. NPTX2 is secreted protein which has been implicated in 
long-term neuronal plasticity as well as the uptake of degraded synaptic 
material during synapse formation and remodelling [231,232], dopaminergic 
nerve cell death [232] and neurite outgrowth [233].  

Due to the reason that NPTX2 is localized at chromosome 7q21.3-q22.1 
which is a candidate region for autism, Marui et al. analysed whether 
NPTX2 polymorphisms are related to autism, but they did not observe any 
significant relations [231]. Very strong upregulation of NPTX2 mRNA was 
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observed in Parkinson disease [234]. NPTX2 is also observed to be 
deregulated in cancers but despite a several investigations of NPTX2 in 
tumours, the role of the NPTX2 gene during carcinogenesis has not been 
elucidated up to date [235].  Increased levels of NPTX2 was strongly 
associated with poor patient survival prognosis in rectal adenocarcinomas 
[236], neuroblastoma [237] and glioblastoma [238]. Overexpression of 
NPTX2 was abundant in renal cell carcinoma [233]  and glioblastoma [238]. 
The functional analysis showed contradictory data when induced (ectopic) 
NPTX2 expression in pancreatic cancer cells significantly promoted G0-G1 
arrest and cell apoptosis, and reduced cell proliferation, migration and 
invasion [239]. Hypermethylation of NPTX2 promoter was described in 
several papers on pancreatic cancer (but no methylation of the same CpG 
site in normal pancreatic tissues) [235,240]. NPTX2 promoter methylation 
was abundant for about half of glioblastoma patient (53.1, n=100), but no 
significant NPTX2 methylation and patient survival prognosis associations 
was found [175]. Nevertheless NPTX2 was shown  to be as a potential 
marker of poor prognosis for neuroblastoma [237] and pancreatic cancer 
[235] patients. 

RAB40B 
RAB40B depends to protein superfamily of small Ras-like GTPases 

which encompasses more than 160 members. Small Ras-like GTPases 
family is classified into 11 subfamilies: Ras, Rho, Rab, Rap, Arf, Ran, 
Rheb, RGK, Rad, Rit and Miro [241], from which the Rab family is the 
biggest one and encompasses more than 65 members [242]. Rab subfamily 
proteins are small 20-29 kDa monomeric Ras-like GTPases which are found 
throughout the cell [243]. Superfamily includes several major branches that 
are appointed as key regulators of membrane-bounded organelles - vesicles 
traffic. The proteins of Arf/Sar branch are involved in the regulation of 
vesicle budding from donor compartments, whereas Rab branch generally 
controls the initial recognition, budding and tethering of vesicles, active 
transport of vesicles along cytoskeletal elements and the regulation of 
vesicle fusion with the recipient [244]. Ras proteins function as nucleotide-
dependent switches and use guanine nucleotide-dependent switch 
mechanism [243] to regulate the functions listed in the previous sentence. 
The exact function of RAB40B is not fully elucidated up to date [245] while 
the general mechanism by which all Rab proteins are acting was clarified 
more than 13 years ago [246]. Moderate RAB40B mRNA expression is 
found in all the human organs and tissues with the exception of brain where 
the level is very high [247]. 
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Jacobs et al. was one of the first research groups who tried to uncover the 
shield of RAB40B when analysing molecules responsible for MMPs 
transport in breast cancer cells. They found that RAB40B is required for the 
secretion of both MMP2 and MMP9 (secretory vesicles containing MMP2/9 
was also RAB40B-containing) and demonstrated that RAB40B regulates 
MMP2 and MMP9 trafficking during invadopodia formation. The 
knockdown of RAB40B resulted in mistargeting of MMP2/9 to lysosomes 
and inhibited in vitro invasion of human breast adenocarcinoma cells [248]. 
RAB40B functions as a sorter of vesicles carrying MMPs, and that can 
suggest its relation with cancer since MMPs can regulate various aspects of 
tumour growth and metastasis. Li et al screened 63 Rab members applying 
mRNA level measurement in gastric cancer and found that RAB40B was 
one of those which mRNA expression was upregulated. Moreover, RAB40B 
level was associated with tumour differentiation, pathological stage, and 
lymph node metastasis and suggested that RAB40B is a promotive 
therapeutic target for gastric cancer treatment [242]. To our knowledge, no 
data analysing RAB40B in gliomas is published up to date. 

RUNX3 
RUNX3 - Runt Related Transcription Factor 3 (also called PEBP2aC, 

CBFA3/AML2) is one of the three members of the Runx family of 
transcription factors [249]. Runx proteins are evolutionarily very old, they 
were identified in all metazoans and considerable conservation of function 
was observed across a wide range of phyla dating back to unicellular 
organisms [250].  Runx proteins bearing evolutionarily conserved highly 
homologous Runt domain (128 amino acids region in RUNX3) which binds 
to a DNA core motif of 5′ pyGpyGGT 3′ [249]. Runx proteins with Runt 
domain alone have lower binding affinity to DNA, as compared when Core 
Binding Factor β (CBFβ) subunit is present. CBFβ subunit is a 
heterodimeric core-binding transcription factor which master-regulates a 
host genes. In the presence of CBFβ, Runt-DNA binding showed six to ten 
fold enhanced interaction. Moreover, in the context of full-length RUNX1, 
the interaction effects between CBFβ-Rux1-DNA was found to be >40-fold 
enhanced as compared to Runx1-DNA [251]. Later, sedimentation 
equilibrium measurements showed the 1:1:1 stoichiometry of the complex 
and demonstrated that CBFβ does not make any contacts with the DNA and 
therefore regulates Runt-DNA binding. Structural studies showed that either 
CBFβ or DNA can cause similar conformational changes in the Runt 
domain suggesting that CBFβ shifts an existing conformational equilibrium 
in the Runt domain and so facilitates binding to DNA [252,253].  
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 RUNX3 is the least studied and the least characterized of all Runx 
members. During normal development, RUNX3 is found to be expressed in 
the hematopoietic system, in osteoblasts and chondrocytes and in 
neurotrophin-positive neurons of the dorsal root ganglia [253] indicating its 
role in neuronal development [254]. In adult organism RUNX3 expression 
persists in the hematopoietic system [253] however, its biological function 
is largely unexplored. RUNX3 was also noticed to be involved into 
oncological events. RUNX3 has been variously described as a tumour 
suppressor or promoter, occasionally with a conflicting results in the same 
cancer and possible reflecting a complex role of RUNX3 in oncogenesis 
[249]. The study of loss of RUNX3 expression during progression to 
invasive gastric cancer compared to the normal gastric epithelium was the 
first suggesting tumour suppressive function for RUNX3 [255]. Later on, a 
number of studies meet the same results suggesting gene suppressor role for 
RUNX3 in other solid tumours such as colon [256], lung [257], breast [258], 
glioblastoma [259], renal cell [260] and hepatocellular carcinomas [261], 
chondrosarcoma [262] etc. Many other cancer studies based on epigenetics 
have suggested that RUNX3 downregulation in cancers could be the result 
of hypermethylation of the promoter of RUNX3 [263–265]. 
Hypermethylation of RUNX3 promoter was also observed in glioblastoma 
cell lines and primary tumour tissue compared to normal human brain tissue 
[259,266]. Moreover, RUNX3 methylation was considered as a potential 
biomarker of aggressiveness of gliomas [14].  

Nevertheless, other studies showed opposite data and suggested tumour 
promoting or oncogenic role for RUNX3. High expression of RUNX3 was 
associated with ovarian cancer [267] as well as with poor histologic 
differentiation, metastasis and invasion in head and neck squamous cell 
carcinoma [268], with pancreatic ductal adenocarcinoma [269] and basal 
cell carcinoma [270], with childhood acute myeloid leukaemia [271], with 
inflammatory breast [272] and gastric cancers [273,274]. 

However, low RUNX3 level in normal tissues and increment during 
tumorigenesis is not indisputable evidence of a tumour promoting role. The 
appearance of RUNX3 in tumours could also support the hypothesis of 
onco-suppressor itself or onco-suppressor assistant activation during 
oncogenesis. M. Whittle and S. Hingorani reviewed RUNX3 as “tumour 
modifier” to reflect a strong influence on tumour behaviour depending on 
the context on tissue and pathobiology [249,269]. 

SEMA3C 
Semaphorins are a large structurally and functionally conserved family of 

membrane-associated or secreted glycoproteins which have a role in 
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angiogenesis and cell migration [275]. The semaphorin family members are 
divided into 8 classes accordingly to the organisms of origin and structural 
characteristics. Class 1 and 2 are natural for invertebrates, while class 3-7 
are natural for vertebrates and class 8 is found in viruses. In total vertebrate 
semaphorins encounters 22 members [275,276] which slightly differ in their 
structure except the conserved ~500 amino-acid-long “sema” domain 
located close to amino-termini and downstream located plexin-semaphorin-
integrin (PSI) domain  [277]. The assurance of the receptor binding 
specificity is determined namely by the “sema” domain [278].  The 
difference between semaphorin subclasses represent different specific 
structural motif. SEMA3C depends to calss-3 semaphorins which contains a 
c-terminal basic domain as a class specific motif and immunoglobulin (Ig)-
like domain which lies between PSI and basic domain. Class-3 semaphorins 
consist of 7 members (from A to G - subclasses) and fifferent from other 
classes of semaphorins which are membrane anchored or trans-membrane 
proteins, class-3 semaphorins are secreted proteins [276,279]. Semaphorins 
are signal-like molecules which receptors are plexins and co-receptors 
neuropilins. Some semaphorins are able to activate signalling receptor 
plexin directly, some are not, and almost all class-3 semaphorins (6 of 7) are 
unable to bind to plexins directly. Class-3 semaphorins invoke co-receptor 
neuropilin which transduces class-3 semaphorin signalling to plexins 
[275,276,279,280]. In particular SEMA3C utilizes both neuropilins 
(neuropillin-1 and neuropilin-2) as co-receptors and transduces the signal 
employing one of three plexins (A1, A2 or D1). Nevertheless, the 
completely clear semaphorin induced signal transduction is not fully 
understood [276]. 

Semaphorins were initially identified as axon cone guidance factors in 
the developing nervous system [281], but later investigations also revealed 
their role in angiogenesis, immune response, organogenesis and in many 
other functions such like physiologic and development [279]. In terms of 
cancer research, most of class-3 semaphorins showed tumour suppressor 
features by suppressing cancer cell proliferation, migration and disrupting 
tumour-favourable microenvironment. Due to the fact that semaphorins 
signalling is closely related to neuropilins which are also receptors for 
vascular endothelial growth factor (VEGF) and might compete with 
semaphorins, a number of cancer-related studies were performed analysing 
VEGF-neuropilins-semaphorins influence for angiogenesis, since 
angiogenesis is critical factor for tumour development [282].  

Semaphorin 3C (SEMA3C) role in oncogenesis showed contrary results. 
About two half of the studies describe SEMA3C as oncogene and associate 
SEMA3C expression with tumour progression [283–287] while other 



38 

scientist show SEMA3C ability to inhibit cancer progression in several 
types of tumour [288,289]. Protein level analysis of SEMA3C showed 
significantly increased protein level in malignant astrocytomas as compared 
to low-grade astrocytomas [283], strong SEMA3C protein expression was 
characteristic for neoplastic gastric cancer cells and downregulation of 
SEMA3C in mice supressed stomach  as well as metastatic liver tumours 
and microvessel density [284]. Increased SEMA3C expression levels were 
specific for prostate cancer analysing cell lines and cancerous tissues [286], 
weak positive correlation with tumour grade was found in breast cancer 
[287],  moreover, SEMA3C was suggested as a possible target for 
glioblastoma therapy [285]. Functional analysis revealed that upregulation 
of SEMA3C in prostate epithelial cell line promotes EMT, stem-like 
phenotypes, migration and invasion in vitro and cell dissemination in vivo 
[290]. Moreover, SEMA3C was found to be positively expressed in gastric 
cancer cells and may be involved in tumour progression via stimulation of 
angiogenesis [284]. Other studies showed contradictory data and suggest 
that SEMA3C, like other class-3 semaphorins, functions as an inhibitor of 
angiogenesis in pathological retina [288] and lymphatic endothelial cells 
[289]. 

The bi-functioning of SEMA3C was attempted to explain in recent 
review by Neufeld et al. where authors as a reason indicated several forms 
of SEMA3C [276]. One of it is generated by furin like pro-protein 
convertases cleavage and such cleaved SEMA3C supports survival of 
cancer cells in cell culture [289] suggesting SEMA3C contribution to 
tumour progression. Moreover, tumours environment is usually enriched 
with such furins [276]. The second form is generated by ADAMTS1 
cleavage and the third is not cleaved SEMA3C. Very little is known about 
these SEMA3C forms role in cancer [276]. 

TES 
TES - also known as human Testin LIM domain protein maps at 7q31.2 

position which is common chromosome fragile site designated FRA7G. 
TES gene spans about 48 kb and is composed of seven exons. Gene encodes 
highly conserved protein of 421 amino acids which in human beings has 
three isoforms [291]. In the cytoplasm localized protein is composed of PET 
domain (which function is not clarified up to date) and three tandemly 
arranged LIM type - zinc-binding domains (L1, L2 and L3) which play a 
relevant role in focal adhesion and cell-cell contact [292], mediate protein-
protein interactions between transcription factors and signalling proteins 
[293]. Testin interacts with a series of cytoskeletal proteins, such as talin, 
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Mena, Arp7A, alphaII-spectrin, zyxin, EVL and actin which are involved in 
cell-cell contact, cell shape maintenance and cell motility [294]. 

Since TES downregulation was observed in few cancer types such as 
non-small cell lung cancer [295], glioblastoma [296,297], breast [298], 
primary gastric cancer [299], testin was described as a tumour suppressor. 
The position of FRA7G, where TES gene is localized, is known to encode 
several oncosupressor genes involved in multiple malignancies and that the 
loss of this region may have a relationship with the development and/or 
progression of cancer [291,294,300] also suggests oncosupressor role for 
TES. The manipulation research of gene expression even consolidated 
oncosupressor nature of TES when restoration of TES expression inhibited 
Lymphoblastic Leukaemia [301], uterine sarcoma and breast cancer cells 
growth and induced apoptosis [302]. Moreover, upregulation of TES 
expression significantly reduced the tumorigenic potential in nude mice as 
compared to control [302]. Testin is frequently described as cell motility 
triggering factor in cancer. After the increase of TES expression in HELA 
cells [303], colon cancer cells in vitro [294] and nasopharyngeal carcinoma 
cells [304], significant reduction of cell migration and invasion ability was 
observed.  

It is well known for more than decade that downregulation of TES is also 
determined by gene silencing since TES promoter have been shown to be 
susceptible to methylation. TES methylation analysis in cancerous tissues 
approves these findings. TES was found to be downregulated via promoter 
methylation in ovarian cancer [305], gliobolastoma [175,259,296,297], 
endometrial cancer [306] and childhood acute lymphoblastic leukaemia 
[301]. Taking all the data together TES is strongly suggested as a tumour 
suppressor gene with great diagnostic marker and even treatment target 
applications, which level restoration apparently reduces cancer cells 
migration, inhibits growth and in some cases induces apoptosis. 

TGFβ1 
TGFβ1 - Transforming Growth Factor β1 is a multifunctional cytokine 

which signalling pathway is instrumental in mammalian development as 
well as pathology [307]. TGFβ1 depends to a large TGFβ family of growth 
factors that include diverse activins and inhibins, and others. There are three 
isoforms of TGFβ found in mammalians – TGFβ1 ;2 ;3 and all of them 
share high degree of homology [307]. TGFβ1 gene maps at 19q13.2 position 
and its coding product is a secreted protein which consists of 390 amino 
acids (the most widely explored variant). Another protein coding transcript 
variant also attributed as TGFβ1 is 120 AA length [308]. 



40 

TGFβ1 is secreted from a variety of tissues and cells, including brain, 
muscle, lung, liver and gallbladder, kidney and bladder, adipose, skin, 
endocrine tissue, bone marrow and immune system cells [309]. All three 
TGFβ forms are secreted as inactive homodimeric polypeptides, so called 
latency-associated peptides. Upon the appropriate signalling latency-
associated peptide is cleaved by furins or other convertases and thus 
activated and mature TGFβ is able to bind to the receptor [307]. All TGFβ 
act as signalling polypeptides by binding to the TGFβ receptors localized on 
cell-surface. Up to date seven type I and five type II receptors are described 
in humans which can be paired in various combinations for different ligands 
signalling [310]. Active TGFβ dimer molecule recruits both types of TGFβ 
receptors – transmembrane serine/threonine kinase receptors: type I 
(TGFβR1) and type II (TGFβR2). At first TGFβ homodimer recruits dimer 
of TGFβ receptor type II, and then - dimer of TGFβ receptor type I. Such 
binding determines close contact of type I and type II TGFβ receptors 
(assemble of heterotetramer structure) thereby triggering the cross-
phosphorylation of type I receptor by type II receptor. Activation of TGFβR 
complex phosphorylates downstream R-Smad (Smad2/3) - intracellular 
effector proteins which then dimmerizes with mediator Co-Smad (Smad4). 
R-Smad and Co-Smad complex then translocates to the nucleus via 
nucleoporins. In the nucleus R-Smad/Co-Smad complex associates with a 
plethora of transcription factors and activates or represses dozens of genes 
[307,310,311]. 

Molecular alterations of TGFβ1 was widely analysed in various types of 
tumours, but its role in cancerogenesis as a tumour supporter or repressor is 
still challenging. For a long time even in the same type of cancer different 
groups of scientist provide contrary role for TGFβ1. This is probably due to 
the fact that TGFβ pathway regulates a wide range of target genes. The 
deeper research revealed that not only the dependence on the tumour type 
and the stage, but also cancer microenvironment and immune system mode 
may provide either tumour suppressive or tumour promoting functions for 
TGFβ1 [310].   

Increased TGFβ1 expression was related to tumour progression in 
cervical [312], breast [313], colorectal [314] cancers, gastric [315] and in 
non-small cell lung carcinomas [316]. It was shown that TGFβ can stimulate 
cancer cell proliferation, epithelial mesenchymal transition (EMT), invasion 
and metastasis [311,317]. Some cancer, such as skin and breast, revealed 
low levels of mutations in members of TGFβ pathway, possibly showing the 
importance of TGFβ pathway for tumorigenesis [310]. TGFβ1 level 
positively correlated with metastasis in prostate, colorectal cancers and 
breast carcinoma [310,318].  
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By contrary, tumour suppressor role of TGFβ1 was reported since TGFβ 
pathway members showed high frequency of mutations in gastric, 
pancreatic, biliary tract, lung and glioma tumours [reviewed in [307]. 
Moreover TGFβ was able to repress important oncogene c-Myc and regulate 
cell proliferation through cell cycle arrest at G1 phase. Another case where 
TGFβ was indicated as oncosupressor was the study where TGFβ1-null 
mice keratinocytes exhibit marked genomic instability in vitro and stimulate 
tumour progression [319]. 

Activation of TGFβ1 and so TGFβ pathway was widely described to be 
related with gliomas progression. Research of glioma cell lines and 
surgically removed malignant gliomas revealed that TGFβ is secreted by 
glioma or microglial cells via autocrine mechanisms [320]. High TGFβ 
levels in blood serum and tissue of glioma patients correlated with tumour 
malignancy and patient prognosis [321]. Activation of TGFβ1 facilitate 
glioma cell invasion and EMT and induced glioma cells migration by 
activating MMP2 [322]. Another research showed that TGFβ1 is negatively 
regulated by miR-663, and restoration of miR-663 expression result in 
decreased levels of TGFβ1 and at the same time significant decrease in the 
cell proliferation, migration and invasion of human glioblastoma cells [323]. 
Certain studies have reported that TGFβ is closely related to metastatic 
processes via autocrine mechanisms in gliomas [324]. Recently, extensive 
study revealed that overexpression of TGFβ1 in human glioblastoma cell 
line U87 induced expression of 512 proteins which are related to cell 
migration, survival, proliferation and DNA repair as compared to control 
cells. Moreover, downregulation of 123 proteins associated with aerobic 
metabolism, apoptosis and cell-cell interactions was found under 
overexpression of TGFβ1. These results indicate high impact of TGFβ1 for 
glioma progression [325]. 

In conclusion, TGFβ1 is certainly involved in tumourigenesis as a 
bifunctional modulator and depending on the cancer type and environmental 
conditions it can act as tumour suppressor or activator. In gliomas and 
glioblastomas TGFβ1 shows relevant oncogenic characteristic 
encompassing central pathways of tumour progression and this makes 
TFGβ1 a promising target for diagnostics and targeted cancer therapy. 

TNFRSF10A (DR4) 
TNFRSF10A also known as TRAILR-1 or DR4 – death receptor 4 is one 

of five known receptors for cytotoxic ligand TRAIL (TNF-related 
apoptosis-inducing ligand) [326]. The gene is located on chromosome 
8p21.3-21.2 [327]. DR4 is transmembrane protein containing cysteine-rich 
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single transmembrane helix and cytoplasmic death domain. DR4 belongs to 
a family of TNF receptors, which is a part of extrinsic apoptotic pathway 
and signals TRAIL [326]. Despite TRAIL has five interactional receptors, 
only two receptors including DR4, are able to transduce apoptosis signals 
through the death domain in their intracellular domain [328]. The binding of 
TRAIL and DR4 results in trimerization of the receptor and assembling of 
their intracellular death domains. This causes the creation of death-inducing 
signalling complexes which in turn recruits adaptor protein FADD (Fas-
associated death domain) via death domain interaction and creates 
environment for Casp-8 and Casp-10 binding, activation and downstream 
triggering the apoptosis [329,330]. 

The inhibition of death signalling due to alterations in DR4 is closely 
related with cancerous events where uncontrolled cell proliferation is the 
main mark. The loss of DR4 together with the element of chromosome 
8p21.3-21.2 was found in a variety of cancers [329,331]. Downregulation of 
cell surface DR4 expression was found in breast cancer and loss of cell 
surface expression was evaluated as a biomarker for TRAIL resistance in 
breast tumours [332]. Downregulated DR4 expression was found in small 
cell lung carcinoma which was also associated with gene promoter 
hypermethylation. Furthermore, expression level and methylation status of 
DR4 was closely related to the poor prognosis of patients [333]. 
Downregulation of DR4 via chromosome lost was also reported in 
osteosarcomas [331]. Decreased DR4 protein level and increased gene 
promoter methylation was reported to be significantly related with invasive 
gastric cancer malignancies [334]. In neuroblastomas DR4 showed 60-70% 
methylation level while in glioblastomas the level varied from 25% [116] to 
41% [121]. The intrinsic apoptotic pathway is one of the hallmarks recruited 
for cancer treatment and DR4 as a part of this pathway was used as well. 
Since trimerization of DR4 triggers apoptosis agonistic anti-DR4 antibodies 
which induces DR4 aggregation have been developed as potential cancer 
therapeutics and tested in the clinic as well [335,336]. These results strongly 
suggested DR4 as an important prognostic or therapeutic target for cancer 
treatment. 

AREG 
Amphiregulin (AREG) is one of the ligands of the epidermal growth 

factor receptor (EGFR) [337] which was observed to be altered in malignant 
astrocytomas [338–340] and which is responsible for activation of a 
complex network of pathways, including the Ras/MAPK, PI3K/AKT, PLCγ 
and STAT. Modulation of listed signalling cascades promotes multiple 
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cellular responses such as invasiveness, motility, angiogenesis, proliferation, 
etc. [337,341]. AREG mRNA consists of six exons that are translated as 252 
AA type I transmembrane glycoprotein precursor – Pro-AREG.  Pro-AREG 
is expressed on the cell surface with a hydrophilic extracellular N-terminus, 
a heparin-binding (HB) domain and the EGF-like domain followed by a 
juxtamembrane stalk containing the cleavage site (Lys187) for “ectodomain 
shedding”, a hydrophobic transmembrane domain and a short hydrophilic 
intracellular cytoplasmic tail [342]. Cleavage of Pro-AREG appears at two 
N-terminal sites which produce two major soluble forms of AREG (~19 and 
~21 kDa). Besides, ectodomain shedding of pro-AREG can give rise to a 
larger soluble protein of 43 kDa in proportion to the entire extracellular 
domain. Shedding of extracellular Pro-AREG domain can be initiated by 
TACE enzyme - a member of the disintegrin and metalloproteinase 
(ADAM) family also known as ADAM17. After the Pro-AREG cleavage at 
Lys187 is complete, secreted mature ligand behaves as an autocrine or 
paracrine factor on the adjacent cells with its consanguine receptor – 
epidermal growth factor receptor (EGFR) [337,343]. The interaction 
between AREG and EGFR triggers substantial intracellular signalling 
cascades, suchlike the survival PI3K/Akt and the mitogenic MAPK 
pathways [337,344]. 

AREG was originally identified to appear in a wide range of 
physiological processes such as bone formation, axonal outgrowth, 
mammary gland development, keratinocyte proliferation, blastocyst 
implantation and etc. [341]. In case of cancer, AREG is mostly described as 
an oncogenic factor. AREG was found to be up-regulated in a broad 
diversity of neoplasms suchlike lung [345], colon and stomach [100,346], 
pancreas [347], breast [348], prostate [349], bladder [350], liver [351] as 
well as skin and biliary [341]. Functional studies of amphiregulin showed 
that AREG can behave as a pro-oncogenic factor playing a part in most of 
the hallmarks of cancer [352]. AREG significance for cancer development 
and progression is also supported by clinical data showing that circulating 
AREG may serve as a prognostic [353] and/or a predictive [354] biomarker 
for non-small-cell lung cancer (NSCLC). Laffaire et al. showed 52 % 
methylation frequency of AREG in low grade gliomas, but no relation with 
patient outcome was observed [176], while methylation status in 
glioblastomas was significantly associated with poor patient outcome [175]. 

Despite the overwhelming data about AREG role in a wide variety of 
cancers there is lacking extensive information about AREG behavior in 
human astrocytomas. 
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4. MATERIAL AND METHODS 

4.1. Patients and tissue samples 

In total 154 WHO grade I-IV astrocytomas were used for target screening 
part: 14 (9.1%) pilocytic astrocytomas - WHO grade I tumours, 46 (29.9%) 
diffuse astrocytomas - WHO grade II, 29 (18.8%) anaplastic astrocytomas - 
WHO grade III, and 65 (42.2%) glioblastomas - WHO grade IV. All the 
tumours were surgically resected in the Department of Neurosurgery of 
Hospital of Lithuanian University of Health Sciences, Kaunas, Lithuania, 
from 2003-03 through 2013-01. The diagnoses of tumours were established 
by routine clinical pathologists’ workload at LUHS Department of 
Pathological Anatomy according to the 2007 World Health Organization 
(WHO) classification criteria [8]. Patient tumour samples were collected, 
following written informed consent, after approval of the Ethics Committee 
for Biomedical Research of the Lithuanian University of Health Sciences 
(LUHS) (authorization for research enclosed in appendix). Investigations 
have been performed in accordance with the principles of Declaration of 
Helsinki. All the tumours specimens were surgically resected prior treat-
ment. Tumour tissue samples were immediately (within 10 minutes) snap-
frozen in liquid nitrogen after the resection and stored until the analysis. 

The following clinical data were collected for each patient: age at the 
time of the operation, gender, time of the last follow-up and patient life 
status. 

4.2. Statistical analysis 

Statistical calculations were performed using SPSS Statistics 20 (SPSS 
Inc., Chicago, IL) software package. Patient survival was defined as the 
time interval between the date of operation and the date of analysis or the 
known date of death. Database was closed on September 26th 2016. Patients 
were divided in two survival groups according 2-year survival:  <24 months 
and ≥24 months and two age groups: <50 years and ≥50 years.  

To evaluate mRNA and protein expression differences across 
astrocytoma grades ANOVA and Kruskal-Wallis test were used depending 
on the data distribution. (Table 4.1). Mann-Whitney U test or independent 
sample t-test was used to evaluate mRNA and protein expression 
differences between methylation and between patient clinical data groups 
(age groups, gender and survival groups) depending on the data distribution 
(Table 4.1). 
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 Chi-square test was used for association analysis between methylation 

and patient clinical data (age groups, gender and survival groups). 

The Kaplan-Meier method was applied to estimate survival functions and 

the log-rank test was used to compare survival difference between groups. 

For survival analysis, quantitative data such as protein expression and 

normalized mRNA expression was divided into two expression groups as 

categorical data (low and high expression) according to the 50
th

  percentile.  

Prognostic factors such as gender, age, pathological grade, promoter 

methylation, protein and mRNA expression were first examined 

individually (univariate analysis) and the factors that had strong impact on 

survival (p< 0.05) in univariate Cox analysis were then individually 

evaluated with clinical variables (patient age and tumour grade) in 

multivariate Cox analysis applying One Step Enter method. Selected 

variables were jointly analysed in multivariate Cox regression analysis 

applying Backward Conditional method. Grade IV tumours were selected as 

reference category when analysing nominal covariates. The p<0.05 value 

was considered as significant. 

Methylation, mRNA and protein expression data were combined using 

the linear combination of the values from molecular assessment weighted by 

the coefficients from the univariate Cox analysis according to the formula: 

𝑃𝑎𝑡𝑖𝑒𝑛𝑡 𝑟𝑖𝑠𝑘 𝑠𝑐𝑜𝑟𝑒 = ∑ 𝐻𝑅(𝑡𝑎𝑟1) × 𝑡𝑎𝑟1𝑛
𝑖=1 , where tar1 – the value from 

molecular estimation of target 1; HR (tar1) – Hazard Ratio of target 1 from 

univariate Cox analysis. 

Receiver Operating Characteristics (ROC) Curve analysis was performed 

in order to evaluate variable “Patient Risk Score” sensitivity and specificity 

for patient 2-year survival prediction. Patient Risk Score was divided into 

two risk groups (High and Low risk) according to the selected break point 

from ROC analysis specificity and sensitivity coordinates Table.  

4.3. Boxplot explanation 

Tukey-box plot type was used for data visualization. The line inside each 

box represents the median, and the lower and upper edges of the boxes 

represent the 25th and 75th percentiles (1
st
 and 3

rd
 quartiles), respectively. 

The lower whiskers represent 1.5 IQR of the lower quartile and the upper 

whiskers represent 1.5 IQR of the upper quartile (IQR - interquartile range – 

range from Q1 to Q3). 
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Table 4.1. Normality test results (P-values) of all quantitative molecular 
data obtained during the study. Normal – Gaussian distribution determined 
parametric and non-normal – non-Gaussian distribution determined non-
parametric use of the test.  

Target 
(gene) 
name 

Test of normality 
Protein expression mRNA expression 

Shapiro-
Wilk (P) 

Kolmogorov-
Smirnov (P) distribution Shapiro-

Wilk (P) 
Kolmogorov-
Smirnov (P) distribution 

AREG <0.001 <0.001 Non-Gaussian 0.083 0.2 Gausian 
CASP8 0.512 0.098 Gausian – – – 
CHI3L1 – – – 0.004 0.009 Non-Gaussian 
MMP14 <0.001 <0.001 Non-Gaussian – – – 
MMP2 – – – 0.085 0.056 Gausian 
MMP9 <0.001 <0.001 Non-Gaussian – – – 
NDRG2 <0.001 0.003 Non-Gaussian 0.197 0.184 Gausian 
NPTX2 <0.001 <0.001 Non-Gaussian 0.731 0.2 Gausian 
RAB40B – – – 0.213 0.2 Gausian 
RUNX3 <0.001 <0.001 Non-Gaussian 0.002 0.018 Non-Gaussian 
SEMA3C <0.001 <0.001 Non-Gaussian 0.315 0.2 Gausian 
TES <0.001 <0.001 Non-Gaussian – – – 
TGFβ1 0.001 0.006 Non-Gaussian – – – 

Clinical variable 
Test of normality 

Shapiro-Wilk (P) Kolmogorov-
Smirnov (P) distribution 

Patient age 0.001 0.004 Non-Gaussian 
Patient survival <0.001 <0.001 Non-Gaussian 

4.4. Tumour sample preparation 

After the dissection brain tumour tissue specimens were placed in 
barcoded cryo-tubes snap-frozen and stored in liquid nitrogen until the 
analysis. Tumour samples were cryogenically homogenized applying tissue 
grinding in mortar with liquid nitrogen to keep sample frozen. Homogenized 
tissues were divided into 3 tubes for DNA and RNA purification and protein 
extracts preparation and stored back in liquid nitrogen dyar. In order to 
avoid cross-contamination before preparation of subsequent samples the 
mortars, pestles and steel scrapers were cleaned with detergents, heated at 
200°C for 4 hours and rinsed with 3% hydrogen peroxide solution. 
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4.5. RNA purification 

40-100 mg of homogenized tumour tissues was used for RNA 
purification applying TRIzol™ (Invitrogen, cat no. 15596026) reagent 
method. 

 
Workflow of RNA extraction: 
 
1. 1 ml of TRIzol™ reagent was added to the tube with homogenized 

tissue and the tube was gently shaken for several times 
2. the suspension was left for 5 min incubation at room temperature 

(R/T) to permit complete dissociation of nucleoprotein complexes 
3. 200 µl of chloroform was added to the tube, capped tube was 

actively shaken by hands for 10-15 sec and left for 3 min incubation 
at R/T 

4. tubes were centrifuged at 12.000x g for 15 min at 4°C 
5. after the centrifugation the supernatant aqueous phase was carefully 

transferred to the new 1.5ml tube using automatic pipette 
6. RNA from separated aqueous phase was precipitated using 500 µl of 

isopropyl alcohol. The mixture was left for 15 min in R/T for 
complete RNA precipitation 

7. tubes were centrifuged at 12.000x g for 10 min at 4°C 
8. the supernatant was removed and the pellet of precipitated RNA was 

twice washed with 1 ml of 75% ethanol 
9. finally tube with the pellet was left at R/T for 3-10 min to dry 

(depending to the size of the pellet) and dissolved in 20-80 µl of 
RNaze-free water 

10. the quality and quantity of purified RNA was analysed on 
NanoDrop™ 2000 Spectrophotometer 

11. extracted RNA was right away used for cDNA synthesis or stored at 
-80°C for cDNA synthesis on next day. 

 
Only those RNA samples which met the criteria listed below were used 

for cDNA synthesis: 
a) the ratio of 260/280 abortion was between 1.9-2.1 
b) the ratio of 260/230 abortion was between 2.0-2.2 
c) the concentration of RNA was 70 ng/µl or higher 

 
The integrity of RNA was checked using agarose gel electrophoresis for 
randomly selected samples. All the checked samples clearly showed integral 
RNA with sharp 28S and 18S ribosomal RNA bands. 



48 

4.6. cDNA synthesis 

2 µg of total RNA was used for cDNA synthesis applying “RevertAid H 
Minus First Strand cDNA Synthesis Kit” (Thermofisher Scientific, cat no: 
K1632) with random hexamer in a total reaction volume of 20 µl according 
to the manufacturer’s instructions. RNA was treated with DNase I 
(Thermofisher Scientific, cat no: EN0521) prior to cDNA synthesis. 

 
cDNA synthesis protocol: 
 
1. 2 µg of total RNA was diluted in RNaze-free water up to 8 µl of total 

volume in RNaze-free PCR tube 
2. 1 µl of DNase I, RNase-free (1 U/µL) and 1 µl of 10x DNase I 

Reaction Buffer (supplied with DNase I) was added to the tube with 
RNA 

3. tubes were incubated at 37°C for 15 min 
4. 1 µl of 50 mM EDTA (supplied with DNase I) was added to the tube 

and incubated at 65°C for 10 min in order to inhibit DNase activity 
5. After the incubation tubes were shortly spun and placed on 

refrigerated tube holder 
6. 1 µl of Random hexamer (0.2µg/µl) was added to each tube 
7. tubes were incubated at 70°C for 5 min and placed on refrigerated 

tube holder 
8. 4 µl of 5X reaction buffer, 2 µl of 10 mM dNTP Mix, 1 µl of 

RiboLock RNase Inhibitor (20 U/µL) (all supplied with K1632 kit) 
were added to the PCR tube with RNA 

9. tubes were incubated at 25°C for 5 min and placed on refrigerated 
tube holder 

10. 1 µl of RevertAid H Minus M-MuLV Reverse Transcriptase (200 
U/µL) (or 1µl of water to prepare NO-revers transcription controls) 
was added to each tube 

11. tubes were placed in thermocycler and run according to the program: 
10 min at 25°C; 60 min at 42°C; 10min at 70°C; ∞ min at 4°C 

12. after reverse transcription cDNA was diluted in nuclease free water to 
5 ng/µl of initial quantity of RNA used for cDNA synthesis (20x 
dilution) 

13. diluted cDNA was aliquoted and stored at -80°C. 
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4.7. Quantitative RT-PCR 

mRNA level estimation of the targets was performed using quantitative 
real-time reverse transcription PCR (RT-qPCR) and SYBR Green I or 
TaqMan® assays in 3 replicates on 7500 Fast Real-time PCR detection 
system (Applied Biosystems) applying relative quantitation method (ΔCT).  

Reactions were assembled into total volume of 12 µl, which included:  
a) [SYBR Green I assay] 15 ng of the cDNA, 6 μl of Maxima SYBR 

Green/ROX qPCR Master Mix (Thermo Scientific, cat no. K0222), 
forward and revers primers to final concentration from 0.2 µM to 
0.5 µM (see Table 4.2) and nuclease-free water. PCR was carried 
out for 40 cycles consisting of 95°C for 30 sec, 60°C for 30 sec, 
and 72°C for 30 sec. 

b) [TaqMan assay] 15 ng of the cDNA, 6 μl of TaqMan™ Universal 
PCR Master Mix (Applied Biosystems, cat no. 4304437), 1 µl of 
TaqMan expression probes (for assay no. see Table 4.2) and 
nuclease-free water. PCR was carried out for 40 cycles consisting 
of 95°C for 15 sec and 60°C for 60 sec. Initial preheating at 50°C 
for 2 min and initial denaturation at 95°C for 10 min. was applied 
according to the manufacturer’s recommendations. 

Table 4.2. Primers and probes used for mRNA analysis 

Target Primer Sequence (5’  3’) [primers] 
Assay ID [probes] 

Final conc. 
in reaction, 

µM 

Amplicon 
length, bp 

AREG Forward TGGAAGCAGTAACATGCAAATGTC 0.5 116 Reverse GGCTGCTAATGCAATTTTTGATAA 0.5 

MMP2 Forward GACCAGAATACCATCGAGACCA 0.5 128 Reverse GTGTAGCCAATGATCCTGTATGTG 0.5 

NDRG2 Forward CATTACACATGCACCCAACC 0.5 214 Reverse GGAGTCAGCCATCTTGAGGA 0.5 

RUNX3 Forward TTCAAGGTGGTGGCATTGGG 0.5 177 Reverse GGTGAAACTCTTCCCTCGCC 0.5 

SEMA3C Forward CAAAGATCCCACACACGGCT 0.5 141 Reverse ACTTGGTCCTCTGATCTCCTCC 0.5 

ACTB Forward AGAGCTACGAGCTGCCTGAC 0.1 184 Reverse AGCACTGTGTTGGCGTACAG 0.1 
TaqMan probes 
AREG Probes Hs00950669_m1 1 µl/reaction 66 
CHI3L1 Probes Hs00609691_m1 1 µl/reaction 77 
NPTX2  Probes Hs00383983_m1 1 µl/reaction 86 
RAB40B Probes Hs0060645_m1 1 µl/reaction 93 
GAPDH Probes Hs01922876_u1 1 µl/reaction 139 
TBP Probes Hs00427620_m1 1 µl/reaction 91 



50 

Fluorescent data were converted to threshold cycle (CT) measurements. 
CT values from three replicates were averaged and ΔCT values were 
calculated according to the formula ΔCT = CT target gene - CT endogenous 
control. The final result was given as ı ı ı ı 2ı ∆ı ı  estimations. Human 
normal brain RNA sample “FirstChoice Human Brain Reference Total 
RNA” (Ambion, cat no. 6052), which was a pool of RNAs assembled from 
multiple donors from several brain regions, served as a control sample for 
data normalization between plates and standard curve design.  

4.8. DNA purification 

DNA from tumour tissues was extracted applying the DNA extraction 
from brain tumour method invented in the laboratory combining salting out 
and phenol-chloroform methodology. 40-100 mg of homogenized tissues 
was used for DNA purification. 

 
DNA extraction protocol: 

1. 600 µl of Lysis buffer II was added to the tube with homogenized 
tissue (~100 mg) and pipetted up and down until homogenous 
solution. (for the smaller size samples the lower volume of  Lysis 
buffer II was used, respectively) 
Composition of Lysis buffer II, pH=8.2: 

10mM of Tris-HCl 
400mM of  NaCl 
2 mM of  EDTA 

2. 40 µl of 10% SDS and 35 µl (20 mg/ml) of Proteinase K was added 
to the tube with tumour sample and Lysis buffer II 

3. tubes were gently shaken for several times by hands and incubated at 
50°C in mildly shaking water-bath over the night (O/N) ~16-18 
hours. 

4. after the lysis of cells and digestion of DNA immobilizing proteins 
with Proteinase K, the residues of proteins were salted out using 167 
µl of saturated 6M NaCl solution 

5. the solution was shaken vigorously by hands for 10 sec 
6. 50 µl of chloroform was added to the tube and shaken vigorously by 

hands for 10 sec 
7. tubes were centrifuged at 13.200x g for 10 min at R/T 
8. after the centrifugation the supernatant aqueous phase was carefully 

transferred to the new 1.5ml tube using automatic pipette 
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9. DNA was precipitated by adding the same volume of absolute cold 
ethanol (-20°C) and tubes were gently inverted until the appearance 
of white DNA strands 

10. tubes were centrifuged at 13.200x g for 10 min at 4°C 
11. the supernatant was discarded and DNA pellet was washed with 500 

µ of 70% ethanol  
12. finally, tube with the pellet was left at R/T for 5-15 min to dry out 

(depending to the size of the pellet) and dissolved in 40-200 µl of 
DNaze-free water 

13. the quality and quantity of purified RNA was analysed on 
NanoDrop™ 2000 Spectrophotometer 

14. extracted DNA was stored at -20°C until DNA bisulphite 
modification. 

4.9. DNA bisulphite modification 

Before gene methylation analysis, tumour DNA was treated with sodium 
bisulphite. DNA bisulphite modification was carried out using “EZ DNA 
Methylation™ Kit” (Zymo Research, cat no: D5001) strictly according to 
the manufacturer’s instructions. The workflow protocol could be found at 
manufacturer webpage: 
http://www.zymoresearch.com/downloads/dl/file/id/56/d5001i.pdf 

The kit is based on the three-step reaction (DNA denaturation, 
conversion and desulphonation) that takes place between cytosine and 
sodium bisulphite where unmethylated DNA cytosine is converted into 
uracil.  

4.10. Methylation specific PCR – MS-PCR 

Qualitative method MS-PCR was used for evaluation of genes 
promoters’ methylation status. MS-PCR was carried out in total volume of 
15 µl, which included: 7.5 µl of “Maxima Hot Start PCR Master Mix” 
(Thermo Scientific, cat no. K1052), forward and reverse primers to a final 
concentration of 0.67 µM each, approximately 20 ng of bisulphite-treated 
tumour tissue DNA and nuclease-free water. “Human brain DNA” (Zymo 
Research, Cat. No. D5018) served as a normal brain tissue control. As 
negative methylation control normal human blood lymphocyte DNA treated 
with bisulphite was used, whereas “CpG Methylated Human Genomic 
DNA” (Thermo Scientific, cat no. SD1131) treated with bisulphite was used 
as a positive methylation control. MS-PCR was carried out for 35 cycles 
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under the standard conditions: 15 sec at 95°C, 30 sec at 56-62°C (for primer 
sequences, annealing temperatures and amplicon lengths see Table 1 in 
appendix) and 20 sec at 72°C. Initial denaturation at 95°C for 4 min. and 
final prolongation at 72°C for 5 min was applied according to the 
manufacturer’s recommendations of PCR master mix. 

PCR products were analysed on 2% agarose gel (with 0.5 µg ethidium 
bromide final conc.) electrophoresis and visualized using Gel Doc™ XR+ 
Gel Documentation System (Bio-Rad Laboratories, Inc.). The presence of a 
PCR product of the correct molecular weight indicated the presence of 
either methylated or unmethylated alleles. In case of appearance of both: 
methylated and unmethylated signals in a gel, gene was considered as being 
methylated. 

4.11. Whole-tissue extracts preparation and Western blot analysis 

Whole-tissue extracts of the tumour samples were prepared by 
resuspending 80-200 mg of homogenized brain tissue sample in 
radioimmunoprecipitation assay (RIPA) lysis buffer (50 mM Tris-HCl, pH  
7.5, 150 mM NaCl, 1% Igepal CA-630 (Sigma-Aldrich, Merck Millipore, 
cat. no. I3021), 0.5% sodium deoxycolate and 0.1% sodium dodecyl 
sulphate SDS) supplemented with Protease Inhibitors (Sigma-Aldrich, 
Merck Millipore, cat. no. S8820). The mixture was homogenized using an 
ultrasonic sonicator (500-Watt Ultrasonic Processor; Cole-Parmer 
Instrument Co. Ltd., London, UK). Afterwards, the extracts were cleared by 
centrifugation for 30 min at 13,200 x g at 4°C. Protein concentration was 
estimated spectrophotometrically using colorimetric Bradford assay and 
measuring protein extract concentration at three points for each sample.  

1) 1; 2 and 4 µl of protein extract was diluted in 20 µl of bi-distilated 
water and mixed with 1 ml of Bradford reagent (Sigma-Aldrich, cat. 
no. B6916) (in separate tubes) 

2) the blue-coloured solution was transferred into cuvette and the 
abortion at OD 600 was measured 

3) protein extract concentration was calculated according to the formula 
from calibration curve which was set up under the same conditions 
with known concentration of proteins. 

In total, 80 µg of proteins extract were used for SDS-polyacrylamide gel 
(7.5-10%, depending on the target mass, see Table 4.3) electrophoresis and 
transferred to nitrocellulose membranes. Immobilized proteins were 
incubated for 2-4 h at R/T or O/N at 4°C (see Table 4.3) with the primary 
antibody in blocking solution (5% non-fat milk in phosphate-buffered saline 
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(PBS)) and thereafter washed for 25 min in PBST buffer (PBS 
supplemented with 0.5% Tween-20) with fresh PBST buffer swap every 5 
min. After washing membranes were incubated with the horseradish 
peroxidase- (HRP-) conjugated anti-rabbit secondary antibody for 1 hour at 
R/T (see Table 4.3). 
 
Table 4.3. Primary and secondary antibodies used for each target analysis 
and WB assay conditions 

Target 

PA gel 
concentr. 

Primary antibodies Secondary antibodies Signal 
detection 
method 

AB type, 
cat. no. 

Incubation 
conditions 

AB type, 
cat. no. 

Incubation 
conditions 

AhR 10% H: RB; Pol 
ab28698 

O/N at 4°C 
Dil: 1:500 

HRP-anti-RB 
656120 

1 h at R/T 
Dil: 1:1000 TMB 

AREG 7.5% H: RB; Pol 
Bs-3847R 

4 h at R/T 
Dil: 1:800 

HRP-anti-RB 
656120 

1 h at R/T 
Dil: 1:4000 TMB 

CASP8 12% H: RB; Pol 
13423-1- AP 

4 h at R/T 
Dil: 1:600 

HRP-anti-RB 
656120 

1 h at R/T 
Dil: 1:1000 Chemil. 

CHI3L1 10% H: RB; Pol 
ABIN311477 

4 h at R/T 
Dil: 1:1000 

HRP-anti-RB 
656120 

1 h at R/T 
Dil: 1:2000 Chemil. 

GATA6 7.5% H: RB; Pol 
PA5-24794 

4 h at R/T 
Dil: 1:1000 

HRP-anti-RB 
656120 

1 h at R/T 
Dil: 1:1000 TMB 

MMP14 10% H: RB; Pol 
ABIN358687 

4 h at R/T 
Dil: 1:250 

HRP-anti-RB 
656120 

1 h at R/T 
Dil: 1:2000 Chemil. 

MMP2 10% H: RB; Pol 
PA1-16667 

O/N at 4°C 
Dil: 1:2000 

HRP-anti-RB 
31460 

1 h at R/T 
Dil: 1:10000 TMB 

MMP9 7.5% H: RB; Pol 
ABIN390154 

4 h at R/T 
Dil: 1:600 

HRP-anti-RB 
656120 

1 h at R/T 
Dil: 1:1000 Chemil. 

NDRG2 7.5% H: RB; Pol 
12015-1-AP 

2 h at R/T 
Dil: 1:500 

HRP-anti-RB 
656120 

1 h at R/T 
Dil: 1:2000 TMB 

NPTX2 7.5% H: RB; Pol 
4573 

4 h at R/T 
Dil: 1:1000 

HRP-anti-RB 
656120 

1 h at R/T 
Dil: 1:2000 Chemil. 

RUNX3 10% H: RB; Pol 
ABIN739370 

2 h at R/T 
Dil: 1:1000 

HRP-anti-RB 
656120 

1 h at R/T 
Dil: 1:2000 Chemil. 

SEMA3C 7.5% H: RB; Pol 
ABIN651266 

2 h at R/T 
Dil: 1:500 

HRP-anti-RB 
656120 

1 h at R/T 
Dil: 1:2000 Chemil. 

TES 7.5% H: RB; Pol 
10258-1-AP 

4 h at R/T 
Dil: 1:500 

HRP-anti-RB 
656120 

1 h at R/T 
Dil: 1:2000 TMB 

TGFβ1 10% H: RB; Pol 
ab92486 

O/N at 4°C 
Dil: 1:500 

HRP-anti-RB 
656120 

1 h at R/T 
Dil: 1:2000 TMB 

PA – polyacrylamide; AB – antibody; H: - host; RB – rabbit; MS – mouse; Pol – 
polyclonal; Mon – monoclonal; Dil: - dilution; Chemil. – chemiluminiscence, TMB – 
colorimetric methos using 3,3',5,5'-tetramethylbenzidine substrate 

 
For  detection of endogenous protein - ACTB on the same membranes, 

the  membranes were first cleared out of the primary antibody  complexes 
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by washing in the mild-striping buffer  (25mM glycine, 2% SDS, pH 2.0) 
and reprobed with  the primary monoclonal mouse antibody against ACTB 
(Antibodies-Online, catalog No. ABIN559692,  dilution 1:2000) for 1 h at 
R/T followed by incubation  with the HRP-conjugated anti-mouse 
secondary antibody (Life Technologies, catalog No. 626520, dilution 
1:2000) for 1 h at R/T. 

Immunocomplexes were visualized: 
a) using liquid 3,3',5,5'-tetramethylbenzidine substrate (Sigma-Aldrich, 

Merck Millipore, cat. no. T0565-100ML;) and documented using an 
ordinary office scanner or 

b) using enhanced chemiluminescence reagent Ampliflu™ Red (Sigma-
Aldrich, cat no. 90101) and documented using  gel imaging system GelDoc-
It2 (Analytika Jena AG). 

Expression bands of target and ACTB proteins were evaluated using 
image analysis program ImageJ version 1.47 (National Institute of Health, 
Bethesda, USA).  

4.12. Cell cultivation and visualization 

Human glioblastoma cell line U87MG was purchased from Sigma-
Aldrich (source: European Collection of Authenticated Cell Culture – 
ECACC, cat. no: 89081402). Further in the text, U87MG cells will be called 
U87. U87 cells were used for cell viability and migration analysis upon 
increased ectopic expression of target gene (NDRG2 and RUNX3). The 
effect of overexpression of SEMA3C was analysed applying tetracycline 
(TTC) inducible U87 cell line – U87-tet-SEMA3C derived in LUHS 
Neuroscience Institute Laboratory of Molecular Neurooncology, since the 
induction is non-toxic to the cell (unlike lipofectamine) and U87-tet-
SEMA3C expression induction efficiency reaches ~100%. Cell were 
cultivated in high glucose Dulbecco's Modified Eagle Medium (DMEM) 
with Phenol Red – “GlutaMAX™ ” (Gibco, cat. no 10566016) 
supplemented with 10% (v/v) fetal bovine serum (FBS) (Gibco, cat. no 
10566016) and 1% (v/v) Penicillin and Streptomycin (P/S). Cells were 
maintained at 37°C in a humidified incubator containing 5% (v/v) CO2. 
Cells visualization was accomplished under Etaluma LS620 microscope 
(Lumascope) applying standard phase contrast microscopy for routine cell 
visualization and exited microscopy with green filter (Excitation 473-491 
nm, Emission 502-561 nm) for GFP detection.  
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4.13. Cell viability assay and transfection 

Cell viability was monitored applying the MTT (3-[4, 5-dimethylthiazol-
2-yl]-2, 5-dyphenyltetrazolium bromide) assay (Invitrogen, cat. no M6494) 
in 96-well flat-bottomed microplates. Approximately 12.500 U87 cells per 
well were used applying transfection method (for NDRG2 and RUNX3) and 
approximately 3000 U87-tet-SEMA3C cells (for SEMA3C) were used 
applying TTC inducible cell line system. 

U87 cells were seeded in 100 µl of the media per well and left for 24 
hours to ensure a proper cell adherence and stability until transfection. On 
the next day cells were transfected using “Lipofectamine™ 3000 
Transfection Reagent” (Invitrogen, cat. no. L3000015). In total 100 ng of 
plasmid DNA was used with 0.25 µl of Lipofectamine and 0.2 µl of 
Lipofectamine 3000 reagent per well (in 96 well plate). All the transfection 
procedures were performed according to the manufacturer’s protocol in 
laminar flow cabinet. The medium was changed after 8 hours from 
transfection. Cells were left for 48 hours in incubator starting from the time 
of transfection. 

U87-tet-SEMA3C cells were seeded in 60 mm dishes and induced with 1 
µg/ml of TTC (or non-induced – control) the day before splitting to 96-well 
flat-bottomed microplates. Cells were left for 48 hours in incubator to grow 
starting from the time of splitting into 96-well plates. 

On the day of viability test culture medium was gently aspirated and 
replaced with 100 µl solution of culturing media with 10% freshly prepared 
MTT reagent (MMT powder dissolved in PBS). After the incubation for 4 
hours in cell culturing incubator, the media with MTT was aspirated and 
changed with 100 µl of Dimethyl sulfoxide (DMSO) and intensively 
pipetted to dissolve formazan crystals. Micro-plates were analysed by the 
Multiskan™ GO Microplate Spectrophotometer measuring absorbtion at 
550 nm (Formazan absorbtion) and 620 nm (background normalization). 
The final values were obtained from calculations: A550 – A620. The 
percentage of cell viability was calculated from non-transfected cell control 
(viability=100%) in transfection assay and from the highest value of 
viability in TTC induction assay. 

4.14. Cell motility assay 

Migration test was performed applying “Oris™ Pro Cell Migration 
Assay - Collagen I Coated” 96 well flat-bottomed plates. The plates are 
characterized by a spot of Collagen I in the centre of each 96-well plate well 
which enables to create area-uniform cell-free zone after seeding the cells. 
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Because the collagen spot is rounded after seeding cells slips from collagen 
surface to the well bottom creating cell-free zone. Later, cells infiltrate in 
the collagen spot (in cell free area). 

Cell migration assay was applied to analyse U87-tet-SEMA3C cells 
migration shift after SEMA3C induction. Because the method is hardly 
compatible with transfection, migration assay was not implemented to 
analyse NDRG2 and RUNX3 overexpression influence for cell motility. 
U87-tet-SEMA3C cells were induced with 1 µg/ml of TTC (or non-induced 
– control) day before seeding in “Oris™ Pro Cell Migration” plates. 
Approximately 30.000 tetracycline induced U87-tet-SEMA3C cells were 
prepared in 100 µl of media used for migration assay per well. The plates 
left in cell culturing incubator. One hour after cell seeding, pre-migration 
photo of each well was taken to evaluate the initial cell-free area. 12 hours 
after cell splitting, post-migration photo was recorded. All the photos were 
taken applying strictly same settings of Etaluma LS620 microscope. 

Cell free area was calculated using image analysis program ImageJ 
version 1.47 (National Institute of Health, Bethesda, USA). The same 
parameters were used for all the photos (all wells) from the same 
experiment. The final migration rate for each well was calculated according 
to the formula: FAPr – FAPo = MR, where FAPr - cell free area from pre-
migration photo, FAPo - cell free area from post-migration photo and MR – 
migration rate. The percentage of cell migration rate was calculated from 
the average of all well FAPr (average FAPr = 100%).  

4.15. ChIP-PCR assay 

Chromatin immunoprecipitation assay was used to analyse transcription 
factor RUNX3 targets in glioblastoma cell line U87. Twelve known or 
predictable RUNX3 targets (HES1; CDKN1A; CDKN1B; CCND1; AKT1; 
BCL2; BCL2L11; TIMP1; VIM; CLDN1; ABCB1 and ABCC1) related to 
proliferation, apoptosis, invasion and drug resistance was selected to the 
analysis based on published data. The primers for RUNX3 target were 
designed based on ChIP-seq data on human GM12878 cells (for detailed 
information see section “Primer design”). Also, primers for positive ChIP 
control (acH3K9) were designed for: RPL30, ALDOA, GAPDH (active) 
and MYO-D1, GAD1 (inactive) genes based on ABCAM “A Beginner’s 
Guide to ChIP” recommendations available at: 
http://docs.abcam.com/pdf/chromatin/A-beginners-guide-to-ChIP.pdf. For 
primers sequences see Table 3 in appendix.  
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Workflow protocol: 
 
Day 1: crosslinking 

1. U87 cells were grown in five 100 mm (55 cm2) dishes up to 
confluence of ~75%.  

2. On the day of crosslinking, cells in reference dish were counted. Other 
dish used for ChIP experiment and approximately 20x106 cells were 
used for further procedures 

3. Media was aspirated and 10 ml of 1% formaldehyde solution (freshly 
prepared in 1x PBS) was added to the dish with cells 

4. Cells were incubated in R/T strictly for 10 min. On the time of 
incubation cells were gently scraped from the bottom of dish using 
plastic scraper 

5. After incubation, dish was placed on ice and 717 µl of ice-cold 1M 
Glycine was added to each dish and left for 3 min for incubation on 
ice 

6. The solution with cells was transferred to 50 ml PP tube (kept on ice) 
and centrifuged at 1000g for 3 min. at 4°C 

7. Supernatant was removed and the pellet with cells was washed with 
ice-cold 1x PBS. The wash procedure was repeated twice. 

8. Finally, after centrifugation the supernatant was removed and the 
pellet was immediately frozen at -80°C. 
 
Day 2: cell lysis and DNA fragmentation 

9. The pellet with cells was re-suspended in 1 ml of lysis buffer 
(72.3mM NaCl, 5mM EDTA pH8.0, 0.5% NP-40, 50mM Tris pH8.0, 
PIC – protease inhibitor cocktail tablet), transferred to 2 ml tube and 
vortexed (the sample should not warm up, always keep on ice). 

10. Tube was centrifuged at 12.000g for 2 min. at 4°C and supernatant 
was removed 

11. The procedures from 9-10 steps were repeated twice. 
12. The pellet was re-suspended in 2 ml of sonication buffer (1%SDS, 

10mM EDTA pH8.0, 50mM Tris pH8.0, PIC), transferred into 15 ml 
PP tube and sonicated using an ultrasonic sonicator (500-Watt 
Ultrasonic Processor; Cole-Parmer Instrument Co. Ltd., London, UK) 
under 25% of sonicator power on ice according to the program: 30 sec 
ON  50 sec OFF for 20 cycles. 

13. After sonication tube was centrifuged at max speed 16.400 g for 15 
min. at 4°C and supernatant was transferred to new 1.5 ml protein 
low-bind tube and stored in +4 for IP. 
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Day 2: sonication efficiency checking: reverse-crosslinking 
14. 30 µl of supernatant form step 13 was taken for reverse-crosslinking 

and diluted with 170 µl of nuclease-free water. The remaining 
sonicated extract was stored at 4C until IP. 

15. 8 µl of 5M NaCl and 4 µl of 0.5 M EDTA (pH=8.0) was added to the 
tube with DNA-protein complexes and incubated at 65°C O/N. 

 
Day 3: sonication efficiency checking: DNA purification and phoresis 

16. After reverss-crosslinking 1 µl (10 mg/ml) of RNaze A was added to 
the tube in incubated at 37°C for 30 min 

17. 1 µl (20 mg/ml) of Proteinase K was added to the tube in incubated at 
42°C for 2 hours 

18. 45 µ of 5M NaCl was added to the tube and mixed vigorously for 20 
sec in hands 

19. 14 µl of Chloroform was added to the tube and mixed vigorously 
20. the tube was centrifuged at max speed 16.400 g for 15 min at R/T and 

upper layer - supernatant with DNA was transferred to new 1.5 ml 
tube 

21. The same volume (as transferred supernatant) of cold (stored in -
20°C) 96% ethanol was added to the tube and the tube was gently 
inverted by hand for several times 

22.  Tube was centrifuged at 12.000g for 15 min at 
4°C 

23. The supernatant was discarded and DNA pellet 
was washed in 70% ethanol and centrifuged at 
12.000g for 3 min at R/T 

24. The supernatant was discarded and DNA pellet 
was left at R/T to dry out 

25. On the time when pellet becomes transparent 
10-40 µl (depending on pellet size) of nuclease-
free water was added in order to melt DNA.  

26. DNA was run on 2% agarose gel with ethidium 
bromide to ensure the size of DNA fragment 
which has to be between 200-1000 bp (see Fig. 
4.1)  
 
Day 3: Preclearing (on ice) 
Sonicated extract (kept in 4°C) was precleared 
using 0.5% BSA blocked magnetic 
Dynabeads™ Protein G for Immuno–
precipitation (Invitrogen, cat. no. 10004D). 

Fig. 4.1. Electro-
phoregram of 
sonicated DNA 
(efficiency check) 
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27. 440 µl of sonicated extract was incubated with 40µl of blocked 
magnetic Dynabeads for 2 hours on rotation at 4°C 

28. The beads after incubation were fished out using DynaMag magnetic 
rack and clarified extract was used for immunoprecipitation. 

 
Day 3: Immunoprecipitation (on ice) 

29. Precleared extract was aliquoted into 4 tubes (test, positive control, 
mock or negative control and Input control) 100 µl (~106 cells), 
each. 

30. Input control tube was stored at 4°C and IP procedures were 
continued with the remaining 3 tubes. 

31. 900 µl of IP buffer was added to each tube 
32. 5 µg of ChIP-grade anti-RUNX3 antibody (AB11905) was added to 

the test tube 
4 µg of ChIP-grade anti-acH3K9 antibody (AB10812) was added to 
the positive control tube 
3 µg of anti-transferin antibody (IGG) (AB9538) was added to the 
mock (IGG) control tube 

33. All three tubes were incubated at 4°C on rotation O/N 
 

Day 4: Immunoprecipitation (continued) washing and elution 
34. On the next day 10 µl of precleared magnetic Dynabeads were added 

to each tube and tubes were incubated for 6 hours at 4°C on rotation  
35. After the incubation immunocomplexes of magnetic Beads-

antibody- protein-DNA were fished out using DynaMag magnetic 
rack:  
the tubes were placed in magnetic rack and left for 2 minutes (at 
4°C), then supernatant was carefully removed with 1 ml automatic 
pipette  

36. Tubes with the beads were taken out form the magnetic rack and 1 
ml of ice-cold ChIP wash buffer (20mM Tris-HCl (Ph8.0), 0.1% 
SDS, 1% Triton X-100, 2mM EDTA, 150 mM NaCl) was added to 
the tubes 

37. Tubes were place in the rotator at 4°C for 3 min 
38. Then fishing of immunocomplexes using DynaMag magnetic rack 

and rinsing in ChIP wash buffer was repeated for 6 times.  
39. Lastly immunocomplexes were washed with 1 ml of ice-cold TE 

buffer and fished out with magnetic rack. All the liquid was pulled 
out from the tube 

40. 100 µl of Beads Elution buffer (100 mM NaHCO3, 1% SDS) was 
added to the tube 
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41. Tubes then were shaken at 1000rpm (harshly) in thermomixer for 15 
min at R/T 

42. After 2 min incubation in magnetic rack supernatant form each tube 
was transferred to the new tube and elution of the beads were 
repeated with additional 100 µl of Beads Elution buffer (repeat 40-
41 steps) 

43. After final elution magnetic beads (without immunocomplexes) were 
removed and 200 µl of washed immunocomplexes were used for 
revers-crosslinking and DNA purification  

 
Day 4: reverse-crosslinking and DNA purification 
All 4 tubes including Input control (kept at 4°C) were used for 
reverse-crosslinking 

44. 8 µl of 5M NaCl and 4ul of 0.5M EDTA (pH8.0) was added to each 
tube and left for incubation at 65°C O/N. 

45. Next, purification of DNA was proceeded according to the same 
protocol as shown in 16-25 steps. 

46. The quality and quantity of purified DNA was analysed on 
NanoDrop™ 2000 Spectrophotometer 

47. DNA was stored at -20°C until qPCR analysis. 

4.15.1. ChIP-qPCR 

qPCR was performed using quantitative real-time PCR and SYBR Green 
I assay in 3 replicates on 7500 Fast Real-time PCR detection system 
(Applied Biosystems) applying Percent  Input method. Reactions were 
assembled into total volume of 12 µl, which included:  
15 ng of DNA, 6 μl of Maxima SYBR Green/ROX qPCR Master Mix 
(Thermo Scientific, cat no. K0222), forward and reverse primers to final 
concentration of 0.5 µM and nuclease-free water (for primer sequence see 
Table 2 in appendix). PCR was carried out for 40 cycles consisting of 95°C 
for 30 sec, 60°C for 30 sec, and 72°C for 30 sec. ChIP qPCR data was 
calculated applying “Percent Input” method. qPCR CT values were adjusted 
to the input CT values and calculated according to the formula: Input Ct – 
target (IP) Ct. The final values are given as a percentage from Input 
according the formula: 100*2^(Input Ct – target (IP) Ct). 

4.16. Primer design 

Specific primers for gene promoter methylation analysis were designed 
using free access online tools: “MethPrimer 2.0” available at 
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http://www.urogene.org/methprimer/ [355], “BiSearch: Primer-design and 
Search Tool for PCR on Bisulfite Treated Genomes.” available at 
http://bisearch.enzim.hu/ [356] and analysed using “OligoAnalyzer 3.1” 
available at https://eu.idtdna.com/calc/analyzer [357]. The sequences of 
CpG islands were derived using free access online tool: “The human 
genome browser at UCSC” available at http://genome.ucsc.edu/ [358]. 

Primers for mRNA analysis were designed using human genome and 
transcriptome database: “Ensembl” available at 
http://www.ensembl.org/index.html [359], free access online primer design 
and search (primer hybridization alignment)  tool “Primer-BLAST” 
available at https://www.ncbi.nlm.nih.gov/tools/primer-blast/ [360], free 
access online primer search (primer hybridization alignment) tool “UCSC 
In-Silico PCR” available at http://genome.ucsc.edu/cgi-bin/hgPcr [361] as 
well as free access primer design programme “PerlPrimer v1.1.21” [362]. 
The possible secondary structure of primers were analysed using free access 
online tool: “OligoAnalyzer 3.1” available at 
https://eu.idtdna.com/calc/analyzer [357]. All the primers were designed to 
encompass only NCBI RefSeq transcripts which encode protein. 

The primers for ChIP-PCR were designed based on ChIP-seq data from 
human GM12878 cells received by Richard M. Myers laboratory, 
HudsonAlpha Institute for Biotechnology, Huntsville, Alabama, USA which 
is available at: 
https://www.encodeproject.org/experiments/ENCSR000BRI/. The DNA 
sequences (matrix for primer creation) were obtained using software 
“Integrative Genome Viewer” (IGV) (version: 2.3.44) [363], see Fig. 4.2. 
The sequences for primer design were selected in accordance with the rules: 
1) the presence of RUNX3-DNA peak from ChIP-seq data (GM12878 cells) 
in RUNX3 target gene promoter zone; 
2) the presence of RUNX3 DNA binding motif 5′ pyGpyGGT 3′ in the zone 
of ChIP-seq data peak. 
From 2 to 3 primers sets were designed for each target amplifying different 
zone of target promoter according to above listed rules. Primers were 
designed using free access primer design programme “PerlPrimer v1.1.21” 
[362] and free access online primer design and search tool “Primer-BLAST” 
available at https://www.ncbi.nlm.nih.gov/tools/primer-blast/ [360]. The 
possible secondary structure of primers were analysed using free access 
online tool: “OligoAnalyzer 3.1” available at 
https://eu.idtdna.com/calc/analyzer [357]. All the primers were first checked 
for suitability to amplify genomic DNA using human genomic DNA as 
matrix. Then only suitable primers were used for ChIP-PCR analysis. 
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Fig. 4.2. Analysis process of ChIP-Seq data from GM12878 cells using 
“Integrative Genome Viewer” software. 

4.17. Expression vectors 

Two types of plasmids were created for two systems of ectopic gene 
expression. First system – ordinary transfection assay, where 
pcDNA™3.2/capTEV™-NT/V5-DEST (7921bp) vector template was used 
for NDRG2 and SEMA3C expression vector creation applying Gateway® 
Technology (see Fig. 4.3). For the second Lenti-viral infection system 
pLenti7.3/V5-TOPO® (7935 bp) vector was used to create all three targets 
expression systems (Fig. 4.3). 

All created vectors were analysed under the restriction products analysis 
to verify plasmid composition compared to the theoretical calculations. 
According to the used verification methods, cloning of NDRG2, RUNX3 
and SEMA3C genes in the target vectors (listed below) was successful. 

Expression vector pcDNA™3.2/capTEV™-NT/V5-DEST was purchased 
from Invitrogen (“NativePure™ pcDNA™ Gateway™ Vector Kit” cat. no. 
BN3002). Another expression vector pcDNA3 with RUNX3 gene 
(pcDNA3-RUNX3) was gifted from PhD Dominic Chih-Cheng Voon, 
Cancer Science Institute of Singapore, National University of Singapore. 
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Lenti-viral infection system pLenti7.3/V5-TOPO® (7935 bp) vector was 
purchased from Invitrogen together with “ViraPower™ HiPerform™ 
Lentiviral FastTiter™ TOPO™ Expression system” (cat. no. K532000).  

AREG (BC009799.1), NDRG2 (BC011240.1) and SEMA3C 
(BC030690.1) genes were purchased from Invitrogen in pENTR221 vectors 
which are suitable for direct Gateway cloning (AREG cat no. IOH13747; 
NDRG2 cat. no. IOH10279; SEMA3C cat. no. IOH22289).  

NPTX2 gene (transcript) was cloned (amplified) using human leucocyte 
cDNA and inserted in pcDNA3 vector. Nevertheless, no visual protein 
expression change after U87 cell transfection with the NPTX2 plasmid was 
seen. 

4.18. Gateway Cloning of AREG, NDRG2 and SEMA3C 

The Gateway cloning technology is based on the site-specific 
recombination system used by phage λ DNA integration in the E. coli 
chromosome [364]. The recombination occurs between attL and attR sites 
catalysed by Clonase, which in turn binds to specific sequences (att sites), 
brings together the target sites, cleaves them, and covalently attaches the 
DNA. The DNA sequences in two plasmids surrounded with att sites are 
interchanged and new plasmids are generated. AREG, NDRG2, SEMA3C 
genes were purchased in pENTR221 vectors with attL1 and attL2 sites, Fig. 
4.3-A. The destination vector (pcDNA™3.2/capTEV™-NT/V5-DEST) 
meanwhile has attR1 and attR2 sites. Recombination only occurs between 
attL1 and attR1, and between attL2I and attR2 sites, the gene of interest 
moves to the destination vector and all the sequence (with ccdB gene) 
between attR1 and attR2 sites from destination vector transfers to pENTER 
vector, Fig. 4.3-C. The produced expression clones are selected by two 
levels: the antibiotic resistance (ampicilin) and the negative selection by the 
toxic ccdB protein which in case of low efficiency of recombination allows 
to avoid amplification of destination vector with ccdB gene, since ccdB 
encoded protein is toxic for the standard E. coli strains [364]. 
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Fig. 4.3. (A) Structure of entry - pENTR221 vector, ORF – gene of interest. 
(B) Composition of destination vector (pcDNA™3.2/capTEV™-NT/V5-
DEST). (C) Visualization of Gateway recombination reaction between entry 
and destination vectors, adapted from [364]. 

4.19. Transformation and plasmid purification 

Competent cells (E. coli strains bacteria) DH5α (Invitrogen, cat. no. 
18265017) were applied to amplify all the plasmids. Competent bacteria 
were stored at -80°C until use. 50 µl of competent bacteria suspension was 
thawed on ice and 2 µl of prepared plasmid (or pUC19 control) was added 
to the tube with DH5α bacteria and incubated for 30 min on ice. Heat shock 
was strictly performed for 30 sec. at 42°C in thermo-block and after the tube 
was returned back on ice. Bacteria were resuscitated in 500µl of S.O.C. 
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medium (Invitrogen, cat. no. 15544034) at 37°C for 1 hour in shaking 
incubator at 225 rpm. 20 µl of transformed and resuscitated bacteria 
suspension was plated on LB agar (Sigma-Aldrich cat. no. L2897) with 100 
µg/ml of ampicillin in Petri dish and incubated O/N at 37°C. 

Next day 6-8 colonies were chosen for selection, inoculated in 5 ml of 
LB medium (Sigma-Aldrich cat. no. L3022) with 100 µg/ml ampicillin and 
incubated at 37°C O/N in shaking incubator at 225 rpm (in 15 ml conical 
tubes without caps). Next day tubes were centrifuged at 4000xg for 10 min, 
medium from each was discarded and sediments (bacteria) were used for 
plasmid DNA purification using “PureLink™ HiPure Plasmid DNA 
Purification Kit” (Invitrogen cat. no. K210003) according to the 
manufacturer’s protocol. 

4.19.1. Clone selection using restriction analysis 

1 µg of purified plasmid was used for restriction analysis to select correct 
constructs. The enzymes for restriction analysis were selected according to 
the theoretical plasmid restriction. Restriction simulation was performed 
using free access tool “ApE-A plasmid Editor”, version V2.0.47 (by M. 
Wayne Davis). The main criteria applied to select appropriate restriction 
enzymes were as follows: 

• the enzyme (enzymes) has to cut target gene 
• 1-2 enzymes (or max 3) can be used per single reaction 
• digestion products must be sufficiently visually separated so that they 

can be identified as two different size fragments 
• restriction enzymes cannot have star activity  
• digestion should include at least 3-4 sites  
Digestion products were analysed on 1-1.5% agarose gel electrophoresis 

and visualized on Gel Doc™ XR+ Gel Documentation System (Bio-Rad 
Laboratories, Inc.). 

4.20. Lentiviral expression vector creation: TOPO cloning 

To obtain maximal efficiency of gene transduction it was decided to use 
Lentiviral Expression System (Invitrogen, cat. no. K532000). Moreover, the 
transduction system may also be applied for research with primary tumours 
cells lines in order to see target overexpression effect on primary brain 
tumour cells.  

The system is based on the lentiviral infection and activation of ectopic 
expression of target of interest in infected cells. Lentivirus expression 
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system is designed to prevent the virus from multiplying. The virus 
assembles in 293FT cells after 4 types of vectors transfection with 
lipofectamine. Then viruses can be harvested and used for target cells 
infection. 

pLenti7.3/V5-TOPO expression vector was used for Lentiviral system 
creation, since the integrated GFP (EmGFP) expression enables to 
determine Lentiviral titters, Fig. 4.3. Expression vector was designed to 
facilitate rapid TOPO cloning allowing of cloning of PCR products 
containing A-overhangs. Target of interest was amplified applying PCR 
(using specifically designed primers, see Table 4.4) and using Taq 
polymerase which in turn adds a single deoxyadenosine (A) to the 3´ ends of 
PCR products. pLenti7.3/V5-TOPO expression vector in turn was designed 
to have single, overhanging 3´ deoxythymidine (T) residues. Genes were 
amplified using previously designed vectors (pcDNA3.2-NT-AREG; 
pcDNA3.2-NT-NDRG2; pcDNA3.2-NT-SEMA3C) as a PCR matrix. Under 
the TOPO cloning Topoisomerase I ligates PCR product with A-overhangs 
in pLenti7.3/V5-TOPO vector. All the TOPO cloning procedures of each 
target were performed in accordance with manufacturer’s protocol. 

 
Table 4.4. Primers used for TOPO cloning. Primers were designed to 
amplify target genes using pcDNA3.2-NT-target and pcDNA3-RUNX3 
constructs as a template. 

Target Primer Sequence (5’  3’) [primers] 

RUNX3 Clon_RUNX3_fw ACCATGGGCCGTATTCCC 
Clon_RUNX3_re TCAGTAGGGCCGCCACA  

NDRG2 Clon_NDRG2_fw CACCATGGCGGAGCTGC 
Clon_NDRG2_re TCTAGACTAACAGGAGACCTCCATG 

NPTX2 Clon_NPTX2_fw CACCATGGTGGCGCTGCTGGCCG 
Clon_NPTX2_re CTACAAGTCAAGGAGACGCTCCTCACACGTC 

AREG Clon_AREG_fw CAGGCACCATGAGAGCC 
Clon_AREG_re CTATGCTATAGCATGTACATTTCCATTC 

SEMA3C Clon_Sema3C_fw CACCATGGCATTCCGGAC 
Clon_Sema3C_re CTATGACTCTGGCAACTGATTCC 

 
After TOPO cloning the recombinant expression vectors were 

transformed into One Shot Stbl3 Competent E. coli cells (supplied with 
Lentiviral system kit). Amplified expression vectors were purified using 
“PureLink™ HiPure Plasmid DNA Purification Kit” (Invitrogen cat. no. 
K210003) according to the manufacturer’s protocol and analysed under 
restriction analysis. After the selection, suitable clones were amplified, 
purified and used for 293FT cells transfection together with 
ViraPower™Packaging Mix (includes pLP1, pLP2, pLP/VSVG plasmids 
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mixture to facilitate viral packaging and assembling). All the procedures 
were performed according to the manufacturer’s protocol. 

After 2 days incubation medium with lentivirus were harvested, filtered 
using 0.2 µm filters and stored at -80°C until tittering analysis. Tittering 
procedures are still under optimization phase; nevertheless the system is 
working with 30-80% of efficiency. Further optimisation is needed to use 
the system with 90-100% of transduction efficiency.  

 

  
Fig. 4.4. Structure of pLenti7.3/V5-TOPO vector. TOPO indicated TOPO 
cloning sites. Genes were designed to have stop codon, hence no V5 epitope 
was present in the structure of proteins, since such structures may affect its 
function. 
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5. RESULTS 

5.1. Target funnel-like screening design 

The present study encompasses analysis of selected targets at three levels 
of molecular biology: 1) starting from epigenetic regulation (promoter 
methylation), 2) continuing through target expression (mRNA and protein 
synthesis) and 3) finishing with functional studies of the target gene.  

We used a funnel-like screening approach to identify diagnostic / 
prognostic targets for astrocytomas. The main idea of the screening design 
is to start with making a list of potential target candidates, which will be 
later analysed in a sequential order using promoter methylation, protein 
expression and mRNA detection assays. As shown in Fig. 5.1., on the basis 
of the obtained data, only significant targets in diagnostic / prognostic sense 
will pass the screening “filters” resulting, as expected, in a small set of 
targets of high diagnostic / prognostic value, which will be additionally 
tested in functional assays to verify their relevance to gliomagenesis. 

The list of the targets for the analysis was created in the concordance to 
the following criteria (first filter): 

• Promising molecular markers discovered by our team in 
previous research on glioblastoma tissue 

• Targets from high-throughput analyses identified as the most 
aberrant at molecular level in gliomas 

• New and barely investigated targets in astrocytomas with 
promising diagnostic capabilities 

Gene promoter methylation analysis was selected as the second filter 
(after the initial target selection filter) to pass towards the target expression 
analysis, since methylation of some targets was shown to have a diagnostic 
potential and this type of assay is relatively cost-effective comparing to 
other screening assays. Significant association between target methylation 
status and patient clinicopathological data was the indicator, which qualified 
the targets for further filtering, during which the impact of target protein 
level on patients’ clinical data was analysed (the third filter). Significant 
link between protein expression and patient clinical parameters led to target 
mRNA expression analysis (the fourth filter) as the complementary 
measurement which completes molecular pathway of target from regulation 
of the gene to the protein expression. The targets which passed three 
screening filters were afterwards selected for the functional analysis in 
GBM cell lines, Fig. 5.1.                                                    . 
     In total, the target screening analysis encompassed 18 targets of which 
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promoter methylation status was investigated for 17 targets, protein level 
was analysed for 14 targets and mRNA expression was analysed for 9 
targets. Promoter methylation status was successfully evaluated for 16 
genes, protein expression was successfully estimated for 10 targets and 
mRNA expression was successfully estimated for 8 genes (for detailed 
information see Table 5.1). Promoter methylation status was not analysed 
for SEMA3C because of the lack of CpG islands in gene promoter or first 
exon region (according to the human genome assembly: GRCh37/hg19). 

 
Fig. 5.1. Target funnel-like screening design. Based on the criteria listed in 
the text above, in total 18 targets were selected for the screening (The First 
filter). The Second filter: target promoter methylation impact on patient 
clinicopathological variable (14 targets passed the screening). The Third 
filter: target protein expression impact on patient clinicopathological 
variable (9 targets passed the screening). The Fourth filter 
(complementary): target mRNA expression impact on patient 
clinicopathological variable (5 targets passed the screening).  Targets that 
passed three filters were subjected to functional analysis in order to verify 
their relevance to gliomagenesis. 

5.2. General information from target analysis on tumour specimens 

Gene promoter methylation analysis was successfully performed for 16 
genes (AhR, AREG, CASP8, CDKN2A, CHI3L1, GATA6, HOXA11, 
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MMP2, MMP14, NDRG2, NPTX2, RAB40B, RUNX3, TES, TGFΒ1, 
TNFRSF10A) in the cohort of 128-154 samples of patients diagnosed with 
grade I-IV astrocytoma. Promoter methylation level varied from 0% to 
87.5% depending on the analysed target and tumour grade. In general, high 
grade astrocytomas and especially glioblastomas tended to show increased 
methylation level as compared to grade I and grade II astrocytomas (Fig.5.2) 

Table 5.1. The summary of the analysed targets in astrocytoma tumour 
specimens applying methylation status (2nd filter), protein (3rd filter) and 
mRNA (4th filter) expression analysis.  

No. Target (gene) 
name Methylation status Protein expression mRNA expression 

1. AHR ● unsuccessful not analysed 
2. AREG ● ● ● 
3. CASP8 ● ● not analysed 
4. CDKN2A  ● not analysed not analysed 
5. CHI3L1 ● unspecific IP ● 
6. GATA6 ● unsuccessful not analysed 
7. HOXA11 ● not analysed not analysed 
8. MMP2 ● unsuccessful ● 
9. MMP9 unsuccessful ● not analysed 
10. MMP14 ● ● unsuccessful 
11. NDRG2 ● ● ● 
12. NPTX2 ● ● ● 
13. RAB40B ● not analysed ● 
14. RUNX3 ● ● ● 
15. SEMA3C no CpG island ● ● 
16. TES ● ● not analysed 
17. TGFβ1 ● ● not analysed 
18. TNFRSF10A ● not analysed not analysed 

Total: 16 10 8 
The dot (●) indicates successful assay 

Promoter methylation frequency of even eleven analysis selected genes 
(AhR, AREG, CASP8, CDKN2A, MMP2, MMP14, NDRG2, NPTX2, 
RAB40B, RUNX3 and TES) significantly differ between astrocytoma 
grades indicating these genes association with tumour malignancy and 
probable with gliomagenesis. Six of targets (AHR, AREG, NDRG2, 
NPTX2, RUNX3 and TES) showed gradually increasing and three of targets 
(MMP2, MMP14 and RAB40B) showed gradually decreasing methylation 
frequency along tumour grade. Other two genes CASP8 and CDKN2A 
demonstrate “arch” shift per grades and low promoter methylation 
frequency was found in grade I tumours, high frequency was observed in 
grade II-III tumours and back shift to low methylation in GBM specimens 
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was found, Table 5.2. Promoter methylation of AhR, AREG, CASP8, 
MMP2, MMP14, NDRG2, NPTX2, RUNX3 and TES genes was 
significantly associated with astrocytoma patient age and overall survival. 

Protein expression level was successfully estimated for 10 targets 
(AREG, CASP8, MMP14, MMP9, NDRG2, NPTX2, RUNX3, SEMA3C, 
TES, TGFβ1) in cohort of 48-95 grade I-IV astrocytoma samples (for 
protein signals in WB membranes see appendix fig 1). Significant change of 
protein level between astrocytoma grades was found for 7 targets: AREG, 
MMP9, NDRG2, RUNX3, SEMA3C, TES and TGFβ1. Downregulated 
protein expression in high grade tumours was found in case of NDRG2 and 
RUNX3 targets, while upregulation in high grade tumours was found in 
case of MMP9 and SEMA3C. AREG, TES and TGFβ1 targets demonstrate 
“arch” shift of protein expression per astrocytoma grades. Low AREG, TES 
and TGFβ1 proteins levels was found in grade I tumours, high levels was 
identified in grade II-III tumours and back shift to low levels was found in 
GBM specimens. AREG, NDRG2, RUNX3, SEMA3C and TES protein 
expression significantly differed between patient survival groups. 
Significant difference of protein level between patient age groups (<50 and 
≥50 years) was found in cases of AREG, MMP14, NDRG2, RUNX3 and 
SEMA3C genes, Table 5.2. 

Gene mRNA expression was analysed for 8 targets (AREG, CHI3L1, 
MMP2, NDRG2, NPTX2, RAB40B, RUNX3 and SEMA3C) in cohort of 
71-129 grade I-IV astrocytoma samples. mRNA level significantly differed 
between astrocytoma malignancy in case of 6 genes: AREG, CHI3L1, 
MMP2 NDRG2, NPTX2 and RAB40B genes. NPTX2 and RAB40B 
showed gradually deceasing while MMP2 gradually increasing mRNA 
expression along astrocytoma grades (from grade I to grade IV). AREG and 
NDRG2 demonstrate significantly decreased mRNA expression in GBM as 
compared to other astrocytomas. CHI3L1 showed “arch” shift per grades. 
High CHI3L1 mRNA level was specific in grade I and grade IV tumours, 
while low CHI3L1 mRNA level was characteristic in grade II-III 
astrocytomas. mRNA expression between 2-year survival groups 
significantly differed for the same targets: AREG, CHI3L1, NDRG2, 
MMP2, NPTX2 and RAB40B. The associations between age groups (<50 
and ≥50 years) and mRNA expression was found in the case of AREG, 
CHI3L1, NDRG2, MMP2, NPTX2 and RAB40B genes, Table 5.2. 

The analysis of targets methylation, mRNA and protein expression 
importance for astrocytoma tumorigenesis and patient outcome in the 
prospect of biomarker, will be further described individually with more 
detailed analysis of the targets.  
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Fig. 5.2. (A) Histogram of each target methylation frequency per 
astrocytoma malignancy grades. The arrows indicate increasing or 
decreasing target promoter methylation with the tumour grade. Genes are 
listed ascendingly according to their total methylation frequency in whole 
cohort. (B) Heatmap of promoter methylation data of all 16 targets. The 
colour scale in the right of heatmap represents tumour grade – from the 
lightest red to the dark red – from grade I to grade IV, respectively. The 
blue colour represents unmethylated and red colour represent methylated 
sample. White squares represent unexplored samples (no data). (C) 
Heatmap of promoter methylation data of targets which showed methylation 
frequency increase with tumour grade. (D) Heatmap of promoter 
methylation data of targets which showed methylation frequency decrease 
with tumour grade. 

 
Table 5.2. Summary Table of target methylation, protein and mRNA 
expression data. 

Target 
(gene) 
name 

Methylation status Protein expression mRNA expression 
Grade  

I-II-III-IV Age Survi-
val 

Grade  
I-II-III-IV Age Survi-

val 
Grade  

I-II-III-IV Age Survi-
val 

AhR    <0.001 <0.001 <0.001     unsuccessful     not analysed 
AREG    <0.001 <0.001 <0.001    <0.001 0.002 0.001    0.006 0.044 <0.001 
CASP8 

 

   <0.001 <0.001 0.015     0.065 ns ns     not analysed 
CDKN2A 

 

   0.003 ns 0.005     not analysed     not analysed 
CHI3L1     ns ns ns     unspecific IP    <0.001 <0.001 <0.001 
GATA6    0.098 0.079 0.019     unsuccessful     not analysed 
HOXA11    0.083 ns 0.006     not analysed     not analysed 
MMP2    0.006 0.002 0.002     unsuccessful    <0.001 0.006 0.009 
MMP9     unsuccessful    0.006 ns ns     not analysed 
MMP14     0.001 <0.001 <0.001     ns 0.051 0.026     unsuccessful 
NDRG2    0.001 0.037 0.008    <0.001 <0.001 <0.001    <0.001 <0.001 <0.001 
NPTX2    <0.001 <0.001 <0.001 

 

   ns ns ns    0.004 0.02 0.035 
RAB40B    0.002 ns ns     not analysed    <0.001 0.001 0.072 
RUNX3    <0.001 <0.001 <0.001    0.005 0.028 0.001    ns 0.038 0.09 
SEMA3C     no CpG    <0.001 <0.001 <0.001    ns ns 0.087 
TES    <0.001 <0.001 <0.001 

 

   0.012 ns 0.07     not analysed 
TGFβ1 

 

   ns ns ns    <0.001 ns ns     not analysed 
TNFRSF1
0A 

 

   ns ns 0.079     not analysed     not analysed 

The numbers indicates p-value from independent groups comparison analysis. Grade, Age, 
Survival groups represent molecular data distribution comparison between astrocytoma 
grade I-IV groups, <50 and ≥50 age groups, <24 and ≥24 months of survival groups, 
respectively. The shapes in “Grade” column represent molecular data shift along 
astrocytoma grades, from grade I (light grey) to grade IV (dark grey). 
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5.2.1. AhR methylation coherence with patient clinical data 

AhR was selected to the analysis since the target has been linked to 
astrocytoma progression and showed promising features as target for the 
treatment of human malignant gliomas and other diseases associated with 
pathological TGF-beta activity [101].  

Promoter methylation analysis of AhR, performed in 138 tumour samples 
showed 29% methylation frequency in the whole cohort. In terms of 
malignancy, grade IV GBM showed the highest methylation rate - 51%, 
while grade III, II and I astrocytomas showed lower 17.2%, 19.6% and 7.1% 
methylation rates of samples, respectively (table 5.3). Pearson Chi-square 
test revealed significant association between AhR methylation status and 
astrocytoma grade, moreover methylation was associated with patient 2-year 
survival and patient age (p<0.001) (see Table XX). Survival analysis 
showed that patients with methylated AhR promoter survival is significantly 
shorter when analysing the whole cohort (Log-Rank test, χ2= 14.48, df=1, 
p<0.001; n=138) as well as exploring high-grade astrocytoma specimens 
only (Log-Rank test, χ2= 9.75, df=1, p=0.002; n=78) (Fig. 5.3). 

 
Table 5.3. Associations between grade I-IV astrocytoma patients’ clinical 
data and AhR gene promoter methylation status 

AhR Methylation   

Variable Unmethylated 
% (n) 

Methylated 
% (n) 

P 
(Pearson χ2; df) 

  

Overall 71 (98) 29 (40)    
Grade      

I 92.9 (13) 7.1 (1) 
<0.001 

(18.73; 3) 

  
II 80.4 (37) 19.6 (9)   
III 82.8 (24) 17.2 (5)   
IV (GBM) 49 (24) 51 (25)   

Gender      
Male 75.8 (47) 24.2 (15) 0.262 

(1.256; 1) 
  

Female 67.1 (51) 32.9 (25)   
Age, years      

<50 86.3 (63) 13.7 (10) <0.001 
(17.59; 1) 

  
≥50 53.8 (35) 46.2 (30)   

Survival, months      
<24 52.7 (29) 47.3 (26) 0.001 

(14.86; 1) 
  

≥24 83.1 (69) 16.9 (14)   
 
AhR protein expression research applying Western-Blot assay was 

unsuccessful. The presence of ~50 kDa signals in membrane after immuno-
staining, indicated nonspecific antibody (ab28698) acting on tumour tissue 
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protein extract, since AhR protein mass is about 96.1 kDa. (see Fig. 1-A in 
appendix) Moreover, antibody manufacturer also demonstrated AhR signal 
at around 90-95 kDa.  

 

 
Fig. 5.3. Kaplan-Meier survival curves of patients overall survival with 
methylated and unmethylated AhR promoter in tumour specimens. (A) 
Kaplan-Meier estimation including all (grade I- IV) samples, (B) Kaplan-
Meier estimation including high-grade tumours (grade III- IV) only. 

 

5.2.2. Molecular properties of CASP8 in astrocytomas  

Caspase 8 was involved in the present research list because of its display 
of diagnostic properties that were shown in previous CASP8 research in 
GBM cohort performed by our team [121].  Moreover, CASP8 is one of the 
key player acting in programmed cell death which was found to be 
associated with the vast majority of cancers as well as gliomas [reviewed in 
literature section]. Despite the individual analysis of CASP8 mRNA and 
protein expression and methylation, there was no combined research in the 
same cohort of grade I-IV astrocytoma patients for this molecular variable.  

CASP8 promoter methylation was examined in 137 astrocytoma 
specimens. Methylation level of CASP8 promoter significantly differed 
between astrocytoma malignancy groups, also between age and survival 
groups (table 5.4). Nevertheless, the survival analysis did not reveal 
significant difference but a weak tendency of longer survival of patients 
with methylated CASP8 promoter (Log-Rank test, χ2= 1.49, df=1, p=0.222). 
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Based on the previous research where CASP8 was analysed only in GBM 
and showed significant impact on patient survival, we reanalysed CASP8 
methylation only in high-grade astrocytoma (grade III and grade IV) cohort. 
Kaplan-Meier survival curves showed significant separation between high-
grade astrocytoma patient groups with methylated and unmethylated CASP8 
promoter (Log-Rank test, χ2= 6.36, df=1, p=0.012), and patients with 
methylated promoter showed better survival prognosis (median 10.2 months 
vs. 21.9 moths), see Fig. 5.4-A-B. Kaplan-Meier analysis of low-grade 
astrocytomas was impossible due to many censored cases. 
 
Table 5.4. Associations between grade I-IV astrocytoma patients’ clinical 
data, CASP8 gene promoter methylation status and CASP8 protein level  

CASP8 Methylation  Protein expression 

Variable U 
% (n) 

M 
% (n) 

P 
(χ2; df)† 

 Low 
% (n) 

High 
% (n) 

P 
(method) 

Overall 35.8 (49) 64.2 (88)   50 (24) 50 (24)  
Grade        

I 64.3 (9) 35.7 (5) 
<0.001 

(18.64; 3) 

 55.6 (5) 44.4 (4) 
0.065 

(Anova) 
II 19.6 (9) 80.4 (37)  28.6 (4) 71.4 (10) 
III 20.7 (6) 79.3 (23)  45.5 (5) 54.5 (6) 
IV (GBM) 52.1 (25) 47.9 (23)  71.4 (10) 26.6 (4) 

Gender        
Male 34.4 (21) 65.6 (40) 0.769 

(0.086; 1) 
 44 (11) 56 (14) 0.512 

(t-test)  Female    56.5 (24) 43.5 (24) 
Age, years 36.8 (28) 63.2 (48)      

<50 23.3 (17) 79.7 (56) 0.001 
(10.59; 1) 

 41.4 (12) 58.6 (17) 0.218 
(t-test) ≥50 50 (49) 50 (49)  63.2 (12) 36.8 (7) 

Survival, months        
<24 48.1 (26) 51.9 (28) 0.015 

(5.95; 1) 
 66.7 (12) 33.3 (6) 0.159 

(t-test) ≥24 27.7 (23) 72.3 (60)  40 (12) 60 (18) 
Methylation        

U     63.2 (12) 36.8 (7) 0.102† 
(2.68; 1) M     38,5 (10) 61,5 (16) 

† P-value estimated by Pearson Chi-square (χ2) test 
t-test analysis performed using continuous variables 
U- unmethylated; M- methylated 
 
Moderate CASP8 methylation associations led us to analyse protein level 

of CASP8. However, no significant associations between CASP8 protein 
level and patient clinical data neither promoter methylation was found (table 
5.4). CASP8 protein expression did not differ significantly between tumour 
grades (Fig. 5.4-D). Survival analysis of the whole cohort was close to the 
borderline of significance for patients with high and low Casp 8 protein 
level (Log-Rank test, χ2= 3.739, df=1, p=0.053) ) (Fig. 5.4-C)  but no 
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significant curve separation was observed analysing high-grade 
astrocytomas only (Log-Rank test, χ2= 0.868, df=1, p=0.351; n=25). Very 
uniform data from WB analysis between tumour grades prompted us to 
leave CASP8 protein estimation research with only 48 samples. 

 

 
 

Fig. 5.4. (A)Kaplan-Meier estimation of patients overall survival with 
methylated and unmethylated CASP8 promoter in grade I- IV tumours and 
(B) in high-grade (grade III- IV) tumours only. (C) Kaplan-Meier survival 
curves of astrocytoma patients overall survival stratified by CASP8 protein 
expression according 50th percentile (all grades). (D) Tukey-box plots of 
relative CASP8 protein expression in different grade tumours. 
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5.2.3. CDKN2A methylation impact on astrocytoma grade and patient 
survival  

CDKN2A also called p16 is known as a tumour suppressor gene which 
downregulation was associated with a numerous of cancers [reviewed in 
literature section]. The selection of CDKN2A to the research was based on 
the literature data where CDKN2A methylation was found to be related with 
astrocytoma tumour grade and patient clinicopatohological data [135] 
moreover, gene methylation was reported to have great potential for use as a 
serum-based molecular diagnosis technique for diffuse gliomas [365] (data 
was found working on relatively small number of sample: 20 cases).  

CDKN2A promoter methylation was analysed in 128 tumour specimens. 
Significantly different methylation profile was found between astrocytoma 
grades and patient survival groups but no methylation association nor with 
patient age, neither gender, was found (table 5.5). Nevertheless, survival 
analysis revealed significantly better patient overall survival prognosis for 
patients with methylated CDKN2A promoter (Log-Rank test, χ2= 6.75, 
df=1, p=0.009).  

Table 5.5. Associations of astrocytoma patients’ clinical data with 
CDKN2A gene promoter methylation. 

CDKN2A Methylation   

Variable Unmethylated 
% (n) 

Methylated 
% (n) 

P 
(Pearson χ2; df) 

  

Overall 57.8 (74) 42.2 (54)    
Grade      

I 58.3 (7) 41.7 (5) 
0.003 

(13.87; 1) 

  
II 36.6 (15) 63.4 (26)   
III 57.7 (15) 42.3 (11)   
IV (GBM) 75.5 (37) 24.5 (12)   

Gender      
Male 57.6 (34) 42.4 (25) 0.969 

(0.02; 1) 
  

Female 58 (40) 42 (29)   
Age, years      

<50 52.3 (34) 47.7 (31) 0.2 
(1.64; 1) 

  
≥50 36.5 (40) 36.5 (23)   

Survival, months      
<24 72.2 (39) 27.8 (15) 0.005 

(7.95; 1) 
  

≥24 47.3 (35) 52.7 (39)   

 
Kalplan-Meier analysis of high-grade astrocytomas did not show relevant 

difference of patient overall survival between methylated and unmethylated 
CDKN2A groups (Log-Rank test, χ2= 1.73, df=1, p=0.189; n=75), Fig. 5.5. 
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The analysis of CDKN2A protein and mRNA expression in tumours 
specimens was not performed because of moderate methylation associations 
with patient outcome and also due to lack of sample material. 

 
Fig. 5.5. (A) Kaplan-Meier survival curves of patients overall survival with 
methylated and unmethylated CDKN2A promoter in grade I-IV 
astrocytomas and (B) in high-grade (grade III- IV) astrocytomas only. 

5.2.4. CHI3L1 expression is associated with astrocytoma patient 
survival 

CHI3L1 (also called YKL40) was selected to the analysis since CHI3L1 
gene expression array studies have identified CHI3L1 to be one of the most 
overexpressed genes in glioblastoma when compared to low-grade glioma 
and normal brain and indicated CHI3L1 as a promising marker for gliomas 
diagnostics  [reviewed in literature section]. Nevertheless, few numbers of 
the samples used for former research indicated us for combined analysis of 
CHI3L1 methylation, protein and mRNA expression in cohort of 98 grades 
I-IV astrocytoma specimens. Unfortunately, despite the fact that CHI3L1 
protein level estimation was performed in 94 samples, immunostaining 
showed several smeared bands on WB membrane in range between 40-35 
kDa (see appendix Fig. 1-M) demonstrating unspecific antibody binding or 
protein degradation. This finding indicated us not to include CHI3L1 protein 
level calculations in the final analysis and publication.  

We found that mRNA level of CHI3L1 was apparently higher in 
glioblastomas than in lower grade gliomas.  Moreover, patients with high 
CHI3L1 expression had significantly worse survival prognosis. Promoter 
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methylation was analysed by two sets of primers and both showed very high 
rates of methylation in all astrocytoma grades (93-100% of cases per grade). 
Probably the uniformity of methylation data led to its insignificant 
associations with patients’ clinicopathological characteristics and mRNA 
level. We conclude that mRNA level of CHI3L1 could be associated with 
the progression of astrocytoma and poor patient survival not only for 
glioblastoma, but for lower grade astrocytoma tumours as well. 

For the detailed analysis of CHI3L1 molecular findings and its 
associations with patient clinical data and also data visualization please refer 
the publication “High CHI3L1 expression is associated with glioma patient 
survival”. 

5.2.5. GATA6 promoter methylation is weakly associated with 
astrocytoma patient clinicopathological characteristics 

GATA6 gene which encodes small zinc finger transcription factor was 
selected to the analysis concerning previous finding on GBM methylation 
by our team [121] and also data published by others where GATA6  
methylation was significantly associated with unfavourable patient survival 
and indicated GATA6 as a predictor for GBM patient outcome [121,158]. 
Nevertheless, the lack of information analysing low grade astrocytomas 
indicated us to check GATA6 molecular properties in different tumour 
malignancies.  

GATA6 methylation was analysed in 137 astrocytoma specimens. The 
methylation level varied from about 10 to 36% in different astrocytoma 
grade, but no significant differences between gene promoter methylation 
and pathological grade were found. Significant different GATA6 
methylation profile was found between survival groups and approached the 
borderline of significance between patient age groups. Interestingly, gene 
methylation between genders also showed a certain trend toward 
significance (see Table 5.6). Survival analysis did not reveal methylation 
impact on patient overall survival (Log-Rank test, χ2= 1.31, df=1, p=0.253) 
when analysing all specimens (see Fig. 5.6-A). High-grade samples survival 
analysis revealed provisionally significant methylation impact on patient 
overall survival (Log-Rank test, χ2= 3.15, df=1, p=0.076; n=78), Fig. 5.6-B. 

The protein expression of GATA6 assay was unsuccessful since no 
GATA6 band after immunostaining on membrane was present even after 
several repeats of experiment under different incubation time, temperature 
and antibody dilutions conditions. Low associations of GATA6 methylation 
with patient clinicopathological and unsuccessful protein level analysis 
indicateed to finish GATA6 investigations at the protein expression filter. 
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Table 5.6. Associations of GATA6 promoter methylation and astrocytoma 
patients’ clinical data  

GATA6 Methylation   

Variable Unmethylated 
% (n) 

Methylated 
% (n) 

P 
(Pearson χ2; df) 

  

Overall 54 (74) 46 (63)    
Grade      

I 50 (7) 50 (7) 
0.098 

(6.29; 3) 

  
II 62.2 (28) 37.8 (17)   
III 35.5 (19) 34.5 (10)   
IV (GBM) 40.8 (20) 59.2 (29)   

Gender      
Male 63.9 (74) 36.1 (22) 0.06 

(3.32; 1) 
  

Female 46.1 (35) 53.9 (41)   
Age, years      

<50 61.1 (44) 38.9 (28) 0.079 
(3.08; 1) 

  
≥50 46.2 (30) 53.8 (35)   

Survival, months      
<24 41.8 (23) 58.2 (32) 0.019 

(5.5; 1) 
  

≥24 62.2 (51) 37.8 (31)   
 

 
 

Fig. 5.6. (A)Kaplan-Meier survival curves of patients overall survival with 
methylated and unmethylated GATA6 promoter in grade I- IV astrocytomas 
and (B) in high-grade (grade III- IV) astrocytomas only. 
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5.2.6. Promoter methylation of HOXA11 did not show the link with 
astrocytoma patients clinical data 

HOXA11 is another transcription factor which was included in the 
analysis mainly based on our previous findings on HOXA11 in GBM [175] 
as well as on high-throughput methylation analysis in GBM where 
HOXA11 was found to be one of the most frequently hypermethylated 
genes [158].  Also, methylation of HOXA11 was associated with 
unfavourable patient prognosis and older patient age in GBM [166,175]. 
The lack of data about HOXA11 behaviour in low grade gliomas argued us 
to analyse HOXA11 molecular properties in astrocytomas starting with 
methylation analysis. 

Promoter methylation analysis of HOXA11 was performed in 138 
specimens. A trend toward significance between astrocytoma grade and 
methylation and significant link between methylation and patient survival 
was found. No relations between methylation and gender as well as patient 
age were observed in case of HOXA11, Table 5.7. Log-Rank test showed 
the borderline of significant different survival rates for patients with 
methylated and unmethylated gene promoter (Log-Rank test, χ2= 3.39, df=1, 
p=0.066) where cases with methylated promoter showed worse overall 
survival. 

Table 5.7. Associations between HOXA11 gene promoter methylation and 
astrocytoma patients’ clinical data 

HOXA11 Methylation   

Variable Unmethylated 
% (n) 

Methylated 
% (n) 

P 
(Pearson χ2; df) 

  

Overall 54.3 (75) 45.7 (63)    
Grade      

I 71.4 (10) 28.6 (4) 
0.083 

(6.67; 3) 

  
II 63 (23) 37 (17)   
III 55.2 (16) 44.8 (13)   
IV (GBM) 40.8 (20) 59.2 (29)   

Gender      
Male 59.7 (75) 40.3 (25) 0.256 

(1.29; 1) 
  

Female 50 (38) 50 (38)   
Age, years      

<50 60.3 (44) 39.7 (29) 0.139 
(2.19; 1) 

  
≥50 47.7 (31) 52.3 (34)   

Survival, months      
<24 40 (22) 60 (33) 0.006 

(7.58; 1) 
  

≥24 63.9 (53) 36.1 (30)   
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Survival analysis including only high-grade astrocytomas did not reveal 
significant different patient survival between HOXA11 methylation groups 
(Log-Rank test, χ2= 2.71, df=1, p=0.1; n=78), Fig. 5.7. The borderline 
associations of HOXA11 methylation and patient clinicopathological data 
predetermined to filter out the target from further analysis. 

 
Fig. 5.7. (A)Kaplan-Meier survival curves of patients overall survival with 
methylated and unmethylated HOXA11 promoter in grade I- IV tumours and 
(B) in high-grade (grade III- IV) tumours only. 
 

5.2.7. MMP2, MMP9 and MMP14 

All three MMP’s – MMP2, MMP9 and MMP14 were selected to the 
analysis since the latter targets were found to be associated with cell 
motility, gliomagenesis, and tumour grade as well as shorter survival of 
patients. Because all of these MMP’s are closely related to cancerous cells 
motility and invasion we decided to check whether the aberrations of these 
targets (in molecular level) appears in the beginning or ending of 
gliomagenesis (in high grade or also in low grade tumours). This 
information could be applicable in diagnostics to identify astrocytoma grade 
and maybe prognosticate molecular profile connections with patient 
outcome. 
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5.2.8. MMP2 promoter methylation and mRNA expression is 
significantly associated with astrocytoma malignancy, patient 
age and survival 

Promoter methylation investigations of MMP2 was performed in total of 
154 samples.  MMP2 methylation analysis showed similar results to those 
that were obtained in the case of methylation of MMP14. Significantly 
different methylation profile of MMP2 was found among astrocytoma 
grades, patient age and survival groups. No methylation association with 
patient gender was found (see Table 5.8). Survival analysis showed 
significant separation of Kaplan-Meier curves for patients with methylated 
and unmethylated promoter. Methylated MMP2 promoter was associated 
with better patient overall survival prognosis (Log-Rank test, χ2= 17.18, 
df=1, p<0.001). High grade astrocytomas showed close to being significant 
link of MMP2 methylation and patient survival (Log-Rank test, χ2= 3.59, 
df=1, p=0.058, n=94), see Fig. 5.8. 
 
Table 5.8. Associations of MMP2 gene methylation and mRNA expression 
with astrocytoma patients’ clinical data 

MMP2 Methylation  mRNA expression 

Variable U 
% (n) 

M 
% (n) 

P 
(χ2; df)† 

 Low 
% (n) 

High 
% (n) 

P 
 

Overall 33 (51) 67 (103)   48.8 (63) 51.2 (66)  
Grade        

I 14.3 (2) 85.7 (12) 
0.006 

(12.35; 3) 

 80 (8) 20 (2) 

<0.001§ II 19.6 (9) 80.4 (37)  53.8 (21) 46.2 (18) 
III 31 (9) 69 (20)  76.2 (18) 23.8 (5) 
IV (GBM) 47.7 (31) 52.3 (34)  30.5 (18) 69.5 (41) 

Gender        
Male 26.6 (17) 73.4 (47) 0.145 

(2.12; 1) 
 56.1 (32) 43.9 (25) 0.111♯ Female 37.8 (34) 62.2 (56)  43.1 (31) 59.9 (41) 

Age, years        
<50 21.1 (16) 78.9 (60) 0.002 

(9.86; 1) 
 61 (39) 39 (25) 0.006♯ ≥50 44.9 (35) 55.1 (43)  37 (24) 63 (41) 

Survival, months        
<24 46.9 (30) 53.1 (34) 0.002 

(9.36; 1) 
 42.4 (25) 57.6 (34) 0.1♯ ≥24 23.3 (21) 76.7 (69)  54.3 (38) 45.7 (32) 

Methylation        
U     34.2 (13) 65.8 (25) 0.009♯ M     55.7 (49) 44.3 (39) 

† P-value estimated by Pearson Chi-square (χ2) test 
§ - Kruskal-Wallis test 
♯ - Mann-Whitney U test 
U- unmethylated; M- methylated 
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Fig. 5.8. (A) Kaplan-Meier estimation of patients overall survival with 
methylated and unmethylated MMP2 promoter in grade I- IV tumours and 
(B) in high-grade (grade III- IV) tumours only. 

 
Methylation associations of MMP2 with patients’ clinicopathological 

data referred to pass filter and analyse protein expression of the target. 
Protein expression analysis applying WB assay was unsuccessful. In general 
the antibodies showed weak immuno-precipitation with astrocytoma protein 
extract on the membrane (see appendix Fig. 1-K) however, the bands 
appeared at around 50 kDa of weight while the protein is about 72 kDa of 
size. The failure of protein level study, but very promising data from 
methylation analysis prompted us to make an exception of funnel-like 
filtering design and pass to mRNA analysis of MMP2. 

mRNA expression of MMP2 was analysed in 129 of grade I-IV 
astrocytoma patients specimens. MMP2 mRNA level was significantly 
associated with astrocytoma grades an patient age, but no significant link 
between mRNA expression and gender as well as patient survival was 
observed (see Table 5.8). Kruskal-Wallis pairwise comparison showed 
significant difference in MMP2 mRNA expression between grade I and 
GBM (p=0.021) and also grade III and GBM (p=0.001), but not grade II and 
GBM (p=0.242). No mRNA level difference between grade I-III samples 
was found (see fig 5.9-C). mRNA expression of MMP2 showed to be 
significantly associated with gene promoter methylation and samples with 
unmethylated gene promoter showed higher mRNA levels (see Table 5.8 
and Fig. 5.9-D). Nevertheless, correlation analysis revealed very weak 
correlation between these two molecular variables (Spearman’s r=0.235, 
p=0.008, n=126). 
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Fig. 5.9. (A) Kaplan-Meier estimation of patients overall survival with High 
and Low MMP2 mRNA expression in grade I- IV tumours; (B1) in high-
grade (grade III- IV) tumours only and (B2) in low-grade (grade I- II) 
tumours only. (C) Tukey-box plots of MMP2 mRNA expression in different 
grade astrocytomas. (D) Tukey-box plots of MMP2 mRNA expression 
classified according MMP2 promoter methylation status. 

Survival analysis showed worse overall survival for patients with high 
MMP2 mRNA level in tumour specimens (Log-Rank test, χ2= 7.58, df=1, 
p=0.006). Kaplan-Meier analysis of high grade tumours did not reveal 
significant different overall survival between mRNA expression groups 
(Log-Rank test, χ2= 0.13, df=1, p=0.716, n=80) still, the significantly 
different survival between mRNA expression groups was found in low 
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grade tumours (Log-Rank test, χ2= 9.09, df=1, p=0.003, n=49), see Fig. 5.9-
A;B1;B2. 

5.2.9. Weak link between MMP9 promoter methylation and 
astrocytoma patient clinical characteristics 

Unfortunately, the methylation analysis of the MMP2 gene was 
unsuccessful and even after an attempt to change the primer annealing 
temperature and concentrations and PCR cycling conditions, the M and U 
control samples unceasingly showed both signals – unspecific amplification. 
As reviewed in the literature section both MMP2 and MMP9 are 
gelatinazes, that were found to be related in vast majority of malignancies 
moreover, the impact of MMP2 for patient survival, shown in present study, 
indicated once again to make an exception to the study design and explore 
MMP9 protein level in tumour samples. 

Table 5.9. Associations of MMP9 gene methylation and astrocytoma 
patients’ clinical data 

MMP9 Protein expression   

Variable Low 
% (n) 

High 
% (n) 

P 
 

  

Overall 50.8 (32) 49.2 (31)    
Grade      

I 84.6 (11) 15.4 (2) 

0.006§ 

  
II 47.1 (8) 52.9 (9)   
III 35.3 (6) 64.7 (11)   
IV (GBM) 43.8 (7) 59.2 (9)   

Gender      
Male 47.8 (11) 52.2 (12) 0.875♯   
Female 52.5 (21) 47.5 (19)   

Age, years      
<50 50 (18) 50 (18) 0.95♯   
≥50 51.9 (14) 48.1 (13)   

Survival, months      
<24 47.4 (9) 52.6 (10) 0.481♯   
≥24 52.3 (23) 47.7 (21)   

§ - Kruskal-Wallis test 
♯ - Mann-Whitney U test 

MMP9 protein level was examined in 63 samples. The only significant 
association of MMP9 protein expression was found with tumour grade. 
Pairwise comparison showed significantly lower protein level in grade I 
astrocytomas as compared to grade II-IV tumours, see Fig. 5.10-B. No 
significant associations between protein expression and gender, age or 
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survival groups were found, Table 5.9. Moreover, Kaplan-Meier analysis 
applying log-rank test also did not reveal statistically significant association 
between MMP2 protein level and patients overall survival (Log-Rank test, 
χ2= 1.37, df=1, p=0.242), Fig. 5.10-A. The analysed sample size was too 
small to check Kaplan-Meier in high or low grade astrocytomas alone. 

 
Fig. 5.10. (A) Kaplan-Meier curves of patients overall survival with High 
and Low MMP9 mRNA expression in grade I- IV tumours. (B) Tukey-box 
plots of MMP9 mRNA expression in different grade astrocytomas. 

5.2.10. MMP14 promoter methylation is significantly associated with 
astrocytoma malignancy, patient age and survival 

Promoter methylation of MMP14 was analysed in cohort of 138 
astrocytoma patients and half number of the samples were found to be 
methylated. Methylation was significantly associated with astrocytoma 
grade and the most malignant type of astrocytomas – gioblastomas showed 
the lowest gene silencing rates (13 vs. 36 cases). Patient age and survival 
was also strongly linked with MMP14 methylation. No associations 
between MMP14 methylation and gender were found (see Table 5.10). 
Survival analysis also showed MMP14 methylation impact on patient 
overall survival both in the analysis of the entire sample size (Log-Rank 
test, χ2= 15.04, df=1, p<0.001) and of high-grade tumours only (Log-Rank 
test, χ2= 10.42, df=1, p=0.001; n=78), see Fig. 5.11. No significant 
separation of survival curves was observed when analysing low grade 
tumours only (Log-Rank test, χ2= 0.51, df=1, p=0.474; n=60). 
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Table 5.10. Associations of MMP2 gene methylation and mRNA expression 
with astrocytoma patients’ clinical data 

MMP14 Methylation  Protein expression 

Variable U 
% (n) 

M 
% (n) 

P 
(χ2; df)† 

 Low 
% (n) 

High 
% (n) 

P 
 

Overall 50 (69) 50 (69)   50 (38) 50 (38)  
Grade        

I 42.9 (6) 57.1 (8) 
0.001 

(17.03; 3) 

 46.2 (6) 53.7 (7) 

0.132§ II 34.8 (16) 65.2 (30)  36.4 (8) 63.6 (14) 
III 37.9 (36) 62.1 (13)  52.4 (11) 47.6 (10) 
IV (GBM) 73.5 (36) 26.5 (13)  65 (13) 35 (7) 

Gender        
Male 50 (38) 50 (38) 1 

(0; 1) 
 45.5 (15) 54.5 (18) 0.664♯  Female 50 (31) 50 (31)  53.5 (23) 46.5 (20) 

Age, years        
<50 33 (24) 67 (49) <0.001 

(15.99; 1) 
 43.2 (19) 56.8 (25) 0.051♯ ≥50 69.2 (45) 30.8 (20)  59.4 (19) 40.6 (13) 

Survival, months        
<24 71 (39) 29 (16) <0.001 

(18.18; 1) 
 66.7 (16) 33.3 (8) 0.026♯ ≥24 36 (30) 64 (53)  42.3 (22) 57.7 (30) 

Methylation        
U     51.4 (18) 48.6 (17) 0.236♯ 
M     50 (20) 50 (20) 

† P-value estimated by Pearson Chi-square (χ2) test 
§ - Kruskal-Wallis test 
♯ - Mann-Whitney U test 
U- unmethylated; M- methylated 

Very promising methylation analysis data of MMP14 indicate us to 
continue research of MMP14 on protein level. Protein expression of 
MMP14 was evaluated in 76 samples. Near-marginal significantly different 
protein expression was found between astrocytoma grades (see Table 5.10). 
MMP14 protein level starting with grade II showed a tendency of gradually 
reducing expression and the lowest level was abundant in GBM specimens 
(see Fig. 5.12 C). Significantly different amount of MMP14 protein was 
found among patient survival groups. Very close to the statistically 
significant difference of protein level was found between patient age groups. 
No associations between MMP14 protein level and gender were found. 
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Fig. 5.11. (A) Kaplan-Meier curves of patients overall survival with 
methylated and unmethylated MMP14 promoter in grade I- IV tumours and 
(B) in high-grade (grade III- IV) tumours only.  

Statistical analysis showed no MMP14 methylation and protein level 
connection. However, data in the Table 5.10 demonstrates that GBM 
samples show different methylation and expression profile from grade I-III 
samples. Unmethylated cases in GBM consist of 73.5% and low protein 
expression samples consist of 65% of samples. This reason indicated to 
analyse GBM samples alone applying Mann-Whitney test. The analysis 
showed border significant association (p=0.038, n=20, [Unmeth and high 
n=16; meth and low n=4]) of MMP14 methylation and protein 
downregulation in glioblastoma samples (Fig. 5.12-D). 

Kaplan-Meier survival analysis showed significant patient overall 
survival separation between high and low protein expression groups and 
high MMP14 level patients had worse overall survival prognosis (Log-Rank 
test, χ2= 7.77, df=1, p=0.005). Very similar results were obtained analysing 
high-grade astrocytomas alone (Log-Rank test, χ2= 4.09, df=1, p=0.043, 
n=41), see Fig. 5.12 A-B. The border significant associations of MMP14 
protein level and patient clinicopathological data refered to partly filter pass. 
However, we decided to analyse gene mRNA expression but the assay was 
unsuccessful even after several attempts to optimize qPCR conditions.  
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Fig. 5.12. (A) Kaplan-Meier curves of patients overall survival with High 
and Low protein expression of MMP14 in grade I- IV tumours and (B) in 
high-grade (grade III- IV) tumours only. (C) Tukey-box plots of MMP14 
relative protein expression in different grade astrocytomas. (D) Tukey-box 
plots of MMP2 relative protein level classified according MMP14 promoter 
methylation status in GBM samples (n=20) 

5.2.11. NDRG2 as very promising molecular marker for astrocytoma 
prognostics 

NDRG2 - N-myc downstream-regulated gene 2 is highly expressed gene 
in astrocytes and oligodendrocytes [217] and is presumed to have a role in 
cell differentiation and proliferation [18]. NDRG2 was selected to the 



92 

analysis concerning previous finding on GBM methylation by our team 
[175] as well as very promising target for gliomas diagnostics reported in 
several other papers [224,226]. NDRG2 demonstrated great features as 
biomarker employing methylation, protein level as well as mRNA 
expression. Gene methylation status was evaluated in 137, mRNA 
expression in 112 and protein level in 88 astrocytoma specimens. Analysis 
showed significantly increased NDRG2 promoter methylation frequency 
and downregulated expression at mRNA and protein level in GBM samples 
as compared to astrocytoma grade I-III specimens. All three analysed 
molecular variables showed strong associations with patient survival, 
tumour pathological grade and patient age. NDRG2 mRNA and protein 
expression showed direct correlation while methylation had no link with 
neither protein nor mRNA expression. For the detailed analysis of NDRG2 
molecular findings and its associations with patient clinical data and also 
data visualization please see the publication “Glioma Malignancy-
Dependent NDRG2 Gene Methylation and Downregulation Correlates with 
Poor Patient Outcome”. 

5.2.12. NPTX2 promoter methylation and mRNA level but not protein 
expression is significantly associated with astrocytoma 
malignancy, patient age and survival 

NPTX2 is a protein which has been implicated in various synapse related 
activities in CNS. The selection of NPTX2 to the analysis was based on the 
microarray data received by M. Carlson group, where NPTX was found to 
be one of the most upregulated genes in glioblastoma cohort and moreover, 
NPTX2 level was associated with patient outcome as an independent 
predictor of survival [238]. Moreover, the extensive analysis of gene in 
pancreatic cancer revealed NPTX2 as a potential marker of poor prognosis 
[235]. NPTX2 as a potential biomarker was analysed in only several studies 
on gliomas and to our knowledge, the present work is the first where the 
promoter methylation and mRNA expression of NPTX2 was analysed in all 
malignancies of astrocytoma in the same cohort.  

NPTX2 promoter methylation was analysed in 149 samples. Significant 
different gene methylation profile was found between astrocytoma grades 
(table 5.11) and the increasing frequency of methylation coincided with the 
increasing tumour grade. NPTX2 methylation also showed significantly 
different frequencies between age and survival groups but no methylation 
associations with gender appeared (table 5.11).  

 



93 

Table 5.11. Associations between astrocytoma patients’ clinical data and 
analysed molecular properties of NPTX2 gene. 

NPTX2 Methylation  mRNA expression  Protein expression 

Variable 
U 
% 
(n) 

M 
% 
(n) 

P 
(χ2; df)† 

 Low 
% 
(n) 

High 
% 
(n) 

P 
(method) 

 Low 
% 
(n) 

High 
% 
(n) 

P 

Overall 49 
(73) 

51 
(76)   50.7 

(36) 
49.3 
(35)   51 

(28) 
49 

(27)  

Grade            

I 100 
(12) 

0 
(0) 

<0.001 
(40.53; 3) 

 0 
(0) 

100 
(6) 

0.004 
(anova) 

 66.7 
(6) 

33.3 
(3) 

0.822§ 
II 74.4 

(32) 
25.6 
(11)  44.4 

(8) 
55.6 
(10)  50 

(8) 
50 
(8) 

III 48.1 
(13) 

51.9 
(14)  25 

(2) 
75 
(6)  44.4 

(4) 
55.6 
(5) 

IV (GBM) 23.9 
(16) 

76.1 
(51)  66.7 

(26) 
33.3 
(13)  47.6 

(10) 
52.4 
(11) 

Gender            

Male 53.1 
(34) 

46.9 
(30) 0.381 

(0.76; 1) 

 46.9 
(15) 

53.1 
(17) 0.768 

(t-test) 

 48.1 
(13) 

51.9 
(14) 0.92♯ 

Female 45.9 
(39) 

51.1 
(46)  53.8 

(21) 
46.2 
(18)  53.6 

(15) 
46.4 
(13) 

Age, years            

<50 71.8 
(51) 

28.2 
(20) <0.001 

(28.31; 1) 

 40 
(12) 

60 
(18) 0.02 

(t-test) 

 60.7 
(17) 

39.3 
(11) 0.225♯ 

≥50 28.2 
(22) 

71.8 
(56)  58.5 

(24) 
41.5 
(17)  40.7 

(11) 
59.3 
(16) 

Survival,            
months  

<24 
28.4 
(19) 

71.6 
(48) <0.001 

(20.74; 1) 

 62.9 
(22) 

37.1 
(13) 0.035 

(t-test) 

 47.4 
(9) 

52.6 
(10) 0.62♯ 

≥24 65.9 
(54) 

34.1 
(28)  38.9 

(36) 
61.1 
(35)  52.8 

(19) 
47.2 
(17) 

Methylation            

U     38.2 
(13) 

61.8 
(21) <0.001 

(t-test) 

 51.9 
(14) 

48.1 
(13) 0.673♯ 

M     65.6 
(21) 

34.4 
(11)  50 

(11) 
50 

(11) 
mRNA             
expression 

Low         55 
(11) 

45 
(9) 0.347♯ 

 High         46.2 
(12) 

53.8 
(14) 

† P-value estimated by Pearson Chi-square (χ2) test 
U- unmethylated; M- methylated 
§ - Kruskal-Wallis test 
♯ - Mann-Whitney U test 
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Fig. 5.13. (A) Kaplan-Meier estimation of patients overall survival with 
methylated and unmethylated NPTX2 promoter in grade I- IV tumours. (B) 
Kaplan-Meier curves of patients overall survival with High and Low NPTX2 
mRNA expression in grade I- IV tumours. (C) Tukey-box plots of NPTX2 
mRNA expression in different grade astrocytomas. (D) Tukey-box plots of 
NPTX2 mRNA level classified according to NPTX2 promoter methylation 
status. 

NPTX2 methylation impact on patient survival pre-indicated excellent 
separation of patient survival groups according to its methylation status in 
Kaplan-Meier analysis. Log-Rank test showed significantly worse prognosis 
for patients with methylated NPTX2 gene promoter (Log-Rank test, χ2= 
24.23, df=1, p<0.0001), see Fig. 5.13-A. However, survival analysis of 
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high-grade and low-grade tumours alone did not reveal weighty different 
survival between methylation status groups, p>0.05 (data not visualized). 

Very favourable data from methylation analysis indicated to pass the 
filter and estimate NPTX2 protein expression. WB assay of NTPX2 protein 
was complicated by the additional non-specific interaction of the NPTX2 
antibody. Immunostaining showed a few bands between 35-55 kDa, 
nevertheless one specific ~47 kDa band was selected for the measurement 
and analysis, since NPTX2 protein is about such weight. NPTX2 protein 
level was estimated in 55 samples while other 39 samples did not show 
particular (~47kDa) band. Statistical analysis (of 55 samples) did not reveal 
associations between NPTX2 protein level and patient age, gender, survival, 
methylation (see Table 5.11) as well as tumour grade (Fig. 5.14-A). Survival 
curves also revealed no NPTX2 protein level and patient survival 
associations (Log-Rank test, χ2= 0.025, df=1, p=0.875) analysing all 
samples (Fig.  5.14-B) or high and low-grade tumours only (data not 
shown). Statistical assessment of NPTX2 protein expression was also 
performed with all 94 analysed samples (assigning zero (0) expression 
values for the samples without possible-specific band) nevertheless, no 
significant associations of protein level and patient clinicopathological 
features were found (data not shown). 

 

Fig. 5.14. (A) Tukey-box plots of NPTX2 relative protein expression in 
different grade astrocytomas. (B) Kaplan-Meier curves of patients overall 
survival with High and Low NPTX2 relative protein expression in grade I-
IV tumours.  
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The results from NPTX2 protein analysis should be treated with caution 
since WB showed additional non-specific bands in the membrane and 
moreover that possible-specific bands were present in ~59% of samples. 

Very promising NPTX2 methylation but vague protein expression data 
confused the screening scheme. Notwithstanding, we performed mRNA 
expression analysis of NPTX2, since most likely the methodological 
immuno-asay problems determined obscure protein expression data. 

mRNA analysis of neural pentraxin 2 was performed in 71 samples. 
Statistical analysis applying parametrical methods showed significant 
association between NPTX2 mRNA level and tumour grade, Table 5.11. 
Significantly downregulated NPTX2 expression was specific in GBM as 
compared to grade I astrocytoma. Moreover, data showed the tendency of 
higher NPTX2 mRNA expression in grade II and III astrocytomas as 
compared to GBM, (Fig. 5.11). Significantly different NPTX2 mRNA 
expression was found between patient age and survival groups, and lower 
expression was related with shorter survival and older patient’s age.  

Kaplan-Meier analysis showed separation of survival curves of patient 
with high and low NPTX2 mRNA expression and Log-rank test revealed 
close to being statistically significant overall survival difference between the 
low and high mRNA expression groups (Log-Rank test, χ2= 3.372, df=1, 
p=0.66), Fig. 5.11. No survival and mRNA level associations when 
analysing high or low-grade tumours only, were found. NPTX2 mRNA 
expression was also significantly associated with gene methylation and 
methylated samples showed downregulated mRNA profile as compared to 
unmethylated group, Fig. 5.11.  

5.2.13. RAB40B mRNA level as an interesting subject for future studies 

RAB40B is Ras-like GTPase which is appointed as key regulator of 
membrane-bounded organelles - vesicles traffic. RAB40B was selected to 
the analysis since the target was reported to be closely associated with cell 
motility via MMPs transport control in cancer [248], and in parallel that 
RAB40B is poorly analysed in cases of cancer and especially gliomas. 
Nevertheless the findings shows its important role in tumorigenesis and very 
promising applications for diagnostics as a biomarker [242]. To our 
knowledge no published data on RAB40B in brain tumours could be found 
in scientific communications up to date. 

Promoter methylation of RAB40B was analysed by two sets of primers in 
cohort of 132 and 152 astrocytomas with first and second primer set, 
respectively. Only 9-11% of samples showed methylated CpG’s in RAB40B 
gene promoter, see Fig. 5.15-C.  
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Table 5.12. Associations between astrocytoma patients’ clinical data and 
analysed molecular properties of RAB40B gene. 

RAB40B Methylation (1st set)  Methylation (2nd set)  mRNA expression 

Variable 
U 
% 
(n) 

M 
% 
(n) 

P 
(χ2; df)† 

 U 
% 
(n) 

M 
% 
(n) 

P 
(χ2; df)† 

 Low 
% 
(n) 

High 
% 
(n) 

P 

Overall 89.4 
(118) 

10.6 
(14) 

  91.4 
(139) 

8.6 
(13) 

  50.6 
(43) 

49.4 
(42)  

Grade            

I 60 
(6) 

40 
(4) 

0.002 
(14.78; 3) 

 84.6 
(11) 

15.2 
(2) 

0.029 
(9.04; 3) 

 0 
(0) 

100 
(7) 

<0.001 
(anova) 

II 100 
(38) 

0 
(0)  95.5 

(42) 
4.5 
(2)  54.2 

(13) 
45.8 
(11) 

III 82.6 
(19) 

17.4 
(4)  78.6 

(22) 
21.4 
(6)  27.8 

(5) 
72.2 
(13) 

IV (GBM) 90.2 
(55) 

9.8 
(6)  95.5 

(64) 
4.5 
(3)  69.4 

(25) 
30.6 
(11) 

Gender            

Male 91.1 
(51) 

8.9 
(5) 0.776 

(0.289; 1) 

 95.3 
(139) 

4.7 
(13) 0.146 

(2.11; 1) 

 48.6 
(17) 

51.4 
(18) 0.542 

(t-test) Female 88.2 
(67) 

11.8 
(9) 

 88.6 
(78) 

11.4 
(10)  52 

(26) 
48 

(24) 
Age, years            

<50 85.9 
(55) 

14.1 
(9) 0.211 

(1.57; 1) 

 89.2 
(66) 

10.8 
(8) 0.393 

(0.94; 1) 

 37.8 
(17) 

62.2 
(28) 0.001 

(t-test) ≥50 92.6 
(63) 

7.4 
(5) 

 93.6 
(73) 

6.4 
(5)  65 

(43) 
35 

(14) 
Survival,            
months  

<24 
91.7 
(55) 

8.3 
(5) 0.439 

(0.599; 1) 

 95.5 
(63) 

4.5 
(3) 0.122 

(2.39; 1) 

 55.6 
(20) 

44.4 
(16) 0.072 

(t-test) ≥24 87.5 
(63) 

12.5 
(9)  88.4 

(76) 
11.6 
(10)  46.9 

(43) 
53.1 
(42) 

Methylation            
(1st set) 

U     92.4 
(109) 

7.6 
(9) 0.013 

(6.18; 1) 

 56.5 
(39) 

43.5 
(30) 0.096 

(t-test) M     28.6 
(4) 

71.4 
(10)  18.2 

(2) 
81.8 
(9) 

Methylation            
(2nd set) 

U         50 
(36) 

50 
(36) 0.813 

(t-test) M         50 (5) 50 (5) 
† P-value estimated by Pearson Chi-square (χ2) test 
U- unmethylated; M- methylated 
 



98 

 Chi-square test showed significant gene methylation and tumour grade 
association with both primer sets. No link between RAB40B gene promoter 
methylation and gender, survival as well as age was found (see Table 5.12). 
Kaplan-Meier analysis did not reveal significant curves separation of patient 
survival comparing methylated and unmethylated cases with both primer 
sets (1st primers: Log-Rank test, χ2= 0.54, df=1, p=0.464; 2nd primers: Log-
Rank test, χ2= 1.13, df=1, p=0.228), see Fig. 5.15. 

 
Fig. 5.15. (A) Kaplan-Meier estimation of patients overall survival 
according to RAB40B gene promoter methylation status received using 1st 
primer set and (B) using 2nd primer set. (C) Promoter methylation frequency 
of RAB40B gene received using two non-overlapping primer sets in different 
grade astrocytomas. 
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The fact that no methylation studies on RAB40B in gliomas were 
published up to date, in order to compare the results we made an exception 
of funnel-like filtering design and passed to expression analysis. RAB40B 
was one of the lastly analysed targets and the examination of protein 
expression was not possible due to lack of biological material. Scientific 
curiosity of novel target prompted us to analyse mRNA expression of 
RAB40B. 

mRNA expression of RAB40B was analysed in 85 astrocytoma 
specimens. mRNA level significantly differed across astrocytoma grade, 
and GBM samples showed significantly lower mRNA expression as 
compared to grade I-III astrocytomas, see Fig. 5.16-B. RAB40B mRNA 
level also significantly differed between patient age groups and approached 
the borderline of significance between survival groups (see Table 5.12). 
RAB40B was uniformly expressed across gender as well as methylation 
groups. Survival analysis did not reveal any statistical significance between 
low and high mRNA expression groups patient overall survival (Log-Rank 
test, χ2= 1,47, df=1, p=0.225), Fig. 5.16-A. 

 

 
Fig. 5.16. (A) Kaplan-Meier curves of patients overall survival with High 

and Low RAB40B mRNA expression in grade I-IV tumours. (B) Tukey-box 
plots of RAB40B mRNA expression in different grade astrocytomas. 
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5.2.14. RUNX3 promoter methylation and protein level impacts 
astrocytoma grade, patient age and survival 

RUNX3 is a transcription factor which binds to specific DNA motive 
which is found in promoters of many genes. The selection of RUNX3 was 
based on the transcript microarray data where RUNX3 was found to be 
unregulated after 5-aza-2-deoxycytidine treatment (demethylation reagent) 
in glioblastoma cell lines [259]. Moreover, RUNX3 was considered as a 
potential biomarker of aggressiveness in gliomas [14].  

Methylation analysis of RUNX3 was performed in 136 astrocytoma 
specimens. Significantly different RUNX3 promoter methylation was found 
across astrocytoma grades and glioblastomas showed the highest 
methylation frequency as compared to grade I- III tumours. RUNX3 
methylation was also significantly associated with patient age and survival, 
but not gender (see Table 5.13). Kaplan-Meier analysis revealed important 
association between RUNX3 methylation and patient overall survival (Log-
Rank test, χ2= 44,68, df=1, p<0.0001) when analysing all set of samples as 
well as when analysing malignant astrocytomas only (Log-Rank test, χ2= 
8,74, df=1, p=0.003, n=78), see Fig. 5.17 A-B. Patients with methylated 
RUNX3 gene promoter and, as might be supposed, silenced gene showed 
worse survival prognosis as compared to unmethylated promoter patients. 

 

 
Fig. 5.17. (A) Kaplan-Meier survival curves of patients overall survival with 
methylated and unmethylated RUNX3 promoter in grade I- IV astrocytomas 
and (B) in high-grade (grade III- IV) astrocytomas only. 
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Table 5.13. Associations between grade I-IV astrocytoma patients’ clinical 
data and RUNX3 gene molecular properties  

RUNX3 Methylation  Protein expression  mRNA expression 

Variable 
U 
% 
(n) 

M 
% 
(n) 

P 
(χ2; df)† 

 Low 
% 
(n) 

High 
% 
(n) 

P 
 Low 

% 
(n) 

High 
% 
(n) 

P 

Overall 67.6 
(92) 

32.4 
(44)   48 

(35) 
52 

(38)   50.4 
(57) 

49.6 
(56)  

Grade            

I 100 
(14) 0 (0) 

<0.0001 
(49.3; 3) 

 66.7 
(4) 

33.3 
(2) 

0.005§ 

 45.5 
(5) 

54.5 
(6) 

0.196§ 
II 88.6 

(39) 
11.4 
(5)  25 

(7) 
75 

(21)  62.5 
(25) 

37.5 
(15) 

III 82.8 
(24) 

17.2 
(5)  35.3 

(6) 
64.7 
(11)  45 

(9) 
55 

(11) 

IV (GBM) 30.6 
(15) 

69.4 
(34)  81.8 

(18) 
18.2 
(4)  42.9 

(18) 
57.1 
(24) 

Gender            

Male 65.6 
(40) 

34.4 
(21) 0.641 

(0.22; 1) 

 48.8 
(20) 

51.2 
(21) 0.582♯ 

 48.1 
(25) 

51.9 
(27) 0.993♯ 

Female 69.3 
(52) 

30.7 
(23)  46.9 

(15) 
53.1 
(17)  52.5 

(32) 
47.5 
(29) 

Age, years            

<50 88.7 
(63) 

11.3 
(8) <0.0001 

(30.2; 1)) 

 31.7 
(13) 

68.3 
(28) 0.028♯ 

 58.1 
(36) 

41.9 
(26) 0.038♯ 

≥50 44.6 
(29) 

55.4 
(36)  68.8 

(22) 
31.2 
(10)  41,2 

(21) 
58,8 
(30) 

Survival,            
months  

<24 
40 

(22) 
60 

(33) <0.0001 
(32.2; 1) 

 80 
(20) 

20 
(5) 0.001♯ 

 45,7 
(21) 

54,3 
(25) 0.09♯ 

≥24 86.4 
(70) 

13.6 
(11)  21.2 

(15) 
68.8 
(33)  53.7 

(36) 
46.3 
(31) 

Methylation            

U     39.2 
(20) 

60.8 
(31) 0.026♯ 

 50.7 
(37) 

49.3 
(36) 0.308♯ 

M     65 
(13) 

35 
(7)  47.4 

(18) 
52.6 
(20) 

Protein             
expression 

Low         50 
(15) 

50 
(15) 0.187♯ 

 High         55.9 
(19) 

44.1 
(15) 

† P-value estimated by Pearson Chi-square (χ2) test 
U- unmethylated; M- methylated 
§ - Kruskal-Wallis test 
♯ - Mann-Whitney U test 
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Auspicious data from methylation analysis indicated to pass the filter and 
examine RUNX3 alterations at functional unit. Protein expression was 
analysed in 73 astrocytoma specimens and significantly different RUNX3 
level was found to be specific among astrocytoma grades, see Table 5.13. 
As in the case of methylation, RUNX3 showed significantly different 
protein expression profile in glioblastomas compared to grade II tumours as 
well. And also, statistical estimation showed a tendency of lower RUNX3 
protein expression in GBM compared to grade III astrocytomas (Fig. 5.18-
A). 

Protein level significantly differed between patient age and survival and 
gene methylation status groups. Low protein expression was characteristic 
for older and short survival patients, see Table 5.13. Moreover, specimens 
with methylated RUNX3 promoter showed in the line lower protein 
expression and vice versa, see Fig. 5.18-B. No link between patient gender 
and RUNX3 protein expression was observed. Kaplan-Meier analysis 
showed significant protein level and patient overall survival associations 
analysing the whole sample set (Log-Rank test, χ2= 5.98, df=1, p=0.014) 
and even stronger connection analysing malignant astrocytomas only (Log-
Rank test, χ2= 13.74, df=1, p<0.001, n=39). Patients with high RUNX3 
protein expression gave significantly better overall survival rates, 
demonstrated in Fig. 5.19. 

 

Fig. 5.18. (A) Tukey-box plots of RUNX3 protein expression in different 
grade astrocytomas. (B) Tukey-box plots of RUNX3 protein expression 
classified according to RUNX3 promoter methylation status. 
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The data from RUNX3 protein analysis revealed that not only epigenetic 
regulation of the gene is associated with patient clinicopathological 
parameters, but functional level as well. Associations of RUNX3 protein 
expression and clinicopathological data indicated to pass the third filter 
cascade and analyse RUNX3 at mRNA level. 

 

Fig. 5.19. (A) Kaplan-Meier estimation of patients overall survival with 
High and Low relative RUNX3 protein expression in grade I- IV tumours 
and (B) in high-grade tumours only. 

RUNX3 transcripts were analysed in cohort of 113 samples. No 
significant mRNA associations with tumour grade, patient gender and 
survival, specimen methylation or protein expression except boardline 
significant connection with patient age was found, see Table 5.13. Kaplan-
Meier analysis also did not show significantly better or worse overall 
survival of patient with different RUNX3 mRNA level neither analysing all 
samples (Log-Rank test, χ2= 2.47, df=1, p=0.116), nor high grade tumours 
only (Log-Rank test, χ2= 0.86, df=1, p=0.354, n=62), demonstrated in Fig. 
5.20 A-B. RUNX3 mRNA level distribution per tumour grades 
demonstrated in Fig. 5.20-C. 
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Fig. 5.20. (A) Kaplan-Meier estimation of patients overall survival with 
High and Low mRNA expression of RUNX3 in grade I- IV tumours and (B) 
in high-grade tumours only. (C) Tukey-box plots of RUNX3 mRNA 
expression in different grade astrocytomas. 

5.2.15. SEMA3C protein level as a promising molecular marker for 
astrocytoma diagnostics 

SEMA3C is the third class secreted semaphorin which has an important 
role in angiogenesis, immune response, cell proliferation and motility. 
SEMA3C was selected to the analysis because the target was not previously 
analysed in grade I-IV astrocytomas nevertheless, the expression analysis in 
glioma cell lines showed increased SEMA3C levels indicating target role in 
the tumourigenesis [366]. Moreover, it was reported that SEMA3C 
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promotes the survival and tumourigenicity of glioma stem cells isolated 
from human glioblastoma specimens and depletion of the protein induces 
apoptosis of such cells [285]. 

SEMA3C was the only of the selected target without susceptible CpG 
islands in gene promoter – first exon zone and therefore the methylation 
analysis was not possible. It should be noted that after the appearance of 
GRCh38/hg38 assembly of human genome the small (59 CpG) CpG island 
is available in the position of first gene exon. Nevertheless, the present 
study was designed on GRCh39/hg19 assembly. 

SEMA3C protein analysis was performed in 84 specimens of grade I-IV 
astrocytoma. Very tight association between SEMA3C protein expression 
and patient clinicopathological variables indicated to analyse SEMA3C 
expression at mRNA level. In contrast to SEMA3C protein data, mRNA 
expression analysis showed uniform data across tumour grade, patient 
survival and age groups. The data suggest that the increased levels of 
SEMA3C protein may be linked with the progression of astrocytoma 
tumour and has a potential as a prognostic marker for outcome of 
astrocytoma patients. 

For the detailed analysis of SEMA3C molecular findings and its 
associations with patient clinical data and also data visualization please refer 
to the publication “High level of SEMA3C is associated with gliomas 
malignancy”. 

5.2.16. TES as a candidate tumour suppressor and prognostic marker 
for astrocytomas 

Tes - Testin LIM domain protein is a cytoplasmic protein which plays a 
relevant role in focal adhesion, cell-cell contact and cells motility. TES was 
selected to the analysis based on mRNA microarray data where TES was 
found to be one of the most unregulated genes after 5-aza-2-deoxycytidine 
treatment in glioblastoma cell lines [259]. Moreover, more recent 
microarray study showed that TES was one of few the most frequently 
methylated genes in glioblastomas [158]. Data shows that in gliomas TES 
acts as an oncosupressor and is downregulated via gene promoter 
methylation hence, TES seems very promising as a marker for astrocytoma 
diagnostics. 

Promoter methylation analysis of TES gene was performed in 138 and 
protein level was estimated in 86 specimens. Gradually increasing 
methylation frequency of TES was observed together with increasing 
astrocytoma malignancy: grade I -0%, grade II -46%, grade III -66%, GBM 
80%. TES methylation was significantly associated with patient age and 
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survival, as well as tumour grade. Survival analysis showed evident 
separation of Kaplan-Meier curves between methylated and unmethylated 
groups and patient with silenced gene showed significantly shorter overall 
survival rates. Protein expression analysis showed similar aberrations 
between malignancy grades except grade I tumours. Starting with grade II 
and finishing with GBM, protein level gradually decreased. Glioblastoma 
specimens showed the lowest TES protein amounts. TES protein expression 
was significantly associated with patient age and survival as well as tumour 
pathological grade. Kaplan-Meier analysis also showed significant link 
between TES expression and patient survival. No correlations between TES 
promoter methylations and protein expression were found. For the detailed 
analysis of TES molecular findings and its associations with patient clinical 
data and also data visualization please refer to the publication “Testin (TES) 
as a candidate tumour suppressor and prognostic marker in human 
astrocytoma”. 

 

5.2.17. Molecular properties of TGFβ1 are not tightly associated with 
astrocytoma patient clinical data  

TGFβ1 is well known multifunctional cytokine playing a relevant role in 
mammalian development as well as cancer. TGFβ1 was selected to the 
analysis based on the literature data where the target showed significant 
oncogenic features in gliomas. The involvement of TGFβ1 in cancer 
progression allows to apply the target for diagnostic or even targeted cancer 
therapy use. 

Methylation analysis of TGFβ1 promoter was performed in 138 
astrocytoma samples. No significant association between TGFβ1 promoter 
methylation and patient gender, survival, age as well as tumour grade was 
found, see Table 5.14. Survival analysis also did not reveal significant 
relation between TGFβ1 methylation and patient overall survival neither 
analysing all samples (Log-Rank test, χ2= 1.23, df=1, p=0.268) (see Fig. 
5.21-A), nor high grade tumours alone (Log-Rank test, χ2= 1.943, df=1, 
p=0.163, n=78). 
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Table 5.14. Associations of TGFβ1 gene promoter methylation and protein 
expression with astrocytoma patients’ clinical data. 

TGFβ1 Methylation  Protein expression 

Variable U 
% (n) 

M 
% (n) 

P 
(χ2; df)† 

 Low 
% (n) 

High 
% (n) 

P 
 

Overall 78.3(108) 21.7 (30)   50 (32) 50 (32)  
Grade        

I 71.4 (10) 28.6 (4) 
0.522 

(2.25; 3) 

 78.6 (11) 21.4 (3) 

<0.001§ II 80.4 (37) 19.6 (9)  17.6 (3) 82.4 (14) 
III 86.2 (25) 13.8 (4)  23.5 (4) 76.5 (13) 
IV (GBM) 73.5 (36) 26.5 (13)  87.5 (14) 12.5 (2) 

Gender        
Male 80.6 (50) 19.4 (12) 0.54 

(0.37; 1) 
 41.7 (10) 58.3 (14) 0.475♯ Female 76.3 (58) 23.7 (18)  55 (22) 45 (18) 

Age, years        
<50 82.2 (60) 17.8 (13) 0.235 

(1.41; 1) 
 37.8 (14) 62.2 (23) 0.211♯ ≥50 73.8 (48) 26.2 (17)  66.7 (18) 33.3 (9) 

Survival, months        
<24 72.7 (40) 27.3 (15) 0.2 

(1.65; 1) 
 68.4 (13) 31.6 (6) 0.29♯ ≥24 81.9 (68) 18.1 (15)  42.2 (19) 57.8 (26) 

Methylation        
U     55.3 (26) 44.7 (21) 0.042♯ M     33.3 (5) 66.7 (10) 

† P-value estimated by Pearson Chi-square (χ2) test 
§ - Kruskal-Wallis test 
♯ - Mann-Whitney U test 
U- unmethylated; M- methylated 

In present study TGFβ1 promoter methylation was for the first time 
analysed in astrocytomas and, since the target to the present research was 
selected based on publications where TGFβ1 was identified as a promising 
biomarker based on expression data, we decide to make an exception in 
study design. Despite the target failure to pass the second (methylation) 
filter, we analysed TGFβ1 at protein expression level. Protein level of 
TGFβ1 was estimated in 64 specimens. We found significant TGFβ1 protein 
level associations with tumour pathological grade. Glioblastoma and 
pilocytic astrocytomas showed significantly lower TGFβ1 levels as 
compared to grade II and III astrocytomas (see Fig. 5.21-D). Nevertheless, 
no significant associations of TGFβ1 protein expression and patient age, 
gender or survival were found. Kaplan-Meier analysis applying Log-Rank 
test again confirmed the data from Mann-Whitney test and showed that 
TGFβ1 protein expression had no impact for patient survival (Log-Rank 
test, χ2= 0.47, df=1, p=0.493). 
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Fig. 5.21. (A) Kaplan-Meier curves of patients overall survival with 
Methylated and Unmethylated TGFβ1 gene promoter in grade I- IV 
tumours. (B) Kaplan-Meier estimation of patients overall survival with High 
and Low relative TGFβ1 protein expression in grade I- IV tumours and (C) 
in high-grade tumours only. (D) Tukey-box plots of TGFβ1 protein 
expression in different grade astrocytomas. 

Nevertheless, Kaplan-Meier analysis including only high grade 
astrocytomas showed weak but significant association between TGFβ1 
protein expression and patient survival (Log-Rank test, χ2= 5.11, df=1, 
p=0.024). Patients with high TGFβ1 protein level in tumours showed better 
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survival rates compared to low protein level patients (survival median: 33.2 
vs. 12.7 months, respectively), see Fig. 5.21 B-C. 

5.2.18. Promoter methylation of TNFRSF10A is not associated with 
astrocytoma patients clinical data 

TNFRSF10A also known as DR4 is a receptor for TRAIL, which 
transduces apoptosis signals and initiate apoptosis. DR4 was selected to the 
analysis based on high-throughput methylation analysis in GBM where DR4 
was found to be one of the most frequently hypermethylated genes [158].  

Promoter methylation analysis of DR4 was performed in 135 
astrocytoma samples. No gene methylation associations with astrocytoma 
grade, patient gender or age were found. TNFRSF10A promoter 
methylation approached the borderline of significance between patient 2-
year survival groups, see Table 5.15. Nevertheless, no methylation and 
patient survival link was found applying Kaplan-Meier analysis including 
all samples (Log-Rank test, χ2= 0.26, df=1, p=0.61) or analysing high grade 
tumours only (Log-Rank test, χ2= 0.176, df=1, p=0.675), see Fig. 5.22. No 
relation between DR4 methylation and clinicopathological data indicated us 
to filter out the target from further expression analysis. 

Table 5.15. TNFRSF10A gene promoter methylation in astrocytoma 
TNFRSF10A Methylation   

Variable Unmethylated 
% (n) 

Methylated 
% (n) 

P 
(Pearson χ2; df) 

  

Overall 48.1 (68) 51.9 (70)    
Grade      

I 71.4 (10) 28.6 (4) 
0.265 

(3.96; 3) 

  
II 40.9 (18) 59.1 (26)   
III 48.3 (14) 51.7 (25)   
IV (GBM) 47.9 (23) 52.1 (25)   

Gender      
Male 51.7 (31) 48.3 (29) 0.464 

(0.54; 1) 
  

Female 45.3 (34) 54.7 (41)   
Age, years      

<50 47.9 (34) 52.1 (37) 0.949 
(0.004; 1) 

  
≥50 48.4 (31) 51.6 (33)   

Survival, months      
<24 38.9 (21) 61.1 (33) 0.079 

(3.09; 1) 
  

≥24 54.3 (44) 45.7 (37)   
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Fig. 5.22. (A) Kaplan-Meier curves of patients overall survival with 
Methylated and Unmethylated TNFRSF10A gene promoter in grade I- IV 
tumours and (B) high-grade astrocytomas only. 

5.2.19. Significance of AREG molecular aberrations for astrocytoma 
diagnostics 

AREG as a promising biomarker was included in the list from previous 
AREG methylation research in GBM cohort performed by our team where 
AREG methylation level was found to be strongly associated with patient 
age, worse outcome and was identified as a promising biomarker with 
certain prognostic value for GMB patients [175]. Moreover, there was a lack 
of extensive molecular information about AREG behaviour in human 
astrocytomas in scientific press. AREG as a promising biomarker was 
selected for more detailed molecular analysis encompassing protein and 
mRNA expression in present research after the successful of “methylation 
filter” pass.  

Promoter methylation status of AREG was performed in 133 samples of 
grade I-IV astrocytoma specimens. Significantly different gene methylation 
profile was found between astrocytoma grades (table 5.16) and the 
increasing frequency of methylation coincided with the increasing tumour 
grade. AREG methylation also showed significantly different frequencies 
between age and survival groups but no methylation associations with 
gender appeared (table 5.16). Survival analysis showed significant 
separation of Kaplan-Meier curves for patients with methylated and 
unmethylated promoter.  
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Table 5.16. Associations between astrocytoma patients’ clinical data and 
analysed molecular properties of AREG gene. 

AREG Methylation  Protein expression  mRNA expression 

Variable 
U 
% 
(n) 

M 
% 
(n) 

P 
(χ2; df)† 

 Low 
% 
(n) 

High 
% 
(n) 

P 
 Low 

% 
(n) 

High 
% 
(n) 

P 

Overall 48.9 
(65) 

51.1 
(68)   48.4 

(46) 
51.6 
(49)   50 

(53) 
50 

(53)  

Grade            

I 75 
(9) 

25 
(3) 

<0.001 
(22.21; 3) 

 46.2 
(6) 

53.8 
(7) 

<0.001§ 

 50 
(5) 

50 
(5) 

0.06§ 
II 65.8 

(25) 
34.2 
(13)  19.4 

(6) 
80.6 
(25)  21.4 

(6) 
78.6 
(22) 

III 64 
(16) 

36 
(9)  54.2 

(13) 
45.8 
(11)  46.7 

(7) 
53.3 
(8) 

IV 
(GBM) 

25.9 
(15) 

74.1 
(43)  77.8 

(21) 
22.2 
(6)  66 

(35) 
34 

(18) 
Gender            

Male 56.4 
(31) 

43.6 
(24) 0.147 

(2.1; 1) 

 41.9 
(18) 

57.1 
(25) 0.39♯ 

 42.9 
(18) 

57.1 
(24) 0.152♯ 

Female 43.6 
(34) 

56.4 
(44)  53.8 

(28) 
46.2 
(24)  54.7 

(35) 
45.3 
(29) 

Age, years            

<50 69.2 
(45) 

30.8 
(20) <0.001 

(21.01; 1) 

 37.7 
(20) 

62.3 
(33) 0.002♯ 

 38 
(19) 

62 
(31) 0.044♯ 

 ≥50 29.4 
(20) 

70.6 
(48)  61.9 

(26) 
38.8 
(16)  60.7 

(34) 
39.3 
(22) 

Survival,            
months  

<24 
29.3 
(17) 

70.7 
(41) <0.001 

(15.75; 1) 

 75 
(24) 

25 
(8) 0.001♯ 

 66.7 
(32) 

33.3 
(16) <0.001♯ 

 ≥24 64 
(48) 

36 
(27)  34.9 

(22) 
65.1 
(41)  36.2 

(21) 
63.8 
(37) 

Methylation            

U     25.8 
(8) 

74.2 
(23) 0.66♯ 

 47.4 
(18) 

52.6 
(20) 0.561♯ 

M     57.6 
(19) 

42.4 
(14)  56 

(28) 
44 

(22) 
Protein             
expression 

Low         58.6 
(17) 

41.4 
(12) 0.002♯ 

 High         25 
(9) 

75 
(27) 

† P-value estimated by Pearson Chi-square (χ2) test 
U- unmethylated; M- methylated 
§ - Kruskal-Wallis test 
♯ - Mann-Whitney U test 
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Methylated AREG promoter was associated with worse patient overall 
survival prognosis (Log-Rank test, χ2= 19.71, df=1, p<0.001). High grade 
astrocytomas also demonstrated significant link of AREG methylation and 
patient survival (Log-Rank test, χ2= 12.23, df=1, p<0.001, n=83), see Fig. 
5.23. 

 

 
Fig. 5.23. (A) Kaplan-Meier estimation of patients overall survival with 
methylated and unmethylated AREG promoter in grade I- IV tumours and 
(B) in high-grade (grade III- IV) tumours only. 
 

Very favourable data from methylation analysis indicated to pass the 
filter and estimate AREG protein expression. AREG protein level was 
estimated in 95 specimens and significant associations between AREG level 
and patient age, survival and tumour grade was found (see Table 5.16 and 
Fig. 5.24). AREG protein level was significantly downregulated in 
glioblastomas as comprade to grade II and III astrocytomas. Pilocytic 
astrocytomas showed similar AREG levels as GBM, Fig. 5.24-C. Survival 
analysis also demonstrated better overall survival of patients with high 
ARER protein level (Log-Rank test, χ2= 7.898, df=1, p=0.005). The same 
tendency was showed analysing high malignancy tumours only (Log-Rank 
test, χ2= 4.46, df=1, p=0.035, n=51), Fig. 5.24-A-B. 

Significant associations of AREG methylation, protein level and patient 
clinicopathological characteristics indicated to analyse target mRNA level. 
mRNA level measurements of  amphiregulin was successfully performed in 
106 tumour specimens. Statistical analysis applying non-parametrical 
methods showed significant association between AREG mRNA level and 
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tumour grade, Table 5.16. Downregulated AREG level was specific in 
GBM. 

 
Fig. 5.24. (A) Kaplan-Meier survival curves of patients overall survival with 
Low and High AREG protein level including all (grade I- IV) samples, (B) 
including high-grade tumours (grade III- IV) only. (C) Tukey-box plots of 
AREG protein expression in different grade astrocytomas. (D) Tukey-box 
plots of AREG protein level distribution in AREG mRNA expression groups. 

 
Significant associations of AREG methylation, protein level and patient 

clinicopathological characteristics indicated to analyse target mRNA level. 
mRNA level measurements of  amphiregulin was successfully performed in 
106 tumour specimens. Statistical analysis applying non-parametrical 
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methods showed significant association between AREG mRNA level and 
tumour grade, Table 5.16. Downregulated AREG level was specific in GBM 
as compared to grade II and III astrocytomas, Fig. 5.25. Significantly 
different NPTX2 mRNA expression was found between patient age and 
survival groups, and lower expression was related with shorter survival and 
older patient’s age, Table 5.16. 

Survival analysis showed border significant separation of Kaplan-Meier 
curves for patients with high and low AREG mRNA expression, (Log-Rank 
test, χ2= 5.263, df=1, p=0.022) analysing all samples (Fig. 5.25) but no 
significant separation of Kaplan-Meier curves was found analysing high 
grade tumours only (Log-Rank test, χ2= 1.02, df=1, p=0.312). 

AREG mRNA expression was also found to be directly associated with 
AREG protein level, Table 5.16, Fig. 5.24-D. Nevertheless, correlation 
analysis showed weak Spearman correlation coefficient (r=0.392, p=0.001, 
n=65). 

 
Fig. 5.25. (A) Kaplan-Meier estimation of patients overall survival with Low 
and High AREG mRNA level. (C) Tukey-box plots of AREG mRNA 
expression distribution in different grade astrocytomas. 

5.3. Cox regression 

To assess the prognostic potential for independent variables (such as 
target promoter methylation, mRNA expression, astrocytoma pathological 
grade, patient age and gender) associated with patient survival univariate 
Cox analysis was performed, shown in Table 5.17.  
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Table 5.17. Univariate Cox regression analysis of all clinical and 
molecular variables.  

 
Factor 

Univariate analysis  

 HR 95% CI P-value  

 

     

C
lin

ic
al

 v
ar

. 
   

 
 

Astrocytoma Grade     
Grade I 0.018 0.004–0.078 

<0.001 
 

Grade II 0.125  0.074–0.210  
Grade III 0.202  0.116–0.351  

Age 1.061 1.047–1.075 <0.001  
Gender 1.147 0.794-1.657 0.466   

     

M
ol

ec
ul

ar
 v

ar
ia

bl
es

 
                                  

 

AhR methylation 2.225 1.459-3.394 <0.001  
AREG methylation 1 2.487 1.642-3.766 <0.001  
AREG methylation 2 1.798 1.112-2.909 0.017  
AREG protein level 0.722 0.482-1.083 0.115  
AREG mRNA level 1.095 1.017-1.148 0.016  
CASP8 methylation 0.773 0.51-1.17 0.223  
CASP8 protein level 0.575 0.244-1.354 0.205  
CDKN2A methylation 1.73 1.138-2.63 0.01  
CH3L1 methylation 0.903 0.577-1.414 0.656  
CH3L1 mRNA level 1.151 1.074-1.233 <0.001  
GATA6 methylation 1.259 0.847-1.872 0.254  
HOXA11 methylation 1.447 0.974-2.148 0.067  
MMP2 methylation 0.448 0.304-0.661 <0.001  
MMP2 mRNA level 1.185 1.013-1.386 0.034  
MMP9 protein level 1.407 1.027-1.927 0.033  
MMP14 methylation 0.459 0.307-0.687 <0.001  
MMP14 protein level 0.822 0.611-1.106 0.196  
NDRG2 methylation 1.646 1.089-2.489 0.018  
NDRG2 protein level 0.581 0.387-0.870 0.009  
NDRG2 mRNA level 0.763 0.689-0.845 <0.001  
NPTX2 methylation 2.563 1.74-3.777 <0.001  
NPTX2 protein level 0.764 0.539-1.084 0.132  
NPTX2 mRNA level 0.88 0.787-0.985 0.026  
RAB40B methylation 1 0.744 0.39-1.538 0.456  
RAB40B methylation 2 0.693 0.35-1.37 0.291  
RAB40B mRNA level 0.766 0.645-0.91 0.002  
 RUNX3 methylation 3.881 2.542-5.925 <0.001  
 RUNX3 protein level 0.891 0.739-1.075 0.228  
 RUNX3 mRNA level 1.107 0.964-1.270 0.149  
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Table 5.17. Continued 

 
Factor 

Univariate analysis  

 HR 95% CI P-value  

 

     

 

     

M
ol

ec
ul

ar
 v

ar
ia

bl
es

 
 

Sema3C protein level 1.640 1.330-2.022 <0.001  
Sema3C mRNA level 0.944 0.804-1.108 0.479  
TES methylation 2.774 1.797-4.281 <0.001  
TES protein level 0.928 0.815-1.056 0.257  
TGFβ1 methylation 1.302 0.815-2.078 0.269  
TGFβ1 protein level 0.962 0.556-1.665 0.861  
TNFRSF10A methylation 1.109 0.744-1.654 0.611  

Bold P-value shows molecular either clinical variable significantly associated with patient 
survival in univariate Cox analysis. Bold HR values indicate variables which doubles death 
risk at any time of observation. 

Univariate Cox analysis identified 20 variables (bold P-values) out of 36 
analysed which were significantly associated with the risk of the death. The 
factors that had strong impact on survival were then individually evaluated 
with clinical variables (patient age and tumour grade) in multivariate Cox 
analysis applying One Step Enter method. Patient age and tumour grade 
were selected to the analysis since they are known as good prognostic 
factors, nevertheless not ideal. 

Grade IV tumours were selected as reference group when analysing 
qualitative data. However, patient age and tumour pathological grade in all 
cases had higher impact as death risk factors compared to molecular 
variables (p>0.05). Nevertheless, multivariate Cox analysis of high grade 
tumours identified three independent variables: mRNA level of CHI3L1, 
mRNA level of MMP2 and mRNA level of RAB40B which had equal or 
even higher impact as death risk factors comparing to clinical variables, 
shown in Table 5.18. 

Next, multivariate Cox regression analysis combining clinical variables 
(patient age and tumour grade) and selected molecular variables - mRNA 
level of CHI3L1, mRNA level of MMP2 and mRNA level of RAB40B was 
performed applying Backward Conditional method which stepwise 
eliminates low impact factors (p>0.05) and re-analyses only residual factors 
in next step until only significantly associated factors remain (associated 
with death risk). Such factors could be described as independent variables 
associated with patient survival and death risk. Calculations were performed 
using high grade tumours data only.  



117 

Table 5.18. Multivariate Cox regression analysis including high grade 
astrocytomas only (individual tests) and applying One Step Enter method 

 
Factor 

Multivariate analysis 

 HR 95% CI P-value 
    
CH3L1 mRNA level 1.15 1.022-1.295 0.20 
Astrocytoma Grade III 
compared to grade IV 

0.614 0.225-1.677 0.341 

Age 1.033 1.001-1.066 0.045 
    
MMP2 mRNA level 0.812 0.661-0.997 0.047 
Astrocytoma Grade III 
compared to grade IV 

0.383 0.162-0.907 0.029 

Age 1.049 1.024-1.074 <0.001 
    
RAB40B mRNA level 1.426 1.109-1.833 0.006 
Astrocytoma Grade III 
compared to grade IV 

0.388 0.171-0.881 0.024 

Age 1.067 1.034-1.1 <0.001 

Table 5.19. Multivariate Cox regression analysis applying Backward 
Conditional method (including high grade astrocytomas only)  

Step 
 

Factor 
Multivariate analysis 

 HR 95% CI P-value 
     

1 Astrocytoma Grade III 
compared to grade IV 

0.196 0.057-0.681 0.01 

 Patient Age 1.038 1.038-1.001 0.044 
 CH3L1 mRNA level 1.194 1.029-1.386 0.02 
 MMP2 mRNA level 0.902 0.662-1.227 0.51 
 RAB40B mRNA level 1.730 1.141-2.408 0.001 
     

2 
Astrocytoma Grade III 
compared to grade IV 

0.228 0.072-0.721 0.012 

 Patient Age 1.039 1.002-1.077 0.037 
 CH3L1 mRNA level 1.190 1.025-1.382 0.22 
 RAB40B mRNA level 1.747 1.257-2.429 0.001 

 
Analysis demonstrates that mRNA level of CHI3L1 and mRNA level of 

RAB40B together with tumour grade and patient age are independent 
factors associated with patient survival in high grade astrocytomas, see 
Table 5.19. Moreover, mRNA level of RAB40B showed one of the highest 
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values of Hazard Ratio, that means that the high RAB40B expression levels 
are associated with high patient risk for death. High RAB40B mRNA level 
in tumours significantly increases patient death risk 1.747 folds as compared 
to tumours with low mRNA level. High CHI3L1 mRNA expression 
increases patient death risk 1.19 folds. 

5.4. Combined analysis of gene promoter methylation data 

Methylation of AHR, AREG, MMP2, MM14, NPTX2, RUNX3 and TES 
showed significant associations with patient overall survival. Moreover, 
univariate Cox analysis revealed that methylation of AhR, AREG, NPTX, 
RUNX3, TES and demethylation of MMP2 and MMP14 increases the risk 
of patient death by more than twice (table 5.17). To evaluate jointly all 
variables from methylation study that had strong impact on survival 
(doubles the risk of death), the data of above listed targets were combined 
using the linear combination of methylation status weighted by the 
coefficients from the univariate Cox analysis according to the formula: 
[𝑀𝑀]𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑟𝑟𝑃𝑃𝑟𝑟𝑟𝑟 𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑃𝑃 = ∑ 𝐻𝐻𝐻𝐻(𝑚𝑚𝑃𝑃1) × 𝑀𝑀𝑃𝑃1𝑛𝑛

𝑖𝑖=1 , where Mt1 – methylation 
status of target 1; HR (mt1) – Hazard Ratio of target 1 from univariate Cox 
analysis. The base of the formula was adapted from Zhou et al, 2018 study 
[367]. As the result of such combination new variable – [M] Patient Risk 
Score calculated according to 7 genes promoters’ methylation status was 
obtained.  

As it was expected, analysis showed that [M] Patient Risk Score is 
significantly associated with tumour grade, patient age and survival, see 
Table 5.20. Moreover, pairwise comparison showed significantly different 
[M] Patient Risk Score between: GBM and astrocytoma grade I, II and III 
tumours; astrocytoma grade I and grade III tumours, shown in Fig. 5.26. 
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Table 5.20. Associations of patient clinical data and [M] Patient Risk Score 
variable combined using the linear combination of 7 gene methylation 
status weighted by each Hazard Ratio from univariate Cox analysis. 

§ - Kruskal-Wallis test 
♯ - Mann-Whitney U test 

 
Fig. 5.26. (A) [M] Patient Risk Score distribution in different grade 
astrocytomas visualized using Tukey-box plots. (B) Kaplan-Meier 
estimation of patients overall survival in High and Low [M] Patient Risk 
Score groups. 

Variable 
Combined analysis of 7 gene methylation 

([M] Patient Risk Score) 
  

N (%)  Median P   
Overall 104 (100%)  2.492    
Grade       

I 10 (9.6)  -2.183 
<0.001§ 

 

  
II 34 (32.7)  0.463   
III 23 (22.1)  2.241   
IV (GBM) 37 (35.6)  9.473   

Gender       
Male 45 (43.3)  1.957 0.15♯   
Female 59 (56.7)  3.158   

Age, years       
<50 55 (52.9)  0.255 <0.001♯ 

 
  

≥50 49 (47.1)  8.685   
Survival, months       

<24 42 (40.4)  9.303 <0.001♯ 
 

  
≥24 62 (59.6)  0.255   
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Methylation data combination of several targets was performed in order 
to assess whether a combined analysis may have a higher power to predict 
patient outcome. For this purpose Kaplan-Meier analysis was performed 
using [M] Patient Risk Score data grouped in two groups according to the 
selected break point from ROC analysis specificity and sensitivity 
coordinates table, (for detailed information see section Sensitivity and 
Specificity estimation applying ROC curve analysis). Analysis showed 
excellent separation of High and Low risk patient survival and great Chi-
Square value (Log-Rank test, χ2= 36.84, df=1, p<0.0001, n=104), Fig. 5.26-
B. The mean patient survival in Low risk group was 91.62 months 
compared to 26.24 months in High risk group. Median survival in Low risk 
and High risk groups were respectively 99.22 and 15.37 months. The 
comparison of Log-Rank Chi-Square value from methylation analysis of 
individual genes and combined data ([M] Patient Risk Score) revealed 
obvious benefit of methylation data combination, see Table 5.21.  

Table 5.21. Log Rank (Mantel-Cox) analysis of individual target 
methylation data and combined data - [M] Patient Risk Score. Data 
analysed using overlapping samples only, n=104. 

 

Variable Groups 
Log Rank (Mantel-Cox) 

Median Mean 
Chi-Square df P-value 

Patient Risk 
Score (7 target) 

Low risk 36.84 1 <0.0001 99.23 91.96 
High risk 15.37 26.24 

AhR Unmethylated 9.33 1 0.00225 50.89 73.05 
Methylated 15.38 33.29 

AREG Unmethylated 14.82 1 0.00011 77.99 84.51 
Methylated 17.22 36.70 

MMP2 Unmethylated 13.99 1 0.00018 19.38 31.67 
Methylated 53.75 76.28 

MMP14 Unmethylated 13.21 1 0.00027 17.35 40.62 
Methylated 77.99 83.86 

NPTX2 Unmethylated 14.48 1 0.00014 77.99 75.64 
Methylated 19.38 39.28 

RUNX3 Unmethylated 31.19 1 <0.0001 66.17 81.18 
Methylated 13.63 22.30 

TES Unmethylated 21.06 1 <0.0001 99.22 94.32 
Methylated 21.88 35.36 

Patient Age, 
years  

<50 years 32.22 1 <0.0001 99.22 91.19 
≥50 years 15.01 28.49 
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Moreover, the Chi-square value from combined data analysis was also 
higher compared to Chi-square value from patient age groups analysis, 
Table 5.21. 

To evaluate the independence of prognostic factor ([M] Patient Risk 
Score) the multivariate Cox regression analysis was performed combining 
patient age as a clinical covariate and applying Backward Conditional 
method. Analysis showed that both factors: [M] Patient Risk Score and 
Patient age are independent variables associated with patient survival. 
However, [M] Patient Risk Score factor showed slightly higher score of 
Hazard Ratio, Table 5.22. 

 
Table 5.22. Multivariate Cox regression analysis of [M] Patient Risk Score 
and Patient age covariates applying Backward Conditional method (n=104) 

Step 
 

Factor 
Multivariate analysis 

 HR 95% CI P-value 
     1 [M] Patient Risk Score 1.108 1.051-1.169 <0.001 

 Patient Age 1.035 1.015-1.056 0.001 

Patients with higher risk scores had significantly worse survival outcome 
and vice versa (Fig. 5.26-B). The distribution of the risk score and 2-year 
survival status is showed in the Fig. 5.27. Fig. 5.24 demonstrates the impact 
of patient stratification according to [M] Patient Risk Score on patient 
survival. Most of patients who were assigned to High risk group tended to 
survive up to 2 year after operation and vice versa, most of patients in Low 
risk group survived more than 2 years. Pearson correlation analysis between 
[M] Patient Risk Score and patient age showed strong connection r=0.648, 
p<0.001 (according to Evans (1996) suggested r value rating [368]). 
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Fig. 5.27. Patient distribution according to the [M] Patient Risk Score 
factor calculated using the linear combination of 7 prognostic gene 
methylation status weighted by each Hazard Ratio. Patients were splitted 
into two (High and Low) risk groups according to the selected break point 
from ROC analysis of [M] Patient Risk Score. Patients in high risk cohort 
showed significantly shorter survival as compared to low risk group. In low 
risk group 2-year survival exceeds 88.2% of patients (46 out of 51) and in 
high risk groups 32.1% of patients (17 out of 53) exceed 2-year survival. 

5.4.1. Estimation of 2-year patient survival predictor - [M] Patient Risk 
Score Accuracy, Sensitivity and Specificity applying ROC curve 
analysis 

To identify [M] Patient Risk Score factor sensitivity and specificity for 
patient 2-year survival prediction Receiver Operating Characteristics (ROC) 
Curve analysis was performed. Curve analysis showed statistically 
significant ROC test with area value of 0.843 (95% CI: 0.764-0.921), which 
is considered as “good test”, Fig. 5.28-A. //explanation of ROC curve area: 
an area from 0.9 to 1 – perfect test; an area from 0.8 to 0.9 – good test; an 
area from 0.7 to 0.8 – fair test; an area from 0.6 to 0.7 – poor test; an area 
less than 0.6 represent worthless test. [369]//  
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Fig. 5.28. (A) Receiver Operating Characteristics (ROC) Curve of [M] 
Patient Risk Score (solid line). The arrow indicates selected break point 
with 85.7% of sensitivity and 72.6% of specificity. (B) Comparison of 
factors specificity and sensitivity to predict patient 2-year survival using 
ROC curve analysis of: individual genes methylation status (expanded 
dashed lines); patient age at operation day as a factor (dotted line) [area = 
0.826, p=1.79-8]; and [M] Patient Risk Score as a factor (solid line) [area 
= 0.843, p=3.43-9]. 

According to the ROC analysis specificity and sensitivity coordinates 
table of [M] Patient Risk Score factor the data were grouped in two groups: 
Low Risk and High Risk. The estimate of [M] Patient Risk Score equal to 
2.365 was selected as a break point, Fig. 5.28, Table 5.23. Patients with [M] 
Patient Risk Score values equal or less than 2.365 were assigned to Low 
Risk group and patients with greater [M] Patient Risk Score values were 
assigned to High risk group with 85.7% of sensitivity and 72.6% of 
specificity. Prognostic 2-year survival accuracy of the model reaches 
78.85% (82/104). 

Analysis showed that [M] Patient Risk Score factor had higher power to 
predict patient 2-year survival than patient age (ROC area 8.43 vs. 8.26, 
respectively) with higher accuracy and higher level of specificity and 
sensitivity, Table 5.23. Moreover, COX curve analysis of combined data 
compared to individual genes methylation showed superior estimations, see 
Fig. 5.28. 
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Table 5.23. Specificity and sensitivity coordinates table from ROC curve 
analysis of [M] Patient Risk Score and Patient age. 

[M] Patient 
Risk Score 

Sensi-
tivity, 

% 

Speci-
ficity, 

% 

Overall 
accuracy, 

% 
 Age 

Sensi-
tivity, 

% 

Speci-
ficity, 

% 

Overall 
accuracy, 

% 
….. ….. …..   ….. ….. …..  

2.109 88.1 66.1   41.292 88.1 61.3  
2.214 85.7 67.7   41.546 85.7 61.3 71.1 
2.242 85.7 71   42.080 83.3 61.3  
2.365 85.7 72.6 78.8  ….. ….. …..  
2.491 83.3 72.6   49.592 76.2 71  
2.529 81 72.6   50.544 76.2 72.6 74.0 
2.668 78.6 72.6   51.271 76.2 74.2  
….. ….. …..   ….. ….. …..  

The sensitivity of factor “Age” (85.7%) gives lower level of specificity (61.3%) as 
compared to factor “[M] Patient Risk Score” and specificity of factor “Age” (72.6%) gives 
lower level of sensitivity (76.2%) as compared to factor “[M] Patient Risk Score. 
Moreover, 2-year survival prediction accuracy is also higher using [M] Patient Risk Score 
variable. 

5.4.2. [M] Patient Risk Score impact on astrocytoma tumour grading 

Since variable [M] Patient Risk Score showed high accuracy for 2-year 
patient survival prediction we decided to check its accuracy on astrocytoma 
tumour grading. The data from ROC Curve analysis again demonstrated 
high accuracy of astrocytoma grading applying [M] Patient Risk Score. [M] 
Patient Risk Score was compared with patient age as a best known clinical 
factor so far. In most of the cases factor [M] Patient Risk Score showed 
more precise tumour grading characteristics as compared to factor - Patient 
age, see Fig. 5.29 and Table 5.24. The factor [M] Patient Risk Score 
showed more accurate characteristics to discriminate between grade I and 
grade IV tumours, between grade I and grade II tumours as well as between 
grade I and grade III tumours. Very similar characteristics of both [M] 
Patient Risk Score and Patient age factors were found in the case of 
discriminating between grade II tumours and glioblastomas, Fig. 5.29-B. In 
the only case to discriminate between grade III tumours and glioblastomas 
the factor Patient age showed superior characteristics as compared to factor 
[M] Patient Risk Score, Fig. 5.29-C. Neither factor [M] Patient Risk Score, 
nor factor Patient age demonstrated significant discrimination between 
grade II and grade III tumours. For detailed information see the Fig. 5.29 
and Table 5.24. For the factor [M] Patient Risk Score values distribution 
across the tumour grades see Fig. 5.26-A.  

 



125 

 
 



126 

Fig. 5.29. Comparison of the impact, to separate astrocytomas according to 
its malignancy, of the factors [M] Patient Risk Score and Patient age 
applying ROC Curve analysis. (A) Accuracy of factors [M] Patient Risk 
Score and Patient age to separate between grade I and grade IV tumours, 
(B) to separate between grade II and grade IV tumours, (C) to separate 
between grade III and grade IV tumours, (D) to separate between grade I 
and grade II tumours, (E) to separate between grade I and grade III 
tumours and (F) to separate between grade II and grade III tumours. Se – 
sensitivity,%; Sp – specificity, %. 

 
Table 5.24. The comparison of factors [M] Patient Risk Score and Patient 
age impact to discriminate between astrocytoma grades. The values in bold 
indicate superior characteristics of one factor as compared to another 
factor. 

Tumour 
grade 

[M] Patient Risk Score 
 

Patient Age 

Sensitivity,% 
Specificity,% 

Overall 
accuracy, % (N)  Sensitivity,% 

Specificity,% 
Overall 

accuracy, % (N) 

I-IV 91.9 
100  93.62 (44/47)  75.7 

80  76.59 

II-IV 75.7 
82.4  78.87 (56/71)  75.7 

82.4  78.87 (56/71) 

III-IV 83.8 
73.9  80 (48/60)  86.5 

82.6  85 (51/60) 

I-II 64.7 
80  68.18 (30/44)  Insignificant ROC 

I-III 100 
80  93.94 (31/33)  Insignificant ROC 

 

5.5. Combined analysis of target mRNA expression 

Since the combined methylation analysis weighty increased prognostic 
potential as biomarker, the merged analysis of target mRNA expression was 
also performed with prognostication relevant genes. Six targets (mRNA 
level) AREG, CHI3L1, MMP2, NDRG2, NPTX2 and RAB40B which were 
associated with the death risk were selected for the combined estimation 
based on Univariate Cox regression analysis data, see Table 5.17. All 
variables (mRNA expression) which were significantly associated with 
death risk in Univariate Cox analysis were selected for combining.  
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Table 5.24. Univariate Cox regression analysis of AREG,CHI3L1, MMP2, 
NDRG2, NPTX2 and RAB40B applying Enter method in range of 
overlapping sample cohort (n=64) 

 
Factor 

Univariate analysis 

 HR 95% CI P-value 
    mRNA level of CHI3L1 1.109 1.017-1.209 0.019 
mRNA level of NDRG2 0.806 0.691-0.941 0.006 
mRNA level of RAB40B 0.752 0.616-0.917 0.005 
mRNA level of AREG 0.844 0.583-1.222 0.369 
mRNA level of MMP2 1.213 0.925-1.591 0.163 
mRNA level of NPTX2 0.922 0.817-1.040 0.187 

 
The first step encompassed the overlay of all mRNA data and cohort 

formation of overlapping samples (n=64). Next, all six variables were 
analysed applying Univariate Cox regression within the range of cohort and 
only significantly with death risk associated targets were selected for 
combining, Table 5.24. After the processing of latter data three variables:  
mRNA level of CHI3L1, mRNA level of NDRG2 and mRNA level of 
RAB40B were selected for combining. Because expression of the targets 
was scattered in different scales, firstly the expression values of each target 
was normalized to the cohort expression mean according to the formula: 
mRNA target1 – mean of mRNA target1. Then variables were combined 
using the linear combination of mRNA expression weighted by the 
coefficients from the univariate Cox analysis (in range of overlapping 
sample cohort), according to the formula: [𝐻𝐻]𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑟𝑟𝑃𝑃𝑟𝑟𝑟𝑟 𝑟𝑟𝑠𝑠𝑠𝑠𝑟𝑟𝑃𝑃 =
∑ 𝐻𝐻𝐻𝐻(𝑚𝑚𝐻𝐻𝑚𝑚𝑚𝑚1) × 𝑚𝑚𝐻𝐻𝑚𝑚𝑚𝑚1𝑛𝑛
𝑖𝑖=1 , where mRNA1 – mRNA expression of target 

1; HR (mRNA1) – Hazard Ratio of target 1 mRNA variable from univariate 
Cox analysis. As the result of such combination new variable – [R] Patient 
Risk Score calculated according to 3 genes mRNA level weighted by HR 
was obtained.  

The visual presentations of data distribution per grades before and after 
combining are shown in Fig. 5.30. From the Fig. 5.30 and Kruskal-Wallis 
test statistics (table 5.26) it can be observed that combination slightly 
improved glioblastoma group separation from grade II and grade III 
astrocytomas. Nevertheless, no significant difference between astrocytoma 
grades I-II-III was observed.  

Groups comparison analysis revealed that [R] Patient Risk Score was 
significantly associated with tumour grade, patient age and survival, see 
Table 5.27. Kruskal-Wallis test pairwise comparison showed significantly 
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different [R] Patient Risk Score between: GBM and astrocytoma grade II 
and III tumours, Fig. 5.30. 

 

 
Fig. 5.30. The comparison of individual target mRNA data and combined 
data distribution in different grade astrocytoma. (A-C) NDRG2, CHIL1, 
RAB40B genes mRNA data distribution in range of overlapping sample 
cohort (n=64), respectively. (D) [R] Patient Risk Score distribution in 
different grade astrocytoma. 
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Table 5.26. Comparison of Kruskal-Wallis pairwise test statistics analysing 
separate target mRNA expression and combined data ([R] Patient Risk 
Score) (n=64). The higher value of test statistic means the better separation 
between the groups. 

Pairwise comparison 

Test statistics (n=64) 

NDRG2 
mRNA 

CHI3L1 
mRNA 

RAB40B 
mRNA 

Combined 
[R] Patient 
Risk Score 

GBM – grade I ns ns 31.29 ns 
GBM – grade II 23.26 25.98 ns 27.56 
GBM – grade III 31.49 23.07 ns 31.65 
Grade I – grade II ns 24.56 ns ns 

Overall test 29.61 26.98 16.63 33.63 

Table 5.27. Associations of patient clinical data and [R] Patient Risk Score 
variable combined using the linear combination of NDRG2, CHI3L1 and 
RAB40B gene mRNA expression weighted by each Hazard Ratio from 
univariate Cox analysis 

§ - Kruskal-Wallis test 
♯ - Mann-Whitney U test 

ROC Curve analysis demonstrated that clinical factor “patient age” had 
higher power to predict patient 2-year survival than [R] Patient Risk Score 
(ROC area 8.44 vs. 8.09, respectively). Nevertheless, the combination of 
CHI3L1, NDRG2 and RAB40B of mRNA expression data increased power 
to predict patient 2-year survival as compared to ROC analysis of separate 
genes, Table 5.27, Fig. 5.31-B. 

Variable 
Combined analysis of 3 genes mRNA expression 

([R] Patient Risk Score) 
  

N (%)  Median P   
Overall 64 (100%)  -1.501    
Grade       

I 7 (10.9)  -0.033 
<0.001§ 

 

  
II 20 (31.2)  -4.309   
III 16 (25)  -5.798   
IV (GBM) 21 (32.8)  6.890   

Gender       
Male 27 (42.2)  -4.253 0.07♯   
Female 37 (57.8)  0.372   

Age, years       
<50 38 (59.4)  -4.718 <0.001♯ 

 
  

≥50 26 (40.6)  4.709   
Survival, months       

<24 24 (37.5)  4.629 <0.001♯ 
 

  
≥24 40 (65.2)  -4.259   
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Fig. 5.31. (A) Receiver Operating Characteristics (ROC) Curve of [R] 
Patient Risk Score (solid line). The arrow indicates selected break point 
with 70.8% of sensitivity and 80% of specificity. (B) Comparison of factors 
specificity and sensitivity using ROC curve analysis. 

Patients in High [R] Patient Risk Score cohort showed significantly 
shorter survival as compared to Low [R] Patient Risk Score group. The 
distribution of the risk score and 2-year survival status showed in the Fig. 
5.32. Even 84.6% (33 out of 39) of patients in Low Risk group reached 2-
year survival compared to only 32% (8 out of 25)  of patients in High Risk 
group, Fig. 5.32. 

Table 5.27. Data form ROC Curve analysis, n=64. 
Factor  
(n=64) ROC curve Area 95% CI P-value 

[R] Patient Risk Score 0.809 0.701-0.918 <0.001 
Patient Age 0.844 0.745-0.942 <0.001 
CHI3L1 mRNA  0.795 0.686-0.903 <0.001 
NDRG2 mRNA 0.758 (opposite) 0.631-0.886 0.001 
RAB40B mRNA 0.426 0.277-0.569 0.305 

 
Kaplan-Meier analysis of [R] Patient Risk Score demonstrated 

significantly better survival prognosis for Low risk groups patients (Log-
Rank test, χ2= 4.92, df=1, p=0.027, n=64). Nevertheless, clinical variable - 
patient age showed better characteristics in Kaplan-Meier analysis as 
compared to [R] Patient Risk Score (Log-Rank test, χ2= 12.62, df=1, 
p<0.001, n=64), Fig. 5.33. 
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Fig. 5.32. Patient distribution according to the [R] Patient Risk Score factor 
calculated using the linear combination of mRNA expression of 3 prognostic 
genes weighted by each Hazard Ratio. Patients were splitted into two (High 
and Low) risk groups according to the selected break point from ROC 
analysis of [R] Patient Risk Score with 70.8% of sensitivity and 80% of 
specificity. 

Fig. 5.33. Kaplan-Meier estimation of patients overall survival in (A) High 
and Low [R] Patient Risk Score groups and in (B) patient age <50 and ≥50 
groups. 
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5.6. Combined analysis of targets protein level 

Combined analysis of target protein expression was performed using 
NDRG2 and SEMA3C proteins expression data according to the same 
scheme as used for mRNA data combining. MMP9 protein expression level 
was not used for combining because of small number of overlapping 
samples what in turn decides weak statistics. As a result of combining new 
variable - [P] Patient Risk Score was obtained according to NDRG2 and 
SEMA3C protein expression level weighted by the coefficients from the 
univariate Cox analysis in overlapping sample cohort, Table 5.29.  

Table 5.29. Univariate Cox regression analysis of NDRG2 and SEMA3C 
applying Enter method in range of overlapping sample cohort (n=84) 

 
Factor 

Univariate analysis 

 HR 95% CI P-value 
    Protein level of NDRG2 0.575 0.377-0.877 0.01 
Protein level of SEMA3C 1.639 1.331-2.019 <0.001 
 

ROC Curve analysis of combined protein expression - [P] Patient Risk 
Score data demonstrated slightly lower reliability of the test (area=0.771) as 
compared to factor patient age (area=0.847). The area from ROC Curve 
analysis of SEMA3C and Ndrg2 proteins level was equal to 0.678 and 
0.767, respectively. The visual demonstrations of curves are shown in Fig. 
5.34. The value of -0,03789 was selected as a break point with 73.1% of 
sensitivity and 74.1% of specificity. According to the selected break point 
value data were splitted in to Low (<-0,03789 ) and High (≥-0,03789) risk 
groups, Fig. 5.35. 

Independent group comparison analysis (Kruskal-Wallis test) revealed 
slightly better separation of the [P] Patient Risk Score data between tumour 
malignancy groups compared to the same analysis of separate targets 
protein expression, Table 5.30. Kruskal-Wallis test revealed significantly 
higher [P] Patient Risk Score values in glioblastomas compared to grade I, 
II and III tumours, Table 5.31. 
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Fig. 5.34. (A) Receiver Operating Characteristics (ROC) Curve of [P] 
Patient Risk Score and (B) comparison of individual factors ROC curves. 
 

 
Fig. 5.35. Patient distribution according to the [P] Patient Risk Score factor 
calculated using the linear combination of 2 prognostic protein level 
weighted by each Hazard Ratio. Patients were splitted into two (High and 
Low) risk groups according to the selected break point from ROC analysis 
of [P] Patient Risk Score with 73.1% of sensitivity and 74.1% of specificity. 
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Table 5.30. Comparison of Kruskal-Wallis pairwise test statistics analysing 
separate target protein expression and combined data ([P] Patient Risk 
Score) (n=84). 

Pairwise comparison 

Test statistics (n=84) 

NDRG2 
Protein level 

SEMA3C 
Protein level 

Combined 
[R] Patient Risk 

Score 

GBM – grade I 25.01 (p=0.021) 31.05 
(p=0.002) 

32.53 
(p=0.001) 

GBM – grade II 37.17 (p=0.001) 27.62 
(p<0.001) 

39.57 
(p<0.001) 

GBM – grade III 29.42 (p<0.001) 34.59 
(p<0.001) 

34.2 
(p<0.001) 

Overall test 33.61 28.09 40.45 

The higher value of test statistic means the better separation between the groups. 

Moreover, [P] Patient Risk Score significantly differed between patient 
age groups and between 2-year survival groups, Table 5.31. 

Table 5.31. Associations of patient clinical data and [P] Patient Risk Score 

§ - Kruskal-Wallis test 
♯ - Mann-Whitney U test 

Kaplan-Meier analysis showed significant worse survival prognosis for 
patients with high [P] Patient Risk Score as compared to Low risk (Log-
Rank test, χ2= 17.49, df=1, p<0.001, n=84), Fig. 5.36-B. The analysis 

Variable 
Combined analysis of 2 genes protein expression 

([P] Patient Risk Score) 
  

N (%)  Median P   
Overall 84 (100)  -0.718    
Grade       

I 12 (14.3)  -1.167 
<0.001§ 

 

  
II 30 (25.7)  -1.701   
III 17 (20.2)  -1.544   
IV (GBM) 25 (29.8)  3.018   

Gender       
Male 38 (45.2)  -0.861 0.733♯   
Female 46 (54.8)  -0.472   

Age, years       
<50 48 (57.1)  -1.519 <0.001♯ 

 
  

≥50 36 (42.9)  1.554   
Survival, months       

<24 26 (31)  1.375 <0.001♯ 
 

  
≥24 58 (69)  -1.225   
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confirmed that combined protein expression data of NDRG2 and SEMA3C 
- [P] Patient Risk Score has a higher impact to prognosticate patient overall 
survival compared to the impact of individual NDRG2 (Log-Rank test, χ2= 
10.08, df=1, p=0.001, n=84) and SEMA3C protein expression data (Log-
Rank test, χ2= 3.94, df=1, p=0.047, n=84).  

 
 

 
Fig. 5.36. (A) [P] Patient Risk Score distribution in different grade 
astrocytoma. (B) Kaplan-Meier estimation of patients overall survival in 
High and Low [P] Patient Risk Score groups. 
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5.7. Function research results 

5.7.1. Pilot functional analysis of selected targets after funnel-like 
screening 

The molecular screening identified 5 targets: AREG, NDRG2, NPTX2, 
RUNX3 and SEMA3C which were significantly associated with patients’ 
clinicopathological variables and passed at least three filters. Nevertheless, 
only three targets NDRG2, RUNX3 and SEMA3C were successfully 
applied to the functional analysis in glioblastoma cell lines since the 
creation of AREG and NPTX2 expression vectors failed. 

Two types of plasmids were created for two systems of ectopic gene 
expression. First system – ordinary transfection assay where 
pcDNA™3.2/capTEV™-NT/V5-DEST (7921bp) vector template was used 
for NDRG2 and SEMA3C expression vector creation (pcDNA3.2-NT-
NDRG2; pcDNA3.2-NT-SEMA3C).  pcDNA3-RUNX3 (5.4 kb) which was  
gifted from PhD Dominic Chih-Cheng Voon was used for RUNX3 
overexpression influence analysis.  

For the second Lenti-viral infection system pLenti7.3/V5-TOPO® (7935 
bp) vector was used to create all three targets expression systems. 

All created vector were analysed under the restriction products analysis 
to verify plasmid composition compared to the theoretical calculations. 
According to the used verification methods, cloning of NDRG2, RUNX3 
and SEMA3C genes in the target vectors (listed above) was successful. 

The eligibility of the vectors to increase target expression in U87 cell 
lines was verified applying WB assay. After U87 lipo-transfection with 
pcDNA3.2-NT-target and pcDNA3-target (with target genes) harvested 
cells showed evidently increased protein levels of targets (showed in Fig. 
5.37). 

The eligibility of the vectors to increase target expression applying Lenti-
viral infection system is still under the stage of assay conditions optimizing. 
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Fig. 5.37. WB of NDRG2, RUNX3 and SEMA3C expression in U87 cells.  
(A) WB of NDRG2 protein expression after U87 cell transfection with 
pcDNA3.2-NT-NDRG2 construct. 1 - pcDNA3.2-NT-NDRG; 2 high NDRG2 
expression protein extract of human astrocytoma specimen; 3 non-
transfected (NTC) U87 cells; 4 and 5 wells represent WB of U87 cells 
transfected with pcDNA3.2-NT-NDRG and nontransfected cells applying 
anti-V5-tag antibodies, respectively. (B) WB of RUNX3 protein expression 
after U87 cell transfection with pcDNA3-RUNX3 construct. 1 – NTC 
control; 2 -  pcDNA3-RUNX3. (C) WB of SEMA3C protein expression after 
U87 cell transfection with pcDNA3.2-NT-SEMA3C construct. 1 – NTC 
control; 2 -  pcDNA3.2-NT-SEMA3C. 

5.7.2. The impact of NDRG2, RUNX3 and SEMA3C ectopic 
expression for cell viability 

The functional analysis of NDRG2 and RUNX3 was performed applying 
ordinary transfection assay, since Lenti-viral infection system is still under 
optimization. 

Transfection of target plasmid to induce expression in glioblastoma cell 
line U87 led to verify oncogenic or oncosuppressive target functioning 
which was observed in human tumour samples. Transfection efficiency 
using lipofectamine was verified applying transfection of plasmid with 
Green Fluorescing Protein (GFP) (pcDNA4TO-GFP) and counting green 
and colourless cells after 24 hour of transfection. Transfection efficiency 
working on U87 cells varied between 50-70 %, Fig. 5.38. 

Overexpression of both NDRG2 and RUNX3 in U87 cells decreased 
cells viability as compared to control cells transfected with empty vector or 
vector with GFP, Fig. 5.39. Cell viability decreased to 54.3% using 100 ng 
of NDRG2 construct for transfection while RUNX3 decreased cell viability 
to 40.2% compared to non-transfected cell control (NTC). Transfection of 
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100 ng of empty vector reduced cell viability to 90-93 % compared to NTC 
because the transfection using lipofectamine itself was gently toxic for U87 
cells. 

 

 
Fig. 5.38. Lipofectamine transfection efficiency on U87 cell using 
pcDNA4TO-GFP vector after 24 hours of procedure. (A) Phase contrast 
(ph), (B) green filter, (C) merged view from A and B parts. Transfection 
efficiency in current case reaches ~75%. 
 

The effect of overexpression of SEMA3C was analysed applying 
tetracycline (TTC) inducible U87 cell line – U87-tet-SEMA3C derived in 
LUHS Neuroscience Institute laboratory of Molecular Neurooncology, since 
the U87-tet-SEMA3C expression induction efficiency reaches ~100%, see 
Fig. 5.41. Moreover, such system do not affect cell viability comparing to 
lipofectamine transfection method which was found to be gently toxic for 
U87 cell line. The efficiency of the induction and so expression was verified 
for each experiment, since U87-tet-SEMA3C cell line simultaneously with 
SEMA3C co-express GFP after tetracycline induction. Protein expression 
after induction of SEMA3C was also checked in WB. 
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Fig. 5.39. U87 cell viability data applying MTT test after 100ng of DNA 
transfection with lipofectamine. (A) Cell viability test after NDRG2 
transfection (pcDNA3.2-NT-NDRG2), (B) Cell viability test after RUNX3 
transfection (pcDNA3-RUNX3). GFP- green fluorescing protein in 
pcDNA4TO vector (pcDNA4TO-GFP), pcDNA3 – empty (control) vector, 
pcDNA3.2-NT empty (control) vector, NTC- non-transfected cells control. 
Total amount of transfected DNA was 100 ng, and the shortage was covered 
with empty (control) vector. 
 

 
Fig. 5.40. (A) U87-tet-SEMA3C cell viability after 24 hours of TTC 
induction. (B) Migration of TTC induced and not induced U87-tet-SEMA3C 
cells (12 hours after induction).  

40

60

80

100

NDRG2

GFP

NTC
pcDNA3.2-NT

    

Ce
ll 

Vi
ab

ili
ty

, %
A                                                     B 

40

60

80

100

RUNX3

GFP

NTC
pcDNA3

    

Ce
ll 

Vi
ab

ili
ty

, %

0         12.5       25         50        100 
0         87.5       75         50          0  

0         12.5       25         50        100 
0         87.5       75         50          0  

NDRG2 
Empty vector 

RUNX3 
Empty vector 

Amount of transfected Plasmid, ng Amount of transfected Plasmid, ng 

1 0,7 0,4 0

75

80

85

90

95

100

TTC concentration, µg/ml

Ce
ll 

Vi
ab

ili
ty

, %

  

 
 

A                                                     B 

 
 

Non-Induced Induced
30

40

50

60

70

80 p=0.0032

M
ig

ra
tio

n 
ra

te
 %



140 

 

 
Fig. 5.41. U87-tet-SEMA3C induction efficiency after 24 hours of induction. 
(A-B) not induced U87-tet-SEMA3C cells (0 µg TTC), (C-D) U87-tet-
SEMA3C cells induced with 0,75 µg/ml TTC, (E-F) U87-tet-SEMA3C cells 
induced with 1 µg/ml TTC. (A,C,E) phase contrast, (B,D,F) green filter. 
 

The initiation of expression of SEMA3C is dependent on TTC 
concentration and time after TTC induction. The higher concentration of 
TTC is used, the higher protein expression could be expected after 18-32 
hours after the induction. Later protein expression level is on average the 
same between different wells. Such system enabled to analyse U87-tet-
SEMA3C cells viability applying MTT assay after TTC induction. 
Nevertheless, no significant change in cell viability after SEMA3C 
expression induction was observed, Fig.5.40-A. 

5.7.3. SEMA3C and U87-tet-SEMA3C cell migration 

Current analysis of SEMA3C in astrocytoma specimens showed 
increased protein levels exclusively in high grade tumours. Literature data 
shows that SEMA3C may be related to the establishment of tumour 
favourable microenvironment such as promotion of angiogenesis, cell 
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migration and invasion [290]. Such oncogenic features of the target 
prompted us to check if the expression of SEMA3C triggers cell motility in 
glioblastoma cells U87. U87-tet-SEMA3C cell line was used for the 
migration assay.  

Data from migration assay confirmed oncogenic acting of SEMA3C in 
cancerous cells. After the induction of SEMA3C expression U87-tet-
SEMA3C cells showed significantly increased migration rates as compared 
to non-induced cells, figures 5.40-B; 5.42. 

 

 
Fig. 5.42. Migration comparison of TTC induced U87-tet-SEMA3C cells 
overexpressing SEMA3C (A-B) and not induced U87-tet-SEMA3C cells 
without SEMA3C overexpression (C-D). Migration analysis was performed 
applying “Oris™ Pro Cell Migration Assay - Collagen I Coated” 96 well 
flat-bottomed plates, cell free area measurements were made after 12 hours 
after splitting. 
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5.7.4. RUNX3 ChIP analysis  

RUNX3 is a transcription factor which can regulate expression (activate 
or repress) of genes that have a motif 5′ pyGpyGGT 3′ in their promoter 
region. RUNX3 target analysis for the first time was performed in 2012 
applying ChIP-seq assay in Richard M. Myers laboratory, HudsonAlpha 
Institute for Biotechnology, Huntsville, Alabama, USA. The analysis was 
performed working on human GM12878 cells, nevertheless no information 
about RUNX3 targeting genes in human brain cell lines was published up to 
date. 

Since RUNX3 showed promising features as molecular marker for 
astrocytoma diagnostic and reduced glioblastoma cell viability after 
triggering of ectopic gene expression, we decided to elucidate the degree of 
RUNX3 interaction with known target genes. The knowledge about RUNX3 
interaction with genes related to proliferation, apoptosis, invasion and drug 
resistance could elucidate the molecular mechanism of RUNX3 acting in 
cancer.  

In total 12 predicted RUNX3 target genes were analysed applying ChIP 
qPCR: ABCB1, ABCC1, AKT1, BCL2, BCL2L11, CCND1, CDKN1B, 
CLDN1, HES1, TIMP1 and VIM. The targets were selected  according to 
the literature data where target genes were shown to be dependent on 
RUNX3 level [370–375]. High levels (≥50%) of interacting RUNX3 were 
found with AKT1, CLDN1 and VIM genes promoters, 77.8%, 53.7%, 
51.4%, respectively. Moderate interaction levels (>20<50%) were found 
with ABCB1 (32.8%), ABCC1 (36.2%), CDKN1A (22.9%), CDKN1B 
(28.9%) and TIMP1 (29.5%) genes. Low RUNX3 interaction (≤20) levels 
were found with BCL2 (19.2%), BCL2L11 (14.1%), CCND1 (13.9%) and 
HES1 (8.7%) genes. 

Next, mRNA expression was measured for the same RUNX3 target 
genes. Data showed RUNX3 targets such as CCND1, TIMP1, VIM, 
ABCC1 and CDKN1B which possibly are activated by RUNX3 interaction. 
Negative regulation possibly determined by RUNX3 interaction was found 
in case of ABCB1, CLDN1 and BCL2 genes, Fig. 5.43. 
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 Picture 5.43. (A) RUNX3 ChIP-qPCR data were calculated applying 
“Percent Input” method. The higher percentage of target shown in the 
histogram, the more frequently RUNX3 was found to be interacting with 
target gene. (B) Relative mRNA expression of the target genes in U87 cell 
line, normalized to ACTB. Dark histograms show possible activation, white 
- possible repression of the target-genes by RUNX3. 
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DISCUSSION 

Molecular marker introduction in the most recent WHO guidelines for 
CNS tumour classification [3] is one of the first signs of high potential of 
molecular information which could be successfully applied in diagnostics of 
brain tumour. However, despite the molecular update the tumour 
classification itself does not provide precise answers about patient outcome 
after tumour resection [9] therefore, the use of additional molecular markers 
is a reasonable option to improve current prognostication. Present study was 
focussed on the search for potential molecular markers to improve current 
methods used for prognostication as well as diagnostics. In the past years a 
number of new susceptible targets were described as promising markers for 
prognosis of astrocytoma patient [30], nevertheless, only few of them are 
adopted in the update of 4th edition of WHO guidelines (2016) [3] which 
still allows only a rough prediction of the outcome. 

The use of single markers for patient outcome prognosis is not sufficient 
solution for highly heterogenic astrocytoma tumours, however the set of 
prognostically weighty markers could be a great option [11–13]. Current 
study started with the selection of potential targets, which were subjected to 
screening by applying promoter methylation, protein and mRNA expression 
measurements. The measurements served as selection filter and only patient 
outcome related target-genes were selected for combined set analysis. The 
analysis demonstrated that individual molecular data of the targets do not 
reach the impact to predict patient survival compared to combined analysis 
of the set of molecular markers. However, the combination of data obtained 
from 7 gene methylation, or 3 gene mRNA expression, or 2 target protein 
expression showed weighty better results for patient outcome prediction 
compared to the potency of separate targets. Noteworthy, the combination 
of 7 targets methylation data revealed obviously higher prognostication as 
well as diagnostic power as compared to 3 targets mRNA data combining 
and 2 targets protein expression data combining. Such result could be 
explained by the number of combined targets that give higher accuracy 
power. The explanation could be confirmed by other scientist published data 
where 7, 13, 16, 20, 23, 32 targets were applied for significant diagnostics 
and prognostics of astrocytoma [12,13,376–379], respectively. Therefore, 
all further discussions in this chapter will be focused on the combination of 
data obtained from analysis of 7 genes. 

The combination of methylation data of 7 genes (AhR, AREG, NPTX, 
RUNX3, TES, MMP2 and MMP14) resulted in better astrocytoma patient 
outcome prediction than the factor Patient age which is one of the most 
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accurate clinical predictor of survival [380,381]. The prediction of patient 
survival currently is based on tumour grade, patient age at the time of 
diagnosis, tumour localization [30,382,383] and integrated mutation 
analysis of molecular markers such as IDH1, ATRX and TERT [30]. The set 
of 7 molecular markers was able to stratify patients in Low risk (when 
survival exceeds 2-year) and High risk (when survival does not exceed 2-
year) groups with 85.7% of sensitivity and 72.6% of specificity (model 
accuracy 78.8%). This should be treated as a very good achievement bearing 
in mind that the Patient age alone did not match such significance in the 
present study (model accuracy 71.1 - 74%). Recently, Liao et al. 
demonstrated that epigenetic aging (epigenetic clocks) has been implicated 
as potentially useful marker for cancer risk and prognosis. By using 
Illumina HumanMethylation450 BeadChip DNA methylation data (TCGA 
data) and applying two methods for modelling epigenetic age authors 
showed the connection between patient age, epigenetic aging and patient 
survival. Nevertheless, Pearson correlation between epigenetic profile and 
patient age showed modest values r=0.59-0.5 [384]. Meanwhile, present 
study model demonstrated better Pearson correlation coefficient (r=0.648) 
between epigenetic profile and patient age. This can be explained by the 
methodical decisions since in the present study only high impact targets 
were selected for combined analysis. Moreover, Cox analysis revealed that 
combined variable ([M] Patient Risk Score) of selected targets was an 
independent prognostic factor while in Liao et al. study patient age but not 
epigenetic clock was found as an independent prognostic factor [384]. The 
combination of all the obtained molecular data regardless their importance 
for patient clinical data can significantly reduce the prognostic potential of 
molecular information.  

Astrocytoma malignancy is determined based on the WHO guidelines 
according to the histopathological and molecular features [3]. Tissue 
assignment to one or another grade of malignancy is the most important 
factor determining further therapeutic decisions and forejudges patient 
prognosis [13,385]. Nevertheless, astrocytoma tissue samples often have 
little cellular differentiation, intra-tumoural histological variability and also 
can lack grade specific histological features [386]. Moreover, some studies 
have shown that astrocytomas are highly heterogeneous which indicates that 
tumours of same grade have diverse genetic and epigenetic molecular 
aberrations [385]. Therefore the enhancements of tumour grading accuracy 
can significanlty improve purposeful treatment strategy adjustment, 
positively affect patient survival and quality of life as well as improve the 
accuracy of prognostication. The present analysis of [M] Patient Risk Score 
revealed that molecular biomarkers can function as a serious competitor for 
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Patient age as a factor to classify astrocytomas in malignancy groups. [M] 
Patient Risk Score showed better characteristics in discriminating between 
grade I and grade IV tumours, between grade I and grade II tumours, 
between grade I and grade III tumours as well as between grade II and grade 
IV tumours as compared to characteristics of factor Patient age. 
Nevertheless, the impact of factor Patient age was indisputable higher (acc. 
85%) in discriminating between grade III and grade IV tumours as 
compared to factor [M] Patient Risk Score (acc. 80%). The current 
classification between grade III – anaplastic astrocytoma and glioblastomas 
sometimes is challenging task, since very similar contrast-enhancing 
features under MRI and similar histopathology can be characteristic for both 
malignancies [387]. Molecular information can significantly improve 
classification accuracy, but above all it is necessary to discover appropriate 
markers and, first of all prove that such markers are able to classify tumours 
at the same accuracy as current methods. The present work as well as other 
studies, which applied marker set for classification, seeks to implement this 
task. Rao et al. used the signature of set of 16 target mRNA expression and 
demonstrated that the set was able to separate anaplastic astrocytoma from 
glioblastoma samples with accuracy rates of 99%, 87.9%, 81.6%, 92% and 
87.9% in TCGA, GSE1993, GSE4271, GSE4422 and Rao el al. datasets, 
respectively [13]. The prediction accuracy to discriminate between grade III 
and IV tumours of [M] Patient Risk Score in current study was 80%. 
Another study applied 23-miRNA expression signature to discriminate 
glioblastomas from anaplastic astrocytomas and even 89.7% of overall 
diagnostic accuracy was achieved (sensitivity 84.6%, specificity 92.3%) 
[378]. There are many more studies in scientific press where molecular 
markers were used to classify astrocytomas, nevertheless most of them were 
focused on the discovery of the markers and as a result the list of the most 
upregulated or downregulated targets are given but no analysis of 
classification model accuracy is provided [376,377,385,386,388–392]. This 
suggests that the impact and benefits of data combining is not yet fully 
understood. Nevertheless, to sum up, all the multitarget combining studies 
as well as present study are translating a message that the sets of molecular 
markers are ready for use in diagnostic schemes and the models reaching 
accuracy from 80% to 95% even confirms that molecular signature would 
reclassify these tumours possibly more appropriately, since most of the 
studies showed the high signature impact on patient clinical data. 

The present work gained two directions on the same line, since the target 
combination became the second main important relevant direction which 
was unplanned at the beginning of the research (was discussed above). 
According to the first direction, selected markers were screened using 4 
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filters for grade I –IV astrocytomas with the purpose to elucidate the 
significance of determined target aberrations for gliomagenesis and 
diagnostics. The deeper understanding of gliomagenesis process can suggest 
new therapy approaches that in turn may positively affect patient survival 
and quality of life as well as assist with diagnosis or prognosis [393]. The 
analysis of all astrocytic tumour malignancies allowed selecting the most 
promising targets for function analysis. 

NDRG2 passed all 4 screening filters and was selected for functional 
analysis. All the data from methylation, mRNA and protein expression 
assays indicated that the target is important for astrocytoma tumourigenesis. 
Downregulated gene expression at mRNA and protein level and high 
methylation frequency in high grade astrocytomas and especially in 
glioblastomas indicated tumour suppressive features of NDRG2. Very 
similar data with the same implication of oncosupressor was described in 
other studies [18,213,224,226] (more broadly reviewed in literature section). 
The findings from functional research meet the data from tumour sample 
analysis demonstrating oncosupressive NDRG2 acting. Present study 
revealed that NDRG2 is a perfect cancer cell killer after its overexpression 
in U87 glioblastoma cells. The viability of U87 cells was firmly reduced 
following NDRG2 overexpression supporting tumour suppressive features 
of the target. Very similar experiments performed by Li et al. also suggested 
oncosupressor role for NDRG2 since upregulated expression of NDRG2 
reduced tumour cell viability and arrested the cell cycle at the G1/G0 phase 
[394]. Other studies also indicated that NDRG2 overexpression in a human 
glioblastoma cell line markedly inhibits cell proliferation [223]. Taking 
together, all the data revealed that NDRG2 is important player in oncology, 
however the present study demonstrated, that NDRG2 is highly suppressed 
exclusively in the most aggressive astrocytomas – glioblastomas, indicating 
NDRG2 link with aggressiveness and cell proliferation. Such feature of the 
target shows its high potential for therapeutic application, and the 
reconstitution of NDRG2 in GBM possibly can reduce tumour 
aggressiveness and recovery capabilities after resection. Present analysis 
revealed that demethylation or high level of NDRG2 is a significant 
signature of better survival prognosis for astrocytoma patients. 

The next target which passed screening and was successfully applied for 
functional analysis was Semaphorin 3C. Since the current analysis of 
SEMA3C in astrocytoma specimens showed increased protein levels in high 
grade tumours we decided to check cell viability and migration after the 
SEMA3C induction. Viability assay did not showed significant change in 
U87 cell viability after the induction of SEMA3C expression. Because the 
SEMA3C is poorly analysed in astrocytic origin tumours and cell lines, no 
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data are available to compare cell viability alterations after the SEMA3C 
induction. The data from other pathologies shows contradictory results. 
SEMA3C upregulation in prostate epithelial cell line promoted EMT, stem-
like phenotypes, migration and invasion in vitro and cell dissemination in 
vivo [290], while other studies suggested that SEMA3C functions as an 
inhibitor of angiogenesis in pathological retina [288]. Cell migration 
analysis after SEMA3C induction in present study revealed significantly 
increased cell migration rates as compared to non-induced cells and such 
acting together with the data from astrocytoma sample analysis even 
strengthen presumption of oncogenic features of SEMA3C. Current study 
for the first time revealed SEMA3C acting on astrocytic tumours as well as 
its triggering during gliomagenesis. Analysis of grade I-IV tumours 
demonstrates that this oncogene is highly abundant in glioblastomas – the 
most aggressive tumours. Taking all together it seems that SEMA3C may be 
related to the establishment of tumour favourable microenvironment such as 
promotion of angiogenesis, cell migration and invasion what is inherent for 
malignant tumours and thus elevated oncogene levels are observed 
exclusively in high grade astrocytomas. 

RUNX3 also passed the screening and was successfully implicated for 
functional analysis. We found significantly higher RUNX3 promoter 
methylation frequencies and protein downregulation in glioblastomas as 
compared to lower grade astrocytomas suggesting that RUNX3 is triggering 
in late stage of gliomagenesis. The data are in the line with data from gastric 
cancer research where RUNX3 methylation frequency increased with the 
progression of the lesion indicating RUNX3 importance to the tumour 
genesis [395]. The results from current and other studies [14,249,255–265] 
suggests tumour suppressor role for RUNX3, nevertheless, there are studies 
which showed opposite data and suggested tumour promoting or oncogenic 
role for RUNX3 [267–274] (more broadly reviewed in literature section). 

Since RUNX3 is a transcription factor we decided to check its acting on 
predicted target genes. Chromatin immunoprecipitation analysis showed 
that ABCC1 gene – (which is involved in multi-drug resistance), CDKN1B 
(involved in the control of the cell cycle progression at G1), VIM 
(intermediate filament protein which is ubiquitously expressed in normal 
mesenchymal cells), TIMP1 (tissue inhibitor of metalloproteinases-1), 
CCND1 (involved in progression through the G1 phase of the cell cycle) are 
possibly activated by RUNX3 interaction. Whereas, possible negative 
RUNX3 regulation was found in cases of CLDN1 (a component of tight 
junction strands, involved in cell-to-cell adhesion), ABCB1 (ATP-
dependent drug efflux pump for xenobiotic compounds, involved in 
multidrug-resistant) and BCL2 (involved in the apoptotic death) genes. 
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Thus, the scheme of activated and supressed genes by RUNX3 are 
complicated since several oncogenes are supressed while several are not. It 
should be noted that ChIP investigation was performed on cancer cell line 
U87, what generally means that oncogenic systems are already activated 
while onco-supressive pathways are supressed. The result from ChIP assay 
fully agrees with M. Whittle and S. Hingorani explanation of RUNX3 as 
“tumour modifier” to reflect a strong influence on tumour behaviour 
depending on the context on tissue and pathobiology [249,269]. 
Nevertheless, ChIP data should be used as pilot information with cautions, 
since independent experiments in other laboratories are necessary to finally 
confirm present findings. 

Consequently we decided to check glioblastoma cells U87 viability after 
RUNX3 overexpression. The assay showed large decrease of cell viability 
as compared to non-transfected cells control as well as empty vector 
transfection control indicating oncosuppressive acting of RUNX3. The 
present results are in the consent with Mei et al. data who showed that re-
expression of RUNX3 in U251 and U87 glioma cells significantly inhibited 
cell invasion and migration abilities [396]. Very similar RUNX3 acting 
(inhibition of migration and invasion) after re-expression was observed in 
melanoma cells that enhanced formation of stress fibres and extracellular 
matrix protein production regulating the cell shapes [397]. 

Similarly as in NDRG2 case, RUNX3 showed decreased levels 
exclusively in glioblastomas what also suggest its association with tumour 
malignancy and aggressiveness. The functional investigation only 
confirmed that the reduction of RUNX3 protein expression and gene 
promoter methylation in GBM is not an accidental phenomenon since 
overexpression of the target resulted in cancer cell death. Since RUNX3 
protein level reduction and promoter methylation was significantly 
associated with patient survival, it can be concluded that RUNX3 is very 
promising prognostic target for astrocytomas with the high therapeutic 
application potential. 

The present study encompassed all malignancies of tumours of astrocytic 
origin (gade I-IV) and such decision is an exception rather than a rule in 
field of scientific research of glioma, since grade I tumours (generally called 
pilocytic astrocytomas - PA) are the most common benign tumours in 
children and rarely appear in adults [15,48,50]. Thus, uncommon 
appearance in adults, paediatric origin and benign tumour features 
characterized by very distinct histological appearance determines the rare 
use of PA together with grade II-IV astrocytomas for scientific research. 

Since the PA is benign astrocytic tumour we expected to explore 
astrocytoma tumorigenesis in prospect of molecular alterations from very 
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early stages of pathology. The results from current study complemented 
poorly investigated field of molecular aberrations of selected targets during 
tumourigenesis. The results were both: expected and at the same time 
surprising. Promoter methylation analysis showed data which was expected 
and target methylation frequency was different from grade II-IV 
astrocytomas depending on the target properties. Onco-suppressors showed 
lower while oncogenes higher promoter methylation frequency as compared 
to higher grade tumours. Majchrzak-Celińska with colleagues showed 
similar tendencies of change of genes promoter methylation frequencies per 
I-IV astrocytoma grades in case of 13 analysed genes (including RUNX3, 
GATA6 and NDRG2) [14]. Nevertheless, PA data from protein expression 
analysis of AREG, TES, RUNX3, TGFβ1 and from mRNA expression 
analysis of CHI3L1 showed different expression levels from grade II and 
grade III astrocytomas but similar to grade IV – glioblastomas. This 
phenomenon with listed targets was shown for the first time since there are 
only few publications where grade I-IV astrocytomas were analysed 
together [14–17]. Nevertheless, no data about AREG, TES, RUNX3, 
TGFβ1 protein level and CHI3L1 mRNA level shift per I-IV grades are 
published. Usually scientist are screening molecular markers in order to find 
significant differences of mRNA, miRNA, protein expression, methylation 
frequency etc. per tumour grades in prospect for diagnostic application. And 
only the genes with the biggest differences are identified as promising 
noteworthy targets. However, e.g. shifting from low target expression in 
benign tumours to high expression in grade II and III tumours and back shift 
to low target expression in grade IV tumours also bears an important 
message. It can mean that such genes are directly or indirectly associated 
with oncological checkpoints in the cell which are not active in benign 
tumours still activated in the beginning of malignancy (grade II and grade 
III) as a silent response to cancerous process and finally back inactivated in 
aggressive and highly malignant tumours. Next, it would be useful to find 
out what molecular mechanisms are responsible for such shifting, as far as 
this could be very important for tumour malignancy progression. Moreover, 
we speculate that the re-expression or silencing of such target-genes in 
highly malignant tumours could reduce tumour aggressiveness. However, 
confirmatory studies of the targets in grade I-IV astrocytomas are essential 
to approve discussed data. 
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CONCLUSIONS 

1. The funnel-like target screening model with four filter levels was created, 
which enabled selection of the most promising targets associated with 
patient clinicopathological characteristics. As a consequence, eleven 
targets (AHR, AREG, CHI3L1, MMP2, MMP14, NDRG2, NPTX2, 
RAB40B, RUNX3, SEMA3C and TES) were selected for marker sets 
creation for combined analysis, out of which three the most promising 
targets (NDRG2, SEMA3C and RUNX3) were selected for functional 
investigations. 

2. Decreased expression of NDRG2, NPTX2, RUNX3 and TES in high 
grade tumours was consistent with the increased methylation frequency 
of these genes, whereas MMP2 showed opposite alterations indicating 
possible target regulation via gene silencing.  Expression data revealed 
that AREG, NDRG2, RUNX3, SEMA3C, TES and TGFΒ1 genes are 
markedly deregulated in GBM indicating target triggering only in the late 
stage of gliomagenesis. Expression level of AREG, CHI3L1, RUNX3, 
TES and TGFΒ1 in benign grade I tumours was similar to grade IV 
tumours and very different from grade II and grade III astrocytomas. 
Thus, considering that over 90% of diagnosed glioblastoma cases are 
primary gliomas, our findings suggest the existence of common 
molecular features shared by the grade I and primary glioblastomas that 
operate at the onset of the glioma malignancy. 

3. The ectopic expression of NDRG2 and RUNX3 significantly affected 
viability of glioblastoma cell line U87, thereby indicating on tumour 
suppressive features of these genes. Overexpression of SEMA3C did not 
affect viability of U87, nevertheless, significantly increased migration 
rate of the cells, suggesting the pro-oncogenic acting of SEMA3C 
protein. All the result from functional investigations of the targets were 
in the line with expression data obtained from tumour samples showing 
that putative tumour suppressors NDRG2 and RUNX3 were 
downregulated in highly malignant glioblastomas, while the pro-
oncogenic SEMA3C was upregulated in GBM. 

4. The methylation data of the set of 7 genes (AHR, AREG, NPTX2, 
RUNX3, TES, MMP2 and MMP14) was combined to deduce how the 
target collection impacts the prognosis of patient survival. The 
combination of 7 targets showed excellent prognostic and diagnostic 
characteristics for astrocytoma malignancy with higher accuracy rates as 
compared to patient age, suggesting the applicability of the proposed 
biomarker set in diagnostic schemes. 
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SANTRAUKA 

Įvadas 

Astrocitomos yra vieni dažniausių pirminių žmogaus galvos smegenų 
navikų, priklausančių gliomų tipui [1]. Šie navikai išsivysto iš neuronus 
palaikančių ląstelių – astrocitų, kurie sudaro atramą neuronams, tinkamai 
orientuoja neuronų migraciją organizmo vystymosi metu, padeda 
suformuoti kraujo-smegenų barjerą bei reguliuoja jo laidumą ir kt. [398]. 
Pagal Pasaulio Sveikatos Organizacijos (PSO) rekomendacijas astrocitomos 
skirstomos į 4 grupes pagal jų piktybiškumo laipsnį [3]. Pirmojo laipsnio – 
pilocitinės astrocitomos yra gerybiniai, dažniausiai pediatriniai navikai, 
sudarantys 5-6 proc. gliomų, kuriais sergančiųjų išgyvenamumo prognozė 
siekia daugiau nei 10 metų net 90-čiai proc. atvejų [4]. Antrojo laipsnio – 
difuzinės astrocitomos sudaro 10-15 proc. visų glialinių navikų ir yra 
priskiriamos mažo piktybiškumo laipsnio navikams, kuriais sergančių 
pacientų išgyvenamumas siekia 5-8 metus po operacijos [5]. Tiek trečiojo 
laipsnio – anaplastinės astrocitomos, kurių pacientų išgyvenamumas siekia 
2-3 metus [6], tiek ketvirtojo laipsnio – glioblastomos (GBM), kurių 
pacientų išgyvenamumas tesiekia 12-14 mėnesių [7], yra aukšto 
piktybiškumo laipsnio, sparčiai proliferuojantys bei metastazuojantys 
navikai, kurie sudaro atitinkamai 10-25 proc. ir 60-75 proc. visų astrocitomų 
atvejų [3]. 

Gliomų klasifikacija, iki 2016 metais pasirodžiusio ketvirtojo PSO 
rekomendacijų leidimo atnaujinimo, buvo paremta vien tik histologiniais 
kriterijais [8]. Tačiau nuo 2016-ųjų kartu su histologinėmis navikinio 
pavyzdžio charakteristikomis yra vertinamas ir naviko molekulinių pakitimų 
profilis, kuris neretai tampa pagrindiniu kriterijumi, priskiriant naviką 
vienam ar kitam tipui, nepaisant net jei naviko histologinės charakteristikos 
prieštarauja tokiam priskyrimui [3]. Tai yra mokslininkų ilgamečio darbo 
rezultatas, parodantis, pabrėžiant, kad molekuliniai žymenys gali labai 
svariai prisidėti ligų diagnozavimo procesuose. Nepaisant pastarojo 
proveržio, šių dienų astrocitomų klasifikacija vis dar neleidžia tiksliai 
prognozuoti pacientų ligos išeities [9], negeba prognozuoti atsako į gydymą 
ir ligos progresavimo [10]. Todėl, siekiant pagerinti esamą ligos eigos 
prognozavimo ir navikų diagnozavimo tikslumą bei parinkti optimaliausią 
gydymą nuspėjant jo atsaką, būtina įtraukti daugiau molekulinių žymenų į 
astrocitomų diagnozavimo, prognozavimo ir gydymo schemas, kurių 
panaudojimas ne vienos patologijos atveju davė puikių rezultatų [399]. 
Neseniai neseniai publikuotų tyrimų rezultatai rodo, kad vieno molekulinio 
žymens panaudojimas vargu ar galės kada nors būti pritaikytas astrocitomų - 
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ypatingai heterogeniškų navikų, - diagnostiniams ir/ar prognostiniams 
tikslams. Tačiau molekulinių žymenų rinkinio panaudojimas galėtų būti 
puikus pasirinkimas, siekiant spręsti aukščiau paminėtas  problemas [11–
13]. 

Vienas svarbiausių procesų, kuriuos būtina suprasti, norint efektyviai 
diagnozuoti ir prognozuoti astrocitomos eigą, yra vėžio vystymosi ir kritinių 
molekulinių vėžėjimo mechanizmų paleidimo nustatymas ir supratimas. 
Tikėtina, kad analizuojant visų keturių piktybiškumo laipsnių astrocitomas – 
nuo gerybinio iki piktybinio naviko, būtų galima įvertinti molekulinius 
žymenų pokyčius navikui piktybėjant bei tokiu būdu nustatyti tiriamų 
žymenų molekulinio išderinimo paleidimą žemo ar aukšto piktybiškumo 
laipsnio navikuose, taip įvertinant jų svarbą gliomagenezės procesuose. Šis 
tyrimas apėmė ne tik visus astrocitomų piktybiškumo laipsnius, siekiant 
labiau suprasti gliomagenezės metu vykstančius procesus, bet ir trijų 
molekulinių lygmenų – epigenetinio, transkripcinio ir funkcinio, analizę. 
Tyrimo metu buvo analizuojami tų pačių taikinių genų promotorių 
metilinimas, iRNR raiška ir baltymų raiška. Tokia tyrimo schema bei 
lyginamoji klinikinių pacientų duomenų analizė leido atrinkti tik pačius 
reikšmingiausius, didžiausią diagnostinį ir prognostinį potencialą turinčius 
žymenis, kurie vėliau buvo panaudoti žymenų rinkinio formavimui bei 
funkciniams žymenų tyrimams ląstelių kultūrose. 
 

Darbo tikslas: 

Darbo tikslas - pagal sudarytą potencialių žymenų atrankos modelį, 
įvertinti skirtingo piktybiškumo laipsnio astrocitomomis sergančių pacientų 
klinikinių charakteristikų ir atrinktų molekulinių žymenų sąsajas, siekiant 
identifikuoti astrocitomų prognozei ir/ar diagnozei reikšmingus žymenis ir 
jų derinius. 

 
Uždaviniai: 
 

1. Sukurti molekulinių žymenų atrankos modelį, pritaikant genų 
metilinimo, iRNR ir baltymų raiškos analizę astrocitomų navikuose, 
kuris leistų atrinkti didžiausią diagnostinį ir prognostinį potencialą 
turinčius žymenis funkciniams jų tyrimams. 

2. Įvertinti atrinktų molekulinių žymenų pokyčius skirtingo piktybiškumo 
laipsnio astrocitomose, siekiant išsiaiškinti šių žymenų vaidmenį 
gliomagenezės metu. 
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3. Nustatyti atrankos modelio būdu atrinktų taikinių įtaką glioblastomos 
ląstelėms po taikinių perekspresijos in vitro. 

4. Sukurti astrocitomų prognozei ir/ar diagnozei reikšmingų žymenų 
rinkinio derinį ir nustatyti jo potencialą vertinant astrocitomų 
piktybiškumo laipsnį ir pacientų išgyvenamumo trukmę. 

 

Darbo naujumas ir aktualumas 

Nepaisant kelių molekulinių žymenų įtraukimo į astrocitomų 
diagnozavimo schemas, šių dienų klasifikacija vis dar neretai susiduria su 
iššūkiais priskiriant naviką tam tikrai diagnozei ir neleidžia tiksliai 
prognozuoti pacientų ligos išeities. Pastarasis  tyrimas buvo skirtas prisidėti 
spendžiant ankščiau įvardintas problemas, pritaikant sudarytą molekulinių 
žymenų atrankos modelį taikinių analizei skirtingo piktybiškumo laipsnio 
navikuose, tuo pačiu įvertinant funkcinį atrinktų žymenų pasireiškimą 
glioblastomų ląstelėse žymenų perekspresijos metu. 

Siekiant atrinkti pačius reikšmingiausius žymenis tolimesnei jų analizei ir 
žymenų rinkinio kūrimui, tyrimo pradžioje buvo sukurtas molekulinių 
žymenų atrankos modelis. Modelis, panaudojant taikinių metilinimo, iRNR 
ir baltymų raiškos analizę skirtingo piktybiškumo laipsnio astrocitomose, 
leido atrinkti pačius svarbiausius taikinius navikų diagnozei ir prognozei. 
Tyrimo modelis, analizuojant taikinių metilinimą ir raišką, suteikė svarbių 
žinių apie pasirinktų analizuoti taikinių reguliacinius mechanizmus bei jų 
aktyvacijos ar išjungimo etapus (per epigenetinius pokyčius, per iRNR ar 
baltymo raiškos reguliaciją). Daugelio šiame tyrime analizuotų taikinių 
atveju informacija apie taikinių raiškos ir metilinimo pokyčius skirtingo 
piktybiškumo laipsnio astrocitomose, mūsų žiniomis, yra nauja.  

Pastarasis tyrimas apėmė visus astrocitinės kilmės navikų piktybiškumo 
laipsnius (I-IV), ir toks tyrimo modelis yra retai sutinkamas gliomų 
moksliniuose tyrimuose. Mūsų žiniomis, 18-os genų molekulinių 
charakteristikų tyrimas, sąlyginai didelėje 154-ių mėginių tyrimo imtyje, 
kurią sudarė tiek gerybiniai, tiek piktybiniai navikai (nuo I iki IV laipsnio), 
buvo atliktas pirmą kartą. Analizuotų genų taikinių promotorinių sekų 
metilinimo dažnis, iRNR ir baltymo raiškos lygmuo skirtinguose 
astrocitomų piktybiškumo laipsniuose mums leido stebėti tikslinį kiekvieno 
tirto taikinio veikimą bei padaryti išvadas apie jo svarbą gliomagenezėje bei 
nuspėti jo vaidmenį (onkogeninį ar onkosupresorinį) vėžėjimo procese. 
Tokia tyrimo struktūra netikėtai atskleidė molekulinio profilio panašumą 
tarp I laipsnio pilocitinių  astrocitomų bei IV laipsnio glioblastomų, kuriose 
buvo nustatytas  AREG, TES, RUNX3, TGFB1 baltymų raiškos bei 
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CHI3L1 iRNR raiškos profilis, ženkliai besiskiriantis nuo II ir III laipsnio 
astrocitomų. Šis fenomenas su išvardintais taikiniais buvo pastebėtas ir 
dokumentuotas pirmą kartą, nes iki šiol publikuoti tik keli moksliniai 
tyrimai, kuriuose I-IV laipsnio astrocitomų mėginiai buvo analizuoti kartu 
[14–17], tačiau juose nėra paskelbtų mokslinių duomenų apie AREG, TES, 
RUNX3, TGFB1 baltymo raiškos bei CHI3L1 iRNR raškos pasiskirstymą I-
IV laipsnio astrocitomose.  

Funkcinė šio tyrimo dalis pirmą kartą parodė, kad SEMA3C baltymo 
perkespresija glioblastomos ląstelėse reikšmingai padidino ląstelių 
migracijos greitį. Be to, SEMA3C raiškos analizė tiek iRNR, tiek ir baltymo 
lygmenyje buvo pirmą kartą tirta astrocitomose bei parodė pro-onkogenines 
SEMA3C savybes gliomagenezės procese dėl didelio baltymo lygio aukšto 
piktybiškumo laipsnio – glioblastomų mėginiuose. ChIP tyrimų metu pirmą 
kartą buvo parodyta transkripcijos faktoriaus RUNX3 ir jo taikinių sąveika 
glioblastomos U87 ląstelių linijoje. Tyrimas patvirtino RUNX3, kaip 
“navikų modifikatoriaus”, vaidmenį navikinėse ląstelėse, kuris daro įtaką 
suvėžėjusių ląstelių elgesiui, priklausomai nuo audinio ir jo pato-
fiziologijos. 

Be to, ši studija pasiūlė unikalų 7 genų (AhR, AREG, NPTX2, RUNX3, 
TES, MMP2 ir MMP14) promotorių metilinimo duomenų derinį. Šio 
derinio analizė parodė puikias astrocitomomis sergančiųjų prognozavimo ir 
diagnozavimo savybes, o tai leidžia pabrėžti galimą derinio pritaikomumą 
diagnostinėse schemose. 

 
Piltuvėlio tipo žymenų atrankos modelis 

Prieš pradedant astrocitomų diagnostinių ir prognostinių žymenų 
paieškos tyrimus, buvo sukurtas piltuvėlio tipo žymenų atrankos modelis, 
sudarytas iš 4 filtrų – barjerų, žiūr. 1 pav. Pirmasis filtras buvo pagrįstas 
pirmine žymenų-taikinių atranka pagal sudarytas taisykles: 

 genas-taikinys, kurio svarus diagnostinis ar prognostinis 
potencialas buvo nustatytas ankstesnių mūsų komandos tyrimų 
metu analizuojant glioblastomas; 

 genas-taikinys, identifikuotas didelio našumo (angl. high-
throughput) gliomų tyrimuose, kaip vienas labiausiai pakitusių 
molekuliniame lygmenyje žymenų; 

 naujas ir mažai astrocitomose tyrinėtas genas-taikinys, 
potencialiai pasižymintis puikiomis diagnostinėmis ir/ar 
prognostinėmis savybėmis 



218 

 
1 paveikslas. Taikinių atranka, taikant piltuvėlio tipo žymenų atrankos 
modelį. Pirmasis filtras: genų-taikinių pasirinkimas, remiantis literatūros 
duomenimis, pagal aukščiau išvardintus kriterijus (viso pasirinkta 19 
taikinių). Antrasis filtras: žymenų-taikinių pasirinkimas remiantis šio tyrimo 
rezultatais – ryšio tarp taikinio promotorinės sekos metilinimo būsenos ir 
pacientų klinikinių ir patologinių duomenų (14 taikinių sėkmingai įveikė 
atranką). Trečiasis filtras: ryšys tarp  baltymo raiškos ir pacientų klinikinių 
ir patologinių charakteristikų (9 taikiniai sėkmingai įveikė atranką). 
Ketvirtasis filtras (papildomas): ryšys tarp geno iRNR raiškos ir pacientų 
klinikinių ir patologinių kintamųjų. Taikiniai, kurie sėkmingai įveikė ma-
žiausiai tris filtrus, buvo pasirinkti funkcinei analizei GBM ląstelių linijoje. 

Antrasis - ketvirtasis filtrai buvo pagrįsti taikinių molekulinių 
charakteristikų analize. Genų promotorinių sekų metilinimo analizė buvo 
pasirinkta kaip antrasis filtras, nes kai kurių taikinių metilinimas ankstes-
niuose tyrimuose jau buvo parodytas kaip potencialus diagnostinis įrankis, 
juo labiau, jog tokio tyrimo kaina nėra didelė palyginus su kitais, šiame 
modelyje naudotais metodais. Po taikinių promotorinių sekų metilinimo 
tyrimų buvo įvertintas naviko genų metilinimo ir pacientų klinikinių-
patologinių charakteristikų ryšys. Nustačius, jog tirto taikinio metilinimas 
buvo statistiškai patikimai susijęs su naviko piktybiškumo laipsniu, pacientų 
amžiumi ar išgyvenamumu taikinys „išlaikydavo“ filtro testą ir buvo 
analizuojamas sekančiame etape (filtre). Taikinių baltymo raiškos analizė 
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Western-Blot metodu buvo pasirinkta kaip trečiasis filtras dėl to, jog 
baltymai yra vieni iš svarbiausių funkcinių elementų, kurie gali tiesiogiai 
veikti vėžinį procesą per įvairius sąveikos mechanizmus. Statistiškai 
reikšmingų sąsajų tarp konkretaus baltymo raiškos lygmens ir paciento 
klinikinių parametrų nustatymas leido pereiti prie ketvirtojo filtro – genų 
raiškos tyrimų iRNR lygmenyje. iRNR analizės filtras buvo panaudotas kaip 
papildomas įvertinimas, kuris užbaigia molekulinį analizuojamo žymens-
taikinio kelią nuo geno reguliacijos iki baltymo raiškos. Taikiniai, kurie 
sėkmingai įveikė mažiausiai tris filtrus, buvo pasirinkti funkcinei analizei 
glioblastomos ląstelių linijoje (žr. 1 pav.). 

Iš viso į tyrimą buvo įtraukta 18 taikinių, iš kurių 17-kai buvo vertinta 
promotorinio regiono metilinimo būklė, 14-kai analizuota baltymo raiška ir 
9-iems vertintas iRNR raiškos lygmuo. Promotoriaus metilinimo statusas 
sėkmingai įvertintas 16-kai genų, baltymo raiškos lygmuo sėkmingai 
nustatytas 10-čiai taikinių, o iRNR raiškos lygmuo sėkmingai įvertintas 8-
iems genams (detalesnė informacija pateikta pirmoje lentelėje). Promoto-
rinės sekos metilinimo būklė nebuvo vertinta SEMA3C geno atveju, nes jo 
promotoriniame ir pirmojo egzono regione nebuvo tuo metu žinomų CpG 
salų (remiantis žmogaus genomo sąrankos GRCh37/hg19 duomenimis).  

1 lentelė. Tyrimui atrinktų analizuoti taikinių lentelė bei apibendrinti 
duomenys apie žymenų analizę skirtinguose „filtruose“.  

Nr. Taikinio (geno) 
pavadinimas 

Metilinimo 
tyrimai 

Baltymo raiškos 
tyrimai 

iRNR raiškos 
tyrimai 

1. AhR ● Nesėkmingas Nebuvo analizuota 
2. AREG ● ● ● 
3. CASP8 ● ● Nebuvo analizuota 
4. CDKN2A  ● Nebuvo analizuota Nebuvo analizuota 
5. CHI3L1 ● Nespecifinė IP ● 
6. GATA6 ● Nesėkmingas Nebuvo analizuota 
7. HOXA11 ● Nebuvo analizuota Nebuvo analizuota 
8. MMP14 ● ● Nesėkmingas 
9. MMP2 ● Nesėkmingas ● 
10. MMP9 Nesėkmingas ● Nebuvo analizuota 
11. NDRG2 ● ● ● 
12. NPTX2 ● ● ● 
13. RAB40B ● Nebuvo analizuota ● 
14. RUNX3 ● ● ● 
15. SEMA3C Nėra CpG salų ● ● 
16. TES ● ● Nebuvo analizuota 
17. TGFb1 ● ● Nebuvo analizuota 
18. TNFRSF10A ● Nebuvo analizuota Nebuvo analizuota 

Iš viso: 16 10 8 
Taškas (●) reiškia sėkmingą taikinio analizę 
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Rezultatai 
 
Apibendrinti duomenys, gauti iš taikinių analizės astrocitomų 

mėginiuose 
 
Genų promotorinės sekos metilinimo būklės nustatymas buvo sėkmingai 

atliktas 16-kai genų (AhR, AREG, CAPS8, CDKN2A, CHI3L1, GATA6, 
HOXA11, MMP2, MMP14, NDRG2, NPTX2, RAB40B, RUNX3, TES, 
TGFb1, TNFRSF10A). Tyrimo imtį sudarė 128-154 pacientų, sergančių I-
IV astrocitomomis smegenų navikinio audinio mėginiai. Promotoriaus 
metilinimo lygmuo kito nuo 0 proc. iki 87,5 proc., priklausomai nuo 
analizuoto taikinio ir vėžio piktybiškumo laipsnio. Nustatyta bendra 
tendencija, jog aukšto piktybiškumo laipsnio astrocitomos, o ypač 
glioblastomos, pasižymėjo aukštesniu metilinimo dažniu, palyginus su I ir II 
laipsnio astrocitomomis. 

Vienuolikos į analizę įtrauktų genų (AhR, AREG, CASP8, CDKN2A, 
MMP2, MMP14, NDRG2, NPTX2, RAB40B, RUNX3 ir TES) promotorių 
metilinimo dažnis reikšmingai skyrėsi tarp skirtingų astrocitomos laipsnių. 
Tai parodo šių genų sąsają su vėžio piktybškumo laipsniu bei, galbūt, sąsają 
su gliomageneze. Šešiems taikiniams (AhR, AREG, NDRG2, NPTX2, 
RUNX3 ir TES) nustatytas laipsninis metilinimo dažnio didėjimas, ir trims 
taikiniams (MMP2, MMP14 ir RAb40B) nustatytas laipsninis metilinimo 
dažnio mažėjimas tarp I-II-III-IV laipsnio navikų. Likusieji du genai, 
CASP8 ir CDKN2A, parodė “arkos” formos metilinimo dažnio 
pasiskirstymą per naviko piktybiškumo laipsnius, kuomet žemas 
promotoriaus metilinimo dažnis buvo nustatytas I laipsnio navikams, didelis 
dažnis buvo būdingas II-III laipsnio navikams ir vėl žemas metilinimo 
dažnas buvo būdingas glioblastomoms (žiūr. 2 lentelę). AhR, AREG, 
CASP8, MMP2, MMP14, NDRG2, NPTX2, RUNX3 ir TES genų 
promotorinių sekų metilinimo būklė buvo reikšmingai susijusi su 
astrocitomomis sergančių pacientų amžiumi ir išgyvenamumo trukme. 

Baltymo lygmuo navikiniame audinyje buvo sėkmingai įvertintas 
dešimčiai taikinių (AREG, CASP8, MMP14, MMP9, NDRG2, NPTX2, 
RUNX3, SEMA3C, TES, TGFb1) (WB tyrimo signalai kiekvieno taikinio 
atveju pavaizduoti paveiksluose priede nr. 1). Tyrimo imtį sudarė 48-95 
pacientų, sergančių I-IV astrocitomomis smegenų navikinio audinio 
mėginiai. Septynių taikinių atveju (AREG, MMP9, NDRG2, RUNX3, 
SEMA3C, TES ir TGFB1) buvo nustatyti reikšmingi baltymų lygmens 
pokyčiai tarp I - IV piktybiškumo laipsnio astrocitomų. NDRG2 ir RUNX3 
baltymų raiškos lygmuo buvo reikšmingai sumažėjęs, o MMP9 ir SEMA3C 
reikšmingai padidėjęs didelio piktybiškumo laipsnio navikuose. AREG, 
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TES ir TGFB1 taikiniams buvo būdingas “arkos” formos baltymo raiškos 
lygmens pasiskirstymas tarp I-II-III-IV laipsnio navikų. Sumažėjusi AREG, 
TES ir TGFB1 baltymų raiška buvo nustatyta I ir IV laipsnio navikuose, o 
padidėjusi II ir III laipsnio navikiniuose mėginiuose. AREG, NDRG2, 
RUNX3, SEMA3C ir TES baltymų raiškos lygmuo reikšmingai skyrėsi tarp 
pacientų išgyvenamumo grupių (<24 mėn. ir ≥24 mėn.). AREG, MMP14, 
NDRG2, RUNX3 ir SEMA3C taikinių atveju baltymų raiška statistiškai 
reikšmingai skyrėsi tarp pacientų amžiaus grupių  (<50 ir  ≥50 metai) (žiūr. 
2 lentelę).  

2 lentelė. Apibendrinti duomenys, gauti iš žymenų-taikinių analizės 
astrocitomų mėginiuose 
Taikinio 
(geno) 

pavadini
mas 

Metilinimo tyrimai Baltymo raiškos tyrimai iRNR raiškos tyrimai 

Laipsnis 
I-II-III-IV Amž. Išgyv. Laipsnis 

I-II-III-IV Amž. Išgyv. Laipsnis 
I-II-III-IV Amž. Išgyv. 

AhR 
 

   <0,001 <0,001 <0,001     -     - 
AREG 

 

   <0,001 <0,001 <0,001 
 

   <0,001 0,002 0,001 
 

   0,006 0,044 <0,001 
CASP8 

 

   <0,001 <0,001 0,015     0,065 ns ns     - 
CDKN2A  

 

   0,003 ns 0,005     -     - 
CHI3L1 

 

   ns ns ns     - 
 

   <0,001 <0,001 <0,001 
GATA6 

 

   0,098 0,079 0,019     -     - 
HOXA11 

 

   0,083 ns 0,006     -     - 
MMP14 

 

   0,001 <0,001 <0,001 
 

   ns 0,051 0,026     - 
MMP2 

 

   0,006 0,002 0,002     - 
 

   <0,001 0,006 0,009 
MMP9     - 

 

   0,006 ns ns     - 
NDRG2 

 

   0,001 0,037 0,008 
 

   <0,001 <0,001 <0,001 
 

   <0,001 <0,001 <0,001 
NPTX2 

 

   <0,001 <0,001 <0,001 
 

   ns ns ns 
 

   0,004 0,02 0,035 
RAB40B 

 

   0,002 ns ns     - 
 

   <0,001 0,001 0,072 
RUNX3 

 

   <0,001 <0,001 <0,001 
 

   0,005 0,028 0,001 
 

   ns 0,038 0,09 
SEMA3C     - 

 

   <0,001 <0,001 <0,001 
 

   ns ns 0,087 
TES 

 

   <0,001 <0,001 <0,001 
 

   0,012 ns 0,07     - 
TGFb1 

 

   ns ns ns 
 

   <0,001 ns ns     - 
TNFRSF1
0A 

 

   ns ns 0,079     -     - 

ns – statistiškai nepatikimas ryšys 
Amž. – amžiaus ir molekulinės charakteristikos ryšys 
Išgyv. – išgyvenimo trukmės ir molekulinės charakteristikos ryšys 

Genų informacinės RNR raiškos tyrimai buvo atlikti 8 atrinktų taikinių 
atveju: AREG, CHI3L1, MMP2, NDRG2, NPTX2, RAB40B, RUNX3 ir 
SEMA3C. Tyrimo imtį sudarė 71-129 I-IV piktybiškumo laipsnio 
astrocitomų mėginiai. Šešių genų iRNR raiška (AREG, CHI3L1, MMP2 
NDRG2, NPTX2 ir RAB40B) reikšmingai skyrėsi tarp I-II-III-IV 
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piktybiškumo laipsnio navikų. NPTX2 ir RAB40B genų raiška laipsniškai 
mažėjo, tuo tarpu o MMP2 – laipsniškai didėjo navikuose nuo I iki IV 
laipsnio. AREG ir NDRG2 genų raiška buvo reikšmingai sumažėjusi tik 
glioblastomose, lyginant su I-III laipsnio astrocitomomis. CHI3L1 genų 
atveju buvo nustatytas “arkos” formos iRNR raiškos duomenų 
pasiskirstymas tarp I–II–III–IV laipsnio navikų, aukšta CHI3L1 iRNR 
raiška buvo būdinga I ir IV laipsnio mėginiuose, tuo tarpu žema - II-III 
laipsnio navikuose. Šešių taikinių atveju AREG, CHI3L1, MMP2, NDRG2, 
NPTX2 ir RUNX3 iRNR raiška buvo reikšmingai susijusi su pacientų 2-
metų išgyvenamumu, ir tų pačių taikinių bei RAB40B geno raiška buvo 
reikšmingai susijusi pacientų amžiumi. Visi gauti duomenys apibendrinti 
antroje lentelėje.  

Duomenų sujungimas ir derinių prognostinis bei diagnostinis potencialas 

Nepaisant stiprių sąsajų tarp atrinktų žymenų ir pacientų klinikinių 
charakteristikų, daugiamatė Cox regresinė analizė neparodė, jog tyrimui 
pasirinkti taikiniai gali būti vertinami kaip nepriklausomi prognostiniai 
žymenys. Pacientų amžius bei naviko piktybiškumo laipsnis turėjo didesnį 
statistinį „svorį“ vertinant pacientų mirties riziką nei analizuoti molekuliniai 
žymenys. Tokių rezultatų buvo galima tikėtis žinant, kad piktybinės 
astrocitomos yra labai heterogeniški navikai, todėl tokiais atvejais pavienių 
žymenų diagnostinis/prognostinis potencialas yra mažas. Dėl to gauti 
duomenys buvo sujungti į derinius, siekiant padidinti žymenų diagnostinį 
ir/ar prognostinį potencialą. Metilinimo atveju buvo sujungta 7 taikinių 
(AhR, AREG, MMP2, MM14, NPTX2, RUNX3 ir TES) metilinimo 
informacija, baltymų raiškos atveju 2 taikinių (NDRG2 ir SEMA3C), o 
iRNR raiškos atveju 3 taikinių (NDRG2, RAB40B ir CHI3L1) raiškos 
informacija. Siekiant, jog deriniai būtų suformuoti parenkant tik pačius 
tinkamiausius žymenis, tik reikšmingai su pacientų išgyvenamu susiję 
taikiniai buvo atrenkami pagal vienmatę Cox regresijos duomenų analizę. 
Duomenys buvo sujungti pagal formulę: Pacientų rizikos įvertis=
∑ 𝐻𝐻𝐻𝐻(𝑥𝑥𝑃𝑃1) × 𝑥𝑥𝑃𝑃1𝑛𝑛
𝑖𝑖=1 , kur Xt1 – analizuojamos analitės įvertis; HR (xt1) – 

rizikos santykio vertė iš vienmatės Cox analizės. Sujungus duomenis visų 
trijų derinių atveju tiek diagnostinės, tiek ir prognostinės derinių, kaip naujų 
kintamųjų, charakteristikos buvo pranašesnės diagnozuojant ligą ar 
prognozuojat pacientų išgyvenamumą, lyginant su pavienių žymenų 
potencialu. 

Tiek baltymų raiškos sujungimo, tiek ir iRNR raiškos sujungimo atveju 
mažas į derinius sujungtų žymenų skaičius tikriausiai lėmė, kad Pacientų 
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rizikos įvertis nebūtinai buvo pranašesnis faktorius nei pacientų amžius, 
kitaip nei sujungus 7 metilinimo žymenis. 

Sujungus pasirinktų taikinių metilinimo duomenis, buvo sukurtas naujas 
kintamasis -  [M] Pacientų rizikos įvertis, kuris su 78,85 proc. modelio 
tikslumu (85,7 proc. jautrumu ir 72,6 proc. specifiškumu) suskirstė 
pacientus į mažos rizikos (kai išgyvenamumas ≥ nei 2 metai) ir didelės 
rizikos (kai išgyvenamumas < nei 2 metai) grupes. Nei pacientų amžius, 
kuris yra įvardijamas kaip vienas tiksliausių prognostinių žymenų 
[380,381], nei atskirti metilinimo žymenys (analizuojant individualiai) 
nepasiekė tokio prognostinio tikslumo, žiūr. 2 pav.  
 

 
2 paveikslas. (A) ROC (angl. Receiver Operating Characteristics) 
Sprendimus Priimančiojo Ypatybių kreivė sudaryta pagal kintamąjį: [M] 
pacientų rizikos įvertį (ryški ištisinė linija). Rodyklė nurodo pasirinktą 
kintamojo padalinimo tašką į dvi grupes (mažos ir didelės rizikos) su 85,7 
proc. jautrumu ir 72,6 proc. specifiškumu. (B) Palyginamasis faktorių: [M] 
pacientų rizikos (ryški ištisinė linija), pacientų amžiaus (taškinė linija) ir 
atskirų genų metilinimo (brūkšninės linijos) ROC kreivių grafikas, skirstant 
pacientus į grupes pagal jų išgyvenamumą (≥ nei 2 metai ir  < nei 2 metai) 

Taip pat buvo nustatyta, jog [M] Pacientų rizikos įvertis tiksliau nei 
pacientų amžius suskirstė navikus į piktybiškumo grupes. [M] Pacientų 
rizikos įvertis geriau nei pacientų amžius atskyrė I nuo IV; II nuo IV; I nuo 
II; I nuo III bei II nuo III piktybiškumo laipsnio navikus. Pacientų amžius 
buvo tikslesnis veiksnys vieninteliu atveju: atskiriant III piktybiškumo 
laipsnio navikus nuo IV-ojo, žiūr. 3 pav. 
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 Plotas P-reikšmė 
[M] pacientų rizikos įvertis 0.977 <0.001 
Pacientų amžius 0.857 0.001 

  Plotas P-reikšmė 
[M] pacientų rizikos įvertis 0.879 <0.001 
Pacientų amžius 0.868 <0.001 

  Plotas P-reikšmė 
[M] pacientų rizikos įvertis 0.791 <0.001 
Pacientų amžius 0.888 <0.001 

  Plotas P-reikšmė 
[M] pacientų rizikos įvertis 0.712 0.044 
Pacientų amžius 0.697 0.061 

  Plotas P-reikšmė 
[M] pacientų rizikos įvertis 0.93 <0.001 
Pacientų amžius 0.717 0.051 

  Plotas P-reikšmė 
[M] pacientų rizikos įvertis 0.683 0.068 
Pacientų amžius 0.55 0.526 
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3 paveikslas. Palyginamosios ROC (angl. Receiver Operating Charac-
teristics) Sprendimus Priimančiojo Ypatybių kreivės, parodančios kaip 
faktorius [M] pacientų rizikos įvertis ir faktorius Pacientų amžius geba 
suskirstyti navikus pagal jų piktybiškumo laipsnį. Se – jautrumas, Sp – 
specifiškumas. 

Funkciniai genų-taikinių tyrimai 

Funkciniams tyrimams buvo atrinkti 5 genai-taikiniai AREG, NDRG2, 
NPTX2, RUNX3 ir SEMA3C, kurių raiškos ar promotoriaus metilinimo 
pokyčiai navikiniuose audiniuose buvo reikšmingai susiję su pacientų 
klinikinėmis charakteristikomis ir/ar navikų piktybiškumu. Trims iš jų - 
NDRG2, RUNX3 ir SEMA3C, - sėkmingai sukurtos veikiančios vektorinės 
sistemos. AREG ir NPTX2 genų atvejais vektorinės sistemos po įvedimo į 
glioblastomos U87 ląsteles neprodukavo funkcinių genų elementų – 
baltymų, todėl funkciniai tyrimai su šiais dviem taikiniais nebuvo tęsiami. 

 
4 paveikslas. U87 GBM ląstelių kultūros gyvybingumo tyrimai po (A) 
NDRG2 ir  (B) RUNX3 transfekcijos. GFP – transfekcija panaudojant žaliai 
fluorescuojantį baltymą koduojantį vektorių, NTC – netransfekuotos ląste-
lės, pcDNA3.2-NT ir pcDNA3 – transfekcija tuščiais vektoriais (be genų). 

Funkciniai NDRG2 ir RUNX3 genų tyrimai buvo atlikti pritaikant geno 
įvedimo į ląstelę transfekcijos būdu metodiką. SEMA3C geno atveju buvo 
panaudota Molekulinės neuroonkologijos laboratorijoje išvesta ląstelių linija 
- U87-tet-Sema3C, kuri sukurta taip, kad ląsteles paveikus antibiotiku tet- 
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raciklinu (TTC) ląstelės pradeda sintetinti SEMA3C baltymą. 
Ląstelių gyvybingumo tyrimai (pritaikant MTT metodiką) parodė, kad 

tiek NDRG2, tiek ir RUNX3 genų perekspresija neigiamai paveikė U87 
ląstelių kultūros augimą, lyginant su kontrolinėmis ląstelėmis, kuriose buvo 
transfekuotas GFP (žaliai fluorescuojantis baltymas) (4 pav.). 

Po SEMA3C geno indukcijos U87-tet-Sema3C ląstelių kultūros augimas 
(gyvybingumas) nepasikeitė, tačiau ląstelių judrumo tyrimai parodė, kad 
SEMA3C reikšmingai padidino U87 ląstelių migracijos greitį (5 pav.). 

 
5 paveikslas. (A) U87-tet-Sema3C ląstelių gyvybingumo tyrimai po 24 val. 
po indukcijos TTC. (B) U87-tet-Sema3C ląstelių migracijos tyrimai jas 
indukavus TTC (paleidus SEMA3C raišką) ir neindukavus TTC (12 val. po 
indukcijos). 

Kadangi RUNX3 yra transkripcijos veiksnys (TV), ir nėra duomenų apie 
šio baltymo kaip TV veiklą astrocitomose, buvo nuspręsta atlikti RUNX3 ir 
žinomų jo taikinių sąveikos tyrimus. Naudojantis GM12878 ląstelių linijoje 
atliktų ChIP-seq tyrimų duomenimis, tyrimui buvo atrinkta 12 vėžėjimo 
procesuose potencialiai dalyvaujančių genų RUNX3 taikinių: ABCB1,  
ABCC1,  AKT1,  BCL2,  BCL2L11,  CCND1,  CDKN1B, CLDN1, HES1, 
TIMP1, VIM. Kadangi RUNX3 savo taikinius gali veikti tiek aktyvinančiai, 
tiek ir slopinančiai, buvo bandoma įvertinti RUNX3 poveikį išvardintiems 
taikiniams vėžinėse U87 ląstelėse. 

Nustatyta, kad RUNX3 potencialiai aktyvinančiai veikia (skatina jų 
raišką) VIM, TIMP1, ABCC1, CDKN1B genus, tuo tarpu ABCB1, BCL2 ir 
CLND1 genus potencialiai veikia neigiamai, t.y. slopina jų raišką.  
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Išvados 

1. Sukurtas molekulinių žymenų atrankos modelis su 4 lygių molekulinių 
filtrų sistema leido atrinkti didžiausiu potencialu pasižyminčius 
astrocitomų diagnostinius ir prognostinius žymenis. Naudojantis šiuo 
atrankos modeliu, 5 žymenys (AREG, NDRG2, NPTX2, SEMA3C ir 
RUNX3) buvo atrinkti funkciniams jų tyrimams ląstelių kultūrose, o 11 
žymenų (AHR, AREG, CHI3L1, MMP2, MMP14, NDRG2, NPTX2, 
RAB40B, RUNX3, SEMA3C ir TES) buvo panaudoti sujungimui į 
derinius. 

2. Nustatytas padidėjęs NDRG2, NPTX2, RUNX3 ir TES genų 
metilinimo dažnis bei sumažėjusi tų pačių taikinių raiška, bei sumažėjęs 
MMP2 geno metilinimas ir padidėjusi raiška aukšto piktybiškumo 
laipsnio navikuose gali reikšti, jog šie taikiniai valdomi epigenetiškai. 
Nustatyta, jog AREG, NDRG2, RUNX3, SEMA3C, TES ir TGFB1 
genų raiška reikšmingai pakinta IV-ojo laipsnio navikuose – 
molekulinis išderinimas įvyksta vėlyvosios gliomagenezės metu. 
AREG, CHI3L1, RUNX3, TES ir TGFB1 genų raiškos lygis I-ojo 
laipsnio astrocitomose panašus į IV-ojo laipsnio navikų raiškos lygį, 
tačiau skiriasi nuo II-ojo ir III-iojo laipsnio astrocitomų ir tai gali 
reikšti, kad egzistuoja bendri pradiniai pilocitinių astrocitomų ir GBM 
molekuliniai požymiai. 

3. Nustatyta, jog NDRG2 ir RUNX3 genų raiškos padidinimas neigiamai 
paveikė U87 ląstelių kultūros augimą in vitro. SEMA3C geno raiškos 
padidinimas nepaveikė U87 ląstelių kultūros augimo, tačiau 
reikšmingai padidino šių ląstelių migravimo greitį. NDRG2 ir RUNX3 
genų, funkciniuose tyrimuose identifikuotų kaip vėžio slopiklių, raiška 
piktybinių navikų mėginiuose buvo reikšmingai sumažėjusi, tuo tarpu 
identifikuoto galimo vėžio aktyvatoriaus SEMA3C raiška buvo 
padidėjusi piktybiškiausių astrocitomų – GBM mėginiuose. 

4. Panaudojant 7 genų (AHR, AREG, NPTX2, RUNX3, TES, MMP2 ir 
MMP14) metilinimo tyrimų duomenis, buvo sukurtas žymenų derinys, 
pasižymintis didesniu prognostiniu ir diagnostiniu tikslumu nei pacientų 
amžius. Šie rezultatai parodo, jog pastarasis molekulinių charakteristikų 
derinys gali būti sėkmingai pritaikytas astrocitomų prognostinėse ir 
diagnostinėse schemose. 
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APPENDIX 

Table 1. Primers used for methylation assay 

Target Primer Sequence (5’  3’) 

Ampli-
con 

length, 
bp 

AT,°
C 

AhR 

M-F GGTTGGGGAGTTTCGTCGAC 135 
62 M-R CCGCCTACGAAACTCGAA 

U-F GGTTGGGGAGTTTTGTTGAT 139 U-R CTTCCCACCTACAAAACTCAAAC 

AREG 
[1] 

M-F TATTTACGGTCGGGTTTTGAC 130 
58 M-R ACTATCCCGAAACCTCTAAAACG 

U-F TTTTTATTTATGGTTGGGTTTTGAT 135 U-R AACTATCCCAAAACCTCTAAAACACT 

AREG 
[2] 

M-F CGGCGTATATTTTCGGTTTTTATTC 96 
62 M-R GTCTCGATCTCTAAAACAACTCGAT 

U-F GAGAGTGGTGTATATTTTTGGTTTTTATTT 101 U-R ATCTCAATCTCTAAAACAACTCAAT 

CASP8 

M-F TAGGGGATTCGGAGATTGCGA 320 
58 M-R CGTATATCTACATTCGAAACGA 

U-F TAGGGGATTTGGAGATTGTGA 323 U-R CCATATATATCTACATTCAAAACAA 

CDKN2A 

M-F TTATTAGAGGGTGGGGCGGATCGC 150 
65 M-R GACCCCGAACCGCGACCGTAA 

U-F TTATTAGAGGGTGGGGTGGATTGT 151 U-R CAACCCCAAACCACAACCATAA 

CHI3L1 
[1] 

M-F TTTTTATAAAAGGGTTGGTTTGTC 196 
58 M-R TAACCCAAATACCTATTTAAAACGC 

U-F TTTTTATAAAAGGGTTGGTTTGTTG 195 U-R AACCCAAATACCTATTTAAAACACC 

CHI3L1 
[2] 

M-F TGTTAGATGTTCGTGTAGTCGTTTC 145 
61 M-R CCAAAAATACTTTAAACCCCGAT 

U-F TTAGATGTTTGTGTAGTTGTTTTGT 143 U-R CCAAAAATACTTTAAACCCCAAT 

GATA6 

M-F CGGGGTAGATTTCGGATTCGC 116 
60 M-R CAACCGAACCTCGAACGAACG 

U-F GTGTGGGGTAGATTTTGGATTTGT 122 U-R AAACAACCAAACCTCAAACAAACA 

HOXA11 

M-F GTTTACGGTGTTATAGAAATTGGAC 129 
62 M-R GTACACAAAAACTACCTACAAACGC 

U-F TTTATGGTGTTATAGAAATTGGATGA 130 U-R TCATACACAAAAACTACCTACAAACAC 

MMP2 M-F GGACGTTAAGGGTTTAGAGC 103 58 M-R CAATACACGACCTCGTCAC 
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Table 1. Continued 

Target Primer Sequence (5’  3’) 

Ampli-
con 

length, 
bp 

AT,°
C 

MMP2 U-F GGATGTTAAGGGTTTAGAGT 103 58 U-R CAATACACAACCTCATCAC 

MMP9 

M-F GAAGTTCGAAATTAGTTTGGTTAAC 108 
- M-R TCCCGAATAACTAATATTATAAACGTA 

U-F AGTTTGAAATTAGTTTGGTTAATGT 109 U-R CCTCCCAAATAACTAATATTATAAACATA 

MMP14 

M-F TTTATCGAAGATAAAGGCGTTTC 153 
57 M-R GTAAACAAAAAAAACAAAAAACAACG 

U-F TTTATTGAAGATAAAGGTGTTTTGA 153 U-R CATAAACAAAAAAAACAAAAAACAACA 

NDRG2 

M-F AGAGGTATTAGGATTTTGGGTACG 123 
58 M-R GCTAAAAAAACGAAAATCTCGC 

U-F AGAGGTATTAGGATTTTGGGTATGA 125 U-R CCACTAAAAAAACAAAAATCTCACC 

NPTX2 

M-F GAAAGGGCGCGCGGATTC 112 
58 M-R CGCTATCGTCTCGAAAATCG 

U-F AAGAAAGGGTGTGTGGATTTG 117 U-R CCACACTATCATCTCAAAAATC 

RAB40B 
[1] 

M-F GTAACGACGAGGTTTTGGATGAATC 143 
58 M-R TAACCGAATAAAACTCGAAATCGAT 

U-F AATGATGAGGTTTTGGATGAATTGT 141 U-R TAACCAAATAAAACTCAAAATCAAT 

RAB40B 
[2] 

M-F TATTGGTTGCGGGAGTAGAGTTTTC 174 
62 M-R GCGCTTTCACTAACTTAATTATCCGTC 

U-F TTGGTTGTGGGAGTAGAGTTTTTGT 173 U-R CACACTTTCACTAACTTAATTATCCATC 

RUNX3 

M-F TTACGAGGGGCGGTCGTACGCGGG 220 
65 M-R AAAACGACCGACGCGAACGCCTCC 

U-F TTATGAGGGGTGGTTGTATGTGGG 220 U-R AAAACAACCAACACAAACACCTCC 

TES 

M-F TATTGAGTTTGTTTAGTAGGGCGTC 133 
62 M-R AATAACAACCGAACAACTCCG 

U-F TGAGTTTGTTTAGTAGGGTGTTG 129 U-R ATAACAACCAAACAACTCCAA 

TGFβ1 

M-F TTGTGGGTTTTTATTATTAGTACGC 199 
60 M-R AAATCCTATCCAAACTACGACTCG 

U-F GTGGGTTTTTATTATTAGTATGTGG 197 U-R AAATCCTATCCAAACTACAACTCAC 

TNFRSF
10A 

M-F TTCGAATTTCGGGAGCGTAGC 92 
60 M-R GTAATTCAATCCTCCCCGCGA 

U-F GTAGTGATTTTGAATTTTGGGAGTGTAGT 96 U-R CTCATAATTCAATCCCCACAA 



230 

Table 2. Primers used for RUNX3 target mRNA expression analysis in 
RT-qPCR  
Target Primer Sequence (5’  3’) [primers] 

ABCC1 ABCC1_cDNA_fw TCTACCTCCTGTGGCTGAATCTG 
ABCC1_cDNA_re CCGATTGTCTTTGCTCTTCATG 

AKT1 AKT1_cDNA_fw GCAGCACGTGTACGAGAAGA 
AKT1_cDNA_re GGTGTCAGTCTCCGACGTG 

ABCB1 ABCB1_cDNA_fw CCTTCAGGGTTTCACATTTGG 
ABCB1_cDNA_re AACCAACTCACATCCTGTCTG 

BCL2 BCL2_cDNA_fw GCCTTCTTTGAGTTCGGTG 
BCL2_cDNA_re AGTTCCACAAAGGCATCCC 

BCL2L11 BCL2L11_cDNA_fw GTGCAATGGCTTCCATGAG 
BCL2L11_cDNA_re TGCATTCTCCACACCAGG 

CDKN1A CDKN1A_cDNA_fw CTGTCTTGTACCCTTGTGCC 
CDKN1A_cDNA_re GGTAGAAATCTGTCATGCTGG 

CDKN1B CDKN1B_cDNA_fw TCTGAGGACACGCATTTGG 
CDKN1B_cDNA_re TTTGAGTAGAAGAATCGTCGGT 

CLDN1 CLDN1_cDNA_fw AATGCCAGGTACGAATTTGGT 
CLDN1_cDNA_re CCTTGGTGTTGGGTAAGAGG 

TIMP1 TIMP1_cDNA_fw ATTCCGACCTCGTCATCAG 
TIMP1_cDNA_re GGAACCCTTTATACATCTTGGTC 

VIM VIM_cDNA_fw CTTAAAGGAACCAATGAGTCCCT 
VIM_cDNA_re GCAGGTCTTGGTATTCACGA 

CCND1 CCND1_cDNA_fw AGGAACAGAAGTGCGAGG 
CCND1_cDNA_re CTCCATTTGCAGCAGCTC 

HES1 HES1_cDNA_fw GCACAGAAAGTCATCAAAGCC 
HES1_cDNA_re GAATGTCCGCCTTCTCCAG 

ACTB ACTB_cDNA_fw AGAGCTACGAGCTGCCTGAC 
ACTB_cDNA_re AGCACTGTGTTGGCGTACAG 

 
Table 3. Primers used for ChIP-qPCR assay 

Target Primer Sequence (5’  3’) [primers] 

TIMP1 TIMP1_CHIP_Runx3_fw GGTGGGTGGATGAGTAATGC 
TIMP1_CHIP_Runx3_re GCCTGAGCGCTAGAGGATAA 

HES1 HES1_CHIP_Runx3_1_fw TGATTGACGTTGTAGCCTC 
HES1_CHIP_Runx3_1_re CTTCCCAAACTTTCTTTCCC 

HES1 HES1_CHIP_Runx3_2_fw CTAAGTGCGGTCAGGCATC 
HES1_CHIP_Runx3_2_re GGGCTTGGGGTTTTCACTC 

CDKN1B CDKN1B_CHIP_Runx3_1_fw ACTCCGGTACCAACCGAATG 
CDKN1B_CHIP_Runx3_1_re CTCGGGACCCTGTGGTTTA 

CDKN1B CDKN1B_CHIP_Runx3_2_fw GAACTAGTGGATGGTGATAC 
CDKN1B_CHIP_Runx3_2_re GAGTTTGATTGTGCTGTAGTC 

CDKN1A CDKN1A_CHIP_Runx3_1_fw GTGTCAGAGACGGCACAAGA 
CDKN1A_CHIP_Runx3_1_re GTGGGGAGGGGGAGAATG 

CDKN1A CDKN1A_CHIP_Runx3_2_fw AGTGTATACGGGCTATGTG 
CDKN1A_CHIP_Runx3_2_re ACCTGAACAGAAGAAATCC 
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Table 2. Continued 
Target Primer Sequence (5’  3’) [primers] 

VIM VIM_CHIP_Runx3_1_fw GCTATGTGGGGAGTATTCAG  
VIM_CHIP_Runx3_1_re CCTGAACAGAAGAAATCCC 

VIM VIM_CHIP_Runx3_3_fw AGCGAGACAAAGGGATGGT  
VIM_CHIP_Runx3_3_re CGAGTGGGAAGAGAGTCTA  

ABCB1 ABCB1_CHIP_Runx3_1_fw CCTCTTTCTCAGCTTTCCTG  
ABCB1_CHIP_Runx3_1_re CATAGCCATTTACCGGAAG  

ABCB1 ABCB1_CHIP_Runx3_2_fw CTTCGACGGGGGACTAGAG  
ABCB1_CHIP_Runx3_2_re TTCAAGATCCATTCCGACCT  

BCL2 BCL2_CHIP_RUNX3_1_fw CACCTGTGGTCCACCTGAC 
BCL2_CHIP_RUNX3_1_re CTGAAGAGCTCCTCCACCAC 

BCL2 BCL2_CHIP_RUNX3_2_fw CCAAACGCCCTTTTAAACATG 
BCL2_CHIP_RUNX3_2_re GTGTCTTCCACAGTTAACCTG 

BCL2 BCL2_CHIP_RUNX3_3_fw CCACGGACTAGGTGTTCAGG 
BCL2_CHIP_RUNX3_3_re CCTGCTGTGAAGACAGGTGA 

CDKN1B CDKN1B_CHIP_RUNX3_3_fw CGGTCCTCTGGTCCAGGT 
CDKN1B_CHIP_RUNX3_3_re AGACAAACAAACTAGCCAAACG 

CCND1 CCND1_CHIP_RUNX3_1_fw GGTGTGGCCGAAAAGTGG 
CCND1_CHIP_RUNX3_1_re AACAAAAAGACCTCCCACCA 

CCND1 CCND1_CHIP_RUNX3_2_fw CAGCTTTCTCTCCTGTGGTC 
CCND1_CHIP_RUNX3_2_re TATGAACCCCCAAATCCACC 

AKT1 AKT1_CHIP_RUNX3_1_fw GAAGGAATTCAGGGAGGAAG 
AKT1_CHIP_RUNX3_1_re CAGTTCATGCCAAGGTGAAG 

CLDN1 CLDN1_CHIP_RUNX3_1_fw GCACCACACACAAAAAGCAG 
CLDN1_CHIP_RUNX3_1_re TCGCTGGGACTGTAGTTTCC 

CLDN1 CLDN1_CHIP_RUNX3_2_fw CTCTGGTGCCTGGTCCTG 
CLDN1_CHIP_RUNX3_2_re ACTAGAAGCTGCGGTTGCTC 

ABCC1 ABCC1_CHIP_RUNX3_2_fw TACAGGCATGAGGCACTACG 
ABCC1_CHIP_RUNX3_2_re ATCTTCCTCCTGCAATCAGC 

ABCC1 ABCC1_CHIP_RUNX3_1_fw GGGGTGTCTCTCTGCTTCTG 
ABCC1_CHIP_RUNX3_1_re AAACTTCCCCCGCAGTATCT 

BCL2L11 BCL2L11_CHIP_RUNX3_1_fw GAACTGTGTGGTTAAAGACG 
BCL2L11_CHIP_RUNX3_1_re GGGAATATAGAGGGTAGGGA 

BCL2L11 BCL2L11_CHIP_RUNX3_2_fw GCCACTACCACCACTTGATT 
BCL2L11_CHIP_RUNX3_2_re TACCTTGCGTTTCTCAGTCC 

GAPDH H3K9ac_GAPDH_fw TTCTTTCCTTTCGCGCTCTG 
H3K9ac_GAPDH_re CTGCCCATTCATTTCCTTCCCG 

RPL30 H3K9ac_RPL30_fw TTCGGAAGTTTAAGGGGCTC 
H3K9ac_RPL30_re CTTCCCACTTTTCATAACGA 

ALDOA H3K9ac_ALDOA_fw AAGTGGGAGCTTGGTTTCTG 
H3K9ac_ALDOA_re GACAGGGAAAGTGTTAAGGG 

MYO-D1 H3K9ac_MYO-D1_fw GGTAGCCTGTTTTGGAAGTG 
H3K9ac_MYO-D1_re GTAATTACGGGTGGGTAGGA 
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Table 2. Continued 
Target Primer Sequence (5’  3’) [primers] 

SERPINA1 H3K9ac_SERPINA1_fw GAAGAATCCACGCTGAAAAG 
H3K9ac_SERPINA1_re TGTGGATTTGGTCAAGGAGC 

GAD1 H3K9ac_GAD1_fw CTTGAAGTATGGGGTTCGCA 
H3K9ac_GAD1_re CCAGGGCTGTGTTTTTCTTC 

BMP7 H3K9ac_BMP7_fw AGGATCCCTCCTTCCCAGTA 
H3K9ac_BMP7_re GGGCTTCTCCTACCCCTACA 

EIF3S10 H3K9ac_EIF3S10_fw TGACGACACTCCTTTCCGTG 
H3K9ac_EIF3S10_re CCTGGGAATCGCCTGTCTTG 
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Fig. 1. Representative membranes of Western-blot result of (A) AhR; (B) 
CASP8; (C) TGFβ1; (D) SEMA3C; (E) AREG; (F) MMP9; (G) MMP14; 
(H) NPTX2; (J) RUNX3; (K) MMP2; (L) NDRG2; (M) TES; (N) CHI3L1 
protein expression in astrocytoma specimens. AI-AIII represents 
astrocytoma grade I-III, GBM – glioblastoma, PL – protein ladder. 
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