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Abstract: In the last decade, an increasing amount of research has been conducted analyzing
microRNA expression changes in glioma tissue and its expressed exosomes, but there is still
sparse information on microRNAs or other biomarkers and their association with patients’
functional/psychological outcomes. In this study, we performed a combinational analysis measuring
miR-181b and miR-181d expression levels by quantitative polymerase chain reaction (qPCR), evaluating
isocitrate dehydrogenase 1 (IDH1) single nucleotide polymorphism (SNP), and O-6-methylguanine
methyltransferase (MGMT) promoter methylation status in 92 post-surgical glioma samples and 64
serum exosomes, including patients’ quality of life evaluation applying European Organization for
Research and Treatment of Cancer (EORTC) questionnaire for cancer patients (QLQ-30), EORTC the
Brain Cancer-Specific Quality of Life Questionnaire (QLQ-BN20), and the Karnofsky performance
status (KPS). The tumoral expression of miR-181b was lower in grade III and glioblastoma, compared
to grade II glioma patients (p < 0.05). Additionally, for the first time, we demonstrated the association
between miR-181 expression levels and patients’ quality of life. A positive correlation was observed
between tumoral miR-181d levels and glioma patients’ functional parameters (p < 0.05), whereas
increased exosomal miR-181b levels indicated a worse functional outcome (p < 0.05). Moreover,
elevated miR-181b exosomal expression can indicate a significantly shorter post-surgical survival
time for glioblastoma multiforme (GBM) patients. In addition, both tumoral and exosomal miR-181
expression levels were related to patients’ functioning and tumor-related symptoms. Our study
adds to previous findings by demonstrating the unique interplay between molecular miR-181b/d
biomarkers and health related quality of life (HRQOL) score as both variables remained significant in
the predictive glioma models.
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1. Introduction

In the early stages of glioblastoma formation, usually no specific symptoms are present leading to
its late detection, usually only when the tumor is already grown significantly and/or spread to other
parts of the brain [1]. Glioblastoma multiforme (GBM) symptoms are not well defined and depend on
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the location of the tumor, but most commonly include headache, nausea, visual impairment, motor
disorders, seizures, personality changes, or even disorientation, and very severe memory impairments
in severe cases [2].

Standardized diagnosis of glioma consists of patient’s evaluation by computed tomography
or magnetic resonance imaging, followed by histological analysis of the suspected tumor tissue [3].
However, even after histological examination, the characterized and grouped tumors often differ
in their transcriptomal profile within the same malignancy group, which leads to complicated and
limited-efficiency standardized treatment [4]. Therefore, it is necessary to determine the transcriptomal
markers of gliomas in high sensitivity. Although vast amounts of genetic and epigenetic data from
tumor tissue have been already collected and are publicly available from The Cancer Genome Atlas
(TCGA) and other consortia, there is still a lack of epigenetic data from glioma patients’ serum exosomes,
which could lead to improved glioma characterization and non-invasive diagnosis.

Intensive research over the last years proven the importance of miRNAs in the molecular biology
of glioma [5]. Mature miRNAs are small non-coding RNA molecules which act as gene silencers in
post-transcriptional manner [6]. Some of these small RNAs are associated with major depression,
suicide behavior, and anxiety [7,8]. The small footprint of miRNAs and their ability to stimulate behavior
changes makes miRNAs an attractive target analyzing varying psychological state of glioma patients.

The ability to detect circulating small RNAs in human blood has opened the vast potential for
use of miRNAs as complication-free biomarkers for the diagnosis of various cancers [9,10]. However,
subsequent studies have shown that most circulating miRNA are also highly expressed in different
blood cells [11]. In order to avoid misleading results, the research strategy should only include miRNA
analysis of circulating exosomes that are likely to be produced by highly invasive tumors such as
glioblastoma and only those with very low leukocyte expression [12].

According to the bioinformatic analysis of Z. Yeng et al., the miR-181 family is calculated to have
more than 500 reliable targets. These targets are responsible for various biological processes such
as cell proliferation, division, growth, and intercellular communication [13]. miR-181 importance in
oncology is observed in different types of cancer. A decrease in miR-181a expression was reported to
cause downregulation of matrix metalloproteinase-1 and vascular endothelial growth factor expression
in chondrosarcoma leading to a decrease in the tumor malignancy [14]. In glioblastoma cell lines and
nude mice models, miR-181b has been shown to have onco-suppressor abilities, and its high expression
is associated with a better outcome [15]. Downregulation of miR-181a, miR-181b, and miR-181c was
observed in a small cohort of primary glioblastoma tissue, also suggesting miR-181 family involvement
in glioblastoma development [16]. To further investigate the importance of different miR-181 family
members in glioma, we decided to analyze miR-181b and miR-181d expression levels in a bigger patient
cohort of glioma tissue and exosome samples.

Since glioblastoma still remains an uncurable disease, it is crucial to improve the quality of
life of GBM patients and predict their quality of functioning after the surgery [17]. Therefore, this
study included known and potential biomarkers of glioma, trying to better understand the molecular
profile of gliomas and assess other microRNA connections with patients’ quality of life measurements.
Furthermore, in this study, we tried to find a relationship between patients’ quality of life scores and
exosomal miR-181 levels. The assumption was that the radiologically non-detectable damage occurs in
the healthy brain tissue surrounding the tumor. We hypothesized that these small, early damages to
the surrounding tissue might evoke the variety of functional/psychological symptoms and could be
caused by tumoral microRNAs transported in exosomes. To date, there was no information on miR-181
tumoral or exosomal expression levels’ association with patients’ functional/psychological parameters.
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2. Results

2.1. miR-181 Expression within Different Grades of Glioma

We evaluated both tumor and exosomal miR-181b and miR-181d (miR-181b/d) expression as a
diagnostic biomarker for the identification of different grade gliomas. MiR-181b and miR-181d showed
a tendency to be downregulated in grade 3 glioma in both tumor and exosome samples. However, a
significant difference between grade 2 and grade 3 glioma was only detected when measuring miR-181b
expression in tumor samples (p < 0.05) (Figure 1A). A vast distribution of miR-181b/d was detected
in both GBM tumor and exosome samples, as was expected due to the heterogenic nature of grade
4 glioma.
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Figure 1. MiR-181b tumoral (A) and exosomal (B) expression levels within different grade gliomas.
Colored dots represent different isocitrate dehydrogenase 1 (IDH1) C. 395G>A (R132H) variant status
in the cells of the brain tissue. The box squares represent the data within 25 and 75 percentiles; the line
in the middle shows the median.

Next, we wanted to compare miR-181b/d levels together with other known glioma biomarkers.
Higher tumoral expression of both miR-181b (p < 0.05) and miR-181d (p < 0.01) was associated with
isocitrate dehydrogenase 1 (IDH1) mutation (Figure 2A,B). MiR-181d level was significantly higher in
GBM tumor tissues of patients with a IDH1 R132H variant, which is primarily found in secondary
GBMs, compared to miR-181d levels of GBM patients with a IDH1 wild type (p < 0.001) (Figure 2C).
Additionally, GBM patients that survived longer than an expected 12-month period and had an
unmethylated O-6-methylguanine methyltransferase (MGMT) promoter also had a significantly higher
miR-181d expression in their tumor tissue (p < 0.05) (Figure 2D). No significant results were observed
while comparing exosomal miR-181b/d levels with different IDH1 or MGMT patient groups.
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with methylated MGMT promoter and unmethylated MGMT promoter status (D). Colored dots 
represent different IDH1 R132H variant (D) or MGMT promoter methylation status (C) and glioma 
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shows the median. 
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To investigate relationships between miR-181b/d levels, the functional status and symptom profile 
of patients’ correlation analysis was performed. 

As can be seen in Table 1 and Table 2, miR-181b/d was significantly related to subjectively evaluated 
patients’ functioning; however, different trends were observed for tumoral and exosomal miR-181 
expressions. Tumoral miR-181b expression was positively correlated with better physical role and social 
functioning, as well as better general quality of life. Similarly, though non-significant trends were 
observed in the subsample of glioblastoma only, tumoral miR-181d expression was also positively 

Figure 2. MiR-181b and miR-181d tumoral expression level association with known glioma biomarkers.
Tumoral miR-181b (A) and miR-181d (B) expression differences between glioma patients (A,B) or
GBM patients (C) with IDH1 wildtype and IDH1 R132H variant. Tumoral miR-181d levels in GBM
patients with methylated MGMT promoter and unmethylated MGMT promoter status (D). Colored
dots represent different IDH1 R132H variant (D) or MGMT promoter methylation status (C) and glioma
grade (A,B). The box squares represent the data within 25 and 75 percentiles; the line in the middle
shows the median.

2.2. miR-181 Expression and Functional Status of Patients

To investigate relationships between miR-181b/d levels, the functional status and symptom profile
of patients’ correlation analysis was performed.

As can be seen in Tables 1 and 2, miR-181b/d was significantly related to subjectively evaluated
patients’ functioning; however, different trends were observed for tumoral and exosomal miR-181
expressions. Tumoral miR-181b expression was positively correlated with better physical role and
social functioning, as well as better general quality of life. Similarly, though non-significant trends were
observed in the subsample of glioblastoma only, tumoral miR-181d expression was also positively related
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to physical functioning in total and glioblastoma samples. Exosomal miR-181b was not significantly
related to any of the functioning indicators. Exosomal miR-181d showed a significant inverse correlation
with physical and emotional functioning in the total sample; a similar but non-significant trend was
observed in the glioblastomas subsample.

Table 1. Correlations between miR181b expression and subjectively reported quality of functioning.

Subjectively Reported Quality
of Functioning Groups

miR-181b

Tumoral Exosomal

GBM only Total sample GBM only Total sample
Global health −0.02 0.05 −0.09 −0.05

Physical functioning 0.23 0.27 * −0.08 −0.09
Role functioning 0.18 0.23 * 0.09 0.08

Emotional functioning 0.24 0.15 −0.21 −0.18
Cognitive functioning 0.07 0.12 0.03 −0.05

Social functioning 0.32 * 0.33 ** −0.02 −0.04
Summary Quality of Life Score 0.19 0.28 * −0.12 −0.08
Karnofsky Performance Scale 0.09 0.08 0.10 0.05

* p < 0.05; ** p < 0.01.

Table 2. Correlations between miR181d expression and subjectively reported quality of functioning.

Subjectively Reported Quality
of Functioning Groups

miR-181d

Tumoral Exosomal

GBM only Total sample GBM only Total sample
Global health −0.03 0.02 0.04 −0.02

Physical functioning 0.29 * 0.32 ** −0.20 −0.27 *
Role functioning 0.07 0.13 −0.03 −0.03

Emotional functioning 0.10 0.07 −0.27 −0.38 **
Cognitive functioning −0.07 0.01 −0.16 −0.25

Social functioning 0.13 0.18 −0.05 −0.20
Summary Quality of Life Score 0.06 0.17 −0.15 −0.27
Karnofsky Performance Scale −0.04 0.00 0.08 −0.04

* p < 0.05; ** p < 0.01.

Several significant correlations were observed when analyzing relationships between miR-181b/d
and patients’ reported tumor related symptoms. Higher tumoral miR-181b level was related to less
expressed drowsiness in glioblastoma patients (Spearman rho = −0.30, p < 0.05). Tumoral miR-181d
was related to greater seizure probability both in the total sample and in glioblastomas only (Spearman
rho 0.26 and 0.29, respectively, p < 0.05). Exosomal miR-181b correlated positively with greater tumor
related visual difficulties both in the total sample and glioblastoma patients only (Spearman rho 0.32,
and 0.27, respectively, p < 0.05). Exosomal miR-181d also was positively related to vision impairment
in the total and glioblastoma patient samples (Spearman rho 0.34 and 0.32, p < 0.04), with more
expressed drowsiness in the total sample, and with a similar non-significant trend in glioblastoma
patients (Spearman rho = 0.35, p < 0.05, and 0.28). Exosomal miR-181 was negatively correlated with
seizure probability, both in the total sample and glioblastomas only (Spearman rho −0.36 and −0.32,
respectively, p < 0.05).

2.3. miR-181 Expression and Patients’ Survival outcome

2.3.1. miR-181 Levels in Post-Surgical Glioma Tissue

We also analyzed miR-181b and miR-181d expression in glioma tissue and evaluated its effect
on patients’ survival time after the tumor dissection. The survival analysis revealed no significant
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survival time differences between high and low miR-181b or miR-181d levels in all stages of glioma.
Furthermore, the analysis was supplemented with patients’ IDH1 and MGMT status; however, tumoral
miR-181 levels, within the same IDH1 status patient group, also did not indicate any changes in patients’
survival. However, a strong tendency was observed comparing miR-181d tumor expression between
GBM patients with methylated MGMT promoter (p = 0.065). Patients within this group had a 6.22
month longer median survival when tumoral miR-181d expression was higher than the cohorts median
tumoral expression.

2.3.2. miR-181 Levels in Glioblastoma Patients’ Serum Exosomes

Despite the fact that there was no significant difference between miR-181 tumoral expression and
glioma patients’ survival time, we wanted to see if the same result was reflected measuring miR-181
in glioma patients’ serum exosomes. Interestingly, survival analysis revealed a difference between
different miR-181 expression groups. A noticeable difference was only detected in GBM patients
when the cohort was grouped into low (lower than median) and high (higher than median) exosomal
miR-181 expression groups. GBM patients who had low miR-181b serum exosomal expression survived
significantly longer compared to patients with a high exosomal expression (p = 0.017; df = 1; χ2 =

5.629) (Figure 3A). Patient groups with different miR-181d or miR-181b/d expression showed only a
tendency, indicating better prognosis for patients with low miR-181d (p = 0.239) or miR-181b/d (p = 0.08)
expression in serum exosomes.
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cases indicated by a vertical line.

In addition, well known glioma biomarker IDH1 mutation status was included in the survival
analysis. However, analysis of miR-181 expression in GBM patients with IDH1 wild type did not reveal
a more sensitive survival prediction (p = 0.049; df = 1; χ2 = 3.871) (Figure 3B). No significant increase in
the survival prediction was observed including IDH1 or MGMT status comparing exosomal miR-181d
expression levels.

Furthermore, we investigated the effect of miR-181 exosomal expression differences among
GBM patient ages. Samples of GBM patients were divided into two groups: younger than median
cohort age (younger) and older than median cohort age (older) GBM patients. Older patients who
had lower miR-181b/d exosomal expression showed a strong tendency (p = 0.086) surviving longer,
compared to older patients with higher miR-181b/d exosomal expression—median survival of 15.6
and 7.65 months, respectively. The younger GBM patient group with higher miR-181b/d exosomal
expression had a 2.3 month shorter median survival than the older GBM patient group with lower
miR-181b/d exosomal expression.

In order to evaluate miR-181b/d exosomal expression as a prognostic biomarker, GBM patients
were grouped into two specific groups: group A—GBM patients who were older than 55.3 years, had
IDH1 wild-type genotype, a hypermethylated MGMT promoter, and higher than median miR-181b/d
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exosomal expression; group B—the same previous criteria but with a lower than median miR-181b/d
exosomal expression. A significant difference in patient survival time was observed within these two
small GBM patient groups. Patients from group A (n = 7), on average, survived 2.36 times shorter than
patients from group B (n = 4) (p = 0.025; df = 1; χ2 = 4.989) (Figure 4).
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Figure 4. Survival analysis of both exosomal miR-181b and miR-181d high and low levels in older
(>55.3 years) glioblastoma patients, diagnosed with IDH1 wild type and methylated MGMT promoter
(p = 0.025)

Finally, a combinational analysis was performed to estimate the importance of tumoral and
exosomal miR-181 levels, IDH1 and MGMT status, tumor related symptoms, quality of life index,
and functional patients’ status for the survival outcome prediction. Decision tree classification was
applied to evaluate the impact of measured features as a complex for patient survival as well as to
estimate its importance. The overall accuracy of the tree classifier was 82.2%. The short survival
subgroup (< 16.85 months) prediction accuracy was higher (90.6%), while the long survival group
(≥16.85 months) showed slightly poorer accuracy (67.6%). Although the long survivor subgroup sample
size was smaller (37 vs. 64), the prediction accuracy was lower indicating that the subgroup exhibits
greater heterogeneity, in terms of analyzed features, as compared to short survivors. The decision
tree classifier predicted the highest possibility rate of short post-surgical survival time for the glioma
patients with the combination of IDH1 wild-type genotype, lower miR-181d tumoral expression, higher
miR-181b tumoral expression, and weaker tumor related symptoms. The highest probability of longer
survival was associated with the combination of IDH1 mutation (R132H), severe tumoral symptoms,
and higher miR-181b exosomal expression (Figure 5).
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Figure 5. Decision tree for predicting grade II-IV glioma patients’ survival. Grouped into two subgroups
according to the cohort survival mean: <16.85 months—short survival; ≥16.85 months—long survival.
The earlier factor appearance (vertically going from top to bottom) shows its higher importance to the
prediction model. Values on the lines indicate the factor value at which the algorithm divided the
factor groups. For miR-181 expression levels, the fold change value was used; the higher tumor related
symbol score reflects more pronounced symptoms and the higher quality of life score indicates better
functional and psychological well-being of the patient.

3. Discussion

The MiR-181 family is strongly associated with glioma and glioblastoma development, according
to other in vivo and in vitro studies [15,18]. Multiple interactions of various mRNA and lncRNAs
with miR-181 family members indicate the importance of this microRNA in glioma [19]. Additionally,
miR-181b could be involved in the regulation of tumorigenesis and epithelial to mesenchymal transition
of glioma [15]. Decreased expression of miR-181b has been shown to stimulate cell proliferation,
migration, and invasion, in addition to its ability to regulate chemosensitivity of temozolomide [20,21].
In our study, we found that the expression of miR-181b differs among malignancies of glioma, thus
indicating that miR-181b expression could be associated with the grade of glioma. According to our
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data, miR-181b tumoral expression is downregulated in higher grade gliomas, compared to lower
grade, which is consistent with other studies [22,23].

MiR-181d is another miRNA that belongs to the miR-181 family, and its low expression levels
are related to poor patient survival, suggesting the important role of miR-181d and its potential as
a prognostic factor for glioblastoma patients [24]. In particular, W. Zhang and colleagues showed
that miR-181d targets MGMT and downregulates it, leading to better response to temozolomide
treatment [18]. In addition to the findings of W. Zhang et al., our study showed a noticeable tendency
of prolonged survival time in GBM patients with methylated MGMT promoter and higher miR-181d
tumoral expression levels. These results strengthen the suggestion that miR-181d is activated during
MGMT promoter methylation processes, in order to suppress MGMT oncogenic activity in GBM
patients [25].

A wide spectrum of both miR-181b and miR-181d expression levels was observed in serum
exosomes and tumor tissue samples of GBM patients. The main reason for this could be the extreme
heterogeneity of the glioblastoma. Recent studies have suggested that tumoral miR-181 expression could
help indicate different subgroups of GBM [15,26]. Our results clearly show that miR-181b and miR-181d
expression are not consistent in GBM tissue, but further analysis and standardized GBM subgroup
evaluation guidelines have to be performed in order to apply these data for GBM subgrouping.

This study reveals, for the first time, the prognostic potential of measuring miR-181b and miR-181d
expression in GBM patients’ serum exosomes. Interestingly, in our study, exosomal miR-181b expression
showed completely different predictive association to tumoral miR-181d levels. Longer survival time
was observed in GBM patients with a lower exosomal miR-181b expression. Usually, a similar expression
pattern is detected in tumor tissue and serum exosomes [27,28]. A different prognostic association
of miR-181b expression in GBM post-surgical tissue and serum exosomes could be explained by a
prevention of miR-181b packaging to exosomes in the tumor cells and exporting them out of the
tumor’s environment. One could consider that miR-181b expression is promoted in GBM cells as a
defense mechanism against tumor development. At the same time, tumor cells would try to export
this onco-suppressive miR-181b out of the GBM cells in order to survive. In that case, an indication of a
good prognosis would be high tumoral and low exosomal expression of miR-181b, which we observe
in our single and combinational analyses. However, this theory should be tested thoroughly, including
functional analysis of miR-181b.

Molecular research traditionally relies on very formal outcome measures such as overall survival or
progression-free survival. However, none of these variables reflect the current health status of a patient,
the symptom burden, or the quality of his or her functioning. It is known that decreased health related
quality of life (HRQOL) in glioma patients is a sensitive predictor of shorter survival [17,29]. Recent
meta-analysis by Coomans et al. [30] demonstrated that some HRQOL variables were independent
predictors of overall patient survival and progression-free survival in glioma patients. Significant
correlation was reported between deterioration of HRQOL scores and tumor progression in glioblastoma
patients in longitudinal studies [31]. Thus, HRQOL is a very informative outcome measure as it reflects
the subjectively perceived burden of tumor-related symptoms at the moment of assessment, and also,
it has predictive value for long-term overall survival prognosis [32].

However, patient-centered outcome measures are rarely investigated in relation to biomarkers.
Only a few studies have tried to associate molecular biomarkers with patients’ quality of life
measurements. The work of S. V. Chatzikyriakou et al. suggests that the levels of circulating
collagen metabolites could be used as a quality of life indicator for chronic heart failure patients [33].
Similar studies were carried out by S. Kay et al., who revealed changes of matrix metalloproteinase
levels in idiopathic pulmonary fibrosis patients with different HRQOL scores [34], and by J. Hu et
al., whose work linked serum miR-206 levels to the quality of life of Duchenne muscular dystrophy
patients [35]. Besides our previous work on miR-34a [36], brain cancer patients’ quality of life and its
association with circulating biomarkers have only been investigated by A. Bunevicius et al., whose
study suggests the importance of free triiodothyronine and thyroid stimulating hormone levels [37].



Int. J. Mol. Sci. 2020, 21, 7450 10 of 15

All of this research indicates the possibility of patients’ quality of life prediction in various diseases
and invites us to look at biomarkers from a patients’ psychological and functional point of view.

To the best of our knowledge, this study investigated relationships between miR-181b and miR-181d
and glioma patients’ functioning for the first time. Functioning was assessed using HRQOL measures
as well as by clinical evaluation performed by the treating neurosurgeon. Both tumoral and exosomal
miR-181b/d expressions were weakly, but significantly related to patients’ reported functioning and
symptoms. Tumoral miR-181b/d expression showed the tendency towards correlation with better
functioning, while exosomal miR-181d were related to lower physical functioning and a slightly
more negative tumor-related symptoms profile. Exosomal miR-181d was statistically significantly
correlated with a smaller probability of epileptic seizure; still, this finding could be interpreted as a
negative indicator since seizures are reported to be related to longer survival in glioma patients due
to earlier tumor diagnosis and initiation of treatment [38]. In line with previous findings, HRQOL
and subjectively reported tumor-related symptoms were significant independent predictors in the
combinational analysis of survival outcome prediction. However, our study adds to previous findings
by demonstrating the unique interplay between molecular miR-181b/d biomarkers and HRQOL, as both
variables remained significant in the predictive models. These findings encourage further research on
molecular markers and HRQOL connections.

Finally, the combinational analysis revealed the importance of both tumoral and serum miR-181
transcript levels in predicting glioma patients’ post-surgical outcomes. The decision tree classifier
revealed that miR-181 played an important part in different predictive subgroups. In the scenario of
an IDH1 wild-type patient, both exosomal miR-181 had no significant influence on patients’ outcome
prediction; instead, the tumoral miR-181 played an important part, especially the lower tumoral
miR-181d level, which was the second most important factor for patients’ short survival prediction.
Interestingly, only higher exosomal miR-181b levels, but neither levels of tumoral miR-181, were selected
as a major factor predicting longer survival in the context of patients with IDH1 mutation and more
expressed tumoral symptoms. These findings indicate the possible interplay between IDH1 and the
regulation of tumoral/exosomal miR-181 transcript levels and could serve as an additional factor for
other radiological- and clinical-data-based prediction models [39,40].

It is important to mention that the study cohort was slightly younger and did not have the usual
1.57 to 1 (male to female) gender ratio. Additionally, due to difficult microRNA detection in low
amounts of serum exosomes, some of the patients’ exosomal samples were unsuited for quantitative
polymerase chain reaction (qPCR) analysis leading to a smaller data set. However, this study shows the
importance of the miR-181 family in GBM patients’ outcome, and it is one of the first studies evaluating
the influence of exosomal miR-181b and miR-181d expression levels on GBM patients’ outcome and
their quality of life prediction.

In conclusion, the findings of our study suggest that elevated miR-181b exosomal expression can
indicate significantly shorter post-surgical survival time for GBM patients. Like other researchers, we
demonstrate miR-181b and miR-181d expression decrease during glioma progression. More importantly,
both tumoral and exosomal miR-181 expression levels were related to patients’ functioning and
tumor-related symptoms. Furthermore, glioma patients’ quality of life index, their tumor-related
symptoms, IDH1 status, and tumoral miR-181b levels are important factors predicting patients’ survival
time. Furthermore, adding GBM patients’ MGMT promoter methylation, age, and exosomal miR-181b
expression information improves predictive significance and should be considered in all future research
regarding predictive exosomal biomarkers for glioblastoma patients.

4. Materials and Methods

4.1. Study Cohort

The patients’ age on the day of the surgery varied from 24.6 to 80.0 years with a median of 55.3
and an average of 54.9 years. The cohort consisted of 55.5% males and 45.5% females.
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The study cohort reflected common glioma patients’ molecular and survival characteristic. Patients
who had IDH1 mutation had a 11.1-month longer median survival compared to patients with IDH1
wild-type (p = 0.008; df = 1; χ2 = 6.855). Patients who were younger than 55.3 years showed a
10.1-month increase in median survival compared to older patients (p = 0.002, df = 1, χ2 = 10.077). The
median survival of GBM patients was 12.3 months in contrast to 22.4 months for lower grade glioma
patients (p < 0.001; df = 1; χ2 = 19.9).

4.2. Samples

The research was performed in accordance with the Lithuanian regulations, principles of the
Helsinki and Taipei Declarations. Written informed consent was obtained from every patient and
protocols used in this work were evaluated and approved by the Ethics Committee of Kaunas region,
Lithuania (protocol: L6.1-07/09, permission code: P2-9/2003, date: 10 October 2010; and protocol:
BE-10-6, permission code: BE-2-3, date: 18 April 2016).

In total, 92 different grade glioma samples were surgically removed at Lithuanian University of
Health Sciences Hospital Kaunas Clinics (LUHS KC) Neurosurgery department during the period of
2016–2019. The grade of glioma was histologically confirmed at LUHS KC Department of Pathological
Anatomy: 15-stage II; 7-stage III; and 70-stage IV (glioblastoma/GBM). In addition, 64 matched blood
serum samples were collected: 10–stage II; 7–stage III; and 46–GBM. Due to the rare occurrence of the
disease, the maximum number of samples was included into the study.

4.3. Patients Functional Status Assessment

The functional status of patients was assessed prospectively before neurosurgery by a certified
medical psychologist and neurosurgeon. Patients’ functional status was assessed using two different
paradigms—asking patients subjectively to evaluate their health, symptoms, level of functioning,
and general quality of life using standardized questionnaires; asking a neurosurgeon to evaluate the
level of patient independent functioning by using a clinical scale. Three measures were used in the
current study:

The European Organization for Research and Treatment of Cancer Quality of Life Questionnaire,
EORTC QLQ-30 [41] is an internationally validated cancer-specific health related quality of life measure.
The EORTC QLQ-C30 contains 30 items that were designed to assess global health status, functional
status, role functioning, emotional functioning, cognitive functioning, social functioning, and various
cancer related symptoms. In the current study, we used functional scales and the total score as
indicators of subjective patients’ functioning [42,43].

The European Organization for Research and Treatment of Cancer Quality of Life Questionnaire,
Brain cancer module, EORTC QLQ-BN20 [44] was used to evaluate subjectively reported brain
tumor related symptoms. The QLQ-BN20 is a 20-item self-rating instrument. It addresses future
uncertainty, visual disorder, motor dysfunction, communication deficits, and other common brain
tumor-related symptoms.

The Karnofsky performance status scale (KPS) [45] was used for assessment of functional status.
The KPS is an 11-point rating scale that is designed to measure a patient’s ability to carry out his/her
normal activities and dependence on help and nursing care.

Data on patients’ functional status evaluated by the neurosurgeon were available for 77 patients
(83.7%); psychological assessment was performed for 75 (81.5%) patients from a 92 brain tumor samples
cohort, and for 52 (81.3%) patients from a 64 matched blood serum samples cohort.

4.4. DNA Isolation

DNA was extracted from ~40 mg frozen tumor tissue using the desalting method with chloroform,
and Proteinase K. DNA concentration was measured with a NanoDrop 2000 system (Thermo Fisher
Scientific, Cat. #: ND-2000, Wilmington, DE, USA).



Int. J. Mol. Sci. 2020, 21, 7450 12 of 15

4.5. IDH1 Mutation and MGMT Promoter Methylation Analysis

IDH1 gene mutation in gliomas-R132H was analyzed in all the specimens applying custom
TaqMan SNP genotyping assays. PCR was carried out consisting of TaqMan Universal Master Mix II
(Thermo Fisher Scientific, Cat. #: 4440047, Carlsbad, CA, USA), TaqMan probes, and 20 ng purified
tumor DNA. All the procedures were accomplished according to the TaqMan chemistry manufacturer
recommendations. Fluorescence was measured with a 7500 Fast Real-Time PCR system (Applied
Biosystems, Cat. #: 4351107, Foster City, CA, USA).

MGMT promoter methylation status was determined using methylation-specific PCR (MSP).
The reaction consisted of 7.5 µL Hot Start PCR Master Mix with Hot start Taq DNA
polymerase (Thermo Fisher Scientific, Cat. #: EP0701); 4.5 µL nuclease-free water; 1 µL
(10 pmol/µL) of each primer, specific to methylated/unmethylated promoter; and ~20 ng of
bisulfite-treated DNA as a template. Primer sequences for the methylated MGMT sequence were
5′-GGACGTTAAGGGTTTAGAGC-3′ (sense) and 5′-CAATACACGACCTCGTCAC-3′ (antisense),
and for unmethylated—5′-GGATGTTAAGGGTTTAGAGT-3′ (sense) and 5′-CAATACACAACC
TCATCAC-3′ (antisense). Additionally, three controls were performed: positive—“Bisulfite converted
Universal Methylated Human DNA Standard & Control primer” (Zymo Research, Cat. #: D5015,
Irvine, CA, USA); negative—bisulphite treated human blood lymphocytes DNA; and water control (no
template control). MSP was performed in 38 cycles with the following conditions: Taq Polymerase
activation at 95 ◦C for 5 min, denaturation at 95 ◦C for 15 sec, annealing at 59 ◦C for 30 sec, extension at
72 ◦C for 15 sec, and final extension at 72 ◦C for 5 min. Products after amplification were visualized
using agarose gel electrophoresis. Each sample methylation status was evaluated according to visible
signals and documented using a 0 (unmethylated) and 1 (methylated) system.

4.6. RNA Isolation and cDNA Synthesis

In total, 20–40 mg of frozen, post-surgical tumor samples was mechanically grinded and
homogenized with ultrasonication at 20% amplitude for 1 second on/off pulsation prior to enriched
small RNA extraction using a mirVana miRNA Isolation Kit (Thermo Fisher Scientific, Cat. #: AM1560).
An amount of 250–1250 µl of frozen serum samples was used for exosome extraction with exoEasy
Maxi Kit (Qiagen, Cat. #: 76064, Valencia, CA, USA) including cel-miR-39-3p spike-in (0.0065 ng) in
each sample after exosome collection step. The quality and quantity of extracted microRNAs were
evaluated with a Small RNA analysis kit (Agilent, Cat. #: 5067-1548, Santa Clara, CA, USA) and
NanoDrop 2000. In order to be able to analyze the broad range of micro RNAs, 10 ng extracted RNA
was synthesized to cDNA with a TaqMan Advanced miRNA cDNA Synthesis Kit (Thermo Fisher
Scientific, Cat. #: A28007, Pleasanton, CA, USA). Pre-amplified and 10 times diluted cDNA was used
for micro RNA expression analysis afterwards.

4.7. Micro RNA Expression Analysis

QPCR reaction consisted of TaqMan Fast Advanced Master Mix (Thermo Fisher Scientific, Cat. #:
4444557, Austin, TX, USA), hsa-miR-181b-5p (Assay ID: 478583_mir) or hsa-miR-181d-5p (Assay ID:
479517_mir) probes, and 3 µl diluted cDNA. Gene expression was measured on a 7500 Fast Real-Time
PCR system using a fast cycling program. In addition, 4 endogenous micro RNAs were used for
data normalization: hsa-miR-191-5p (Assay ID: 477952_mir), hsa-miR-361-5p (Assay ID: 478056_mir),
hsa-miR-345-5p (Assay ID: 478366_mir), and hsa-miR-103a-3p (Assay ID: 478253_mir). Additional
levels of spike-in were measured in serum exosome samples (Assay ID: 478293_mir) (Thermo Fisher
Scientific, Cat. #: A25576, Pleasanton, CA, USA).

For each sample, relative quantitation of hsa-miR-181b-5p and hsa-miR-181d-5p was calculated
according to the Equation (1):

∆Cttarget miR = Cttarget miR −
4
√

CtmiR191 ×CtmiR361 ×CtmiR345 ×CtmiR103a (1)
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An additional normalization step was applied to serum exosome samples normalizing to spike-in
cel-miR-39-3p levels according to the Equation (2):

∆Cttarget miR = ∆Cttarget miR ×

(
CtmiR39

CtmiR39

)
(2)

4.8. Statistical Analysis

Kaplan–Meier estimation, using a log-rank test was performed to evaluate patient groups during
survival analysis. A Student’s independent t-test was applied evaluating the difference between two
groups, and One-Way ANOVA with Bonferoni correction was applied for the comparison of three or
more groups. Spearman correlation was used to evaluate relationships between miRNA expressions
and the functional status of the patients. Decision tree classification analysis was performed using
the CRT algorithm with Gini method nonlinear combinations. The significance level was defined as
p < 0.05 (*).
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sampling and patient clinical data gathering.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Alexander, B.M.; Cloughesy, T.F. Adult Glioblastoma. J. Clin. Oncol. 2017, 35, 2402–2409. [CrossRef]
[PubMed]

2. Sizoo, E.M.; Braam, L.; Postma, T.J.; Pasman, H.R.W.; Heimans, J.J.; Klein, M.; Reijneveld, J.C.; Taphoorn, M.J.B.
Symptoms and problems in the end-of-life phase of high-grade glioma patients. Neuro-Oncol. 2010, 12,
1162–1166. [CrossRef] [PubMed]

3. Maier-Hauff, K.; Ulrich, F.; Nestler, D.; Niehoff, H.; Wust, P.; Thiesen, B.; Orawa, H.; Budach, V.; Jordan, A.
Efficacy and safety of intratumoral thermotherapy using magnetic iron-oxide nanoparticles combined with
external beam radiotherapy on patients with recurrent glioblastoma multiforme. J. Neurooncol. 2011, 103,
317–324. [CrossRef] [PubMed]

4. Soeda, A.; Hara, A.; Kunisada, T.; Yoshimura, S.; Iwama, T.; Park, D.M. The Evidence of Glioblastoma
Heterogeneity. Sci. Rep. 2015, 5, 1–7. [CrossRef] [PubMed]

5. Li, M.; Li, J.; Liu, L.; Li, W.; Yang, Y.; Yuan, J. MicroRNA in Human Glioma. Cancers 2013, 5, 1306–1331.
[CrossRef]

6. Shenoy, A.; Blelloch, R.H. Regulation of microRNA function in somatic stem cell proliferation and
differentiation. Nat. Rev. Mol. Cell Biol. 2014, 15, 565–576. [CrossRef]

7. Serafini, G.; Pompili, M.; Hansen, K.F.; Obrietan, K.; Dwivedi, Y.; Shomron, N.; Girardi, P. The Involvement
of MicroRNAs in Major Depression, Suicidal Behavior, and Related Disorders: A Focus on miR-185 and
miR-491-3p. Cell. Mol. Neurobiol. 2014, 34, 17–30. [CrossRef]

8. Fonken, L.K.; Gaudet, A.D.; Gaier, K.R.; Nelson, R.J.; Popovich, P.G. MicroRNA-155 deletion reduces anxiety-
and depressive-like behaviors in mice. Psychoneuroendocrinology 2016, 63, 362–369. [CrossRef]

9. Weiland, M.; Gao, X.-H.; Zhou, L.; Mi, Q.-S. Small RNAs have a large impact. RNA Biol. 2012, 9, 850–859.
[CrossRef]

10. Anfossi, S.; Babayan, A.; Pantel, K.; Calin, G.A. Clinical utility of circulating non-coding RNAs—An update.
Nat. Rev. Clin. Oncol. 2018, 15, 541–563. [CrossRef]

http://dx.doi.org/10.1200/JCO.2017.73.0119
http://www.ncbi.nlm.nih.gov/pubmed/28640706
http://dx.doi.org/10.1093/neuonc/nop045
http://www.ncbi.nlm.nih.gov/pubmed/20511193
http://dx.doi.org/10.1007/s11060-010-0389-0
http://www.ncbi.nlm.nih.gov/pubmed/20845061
http://dx.doi.org/10.1038/srep07979
http://www.ncbi.nlm.nih.gov/pubmed/25623281
http://dx.doi.org/10.3390/cancers5041306
http://dx.doi.org/10.1038/nrm3854
http://dx.doi.org/10.1007/s10571-013-9997-5
http://dx.doi.org/10.1016/j.psyneuen.2015.10.019
http://dx.doi.org/10.4161/rna.20378
http://dx.doi.org/10.1038/s41571-018-0035-x


Int. J. Mol. Sci. 2020, 21, 7450 14 of 15

11. Mitchell, P.S.; Parkin, R.K.; Kroh, E.M.; Fritz, B.R.; Wyman, S.K.; Pogosova-Agadjanyan, E.L.; Peterson, A.;
Noteboom, J.; O’Briant, K.C.; Allen, A.; et al. Circulating microRNAs as stable blood-based markers for
cancer detection. Proc. Natl. Acad. Sci. USA 2008, 105, 10513–10518. [CrossRef] [PubMed]

12. Stoorvogel, W. Functional transfer of microRNA by exosomes. Blood 2012, 119, 646–648. [CrossRef] [PubMed]
13. Yang, Z.; Wan, X.; Gu, Z.; Zhang, H.; Yang, X.; He, L.; Miao, R.; Zhong, Y.; Zhao, H. Evolution of the mir-181

microRNA family. Comput. Biol. Med. 2014, 52, 82–87. [CrossRef] [PubMed]
14. Sun, X.; Charbonneau, C.; Wei, L.; Chen, Q.; Terek, R.M. miR-181a Targets RGS16 to Promote Chondrosarcoma

Growth, Angiogenesis, and Metastasis. Mol. Cancer Res. 2015, 13, 1347–1357. [CrossRef] [PubMed]
15. Wang, H.; Tao, T.; Yan, W.; Feng, Y.; Wang, Y.; Cai, J.; You, Y.; Jiang, T.; Jiang, C. Upregulation of miR-181s

reverses mesenchymal transition by targeting KPNA4 in glioblastoma. Sci. Rep. 2015, 5, 1–11. [CrossRef]
[PubMed]

16. Ciafrè, S.A.; Galardi, S.; Mangiola, A.; Ferracin, M.; Liu, C.-G.; Sabatino, G.; Negrini, M.; Maira, G.; Croce, C.M.;
Farace, M.G. Extensive modulation of a set of microRNAs in primary glioblastoma. Biochem. Biophys.
Res. Commun. 2005, 334, 1351–1358. [CrossRef] [PubMed]

17. Gately, L.; McLachlan, S.A.; Dowling, A.; Philip, J. Life beyond a diagnosis of glioblastoma: A systematic
review of the literature. J. Cancer Surviv. Res. Pract. 2017, 11, 447–452. [CrossRef]

18. Zhang, W.; Zhang, J.; Hoadley, K.; Kushwaha, D.; Ramakrishnan, V.; Li, S.; Kang, C.; You, Y.; Jiang, C.;
Song, S.W.; et al. miR-181d: A predictive glioblastoma biomarker that downregulates MGMT expression.
Neuro-Oncol. 2012, 14, 712–719. [CrossRef]

19. Rynkeviciene, R.; Simiene, J.; Strainiene, E.; Stankevicius, V.; Usinskiene, J.; Kaubriene, E.M.; Meskinyte, I.;
Cicenas, J.; Suziedelis, K. Non-Coding RNAs in Glioma. Cancers 2019, 11, 17. [CrossRef]

20. Cui, B.; Li, B.; Liu, Q.; Cui, Y. lncRNA CCAT1 Promotes Glioma Tumorigenesis by Sponging miR-181b.
J. Cell. Biochem. 2017, 118, 4548–4557. [CrossRef]

21. Zhou, Y.; Peng, Y.; Liu, M.; Jiang, Y. MicroRNA-181b Inhibits Cellular Proliferation and Invasion of Glioma
Cells via Targeting Sal-Like Protein 4. Oncol. Res. 2017, 25, 947–957. [CrossRef] [PubMed]

22. Conti, A.; Aguennouz, M.; La Torre, D.; Tomasello, C.; Cardali, S.; Angileri, F.F.; Maio, F.; Cama, A.;
Germanò, A.; Vita, G.; et al. miR-21 and 221 upregulation and miR-181b downregulation in human grade
II–IV astrocytic tumors. J. Neurooncol. 2009, 93, 325–332. [CrossRef] [PubMed]

23. Shi, Z.; Wang, X.; Qian, X.; Tao, T.; Wang, L.; Chen, Q.; Wang, X.; Cao, L.; Wang, Y.; Zhang, J.; et al.
MiRNA-181b suppresses IGF-1R and functions as a tumor suppressor gene in gliomas. RNA 2013, 19,
552–560. [CrossRef] [PubMed]

24. Ho, K.-H.; Chen, P.-H.; Hsi, E.; Shih, C.-M.; Chang, W.-C.; Cheng, C.-H.; Lin, C.-W.; Chen, K.-C. Identification of
IGF-1-enhanced cytokine expressions targeted by miR-181d in glioblastomas via an integrative miRNA/mRNA
regulatory network analysis. Sci. Rep. 2017, 7. [CrossRef] [PubMed]

25. Khalil, S.; Fabbri, E.; Santangelo, A.; Bezzerri, V.; Cantù, C.; Di Gennaro, G.; Finotti, A.; Ghimenton, C.;
Eccher, A.; Dechecchi, M.; et al. miRNA array screening reveals cooperative MGMT-regulation between
miR-181d-5p and miR-409-3p in glioblastoma. Oncotarget 2016, 7, 28195–28206. [CrossRef]

26. Ruan, J.; Lou, S.; Dai, Q.; Mao, D.; Ji, J.; Sun, X. Tumor suppressor miR-181c attenuates proliferation, invasion,
and self-renewal abilities in glioblastoma. NeuroReport 2015, 26, 66–73. [CrossRef]

27. Huang, S.; Ali, N.; Zhong, L.; Shi, J. MicroRNAs as biomarkers for human glioblastoma: Progress and
potential. Acta Pharmacol. Sin. 2018, 39, 1405–1413. [CrossRef]

28. Zhou, X.; Zhu, W.; Li, H.; Wen, W.; Cheng, W.; Wang, F.; Wu, Y.; Qi, L.; Fan, Y.; Chen, Y.; et al. Diagnostic
value of a plasma microRNA signature in gastric cancer: A microRNA expression analysis. Sci. Rep. 2015, 5,
1–13. [CrossRef]

29. Gathinji, M.; McGirt, M.J.; Attenello, F.J.; Chaichana, K.L.; Than, K.; Olivi, A.; Weingart, J.D.; Brem, H.;
Quinones-Hinojosa, A. Association of preoperative depression and survival after resection of malignant
brain astrocytoma. Surg. Neurol. 2009, 71, 299–303. [CrossRef]

30. Coomans, M.; Dirven, L.; Aaronson, N.K.; Baumert, B.G.; Van Den Bent, M.; Bottomley, A.; Brandes, A.A.;
Chinot, O.; Coens, C.; Gorlia, T.; et al. The added value of health-related quality of life as a prognostic
indicator of overall survival and progression- free survival in glioma patients: A meta-analysis based on
individual patient data from randomised controlled trials. Eur. J. Cancer 2019, 116, 190–198. [CrossRef]

31. Sagberg, L.M.; Solheim, O.; Jakola, A.S. Quality of survival the 1st year with glioblastoma: A longitudinal
study of patient-reported quality of life. J. Neurosurg. 2016, 124, 989–997. [CrossRef] [PubMed]

http://dx.doi.org/10.1073/pnas.0804549105
http://www.ncbi.nlm.nih.gov/pubmed/18663219
http://dx.doi.org/10.1182/blood-2011-11-389478
http://www.ncbi.nlm.nih.gov/pubmed/22262739
http://dx.doi.org/10.1016/j.compbiomed.2014.06.004
http://www.ncbi.nlm.nih.gov/pubmed/25016292
http://dx.doi.org/10.1158/1541-7786.MCR-14-0697
http://www.ncbi.nlm.nih.gov/pubmed/26013170
http://dx.doi.org/10.1038/srep13072
http://www.ncbi.nlm.nih.gov/pubmed/26283154
http://dx.doi.org/10.1016/j.bbrc.2005.07.030
http://www.ncbi.nlm.nih.gov/pubmed/16039986
http://dx.doi.org/10.1007/s11764-017-0602-7
http://dx.doi.org/10.1093/neuonc/nos089
http://dx.doi.org/10.3390/cancers11010017
http://dx.doi.org/10.1002/jcb.26116
http://dx.doi.org/10.3727/096504016X14791732531006
http://www.ncbi.nlm.nih.gov/pubmed/27938503
http://dx.doi.org/10.1007/s11060-009-9797-4
http://www.ncbi.nlm.nih.gov/pubmed/19159078
http://dx.doi.org/10.1261/rna.035972.112
http://www.ncbi.nlm.nih.gov/pubmed/23431408
http://dx.doi.org/10.1038/s41598-017-00826-0
http://www.ncbi.nlm.nih.gov/pubmed/28389653
http://dx.doi.org/10.18632/oncotarget.8618
http://dx.doi.org/10.1097/WNR.0000000000000302
http://dx.doi.org/10.1038/aps.2017.173
http://dx.doi.org/10.1038/srep11251
http://dx.doi.org/10.1016/j.surneu.2008.07.016
http://dx.doi.org/10.1016/j.ejca.2019.05.012
http://dx.doi.org/10.3171/2015.4.JNS15194
http://www.ncbi.nlm.nih.gov/pubmed/26430849


Int. J. Mol. Sci. 2020, 21, 7450 15 of 15

32. Jakola, A.S.; Gulati, S.; Weber, C.; Unsga, G.; Solheim, O. Postoperative Deterioration in Health Related
Quality of Life as Predictor for Survival in Patients with Glioblastoma: A Prospective Study. PLoS ONE 2011,
6, e28592. [CrossRef] [PubMed]

33. Chatzikyriakou, S.V.; Tziakas, D.N.; Chalikias, G.K.; Stakos, D.; Papazoglou, D.; Lantzouraki, A.; Thomaidi, A.;
Boudoulas, H.; Konstantinides, S. Circulating levels of a biomarker of collagen metabolism are associated
with health-related quality of life in patients with chronic heart failure. Qual. Life Res. 2012, 21, 143–153.
[CrossRef] [PubMed]

34. Kay, S.; Mari, P.-V.; Xia, M.; Murray, S.; Belloli, E.; Salisbury, M.L.; Sheth, J.S.V.; Wang, B.; Holtze, C.;
Martinez, F.J.; et al. Health Related Quality of Life and Biomarker Levels in Patients with Idiopathic
Pulmonary Fibrosis. Am. J. Respir. Crit. Care Med. 2019, 199, A7145.

35. Hu, J.; Kong, M.; Ye, Y.; Hong, S.; Cheng, L.; Jiang, L. Serum miR-206 and other muscle-specific microRNAs
as non-invasive biomarkers for Duchenne muscular dystrophy. J. Neurochem. 2014, 129, 877–883. [CrossRef]
[PubMed]

36. Vaitkiene, P.; Pranckeviciene, A.; Stakaitis, R.; Steponaitis, G.; Tamasauskas, A.; Bunevicius, A. Association
of miR-34a Expression with Quality of Life of Glioblastoma Patients: A Prospective Study. Cancers 2019,
11, 300. [CrossRef] [PubMed]

37. Bunevicius, A.; Laws, E.R.; Deltuva, V.; Tamasauskas, A. Association of thyroid hormone concentrations with
quality of life of primary brain tumor patients: A pilot study. J. Neurooncol. 2017, 131, 385–391. [CrossRef]

38. Englot, D.J.; Chang, E.F.; Vecht, C.J. Epilepsy and brain tumors. Handb. Clin. Neurol. 2017, 134, 267–285.
[CrossRef]

39. Li, Z.; Wang, Y.; Yu, J.; Guo, Y.; Cao, W. Deep Learning based Radiomics (DLR) and its usage in noninvasive
IDH1 prediction for low grade glioma. Sci. Rep. 2017, 7, 1–11. [CrossRef]

40. Jansen, M.H.; van Zanten, S.E.V.; Aliaga, E.S.; Heymans, M.W.; Warmuth-Metz, M.; Hargrave, D.; van der
Hoeven, E.J.; Gidding, C.E.; de Bont, E.S.; Eshghi, O.S.; et al. Survival prediction model of children with
diffuse intrinsic pontine glioma based on clinical and radiological criteria. Neuro-Oncol. 2015, 17, 160–166.
[CrossRef]

41. Fayers, P.; Aaronson, N.K.; Bjordal, K.; Groenvold, M.; Curran, D.; Bottomley, A. EORTC QLQ-C30 Scoring
Manual; European Organisation for Research and Treatment of Cancer: Brussels, Belgium, 2001; ISBN
978-2-930064-16-1.

42. Husson, O.; de Rooij, B.H.; Kieffer, J.; Oerlemans, S.; Mols, F.; Aaronson, N.K.; van der Graaf, W.T.A.; van
de Poll-Franse, L.V. The EORTC QLQ-C30 Summary Score as Prognostic Factor for Survival of Patients
with Cancer in the “Real-World”: Results from the Population-Based PROFILES Registry. Oncologist 2019.
[CrossRef] [PubMed]

43. Efficace, F.; Cottone, F.; Sommer, K.; Kieffer, J.; Aaronson, N.; Fayers, P.; Groenvold, M.; Caocci, G.; Lo Coco, F.;
Gaidano, G.; et al. Validation of the European Organisation for Research and Treatment of Cancer Quality of
Life Questionnaire Core 30 Summary Score in Patients With Hematologic Malignancies. Value Health J. Int.
Soc. Pharmacoeconomics Outcomes Res. 2019, 22, 1303–1310. [CrossRef] [PubMed]

44. Taphoorn, M.J.B.; Claassens, L.; Aaronson, N.K.; Coens, C.; Mauer, M.; Osoba, D.; Stupp, R.; Mirimanoff, R.O.;
van den Bent, M.J.; Bottomley, A.; et al. An international validation study of the EORTC brain cancer module
(EORTC QLQ-BN20) for assessing health-related quality of life and symptoms in brain cancer patients. Eur.
J. Cancer Oxf. Engl. 1990 2010, 46, 1033–1040. [CrossRef] [PubMed]

45. Mor, V.; Laliberte, L.; Morris, J.N.; Wiemann, M. The Karnofsky Performance Status Scale. An examination of
its reliability and validity in a research setting. Cancer 1984, 53, 2002–2007. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1371/journal.pone.0028592
http://www.ncbi.nlm.nih.gov/pubmed/22174842
http://dx.doi.org/10.1007/s11136-011-9932-5
http://www.ncbi.nlm.nih.gov/pubmed/21598062
http://dx.doi.org/10.1111/jnc.12662
http://www.ncbi.nlm.nih.gov/pubmed/24460924
http://dx.doi.org/10.3390/cancers11030300
http://www.ncbi.nlm.nih.gov/pubmed/30836600
http://dx.doi.org/10.1007/s11060-016-2311-x
http://dx.doi.org/10.1016/B978-0-12-802997-8.00016-5.Epilepsy
http://dx.doi.org/10.1038/s41598-017-05848-2
http://dx.doi.org/10.1093/neuonc/nou104
http://dx.doi.org/10.1634/theoncologist.2019-0348
http://www.ncbi.nlm.nih.gov/pubmed/32297435
http://dx.doi.org/10.1016/j.jval.2019.06.004
http://www.ncbi.nlm.nih.gov/pubmed/31708068
http://dx.doi.org/10.1016/j.ejca.2010.01.012
http://www.ncbi.nlm.nih.gov/pubmed/20181476
http://dx.doi.org/10.1002/1097-0142(19840501)53:9&lt;2002::AID-CNCR2820530933&gt;3.0.CO;2-W
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	miR-181 Expression within Different Grades of Glioma 
	miR-181 Expression and Functional Status of Patients 
	miR-181 Expression and Patients’ Survival outcome 
	miR-181 Levels in Post-Surgical Glioma Tissue 
	miR-181 Levels in Glioblastoma Patients’ Serum Exosomes 


	Discussion 
	Materials and Methods 
	Study Cohort 
	Samples 
	Patients Functional Status Assessment 
	DNA Isolation 
	IDH1 Mutation and MGMT Promoter Methylation Analysis 
	RNA Isolation and cDNA Synthesis 
	Micro RNA Expression Analysis 
	Statistical Analysis 

	References

