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SUMMARY

Introduction/Objective In glioblastoma, upregulation of oncogenic microRNA-10b (miR-10b) and
microRNA-21 (miR-21) is often found. Our study aimed to investigate whether there is a link between
miR-10b and miR-21 expression levels and tumor size and tumor localization.

Methods The research involved 43 patients diagnosed with glioblastoma. We analyzed the expression
levels of miR-10b and miR-21 post-surgery. The data on tumor size and tumor localization were obtained
from magnetic resonance imaging.

Results The median expression level of miR-10b in patients with tumors < 4 cm was 214.86 (min-max:
2.13-816.89), while in patients with tumors > 4 cm, the median expression level was 92.99 (min-max:
19.24-491.82). The median expression level of miR-21 in patients with tumors < 4 cm was 81.69 (min-
max: 11.39-825.43), whereas in patients with tumors > 4 cm, the median expression level was 40.84
(min-max: 2.68-278.98). For both miR-10b and miR-21, a statistically significant difference was found
for tumors < 4 cm (p = 0.027 and p = 0.047, respectively) compared to those > 4 cm. There was no sta-
tistically significant difference in the expression levels of miR-10b (p = 0.675) and miR-21 (p = 0.183) in
relation to tumor localization.

Conclusion Glioblastomas smaller than 4 cm have statistically significantly higher expression levels of
miR-10b and miR-21 compared to glioblastomas equal to or larger than 4 cm. Although this result is
unexpected, it could mean that miR expression levels dynamically change after surgery and according

to the altered microenvironment.
Keywords: glioblastoma; microRNA; tumor size

INTRODUCTION

Tumor histology, tumor size, grade, vascular
invasion, stage and other clinicopathological
and molecular features are often described as
prognostic factors in patients with extracranial
cancer [1, 2]. For patients diagnosed with ma-
lignant intracranial tumors such as glioblas-
toma, the most reliable prognostic factors are
age, O6-methylguanine-DNA methyltransfer-
ase (MGMT) promoter methylation, isocitrate
dehydrogenase (IDH) mutation, extent of sur-
gical resection and tumor location [3, 4]. The
size of the tumor in patients with glioblastoma
has also been shown to be a possible prognostic
factor for survival [3, 5, 6].

MicroRNA-10b (miR-10b) and microR-
NA-21 (miR-21) are amongst the most re-
searched microRNAs in human oncology.
They are often overexpressed in a spectrum
of human cancers. MiR-21 is frequently over-
expressed in various cancers, including glio-
blastoma [7]. Due to the hypoxic conditions
present in glioblastoma cells, an upregulation
of miR-10b/miR-21 can be observed [8].

miR-10b is recognized as a potent onco-
genic microRNA (oncomiR) involved in the

regulation of the cell cycle. Upregulation of
miR-10b can promote tumor growth, invasion
and migration [9]. Through diversiform gene
regulation and signaling pathways, overexpres-
sion of miR-21 is shown to play an important
role in oncogenesis and tumor metastasis, as
well as in resistance to oncologic treatment
[10]. In glioblastoma, miR-21 is upregulated
and thus, often linked with tumor pathogenesis,
as well as radioresistance and chemotherapy
resistance [7]. Both miR-10b and miR-21 are
shown to be associated with clinical and patho-
logic features such as tumor size [11], disease
stage, and metastatic lymph nodes in extracra-
nial tumors [12].

Inhibition of tumor growth and glioblas-
toma cell proliferation has been demonstrated
in in vitro and in vivo experiments in gliomas
[13] and glioblastoma [14] by knocking down
microRNAs, such as miR-10b [15] and miR-21
[13, 14]. However, the level of their expression
in body fluids and the possible association with
glioblastoma features, such as tumor size and
tumor location, remains less clear.

Our study aimed to investigate whether
there is an association between the expression
levels of miR-10b and miR-21 and the tumor
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size and its localization in patients diagnosed with glio-
blastoma.

METHODS

This prospective cohort study followed forty-three glio-
blastoma patients who had undergone surgery and were
about to start treatment with Stupp regimen [16]. The re-
search focused on the levels of two specific miRNAs, miR-
10b and miR-21, extracted from the patients” peripheral
blood mononuclear cells (PBMCs). These patients were
treated at the Clinic of Neurosurgery and the Neuro-
Oncology Department at the University Clinical Center of
Serbia, as well as the Institute for Oncology and Radiology
of Serbia, starting in October 2017.

The study gathered clinical parameters, focusing on tu-
mor size (< 4 cm and > 4 cm) and tumor location (frontal
lobe, temporal lobe, parietal lobe, occipital lobe, thalamus,
or multilobar). Clinical data on tumor size and location
were obtained from medical records, specifically magnetic
resonance imaging (MRI).

PBMCs were isolated from heparinized whole blood
through centrifugation at 4°C using Histopaque-1077,
following the manufacturer’s instructions. miRNA mol-
ecules were extracted and purified from PBMCs using
TRI Reagent, as per the manufacturer’s protocol. The RNA
samples were quantified using a BioSpec-nano spectro-
photometer (Shimadzu Corporation, Kyoto, Japan), with
samples having an A260/280 ratio between 1.7 and 2.1 con-
sidered suitable for further analysis. To analyze miR-10b
and miR-21, specific TagMan® MicroRNA assays and the
TagMan® MicroRNA Reverse Transcription Kit were used.
Starting with 10 ng of total RNA for reverse transcription,
the cDNA was then amplified using TagMan™ Universal
Master Mix II on a 7500 Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA). Relative quantities
(RQ) were calculated using the comparative delta-delta
Ct method, normalizing all samples to the endogenous
control RNU6B and calibrating to the sample with the
lowest RQ value.

Statistical analysis

To compare differences between two separate groups, we
utilized the Mann-Whitney U test. For analyzing the cor-
relation between miRNA expression levels and clinical
parameters, we employed both Pearson and Spearman
tests. The Kruskal Wallis test was used for comparing
three groups. The Log-Rank (Mantel-Cox) test was used
to determine the significance of differences. All statisti-
cal analyses were performed using IBM SPSS Statistics,
Version 22.0 (IBM Corp., Armonk, NY, USA).

Ethics
All participants gave their informed consent, and the study
complied with the ethical guidelines of the Declaration of

Helsinki. The Ethical Research Committee at the Faculty of
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Medicine, University of Belgrade, reviewed and approved
the study protocol under the reference number 1322/X-39.

RESULTS

In this study, we examined the correlation between the
expression levels of miR-10b and miR-21 and the data on
tumor size and tumor location in 43 patients with glio-
blastoma, using 43 samples for each microRNA molecule.

Most patients had a tumor located in the temporal lobe
(34.9%), while both multifocal and thalamic tumor were
present in 2.3% of the patients. Tumor > 4 cm was ob-
served in 62.8% of the patients. The clinical features are
presented in Table 1.

Table 1. Data on tumor location and tumor size of patients with glio-
blastoma

Tumor location No (%)
Frontal lobe 14 (32.6%)
Temporal lobe 15 (34.9%)
Parietal lobe 10 (23.3%)
Occipital lobe 2 (4.7%)
Multifocal tumor 1(2.3%)
Thalamic tumor 1(2.3%)
Tumor size No (%)
<4cm 16 (37.2%)
>4cm 27 (62.8%)

The association between miR-10b and miR-21 ex-
pression levels and tumor size (< 4 cm and > 4 cm) was
investigated. The median expression level of miR-10b in
patients with tumors smaller than 4 cm was 214.86 (range:
2.13-816.89), while in patients with tumors > 4 cm, the
median expression level was 92.99 (range: 19.24-491.82).
For miR-10b, a statistically significant difference was found
for tumors smaller than 4 cm (p = 0.027). The median
expression level of miR-21 in patients with tumors smaller
than 4 cm was 81.69 (range: 11.39-825.43), whereas in
patients with tumors > 4 cm, the median expression level
was 40.84 (range: 2.68-278.98). A statistically significant
difference was also found for miR-21 in tumors smaller
than 4 cm (p = 0.047) compared to tumors > 4 cm.

Due to the unfavorable ratio of the number of different
tumor localizations (frontal lobe — 14 patients, temporal
lobe — 15 patients, parietal lobe — 10 patients, occipi-
tal lobe — two patients, multilobar tumor - one patient,
thalamus - one patient) and potential predictors, it was
not possible to make a comparison for each localization
separately. Instead, according to data from the literature,
three groups were created to compare tumor localization
with miR-10b and miR-21 expression levels: tumors in the
frontal lobe (frontal), tumors in the temporal lobe (tem-
poral), and tumors in other lobes (Figures 1 and 2). The
results showed that there was no statistically significant
difference in the expression levels of miR-10b (p = 0.675)
and miR-21 (p = 0.183) in relation to tumor localization
(Table 2) (Figures 1 and 2).
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Table 2. MicroRNA-10b and microRNA-21 expression levels and tumor
localization

MicroRNA Median (range) ‘ p-value
microRNA-10b
Frontal lobe 153.23 (2.13-622.53)
Temporal lobe 92.99 (41.18-816.89) 0.675
Other lobes 102.18 (30.09-465.62)
microRNA-21
Frontal lobe 81.69 (11.42-825.43)
Temporal lobe 53.48 (2.68-706.23) 0.183
Other lobes 35.70 (5.82-278.98)
1000.00
800.00 *
o
g 600.00
D
= o
g 40000
200.00
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Frontal Temporal Other lobes

Figure 1. Comparison of median expression levels of microRNA-10b in
the frontal, temporal, and other lobes where glioblastoma is diagnosed
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Figure 2. Comparison of median expression levels of microRNA-21 in
the frontal, temporal, and other lobes where glioblastoma is diagnosed

DISCUSSION

Our study aimed to determine whether there is a link be-
tween the expression levels of miR-10b and miR-21 and
clinicopathological factors such as tumor size and local-
ization.
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Scientific studies on glioblastoma often classify tumors
into two categories based on size: those measuring < 4 cm
and those measuring > 4 cm. However, the rationale for
selecting this specific size as a benchmark is not clearly
established. The debate on this matter frequently involves
questions about whether 4 cm represents the size at which
tumors are most commonly diagnosed - namely, when
patients exhibit symptoms prompting diagnostic proce-
dures - or whether this threshold impacts the extent of
surgical resection, the success of adjuvant therapies, and
the overall prognosis of the disease. Upon review of the
literature and the data presented, we decided to utilize a
tumor size of 4 cm as the reference value in this study.
Statistical significance was found only for the expression
levels of miR-10b and miR-21 in tumors smaller than 4
cm, which was unexpected. We had formed a hypothesis
that the expression levels of miR-10b and miR-21 would be
statistically significant in tumors larger than 4 cm.

MiR-21 is recognized as one of the most potent onco-
genes, playing a pivotal role in carcinogenesis, metastatic
potential, and disease relapse [17]. This observation led us
to hypothesize that larger tumors at the time of disease pre-
sentation may exhibit higher expression levels of miR-21.
Supporting this hypothesis, we noted that overexpression
of miR-21 was identified in breast tumor tissue, and using
a miR-21 inhibitor, known as antimiR-21, inhibited tumor
cell growth both in vitro and in vivo [18]. Furthermore,
miR-21 is also one of the most upregulated microRNAs
in glioblastoma, and studies demonstrated that knocking
down miR-21 in glioblastoma cells resulted in reduced
cell growth [19]. On the other hand, miR-10b is regarded
as a highly oncogenic microRNA, with its overexpression
observed in glioblastoma, influencing tumorigenesis, or
gliomagenesis [20]. Ji et al. [21] investigated the associa-
tion between miR-10b expression levels and prognosis in
patients with glioma. They found that there is a higher
expression level of miR-10b in glioma patients compared
to normal brain parenchyma. Also, upregulation of miR-
10b in glioma was correlated with higher glioma grade and
larger tumor size [21]. Regarding glioblastoma size and
microRNA expression, Siegal et al. [22] reported that in the
group of patients with glioblastoma who were treated with
bevacizumab, there was a significant negative correlation
between miR-10b and miR-21 levels and changes in tumor
diameters. The authors revealed that they used serum for
the determination of expression levels of specific microR-
NAs. Moderately analogous to the previously mentioned
study, in our study, we investigated microRNA expression
levels from patients’ plasma and measured tumor size by
MRI, as well.

Glioblastoma is an infiltrative tumor, and glioma stem
cells could be in the area of the cavity or in the remaining
tumor after partial resection, which could be responsible
for different microRNA expression levels. Nevertheless,
for accurate interpretation of microRNA expression levels
and their association with tumor size, it could be essential
to measure microRNA levels before any surgical treatment
and compare them not only to the MRI size of the tumor,
but to the actual size of the tumor after surgery. In our
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study, we measured these levels after surgery and before
the start of radiotherapy with temozolomide, which could
affect the results. However, when it comes to glioblastomas,
which are known for their heterogeneous pathological fea-
tures, including varying foci and sizes of necrosis, smaller
tumors might show less pronounced necrotic areas. This
means that the microenvironment of glioblastoma and the
surrounding tissue, as well as intracellular and intercel-
lular communication, might not be completely disrupted.
That might imply that even smaller tumors could show
microRNA overexpression and exhibit a higher prolifera-
tive capacity. In most cases, for extracranial tumors, the
proportion of tumor necrosis is often associated with tu-
mor size [23]. Regarding glioblastoma, the interpretation
of the connection between tumor size and tumor necro-
sis size may be difficult. Some studies reveal that even a
small glioblastoma can have various extents of necrosis,
and conversely [24]. Moreover, due to the complexity of
glioblastoma microenvironment in terms of the possibility
of glioblastoma and glioblastoma stem cells reprogram-
ming their microenvironment [25], different microenvi-
ronments may affect microRNA expression, especially after
surgery. When interpreting microRNA expression levels,
it’s important to consider how microRNAs are released,
the ability of cells to release them, and what tissue is used
for the determination of their expression levels. Although
the exact mechanism of microRNA release is not fully un-
derstood, data suggests that microRNAs are released from
both apoptotic bodies and viable tumor cells. Intercellular
communication involving microRNAs occurs through exo-
somes, extracellular vesicles, and other pathways [26]. It
also should be borne in mind that in the human brain, the
only cells that could express miR-10b are human brain
microvascular endothelial cells [27], which could affect
the results as well.

Bearing in mind data from the literature on the different
expressions of specific microRNAs in the corresponding
parts of the brain, we investigated whether there is a differ-
ence between the expression level of miR-10b and miR-21
in relation to the localization of the tumor. However, we
did not find statistical significance in the expression level
of miR-10b and miR-21 between tumors in the frontal lobe,
temporal lobe, and tumors in other localizations. To the
best of our knowledge, there is not a study that compares
the expression level of miR-10b and miR-21 in relation to
the localization of glioblastoma in different brain lobes.
However, we found another research on a similar topic.
Among other results, Ozdogan et al. [28] did not find a
significant correlation between the expression level of miR-
221 and glioma localization in the brain.

We considered that the main limitations of our study
were (1) collecting samples after surgery and (2) tumor
size measurements that were noted only in the MRI. On
the other hand, these limitations could also lead to more
research on the different dynamic changes in microRNA
profiles after surgery and the possible influence of the
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microenvironment or treatment on tumor size and mi-
croRNA expression profiles, respectively.

Given that PBMCs are a minimally invasive and eas-
ily accessible source of microRNAs, we isolated miRNAs
from patients’ PBMCs with glioblastoma in our study.
Nevertheless, some studies acknowledge that miRNA
values may differ between PBMCs and whole blood [29].
The results of our study would be even more precise if the
miRNA values isolated from PBMCs were compared with
those from whole blood or even tumor tissue.

Results of this paper are part of the doctoral disserta-
tion of the second author of the paper, and are part of the
translational research from the radiobiology team of our
institute [30].

CONCLUSION

Tumors smaller than 4 cm have statistically significantly
higher expression levels of miR-10b and miR-21 compared
to glioblastomas equal to or larger than 4 cm. Although
this result is unexpected, it could mean that microRNA
expression levels dynamically change after surgery and
with the altered microenvironment. There was no statis-
tical significance in the expression levels of miR-10b and
miR-21 between tumors in the frontal lobe, temporal lobe,
and tumors in other localizations.

Considering all the functions microRNAs possess in
normal cells and tumor cells, further research on glio-
blastoma microRNA profiles is needed. Elucidation of
the mechanisms of gliomagenesis and tumor growth in
relation to the expression profile of specific microRNAs
is important in the future for developing potential diag-
nostic methods using liquid biopsies or new therapeutic
strategies.
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NoBe3aHocT oHKoreHnx MUKPOPHK-106 n mnkpoPHK-21 ca BennymHom u

NOKanusauujom ramobnacroma

MapwuHa HukutoBuh'2, Anekcangap CrenaHosuh'? TaTjaHa Apcenujeuh'?, HuHa Metposuh®

'YHuBep3utet y beorpapy, MeguumHcku dakynter, beorpag, Cpbuja;

2MHCTUTYT 3a OHKonorujy 1 pagnonorujy Cpbuje, KnuHika 3a pagujaumoHy oHkonorujy, beorpag, Cpbuija;
*MHcTUTyT 3a OHKOMOTWjy 1 paguonorujy Cpbuje, Onerberse 3a ekcnepumeHTanHy oHkonorujy, beorpag, Cpbuja;
*YHnBep3uTeT y beorpagy, VIHcTUTYT 3a HykneapHe Hayke ,BrHua’, beorpap, Cpbuja

CAMETAK

YBoa/Unsb Kop rnmobnactoma yecTo ce yoyasa nojayaHa ek-
cnpecuja oHkoreHux MukpoPHK-106 1 mukpoPHK-21. Lnms
Halle cTyauje je 610 fAa NCTPaXky Aa v NOCTOjM NOBE3aHOCT
n3mehy HUBoa ekcnpecuje MMKpoPHK-106/21 n BenuuvHe u
nokanusauuje rnrobnactoma.

Metope Y nctpaxusatby cy yyectBoBana 43 6onecHuka ca
AMjarHo3oMm rnmobnactoma. AHanm3mpanm CMo HBOE eKkcrpe-
cvije MMKpoPHK-106/21 HakoH onepaTtrBHOT Neyetsa. Mogauy o
BENVYVHM 1 NIOKanu3aLujy rnmobnactoma Ao6mjeHn Ha OCHOBY
Hasnasa MarHeTHe pe3oHaHLe.

Pesynrtatn MeaujaHa ekcrnipecyje MukpoPHK-106 kog 6onecHu-
Ka ca Tymopuma < 4 cm usHocuna je 214,86 (oncer: 2,13-816,89),
[OK je Kof bonecHyKa ca Tymopuma > 4 cm 6una 92,99 (oncer:
19,24-491,82). MegujaHa ekcnpecuje MukpoPHK-21 kog 6one-
CHVKa ca TyMopyMa < 4 cm 6una je 81,69 (oncer: 11,39-825,43),

DOI: https://doi.org/10.2298/SARH241205016N

[OK je Kop bonecHrKa ca Tymopuma = 4 cm 6vna 40,84 (oncer:
2,68-278,98). 3a MnKkpoPHK-106 1 3a MukpoPHK-21 HaheHa je
CTaTUCTMYKM 3HaYajHa pasnnka 3a Tymope <4 cm (p = 0,027,
ofjHocHo p = 0,047) y nopehemy ca Tymopuma > 4 cm. Huje
610 CTAaTUCTMUKM 3HaYajHe Pa3NnKe y HUBOVMA eKcrnpecuje
MnKpPoPHK-106 (p = 0,675) n mukpoPHK-21 (p = 0,183) y ogHocy
Ha nokanusauujy Tymopa.

3aksbyuak [Mrobnactomu makby off 4 cm 1Majy CTaTUCTUY-
K1 3HavajHo Behe HuBoe ekcnpecuje MUKpPoPHK-106 n mu-
KpoPHK-21 y nopehemy ca rnmobnactommma jefHaKkuM nam
Behum o 4 cm. Vlako je oBaj pe3ynTaT HEOUEKMBAH, OH MOXe
ynyhrBaTu Ha To fia ce HUBom ekcnpecuje Mukpo PHK guHa-
MUYKIN MeHajy HaKoH onepauuje 1y cknagy ca M3MereHum
MUKPOOKPYKEHEM FMobnacToma.

KmbyuHe peun: rvobnactom; mukpoPHK; BenuumHa Tymopa
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