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Abstract

The expression of miRNAs is associated with a variety of diseases, including
neoplasms. In recent years, a large number of abnormally expressed miRNAs
have been shown to be effective in understanding the oncogenesis, develop-
ment, progression and prognosis of meningiomas. Furthermore, it is known
that miRNAs act as oncogenes or tumor suppressors and that they regulate
essential molecular pathways such as transcription factors involved in the plu-
ripotency phenotype of stem cells. Therefore, the aim of this study was to an-
alyze the expression of microRNAs miR-34a, miR-145 and miR-221 that reg-
ulate the pluripotency pathway of stem cells and correlate with tumor recur-
rence in grade I meningiomas. We used 30 samples, belonging to 15 patients
who presented recurrences of grade I meningiomas. We observed low expres-
sion levels of miR-34a in the group of tumor recurrences when compared to
control individuals and primary tumors, which may be associated with the tu-
mor suppressor role of this miR. The miR-145 also showed decreased expres-
sion levels between the control group and the group of tumor recurrences. We
also observed decreased expression levels in miR-145 between the control
group and the primary tumors group. MiR-221 did not differ between the
studied groups. MiR-34a and miR-145 microRNAs that regulate the stem cell
pluripotency pathway are shown to be hypo expressed in tumor recurrences
of grade I meningiomas and are shown to be good candidates for prognosis
and recurrence biomarkers in meningiomas.
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1. Introduction

Meningiomas are the most common intracranial tumors [1]-[5], slow-growing,
believed to arise from arachnoid meningothelial cells (MECs), whose occurrence
increases with age and is prevalent in females, with a frequency of two to three
women for every man [6]-[9]. These comprise 37.6% of all primary tumors of the
Central Nervous System (CNS) and 53.3% of all benign tumors of the CNS. Pedi-
atric meningiomas typically present as higher grade, with a higher risk of recur-
rence and overall mortality [10].

These tumors are categorized according to the World Health Organization
(WHO) classification of Grade I, Grade II or Grade III tumors [11]-[19]. Grade I
meningiomas, considered benign tumors, represent 80.5% of all meningiomas of
the neuroaxis, whose treatment is complete resection [9] [20]. Grade II meningi-
omas represent 17.7% of meningiomas and have an approximate recurrence rate
of 40% in five years [8] [20]. Grade III meningiomas represent 2% to 1.7% of men-
ingiomas. They are considered malignant and have a worse prognosis and survival
rate under two years due to recurrence rates up to 80% [20] [21]. The Ki-67 pro-
liferation index of >4% and >20% describes the increased risk of recurrence and
mortality in grade II and III meningiomas, respectively. Unlike brain neoplasms,
the 2016 WHO classification system incorporates no genomic or molecular fea-
tures [10].

In recent years, studies have shown that the histopathological classification of
meningiomas is not associated with the occurrence of recurrences and suggest the
existence of key regulators, whose identification would allow the understanding
of the behavior of tumor initiating and maintenance cells [22]-[34]. The origin of
tumor initiating and maintenance cells is still under investigation and current hy-
potheses propose that tumor stem cells derived from a population of resident or
dedifferentiated stem cells, with pluripotency and self-renewal being the most
prominent attributes of these embryonic or dedifferentiated adult stem cells [35]
[36].

Transcription factors regulate pluripotency and self-renewal of embryonic stem
cells and reprogram differentiated somatic cells into induced pluripotent stem
cells. The transcription factor OCT4 is a pluripotency-associated transcription
factor important in locoregional tumor recurrence and metastasis. The transcrip-
tion factor NANOG plays a role in the regulation of self-renewal and pluripotency
transcription. It is believed to coordinate the self-renewal and pluripotency of em-
bryonic stem cells, in addition to contributing to carcinogenesis and metastasis.
The SOX2 transcription factor promotes stem cell maintenance and tumor stem
cell pluripotency. The expression of these transcription factors is associated with
the formation of metastases in many types of tumors, including meningiomas,
where cells that express these markers demonstrate phenotypes of greater aggres-
siveness and invasiveness [37]. In 2017, Freitag et al analyzed the expression of
NANOG in 33 surgical specimens of human meningiomas by immunofluores-

cence and correlated the expression of this marker with the clinicopathological
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variables. Positive expression of NANOG was observed in all specimens studied,
however subgroup analysis revealed differences in its expression. That is, a posi-
tive expression of NANOG of 1% was observed in low-grade meningiomas and
2% in grade II/III meningiomas that co-express OCT4 and SOX2. NANOG + cells,
which express SOX2 and OCT4, were successfully identified (26% low grade ver-
sus 20% high grade). The authors suggest that the overexpression of OCT4,
NANOG and SOX2 may have an impact on tumorigenesis and progression of hu-
man meningiomas [36].

In this context, studies reveal that microRNAs (miRNAs) act as tumor suppres-
sors or oncogenes, demonstrating that, in addition to the action of transcription
factors on the potentiality of tumor stem cells (CSCs: Cancer Stem Cells) of men-
ingiomas, microRNAs can also act in the regulation of molecular mechanisms of
these CSCs [37] [38].

MiRNAs are small non-coding RNAs - consisting of 19 to 25 nucleotides - ca-
pable of regulating gene expression at the post-transcriptional level through deg-
radation or repression of the translation of messenger RNA (mRNA) target mol-
ecules [39]-[41].

Several studies have observed that a large amount of abnormally expressed
miRNAs is effective in understanding the oncogenesis, development, progression,
and prognosis of meningiomas [42]-[53]. Studies demonstrate that miR-34a, miR-
145 and miR-221 microRNAs act as a tumor suppressor in several types of cancer,
being able to restrict cell growth and facilitate cell apoptosis [42]-[59].

In a study of 60 grade 1 and grade 2 intracranial human meningiomas plus 20
healthy meningeal tissues, the expressions of miR-16 and miR-519 were analyzed.
Decreased expression of miR-16 and miR-519 was detected in tumor tissue when
compared with healthy patients. /n vitro functional assays showed the relationship
of these microRNAs to biological processes such as regulation of the mitotic cell
cycle, pre-replicative complex and brain development [60].

In a study with 15 patients and 5 controls, nineteen differentially expressed
miRNAs were validated by RT-qPCR. MiR-218 and miR-34a were upregulated
relative to normal controls, and miR-143, miR-193b, miR-451, and miR-21 were
downregulated. This shows that grade I and II meningiomas appear to share bi-
omarkers with malignant tumors [48].

Through in silico prediction, miR-34a-3p showed potential targeting of
SMAD4, FRAT1 and BCL2. In meningioma cells, overexpression and inhibition
of miR-34a-3p resulted in inverse protein levels of SMAD4, FRAT1 and BCL2.
Furthermore, altered expression of miR-34a-3p modified cell proliferation and
apoptosis of meningioma cells in vitro [61].

Increased expression of miR-145 in meningioma cells reduced proliferation and
increased sensitivity to apoptosis in nude mice compared with control cells. Fur-
thermore, meningioma cells overexpressing miR-145 had impaired migratory and
invasive potential in vitro and in vivo. miR-145 expression was found to be re-

duced in atypical and anaplastic tumors when compared with benign tumors [62].
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In another study, miR-221 was highly expressed in glioma cells, and miR-221
suppression was performed on cell replication, migration and invasion in glioma
cells. Functional experiments showed that miR-221 participated in the regulation
of glioma cell replication and invasion. The experiment further demonstrated that
miR-221 knockdown caused a significant reversal of the phenotypes induced by it
(63].

In this aspect, we analyzed the expression of miR-34a, miR-145 and miR-221
microRNAs, which are stem cell pluripotency pathway regulators and correlated
with tumor recurrence in grade I meningiomas, since miRNAs that regulate tar-
gets involved in the pluripotency phenotype of stem cells may be associated with

the appearance of recurrences in meningiomas.

2. Patients and Methods

Thirty samples were selected from 15 patients with a histopathological diagnosis
of grade I meningiomas—confirmed according to WHO criteria—who evolved
with grade I tumor recurrence. The collection was carried out during surgery per-
formed by the medical team of the Neurosurgery Division of the Clinical Hospital,
Ribeirdo Preto School of Medicine, University of Sdo Paulo (HCFMRP/SP), be-
tween 2002 and 2020. As a control for tissue analysis, five samples of arachnoids
obtained from previously healthy patients, without a history of chronic diseases
and who died of sudden death were used.

MiRNAs miR-34a, miR-145 and miR-221 were selected from resources of plat-
forms available for public use (Gene Cards, TatgetScan and Mirdb databases)
where microRNAs that regulate targets involved in the pluripotency phenotype of
stem cells were identified: OCT4, SOX2 and NANOG.

RNA Isolation and Real-Time Polymerase Chain Reaction

Total RNA was extracted using Trizol reagent (Applied Biosystems, Foster City,
United States) in accordance with the manufacturer’s instructions. In preparation
for the real-time polymerase chain reaction (PCR), reverse transcription of RNA
samples was performed using the High-Capacity cDNA kit (Applied Biosystems).

The cDNA was amplified with quantitative real time polymerase chain reaction
(q-PCR) using TagMan Master Mix (Applied Biosystems) for the reaction of mi-
croRNAs. The U6 gene was used as an endogenous control (housekeeping) for the
reaction of the microRNA. The PCR conditions included pre-heating at 50°C for
two minutes, denaturation at 95°C for ten minutes, and 50 cycles of amplification
and quantification (15 seconds at 95°C, and one minute at 60°C). All reactions
were performed in duplicate and analyzed with the 7500 Sequence Detection Sys-
tem apparatus (Applied Biosystems). The data were analyzed using ABI-7500 SDS
software. Dissociation curves were performed (melting curves) after amplification
by RQ-PCR. The samples that showed dissociation curves with different temper-
atures or more than one point of dissociation in the same sample were discarded
and repeated.

For the evaluation of miRNA expression, statistical analysis was performed
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using the Kruskal-Wallis tests and Dunns and Mann-Whitney multiple compari-
son post-test. The GraphPad Prism version 9.2 for Windows program (GraphPad
Software, San Diego—California USA) was used, with p values < 0.05 being con-
sidered statistically significant.

3. Results

In this study, 33% of the sample were male and 67% were female - 5 and 10 pa-
tients respectively. The entire case series, according to WHO criteria, was diag-
nosed with grade I meningioma and evolved with a recurrence of the same tumor
grade. The meningothelial histological type was the most incident in this series of
recurrence (47%), the transitional type was the second most incident (27%), the
fibrous type was the third most incident (12%), the angiomatous and microcystic
types, the fewer incidents, had the same percentage (7%). The mean age at diag-
nosis was 47 years, with a median of 49 years, with the youngest patients being 25
years old and the oldest patients being 75 years old. The mean time to recurrence
in the sample was 5.4 years. None of the patients died until the last follow-up.

MiRNA-34a analysis showed that there was a significant difference between the
Control Group and the Tumor Recurrence group (p = 0.0134, Kurskall Wallis test
and p = 0.0100 post-test Dunn’s multiple comparisons test) (Figure 1).

microRNA-34a
2.0
[ Control
1.5 T = Primary Tumor
Il Tumor Recurrence
°
© 1.0
w
0.5+
00 [ I

Figure 1. Representation of the mean values (+standard error) of microRNA-34a expres-
sion between the studied groups. Source: Own preparation (GraphPad Prism software ver-
sion 9.2).
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Figure 2. Representation of the mean values (+standard error) of microRNA-145 expres-
sion between the studied groups. Source: Own preparation (GraphPad Prism software ver-
sion 9.2).

DOI: 10.4236/abb.2025.162002 17 Advances in Bioscience and Biotechnology


https://doi.org/10.4236/abb.2025.162002

L. C. daSilva et al.

MiRNA-145 analysis showed that there was a significant difference (p= 0.0059,
Kurskall Wallis test) between the Control Group and the Primary Tumor Group
(p=0.0088 post-test Dunn’s multiple comparisons test) and between the Control
Group and the Tumor recurrence group (p = 0.0075 post-test Dunn’s multiple
comparisons test) (Figure 2).

The analysis of miRNA-221 showed that there was no significant difference be-
tween the studied groups (p = 0.0826, Kurskall Wallis test) (Figure 3).

microRNA-221
800
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600 = Primary Tumor
Il Tumor Recurrence
°
‘© 400
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200
0

Figure 3. Representation of the mean values (+standard error) of microRNA-221 expres-
sion between the studied groups. Source: Own preparation (GraphPad Prism software ver-

sion 9.2).
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Figure 4. Representation of the mean values (+standard error) of the expression of microRNA-34a, microRNA-
145 and miRNA-221 in the studied groups. Source: Own preparation (GraphPad Prism software version 9.2).
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The analysis of microRNA expression by group showed that in the Control
Group there was no significant difference between the studied microRNAs (p =
0.9976, Kurskall Wallis test), in the Primary Tumors group there was a significant
difference (p = 0.0025, Kurskall Wallis test) between miR-34a and miR-145 mi-
croRNAs (p = 0.0018 post-test Dunn’s multiple comparisons test) and in the Tu-
mor Relapses group there was a significant difference (p = 0.0051, Kurskall Wallis
test) between miR-34a and miR-145 (p = 0.0048 post-test Dunn’s multiple com-
parisons test) (Figure 4). When analyzing the expression of microRNAs in the
Primary Tumor versus Tumor Recurrence groups, we observed that there was no
significant difference: miR-34a (p = 0.4124, Kurskall Wallis test), miR-145 (p =
0.9674, Kurskall Wallis test) and miR-221 (p = 0.6236, Kurskall Wallis test) (Fig-

ure 5).

microRNA-34a
2.0+ <
— 3 Primary
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0.0 |
microRNA-145 microRNA-221
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Figure 5. Representation of the mean values (+standard error) of the expression of microRNA-34a, microRNA-145 and

miRNA-221 in the comparison between the Primary Tumor and Tumor Recurrence groups. Source: Own preparation
(GraphPad Prism software version 9.2).

4. Discussion

MicroRNAs are non-coding, single-stranded RNAs that play regulatory roles in
important biological processes, such as cell cycle, proliferation, differentiation,
migration, and apoptosis [42]-[49] [60] [61]. They promote the silencing of post
-transcriptional gene expression by binding to complementary sites on their target
mRNAs and initiating degradation or inhibition of translation. The dysregulated
expression of miRNAs has been described in several human diseases, including
cardiovascular, autoimmune, inflammatory, neurodevelopmental diseases, and
cancer [38]-[40] [42]-[45] [56] [58]-[64]. Altered miRNA expression is associated
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with genetic and epigenetic mechanisms. MiRNAs act as oncogenes or tumor sup-
pressors according to their targets [65].

There are three miR-34 homologs (hsa-miRNA34a, hsa-miRNA34b, and hsa-
miRNA34c) in humans [60]-[62]. The human miR-34a precursor is transcribed
from chromosome 1. It maps to the distal region of chromosome 1p, which is a
fragile chromosomal region commonly deleted in some pathologies [66]. It has
been shown that miR-34a exerts a tumor suppressor effect in breast, lung and col-
orectal cancer, involving cell cycle arrest, senescence and apoptosis and that miR-
34a-induced apoptosis is at least partially dependent on the presence of wild-type
P53 genes, indicating that miR-34a can refeed p53 [60]-[64] [66]. In 2013, Gao et
al., when evaluating miR-34a expression in glioma tissues of various grades, found
that high-grade gliomas (grades III and IV) had much lower miR-34a expression
compared to normal brain tissues. When following up for 72 months, 146 glioma
patients also observed that miR-34a expression levels were positively correlated
with glioma grades, according to WHO criteria, and that in patients with grade
III and IV gliomas, the lowest miR-34a expression correlated with worse progres-
sion-free survival and overall survival, thus demonstrating that miR-34a, being
downregulated in glioma samples compared to normal brain tissue samples, is
associated with grade and prognosis of glioma being an independent prognostic
indicator for glioma [65].

In 2015, Ludwig et al. analyzed the expression of 1205 miRNAs in different
grades of meningioma and histological subtypes using microarrays and quantita-
tive real-time PCR. The study demonstrated the downregulation of miR-34a in
high-grade meningiomas, but also in meningothelial meningioma, and that this
same miRNA is significantly increased in grade I and II meningiomas, but expres-
sion levels significantly decreased in grade III meningiomas compared to normal
dural tissue [50].

In 2016, Duan et al. investigated the function of miR-34a in U87 human glioma
cells by exogenous transfection of cells with a miR-34a mimic, and observed that
overexpression of miR-34a inhibited proliferation and induced apoptosis of U87
cells, further demonstrating that the Bcl2 gene was a target of miR-34a, with res-
toration of Bcl2 expression indicated to partially block miR-34a-induced apopto-
sis, and concluded that miR-34a was a tumor suppressor in glioma cells, suppress-
ing cell proliferation and inducing cell apoptosis, targeting Bcl2 [61].

In 2017, Werner et al, and in 2019, Hu et a/, through their in vitro studies,
demonstrated that, in meningioma cells, overexpression of miR-34a-3p resulted
in decreased protein levels of SMAD4, FRAT1 and BCL2, inhibiting meningioma
cell proliferation, and inducing cellular apoptosis in vitro, while miR-34a-3p in-
hibition led to increased levels of these proteins [57] [67].

SOX2, NANOG, and OCT4 synergistically regulate other self-renewal genes,
thus repressing differentiation genes. In turn, they were amplified from mesen-
chymal stem cells (MSCs) with miR-34 transfection, demonstrating that this

miRNA participates in regulating MSCs and maintaining their undifferentiated
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state [68].

Furthermore, miR-34 affects the reprogramming of embryonic fibroblasts into
induced pluripotent stem cells (iPS) by regulating genes such as OCT4, SOX2,
KLF4, and MYC [69].

In our study, we observed low levels of miR-34a expression in the tumor recur-
rence group when compared with control and primary tumor groups, which may
be associated with the tumor suppressor role of this miRNA as described previ-
ously in several studies in the literature, since its hypo expression does not pro-
mote the negative regulation of its target oncogenes, contributing to the formation
of tumor recurrences [60]-[64] [69].

We can also suggest, according to the miR-34a targets on which we based our
hypothesis associated with stem cell pluripotency: OCT4, SOX2 and NANOG,
that this miRNA may have an important role in tumor malignancy signature by
the regulation of these transcription factors in meningiomas correlated both with
progression of the histopathological grade as observed by Ludwig et al. (2015) and
the emergence of recurrences in our study.

In recent years, studies have reported that miR-145, located on chromosome 5,
plays an important role in the regulation of normal cellular functions, while
dysregulated expression of this miRNA can result in tumor initiation and malig-
nant progression [58]. Most studies describe it. that miR-145 regulates the expres-
sion of different genes and regulates molecular pathways such as cancer cell inva-
sion, migration and metastasis acting as a tumor suppressor consistently with low
levels of expression in most cancers, suggesting that miR-145 plays a potential role
in the diagnosis, prognosis, and therapy of cancer, since overexpression can in-
crease the sensitivity of cancer cells to chemotherapy, being a promising molecu-
lar target in drug resistance [58] [59] [70] [71].

In 2013, Kliese ef al studied the role of miR-145 in meningiomas and detected
a significant reduction in miR-145 expression in grade II and III meningiomas
compared with grade I meningiomas. The authors report an association of miR-
145 with high-grade meningiomas and the invasive growth of these tumors [72].

Recently, Zheng ef al (2020) demonstrated that miR-145 was related to high-
grade meningiomas and played an important role in the growth of brain invasive
meningioma and although the molecular mechanism underlying the decreased
level of miR-145 in grade II and III meningiomas is still unknown, miR-145 low
expression is related to high-grade meningiomas and associated with brain inva-
sion [73].

In a recent literature review, it was observed that by up-regulating miR-145 ex-
pression, cyclin-D1 protein and SOX2 transcription factor are downregulated,
leading to GO/G1 arrest in patient-derived glioblastoma neurospheres, resulting
in growth inhibition. Furthermore, it was observed that miR-145 expression is
significantly downregulated in primary non-small cell lung cancer and brain me-
tastases by up-regulating the expression of transcription factors OCT4, MUC-1,
EGFR, c-MYC and TPD52 [74]. miR-145, an important regulator of SOX2, KLF4,
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and OCT4, is downregulated in Ewing sarcoma cells. Therefore, when overex-
pressed, it inhibits the epithelial-mesenchymal transition (EMT) process, which
leads to reduced tumor growth and metastasis [75].

The human testicular nuclear receptor 4 (TR4) is a gene involved in the pro-
gression of prostate cancer, contributing to chemoresistance through the activa-
tion of OCT4. Studies have shown that TR4 promotes the downregulation of miR-
145 by directly binding to its promoter, thereby inhibiting miR-145’s ability to
target OCT4. This interaction helps sustain chemoresistance in prostate cancer
[76].

The administration of Adiantum pedatum extract (AP), piceatannol (P), or a
combination of AP + P, as either therapy or prophylaxis for colon cancer, may
exert anticancer effects by increasing the expression of miR-145, P53 mRNA, and
PDCD-4, while reducing the mRNA expression of PI3K, AKT, C-MYC, CK-20,
SOX-2, OCT-4, and NANOG [77].

According to our analysis on bioinformatics platforms, miR-145 has the same
targets (OCT4, SOX2 and NANOG) as miR-34a. It also has low expression levels
associated with tumor progression in meningiomas as observed in studies by
Kliese et al. (2013) and Zheng et al. (2020) as well as miR-34a [74]. However, our
results showed that, despite a similar expression profile to miR-34a, that is, with a
decrease in expression levels observed between the control group and the tumor
recurrence group, we also observed a decrease in miR-145 expression between the
control and primary tumor groups, which may be associated with their involve-
ment with tumorigenesis described in the literature [58].

Pseudogenes are non-functional gene copies that cannot produce full-length
proteins; however, they contribute to oncogenesis by competing with miRNAs for
binding to parental genes, thus interfering with miRNA-mediated gene suppres-
sion. In this way, they act as “RNA sponges.” The OCT4-pg5 pseudogene can pro-
mote oncogenesis by competing with miR-145-5p for binding to OCT4B mRNA,
a variant of the OCT4 gene. This interaction disrupts the miR-145-5p-mediated
negative regulation of OCT4B, ultimately enhancing cell proliferation and inva-
sion in bladder cancer [78].

Balachandran et al. (2020) describe the regulation of OCT4 and SOX2 by miR-
145 in neurospheres of glioblastoma and brain metastases, which reinforces the
potentiality of this miRNA and the need for further studies [79].

MiR-221, located on the chromosome X, has been confirmed to be involved in
radiosensitivity regulation of glioblastoma, gastric carcinoma, colorectal carci-
noma, and nasopharyngeal carcinoma. A recent study that evaluated malignant
meningioma cells of the IOMM-Lee cell line, transfected with mimetics or inhib-
itors of miR-221 and irradiated with different doses, observed that radiation in-
hibits proliferation and promotes apoptosis and invasiveness in IOMM-Lee cells
and that downregulation of miR-221 expression can reverse this radiation-in-
duced cell invasion, while enhancing the effects of promoting apoptosis and in-

hibiting radiation proliferation, promoting cellular radiosensitivity. Meanwhile,
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the irradiation dose rate was also revealed to affect the cell cycle distribution and
cell apoptosis of IOMM-Lee. A high dose rate irradiation induces G0/G1 cell cycle
arrest and an apoptosis-promoting effect. These findings suggest that downregu-
lation of miR-221 is a promising method to improve radiotherapy efficacy and
prevent post-radiotherapy tumor recurrence. Future investigations of meningi-
oma cells may focus on the mechanisms of interaction between miR-221 and IR-
induced EMT and EMT-TFs, which may improve understanding of radiothera-
peutic toxicities and achieve more effective prevention of toxicity [80]. Although
we did not observe a significant difference, our results showed a significant in-
crease in miR-221 expression levels in the primary tumor group when compared
to the control group and the tumor recurrence group. However, two patients in
our sample had much higher expression levels, not representing the expression
profile of the case series. In our analysis of bioinformatics platforms, miR-221
presented OCT4 and NANOG as targets.

In the current literature, there are few studies that have characterized the role
of miRNAs that regulate targets involved in the pluripotency phenotype of stem
cells in brain tumors, and our study suggests the potential of miR-34a and miR-
145 miRNAs that regulate these targets associated with the emergence of recur-

rences in meningiomas.

5. Conclusion

The miR-34a and miR-145 microRNAs that regulate the stem cell pluripotency
pathway are shown to be hypo expressed in tumor recurrences of grade I menin-

giomas and miR-221 was not differentially expressed between the studied groups.
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