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ABSTRACT. Meningiomas are the most common primary tumors of 
the central nervous system, accounting for 35.5% of cases, 
considering all age groups. Despite progress made in recent decades, 

tumorigenesis of meningiomas still remains a challenge. There is a 
consensus of a need for molecular tools to assist in diagnosis and 

prognosis of meningiomas. In this context, some studies demonstrate 
the importance of the role of estrogen and progesterone receptors, as 
well as the understanding of alterations in microRNA (miRNAs) 

expression levels in the tumorigenesis of meningiomas. The serum 
expression profile of miRNAs has been shown to correlate with 
tumor classification and clinical evolution. Investigation of such 

miRNAs as biomarkers is of great interest because it would be a non-
invasive procedure. We evaluated the tissue and serum expression 
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profile of miRNAs associated with estrogen and progesterone 
receptor pathways in grade I, II and III meningiomas. Tissue and 
blood samples from 40 patients with grade I, II and III meningiomas 

were investigated using real-time PCR to analyze the expression of 
the miRNAs miR-34a, miR-143, miR-145 and miR-335. The 
miRNAs miR-34a and miR-145 had significantly lower expression in 

the tumor tissue samples of grade II meningiomas when compared to 
grades I and III. We did not observe significant differences in 
miRNA expression in the blood samples. We concluded that the 

expression of these miRNAs is not correlated with tumor progression 
in meningiomas. 

 
Key words: Meningiomas; Serum; microRNAs 

INTRODUCTION 
 
Meningiomas are the most diagnosed primary brain tumors in adults; approximately 

15.000 patients are diagnosed with brain tumors each year in the United States and about 
15% have the histological diagnosis of meningioma (Hug et al., 2000; Bosnyak et al., 
2015). They are considered benign neoplasms, since, in general, they do not produce 

metastases, they are not invasive, and they are usually cured after the surgical resection. 
However, these tumors have the potential to become aggressive and invade the brain or to 
develop metastasis. The etiology of meningiomas remains largely unknown; however, some 

predisposing factors to development may include traumas, neurofibromatosis type II, 
chromosome 22 aberrations, chronic viral infection, and female hormones. They can 

develop quietly for many years without causing clinical symptoms and their frequency of 
occurrence can be underestimated mainly in asymptomatic elderly people. Genomic 
analysis techniques such as microarray and sequencing methodologies of the human 

genome have helped with the discovery of genes with susceptibility to cancer (Futreal et al., 
2004). In this context, hormones such as progesterone and estrogen play a role in 
stimulating the development of meningioma. Therefore, understanding the initiation and 

growth of meningiomas at the molecular level may help to define molecular therapy targets 
(Claus et al., 2008).  

Recent studies have shown that small non-coding RNA molecules, called 

microRNAs (miRNAs or miRs) can act as tumor suppressors and oncogenes (Kerscher e 
Slack, 2006). The miRNAs are involved in the development and progression of brain 

tumors and act as important regulators in some tumorigenic pathways (Turner et al., 2010). 
Saydan et al. (2009) used microarrays to detect 407 microRNAs in 14 meningiomas. They 
found that 43 microRNAs were deregulated in most samples of meningiomas. There were 

alterations in the expression of 20 microRNAs; these were validated by qRT-PCR, with 17 
being highly expressed and three being hypoexpressed in two independent assays (Saydan 
et al., 2009). Zhi et al. (2016) found an increase in serum levels of miR-106a-5p, miR-219-

5p, miR-375 and miR-409-3p, whereas miRNAs: miR-197 and miR-224 were 
hypoexpressed. They also reported that high expression of miR-409-3p and low expression 

of miR-224 were significantly correlated with higher recurrence rates. Substantial evidence 
suggests the involvement of some molecular pathways in the tumorigenesis of 
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meningiomas, among them the hormone receptor pathways. Also, it is known that 
microRNAs act as tumor modulators in various types of neoplasms, including tumors of the 
nervous system. Therefore, the identification of microRNAs that can regulate the expression 

of estrogen and progesterone receptors may contribute to the molecular classification, 
diagnosis, prognosis and more effective treatment of meningiomas, as well as to elucidate if 
these important pathways are associated with tumor progression (Zhi et al., 2016). Our 

hypothesis is that some microRNAs that target estrogen and progesterone receptors are 
associated with the tumor progression mechanism in meningiomas. We selected the 
microRNAs miR-34, miR-143, miR-145 and miR-335 based on scientific articles that 

indicate that they regulate the expression of estrogen and progesterone receptors. These 
miRNAs were evaluated in grade I, II and III meningiomas. 

PATIENTS AND METHODS 
 

For this study, 40 tumor samples of meningiomas (grade I: 16 samples, grade II: 16 
samples and grade III: 8 samples) were analyzed. The histopathologic diagnosis were based 

on 2007 World Health Organization criteria. In addition, 10 samples of arachnoid, obtained 
from patients submitted to aneurysm surgery were used as controls. The research presented 
here was approved by the Research Ethics Committee of the University Hospital of the 

Faculty of Medicine of Ribeirão Preto of the University Sao Paulo. 

RNA isolation and real-time polymerase chain reaction   
 

Total RNA was extracted with Trizol reagent (Applied Biosystems, USA) and 
RNeasy Mini Kit (QIAGEN), according to the manufacturer’s instructions. In the real-time 

PCR, reverse transcription of RNA samples was performed using a High-Capacity cDNA 
kit (Applied Biosystems, USA).  

Real time PCR 
 

The cDNA was amplified with quantitative real time PCR (q-PCR) using TaqMan 

Master Mix (Applied Biosystems) for examining microRNAs expression. U6 gene was used 
as an endogenous control (housekeeping) for the microRNA analysis. The PCR conditions 
were: pre-heating at 50°C for 2 min, denaturation at 95°C for 10 min and 50 cycles of 

amplification and quantification (15 s. at 95°C and 1 min at 60°C). All reactions were 
carried out in duplicate and analyzed with the 7500 Sequence Detection System apparatus 

(Applied Biosystems). The data were analyzed using the ABI-7500 SDS software. 
Dissociation curves (melting curves) were prepared after amplification by RQ-PCR. 
Samples that showed dissociation curves with variations in temperature and/or more than 

one point of dissociation in the same sample were discarded and repeated. 

Statistical Analysis 
 

The statistics and data analysis was performed using ABI prism and GraphPadPrism 
5 software. 
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RESULTS  
 

miR-34a and miR-145 had significantly lower expression in the samples of grade II 

meningiomas when compared to grade I and III meningiomas (Figure 1). We did not 
observe significant differences in miRNA expression in blood samples (Figure 2). 

 

 
Figure 1. Representation of mean values (± standard error) of the microRNAs-34a,143, 145, 335 expression in 

the tumor tissue in the tumor grade groups  (P > 0.05).  

 

 
Figure 2. Representation of mean values (± standard error) of the microRNAs-34a, 143, 145, 335 expression in 

the serum in the tumor grade groups (P = 0.6753, 0.5590, 0.1939, 0.1719, respectively). 
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DISCUSSION 
 
In our study, we identified miRNAs previously characterized with estrogen and 

progesterone receptor regulators and evaluated their expression in different degrees of 

meningiomas. Molecular studies on slow-growing benign meningiomas can add important 
information about the factors underlying tumor formation, as well as factors that prevent 
benign tumors from progressing to malignancy. Currently, tumorigenesis is based mainly on 

the study of malignant tumors, and the biology of benign neoplasms is rarely investigated. 
Therefore, studies with the aim of associating a possible integration of the molecular 
pathways of hormone receptors and tumor progression pathways may contribute to 

understanding the tumorigenesis of meningioma, as well as the identification of miRNAs 
that regulate these pathways, may be an advance in the development of new tools for the 

diagnosis and treatment of these tumors  (Kuroi et al., 2018; Liu et al., 2018). 
The relevance of estrogen and progesterone receptors in the prognosis of patients 

diagnosed with meningioma has been investigated: there is greater tumor growth of 

meningiomas in women during pregnancy or who use hormone therapy after menopause. 
These hormones accelerate the growth of tumor cells in meningiomas, with a greater 
predisposition to benign meningiomas in female patients and grade III meningiomas in men 

(Hua et al., 2017). 
Leaes et al. (2010) observed the expression of the estrogen receptor in 126 patients 

diagnosed with meningiomas, in which they reported the expression of the aforementioned 
receptor in 24.6% of the patients and its absence in the 19 normal individuals (Leaes et al., 
2010). Harland et al. (2017) also established a connection between meningioma and sex 

steroids through the use of histology, with a predominance of progesterone receptors and a 
lower number of estrogen receptors in grade I tumors, while grades II and III tumors 
demonstrate less progesterone receptors (Harland et al., 2017). 

In our study, analysis of tissue samples from meningiomas showed a slight increase 
in miR-34a expression in grade III tumors compared to grades I and II, as well as a decrease 
in grade II sample levels when compared to grades I and III. In the plasma samples, no 

statistically significant differences were observed when comparing the different degrees of 
tumor. Therefore, despite the differences described above, no correlation was observed 

between miR-34a expression and tumor progression. 
El-Gewely et al. (2016) observed miR-34a hyporegulation in grade I and II 

meningiomas compared to normal dura mater. However, there was no difference in the 

expression of this miRNA between grade I and II tumor tissues (El-Gewely et al., 2016). 
Gao et al. (2013) when evaluating the expression of miR-34a in samples from patients with 
glioma, observed low expression of this miRNA when compared to samples of normal brain 

tissue. In addition, glioma samples that showed high miR-34a expression demonstrated 
reduced levels of Bcl-2 expression when compared to tissues with low miR-34a expression. 

Therefore, these findings indicate that the role of miR-34a in tumor progression is closely 
associated with the p53 mutation and inversely correlated with Bcl-2 expression, presenting 
evidence of this miRNA as a potential new miRNA useful for the detection and prognosis 

of gliomas (Gao et al., 2013). Wang et al., 2017 demonstrated in all types of breast cancer 
cells the decreased expression of miR-34a in relation to breast epithelial cells. They also 
showed a decrease in miR-34a expression levels in the triple-negative breast cancer cell 

lines, ER and HER-2, when compared to control mammary epithelial cells, with no 
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difference in miR-34a between breast tumors PR-positive and PR negative. These findings 
demonstrate an important role of miRNA-34a in the tumorigenesis of breast cancer (Wang 
et al., 2017). 

We did not observe any significant differences of the miR-143 expressed in the 
samples of tumor tissue among the different grades. We also found no differences in blood 
samples between grade I, II and III tumors. MiRNA-143 is still poorly studied in the 

literature, studies on tumors such as Chang et al. 2015, evaluated the microarray miRNA 
expression profile in 24 triple negative breast cancer samples, identifying that 25 miRNAs 
were deregulated in breast cancer patients. Then, to validate the results, 7 of these miRNAs 

were selected at random to be quantified in breast cancer samples by RT-PCR. MiRNAs: 
miR-143-5p, miR-145-3p, miR-145-5p and miR-143-145 demonstrated low levels of 

expression in patients diagnosed with triple negative breast cancer when compared to 
adjacent normal breast tissue samples, suggesting miR-143 as a potential biomarker for the 
early detection of triple negative breast cancer (Chang et al., 2015). Kodahl et al. (2014) 

analyzed the differential expression of 174 miRNAs in serum samples from postmenopausal 
patients with early estrogen receptor positive breast cancer using the microRNA PCR array 
technique, and identified 9 differentially expressed miRNAs. To validate the results, 60 

serum samples from postmenopausal patients with estrogen receptor positive in the early 
stage of breast cancer were used by RT-PCR. Among the 9 validated miRNAs, miRNAs 

miR-133a, miRNA-139-5p, miRNA-143, miR-145 and miR-365 were hypoexpressed in 
estrogen receptor-positive breast cancer samples, while miRNAs-15a, miRNA- 18a, 
miRNA -107 and miRNA-425 showed overexpression in estrogen receptor-positive breast 

cancer samples. These findings demonstrate that some miRNAs are also involved in the 
pathology of breast cancer, suggesting that miRNA-143 may be used in the future as a 
biomarker for the detection and evaluation of the treatment effectiveness of patients with 

breast cancer (Kodahl et al., 2014). Some studies in the literature also suggest that miR-145 
suppresses growth and migration in breast cancer samples compared to normal breast tissue. 
Chang et al, 2015 demonstrated that miR-143-5p and miR-145-5p in the miR-143-145 

cluster were hypoexpressed in 24 triple negative breast cancer samples compared to 14 
samples of adjacent normal tissue (Chang et al., 2015). 

However, miR-145 showed hyperexpression in grades II and III compared to grade 
I, as well as a decrease in the levels of grade II samples when compared to grades I and III. 
In the blood samples, no statistically significant differences were observed when comparing 

the different tumor degrees. miR-145 has been described in the literature as the first miRNA 
linked to high-grade meningiomas, responsible for the cerebral growth of invasive 
meningiomas. However, the molecular mechanisms responsible for reducing the expression 

of miR-145 in atypical and anaplastic meningiomas have not been elucidated  (Venza et al., 
2015; Galani et al., 2017). Kliese et al., 2013 observed in cell culture that the loss of miR-

145 in aggressive meningiomas is associated with increased motility and invasiveness of the 
tumor. They described the expression of miR-145 in different types of tumors, such as 
glioblastoma, the overexpression of miR-145 has been related to tumor invasion, in gastric 

cancer it has been associated with inhibition of invasion and metastasis. It is also known 
that this miRNA is down-regulated due to DNA methylation in prostate cancer (Kliese et 
al., 2013). 

In relation to miR-335, we also did not observe statistical differences between the 
different histopathological degrees in the samples of tumor tissue and plasma. MiR-335 has 
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been shown to be dysregulated in dozens of tumors, suggesting an important role in 
tumorigenesis. Shi et al., 2012, using 10 samples of grade I meningioma, 05 samples of 
grade II meningioma and 10 samples of grade III meningioma, observed hyperexpression of 

miR-335 in tissue samples of meningiomas, mainly in samples of grade meningiomas III, 
when compared to the arachnoid control tissue. It was also found that this miRNA acts as a 
potential oncogene as its suppression in meningioma tumor cells caused inhibition of cell 

proliferation and the G0 / G1 arrest of the cell cycle. These findings demonstrate the 
involvement of miRNA-335 in the pathology of meningiomas, suggesting that miRNA-335 
may in the future be used as a biomarker to detect and evaluate the effectiveness of the 

treatment of patients with meningiomas (Shi et al., 2012). 

CONCLUSIONS 
 

The analyzed microRNAs, which target estrogen and progesterone receptors, did 
not present as possible biomarkers associated with tumor progression of meningiomas. The 
miR-34a and miR-145 miRNAs had low levels of expression in the tissue samples of 

patients diagnosed with grade II meningiomas when compared to the tissue samples of 
patients with grade I and III meningiomas; miR-34a, miR-134, miR-145 and miR-335 

miRNAs presented hypoexpressions in blood samples from patients diagnosed with grade I, 
II and III meningiomas. 
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