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Abstract: No single circulating biomarker has been put to practice for malignant gliomas so far, the most
lethal primary brain tumors. Many promising protein biomarkers such as the mutant EGFRVIIT or glial
fibrillary acidic protein (GFAP) have already been detected in the blood and cerebrospinal fluid (CSF)
of patients with gliomas, but their clinical value is still pending validation. Furthermore, these and other
proteins seem to lack sufficient sensitivity and specificity required for a successful biomarker in this clinical
setting. The expression profiling of microRINAs (miRNAs) has already entered cancer clinics as diagnostic
and prognostic biomarkers, for assessing tumor initiation, progression and response to treatment. Large-
scale miRNA expression analyses reported both up-regulation and down-regulation of several miRNAs in
tumour tissues from patients with gliomas compared to normal brain tissue, thus supporting the development
of miRNA-based biomarkers. Using comprehensive high-throughput approaches, such as microarrays,
different circulating miRINAs were proposed as potential biomarkers of gliomas. This review is aimed to
summarize the clinical evidence about circulating miRNA biomarkers discovered to date. Mandatory issues

to develop clinically validated biomarkers to improve time of diagnosis, predicting response to treatment and

prognosis of patients with gliomas are also herein addresses.
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Introduction

Malignant gliomas are the most lethal primary brain
tumors (1), conventionally classified by histopathologic
evaluation into four tumor grades (I-1V), where
glioblastoma (GBM), classified as grade IV glioma, is
the most common and malignant. Even with the current
standard treatment, consisting of maximal surgical resection
and combined radio-chemotherapy (2), the prognosis
for patients with GBM 1V is very poor, with a median
survival approximating 15 months, and only 3-5% of
patients surviving longer than 36 months (3). The clinical
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management of patients with gliomas is often hindered by
the lack of therapeutically convenient monitoring tools.
Computed tomography (CT) and magnetic resonance
imaging (MRI) are the conventional techniques for disease
staging and monitoring of tumor growth and response to
therapy. However, both diagnosis and accurate grading of
gliomas is often difficult or even impossible before surgery,
because different pathological conditions such as metastasis
from melanoma or primary tumors of the lung may have
similar morphological patterns on MRI. In addition,
pseudoprogression, a common finding related to the effect
of radiotherapy treatment mimicking tumor recurrence,
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may additionally complicate the interpretation of imaging
studies (4).

All these confounders clearly highlight the need for
establishing reliable minimally invasive biomarkers to
support and facilitate a more reliable and consistent
diagnosis, staging and prognosis of patients affected by
malignant gliomas.

Circulating biomarkers for gliomas

Circulating biomarkers are measurable biological molecules
found in the blood or other body fluids, providing
information about a particular condition, such as cancer.
For brain tumors, circulating biomarkers are regarded as
useful and easy accessible molecules that can be exploited
for diagnostic purposes, especially in cases in which surgery
is contraindicated or when biopsy results are inconclusive.

The most extensively studied circulating biomarkers
are protein in nature, which can be actively or passively
secreted by tumor cells and/or their microenvironment,
and may be detected in blood, urine and cerebrospinal fluid
(CSF). Many promising molecules have already been found
in the blood and CSF from patients with gliomas (5), but
none of these have yet entered routine practice. One of the
few specific proteins in gliomas is the mutant EGFRvIII
protein which, however, is not representative of all tumour
cells. Correlative studies to date have shown that it could
be a useful biomarker, but the clinical value of EGFRvIII
is still pending validation. Glial fibrillary acidic protein
(GFAP), a marker for circulating tumour cells has been also
investigated as biomarker related to tumor burden (5).

Since proteins lack sufficient sensitivity and specificity
needed for a successful biomarker, significant efforts have
been made towards finding informative as well as non-
invasive biomarkers for patients with gliomas.

The focus of this review will be circulating microRNA
(miRNA) biomarkers for gliomas and how they can be
further researched to support the clinical management of
these lethal tumors.

miRNAs

miRNAs are endogenous, non-coding RNA molecules,
of 18-22 nucleotides length, capable of modulating gene
expression at the post-transcriptional level (6). As a result,
under normal physiological conditions, miRNAs regulate
almost all known biological processes including cell
proliferation and differentiation, as well as cell metabolism
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and development (6). Regulation of gene expression
by miRNAs is accomplished through a combination
of translational repression and mRNA destabilization.
Moreover, an intricate interplay between translational
repression and mRNA degradation is emerging (6).

Due to their pivotal role in many biological processes,
deregulation of miRNA expression interplays with cancer
initiation and progression, thus exerting an impact on tumor
behavior (7). As a matter of fact, miRNAs either have tumor
suppressor capability or display oncogenic characteristics,
both of which influence cell growth. Therefore, changes in
a single or small subset of miRNAs have a profound effect
on expression pattern of several hundred mRNAs, leading
cells towards transformation (7).

The expression profiling of miRNAs has already entered
cancer clinics as diagnostic and prognostic biomarkers
to assess tumor initiation, progression and response to
treatment. Evidence is also emerging suggesting that
inhibition of oncogenic miRINAs could be used to develop
cancer therapeutics, making them highly reliable and
innovative biotargets (8).

miRNA expression profiles in gliomas

In addition to histology, the 2016 update of the World
Health Organization (WHO) classification of tumors of
the central nervous system (CNS) proposes molecular
parameters, including miRNA detection, for improving
both diagnostic accuracy and patient management (9).
Large-scale miRNA expression analyses reported both the
up-regulation and down-regulation of several miRNAs
in tumour tissues from patients with GBM IV compared
to normal brain tissue, which could hence permit a more
reliable and consistent diagnosis (10). However, due to
inconsistencies in the reported subset of miRNAs that are
either up or down-regulated in GBM 1V; a specific miRNA
signature is not yet well established. Notably, miR-21 is
the only miRNA found to be up-regulated in tumor tissues
from GBM IV across all the studies, whereas among the
down-regulated miRNAs, miR-132 is the most consistent,
although it was identified only in 60% of the reported
analyses (10). The quality of tumor tissues, sample sizes,
appropriateness of “control” brain tissue and analytical
techniques could explain discrepant results obtained across
the published studies. Therefore, the potential of miRNAs
as biomarkers for gliomas requires a systematic analysis
of existing data. Recently, a meta-analysis of five studies
published between 2012 and 2015, found 6 miRNAs
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differentially expressed, with a more accurate predictive
value (i.e., higher sensitivity, specificity and statistical
significance) in distinguishing glioma from control
tissue (11). The miR-15a, miR-16, miR-21, miR-23a,
miR-9 and miR-124 identified in this study may be useful
diagnostic and prognostic biomarkers in glioma.

Status of circulating miRNA biomarkers

The discovery of miRNAs in tissues, as well as in body
fluids together with their altered profile in various
pathological conditions, offers a new perspective on the use
of extracellular miRNAs as informative disease biomarkers.
Circulating miRNAs have been the focus of numerous
cancer biomarker identification efforts over the past few
years, although most miRNA biomarkers reported in the
literature have failed to enter clinical practice because of
inconsistent and irreproducible findings. Before circulating
miRNAs can reliably be used as biomarkers of disease,
analytical factors that may affect their measurement,
so including sample type, measurement platform or
normalization strategy need to be addressed.

Major pre-analytical variables affecting circulating
miRNAs have been characterized (12). Mechanical
hemolysis, caused by improper blood collection or
preparation, could alter the specificity of circulating miRINA
expression because of contamination by intracellular
miRNAs. Therefore, measurement miR-451, highly
expressed in red blood cells, is recommended, in order to
exclude samples with even low hemolysis that cannot be
revealed visually (12).

Widespread technologies used to measure miRNA
expression in biological samples include microarray, next
generation sequencing (NGS), and quantitative real-time
PCR (qPCR). Microarray-based miRNA measurement
platforms provide overall miRNA expression profiles with
reasonable cost and throughput. Nevertheless, although
qPCR is more expensive per sample and has a lower
throughput, the amplification technology offers a much
higher sensitivity than microarrays (13). NGS can identify
new miRNAs, is cheaper than microarray or ¢PCR and
requires small amount of samples even though is tedious
and has very long handling time. Therefore, QPCR remains
the top choice for validation and clinical analysis of large
numbers of samples (13).

Regardless of the platform used for miRNA measurement,
data normalization to correct for variability during sample
preparation and to quantify miRNA expression is another
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major issue. Addition of spike-in standards prior to cDNA
synthesis and PCR can estimate efficiency and normalise
results for comparison (14). The measurement of miRNA
expression by digital PCR could circumvent normalization,
being an absolute method of nucleic-acid quantification. In
this respect, droplet digital PCR (ddPCR), a highly precise
method and not reliant on reference standard curves,
has recently been shown to reduce analytic variability
and to improve day-to-day reproducibility compared to
RT-qPCR (14).

miRNAs packaged in extracellular vesicles (EVs)

Plasma and serum carry EVs which are small lipid
membrane-bound satchels expelled by cells to mediate cell-
to-cell communication and containing soluble materials
such as nucleic acids, lipids and proteins, protected
from degradation (15). Emerging evidence suggests that
exosomes, small EVs (40-150 nm) with a multivesicular
endosomal origin secreted by both normal and neoplastic
cells, play a crucial role in facilitating tumorigenesis (16).
To prevent degradation in the circulation, miRNAs are
released by cells in both exosomes and miRNA/protein
complexes. Exosomes released from GBM IV have been for
the first time demonstrated in serum of GBM IV patients
by Skog and colleagues in 2008 (17), thus making it likely
that changes relative to tumor progression can be detected
using serum samples drawn over time.

Both non-cancerous and cancerous cells release
exosomes as a form of cellular communication and perform
a variety of functions depending on their contents and
cellular context. Although it is unclear as to how miRNAs
are packaged into exosomes, this is a specific and selective
process driven by the binding of sumoylated heterogeneous
nuclear ribonucleoprotein A2/B1 (hnRNPA2B1) to specific
motifs present in the sequence of mature miRNAs (18).
This means that only certain miRNAs are incorporated
and released into the circulation and, as a consequence,
deregulated miRNAs within tumor cells may not be present
within exosomes. As shown in Figure I, miR-21 (which is
known to be overexpressed in GBM IV tissue) was found
to be elevated also in serum exosomes from patients with
GBM 1V (17). Other examples of circulating miRNAs
as mirrors of tissue miRNA level in gliomas are miR-
497 and miR-125b that have been described to be down-
regulated both in serum and tissue tumors of patients with
GBM 1V (19). Unlike these biomarkers, no correlation
between blood and tissue expression levels was reported
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Figure 1 Mechanism of secretion of microRNAs from tumor cells to bloodstream. Primary microRNAs (pri-miRNAs) are transcribed in the
nucleus by DNA polymerase II and then cleaved to generate precursor miRNAs (pre-miRINAs) (I). Pre-miRNA are further processed in the
cytoplasm by Dicer to generate 18-22 nucleotide long mature miRNAs (II). Such mature miRNAs can bind target mRNAs to down-regulate
their stability or their translation into protein (IIT) or they can enter Multivesicular Bodies (IV), that generate exosomes containing nucleic
acids (DNA, RNA and miRNAs) and proteins that are secreted in the tumor microenvironment (V). After secretion, exosomes can be taken
up by the tumor cells or normal cells of the tumor microenvironment where miRNAs can regulate the expression of other target genes.
Part of the exosomes secreted by tumor cells are disseminated in the blood stream (VI). The concentration of miRNAs into exosomes is
very variable and only partly related to their concentration in the parental tumor cells originating them. The Figure reports as paradigmatic
clinical example some miRNAs are elevated or reduced in parallel, both in glioma tumor tissue and in bloodstream (e.g., miR-21, miR-
497, miR-125b), whereas some others are completely unrelated (miR-128, miR-210, miR-196b, miR-1271) making the mechanisms of
regulation of packaging of miRNAs into exosomes and the identification of miRINAs as useful biomarkers in bloodstream a field of thorough

investigation.

for miR-128, which was found significantly increased in they do not guarantee sufficient purity. Widely used
blood of GBM 1V patients and down-regulated in GBM IV chemical precipitation solutions, such as ExoquickTM from
tissue (20). Moreover, miR-210, miR-196b and miR-1271 System Biosciences (Mountain View, CA, USA) and 7otal

were found to be increased in brain tumors, but similar Exosome Isolation reagents from Life Technologies (Carlsbad,
to healthy subjects in blood (21). Therefore, circulating CA, USA) enable simple and efficient concentration of
miRNA signatures in exosomes need to be investigated exosome-like EVs from small amounts of serum or plasma,
independently of those for tumor tissues (22). although yield heterogeneous vesicular population (23).
EVs can be isolated from body fluids via various Sonication of blood or plasma is another possible approach,
methods based on their physical and chemical properties, but has not been reliably tested so far.
resulting in different yield, purity and integrity of the final Considering that circulating exosomes can be obtained
preparation. Current approaches, such as centrifugation, by minimally invasive procedures and easily isolated
ultracentrifugation, filtration or affinity purification are from peripheral blood of patients with gliomas, a “liquid
very hands on, time consuming and not feasible in routine biopsy” based on miRNAs packaged in exosomes may be a
clinical practice (23). There are also precipitation-based practical alternative to tumor biopsy, that may not reflect
methods which are fast, simple and economical, although the heterogeneity of gliomas, and would permit real-time
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assessment for monitoring recurrence and patient response
to treatments, through longitudinal sampling along the
course of the disease.

Exosome miRNAs as biomarkers for gliomas

Intriguing evidence showing an increase of EV number
associated with poor prognosis, suggest that EV kinetics
may be valuable in management of patients with GBM
IV (24). Nevertheless, few studies investigated exosome
miRNA expression in serum of patients with glioma so far.

MiR-21 is an abundantly expressed miRNA in
mammalian cells, whose upregulation is associated with
numerous types of cancer. MiR-21 functions as an anti-
apoptotic and pro-survival factor, so that high levels of this
miRNA may be a fingerprint of cancer cells and represent
a common feature of pathological cell growth or cell
stress (25). As mentioned in previous section, miR-21 is one
of the most efficient clinical biomarker for diagnosing GBM
IV (11). As far as exosome miRNA expression, miR-21
was found to be overexpressed in serum EVs from patients
with GBM 1V, and reduced after extensive resection of the
tumor (17). Notably, levels of exosome miR-21 in CSF
allow to discriminate GBM IV from non-oncologic
patients (26) and circulating serum levels probably reflect
the antiangiogenic effect of therapy with bevacizumab (21).
Therefore, exosome-associated miR-21 expression may
serve as a platform for glioma biomarker development.

Besides miR-21, a small miRNA signature has been
found in serum exosomes of patients with GBM IV (27).
The expression levels of small noncoding RNUG6-1, miR-
320 and miR-574-3p were observed to be significantly
associated with a diagnosis of GBM IV. In addition, RNUG6-
1 was consistently an independent predictor for diagnosing
GBM IV (27).

While these investigations of miRNA expression in
EVs as a biomarker platform for gliomas show promise,
validation through larger sample sets and prospective
clinical trials are the necessary next steps.

Proposed circulating miRNAs as biomarkers for
gliomas

As described above, the pool of circulating miRNAs
contains two types of miRNAs: vesicle-packaged
miRNAs and miRNAs complexed with the Argonaute-2
proteins, representing cell by-products that accumulate in
extracellular fluids (28). Most of the studies on circulating
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miRNAs as biomarkers for gliomas focused on the entire
circulating pool of miRNAs instead of vesicle-packaged
miRNAs, so far.

Using comprehensive high-throughput approaches, such
as microarrays, different miRINAs were reported as potential
biomarkers of gliomas. However, most of these findings
were not validated in other cohorts (22). Several patterns
of altered expression profile of circulating miRINAs that
may serve as biomarkers for tumor diagnosis and predict
outcomes or the therapeutic response of patients with
gliomas have been proposed. Some of the results obtained
in different studies are summarized in Table 1.

The plasma levels of miR-21 (up-regulated), miR-128
and miR-342-3p (down-regulated) were found significantly
altered in GBM 1V patients compared to healthy controls.
Notably, miR-128 and miR-342-3p positively correlated
with histopathological grades of glioma (31). Down-
regulation of miR-342-3p was also observed in another
investigation whereas, on the contrary, miR-128 was
found to be up-regulated in blood samples from GBM IV
patients (20).

In a different study, combined expression analyses of
miR-21 and miR-15b distinguished between patients with
and without glioma (29).

A new additional tool to better characterize gliomas
has been recently proposed by Zhang and colleagues (35),
reporting plasma miR-221/222 family levels significantly
up-regulated in glioma patients. Interestingly high plasma
levels of miR-221/222 were associated with a lower
survival rate.

Circulating miRNA expression has been suggested
to predict tumor grading, as shown by up-regulation of
serum miR-20a, miR-106a and miR-181b associated with
advanced clinical stages of astrocytoma (30) or by miR-210,
considerably increased in GBM IV (34). Notably, serum
levels of miR-210 did not differ from those in healthy
controls in the study by Siegal and colleagues (21). The
possibility to distinguish high grade from low grade gliomas
was proposed also by the expression of serum miR-497
and miR-125b (19) and miR-29 (33), which were all down-
regulated in GBM IV (19).

miRNAs could be used as a disease follow-up marker as
demonstrated by decreased levels of serum miR-21 after
surgical tumor resection (17,33) or by persistently high
expression associated with tumor progression (33).

Examples reported in Tuable 1, clearly prove that
discovering a both sensitive and specific miRNA signature
for glioma is still challenging. As stated above, the lack
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Table 1 Deregulated miRNAs from different sample types in glioma

Santangelo et al. Circulating miRNAs in gliomas

miRNA Up/down regulation Sample type Target Ref
15b Up Plasma CCNET1 (29)
20a Up Serum E2F1, cyclin D1 (30)
21 Up Plasma PI3K/Akt (29,31,32)
29 Down Serum NKRF/Claudin-1 (33)
106a Up Serum FASTK (80)
125b Down Serum p53 (19)
128 Down Plasma E2F3a (31)
128 Up Blood E2F3a (20)
181b Up Serum IGF-1R (80)
210 Up Serum PLK1 (34)
220/221 Up Plasma PTEN, p27, and p57 (35)
342-3p Down Plasma BMP7 (20,31)
497 Down Serum BCL2 (19)

Examples of different up- or down-regulated miRNAs are listed. Sample type and proposed miRNA target gene are reported in the table.

References are listed in brackets.

of clinical miRNA biomarkers compared to the number
identified in research is due to limitations in standardizing
preanalytical features such as choice of sample type and
processing, as well as analytical methods, all of which
can impair the reproducibility of individual findings.
Furthermore, extensive heterogeneity and variety of
subtypes of gliomas, may account for variability across
different studies.

Nevertheless, a meta-analysis performed by Qu and
colleagues to assess the diagnostic value of miRNAs
revealed miR-21 as the most powerful clinical biomarker in

diagnosis of GBM IV (36).

Conclusions

Circulating biomarkers represent an exciting area of
research that holds promise for better management of
patients with gliomas. Due to their scarce specificity
and limited value to inform on molecular profiles and
tumor heterogeneity, proteins lack wide clinical utility.
miRNAs hold the potential to provide sensitive and specific
biomarker panels. Their tissue and disease specificity
make them ideal candidates for diagnostic and prognostic
indicators. Several promising circulating miRINAs identified
in small studies require further evaluation and validation in
larger-scale prospective studies before their implementation
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in routine clinical practice. Among these miRNAs, miR-21
is of particular relevance, being one of the most upregulated
miRNAs in GBM IV.

Current limitations of effective clinical applications
of miRNA biomarkers will be likely overcome by strict
methodological standardization. The difficulty in
identifying a specific miRNA biomarker for glioma lies
partly in the complex heterogeneous nature of the cancer
itself. Multiple mutations occurring during transformation
and genomic changes between grades and sub-types of
gliomas contribute to this heterogeneity. Using a group of
biomarkers to detect a range of these characteristics will be
ultimately more beneficial than using a single biomarker.

Exosomes secreted by tumour cells are emerging as a
key component in the biogenesis of glioma, in addition
to support tumour progression and represent a potential
source of miRNAs biomarkers for diagnosis and tracking
cancer progression in patients with gliomas. Further efforts
of research focused on exosome-related miRNAs are needed
to advance the development of clinically useful biomarkers
of gliomas.
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