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Abstract: The Central nervous system (CNS）tumor still remains the most lethal cancer, and It is hard to diagnose 
at an earlier stage on most occasions. It is found that recurrent disease is finally observed in patients who occurred 
chemo-resistance after completely primary treatment. It is a challenge that monitoring treatment efficacy and tu-
mor recurrence of CNS tumors are full of risks and difficulties by brain biopsies. However, the brain biopsies are 
considered as an invasive technique with low specificity and low sensitivity. In contrast, the liquid biopsy is based 
on blood and cerebrospinal fluid (CSF) test, which is going to acceptable among the patients through it’s minimally 
invasive and serial bodily fluids. The advantages of liquid biopsy are to follow the development of tumors, provide 
new insights in real time, and accurate medical care. The major analytical constituents of liquid biopsy contain the 
Circulating tumor cells (CTCs), circulating tumor DNA (ctDNA), circulating cell-free microRNAs (cfmiRNAs), and cir-
culating exosomes. Liquid biopsy has been widely utilized in CNS tumors in recent years, and the CTCs and ctDNA 
have become the hot topics for researching. In this review, we are going to explain the clinical potential of liquid 
biopsy biomarkers in CNS tumor by testing circulating miRNAs and exosomes to evaluate diagnose, prognosis, and 
response to treatment.

Keywords: Central nervous system (CNS), tumor, liquid biopsy, circulating miRNAs, exosomes, diagnosis, treat-
ment respond 

Introduction

Central nervous system (CNS) tumors are a 
kind of tumors with a large variety, high morbid-
ity, and mortality. Such tumors usually originate 
from different cells, where these cells may 
appear from the CNS itself, or they may be 
caused by systemic tumors that metastasize to 
the CNS [1]. At present, the main treatment 
strategy is radio-chemotherapy which is accord-
ing to the results of the pathological examina-
tion of surgical resection. Temozolomide (TMZ) 
is mainly used as postoperative adjuvant che-
motherapy. The follow-up treatment is decided 
by the original tissues, as the tumor may 
change longitudinally over time, which makes it 
treatment resistance after initial treatment. 
Meanwhile, which makes it less effective is due 
to the therapeutic treatment is also affected by 
the difference of individual genotype, the 
degree of surgical edge resection, and the exis-
tence of the blood-brain barrier [2].

Currently, imaging examination and cytology 
are widely used in the diagnosis and prognosis 
of CNS tumors. Especially, as the early stage of 
drug intervention affects the imaging character-
istics of the tumor, the therapeutic effect is 
hard to confirm, and the phenomenon is called 
“false progression”. Secondly, there is hystere-
sis in imaging examination, which cannot syn-
chronically reflect the exact changes of the 
tumor, makes it invariable in drug guidance, 
until there is the occurrence of visible changes 
in glioma patients’ imaging exams [2, 3]. 
However, there are some defects in the tradi-
tional cytological examination. Firstly, the cyto-
logical examination is difficult to obtain materi-
als, often only rely on intraoperative resection 
of tissue for examination, which can not be 
dynamically monitor tumor changes. Secondly, 
there are confounding factors in the positive 
rate of cytology, such as sampling site, sam-
pling method and sample processing time. In 
addition, there are some risks as it is an inva-
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Figure 1. Comparision liquid biopsy of blood and CSF in central nervous system tumors.

sive operation, especially for the tumor patients 
in special parts, which makes the postopera-
tive complications easily occur. Therefore, to 
find more sensitive, reliable tumor markers that 
can dynamically reflect tumor genetic informa-
tion and treatment response has become a dif-
ficult problem for the diagnosis and treatment 
of CNS tumors [4].

Liquid biopsy is used to monitor the dynamic 
low-invasive monitoring of tumor by monitoring 
the CTCs, ctDNAs, circulating cfmiRNAs, and 
circulating tumor extracellular vesicles (EVs)  
of primary or metastatic tumor in urine, CSF 
and blood samples [5]. A large number of 
researches have proved that the gene informa-
tion of tumor-specifies can be detected from 
the patients with malignant tumors in their 
blood. Since then, blood has become the most 
commonly used liquid biopsy specimen for vari-
ous tumors with the advantages of convenient 
access, non-invasive, and dynamic reflection of 
tumor progress [6]. For the CNS, CSF can circu-
late continuously in the ventricles and cisterns 
of the spinal cord. It can fully contact the CNS 
and carry tumor metabolites and exfoliated 
tumor cells, which makes CSF as an ideal sam-
ple for CNS tumor fluid biopsy (Figure 1). Viral 
DNA was detected in the CSF of patients with 
herpes encephalitis in 1990. In 1994, Rhodes 
et al. detected tumor-specific p53 gene muta-
tions in the CSF of patients with glioma [4, 6]. 
After that, the liquid biopsy of CSF has become 
a research hotspot. To compare with traditional 
biopsies, the liquid biopsies will not cause brain 
tissue damage and can be performed continu-
ously at different stages of the disease, which 
is easier to be accepted by patients with few 
complications. in addition, it can dynamically 

monitor the disease. Beyond that, guiding to 
adjust the treatment plan according to the 
Liquid biopsy’s detection results. The detection 
of tumor-specific targets is conducive to the 
development of targeted drugs. In the past 30 
years, a large quantity of researches have 
shown the clinical significance of CTCs and 
ctDNA in the CNS [7]. 

Circulating miRNA is a subclass of non-coding 
RNA (ncRNA). It is composed of 18-22 nucleo-
tides of single-stranded ncRNA fragments, 
which can be detected in almost all body fluids. 
Recent researches have demonstrated that cir-
culating miRNAs play an important role in gene 
regulatory networks, which regulate many gene 
targets [8]. Circulating miRNAs are covered in 
intercellular communication, and their main 
function is to upregulate or down regulate  
the expression of their target genes. These 
pieces of evidence not only indicate that  
cfmiRNA is not only an important therapeutic 
target but also a potential tumor marker, 
because their expression reflects many gene 
information. At the same time, circulating exo-
somes are secreted by living cells, which is a 
special type of exosomes exist in the blood  
circulation or extracellular cavity. Exosomes  
can mediate intercellular communication and 
change the molecular activity of receptor cells 
by releasing biological factors [9]. Therefore, 
the exosomes released by tumor cells contain 
tumor-specific biomarkers and can detect the 
characteristics of primary tumors. At present, a 
large quantity of researches have proved that 
humoral circulating exosomes are rich in tumor 
gene information, which can accurately predict 
tumor progression and treatment response 
[10, 11].
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In this paper, the latest research progress of 
CTCs and ctDNA in nervous system tumors is 
briefly introduced, and the research on circulat-
ing cfmiRNA and circulating exosomes is sum-
marized in detail. At the same time, this paper 
we discusses the clinical potential of liquid 
biopsy in CNS tumors and tries to clarify its role 
in the early diagnosis, prognosis, and treat-
ment response of CNS tumors.

Circulating tumor cells (CTCs)

CTCs are tumor cells that fall off from primary 
or metastatic tumors to the blood, CSF, or urine. 
Results of several reports have demonstrated 
that CTCs were an effective biomarker for pre-
dicting the prognosis of various cancers, such 
as lung cancer, melanoma, osteosarcoma, and 
pheochromocytoma [12]. It is worth noting that 
CTCs can be used as tumor substitutes and 
analyze tumor molecular biomarkers. The most 
commonly used CTCs monitoring method relies 
on monitoring epithelial cell adhesion mole-
cules (EpCAM), which are expressed on the sur-
face of most cancer cells but not glioma cells. 
Therefore, different CTCs enrichment and iden-
tification methods are currently used to moni-
tor the CTCs in the CSF of glioma patients [13]. 
Several reports claimed that CTCs play an 
important clinical role in early diagnosis, drug 
resistance monitoring, and prognosis of CNS 
malignant tumors [14].

Studies have shown that CTCs in CSF of  
glioma patients have high mesenchyme and  
a small amount of nerve signature. As the  
copy number of epidermal growth factor re- 
ceptor (epithelial growth factor receptor, EGFR) 
increases, the number of chromosomes also 
changes (Chromosome 3, 7, and 12 add- 
ed, chromosome 10, 13, and 22 lost) which is 
synchronous with the primary tumor [16]. The 
use of next-generation sequencing (NGS) tech-
nology or more sensitive targeted detection 
methods to analyze the mutations of CTCs in 
the CSF of patients with CNS tumors may  
help screen patients with a higher risk of recur-
rence and direct dynamic intervention treat-
ment strategies [15]. Therefore, the analysis of 
CTCs in CSF helps to more accurately distin-
guish the molecular subtypes, so it can be used 
as a biomarker to evaluate the prognosis and 
also measure the efficacy. In addition, the pro-
cess of epithelial-mesenchymal transition in 
glioblastocyte regulates tumor progression and 

dissemination, and this process is also 
expressed in CTCs of GBM patients [17]. 
Therefore, the evaluation of CTCs may also indi-
cated vital clues to the pathogenesis and 
pathophysiology of intracranial tumor physiolo-
gy [18]. At the same time, some research 
results show that the dynamic monitoring of 
CTCs in patients with advanced CNS tumors 
can distinguish tumor recurrence and pseudo-
progression. Moreover, the CTCs count reflects 
the state of the disease, which increases with 
the progression of the disease, and decreases 
after chemoradiotherapy. CTCs analysis may be 
used as a supplement to conventional MRI to 
more accurately monitor changes in the course 
of patients [19]. 

In previous studies, the significance of CTCs in 
the CNS tumors has been fully confirmed. CTCs 
provides good and low-invasive tumor detec-
tion samples. By detecting the genetic charac-
teristics and specific genotypes of CTCs, it can 
reflect the progress of primary tumor and the 
change of specific genetic information in the 
process of recurrence. Characterizing a CTC 
fraction from patients with metastatic breast 
cancer confirmed this hypothesis and highlight-
ed the Notch pathway and immunomodulatory 
(tumour necrosis factor (TNF), IL-1β and nucle-
ar factor kB (NF-kB)), inflammatory (the chemo-
kine CXCL8, the chemokine receptor CXCR4 
and CD86) and mitogenic (platelet-derived 
growth factor BB (PDGF-BB))-activated path-
ways as a signature of CTCs associated with 
brain metastasis. This contributes to a more 
comprehensive understanding of the biological 
characteristics in the occurrence and develop-
ment of tumors in the central nervous system, 
and is a reliable tumor biomarker.

Circulating tumor DNA (ctDNA)

The ctDNAs are released into blood, CSF, and 
urine through the decomposition of diseased 
tissues. The difficulty of analyzing ctDNA is that 
it requires high-sensitivity and specific technol-
ogy to extract low-concentration ctDNA from 
the circulation, and it needs to be separated 
from the high-concentration circulating free 
DNA and RNA released by normal cells [20, 21]. 
In advanced solid tumors, such as advanced 
lung cancer patients, there are higher concen-
trations of ctDNAs in the blood, and it has been 
widely studied It has been widely studied and 
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proven to be an early predictor of systemic ther-
apeutic response [22].

Relevant research has shown that ctDNAs  
have been detected in some patients with pri-
mary CNS tumors, including astroglioma and 
oligodendroglioma. In a study, higher concen-
trations of ctDNAs can be detected in the 
serum of all oligodendrogliomas and 80.5%  
of astroglioma patients, and ctDNAs show 
tumor-related specific biomarkers (MGMT gene 
methylated/10q LOH/1p or 19q LOH) [24]. In 
another research, the methylation status of 
genes (MGMT, RASSF2B, CDKN2A) related with 
primary CNS tumors were found in the serum of 
33 patients with CNS tumors (7 cases of pri-
mary GBM, 8 cases of astrocytoma, 2 cases of 
glioma, 6 cases of meningiomas, and 10 cases 
of metastatic tumor). The results showed that 
one gene promoter methylation at least was 
detected in the serum ctDNAs of 70% of 
patients in the astrocytoma group. Similarly, 
one gene promoter methylation at least was 
detected in 7 patients of the metastasis group 
and 3 patients of the meningioma group [25]. 
Lower concentrations of ctDNAs were detected 
in the serum of 5 GBM patients, and biomark-
ers related to the primary tumor were found. 
But it is different from other tumors that the 
concentration and positive rate of ctDNA in the 
serum of glioma patients are low. In 2014, 
Bettegowda et al. confirmed that CSF is better 
than serum as a sample for detecting ctDNAs 
derived from primary brain tumors [26]. Wang 
et al. sequenced the ctDNAs in the CSF of 35 
patients with CNS tumors. The results indicat-
ed that 74% of samples contained primary 
tumor DNA, and the detection rate of tumor 
DNA was related to the anatomical location and 
grade of the tumor, but not to the size of the 
tumor [27]. Therefore, some clinical researches 
have shown that it is easier to obtain patients’ 
CSF and blood during treatment. Detecting ctD-
NAs in body fluids makes up for those short-
comings [28, 29]. 

With the introduction of the concept of preci-
sion medicine and its application in the field of 
oncology, it has promoted the development of 
individualized treatment mode of tumor. A sin-
gle tissue biopsy or intraoperative sampling in a 
central nervous system tumor may not be able 
to obtain tumor-specific mutant gene targets. 
The detection of ctDNA in body fluid makes up 
for these shortcomings [30]. On the one hand, 

ctDNA dynamically reflects the tumor progress, 
on the other hand, it provides the specific gene 
mutation and drug resistance mechanism of 
the primary tumor. ctDNA reflects the molecular 
composition of tumors in patients with central 
nervous system tumors, including information 
on targeted mutations and drug resistance 
mechanisms under selective therapy. Analysis 
of ctDNA can detect tumor progression and 
drug resistance mutations at an early stage 
(previously detected by imaging or obvious 
treatment resistance, but irreversible changes 
often occur at this time). This information  
may provide more effective information at an 
early stage and improve the effectiveness of 
treatment.

Circulating cell-free miRNAs and exosomes

MicroRNA (miRNA) is a type of highly conserved, 
endogenous non-coding small RNAs with a 
length of 18-22 bp, which completes the post-
transcriptional level regulation of gene expres-
sion by degrading or inhibiting target mRNA 
[32]. In addition, MicroRNA plays a key role in 
the dynamic balance of normal with tumor tis-
sues and cell-to-cell communication. In recent 
years, MicroRNA has been considered to be 
related to tumorigenesis and tumor suppres-
sion and can be used as an important biomark-
er for tumor diagnosis, detection, and progno-
sis. With more in-depth research on miRNA, it 
has been discovered that different types of 
miRNA are expressed in different types of  
CNS tumors. For example, miR-21 works by 
inhibiting caspase in glioblastoma cells [33]. 
Compared with normal brain cells, the expres-
sion level of miR-21 continues to be up-regulat-
ed in glioblastoma tissues, but not all miRNAs 
are up-regulated. MiR-21 in glioblastoma has 
been confirmed as a specific tumor marker  
for predicting overall survival and treatment 
response. Although some authors have got the 
same conclusion, their conclusions are still 
contradictory. In view of the value of a single 
miRNA in tumor samples, there is still further 
confirmation [34].

Exosomes are extracellular vesicles wrapped 
by membranes, generally 40-100 nm in diame-
ter. Many cells actively secrete exosomes under 
normal and pathological conditions，it carries 
various cellular compositions such as proteins, 
nucleic acids, and lipids (mRNA, DNA, ncRNA) 
[35]. Exosomes can mediate cell-to-cell com-
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munication and change the molecular activities 
of recipient cells by releasing biological factors 
[36]. Therefore, the tumor cells release the exo-
somes which contain tumor-specific biomark-
ers and can detect the characteristics of the 
primary tumor. The results of a study showed 
that in a mouse model transplanted with 
human cancer stem cells, extracellular vesicles 
associated with tumor cells were detected in 
the mouse CSF [37]. Another study showed 
that extracellular vesicles can be isolated in the 
CSF of gliomas patients with low-grade and 
high-grade gliomas, and reflect the degree of 
disease progression. These findings prove that 
exosomes can be used to detect as clinical 
prognostic biomarkers. For example, the detec-
tion of IDH1-R132H mutations in extracellular 
vesicles derived from CSF [38].

The role of circulating cell-free miRNA in CNS 
tumor 

Diagnosis

In recent years, the rapid development of  
gene chip technology has provided great help 
for the screening of circulating miRNAs. A large 
number of researchers hope to understand the 
biological characteristics of tumors by screen-
ing specific circulating miRNA, which is helpful 
for early diagnosis and accurate treatment  
of tumors. Therefore, circulating miRNA has 
become the focus of tumor research. At pres-
ent, some studies have confirmed that the 
abnormal expression of miRNA has guiding  
significance in some solid tumors. A study 
through meta-analysis found that miR-125b 
had high sensitivity (63%~89.4%) and specific-
ity (66.40%~91%) in the diagnosis of breast 
cancer, thyroid cancer, non-small cell lung  
cancer, and bladder cancer [83]. Zhang et al. 
reported that overexpression of circulating miR-
205, could be detected in the blood of patients 
with early ovarian cancer and ROX curve 
(AUS=0.831) was used to evaluate the value of 
miR-205 combined with CA-125 in the diagno-
sis of ovarian cancer [93]. Similarly, Wu and 
other studies found that the expression of miR-
145 in serum of patients with early endometrial 
carcinoma was significantly lower than that of 
normal subjects, and the diagnostic value was 
evaluated by ROX curve (AUC=0.82) [94]. In 
addition, Conti et al. found that miR-221/222 
family has diagnostic value in thyroid cancer, 
breast cancer and oral cancer [43].

The above studies promote the study of ctRNAs 
in CNS tumors. Lawrie et al. found that the over-
expression of plasma miR-21 and miR-210 in 
patients with primary diffuse large B lympho- 
ma of the central nervous system compared 
with the normal group (P=0.009). This result 
describes for the first time the potential of 
miRNA as a diagnostic marker of tumors in the 
central nervous system. Since then, the signifi-
cance of miRNA in central nervous system 
tumors has attracted the attention of more 
researchers [82]. In 2012, Ilhan-Mutlu et al. 
conducted a small sample study to confirm the 
expression levels of plasma S100B, secreta-
gogues (SCGN), neuropeptide-Y (NPY) and miR-
21 in 10 patients with glioblastoma and 10 
healthy controls. The results showed that the 
expression level of miR-21 was 4 times higher 
than that of the control group (P=0.02), while 
there was no significant difference in other pro-
teins between the control group and the control 
group (P=0.06), indicating that the overexpres-
sion of miR-21 may be related to glioblastoma 
[40]. Roth et al. analyzed the distribution of 
miRNAs in the blood of 20 patients with glio-
blastoma and 20 healthy controls. 52 miRNAs 
were screened from 1158 miRNAs by gene 
chip. After many adjustments and corrections, 
it was still observed that compared with the 
control group, the expression of miR-128 was 
significantly down-regulated and the expres-
sion of miR-317 was significantly up-regulated. 
The results show that the down-regulation of 
miR-128 and the up-regulation of miR-317 have 
higher specificity (75%-83%) and sensitivity 
(71%-85%) for GBM diagnosis [51]. Dong et al. 
screened more abnormal expressions of circu-
lating cfmiRNAs using Keegan microarray. 
Among the 752 miRNAs, 115 miRNAs were up-
regulated and 24 down-regulated in the blood 
of patients with glioblastoma (multiple change 
≥ 2.0). After progressive verification, it was 
found that the expressions of miR-124, miR-
27a, miR-29, miR-210, miR-122, miR-182 and 
miR-223 were significantly up-regulated, while 
the expressions of miR-137, miR-203, miR-485 
and miR-16-5p were significantly down-regulat-
ed (P < 0.01). It has potential diagnostic value 
in the diagnosis of glioma patients [52] (Table 
1).

Wang et al. [53] analyzed gliomas (WHO II~IV, 
30 cases), pituitary adenomas (10 cases), 
meningiomas (10 cases), patients with glioblas-
toma 2 weeks after surgery (10 cases), com-
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Table 1. Clinical application of circulating miRNA in primary and metastatic CNS tumors
miRNA Expression Source Diagnosis Prognosis Response to treatment Reference
miR-21 Up-regulation CSF/Plasma Yes Yes Yes [39-41]
miR-15a/b Up-regulation CSF/Plasma Yes Yes [42]
miR-221 Up-regulation Plasma Yes Yes [43, 57]
miR-182 Up-regulation Plasma Yes [44, 56, 70]
miR-128 Down-regulation CSF/Plasma Yes Yes [45]
miR-20a Up-regulation Plasma Yes Yes [46]
miR-125b Down-regulation CSF/Plasma Yes Yes [47]
miR-106a Up-regulation CSF/Plasma Yes Yes [48, 49]
miR-19 Up-regulation CSF Yes [50]
miR-27a/b Up-regulation CSF Yes Yes [52]
miR-92a Up-regulation CSF Yes [50]
miR-137 Down-regulation Plasma Yes [51, 52]
miR-203 Down-regulation Plasma Yes [52]
miR-485 Down-regulation Plasma Yes Yes [52, 53]
miR-205 Down-regulation Plasma Yes Yes [52]
miR-210 Up-regulation Serum Yes Yes [54]
miR-100 Down-regulation Serum Yes [55]
miR-222 Up-regulation Plasma Yes Yes [56, 57]
miR-26a Down-regulation Plasma Yes [58]
miR-122 Down-regulation Plasma Yes Yes [52]
miR-376a/b/c Down-regulation Plasma Yes Yes [59]
miR-200a/b/c Down-regulation CSF Yes [60]
miR-124 Down-regulation Plasma Yes [52]
miR-29b Down-regulation Plasma Yes Yes [52]
miR-223 Up-regulation CSF/Plasma Yes Yes [51, 53]
miR-185 Up-regulation Serum Yes [62]
miR-29 Up-regulation Serum Yes Yes [63]
miR-497 Down-regulation Plasma Yes [64, 65]
miR-181d Down-regulation Plasma Yes [42]
miR-16 Down-regulation CSF/Plasma Yes Yes [52]
miR-520h Up-regulation Plasma Yes Yes [42]

bined The expression level of miRNAs in the 
blood of glioblastoma patients (10 cases) who 
received chemotherapy and radiotherapy for 1 
month further confirmed that the expression of 
miR-21 was up-regulated in the plasma of 
patients with glioma and that miR-128 and 
miR-342-3p were significantly down-regulated, 
and The three expressions are normal in other 
brain tumors, indicating the specificity of plas-
ma miR-21, miR-128, and miR-342-3p in the 
diagnosis of glioma. Tang et al. [61] measured 
the expression of miR-185 in the blood of 66 
patients with glioma, 11 patients with pituitary 
adenoma, 32 patients with meningioma, and 
14 patients with acoustic neuroma, and found 
that plasma miR-185 expression in patients 

with glioma was obviously increased, while  
the other benign ones There was no obvious 
change in brain tumors; among them, plasma 
miR-185 expression levels in patients with glio-
blastoma were almost restored to normal levels 
after surgery and chemotherapy. Therefore, it 
can be considered that the expression of miR-
185 is related to the progression of gliomas 
and may be a potential biomarker for the diag-
nosis of gliomas. Studies such as D’urso have 
proved that plasma miR-15b and miR-21 can 
also be used as a combination to distinguish 
gliomas from other types of brain tumors or  
diseases, including gliomas (30 cases), large 
B-cell lymphoma of the CNS (PCNSL, 36 cases), 
secondary brain metastases (16 cases) and 
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various neurological diseases (30 cases). 
Studies have shown that the expression of 
serum miR-15b and miR-21 was significantly 
up-regulated in patients with gliomas (P=0.02). 
However, the abnormal expression was not 
obvious in other tumors (P=0.09). At the same 
time, the sensitivity and specificity of the diag-
nosis of glioma can reach 90% and 100% [85]. 
It is worth thinking about whether the combined 
diagnostic significance of circulating miRNAs in 
CNS tumors is greater than that of a single cir-
culating miRNA?

These research results answer this question. 
Some scholars have suggested that a single 
plasma miRNA as a biomarker for the diagnosis 
of low-grade glioma lacks sensitivity and speci-
ficity, but it has certain significance in the diag-
nosis of high-grade glioma [67]. A study of 83 
patients with different grades of gliomas 
showed that the expression of plasma miR-29 
family was significantly lower than that of 
healthy controls, showing high diagnostic value 
(AUC=0.91) for high-grade gliomas, but lower 
sensitivity and specificity for the diagnosis of 
low-grade gliomas. Therefore, the researchers 
believe that circulating miR-29 has a certain 
significance in the diagnosis of high-grade glio-
mas [62]. Liu et al. studied the expression and 
significance of serum miR-29 in 120 patients 
with glioma and 120 healthy patients. The age 
and sex of the two groups were matched. It was 
found that the serum miR-29b of glioma 
patients was down-regulated, while the expres-
sion of VEGFA was up-regulated. In addition, 
the researchers used ROX curves to evaluate 
the diagnostic value of miR-29b and VEGFA in 
patients with gliomas, with AUC of 0.913 and 
0.752 [63]. In addition, a study of 112 patients 
with gliomas (including 69 patients with WHO I 
and II, 43 patients with WHO III and IV) and 54 
healthy controls showed that there was no dif-
ference in serum miR-182 between low-grade 
gliomas and healthy patients (P > 0.05), but the 
level of serum miR-182 expression in patients 
with high-grade gliomas was significantly high-
er than that in low-grade gliomas and healthy 
controls (P < 0.01) [64]. The results show that 
serum miR-182 has a certain diagnostic signifi-
cance in high-grade gliomas.

Santangelo et al. studied the serum samples of 
30 healthy controls and 44 patients with GBM. 
The expressions of miR-21, miR-222 and miR-
124-3p in serum were analyzed by RT-qPCR. 

The sensitivity and specificity of diagnosis of 
circulating miRNA were discussed by ROC 
curve. The results showed that there was no 
significant difference in the expression of  
miR-21, miR-222 and miR-124-3p between the 
low-grade glioma group and the healthy group, 
but the diagnostic accuracy was significantly 
improved by combined detection (AUC=0.87, P 
< 0.001) [74]. In high-grade glioma patients, 
the levels of serum miR-21, miR-222 and miR-
124-3p were significantly higher than those  
in the healthy group. There was no significant 
difference between using miR-21 alone (AUC= 
0.839, P < 0.001) and combined detection 
(AUC=0.81, P < 0.003) [74]. Combined with pre-
vious studies, it can be inferred that the diag-
nostic significance of combined detection of 
serum miRNA in low-grade glioma patients is 
significantly higher than that of circulating 
miRNA alone and can be used as a potential 
biomarker for early diagnosis of low-grade glio-
ma patients. There was no significant differ-
ence between the diagnostic significance of 
specific serum miRNA and combined detection 
in patients with high-grade gliomas.

The above study liquid biopsy samples are 
mainly serum or plasma samples of CNS 
tumors patients. With the deepening of under-
standing of CSF, it is more and more widely 
used in CNS tumors, and it can be used as a 
good liquid biopsy sample. Baraniskin et al. 
reported that tumor-related miRNAs were 
detected in the CSF of patients with CNS 
tumors and that CSF miRNAs gradually attract-
ed attention in the diagnosis of CNS tumors. 
They found that primary CNS lymphoma (pri-
mary CNS lymphoma, in the CSF of patients 
with PCNSL), the combined monitoring of  
miR-21, miR-19, and miR-92a can distinguish 
PCNSL from CNS infectious diseases with a 
specificity of 96.7% and a sensitivity of 95.7% 
Open [50]. Based on previous work, Baraniskin 
et al. found that the combined detection of miR-
15b and miR-21 in the CSF of patients with  
glioma can distinguish glioma from the control 
group and primary CNS lymphoma [50]. 
Similarly, Teplyuk et al. also found that miR-10b 
and miR-21 can distinguish malignant glioma 
from other diseases, while the MiR-200 family 
can help distinguish brain metastases from 
malignant glioma. They also established an 
independent variable composed of 7 miRNAs 
(miR-10b, miR-21, miR-125br-141, miR-200a, 
miR-200b, and miR-200c) to distinguish them 
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with an accuracy of nearly 90% The non-tumor 
normal control/malignant glioma/solid tumor 
brain metastasis [60]. Compared with serum 
miRNA, CSF can fully contact the focus and 
contain tumor cell-related miRNA with high  
stability, high specificity and repeatability. 
However, the source of CSF samples is more 
difficult and the risk is relatively higher than 
that of serum samples.

Numerous studies have documented the  
clinical relevance of cfmiRNAs as diagnostic 
markers for a CNS tumors, which used mainly 
blood plasma, serum or CSF for their analyses. 
In these studies, tumour-associated cfmiRNA 
expression profiles from blood and CSF were 
detected, and those cfmiRNA signatures were 
related to CNS tumour development, disease 
progression and metastases. Therefore, in 
order to better explain the diagnostic signifi-
cance of different types of circulating miRNA in 
CNS tumors, we summarize the relevant stud-
ies on circulating miRNA. The investigation may 
not be comprehensive, but based on the 
author’s research concept, we provide substan-
tial clinical insights into the diagnosis of CNS 
tumors (Table 1). 

Prognosis 

Circulating miRNA shows high diagnostic value 
in patients with CNS tumors. At the same time, 
it also shows certain advantages in predicting 
tumor progression and predicting prognosis.  
In the early stage of the study, Lai et al. com-
pared the plasma miR-210 expression level of 
136 patients with different grades of glioma 
and 50 controls, and confirmed that the plas-
ma miR-210 expression level of glioma patients 
increased by about 7 times compared with the 
control group (P < 0.01), and found that the 
increased expression of miR-210 in glioma 
patients was related to tumor grade and prog-
nosis (P < 0.001) [54]. Shao et al. analyzed the 
blood miR-20a expression level of 70 glioma 
patients and 70 healthy controls and found that 
the miR-20a expression level of glioma patients 
was significantly higher than that of healthy 
controls, while the miR-20a expression level  
of glioma patients was significantly higher  
than that of healthy controls. Plasma miR-20a 
expression was significantly down-regulated 
compared with preoperatively (P < 0.01). After 
follow-up, it was found that the increase in 
blood miR-20a expression was related to the 

shorter survival time of patients. Later more 
studies confirmed that the abnormal expres-
sion of certain plasma miRNAs in patients with 
glioma is related to overall survival [72]. At the 
same time, Li et al. compared 64 GBM patients 
with different grades and 64 healthy people, 
and detected the expression levels of serum 
miR-137 in the 2 groups by RT-PCR, and found 
that the expression of miR-137 in the serum of 
the GBM group was significantly decreased. 
And the serum of high-grade GBM patients was 
significantly lower than that of low-grade glioma 
patients (P=0.003), and the low expression of 
miR-137 in serum was associated with poor 
clinical prognosis [86].

Zhi et al. have shown that the detection of circu-
lating miRNAs combination is an independent 
and important index to evaluate the prognosis 
in patients with CNS tumor. it also showed that 
the expression levels of 9 kinds of miRNAs, 
contain miR-15b, miR-21, miR-19a, miR-19b, 
miR-20a, miR-106a, miR-182, miR-182 and 
miR-520h in the blood of patients with astrocy-
toma were obviously higher than those of the 
control group, and the expression levels of 
these 9 miRNAs were obviously higher after 
surgery reduce. In subsequent classification 
analysis, the authors found that the up-regula-
tion of miR-20a, miR-106a, and miR-181b is 
related to the advanced clinical stage of astro-
cytoma. Kaplan-Meier survival analysis indicat-
ed that the high expression of miR-19a, miR-
106a, and miR-181b was significantly correlat-
ed with the survival rate of patients [42]. Zhao 
and other recent studies have found that the 
up-regulation of blood miR-20a and miR-106a 
expression in glioma patients is related to the 
poor survival rate, and provides new evidence 
for the conclusions of Zhi et al. It is also found 
that the combination of up-regulation of blood 
miR-222 and miR-17 expression and down-reg-
ulation of miR-145 expression is related to the 
prognosis of glioblastoma [87].

There have been a lot of studies shows that 
over expression or under expression specific 
circulating cfmiRNAs is significantly associated 
with shorter overall survival (OS) and/or pro-
gression-free survival (PFS), suggesting that it 
may have prognostic value in patients with CNS 
tumors. More specifically, the over-expression 
of circulating miR-21, miR-15b, miR-221, miR-
182, miR-20a, miR-106a, miR-210, miR-222, 
miR-223, miR-520h, and under-expression of 
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circulating miR-137, miR-203, miR-485, miR-
205, miR-122, miR-124, and miR-16 were obvi-
ously related with shorter OS (Table 1).

Respond to treatment

The evaluation of treatment effects in CNS 
tumors patients has always been the most con-
cerned issue for clinicians. Therefore, finding a 
biomarker that can accurately reflect the effi-
cacy has become a research focus. For exam-
ple, in the treatment of glioma, chemotherapy 
resistance may be a key factor affecting the 
prognosis of patients. The ability to predict 
treatment response by the expression level of 
circulating miRNA has been proved by more 
and more studies that it can improve the prog-
nosis by choosing the correct treatment pro-
cess as soon as possible after diagnosis, which 
makes the treatment quickly adaptable to  
the acquisition of chemotherapy and radiation 
resistance. The rationality of using circulating 
cfmiRNA as a therapeutic target is based on 
inhibiting or knocking down the expression of 
miRNA, which can inhibit tumor growth, inva-
sion, and metastasis. A synthetic miRNA using 
herpes simplex virus (HSV) as carrier success-
fully silenced specific target genes in phase I 
and phase II clinical trials, which may open up a 
new way for circulating cfmiRNA to treat glio-
mas [88]. Similar studies have also been con-
ducted in phase I clinical trials on the enhance-
ment of tumor specificity of GBM by miRNA with 
MV virus as a vector [89].

MiR-21 affects the signal pathways of glioma 
growth, differentiation, apoptosis, invasion, 
metastasis, and drug resistance. The study of 
single or combined dynamic detection of circu-
lating cfmiRNA in the treatment of gliomas has 
been widely carried out. In glioma cells, inhibi-
tion of miR-21 expression can reduce tumor 
invasiveness, arrest cells in G or S phase and 
promote apoptosis, increase the sensitivity of 
glioma cells to paclitaxel, and may control the 
growth of GBM through EGFR/STAT-3 signal 
pathway [90]. In addition, the combination of 
miR-21 inhibitor and 5-FU can promote the 
apoptosis of glioma cells and reduce the metas-
tasis of glioma cells. The expression of circulat-
ing cfmiR-21 in U87-MG cells decreased after 
being treated with temozolomide (TMZ) [18, 
90]. Subsequently, Ilhan-Mutlu et al. carried 
out a further study and observed that the plas-
ma miR-21 level of 9 patients decreased signifi-

cantly during the first-line treatment, and the 
plasma miR-21 level of the other 1 patient 
increased during the treatment. After that, the 
tumor recurrence was found in this patient. The 
above results suggest that miR-21 may be a 
clinical biomarker of glioblastoma patients and 
may be related to the evaluation of the progno-
sis of the patients [40].

The presence of chromatin-modifying drugs, 
such as 4-phenyl butyric acid and 5-aza-20-de-
oxycytidine, was also detected in glioma cells, 
which further suggests that miRNAs have the 
potential to inhibit tumor growth. Researches 
have indicated that the expression level of miR-
153 in patients with glioma is lower than that  
of the normal control group, and miR-153 can 
reduce the expression of Its-2, Bcl-2, and  
Akt Ser473. Therefore, increasing its level may 
be harmful Glioma has a therapeutic effect. 
Experiments have shown that simultaneous 
regulation of 4-phenyl butyric acid and 5-aza-
20-deoxynucleoside in GBM cell lines can 
induce apoptosis and reach a peak at 72 h, It is 
suggested that the mechanism of action of 
these drugs may be that miR-153 acts through 
hs-2 [91]. Ujifuku et al. studied the serum or 
CSF miRNA expression of U87MG cells before 
and after radiotherapy and found that the 
expression of 5 miRNAs was up-regulated, 
while the expression of 6 miRNAs was down-
regulated [64], specifically miR-21, miR-106a, 
miR-27a, MiR-210, miR-200a expression in- 
creased (P < 0.01), miR-128, miR-125b, miR-
16, miR-181d, miR-497, miR-29b expression 
was down-regulated (P < 0.05) (Table 1).

At present, the gold standard for the treat- 
ment of glioblastoma is surgical resection 
added TMZ. Unfortunately, a small number  
of patients are resistant to TMZ treatment 
because patients with functional MGMT DNA 
repair protein reversed the guanine methyla-
tion caused by TMZ, leading to chemotherapy 
resistance. Serum miR-181d can be used as a 
biomarker to dynamically reflect the treatment 
response after receiving TMZ. MGMT is a candi-
date target of miR-181d. The high expression of 
miR-181d in serum and the low expression of 
MGMT are closely related to the enhanced 
response of glioma patients to TMZ [64, 65]. 
After first-line treatment, there will be corre-
sponding changes in the tumor microenviron-
ment, which promotes the development of che-
motherapy resistance in patients with special 
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genes. With the application of circulating 
miRNA in patients with CNS tumors, it seems to 
have found a solution, because circulating 
miRNA carries genetic information contained  
in primary tumors and actively reflects the 
response of tumor cells to treatment. However, 
there is still a lack of more accurate and reli-
able circulating miRNA, which needs to be fur-
ther explored.

Circulating exosomal miRNAs

Previous studies have indicated that malignant 
tumor cells will increase the discharge of exo-
somes, and miRNA encapsulated in exosomes 
are released into body fluids to participate in 
the regulation of tumor biological behavior. 
Researches have indicated that the exosomes 
released by tumor cells of nervous system have 
similar constituent with tumor tissues. The con-
tents released may affect the host’s immune 
response, just like resisting chemotherapy 
drugs, enhancing tumor proliferation and pro-
moting tumor invasion [34, 92]. Consequently, 
the miRNA expression profile of exosomes is a 
potential biomarker, which can provide infor-
mation about tumor grading and prognosis, so 
that a better tumor-specific treatment can be 
designed [92].

Manterola et al. found that one small nuclear 
RNA (rnu6-1) and two miRNAs (miR-320, miR-
574-3p) were overexpressed in exosomes iso-
lated from the plasma of glioblastoma patients. 
Further verification showed that the combina-
tion of rnu6 - or miR-320/miR-574-3p/rnu6-1 to 
identify glioblastoma patients from healthy 
controls is a biological marker for the diagnosis 
of glioblastoma [76]. This study opens up a new 
way that exosomal miRNA can be used as a bio-
marker for the diagnosis of glioblastoma.

Chen et al. Applied magnetic beads, emulsion, 
amplification, beads (emulsion, amplification, 
magnetics, BEAMing PCR) and digital PCR to 
detect IDH1 RNA mutation (G595A) in the extra-
cellular vesicles of CSF of patients with glioma, 
and the mutation could only be detected in 
CSF, but not detected in EVs derived from blood 
[37]. This finding was confirmed by the study  
of Akers et al. At the same time Akers et al.  
also identified three miRNAs in exosomes by 
TaqMan open array openarray human miRNA 
gene chip (The results showed that miR-21, mir-
218, mir-193b) were positive correlation with 

tumor size, and the expression level of these 
molecular markers was significantly higher 
than that of normal control group [66].

Currently, high levels of miR-451 and miR-21 
were found in GBM-EVs isolated from human 
glioblastoma cells. miR-451 plays a key role in 
the proliferation and migration of glioma cells. 
miR-451 plays a key role in the proliferation 
and migration of glioma cells. The selective out-
put of miRNAs can indicate whether a miRNA is 
tumor specific or not. Generally, tumor cell origi-
nated miR-451 has not been found in non-
tumoral exosomes. miR-451 has been shown 
to inhibit the adenosine monophosphate acti-
vated protein kinase (AMPK) signaling pathway, 
which is normally regulated to meet metabolic 
requirements. Therefore, miR-451 in exosomes 
released by GBM can dynamically reflect tumor 
progression and may be used as a biomarker 
for diagnosis and prediction of tumor progres-
sion. Many studies have proved that miR-21 is 
over expressed in glioma patients body fluids, 
while the expression level of circulating exo-
somal miR-21 is 10 times higher than that of 
normal controls (P < 0.001), which is higher 
than that of circulating miR-21 in brain tissue, 
blood and CSF [77]. However, miR-21 is also 
sensitive to most cancers, so exosome miR-21 
cannot be used as a specific marker for glio-
mas. MiR-10b was expressed in tumor cells of 
central nervous system, but not in normal brain 
tissues [78]. When analyzing different circulat-
ing miRNA in CSF of glioma patients, it was 
found that circulating exosomal miR-10b was 
positively correlated with tumor malignant 
degree, so miR-10b may be used as a remark-
able tumor marker for judging prognosis [79].

Temozolomide as a first-line chemotherapeu- 
tic drug for glioma. Chemotherapy resistance  
is the main reason for treatment failure. In 
recent years, some studies have shown that 
exosomes can regulate signaling pathways by 
mediating miRNAs and other substances, and 
thus become one of the mechanisms of chemo-
therapy resistance in glioma cells. Yang et al. 
established cell models in vitro. Flow cytometry 
was used to detect the apoptosis rate of differ-
ent cell model groups after treatment with TMZ 
for 48 h. It was found that the apoptotic ability 
of the cell model group co-incubated with exo-
somes was the weakest, which suggested that 
the exosomes in glioma cells might participate 
in the mechanism of enhancing the chemore-
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Table 2. Clinical application of circulating exosomal miRNA in primary and metastatic CNS tumors
miRNA Expression Source Diagnosis Prognosis Response to treatment Reference
Exosomal miR-21 Up-regulation CSF/Plasma Yes Yes [37, 66, 69]
Exosomal miR-301a Up-regulation Serum Yes Yes [67, 74, 81]
Exosomal miR-34s Up-regulation Serum Yes Yes [71]
Exosomal miR-218 Up-regulation CSF Yes [66]
Exosomal miR-454-3p Down-regulation Plasma Yes Yes [72]
Exosomal miR-210 Up-regulation Plasma Yes Yes [73]
Exosomal miR-193b Up-regulation CSF Yes [66]
Exosomal miR-222 Up-regulation Plasma Yes [74]
Exosomal miR-124-3p Up-regulation Plasma Yes Yes [74]
Exosomal miR-320 Up-regulation Serum Yes [75]
Exosomal miR-574-3p Up-regulation Plasma Yes [76]
Exosomal miR-451 Up-regulation Plasma Yes Yes [78]
Exosomal miR-1238 Up-regulation Plasma Yes [80]
Exosomal miR-221 Up-regulation Plasma Yes [81]
Exosomal miR-10b Up-regulation CSF Yes [77]

sistance of TMZ [69]. Similarly, Yin et al. [80] 
detected the plasma and tissue samples of 
glioblastoma patients, and found that the circu-
lating exosomes in tumor patients had higher 
expression levels of miR-1238 than healthy 
adults. In addition, further studies showed that 
miR-1238, the exosome transferred to the 
receptor cells, could induce the up regulation of 
miR-1238 level in TMZ sensitive cells, and then 
significantly decreased the expression level of 
cavein (cav1) in the receptor cells, which was 
activated by egfr-pi3k-akt-mtor pathway, which 
eventually led to TMZ sensitive cells obtaining 
drug resistance. There are similar studies in 
radiotherapy. Yue et al. found that glioblasto-
ma-derived exosome miR-301a, can specifical-
ly inhibit the expression of TCEAL7 in recipient 
cells in hypoxic tumor microenvironment, and 
in this process, TCEAL7 can also block the 
transport of β-catenin from cytoplasm to nucle-
us, and then negatively regulate Wnt/β-catenin 
signal pathway, also promote the formation of 
radiation resistance of glioblastoma cells [81].

In general, emerging studies have revealed  
that exosome derived miRNAs may be involved 
in the molecular mechanism of chemoradio-
therapy resistance of glioma. With the rapid 
development of gene chip and high-throughput 
sequencing technology, we may find the key 
exosome miRNAs or their related pathways that 
regulate the mechanism of chemoradiotherapy 
of glioma cells in the future, through the ratio-
nal use of relevant inhibitors or block a key 

molecular pathway. Then the radiosensitivity of 
glioma cells was enhanced by chemoradiother-
apy. We collected and summarized the studies 
on the relationship between exosomal miRNA 
and CNS tumors in order to provide new ideas 
for the diagnosis, prognosis and treatment effi-
cacy of CNS tumors (Table 2).

Conclusions and future perspectives

A large number of studies have shown that liq-
uid biopsies of CSF and plasma in patients with 
CNS tumors can be used as potential substi-
tutes for tissue biopsies in order to tumor diag-
nosis and prognostic biomarker analysis [94-
96]. Considering the relative difficulty and high 
risk of traditional biopsy, the development of 
biomarkers related to tumor development is 
essential in the trend of individualized treat-
ment of CNS tumors. Liquid biopsy provides a 
safer and more convenient technology to obtain 
tumor-related molecular information, which can 
make low-invasive and dynamic diagnosis of 
diseases, adjust treatment plans and contrib-
ute to the development of targeted drugs. 
However, the scale of these studies is small 
and there is no strong statistical conclusion to 
prove the correlation between the detection of 
tumor biomarkers and disease parameters. 
Moreover, liquid biopsy needs to rely on some 
cutting-edge technologies, such as next-gener-
ation sequencing, digital PCR and so on, which 
has high technical cost and high requirements 
for testing personnel, which limits its clinical 
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application. Therefore, a large number of stud-
ies are needed to verify the effectiveness and 
reliability of liquid biopsy in patients with CNS 
tumors, and we need to constantly develop sim-
pler and more accurate methods for biomarker 
monitoring and efficacy evaluation.

Circulating miRNA and exosomes will change 
and supplement the traditional understanding 
of tumorigenesis and development, these will 
contribute to widely understanding of tumor-
related molecular mechanisms. miRNA is ex- 
tensively existed and determines the regulation 
of gene expression and protein translation, and 
plays an indispensable role in the occurrence 
and development of CNS tumors. Exosomes 
represent a new way of intercellular communi-
cation, which is rich in miRNA. A large number 
of studies have shown that exosomal miRNA 
participates in intercellular communication in 
tumor microenvironment and regulates many 
characteristics of CNS tumors, which includes 
proliferation, invasion, angiogenesis, immune 
escape and therapeutic resistance by selective 
packaging, secretion and metastasis. In addi-
tion, circulating miRNA and exosomes carry bio-
logical information related to primary tumors, 
which can easily cross the biological barrier (for 
example, blood-brain barrier) and exist in a 
large number of body fluids from different 
sources, so it brings great hope for the diagno-
sis and treatment of CNS tumors.

Although more and more studies have proved 
that circulating miRNA and exosomes are prom-
ising biomarkers in CNS tumors. Nevertheless, 
its application in clinical practice is still contro-
versial. In fact, the vast majority of cfmiRNA in 
blood comes from white blood cells, red blood 
cells and endothelial cells, as well as from 
some high-flow organs (liver, lung and kidney). 
Therefore, the isolation and accurate detection 
of tumor-derived circulating miRNA and exo-
somes rely on cutting-edge technology and 
high requirements for testing personnel, so its 
wide clinical application has been questioned 
and limited.

In short, the analysis of circulating miRNA and 
exosomes in body fluid of patients with CNS 
tumors has become a hot research field of 
tumor biomarkers. We mainly summarized the 
related studies of different circulating miRNA 
and exosomal miRNA, analyzing and discussing 
their values in patients with CNS tumors. We 

consider that circulating miRNAs and exosomes 
are the main components of liquid biopsy anal-
ysis, which may contribute to the development 
and establishment of personalized medication 
regimens for patients with CNS tumors. With 
the standardization of the detection methods 
of circulating miRNA and exosomes, we have a 
better understanding of the formation mecha-
nism, biological function and relationship with 
CNS tumors of circulating miRNA and exo-
somes. We believe that circulating miRNA and 
exosomes will show a broad application pros-
pect in the diagnosis, prognosis and treatment 
response of patients with CNS tumors in the 
future.
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