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Simple Summary: Differentiating between glioma and primary central nervous system lymphoma
(PCNSL) is difficult, and current diagnostic methods are of limited efficacy. Liquid biopsies that detect
circulating biomarkers, such as microRNAs (miRs), may provide valuable insights into diagnostic
biomarkers. In this review, a systematic search was conducted, and 16 dysregulated miRs were
identified, including miR-21, which was the most prominent miR with higher levels in PCNSL,
followed by the glioma and control groups. The lowest levels of miR-16 and miR-205 were observed
in glioma, followed by PCNSL and control groups, whereas miR-15b and miR-301 were higher in
both tumor groups, with the highest levels observed in glioma patients. The levels of miR-711 were
higher in glioma (including GBM patients) and downregulated in PCNSL compared to the control
group. Using these six circulating microRNAs as liquid biomarkers with unique changing patterns
could aid in better discrimination between glioma and PCNSL.

Abstract: Differentiating glioma from primary central nervous system lymphoma (PCNSL) can be
challenging, and current diagnostic measures such as MRI and biopsy are of limited efficacy. Liquid
biopsies, which detect circulating biomarkers such as microRNAs (miRs), may provide valuable
insights into diagnostic biomarkers for improved discrimination. This review aimed to investigate
the role of specific miRs in diagnosing and differentiating glioma from PCNSL. A systematic search
was conducted of PubMed, Scopus, Web of Science, and Embase for articles on liquid biopsies
as a diagnostic method for glioma and PCNSL. Sixteen dysregulated miRs were identified with
significantly different levels in glioma and PCNSL, including miR-21, which was the most prominent
miR with higher levels in PCNSL, followed by glioma, including glioblastoma (GBM), and control
groups. The lowest levels of miR-16 and miR-205 were observed in glioma, followed by PCNSL and
control groups, whereas miR-15b and miR-301 were higher in both tumor groups, with the highest
levels observed in glioma patients. The levels of miR-711 were higher in glioma (including GBM)
and downregulated in PCNSL compared to the control group. This review suggests that using these
six circulating microRNAs as liquid biomarkers with unique changing patterns could aid in better
discrimination between glioma, especially GBM, and PCNSL.

Keywords: glioma; primary central nervous system lymphoma; liquid biopsy; microRNA; biomarkers;
diagnosis; discrimination; miR-21; miR-16; miR-205; miR-15b; miR-301; miR-711; glioblastoma
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1. Introduction

The most common malignant primary brain tumor in adults is considered to be
glioma [1]. The conventional diagnostic methods for detecting glioma rely on neurological
examination, neuroimaging, and pathological studies [2]. Gliomas make up 80% of brain
tumors, with an incidence of 6 cases per 100,000 people per year in the United States [3].
Surgery is the primary treatment for gliomas and the five-year survival rate for low-grade
gliomas ranges from 50% to 90%, while high-grade gliomas, especially glioblastoma (GBM),
have a survival rate of less than 10% [3,4]. Primary central nervous system lymphoma
(PCNSL) is a non-Hodgkin lymphoma that constitutes about 2% of primary brain tumors [5].
Treatment for PCNSL primarily involves nonsurgical approaches, including a combination
of chemotherapy, radiation therapy, and targeted therapy [5].

Differentiating higher grades of glioma from PCNSL has been considered an issue
for neurosurgeons, as the symptoms and imaging features of both have many similarities.
However, accurate differentiation is crucial as the treatment approaches for these two
conditions are vastly different. Furthermore, tissue biopsy can be nondiagnostic in 10%
of PCNSLs. MRI and dynamic susceptibility-weighted contrast-enhanced MRI can be
regarded as diagnostic methods to differentiate between these two tumors, although
not always [6,7]. With the advance of diagnostic measures, biomarkers are becoming
a diagnostic modality for improved brain tumor differentiation. Several studies have
shown that screening for certain RNA strands can have a high specificity in the diagnosis
of GBMs [8]. Meanwhile, several prior studies have indicated that CSF RNAs have the
potential to act as diagnostic biomarkers for PCNSL [9,10].

MicroRNAs (miRs) are small non-coding RNAs (ncRNAs) [11] involved in many
biological processes such as cell growth, cell development, and the regulation of many
cellular functions [12]. Many studies have shown miR expression to be involved in various
pathogenesis events in brain tumors [13]. The levels of these non-coding RNAs are associ-
ated with prognosis and therapeutic outcomes in brain tumors [14]. The microRNA miR-21,
one of the most studied miRs, is linked to radio- and chemoresistance in glioblastoma [14].
Inhibitors of miR-21 have shown promise in increasing chemosensitivity, particularly when
combined with temozolomide, by suppressing growth and promoting apoptosis [15]. In ad-
dition, evaluating the expression level of miRs in patients could be a strategy for the early
detection of multiple diseases, including neoplastic processes. MicroRNAs could be avail-
able in the tissues, cells, CSF, and blood. Hence, the retrieval of samples for microRNA
analysis could be minimally invasive compared to biopsies [16,17]. Here, we aim to sys-
tematically review the current literature on the diagnostic value of miRs in differentiating
PCNSL from glioma and GBM.

2. Method
2.1. Search Strategy and Selection Criteria

On 14 March 2022, a systematic search was conducted. Additionally, an updated search
was performed on 8 February 2023, using the PRISMA guidelines [18] to identify articles
that evaluated the expression levels of miRs in both GBM and PCNSL patients. The Scopus,
Web of Science (WOS), Embase, and PubMed databases were searched using the search
strategies provided in Supplementary Table S1. Two independent reviewers (R.S. and M.A.)
screened the articles, and any disagreements were referred to the third reviewer (S.B.).
Finally, citations of included articles were reviewed to find any non-included related articles.
The inclusion criteria were as follows: (1) published original studies available in English
(excluding case reports), (2) sampling of blood or CSF, and (3) providing information on
the level of miRs in PCNSL and glioma or GBM patients. The exclusion criteria were as
follows: (1) reviews and meta-analyses, (2) animal studies, (3) studies with unclear data on
the patients and the miRs employed, and (4) studies that used invasive sampling methods
such as biopsy.
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2.2. Data Extraction

The following data were extracted: patients’ age and gender, information regarding
the methodology and sample collection, and any data on expression levels, such as AUC,
sensitivities, specificities, and cut-offs. Additionally, graphs and figures were utilized that
depicted the miR change patterns including those that distinguished PCNSL from GBM or
gliomas. The extraction process was conducted by two authors (R.S. and M.A.).

2.3. Enrichment Analysis

In this study, to explore the possible pathways and functions of the miRs, the StarBase
v2.0 online platform (http://starbase.sysu.edu.cn/, accessed on 7 January 2023) was used
to identify the target genes of the miRs of interest. A KEGG pathway analysis using the
target genes to identify the enriched pathways associated with miRs showed significant
level changes and included a control group in their related study. To visualize the results
of the KEGG analysis, enrichment plots were generated using the SRplot online platform
(http://bioinfo.uth.edu/SRPlot/, accessed on 7 January 2023). The enrichment plots
allowed us to easily identify the significantly enriched pathways associated with the target
genes of the miRs.

3. Results

The designated search string resulted in 9613 articles. After the removal of duplicates,
4772 records were screened for title and abstract. Full-text screening of 336 articles excluded
328 papers (13 review articles, 38 articles with unclear data, 72 animal studies, 107 articles
with irrelevant data, and 98 in vitro studies). Finally, 8 articles remained for the quantitative
synthesis. The Prisma flow chart is presented in Figure 1. Sixteen dysregulated miRs were
found with significant level changes in glioma and PCNSL. All studies employed qRT-PCR
for miR measurement. Additionally, all specimens were collected from plasma/serum,
except for two samples which were collected from cerebrospinal fluid (CSF) (Table 1).
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Table 1. Summary of the included studies.

Article Method Sample Study Groups MicroRNA
Profile Change Pattern Assessments

qRT-PCR Serum/Plasma
GBM: 32
HC: 47

PCNSL: 56
miR-21

HC < GBM, p < 0.0001
HC < PCNSL, p < 0.0001

GBM < PCNSL, p < 0.0001

GBM vs. PCNSL AUC (CI)
0.883 (0.813–0.954), p < 0.0001Mao

2014
[19] qRT-PCR Serum/Plasma

GBM: 23
HC: 35

PCNSL: 37
miR-21

HC < GBM, p < 0.0001
HC < PCNSL, p < 0.0001

GBM < PCNSL, p < 0.0001

GBM vs. PCNSL AUC (CI)
0.851 (0.755–0.947)

Yang
2019
[20]

RT-qPCR Serum/Plasma
GBM: 25
HC: 25

PCNSL: 25
miR-21

HC < PCNSL, p < 0.05
GBM < PCNSL, p < 0.05

HC < GBM
-

Drusco
2015
[21]

RT-PCR CSF

GBM: 4 (17 sample)
PCNSL: 3

HC: 14
Glioma: 9

miR-451
miR-711
miR-935

miR-125b
miR-223

HC < PCNSL < glioma
PCNSL: downregulated < (glioma, Normal)

PCNSL < GBM
Not expressed in glioma and PCNSL < Normal

HC < PCNSL < glioma
HC < PCNSL < glioma

miR Concentration (HC/Glioma/PCNSL)
miR-451: 4.20 ± 2.55/11.75 ± 5.74/10.23 ± 6.32
miR-711: 8.78 ± 4.97/9.54 ± 0.61/6.40 ± 0.53

miR-935: 10.25 ± 4.74/0/0
miR-125b: 3.89 ± 0.92/9.72 ± 2.42/7.82 ± 2.56
miR-223: 6.34 ± 5.48/13.24 ± 1.89/8.86 ± 0.97

Fold change (GBM/PCNSL):
miR-711: 8.77, p < 0.001

qRT-PCR Serum/Plasma
GBM: 16

PCNSL: 36
VND: 30

miR-16 GBM < PCNSL < VND -
D’urso

2015
[22] qRT-PCR Serum/Plasma

Glioma: 30
PCNSL: 36
VND: 30

miR-15
bmiR-21
miR-16

VND < PCNSL < Glioma
VND < Glioma < PCNSL
Glioma < PCNSL < VND

-

Si
2022
[23]

- Serum/Plasma Glioma: 170
PCNSL: 42

miR-6820-3p
miR-6803-3p
miR-4756-5p
miR-30a-3p

miR-548am-3p
miR-487a-3p

miR-3918
miR-4751

miR-371a-3p
miR-146a-3p

Glioma < PCNSL, p = 0.00028
Glioma < PCNSL, p = 1.4 × 10−5

Glioma < PCNSL, p = 0.00068
Glioma < PCNSL, p = 1.9 × 10−6

Glioma < PCNSL, p = 0.0053
Glioma < PCNSL, p = 0.0003
Glioma < PCNSL, p = 0.00027
Glioma < PCNSL, p = 0.00011
Glioma < PCNSL, p = 0.0007
Glioma < PCNSL, p = 0.0017

PCNSL vs. Glioma AUC (CI)
0.681 (0.579–0.774)
0.716 (0.646–0.786)
0.669 (0.578–0.755)
0.737 (0.660–0.810)
0.639 (0.531–0.743)
0.681 (0.593–0.762)
0.682 (0.586–0.766)
0.693 (0.602–0.778)
0.669 (0.578–0.757)
0.656 (0.551–0.754)
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Table 1. Cont.

Article Method Sample Study Groups MicroRNA
Profile Change Pattern Assessments

Lan
2018
[24]

qRT-PCR Serum/Plasma
Glioma: 59
PCNSL: 7

HC: 28
miR-301a

HC < Glioma p < 0.01
PCNSL < Glioma p < 0.01

HC < PCNSL
-

Yue
2016
[25]

qRT-PCR Serum/Plasma
Glioma: 30
PCNSL: 6

HC: 20
miR-205

Glioma < PCNSL, p < 0.01
Glioma < HC, p < 0.01

Glioma < PCNSL < HC
-

Baraniskin
2012
[26]

qRT-PCR CSF
Glioma: 10
PCNSL: 23
VND: 10

miR-21
miR-15b

Control < Glioma < PCNSL, p < 0.05
Control < PCNSL < Glioma, p < 0.05 -

Note: miR: microRNA, VND: various neurological disorders, HC: healthy control, PCNSL: primary CNS lymphoma.
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3.1. Serum

Six studies used serum samples. Among these, miR-21 was the most studied miR
which was found to be higher in both the PCNSL and GBM groups compared to controls
(p-value < 0.0001, area under curve (AUC) > 85%) [19]. Yang et al. found higher levels of
miR-21 in PCNSL compared to GBM and both were higher than controls [20]. Another
study by Si et al. showed 10 microRNAs (miR-6820-3p, miR-6803-3p, miR-4756-5p, miR-
30a-3p, miR-548am-3p, miR-487a-3p, miR-3918, miR-4751, miR-371a-3p, and miR-146a-3p)
to be significantly (p-value < 0.05) elevated in PCNSL compared to GBM without reaching
an AUC of over 80% [23]. The miR-301 level in glioma was higher than PCNSL, and both
were higher compared to healthy controls (p-value < 0.01) [24]. The miR-205 level in glioma
was less than PCNSL and both were less than in healthy controls (p-value < 0.01) [25].
In the study, it was observed that the levels of miR-16 were notably lower in glioma as
compared to various neurological disorders (VND) included in the research (p-value = 0.02).
In another study, mir-15b and mir-21 levels were higher in glioma than VND (p-value < 0.01),
and a detailed level-change comparison of these miRs in three groups was performed, as
mentioned in Table 1 [22].

3.2. CSF

Two studies investigated CSF samples. The microRNA miR-15b was higher in glioma
compared to PCNSL and both were higher than controls, which also correlates with its
amount in plasma (p-value < 0.05) [27]. A study by Drusco et al. explored five microRNAs:
miR-451, miR-125b, and miR-223 were higher in glioma compared to PCNSL and controls
(microRNA concentration = 11.75, 9.72, 13.24). The miR-711 level in PCNSL was lower
than controls, and GBM (microRNA concentration = 9.54). The miR-935 level decreased in
PCNSL, while it did not express in GBM [21].

4. Discussion

In this study, a systematic review of the literature was carried out to identify miRs that
have sufficient evidence of their role in differentiating between glioma and PCNSL. In total,
20 miRs were identified with distinct expression patterns in glioma (including GBM) and
PCNSL. Among the miRs of interest, 13 were found to be higher in PCNSL, while 3 were
higher in glioma, including GBM in one study. The control group demonstrated significant
level changes in 6 out of the 16 microRNAs, suggesting their potential role in discriminating
between these two tumors. Here, we provide an overview of these 6 miRs, their roles in
tumorigenesis, and associated well known pathways found in KEGG analysis (Figure 2), as
well as their potential for differentiating between glioma and PCNSL.

4.1. miR-21

The microRNA miR-21 is a well-known oncogenic miR that is over-expressed in
various types of tumors [26,28]. Its upregulation has also been reported in the cerebrospinal
fluid (CSF) of patients with primary central nervous system lymphoma (PCNSL) [9,26].
According to Baraniskin et al., miR-21, along with miR-19b and miR-92, can differentiate
PCNSL from other neurological disorders (headache, epilepsy, syncope, and stroke) with
a sensitivity of 97.4% [9]. Moreover, miR-21 is upregulated in GBM cases, suggesting its
potential as a diagnostic biomarker [29,30].

In a study by Baraniskin et al., CSF levels of miR-21 were found to be higher in
PCNSL cases than in GBM cases, and both were higher compared to the VND (non-
neoplastic neurological disorders) group. They also reported that miR-15 and miR-21
have a sensitivity of 90% and a specificity of 100% for differentiating GBM from PCNSL
cases [27]. Furthermore, the level of miR-21 in the serum of GBM and PCNSL patients
compared to healthy controls was found to be significant, suggesting its potential as a
serum biomarker for differentiating between PCNSL and GBM [19]. D’urso et al. also
used blood to differentiate glioma from PCNSL and reported results consistent with the
expression levels of miR-21 reported in other studies [22]. Later, Yang et al. confirmed these
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results in plasma with a larger sample size [20]. These studies suggest that comparing
miR-21 expression levels in cerebrospinal fluid (CSF) and blood may enable differentiation
between PCNSL and GBM, exhibiting a high discriminatory ability (AUC > 80%) with this
specific pattern (Figure 3).
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The microRNA miR-21 has been found to be upregulated in many normal tissues, where
it participates in maintaining tissue homeostasis and normal cellular functions. It regulates
the expression of target genes involved in various signaling pathways, such as those re-
lated to growth factor signaling, apoptosis, and inflammation. Additionally, miR-21 is also
known to be dysregulated in many cancers; miR-21 prevents apoptosis and regulates cellular
growth and differentiation [31–35]. It targets various genes and pathways, including the
tumor suppressor gene P53 [36], transforming growth factor-β (TGF-β) which can regulate
Smad7 [36,37], and mitochondrial apoptosis pathways [36]. Other apoptotic targets of miR-21
include the phosphate and tensin homologous (PTEN) protein [33,34,38–40], programmed
cell death gene 4 (PDCD4) [32,38,41], and tropomyosin 1 [36,42]. Chai et al. reported that
miR-21 regulates glioma proliferation and inhibits apoptosis through decreasing PTEN and
increasing PI3K/AKT [43] (Figure 4). The increase in miR-21 expression may cause the
inhibitors of matrix metalloproteinase (MMPs), such as RECK [38,44] and TIMP3 [34] to de-
crease, leading to elevated MMPs and an increased invasiveness of glioma tumor cells [45].
Li et al. suggest that miR-21 targets leucine-rich repeat interacting protein 1 (LRRFIP1),
which inhibits NF-κB signaling [46]. NF-κB plays a crucial role in various cancer-related
pathways, particularly in glioma and PCNSL, where it is prominently associated with
tumor growth and invasion. This pivotal role has positioned NF-κB as a promising thera-
peutic target in these malignancies [47,48]. Moreover, certain studies have reported that
the downregulation of miR-21 inhibits the epidermal growth factor receptor (EGFR) and
AKT pathways [34] (Figure 4). Kwak et al. reported that miR-21 is involved in Spry2
reduction in high-grade human glioma tissue, leading to the disruption of the Ras/MAPK
signaling negative feedback circuit mediated by Spry2 and responsible for glioma inva-
sion [49] (Figure 4). Previous reports have shown that WNT1 represses miR-21, indicating
its involvement in the WNT/β-catenin pathway [50,51]. This pathway is involved in the
proliferation and migration of glioma and hematologic malignancies [52,53]. Ables et al. re-
ported that inhibiting Btg2 via miR-21 may lead to increased microglia proliferation [40].
Btg2 is involved in cellular proliferation and controls proliferation by suppressing cyclin
D1 [54]. Luo et al. showed that miR-21 regulates β-catenin through the overexpression of
the Sox2 protein, leading to cellular invasion and migration [55,56].
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In their study, Masliantsev et al. [57] emphasized the critical role of the Hippo signaling
pathway in regulating proliferation and inhibiting apoptosis through its influence on
YAP/TAZ-TEAD (Figure 4). This highly conserved pathway controls multiple downstream
oncogenic proteins, posing challenges for targeted drug interventions. Therefore, the Hippo
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signaling pathway holds promise as an important therapeutic target. One of the most well-
known inhibitors of the Hippo pathway is a benzoporphyrin molecule called Verteporfin.
Our KEGG pathway analysis identified the Hippo signaling pathway as the primary target
for miR-21 (Figure 2A). Further investigations are needed to deepen our understanding of
this association and explore potential therapeutic avenues involving miR-21.

4.2. miR-15b

The microRNA miR-15b has been well studied in various human tumors [58]. How-
ever, its role in cancer remains controversial, as it has been reported to be upregulated
in certain cancers such as colorectal cancer [59], cervical cancer [60], and melanoma [61],
while being downregulated in gastric cancer [62] and hepatocellular cancer [63].

Several studies have suggested that miR-15b is an onco-suppressive microRNA, as
its downregulation is associated with the Karnofsky performance score and WHO glioma
grade [58,64,65]. Additionally, Baraniskin et al. found that miR-15b was downregulated
in cerebrospinal fluid samples of primary CNS lymphoma cases compared to the control
group, with an AUC of 0.85 [26].

Bcl2, an oncogenic and antiapoptotic molecule, has been identified as a target of miR-
15b [66–69]. The overexpression of miR-15b can arrest the cell cycle in G0/G1 phase or
promote apoptosis in glioma cells [65]. Similarly, the increase in cyclin D1 due to miR-15b
downregulation can improve cell proliferation [65,70], while cyclin D1 knockdown inhibits
the proliferation and invasion of glioma cells by inducing apoptosis [71]. In glioma tissue,
the concentration of Cripto-1 negatively correlates with miR-15b expression [72]. Cripto-1
is an oncogenic molecule that promotes the invasion of glioma cells and enhances the
expression levels of MMP2 and MMP9 [72]. NRP-2, a receptor for VEGF, is also a target
of miR-15b and mediates neuronal guidance, angiogenesis, and tumor progression [73–75].
The overexpression of miR-15b can inhibit angiogenesis via NRP-2 downregulation. Finally,
SALL-4, a zinc-finger transcription factor important in gliomagenesis, is targeted by miR-
15b, miR-195, and miR-103, which suppress glioma [64,76]. Xia et al. found that miR-15b
played an onco-suppressive role by arresting cancerous cells at the G1/G0 phase via
targeting the CCNE1 gene, which encodes cyclin E1, despite its upregulation in glioma [62].

Furthermore, KEGG pathway analysis of miR-15b revealed the involvement of other
well-known pathways associated with cancer. The AMP-activated protein kinase (AMPK)
pathway, a cellular energy sensor, has been identified as a significant target for miR-15b
(Figure 4). Previous reports have suggested that AMPK exerts regulatory effects on GBM
cell viability and lymphangiogenesis [77,78]. We found a significant association between
miR-15b and TGF-β, similar to previous studies. TGF-β is a strong tumor suppressor
in normal cells by increasing resistance to mitogen proliferative signals. Even in the
primary stages of malignancy, this has an apoptotic effect [79]. However, in the tumoral
environment, it plays a strong oncogenic role by inducing proliferation, angiogenesis,
invasion, and immunosuppression (Figure 4). Previous reports have considered TGF-β as
a therapeutic target [80]. Additionally, the FOXO pathway, known for its tumor suppressor
activity in both glioma [81] and non-Hodgkin lymphomas [82], and the WNT pathway,
associated with oncogenic activity [80], were identified as potential targets of miR-15b
(Figures 2B and 4).

Contrary to previous reports, there have been reports of miR-15b upregulation in
glioma [62,83] and especially in GBM cases [84,85]. Our review of the literature showed
that miR-15b concentration was higher in glioma than in PCNSL cases in both CSF [27] and
plasma samples [22] (Figure 3). High expression of miR-15b was a statistically significant
risk factor for poor survival in glioma patients [83]. The role of miR-15 in tumorigenesis
and its levels in different tumors are not yet fully understood, necessitating further research.
The variations in the reported findings may be attributed to differences in the methodologies
employed and could potentially be influenced by diverse tumor microenvironments as we
saw for TGF-β.
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4.3. miR-16

The microRNA miR-16 has been widely studied in cancer development, and it
is commonly downregulated in various solid tumors [86] including glioma cells [87].
D’urso et al. reported a significant decrease in the plasma concentration of miR-16 in
glioma compared with PCNSL and control cases. The downregulation of miR-16 is more
pronounced in glioma than in PCNSL [22] (Figure 3), and its suppression directly correlates
with the degree of malignancy [88].

Previous studies have indicated different roles for miR-16 in several cancers, such
as bladder cancer [89], pancreatic cancer [90], thyroid cancer [91], colorectal cancer [92],
and glioma. This study revealed that miR-16 targets the Hippo and P53 signaling path-
ways (Figure 2C); miR-16 is clustered with miR-15b at the 13q14 loci and targets different
oncogenic molecules, including BCL2, MCL1, CCND1, and WNT3A [93].

Apoptosis is affected by miR-16 through the Bax/Bcl2 pathway. Bcl2 is an oncogenic
and antiapoptotic mitochondrial protein involved in glioma development [66]. Thus, miR-
16 inhibits Bcl2 mRNA translation and facilitates apoptosis. Through this mechanism,
miR-16 overexpression inhibits U118 cell proliferation [87]. The upregulation of miR-16
inhibits the growth of hepatocellular cancer cells [92] and glioma cells [87] through the
PI3K/AKT/mTOR signaling pathway (Figure 4).

The level of miR-16 inversely correlates with NF-κB 1 protein expression, and miR-16
directly reduces the expression of the NF-κB 1 protein, inhibiting glioma cell invasion
through the NF-κB/MMP9 signaling pathway [88]. The expression of MMPs, especially
MMP2, and MMP9, is upregulated and correlated with progression, tumor aggressiveness,
and poor prognosis in glioma [94,95]. Dimerization of the NF-κB transcription factor at
the κB sequence in the MMP9 promoter initiates MMP9 transcription, thus upregulating
MMP9 protein expression [96].

4.4. miR-301a

The microRNA miR-301a is a well-known oncogene, which is upregulated in various
cancers and promotes metastasis and proliferation [97–99]. In osteosarcoma cells, miR-
301a may cause doxorubicin resistance by modulating the AMP-activated protein kinase
alpha-1 pathway [100]. In pancreatic cancer cells, miR-301a acts as an NF-κB activator [101].
In breast cancer, miR-301a promotes tumor cell metastasis by inactivating PTEN and acti-
vating the WNT/β-catenin (Figure 4) pathway [98]. In pancreatic cancer, miR-301a may act
as an oncogene by negatively regulating SAMD4 as its target [102], while in prostate cancer,
miR-301a may be involved in metastasis through AR/TGF-β1/Smad/MMP9 signaling
modulation [103]. In lung cancer, miR-301 has been reported to target MEOX2, while in
breast cancer, it targets COL2A1, PTEN, BBC3, and FOXF2 [104,105]. Figure 2D shows other
involved pathways of miR-301a such as PI3K/AKT. Previous reports have highlighted the
association of miR-301a with prognosis and its correlation with radiation resistance medi-
ated through the WNT pathway [24,57]. Lan et al. [24] reported that serum exosomes from
GBM patients can increase the proliferation and invasion of H4 cells in vitro. The serum
exosomal miR-301a level in glioma patients is significantly higher than that in patients with
PCNSL and healthy controls. However, the miR-301a level is higher in PCNSL patients
than in healthy controls (Figure 3). Nevertheless, considering the small sample size of
PCNSL patients (n = 7), more data may be necessary to confirm this observation [24].

4.5. miR-711

The expression level of miR-711 varies in different cancers, acting as an oncogene
in breast cancer and a tumor suppressor in cutaneous T-cell lymphoma and gastric can-
cer [106–109]. However, it is downregulated in prostate cancer [110]. While miR-711 is
downregulated in PCNSL cases compared to GBM cases with an 8.77 fold change (p < 0.001),
it is also downregulated in PCNSL cases compared to both glioma and normal cases [21].
To differentiate PCNSL and GBM cases, Drusco et al. [21] examined the levels of miR-451,
miR-711, and miR-935. The control group showed the lowest level of miR-451 and moderate
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levels of miR-711 and miR-935. The PCNSL cases demonstrated a low level of miR-451, a
lower level of miR-711, and an absence of miR-935. In contrast, the GBM cases revealed
moderate expression for miR-451 and miR-711 and a complete absence of miR-935 [21]
(Figure 3).

Target prediction analysis revealed several cellular target genes for miR-711 [110]. Ex-
amples of validated targets include SP1, CDK4, AKT, and IRS1, while examples of predicted
targets include skI, cyp2w1, CDK4, DNM2, ILK, ZNFR3, TXNIP, FADS1 VSIG2, CLCN5,
and ALDH9A1, which are all involved in cancer progression [110]. Sabirzhanov et al. found
that the inhibition of miR-711 increases DNA repair and reduces radiation-related apopto-
sis [109]. Other miR-711 pathways and targets of miR-711 are demonstrated in Figure 2E.
The RAS/MAPK signaling pathway (Figure 4) has emerged as the most prominent pathway
in our KEGG analysis, warranting further in-depth investigation in future studies.

4.6. miR-205

The microRNA miR-205 is a potential diagnostic biomarker in various cancers, with
its expression pattern and role varying according to different cancers [111]. In glioma [25],
breast cancer [112], esophageal cancer [113], prostate cancer [114], and osteosarcoma [115],
miR-205 concentration increases, leading to an inhibition of proliferation and invasion.
However, in bladder cancer [116], ovarian cancer [117], and endometrial cancer [118],
its concentration decreases, facilitating tumor initiation and proliferation. Overall, miR-
205 is downregulated in most glioma cases, and this suppression directly correlates with
glioma progression, malignancy, and inversely with the Karnofsky performance score
of patients [25,119,120]. The overexpression of miR-205 inhibits glioma cells’ invasive
behavior and improves apoptosis and cell-cycle arrest at the G1/G0 phase by targeting
vascular endothelial growth factor A (VEGF A) (Figures 2F and 4F) [119], which is the
most potent mediator of angiogenesis in glioma [121]. ERBB3 overexpression in GBM cells
is caused by promoter methylation or miR-205 downregulation as an onco-suppressor
(Figure 4) [122], resulting in a metabolic increase and PI3k/AKT/mTOR pathway hy-
peractivation [123] (Figure 2F). Ji et al. revealed YAP1 as a target of miR-205 in glioma
cells. YAP1 is part of the Hippo signaling pathway and plays a crucial role in cell pro-
liferation, invasion, epithelial–mesenchymal transition, metastasis, differentiation, and
survival [124] (Figure 2F). Although miR-205 is not studied in PCNSL as extensively as in
glioma, Yue et al. reported the downregulation of serum miR-205 in PCNSL compared to
healthy controls, with the miR-205 serum level in PCNSL cases being more pronounced
than in glioma cases [25].

5. Conclusions

In conclusion, this review highlights the potential of circulating miRs as diagnostic
biomarkers for differentiating glioma, including GBM, and PCNSL. Based on these findings,
a combination of six miRs with distinct expression patterns could represent a promising
approach to achieve accurate and timely diagnosis (Figure 3). Furthermore, exploring the
use of circulating miRs in blood and CSF as diagnostic markers could provide valuable
information for patient stratification and better clinical management. However, more
research is necessary to evaluate the diagnostic efficacy of these miRs and their ability
to predict patient prognosis. Additionally, validation studies in larger patient cohorts
and across different populations are needed to establish the clinical utility of these miRs
in routine clinical practice. Overall, the identification and validation of circulating miRs
as biomarkers for glioma and PCNSL could significantly improve patient outcomes and
quality of life through earlier diagnosis and appropriate intervention.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers15143628/s1, Table S1. Search string.
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