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Liquid biopsy strategies enable the noninvasive detection of changes in the levels
of circulating biomarkers in body fluid samples, providing an opportunity to
diagnose, dynamically monitor, and treat a range of diseases, including cancers.
Glioma is among the most common forms of intracranial malignancy, and
affected patients exhibit poor prognostic outcomes. As such, diagnosing and
treating this disease in its early stages is critical for optimal patient outcomes.
Exosomal circular RNAs (circRNAs) are involved in both the onset and
progression of glioma. Both the roles of exosomes and methods for their
detection have received much attention in recent years and the detection of
exosomal circRNAs by liquid biopsy has significant potential for monitoring
dynamic changes in glioma. The present review provides an overview of
the circulating liquid biopsy biomarkers associated with this cancer type
and the potential application of exosomal circRNAs as tools to guide the
diagnosis, treatment, and prognostic evaluation of glioma patients during
disease progression.
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Abbreviations: CircRNAs, Cicular RNAs; AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; CA125,
carcinoembryonic antigen 125; CA153:carcinoembryonic antigen 153; CA199, carcinoembryonic antigen
199; PSA, prostate-specific antigen; CTC, circulating tumor cell; ctDNA, circulating tumor DNA; ctRNA,
circulating tumor RNA; CNS, Central nervous system; EpCAM, Epithelial cell adhesion molecules; CD45,
cluster of differentiation 45; MVI, microvascular invasion; HCC, hepatocellular carcinoma; COPD, chronic
obstructive pulmonary disease; CT, computerized tomography; cfDNA, cell-free DNA; dPCR, Digital
Polymerase Chain Reaction; NGS, next-generation sequencing; PTMC, papillary thyroid microcarcinoma;
RBPs, RNA-binding proteins; MRI, Magnetic resonance imaging; BBB, blood-brain barrier; RIP, RNA
immunoprecipitation assay; GBM, Glioblastoma; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; DBD, DNA core binding domain; TMZ,

temozolomide; IPC, initiating parent cell.
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Introduction

Tumors are formed by proliferating malignant cells caused by a
range of oncogenic processes, including the accumulation of
mutations and the abnormal proliferation of stem cells or specific
tissues (1, 2). Changes in the expression of endogenous molecules or
the production of entirely new molecules can be used as biomarkers
of tumorigenesis (3). While histopathological biopsy remains the gold
standard for the diagnosis of most tumor types, the
inherent invasiveness of this approach limits its utility (4). While
several tumor biomarkers are routinely analyzed in biofluid
samples, including alpha-fetoprotein (AFP), carcinoembryonic
antigen (CEA), carcinoembryonic antigen 125 (CA125),
carcinoembryonic antigen 153 (CA153), glycoconjugate antigen 199
(CA199), and prostate-specific antigen (PSA), they are all subject to
somewhat limited sensitivity and specificity such that their utility for
early-stage tumor detection is limited (5-7). For example, while AFP
is often upregulated in cases of hepatocellular carcinoma (HCC), this
is not universally true (8, 9). Moreover, while CEA levels can be
elevated in breast, pancreatic, or colorectal cancer, they may also be
upregulated in nonmalignant diseases, including uremia, pulmonary
fibrosis, and Alzheimer’s disease (10, 11). Increasingly advanced
molecular detection techniques have led to the emergence of
circulating tumor cells (CTCs), circulating tumor DNA (ctDNA),
circulating tumor RNA (ctRNA), exosomes, and exosomal contents
as promising tumor-related biomarkers that can be readily detected
through the noninvasive sampling of biofluids - a process known as
liquid biopsy. These liquid biopsy strategies have the potential to be
more sensitive and specific than traditional oncogenic biomarkers,
offering insight into tumor development, diagnosis, and prognostic
evaluation (12-14).

Liquid biopsy approaches enable the noninvasive assessment
of tumor biomarkers in a range of biofluids including blood,
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saliva, cerebrospinal fluid (CSF), urine, bile, or breast milk (15-
17). Exosomes are small (diameters: 40-150 nm) lipid bilayer-
enclosed vesicles secreted by most cell types that contain a range of
cargo molecules including lipids, proteins, specific cytokines,
microRNAs (miRNAs), long non-coding RNAs (IncRNAs), and
circRNAs (18, 19). Several studies have demonstrated that
circRNAs can serve as important regulators of a diverse range of
tumor-related processes such as proliferation, invasion,
metastasis, stemness, and resistance to radiotherapy in part
owing to their unique closed-loop structure (20). Exosomes can
readily transport these stable circRNA molecules through
biofluids including blood and urine, delivering them to recipient
cells in which they can exert specific biological functions. As such,
exosomal circRNAs have emerged as promising biomarkers and
targets for therapeutic intervention for a range of tumor-related
liquid biopsy assays (21, 22) (Figure 1).

Tumors of the central nervous system (CNS) are relatively rare
but are associated with very high mortality rates (23). Gliomas
comprise 81% of all CNS tumor cases, and are the second deadliest
form of CNS disease (24, 25). Glioma cases are highly
heterogeneous and the selection of appropriate treatment is
highly dependent on pathological biopsy results, with most
patients facing a poor prognosis (26). High levels of circRNAs
have been detected in brain tissue where they have been found to
influence tumorigenesis through the regulation of processes
including inflammation, neuronal apoptosis, and angiogenesis
(27, 28). By transmitting biological information between cells
through exosome-mediated transmission, these circRNAs can
profoundly shape glioma onset and progression (29). Assessing
the onset, progression, therapeutic responsiveness, and prognosis of
glioma cases is critical to guiding clinical care, and liquid biopsy
analyses of exosomal circRNAs represent a promising approach to
this form of disease monitoring (29, 30).
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Liquid biopsy of tumors. (A) Body fluids used for liquid biopsy. (B) Novel biomarkers for liquid biopsies
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The present review summarizes the clinical application of
exosomal circRNAs in the context of the early diagnosis,
treatment, and prognostic evaluation of glioma patients through
liquid biopsy-based approaches, with a particular focus on the
relevance of exosomal circRNAs to the dynamic monitoring of
disease progression with the goal of providing a robust foundation
for future efforts to improve patient prognostic outcomes and to
expand the clinical potential of liquid biopsy.

Clinical applications of liquid
biopsy strategies

The increased understanding of disease mechanisms together
with technological development have led to significant advances in
the diagnosis and treatment of a variety of diseases. Techniques
such as blood or CSF analysis, tissue biopsy, MRI, and other
imaging techniques have been widely used in clinical work.
Analysis of blood and CSF are most commonly used; however,
the tests tend to have poor specificity and often need to be
combined with other tests for comprehensive judgment. Although
more intuitive understanding of some diseases can be achieved
through MRI and other optical techniques, they can only reflect the
disease state at a specific stage. Tissue biopsy is the gold standard for
disease diagnosis. However, although tissue biopsy is an accurate
indicator of tumor diagnosis, it nevertheless has limitations. The use
of exosome based-liquid biopsy is gradually achieving recognition.
Liquid biopsies represent a convenient and minimally invasive
alternative to traditional tissue biopsy techniques, enabling
analyses of blood as well as other biofluids of interest such as the
CSF, urine, bile, breast milk, or saliva. Notably, these approaches
allow for the dynamic monitoring of tumors over the course of
disease progression (15, 31). Beyond traditional tumor biomarkers,
liquid biopsy approaches can also detect CTCs, ctDNA, ctRNA,
exosomes, and exosomal contents (32).

The application of liquid biopsy
techniques in cancer

The production of CTCs, ctDNA, ctRNA, exosomes, and
exosomal contents is highly heterogeneous over the course of
tumor development and progression. Accordingly, the most
appropriate methods for detecting these tumor-related
biomarkers and their clinical significance when detected can vary
substantially over the course of disease.

CTCs in liquid biopsy

Initially identified in blood samples as early as 1860 (33), CTCs
are small nucleated cells > 4 um in size or clusters of 2-50 nucleated
cells that express the epithelial protein EpCAM as well as the
cytokeratins 8, 18, and/or 19. These CTCs also do not express
cluster of differentiation 45 (CD45), which is an antigen specifically
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expressed by leukocytes, and there may be as many as several
hundred CTCs per milliliter of blood in some cancer patients (34,
35). CTC s a cellular derivative of primary tumor tissue, and cancer
cells enter body fluids from primary or metastatic solid tumors
through the associated vascular or lymphatic system during the
process of tumor metastasis (36, 37). Actual CTC counts in most
body fluids are low, and the CellSearch assay is often used to detect
these rare cells in diseases including breast, lung, liver, and
neuroendocrine cancers (35, 38-41). In HCC, high levels of
peripheral blood CTCs prior to treatment are closely related to
the risk of microvascular invasion (MVI), and these postoperative
CTC levels should be reduced. If they remain high (> 5), this can be
indicative of a higher risk of early HCC recurrence (42). In patients
with chronic obstructive pulmonary disease (COPD) at an elevated
risk of lung cancer, CTCs can be detected through epithelial tumor
cell size separation techniques up to 1-4 years before computed
tomography (CT) scans can detect these tumors (43). As such,
CTCs are highly sensitive tumor biomarkers.

CtDNA detection in liquid
biopsy samples

First described in 1940, ctDNA is DNA derived from tumor
cells that circulates systemically, comprising a small fraction of the
total cell-free DNA (cfDNA) (44). CtDNA is usually detected by
next-generation sequencing or digital PCR (35) and is often utilized
as a biomarker in liquid biopsy analyses aimed at diagnosing
tumors, selecting appropriate therapeutic targets, detecting small
residual tumors, or predicting the risk of disease recurrence (31, 45).
The specific application of ctDNA has been used to guide the
sensitive and specific detection of early-stage breast, colorectal,
liver, lung, gastric, pancreatic, and ovarian cancer (46). Following
surgical treatment, higher ctDNA levels in lung cancer patient
plasma or breast cancer patient urine have been linked to a
higher risk of recurrent disease, allowing for the detection of such
risk at an earlier time point than that enabled by more conventional
imaging strategies (47, 48).

CtRNA detection in liquid
biopsy samples

Any RNA derived from tumor cells, including messenger RNAs
(mRNAs), miRNAs, circRNAs, and IncRNAs, is classified as a form
of ctRNA when released into the systemic circulation. Reports of the
detection of circulating mRNA in tumor patients were first
published in the 1990s, and many more recent studies have
similarly documented high levels of circulating miRNAs in tumor
patient biofluids, with over 70 such miRNAs having been proposed
as candidate HCC-related biomarkers (49). Higher levels of miR-
10b and miR-21 in the CSF of glioblastoma patients with brain
metastases have been described (50). LncRNAs are noncoding
RNAs > 200 bp long that can be dysregulated in a manner

conducive to tumor onset, progression, and metastasis.
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Accordingly, clinical efforts have recently focused on the successful
diagnostic application of circulating IncRNAs in cancer (51). For
example, higher plasma levels of the IncRNA CASCI11 in early
bladder cancer patients have been reported and found to coincide
with plasma miR-150 downregulation (52). Additionally, circRNAs
are highly stable single-stranded closed-loop RNAs that are highly
abundant and stable in tissues and biofluids where they influence
the progression of various diseases such as diabetes, neurological
diseases, and cancer (53). Elevated serum circRNA404686
expression can offer value as a diagnostic biomarker of papillary
thyroid microcarcinoma (PTMC) in women (54).

Liquid biopsy analyses of exosomes

Exosomes are small lipid bilayer-enclosed vesicles derived from
the endocytic pathway (55). They are present at high levels in most
biofluids wherein they can transmit cargoes including proteins,
circRNAs, miRNAs, and IncRNAs between cells (56). These
exosomes can shape tumor progression through the promotion of
angiogenic activity, the suppression of antitumor immunity, and the
acceleration of metastatic tumor growth (57, 58). Studies have
shown that the components of exosomes largely depend on their
initiating parent cells (IPCs), carrying or mimicking the
information of the parent cells. Thus, exosomes may represent
useful diagnostic tools for cancers. In addition, non-invasive liquid
biopsy for the detection of specific exosomes may be useful for both
diagnosis and prognosis prediction (59, 60). Elevated exosomal
levels are often detectable in liquid biopsy samples from cancer
patients, including patients with breast or pancreatic cancer (61,
62). Ultracentrifugation, ultrafiltration, or related techniques can be
used for the specific isolation of exosomes and other extracellular
vesicles from biofluids of interest, thereby permitting the further
interrogation of their cargo content (63, 64).

Exosomes are a type of extracellular vesicles (EVs) associated
with both normal and diseased cells and have multiple biological
functions. Exosome release is significantly increased in various
diseases, including cancer. Various drugs that inhibit the release
or uptake of pro-oncogenic exosomes in the tumor
microenvironment (TME) have been proposed as novel cancer
therapeutics (65, 66). The identification of different types of EVs
can play an important role in the liquid biopsy analysis of malignant
cancer. Hypoxic GM-derived (Glioblastoma cell, GM) exosomes
have been found to contain significantly elevated levels of the
monocarboxylate transporter 1 (MCT1) and its accessory protein
differentiation cluster 147 (CD147) that promote the growth,
metastasis, and invasion of GMs, as well as angiogenesis, in both
in vitro and in vivo experimental models (67, 68). The levels of
CD44 and CD133 were shown to be elevated in exosomes in anoxic
environments, promoting glioma migration and lumen formation
by endothelial cells.

Western blotting (WB), nanoparticle tracking analysis (NTA),
dynamic light scattering analysis (DLSA), zeta potential analysis
(ZPA), tunable resistive pulse sensing (TRPS), size exclusion
chromatography (SEC), and other techniques can be used for the
detection and characterization of EVs (69, 70). NTA and atomic
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force microscopy (AFM) can distinguish the size and concentration
of exosomes and multivesicular vesicles (MVs, another type of
extracellular vesicle). In addition, a localized surface plasmon
resonance (LSPR) biosensor with self-assembly gold nanoislands
(SAM-AuNIs) can be used to detect and distinguish EV's from MVs
isolated from A-549 cells (67). Another LSPR method utilizes the
self-assembly of a silver nanoparticle-decorated gold nano-island
(Ag@AuNI) sensor chip to provide site-specific conjunction of
biotinylated antibodies for the detection of exosomal surface
biomarkers, and has high sensitivity and selectivity in the label-
free sensing of exosomal biomarkers (71). Because exosomes
originate from IPCs, it is particularly important to specifically
identify their tissue of origin. Both LSPR and AFM have high
sensitivity and specificity, and can detect and quantify raised levels
of CD44 and CD133 in immunocaptured glioma-derived exosomes
in the blood and CSF of animal models (72). In addition,
biotinylated antibody-functionalized titanium nitride (BAF-TiN)
and titanium dioxide (TiO2)-related LSPR can quantitatively detect
exosomes isolated from human glioma cells, recognizing the
exosomal marker membrane protein CD63, and BAF-TiN can
also recognize glioma-specific variants of epidermal growth factor
receptor variant-III (68). BIGH3 in GM-derived exosomes
dynamically reflect the efficacy of TMZ (temozolomide) treatment
of glioma, while TiO2-related LSPR can track the level of BIGH3 to
monitor TMZ’s anti-cancer effect and prognosis after
treatment (73).

The surface zeta potential (ZP) of exosomes sustains their
stability, allowing the transfer of information between cells.
Exosomes are released into the TME, leading to protein-protein
and protein-lipid interactions and reducing the expenditure of
energy. ATP produced by mitochondria and lactate accumulation
may facilitate the entry of exosomes into cancer cells to promote
metastasis and contribute to the targeting of cancer cells to the TME
(74). Exosomes target the delivery of their cargoes by modifying
various surface ligands, such as proteins, peptides, or aptamers.
Therapeutic cargoes such as proteins, drugs, or small nucleic acids
such as miRNA can be loaded in two different ways, both in vivo
and in vitro. The source of the exosomes can affect the drug-loading
capacity (75). Exosomes can cross the blood-brain barrier (BBB) to
deliver drugs used for treating glioma. A microfluidic device (Exo-
Load) can be used to improve the loading efficiency of doxorubicin
(DOX) and paclitaxel (PTX) into glioma cell-derived exosomes, to
improve the drug delivery efficiency (76).

Liquid biopsy of exosomal circRNAs

High levels of circRNAs in serum exosomes were first reported
in RNA-Seq analyses conducted in 2015, and they have since
emerged as promising tumor-related biomarkers with the
potential to guide diagnostic or related efforts (77).
Mechanistically, circRNAs can exert diverse biological functions
through interactions with particular RNA-binding proteins (RBPs)
in a manner that enables the additional post-transcriptional or
translational regulation of specific targets (78-80). In addition,
circRNAs can function as molecular sponges capable of
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sequestering complementary miRNAs and preventing them from
pairing with the 3’-UTR regions of their target mRNAs to inhibit
translation, thus resulting in the indirect circRNA-mediated
upregulation of these mRNA targets (81, 82). There is also
evidence that some circRNAs can serve as templates encoding
specific peptides related to tumorigenesis or disease progression
(83). Tumor-related circRNA dysregulation has been confirmed
through both animal studies and analyses of the serum exosomal
circRNA profiles of healthy individuals and cancer patients (77).
Exosomes are capable of delivering circRNAs to recipient cells, thus
potentially driving tumor proliferation, therapeutic resistance, or
metastatic progression (22). As such, liquid biopsy-based studies of
exosomal circRNAs offer great potential for the dynamic
monitoring of specific tumor-related biomarkers in glioma
patients and individuals with related diseases.

Liquid biopsy analyses of exosomal
circRNAs in glioma

Glioma

Glioma is the most common CNS tumor and is characterized by
rapid progression, aggressive growth, substantial heterogeneity,
resistance to treatment, and poor prognostic outcomes (24, 84-
86). The initial glioma diagnosis is generally guided by magnetic
resonance imaging (MRI), However, accurate MRI-mediated tumor
grading and analyses of tumor boundaries can be hampered by
limitations associated with BBB permeability and the dilution of the
contrast agent (87). The gold-standard approach to glioma
diagnosis necessitates pathological biopsy, but these biopsy results
have the potential to be inconclusive and may be contraindicated in
some patients (88, 89). Many different processes drive glioma
progression, and high levels of circRNA expression have been
observed in brain tissue where they can act by sequestering
specific miRNAs and thereby influencing tumor proliferative
activity, invasion, and therapeutic sensitivity (90, 91). Significantly
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increased circPTN expression has been reported in glioma tissue
and cell lines compared to healthy astrocytes, and the ability of
circPTN to promote the proliferation of glioma cells by sequestering
miR-145-5p and miR-330-5p has been demonstrated through both
RNA immunoprecipitation and dual luciferase assays (92). The
Notch signaling pathway is a key regulator of oncogenic pathways
including cellular differentiation, apoptosis, and proliferation (93).
Notably, the significant upregulation of circNFIX has been observed
in glioma cells wherein it can regulate Notch1 by sequestering miR-
34a-5p, thus influencing Notch signaling activity (94). As circRNAs
are stably present in exosomes which are capable of readily crossing
the BBB, they represent important intercellular communication
targets that can serve as effective diagnostic, prognostic, or
therapeutic biomarkers for the liquid biopsy-based evaluation
of glioma patients (95). Exosomal circRNAs are present in the
TME where they may play a vital role in the promotion of
tumor progression. Exosomal circRNAs also play an important
role in the development of glioma, including proliferation,
immunosuppression, angiogenesis, invasion, migration, and
therapeutic resistance. Recent studies have shown that exosome-
associated circRNAs such as circ_104948, circ_0001445, circHIPK3,
circWDR62, circMMP1, circ_0012381 play roles in the glioma
proliferation process through miRNAs (30, 96-100). CircNEIL3
promotes glioma progression and exosome-mediated macrophage
immunosuppressive polarization via stabilizing IGF2BP3 (101).
Exosomal circKIF18A promotes angiogenesis by targeting FOXC2
in glioblastoma (GBM) (102). Macrophage-derived exosomes
circBTG2 overexpression inhibited proliferation and invasion of
glioma cells, circMMP1, and circSMARCA5 (circ_0001445) also
play roles in the process of invasion and migration (30, 98, 103,
104). Low-dose radiation-induced exosomal circ-METRN plays an
oncogenic role in glioblastoma progression and radioresistance
through miR-4709-3p/GRB14 pathway; circ_0072083,
circWDR62, circ_0042003, circNFIX, circHIPK3, circGLIS3 can
resist TMZ in the treatment of glioma (96, 97, 105-109). Figure 2
shows the roles by which exosomal circRNAs may be involved in
the development of glioma.

aﬂw
o circNEIL3

exosomal circRNAs

g,
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g7 circMMP1
circSMARCA5

The role of exosomal circRNAs in the development of glioma. Exosomal circRNAs affect the progression of glioma by regulating its proliferation,

invasion, migration, angiogenesis, and therapeutic resistance (30, 96-109).
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Exosomal circRNAs as diagnostic
biomarkers for glioma patient liquid biopsy
analyses

GBM is the most aggressive glioma subtype and accounts for
roughly half of all cases. GBM patients exhibit lower levels of
exosomal circSMARCA5 and circHIPK3 in their plasma samples,
and researchers have reported improvements in GBM diagnostic
accuracy when assessing these two exosomal circRNA biomarkers
in combination with three traditional prognostic and diagnostic
biomarkers associated with this tumor type including the
preoperative neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio
(LMR) (29, 110). GBM patients also reportedly exhibit
significantly elevated plasma exosomal circ_0055202,
circ_0074920, and circ_0043722 levels, and inhibiting the
expression of these three circRNAs in the U87 cell line
significantly impaired their proliferative activity, suggesting that
this may be a viable biomarker for the detection of GBM (111).
High levels of serum exosomal circMMP1 (circ_0024108) have been
reported in glioma where it can promote glioma cell proliferative
and migratory activity while inhibiting apoptotic cell death (30).
High levels of circFBXW?7 expression are evident in healthy brain
tissue where it encodes the FBXW7-185aa protein. However, the
upregulation of FBXW7-185aa in tumor cells can suppress
proliferation, and as a result, GBM tissues have been shown to
have lower levels of circFBXW7 and FBXW?7-185aa expression
relative to adjacent tissues. A positive correlation between
circFBXW7 expression and overall survival has been reported in
GBM patients, with corresponding circFBXW7 downregulation in
glioma tissues (112, 113). In addition, the downregulation of
CDRlas has been observed in glioma wherein it has been shown
to bind the DNA-binding domain of the p53 tumor suppressor
protein, thus inhibiting the ubiquitination and degradation of p53.
Accordingly, inactivating CDRlas can promote gliomagenesis
(114, 115).

Exosomal circRNAs as therapeutic markers
for glioma patient liquid biopsy analyses

CircMMP1 can promote the proliferation of tumor cells while
inhibiting apoptosis, and high levels of exosomal circMMP1 are
evident in the glioma where it promotes oncogenesis via the
circMMP1/miR-433/HMGB3 axis, indicating that this pathway
may be amenable to patient treatment (30). In glioma patients
undergoing radiotherapy, exosomal circATP8B4 can sequester
miR-766 and contribute to radioresistance (116). The expression
of circHIPK3 is increased in glioma cells and tissues where it
promotes miR-124 sequestration-mediated enhancement of
CCND2 expression, ultimately driving increased proliferation and
invasion. Exosomal circHIPK3 can promote the proliferation of
tumor cells and resistance to TMZ treatment through the miR-421/
ZIC5 pathway (97, 117). TMZ-resistant glioma patients also exhibit
higher levels of exosomal circNFIX, which can promote oncogenic
progression. The upregulation of circNFIX reduces glioma cell
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sensitivity to TMZ as a consequence of miR-132 downregulation
(107). The upregulation of circ_0042003 in exosomes derived from
the TMZ-resistant U251 cell line can be positively regulated by
acetyl heparinase, which influences glioma cell TMZ resistance and
can be knocked down to sensitize U251 cells to this drug (109).
Higher levels of circ_0072083 in TMZ-resistant glioma tissues and
cells can regulate ALKBH5 via miR-1252-5p, thereby influencing
TMZ resistance. The Warburg effect can promote exosomal
circ_0072083 release from drug-resistant cells, and this circRNA
can, in turn, enhance the TMZ-resistant properties of sensitive
cells (106).

Exosomal circRNAs as a prognostic marker
for liquid biopsy of glioma

High serum exosomal circMMP1 (circ_0024108) levels have
been potentially linked to poor glioma patient prognosis (30). While
higher levels of exosomal circNFIX have been associated with
resistance to TMZ treatment, suggesting that analyses of this
circRNA can better guide the care and therapeutic monitoring of
affected patients (107, 118). The positive cell migration regulator
splicing factor 1 (SRSF1) is expressed at high levels in glioblastoma
cells, and it exhibits multiple binding sites for circSMARCA5.
Moreover, higher levels of splicing factor 3 (SRSF3) expression
are observed in glioma and it has been speculated to function as a
positive regulator of SRSF1-dependent glioma cell migratory
activity. Lower levels of exosomal circSMARCAS5 can inhibit the
migration of GBM cells through the regulation of the SRSF1/SRSF3/
PTB axis, indicating that it may function as a potent tumor
suppressor in this cancer type through the inhibition of SRSF1
function (103). In addition, the upregulation of circGLIS3 is evident
in high-grade glioma and exosomes can facilitate its secretion into
the glioma microenvironment, facilitating tumor invasivity,
angiogenic activity, and the phosphorylation of Ezrin (T567)
phosphorylation. Elevated levels of p-Ezrin (T567) are,
accordingly, associated with high-grade glioma and with a poor
patient prognosis (119) (Figure 3).

Conclusions and outlook

Given their noninvasive nature and amenability to convenient
sample collection and analysis, liquid biopsy-based testing strategies
have developed rapidly in recent years and are used in a range of
advanced clinical tests assessing particular biomarkers relevant to
specific disease states. Liquid biopsy strategies can be used for early
cancer screening and diagnosis, while also enabling the prediction
of therapeutic targets, therapeutic resistance, post-treatment follow-
up outcomes, and disease recurrence. Many recent studies have
explored the molecular basis for the pathogenesis of glioma,
spurring the increased application of liquid biopsy-based analyses
in this oncogenic context. Exosomal circRNAs have emerged as
particularly promising biomarkers in the context of liquid biopsy
analyses, offering higher levels of sensitivity and specificity
compared with more traditional biomarkers, thereby providing
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Roles of exosome circRNAs in liquid biopsy for glioma. By detecting exosomal circRNAs evaluating diagnosis, treatment, and prognosis of glioma

(29, 30, 97, 98, 103, 107, 109, 113-115, 117, 119).

clinicians with better guidance for the timely diagnosis, prognostic
assessment, and monitoring of treatment resistance in individuals
affected by glioma. At present, the methods for detecting exosomes
are increasing, together with improved specificity and credibility,
leading to potential for borad clinical application. Through the
discussion of the formation, action mechanism, clinical application
and detection means of exosomes, we have gained a deeper
understanding of the role of exosomes in disease. CircRNAs in
exosomes can play a role in both the physiological and pathological
state of the body, especially in tumors. The deepening
understanding of the roles of exosomal circRNAs in glioma has
led to the proposal of novel clinical applications. Exosomal circRNA
is a small molecule present in body fluids where it can be accurately
detected by liquid biopsy technology, allowing its precise analysis.

Liquid biopsy strategies are still subject to a range of challenges
and necessitate further validation before they can enter into routine
clinical use. For one, it is important that appropriate biofluids be
selected when conducting these analyses, and whether a given
biomarker is the most appropriate target in that biofluid sample
also warrants consideration. One must also consider whether the
source of a given biomarker detected in a particular biofluid is
unique to primary or metastatic tumor-derived sources or whether
it may also arise from other tissues or cell populations in the body.
Given the relatively low levels of particular molecular biomarkers in
samples of different body fluids, this can place substantial demands
on the volume of available body fluids, and highly sensitive assay
instruments must be capable of detecting even small changes in
these biomarker concentrations. As they are a relatively new type of
tumor marker, there also remain several barriers to the clinical
application of exosomal circRNAs, and new detection instruments

Frontiers in Immunology 07

with higher levels of sensitivity will be essential to facilitate their
routine detection. It is also important that the molecular basis of
glioma pathogenesis be better understood, so that exosomal
circRNAs can be more reliably applied to guide the diagnosis and
treatment of patients suffering from this devastating form of cancer.
We believe exosomal circRNAs can be used as liquid biopsies and
noninvasive biomarkers for the early detection, diagnosis, and
treatment of cancer and other diseases in the nearly future.

Author contributions

YL and HZ provided direction and guidance throughout
the preparation of this manuscript. XW wrote and edited the
manuscript. MS reviewed and made significant revisions to
the manuscript. All authors contributed to the article and
approved the submitted version.

Funding

This work was supported by the National Natural Science
Foundation of China Youth Fund (No0.81701271).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1039084
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wou et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Chaffer CL, Weinberg RA. How does multistep tumorigenesis really proceed?
Cancer Discov (2015) 5(1):22—-4. doi: 10.1158/2159-8290.CD-14-0788

2. Balani S, Nguyen LV, Eaves CJ. Modeling the process of human tumorigenesis.
Nat Commun (2017) 8:15422. doi: 10.1038/ncomms15422

3. Hristova VA, Chan DW. Cancer biomarker discovery and translation: proteomics
and beyond. Expert Rev Proteomics (2019) 16(2):93-103. doi: 10.1080/
14789450.2019.1559062

4. Casanova-Salas I, Athie A, Boutros PC, Del Re M, Miyamoto DT, Pienta KJ, et al.
Quantitative and qualitative analysis of blood-based liquid biopsies to inform clinical
decision-making in prostate cancer. Eur Urol (2021) 79(6):762-71. doi: 10.1016/
j.eururo.2020.12.037

5. Ge L, Pan B, Song F, Ma J, Zeraatkar D, Zhou J, et al. Comparing the diagnostic
accuracy of five common tumour biomarkers and CA19-9 for pancreatic cancer: a
protocol for a network meta-analysis of diagnostic test accuracy. BMJ Open (2017) 7
(12):e018175. doi: 10.1136/bmjopen-2017-018175

6. Chen T, Dai X, Dai J, Ding C, Zhang Z, Lin Z, et al. AFP promotes HCC
progression by suppressing the HuR-mediated Fas/FADD apoptotic pathway. Cell
Death Dis (2020) 11(10):822. doi: 10.1038/s41419-020-03030-7

7. Albertsen PC. Prostate cancer screening and treatment: where have we come
from and where are we going? BJU Int (2020) 126(2):218-24. doi: 10.1111/bju.15153

8. Luo P, Wu S, Yu Y, Ming X, Li S, Zuo X, et al. Current status and perspective
biomarkers in AFP negative HCC: Towards screening for and diagnosing
hepatocellular carcinoma at an earlier stage. Pathol Oncol Res (2020) 26(2):599-603.
doi: 10.1007/s12253-019-00585-5

9. Shinkai T, Masumoto K, Chiba F, Shirane K, Tanaka Y, Aiyoshi T, et al. Pediatric
ovarian immature teratoma: Histological grading and clinical characteristics. J Pediatr
Surg (2020) 55(4):707-10. doi: 10.1016/j.jpedsurg.2019.04.037

10. Hao C, Zhang G, Zhang L. Serum CEA levels in 49 different types of cancer and
noncancer diseases. Prog Mol Biol Transl Sci (2019) 162:213-27. doi: 10.1016/
bs.pmbts.2018.12.011

11. Duffy MJ. Serum tumor markers in breast cancer: are they of clinical value? Clin
Chem (2006) 52(3):345-51. doi: 10.1373/clinchem.2005.059832

12. Mohanty A, Mohanty SK, Rout S, Pani C. Liquid biopsy, the hype vs. hope in
molecular and clinical oncology. Semin Oncol (2021) 48(3):259-67. doi: 10.1053/
j.seminoncol.2021.06.002

13. Geeurickx E, Hendrix A. Targets, pitfalls and reference materials for liquid
biopsy tests in cancer diagnostics. Mol Aspects Med (2020) 72:100828. doi: 10.1016/
j-mam.2019.10.005

14. Yeo JC, Lim CT. Potential of circulating biomarkers in liquid biopsy diagnostics.
Biotechniques (2018) 65(4):187-9. doi: 10.2144/btn-2018-0093

15. Chen D, Xu T, Wang S, Chang H, Yu T, Zhu Y, et al. Liquid biopsy applications
in the clinic. Mol Diagn Ther (2020) 24(2):125-32. doi: 10.1007/s40291-019-00444-8

16. Mattox AK, Yan H, Bettegowda C. The potential of cerebrospinal fluid-based
liquid biopsy approaches in CNS tumors. Neuro Oncol (2019) 21(12):1509-18. doi:
10.1093/neuonc/noz156

17. Shen N, Zhang D, Yin L, Qiu Y, Liu J, Yu W, et al. Bile cell-free DNA as a novel
and powerful liquid biopsy for detecting somatic variants in biliary tract cancer. Oncol
Rep (2019) 42(2):549-60. doi: 10.3892/0r.2019.7177

18. Braicu C, Tomuleasa C, Monroig P, Cucuianu A, Berindan-Neagoe I, Calin GA.
Exosomes as divine messengers: are they the Hermes of modern molecular oncology?
Cell Death Differ (2015) 22(1):34-45. doi: 10.1038/cdd.2014.130

19. Zhang Y, Bi J, Huang J, Tang Y, Du S, Li P. Exosome: A review of its
classification, isolation techniques, storage, diagnostic and targeted therapy
applications. Int ] Nanomed (2020) 15:6917-34. doi: 10.2147/IJN.S264498

20. Rong Z, Xu J, Shi S, Tan Z, Meng Q, Hua J, et al. Circular RNA in pancreatic
cancer: a novel avenue for the roles of diagnosis and treatment. Theranostics (2021) 11
(6):2755-69. doi: 10.7150/thno.56174

21. Chen B, Huang S. Circular RNA: An emerging non-coding RNA as a regulator
and biomarker in cancer. Cancer Lett (2018) 418:41-50. doi: 10.1016/
j.canlet.2018.01.011

22. Wang Y, Liu J, Ma J, Sun T, Zhou Q, Wang W, et al. Exosomal circRNAs:
biogenesis, effect and application in human diseases. Mol Cancer (2019) 18(1):116. doi:
10.1186/s12943-019-1041-z

Frontiers in Immunology

10.3389/fimmu.2023.1039084

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

23. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin (2018) 68(6):394-424. doi: 10.3322/
caac.21492

24. Ostrom QT, Bauchet L, Davis FG, Deltour I, Fisher JL, Langer CE, et al. The
epidemiology of glioma in adults: a “state of the science” review. Neuro Oncol (2014) 16
(7):896-913. doi: 10.1093/neuonc/nou087

25. Bilmin K, Kujawska T, Grieb P. Sonodynamic therapy for gliomas. perspectives
and prospects of selective sonosensitization of glioma cells. Cells (2019) 8(11):1428. doi:
10.3390/cells8111428

26. Kaba SE, Kyritsis AP. Recognition and management of gliomas. Drugs (1997) 53
(2):235-44. doi: 10.2165/00003495-199753020-00004

27. Mehta SL, Dempsey R], Vemuganti R. Role of circular RNAs in brain
development and CNS diseases. Prog Neurobiol (2020) 186:101746. doi: 10.1016/
j.pneurobio.2020.101746

28. Xiong Z, Zhou C, Wang L, Zhu R, Zhong L, Wan D, et al. Circular RNA SMO
sponges miR-338-3p to promote the growth of glioma by enhancing the expression of
SMO. Aging (Albany NY) (2019) 11(24):12345-60. doi: 10.18632/aging.102576

29. Stella M, Falzone L, Caponnetto A, Gattuso G, Barbagallo C, Battaglia R, et al.
Serum extracellular vesicle-derived circHIPK3 and circSSMARCAS are two novel
diagnostic biomarkers for glioblastoma multiforme. Pharm (Basel) (2021) 14(7):618.
doi: 10.3390/ph14070618

30. Yin K, Liu X. CircMMP1 promotes the progression of glioma through miR-433/
HMGB3 axis in vitro and in vivo. IUBMB Life (2020) 72(11):2508-24. doi: 10.1002/
iub.2383

31. Kilgour E, Rothwell DG, Brady G, Dive C. Liquid biopsy-based biomarkers of
treatment response and resistance. Cancer Cell (2020) 37(4):485-95. doi: 10.1016/
j.ccell.2020.03.012

32. Vaidyanathan R, Soon RH, Zhang P, Jiang K, Lim CT. Cancer diagnosis: from
tumor to liquid biopsy and beyond. Lab Chip (2018) 19(1):11-34. doi: 10.1039/
C8LC00684A

33. Ashworth T. A case of cancer in which cells similar to those in the tumours were
seen in the blood after death. Aust Med ] (1869) 14:146.

34. van de Stolpe A, Pantel K, Sleijfer S, Terstappen LW, den Toonder JM.
Circulating tumor cell isolation and diagnostics: toward routine clinical use. Cancer
Res (2011) 71(18):5955-60. doi: 10.1158/0008-5472.CAN-11-1254

35. Ye Q, Ling S, Zheng S, Xu X. Liquid biopsy in hepatocellular carcinoma:
circulating tumor cells and circulating tumor DNA. Mol Cancer (2019) 18(1):114. doi:
10.1186/512943-019-1043-x

36. Di Meo A, Bartlett ], Cheng Y, Pasic MD, Yousef GM. Liquid biopsy: a step
forward towards precision medicine in urologic malignancies. Mol Cancer (2017) 16
(1):80. doi: 10.1186/s12943-017-0644-5

37. Lianidou ES, Strati A, Markou A. Circulating tumor cells as promising novel
biomarkers in solid cancers. Crit Rev Clin Lab Sci (2014) 51(3):160-71. doi: 10.3109/
10408363.2014.896316

38. Sheng Y, Wang T, Li H, Zhang Z, Chen J, He C, et al. Comparison of analytic
performances of cellsearch and iFISH approach in detecting circulating tumor cells.
Oncotarget (2017) 8(5):8801-6. doi: 10.18632/oncotarget.6688

39. Zhou J, Ma X, Bi F, Liu M. Clinical significance of circulating tumor cells in
gastric cancer patients. Oncotarget (2017) 8(15):25713-20. doi: 10.18632/
oncotarget.14879

40. Truini A, Alama A, Dal Bello MG, Coco S, Vanni I, Rijavec E, et al. Clinical
applications of circulating tumor cells in lung cancer patients by CellSearch system.
Front Oncol (2014) 4:242. doi: 10.3389/fonc.2014.00242

41. Mandair D, Vesely C, Ensell L, Lowe H, Spanswick V, Hartley JA, et al. A
comparison of CellCollector with CellSearch in patients with neuroendocrine tumours.
Endocr Relat Cancer (2016) 23(10):L29-32. doi: 10.1530/ERC-16-0201

42. ZhouJ, Zhang Z, Zhou H, Leng C, Hou B, Zhou C, et al. Preoperative circulating
tumor cells to predict microvascular invasion and dynamical detection indicate the
prognosis of hepatocellular carcinoma. BMC Cancer (2020) 20(1):1047. doi: 10.1186/
512885-020-07488-8

43. Leroy S, Benzaquen ], Mazzetta A, Marchand-Adam S, Padovani B, Israel-Biet
D, et al. Circulating tumour cells as a potential screening tool for lung cancer (the AIR

frontiersin.org


https://doi.org/10.1158/2159-8290.CD-14-0788
https://doi.org/10.1038/ncomms15422
https://doi.org/10.1080/14789450.2019.1559062
https://doi.org/10.1080/14789450.2019.1559062
https://doi.org/10.1016/j.eururo.2020.12.037
https://doi.org/10.1016/j.eururo.2020.12.037
https://doi.org/10.1136/bmjopen-2017-018175
https://doi.org/10.1038/s41419-020-03030-7
https://doi.org/10.1111/bju.15153
https://doi.org/10.1007/s12253-019-00585-5
https://doi.org/10.1016/j.jpedsurg.2019.04.037
https://doi.org/10.1016/bs.pmbts.2018.12.011
https://doi.org/10.1016/bs.pmbts.2018.12.011
https://doi.org/10.1373/clinchem.2005.059832
https://doi.org/10.1053/j.seminoncol.2021.06.002
https://doi.org/10.1053/j.seminoncol.2021.06.002
https://doi.org/10.1016/j.mam.2019.10.005
https://doi.org/10.1016/j.mam.2019.10.005
https://doi.org/10.2144/btn-2018-0093
https://doi.org/10.1007/s40291-019-00444-8
https://doi.org/10.1093/neuonc/noz156
https://doi.org/10.3892/or.2019.7177
https://doi.org/10.1038/cdd.2014.130
https://doi.org/10.2147/IJN.S264498
https://doi.org/10.7150/thno.56174
https://doi.org/10.1016/j.canlet.2018.01.011
https://doi.org/10.1016/j.canlet.2018.01.011
https://doi.org/10.1186/s12943-019-1041-z
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1093/neuonc/nou087
https://doi.org/10.3390/cells8111428
https://doi.org/10.2165/00003495-199753020-00004
https://doi.org/10.1016/j.pneurobio.2020.101746
https://doi.org/10.1016/j.pneurobio.2020.101746
https://doi.org/10.18632/aging.102576
https://doi.org/10.3390/ph14070618
https://doi.org/10.1002/iub.2383
https://doi.org/10.1002/iub.2383
https://doi.org/10.1016/j.ccell.2020.03.012
https://doi.org/10.1016/j.ccell.2020.03.012
https://doi.org/10.1039/C8LC00684A
https://doi.org/10.1039/C8LC00684A
https://doi.org/10.1158/0008-5472.CAN-11-1254
https://doi.org/10.1186/s12943-019-1043-x
https://doi.org/10.1186/s12943-017-0644-5
https://doi.org/10.3109/10408363.2014.896316
https://doi.org/10.3109/10408363.2014.896316
https://doi.org/10.18632/oncotarget.6688
https://doi.org/10.18632/oncotarget.14879
https://doi.org/10.18632/oncotarget.14879
https://doi.org/10.3389/fonc.2014.00242
https://doi.org/10.1530/ERC-16-0201
https://doi.org/10.1186/s12885-020-07488-8
https://doi.org/10.1186/s12885-020-07488-8
https://doi.org/10.3389/fimmu.2023.1039084
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wu et al.

study): protocol of a prospective multicentre cohort study in France. BMJ Open (2017)
7(12):e018884. doi: 10.1136/bmjopen-2017-018884

44. Mandel P. Les Acides nucleiques du plasma sanguin chez 1 homme. CR Seances
Soc Biol Fil (1948) 142:241-3.

45. Papadopoulos N. Pathophysiology of ctDNA release into the circulation and its
characteristics: What is important for clinical applications. Recent Results Cancer Res
(2020) 215:163-80. doi: 10.1007/978-3-030-26439-0_9

46. Campos-Carrillo A, Weitzel JN, Sahoo P, Rockne R, Mokhnatkin JV, Murtaza
M, et al. Circulating tumor DNA as an early cancer detection tool. Pharmacol Ther
(2020) 207:107458. doi: 10.1016/j.pharmthera.2019.107458

47. Chaudhuri AA, Chabon JJ, Lovejoy AF, Newman AM, Stehr H, Azad TD, et al.
Early detection of molecular residual disease in localized lung cancer by circulating
tumor DNA profiling. Cancer Discov (2017) 7(12):1394-403. doi: 10.1158/2159-
8290.CD-17-0716

48. Guan G, Wang Y, Sun Q, Wang L, Xie F, Yan J, et al. Utility of urinary ctDNA to
monitoring minimal residual disease in early breast cancer patients. Cancer biomark
(2020) 28(1):111-9. doi: 10.3233/CBM-190523

49. Okajima W, Komatsu S, Ichikawa D, Miyamae M, Ohashi T, Imamura T, et al.
Liquid biopsy in patients with hepatocellular carcinoma: Circulating tumor cells and
cell-free nucleic acids. World ] Gastroenterol (2017) 23(31):5650-68. doi: 10.3748/
Wig.v23.i31.5650

50. Teplyuk NM, Mollenhauer B, Gabriely G, Giese A, Kim E, Smolsky M, et al.
MicroRNAs in cerebrospinal fluid identify glioblastoma and metastatic brain cancers
and reflect disease activity. Neuro Oncol (2012) 14(6):689-700. doi: 10.1093/neuonc/
nos074

51. Bhan A, Soleimani M, Mandal SS. Long noncoding RNA and cancer: A new
paradigm. Cancer Res (2017) 77(15):3965-81. doi: 10.1158/0008-5472.CAN-16-2634

52. Luo H, Xu C, Le W, Ge B, Wang T. IncRNA CASC11 promotes cancer cell
proliferation in bladder cancer through miRNA-150. J Cell Biochem (2019) 120
(8):13487-93. doi: 10.1002/jcb.28622

53. Yang Z, Xie L, Han L, Qu X, Yang Y, Zhang Y, et al. Circular RNAs: Regulators
of cancer-related signaling pathways and potential diagnostic biomarkers for human
cancers. Theranostics (2017) 7(12):3106-17. doi: 10.7150/thno.19016

54. Yang W, Bai C, Zhang L, Li Z, Tian Y, Yang Z, et al. Correlation between serum
circRNA and thyroid micropapillary carcinoma with cervical lymph node metastasis.
Med (Baltimore) (2020) 99(47):e23255. doi: 10.1097/MD.0000000000023255

55. Maia J, Caja S, Strano Moraes MC, Couto N, Costa-Silva B. Exosome-based cell-
cell communication in the tumor microenvironment. Front Cell Dev Biol (2018) 6:18.
doi: 10.3389/fcell.2018.00018

56. Kalluri R. The biology and function of exosomes in cancer. J Clin Invest (2016)
126(4):1208-15. doi: 10.1172/JCI81135

57. Huang XY, Huang ZL, Huang J, Xu B, Huang XY, Xu YH, et al. Exosomal
circRNA-100338 promotes hepatocellular carcinoma metastasis via enhancing
invasiveness and angiogenesis. J Exp Clin Cancer Res (2020) 39(1):20. doi: 10.1186/
513046-020-1529-9

58. Chen W, Quan Y, Fan S, Wang H, Liang ], Huang L, et al. Exosome-transmitted
circular RNA hsa_circ_0051443 suppresses hepatocellular carcinoma progression.
Cancer Lett (2020) 475:119-28. doi: 10.1016/j.canlet.2020.01.022

59. Thakur A, Liang L, Ghosh D, Cili A, Zhang K. Identification and functional
analysis of exosomal miR-16-5p, miR-6721-5p, and miR-486-5p associated with
immune infiltration for potential vitiligo theranostics. Clin Immunol Commun
(2022) 2:110-7. doi: 10.1016/j.clicom.2022.08.002

60. Thakur A, Mishra AP, Panda B, Sweta K, Majhi B. Detection of disease-specific
parent cells Via distinct population of nano-vesicles by machine learning. Curr Pharm
Des (2020) 26(32):3985-96. doi: 10.2174/1381612826666200422091753

61. Melo SA, Luecke LB, Kahlert C, Fernandez AF, Gammon ST, Kaye J, et al.
Glypican-1 identifies cancer exosomes and detects early pancreatic cancer. Nature
(2015) 523(7559):177-82. doi: 10.1038/nature14581

62. Melo SA, Sugimoto H, O’Connell JT, Kato N, Villanueva A, Vidal A, et al.
Cancer exosomes perform cell-independent microRNA biogenesis and promote
tumorigenesis. Cancer Cell (2014) 26(5):707-21. doi: 10.1016/j.ccell.2014.09.005

63. Lobb R], Becker M, Wen SW, Wong CS, Wiegmans AP, Leimgruber A, et al.
Optimized exosome isolation protocol for cell culture supernatant and human plasma. J
Extracell Vesicles (2015) 4:27031. doi: 10.3402/jev.v4.27031

64. Thery C, Amigorena S, Raposo G, Clayton A. Isolation and characterization of
exosomes from cell culture supernatants and biological fluids. Curr Protoc Cell Biol
(2006) Chapter 3:Unit 3.22. doi: 10.1002/0471143030.cb0322s30

65. Thakur A, Parra DC, Motallebnejad P, Brocchi M, Chen HJ. Exosomes: Small
vesicles with big roles in cancer, vaccine development, and therapeutics. Bioactive
Mater (2022) 10:281-94. doi: 10.1016/j.bioactmat.2021.08.029

66. Thakur A, Ke X, Chen YW, Motallebnejad P, Zhang K, Lian Q, et al. The mini
player with diverse functions: extracellular vesicles in cell biology, disease, and
therapeutics. Protein Cell (2022) 13(9):631-54. doi: 10.1007/s13238-021-00863-6

67. Thakur A, Qiu G, Siu-Pang N, Guan ], Yue ], Lee Y, et al. Direct detection of two
different tumor-derived extracellular vesicles by SAM-AuNIs LSPR biosensor.
Biosensors Bioelectronics (2017) 94:400-7. doi: 10.1016/j.bios.2017.03.036

Frontiers in Immunology

10.3389/fimmu.2023.1039084

68. Thakur A, Xu C, Li WK, Qiu G, He B, Ng S-P, et al. In vivo liquid biopsy for
glioblastoma malignancy by the AFM and LSPR based sensing of exosomal CD44 and
CD133 in a mouse model. Biosensors Bioelectronics (2021) 191:113476. doi: 10.1016/
j.bi0s.2021.113476

69. Thakur A, Qiu G, Ng S, Wu C-ML, Lee Y. Detection of membrane antigens of
extracellular vesicles by surface plasmon resonance. J Lab Precis Med (2017) 2:98. doi:
10.21037/jlpm.2017.12.08

70. Qu X, Leung TC, Ngai S-M, Tsai S-N, Thakur A, Li W-K, et al. Proteomic
analysis of circulating extracellular vesicles identifies potential biomarkers for lymph
node metastasis in oral tongue squamous cell carcinoma. Cells (2021) 10(9):2179. doi:
10.3390/cells10092179

71. Liu L, Thakur A, Li WK, Qiu G, Yang T, He B, et al. Site specific biotinylated
antibody functionalized ag@ AuNIs LSPR biosensor for the ultrasensitive detection of
exosomal MCT4, a glioblastoma progression biomarker. Chem Eng ] (2022)
446:137383. doi: 10.1016/j.cej.2022.137383

72. Qiu G, Thakur A, Xu C, Ng SP, Lee Y, Wu CML. Detection of glioma-derived
exosomes with the biotinylated antibody-functionalized titanium nitride plasmonic
biosensor. Adv Funct Mater (2019) 29(9):1806761. doi: 10.1002/adfm.201806761

73. Xu C, Thakur A, Li Z, Yang T, Zhao C, Li Y, et al. Determination of glioma cells’
malignancy and their response to TMZ via detecting exosomal BIGH3 by a TiO2-
CTFE-AuNIs plasmonic biosensor. Chem Eng J (2021) 415:128948. doi: 10.1016/
j.cej.2021.128948

74. Thakur A, Johnson A, Jacobs E, Zhang K, Chen ], Wei Z, et al. Energy sources
for exosome communication in a cancer microenvironment. Cancers (2022) 14
(7):1698. doi: 10.3390/cancers14071698

75. Gaurav I, Thakur A, Iyaswamy A, Wang X, Chen X, Yang Z. Factors affecting
extracellular vesicles based drug delivery systems. Molecules (2021) 26(6):1544. doi:
10.3390/molecules26061544

76. Thakur A, Sidu RK, Zou H, Alam MK, Yang M, Lee Y. Inhibition of glioma cells’
proliferation by doxorubicin-loaded exosomes via microfluidics. Int ] Nanomed (2020)
15:8331. doi: 10.2147/1JN.S263956

77. 1iY, Zheng Q, Bao C, Li S, Guo W, Zhao J, et al. Circular RNA is enriched and
stable in exosomes: a promising biomarker for cancer diagnosis. Cell Res (2015) 25
(8):981-4. doi: 10.1038/cr.2015.82

78. Conn SJ, Pillman KA, Toubia J, Conn VM, Salmanidis M, Phillips CA, et al. The
RNA binding protein quaking regulates formation of circRNAs. Cell (2015) 160
(6):1125-34. doi: 10.1016/j.cell.2015.02.014

79. Zhu Y], Zheng B, Luo GJ, Ma XK, Lu XY, Lin XM, et al. Circular RNAs
negatively regulate cancer stem cells by physically binding FMRP against CCAR1
complex in hepatocellular carcinoma. Theranostics (2019) 9(12):3526-40. doi: 10.7150/
thno.32796

80. Gupta SK, Garg A, Bir C, Chatterjee S, Foinquinos A, Milting H, et al. Quaking
inhibits doxorubicin-mediated cardiotoxicity through regulation of cardiac circular
RNA expression. Circ Res (2018) 122(2):246-54. doi: 10.1161/
CIRCRESAHA.117.311335

81. Wang R, Zhang S, Chen X, Li N, Li ], Jia R, et al. CircNT5E acts as a sponge of
miR-422a to promote glioblastoma tumorigenesis. Cancer Res (2018) 78(17):4812-25.
doi: 10.1158/0008-5472.CAN-18-0532

82. Yang Q, Du WW, Wu N, Yang W, Awan FM, Fang L, et al. A circular RNA
promotes tumorigenesis by inducing c-myc nuclear translocation. Cell Death Differ
(2017) 24(9):1609-20. doi: 10.1038/cdd.2017.86

83. Pan Z, Cai ], Lin ], Zhou H, Peng J, Liang J, et al. A novel protein encoded by
circFNDC3B inhibits tumor progression and EMT through regulating snail in colon
cancer. Mol Cancer (2020) 19(1):71. doi: 10.1186/s12943-020-01179-5

84. Mehta S, Lo Cascio C. Developmentally regulated signaling pathways in glioma
invasion. Cell Mol Life Sci (2018) 75(3):385-402. doi: 10.1007/s00018-017-2608-8

85. Xu X, Ban Y, Zhao Z, Pan Q, Zou J. MicroRNA-1298-3p inhibits proliferation
and invasion of glioma cells by downregulating nidogen-1. Aging (Albany NY) (2020)
12(9):7761-73. doi: 10.18632/aging.103087

86. Phillips RE, Soshnev AA, Allis CD. Epigenomic reprogramming as a driver of
malignant glioma. Cancer Cell (2020) 38(5):647-60. doi: 10.1016/j.ccell.2020.08.008

87. Tsiouris S, Bougias C, Fotopoulos A. Principles and current trends in the
correlative evaluation of glioma with advanced MRI techniques and PET. Hell ] Nucl
Med (2019) 22(3):206-19.

88. Jiang B, Chaichana K, Veeravagu A, Chang SD, Black KL, Patil CG. Biopsy
versus resection for the management of low-grade gliomas. Cochrane Database Syst Rev
(2017) 4(4):Cd009319. doi: 10.1002/14651858.CD009319.pub3

89. Gupta N, Goumnerova LC, Manley P, Chi SN, Neuberg D, Puligandla M, et al.
Prospective feasibility and safety assessment of surgical biopsy for patients with newly
diagnosed diffuse intrinsic pontine glioma. Neuro Oncol (2018) 20(11):1547-55. doi:
10.1093/neuonc/noy070

90. SunJ, Li B, Shu C, Ma Q, Wang J. Functions and clinical significance of circular
RNAs in glioma. Mol Cancer (2020) 19(1):34. doi: 10.1186/s12943-019-1121-0

91. Rybak-Wolf A, Stottmeister C, Glazar P, Jens M, Pino N, Giusti S, et al. Circular
RNAs in the mammalian brain are highly abundant, conserved, and dynamically
expressed. Mol Cell (2015) 58(5):870-85. doi: 10.1016/j.molcel.2015.03.027

frontiersin.org


https://doi.org/10.1136/bmjopen-2017-018884
https://doi.org/10.1007/978-3-030-26439-0_9
https://doi.org/10.1016/j.pharmthera.2019.107458
https://doi.org/10.1158/2159-8290.CD-17-0716
https://doi.org/10.1158/2159-8290.CD-17-0716
https://doi.org/10.3233/CBM-190523
https://doi.org/10.3748/wjg.v23.i31.5650
https://doi.org/10.3748/wjg.v23.i31.5650
https://doi.org/10.1093/neuonc/nos074
https://doi.org/10.1093/neuonc/nos074
https://doi.org/10.1158/0008-5472.CAN-16-2634
https://doi.org/10.1002/jcb.28622
https://doi.org/10.7150/thno.19016
https://doi.org/10.1097/MD.0000000000023255
https://doi.org/10.3389/fcell.2018.00018
https://doi.org/10.1172/JCI81135
https://doi.org/10.1186/s13046-020-1529-9
https://doi.org/10.1186/s13046-020-1529-9
https://doi.org/10.1016/j.canlet.2020.01.022
https://doi.org/10.1016/j.clicom.2022.08.002
https://doi.org/10.2174/1381612826666200422091753
https://doi.org/10.1038/nature14581
https://doi.org/10.1016/j.ccell.2014.09.005
https://doi.org/10.3402/jev.v4.27031
https://doi.org/10.1002/0471143030.cb0322s30
https://doi.org/10.1016/j.bioactmat.2021.08.029
https://doi.org/10.1007/s13238-021-00863-6
https://doi.org/10.1016/j.bios.2017.03.036
https://doi.org/10.1016/j.bios.2021.113476
https://doi.org/10.1016/j.bios.2021.113476
https://doi.org/10.21037/jlpm.2017.12.08
https://doi.org/10.3390/cells10092179
https://doi.org/10.1016/j.cej.2022.137383
https://doi.org/10.1002/adfm.201806761
https://doi.org/10.1016/j.cej.2021.128948
https://doi.org/10.1016/j.cej.2021.128948
https://doi.org/10.3390/cancers14071698
https://doi.org/10.3390/molecules26061544
https://doi.org/10.2147/IJN.S263956
https://doi.org/10.1038/cr.2015.82
https://doi.org/10.1016/j.cell.2015.02.014
https://doi.org/10.7150/thno.32796
https://doi.org/10.7150/thno.32796
https://doi.org/10.1161/CIRCRESAHA.117.311335
https://doi.org/10.1161/CIRCRESAHA.117.311335
https://doi.org/10.1158/0008-5472.CAN-18-0532
https://doi.org/10.1038/cdd.2017.86
https://doi.org/10.1186/s12943-020-01179-5
https://doi.org/10.1007/s00018-017-2608-8
https://doi.org/10.18632/aging.103087
https://doi.org/10.1016/j.ccell.2020.08.008
https://doi.org/10.1002/14651858.CD009319.pub3
https://doi.org/10.1093/neuonc/noy070
https://doi.org/10.1186/s12943-019-1121-0
https://doi.org/10.1016/j.molcel.2015.03.027
https://doi.org/10.3389/fimmu.2023.1039084
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wu et al.

92. Chen]J,ChenT, ZhuY, LiY, Zhang Y, Wang Y, et al. circPTN sponges miR-145-
5p/miR-330-5p to promote proliferation and stemness in glioma. J Exp Clin Cancer Res
(2019) 38(1):398. doi: 10.1186/s13046-019-1376-8

93. Androutsellis-Theotokis A, Leker RR, Soldner F, Hoeppner DJ, Ravin R, Poser
SW, et al. Notch signalling regulates stem cell numbers in vitro and in vivo. Nature
(2006) 442(7104):823-6. doi: 10.1038/nature04940

94. Xu H, Zhang Y, Qi L, Ding L, Jiang H, Yu H. NFIX circular RNA promotes
glioma progression by regulating miR-34a-5p via notch signaling pathway. Front Mol
Neurosci (2018) 11:225. doi: 10.3389/fnmol.2018.00225

95. Cheng J, Meng J, Zhu L, Peng Y. Exosomal noncoding RNAs in glioma:
biological functions and potential clinical applications. Mol Cancer (2020) 19(1):66.
doi: 10.1186/s12943-020-01189-3

96. Geng X, Zhang Y, Lin X, Zeng Z, Hu ], Hao L, et al. Exosomal circWDR62
promotes temozolomide resistance and malignant progression through regulation of
the miR-370-3p/MGMT axis in glioma. Cell Death Dis (2022) 13(7):596. doi: 10.1038/
541419-022-05056-5

97. Han C, Wang S, Wang H, Zhang J. Exosomal circ-HIPK3 facilitates tumor
progression and temozolomide resistance by regulating miR-421/ZIC5 axis in glioma.
Cancer Biother Radiopharm (2021) 36(7):537-48. doi: 10.1089/cbr.2019.3492

98. Han Y, Liu Y, Zhang B, Yin G. Exosomal circRNA 0001445 promotes glioma
progression through miRNA-127-5p/SNX5 pathway. Aging (Albany NY) (2021) 13
(9):13287. doi: 10.18632/aging.203013

99. Zhang C, Zhou Y, Gao Y, Zhu Z, Zeng X, Liang W, et al. Radiated glioblastoma
cell-derived exosomal circ_0012381 induce M2 polarization of microglia to promote
the growth of glioblastoma by CCL2/CCR2 axis. ] Trans! Med (2022) 20(1):388. doi:
10.1186/512967-022-03607-0

100. Zhang S, Guan N, Mao X, Cui J, Sui X, Guo W. Exosomal circRNA_104948
enhances the progression of glioma by regulating miR-29b-3p and DNMT3B/MTSS1
signaling. J Environ Pathol Toxicol Oncol (2022) 41(2):47-59. doi: 10.1615/
JEnvironPatholToxicolOncol.2021039775

101. Pan Z, Zhao R, Li B, Qi Y, Qiu W, Guo Q, et al. EWSR1-induced circNEIL3
promotes glioma progression and exosome-mediated macrophage immunosuppressive
polarization via stabilizing IGF2BP3. Mol Cancer (2022) 21(1):16. doi: 10.1186/s12943-
021-01485-6

102. Jiang Y, Zhao J, Xu J, Zhang H, Zhou J, Li H, et al. Glioblastoma-associated
microglia-derived exosomal circKIF18A promotes angiogenesis by targeting FOXC2.
Oncogene (2022) 41(26):3461-73. doi: 10.1038/s41388-022-02360-4

103. Barbagallo D, Caponnetto A, Cirnigliaro M, Brex D, Barbagallo C, D’Angeli F,
et al. CircSMARCAS inhibits migration of glioblastoma multiforme cells by regulating
a molecular axis involving splicing factors SRSF1/SRSF3/PTB. Int ] Mol Sci (2018) 19
(2):480. doi: 10.3390/ijms19020480

104. Shi L, Cao Y, Yuan W, Guo J, Sun G. Exosomal circRNA BTG2 derived from
RBP-J overexpressed-macrophages inhibits glioma progression via miR-25-3p/PTEN.
Cell Death Dis (2022) 13(5):506. doi: 10.1038/s41419-022-04908-4

105. Wang X, Cao Q, Shi Y, Wu X, Mi Y, Liu K, et al. Identification of low-dose
radiation-induced exosomal circ-METRN and miR-4709-3p/GRB14/PDGFRo

Frontiers in Immunology

10

10.3389/fimmu.2023.1039084

pathway as a key regulatory mechanism in glioblastoma progression and
radioresistance: Functional validation and clinical theranostic significance. Int ] Biol
Sci (2021) 17(4):1061-78. doi: 10.7150/ijbs.57168

106. Ding C, Yi X, Chen X, Wu Z, You H, Chen X, et al. Warburg effect-promoted
exosomal circ_0072083 releasing up-regulates NANGO expression through multiple
pathways and enhances temozolomide resistance in glioma. J Exp Clin Cancer Res
(2021) 40(1):164. doi: 10.1186/s13046-021-01942-6

107. Ding C, Yi X, Wu X, Bu X, Wang D, Wu Z, et al. Exosome-mediated transfer of
circRNA CircNFIX enhances temozolomide resistance in glioma. Cancer Lett (2020)
479:1-12. doi: 10.1016/j.canlet.2020.03.002

108. Li G, Lan Q. Exosome-mediated transfer of circ-GLIS3 enhances
temozolomide resistance in glioma cells through the miR-548m/MED31 axis. Cancer
Biother Radiopharm (2021) 38(1):62-73. doi: 10.1089/cbr.2021.0299

109. Si J, Li W, Li X, Cao L, Chen Z, Jiang Z. Heparanase confers temozolomide
resistance by regulation of exosome secretion and circular RNA composition in glioma.
Cancer Sci (2021) 112(9):3491-506. doi: 10.1111/cas.14984

110. Lim M, Xia Y, Bettegowda C, Weller M. Current state of immunotherapy for
glioblastoma. Nat Rev Clin Oncol (2018) 15(7):422-42. doi: 10.1038/s41571-018-0003-5

111. Xia D, Gu X. Plasmatic exosome-derived circRNAs panel act as fingerprint for
glioblastoma. Aging (Albany NY) (2021) 13(15):19575-86. doi: 10.18632/aging.203368

112. Yang Y, Gao X, Zhang M, Yan S, Sun C, Xiao F, et al. Novel role of FBXW7
circular RNA in repressing glioma tumorigenesis. ] Natl Cancer Inst (2018) 110(3):304—
15. doi: 10.1093/jnci/djx166

113. Xu Y, Qiu A, Peng F, Tan X, Wang J, Gong X. Exosomal transfer of circular
RNA FBXW7 ameliorates the chemoresistance to oxaliplatin in colorectal cancer by
sponging miR-18b-5p. Neoplasma (2021) 68(1):108-18. doi: 10.4149/
neo_2020_200417N414

114. Lou J, Hao Y, Lin K, Lyu Y, Chen M, Wang H, et al. Circular RNA CDRlas
disrupts the p53/MDM2 complex to inhibit gliomagenesis. Mol Cancer (2020) 19
(1):138. doi: 10.1186/s12943-020-01253-y

115. SuY,LvX, Yin W, Zhou L, Hu Y, Zhou A, et al. CircRNA Cdrlas functions as a
competitive endogenous RNA to promote hepatocellular carcinoma progression. Aging
(Albany NY) (2019) 11(19):8183-203. doi: 10.18632/aging.102312

116. Zhao M, Xu J, Zhong S, Liu Y, Xiao H, Geng L, et al. Expression profiles and
potential functions of circular RNAs in extracellular vesicles isolated from
radioresistant glioma cells. Oncol Rep (2019) 41(3):1893-900. doi: 10.3892/
0r.2019.6972

117. Liu Z, Guo S, Sun H, Bai Y, Song Z, Liu X. Circular RNA CircHIPK3 elevates
CCND2 expression and promotes cell proliferation and invasion through miR-124 in
glioma. Front Genet (2020) 11:1013. doi: 10.3389/fgene.2020.01013

118. Friedman HS, Kerby T, Calvert H. Temozolomide and treatment of malignant
glioma. Clin Cancer Res (2000) 6(7):2585-97.

119. LiY, Chen J, Chen Z, Xu X, Weng J, Zhang Y, et al. CircGLIS3 promotes high-
grade glioma invasion via modulating ezrin phosphorylation. Front Cell Dev Biol
(2021) 9:663207. doi: 10.3389/fcell.2021.663207

frontiersin.org


https://doi.org/10.1186/s13046-019-1376-8
https://doi.org/10.1038/nature04940
https://doi.org/10.3389/fnmol.2018.00225
https://doi.org/10.1186/s12943-020-01189-3
https://doi.org/10.1038/s41419-022-05056-5
https://doi.org/10.1038/s41419-022-05056-5
https://doi.org/10.1089/cbr.2019.3492
https://doi.org/10.18632/aging.203013
https://doi.org/10.1186/s12967-022-03607-0
https://doi.org/10.1615/JEnvironPatholToxicolOncol.2021039775
https://doi.org/10.1615/JEnvironPatholToxicolOncol.2021039775
https://doi.org/10.1186/s12943-021-01485-6
https://doi.org/10.1186/s12943-021-01485-6
https://doi.org/10.1038/s41388-022-02360-4
https://doi.org/10.3390/ijms19020480
https://doi.org/10.1038/s41419-022-04908-4
https://doi.org/10.7150/ijbs.57168
https://doi.org/10.1186/s13046-021-01942-6
https://doi.org/10.1016/j.canlet.2020.03.002
https://doi.org/10.1089/cbr.2021.0299
https://doi.org/10.1111/cas.14984
https://doi.org/10.1038/s41571-018-0003-5
https://doi.org/10.18632/aging.203368
https://doi.org/10.1093/jnci/djx166
https://doi.org/10.4149/neo_2020_200417N414
https://doi.org/10.4149/neo_2020_200417N414
https://doi.org/10.1186/s12943-020-01253-y
https://doi.org/10.18632/aging.102312
https://doi.org/10.3892/or.2019.6972
https://doi.org/10.3892/or.2019.6972
https://doi.org/10.3389/fgene.2020.01013
https://doi.org/10.3389/fcell.2021.663207
https://doi.org/10.3389/fimmu.2023.1039084
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Exosomal circRNAs as promising liquid biopsy biomarkers for glioma
	Introduction
	Clinical applications of liquid biopsy strategies
	The application of liquid biopsy techniques in cancer
	CTCs in liquid biopsy
	CtDNA detection in liquid biopsy samples
	CtRNA detection in liquid biopsy samples
	Liquid biopsy analyses of exosomes
	Liquid biopsy of exosomal circRNAs
	Liquid biopsy analyses of exosomal circRNAs in glioma
	Glioma
	Exosomal circRNAs as diagnostic biomarkers for glioma patient liquid biopsy analyses
	Exosomal circRNAs as therapeutic markers for glioma patient liquid biopsy analyses
	Exosomal circRNAs as a prognostic marker for liquid biopsy of glioma

	Conclusions and outlook
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


