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Abstract
Gliomas are primary intracranial tumors with defined molecular markers available for precise diagnosis. The prognosis 
of glioma is bleak as there is an overlook of the dynamic crosstalk between tumor cells and components of the microen-
vironment. Herein, different phases of gliomagenesis are presented with reference to the role and involvement of secreted 
proteomic markers at various stages of tumor initiation and development. The secreted markers of inflammatory response, 
namely interleukin-6, tumor necrosis factor-α, interferon-ϒ, and kynurenine, proliferation markers human telomerase reverse 
transcriptase and microtubule-associated-protein-Tau, and stemness marker human-mobility-group-AThook-1 are involved 
in glial tumor initiation and growth. Further, hypoxia and angiogenic factors, heat-shock-protein-70, endothelial-growth-
factor-receptor-1 and vascular endothelial growth factor play a major role in promoting vascularization and tumor volume 
expansion. Eventually, molecules such as matrix-metalloprotease-7 and intercellular adhesion molecule-1 contribute to the 
degradation and remodeling of the extracellular matrix, ultimately leading to glioma progression. Our study delineates the 
roadmap to develop and evaluate a non-invasive panel of secreted biomarkers using liquid biopsy for precisely evaluating 
disease progression, to accomplish a clinical translation.
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Introduction

Glioma remains a dreaded brain malignancy marked by a 
short-life expectancy, increased invasiveness, and a high 
relapse rate. More than 100,000 cases of central nervous 
system (CNS) cancers are diagnosed each year worldwide, 
and gliomas represent 35–40% of all brain tumors [1]. The 
currently practiced multimodal-clinical protocol for treat-
ment entails surgical excision followed by adjuvant chemo-
therapy and/or radiotherapy [2]. Still, significant issues of 
treatment failure remain, namely, inaccessible location of 
the tumor [3], incomplete resection [4], and development of 

chemo-radio-resistance [5], apart from deferment of adju-
vant therapy by the patient in some cases. Achieving a total 
surgical resection is generally difficult as the glial tumor 
lacks precise edges thereby leading to high recurrence and 
mortality levels. In this backdrop, the median survival of 
glioma patients has remained mostly unchanged over the 
past decade; even in low-grade glioma, it is documented to 
lie between 5 to 10 years [6], while glioblastoma (GB) has a 
worse survival rate of just 12–15 months [7].

Current scenario of molecular diagnosis 
and prognosis

The molecular stratification of brain tumors released by 
the World Health Organization (WHO 2021) has become 
an integral part of clinical diagnosis, prognosis, and ther-
apy decision-making. The initial diagnosis of glioma is 
based on screening using imaging techniques followed 
by tissue biopsy [8]. However, computerized tomogra-
phy scans or magnetic resonance imaging cannot reliably 
differentiate non-neoplastic lesions, the extent of actual 
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tissue infiltration by the tumor, and glial tumor sub-types 
[9, 10]; hence tissue biopsy becomes unavoidable. In the 
last decade, the WHO classification of CNS tumors [11] 
laid down specific molecular markers to add value to 
histopathology and define the tumor entities. In accord-
ance, several studies validated tissue-based diagnostic 
markers, which are now used in the clinical setup. Isoci-
trate dehydrogenase-1/2 (IDH-1/2), alpha-thalassemia/
mental retardation X-linked gene (ATRX), epidermal 
growth factor receptor (EGFR), phosphatase and tensin 
homolog (PTEN), glial fibrillary acidic protein (GFAP), 
O-6-methylguanine-DNA methyltransferase (MGMT), 
BRAFV600E (B-Raf), human telomerase reverse tran-
scriptase (hTERT), tumor protein 53 (TP53), histone 
H3F3A have been validated as diagnostic makers in tis-
sue biopsies [12, 13]. Some of these tissue-based diag-
nostic markers have been studied for their expression in 
blood samples. Kiviniemi et al. reported high levels of 
serum GFAP determined by enzyme-linked immune sorb-
ent assay (ELISA) in primary and recurrent high-grade 
gliomas (HGG). They correlated this expression to the 
lack of IDH-1 mutation [14]. Manda and his co-workers 
detected EGFRvIII positivity in serum of HGG patients 
by semiquantitative polymerase chain reaction technique 
and stated that it can serve as a non-invasive marker for 
diagnosis of this grade [15].

In addition to the molecular and histological typing for 
diagnosis, assessing a glial tumor’s progression is equally 
essential, to define the likely outcome in terms of dis-
ease recurrence and overall survival (OS) of the patient. 
According to a few citations available in the literature, the 
molecular markers commonly tested for prognosis in tis-
sue biopsies as a part of the routine clinical investigation 
include IDH-1/2, EGFR, PTEN, MGMT, TP53, hTERT, 
platelet-derived growth factor receptor (PDGFR); how-
ever, the studies are based only on GB samples and not 
glioma per se [16, 17]. More importantly, tissue-based 
prognostic biomarkers are less convenient in the clinical 
setup for several reasons, viz., repeated biopsy by a surgi-
cal procedure is invasive and involves high cost. Some-
times, it cannot be performed when the patient’s clinical 
condition has worsened or when a tumor is surgically 
inaccessible. Looking at the heterogeneity of gliomas, 
circulating markers in the blood (liquid biopsy) might 
better represent the entire tumor cell population than a 
classical tissue biopsy [18] Liquid biopsy can thus serve 
as a promising alternative to standard tissue-based testing 
for patient prognosis. The technique offers high specific-
ity and sensitivity for a molecular marker, allowing the 
collection of robust and reproducible data repetitively, in 
a simple and non-invasive way using a peripheral blood 
sample [19].

The tri‑phasic pattern of glioma development

It is well established that tumor initiation and progres-
sion are complex and multistep processes in which vari-
ous tumor microenvironment factors play a part. The ini-
tial phase of tumor initiation has inflammation playing a 
key role in cell proliferation and growth promotion [20]. 
The secretion of inflammatory molecules accentuates 
the growth of the glial tumor via signaling pathway(s) 
involved in proliferation [21]. Further, the glial tumor's 
stemness is also triggered by these inflammatory mole-
cules; simultaneously, the freshly recruited inflammatory 
cells and newly sprouting blood vessels support its growth 
by promoting extensive angiogenesis [22], thus marking 
the phase of tumor promotion. The unlimited prolifera-
tion of cells results in oxygen depletion in the cell mass 
and surrounding environment and the release of various 
growth factors to initiate survival mechanisms, which 
together drive more inflammation and angiogenesis in the 
tumor stroma. Thus, hypoxia is created in the tumor core, 
which strongly stimulates further angiogenesis [23] and 
is directly linked with persistent inflammation [24]. This 
cascade of events culminates into a phase representing 
tumor progression which involves damage to the extracel-
lular matrix (ECM) by the activated inflammatory signals 
[25] via the release of degrading enzymes, namely matrix 
metalloproteinases (MMPs). Due to the degradation of 
the ECM as well as to escape hypoxia, glioma cells start 
to migrate and reach oxygen-rich areas adjacent to blood 
vessels [26]. This crosstalk between the components of 
different phases of the tumor’s existence is a crucial aspect 
of glioma initiation, progression, and response to therapy. 
This review provides a unique insight into the three phases 
of gliomagenesis defined with reference to the mechanism 
(Fig. 1) as well as the role and involvement of secreted 
proteomic markers at various stages of disease develop-
ment. The chosen biomarkers of all three phases are secre-
tory, and can cross the blood–brain barrier (BBB), they 
are also highly sensitive, most specific, and stable in the 
systemic circulation of glioma patients. A comprehensive 
analysis of the available liquid biopsy-based studies for 
the past 10 years (Table 1) indicates that it is imperative to 
lay the blueprint for more clinical studies based on a non-
invasive biomarker panel that can be sequentially assessed 
for precise prognosis and post-therapy disease monitoring 
in glioma. This review highlights how the chosen secre-
tory biomarkers can be used to non-invasively analyze the 
changes that arise in a phased manner during glio-onco-
genesis for better prognostication and therapeutic targeting 
using liquid biopsy technique.

As a template of methodology, we utilized the Pre-
ferred Reporting Items for Systematic Reviews and 
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Meta-Analyses (PRISMA) guidelines for this systematic 
review. Queries were completed in four databases: MED-
LINE, Cochrane library, Google scholar and Web of Sci-
ence. The keywords were human glioma, tumor micro-
environment, molecular markers, blood, non-invasive, 
liquid biopsy, prognostic, and survival to find related 
publications published from the beginning of molecular 
era in 2000 till 2022. Results of this two‐section search 
were merged using “AND” Boolean. Subsequently, the 
outcomes were combined and later, the duplicates were 
removed. All titles and abstracts were screened for rel-
evance by two authors based on predefined in- and exclu-
sion criteria. Subsequently, the authors evaluated all full-
text articles. Disagreement on eligibility was addressed by 
discussion and consensus.

Studies were found to be eligible when reporting on the pre-
dictive and prognostic value of blood-based molecular markers 
in glioma. Measurement of markers in plasma or serum of 
patient was considered. Articles reporting diagnostic markers 
and languages other than English were excluded. References 
of included articles were crosschecked, and relevant studies 
were included if appropriate.

The microenvironment (ME) partakers

Inflammation: the cause or consequence

Oncogenic mutations, injury, and/or ME alterations can 
trigger the secretion of inflammatory signals, specifically 
cytokines, which have a significant role in glial tumor ini-
tiation and development. Cytokines are critical autocrine/
paracrine factors released into the tumor ME to recruit and 
activate various inflammatory cells [27] during the initial 
event of an injury/alteration in the ME. In turn, these edu-
cated inflammatory cells initiate the inflammatory cascade, 
creating a persistent (meta)inflamed ME leading to aber-
rant glial cell proliferation by evading immune surveillance. 
Finally, this inflammatory stimulus contributes to tumor 
growth and progression [28]. The precise relation between 
inflammation and glial tumor growth is still not worked out 
in terms of molecular markers of disease prognostication. 
The magnitude of activation of the inflammatory response 
can be measured in terms of specific pro-inflammatory mol-
ecules interleukin-6 (IL-6), tumor necrosis factor-α (TNFα), 
interferon-γ (IFN-γ), and circulating inflammatory metabo-
lite like kynurenine (KYN) because these markers are stable 
and detectable levels are present in the systemic circulation. 
Most importantly, all these molecules can cross the BBB.

The IL-6 is a pleiotropic cytokine of 25 kDa and has been 
attributed with an important role in the inflammation-linked 
initiation of solid tumors. During gliomagenesis, IL-6 exe-
cutes a prominent part from among other interleukins since 
it predominately triggers the pro-inflammatory cascade and 
controls various cellular processes [29, 30]. An investigation 
by Shan and group measured IL-6 in glioma serum samples 
and showed that it could predict the prognosis and serve 
as a therapeutic target for the treatment of glioma patients 
[31]. Similarly, in another blood-based study, Li et al. [32] 
revealed that IL-6 concentrations were higher in GB patients 
and significantly associated with progression-free survival 
(PFS) and OS, indicating IL-6 to be an independent prog-
nostic feature for GB. In a case report of a GB patient, lower 
circulating IL-6 levels were noted by the investigators than 
the GB reference group, and the observed low expression 
correlated with the patient's extended PFS [33]. Another 
group of scientists worked on a cohort of 69 high-grade 
glioma patients and indicated that elevated blood IL-6 
concentrations were associated with shorter survival [34] 
(Table 1 A1).

In addition to IL-6, some studies suggest that a panel 
of secreted cytokines inclusive of TNF-α and IFN-γ could 
add to the speed and accuracy of making a more precise 
prognosis and thereby early initiation of therapy. In the pre-
vious decade, Albulescu et al. [35] had conducted a serum 
profiling for pro-inflammatory cytokines IL-6, IFN-γ, and 
TNF-α to assess the potential prognostic and therapeutic 

Fig. 1  A crosstalk exists between the tumor and its surround-
ing microenvironment during the three phases of development of 
a glioma. The initial phase is marked by tumor initiation; triggered 
by inflammation, followed by uncontrolled cell proliferation and 
stemness in the tumor. The second phase consists of tumor growth 
promoted by hypoxia and aggressive angiogenesis. The last phase of 
tumor progression involves remodeling of ECM leading to grade pro-
gression, recurrence or metastasis
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application in GB patients. Their results indicated sig-
nificant deregulation in cytokine levels with a threefold 
up-regulation of IL-6, IFN-γ, and TNF-α, suggesting that 
these cytokines were involved in tumor progression and its 
aggressiveness. A couple of years later, Nijaguna and his 
co-workers [36] developed a serum cytokine signature by 
profiling 48 cytokines, including IL-6, IFN-γ, and TNF-α, 
in different tumor grades of glioma. They created a train-
ing set for prediction analysis from the microarray data and 
identified a panel of 18 cytokines that could discriminate GB 
from normal controls with an accuracy of 95.40%. Interest-
ingly, the 18-cytokine signature also differentiated grade-
II/diffuse astrocytoma and Grade-III/anaplastic astrocytoma 
from normal sera very efficiently. In 2018, Deniz and his 
team examined the effect of chemo-radiotherapy (CRT) on 
a GB cohort and prospectively evaluated pre and post-CRT 
levels of IFN-γ, IL-6, and TNF-α. Among the three mark-
ers, post-CRT, TNF-α, and IFN-γ levels were significantly 
lower than pre-CRT levels indicating a favorable progno-
sis [37]. In the same year, Zhenjiang et al. [38] evaluated 
serum cytokine profiles in treatment-naive glioma patients to 
check the levels of a combination of cytokine networks, i.e., 
IL-4/IL-5/IL-6 and IFN-γ/TNF-α/IL-17A. Their findings 
presented that among the two panels of cytokine networks, 
IL-6, IFN-γ, and TNF-α helped in predicting and correlated 
positively with improved patient survival suggesting that 
the cytokine-marker-signature can be taken up as a primary 
screen to predict glioma prognosis non-invasively. Shamsh-
din and his group measured a single marker TNF-α in the 
serum of glioma patients of different grades. They too found 
an increased expression with increasing grades and stated 
that the marker could serve as a critical prognosticator in 
glioma [39] (Table 1 A2, A3).

Altered KYN metabolism

In the event of the generation of a chronic inflammatory 
response within the tumor, the overexpression of IL-6 also 
launches the kynurenine pathway proteins via activation of 
IFNγ and TNF-α cytokines in the glial tumor ME elicit-
ing its secretion from the immediately surrounding tissues 
[40]. An important circulating metabolic protein of the 
KYN pathway is KYN. The generated inflammation leads 
to KYN being transduced across the BBB to be detected 
in the systemic circulation. A study on systemic KYN by 
Zhai and co-authors compared the marker levels in a small 
group of 10 GB patients before surgical resection of the 
tumor. Their data suggested that the value of KYN along 
with tryptophan can be set as a clinical point of reference 
for determining the prognosis of GB patients [41]. The find-
ings of Lenzen et al. [42] also indicated that the metabolite 
KYN was significantly lower in the plasma of heat shock 
protein-peptide complex-96 (HSPPC-96) vaccinated GB 

patients compared to controls. There was a significant asso-
ciation between lower KYN levels and longer OS suggest-
ing that KYN could be an important molecule to determine 
GB patients’ prognosis after immunotherapy. Recently, 
our lab-based study established the utility of an inflamma-
tory marker panel including KYN in estimating systemic 
inflammation in treatment-naive glioma patients. The panel 
could discriminate between WHO grades, and IDH-mutant/
wildtype and define differential survival between astrocytic 
IDH-mutant/wildtype tumors [43] (Table 1 A4). All the 
inflammatory markers discussed above are stable and can 
be easily detected in blood circulation due to their permea-
tion through BBB. But more studies in a large cohort are 
required to establish their utility as prognostic biomarkers 
before use in the clinic.

Proliferation of the tumor

In the continuance of chronic inflammation in the ME, the 
association between increased inflammation and telomerase 
activity is an aspect of tumor growth that also needs to be 
understood and investigated. The human telomerase reverse 
transcriptase (hTERT) is an enzyme that executes many vital 
functions independent of its telomere maintenance, includ-
ing regulation of inflammation; however, its activity beyond 
a critical limit initiates excessive cell proliferation [44]. Sev-
eral studies suggest that hyper-TERT activity promotes over-
secretion of pro-inflammatory molecules such as interleukin 
IL-6, leading to persistent chronic inflammation and tumor 
progression [45–47].

Labussiere et al. sequenced blood DNA samples by RT-
PCR for TERTp-mut in glioma and identified it in 60.8% 
of the samples. It was seen to be associated with a more 
unsatisfactory outcome, thus indicating that a TERTp-mut 
status could provide prognostic stratification and therapeutic 
target for glial tumors [48]. Three studies published from 
our lab also support the prognostic role of hTERT. The first 
one was a case report where low plasma hTERT levels in 
a GB patient were linked to PFS. The next extended study 
established with experimental evidence, the association of 
higher plasma levels of hTERT with a poor OS of both low 
and high-grade patients, presenting hTERT as an independ-
ent prognostic marker. The third study proposed crosstalk 
between markers of tumor proliferation (hTERT), angiogen-
esis (YKL-40), and extracellular matrix (ECM) degradation 
(TIMP-1) in GB patients recording hTERT to be related to 
poor survival [33, 49, 50]. Recently, Muralidharan and his 
co-worker [51] demonstrated a trend of higher TERT-MAF-
mut in patients with enhancing tumors and the outcome of 
the study presented the feasibility of detecting circulating 
cfDNA TERT promoter mutations in glioma patients using 
liquid biopsy. This test also enhanced the ability to diagnose, 
monitor, and assess responses to therapy (Table 1 B1).
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During the rapid growth of the glial tumor, the human 
microtubule-associated protein tau (MAP tau) binds specifi-
cally to tubulin and modulates the stability of microtubules, 
thereby blocking mitosis. By binding and stabilizing polym-
erized microtubule filaments, MAP tau-based fusion pro-
teins skew microtubule dynamics towards cell cycle arrest 
and apoptosis. This biological activity can earmark rapidly 
proliferating cells for MAP tau-based targeted treatments 
[52]. Two recent studies have proposed that TAU protein 
might serve as an important hallmark of tumor pathology, 
especially in gliomas. The research groups determined the 
association of Tau expression with survival in low-grade 
glioma (LGG) by retrieving the RNASeq data from the Can-
cer Genome Atlas (TCGA) that made up their observation 
cohort. Their analysis suggested that higher Tau expression 
was related to the less aggressive behavior of brain tumors. 
These studies indicated that TAU protein might play an 
important role in the diagnosis and prognosis of gliomas 
[53, 54]. A single blood-based study in literature by Dar-
lix et al. [55] recorded the prognostic value of Tau in brain 
metastasis (BM) patients. Their work suggested that elevated 
serum levels of Tau were independently associated with a 
poor outcome in patients with and without BM (Table 1 B2). 
Thus, Tau can be a novel non-invasive biomarker of interest 
and needs to be worked out in multicentric cohorts of glioma 
patients for further validation.

Stemness of the tumor

The comprehensive findings of many scientific groups 
reviewed by Ahmed et al. specified a small population of 
therapy-resistant and slow-dividing malignant cells inside 
the main tumor bulk, which are responsible for tumor main-
tenance, invasiveness, and recurrence [56]. These glioma 
stem cells (GSCs) are a heterogeneous population of multi-
potent undifferentiated cells with self-renewal capacity [57]. 
Experimental evidence suggests that activated GSCs play 
a crucial role in tumor progression and therapy resistance 
through multiple mechanisms [58]. Therefore, it is an impor-
tant parameter to be monitored for prognostication. In the 
case of glioma, several studies on stemness markers detected 
in blood circulation such as CD133, CD15/SSEA, CD44, 
and CD117 are referenced in the scientific databases [59, 
60], yet no single marker has been diagnostically established 
for CSC detection.

The active involvement of proliferation (hTERT) in main-
taining the stem-like property in human cancers cell is also 
well documented [61]. The unlimited proliferation of tumor 
cells leads to the secretion of some intracellular proteins 
into the extracellular spaces, which represent the actual 
stage of the existing tumor [62]. One of these proteins is 
the High Mobility Group AT-Hook 1 (HMGA1) protein, a 
member of the HMGA family, which is involved in stem-cell 

self-renewal, proliferation, and differentiation. Its expression 
was documented to closely relate to malignant proliferation, 
invasion, and differentiation of the tumor from glial stem 
cells [63]. To date, there is only a single blood-based report, 
which recorded a lower value of circulating HMGA1 in the 
serum of a GB patient as compared to the median value of 
the GB reference group and correlated it with an extended 
PFS of the patient [33] (Table 1 C1). This stemness marker 
of the glioma tumor offers a new tool that could be used for 
monitoring the malignancy and predicting the recurrence 
of the tumor.

Hypoxia

The malignant gliomas are aggressive CNS tumors with 
limited therapeutic options, and improvements in treatment 
outcomes require a deeper molecular understanding of this 
disease’s multiple partakers contributing to progression. 
Hypoxia is a dynamic state of the glioma microenvironment, 
as growing tumors frequently exist in hypoxic conditions 
because of insufficient blood supply. It is one of the main 
factors responsible for tumor progression and resistance to 
therapy [64, 65]. As in other cancers, recent studies have 
identified that glioma stem cells produce nitric oxide via ele-
vated nitric oxide synthase-2 (NOS2) expression, which cre-
ates a hypoxic environment within the tumor [66]. Accord-
ing to Wilson and Hay [67], there exists a conflict between 
the demand of a fast-growing tumor mass and insufficient 
support of relatively slow neovascularization, regional 
hypoxia comes to play an important role and becomes a neg-
ative prognostic and predictive factor of tumor progression.

The highly malignant phenotypes of glioma are consid-
ered hypoxic regions, which are more frequent in GB [68] 
and play an important role in driving tumor growth. The 
phenomena of neovascularization, immunomodulation, and 
metabolic dysfunction, are all tumor-supportive and stimu-
lated by intratumoral hypoxia [69]. In this category, heat 
shock proteins (HSPs) are an important group of intracel-
lular proteins that maintain and protect cell integrity from 
lethal damage under hypoxic conditions within the tumor.

Delving into the role of one such molecule is of clini-
cal relevance, the heat shock protein-70 (HSP-70), a major 
stress-inducible heat shock protein that is secreted into extra-
cellular space in the form of exosomes [70]. In 2014, Bre-
uninger et al. [71] quantified HSP-70 marker in the serum 
of GB patients and found that HSP-70 serum levels were 
significantly higher in GB than those of the healthy donors. 
Another study by Thorsteinsdottir et al. [72] estimated the 
extracellular HSP-70 in LGG, primary and secondary GB 
plasma samples. The authors found plasma levels to be sig-
nificantly increased in primary GB compared to secondary 
GB and LGG samples and thus noted that HSP-70 might 
serve as a screening factor for clinical and therapeutic 



1709Clinical and Translational Oncology (2022) 24:1702–1714 

1 3

response (Table 1 D1). Thus, HSP-70 can prove to be a valu-
able marker for screening primary GB and also a progression 
from LGG to GB.

Angiogenesis

Brain hypoxia is a critical parameter in the TM known 
to be linked to tumor progression, an altered pattern of 
angiogenesis [73, 74]. A hypoxic environment stimulates 
endothelial progenitor cells and mature endothelium to gen-
erate new blood vessels around the tumor in the presence 
of deregulated angiogenic growth factors [75]. The brain 
tumor exhibit a marked and aberrant blood vessels formation 
(angiogenesis) which is a key feature of an increase in tumor 
volume. Complex multiple processes follow involving the 
recruitment, proliferation, and alignment of the endothelial 
blood vessel cells for the delivery of nutrients and oxygen 
for tumor growth [76]. Experimental evidence suggests that 
one of the important hallmarks, stemness, is activated in 
the tumor via uncontrolled proliferation and hypoxia which 
plays a crucial role in tumor progression through angiogen-
esis [77]. The most worked out and stable angiogenic regu-
lators in glioma are EGFR and vascular endothelial growth 
factor (VEGF) (Table 1 E1 and E2).

EGFR is a transmembrane cell surface receptor and a 
member of the ERBB1 family of tyrosine kinases, known 
to be overexpressed in various human malignant tumors, 
including glioma [78]. Aberrant EGFR alterations pro-
mote proliferation, survival, angiogenesis, and invasion, 
which can impact the process of gliomagenesis, but their 
prognostic, and therapeutic relevance remains controver-
sial [79]. According to the WHO classification of 2016, 
EGFR is designated as a marker for the diagnosis of GB 
[11]. However, there are only a couple of investigations on 
this marker using liquid biopsy where a correlation with 
prognosis has been worked out. In 2007, Quaranta et al. [80] 
took to quantify serum EGFR levels in glioma and found 
them to be significantly elevated in patients compared with 
healthy controls, higher EGFR levels were consistent with 
a reduced OS of patients. Subsequently, Bieńkowski et al. 
[81] analyzed EGFR amplification in serum of GB patients 
and observed the association of EGFR with survival, stat-
ing it to be also useful for monitoring disease progression 
in response to adjuvant therapy after surgery. When they 
performed a multivariate analysis, it confirmed that EGFR 
amplification was significantly associated with better sur-
vival in younger patients. Later, Spath and co-workers [82] 
assessed the association between genetic risk and serum 
concentrations of EGFR in a pre-diagnostic cohort of gli-
oma. Their observation was that higher serum EGFR levels 
were associated with the risk of developing glioma (Table 1 
E2). These blood-based studies suggest that EGFR can be a 

potentially useful biological indicator to predict prognosis 
and even treatment outcome in glioma.

The other angiogenic factor, VEGF, is a family of four 
structurally related proteins and is essential for regulating 
the critical steps of cell proliferation and migration. Based 
on their in vitro experiments, Chengshi et al. [83] illustrated 
that VEGF is secreted by endothelial cells, and hypoxia can 
promote the secretion of VEGF. VEGF synthesis can also 
be triggered by inflammation, consequently, its overexpres-
sion enhances tumor vascularization and angiogenesis [84]. 
Using liquid biopsy, Rafat et al. [85] calculated concentra-
tions of serum VEGF in 22 patients with GB and metastatic 
tumors, which indicated that significantly higher values were 
positively correlated with tumor angiogenic activity. Later, 
Nowacka et al. [86] studied a cohort of intracranial tumors 
including HGG, LGG, meningiomas, metastatic tumors, and 
others and determined the serum concentrations of VEGF 
in the cohort. The evaluation showed the highest serum 
VEGF-A concentrations to be present in primary intracra-
nial tumors compared to metastatic tumors, indicating that 
higher serum VEGF-A concentrations may be associated 
with active neoangiogenesis within the tumor. According to 
the latest investigation carried out by Shamsdin et al., [39] 
hypoxic tumor cells in glioma release angiogenic cytokine 
VEGF, which further stimulates neovascularization. They 
measured serum VEGF levels in patients diagnosed with 
different grades of glioma and observed significantly higher 
levels in glioma than controls, with a positive association 
with grade progression. The authors concluded that VEGF 
could be an important molecular parameter for histological 
diagnosis and vascularization-based progression prediction 
(Table 1 E1). In the same year, Seyedmirzaei and the group 
conducted a meta-analysis to determine the alterations in 
VEGF levels in different grades of glioma. Out of a total 
number of 3,612 studies, 12 studies revealed that serum lev-
els of VEGF in patients were higher compared to healthy 
controls and the levels varied significantly in glioma grades; 
therefore, the results of this systematic review and meta-
analysis demonstrated that VEGF concentrations could be 
potentially considered as a prognostic biomarker for this 
CNS tumor [87]. However, more studies on the non-invasive 
evaluation of the neoangiogenesis process using factors are 
required for them to be clinically relevant in determining 
prognosis.

Extracellular matrix

The ECM is a major structural component of the tumor 
microenvironment, and it undergoes extensive reorganization 
during glioma progression [88]. Although the glial tumor is 
initiated in the native ECM of the primary site, this matrix 
changes throughout tumor progression. Tumor cells modify 
their phenotype for interacting with the surrounding ME 
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thereby disrupting the ECM of the brain, partly through gli-
oma-secreted ECM proteins or matrix remodeling enzymes, 
such as matrix metalloproteinases-7 [MMPs] and adhesion 
molecule; intercellular adhesion molecule-1 (ICAM-1) to 
promote pro-invasive ECM remodeling. While considered 
a significant contributor to glioma invasion, members of the 
MMP family are also linked with other pathological hall-
marks of glioma. MMPs are zinc-dependent, calcium-con-
taining endopeptidases accountable for various oncological 
events, including proliferation, angiogenesis, migration, and 
cell survival [89]. Dimitrova and his team [90] evaluated the 
role of serum MMP-7 in controls, and patients with benign 
tumors, GB, and metastasis. The results showed equivalent 
serum levels of MMP-7 in GB and controls but significantly 
differential levels in patients with benign tumors and metas-
tases. This finding suggests that serum MMP-7 levels might 
be used as a differential marker for benign brain tumors and 
brain metastases (Table 1 F1). Further detailed investiga-
tions using liquid biopsy are required to better understand 
its role in ME.

ICAM-1, an adhesion transmembrane glycoprotein, is a 
vital regulator of inflammation-dependent ECM remodeling, 
leading to tumor progression [91]. The experimental data on 
this marker’s circulatory levels were first published by Sal-
maggi et al. [92] wherein the ICAM-1 levels were compara-
tively higher in GB patients than healthy controls (Table 1 
F2). A few years later Nano et al. [93] quantified ICAM-1 in 
the serum of glioma patients and compared it with control 
samples. Their results were negative, sICAM-1 serum lev-
els were not significantly increased in GB and astrocytoma 
patients. Deviating from this trend, Burim et al. investigated 
the polymorphism in codon 469 of ICAM-1 in astrocytoma 
blood samples using PCR. Results showed that ICAM-1 
genotype had the highest frequency in grade II astrocytomas 
compared to controls and other astrocytoma grades, sug-
gesting that this adhesion molecule could be involved in the 
initial stages and progression of grade II astrocytomas [94].

Conclusion

This is the first initiative to delineate the crosstalk 
between the glioma tumor and its multiple ME compo-
nents (Fig. 2). It also highlights the sequential role of the 
defined circulatory ME partakers in glioma initiation, 
promotion, and progression; their plausible function as 
prognostic markers, and their detection using liquid biopsy 
for potential use in the clinical setting. The analysis of 
reviewed literature indicates that the markers of inflam-
matory response IL-6, TNF-α, IFN-ϒ and KYN, prolif-
eration markers hTERT and TAU, and stemness marker 
HMGA1 are important contributors to glial tumor initia-
tion and growth. Molecules HSP-70, EGFR, and VEGF 

representing hypoxia and angiogenic factors play a key 
role in promoting vascularization and therefore progres-
sion. At a later stage biomarkers MMP-7 and ICAM-1 are 
involved in the degradation and remodeling of the ECM, 
ultimately leading to tumor grade progression, recurrence, 
and/or metastasis In our opinion biomarkers of inflamma-
tion (IL-6, KYN) and proliferation (hTERT and HMGA1) 
along with VEGF can serve as promising markers for gli-
oma staging and prognosis.

In its totality, this review provides a road map for the 
development of a blood-based, non-invasive biomarker 
panel and its sequential evaluation as it has enormous 
potential and contributes to clinical decision-making to 
predict prognosis (Fig. 3).

Fig. 2  A schematic representation delineating the molecular markers 
secreted during different phases of glioma development. The inter-
play between expressions of biomarkers in different stages of glioma 
progression is elucidated. Markers highlighted in white color repre-
sent the initiation phase of the tumor, while yellow color represents 
the promotion phase and the red color represents the tumor progres-
sion phase. IL-6  interleukin-6, TNFα tumor necrosis factor-α, IFN-
γ interferon-γ, KYN  kynurenine, hTERT human telomerase reverse 
transcriptase, TAU   microtubule-associated protein tau, HMGA1  High 
Mobility Group AT-Hook 1, HSP-70  heat shock protein-70, 
EGFR  endothelial growth factor receptor, VEGF  vascular endothelial 
growth factor, MMP-7  matrix metalloproteinase-7, ICAM-1  intercel-
lular adhesion molecule-1
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