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Abstract. – OBJECTIVE: In the era of precision 
medicine, molecular and genetic biomarkers act 
as the key indicators for glioma patients’ recur-
rence and prognosis. 

MATERIALS AND METHODS: We summarize 
the biomarkers of glioma prognosis from molec-
ular level, gene level and microRNA level.

RESULTS: In molecular biomarkers, cyclinD1 
high expression/P16 low expression, MIF high ex-
pression and VEGF high expression were all relat-
ed to glioma patients’ poor prognosis; in genetic 
biomarkers, MGMT promoter methylation absence, 
IDH1 wild type, HIF-α high expression, Chromo-
some 1p/19q non-deletion and TERT promoter mu-
tation were associated with poor prognosis for glio-
ma; in microRNA biomarkers, miR-524-5p, miR-586, 
miR-433, miR-619, miR-548d-5p, miR-525-5p, miR-
301a, miR-210, miR-10b-5p, miR-15b-5p and miR-
NA-182 high expression, miR-124, miR-128, miR-
146b and miR-218 low expression were commonly 
seen in glioma poor prognosis patients.

CONCLUSIONS: With the continuous devel-
opment of science and technology, the diagno-
sis of glioma will tend to the gene and molecular 
level. Finding specific markers is helpful for the 
early diagnosis and accurate prognosis of glio-
ma, which provides the possibility for individu-
alized treatment.
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Introduction

Glioma is the most common malignant tumor 
of the central nervous system1. According to tu-
mors’ features of cellular atypia, cell prolifera-
tion, angiogenesis, and necrosis, the World Health 
Organization (WHO) further distinguished ma-
lignant grades (I to IV) for glioma2. The recom-
mended therapy for high grade glioma (HGG) 
patients is combined therapy with surgery, ra-
diotherapy and chemotherapy, but most patients’ 
survival time is still short3,4. Early diagnosis and 
accurate prognosis assessment of glioma are im-
portant clinical problems to be solved.

In recent years, some biomarkers and therapeutic 
methods of glioma have been continuously discov-
ered and updated5-7. The application of non-invasive 
biomarkers enables the stratification assessment and 
personalized treatment of glioma, which also signifi-
cantly improved the prognosis of HGG patients. In 
this review, we briefly summary the current research 
progress on markers related to glioma’s prognosis.

Clinical Indicators Related to Glioma’s 
Prognosis

Clinically relevant physiological and patho-
logical indicators can predict the survival time 
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of HGG patients to some extent. WHO clas-
sifies gliomas as I-IV, grade I and II belong 
to low-grade glioma (LGG), and the average 
survival time of LGG patients is 2 to 4 years; 
grades III and IV belong to high-grade glioma 
(HGG), HGG patients’ the average survival 
time is about 1 to 2 years, while many grade IV 
patients’ survival time often less than 1 year8. 
A study9 of 605 HGG patients found that the 
1-year overall survival rate of patients younger 
than 40 years of age was significantly higher 
than those older than 40 years of age. Patients 
with no convulsions before surgery had an aver-
age survival time of 15.11 months, while patients 
with convulsions had an average survival time of 
25 months9. The Karnofsky Performance Scale 
(KPS) is essential for predicting survival in HGG 
patients. In the HGG patients with a preoperative 
KPS score higher than 70, the median survival 
time was 17.08 months, while the HGG patients 
with a preoperative KPS score below 70 had a 
median survival time of only 13.5 months10.

The microblood vessel countation (MVC) count 
can reflect the growth, invasion and migration of 
the tumor. In HGG, microvascular proliferation is 
significantly increased, and permeability is also 
increased to varying degrees. Therefore, micro-
vascular density, maturity and permeability can 
be used as indicators of tumor prognosis. Intra-
operative contrast enhanced ultrasound (CEUS), 
conventional magnetic resonance imaging (MRI) 
and Dynamic contrast-enhancement magnetic 
resonance imaging (DCE-MRI) are both imag-
ing techniques that reflect tissue hemodynamics. 
Conventional MRI could be used to assess micro-
vascular permeability in HGG patients by ana-
lyzing the proportion of immature microvessels11. 
HGG is characterized by rapid growth of tumor 
microvessels, incomplete vascular wall and sig-
nificant edema around the tumor. These charac-
ters could be captured by real-time intraoperative 
CEUS, contrast agent can be rapidly filled in the 
tumor, and the imaging intensity is significantly 
increased in the tumor area, which can be in sharp 
contrast with the surrounding normal blood ves-
sels. CEUS’s quantitative analysis of imaging in-
tensity can indirectly reflect the malignant degree 
of glioma. It contributes to glioma grading, ac-
curate localization, it improves surgical resection 
rate, as well as prognosis and it also has extreme-
ly important clinical reference value. However, 
CEUS cannot accurately measure tumor volume 
and is also influenced by operator skill and ex-
perience12. Although with the development of 

three-dimensional ultrasound imaging technolo-
gy, the above problems have been solved to some 
extent13. But there is still no uniform standard for 
CEUS on glioma’s grading and diagnosis.

DCE-MRI has been shown to be more accu-
rate in responding to microvascular density and 
histopathological grading and it has also been 
widely used to evaluate the prognosis of a vari-
ety of malignancies. Allarakha et al14 found that 
DCE-MRI can improve the accuracy of tumor 
area recognition in breast cancer patients. How-
ever, the visual evaluation is greatly influenced 
by the doctors’ subjective consciousness, and its 
repeatability is poor. In the past decade, comput-
er-assisted diagnosis (CAD) has been widely used 
in the diagnosis and prognosis of diseases. Com-
bining DCE-MRI with CAD system automated 
quantitative technology can make objective and 
digital quantitative analysis of tumor lesion range 
and microvessel density, reduce misdiagnosis 
rate and improve the accuracy of diagnosis and 
prognosis. However, there are few reports on the 
application of CAD system automated quantita-
tive technology to the diagnosis of glioma in the 
field of DCE-MRI imaging, and further research 
is needed.

Molecular Biomarkers
In recent years, biomarkers at the molecular lev-

el have been gradually accepted as indicators of 
glioma development and prognosis. The ideal mo-
lecular biomarker needs to be highly sensitive 
and specific, thus it should be closely related to the 
pathogenesis of the disease. The current research 
shows that the occurrence and development of gli-
oma is a complex and multi-step process, glioma 
cell cycle abnormality and cell proliferation are 
the main mechanism15. Cyclin-dependent kinase 
inhibitor D1(cyclinD1) and cell cycle-dependent 
kinases (CDKs) are key factors in regulating the 
cell cycle. CyclinD1 is a positive regulator of cell 
cycle progression16. P16 also known as CDKN2, 
inhibits cell proliferation by inhibiting CDK4 and 
CDK6 kinase activity, P16 is a typical cell cycle 
negative regulator17. Zhao et al18 found the expres-
sion of CyclinD1 and P16 in HGG patients’ tu-
mor tissues and precancerous tissues. CyclinD1’s 
expression in tissues was positively correlated 
with pathological grade, cyclinD1 expression was 
highest in glioma grade IV patients. CDKN2 was 
negatively correlated with tumor grade. Finally, 
researchers concluded that CyclinD1 and p16 may 
be independent biomarkers for judging the clini-
cal prognosis of glioma18. Combined detection of 
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CyclinD1+/P16- expression may predict the poor 
survival of glioma18. Macrophage migration inhib-
itory factor (MIF) is an important multifunctional 
cytokine released and activated by macrophages, 
T cells and pituitary glands. MIF can control the 
cell cycle inhibitor P27 and tumor suppressor P53 
by inhibiting the JUN-activated domain-binding 
protein (JAB1), thereby controlling tumor cell pro-
liferation19. MIF also increases the expression of 
erythropoietin (EPO) in glioma cells and promotes 
proliferation and angiogenesis. Wang et al found 
that high expression of MIF was closely associat-
ed with postoperative recurrence and prognosis in 
HGG patients, they considered MIF could be used 
as an independent predictor of prognosis in HGG 
patients20.

Vascular endothelial growth factor (VEGF) can 
directly or indirectly participate in the invasion and 
angiogenesis of malignant tumors. It is the prog-
nostic biomarker and potential therapeutic target 
for many malignant tumors. Yuan et al21 found that 
the expression of VEGF is related to the glioma’s 
pathological grade, and VEGF can be used as a bio-
marker for glioma’s diagnosis, combined detection 
with Ki-67, VEGF and nuclear magnetic resonance 
can not only accurately determine the degree of gli-
oma malignancy, but also effectively evaluate pa-
tients’ prognosis. Another important mechanism 
for the development of glioma is that glioma cells 
can escape from immune surveillance through 
a variety of mechanisms. Detecting the patient’s 
immunity helps to improve the predictive accura-
cy of the patient’s prognosis22. Guan et al23 

found 
that SLC9A1 can mediate PD-1/PD-L1 signaling 
pathway involved in glioma cells’ immune escape 
by activating CD3+T and CD8+ T lymphocytes. 
The prognostic value of CD3+T and CD8+ T 
lymphocytes for colon cancer has also been con-
firmed

23,24
. Changes in the patient’s blood CD3+ 

T and CD8+ T lymphocytes can also reflect the 
degree of disease. PD-L1 and receptor PD-1 work 
together to maintain the body’s immune homeo-
stasis and participate in tumor cell immune es-
cape. By blocking PD1/PD-L1 could effectively 
prevent tumor immune escape. The prospect of 
PD-1/PD-L1 in glioma’s treatment and prognosis 
evaluation is promising. 

Gene Biomarkers

MGMT promoter methylation and glioma
DNA methylation is an extra-genetic modifica-

tion which is catalyzed by DNA methylase. Ab-

normal methylation plays an important role in the 
tumors’ development. O6-Methylguanine-DNA 
-methyltransferase (MGMT) is a DNA repair en-
zyme which is found in almost all organisms. It 
is also the most studied methylase. MGMT pro-
tects chromosome damage and plays an important 
role in tumor development, drug resistance and 
radiotherapy resistance. It was found that the in-
crease of methylation status and down-regulation 
of MGMT can significantly increase the cancer-
ization of glioma cells.

O6 guanine complexes removed from DNA 
are closely related to preventing DNA mutation 
damage

25
. Alkylating agents are mainly used to 

treat tumors by inducing tumor cells’ DNA dam-
age, forming DNA cross-linking, and blocking 
DNA replication. MGMT can prevent the forma-
tion of DNA cross-linking, then reducing the cy-
totoxicity of alkylating agents and affecting the 
effects of chemotherapy. Hegi et al26 considered 
glioblastoma patients with methylated MGMT 
promoter benefited by temozolomide (Temodal®, 
Temodar®, Merck & Co, White House Station, 
NJ, USA), while those who did not have a methyl-
ated MGMT promoter did not have such benefit. 
However, Mur et al

27
 found that MGMT methyl-

ation was extensively heterogeneous in HGG pa-
tients. MGMT methylation was only associated 
with prognosis in patients over 65 years of age. 
MGMT methylation is an important indicator to 
judge whether patients need to receive chemo-
therapy and it may need to be combined with oth-
er biomarkers in the prognosis of glioma.

IDHl mutant and glioma
Isocitrate dehydrogenase 1 (IDH1) is mainly 

localized in cytosol and requires NADP+(nicotin-
amide adenine dinucleotide phosphate) as an elec-
tron and hydrogen acceptor. Parsons et al28 firstly 
sequenced 20661 protein-coding genes of 22 glioma 
samples and found that 12% of patients with glio-
blastoma multiforme (GBM) had repeated mutation 
in the IDH1 active site, and IDH1 mutation occurred 
mostly in young and secondary GBM. Subsequently, 
Carli et al29 found IDH1 mutant in more than 70% of 
WHO grade II and III astrocytomas and oligoden-
drogliomas, patients with IDH1 mutant had a bet-
ter outcome than those with wild-type IDH genes. 
Sonoda et al30 show that IDH1 mutation occurs fre-
quently in anaplastic oligodendroglioma, secondary 
glioblastoma, oligodendroglioma, anaplastic astro-
cytoma, anaplastic ganglion tumor and ganglion 
glioma, the mutation rate is 75%, 67%, 67%, 62%, 
60% and38%, but in primary glioblastoma the mu-
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tation rate is lower, only 5%. Lv et al31 indicate that 
IDH1 mutant is tissue-specific and it plays a unique 
role in the development of high-grade gliomas.

Bleeker et al32 suggest IDH1 mutation may also 
correlate with the benefit from VEGF(R)- vs. EG-
FR-targeted therapy at the time of recurrence in 
glioma patients.

Li et al33 found mutation of the IDH1gene in-
creases glioma chemosensitivity. IDH1 gene mu-
tation disrupts the stability of the active center of 
IDH1, reducing the binding capacity of the active 
center to isocitrate, and their binding products are 
key kinases of the enzymatic reaction, which in-
hibit the cycle of the tricarboxylic acid.

Thus, it also reduces the production of α-keto-
glutarate (α-KG) and further reduces the produced 
α-KG to 2-hydroxyglutarate (2HG)34. On the one 
hand, α-KG is closely related to the formation and 
stability of hypoxia-inducible factor α (HIF-α)35. 
HIF-α plays an important role in the development of 
tumors36. Liu et al37 found that HIF-α is associated 
with glioma’s pathological grade. In glioma patients 
with high HIF-α expression, the higher pathological 
grade, the worse the prognosis. On the other hand, 
a large accumulation of 2HG affects the activity of 
DNA demethylase, leading to tumorigenesis38. Bral-
ten et al39 reported that supplementation of exoge-
nous α-KG can reverse the occurrence and devel-
opment of glioma, which also provide new ideas for 
the development of glioma treatment.

Chromosome 1p/19q deletion and oligo-
dendroglioma

The chromosome 1p/19q deletion was first dis-
covered in oligodendrogliomas40, and subsequent 
studies have shown that 1p/19q deletion occurs 
mainly in low-grade oligodendrogliomas41. 1p/19q 
deletion rate in WHO II grade oligodendroglioma 
patients is about 70%, and in WHO grade III oli-
godendroglioma patients is about 15%

42
. 1p/19q 

deletion’s incidence rate is lower in astrocytoma 
and glioblastoma, approximately about 12% and 
3%43. Odia et al44 found that in glioma the 1p/19q 
deletion was secondary to the IDH1 mutation. 
The 1p/19q assay may help identify glioma sourc-
es and pathological grades.

Co-deletion of chromosome 1p/19q increased 
survival in patients with low-grade gliomas and 
oligodendrogliomas, these patients’ median sur-
vival time was twice more than the 1p/19q non-de-
letion patients45. At the same time, 1p/19q dele-
tion increased the sensitivity of chemotherapeutic 
drugs46. According to the National Comprehen-
sive Cancer Center Network (NCCN) guidelines, 

the standard treatment for oligodendroglioma pa-
tients with 1p/19q deletion was surgical resection 
combined with chemotherapy alone

47
. Eckel-Pas-

sow et al48 believe that the combination of 1p/19q 
mutation and TERT promoter mutation, IDH mu-
tation and pathological indicators can accurate-
ly reflect the prognosis, and they didn’t consider 
1p/19q deletion as an independent prognostic fac-
tor for glioma.

TERT promoter mutation in glioma
Human telomerase reverse transcriptase 

(hTERT) is located on chromosome 5p15.33 and is 
a major component of telomerase. Telomerase can 
protect chromosome integrity and as an important 
regulator for cell immortality, it could promote the 
tumor cells’ continuous proliferation49.

Zhou et al50 the TERT promoter mutation is sig-
nificantly associated with the risk of glioma, with the 
highest mutation rate in glioblastoma, astrocytoma, 
and oligodendroglioma. TERT promoter mutation is 
also associated with races. The highest incidence of 
TERT mutation was found in Caucasian HGG pa-
tients. TERT promoter mutation mainly occurs in 
patients with HGG at grades III and IV, the survival 
time of the mutant patients was significantly shorter 
than that of the wild type

51
. 

MicroRNA and glioma
MiRNAs bind to the characteristic 3’UTR region 

of mRNA and are involved in cell proliferation, 
apoptosis, and differentiation by regulating tran-
scription and translation. Abnormal miRNAs can 
cause the expression of downstream oncogenes and 
tumor suppressor genes to be out of control, leading 
to the occurrence or deterioration of tumors. The re-
sults of glioma tissue showed that some miRNAs in-
creased or decreased significantly in glioma tissues, 
and the expression of miRNA in glioma tissues was 
studied in-depth, which was helpful for pathological 
grade and prognosis evaluation of HGG patients52. 
MiR-524-5p, miR-586, miR-433, miR-619, miR-
548d-5p, miR-525-5p and miR-301a are expressed in 
different pathological grades of gliomas, and their 
expression was positively correlated with poor prog-
nosis in HGG glioma patients53. With the increasing 
researches on miRNA, more miRNA related to the 
prognosis in the patients with glioma had also been 
discovered. In glioblastoma patients’ serum sam-
ples, the expression of miR-210 was approximately 
7 times higher than healthy controls

54
. MiR-210 me-

diates the development of glioma mainly by enhanc-
ing the self-renewal capacity of mesenchymal stem 
cells and participating in angiogenesis55.
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Studies have found that miR-124, miR-128, miR-
146b and miR-218 are under expressed in glioma 
tissues. It is found that downregulation of the above 
miRNAs can promote glioma cell proliferation and 
inhibit apoptosis in vitro. The mechanism may be 
related to activation of tumor necrosis factor-relat-
ed apoptosis-inducing ligand (TRAIL)

56
. TRAIL 

is a member of the TNF family that binds to the 
death receptors DR4 and DR5, activates the caspase 
signaling pathway, and induces rapid and massive 
apoptosis in cells, thereby killing tumors. Xiao et 
al57 found 591 miRNAs differentially expressed be-
tween LGG and normal tissues, and screened out 
two miRNAs (miR-10b-5p and miR-15b-5p) related 
to pathological grades by regression analysis. It was 
found that miR-10b-5p and miR-15b-5p are close-
ly related to the overall survival time of patients in 
low-grade tumors and can be used as an indepen-
dent biomarker. Lu et al58 found a method based on 
gold nanoparticle fluorescence quenching technolo-
gy to detect the tumor level and prognosis of HGG 
patients by detecting the expression level of miR-
NA-182 in human blood. These studies indicate that 
some of the miRNAs in the blood circulation may 
be potential diagnostic and prognostic biomarkers 
for gliomas.

With the continuous development of science and 
technology, the diagnosis of glioma will tend to be 
at the genetic and molecular levels. Finding specific 
molecular markers contributes to the early diagno-
sis and accurate prognosis of gliomas, providing 
the possibility of personalized treatment.

Discussion

Glioma is a heterogeneous, recrudescent central 
nervous system tumor with a very poor prognosis. 
At present, the treatment of glioma is mainly based 
on surgery combined with radiotherapy and chemo-
therapy, but the patient’s postoperative survival time 
is still short, the treatment effect is limited, which 
caused the patient has a great burden on the phys-
iological, psychological and economic. Therefore, 
the diagnosis and treatment of glioma have been 
the most challenging subject in neurosurgery. Prog-
nostic predictors help patients’ disease grading and 
accurate prognosis evaluation, providing the possi-
bility for personalized treatment. Traditional prog-
nosis indicators rely mainly on clinical pathological 
grades, but gliomas have unique growth and biologi-
cal characteristics. The intracranial structure is com-
plex, and the high grades gliomas are invasive. it is 
extremely difficult to define the boundary with sur-
rounding normal tissues, which seriously affects the 
therapeutic effect of glioma. With the widespread 
use of imaging and computer technology in the 
clinic, the therapeutic effect and prognosis accuracy 
have been further improved, new markers help us to 
be more aware of the potential and complex inter-
relations of glioma. In recent years, glioma molecu-
lar biomarkers and gene biomarkers have also been 
gradually discovered and recognized. In this review, 
we summarized the biomarkers of glioma prognosis 
from molecular level, gene level and microRNA lev-
el, specific markers were shown in Table I.

Table I. The summary of makers related to glioma prognosis. 

Markers Poor prognosis of glioma

Clinical WHO grade IIII-IV
 age>40
 Convulsions
 KPS>70
Molecular biomarkers CyclinD1 high expression/P16 low expression
 MIF high expression
 VEGF high expression
Gene biomarkers MGMT promoter methylation absence
 IDH1 wild type
 HIF-α high expression
 Chromosome 1p/19q non-deletion
 TERT promoter mutation
MicroRNA miR-524-5p, miR-586, miR-433, miR-619, miR-548d-5p, miR-525-5p and miR-301a 
 high expression
 miR-210 high expression
 miR-124, miR-128, miR-146b and miR-218 low expression
 miR-10b-5p and miR-15b-5p high expression
 miRNA-182 high expression
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Conclusions

The future diagnosis and prognosis of glioma is 
the “integration” diagnosis of pathological grade, 
molecular markers and gene markers. We believe 
that with the development of more basic and clini-
cal research, pathogenesis of glioma will gradually 
be clarified, prognosis prediction and treatment se-
lection would be individualized and precise.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements 
This project is funded by the research and data on the eval-
uation method of stereotactic radiotherapy equipment (Sub-
ject No.: 2017YFC0113701). 
Research and development of tumor real-time monitoring 
molecular diagnostic products based on liquid biopsy -- a 
major science and technology project of Guangdong prov-
ince 2019B020232003
Dalian municipal Science and technology innovation proj-
ects (2018 j12sn063): a new method for the detection opti-
cal flow control chip peripheral blood tumor cells research 
Science and technology innovation project of Dalian City 
(No: 2018 j12sn063) 
Liaoning provincial key research and development plan 
project name: construction project no. 2018225050 fat stem 
cell storage and application platform no. 2018020143-301 
Project name of natural science foundation of Liaoning 
province: basic research on the regulation effect of Ge-
genqinlian decoction based on 16S rRNA gene on intes-
tinal flora of mice with radioactive enteritis project no. 
20180550798; Contract no. 2018011225-301 
Nature foundation guidance program PhD initiation fund 
project name: the relationship between fluoxetine in in-
hibiting astrocytoma growth and TRPC1 research proj-
ect no. 20180551182 contract no. 2018011575-301. The au-
thors gratefully acknowledge the staff in the Department of 
Oncology, Radiation Physics Center, and Evidence-Based 
Medicine Center of West China Hospital, Sichuan Univer-
sity for their valuable work and Jiangsu HengRui Medicine 
Co., Ltd. Lei Yong Xiang kind help.

References

 1) OstrOm Qt, Gittleman H, FaraH P, Ondracek a, cHen 
Y, WOlinskY Y, strOuP ne, krucHkO c, BarnHOltz-slOan 
Js. CBTRUS statistical report: primary brain and 
central nervous system tumors diagnosed in the 
United States in 2006-2010. Neuro Oncol 2013; 
15 Suppl 2: ii1-56. 

 2) lOuis dn, OHGaki H, Wiestler Od, cavenee Wk, 
BurGer Pc, JOuvet a, scHeitHauer BW, kleiHues P. 
The 2007 WHO classification of tumours of the 
central nervous system. Acta Neuropathol 2007; 
114: 97-109.

 3) stuPP r, masOn WP, van den Bent mJ, Weller m, FisH-
er B, taPHOOrn mJ, BelanGer k, Brandes aa, marOsi 
c, BOGdaHn u, curscHmann J, Janzer rc, ludWin sk, 
GOrlia t, allGeier a, lacOmBe d, cairncrOss JG, ei-
senHauer e, mirimanOFF rO, European Organisation 
for Research and Treatment of Cancer Brain Tu-
mor and Radiotherapy Groups, National Cancer 
Institute of Canada Clinical Trials. Radiotherapy 
plus concomitant and adjuvant temozolomide for 
glioblastoma. N Engl J Med 2005; 352: 987-996.

 4) stuPP r, HeGi me, masOn WP, van den Bent mJ, ta-
PHOOrn mJ, Janzer rc, ludWin sk, allGeier a, FisHer 
B, BelanGer k, Hau P, Brandes aa, GiJtenBeek J, ma-
rOsi c, vecHt cJ, mOkHtari k, WesselinG P, villa s, 
eisenHauer e, GOrlia t, Weller m, lacOmBe d, cairn-
crOss JG, mirimanOFF rO, European Organisation 
for Research and Treatment of Cancer Brain 
Tumor Radiation Oncology, National Cancer In-
stitute of Canada Clinical Trials Groups. Effects 
of radiotherapy with concomitant and adjuvant te-
mozolomide versus radiotherapy alone on surviv-
al in glioblastoma in a randomised phase III study: 
5-year analysis of the EORTC-NCIC trial. Lancet 
Oncol 2009; 10: 459-466.

 5) WanG zl, zHanG cB, liu YQ, WanG z, JianG t. Pe-
ripheral blood test provides a practical method for 
glioma evaluation and prognosis prediction, CNS 
Neurosci Ther 2019; 25: 876-883.

 6) FanG dz, WanG WJ, li FY, liu J, Hui XB, liu d, WanG 
Xd. Circ_0005075 stimulates the proliferation and 
metastasis of glioma via downregulating SIRT1. 
Eur Rev Med Pharmacol Sci 2020; 24: 258-266.

 7) ma J, su lJ, zHenG zJ. Upregulation of long non-
coding RNA MRCCAT1 predicts poor prognosis 
and functions as an oncogene in glioma. Eur Rev 
Med Pharmacol Sci 2018; 22: 8406-8414.

 8) dOnG Q, Yuan G, liu m, Xie Q, Hu J, WanG m, liu 
s, ma X, Pan Y. Downregulation of microRNA-374a 
predicts poor prognosis in human glioma. Exp 
Ther Med 2019; 17: 2077-2084.

 9) cui Y, li G, Yan m, li J, mu s. The effects of gene 
polymorphisms on glioma prognosis. J Gene Med 
2017; 19: 345-352.

10) zHanG H, ma Y, WanG H, Xu l, Yu Y. MMP-2 ex-
pression and correlation with pathology and MRI 
of glioma. Oncol Lett 2019; 17: 1826-1832.

11) mOHaramzad Y, taHeri ms, niaGHi F, sHOBeiri e. Brain-
stem glioma: prediction of histopathologic grade 
based on conventional MR imaging. Neuroradiol 
J 2018; 31: 10-17. 

12) cHenG lG, Wen H, HOnG-Xia z, Qian s, Bin n, Hui-
zHan l, Yan H, sOnG l. Intraoperative contrast en-
hanced ultrasound evaluates the grade of glioma. 
Biomed Res Int 2016; 1-9.

13) arlt F, cHalOPin c, müns a, meiXensBerGer J, lind-
ner d. Intraoperative 3D contrast-enhanced ultra-
sound (CEUS): a prospective study of 50 patients 
with brain tumours. Acta Neurochir (Wien) 2016; 
158: 685-694.

14) allarakHa a, GaO Y, JianG H, WanG P. Prediction 
and prognosis of biologically aggressive breast 
cancers by the combination of DWI/DCE-MRI 



Y. Luo, W.-T. Hou, L. Zeng, Z.-P. Li, W. Ge, C. Yi, J.-P. Kang, W.-M. Li, et al

7696

and immunohistochemical tumor markers. Discov 
Med 2019; 27: 7-15. 

15) sun l, Jin X, Xie l, Xu G, cui Y, cHen z. Swainsonine 
represses glioma cell proliferation, migration and 
invasion by reduction of miR-92a expression. 
BMC Cancer 2019; 19: 247

16) du Wz, FenG Y, WanG XF, PiaO XY, cui YQ, cHen 
lc, lei XH, sun X, liu X, WanG HB, li XF, YanG dB, 
sun Y, zHaO zF, JianG t, li Yl, JianG cl. Curcumin 
suppresses malignant glioma cells growth and in-
duces apoptosis by inhibition of SHH/GLI1 signal-
ing pathway in vitro and vivo. CNS Neurosci Ther 
2013; 19: 926-936. 

17) Hara e, smitH r, ParrY d, taHara H, stOne s, Peters 
G. Regulation of p16CDKN2 expression and its 
implications for cell immortalization and senes-
cence. Mol Cell Biol 1996; 16: 859-867.

18) zHaO X, sOnG t, He z, tanG l, zHu Y. A novel role of 
cyclinD1 and p16 in clinical pathology and prog-
nosis of childhood medulloblastoma. Med Oncol 
2010; 27: 985-991.

19) Park YH, mi sJ, Ha kt, Yu Hs, JanG sB. Structural 
characterization of As-MIF and hJAB1 during the 
inhibition of cell-cycle regulation. BMB Rep 2017; 
50: 269-274.

20) WanG XB, tian X, li Y, li B, li z. Elevated expres-
sion of macrophage migration inhibitory factor 
correlates with tumor recurrence and poor prog-
nosis of patients with gliomas. J Neurooncol 2012; 
106: 43-51.

21) Yuan X, liu d, WanG Y, li X. Significance of nucle-
ar magnetic resonance combined with Ki-67 and 
VEGF detection in the diagnosis and prognosis 
evaluation of brain glioma. J BUON 2018; 23: 410.

22) li X, WanG B, Gu l, zHanG J, li X, GaO l, ma c, 
lianG X, li X. Tim-3 expression predicts the ab-
normal innate immune status and poor prognosis 
of glioma patients. Clin Chim Acta 2018; 476: 178-
184.

23) Guan X, luO l, BeGum G, kOHanBasH G, sOnG Q, 
raO a, amankulOr n, sun B, sun d, Jia W. Elevated 
Na/H exchanger 1 (SLC9A1) emerges as a marker 
for tumorigenesis and prognosis in gliomas. J Exp 
Clin Cancer Res 2018; 37: 255.

24) HaGland Hr, lea d, WatsOn mm, søreide k. Cor-
relation of blood T-cells to intratumoural density 
and location of CD3+ and CD8+ T-cells in col-
orectal cancer. Anticancer Res 2017; 37: 675-684.

25) zHanG Y, zHu J. Ten genes associated with MGMT 
promoter methylation predict the prognosis of pa-
tients with glioma. Oncol Rep 2019; 41: 908-916.

26) HeGi me, diserens ac, GOrlia t, HamOu mF, de tri-
BOlet n, Weller m, krOs Jm, HainFellner Ja, masOn 
W, mariani l, BrOmBerG Je, Hau P, mirimanOFF rO, 
cairncrOss JG, Janzer rc, stuPP r. MGMT gene 
silencing and benefit from temozolomide in glio-
blastoma. N Engl J Med 2005; 352: 997-1003.

27) mur P, rOdríGuez de lOPe a, díaz-cresPO FJ, Hernán-
dez-iGlesias t, riBalta t, FiaO c, García JF, reY Ja, 
mOlleJO m, meléndez B. Impact on prognosis of the 
regional distribution of MGMT methylation with 

respect to the CpG island methylator phenotype 
and age in glioma patients. J Neurooncol 2015; 
122: 441-450.

28) ParsOns dW, JOnes s, zHanG X, lin JcH, learY rJ, 
anGenendt P, mankOO P, carter H, siu im, Gallia Gl. 
An integrated genomic analysis of human glio-
blastoma multiforme. Science 2008; 321: 1807-
1812.

29) carli ed, WanG X, PuGet s. IDH1 and IDH2 muta-
tions in gliomas. N Engl J Med 2009; 360: 765-
773.

30) sOnOda Y, kumaBe t, nakamura t, saitO r, kanamOri 
m, YamasHita Y, suzuki H, tOminaGa t. Analysis of 
IDH1 and IDH2 mutations in Japanese glioma pa-
tients. Cancer Sci 2009; 100: 1996-1998.

31) lv s, teuGels e, sadOnes J, Quartier e, neYns B. Cor-
relation between IDH1 Gene mutation status and 
survival of patients treated for recurrent glioma. 
Anticancer Res 2011; 31: 4457-4463.

32) Bleeker F, lamBa s, leenstra s, trOOst d, HulseBOs 
t, vandertOP W, Frattini m, mOlinari F, knOWles m, 
cerratO a, rOdOlFO m, scarPa a, FeliciOni l, Butt-
itta F, malatesta s, marcHetti a, Bardelli a. IDH1 
mutations at residue p.R132 (IDH1(R132)) occur 
frequently in high-grade gliomas but not in other 
solid tumors. Hum Mutat 2009; 30: 7-11.

33) li k, OuYanG l, He m, luO m, liu a. IDH1 R132H 
mutation regulates glioma chemosensitivity 
through Nrf2 pathway. Oncotarget 2017; 8: 28865-
28879.

34) danG l, WHite dW, GrOss s, Bennett Bd, BittinGer 
ma, driGGers em, Fantin vr, JanG HG, Jin s, keenan 
mc, marks km, Prins rm, Ward Ps, Yen ke, liau lm, 
raBinOWitz Jd, cantleY lc, tHOmPsOn cB, vander 
Heiden mG, su sm. Cancer-associated IDH1 mu-
tations produce 2-hydroxyglutarate. Nature 2010; 
462: 739-744.

35) zHaO s, lin Y, Xu W, JianG W, zHa z, WanG P, Yu W, 
li z, GOnG l, PenG Y. glioma-derived mutations in 
IDH1 dominantly inhibit IDH1 catalytic activity and 
induce HIF-1a Science 2009; 324: 261-265.

36) semenza Gl. Targeting HIF-1 for cancer therapy. 
Nat Rev 2003; 3: 721-732.

37) liu Y, li Ym, tian rF, liu WP, Fei z, lOnG QF, WanG 
Xa, zHanG X. The expression and significance 
of HIF-1alpha and GLUT-3 in glioma. Brain Res 
2009; 1304: 149-154.

38) [38] Evans B, Griner E; Reproducibility Project: 
Cancer Biology. Registered report: oncometabo-
lite 2-hydroxyglutarate is a competitive inhibitor of 
α-ketoglutarate-dependent dioxygenases. eLife 
2015; 4: e07420.

39) [39] Bralten lBc, klOOsterHOF nk, Balvers r, sac-
cHetti a, FrencH PJ. IDH1 R132H decreases prolif-
eration of glioma cell lines in vitro and in vivo. Ann 
Neurol 2011; 69: 455-463.

40) cOWell Jk, Barnett GH, nOWak nJ. Characteriza-
tion of the 1p/19q chromosomal loss in oligoden-
drogliomas using comparative genomic hybrid-
ization arrays (CGHa). J Neuropathol Exp Neurol 
2004; 63: 151-158.



Progress in the study of markers related to glioma prognosis

7697

41) akkus z, ali i, sedlář J, aGraWal JP, ParneY iF, Gianni-
ni c, ericksOn BJ. Predicting deletion of chromo-
somal arms 1p/19q in low-grade gliomas from MR 
images using machine intelligence. J Digit Imag-
ing 2017; 30: 469-476.

42) interGrOuP radiatiOn tHeraPY OncOlOGY GrOuP trial 
94021, cairncrOss G, BerkeY B, sHaW e, Jenkins r, 
scHeitHauer B, BracHman d, Buckner J, Fink k, sOuHa-
mi l, laPerierre n, meHta m, curran W. Phase III Tri-
al of chemotherapy plus radiotherapy compared 
with radiotherapy alone for pure and mixed an-
aplastic oligodendroglioma: Intergroup Radiation 
Therapy Oncology Group Trial 9402. J Clin Oncol 
2006; 24: 2707-2714.

43) Pesenti c, PaGanini l, FOntana l, veniani e, runza l, 
FerrerO s, BOsari s, menGHi m, marFia G, carOli m, sil-
iPiGni r, Guerneri s, taBanO s, miOzzO m. Mass spec-
trometry-based assay for the molecular diagnosis 
of glioma: concomitant detection of chromosome 
1p/19q codeletion, and IDH1, IDH2, and TERT mu-
tation status. Oncotarget 2017; 8: 57134-57148.

44) Odia Y, varma H, tsankOva nm. Biphasic IDH1 phe-
notype in a diffusely infiltrating glioma: Implica-
tions for pathogenesis, treatment and prognosis. 
Clin Neuropathol 2015; 34: 282-287. 

45) zHaO J, ma W, HOnG z. Loss of heterozygosity 
1p/19q and survival in glioma: a meta-analysis. 
Neuro Oncol 2014; 16: 103-112. 

46) aBrunHOsa-BranQuinHO an, Bar-derOma r, cOllette 
s, clementel e, liu Y, Hurkmans cW, Feuvret l, van 
Beek k, van den Bent m, Baumert BG, WeBer dc. Ra-
diotherapy quality assurance for the RTOG 0834/
EORTC 26053-22054/NCIC CTG CEC.1/CATNON 
intergroup trial “concurrent and adjuvant temozolo-
mide chemotherapy in newly diagnosed non-1p/19q 
deleted anaplastic glioma”: Individual case review 
analysis. Radiother Oncol 2018; 127: 292-298.

47) cicOne F, carideO l, scarinGi c, arcella a, GianGas-
PerO F, scOPinarO F, minniti G. (18)F-DOPA uptake 
does not correlate with IDH mutation status and 
1p/19q co-deletion in glioma. Ann Nucl Med 2019; 
33: 295-302.

48) eckel-PassOW Je, lacHance dH, mOlinarO am, WalsH 
km, decker Pa, sicOtte H, Pekmezci m, rice t, kOsel 
ml, smirnOv iv, sarkar G, carOn aa, kOllmeYer tm, 
Praska ce, cHada ar, Halder c, Hansen Hm, mc-
cOY ls, Bracci Pm, marsHall r, zHenG s, reis GF, 
PicO ar, O’neill BP, Buckner Jc, Giannini c, Huse 
Jt, PerrY a, tiHan t, BerGer ms, cHanG sm, PradOs 
md, Wiemels J, Wiencke Jk, WrenscH mr, Jenkins rB. 
Glioma groups based on 1p/19q, IDH, and TERT 

promoter mutations in tumors. N Engl J Med 2015; 
372: 2499-508. 

49) BrYce la, mOrrisOnt n, HOare sF, muir s, keitH Wn. 
Mapping of the gene for the Human Telomerase 
Reverse Transcriptase, hTERT, to chromosome 
5p15.33 by fluorescence in situ hybridization. 
Neoplasia 2000; 2: 197-201.

50) zHOu P, Wei l, Xia X, sHaO n, Qian X, YanG Y. Asso-
ciation between telomerase reverse transcriptase 
rs2736100 polymorphism and risk of glioma. J 
Surg Res 2014; 191: 156-160.

51) vuOnG HG, altiBi ama, duOnG unP, nGO Htt, PHam 
tQ, cHan ak, Park ck, FunG km, Hassell l. TERT 
promoter mutation and its interaction with IDH muta-
tions in glioma: combined TERT promoter and IDH 
mutations stratifies lower-grade glioma into distinct 
survival subgroups-A meta-analysis of aggregate 
data. Crit Rev Oncol Hematol 2017; 120: 1-9.

52) rOlle k. MiRNA multiplayers in glioma. From bench 
to bedside. Acta Biochim Pol 2015; 62: 353-365.

53) zHanG c, li c, li J, Han J, sHanG d, zHanG Y, zHanG 
W, YaO Q, Han l, Xu Y. Identification of miRNA-me-
diated core gene module for glioma patient pre-
diction by integrating high-throughput miRNA, 
mRNA expression and pathway structure. PLoS 
One 2014; 9: e96908.

54) lai ns, Wu d, FanG X, lin Y, cHen s, li z, Xu s. 
Serum microRNA-210 as a potential noninvasive 
biomarker for the diagnosis and prognosis of glio-
ma. Br J Cancer 2015; 112: 1241-1246.

55) sieGal t, cHarBit H, PaldOr i, zelikOvitcH B, canel-
lO t, Benis a, WOnG ml, mOrOkOFF aP, kaYe aH, 
lavOn i. Dynamics of circulating hypoxia-mediat-
ed miRNAs and tumor response in patients with 
high-grade glioma treated with bevacizumab. J 
Neurosurg 2016; 125: 1008-1015.

56) BO Y, GuO G, YaO W. MiRNA-mediated tumor spe-
cific delivery of TRAIL reduced glioma growth. J 
Neurooncol 2013; 112: 27-37.

57) XiaO H, Bai J, Yan m, Ji k, tian W, liu d, ninG t, liu 
X, zOu J. Discovery of a novel two-miRNA signa-
ture predicting survival of brain lower grade glio-
ma patients. World Neurosurg 2019; 126.

58) lu z, tanG H, Wu d, Xia Y, Wu m, Yi X, li H, WanG 
J. Amplified voltammetric detection of miRNA 
from serum samples of glioma patients via 
combination of conducting magnetic microbe-
ads and ferrocene-capped gold nanoparticle/
streptavidin conjugates. Biosens Bioelectron 
2016; 86: 502-507.


