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1. Introduction
Gliomas originate from tumors derived from neural ec-

todermal mesenchymal cells and are primary intracranial 
space-occupying lesions, accounting for approximately 
40-45% of intracranial tumors. Clinical manifestations 
include headaches, nausea, and varying degrees of neuro-
logical impairment [1]. Currently, the specific mechanisms 
underlying the onset of gliomas remain unclear, poten-
tially resulting from the interaction of genetic suscepti-
bility factors and environmental carcinogenic factors [2]. 
Recently, the WHO classification has been modified to in-
clude molecular criteria, such as IDH mutations for diffuse 
astrocytoma and GBM, or the epigenetic mark H3K27M 
mutation for diffuse midline glioma, to provide more pre-
cise diagnosis and treatment. Glioma cells exhibit charac-
teristics of unlimited proliferation and high invasiveness. 
Despite continuous advancements in neurosurgical tech-
niques, precise radiotherapy, and chemotherapy drugs, the 
prognosis for patients with such tumors remains subopti-
mal [3]. Therefore, enhancing the etiological research of 
gliomas is crucial for developing novel molecular targeted 
drugs to improve prognosis.

An expanding research area in epigenetic regulation 
of tumorigenesis includes the field of non-coding RNAs. 
Among non-coding species, lncRNAs are being intensi-
vely investigated, and enticing progress has been made 
in recent years, revealing their roles in chromatin remo-
delling, transcription, posttranscriptional processing and 
intracellular trafficking [4,5]. lincRNAs consist of sepa-
rate transcript units that are located between, but do not 
overlap with, protein-coding genes (PCGs) and represent 
the largest subclass of functionally characterized lncR-
NAs. Long non-coding RNA (lncRNA) refers to RNA 
molecules with a length between 200 and 100,000 nucleo-
tides. Although they do not encode proteins, lncRNAs 
play a regulatory role in various cellular processes. Aber-
rant expression of lncRNAs is associated with several 
types of cancer, including glioma. Normal expression of 
lncRNAs is affected by functional mutations or epigene-
tic alterations, transforming them into cancer-associated 
transcripts present at every step of tumour development. 
Studies have revealed the significant regulatory role of 
lncRNA in gliomas, offering potential breakthroughs in 
the clinical diagnosis and treatment of gliomas [6,7]. At 
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present, types, numbers and functions of lncRNA are not 
clear. More and more studies have shown that lncRNA 
is abnormally expressed in tumor cells, which can parti-
cipate in the regulation of biological behaviors of tumor 
cells. This article reviews the function and mechanism of 
lncRNA in glioma. This review comprehensively covers 
these aspects: an overview of lncRNA, the involvement 
of lncRNA in the occurrence and development of gliomas, 
and the clinical applications of lncRNA in gliomas. It aims 
to provide a comprehensive summary of the functions and 
mechanisms of lncRNA in gliomas. We will also review 
the two sides of lncRNA epigenetic regulation in glioma, 
as both targets and drivers. Finally, arguments in favour of 
using lncRNAs as diagnostic tools and therapeutic targets 
in glioma will be presented.

2. Materilas and Methods
Following the Preferred Reporting Items for Systema-

tic Reviews and Meta-Analyses (PRISMA) guidelines, a 
systematic search using the PubMed database was conduc-
ted forty studies met the inclusion and exclusion criteria 
and were analyzed for type of intervention, the study’s 
design, participants’ demographics, and outcomes, inclu-
ding attrition.

3. Results
3.1. Overview of lncRNA

Initially, long non-coding RNAs (lncRNAs) were 
considered genomic transcription "noise" without biolo-
gical functionality. However, it was later discovered that 
lncRNAs participate in various biological processes, in-
cluding X-chromosome silencing, genomic imprinting, 
transcriptional activation, and interference, closely linking 
them to the onset and progression of various diseases [8]. 
LncRNAs are primarily located in the nuclear chromatin, 
exhibiting mRNA-like structures but lacking open rea-
ding frames, rendering them incapable of encoding pro-
teins [9]. Most lncRNAs possess a conserved secondary 
structure. This conservation and specificity suggest that, in 
the process of inheritance, they not only serve as auxiliary 
intermediaries but also play diverse regulatory roles: 1) 
Transcriptional interference: Initiating transcription in the 
upstream promoter region of coding genes, disrupting the 
expression of adjacent protein-coding genes; 2) Inhibition 
of RNA polymerase II: Suppressing RNA polymerase II 
or mediating chromatin remodeling and histone modifi-
cation processes, influencing gene expression; 3) Binding 
to transcripts: Interfering with mRNA splicing, forming 
different splicing forms, or generating endogenous small 
interfering RNAs (siRNAs) to regulate gene expression; 
4) Binding to specific proteins: Regulating the activity of 
corresponding proteins. 5) Structural component: Forming 
nucleic acid-protein complexes with proteins; 6) Precur-
sor for small RNA: Serving as a precursor substance for 
small RNA [10,11]; 7)A crucial step in lncRNA research is 
identifying those associated with specific diseases. Com-
mon methods include traditional genetic approaches, gene 
chips, and high-throughput RNA sequencing [12]. Cur-
rently, while the functions of a few lncRNAs are relatively 
clear, the majority remain an extensive unknown field, 
holding significant research value and meaning.

3.2. lncRNA Involvement in the Occurrence and Deve-
lopment of Gliomas

Numerous studies indicate differential expression of 
lncRNAs in gliomas: Liu et al. [13] demonstrated eleva-
ted expression of lncRNA INHEG in glioblastomas, while 
Gu et al. [14], analyzing tumor genomic data sets, found 
downregulation of lncRNA SATB2-AS1 in both low-
grade gliomas and glioblastomas. This suggests that lncR-
NAs play a role in either promoting or inhibiting cancer 
in gliomas.

4. Discussion
The development of malignant tumors involves the 

accumulation of genetic changes and the process of clonal 
selection. Tumor cells possess biological characteristics 
such as unlimited proliferation, invasiveness, metasta-
sis, and angiogenesis. LncRNA PSMB8-AS1 competiti-
vely binds with miR-382-3p, enhancing the expression of 
BCAT1, thereby promoting the in vitro proliferation and 
migration of glioma cells, inhibiting apoptosis, and sti-
mulating the in vitro growth of transplanted tumors [15]. 
LncRNA LINC01018 acts as a sponge for miR-942-5p, 
selectively inhibiting KNG1, and enhancing the prolife-
ration, invasion, and migration abilities of glioma cells 
[16]. The growth and metastatic capabilities of tumors de-
pend on neovascularization, providing sufficient oxygen, 
nutrients, and waste removal to maintain metabolism and 
survival. Gliomas, being the most vascularized malignant 
tumors [17], exhibit overexpression of lncRNA SPRY4-
IT1, which, by sequestering miR-101-3p, upregulates 
EZH2, inducing VEGFA and promoting glioma cell proli-
feration and angiogenesis [18].

In tumor cells, a subpopulation with stem cell charac-
teristics, known as tumor stem cells, exhibits biological 
features such as self-renewal, multi-lineage differentiation 
potential, and resistance to conventional treatments [19]. 
Glioma stem cells induce tumor angiogenesis, promote 
tumor invasion and spread, display high tolerance to radio-
therapy and chemotherapy, and rapidly re-establish tumors 
under the pressure of conventional treatments, leading to 
rapid glioma recurrence [20]. Increasing research focuses 
on crucial molecular regulatory pathways associated with 
these biological features to obtain efficient and reliable 
therapeutic targets. For instance, lncRNA GSCAR, highly 
expressed in gliomas, shortens the overall survival time 
of patients. Knocking down GSCAR expression reduces 
SOX2 expression, inhibiting the self-renewal ability of 
glioma stem cells but promoting cell response to the thera-
peutic drug temozolomide [21]. Wang et al. [22], using the 
TANRIC database and PCR detection, found upregulated 
expression of lncRNA RP11-279C4.1 in glioma tissues 
and cell lines. As an oncogenic gene, RP11-279C4.1 pro-
motes the malignant phenotype of gliomas, including cell 
proliferation, migration, invasion, and self-renewal ability, 
by regulating the miR-1273g-3p/CBX3 axis.

Furthermore, lncRNAs participate in gliomas by regu-
lating the blood-brain tumor barrier, sensitivity to radio-
therapy and chemotherapy, and tumor metabolism. For 
example, lncRNA MIAT acts as a sponge for miR-140-3p, 
regulating the expression of its target gene ZAK. This in-
creases the permeability of the blood-brain tumor barrier, 
promoting the penetration of the anti-tumor drug actino-
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crucial. Comprehensive therapies are commonly used, 
involving surgical removal to quickly eliminate tumors, 
and release compressed nerves, and postoperative treat-
ments such as radiotherapy, chemotherapy, and immu-
notherapy to control residual cancer cells. Some studies 
have explored new approaches to glioma treatment based 
on lncRNAs: Temozolomide is a commonly used alky-
lating chemotherapy drug for treating glioblastoma mul-
tiforme. However, some patients develop resistance. By 
comparing the expression levels of non-coding RNAs in 
temozolomide-resistant/sensitive glioma samples, lncR-
NAs ARFRP1 and RUSC2 were found to regulate five 
target genes in the AMPK, AKT, mTOR, and TGF-β si-
gnaling pathways. This activation or inhibition of auto-
phagy leads to temozolomide resistance [34]. In gliomas 
receiving anti-PD-1/PD-L1 immunotherapy, single-cell 
RNA sequencing analysis of lncRNA expression profiles 
revealed the widespread upregulation of lncRNA NEAT1 
in patients with longer survival, indicating a close corre-
lation between NEAT1 and the benefits of glioma immu-
notherapy [35]. Given the crucial role of tumor-infiltrating 
lymphocytes in effective immunotherapy, a study analyzed 
sequencing data from purified immune cells, low-grade 
glioma cell lines, and tissues to identify 16 highly effec-
tive lncRNAs related to tumor-infiltrating immune cells. 
These lncRNAs were closely associated with immune fea-
tures, including microsatellite instability, tumor mutation 
burden, and interferon-gamma, allowing for more accurate 
clinical monitoring and selection of potential beneficiaries 
of immunotherapy [36]. 

Currently, research on using lncRNAs as therapeutic 
targets for glioma treatment is still in the theoretical explo-
ration stage. The safe and effective intervention of lncRNA 
expression in the human body requires further research. At 
the cellular level, common techniques such as RNA in-
terference, antisense oligonucleotides, or small molecule 
inhibitors are used to alter lncRNA expression. While an-
tisense oligonucleotides or small molecule inhibitors have 
been used for non-lncRNA targets, relevant pharmacoki-
netics and efficacy have preclinical data support [37,38]. 
Whether they are applicable to lncRNAs needs verification 
in comprehensive clinical trials. Additionally, as lncRNA 
research deepens, lncRNA carriers are continually being 
discovered. Exosomes can release bioactive cargo into the 
tumor microenvironment or transfer their contents (inclu-
ding lncRNAs) as a form of cell-to-cell communication. Li 
et al. [39] found that lncRNA TALC can be incorporated 
into exosomes and transferred to tumor-associated macro-
phages, promoting M2 polarization of microglial cells, 
reshaping the glioblastoma microenvironment, reducing 
tumor sensitivity to temozolomide chemotherapy. This 
suggests that the interaction mediated by TALC between 
glioblastoma cells and microglial cells can weaken che-
motherapy efficacy, and intervention with TALC during 
treatment may overcome temozolomide resistance. Ano-
ther study found that lncRNA PTENP1 can be packaged 
into exosomes derived from human umbilical cord mesen-
chymal stem cells and transferred to human glioma U87 
cells. Through competitive binding with miR-10a-5p, it 
stabilizes PTEN, exerting anti-tumor capabilities [40]. 

5. Conclusion
Gliomas, as the most common malignant tumors in the 

central nervous system, present a pressing clinical chal-

mycin, and inducing apoptosis in glioma cells [23]. Cao 
et al. [24], through a comprehensive genome-wide trans-
criptional survey, identified 51 lncRNAs with abnormal 
expression in glioma samples, of which 27 were drug-re-
sistant lncRNAs, maintaining abnormal expression even 
after radiotherapy and chemotherapy. Knocking down 
SNHG1 and UBL7-AS1 among them promoted the pro-
liferation of glioblastoma cells. Dong et al. [25], using 
RNA immunoprecipitation technology, identified a novel 
lncRNA, MDHDH, as a tumor factor that directly binds to 
MDH2 and PSMA1, acting as a molecular scaffold. This 
promotes the ubiquitination of MDH2 and its binding to 
proteasomes, accelerating the degradation of MDH2, and 
leading to changes in mitochondrial membrane potential 
and the NAD+/NADH ratio, thereby hindering glycolysis 
in glioma cells.

4.1. Potential Clinical Applications of lncRNA in Glio-
mas

Currently, neuroimaging techniques are the primary 
diagnostic methods for intracranial lesions. However, dis-
tinguishing intracranial lesions with similar radiological 
features is challenging, and assessing postoperative pro-
gression of gliomas is difficult [26]. Tumor cells are on 
a micrometer scale, while MRI imaging resolution is on 
a millimeter scale, leading to potential delays in diagno-
sis. Histological examination remains the "gold standard" 
for diagnosing gliomas, requiring the acquisition of tumor 
tissue through surgery or biopsy and subsequent patholo-
gical testing to determine the specific pathological type 
of glioma [27]. At present, molecular characteristics have 
become a research hotspot in the diagnosis and treatment 
of gliomas [28,29]. Molecular pathological diagnosis fur-
ther divides gliomas based on the molecular genetic level, 
which is crucial for accurately assessing the biological 
characteristics and clinical prognosis of gliomas. lncRNA-
ANRIL and SOX9 show abnormal expression in gliomas, 
closely correlating with tumor grading, tumor diameter, 
distant metastasis, and a family history of gliomas [30]. 
Yang et al. [31] constructed a risk model based on lncRNA 
genes associated with pseudouridine from tumor genomic 
maps and the Chinese glioma genomic map. They found 
that a model composed of four lncRNAs—DNAJC27-
AS1, GDNF-AS1, ZBTB20-AS4, and DNMBP-AS1—
effectively predicted the prognosis of glioma patients. 
Moreover, the risk score generated by this model was clo-
sely related to the sensitivity of patients to radiotherapy 
and chemotherapy.

Širvinskas et al. [32], through RNA sequencing of pos-
toperative tumor samples and normal brain tissues from 26 
glioma patients, found significantly upregulated expres-
sion of the antisense lncRNA CHROMR in glioma tissues, 
with higher expression correlating to lower patient survival 
rates. Zhao et al. [33], using the GSE4290 dataset obtained 
from the Gene Expression Omnibus, selected differential-
ly expressed genes and lncRNAs. After minimum absolute 
shrinkage and selection operator analysis, they identified 
nine optimal features, including lncRNAs GABPB1-AS1, 
HAR1A, LINC00599, SNAI3-AS1, SNHG1, and mRNAs 
FABP6, MBOAT7, SLC25A1, UST, closely related to 
energy metabolism, aiding in predicting the prognosis of 
low-grade gliomas.

The spread rate of cancer cells in gliomas is much fas-
ter than in other malignant tumors, making early treatment 
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lenge for improving efficacy and enhancing patient pro-
gnosis. With the advancement of molecular technologies, 
the biological functions of lncRNAs in gliomas have gar-
nered widespread attention. LncRNAs not only influence 
the onset and malignant progression of gliomas through 
various mechanisms but also hold promise as novel mole-
cular markers for the diagnosis, differentiation, treatment, 
and prognostic assessment of gliomas. Future efforts 
should focus on uncovering more critical lncRNAs and 
their underlying mechanisms of action, aiming to elevate 
the diagnostic and therapeutic standards for gliomas.

Conflict of Interests
The author has no conflicts with any step of the article 
preparation. 

Consent for publications
The author read and approved the final manuscript for 
publication.

Ethics approval and consent to participate
No human or animals were used in the present research.

Informed Consent
The authors declare not used any patients in this research.
 
Availability of data and material 
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Authors' contributions
FT and XZ designed the study and performed the experi-
ments, FT collected the data, XZ analyzed the data, FT and 
XZ prepared the manuscript. All authors read and appro-
ved the final manuscript.

Funding
None.

References 

1. Wu PB, Filley AC, Miller ML, Bruce JN (2023) Benign Glioma. 
Adv Exp Med Biol 1405:31-71. doi: 10.1007/978-3-031-23705-
8_2

2. Barthel L, Hadamitzky M, Dammann P, Schedlowski M, Sure 
U, Thakur BK et al (2022) Glioma: molecular signature and 
crossroads with tumor microenvironment. Cancer Metast Rev 
41:53-75. doi: 10.1007/s10555-021-09997-9

3. Chao B, Jiang F, Bai H, Meng P, Wang L, Wang F (2022) Pre-
dicting the prognosis of glioma by pyroptosis-related signature. J 
Cell Mol Med 26:133-143. doi: 10.1111/jcmm.17061

4. Cao J (2014) The functional role of long non-coding RNAs and 
epigenetics. Biol Proced Online 16:11. doi: 10.1186/1480-9222-
16-11

5. Chen LL, Carmichael GG (2010) Decoding the function of nu-
clear long non-coding RNAs. Curr Opin Cell Biol 22:357-364. 
doi: 10.1016/j.ceb.2010.03.003

6. Lei Q, Yuan B, Liu K, Peng L, Xia Z (2023) A novel prognos-
tic related lncRNA signature associated with amino acid meta-
bolism in glioma. Front Immunol 14:1014378. doi: 10.3389/
fimmu.2023.1014378

7. Yang Z, Zheng Y, Wu H, Xie H, Zhao J, Chen Z et al (2023) 
Integrative analysis of a novel super-enhancer-associated lncRNA 
prognostic signature and identifying LINC00945 in aggravating 

glioma progression. Hum Genomics 17:33. doi: 10.1186/s40246-
023-00480-w

8. Liu J, Yang LZ, Chen LL (2022) Understanding lncRNA-protein 
assemblies with imaging and single-molecule approaches. Curr 
Opin Genet Dev 72:128-137. doi: 10.1016/j.gde.2021.11.005

9. Karagkouni D, Karavangeli A, Paraskevopoulou MD, Hatzi-
georgiou AG (2021) Characterizing miRNA-lncRNA Interplay. 
Methods Mol Biol 2372:243-262. doi: 10.1007/978-1-0716-
1697-0_21

10. Bridges MC, Daulagala AC, Kourtidis A (2021) LNCcation: ln-
cRNA localization and function. J Cell Biol 220:e202009045. doi: 
10.1083/jcb.202009045

11. Grammatikakis I, Lal A (2022) Significance of lncRNA abun-
dance to function. Mamm Genome 33:271-280. doi: 10.1007/
s00335-021-09901-4

12. Yip CW, Sivaraman DM, Prabhu AV, Shin JW (2021) Functional 
annotation of lncRNA in high-throughput screening. Essays Bio-
chem 65:761-773. doi: 10.1042/EBC20200061

13. Liu L, Liu Z, Liu Q, Wu W, Lin P, Liu X et al (2023) LncRNA 
INHEG promotes glioma stem cell maintenance and tumorige-
nicity through regulating rRNA 2'-O-methylation. Nat Commun 
14:7526. doi: 10.1038/s41467-023-43113-5

14. Gu J, Ye Y, Sunil R, Zhan W, Yu R (2023) Downregulation of 
lncRNA SATB2‑AS1 facilitates glioma cell proliferation by 
sponging miR‑671‑5p. Exp Ther Med 26:503. doi: 10.3892/
etm.2023.12202

15. Liu H, Zhang J, Li J, Cao X, Yu K, Xia X et al (2024) LncRNA 
PSMB8-AS1 increases glioma malignancy via the miR-382-
3p/BCAT1 axis. Transl Oncol 39:101806. doi: 10.1016/j.tra-
non.2023.101806

16. Xu J, Wang J, Zhao M, Li C, Hong S, Zhang J (2023) LncRNA 
LINC01018/miR-942-5p/KNG1 axis regulates the malignant 
development of glioma in vitro and in vivo. Cns Neurosci Ther 
29:691-711. doi: 10.1111/cns.14053

17. Bernardes SS, Pinto M, Amorim JH, Azevedo V, Resende RR, 
Mintz A et al (2022) Glioma Pericytes Promote Angiogenesis 
by Producing Periostin. Cell Mol Neurobiol 42:557-564. doi: 
10.1007/s10571-020-00975-3

18. Wang J, Chen Y, Wang Q, Xu H, Jiang Q, Wang M et al (2023) 
LncRNA SPRY4-IT1 facilitates cell proliferation and angiogene-
sis of glioma via the miR-101-3p/EZH2/VEGFA signaling axis. 
Cancer Med-Us 12:7309-7326. doi: 10.1002/cam4.5517

19. Nasrolahi A, Azizidoost S, Radoszkiewicz K, Najafi S, Ghaedrah-
mati F, Anbiyaee O et al (2023) Signaling pathways governing 
glioma cancer stem cells behavior. Cell Signal 101:110493. doi: 
10.1016/j.cellsig.2022.110493

20. Gisina A, Kholodenko I, Kim Y, Abakumov M, Lupatov A, 
Yarygin K (2022) Glioma Stem Cells: Novel Data Obtained by 
Single-Cell Sequencing. Int J Mol Sci 23:14224. doi: 10.3390/
ijms232214224

21. Jiang X, Zhang Y, Yuan Y, Jin Z, Zhai H, Liu B et al (2023) LncR-
NA GSCAR promotes glioma stem cell maintenance via stabili-
zing SOX2 expression. Int J Biol Sci 19:1681-1697. doi: 10.7150/
ijbs.80873

22. Wang F, Zhang L, Luo Y, Zhang Q, Zhang Y, Shao Y et al (2021) 
The LncRNA RP11-279C4.1 Enhances the Malignant Behaviour 
of Glioma Cells and Glioma Stem-Like Cells by Regulating the 
miR-1273g-3p/CBX3 Axis. Mol Neurobiol 58:3362-3373. doi: 
10.1007/s12035-021-02337-6

23. He J, Xue Y, Wang Q, Zhou X, Liu L, Zhang T et al (2020) Long 
non-coding RNA MIAT regulates blood tumor barrier permeabi-
lity by functioning as a competing endogenous RNA. Cell Death 
Dis 11:936. doi: 10.1038/s41419-020-03134-0

24. Cao M, Ma R, Li H, Cui J, Zhang C, Zhao J (2022) Therapy-



237

LncRNA in glioma: Function and mechanism          Cell. Mol. Biol. 2024, 70(4): 233-237

resistant and -sensitive lncRNAs, SNHG1 and UBL7-AS1 pro-
mote glioblastoma cell proliferation. Oxid Med Cell Longev 
2022:2623599. doi: 10.1155/2022/2623599

25. He D, Xin T, Pang B, Sun J, Liu ZH, Qin Z et al (2022) A novel 
lncRNA MDHDH suppresses glioblastoma multiforme by acting 
as a scaffold for MDH2 and PSMA1 to regulate NAD+ metabo-
lism and autophagy. J Exp Clin Canc Res 41:349. doi: 10.1186/
s13046-022-02543-7

26. Mancini L, Casagranda S, Gautier G, Peter P, Lopez B, Thorne L 
et al (2022) CEST MRI provides amide/amine surrogate biomar-
kers for treatment-naive glioma sub-typing. Eur J Nucl Med Mol 
I 49:2377-2391. doi: 10.1007/s00259-022-05676-1

27. Ferrazzoli V, Shankar A, Cockle JV, Tang C, Al-Khayfawee A, 
Bomanji J et al (2023) Mapping glioma heterogeneity using 
multiparametric 18 F-choline PET/MRI in childhood and tee-
nage-young adults. Nucl Med Commun 44:91-99. doi: 10.1097/
MNM.0000000000001636

28. Piperi C, Markouli M, Gargalionis AN, Papavassiliou KA, Papa-
vassiliou AG (2023) Deciphering glioma epitranscriptome: focus 
on RNA modifications. Oncogene 42:2197-2206. doi: 10.1038/
s41388-023-02746-y

29. Sun W, Zhou H, Han X, Hou L, Xue X (2021) Circular RNA: 
A novel type of biomarker for glioma (Review). Mol Med Rep 
24:602. doi: 10.3892/mmr.2021.12240

30. Sun Y, Jing Y, Zhang Y (2021) Serum lncRNA-ANRIL and SOX9 
expression levels in glioma patients and their relationship with 
poor prognosis. World J Surg Oncol 19:287. doi: 10.1186/s12957-
021-02392-2

31. Yang Y, Wang F, Teng H, Zhang C, Zhang Y, Chen P et al (2023) 
Integrative analysis of multi-omics data reveals a pseudouridine-
related lncRNA signature for prediction of glioma prognosis and 
chemoradiotherapy sensitivity. Comput Biol Med 166:107428. 
doi: 10.1016/j.compbiomed.2023.107428

32. Sirvinskas D, Steponaitis G, Stakaitis R, Tamasauskas A, Vait-
kiene P, Skiriute D (2023) Antisense lncRNA CHROMR is lin-

ked to glioma patient survival. Front Mol Biosci 10:1101953. doi: 
10.3389/fmolb.2023.1101953

33. Zhao J, Wang L, Wei B (2020) Identification and Validation 
of an Energy Metabolism-Related lncRNA-mRNA Signature 
for Lower-Grade Glioma. Biomed Res Int 2020:3708231. doi: 
10.1155/2020/3708231

34. Nayak R, Mallick B (2023) LncRNA-associated competing 
endogenous RNA network analysis uncovered key lncRNAs in-
volved in temozolomide resistance and tumor recurrence of glio-
blastoma. J Mol Recognit 36:e3060. doi: 10.1002/jmr.3060

35. Toker J, Iorgulescu JB, Ling AL, Villa GR, Gadet J, Parida L et 
al (2023) Clinical Importance of the lncRNA NEAT1 in Cancer 
Patients Treated with Immune Checkpoint Inhibitors. Clin Cancer 
Res 29:2226-2238. doi: 10.1158/1078-0432.CCR-22-3714

36. Zhang N, Zhang H, Wu W, Zhou R, Li S, Wang Z et al (2022) Ma-
chine learning-based identification of tumor-infiltrating immune 
cell-associated lncRNAs for improving outcomes and immuno-
therapy responses in patients with low-grade glioma. Theranos-
tics 12:5931-5948. doi: 10.7150/thno.74281

37. Wang T, Yao Y, Hu X, Zhao Y (2022) Message in hand: the appli-
cation of CRISPRi, RNAi, and LncRNA in adenocarcinoma. Med 
Oncol 39:148. doi: 10.1007/s12032-022-01727-7

38. Lennox KA, Behlke MA (2020) Tips for Successful lncRNA 
Knockdown Using Gapmers. Methods Mol Biol 2176:121-140. 
doi: 10.1007/978-1-0716-0771-8_9

39. Li Z, Meng X, Wu P, Zha C, Han B, Li L et al (2021) Glioblastoma 
Cell-Derived lncRNA-Containing Exosomes Induce Microglia to 
Produce Complement C5, Promoting Chemotherapy Resistance. 
Cancer Immunol Res 9:1383-1399. doi: 10.1158/2326-6066.CIR-
21-0258

40. Hao SC, Ma H, Niu ZF, Sun SY, Zou YR, Xia HC (2019) hUC-
MSCs secreted exosomes inhibit the glioma cell progression 
through PTENP1/miR-10a-5p/PTEN pathway. Eur Rev Med 
Pharmaco 23:10013-10023. doi: 10.26355/eurrev_201911_19568


