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ABSTRACT: Pediatric diffuse midline gliomas (DMG) with an H3K27M mutation are a highly invasive brain tumor group, 
and within the CBTRUS subcategory of pediatric high-grade gliomas (pHGGs), they account for approximately 15% of all 
central nervous system tumors in children and adolescents. These tumors generally have a poor prognosis with 5-year survival rates 
of less than 20% and limited treatment options. The poor prognosis is due to challenges in early detection, such as vague symptoms 
and limitations in imaging diagnostic techniques, as well as challenges in treatment options. Due to the location of the tumor, 
surgical resections are rarely possible, and traditional therapies, including radiation therapy and chemotherapy, are ineffective 
against DMG, with only palliative care options. This review explores the emerging role of microRNA as a highly promising 
biomarker in cerebrospinal fluid, through the use of liquid biopsies, a non-invasive tool for diagnosis and monitoring. Moreover, 
microRNA can be used to regulate oncogene expression through inhibitors such as miRNA sponge or antisense RNA, as well as 
miRNA mimetics. Continued research into microRNA-based liquid biopsies and targeted therapies may enable advancements for 
earlier detection and effective, personalized tumor treatment.  
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�   Introduction
Pediatric high-grade gliomas:
Pediatric high-grade gliomas (pHGGs) are a highly inva-

sive brain tumor group that accounts for approximately 15% of 
all central nervous system tumors in children and adolescents. 
These tumors generally have a poor prognosis with 5-year sur-
vival rates of less than 20% and limited treatment options.1,2 
Despite advances in clinical technologies and surgical tech-
niques, current diagnostic methods, such as an MRI (magnetic 
resonance imaging) and surgical biopsies, are still limited. This 
is due to their invasive nature as well as their ineffectiveness in 
detecting tumors at a molecular level. Early detection of brain 
gliomas is critical to improve patient prognosis and overall sur-
vival (OS), but these limitations in current diagnostic methods 
require an alternative. Traditionally, tissue samples through a 
biopsy or surgical resection were used to identify molecular 
markers; however, in recent years, new methods have surfaced 
in which bodily fluids can be used. Known as a “liquid biop-
sy”, this refers to a non-invasive method to analyze the tumor 
using cerebrospinal fluid (CSF), blood, or urine. This method 
is becoming increasingly popular, especially for CNS (central 
nervous system) cancer patients. This may include patients 
with midline gliomas in the brainstem, in which tissue biop-
sies carry a high risk of post-surgical morbidity due to their 
location.3,4 Circulating microRNA can be used as biomarkers 
for specific CNS tumors as they are released in these body flu-
ids, allowing detection by liquid biopsies.5,6 Through the use of 
liquid biopsies, biomarkers can be detected in the body fluids 
of glioma patients without requiring invasive procedures, serv-
ing as biomarkers for the early detection of the disease.7 The 
main objective of early detection is to find substantial cancer or 

precancerous abnormalities at the earliest possible time, when 
action might improve survival chances or lessen sickness. Early 
cancer identification can lessen the severity of the disease and 
increase survival rates.8

While many existing research papers on miRNA in pedi-
atric brain tumors focus on their biological roles in regulation 
patterns, this paper adopts a separate approach in highlighting 
the most recent advances for miRNA potential in diagnosis 
and targeted therapy. This review draws attention to how these 
small non-coding RNAs are being explored as biomarkers in 
minimally invasive liquid biopsies. It encompasses novel ther-
apeutic approaches, including antisense RNA, microRNA 
sponges, and microRNA mimetics.

Moreover, this paper aims to delineate a lesser-known sub-
type of pediatric high-grade glioma, specifically H3K27M 
mutant gliomas. This particularly aggressive subtype of diffuse 
midline gliomas has a poor prognosis, due to their resistance 
to conventional treatments and their invasive nature to oth-
er surrounding tissue. This review emphasizes recent studies 
investigating the potential of miRNA to offer tumor-specif-
ic biomarkers and therapeutic targets for more effective and 
precise clinical interventions for this devastating subtype of 
glioma.

Epidemiology:
The 2022 CBTRUS (Central Brain Tumor Registry of the 

United States) Statistical Report provides comprehensive data 
on the incidence and prevalence of primary malignant and 
non-malignant brain and other CNS tumors in children and 
young adults in the U.S. from 2017 to 2021. The overall in-
cidence for malignant tumors was 3.55 per 100,000, and only 
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2.67 for non-malignant tumors. The incidence rate was high-
er for females (6.35) compared to males (6.11), and higher 
in non-Hispanics (6.52) compared to Hispanics (5.33). Also, 
from the data, higher-income countries, especially the U.S. and 
Canada, have the highest average annual incidence.9 Figure 1 
below shows the countries with the highest incidence of ma-
lignant CNS tumors.

Additionally, previous studies found higher childhood brain 
tumor incidence in high-income countries (HICs) compared 
to low-middle income countries (LMICs), with significant-
ly increasing incidence rates with increasing GDP per capita. 
However, due to varying study and reporting methods, direct 
comparisons between countries may be challenging. While 
HICs usually have a wealth of data, including CBT prevalence 
and management advancements, LMICs have a significant 
scarcity of data due to limitations in the poor healthcare 
systems of cancer diagnosis and reporting.12 Subsequently, 
low-income regions may lack quality research on pediatric 
brain tumors, leading to incomplete data. Also, according to 
the WHO (World Health Organization), only 15-45% of 
pediatric cancer patients in LMICs receive optimal care that 
leads to a cure, in comparison to 80% in developed HICs. 
This may be due to the scarce, unequally distributed number 
of neurosurgeons, as surgery is usually the primary treatment 
for CBTs. This means there may be incidence disparities that 
are a result of misinformation bias rather than genuine dif-
ferences in risk factor exposure. Further research is required 
to comprehensively describe CBT epidemiology and explain 
study findings.11

Types of pHGGs:
Pediatric high-grade gliomas are the primary brain tu-

mor group that has caused fatalities during childhood.13 The 
2021 WHO Classification (fifth version) recognizes the sub-
types of pediatric-type diffuse gliomas, both high-grade and 
low-grade. The pediatric-type diffuse high-grade gliomas 
(expected to be aggressive) are subdivided into four different 
categories: diffuse midline glioma H3K27-altered, diffuse 
hemispheric glioma H3 G34-mutant, diffuse pediatric-type 
high-grade glioma H3-wildtype and IDH-wildtype, and 
finally the infant-type hemispheric glioma.14, 15 These sub-
categories are novel, excluding the first type, diffuse midline 

glioma H3K27-altered, which has been revised and renamed 
in the latest WHO classification of CNS tumors.16 “Diffuse 
midline glioma (DMG)” replaced the previous “diffuse intrin-
sic pontine glioma (DIPG)” to highlight the fact that these 
lesions are not solely centered in the pons, but may also orig-
inate in other midline structures. These structures include the 
thalami, gangliocapsular region, cerebrum, spinal cord, and 
various others.17

In this review, we will be focusing on the diffuse midline 
glioma H3K27-altered.

Diffuse midline glioma (DMG), previously known as dif-
fuse intrinsic pontine gliomas (DIPG) is a rare, high-grade 
malignant brain stem tumor, that commonly occurs between 
ages of 5 and 10 years.17, 18 They account for around 75% of 
brain stem tumors in children and current prognosis for 
DMGs remain poor, with a median survival rate of less than 
one year post-diagnosis.9,18 The delicate location of DMGs as 
well as their highly aggressive nature, tending to infiltrate any 
surrounding brain tissue, eliminates surgical removal as a treat-
ment option. 17,19 Additionally, DMGs seem to be inherently 
resistant to conventional therapy treatments for other types 
of brain tumors, including chemotherapy and radiation ther-
apy.19, 20 Contrasting with adult gliomas, DMGs are uniquely 
dependent on the H3K27M mutation for their initiation and 
maintenance.21

Clinical Presentation and Diagnosis:
A heterozygous point mutation of the histone H3, H3K27M 

mutation, is a genetic biomarker in patients with suspected 
DIPG who have supporting clinical and radiographic find-
ings.22, 23 Nearly 80% of DMGs have lysine-to-methionine 
substitutions at position H3K27 encoding H3.3 (H3F3A), and 
H3.1 (HIST1H3B), collectively referred to as the H3K27M 
mutation.20, 24, 25 In 2016, the World Health Organization 
(WHO) classified all gliomas harboring the H3K27M mu-
tant as “Diffuse Midline Glioma H3K27M-mutant”. Figure 2 
shows a diagram of this H3K27M mutation.

This has resulted in research focused on the development of 
pharmacological inhibitors designed to regulate these epigen-
etic mechanisms.20 The loss of the trimethylation by the PRC2 
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Figure 1: Countries with the highest incidence rates of the most malignant 
CNS tumors. Overall, the highest incidences of most malignant brain and 
other CNS tumors have been found in Europe, Canada, the United States, and 
Australia. The highest childhood brain tumor (CBT) incidences were found 
in North America and the lowest in Africa.10, 11

Figure 2: The histone tail of H3K27 can be subject to an H3K27M mutation 
where lysine (K) is replaced by methionine (M). The mutation causes a loss 
in H3K27me3 (trimethylation, a repressive mark) and an increase in H3K27 
acetylation (an activating mark).26 Trimethylation is crucial for the silencing 
of specific gene expressions, which may include tumor suppressors and 
oncogenes.
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complex is mainly due to the inhibition of the EZH2 (his-
tone methyltransferase enhancer of zeste homolog 2), which is 
the catalytic subunit of PRC2 (polycomb repressive complex 
2).20,27

Studies have identified a key functional consequence of 
the H3K27M mutation, which is mutant protein sequestra-
tion of the PRC2 methyltransferase, resulting in functional 
inactivation of PRC2.21,28,29 Thus, this leads to a global reduc-
tion of H3K27 trimethylation (H3K27me3), which leads to 
an extensive transcriptional reprogramming of mutant cells 
and promotes a stem cell-like therapy-resistant phenotype.21 
While the mutation decreases methylation, it also increases 
acetylation (K27ac) which is necessary for the transcription-
al activation of bro- mo- and extraterminal domain (BET) 
through Poll II (RNA Polymerase II).21,30 Highly selec-
tive BET bromodomain inhibitors, such as JQ1 and I-BET, 
suppress gene transcription by blocking binding between 
bromodomain proteins (BRD) and acetylated histones, rep-
resenting a promising therapeutic strategy for treating DMG.

Signs and Symptoms:
A challenge associated with diagnosis for pHGGs is the 

nonspecific nature of the presenting symptoms, shown in Fig-
ure 3 below.

Diagnosis:
The most common imaging methods for pHGG diagno-

sis include magnetic resonance imaging (MRI) and computed 
tomography, which is the diagnostic standard. These imaging 
methods help to identify the location of the brain tumor and 
guide further interventions such as surgical resection and radi-
ation field planning.32 According to the Response Assessment 
in Pediatric Neuro-Oncology (RAPNO) working group, there 
are several differences in the recommended imaging protocol, 
compared to adult gliomas, for pediatric diffuse high-grade 
gliomas.33 Imaging of the different types of pHGGs (exclud-
ing infant-type hemispheric glioma) is shown in Figures 4-6 
below.

However, there are a few challenges regarding imaging 
techniques for the diagnosis of pHGGs. Firstly, there are lim-
itations in specificity for tumor characterization. Although the 
primary features may be identified, there may be an overlap 
with other brain tumors, which can lead to delayed diagnosis. 
Also, conventional MRI cannot accurately assess the full ex-
tent of tumor infiltration, which can impact surgical planning. 
Furthermore, the lack of information at a molecular level lim-
its options for personalized treatment approaches.35

Current Management (Investigation and treatment):
Standard of care treatment for HGG (high-grade glioma) 

in children is not as clearly established as it is in adults. The 
most common treatment modalities for pediatric patients with 
high-grade gliomas are surgical resection, radiation therapy, 
occasionally chemotherapy, and targeted therapies. Below will 
cover these four treatments in detail.

Surgical Resection:
For pHGG patients, surgical resection is often the initial 

treatment strategy. Gross total resection (GTR) is attempt-
ed when feasible, with studies by Hatoum et al. showing that 
GTR is associated with improved prognosis compared to 
subtotal resection or biopsy, especially in patients with hemi-

Figure 3: Common presenting symptoms may include headaches, weakness, 
double vision, drowsiness, and vomiting, which are often attributed to other 
etiologies and lead to a further delay in diagnosis.31 For infants and very young 
children, the onset of symptoms is often delayed due to the elasticity and 
expandability of their skulls, which allow brain tumors to grow significantly 
without increased intracranial pressure.32

Figure 4: Images of two different patients with diffuse midline glioma, H3 
K27-altered. a) 28-year-old male and b) 30-year-old female showing the 
tumors crossing the midline (image reproduced from Park et al., 2023).34

Figure 5: Image of a 54-year-old female with diffuse hemispheric glioma, 
H3 G34-mutant (image reproduced from Park et al., 2023).34

Figure 6: Image of an 8-year-old boy with diffuse pediatric-type high-grade 
glioma, H3-wildtype and IDH-wildtype (image reproduced from Park et al., 
2023).34

DOI: 10.36838/IJHSR811.212

ijhighschoolresearch.org



	 215	

cephalopathy, ataxia, and motor weakness, among many other 
undesirable effects.44

Additionally, palliative chemotherapy is given to patients 
when cancers have metastasized, and general therapeutic meth-
ods are not working to reduce the high symptom burden and 
their impaired quality of life (QoL). Palliative interventions 
can address symptoms including seizures, headaches, depres-
sion, and treatment-induced toxicity. Caregivers and families 
report disproportionately high supportive care needs, differing 
from other systemic cancers.43

Targeted Therapy:
With increasing numbers of pediatric cancer survivors, the 

long-term complications, such as relapse of cancers at a later 
stage or during adulthood, of standard therapies, including ra-
diation and chemotherapy, are becoming increasingly apparent. 
Therefore, in recent years, efforts have been directed toward 
the use of precision medicine in developing new and innovative 
treatments.46

For pHGGs, targeted therapies are able to be used to target 
specific oncoproteins that are overexpressed in the tumor to 
reduce their effects.

Below is Table 1, showing different ongoing, completed, and 
terminated clinical trials based on specific molecular targets, 
assessing various drugs for pediatric brain tumors.

spheric and infratentorial tumors.36 This is typically followed 
by adjuvant radiotherapy, with exceptions made for infants 
and younger children due to neuro-developmental toxicity 
concerns.37 However, tumor resection has some important 
limitations. These tumors are highly infiltrative and therefore 
invade the surrounding brain tissue beyond the tumor mar-
gins visible on neuroimaging. Hence, even with a successful 
GTR, microscopic disease is present beyond the surgical mar-
gins, and surgery alone is not considered curative.38 Surgical 
resection is not feasible for most diffuse midline gliomas due 
to their extremely delicate location, carrying a high risk of 
post-surgical morbidity.3 Their highly aggressive nature also 
means the tumor tends to infiltrate surrounding brain tissue, 
and is thus not amenable to surgical treatment.4, 24

Radiation Therapy:
Radiation therapy (RT) is a standard method against 

pHGG and generally the only modality, apart from surgical 
resection, to provide symptom relief and a delay in tumor pro-
gression.39 It has become the mainstay of therapeutic strategies 
for children above 3 years of age, as younger children are more 
susceptible to harmful side effects, and they are often treated 
with chemotherapy alone. For older children, the standard of 
care therapy has become maximal surgical resection if possible, 
followed by focal radiotherapy with a margin around the tu-
mor bed, and has remained unchanged for decades.40 However, 
this therapy is essentially palliative, and although it can tem-
porarily reduce the symptoms and slow tumor growth, it does 
not offer a cure against pHGG.41 Also, as with most therapy 
methods, the cancer cells often acquire resistance mechanisms 
that stimulate regrowth after treatment or permit survival, 
limiting radiation therapy efficacy.39

In 2024, Williamson et al. conducted a study including a 
total of 498 pHGG patients to evaluate the impact of radia-
tion therapy on outcomes using the National Cancer Database 
(NCDB). They found there were no benefits to early RT 
timing when RT is initiated within 90 days of diagnosis or a 
higher RT dose in their dataset.42

Chemotherapy:
Chemotherapy was first introduced as a therapeutic meth-

od against pHGGs in the 1970s. Several anti-tumor agents 
have shown effectiveness in various malignancies; however, 
they have not proven effective in treating pediatric brain tu-
mors. This is due to the presence of the blood–brain barrier 
(BBB), which plays an important role in maintaining subopti-
mal concentrations of anti-cancer drugs in the CNS. Ongoing 
research focuses on adjusting the BBB to reach clinically ef-
fective drug levels in the CNS. However, scientists still have 
limited knowledge of the interaction of exogenous chemical 
agents with the BBB. Hence, they are unable to provide a com-
prehensive explanation for the ineffectiveness of established 
anti-cancer drugs in pediatric brain tumors.43 Also, despite 
many past clinical trials, DIPG has mainly never been shown 
to respond to chemotherapy.40

However, chemotherapy causes potentially significant 
adverse effects such as post-treatment pancytopenia, en-

Table 1: Table of various clinical trials. Many of these clinical trials are 
in Phase I or II with unpublished results, indicating they are still in the 
preliminary stages of estimating the safety of the drug for pediatric patients. 
Pediatric patients behave differently regarding drug use because many of these 
young patients cannot tolerate the toxicity at the dose that would work for 
adults, because their organs are still immature. At this stage of assessing the 
safety of the drugs, the balance between the toxicity levels and clinical benefit 
for patients must be considered.
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has become the standard liquid biopsy specimen for various 
types of tumors. However, CSF can circulate in the ventricles 
and cisterns of the spinal cord and carry tumor metabolites 
and exfoliated tumor cells, making CSF the ideal sample for 
CNS tumor liquid biopsies.48 CSF is mostly collected through 
lumbar puncture or surgery around the brain area. Currently, 
liquid biopsy techniques include Enzyme-linked Immuno-
sorbent Assay (ELISA), Polymerase Chain Reaction (PCR), 
and Next-Generation Sequencing (NGS) for the detection of 
potential CSF biomarkers.49 Furthermore, the development of 
liquid biopsies may be most beneficial for DMG patients, as 
DMG is resistant to standard cancer therapies, and surgical in-
tervention is not yet accepted.24 The ability to diagnose patients 
and assess their response to therapy treatments in a non-inva-
sive manner would become an important clinical advancement 
in the management of this patient population. Liquid biopsies 
have been found to confirm diagnosis, identify the presence of 
the histone H3K27M mutation, and assess response to thera-
py for pediatric DMG patients.50 However, despite this, many 
studies showcase differences in the collection and storage pro-
cess, making it difficult to make comparisons, particularly as 
many studies use small patient cohorts.

microRNA:
MicroRNAs (miRNAs) are a type of small, single-stranded 

non-coding RNA with a length of 19-25 nucleotides, which 
can be released and detected in biological fluids such as plas-
ma or CSF.5,6 Recent studies have demonstrated that miRNAs 
play an important role in posttranscriptional gene regulation.51 
Their main function is to regulate gene expression through si-
lencing or contributing to the degradation of messenger RNA 
(mRNA).52 miRNA, which travel outside the cells and enter 
bodily fluids, are known as circulating miRNAs. This indicates 
that circulating miRNA is a potential tumor biomarker as well 
as an important therapeutic target. Below is Figure 7 showing 
the process of miRNA biogenesis.

Among the promising trials, Dordaviprone (ONC201) is in 
Phase III clinical trials for newly diagnosed patients with H3 
K27M-mutant diffuse glioma and has passed safety evalua-
tions. It is being administered to adult and pediatric patients to 
assess overall survival (OS) compared to conventional therapy. 
ONC201, an orally administered small molecule drug, antag-
onizes the overexpressed dopamine receptor D2 (DRD2) in 
some tumors and activates ClpP to disrupt energy produc-
tion, reducing tumor growth. This international trial aims to 
improve OS following radiotherapy and support regulatory 
approval globally if effective. This international clinical trial 
will determine whether ONC201 can improve OS following 
radiotherapy. If proven effective treatment for this brain glio-
ma type, it intends to support regulatory approval in multiple 
countries.47

�   Results and Discussion 
Liquid biopsy:
In recent years, liquid biopsies have emerged as a potential 

non-invasive tool for the detection of cancerous tumors in 
the brain. This is of great clinical need as currently, glioma 
diagnosis relies on biopsy of tumor tissue and thus, surgical 
intervention. Studies have shown that gene information for 
tumors can be detected from the patients’ blood, and since then 

Figure 7: The biogenesis of the miRNA gene begins in the nucleus and 
finishes in the cytoplasm. First, the RNA Polymerase II enzymes (Pol II) 
transcribe the miRNA, forming a primary miRNA (pri-miRNA) with one 
or more hairpin structures.53 Within the nucleus, the pri-miRNA is then 
processed by DROSHA, an enzyme that cuts off the redundant tails to then 
become 70 to 100 nucleotide pre-miRNAs. Furthermore, DICER, another 
enzyme, dices the pre-miRNA to double-stranded RNA in the cytoplasm, 
which makes a complementary sequence with the miRNA strand.54 The now 
mature miRNA latches onto the mRNA (messenger RNA), and translational 
repression or degradation can now occur.52
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Why is microRNA promising?:
In recent years, microRNAs have emerged as a high-

ly promising class of potential non-invasive biomarkers for 
early diagnosis and treatment monitoring of brain gliomas, 
including pHGGs, to indicate tumor presence and progres-
sion. Scientists have found that not only is miRNA abundant 
in tissues, but traces of circulating miRNAs exist in biological 
fluids.55, 56 Circulating miRNAs are promising biomarkers with 
beneficial clinical information regarding diagnosis, prognosis, 
and response to treatment. They originated from difficulties 
in the diagnosis and monitoring of gliomas without invasive 
biopsies, as they can be achieved through liquid biopsy anal-
ysis, which may replace traditional invasive brain biopsies for 
diagnosis. This allows for repeatable biopsies for monitoring 
the progression of the tumor. According to a study by Kopkova 
et al., these miRNA biomarkers in CSF seem to be a stable and 
resistant source in even extreme conditions. This allows their 
possible use to support imaging for CNS tumor diagnosis and 
monitoring treatment instead of invasive surgical procedures.56

Although blood or urine are the most common liquid bi-
opsies for other tumors, due to the BBB, many systemic 
biomarkers cannot be used for brain gliomas. However, miR-
NAs have been detected in CSF. CSF is a bodily fluid that is 
in direct contact with the entire extracellular environment of 
the CNS, making it an ideal source of CNS disease diagnostic 
markers, including brain tumors, shown in Figure 8 below.56, 57

Shi et al. compared miR-21 levels in CSF, blood serum, and 
exosomes from recurrent glioma patients. While the blood se-
rum-derived exosomal miR-21 levels did not differ from the 
control group, the miRNA levels in the CSF significantly in-
creased in the glioma patients, reflecting tumor presence and 
spinal/ventricle metastasis. Thus, authors suggest that this 
miRNA may serve as a potential diagnostic and prognostic 
biomarker for brain gliomas.58

A study by Kopkova et al. identified specific miRNA sig-
natures for a range of brain tumor types through performing 
miRNA profiling. qRT-PCR (Quantitative Reverse Tran-

scription Polymerase Chain Reaction) was then used to 
validate 9 of the candidate miRNAs, successfully resulting in 
various combination patterns of miR-30e, miR-140, miR-10a, 
and miR-21-3p.56

Through the use of the NanoString nCounter assay, a hy-
bridization-based technology enabling direct measurement of 
the miRNAs, Drusco et al. conducted research that suggests 
that CSF levels of miR-125b, miR-223, miR-451, miR-711, 
and miR-935 might be efficient diagnostic biomarkers for 
various CNS malignancies. These include glioblastoma, me-
dulloblastoma, lung metastasis, breast metastasis, and primary 
CNS lymphoma.59

However, microRNA biomarkers in CSF have some limita-
tions. This includes the small sample sizes in current studies, 
and must be tested on a larger scale to be able to be given out 
to the public. Moreover, although recent studies have shown 
the presence of circulating miRNAs in CSF, researchers are 
facing difficulties in detecting the miRNAs in CSF due to 
technological difficulties and a lack of standardization. An-
other important consideration is the biological specificity, as 
miRNAs are not always tumor-specific, and other processes 
can alter miRNA expression profiles, which raises concern re-
garding the accuracy of results and diagnosis.

microRNAs can be used as potential therapeutic targets 
through specific inhibitors (miRNA sponge and antisense 
siRNA) or mimetics (increase beneficial miRNA through syn-
thetic oligonucleotides), as shown in Figure 9 below.

Currently, there are many available delivery vectors of miR-
NA for the regulation of gene expression to allow access to 
these therapeutic targets. The two main areas of delivery 
vectors are viral and non-viral. Viral vectors, for example, len-
tiviruses, offer high transfection efficiency, whereas non-viral 
vectors, including lipid and polymer nanoparticles, may have 
lower transfection efficiency. However, non-viral vectors are 

Figure 8: Throughout its circulation pathway, the cerebrospinal fluid is in 
direct contact with the entire extracellular environment of the central nervous 
system.56 Thus, for brain tumors, including DMG, circulating microRNA is 
released in the CSF and can be extracted for diagnostic testing.

Figure 9: The three main types of miRNA therapeutic targeting strategies 
include the use of miRNA sponges, antisense siRNA, and miRNA mimetics. 
These approaches aim to rebalance gene regulation by targeting and blocking 
oncogenic miRNAs or restoring beneficial miRNAs that suppress the tumor 
in order to slow tumor growth.
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generally safer than viral vectors and are less immunogenic. 
These methods are outlined in Figure 10 below.

Despite advances in delivery techniques, transport of miR-
NA-based therapies in an effective manner across the BBB 
continues to be a challenge, with both viral and non-viral vec-
tors causing a trade-off between efficacy and safety for the 
patient.

miRNA Sponge:
When a miRNA is too active and is causing cancer cells to 

proliferate, miRNA sponges are used to trap the miRNA. A 
current example is miR-10b. It is typically upregulated in high-
grade gliomas as well as other cancers and commonly targets 
CDKN2A, a crucial cell-cycle regulator responsible for halting 
cell division when abnormalities are detected. By suppressing 
CDKN2A, miR-10b weakens checkpoint controls, allowing 
cancer cells to continue dividing. By using this miRNA "anti-
miR-10b sponge", it acts as a decoy and blocks the oncogenic 
miRNA, allowing the tumor-suppressing genes to function 
again, and the tumor growth slows down, and the cancer stops 
spreading. However, currently, challenges include the delivery 
of the drug to the brain across the BBB.60, 61

Antisense and siRNA:
Antisense RNA and siRNA act as gene silencers to stop can-

cer-promoting proteins from being made. Antisense RNA, or 
antisense oligonucleotides, bind to a specific mRNA and block 
the mRNA from being read by ribosomes, to prevent harmful 
protein production. For instance, antisense RNA can be syn-
thetically created against miR-10b, stopping it from silencing 
tumor suppressor genes. siRNA (small interfering RNA) binds 
to a matching mRNA sequence and causes mRNA degrada-
tion (permanently silences an overactive oncogene).60

A clinical trial for autologous cell immunotherapy (IGV-
001) with IGF-2R antisense oligonucleotide (NCT04485949) 
is currently undergoing assessment of progression-free survival 
and overall survival in newly diagnosed glioblastoma patients. 
It has already passed Phase 1 of the trial, demonstrating that 
IGV-001 is safe in patients with astrocytoma and glioblastoma, 
and is currently in Phase 2.62

miRNA Mimetics:
On the other hand, mimetics can be used as lab replace-

ments for beneficial miRNA that the body is missing. miRNA 
mimics are synthetic oligonucleotides that can replace the tu-
mor-suppressing function of miRNAs. miRNA let-7 is a tumor 
suppressor that is downregulated in certain gliomas. When let-
7 levels are significantly reduced or lost, its inhibitory influence 
on multiple oncogenes is removed, and these cancer cells pro-
liferate, tilting the balance towards aggressive tumor growth 
and survival. Scientists inject let-7 mimics into tumors, which 
allows replacement of the lost tumor-suppressing miRNAs, 
and subsequently slows tumor growth, and makes the cancer 
less aggressive.60

Therefore, through these therapeutic strategies of restoring 
miRNA let-7 levels or inhibiting miR-10b, normal regulation 
of oncogenes and cell-cycle checkpoints may be able to be 
restored. Future research can focus on developing specific in-
hibitors (via miRNA sponge or antisense siRNA) or mimetics 
(increase miRNA via synthetic oligonucleotides) that modu-
late these miRNAs for clinical benefit.

Currently, miRNA mimetics have shown signs of success in 
other conditions such as pleural mesothelioma. In a study by 
van Zandwijk et al. in 2017, they investigated a drug loaded 
with miR-16-based mimic miRNA to target the unsuppressed 
tumor growth in adults with a confirmed diagnosis of ma-
lignant pleural mesothelioma. The results of suppressing the 
tumor were successful, and the maximum tolerated dosage 
amounts were found.

For brain-related tumors, future research of miRNA-based 
medicine should target the improvement of delivery systems to 
cross the BBB, minimize off-target effects to avoid unintended 
gene silencing, and the development of personalized miRNA 
therapies based on individual tumor profiles (therapeutic po-
tential: exploiting RNA sponges could be a precision oncology 
strategy, provided we validate their safety, specificity, and effi-
cacy in clinical models).

�   Conclusion 
This review highlights the highly promising potential of 

microRNAs as both biomarkers for diagnosis and therapeutic 
targets for pediatric H3K27M-mutant diffuse midline gliomas. 
Within the 2022 CBTRUS Statistical Report Subcategory Pe-
diatric High-Grade Glioma, they account for approximately 
15% of all pediatric CNS tumors, and have an extremely poor 
prognosis worldwide, with overall survival of 5-year survival 
rates less than 20%.2,13,17 This is due to the poor early detection 
methods and limited treatment options. Early detection is a 
crucial aspect to improve the overall survival of particularly ag-
gressive cancers like DMG; however, currently it is limited by 
the vagueness of the presenting symptoms, leading to further 
diagnosis delay and the unreliability of detection through imag-
ing techniques.31 In specific tumor characterization, there may 
be limitations in distinguishing between various brain gliomas, 
as the extent of the tumor infiltration is often not accurately 
displayed.35 The current treatment options are also extremely 
limited, as DMG has been found to be resistant and ineffec-

Figure 10: miRNA delivery vectors transport the miRNA into their target 
cells to allow for regulation of gene expression. Viral vectors generally achieve 
high transfection efficiency, while non-viral vectors tend to have improved 
safety profiles for the patient.
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tive against traditional therapies, including chemotherapy and 
radiotherapy, possibly because of the challenges regarding the 
blood-brain barrier.40, 43 The tumor’s delicate location and high-
ly aggressive nature, infiltrating surrounding brain tissue, also 
eliminates surgical resection as an option.4,24 Targeted therapies 
are the most promising option, as they are able to target spe-
cific overexpressed oncoproteins. Among the promising trials, 
Dordaviprone (ONC201) is a drug currently in Phase III and 
has so far had successful results for H3 K27M-mutant diffuse 
glioma patients. It is now assessing overall survival compared 
to conventional therapies.47 Although ONC201 is showing 
promise, many of the clinical trials for targeted therapies are 
in the early stages, still estimating the safety of the drug, and 
have limited results.

Therefore, an alternative for both early detection and treat-
ment is required. microRNA biomarkers from a liquid biopsy 
offer significant promise for both. It is a non-invasive method 
of treatment, only requiring body fluid that has traces of the 
tumor information. The minimally invasive nature of a liquid 
biopsy ensures the process can be repeated to track the molec-
ular changes in the tumor through analyzing the circulating 
microRNAs in the CSF. microRNA has also been found to be 
a stable source in cerebrospinal fluid, which is easily accessible 
through the lumbar puncture.56 This accessibility allows miR-
NA analysis using CSF to be practical for clinical monitoring 
protocol integration. The CSF can be analyzed at a molecular 
level as it bathes the entire central nervous system, and due 
to this direct contact, early detection and detection of mini-
mal residual disease becomes feasible.56, 57 It will help identify 
a relapse of the brain tumor before any symptoms emerge. 
Other body fluids, such as serum and urine, are also being ex-
plored but are less promising as they are not in direct contact 
with the CNS and may contain lower concentrations of the 
tumor-specific microRNA. MicroRNA also has significant 
potential as a therapeutic target by regulating gene expression 
of the oncoproteins post-transcriptionally through inhibitors 
such as miRNA sponge or antisense RNA and siRNA, as well 
as miRNA mimetics, which can act as lab replacements for the 
beneficial tumor-suppressing miRNA that the body is miss-
ing.41, 61 However, successful clinical translation will depend on 
the effectiveness of delivery techniques of the miRNA across 
the BBB and improvements in minimizing off-target effects. 
Antisense oligonucleotides are particularly promising, with 
a clinical trial (NCT04485949) in Phase II, undergoing as-
sessment for progression-free survival and overall survival in 
glioblastoma patients (also classified as a high-grade glioma).62

However, the limitation of this review is the current lack 
of extensive clinical studies for the use of microRNA as bio-
markers or therapeutic targets. With clinical and technological 
advancements from the growing interest in microRNAs, fur-
ther exploration of miRNA-based approaches may lead to 
discoveries for improving the overall survival of pediatric DMG 
patients. Looking into the future, I believe DMG research will 
become increasingly focused on non-invasive methods, includ-
ing liquid biopsies using cerebrospinal fluid, due to its direct 
contact with the brain. This will allow for earlier detection and 
diagnosis through biomarkers like microRNA, which offer 

viable solutions to address the challenges regarding early de-
tection as well as targeted treatment, in a less invasive manner.
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