
47

In: Gliomas. Debinski W (Editor). Exon Publications, Brisbane, Australia. 
ISBN: 978-0-6450017-4-7; Doi: https://doi.org/10.36255/exonpublications.gliomas.2021

Copyright: The Authors.

License: This open access article is licenced under Creative Commons Attribution-NonCommercial 
4.0 International (CC BY-NC 4.0) https://creativecommons.org/licenses/by-nc/4.0/

Abstract: Cancer stem cells are a subpopulation of tumor cells that have the abil-
ity to self-renew, initiate tumors in model systems, and differentiate into non-
cancer stem cells. They are also resistant to current standard of care treatments, 
such as radiotherapy and chemotherapy. Due to these properties, cancer stem 
cells contribute to tumor progression and recurrence and need to be inclusively 
targeted with therapeutic paradigms used in the clinical setting. This chapter cov-
ers the most up-to-date published information on cancer stem cells in the context 
of pediatric brain tumors. The characteristics of pediatric brain tumor cancer stem 
cells, including resistance mechanisms and differential genetic regulation that 
allow for the stem like phenotype, are presented. The current research on cancer 
stem cells in medulloblastoma, ependymoma, diffuse intrinsic pontine glioma, 
and pediatric gliomas as well as potential approaches that are being developed to 
target cancer stem cells are highlighted. Challenges in targeting cancer stem cells 
in the pediatric patient population are also discussed. 
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INTRODUCTION

There are more than 28,000 children in the United States currently living with 
brain tumors (1). Pediatric brain tumors are the second most common cancer in 
children and the leading cause of cancer related deaths (1, 2). There are many 
different types of pediatric brain tumors, and they have varying treatment 
options and survival outcomes. Advances in successful treatments and surgical 
techniques have allowed tumors, such as medulloblastoma and low-grade 
gliomas, to achieve a 5-year survival of about 75% (3, 4). Meanwhile, survival 
of other pediatric brain tumors, such as diffuse intrinsic pontine glioma (DIPG), 
high-grade glioma, and ependymoma remain dismal. DIPG, also known as 
diffuse midline glioma, is one of the most deadly pediatric brain tumors with an 
overall survival of 30% a year after diagnosis, and less than 1% after 5 years (5). 
Current treatments for pediatric brain tumors generally include surgery, radio-
therapy, and/or chemotherapy (4). Even with these treatments, many pediatric 
tumors still remain incurable. Tumors like ependymoma have poor prognosis 
due to high rates of recurrence, adding another layer of complexity to treatment 
planning for pediatric tumors. 

One of the reasons these pediatric brain tumors are difficult to cure and 
commonly recur is the existence of innate intra-tumor heterogeneity. Using 
genomic sequencing and clustering algorithms, brain tumors have been shown to 
be heterogeneous in nature and to have distinct subpopulations existing within 
the same tumor. One leading theory as to how this high level of heterogeneity 
connects to a high recurrence rate and low survival is called the cancer stem cell 
(CSC) hypothesis (6–8). 

The CSC hypothesis is based around the existence of a subpopulation of cells 
within a tumor that are able to initiate new tumors in in vivo model systems. 
These cells can both self-renew and differentiate as a means to repopulate 
tumors by producing both more CSCs as well as differentiated non-CSCs (7, 8). 
CSCs can be rare, in some cases making up less than 3% of the cell population. 
However, if missed during surgery, the CSCs are capable of re-forming tumors, 
which results in tumor recurrence (7). CSCs found in brain tumors have also 
been shown to be resistant to aggressive radiotherapy and largely unaffected 
by standard chemotherapies, often leading them to be left behind after treat-
ment (9). It has been shown CSCs will re-populate tumors and lead to resistant, 
aggressive secondary tumors (Figure 1) (9). Due to these aspects of CSCs, there 
exists a desperate need to not only further study this subpopulation in the con-
text of pediatric brain tumors, but also to find therapeutics that target these cells 
to reduce recurrence.

In this chapter, we discuss the properties and features that make CSCs 
such a dynamic and important population to study, set in the context of their 
role in pediatric brain tumors. We first cover defining characteristics of CSCs, 
such as tumor initiation, self-renewal, and chemotherapy/radiation-resistant 
properties. Then we present different types of pediatric brain tumors that 
have known CSC subpopulations, and what work has been done to understand 
them. Lastly, we explore different ways researchers are targeting pediatric 
brain tumor CSCs. 
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PEDIATRIC BRAIN TUMOR CSC PROPERTIES

CSCs were first identified in acute myeloid leukemia (AML), where researchers 
discovered a subpopulation of tumor cells that were able to proliferate, differentiate, 
and self-renew, as shown by serial transplantation in mouse models (10, 11). 
Later, CSCs were found in numerous solid tumors, such as breast, prostate, colon, 
lung, and brain (12–17). CSCs have been identified in a variety of brain tumors, 
both adult and pediatric, such as glioblastoma, ependymoma, and medulloblastoma. 
Common practice for isolating CSCs is to first dissociate a bulk tumor into a 
single cell suspension, sort for the CSCs via reported cell-surface markers 
using fluorescence-activated cell sorting (FACS) or magnetic sorting, and then 

Figure 1.  Pediatric brain tumor CSC phenotypes and genotypes. Pediatric brain tumors are 
heterogeneous in nature, containing both CSCs and non-CSCs. When bulk tumors are 
treated, with either radiotherapy or chemotherapies, the radio- and chemo-resistant CSC 
subpopulation remains and can repopulate the tumor. CSCs can be sorted from bulk tumors 
by cell surface markers, such as CD133. CSCs have intrinsic characteristics such as gene 
regulation that keep them in a progenitor/stem state via upregulation of stem genes and 
downregulation of genes related to a more differentiated cell state. These changes give CSCs 
the ability to self-renew and initiate tumor formation, thereby contributing to tumor 
recurrence. Differential gene regulation from non-CSCs is also thought to contribute to CSC 
therapeutic resistance, with DNA damage repair genes and drug efflux transporters 
upregulated, while pro-apoptotic pathways are downregulated. Created with BioRender.com.

http://BioRender.com
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functionally validate the self-renewal capabilities, as well as the ability to accu-
rately recapitulate the tumor of origin in orthotopic xenotransplantation studies 
in mice (9). The most common CSC cell-surface marker used for brain tumors is 
the extracellular glycosylated antigen known as CD133 (18). Validation of the 
CSC phenotype can be done through in vitro limiting dilution assays, in which 
lower and lower cell numbers are plated per well of a tissue culture plate down to 
one cell per well. The cells are given time to expand with the final metric evalu-
ated being the presence or absence of a tumorsphere in each well. This can be 
quantified using the eLDA calculator, which is an open access online algorithm 
that calculates the frequency of CSCs present in a sample (19). Most important for 
functional validation, however, is an in vivo orthotopic limiting dilution assay 
where CSCs and matched non-CSCs are implanted intracranially in lower and 
lower cell numbers and the ability to initiate tumor formation is evaluated. CSCs 
alone are able to form a tumor that recapitulates the characteristics of the original 
patient tumor whereas the non-CSCs are unable to form tumors in mouse models. 
This ability to initiate tumors is a hallmark of functionally defining CSCs. 
Ependymoma, medulloblastoma, pediatric glioblastoma, and DIPG are some of 
the pediatric brain tumors in which CSC populations have been isolated and 
functionally validated via the in vivo functional assay (20–25). 

CSC treatment resistance

As well as being able to re-form tumors in vivo, CSCs have also been shown to be 
resistant to irradiation and chemotherapy in many different tumor types. This 
evidence further supports the hypothesis that these cells contribute to tumor 
recurrence, since resistant CSCs can persist after administration of conventional 
treatments. In fact, many therapeutics have shown efficacy for non-CSCs, while 
having little to no efficacy for CSCs (9). In certain brain tumors, CSCs have been 
shown to be resistant to both radiation and chemotherapy due to their inherent 
cellular properties. One example is glioblastoma CSCs having an enhanced DNA 
damage response (9, 26–28). This means that when DNA in glioblastoma CSCs 
is damaged by either radiation or chemotherapy, they are better able to repair the 
damage and survive than non-CSCs that die as a result of the increased DNA dam-
age. It has been shown that CSCs in adult gliomas have an increased DNA damage 
repair capability via the ATR/Chk1 and ATM/Chk2 pathways, enhanced reactive 
oxygen species (ROS) scavenging, which protects against damage induced by 
radiation, and activation of cell survival pathways like PI3K/AKT (26, 29, 30). 
For  pediatric gliomas, ependymoma, and medulloblastoma, CSCs have been 
shown to be resistant to many DNA damaging chemotherapeutics. This increased 
DNA damage response (DDR) is thought to be due to many factors discussed 
above, as well as other molecular aspects such as downregulation of apoptotic 
pathways, upregulation of anti-apoptotic pathways, and upregulation of pro-sur-
vival pathways (22). In general, CSCs are also thought to achieve resistance 
through slower replication rates, increased drug efflux, alterations of cell death 
pathways, and alterations in drug metabolism (31). 

An example of upregulated drug efflux pumps in CSCs is the ABC transporter 
family, which has been attributed to CSC resistance mechanisms. ABC transport-
ers have been shown to play a role in drug resistance in many cancer types, due 
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to their ability to efflux cytotoxic drugs and maintain drug concentrations inside 
cells at sub-therapeutic levels (29, 32). Temozolomide and mitoxantrone are some 
of many drugs glioma CSCs have been shown to be resistant to, partly due to ABC 
transporters (33). In fact, temozolomide has been shown to increase the fraction 
of adult glioma CSCs in treated tumorspheres (33). ABC transporters are thought 
to be able to pump the chemotherapies out of the CSCs, leading to cell survival. 
ABC transporters have been found to be overexpressed in CSCs, and their pres-
ence correlates with high levels of drug resistance (29, 33, 34).

Another potential resistance mechanism described in brain tumor CSCs is 
increased aldehyde dehydrogenase (ALDH) activity. ALDH proteins play a role in 
the maintenance of CSCs and have been shown to be a marker of radio-resistance 
in gliomas. These also correlate with clonogenicity, or self-renewal ability, as well 
as tumor initiation in vivo (29). The ALDH1 and ALDH3A1 proteins are thought 
to play a role in resistance to radiation through the reduction of free radicals in the 
cells caused by radiation therapy, through the production of NAD(P)H (29). 

CSC genetic changes in pediatric brain tumors

CSCs have been shown to have many genetic and phenotypic differences when 
compared to non-CSCs. Investigations are ongoing to understand the overall 
genetic makeup of CSCs, such as the changes in CSCs that allow for increased 
resistance to conventional treatments. While a majority of what we know about 
genetic and epigenetic changes in CSCs comes from adult tumor research, this has 
been explored in some pediatric brain tumors as well. CSCs overexpress a group 
of genes that allow them to exhibit stem cell characteristics. One example is 
medulloblastoma in which several molecular signaling pathways are upregulated 
in CSCs, including Sonic Hedgehog (SHH), MYC proto-oncogene, and Notch. 
SHH is a pathway that promotes progenitor proliferation, and over-activation is 
linked with tumorigenesis (22). Indeed, SHH target genes, Gli1 and CyclinD1I, are 
overexpressed in medulloblastoma CSCs. CSC tumorsphere self-renewal capabili-
ties were also shown to be dependent on N-MYC, and were associated with 
medulloblastoma CSC stemness (22). Notch signaling was found to be important 
in the regulation of CSCs by maintaining them in an undifferentiated state (22). 
For example, DIPG exhibits amplification of ERBB1 and mutations in the TP53 
gene. In childhood gliomas, mutations in H2F2A and DAZZ were found. Current 
work is being performed to uncover how these genetic changes promote CSCs 
stemness in their respective tumors (9). In ependymoma, CSCs have been found 
to have gene expression profiles very similar to radial glia cells (RGCs), a type of 
progenitor cell found in the wall of neural tubes during the earliest stages of devel-
opment, which play an important role in neuronal fate (20, 35). CD133, Nestin, 
RC2 and BLBP were all shown to be overexpressed in ependymoma CSCs as well 
as RGCs (20). Ependymoma CSCs grown in a subcutaneous xenograft model 
also show a high degree of similarity with adult neural stem cells (NSCs) (21). 
Messenger RNA (mRNA) expression for genes such as EPHB-EPHRIN and Notch 
are similar between the two and both play a role in maintaining stem cell states 
(20, 21). This highlights a key property of brain tumor CSCs: they genetically 
have significant overlap with progenitors and stem cells native to the brain. This 
is true for both pediatric and adult brain tumor CSCs, as adult glioblastoma CSCs 
harbor transcriptional programs akin to progenitors as well (36, 37). 
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In summary, pediatric and adult CSCs harbor genetic upregulation of stem cell 
genes, allowing them to stay in a pluripotent state. Resistance has been linked to 
this stem fate, so research has been done in adult glioblastoma CSCs to push the 
stem cells to a more differentiated, and therefore more sensitive fate (38, 39). 
PARP inhibitors, high-Z metal nanoparticles, PI3K inhibitors, DNA repair inhibi-
tors, pimozide, CBL0137, various microRNAs, and many other therapeutic tech-
niques have been shown to sensitize glioblastoma to irradiation (39–43). PARP 
inhibitors have been shown in glioblastoma to decrease the CSC frequency in vivo, 
leading to a higher percentage of non-CSCs in the tumor. They also led to a 
significant increase overall survival in murine models when PARP inhibitors were 
combined with radiotherapy, compared to either therapy alone (40). CBL0137, an 
anticancer drug that targets the FACT complex, has been shown to increase 
asymmetric cell division in glioblastoma CSCs, resulting in an increase in 
non-CSCs (38). The inhibition of FACT in glioblastoma CSCs resulted in down-
regulation of SOX2, OCT4, NANO, OLIG2, and NES on the mRNA level (38). 
Together, these data highlight the importance of understanding the genetic drivers 
behind CSCs and potential ways researchers can develop therapeutics to target 
these genetic differences. 

CSCS ACROSS PEDIATRIC BRAIN TUMOR TYPES

There are many overlapping characteristics between all pediatric brain tumor 
CSCs, such as tumor initiation, increased resistance mechanisms, as well as stem 
genes upregulated, resulting in an undifferentiated phenotype. Despite the 
similarities, medulloblastoma, ependymoma, DIPG, and gliomas all contain 
genetically distinct CSC subpopulations, specific to each tumor type (Table 1). 
The following sections explore what is known about the CSC population in each 
of these cancers. 

Medulloblastoma CSCs

Medulloblastoma is the most common pediatric brain tumor. Medulloblastoma 
was shown to have intratumor heterogeneity, aiding the discovery of CSCs with 
unlimited self-renewal, increased invasion and motility, and thus the ability to 
contribute to tumor recurrence (22). CD133-positive medulloblastoma tumor 
cells have been shown to be able to self-renew in vitro (22). In vivo, when as little 
as 100 CD133-positive cells were intracranially injected into an immunodeficient 
mouse, the resultant tumor resembled the original medulloblastoma patient 
tumor, whereas CD133-negative cells, regardless of number injected, did not 
form a tumor (22, 44). It has also been shown that Nestin overexpressing progen-
itor-like cells in transgenic mouse models develop gliomas and medulloblasto-
mas, showing Nestin as another CSC marker in medulloblastoma (45). Separately, 
it has been shown that patients with tumors displaying prominent CSC signatures 
correlate with poor prognosis (22). 

Medulloblastoma has been described to have four subtypes, WNT, SHH, 
Group 3 and Group 4, with the latter two being the most aggressive (46–49). 
CSCs have been identified in Group 3, and were demonstrated to be able to form 
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TABLE 1	 Summary of published findings on CSCs in 
pediatric brain tumors

Tumor Type Description Markers and Genes

Example 
Therapeutics 
Targeting CSCs References

Medulloblastoma Increased invasion 
and motility, high 
recurrence, 100 CSCs 
enough to form tumor 
in mice, self-renewal

CD133 positive
CD15 positive
Sox2 positive
high Nestin expression
high MYC expression

Smo-agonist 
(to inhibit 
SHH 
pathway), 
vismodegib,

PI3K/Akt 
inhibitors

22, 44, 45, 50

Ependymoma Tumor initiation, self-
renewal, resistance 
to conventional 
chemotherapies

CD133 positive
high Nestin expression
RC2 positive

Temozolomide, 
VP16, 
vincristine, 
cisplatin, 
vorinostat

20, 21, 51

DIPG Self-renewal, tumor 
initiation, small 
fraction of cells within 
the tumor

Ki-67 positive
Olig2 positive
Nestin positive
GFAP positive
PDGFRα positive 

23, 24, 52, 53

Glioma Resistant to radiation, 
resistant to 
chemotherapy, tumor 
initiation, leads to 
recurrence, pediatric 
glioblastoma was 
able to recapitulate 
tumor (antigenic with 
hemorrhagic areas, 
highly proliferative, 
highly vasculature, 
necrotic core)

CD133 positive
High VEGF expression

Oncolytic 
herpesvirus, 
anti-VEGF, 
bevacizumab

25, 54, 55

neurospheres in culture, with upregulation of CD133, Nestin, and Musashi, which 
are all stem cell gene markers (50). These medulloblastoma CSCs were able to 
propagate tumor formation in mice, and able to recapitulate the primary 
tumor  (50). Group 3 medulloblastoma also includes MYC amplification and 
overexpression, which is essential for medulloblastoma stem cell initiation 
and  self-renewal properties, and correlates with the aggressiveness of the stem 
cells in these tumors (22). These cells also display therapeutic resistance in the 
form of quiescence, regulation of key pathways (downregulation of apoptotic 
pathways and upregulation of pro-survival pathways), and manipulation of 
microenvironmental factors (hypoxia) (22, 50). Additional research is needed to 
investigate the other subtypes and any CSCs they main contain.
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Ependymoma CSCs

Ependymoma tumors are found primarily in children but can occur in patients of 
all ages. Ependymomas are generally found in the spine in adult patients and have 
a good prognosis, while pediatric patients tend to have intracranial ependymomas 
that correlate with poor outcomes. A distinct CSC subpopulation has been identi-
fied in intracranial ependymomas. These ependymoma CSCs have also been 
shown to be capable of tumor initiation, and are also resistant to conventional 
chemotherapies (21). Ependymoma CSCs have been able to recapitulate the origi-
nal tumor when orthotopically implanted into a mouse (20, 51). Several studies 
have been done in order to target these resistant populations. The anticancer 
drugs temozolomide (alkylating agent), VP16 (topoisomerase II inhibitor), vin-
cristine (vinca alkaloid), cisplatin (alkylating agent), and vorinostat (an HDAC 
inhibitor) have all been used to target ependymoma CSCs with varying degrees of 
success (21, 51). In some studies, temozolomide and vorinostat both decreased 
ependymoma CSC viability, while another study has shown ependymoma CSCs 
are resistant to temozolomide, VP16, vincristine, and cisplatin (21, 51). Thus, a 
reliable way to target these CSCs remains elusive.

DIPG CSCs

DIPG is an incurable pediatric brain tumor with less than a 1% 5-year overall 
survival rate and has one of the worse prognosis of any pediatric brain tumor with 
a mean age of 6–7 years old at diagnosis (52). DIPG CSCs have not been studied 
in depth, but it has been found that primary cell lines from DIPG patients had 
a  population of CSCs that could self-renew in vitro and form tumors in 
immunodeficient mice in vivo (23, 53). In another study, DIPG was shown to 
contain a subpopulation of cells highly expressing stem cell genes (24). DIPG CSCs 
are a genetically distinct subpopulation defined by single cell RNA-seq and were 
found to also be genetically distinct from other glioma CSCs (24). DIGP tumor 
cells grown in stem promoting media have tumor-initiation capacity. Although not 
quantified, it was demonstrated that the CSCs in DIPG were a minority, only 
making up a small fraction of the total tumor. The total tumor population had a 
differentiated signature, similar to that described within the CSC hypothesis (24).

Gliomas CSCs and other pediatric brain tumors

High-grade gliomas (HGG), which include pediatric glioblastoma, represent 
about 10% of pediatric brain tumors. Pediatric glioblastoma has high morbidity 
and mortality and about a 20% overall survival rate, and this outcome can be in 
part attributed to glioma CSCs (25). The CSCs have been shown to be resistant to 
radiation and chemotherapy and to have the ability to repopulate the tumor, caus-
ing recurrence after initial treatment in in vivo model systems (25). Glioma CSCs 
have also been shown to able to accurately recreate HGG tumors in these model 
systems, in terms of epigenetic post-translational modifications, copy number 
alterations, and DNA mutations (54). The CSCs also formed neurospheres in vitro, 
validating self-renewal properties (54). 
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In one specific example, a pediatric glioblastoma from a 4 year old patient was 
sorted for CD133-positive cells which were then injected orthotopically into 
immunocompromised mice (55). The CSCs formed tumors that displayed highly 
antigenic and hemorrhagic areas and had areas that were highly proliferative, with 
increased vasculature and necrosis (55). It was identified that pediatric glioblas-
toma CSCs had elevated levels of vascular endothelial growth factor (VEGF), a 
signaling protein known for its role in angiogenesis (55). The level of VEGF was 
10- to 20-fold higher in CSCs compared to the non-CSCs, highlighting a potential 
way to target the CSCs in vivo (55). 

TARGETING PEDIATRIC CSC

Targeting pediatric CSCs will be pivotal for eradicating tumors completely and 
reducing recurrence. Medulloblastoma CSCs have been targeted in a number of 
ways. Inhibiting Notch signaling has been shown to reduce CD133-positive cell 
count almost 5-fold, while also increasing apoptotic rates 10-fold (9). Inhibition 
of the SHH pathway via Smo-antagonist reduced Nanog expression and inhibited 
the self-renewal ability of the medulloblastoma CSCs (22). The SHH pathway 
has also been shown to play a key role in medulloblastoma CSC self-renewal 
and maintenance via Bmi-1 promotion of CSC tumorigenicity (22). However, 
targeting this pathway with vismodegib led to increased CSC quiescence instead 
of leading to cell death (22). Targeting another pathway, PI3K/Akt in a mouse 
model of medulloblastoma, led to radio-sensitization of CSCs and an increase in 
apoptosis (22, 33). 

As mentioned earlier, ependymoma CSCs have been shown to be sensitive to 
vorinostat, and to some degree to temozolomide. It was shown that vorinostat 
decreases tumorsphere-initiating capacity and induced differentiation. Ability to 
initiate tumors, or form tumorspheres in vitro, is a hallmark of CSCs, so the ability 
of vorinostat to stop the formation of these spheres shows potential for targeting 
ependymoma CSCs (21). Temozolomide was shown to have no effect on 
ependymoma CSCs, however in another study, temozolomide was found to 
decrease tumor initiation, moderately increase survival in vivo in an intracranial 
mouse model, and decrease subcutaneous tumor volume in combination with 
VP16 (21, 51). Much more remains to be done to find a reliable treatment for 
pediatric CSCs.

There have been many creative ways developed to target CSCs. One proposed 
approach is via an oncolytic herpesvirus, which has been used to target HGG 
CSCs. The premise is to target and kill the CSCs and non-CSCs, while sparing 
normal brain tissue (25). Pre-clinical studies have shown engineered oncolytic 
herpes simplex virus can infiltrate, replicate within and then lyse HGG CSCs, 
leading to prolonged survival in in vivo mouse models intracranially injected with 
gliomas (25). Retinoic acid has also been shown to differentiate glioma CSCs. 
However, this has not been uniformly seen in all gliomas (56). Bevacizumab, an 
anti-angiogenic drug targeting VEGF, has been used to treat pediatric glioblastoma 
CSCs and has demonstrated suppressed growth in xenograft models (55). 
Bevacizumab is used now in combination with the current standard of care, temo-
zolomide after surgery and radiotherapy, in clinical trials (ACNS0822) (25). 
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Current challenges in treating pediatric brain tumors

One of the most complicated factors in treating pediatric brain tumors is preserving 
the developing brain while simultaneously eradicating the malignant tumor cells. 
Since CSCs and normal neural stem cells (NSCs) and neural progenitor cells 
(NPCs) have many overlapping characteristics, phenotypes, and genetic 
expression, there is potential to damage the normal developing brain tissue during 
tumor treatment (11). Therapeutics need to be developed with this in mind, in a 
way that targets CSCs and not normal NSCs/NPCs which are necessary and critical 
to the developing brain. Treatments for pediatric neuro-oncology in general must 
be particularly non-toxic to the vulnerable young brain, with a number of therapies 
potentially leading to irreversible damage, loss of cognition, and stunting brain 
development. Targeting tumorigenic pathways, specific growth factors, and 
microenvironmental factors that play a role in CSC plasticity are the suggested 
ways of specifically targeting CSCs (9).

Current treatment for pediatric brain tumors is surgery, irradiation, and/or 
chemotherapy. Chemotherapy is occasionally used in very young children in an 
attempt to stall tumor growth until they are of an age where they can tolerate more 
aggressive treatments like radiotherapy. However, chemotherapy also has 
drawbacks, some of which include early growth failure, nausea, cachexia, and 
deficiency in nutritional uptake (57). These effects are long term, as even 
replacement hormonal therapies cannot completely compensate for growth issues 
(58–62). Neurological defects leading to long term health issues, including major 
visual defects, severe hearing loss, and trouble with schooling, have been shown 
in patients given radiation treatment when less than 4 years old, (63, 64). One 
study found that only 1 in 3 long-term survivors of pediatric medulloblastoma 
were able to live completely normal lives, with the other 66% unable to be 
employed and reliant on social support network (63). These effects are thought to 
be a direct result of irradiation of the developing brain. Recent advances in 
radiotherapy, such as proton therapy, offer much better options for minimizing 
collateral damage to the brain. However, there is still a desperate need for new 
therapeutic interventions that would either allow for the postponement or 
replacement of irradiation in treating pediatric brain tumors, and specific targeting 
of CSCs that would not affect NSCs/NPCs. 

While these are daunting hurdles, progress is being made to better treat 
pediatric patients. Firstly, understanding the biology and research from basic 
science to clinical trials is underway in order to create better treatments. 
Multidisciplinary collaborations between researchers aim to improve patient 
treatments via the better design of clinical trials (65, 66). Another step forward 
is identifying pediatric patients whose tumor allows for less intensive treatment. 
If less chemotherapy and/or radiation can still be used to cure the tumor, this 
will result in lessening of unnecessary side effects (66). Medulloblastoma is an 
example of these concepts. Basic science research studying medulloblastoma 
identified the WNT subtype and correlated it was a positive prognostic out-
come. There are ongoing clinical trials for reducing radiotherapy in patients 
with the WNT subtype (66). 
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CONCLUSION

Pediatric brain tumors are a serious, life altering occurrence in which multiple 
factors need to be balanced for optimal treatment, including protecting the devel-
oping brain, while still aggressively targeting the malignant tumor cells. Pediatric 
brain tumors have been shown to have intra-tumor cell heterogeneity, with a small 
population of CSCs present. So far, CSCs have been identified in gliomas, DIPG, 
ependymoma, and medulloblastoma. These cells have been shown to be capable 
of self-renewal and tumor initiation, two major hallmarks of CSCs. CSCs are also 
resistant to radiotherapy and many different chemotherapies, leading to the 
hypothesis that they play a key role in tumor recurrence and ultimately contribute 
to the high morbidity of these tumors. New ways of treating these tumors that 
inclusively target the CSC subpopulation are essential. Work has been done to 
specifically eradicate these CSCs therapeutically by inhibiting key pathways or 
targeting unique characteristics. Moving forward, monotherapies or combination 
treatments that treat all subpopulations of cells within the tumors, including 
CSCs, will result in prolonged survival and overall better outcomes for patients.
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