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Glioblastoma (GBM) remains one of the most lethal brain malignancies, with an abysmal five-year survival rate
near 6 %. Despite advances in tumor biology, clinical outcomes have not improved, partially due to glioma stem
cells (GSCs) that drive treatment resistance. Radial glial cells (RGCs), recognized as key progenitors in neuro-
development, have recently gained attention in GBM research due to RGC-like populations being identified in
GBM. RGCs have striking similarities with GSCs, including their mechanisms of self-renewal, pluripotency, and

migration. This review highlights those parallels between as well as recent studies on their critical intersections
to expand our comprehension of neurodevelopmental paradigms in GBM. Understanding these parallels may
uncover developmental pathways that can be exploited to improve therapeutic strategies for GBM.

Significance

This review takes a prospective approach to GBM research by
examining how developmental programs in RGCs mirror GSCs,
and further how RGC-like cells in GBM mimic aspects of neuro-
development. Through a neuroscience perspective, we explore
new insights into tumor initiation, progression, and therapeutic
resistance.

Introduction

Brain tumors are among the most complex and fatal cancers in the
world [1]. Their significant morbidity and mortality in the United States
have largely been unchanged despite advancements in the treatment of
other solid tumors [2]. Specifically, glioblastomas, the most common
primary brain malignancy in adults, present with a 5-year survival rate
of only 5.5 % [3]. Though progress has been made in the field of glio-
blastoma (GBM) research to address issues such as tumoral heteroge-
neity, the blood-brain barrier and drug delivery, and the
immunosuppressive microenvironment, clinical translation of these

discoveries has not improved outcomes for patients [2]. This valley in
translatability emphasizes the importance of understanding GBM
inception so that researchers may better capture disease progression and
seek solutions that curtail its worsening over time.

The similarity between developmental biology and cancer formation
was first postulated over a century ago with the “embryonic rest” theory
[4]. Julius Cohnheim and Rudolf Virchow found shared pathological
features between tissue in early development and tumor tissue, leading
to the hypothesis that dormant embryonic cells left over from develop-
ment could be reactivated into cancer [5]. Decades later, many groups
have demonstrated the ability of stem-like populations in cancer to
initiate premalignant lesions, establish functional heterogeneity,
contribute to metastasis, and maintain the tumor bulk [6,7]. In GBM,
glioma stem cells (GSCs) share overlapping characteristics with neural
stem cells (NSCs) including the capacity for self-renewal, the ability to
differentiate into multiple lineages, and the maintenance of a prolifer-
ative state [8-10]. In xenograft experiments of human tumor cells into
immunocompetent nude mice, GSCs show greater tumorigenic potential
than non-stem matched tumor cells [11]. They further exhibit malignant
behaviors such as expressing elevated levels of VEGF, leading to tumor
angiogenesis, and possessing an enhanced capacity for DNA repair,
leading to radiation and chemotherapy resistance [12,13]. These dis-
coveries emphasize the intimate relationship between developmental
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biology and some of the more complicated aspects of GBM initiation,
invasion, and recurrence. However, the specific developmental cell
types, signaling pathways, and functions remain to be fully elucidated.

Most studies and reviews on developmental biology and GBM have
used a top-down, retrospective approach to engage with the intersection
of the two fields [14]. In contrast, a bottom-up, prospective framework
begins with specific neurodevelopmental cell types, such as radial glia,
and extrapolates how their intrinsic programs of proliferation, migra-
tion, and self-renewal may be aberrantly reactivated or hijacked during
gliomagenesis. Whereas top-down models infer developmental parallels
from end-stage tumor heterogeneity, a prospective approach leverages
developmental neurobiology to predict which cellular programs or
progenitor identities could give rise to tumor behavior, allowing new
hypotheses for therapeutic targeting that may not emerge from retro-
spective transcriptomic clustering alone. In this review, we would like to
present a bottom-up, prospective approach to our understanding of this
intersection. In particular, we will exhibit the body of research on one
neurodevelopmental cell type, the radial glial cell, and its attributions to
various GBM features. Further, this review will convey how such con-
tributions can be as valuable to our understanding of brain cancer as
they can to our comprehension of neurodevelopment and resilience.

For clarity throughout this review, the term radial glial cell (RGC)
will refer to the developmentally normal, embryonic progenitor
responsible for neurogenesis, gliogenesis, and cortical organization
during brain development. In contrast, the term “RGC-like” will be used
to denote tumor or progenitor cells that re-express, mimic, or func-
tionally adopt programs unique to RGCs, such as interkinetic nuclear
migration, Pax6/Nestin co-expression, or mitotic somal translocation,
outside of the embryonic context [15]. This distinction underscores how
developmental paradigms can be aberrantly leveraged in glioma to blur
the boundary between neurogenesis and oncogenesis.

Radial glia cells

RGCs were first identified in the fetal spinal cord in the late 19th
century by Camillo Golgi [16]. Since then, they have been identified
throughout the entirety of the human central nervous system (CNS) and
in some peripheral structures such as the retina [17]. Much interest
primarily revolved around their morphological polarity, in which the
soma of the cell lies near the developing brain’s ventricle, called the
subventricular zone (SVZ), and a radial process extends from the soma to
the pial surface of the brain, named the cortical plate (CP) [18]. Their
unique morphology and strategic positioning enable them to orchestrate
complex processes of proliferation, self-renewal, and differentiation,
which are essential for the proper formation and functionality of the
CNS.

During early neurodevelopment, RGCs undergo rapid proliferation
to expand the progenitor cell pool. This expansion is crucial for gener-
ating a vast number of progenitor cells, as well as neurons and glial cells,
required for the developing brain. RGCs possess the ability to divide
symmetrically or asymmetrically [19]. Symmetric divisions result in two
identical progenitor cells, thereby amplifying the RGC population [20].
Asymmetric cell division (ACD) results in two different daughter cells,
one which retains the RGC identity and the other which is more
committed towards a neuronal or glial progenitor type, expanding these
respective progenitor pools [17]. This proliferative capacity is tightly
regulated by intrinsic genetic programs and extrinsic signaling cues
within the neural microenvironment [21]. For instance, signaling
pathways such as Notch and fibroblast growth factors (FGFs) play sig-
nificant roles in modulating the rate of RGC proliferation as well as the
transition between quiescent and proliferative states, influencing the
overall size, structure, and generative capacity of the developing cortex
[22,21].

A defining feature of RGCs is their ability to self-renew and maintain
a stem cell pool throughout neurodevelopment. Though there is debate
around the timing by which they possess this faculty, ranging around
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gestational week 7 (GW7) to a few months post-natal in humans and
embryonic day 10 to postnatal day 14 in murine models, this feature also
centralizes on symmetric and asymmetric division [23,24]. However, it
relies further on the length of the cortical neurogenic period. The
self-renewal capacity depends on the maintenance of the RGC identity
internally via expression of intermediate filaments proteins (Nestin) and
transcription factors (Pax6, Sox2), to promote stemness. It is further
maintained through cell-extrinsic factors that prevent differentiation
into a more committed lineage [25]. This balance is achieved through
another limited repertoire of molecules known as morphogens,
including Notch and FGFs but also bone morphogenic proteins (BMPs),
Sonic Hedgehog (SHH), and WNT [25,26]. Corroborated in both human
and murine system, these factors work in harmony to maintain the RGC
pool and its stemness. To demonstrate just one intricate example of how
RGCs can retain self-renewal in humans, external FGF8 induces the ERK
cascade which initiates BMP7 expression. This ultimately promotes
formation of GLI3R, that then antagonizes SHH signaling and thus
prevents differentiation into glial progenitors [26]. This exemplifies the
complexity of interactions between influential external inhibitory fac-
tors and internal malleability.

RGCs are multipotent, giving rise to various lineages including
neurons, astrocytes, and oligodendrocytes. The differentiation process is
influenced by temporal and spatial cues that guide RGC populations to
produce specific cell types within the appropriate developmental stage
[23]. The initial differentiation process predominately generates neu-
rons (neurogenesis) and, as development progresses, differentiation
shifts towards generation of astrocytes and oligodendrocytes (glio-
genesis) [25,27]. This shift has been studied in murine models, where
the alternation from neurogenesis to gliogenesis requires the transcrip-
tion of Olig2 within cortical progenitors and is controlled by several
enhancers that regulate the neural stem cell lineage [28].

A final feature of importance to RGCs is their role as a scaffold for
migrating neurons and glia. Their elongated radial fibers which traverse
the coronal plane of the cortex serve as pathways to guide nascent cells
to their destined positions within the expanding cortical plate [29]. This
guidance is essential to the laminar architecture of the CNS, in which
distinct layers house subpopulations of neurons and glia that will ulti-
mately ensure proper formation of functional neural circuits [29]. This is
known as the “radial unit” hypothesis, proposed by Pasko Rakic in 1978
to describe the way in which an assembly of RGCs leads to migration of
vertically oriented cohorts of neurons outwards to the expanding mar-
ginal zone (MZ) [30]. This intricate fidelity of cytoarchitecture between
the ventricular zone (VZ) and the distant CP is achieved in murine
models via transcriptional activators such as YAP/TAZ, Pax6, and Emz2,
amongst others [31]. Further, the imprint of these patterns leads radial
glial themselves to their final resting place as astrocytes in the cortex. In
human fetal tissue experiments, this process has been found to depend
on the microtubule actomyosin motor system, and the necessity of its
modulation via the Rho/Rho kinase (ROCK) pathway [32]. It is further
supported by the topography of interactions between neighboring cells
and the extracellular matrix [31].

RGCs are indispensable architects whose propensities for prolifera-
tion, self-renewal, and multipotency underpin the complexity of neu-
rodevelopment. These functions make RGCs foundational in brain
development, and of course, this central role in the maturation of the
CNS can lead to profound implications when RGCs are dysfunctional.
They are keystones of research around various developmental disorders,
including autism spectrum disorder (ASD), schizophrenia, and epilepsy,
and curiosities for innovation in potential therapeutics which harness
their multipotency [33,34]. However, their role in the generation,
maintenance, and invasiveness of tumors is a relatively new area of
interest in brain cancer biology. We will use the primary attributes
outlined above to underscore recent findings about the involvement of
RGCs in brain malignancies.
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Radial glia and differentiation in glioblastoma

Radial glia guide the laminar development and respective differen-
tiation of subpopulations of neurons, astrocytes, and oligodendrocytes
with fidelity in a healthy nervous system [17,35]. In GBM, it was pre-
viously believed that unlike RGCs, GSCs had a restricted differentiation
potential to cells of a neural lineage [36]. However, recent studies have
highlighted how human GSCs can differentiate into or influence the
differentiation towards an expanded repertoire of cell types: astrocytes,
endothelium, mesenchyme, neurons, and oligodendrocytes [37-39].
Further, both RGCs and GSCs can perform asymmetric cellular division
(ACD) [39]. However, classic RGCs are typically not present in the adult
brain, which is the primary tissue that glioma affects [15]. The similarity
of these multipotent properties has implicated an RGC-like cell as part of
the GSC cohort that contributes to the heterogeneity of glioblastoma
tumors (Fig. 1).

An important recent study published by Bhaduri et al. in 2020
highlighted the ways in which RGC-like populations within GBM human
tumor samples are multipotent, and how this ability to differentiate into
many different lineages contributed to the diversity of subsets of cells
within the tumor sample [15]. First, single-cell RNA sequencing analysis
characterized RGC-like populations in GBM that expressed markers such
as SOX2, NES, and FABP7 [15]. Further, radial glia network markers, or
those which license RGCs to key molecular processes such as ACD and
mitotic somal translocation (MST) and are normally only expressed in
neurodevelopment, were replicated in these RGC-like GBM cells [15].
Phylogenetic reconstruction based on copy number variants (CNV)
demonstrated that RG-like cells were some of the earliest progenitor
populations, appeared at multiple points throughout the phylogenetic
tree, and persisted in driving tumor heterogeneity [15]. Other groups
have recapitulated these findings [40-42]. In summary, RGC-like
tumor-associated cells either reactivate or retain developmental pro-
grams to express stemness markers that allow them to serve as pro-
genitors for a diverse population of tumor cells.

The malignant implications of RGCs should not minimize from their
implications in neuro-resilience as well. Preclinical models for
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therapeutics harnessed neural stem cells, including RGC subpopulations,
for the treatment of GBM to help heal the brain via repopulation of
healthy, non-tumorous subtypes [43,44]. Further, the set of genes which
maintain RGC pluripotency, various basally transcribed RNAs among
other molecules, give the cell type a high “entropic state”, allowing the
cells to adapt and respond to changes in its environment that impact cell
differentiation [45]. However, research into GSCs has identified this
same degree of entropy as a characteristic, and this dynamic state is one
of the primary hypotheses underpinning treatment resistant and tumor
recurrence in GBM [46].

The central role RGCs play in neurodevelopment, orchestrating
various progenitors, neurons, and glia, speaks to the impact of their
ability to differentiate and guide differentiation. This same feature of
RGC-like cells within human and murine glioma models implicates the
way that pluripotency can promote tumor heterogeneity, treatment
response, and resistance. However, much remains to be explored around
the ways that this potent cell type could be useful in healing patients in
brain cancer recovery, or whether the ability to differentiate into mul-
tiple cell types comes as a function of reactivation, or retention, of
developmental programs in GSCs.

Radial glia and proliferation and self-renewal in glioblastoma

Radial glia are pivotal progenitor cells in the early development of
the central nervous system, serving as scaffolds for neuronal and later
glial migration and differentiation. At earlier stages of development,
RGCs undergo primarily symmetric divisions in which both daughter
cells retain the RGC identity, and a progenitor pool is expanded; later
stages shift towards asymmetric proliferation which results in a self-
renewed RGC and an intermediate progenitor cell (IPC) or another
more terminally differentiated cell (neuron, glia) [31]. In malignant
gliomas, CD133+ GSCs dissociated from human tissue have demon-
strated a similar mechanism by which to maintain a self-renewing stem
cell pool (symmetric division) and diversely differentiated progeny
(asymmetric division) [39]. Further, recent studies in immunocompe-
tent xenografts have emphasized the ways in which ACD contributes to
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Fig. 1. The role of RGCs and RGC-like cells is context dependent. In development, key functions such as self-renewal and proliferation, migration, and mul-
tipotency are essential to the expansion and fidelity of the central nervous system [20]. However, these same behaviors may become potent drivers of tumor for-
mation, heterogeneity, and invasion when co-opted by cancerous populations [15,40]. SVZ = subventricular zone, IZ = intermediate zone, and CP = cortical plate.
These zones are only relevant to the developing cortex and are not transferable to regions of RGC-like cells within tumors.
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treatment resistance in GBM, as therapeutic stress promotes ACD to form
daughter cells which are resistant to that therapy [38]. This has centered
NSC-like populations that possess the ACD capacity as potent in
contributing to tumor bulk expansion and treatment resistance [38].
More importantly, however, the specific morphological retention of a
projection fiber within some of these GSC populations, and the RGC-like
behavioral profile of tumor-generating GSCs, has further indicated the
relevance of RGCs in glioma research [32,40].

The implication of RGC behaviors like ACD in GBM was recently
highlighted by a study which characterized adult human GBM samples
via their mitotic behaviors [40]. Aside from ACD, other classic functions
such as MST, interkinetic nuclear migration (INM), and retention of
radial fiber were used to increase the specific identification of RGC-like
cells [40]. They utilized immunofluorescence and real-time imaging of
GBM tumor explants to quantify dividing cells and found that around 27
% of dividing cells had RGC-like behaviors and co-expression of char-
acteristic proteins [40]. These cells were capable of self-renewal via
symmetric division and tumor formation via ACD. Further, these cells
had a tropism for the SVZ, where RGCs normally reside during
embryogenesis [40]. Finally, inflammation was found to activate
quiescent RGC-like populations into a proliferative state [40].

Other research has drawn parallels between the proliferation and
self-renewing capacities of RGCs and RGC-like glioma cells. For
example, stem cells like RGCs delicately maintain their stemness
through tight regulation of a quiescent state [47]. Proper internal
regulation and external signals can trigger the cell into a more active
proliferative state [47]. This has value in several pathological para-
digms, such as aging, neurodegeneration, and ASD, and external and
internal cues have been identified as causing this transition towards
proliferation including Ascl1, Olig2, and Notch signaling [22]. In trans-
genic murine models that overexpressed Ascll or Olig2, heterogenous
tumors reliably formed and contained all molecular subtypes of GBM,
including proneural, classical, and mesenchymal [28]. Similar regula-
tory pathways containing these proteins can maintain RGC-like cells in
glioma and thus maintain potent stem cell pools, or they can force
RGC-like populations and other SVZ cells towards generating tumor bulk
[48]. This exemplifies the context-dependent parallel of RGCs—sel-
f-renewable to continue cortical expansion in neurodevelopment, or
immortal and generating heterogeneity in GBM (Fig. 1).

RGCs’ capacity for neurogenesis and the identification of RGC-like
populations in glioma raise a central question: does GBM arise from
the abnormal persistence of embryonic radial glia into adulthood, or
from the reactivation of RGC-like developmental programs within
dormant adult NSCs? Both mechanisms would represent aberrant re-
engagement of developmental states that are normally silenced in the
mature brain.

In healthy adults, only NSCs persist within neurogenic niches such as
the SVZ and subgranular zone (SGZ) of the hippocampal dentate gyrus;
bona fide embryonic RGCs are no longer present [49]. These adult NSCs
share some transcriptional and morphological features with RGCs,
including elongated processes and expression of brain lipid binding
protein (BLBP), Sox2, and Nestin, but are not equivalent [47,49]. Adult
NSCs represent a more restricted, astrocyte-like lineage with limited
neurogenic potential, whereas embryonic RGCs possess broader multi-
potency and serve as scaffolds for cortical organization [50]. Within
these adult niches, type I quiescent NSCs (QNSCs) can be activated into
type II proliferative NSCs (aNSCs), and re-express select genes associated
with RGC self-renewal and proliferation, though their differentiation
potential remains largely astrocytic [50,51].

In the context of gliomagenesis, it remains unresolved whether RGC-
like populations arise from reactivation of developmental programs in
normal NSCs or glia, or from the pathological persistence of embryonic
RGCs that failed to undergo normal maturation and silencing [38].
Distinguishing between these possibilities is critical for understanding
lineage relationships and for developing therapeutics that selectively
target reactivated developmental pathways without disrupting normal
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neurogenic niches.
Radial glia, migration, and motility in glioblastoma

During cortical development, RGCs are indispensable scaffolds
guiding neuronal migration through coordinated cycles of INM and
MST. INM synchronizes nuclear position with the cell cycle as RGC
nuclei move basally during S-phase and apically for mitosis [52]. This is
driven by microtubule motors, actomyosin tension, and
adhesion-dependent polarity [52,53]. MST, characteristic of outer radial
glia (0RG), enables a basal “jump” of the RGC soma preceding division,
powered by actomyosin contractility and RhoA-ROCK signaling [32,
54]. Adhesion proteins such as N-cadherin stabilize the RG scaffold and
activate Rho-family GTPases to coordinate MST, while Cdk5 modulates
cytoskeletal organization and detachment to coordinate INM and MST
[55]. Together, these pathways orchestrate precise positioning of pro-
genitors and neurons, ensuring cortical lamination and structural
fidelity.

Remarkably, before the recognition of RGC-like cells within GBM,
these same molecular pathways had already been identified as key
regulators of glioma cell motility. Inhibition of ROCK or Cdk5 in GBM
cultures and xenografts reduced migration, invasion, and tumor spread
[56,57]. This parallel convergence suggests that the RGC-like invasion
phenotype of GBM was functionally evident even before it was tran-
scriptionally defined. RGC-like GBM cells later identified by single-cell
sequencing recapitulate the migratory and motility phenotype of
radial glia, and this has been behaviorally identified in ex vivo tumoroid
models [15]. Many GBM cells (now called RGC-like) exhibit elongated
basal fibers, MST-like nuclear translocation, and dependence on
RhoA/ROCK and Cdk5 signaling for motility [15,40,58]. In essence,
GBM invasion may be supported through maintenance of RGC-like cells
that would typically not persist in healthy adult brains, or through
reactivation of their developmental migration toolkit. This includes
adhesive polarity via N-cadherin, contractile machinery through
RhoA-ROCK, and cell-cycle-linked motility via Cdk5. These mechanistic
echoes of radial glial migration guidance and motility are now taken
advantage of in GBM to drive diffuse infiltration. Further, these para-
digms are vital for therapeutic exploration, as the majority of GBM pa-
tients die from recurrence, driven by GBM invasion, rather than primary
tumor impact [59].

Alternative models and limitations in exploring RGCs in GBM

Although RGC-like transcriptional states have been identified in
several datasets, not all studies agree that GBM contains discrete
developmental hierarchies [15,40]. Single-cell multi-omic analyses by
Neftel et al [60] and Garofano et al [61] instead contend that there is a
continuum of plastic transcriptional states in which nearly all tumor
cells retain the capacity for self-renewal, migration, and multipotency
[62]. In this alternative model, GBM cells contain developmental cell
“states” and not cell “types” [60]. This challenges the idea of a consistent
RGC-like compartment, that acts as GSCs or invaders into surrounding
healthy tissue; it raises the possibility that RGC-like programs are
transiently and dynamically engaged under pressure, either imposed by
the microenvironment or therapeutics. Moreover, many RGC markers
(SOX2, NES, FABP7) and some distinct features are shared across
various progenitor populations, limiting their specificity and requiring
multiple techniques to verify RGC-like populations in GBM [20]. Finally,
whether GBM reactivates or maintains bona fide embryonic RGC pro-
grams versus merely converging on similar gene networks remains un-
resolved, and this is an important distinction for potential therapeutic
targeting.

Despite these contradictions and limitations, there is still value in
examining GBM through a developmental lens. It provides a mechanistic
framework to trace how neural progenitor programs are co-opted,
reactivated, or distorted in malignancy, offering insight into both
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tumor origin and invasion,
vulnerabilities.

and further potential therapeutic

Therapeutic and translational implications

The developmental parallels between RGC and GBM offer more than
a conceptual framework; they define a mechanistic roadmap for ther-
apy. The same signaling pathways that sustain RGC proliferation and
self-renewal during neurodevelopment, including Notch, FGF/ERK,
BMP, SHH, and WNT, also maintain stemness and therapeutic resistance
in GBM [63,64]. Modulating these pathways has shown promise in
preclinical models: inhibition of Notch or SHH signaling can reduce
tumor propagation, while selective targeting of downstream effectors
such as ERK-mediated BMP7 or YAP/TAZ may more precisely disrupt
RGC-like programs without impairing normal adult NSC niches [31,65,
66]. Similarly, blockade of RhoA-ROCK or Cdk5, long known to regulate
RGC motility and INM, limits GBM invasion in vitro and ex vivo,
demonstrating how developmental migration machinery can be thera-
peutically exploited [15,58].

At a broader translational level, developmental frameworks guide
new therapeutic design strategies that move beyond single-mutation
targeting toward cell-state-directed interventions. Understanding how
RGC-like transcriptional and behavioral states arise will allow re-
searchers to define vulnerabilities that may be shared across GBM’s
intraheterogeneity and intertumoral plasticity. For example, targeting
the molecular programs that govern ACD or quiescence-to-proliferation
transitions could prevent the emergence of therapy-resistant clones
[40].

Moreover, identifying RGC-derived or RGC-restricted gene products
offers an opportunity for antigen discovery, informing immunothera-
peutic approaches that selectively recognize malignant cells maintain-
ing or reactivating developmental programs. Our laboratory is pursuing
this concept directly by exploring the potential of RGCs as source anti-
gen for polyclonal T cell therapy in GBM [67]. Rather than using tumor
neoantigens, this approach aims to expand immune recognition to the
developmental programs often driving generation of tumor bulk and
invasive seeding in GBM. In this way, the developmental biology of
RGCs not only illuminates the origins of GBM but also provides a
renewable source of targets for next-generation immunotherapy.

Future directions: value of highlighting radial glia in brain
cancer

Much remains to be elucidated about the role of neurodevelopmental
cell types, such as radial glia, in malignant brain tumors. Analyses of
late-stage tumor samples provide multiple lines of evidence implicating
RGC-like populations in glioma biology, yet questions regarding their
cellular origins and tumorigenic potential remain unanswered. Specif-
ically, it is still unclear whether GBM arises from the abnormal persis-
tence of embryonic RGCs or the reactivation of RGC-like programs
within adult progenitor cells, each of which represents a distinct and
therapeutically relevant path to malignancy.

Traditional retrospective studies beginning at the time of biopsy
provide limited insight into disease initiation, as they are inherently
biased toward aggressive phenotypes and confounded by treatment
history and microenvironmental effects [68]. A prospective and induc-
tive approach, beginning with defined developmental cell types and
tracing their potential oncogenic trajectories, is therefore essential to
uncover how neurodevelopmental programs are co-opted in GBM.
Future work should examine how RGCs and RGC-like states contribute
to tumor formation, lineage plasticity, and invasion in vitro and in vivo,
integrating single-cell transcriptomics, organoid/tumoroid models, and
3D bioprinted microenvironments that more accurately model the
tumor niche.

Equally important is translating these developmental insights into
therapeutic design. The developmental pathways that sustain RGC
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identity, such as Notch, SHH, and WNT signaling, may serve as tractable
therapeutic targets when aberrantly reactivated in GBM [63]. Moreover,
identifying RGC-like subpopulations lays the foundation for antigen
discovery and immunotherapeutic targeting, as exemplified by our
laboratory’s work investigating RGCs as antigenic sources for ACT in
GBM [67]. Such approaches move beyond the static notion of “stem-
ness” toward targeting transient developmental states that may be
conserved across intratumoral heterogeneity and fuel tumor recurrence
and resistance.

Ultimately, revisiting GBM through a developmental lens offers not
only mechanistic clarity but also translational promise. The resemblance
between neurodevelopment and tumor biology has long been recog-
nized, yet defining how specific cell types like RGCs are repurposed in
malignancy can uncover novel therapeutic vulnerabilities. In recog-
nizing that the same cellular logic that builds the brain has the potential
to also unmake it, we gain a powerful vantage point to imagine how we
might redirect those programs toward regeneration instead of
malignancy.
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