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For almost 90 years, we have recognized that myelinated fiber tracts represent preferred 
migration and growth zones for glioblastoma (GBM) tumors1 , yet the biology of the white 
matter niche remains far less understood than the peri-vascular or hypoxic niches. A 
recent study, published in Nature by Parrinello and Hill’s groups at University College 
London, titled Axonal Injury is a Targetable Driver of Glioblastoma Progression, 
addresses the white matter niche with rigorous and innovative investigation. Led by 
Melanie Clements and colleagues, the work reveals how degenerating white matter 
accelerates GBM development, particularly during early disease stages2 .  

The team began by examining four patient-derived GBM models and a genetically 
engineered mouse model3 . Across these diverse systems, tumors displayed a consistent 
biphasic growth pattern. In the initial phase, GBM cells infiltrated forebrain white matter. 
Cancer pervaded the corpus callosum, anterior commissure, and striatal fiber tracts but 
preserved overall brain architecture. Ki67 staining indicated minimal proliferation, and 
astrocytes and myeloid cells were only modestly activated. Gliotic barriers were thin, 
perhaps a single astrocytic process thick, unlike the dense laminations typical of injury-
associated glial scars. This early stage lacked mass effect or anatomical distortion, 
suggesting that the white matter niche imposes certain constraints on tumor expansion.  

Later, tumors escaped these constraints, entered a phase of rapid proliferation, and 
developed into the bulk disease that in the human brain drives symptom presentation and 
clinical detection. This transition coincided with architectural breakdown and massive 
expansion of the tumor bulk. These observations suggested that white matter integrity 
restrains GBM growth and that its degeneration may serve as a tipping point for explosive 
progression. 

To test this hypothesis, the authors performed anatomically precise axotomies of the 
subcortical white matter. Mechanical disruption abolished the slow initial phase, enabling 
tumors to bypass early containment and immediately enter bulk expansion. Survival times 
shortened and transient astrogliosis appeared that was quickly suppressed. These results 
strongly support the conclusion that white matter degeneration accelerates GBM 
progression. Whether axon loss alone or accompanying glial and immune changes drive 
this effect remains unresolved, but the authors argue axon degeneration was the key 
stimulus. 
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To preserve axon integrity and test GBM progression in a model where axonal dieback 
was held to a minimum, the team initiated genetically engineered, endogenously arising 
GBM in the brains of SARM1 knockout mice (SARM1−/−). SARM1 (or Sterile Alpha and 
TIR Motif Containing 1) is a critical driver of axon dieback, also called Wallerian 
Degeneration. The investigators noted that SARM1 has become an attractive target for 
pharmacologic inhibition intended to preserve neuron architecture and function in the 
hopes of staving off a variety of neuro-degenerative conditions. In SARM1−/− brains, axon 
integrity was maintained, astrogliosis remained low, and innate immune activation was 
delayed until neurological endpoints. Strikingly, survival improved by ~25% and tumors 
never transitioned to the mass-building phase. Instead, they resembled gliomatosis 
cerebri, diffusely stippling multiple forebrain regions without causing mass effect or 
anatomical distortion. Even at endpoint, neural architecture remained intact. Thus, axon 
preservation did not halt GBM but locked it within the white matter niche, limiting 
proliferation and preventing architectural collapse.  

These findings suggest neuron degeneration promotes GBM progression, though the 
biology may be more complex. SARM1 deletion dampened multiple processes: axon loss, 
glial reactivity, as well as immune activation, making it difficult to isolate the dominant 
driver. Nonetheless, the work elegantly demonstrated that axonal integrity influences 
GBM behavior and highlights SARM1 inhibition as a potential therapeutic strategy. 

Several critical questions remain. The study assumes early-stage GBM is more treatable, 
yet evidence for this is lacking. Most GBM tumors are detected late, after bulk expansion 
and widespread invasion. Whether axon-preserving interventions help at these stages is 
unknown. Additionally, all experiments used young mice, whereas GBM typically arises 
in aged brains4-6  where baseline neurodegeneration may precede tumorigenesis. Age 
related neuron loss may diminish the role of axon dieback and challenge the utility of 
SARM1 inhibition. Future studies must address whether age-related changes alter the 
contribution of axon dieback to GBM progression.  

Prior research supports an inhibitory nature of white matter. Amberger et al. showed GBM 
must proteolyze white matter to invade7; Hong et al. linked invasion to the downregulation 
of the NOGO receptor8 ; and Parrinello’s own work demonstrated that the white matter 
niche exerts a differentiating pressure on GBM cells9. Clements et al. now add compelling 
evidence that axon damage accompanies early GBM growth and may be targetable. 
Whether degeneration itself or the tumor’s mechanisms to overcome white matter 
inhibition drive progression remains unresolved. 

In total, this study combines meticulous histopathology, spatial transcriptomics, 
transplantable, and genetic models to propose axonal injury as a modifiable factor in GBM 
biology. While therapeutic implications require validation, especially in aged brains and 
late-stage disease, the work refocuses our attention on the white matter niche as a 
dynamic player in gliomagenesis and opens new avenues for intervention. Like the best 
research, it raises more questions than it answers, challenging us to rethink how 
microenvironmental integrity shapes tumor progression.  
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