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The subventricular zone (SVZ) is the largest and most active germinal zone in the adult forebrain. Neural stem

cells (NSCs) of the SVZ generate olfactory interneurons throughout life and retain the intrinsic ability to generate

oligodendrocytes (OLs), the myelinating cells of the central nervous system.
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1. CNS (re)Myelination Efficiency Declines Significantly with
Age

In the central nervous system (CNS), oligodendrocytes (OLs) enable rapid axonal conduction of electrical impulses

by producing myelin, a lipid-rich membrane that acts as an axonal insulator and contributes to their metabolic

support . In both mice and humans, the bulk of oligodendrogenesis and thus myelin deposition takes place by

oligodendrocyte progenitor cells (OPCs) during adolescence and young adulthood, but the addition of newly

generated OLs and myelin replenishment are life-long processes . Importantly, OPCs persist throughout the

parenchyma of the adult brain and spinal cord and are committed to the life-long generation of OLs, which is a

dynamic process that can be modulated to meet local requirements, such as myelin remodelling in response to

changes in neuronal activity or myelin loss due to pathology (reviewed extensively elsewhere, for example ). By a

process of self-replication, OPCs generate OLs by differentiation along the lineage whilst maintaining a relatively

stable population of slowly proliferating parenchymal OPCs . Compensatory OPC proliferation and

differentiation are rapidly induced in response to loss of oligodendroglial lineage cells, ensuring both OPC

population homeostasis and myelin repair. However, despite relatively stable densities of parenchymal OPCs,

oligodendrogenesis declines with age, at least in part due to decreasing responsiveness to pro-differentiation

signals . Other physiological functions of OPCs also undergo age-related deterioration, such as the regulation

of neurotransmission  and potentially the maintenance of homeostatic microglial phenotypes . The reduced

ability of aged OPCs to respond to and compensate for myelin loss results in the ultimate failure of effective

remyelination, as observed in relapse-remitting multiple sclerosis (MS), which is characterised by efficient

remyelination (remittance) in younger individuals, and very often secondary progressive MS at later stages of the

disease. Notably, there is accumulating evidence that OPCs derived from neural stem cells (NSCs) of the

subventricular zone (SVZ) play a major role in replenishing parenchymal OPCs and supporting myelin repair in the

forebrain.

2. Oligodendrogenesis in the SVZ Is Spatially and Temporally
Conserved across Species
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The majority of OLs found in the adult mouse forebrain originate postnatally from neural stem cells (NSCs) that

reside in the subventricular zone (SVZ), via a defined series of differentiation steps (see reviews  (Figure

1A,B)), and it is established that the early postnatal period is critical for OL specification and myelination .

Notably, the murine SVZ is spatially heterogeneous and contains specific microdomains of NSCs that are biased to

give rise to defined lineages, depending on intrinsic and extrinsic factors, with OPCs being derived primarily from

NSCs located in the dorsal SVZ . Importantly, studies performed by Zecevic and co-workers have

demonstrated an equivalent spatial organisation of human SVZ-NSCs during early development, where

oligodendrogenesis emerges largely from more dorsal NSC subpopulations . More recent studies have

confirmed these findings in primates, guided by the expression of pallial transcriptional cues in NSCs such as Hopx

, and humans, where radial glia switch developmentally from neurogenesis to oligodendrogenesis . Thus, it is

apparent that SVZ microdomains observed in the mouse are representative of species with more complex brain

architectures, including humans . This organisation persists after postnatal development and is important

for adult OL regeneration . Single-cell RNA sequencing (ScRNA-seq), coupled with long-term genetic

fate mapping approaches, have characterised NSCs residing within the most lateral and ventral aspects of the

rodent SVZ and show that they become increasingly quiescent during aging . Analyses of aged dorsal

NSCs at the single-cell RNA level are still lacking, but meta-analyses of published datasets support their life-long

persistence and indicate they are largely quiescent under physiological conditions but can be stimulated in

pathological contexts . In humans, NSCs identified by their expression of β4 tubulin persist after postnatal

development in all domains of the SVZ and, although they do not express most markers that are used to identify

rodent NSCs, human NSCs do however appear to express GFAP-delta and cell surface receptors responsive to

FGF2 and EGF, as in rodent NSCs . Moreover, a recent elegant ScRNA-seq study using the broad

progenitor marker CD271 demonstrated NSCs persist in the human dorsal SVZ of healthy individuals aged

between 72 and 96 years . Meta-analysis and integration with single cell datasets of human oligodendroglia ,

revealed that these dorsal SVZ-derived NSCs have a pro-oligodendroglial phenotype.
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Figure 1. Forebrain oligodendrogenesis

and remyelination efficiencies in young versus aged adults. (A) Coronal brain section counterstained for nuclei; the

corpus callosum is evident as light grey, and the SVZ zones and other regions of interest are indicated. The

dorsoventral gradient of oligodendrogenesis in the SVZ is illustrated; OPCs are generated primarily from NSCs in

the dorsal microdomain, and at lower rates in the most ventral regions of the SVZ. This preferential generation of

OLs from the dorsal SVZ persists in adulthood and is increased following demyelination. (B) During postnatal

development, the majority of OLs in the dorsal forebrain are derived from NSC located in the dorsal SVZ that

progress through a number of distinct differentiation stages in response to intrinsic and extrinsic cues (see (E) for

explanations of pictograms of the differentiation stages): quiescent NSCs have small nuclei and in response to

appropriate stimuli can transform into activated NSCs that have larger nuclei; activated NSCs generate transiently

amplifying progenitors (TAPs), which is a pre-OPC stage that gives rise to migratory and proliferative OPCs with a

simple processing-bearing morphology; OPCs migrate to their final sites, where they undergo self-replication and

generate newly formed (NF)OLs, which have a complex process-bearing morphology and are non-proliferative;

NFOLs differentiate into mature myelinating (M)OLs; slowly proliferating parenchymal OPCs with a highly complex

ramified morphology persist after the main developmental period of myelination. (C) In young adults, demyelinating
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insults trigger efficient remyelination by parenchymal OPCs that are located at or near to the lesion site.

Additionally, morphologically simpler and highly migratory OPCs are recruited from dorsal NSCs of the SVZ to

replenish parenchymal OPCs and contribute to remyelination. (D) The aged brain is characterised by inefficient

regeneration of MOLs both from parenchymal and SVZ-derived OPCs, resulting in impaired remyelination; in the

aged SVZ, dorsal NSCs are able to regenerate NFOLs, but these fail to progress into remyelinating MOLs,

suggesting a deficiency of appropriate extrinsic stimuli (indicated by ‘?’). (E) Identifying the transcriptional networks

that regulate each stage of oligodendrogenesis from dorsal NSCs will enable the development of targeted

therapies that rejuvenate aged NSCs and stimulate replenishment of OPCs to promote remyelination and repair in

the aged brain. Abbreviations: NSC = neural stem cell; TAPs = transiently amplifying progenitors (pre-OPC stage);

OPC = oligodendrocyte precursor cell; NFOL = non-myelin forming oligodendrocyte; MOL = mature

oligodendrocyte.

The causes of age-related quiescence of SVZ-NSC and their progeny are unresolved, but there is evidence of an

important role for canonical Wnt signalling, which maintains the dorsal identity of the SVZ throughout life in the

mammalian brain (reviewed in ). The aged SVZ expresses the inhibitory ligands secreted frizzled-related

proteins (SFRPs), which are potent inhibitors of the canonical Wnt pathway and limit both neurogenesis and

oligodendrogenesis . Attenuation of SFRPs in human IPSCs lines  and mouse models of demyelination 

corroborate that repression of canonical Wnt signalling is an important factor in driving SVZ-NSCs and their

progeny towards oligodendrogenesis. These studies amongst others confirm that life-long oligodendrogenesis

occurs in the human SVZ, but progress in the   understanding of these processes has been limited by several

challenges, not least the difficulty of systematic sampling of human tissue due to the large area to cover and the

challenge of assessing current gold-standard markers with high confidence on preserved human tissue.

Furthermore, as noted above, the antigenicity of human and rodent SVZ-derived NSC differs considerably, and

defined markers that distinguish human NSC from astrocytic lineages are required to enable accurate studies of

human populations in the context of brain aging, disease, and trauma.

3. Recruitment of SVZ NSCs for Oligodendroglial
Replacement

Following myelin loss in the rodent CNS, it has been demonstrated that OPCs located within and adjacent to

demyelinated lesions proliferate, migrate, and differentiate into remyelinating OLs . This process is

pronounced and efficient in early disease stages and in young adults (Figure 1C). OLs that persist within

demyelinated lesions are also capable of remyelination  (reviewed in detail elsewhere, see, for

example, ). Studies using C levels in humans concluded that surviving OLs rather than OPCs play the major

role in remyelination in MS , except in very aggressive forms of the disease where OPCs are more important

. The understanding of these processes comes from studies in rodent models, and fate-mapping studies

demonstrate unequivocally that remyelination in the adult brain is from both parenchymal and SVZ-derived OPCs.

However, in older rodents, recruitment of OPCs and their differentiation into MOLs is incomplete, involving multiple

processes . The ultimate failure of remyelination coupled to continuous loss of myelin with time is the
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basis of progressive disability in MS patients . Consistent with this, studies of human post-mortem tissue

have shown that OPCs are present in active and remyelinating lesions, and that they are stunted in chronic lesions.

Thus, there is a clear and unmet need to develop new therapies to rejuvenate OPCs and stimulate remyelination in

the aged brain at later stages of MS.
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