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Microglia constitute the brain’s resident immune cells
and play an active role in the response to aging, injury
and neurodegeneration. Since their discovery over
half a century ago, reports that microglia undergo
activation in response to in vitro stimulation were
soon followed by their characterization into the rigid
dichotomy of M1/M2 pro- and anti-inflammatory
activation states [1, 2]. In recent years, however, the
emergence of transcriptomics has opened the door for
the identification of multiple transcriptional states of
microglia, suggesting a spectrum rather than a polari-
zation of activation states. This includes microglial
phenotypes specific to disease states, such as tumour-
associated microglia (TAMs) or disease-associated
microglia (DAM) implicated in Alzheimer’s disease
(AD) [3-5].

Within the white matter of the brain, activated
microglia increase in an age-dependent manner and
are associated with clinical evidence of white matter
disease [6, 7]. Due to the difficulty of studying micro-
glia in vivo, white matter microglia activity remains
poorly understood, although recent transcriptomics
support their pro-inflammatory nature [8].

To address this outstanding knowledge gap, in
their recent work, Safaiyan et al. investigate the

A. D. Roseborough - V. M. Jaremek - S. N. Whitehead (P<))
Vulnerable Brain Laboratory, Department of Anatomy

and Cell Biology, Schulich School of Medicine and Dentistry,
Western University, London, ON N6A 5C1, Canada

e-mail: shawn.whitehead @schulich.uwo.ca

question: do the microglia in the aged white matter
have a unique molecular signature? Here, the authors
identify a novel phenotype of microglia they term
“white matter-associated microglia” (WAMs) in
18-20 and 24-month-old mice, using single-cell RNA
sequencing (scRNA-seq) for the former cohort and
droplet-based scRNA-seq (Drop-seq) for the latter
[9]. Strengthening their findings, the authors further
validated the presence of WAMs in the datasets from
two previously published studies. The authors utilized
a wide range of murine models across different ages
in subsequent experiments to elucidate WAMs as an
age-dependent phenotype defined by genes impli-
cated in HIF-1 signalling, glycolysis, lysosome activ-
ity, cholesterol metabolism, antigen processing path-
ways and clearance of myelin debris.

Strengths of this study include the utilization of
scRNA-seq with a previously developed automated
dissociation protocol to inhibit ex vivo transcription
and generate data more representative of in vivo tran-
scription [10]. Furthermore, microglia from white
matter tracts (corpus callosum, optical tracts and
medial lemniscus) and grey matter were analyzed
separately to account for tissue-specific responses to
aging. Aged white matter is often subject to ischemic
conditions caused by cerebrovascular disease, and due
to the high myelin content, age-related degeneration
releases lipid-rich debris. In contrast, the grey mat-
ter has a more robust blood supply and accumulates
debris related to proteinopathies. In line with these
considerations, the authors report that the WAMs
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showed the most significant upregulation of genes
related to hypoxia and phagocytose myelin debris.
Unlike the WAM phenotype, “activated” microglia
(which may be similar to what is conventionally
called pro-inflammatory microglia) were present in
both grey and white matter, although in higher num-
bers in the white matter (24% vs 5%). This confirms
the existence of a phenotype unique to the aged white
matter separate from activated microglia present in
both tissue types. Future studies are needed to inves-
tigate potential interactions and influences between
activated microglia and WAMs.

In clinical studies of AD, one of the earliest neu-
roimaging features is abnormalities of the white mat-
ter [11]. However, most recent studies of microglia in
AD have been focused on DAM associated with amy-
loid accumulation [12], without a clear understand-
ing of unique white matter microglia responses. To
address this question, Safaiyan et al. used the trans-
genic APP/PS1 mouse model to investigate both the
WAM and DAM phenotype. The authors report that
WAM can be detected in addition to the DAMI1 and
DAM?2 phenotypes previously described but appear
at earlier age points with a distinct expression pro-
file [3]. WAMs contain upregulated genes related to
atherosclerosis, cytokine signalling and apoptosis in
comparison to DAM?2 which upregulate AD, Parkin-
son’s and Huntington’s disease-related genes. Since
TREM?2 is known to be a key regulator of the DAM
phenotype, the authors used a TREM2 knockout
mouse and established that in aging, the WAM phe-
notype was also dependent on TREM2 expression.
They also investigated Apoe expression, which was
more highly expressed in the DAM phenotype ver-
sus WAM. Using Apoe™~ mice the authors report
that in aging the WAM phenotype is independent of
APOE in comparison to the DAM phenotype. In the
APP/PS1 mouse model, however, both WAM and
DAM phenotype are APOE dependent. Therefore, the
mechanisms regulating the WAM phenotype differ in
“normal” aging versus aging in the context of geneti-
cally induced AD.

The identification of the WAM phenotype raises
the important question of their functional conse-
quences within the white matter. The authors report
that WAMs degrade myelin, evidenced by posi-
tive  MBP immunohistochemistry and galectin-3
in Ibal+cells within the corpus callosum, which
was exacerbated in a PMD (Pelizacus-Merzbacher
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disease) mouse model that displays aggressive demy-
elination. The authors argue that the role of WAMs
in the aged white matter is protective. In the absence
of TREM2, there was an increase in microglia with
irregular phenotype and inadequacy in the degrada-
tion, but not phagocytosis, of myelin debris. WAMs
may be actively clearing myelin debris but not neces-
sarily phagocytosing myelin in a deleterious manner.
If this is accurate, then future work investigating the
response of microglia to increasing debris levels and
resulting shifts in phenotype is required.

As the scRNA-seq data of this work were gener-
ated exclusively from murine microglia, future stud-
ies should assess human microglia from the aged
white matter which may have unique molecular sig-
natures [13]. Additionally, given the compelling find-
ings of Safaiyan et al., spatial transcriptomics should
be utilized in future work to assess differences across
various white matter tracts and grey matter regions in
the normal, aged and diseased brain. The identifica-
tion of an age-dependent increase of WAMs in aged
mice devoid of additional comorbidities represents
an important contribution, as aging itself is a pre-
dominant risk factor for stroke and neurodegenera-
tive diseases. It raises important questions for future
study as to how the WAM phenotype may affect the
microglial response to future injury or neurodegener-
ation. Can WAMs shift into a more pro-inflammatory
or DAM phenotype with further injury, representing
a continuum of cell identities? Understanding the co-
existence of multiple microglial phenotypes within
the same brain across various anatomical regions and
the mechanisms driving spatial and temporal shifts
between these phenotypes opens the door to exciting
areas of future research.

References

1. Orihuela R, McPherson CA, Harry GJ. Microglial M1/
M2 polarization and metabolic states. Br J Pharmacol.
2016;173(4):649-65. https://doi.org/10.1111/bph.13139.

2. Ransohoff RM. A polarizing question: Do M1 and M2
microglia exist. Nat Neurosci. 2016;19(8):987-91. https://
doi.org/10.1038/nn.4338.

3. Keren-Shaul H, Spinrad A, Weiner A, et al. A unique
microglia type associated with restricting development of
Alzheimer’s disease. Cell. 2017;169(7):1276-1290.e17.
https://doi.org/10.1016/j.cell.2017.05.018.

4. Ochocka N, Segit P, Walentynowicz KA, et al.
Single-cell RNA  sequencing reveals functional


https://doi.org/10.1111/bph.13139
https://doi.org/10.1038/nn.4338
https://doi.org/10.1038/nn.4338
https://doi.org/10.1016/j.cell.2017.05.018

GeroScience (2022) 44:63-65

65

heterogeneity of glioma-associated brain macrophages.
Nat Commun. 2021;12(1):1-14. https://doi.org/10.1038/
s41467-021-21407-w.

Masuda T, Sankowski R, Staszewski O, Prinz M. Micro-
glia heterogeneity in the single-cell era. Cell Rep.
2020;30(5):1271-81. https://doi.org/10.1016/j.celrep.
2020.01.010.

Raj D, Yin Z, Breur M, et al. Increased white matter
inflammation in aging- and alzheimer’s disease brain.
2017;10:1-18. https://doi.org/10.3389/fnmol.2017.00206.
Simpson JE, Ince PG, Higham CE, et al. Microglial acti-
vation in white matter lesions and nonlesional white
matter of ageing brains. Neuropathol Appl Neurobiol.
2007;33(6):670-83. https://doi.org/10.1111/1.1365-2990.
2007.00890.x.

van der Poel M, Ulas T, Mizee MR, et al. Transcriptional
profiling of human microglia reveals grey-white matter
heterogeneity and multiple sclerosis-associated changes.
Nat Commun. 2019;10(1):1139. https://doi.org/10.1038/
s41467-019-08976-7.

Safaiyan S, Besson-Girard S, Kaya T, et al. White
matter aging drives microglial diversity. Neuron.
2021;109(7):1100-1117.e10. https://doi.org/10.1016/j.neu-
ron.2021.01.027.

10.

11.

12.

13.

Wu YE, Pan L, Zuo Y, Li X, Hong W. Detecting activated
cell populations using single-cell RNA-Seq. Neuron.
2017;96(2):313-329.e6. https://doi.org/10.1016/j.neuron.
2017.09.026.

Lee S, Viqar F, Zimmerman ME, et al. White matter
hyperintensities are a core feature of Alzheimer’s disease:
evidence from the dominantly inherited Alzheimer net-
work. Ann Neurol. 2016;79(6):929-39. https://doi.org/10.
1002/ana.24647.

Yin Z, Raj D, Saiepour N, et al. Immune hyperreactivity
of A plaque-associated microglia in Alzheimer’s disease.
Neurobiol Aging. 2017;55:115-22. https://doi.org/10.
1016/j.neurobiolaging.2017.03.021.

Srinivasan K, Friedman BA, Etxeberria A, et al. Alzhei-
mer’s patient microglia exhibit enhanced aging and unique
transcriptional activation. Cell Rep. 2020;31(13): 107843.
https://doi.org/10.1016/j.celrep.2020.107843.

Publisher’s note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

@ Springer


https://doi.org/10.1038/s41467-021-21407-w
https://doi.org/10.1038/s41467-021-21407-w
https://doi.org/10.1016/j.celrep.2020.01.010
https://doi.org/10.1016/j.celrep.2020.01.010
https://doi.org/10.3389/fnmol.2017.00206
https://doi.org/10.1111/j.1365-2990.2007.00890.x
https://doi.org/10.1111/j.1365-2990.2007.00890.x
https://doi.org/10.1038/s41467-019-08976-7
https://doi.org/10.1038/s41467-019-08976-7
https://doi.org/10.1016/j.neuron.2021.01.027
https://doi.org/10.1016/j.neuron.2021.01.027
https://doi.org/10.1016/j.neuron.2017.09.026
https://doi.org/10.1016/j.neuron.2017.09.026
https://doi.org/10.1002/ana.24647
https://doi.org/10.1002/ana.24647
https://doi.org/10.1016/j.neurobiolaging.2017.03.021
https://doi.org/10.1016/j.neurobiolaging.2017.03.021
https://doi.org/10.1016/j.celrep.2020.107843

	Editorial Focus: White matter-associated microglia (WAMs) represent an important link between aging, white matter disease and microglial activity
	Citation of this paper:

	Editorial Focus: White matter-associated microglia (WAMs) represent an important link between aging, white matter disease and microglial activity
	References


