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Neuroinflammation is a hallmark of many neurological diseases, including traumatic brain injury
(TBI), which is usually characterized by two pathological hallmarks: activation of microglia
and infiltration of blood-borne macrophages (Hanisch and Kettenmann, 2007; Ransohoff and
Perry, 2009; Zanier et al, 2015). Until recently, the two cell populations were antigenically
indistinguishable due to a shared myeloid lineage (Varol et al., 2015; Prinz et al., 2017), which
complicates our understanding of their neuroinflammatory response in the brain. Recently,
advanced single-cell RNA sequencing profiling technologies have uncovered several protein
markers of microglia, including transmembrane protein 119 (TMEM119) (Bennett et al., 2016).
Under physiological conditions, TMEM119 is specifically expressed in homeostatic human and
murine microglia, but not in other brain-resident cells nor in infiltrating macrophages (Bennett
et al., 2016; Satoh et al., 2016; Ruan et al., 2020), which enables the differentiation between brain-
resident microglia and infiltrating blood-derived macrophages. More recent studies, including
the present one by Mercurio and colleagues, have tested its efficacy in reactive microglia, and
their findings challenge the use of TMEM119 as a robust marker of microglia, especially under
pathological conditions.

Mercurio et al. (2022) reported an upregulation of TmemI19 gene expression in frozen brain
sections of TBI (Day 7) by RT-PCR and using in situ hybridization experiments; they further
confirmed its upregulation, specifically in the contused area and surrounding regions, along with
increased microglial activation. These findings are consistent with a study showing the increased
Tmem119 mRNA level in frozen tissue of the frontal cortex from patients with Alzheimer’s (Satoh
et al., 2016), which suggests that increased Tmem119 gene expression in the whole population of
microglia is paralleled with tissue inflammation. However, after isolation by fluorescence-activated
cell sorting (FACS), Li and colleagues found a reduced Tmem119 mRNA level in CD11b"CD45
microglia (bulk population) on Day 1 post-intracerebral hemorrhage (Li et al., 2019). In line
with this finding, transcriptome studies using the RNA-seq technique also showed a reduced
Tmem119 gene expression in isolated reactive microglia (Keren-Shaul et al., 2017; Krasemann
et al,, 2017; Masuda et al., 2020). Interestingly, transforming growth factor beta (TGF-) induced
an upregulated Tmemll19 gene expression in cultured mouse microglia (Attaai et al., 2018),
while lipopolysaccharide (LPS), interleukin 4 (IL-4), or interferon gamma (IFN-y) induced a
downregulated Tmem119 gene expression in cultured human microglia (Bennett et al., 2016; Satoh
et al,, 2016; Van Wageningen et al., 2019), although Satoh et al. (2016) also found no change
of Tmem119 gene expression in human microglia HMOG6 cells after treatment of LPS or TGF-f.
Taken together, although the gene regulation of Tmem119 in reactive and diseased microglia needs
further clarification, it is most likely that the different patterns of TmemII19 gene expression in
inflamed tissues compared to isolated microglial cells are due to the presence of inflammatory
milieu and/or other microenvironmental stimuli. Single-cell RNA-seq data should be helpful to
characterize different subsets of microglia with differential levels of Tmem119 gene expression in
health and disease.
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FIGURE 1 | Validation of anti-TMEM119 antibodies by Western blot and two-photon live imaging of TMEM119-tdTomato™ microglia in vivo after laser-mediated
injury. (A) Western blot analysis of mouse brain membranes (Lanes 1 and 3) and rat brain membranes (Lanes 2 and 4): 1, 2. Anti-TMEM119 (extracellular) antibody
(#ANR-175), (1:200); 3, 4. An anti-TMEM119 (extracellular) antibody, preincubated with TMEM119 (extracellular) blocking peptide (#BLP-NR175). (B) Western blot
analysis of mouse BV-2 microglia cell lysate: 1. An anti-TMEM119 (extracellular) antibody (#ANR-175), (1:200); 2. An anti-TMEM119 (extracellular) antibodly,
preincubated with TMEM119 (extracellular) blocking peptide (#BLP-NR175). FL, full length; ECD, extracellular domain. Data are cited from
https://www.alomone.com/p/anti-tmem119-extracellular-antibody/ANR- 175 with permission of the company. (C) After localized ablation inside the primary sensory
cortex, neighboring TMEM119-tdTomato™* microglia respond quickly with extended processes and bulbous termini. Time-lapse images show that microglia formed a
spherical containment around the laser lesion site. Scale bar, 30 uwm. The red color indicates the mix of TMEM119-FL-tdTomato and TMEM119-ICD-tdTomato
microglia. FL, full length; ICD, intracellular domain. Data are cited from Ruan et al. (2020) Brain Behav Immun.
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Apart from the regulation of gene expression, Mercurio et al.
(2022) found a significant reduction in the TMEM119 protein
expression level in the injured cortex on Day 4 after TBI by
Western blot, and on Days 4 and 7 after TBI by immunostaining
(along with an increased Ibal immunoreactivity), which suggests
a downregulation of TMEM119 in reactive microglia. This
finding is consistent with all the current findings so far regarding
the protein expression of TMEM119 in the reactive microglia
(Satoh et al., 2019; Van Wageningen et al., 2019; Cao et al,
2021; Marzan et al., 2021; Young et al., 2021). However, it is rare
to see a complete loss of TMEM119 immunoreactivity in Ibal-
positive myeloid cells (Li et al., 2019; Young et al., 2021), and
only a proportion not all of the reactive microglia showed lower
expression of TMEM119 (Kenkhuis et al., 2022). This suggests
that TMEM119 protein is likely still involved in the activation
of microglia, although the process of its downregulation in
reactive microglia remains unclear. The present data in TBI
(Mercurio et al., 2022) are in agreement with the findings in

the brain of patients with Alzheimer’s disease, in which the
TMEM119 immunoreactivity is greatly reduced in the amyloid
plaque-surrounding microglia and is often associated with a
significant increase in Ibal reactivity (Swanson et al, 2020;
Kenkhuis et al., 2022; Vankriekelsvenne et al., 2022). Moreover,
the downregulation of TMEM119 protein in the contused area is
in line with the findings at the sites of neurodegeneration where
TMEM119 immunoreactivity is reduced in the disease-associated
microglia (Krasemann et al., 2017; Deczkowska et al., 2018; Satoh
et al,, 2019). In these microglia, the expression of TMEMI119 is
not only reduced but is also redistributed to the phagosomes
and/or the processes (Young et al., 2021; Kenkhuis et al., 2022),
suggesting that plasma membrane TMEMI119 may be involved
in the phagocytic function of microglia, such as apoptotic
cells, cell debris or abnormal protein aggregates (i.e., amyloid
plaques in Alzheimer’s). It is known that, during phagocytosis,
the plasma membrane is embedded to form phagosomes that
are transported to fuse with acidic lysosomes for non-specific
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degradation (Underhill and Goodridge, 2012). This suggests that
the observed redistribution of TMEM119 to the phagosomes
and the phagosome-lysosome degradation pathway may result in
the downregulation of TMEM119 protein in reactive microglia.
However, this hypothesis can not explain the data in our
previous study (Ruan et al., 2020), in which the brain cortex of
Tmem119-tdTomato reporter mice that were exposed to laser
injury showed robust activation of Tmem119-tdTomato positive
microglia. If the TMEM119 protein is reduced during activation
by the theory proposed above, we should see a diminished
tdTomato fluorescence at the injury site over time. Instead, we
were able to detect a strong TMEMI119 signal (shown in red)
in reactive microglia. Our data suggest that there is, potentially,
an alternative pathway other than non-specific degradation
involving the regulation of the TMEM119 protein level during
microglial activation.

Given that TMEMI19 is a type-I transmembrane protein
structurally similar to well-studied amyloid precursor protein
(APP) and Notch proteins, it is very likely that a full length
(FL) of TMEM119 can also be cleaved into an extracellular
domain (ECD) and intracellular domain (ICD) fragments.
This hypothesis can be confirmed using the anti-TMEM119
(extracellular) antibody (#ANR-175) by Western blot. This
antibody hypothetically should label both the full-length protein
and the ECD fragment (as shown in Figure 1A). The reason
why TMEM119-ECD is not detected in mouse BV-2 microglial
cell lysate is that we believe that ECD has been released into
culture media (Figure 1B). Based on a smaller size of TMEM119
detected in the small extracellular vesicles in Figure 3A (right
panel; Brenna et al., 2020) using anti-TMEMI119 (intracellular)
antibody (#66948-1-1g), the band corresponds to the TMEM119-
ICD. With this in mind, it seems obvious to conclude that the red
fluorescence in Figure 1C labels a combination of TMEM119-
FL-tdTomato and TMEM119-ICD-tdTomato positive microglia
(based on the vector design of the Tmem119-tdTomato mice,
tdTomato is linked to the ICD). Considering the significant
decrease of TMEM119 in reactive microglia, theoretically, the
microglia at the lesion site should mostly be TMEM119-ICD-
tdTomato positive. Taken together, our data suggest that the
intracellular domain of TMEM119 instead of its full length could
be an alternative marker for microglia, and, by some means,
the secreted extracellular domain of TMEMI119 could also be
useful as a biomarker of reactive microglia; however, further
studies are required. Considering our hypothesis above, the
upregulation of Tmem119 gene expression in reactive microglia
(if it is true) is most likely a compensatory pathway. On the
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contrary, if reactive microglia, indeed, show downregulation of
Tmeml1l19 gene expression, then this downregulation is likely
a negative regulation leading to less TMEM119 expression on
the plasma membrane. Given that two studies mentioned earlier
have shown an overall upregulation of Tmem119 gene expression
in microglia (in both homeostatic and active forms) in the
injured tissues (Satoh et al., 2016; Mercurio et al., 2022), then
the homeostatic microglia close to the injury should have an
upregulation of Tmeml19 gene expression, which needs to be
further examined.

To conclude, the present commentary discusses the current
findings of TMEM119 as a marker for human and murine
microglia under physiological and pathological conditions and
proposes a novel hypothesis regarding TMEM119 regulation
in reactive microglia. By limited data so far, it is suggested
that the downregulation of TMEM119 in reactive microglia is
most likely an outcome of both the non-specific phagosome-
lysosome degradation pathway and the specific proteolytic
cleavage pathway. Detection of the extracellular domain of
TMEM119 in cerebrospinal fluid or blood by ELISA could be
an easy way to monitor the activation state of microglia in
patients and animal models of brain diseases. Furthermore,
pathological detection of the intracellular domain of TMEM119
in fixed brain tissues could be a better marker than the full-length
TMEM119 to label the whole population of microglia, which may
enable the differentiation of CNS-resident microglia (including
reactive microglia) and blood-infiltrating macrophages. Western
blot analysis targeting the extracellular or intracellular domain
of TMEM119 could also be informatic for the activation of
microglia. In addition, our Tmem119-tdTomato reporter mice
could be another useful tool to track all microglia phenotypes
(both homeostatic and reactive microglia) in vivo by live imaging.
However, since TMEM119 is majorly cleaved or degraded during
the activation of microglia, its application as a surface marker
for flow cytometry analysis of microglia is weakened, and
a combination with other relevant markers is recommended.
Overall, TMEM119 or its fragments are, indeed, constantly
expressed in the whole population of microglia, which suggests
that TMEM119 is still a promising microglia marker.

AUTHOR CONTRIBUTIONS

CR and WE contributed ideas and wrote the final manuscript.
Both authors contributed to the article and approved the
submitted version.

Brenna, S., Altmeppen, H. C., Mohammadi, B., Rissiek, B., Schlink, F., Ludewig,
P., et al. (2020). Characterization of brain-derived extracellular vesicles reveals
changes in cellular origin after stroke and enrichment of the prion protein
with a potential role in cellular uptake. J. Extracell. Vesicles 9:1809065. doi:
10.1080/20013078.2020.1809065

Cao, Z., Harvey, S. S., Chiang, T., Foltz, A. G., Lee, A. G., Cheng, M. Y.,
et al. (2021). Unique subtype of microglia in degenerative thalamus
after cortical stroke. Stroke 52, 687-698. doi: 10.1161/STROKEAHA.120.03
2402

Frontiers in Cellular Neuroscience | www.frontiersin.org

June 2022 | Volume 16 | Article 902372


https://doi.org/10.1002/glia.23332
https://doi.org/10.1073/pnas.1525528113
https://doi.org/10.1073/pnas.1525528113
https://doi.org/10.1080/20013078.2020.1809065
https://doi.org/10.1080/20013078.2020.1809065
https://doi.org/10.1161/STROKEAHA.120.032402
https://doi.org/10.1161/STROKEAHA.120.032402
https://www.frontiersin.org/journals/cellular-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-neuroscience#articles

Ruan and Elyaman

New Understanding of TMEM119

Deczkowska, A., Keren-Shaul, H., Weiner, A., Colonna, M., Schwartz, M., and
Amit, I. (2018). Disease-associated microglia: a universal immune sensor of
neurodegeneration. Cell 173, 1073-1081. doi: 10.1016/j.cell.2018.05.003

Hanisch, U.-K., and Kettenmann, H. (2007). Microglia: active sensor and versatile
effector cells in the normal and pathologic brain. Nat. Neurosci. 10, 1387-1394.
doi: 10.1038/nn1997

Kenkhuis, B., Somarakis, A., Kleindouwel, L. R. T., van Roon-Mom, W. M. C,,
Hollt, T., and van der Weerd, L. (2022). Co-expression patterns of microglia
markers Ibal, TMEM119 and P2RY12 in Alzheimer’s disease. Neurobiol. Dis.
167:105684. doi: 10.1016/j.nbd.2022.105684

Keren-Shaul, H., Spinrad, A., Weiner, A., Matcovitch-Natan, O., Dvir-Szternfeld,
R, Ulland, T. K, et al. (2017). A unique microglia type associated with
restricting development of Alzheimer’s disease. Cell 169, 1276.e-1290.e. doi:
10.1016/j.cell.2017.05.018

Krasemann, S., Madore, C., Cialic, R., Baufeld, C., Calcagno, N., El Fatimy, R,
et al. (2017). The TREM2-APOE pathway drives the transcriptional phenotype
of dysfunctional microglia in neurodegenerative diseases. Immunity 47, 566.e—
581.e. doi: 10.1016/j.immuni.2017.08.008

Li, Q.,, Lan, X,, Han, X., and Wang, J. (2019). Expression of Tmem119/Salll and
Ccr2/CD69 in FACS-sorted microglia-and monocyte/macrophage-enriched
cell populations after intracerebral hemorrhage. Front. Cell. Neurosci. 12:520.
doi: 10.3389/fncel.2018.00520

Marzan, D. E., Briigger-Verdon, V., West, B. L., Liddelow, S., Samanta, J.,
and Salzer, J. L. (2021). Activated microglia drive demyelination via CSFIR
signaling. Glia 69, 1583-1604. doi: 10.1002/glia.23980

Masuda, T., Amann, L., Sankowski, R., Staszewski, O., Lenz, M., Snaidero, N.,
et al. (2020). Novel Hexb-based tools for studying microglia in the CNS. Nat.
Immunol. 21, 802-815. doi: 10.1038/s41590-020-0707-4

Mercurio, D., Fumagalli, S., Schafer, M. K., Pedragosa, J., Ngassam, L. D. C,,
Wilhelmi, V., et al. (2022). Protein Expression of the Microglial Marker
Tmem119 Decreases in Association With Morphological Changes and Location
in a Mouse Model of Traumatic Brain Injury. Front. Cell. Neurosci. 16:820127.
doi: 10.3389/fncel.2022.820127

Prinz, M., Erny, D., and Hagemeyer, N. (2017). Ontogeny and homeostasis
of CNS myeloid cells. Nat. Immunol. 18, 385-392. doi: 10.1038/ni.
3703

Ransohoff, R. M., and Perry, V. H. (2009). Microglial physiology: unique stimuli,
specialized responses. Annu. Rev. Immunol. 27, 119-145. doi: 10.1146/annurev.
immunol.021908.132528

Ruan, C., Sun, L., Kroshilina, A., Beckers, L., De Jager, P., Bradshaw, E. M.,
et al. (2020). A novel Tmem119-tdTomato reporter mouse model for studying
microglia in the central nervous system. Brain Behav. Immun. 83, 180-191.
doi: 10.1016/§.bbi.2019.10.009

Satoh, J., Kino, Y., Asahina, N., Takitani, M., Miyoshi, J., Ishida, T., et al. (2016).
TMEM119 marks a subset of microglia in the human brain. Neuropathology 36,
39-49. doi: 10.1111/neup.12235

Satoh, J. I, Kino, Y., Yanaizu, M., Ishida, T., and Saito, Y. (2019). Microglia express
TMEM119 in the brains of Nasu-Hakola disease. Intractable Rare Dis. Res. 8,
260-265. doi: 10.5582/irdr.2019.01123

Swanson, M. E., Scotter, E. L., Smyth, L. C., Murray, H. C., Ryan, B., Turner, C.,
et al. (2020). Identification of a dysfunctional microglial population in human
Alzheimer’s disease cortex using novel single-cell histology image analysis. Acta
Neuropathol. Commun. 8:170. doi: 10.1186/s40478-020-01047-9

Underhill, D. M., and Goodridge, H. S. (2012). Information processing during
phagocytosis. Nat. Rev. Immunol. 12, 492-502. doi: 10.1038/nri3244

Van Wageningen, T. A., Vlaar, E., Kooij, G., Jongenelen, C. A., Geurts, J. J.,
and Van Dam, A.-M. (2019). Regulation of microglial TMEM119 and P2RY12
immunoreactivity in multiple sclerosis white and grey matter lesions is
dependent on their inflammatory environment. Acta Neuropathol. Commun.
7:206. doi: 10.1186/540478-019-0850-z

Vankriekelsvenne, E., Chrzanowski, U., Manzhula, K., Greiner, T., Wree, A.,
Hawlitschka, A., et al. (2022). Transmembrane protein 119 is neither a specific
nor a reliable marker for microglia. Glia 70, 1170-1190. doi: 10.1002/glia.24164

Varol, C., Mildner, A., and Jung, S. (2015). Macrophages: development and
tissue specialization. Annu. Rev. Immunol. 33, 643-675. doi: 10.1146/annurev-
immunol-032414-112220

Young, K. F., Gardner, R,, Sariana, V., Whitman, S. A., Bartlett, M. J., Falk, T., et al.
(2021). Can quantifying morphology and TMEMI119 expression distinguish
between microglia and infiltrating macrophages after ischemic stroke and
reperfusion in male and female mice? J. Neuroinflamm. 18:58. doi: 10.1186/
§12974-021-02105-2

Zanier, E. R., Fumagalli, S., Perego, C., Pischiutta, F., and De Simoni, M.-G. (2015).
Shape descriptors of the “never resting” microglia in three different acute brain
injury models in mice. Intensive Care Med. Exp. 3:39. doi: 10.1186/s40635-015-
0039-0

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Ruan and Elyaman. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Cellular Neuroscience | www.frontiersin.org

June 2022 | Volume 16 | Article 902372


https://doi.org/10.1016/j.cell.2018.05.003
https://doi.org/10.1038/nn1997
https://doi.org/10.1016/j.nbd.2022.105684
https://doi.org/10.1016/j.cell.2017.05.018
https://doi.org/10.1016/j.cell.2017.05.018
https://doi.org/10.1016/j.immuni.2017.08.008
https://doi.org/10.3389/fncel.2018.00520
https://doi.org/10.1002/glia.23980
https://doi.org/10.1038/s41590-020-0707-4
https://doi.org/10.3389/fncel.2022.820127
https://doi.org/10.1038/ni.3703
https://doi.org/10.1038/ni.3703
https://doi.org/10.1146/annurev.immunol.021908.132528
https://doi.org/10.1146/annurev.immunol.021908.132528
https://doi.org/10.1016/j.bbi.2019.10.009
https://doi.org/10.1111/neup.12235
https://doi.org/10.5582/irdr.2019.01123
https://doi.org/10.1186/s40478-020-01047-9
https://doi.org/10.1038/nri3244
https://doi.org/10.1186/s40478-019-0850-z
https://doi.org/10.1002/glia.24164
https://doi.org/10.1146/annurev-immunol-032414-112220
https://doi.org/10.1146/annurev-immunol-032414-112220
https://doi.org/10.1186/s12974-021-02105-2
https://doi.org/10.1186/s12974-021-02105-2
https://doi.org/10.1186/s40635-015-0039-0
https://doi.org/10.1186/s40635-015-0039-0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-neuroscience#articles

	A New Understanding of TMEM119 as a Marker of Microglia
	Author Contributions
	References


