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PERSPECTIVE

Human endogenous retroviruses:
ammunition for myeloid cells in
neurodegenerative diseases?

Activation of myeloid cells by human endogenous retroviral
entities: While the exact causes of neurological diseases such as
multiple sclerosis (MS) or amyotrophic lateral sclerosis (ALS)
are still elusive, there is evidence of a new category of pathogen-
ic elements called human endogenous retroviruses (HERVs)
which seem to contribute to their evolution and progression
by exerting inflammatory and degenerative effects (Kiiry et al.,
2018). HERVs are ancient retroviral elements which account
for up to 8% of the human genome and it is known that envi-
ronmental factors can trigger their (re-)expression (Kiry et al.,
2018). The resulting production of viral particles and/or pro-
teins, especially from members of the HERV-W and HERV-K
family, is strongly correlated with the onset and progression of
neurological diseases, such as MS and ALS (Kiry et al., 2018).
In ALS, HERV-K expression is mainly found in neurons (Li
et al., 2015), whereas in MS increased HERV-W RNA and pro-
tein levels have been confirmed for microglia and macrophages
(Mameli et al., 2007). In this context, a correlation between
induced gliotoxicity, reverse transcriptase activity and HERV-W
expression in macrophage cell culture supernatants derived
from MS patients had previously been documented (Menard et
al., 1997). Subsequent studies were able to detect HERV-W en-
velope (ENV) protein expression in myeloid cells (i.e., microglia
and macrophages) in areas of active demyelination as well as
at the rims of chronic active lesions (van Horssen et al., 2016;
Kremer et al.,, 2019). In contrast, only few HERV-W ENV-pos-
itive astroglial and lymphoid cells could be detected (van Hors-
sen et al., 2016). Similar to MS, expression of the multicopy
HERV-W family in schizophrenia was detected in peripheral

blood mononuclear cells (Perron et al., 2012). Against this back-
drop, we will focus this perspective on HERV-mediated effects
on myeloid cells.

Myeloid cells are part of the innate immune system and can
be divided into different subpopulations. On the one hand,
there are monocytes circulating in the bloodstream. On the
other hand, macrophages are tissue-localized cells, which can
be found in virtually every organ. Both monocytes and mac-
rophages originate from hematopoietic stem cells in the bone
marrow. In contrast to that, the tissue-localized myeloid cells of
the central nervous system, the so-called microglial cells origi-
nate from embryonic yolk sac progenitors.

Early functional studies demonstrated that the HERV-W
ENV protein can activate the receptors Toll-like receptor 4
(Figure 1) and cluster of differentiation 14 (Figure 1) on hu-
man monocytes leading to the production of pro-inflammatory
cytokines (Rolland et al., 2006). In addition, the ENV protein
was shown to stimulate dendritic cells, a related myeloid cell
type, to promote T helper cell type 1 differentiation (Rolland et
al., 2006). A similar activation of dendritic cells and a triggering
role in experimental autoimmune encephalomyelitis in mice
was then corroborated in a follow up in vivo study (Perron et al.,
2013). In addition to that, microglial cells also respond strongly
to HERV-W ENV protein exposure. As recently demonstrated,
ENV induces the expression of pro-inflammatory cytokines and
of nitric oxide in these cells while it reduces anti-inflammatory
and neuroprotective parameters (Kremer et al., 2019). Further-
more, ENV protein drives microglial cells to physically interact
with myelinated axons and to induce leakage of intra-axonal and
myelin proteins. These observations suggest an entirely novel
axon damage mechanism, which could explain the tight axonal
phenotypes of myeloid cells found in chronic active MS lesions
(Kremer et al., 2019). In addition, they also provide a biomed-
ical rationale for the anti-degenerative effects observed in a re-
cent phase 2b clinical trial which tested the HERV-W ENV-neu-

Figure 1 HERV-W mediated effects on
myeloid cells.

This illustration summarizes the ori-
gin and observed molecular effects of
HERV-W on myeloid cells and how it
affects neural cells of the central nervous
system. Arrow starting points indicate
the cellular sources of HERV-W particles
or proteins (red dots) while arrowheads
point to the influences on different cell
types. TLR4/CD14 receptors are marked
in yellow. Modulated processes are
shown in grey boxes, regulated myeloid
molecules and processes are shown in the
central panel and regulated molecules
in non-myeloid cells are shown in red.
Whether microglia and macrophages
respond to HERV-W in an auto- and/
or paracrine way remains to be shown.
CD14: Cluster of differentiation 14;
HERV-W: human endogenous retrovi-
ruse-W; MG: microglia; M ¢ : macro-
phage; NO: nitric oxide; OPCs: oligo-
dendroglial progenitor cells; Th: T-helper
cell; TLR4: Toll-like receptor 4.
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tralizing antibody temelimab in MS patients (CHANGE-MS,
NCT02782858 followed by ANGEL-MS NCT03239860). In
light of these recent developments, it is worth mentioning that a
previous study already reported increased nitric oxide produc-
tion in response to ENV overexpression in a microglial cell line
and that cell migration was enhanced (Xiao et al., 2017).

In summary, the current available data point to a preferred
activation of HERVs in myeloid cells such as monocytes/mac-
rophages and microglial cells leading to endothelial and oligo-
dendroglial stress reactions which may contribute to disease
pathology and impaired regeneration (Kiiry et al., 2018). On the
other hand, additional autocrine/paracrine effects of HERV's
on the polarization and phenotype of myeloid cells have been
reported recently. As there are several specialized macrophage
populations present at central nervous system interfaces such as
the dura mater, the leptomeninges, the perivascular space and
the choroid plexus (Kierdorf et al., 2019), it will be of interest
to analyze their specific reactions to ENV production or stim-
ulation. All the more, as HERV-W was initially discovered in a
leptomeningeal cell line derived from a MS patient (Perron et
al., 1989). Successful treatment of neurodegeneration is still an
unmet clinical need particularly in progressive MS, so future
studies are required to better understand associated myeloid
phenotypes and their functional roles. Ultimately, from a thera-
peutic standpoint the goal is to identify new means to modulate
and control HERV activation and expression.
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