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syndrome coronavirus 2 (SARS-CoV-2) pan-
demic. Undoubtedly, a number of similarities
can be drawn between the viral illnesses in-
duced by RSV and SARS-CoV-2. Both of these
enucleated RNA viruses cause a more severe
infection in men, patients with underlying
immunosuppression, and those with chronic
cardiovascular disease (12, 13). However,
the age distribution of the severe spectrum
of disease is somewhat different. Although
both viruses can severely affect older people,
SARS-CoV-2 does not appear to be as patho-
genic in younger children, albeit infants are
still at risk (14, 15). Whether the findings of
Habibi et al. therefore apply to other respira-
tory viruses, or indeed other age groups, re-
mains to be elucidated.

Much of our understanding of immune
responses to pathogens, including viral
pathogens, has been dissected during infec-
tion stages. From a population perspective,
however, prevention and risk stratification
remain the cornerstone for improving out-
comes, whether from established and en-
demic pathogens such as influenza viruses
and RSV, or from emerging pathogens such
as SARS-CoV-2. This study also identified a
subgroup of people who developed asympto-
matic RSV replication. Dissecting the mecha-
nisms and immune responses that also allow
this outcome would greatly enhance our ca-
pacity to control the spread of viral patho-
gens on a global scale.

The findings of Habibi et al. provide a
strong start to further our understanding of
how the immune landscape before an insult
is just as important in shaping outcomes as
the responses to the pathogen itself (see the
figure). It is a reminder too, of the dynamic
complexity of the immune system, and of the
work that lies ahead.
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INFECTIOUS DISEASE

Inhibiting Ebola virus and
SARS-CoV-2 entry

Screening identifies CD74 as a cellular antiviral protein
against Ebola virus and SARS-CoV-2

By Alexandra I. Wells*? and Carolyn B. Coyne'?

he mechanisms by which cells defend
against many viruses remain largely
unknown. Defining these mechanisms
is important not only for understand-
ing viral pathogenesis but also for
informing the development of anti-
viral therapeutics. The concerted efforts of
antiviral factors within cells are central to
host cell defense. Without these factors, the
cell remains defenseless against potentially
harmful pathogens. Understanding how the
cell defends itself is particularly important
for viruses that have the potential to affect
global health, such as Ebola virus (EBOV)
and severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). On page 241 of this
issue, Bruchez et al. (I) developed a transpo-
son screening approach in a human osteo-
sarcoma cell line to identify a mechanism by

which CD74, previously only associated with
antigen presentation, directly inhibits EBOV
and SARS-CoV-2 entry into host cells.
Viruses must gain entry into the host cell
to replicate. In the case of EBOV, an envel-
oped virus, virions are internalized by mac-
ropinocytosis. Once virions reach endosomes,
host cathepsin proteases cleave viral glyco-
proteins. The glycoproteins then fuse with
the lysosomal membrane, which is followed
by release of the viral genome into the host
cell cytoplasm, where viral replication can oc-
cur (2). Thus, cathepsin-mediated cleavage is
a critical step in the entry of many enveloped
viruses, including EBOV, into the host cell.
Similar to EBOV, coronaviruses, includ-
ing SARS-CoV-2, are enveloped viruses that
undergo a series of entry steps culminating
in genome release. Coronavirus entry also re-
quires delivery of incoming viral particles to
host lysosomes, where the coronavirus spike

Ebola virus cell entry

Normal cellular entry (left) of Ebola virus (EBOV) involves binding to cells expressing DC-SIGN
(dendritic cell-specific ICAM-3-grabbing non-integrin 1) and TIM1 (T cell immunoglobulin mucin receptor 1),
macropinocytosis, and cathepsin-mediated cleavage of the viral glycoproteins. Together with NPC1
(Niemann-Pick C1), glycoprotein cleavage allows fusion with endosomal membranes and genome release
into the cytoplasm. However, CIITA (class Il major histocompatibility complex transactivator) up-regulates
the CD74 p41isoform, which inhibits cathepsins and prevents genome release into the cytoplasm (right).
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protein is cleaved by cathepsins to facilitate
fusion between virus and host membranes
(3, 4). However, in contrast to EBOV, SARS-
CoV-2 also requires the activity of transmem-
brane serine protease 2 (TMPRSS2) to prime
the viral spike protein (5). Thus, despite their
differences in size and shape, EBOV and
SARS-CoV-2 rely on similar proteolytic pro-
cesses to gain entry into a target cell.

Bruchez et al. used a transposon screen
in which transposable elements were in-
serted in front of or within genes. This ap-
proach allowed for tandem gene activation
and inactivation in a single screen. To iden-
tify host factors involved in EBOV infection,
the authors infected these cells with EBOV
and identified two main “hits,” including
Niemann-Pick C1 (NPC1), an intracellular
EBOV receptor that is required for entry,
thus validating the approach (6). NPCl is a
cholesterol transporter in the lysosome and
is essential for EBOV fusion of the glyco-
proteins with the lysosomal membrane and
subsequent genome release.

Additionally, the authors found that activa-
tion of the transcription factor major histo-
compatibility complex (MHC) class II trans-
activator (CIITA) inhibited EBOV infection.
CIITA is a nucleotide-binding oligomeriza-
tion domain-like receptor (NLR). Typically,
NLRs detect pathogen-associated molecular
patterns (PAMPs) within the cell and trig-
ger an intracellular antimicrobial signaling
cascade leading to nuclear factor-xB (NF-«kB)
nuclear translocation and expression of vari-
ous proinflammatory cytokines. Unlike most
NLRs, CIITA acts mainly as a transcription
factor to promote the expression of other
genes, including serving as the master regu-
lator of MHC gene expression. MHC presents
peptides from either intracellular (MHC class
I) or extracellular (MHC class II) proteins to
adaptive immune cells. CIITA induces the
expression of MHC class II genes to initiate
antigen presentation. The authors deter-
mined that expression of CIITA was specifi-
cally associated with inhibition of cell entry
by EBOV, thus defining the step of the viral
life cycle that CIITA inhibits (see the figure).

Bruchez et al. identified CD74 as the CIITA-
controlled host factor responsible for inhib-
iting EBOV entry. CD74, often called the in-
variant chain or Ii, is enriched in immune cell
populations and associates with MHC class
I1. It localizes to endoplasmic reticulum (ER)
membranes and facilitates MHC class II ex-
port from the ER to vesicles that fuse with
the late endosome, resulting in trafficking to
the cell surface (7). CD74 also blocks the pep-
tide-binding groove so that MHC molecules
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do not bind peptides prior to trafficking.
Thus, without CD74, MHC class II molecules
are not properly processed, and antigen pre-
sentation becomes impaired.

Bruchez et al. show that the thyroglobulin
domain of CD74 is required for its antiviral
activity. This domain inhibits cathepsins (8).
CD74 has four isoforms but only two of them,
p41 and p43, have the thyroglobulin domain.
The authors show that the p41 isoform is re-
sponsible for the antiviral activity of CD74
against EBOV entry and inhibits SARS-CoV-2
fusion, suggesting a broad antiviral activity
of CD74 against many cathepsin-dependent
viruses. These findings highlight the often
shared strategies of distinct viruses that are
co-opted from host cells to promote cell entry.

These findings suggest that molecules in-
volved in antigen presentation could also
possess direct antiviral activity and that other
factors with defined functions may possess
additional roles in antiviral immunity. CIITA
activates antiviral factors that inhibit a broad
range of viruses, such as human T cell leu-
kemia virus type 2 (HTLV-2) (9), although
the steps of the viral life cycle that it targets
differ from those for EBOV and SARS-CoV-2.
During HTLV-2 infection, CIITA acts more
directly and inhibits the viral transactivator
protein (TAX2), which promotes transcrip-
tion of the viral genome and thus directly
inhibits HTLV-2 replication (9). Some viruses
have evolved mechanisms to inhibit this re-
striction. For example, Epstein-Barr virus
(EBV), an oncogenic DNA virus, encodes Zta,
a protein that directly inhibits CIITA and re-
sults in down-regulation of MHC class II mol-
ecules. This potentially allows EBV to escape
recognition from the immune system (Z0).

The identification of host factors that could
be targeted therapeutically to limit the repli-
cation of broad families of viruses may be an
effective approach to combat viral-mediated
disease. However, the therapeutic benefits of
viral entry inhibitors are likely most effective
prior to the onset of symptoms and the devel-
opment of disease, given that by these stages,
viral particles have already gained entry into
the cell and begun to efficiently replicate.
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A new villain in
neuronal death

A newly discovered
partnership for glutamate
triggers brain toxicity

By Susan Jones

xcitotoxicity is the process by which the

excitatory amino acid neurotransmit-

ter glutamate causes neuronal toxicity

(@). A landmark study in 1987 revealed

that Ca?* influx into neurons through

glutamate N-methyl-p-aspartate recep-
tor channels (NMDARSs) could trigger exci-
totoxicity (2), making Ca?* ions potential vil-
lains as well as functionally critical signaling
molecules in neurons. On page 191 of this is-
sue, Yan et al. (3) reveal a newly discovered
mechanism of NMDAR-mediated excitotox-
icity: a physical interaction with TRPM4,
a transient receptor potential channel (4).
Small-molecule “interface inhibitors” pre-
vent NMDAR-TRPM4 physical coupling and
eliminate excitotoxicity in vitro and in vivo.
This mechanism of excitotoxicity does not re-
quire NMDAR-mediated Ca?* influx: TRPM4
is the new villain. Consequently, excitotoxic-
ity can be halted without disrupting physi-
ologically crucial NMDAR-mediated Ca*
signaling. This presents opportunities in the
design of therapeutics for disorders involving
excitotoxicity, including stroke, epilepsy, and
neurodegeneration.

Glutamate, released at excitatory synapses
in the vertebrate brain, binds to NMDARs
to induce Ca*-dependent forms of synaptic
plasticity (5) and survival-promoting intra-
cellular signaling pathways involving CREB
[cyclic adenosine monophosphate (cAMP)
response element-binding protein] (6).
Glutamate can also spill over beyond the syn-
apse and activate neighboring synaptic and
extrasynaptic NMDARs. Excessive NMDAR-
mediated Ca* influx is a widely accepted ex-
planation for excitotoxicity (7, 8).

A hitherto unrelated ion channel, TRPM4,
is activated by cytoplasmic Ca** and is per-
meable to monovalent cations Na* and K*
(but not to Ca*), mediating membrane de-
polarization (9). TRPM4 has previously been
linked to neuronal death: In mice, inhibition
of TRPM4 reduces neurodegeneration, and
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