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A RIPtide Protects Neurons from Infection
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RIPK3 and RIPK1 limit virus spread by executing either apoptotic or necroptotic cell death in response to
infection. In a recent issue of Cell, Daniels et al. (2017) unveil an unexpected cell death-independent require-
ment of RIP kinase activity in coordinating neuroinflammation, restricting West Nile virus pathogenesis in
neurons.
Necroptosis is an autonomous form of cell

death that eliminates virally infected cells

to prevent replication and dissemination.

Diverse pathogen-sensing and inflam-

matory pathways induce necroptosis

by engaging receptor-interacting pro-

tein kinase (RIPK)3. Activation of RIPK3

requires oligomerization facilitated by

RIPK1, TIR-domain-containing adaptor-

inducing IFN (TRIF), or the Z-nucleic acid

binding protein DAI/ZBP1/DLM-1. Acti-

vated RIPK3 subsequently phosphory-

lates the pseudokinase mixed-lineage

kinase domain-like protein (MLKL), lead-

ing to a collapse in cell membrane integ-

rity and subsequent necroptotic cell death

(Weinlich et al., 2017). The central host-

defense role of RIPK3-driven necroptosis

is highlighted by the number of herpesvi-

ruses that have evolved countermea-

sures to directly thwart RIPK3 activation.

For example, murine cytomegalovirus

(MCMV) sustains cell viability by encoding

a viral inhibitor of RIP activation (vIRA) that

binds RIPK3 and disrupts viral sensing by

DAI. A recombinant MCMV encoding a

mutant vIRA is severely attenuated both

in vitro and in vivo, and infection is normal-

ized in mice lacking RIPK3 (Upton et al.,

2010, 2012). RIPK3 mice are also more

susceptible to lethal vaccinia virus (VV)

and influenza infection (Cho et al., 2009;

Thapa et al., 2016). In the context of

infection with MCMV, VV, or influenza,

RIPK3-driven cell death appears to be

the primary mechanism that restricts viral

pathogenesis (Figure 1).

In a recent study, Oberst and col-

leagues unveil an unanticipated anti-

viral neuroinflammatory role of RIPK3

that functions independently of cell death

(Daniels et al., 2017). Using a murine

model of West Nile virus (WNV) infection,

they demonstrate that RIPK3 limits WNV
pathogenesis. In contrast, WNV infection

of Casp8�/�Mlkl�/� double knockout

mice was remarkably similar to infection

of wild-type mice, indicating that neither

extrinsic apoptosis nor necroptosis

contributed to the RIPK3 antiviral pheno-

type. In contrast, infection of RIPK3 null

mice with WNV led to increased mortality

that correlated with a defect inWNV clear-

ance from the central nervous system

(CNS). Despite a transient increase in

WNV burden in the spleen and serum of

Ripk3�/� mice, viral loads in the periphery

ultimately returned to levels similar to con-

trol mice, aligning with a normal antiviral

T cell response as well as generation of

neutralizing antibodies. In contrast, multi-

ple CNS tissues sustained high viral

loads, indicating a specific RIPK3 defect

in viral clearance from this compartment.

The role of RIPK3 was not intrinsic to the

infected cell, as WNV replicated to similar

levels in cultured neurons, and direct

intracranial inoculation of WNV revealed

no difference in viral titers at early times.

Rather than eliminate infected cells via

necroptosis, RIPK3 was crucial for neu-

rons to produce key inflammatory media-

tors including the chemokines CCL2 and

CXCL10. Ultimately, deficient chemokine

levels in the Ripk3�/� mice compromised

recruitment of anti-WNV CD8+ cells and

myeloid cells into the CNS. RIPK1 ki-

nase-dead knock-in mice phenocopied

RIPK3 null mice with diminished levels of

protective chemokines and an enhanced

mortality following infection with WNV.

Thus, both RIPK3 and RIPK1 collaborate

for efficient chemokine induction within

the CNS to control viral infection.

The majority of studies in recent years

have focused on the role of RIPK3

in orchestrating necroptosis; however,

RIPK3 also fulfills additional signaling
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functions, including the production of

inflammatory cytokines and control of

the inflammasome (Najjar et al., 2016;

Vince et al., 2012). To evaluate RIPK3 in

neurons, Daniels et al. (2017) generated

mice that express a modified form of

RIPK3 that can be activated synthetically

in the absence of any upstream stimulus.

Enforced RIPK3 oligomerization rapidly

induced necroptosis when expressed in

mouse embryonic fibroblasts. In contrast,

RIPK3 oligomerization in neurons pro-

duced a profile of chemokines similar

to that observed during WNV infection

and did not lead to necroptosis. This

strikingly different response to RIPK3

activation in neurons likely stems from

limiting levels of MLKL; thus, other roles

of RIPK3 manifest when necroptosis

is unable to dominate as a signaling

outcome. RIPK3-deficient neurons also

showed defective chemokine and cyto-

kine expression following stimulation of

toll-like receptors (TLRs) 3, 4, and 7.

Thus, this study reveals a surprising

neuron-specific function for RIPK3 in

regulating gene expression downstream

of diverse innate immune signals as well

as viral infection.

The study by Daniels et al. (2017) high-

lights that death-independent functions

for RIPK3 may differ significantly by in-

flammatory stimulus and cell type. An

unresolved line of study includes the

precise signaling events upstream of the

RIPKs during WNV infection in neurons.

As noted, RIPK3 activation typically re-

quires oligomerization with other cellular

RIP homotypic interaction motif (RHIM)-

containing proteins including RIPK1,

TRIF, and DAI. Death receptors such as

TNFR1 utilize RIPK1 to activate RIPK3,

TLR3/TLR4 employ TRIF, and DAI bridges

sensing of influenza and herpesvirus to
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Figure 1. RIPK3 Coordinates a Cell Death-Independent Immune Response to Viral Infection in the CNS
Infection of neuronal cells with West Nile Virus (WNV) or TLR activation drives RIPK1/RIPK3 kinase-dependent generation of proinflammatory chemokines to
promote an antiviral leukocyte response. Mice lacking Ripk3 were deficient in controlling viral replication and spread within the CNS.
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RIPK3. It will be important to determine

the potential contribution of these various

drivers of RIPK signaling and whether

RIPK3 restricts other neuroinvasive vi-

ruses including Zika and HSV1. Addi-

tionally, it is remarkable that RIPK1 and

RIPK3 kinase activity is required for

expression of a limited subset of genes,

while genes including TNFa and IL-1b

remain unaffected. Thus, RIPK deficiency

does not result in a global defect in, for

example, NF-kB signaling. In the setting

of TLR4 activation, RIPK3 and RIPK1 pro-

mote proinflammatory gene expression

by sustaining the activation of Erk1/2,

cFos, and NF-kB (Najjar et al., 2016). It is

tempting to speculate that a similar

pathway may operate not only in neurons

to sculpt antiviral gene expression, but

also more broadly during necroptosis to

enhance the necroinflammatory response

of virally infected cells. Though the anti-

viral role of RIPK3 in MCMV, HSV1, and
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influenza infection has focused to date

on cell death, it is likely that enhanced

chemokine expression may also occur,

as revealed by Daniels et al. (2017) for

WNV. Altogether, identifying the vital role

of RIPK3 in coordinating antiviral neuro-

inflammation confers a purpose for this

enzyme beyond death, underscores the

myriad roles these kinases play in host

defense, and highlights considerations

for RIPK-targeted therapy to treat inflam-

matory disease.
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