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Human NLRP1: From the shadows to center stage

Stefan Bauernfried® and Veit Hornung®

In response to infection or cell damage, inflammasomes form intracellular multimeric protein complexes that play an essential
role in host defense. Activation results in the maturation and subsequent secretion of pro-inflammatory cytokines of the
IL-1 family and a specific cell death coined pyroptosis. Human NLRP1 was the first inflammasome-forming sensor identified at
the beginning of the millennium. However, its functional relevance and its mechanism of activation have remained obscure for
many years. Recent discoveries in the NLRP1 field have propelled our understanding of the functional relevance and molecular
mode of action of this unique inflammasome sensor, which we will discuss in this perspective.

Introduction

Our bodies are under constant threat from exogenous and en-
dogenous dangers, including infection with pathogenic bacteria,
viruses, parasites, or developing cancer cells. To protect against
these perpetual dangers, vertebrates rely on both an innate and
adaptive immune system. The innate immune system builds on
germline encoded pattern recognition receptors (PRRs) as its
nonself sensing interface. Upon engagement, PRRs of a certain
family assemble into a multimeric protein complex, coined the
inflammasome (Broz and Dixit, 2016).

The inflammasome consists of a sensor protein, which can
either directly, or through an adapter protein called apoptosis-
associated speck-like protein containing a CARD (ASC), activate
pro-caspase-1. Signaling in the inflammasome complex takes
place via homotypic protein-protein domain interactions. For
instance, the pyrin domain (PYD) of a sensor can interact with
the N-terminal PYD of ASC, which then recruits pro-caspase-
1 via its C-terminal caspase activation and recruitment domain
(CARD). Thus-activated caspase-1 then matures cytokines of the
IL-1 family, most prominently the pro-inflammatory cytokine
pro-IL-1B (Broz and Dixit, 2016). Furthermore, caspase-1 cleaves
the protein gasdermin D (GSDMD). This resolves an inherent
autoinhibitory function within GSDMD, resulting in the as-
sembly of the N-terminal moieties of GSDMD molecules into a
pore at the plasma membrane that leads to the subsequent
rupture of the cell, a process known as pyroptosis (Fig. 1;
Kayagaki et al., 2015; Shi et al., 2015). Activation of this signaling
complex can be regarded as a last-resort mechanism due to the
demise of the cell and the highly inflammatory nature of its
outcome. Most characterized inflammasome sensors are part of

the nucleotide-binding domain and leucine-rich repeat (LRR)
containing (NLR) protein family, and the most studied member
of this family is NLR family pyrin domain containing 3 (NLRP3).
Inflammasome sensors can directly be activated by encounter-
ing a ligand, for instance AIM2 inflammasome activation by
cytosolic double-stranded DNA stemming from viral or bacterial
infection, or indirectly through the perturbation of cellular pro-
cesses, such as membrane rupture and subsequent potassium ef-
flux, which activates the NLRP3 inflammasome (Biirckstiimmer
et al., 2009; Fernandes-Alnemri et al., 2009; Hornung et al., 2009;
Mufioz-Planillo et al., 2013; Pétrilli et al., 2007). Here we will
discuss recent discoveries surrounding the inflammasome sensor
NLRPI and its modes of action.

The NLRP1 inflammasome: Early days

Human NLRP1 was the first inflammasome-forming sensor
discovered and described in the landmark paper of Tschopp and
coworkers in 2002 (Martinon et al., 2002). In an in vitro system,
they observed that NLRP1 is found in a high-molecular-weight
complex serving as a platform to activate caspase-1, which in
turn subsequently cleaves and matures IL-1B. Although the
discovery of human NLRPI as an inflammasome activator
founded inflammasome research per se, the activation of NLRP1
itself remained enigmatic for a long time. A first report that
used recombinant NLRP1 protein and reconstituted the in-
flammasome in vitro suggested in 2007 that NLRP1 is activated
by the bacterial cell wall component muramyl dipeptide (MDP;
Faustin et al., 2007). It was shown that recombinant NLRP1
oligomerizes after the encounter with MDP, leading to the ac-
tivation of caspase-1. However, no loss-of-function data were
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NLRP1 inflammasome activation and its downstream signaling pathway. (A) Overview of the domain structure of human NLRP1 and mouse

NLRP1B. (B) Overview of human NLRP1 activation by the DPP8/9 inhibitor VbP. (1) Generation of NLRP1* and NLRP1® by homeostatic degradation and as-
sembly of the ternary DPP9-NLRP1A-NLRP1® complex. (2) Direct displacement of NLRP1® from the DPP9 substrate tunnel leads to release of the C-terminal
UPA-CARD fragments and (3) generation of an inflammasome seed. (4) Via the adaptor ASC, caspase-1is activated. (5) Caspase-1 cleaves its substrates pro-IL-
1B, which matures to pro-inflammatory IL-1B, and GSDMD, which (6) generates pores into the membrane and leads to a pyroptotic cell death.

provided showing NLRP1-dependent inflammasome activation
following MDP stimulation in cells. As such, the MDP-driven
inflammasome response seen in THP-1 cells, a monocytic cell
line, could also stem from NLRP3 inflammasome activation,
since MDP is known to prime this inflammasome (Martinon
et al., 2004). Indeed, no follow-up studies substantiated MDP-
dependent activation of human NLRPI1. More indicative studies
were published the same year, reporting that UVB irradiation of
keratinocytes led to IL-1B secretion, which was diminished in
cells that were silenced for NLRP1 (Feldmeyer et al.,, 2007;
Watanabe et al., 2007). Only recently, those observations were
revisited using keratinocytes, in which NLRP1 was deleted using
CRISPR/Cas9 (Fenini et al., 2018). These aforementioned and
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following reports also established that the core inflammasome
signaling components and pro-IL-1p are expressed in the human
epithelium (Sand et al., 2018). This clearly contrasts with the
expression pattern of NLRP3 and murine NLRP1, which are
mainly found in myeloid cells. Moreover, genetic association
studies have implied a role for certain NLRP1 haplotypes in
vitiligo and various associated autoimmune diseases (Jin et al.,
2007; Levandowski et al., 2013).

Of mice and men

In the following years, more decisive insight on NLRP1 biology
came from the murine system. However, a crucial aspect of
NLRP1 biology is the difference between mice and men. For
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other inflaimmasome sensors such as NLRP3, the activation
trigger and activation mechanisms (e.g., efflux of potassium) are
generally concordant across different species. However, this is
not necessarily the case for human and mouse NLRP1, which are
highly divergent. An obvious difference between mice and men
is already visible when investigating the gene loci coding for
NLRPI: in the human system, there is only a single gene for
NLRPI on chromosome 17, while seven transcript variants have
been described. The mouse Nirpl gene locus on the syntenic
region on chromosome 11, however, displays several Nlrpl pa-
ralogs that are located in tandem to one another (Lilue et al.,
2018). Analyzing different inbred mouse strains, up to seven
different paralogs for mouse Nlrpl have been identified while,
depending on the mouse strain, the number of paralogs encoded
can range from three to five Nlrpl family members. For instance,
C57BL/6 mice harbor three Nirpl paralogs (Nlrpla, Nlrplb, and
Nlrplg; Lilue et al., 2018). In addition to this multi-gene config-
uration, the individual Nlrpl mouse alleles, most prominently
Nirpib alleles, are highly polymorphic. As such, five different
Nirplb alleles have been characterized in various inbred mouse
strains (designated Nlrplbl-Nlrplb5) that differ in their func-
tionality. Nirpla and Nlrplc alleles, on the other hand, show a
lesser degree of polymorphism, while little is known about the
recently described novel Niprid-f alleles (Lilue et al., 2018;
Sastalla et al.,, 2013). Since most of our knowledge on murine
NLRPI stems from work on the Nlrplb allele, which encodes the
NLRPIB protein, we will mostly draw interspecies comparisons
to this Nlrpl family member.

Regarding their domain architecture, human NLRPI and
mouse NLRPIB share similar features: they both have a central
domain present in NAIP, CIITA, HET-E, and TP-1 (NACHT) fol-
lowed by LRRs, a function-to-find domain (FIIND) that can be
subdivided into ZU5 (found in ZO-1 and UNC5 domain) and UPA
(conserved in UNCS5, PIDD, and Ankyrin domain) subdomains,
and a CARD domain. The NACHT domain, sometimes also called
nucleotide-binding oligomerization domain, contains Walker A
and Walker B motifs, which are reported for ATP binding and
ATP hydrolysis, respectively (Danot et al., 2009). The unusual
feature of the NLRP1 protein is its FIIND domain, which
undergoes constitutive autocleavage and thus generates an
N-terminal and a C-terminal fragment in cells that remain
noncovalently associated (D’Osualdo et al., 2011). After activa-
tion of the sensor and subsequent release of the C-terminal
fragment, both the mouse NLRPIB and human NLRP1 in-
flammasome employ their C-terminal CARD domain for down-
stream signaling and activation. While human NLRPI critically
requires the adapter protein ASC for downstream signaling,
mouse NLRPIB can both directly engage caspase-1 and also
employ ASC for this purpose (Broz et al., 2010; de Vasconcelos
et al., 2019; Zhong et al., 2016). However, regarding differences
in domain architecture, only human NLRP1 harbors an
N-terminal PYD, which is considered to act in an autoinhibitory
fashion (Chavarria-Smith et al., 2016; Zhong et al., 2016). This
contrasts with other NLRP proteins, for instance NLRP3, which
use their N-terminal PYD to interact with the adaptor ASC.
Further, human NLRPI contains a disordered region between its
PYD and the NACHT domain (Chui et al., 2020). It is also worth
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mentioning that in humans, but not in mice, another FIIND-
containing and inflammasome-forming protein is present:
CARDS (Johnson et al., 2018). In contrast to NLRP1, CARDS only
consists of a disordered N terminus, followed by a FIIND and a
C-terminal CARD domain. CARD8 employs its CARD domain to
directly interact with and activate caspase-1 (Gong et al., 2021;
Hollingsworth et al., 2021a; Linder et al., 2020).

A comparison of NLRPI from diverse primates revealed signs
of positive selection for NLRPI based on a high dN/dS ratio,
which accounts for a higher rate of nonsynonymous over syn-
onymous substitutions (George et al., 2011). This directional
selection of the NLRPI gene within primates has been attributed
to result from a strong evolutionary pressure, hinting to NLRP1
being involved in an evolutionary arms race (Chavarria-Smith
et al., 2016). Furthermore, comparing rodents with humans,
NLRP1 shows the lowest level of identity among all known
inflammasome-forming NLRs, which explains their different
modes of action, as outlined below. Another important differ-
ence between the human and mouse homologues is their func-
tionality in different tissues: functional data on mouse NLRP1
activation mainly stems from experiments with cells of the
myeloid lineage, e.g., classical immune cells such as macro-
phages. Moreover, a gain-of-function (GOF) mutation in murine
NLRPIA results in leukopenia due to pyroptosis of hematopoietic
progenitor cells (Masters et al., 2012). In humans, however,
functional NLRP1 is largely confined to epithelial barrier tissues
such as keratinocytes and bronchial epithelial cells (Drutman
et al., 2019; Linder et al., 2020). This is also reflected in the
occurrence of tissue-specific phenotypes of GOF mutations for
human NLRP1 that manifest in the tissue of the epithelial barrier
(Zhong et al., 2016). In contrast, a functionality for the human
CARD8 inflammasome has been shown for bone marrow-
derived cells (Johnson et al., 2020; Johnson et al., 2018; Linder
et al., 2020). Due to these tissue-specific differences, there ap-
pears to be no redundancy between CARDS8 activation and
NLRP1 activation. All in all, because of these differences between
mice and men, the results of mouse studies could only partially
contribute to decipher the role of human NLRP1.

Mouse NLRP1B

Activation of mouse NLRP1B by lethal factor (LF)

Unbeknownst at that time, research on mouse NLRP1B was
driven by studying host-pathogen interaction with the Gram-
positive bacterium Bacillus anthracis in the 1950s (Smith and
Keppie, 1954). It was noted that the proteinaceous bacterial
virulence factors protective antigen and the zinc-dependent
metalloproteinase LF, which together make up the anthrax le-
thal toxin (LT), are among the key determinants in the patho-
genicity of B. anthracis. As such, direct LT administration can
induce a rapid inflammatory response in mice that culminates in
systemic shock and death, which is dependent on macrophages
and IL-1 signaling (Hanna et al., 1993). Using inbred mouse
strains, the Nlrpl gene region was identified in 2006 as the
susceptibility factor for LT-induced macrophage cell death
(Boyden and Dietrich, 2006). Of the five highly polymorphic
alleles for Nlrplb, only Nlrplbl and Nlrplb5 respond to LT stim-
ulation (Boyden and Dietrich, 2006; Yu et al., 2018). However,
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although Nlrpl is responsible for cytotoxicity and death after
high doses of LT delivery, the Nirpl locus confers resistance in
the context of an intravenous or subcutaneous spore infection of
mice with B. anthracis (Moayeri et al., 2010). While it was shown
that mice carrying a LT-sensitive allele were able to restrict B.
anthracis infection and that this was dependent on expression of
caspase-1 and IL-1f, the exact activation mechanism of NLRPIB
stayed enigmatic for some time (Moayeri et al., 2010). In 2012,
it could be shown that LF proteolytically processes NLRPIB,
leading to inflammasome activation (Hellmich et al., 2012;
Levinsohn et al., 2012). However, it could not be proven if the
proteolytic event on NLRP1B itself is necessary or sufficient for
NLRPIB activation, or if perhaps other substrates, which could
inhibit NLRP1B, required cleavage by LF for inflaimmasome
activation.

Activation of mouse NLRP1B by “functional degradation”

Ultimately it was shown that cleavage of NLRPIB itself can ac-
tivate the inflammasome through testing an engineered system,
in which NLRP1B was equipped with an N-terminal GFP fol-
lowed by a synthetically introduced TEV (tobacco etch virus)
cleavage site. After expression of TEV, resulting in NLRP1B
cleavage, such a construct could be activated to trigger caspase-
1 activation (Chavarria-Smith and Vance, 2013). However, it
remained enigmatic why activation of NLRP1B by LF required
the proteasome for activation (Squires et al., 2007). In 2018,
several studies came to a unifying concept of NLRP1B activation,
the “functional degradation” model: cleavage of NLRPI1B on its N
terminus exposes a destabilizing neo-N terminus, which is
recognized and ubiquitinated by the ubiquitin ligase Ubr2 (Chui
etal., 2019; Sandstrom et al., 2019; Xu et al., 2019). Subsequently,
the N-terminal fragment of NLRP1B is degraded by the protea-
some, but the C-terminal UPA-CARD fragment, generated by
autoproteolysis within the FIIND, is not degraded and can thus
trigger inflammasome activation. Based on these considerations,
it can be speculated that the N terminus of NLRP1B has evolved
to sense pathogenic protease activity and acts as a kind of trip-
wire. Further supporting the “functional degradation,” model it
was shown that the enzymatic activity of the Shigella flexneri E3
ubiquitin ligase IpaH7.8 is also sensed by NLRPIB (Sandstrom
et al,, 2019). In this case, the N terminus of NLRP1B appears to
function as a decoy and is decorated by the ligase with ubiquitin
and therefore subjected to degradation, which activates the in-
flammasome. Thus, by sensing a pathogen’s proteolytic activity
or ubiquitination activity, mouse NLRPIB activation follows the
concept of effector-triggered immunity (Dangl and Jones, 2001).

A common denominator: DPP8/9 inhibition activates NLRP1

It came as a surprise in 2018 that dipeptidylpeptidase (DPP)
inhibition by the small molecule Val-boroPro (VbP), a broad
DPP4/7/8/9 inhibitor, activates the NLRPIB inflammasome
(Okondo et al., 2018). The year before, the same authors had
already proposed the induction of a “pro-caspase-1-dependent”
pyroptosis in mouse macrophages by inhibition of DPP8/9, with
a yet unclear activation mechanism (Okondo et al., 2017). As
such, it was shown that VbP, also named talabostat or PT-100, as
well as the DPP8/9-selective inhibitors 1G244 and 8j, activate the
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NLRP1 inflammasome (Okondo et al., 2017; Okondo et al., 2018;
Zhong et al., 2018). DPP8/9 are intracellular proteases that ex-
hibit dipeptidylaminopeptidase activity and cleave after proline
residues at the penultimate position P1. How the inhibition of
these DPPs would activate the NLRP1 inflammasome was at first
quite puzzling. However, around the same time, it was in-
dependently found that human NLRP1 interacts with DPP9
through immunoprecipitation studies followed by mass spec-
trometry (Zhong et al., 2018). Subsequently it could be shown
that binding of DPP9 as well as its catalytic activity are required
for inhibiting the activation of the NLRP1 inflammasome (Zhong
et al., 2018). Thus, the inhibition of DPP8/9 by small molecules
restrains this inhibitory effect on NLRP1 and leads to down-
stream inflammasome activation. The binding of DPP9 is com-
mon to both human and murine NLRP], since this interaction
occurs via their FIIND domain, which is their most homologous
region. Moreover, the FIIND domain of the inflammasome
sensor CARDS is likewise bound by DPP8/9 and kept in check by
a mechanism analogous to NLRP1 (Johnson et al., 2018; Sharif
etal., 2021). Because of this, the protein can also be activated and
form an inflammasome following DPP8/9 inhibition (Johnson
et al., 2018).

Subsequent studies investigated the interaction of NLRP1
with DPP9 from a structural point of view by cryo-electron
microscopy (cryo-EM; Hollingsworth et al, 2021b; Huang
et al.,, 2021). Here, a ternary DPP9-NLRPIA-NLRPI® complex
was identified that consists of a full-length NLRP14 molecule and
a second NLRP1® molecule, of which only the C-terminal frag-
ment, consisting of UPA-CARD, was visible in the cryo-EM map
density. For the NLRP1* molecule, the first B-strand of the UPA
subdomain folds into the ZU5 fold, and this keeps the N-terminal
and C-terminal fragments associated and in an autoinhibited
state. For the NLRP1B molecule, the UPA-CARD fragment binds,
via its N terminus, into DPP9’s substrate tunnel and therefore is
sequestered and kept in an inhibited state by DPP9. Interest-
ingly, patients with the autoinflammatory syndrome auto-
inflammation with arthritis and dyskeratosis carry a P1214R
mutation of NLRP1 (Zhong et al., 2018). This mutation abrogates
the interaction of NLRP1 with DPP9 and this subsequently leads
to inflammasome activation. Furthermore, mutations in human
DPP9 were also found in patients, which partially resembled
symptoms of arthritis and dyskeratosis (Harapas et al., 2021
Preprint). Those mutations either generated a catalytically in-
active protein due to stop-gain mutations or affected DPP9’s
substrate binding via missense mutations and thus hampered
inhibition of NLRP1 by DPP9. Although the interaction of DPP9
with NLRP1B resembles a substrate-bound structure and NLRP1
also having a proline at P1, which would thus be recognized as a
classical substrate for DPP9 cleavage, it is not processed by DPP9
on its N terminus (Griswold et al., 2019; Hollingsworth et al.,
2021b; Zhong et al., 2018). Interestingly, however, it has also
been claimed that binding alone is not sufficient for efficient
inhibition of the NLRPI inflammasome but also requires the
catalytic activity of DPP9 (Huang et al., 2021).

In conclusion, the activation of NLRP1 through inhibition of
DPP8/9 is thought to act through direct competition and dis-
placement of NLRP1B from the DPP9 substrate tunnel by VbP,
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thereby unleashing the inflammatory C-terminal part of NLRP1
(see Fig. 1 for an overview of inflammasome activation by VbP).
Following the displacement, the C-terminal fragment assembles
via its UPA subdomain into an inflammasome seed and thus
leads to activation of downstream signaling, as shown through
structural studies (Gong et al., 2021; Hollingsworth et al., 2021a).
Intriguingly, in cryo-EM structures of a ternary DPP9-
CARD8A-CARDS® complex, the C-terminal CARDS® is not di-
rectly bound by DPP9 via its N terminus interacting with the
substrate tunnel of DPP9 but via another interaction site (Sharif
etal., 2021 ). In in vitro structural studies, VbP did not displace
CARDSB from DPP9, yet it could do so in cells.

How the NLRPI® molecule, which is missing its N-terminal
fragment, is generated in the first place and how this process is
regulated are not clear and require further studies. Regulating
the generation of the NLRP1® molecule could be another way to
control inflammasome activation for NLRP1 and could act like a
licensing step for activation.

Of note, no physiological counterpart has been found for
NLRPI or CARDS activation in response to DPP8/9 inhibition so
far. However, it is conceivable that NLRP1 and CARDS act
as sensors for cellular perturbation in a guard-like fashion, as
known from plant defense systems (van Wersch et al., 2020). As
such, they could survey the inhibition of DPP8/9 activity, which
could be a result of pathogenic activity. In addition to being
activated by VbP, there are reports on human and rodent NLRP1
activation by Toxoplasma gondii (Cirelli et al., 2014; Ewald et al.,
2014; Witola et al., 2011). T. gondii-dependent activation of
NLRPI has been best studied in the rat, where certain inbred
strains exhibit T. gondii infection-dependent inflammasome
activation, whereas others do not. Interestingly, in these dif-
ferent inbred rat strains, the sensitivity to T. gondii is reciprocal
to the sensitivity to anthrax LF. Moreover, comparison of dif-
ferent rat alleles suggests that this functionality maps to a small
N-terminal region of NLRP1 (Cirelli et al., 2014). Hence, it is
conceivable that this particular region is directly or indirectly
impacted by T. gondii infection. However, it has also been noted
that the sensitivity of different Nlrpl alleles toward T. gondii
infection parallels the sensitivity toward DPP9 inhibition (Gai
et al., 2019).

Human NLRP1

Physiological activation of human NLRP1 by viral infection
Human NLRPI stepped into the spotlight in 2016, when its role
as the primary inflammasome sensor in human skin was sub-
stantiated, and GOF mutations of NLRP1 were described: mul-
tiple self-healing palmoplantar carcinoma and familial keratosis
lichenoides chronica, which result in increased susceptibility to
skin cancer (Zhong et al., 2016). Interestingly, multiple self-
healing palmoplantar carcinoma patients carry mutations in
the PYD, and familial keratosis lichenoides chronica patients
display mutations in the LRR domain of NLRP]; both domains
are supposed to act in an autoinhibitory fashion on NLRP1, and
those mutations are thought to perturb this autoinhibitory
function. Further, in this study, the primary-like but immor-
talized N/TERT-1 keratinocyte cell line was introduced as a
suitable cell model to study endogenously expressed NLRP1.
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In 2020, two physiological activators of human NLRP1 were
described. First, it was reported that NLRP1 is cleaved on its N
terminus by viral 3C proteases (Robinson et al., 2020; Tsu et al.,
2021). This was found through testing different pathogens or by
bioinformatically predicting possible 3C protease cleavage sites.
The mode of activation is well in line with the model of “func-
tional degradation.” After cleavage by a protease, the N-terminal
fragment is degraded, and the C-terminal UPA-CARD can form
an inflammasome. As mentioned above, an activation of human
NLRP1 by a cleavage event had already been described before, as
a human NLRP], similarly engineered as described for the mouse
NLRP1B molecule with an N-terminal GFP and TEV cleavage site,
could be activated by a TEV cleavage event (Chavarria-Smith
et al., 2016). Noteworthy, human CARDS can likewise be acti-
vated by a proteolytic event. Here, it has been shown that an HIV
protease, which is usually only activated after budding of the
virus from the cell, can be activated intracellularly by non-
nucleoside reverse-transcriptase inhibitors and thus cleave and
activate the CARDS inflammasome (Wang et al., 2021). Second,
we reported on the activation of NLRP1 by double-stranded RNA
(dsRNA; Bauernfried et al., 2021). This was found by studying
Semliki Forest Virus as an activator of human NLRP1 in a screen
for pathogens to activate NLRPI. In this setting, activation of
NLRP1 was pinpointed to the generation of dsRNA in the life-
cycle of Semliki Forest Virus. By using recombinant NLRPI, a
direct interaction of human NLRP1, but not mouse NLRP1B, with
dsRNA was observed. Moreover, enhanced ATPase activity was
detected after NLRP1 encountered dsRNA but not double-
stranded DNA, indicating that NLRP1 responds to dsRNA with
a conformational switch. However, further studies are needed to
determine the exact mechanism by which dsRNA activates
NLRPI and if other factors are involved in this pathway (see
Fig. 2 for an overview of activation modes of human and mouse
NLRPI1).

Concluding remarks

Having reviewed the current knowledge about NLRP1 in-
flammasome biology, let’s delve into some speculations about
the origin and primordial role of this molecule. As outlined in
this review, NLRP1 has evolved to sense various types of per-
turbations or molecular entities. However, unlike a promiscuous
receptor that serves different ligands through the same ligand-
binding domain and the same molecular mode of action, the
mechanisms by which NLRPI senses these different modalities
are more complex. Destabilization of the DPP9-NLRP1 complex,
as it is achieved by DPP8/9 inhibition, is without doubt the most
proximal mode of NLRP1 activation. Since this core functionality
is already represented by CARDS in humans, it appears that this
activity does not suffice to cover the nonself-sensing capacity of
this receptor family. As such, NLRPI entertains a prominent
“NLR module” that is N-terminal to its FIIND. While this com-
ponent could be seen as the remnant or an adaption of an NLR
that just serves to function as a decoy with its “tripwire” mode of
activation, several findings argue against this notion. If these
domains had no functional role, why would they have survived
evolution? Indeed, NLRP1 is under strong positive selection, yet
this is mainly attributable to the disordered region between the
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Figure 2. Modes of NLRP1 inflammasome activation. (A) Activation of NLRP1 by DPP8/9 inhibition. Direct displacement of the UPA-CARD fragments by
DPP9 inhibition leads to inflammasome activation. (B) Activation of NLRP1 by species-specific protease cleavage events followed by the “functional degra-
dation” of the N-terminal fragment. Human NLRP1 is activated by 3C protease (depicted here) and mouse NLRP1B by LF cleavage. (C) Activation of NLRP1 by
dsRNA and conformational rearrangement. See main text for more details. Icons are depicting activatability of human or mouse NLRP1.

PYD and NACHT, as well as the LRRs. Motifs and residues rel-
evant for nucleotide binding and/or hydrolysis in the NACHT of
NLRPI are preserved, and in line with this, the NACHT can exert
ATP hydrolysis activity (Bauernfried et al., 2021; MacDonald
et al,, 2013). Moreover, mutations in ATP coordinaﬁng amino
acid residues of the NACHT appear to result in spontaneous
activity (Bauernfried et al, 2021). Further, if NLRPI's sole
function was to act as a protease sensor or DPP8/9 activity
sensor, evolution could have trimmed NLRPI into a protein
similar to the size of CARDS, which can still serve these func-
tions. From a reductionist perspective, this would greatly min-
imize the cost of expression of such a lengthy protein. In fact, as
already outlined above, dsSRNA-mediated NLRPI activation is in
line with a more complex role of the NLR portion of NLRPI in
nonself recognition.

It is tempting to speculate that the “NLR portion” of NLRP1
originates from a primordial NLR protein that has engaged in a
pathogens arms race. The FIIND domain might have been added
to such a primordial NLR later in evolution, so that this molecule
would be protected from pathogen antagonism by its C-terminal
“booby trap.” In fact, the fusion of a FIIND-death fold domain
extension to the C terminus of a protein is seen for several
proteins in the human system and it is even more widespread in
other organisms (Mitchell et al., 2019). For example, lower
vertebrates harbor a variety of proteins associated with immune
functions that have a C-terminal FIIND-death fold domain
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extension, analogous to CARDS or NLRP1 (Jin et al, 2013;
Tyrkalska et al., 2016). One could speculate that the N-terminal
part constitutes or constituted the actual antimicrobial function
of these proteins. However, counteracting actions of the path-
ogen and degradation of this N-terminal “business part” of these
proteins would inevitably unleash the C-terminal domain and
thereby induce cell-autonomous defense mechanisms, effectu-
ated by the death fold domain. As such, adding the C-terminal
FIIND-death fold domain would be a means to preserve an im-
portant defense protein from pathogen attack. It will be inter-
esting to address this hypothesis experimentally for other
FIIND-death fold domain proteins and also to identify the evo-
lutionary traces of the emergence of NLRP1 and CARDS. In this
regard, it will be interesting to find out at which point in evolution
the primordial NLRP1/CARD8 FIIND coopted DPP8/9 as its
“partner in crime.” Connected to this question, it should be in-
teresting to explore why the catalytic activity of DPP9 is so tightly
guarded by NLRP1 and CARDS. Again, it is tempting to speculate
that DPP9 serves a yet to be characterized antimicrobial function
that is inhibited or overwhelmed by pathogens. Such a function-
ality could only be uncovered in NLRP1 or CARD8-deficient cells,
in which the absence of DPP9 could be studied without triggering
spontaneous inflammasome activation.

Overall, it is clear that NLRPI has not yet revealed all its se-
crets and that there is still plenty of research ahead of us in this
emerging field.
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