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Could licorice lick inflammasomes?
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Inflammasomes are multiprotein complexes of more than
700 kDa that release cytokines, interleukin-1β (IL-1β), and
interferon-γ-inducing interleukin-18 (IL-18) [1, 2]. The pur-
pose of these molecular platforms is to activate pro-
inflammatory cysteine-aspartic proteases, cysteine aspartases,
or cysteine-dependent aspartate-directed proteases, a class
termed Bcaspases.^ Caspases play essential roles in pro-
grammed cell death including apoptosis, pyroptosis, and
necroptosis, as well as in inflammation. Pyroptosis is an in-
flammatory form of programmed cell death [3]. The
nucleotide-binding oligomerization domain-like receptor
(NLR) family of proteins is involved in the regulation of these
innate immune responses. NLRs sense pathogen-associated
molecular patterns (PAMPs), as well as host-derived signals
termed damage-associated molecular patterns (DAMPs). The
NLRs induce the assembly of caspase-1-activating
inflammasomes. All of the inflammasome components as-
semble and function in the cytoplasm (Fig. 1). Intriguingly,
after activation of the inflammasome, several components,
namely caspase-1, caspase-5, and apoptosis-associated
speck-like protein containing a carboxy-terminal (CARD),
termed ASC, are secreted along with IL-1β, although the ex-
tracellular function, if any, of these proteins is not known [4].

Various forms of inflammasomes have been described, de-
fined by the NLR protein they contain. Examples include the
NLRP1/NALP1b inflammasome [5], the NLRC4/IPAF
inflammasome [6], the NLRP3/NALP3 inflammasome [7],
and the absent in melanoma-2 (AIM2) containing

inflammasome [8]. Mutations in the NLRP3 gene are associ-
ated with a number of organ-specific autoimmune diseases
[9]. The abbreviation NALP stands for NACHT, LRR, and
pyrin domain (PYD)-containing protein. Their amino-
terminal sequence is characterized by the presence of a
PYD, followed by an evolutionarily conserved protein do-
main (NACHT), a NACHT-associated domain (NAD), and
several leucine-rich repeats (LRRs). The NACHT domain is
responsible for inflammasome oligomerization. NALP1 con-
tains a caspase-recruitment domain (CARD), both of which
are absent from the other NALPs.

Similar to Toll-like receptors, PAMPs can activate
inflammasomes by means of the leucine-rich repeats (LRR)
of the NALP proteins (Fig. 2). A bacterial component that is
currently known to activate the NLRP3/NALP3 inflammasome
is muramyl dipeptide (MDP), a degradation product of pepti-
doglycan from bacterial cell walls. Excessive or uncontrolled
IL-1β production is harmful to the host and is therefore tightly
controlled. Several proteins such as the CARD-containing pro-
teins COP and Iceberg, the caspase 1 inhibitor PI-9, and pyrin
are thought to regulate inflammasome activity by interfering
with either the recruitment of caspase 1 to the inflammasome,
or inhibiting caspase-1 activity.

Vascular endothelial cells play an important role in the
initiation, amplification, and resolution of the inflammatory
response. Dysregulated inflammatory responses are implicat-
ed in a variety of cardiovascular diseases such as atheroscle-
rosis, obesity, diabetes, and hypertension. Emerging evidence
indicates that inflammasomes are indispensible components
of endothelial cell function [10]. Endothelial inflammasomes
are assembled in response to PAMPs and DAMPs. However,
stressors such as hemorrhagic shock, metabolic stress, and
toxins can also activate endothelial cell inflammasomes.

Along these lines, in this month’s J Mol Med, Chen et al.
[11] test the idea that hyperglycemia could activate NLRP3
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inflammasomes in a mouse model of streptozotocin (STZ)-
induced diabetes mellitus. In particular, they were interested
in the possibility that inflammasome activation could contrib-
ute to tight-junction disruption. The authors relied on wild-
type and Nlrp3 gene-deleted (−/−) mice. Two weeks after
STZ, both strains had hyperglycemia to 15 mmol/L. In coro-
nary endothelium of STZ wild-type mice, the authors ob-
served intense co-localization of Nlrp3 with caspase-1. They
next used a fluorescent-labeled inhibitor of caspase (probe) to
detect active caspase-1. These experiments verified the fact
that caspase-1 was activated. The Nlrp3 −/− mice failed to
show this activation. Furthermore, while STZ caused dissolu-
tion of the tight-junction proteins ZO-1 and ZO-2, this re-
sponse did not occur in Nlrp3 −/− mice.

The authors then relied on cells in culture and observed that
high glucose conditions caused Nlrp3 and ASC to co-localize.
A gratifying release of IL-1□ could be demonstrated.
Furthermore, in the cultured cells ZO-1 and ZO-2, expression
was reduced. This response could be abolished with Nlrp3
shRNA plasmids. The next challenge was showing the mech-
anism responsible for Nlrp3 activation. A candidate could be
the high mobility group box 1 protein (HMGB1). Like the
histones, HMGB1 is among the most important chromatin
proteins. In the nucleus, HMGB1 interacts with nucleosomes,
transcription factors, and histones. This nuclear protein orga-
nizes the DNA and regulates transcription. HMGB1 is
inhibited by glycyrrhizin, a component of licorice.
Glycyrrhizin administration preserved tight-junction structure
in the presence of high glucose. The authors also showed that

inhibiting reactive oxygen species (ROS) with N-acetyl-L-
cysteine markedly attenuated high glucose-induced increases
in cleavage of pro-caspase-1 proteins to active caspase-1.
Thus, the authors show that high glucose, as seen in diabetes,
stimulates ROS, which in turn activates the NLRP3
inflammasome leading to disruption of tight junctions, an ear-
ly feature of endothelial dysfunction.

There are certainly cl inical implicat ions here.
Extracellular HMGB1 contributes to the pathogenesis of
numerous chronic inflammatory and autoimmune diseases,
including sepsis, rheumatoid arthritis, atherosclerosis,
chronic kidney disease, systemic lupus erythematosus
(SLE), as well as cancer pathogenesis [12]. Interaction of
released HMGB1 with the cell-surface receptor for ad-
vanced glycation end products (RAGE) is one of the main
signaling pathways triggering these diseases. The connec-
tion between advanced glycation end products and diabetes
mellitus is well known. The inhibition of the HMGB1-
RAGE interaction represents a promising approach for the
modulation of the inflammatory and tumor-facilitating ac-
tivity of HMGB1. The question remains, how much licorice
does a person have to eat to inhibit HMGB1 and endothelial
dysfunction without getting hypertensive from inhibition of
11 ß-hydroxysteroid dehydrogenase-2? I suppose we must
leave some questions unanswered for the next experiments.

Respectfully,
Friedrich C. Luft
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Fig. 2 A series of signals are involved in inflammasome activation.
Pathogen-associated molecular patterns (PAMPs) interact with Toll-like
receptors (TLR), a pathway activating nuclear factor kappa-B (NF-□B).
Crystals, asbestos, cholesterol, uric acid, and other noxious agents can be
taken up by cells to be packaged in phagolysosomes. Through the actions
of cathepsins, the NLRP3 inflammasome can be activated. Similarly,
anthrax toxin, flagellins, and double-stranded nucleic acids can activate
other inflammasomes. The bottom line is the extracellular release of IL-
1β, IL-18, and HMGB1. Figure is adapted from Xiao L, Liu Y, Wang N
(2014) [10]
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Fig. 1 The NLRP3 inflammasome is a multiprotein complex within the
cytosol. Building blocks include the nucleotide-binding oligomerization
domain-like receptor (NLR) composed of a pyrin domain (PYD),
followed by an evolutionarily conserved protein domain (NACHT) and
several leucine-rich repeats (LRRs). Caspase-1 is activated within the
inflammasome multiprotein complex through interaction with ASC
(apoptosis-associated speck-like protein containing a carboxy-terminal
CARD), a bipartite adapter protein that bridges NLRs and caspase-1.
The terminology is clearly not for the faint-hearted
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