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In a study published in Cellular and Molecular Immunology, Singh
et al. demonstrated a new mechanism of monocyte IL-1β
production.1 It was observed that TLR-4- and TLR-2-induced
IRAK-ERK pathway cross-talk with p67phox-Nox-2 for reactive
oxygen species (ROS) generation, thus regulating IL-1β transcrip-
tion and processing in monocytes. This study not only establishes
a direct link between IRAK and ERK, but also demonstrates the
regulation of p67phox-Nox-2 by ERK for ROS and IL-1β produc-
tion (Fig. 1). This study shows that the IRAK-ERK axis can regulate
both IL-β transcription and processing through ROS.
The monocyte activation by TLR ligands leads to the

production of inflammatory cytokines such as IL-1β and TNF-α,
which exert diverse roles.2 Due to its high potency and diverse
effects, IL-1β can modulate the progression of various patholo-
gical disorders such as rheumatoid arthritis, aneurysm, type I
diabetes, atherosclerosis, and airway inflammation. Therefore,
understanding the mechanism of IL-1β production may help in
designing therapeutic strategies for various inflammatory dis-
orders. Secreted IL-1β binds to its receptor IL-1βR and induces a
cascade of signaling events, including the activation of IRAK,
MAPK, and NF-κB, leading to the transcription of various
inflammatory cytokines and growth factors. IL-1β affects both
the adaptive and innate immune responses. It affects T cell
maturation and the proliferation of B cells. Further, IL-1β
promotes the expression of several inflammatory molecules such
as nitric oxide, phospholipase A2, cyclooxygenase-2, and pros-
taglandin E2.3

Classically, it is known that IL-1β release involves two steps. In
the first step, IL-1β is transcribed as an inactive precursor called
pro-IL-1β, and priming of the inflammasome occurs. In the second
step, processing of IL-1β takes place, which is dependent on the
NLRP3 inflammasome and caspase-1, and leads to the formation
of mature IL-1β that is secreted outside the cell. The TLR-
dependent priming of the inflammasome involves the NF-κB-
dependent enhanced transcription of pro-IL-1β and the increased
expression of NLRP3.2 A study suggests the deubiquitination
of NLRP34 as an important step in inflammasome priming. In
this study, it was shown that the pharmacological inhibition
of deubiquitination completely blocked NLRP3 activation both
in mouse and human cells.4 However, these experiments
were carried out in NLRP3-overexpressing cells, a condition
that may mimic inflammasome priming to some extent. However,
in murine macrophages, TLR-4-induced endogenous inflamma-
some priming was dependent on Pellino-2-induced NLRP3
and IRAK-1 ubiquitination.5 The absence of Pellino-2-induced
IRAK-1-NLRP3 association and the downregulation of
NLRP3 ubiquitination and priming.5 Thus, it seems that
ubiquitination and deubiquitination both play important roles in
inflammasome activation. In macrophages, IRAK-1 bypasses

priming and directly links TLR activation with inflammasome
activation and IL-1β production.6 IRAK-1SiRNA and the IRAK1/4
inhibitor significantly reduced TLR-2, TLR-4 induced caspase-1
activation, and IL-1β production in monocytes.1 However,
because the IRAK-ERK axis was also involved in the generation
of ROS and possible inflammasome activation, a direct interaction
of IRAK with NLRP3 cannot be ruled out and needs to be
ascertained.
Unlike murine monocytes, human monocytic cells possess an

alternative pathway of inflammasome activation, where the first
and second signals are both dependent on the TLR-4.7 In this
study, TLR-4 induces IL-1β transcription and the TLR4-TRIF-RIPK1-
FADD-CASP8 pathway leads to alternative inflammasome activa-
tion (Fig. 1). IL-1β is regulated not only transcriptionally by NF-κB
and posttranslationally by the inflammasome but also posttran-
scriptionally by p38α-MK2.8

The TLR-2- and TLR-4-induced IRAK-ERK interaction and ERK-
p67phox-Nox-2 association observed by Singh et al. indicates a
transcription-independent regulation of ROS by the MAPK.1 Since
ROS regulates IL-1β transcription through the JNK-AP-1 axis and
induces caspase-1 activation,1 it can be speculated that ROS can
be a master regulator of IL-1β transcription and processing. This
study shows the importance of Nox-2 in ROS generation; however,
whether other Nox isoforms, such as Nox-1 and Nox-4, also
operate in a similar manner requires further investigation. It is
known that ROS promotes the oxidation of TRX and the binding of
relieved TXNIP to NLRP3, leading to NLRP3 activation and IL-β
processing.9 Since the role of macrophage mitochondrial ROS in
TLR-induced classical inflammasome activation is known,10 its role
in monocyte alternative inflammasome activation needs to be
ascertained.7 Whether TLR-2- and TLR-4-induced inflammasome
activation and IL-β production also involve mitochondrial ROS in
monocytes needs to be determined. As discussed earlier,11

regulated ROS production may lead to the controlled activation
of inflammasomes and IL-1β production, but a sustained and
elevated ROS may ultimately induce a high amount of IL-1β and
pathological insult. Since mitochondrial or NOX-derived ROS may
regulate monocyte inflammasome activation, IL-1β release and
pyroptosis, it will be interesting to determine whether the source
and extent of ROS generation regulate the different aspects of IL-
1β production.
Though there is a general notion that upon microbial challenge,

a shift from oxidative phosphorylation to glycolysis underlies the
activation of all immune cells, a recent study sheds new light. In
this study, transcriptome and metabolome analysis of monocytes
stimulated with PAM3CSK4 Pam3CSK4(TLR-2) or LPS (TLR-4)
showed significant differences in the tricarboxylic acid cycle,
oxidative phosphorylation, and lipid metabolism pathways.12

Therefore, although Singh et al. demonstrated a significant role
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of Nox-2-derived ROS in TLR-2- and TLR-4-induced IL-1β
production, it is quite possible that mitochondrial ROS
and specific metabolic pathways may play significant roles in IL-
1β production (Fig. 1). Therefore, although TLR-induced IL-1β
release may be relatively similar, the underlying metabolic
routes may vary significantly.12 In primary macrophages and
human monocytes, increasing concentrations of lactate reduced
TLR-4 mediated inflammasome priming, activation, and IL-1β
release.13 As such, lactate delayed the monocyte inflammatory
response.14

Translating the understanding of murine monocytic IL-1β
production to humans must be done with caution, since there
will be different mechanisms of IL-1β transcription, processing,
and modification operating in the two species. At the same time,
ROS can be a master regulator of IL-1β production since it may
regulate the priming and processing of the inflammasome.
Controlled ROS production may yield regulated IL-1β production;
however, high ROS levels can induce pathological levels of IL-1β.
The source and location of ROS may also define the aspect of IL-1β
production that is regulated (Fig. 1). Understanding the role of
TLR-specific metabolic pathways in ROS generation and IL-1β
production will help in understanding the fine-tuning of the
machinery involved in IL-1β production. In addition to this
molecular mechanism, ROS-induced IL-1β transcription and
processing require further studies. For secretory IL-1β production,
although ROS can regulate both IL-1β transcription and proces-
sing, they may also require support from other pathways. This
assumption comes from the fact that some inducers such as TNF,
which do generate ROS, do not affect inflammasome and IL-1β
production.15
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