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A
berrant activation of the innate immune system
in metabolic disorders such as type 2 diabetes
has been recognized to be an important mecha-
nism of disease pathogenesis (1–3). Emergence

of a chronic proinflammatory state driven by the activation
of myeloid lineage innate immune cells, such as macro-
phages and neutrophils, has been directly linked to the
emergence of insulin resistance (4,5). Until recently, the
identity of specific innate immune pattern recognition re-
ceptors or sensors that recognize diverse metabolic “danger
signals” to initiate a proinflammatory cascade during obe-
sity and diabetes was unknown. Pioneering studies from
Tschopp and colleagues (6) identified that “inflamma-
somes,” the multiprotein cytosolic molecular platforms in
myeloid cells, can sense damage-associated molecular pat-
terns (DAMPs) and control the secretion of proinflam-
matory cytokines interleukin (IL)-1b and IL-18 in metabolic
stress. Structurally, inflammasomes consist of a Nod-like
receptor (NLR), the apoptosis-associated speck-like protein
containing a CARD (ASC) adaptor protein, and caspase-1
(6). Several NLR molecules including NLRP1, NLRP3, and
NLRC4 control caspase-1 activation, which controls the
cleavage and secretion of pro–IL-1b and pro–IL-18 into
bioactive cytokines (6). Several studies using genetically
modified mice that lack inflammasome components Nlrp3,
Asc, and caspase-1 provided initial evidence that activation
of the Nlrp3 inflammasome is a key mechanism that induces
metabolic inflammation and insulin resistance (7–10). De-
activation of the Nlrp3 inflammasome in obese type 2 di-
abetic patients that lose excess weight through lifestyle
intervention is coupled with improved glucose homeostasis,
suggesting that inflammasome may be a clinically relevant
mechanism that links inflammation with type 2 diabetes (7).
However, there is scant clinical evidence that myeloid cells
of type 2 diabetic patients have elevated Nlrp3 inflamma-
some activation, and it is not clear whether the mechanism
of inflammasome activation observed in rodent models
applies to human metabolic disease.

In this issue of Diabetes, Lee et al. (11) report that
monocytes derived from newly identified untreated type 2
diabetic patients display elevated expression of inflamma-
some components Nlrp3 and Asc, along with increased
caspase-1 activation. Consistent with elevated Nlrp3
inflammasome activation in myeloid cells, the drug-naïve

type 2 diabetic patients (n = 47) had significantly high serum
levels of IL-1b and IL-18 compared with healthy subjects
(n = 57). The studies from knock-in reporter mice in which
Nlrp3 coding sequence is substituted with green fluorescent
protein demonstrate that the Nlrp3 inflammasome is pre-
dominantly active in myeloid cells (12). In the current arti-
cle, Lee et al. demonstrate that monocytes derived from
peripheral blood of type 2 diabetic patients have increased
basal Nlrp3 inflammasome activation (11). In addition,
compared with cells from healthy participants, the myeloid
cells of type 2 diabetic patients respond with elevated
caspase-1 activation and produce higher levels of IL-1b and
IL-18 when exposed to metabolic danger signals such as
urate, free fatty acids, and extracellular ATP (11) (Fig. 1).
The increased levels of elevated free fatty acids that induce
lipotoxicity (7,8) and higher uric acid levels (13) are known
to increase the risk of development of diabetes and its
complications. The release of ATP from necrotic cells is also
a potent trigger of inflammasome activation (14). Therefore,
it is possible that these metabolic DAMPs that are produced
as a result of metabolic dysfunction trigger the activation the
Nlrp3 inflammasome (Fig. 1). The knockdown of Nlrp3 and
Asc via RNA interference in myeloid cells of type 2 diabetic
patients prevented the ability of metabolic DAMPs to induce
IL-1b and IL-18 secretion (11). Thus, Lee et al. also demon-
strate the specificity of the Nlrp3 inflammasome in inducing
inflammation originating from myeloid cells of drug-naïve
diabetic patients.

Depending on specific DAMPs that are encountered by
a myeloid lineage cells, several mechanisms control the
assembly and activation of the Nlrp3 inflammasome (2).
These include defective autophagy, unfolded protein re-
sponse, and oxidative stress (15,16). Metabolic distress, in-
flammation, and development of insulin-resistance are
linked to increased oxidative stress emerging from mito-
chondria and unfolded protein response due to defective
endoplasmic reticulum function (6,17). Consistent with
studies in animal models (18), Lee et al. found that hyper-
glycemia-induced elevated mitochondrial reactive oxygen
species in myeloid cells of type 2 diabetic patients is asso-
ciated with increased production of inflammasome-
dependent cytokines IL-1b and IL-18. Together with prior
studies from Ting and colleagues (8), the current data from
myeloid cells of type 2 diabetic patients corroborate the
earlier findings that inhibition of AMP-activated protein ki-
nase can exacerbate reactive oxygen species–dependent
Nlrp3 inflammasome activation (11). Importantly, Lee et al.
show that the 2-month long treatment of drug-naïve type 2
diabetic patients with the antidiabetic drug, metformin,
which is known to activate AMP-activated protein kinase,
reversed the increase in caspase-1 activation and the pro-
duction of IL-1b and IL-18 from myeloid cells.

Despite several mechanistic studies that show clear evi-
dence of inflammation in pathogenesis of insulin resistance
and type 2 diabetes, few drugs that dampen metabolically
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driven inflammation have shown success in the treatment of
diabetes. Initial clinical studies reported encouraging find-
ings that the nonglycosylated version of human IL-1 re-
ceptor antagonist, Anakinra, which blocks IL-1b signaling,
improves glycemic control and reduces HbA1c in type 2
diabetic patients (3). This clinical trial reported increased
b-cell secretory capacity but did not detect any changes
in insulin resistance despite reduction in serum C-reactive
protein (3). Importantly, ablation of Nlrp3 and Asc in
chronically obese mice leads to increased islet size and
protection of b-cells in pancreatic islets from inflammation-
induced death (19). Although the work conducted by Lee
et al. represents progress in the field that shows important
clinical association between Nlrp3 inflammasome activation
in myeloid cells and type 2 diabetes, it remains to be sub-
stantiated whether inhibition of Nlrp3 inflammasome rep-
resents a viable therapeutic strategy to control diabetes.
Also, earlier studies have reported that hyperglycemia in-
duces caspase-1 activation in adipose tissue and adipocytes
(20). Studies using human adipose biopsies have shown an
association between increased caspase-1 and Nlrp3 inflam-
masome activity to insulin resistance (21). From the current
study it is not clear whether the preactivated myeloid

cells from blood infiltrate the adipose depots to mediate
inflammation-induced insulin resistance.

A recent press release of a study that awaits publication
in a peer reviewed journal (22) reported that Xoma-052,
a monoclonal antibody that effectively blocks IL-1b sig-
naling, failed to lower blood glucose levels in 421 type 2
diabetic patients in a phase 2 clinical study. Therefore,
despite promising mechanistic studies that identified Nlrp3
inflammasome as a central regulator of metabolic inflam-
mation, the therapeutic potential of reversing type 2 diabetes
by dampening inflammasome-dependent downstream cyto-
kines remains to be realized. It has been suggested that once
cleaved, caspase-1 can modify activity of several proteins
other than just IL-1b and IL-18 (6). Interestingly, recent
work demonstrates that high-fat diet feeding–induced
caspase-1 deactivates Sirtuin 1 and leads to insulin re-
sistance (23). Hence, additional studies would be needed to
test whether the specific inflammasome or caspase-1
inhibitors can prove to be better alternatives to IL-1b in-
hibition as treatment for diabetes.

In summary, the work by Lee et al. represents an im-
portant step in the direction to understand clinical rele-
vance of the Nlrp3 inflammasome activation in diabetes.

FIG. 1. Hypothetical model depicting the role of Nlrp3 inflammasome in type 2 diabetes. Metabolic stress–induced “danger signals” in type 2 diabetes
such as islet amyloid polypeptide (IAPP), urate, extracellular ATP, fatty acids, endoplasmic reticulum (ER) stress, and reactive oxygen species
(ROS) can be sensed by Nlrp3 inflammasome. The assembly of activated Nlrp3 inflammasome in myeloid cells by protein-protein interaction between
Nlrp3, Asc, and (Cardinal) with procaspase-1 causes caspase-1 cleavage into P20 and P10 enzymatically active heterodimers that causes post-
translational processing of IL-1b and IL-18. Inflammation induced by inflammasome-dependent proinflammatory cytokines may produce insulin
resistance or cause death of pancreatic b-cells leading to development of diabetes. AMPK, AMP-activated protein kinase; Sirt1, sirtuin 1.
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This study provides evidence that the Nlrp3 inflamma-
some activation in myeloid cells of type 2 diabetic patients
contributes to the chronic proinflammatory state. Future
research to identify specific molecular mechanism of
immune-metabolic interactions that lead to organ dysfunc-
tion from chronic inflammatory damage may produce novel
strategies to manage type 2 diabetes and its complications.
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