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Many lines of evidence indicate that insulin resistance is
a key component of the metabolic syndrome, a cluster of
cardiovascular risk factors comprising glucose intoler-
ance, dyslipidemia, hypertension, and obesity (1). Insulin
resistance is also of central importance in the pathogen-
esis of type 2 diabetes, another major risk factor for
atherosclerosis (1). However, the molecular mechanisms
that precede the development of insulin resistance are
only partially understood. Given the dramatic increases
in the incidence of obesity and diabetes worldwide, the
need to identify new therapies that might protect humans
from the metabolic consequences of obesity and insulin
resistance is urgent.

Macrophages, T cells, B cells, mast cells, and eosinophils
accumulate in adipose tissue of obese mice. Each of these
immune cells seems to contribute to the development of
insulin resistance during diet-induced obesity (2). However,
neutrophils—the most abundant circulating immune cell
in both mice and humans—are generally the first cells to
respond to an inflammatory challenge, although their role
in insulin resistance has received much less attention. It is
noteworthy that circulating neutrophil concentrations in-
crease in obese mice (3). Moreover, neutrophils accumulate
in murine adipose tissue after only 3 days of fat feeding
(4). Importantly, recent studies have shown that fat-fed
mice that are deficient in neutrophil elastase exhibit less
adipose tissue inflammation and are more insulin sensitive
than fat-fed controls. These observations suggest that in-
flammatory mediators derived from neutrophils might
promote the development of obesity and its metabolic
consequences (5).

The most abundant protein in human neutrophils is
myeloperoxidase (MPO). Using hydrogen peroxide, this
heme protein generates a wide array of reactive inter-
mediates (6), although its best known product is hypochlo-
rous acid (HOCl). This potent chlorinating intermediate is
a unique product of MPO in mammals (7). Because it pro-
duces microbicidal oxidants such as HOCl, MPO has clas-
sically been considered an innate immune effector with
a key role in host defense mechanisms during acute infec-
tion (6,7). However, the oxidizing molecular species gener-
ated by MPO during the inflammatory response can be
indiscriminate because they can react with host, as well
as pathogen, molecules (8). One important target may be
lipoproteins, which become proatherogenic when oxida-
tively modified by MPO (9).

In this issue, Wang and colleagues (10) confirm previous
findings that infiltration of white adipose tissue by neutro-
phils is an early and persistent event in the development of
diet-induced obesity (4,5). Neutrophil actions, therefore,
could be required for obesity-induced hyperglycemia and
insulin resistance. Diet-induced obesity increased both adi-
pose neutrophil infiltration and MPO activity in the absence
of changes in MPO protein. These observations suggest
a novel mechanism for the regulation of MPO activity in
obesity and warrant further investigation.

Wang et al. (10) demonstrated that mice deficient in
MPO were resistant to diet-induced obesity and insulin re-
sistance. Fat-fed MPO-deficient mice exhibited elevated
body temperature, increased concentrations of uncoupling
protein-1, and higher mitochondrial oxygen consumption in
brown adipose tissue compared with their fat-fed wild-type
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counterparts. MPO-deficient mice also showed improved
insulin signaling in white adipose tissue. The reduced
diet-induced obesity was associated with greater brown ad-
ipose uncoupling, which should lead to greater energy loss.
Again, the underlying mechanisms are unclear, but in-
creased energy expenditure is likely to be a key component
of the improved metabolic state.

The investigators then asked whether HOCl—the
product of MPO action—affected insulin signaling. In
vitro studies of 3T3-L1 adipocytes demonstrated that
HOCl inhibited insulin-stimulated phosphorylation of in-
sulin receptor-b, insulin receptor substrate-1, and Akt.
HOCl also inhibited insulin-induced binding of insulin re-
ceptor substrate-1 to P85, the regulatory subunit of phos-
phatidylinositide 3-kinase, a key enzyme during insulin
signaling. Importantly, a nonspecific peroxidase inhibitor
that blocked MPO activity in isolated neutrophils pre-
vented diet-induced insulin resistance in obese wild-type
mice. Taken together, these observations raise the excit-
ing possibility that MPO is a major contributor to the
development of inflammation-induced insulin resistance
and metabolic disease. Wang et al. (10) propose that white
and brown fat are targeted for damage by MPO and in-
filtrating neutrophils (Fig. 1). Testing this hypothesis in
future studies will be important.

A key question is whether these observations in
a mouse model of diet-induced obesity are relevant to
humans. Human obesity and diabetes are known to
associate strongly with leukocytosis (11–13). Moreover,
elevated plasma concentrations of MPO were strongly

associated with inflammation and a variety of other car-
diovascular disease risk factors in a study of prepubertal
obese children (14). Also, MPO has been implicated in
the pathogenesis of human cardiovascular disease by
a number of mechanisms, including lipoprotein oxida-
tion (9) and the development of endothelial dysfunction
(15), the latter an important early step in atherosclero-
sis. Weight loss in obese subjects decreased neutrophil
and monocyte counts (4). The decrease in circulating
leukocyte counts correlated with improved insulin sen-
sitivity. Collectively, these observations suggest that
neutrophils—and perhaps MPO—contribute to obesity-
associated insulin resistance and cardiovascular disease in
humans.

There is intense interest in developing therapies that
could inhibit inflammatory pathways in obesity to pre-
vent the onset of insulin resistance and its associated
metabolic disorders. MPO can be readily inhibited by
nonspecific peroxidase inhibitors (16), and its crystal
structure is remarkably similar to that of cyclooxygenase
(17), suggesting that it could be targeted for selective and
specific inhibition. Moreover, nonspecific peroxidase
inhibitors seem to be clinically safe, and several are cur-
rently used to treat hyperthyroidism (18). Importantly,
although MPO-deficient mice are susceptible to bacterial
and fungal infections, nondiabetic humans deficient in
the heme protein do not seem to have impaired host de-
fense mechanisms or increased risk of infection (19).
Taken together, these observations suggest that selective
inhibitors of MPO might be able to prevent or treat in-
sulin resistance in obese humans. Moreover, such agents
might also be useful for lowering the risk of cardiovascu-
lar disease by a number of other mechanisms, including
blocking lipoprotein oxidation and preserving endothelial
function in the coronary circulation.

To better understand the molecular targets of MPO
and how the enzyme mediates insulin resistance, con-
firming and extending these observations in both human
and animal models are important. This is crucial because
although both mouse and human neutrophils express
high concentrations of MPO, only human macrophages
express the enzyme (8,20). Identifying biomarkers of
MPO action also is critical, not only to determine whether
elevated concentrations of such markers associate with
insulin resistance or other proposed pathogenic mecha-
nisms but also to establish whether potential selective
MPO inhibitors are in fact active in vivo.
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Figure 1—Potential roles of neutrophil-derived MPO in insulin re-
sistance and obesity. In this issue, Wang and colleagues (10) dem-
onstrate that when mice consume a high-fat diet rich in calories,
neutrophils infiltrate white and brown adipose tissue. Following ac-
tivation by unknown mechanisms, the neutrophils release MPO,
which uses hydrogen peroxide to generate a wide array of oxidizing
intermediates. Oxidative damage of specific targets promotes in-
sulin resistance and impairs thermogenesis, resulting in decreased
energy expenditure, elevated glucose concentrations, further
weight gain, and diabetes. Mice deficient in MPO are protected
from diet-induced obesity and insulin resistance, raising the possi-
bility that selective inhibitors of MPO might be able to prevent or
treat insulin resistance in obese humans.
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