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EDITORIAL

Jumbled NETs Promote Vasculitis

Marko Radic1 and Mariana J. Kaplan2

Drug-induced autoimmunity provides a fascinat-
ing glimpse of the environment’s contribution to the
development of anti-self reactivity. After a period of
treatment, certain drugs induce, in a subset of individu-
als, clinical signs that are typically found only in auto-
immune disorders. The clinical features of drug-induced
autoimmunity are a reminder that genetic predisposition
to self reactivity usually needs a trigger from the envi-
ronment in order to initiate a self-sustaining vicious
circle. Notably, the cessation of drug therapy typically
brings about the resolution of the autoimmune manifes-
tations. Thus, studies of drug-induced autoimmunity
provide an opportunity to learn not only about environ-
mental triggers that lead to a loss of tolerance, but also
about how a disruption of a specific stimulus may allow
the immune system to return to a previous state of
nonautoimmune homeostasis.

Historically, hydralazine, a hypertension medica-
tion, was the first to be reported to induce systemic lupus
erythematosus (SLE) in up to 24–50% of the patients
taking it (1). This medication can also induce symptoms
of vasculitis. Other medications, such as procainamide,
chlorpromazine, penicillamine, and sulfasalazine, were
observed to induce SLE and vasculitis. The discovery of
drugs that induce autoimmunity prompted researchers
to examine possible mechanisms. Various hypotheses
have been proposed, including that the drug structure
mimics the autoantigen, that the drug chemically modi-
fies the autoantigen structure, that it inhibits DNA
methylation thereby leading to perturbed T cell regula-
tion, that it alters mechanisms of antigen presentation or

lymphocyte activation, or that the drug is converted into
chemically more reactive compounds in the body. How-
ever, thus far the testing of the proposed mechanisms
has been difficult, and few conclusions have been put
forth to explain how drugs induce autoreactivity (2).

The article by Nakazawa et al in this issue of
Arthritis & Rheumatism (3) presents a new twist on
drug-mediated induction of autoimmunity. The authors
examined the connection between propylthiouracil
(PTU), a drug that is commonly prescribed for hyper-
thyroidism or Graves’ disease, and the subsequent de-
velopment of a form of vasculitis that is associated
with the production of autoantibodies to myeloperoxi-
dase (MPO), an enzyme stored in neutrophil granules.
The authors explored the role of neutrophil cell death
in PTU-induced autoimmunity. It is of interest to view
the findings of Nakazawa et al in the context of previous
observations on the role of PTU in the induction of
vasculitis and other autoimmune manifestations.

PTU is a thionamide drug that, since 1947, has
been prescribed to millions of patients with elevated
levels of thyroid hormone. Graves’ disease is frequently
caused by autoantibodies that bind the thyroid-
stimulating hormone receptor and lead to the over-
production of thyroid hormone. PTU blocks a key
enzyme in the synthesis of T4 from its precursor thyro-
globulin. The thyroid gland secretes T4 following its
iodination on tyrosine by thyroid peroxidase (TPO).
PTU inhibits oxidation of iodide by TPO and there-
fore effectively limits the production of thyroid hor-
mone. TPO is structurally related to lactoperoxidase
and MPO. The similarity between members of this
family of proteins is so high that MPO can be used
in enzyme studies as a stand-in for TPO (4), and
structural similarity between MPO and TPO was ex-
ploited to express chimeric molecules and map antibody
epitopes on TPO (5). In that light, it is perhaps not
surprising that PTU also inhibits the enzymatic reactions
of MPO (6).

The side effects of PTU in patients with hyper-
thyroidism include the production of antibodies to MPO,
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and some individuals with PTU-induced anti-MPO anti-
bodies progress to exhibit additional symptoms, includ-
ing cutaneous vasculitis, crescentic glomerulonephritis,
and agranulocytosis (7–9). In idiopathic vasculitis, the
tight correlation between anti-MPO autoantibodies and
disease was previously observed. Small-vessel vasculitis
is commonly related to the presence of antineutrophil
cytoplasmic antibodies (ANCAs). More specifically,
anti-MPO antibodies serve as markers for the diagnosis
of microscopic polyangiitis, while anti–proteinase 3 anti-
bodies are considered markers for the diagnosis of
granulomatosis with polyangiitis (Wegener’s) (10).

Antibodies to MPO are considered to be directly
involved in the pathogenesis of vascular inflammation,
since mice immunized with MPO develop systemic vas-
culitis with crescentic glomerulonephritis and pulmo-
nary hemorrhage (11). The symptoms can be transferred
from immunized mice to naive animals by transfer of
purified anti-MPO IgG. The necessary contribution of
neutrophils in this model of ANCA-associated vasculitis
(AAV) was shown by the reduced severity of symptoms
in mice whose neutrophils were depleted prior to infu-
sion of the pathogenic autoantibodies (12). Incubation
of neutrophils with ANCA induces degranulation and
reactive oxygen production, thus suggesting how anti-
MPO ANCA–induced inflammation could give rise to
vasculitis (13). In WKY rats, immunizations with human
MPO have been optimized to result in a 100% incidence
of crescentic glomerulonephritis and lung hemorrhage
(14). It has thus been confirmed that anti-MPO anti-
bodies can, on a susceptible genetic background, lead to
the most severe manifestations of systemic vasculitis.

In the context of the prior studies, Nakazawa et al
proposed the attractive hypothesis that PTU perturbs
neutrophil cell death in such a manner as to induce
anti-MPO antibodies and produce symptoms of vasculi-
tis. The results of previous studies had suggested that
apoptotic cell death provides access to nuclear auto-
antigens, and that an immune response to apoptotic cells
may lead to systemic autoimmune disease (15,16). How-
ever, the question of whether other forms of cell death
provide access to autoantigens has been less thoroughly
examined.

A distinct and potentially relevant form of cell
death leads to the release of nuclear chromatin from
granulocytes (17). The released chromatin is referred
to as a neutrophil extracellular trap (NET) because it
may serve to immobilize infectious microbes (18).
NETs are thought to be an innate response to infections
because they organize neutrophil granule components
and contribute to the neutrophil’s bactericidal functions.

The production of NETs occurs as a result of a unique
form of cell death called NETosis (17). NETosis appears
to depend on the cell’s ability to produce reactive oxygen
species, including superoxide, and various oxidation
products generated by MPO (19). Interestingly, ANCAs
induce NETs in vitro, and NETs were detected in kidney
biopsy specimens from patients with small-vessel vascu-
litis (20). Thus, it was reasonable to predict that NETosis
could play a role in PTU-induced vasculitis.

Nakazawa et al (3) provide exciting data showing
that PTU inhibits full release of NET chromatin and
results in a more compact NET scaffold. This is despite
the fact that PTU-treated NETs contained normal levels
of deiminated histone H3, a histone modification that
precedes and is required for NET release (21). The
altered morphology of PTU NETs correlated with an
increased resistance to nucleolytic degradation; thus,
PTU presumably lengthens the NET’s half-life in vivo.
Furthermore, the authors reported that immunization
of WKY rats with NETs formed in the presence of
PTU resulted in the production of anti-MPO ANCA
and pulmonary hemorrhage. To test whether oral ad-
ministration of PTU affects the induction of vasculitis
in vivo, Nakazawa et al added PTU to the rats’ drinking
water and induced NETosis by weekly intraperitoneal
injections of phorbol myristate acetate, a potent NET
agonist. The rats receiving both treatments had more
anti-MPO ANCA, greater pulmonary hemorrhage,
worse renal function, and a higher incidence of glomer-
ulonephritis than the rats receiving either chemical
alone (3).

The immediate contribution of Nakazawa et al
includes the testing of a possible mechanism of PTU-
induced MPO AAV and the development of a new
animal model of this form of vasculitis. Nonetheless,
important questions remain to be addressed. Do the
anti-MPO antibodies generated by PTU/NET immuni-
zations have the capacity to transfer disease to a naive
animal? Is MPO indeed the target of PTU, and is the
altered structure of PTU-treated NETs due to the
inhibition of MPO activity? Would immunization with
PTU–MPO complexes induce anti-MPO autoanti-
bodies, or is the presence of DNAse-resistant NETs
important in stimulating the anti-MPO response? The
work by Nakazawa et al also raises hopes that we will
learn more about environmental contributions to auto-
immunity. Do infections or an autoimmune genetic
background that leads to exaggerated NETosis contrib-
ute to the initial manifestations of MPO AAV? Do other
drugs that induce autoimmune manifestations also
affect NETosis? It may be important to examine drugs
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that are known to induce agranulocytosis, since one way
to deplete neutrophils is by inducing excessive NETosis.
Potential candidates are chlorpromazine, procainamide,
hydralazine, and sulfasalazine.

The insights provided by Nakazawa et al also
have broader implications. Other studies have suggested
that NET-associated autoantigens are important stimuli
in autoimmunity, as MPO ANCAs are only one of many
autoantibodies directed at NET components. An inter-
esting comparison is provided by antibodies to deimi-
nated histones, a potentially useful marker for neutro-
phil responses to inflammatory stimuli (22). IgG from
patients with Felty’s syndrome exhibit a consistent pref-
erence for deiminated histones over nondeiminated
histones, suggesting that NETs are involved in breaking
immune tolerance in this disorder (23). NET compo-
nents could directly stimulate the immune system, as
complexes between chromatin and LL37, a neutrophil
granule component that tightly associates with NETs,
stimulate activation of plasmacytoid dendritic cells and
secretion of type I interferon (24). The presence of
autoantibodies to NET components, just like the admin-
istration of PTU, may protect NETs against degrada-
tion, suggesting that, in autoimmunity, these chromatin
matrices persist for a longer time (25). This may be
amplified by the tendency of an aberrant subset of
neutrophils for enhanced spontaneous NETosis in dis-
orders such as SLE and psoriasis (26,27), conditions that
can be triggered by medications. Aberrant NET forma-
tion can potentially promote autoreactivity in other
ways, including the enhanced activation of T cells (28).
These studies support the concept that NETosis is a
relevant source of autoantigens in autoimmunity. This
new paradigm holds promise for a better understanding
of the pathogenic mechanisms leading to the loss of
tolerance and for the discovery of new therapies for
various autoimmune diseases.
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