
Less than a decade since their discovery, neutrophil 

extracellular traps (NETs) remain in the headlines. 

Initially, interest focused on the structure of extracellular 

NET chromatin and its capacity to capture and damage 

bacteria. Soon, however, researchers began to see the 

impli cations of extracellular chromatin for the develop-

ment of autoimmune diseases. One quintessential auto-

immune disease, systemic lupus erythematosus (SLE), is 

known to arise together with autoantibodies to DNA and 

chromatin, although the immediate trigger for the pro-

duc tion of these autoantibodies is unclear. A connection 

between NETs and autoimmunity was made by dis-

covering that histones, a set of proteins that act as a 

structural harness for DNA in chromatin, are modifi ed 

by peptidylarginine deiminase 4 (PAD4), an enzyme that 

converts arginines to citrullines. Researchers had long 

suspected that autoantigen modifi cations could provide 

the initial stimuli in autoimmunity because subtle 

alterations in a protein’s primary sequence can break 

tolerance. PAD4 is implicated in the development of 

rheumatoid arthritis (RA) because the most reliable 

clinical test for RA uses the detection of anti-citrulline 

antibodies in the sera of patients.

In a sophisticated set of experiments reported in the 

previous issue of Arthritis Research & Th erapy, Liu and 

colleagues [1] accomplished an extensive inventory of 

post-translational modifi cations in NET histones. Th e 

researchers induced NETs from human neutrophils, as 

well as two cell lines that assume neutrophil-like charac-

teristics, and used a panel of 40 commercially available 

antisera to identify histone modifi cations that arise in 

parallel with NETs. Stimuli that were used to elicit NET 

release also induced histone H3 and H4 citrullination in 

human neutrophils and the EPRO cell line. However, 

other modifi cations such as histone H4 lysine 20 methy-

la tion and H4 lysine 16 acetylation showed inconsistent 

results in neutrophils versus the EPRO cells. To survey 

histone modifi cations, Liu and colleagues [1] confronted 

technical diffi  culties in that histone amino terminal tails 

contain the highest concentration of histone modifi ca-

tions yet are also highly susceptible to proteases secreted 

by activated neutrophils [2,3]. Th e histone tails act as 

fl exible tethers that organize chromatin into higher-order 

structures. Interestingly, purifi ed NETs failed to induce 

an immune response in mice, although a subset of SLE 

sera reacted strongly with citrullinated histone H3 [1]. 

Th erefore, mechanisms that regulate histone modifi ca-

tion deserve further attention.

Neeli and colleagues [4] were the fi rst to identify 

citrullinated histone H3 in NETs, a discovery that was 

confi rmed by others [5]. Neeli and colleagues [4] 

provided a second important insight, namely that PAD4-

citrullinated histone H3 is a reliable marker of infl am-

mation. Th us, it became clear that the release of NETs is 

not an ‘accident’ caused by a barrage of proteases and 
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necessary for NET release. The functions of additional 

histone modifi cations, however, remain to be tested.
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reactive oxygen species unleashed from neutrophils. 

Instead, production of NETs requires enzymatic activity 

and input from neutrophil surface receptors and the 

cyto skeleton [6]. By analyzing PAD4-defi cient mice, Li 

and colleagues [7] demonstrated that PAD4 is essential 

for the production of NETs in response to bacterial infec-

tions. Th e regulation of PAD4 activity thus moved to the 

forefront of the research on NETs.

It is now clear that NET release takes advantage of 

NADPH (nicotinamide adenine dinucleotide phosphate) 

oxidase and the main granule pro teases to trigger and 

construct the extended chromatin network [3,8]. In 

addition, myeloperoxidase is found in NETs after their 

release from the cells, and this enzyme and its products 

are the main components in NETs that kill bacteria [9]. In 

a notable study from the labs of Banchereau and Pascual 

[10], it was reported that SLE neutrophils are poised to 

undergo NETosis upon stimu lation with anti-ribonucleo-

protein autoantibodies and that NETs released by these 

neutro phils contain LL37 and HMGB-1, well-known 

stimulators of immune responses. In subsequent analyses 

using sera from patients with connective tissue disease, 

anti-citrullinated histone antibodies were observed in 

Felty’s syndrome, a rare disorder that shares serologic 

features with RA and SLE, whereas such autoantibodies 

were infrequent in SLE and RA [11]. Th ese fi ndings 

indicate that the process of NETosis is highly relevant to 

the development of human auto immune responses, 

although a direct cause and eff ect may not connect the 

release of NETs to the production of autoantibodies.

Th e detailed characterization of NET histone modifi ca-

tions, as accomplished by Liu and colleagues [1], invites 

speculations about the possible functions of these modi-

fi ca tions. Several questions deserve further study: Will 

NET histone modifi cations, such as methylation, acetyla-

tion, and citrullination, be found to participate in gene 

regulation that sets the stage for NET release? Will the 

primary function of histone modifi cations turn out to be 

the decondensation of nuclear chromatin that is required 

for NETs expand to their optimal size and internal 

structure? Alternatively, NET histone modifi cations may 

serve non-traditional purposes. For example, certain 

modifi cations may anchor other NET components such 

as elastase, LL37, or myeloperoxidase to the chromatin 

meshwork. Unique modifi cations in NETs may attract 

phagocytes and stimulate them to ingest the trapped 

microorganisms. Other histone modifi cations may 

activate or dampen the infl ammatory response by acting 

on innate pattern recognition receptors. Th e answers to 

these questions will, no doubt, keep research on NETs in 

leading immu nology and microbiology journals for years 

to come.
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