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Summary

Neutrophils are appreciated to perform a wide range of pro- and anti-

inflammatory effector functions in diverse settings. These go far beyond

the response to acute infection, encompassing sterile injury, autoimmu-

nity, allergy and tumours. There is growing appreciation of the nuances

of their modes of action, especially elucidation of the nature and conse-

quences of NETosis. New work suggests that it is time to give greater con-

sideration to the anti-inflammatory role of neutrophils, such as in the

control of cytokine release during sepsis.

It has been a truism of the march of molecular immunol-

ogy that any cell-type once dismissed as performing a

simple or limited function has turned out, when investi-

gated with technologies that allow sufficient granularity,

to encompass myriad, novel and fascinating receptors and

functions. Consider the poor natural killer cell, marginal-

ized for decades as a ‘null-cell’ – significant only for what

it was not, neither B nor T, and killing targets with unre-

stricted abandon. Today, natural killer cell biology is

among the most exciting branches of immunology, with

ever more nuance apparent with respect to ligand recog-

nition, the fine balance between inhibition and activation,

and the wide range of transcriptional choices in terms of

effector programmes.1 Or, consider the humble neu-

trophil: in many textbooks, these were the Keystone Cops

of innate immunity – the dumb, first line of attack of the

acute inflammatory response, rushing into tissues by the

million in response to infection or other insult, degranu-

lating, often in a potentially damaging way, and then

dying within the day.

Every aspect of this has had to be re-taught. There turn

out to be subsets of neutrophils, produced in the bone

marrow under regulated control so that, during infection,

for example, synthesis can increase to 10 billion/kg

human body weight.2 Lifespan is now appreciated to be

7 days or more at the site of inflammation in tissue.3

Among the most exciting updates has been the diversity

and complexity of effector functions, including of course,

NETosis, a weapon sometimes likened to the web used by

Spiderman to catch crooks. ‘NETs’ are ‘neutrophil extra-

cellular traps’, comprising expelled networks of extracellu-

lar fibres, histones, chromatin and DNA, used to trap

bacteria and other microbial pathogens. Initially described

as a suicidal event, it is now clear that NETosis may be

either suicidal or ‘vital’ – that is, without cell death. Both

protective and pathogenic functions of NETosis are under

investigation in diverse settings including in the tumour

microenvironment, sterile injury, autoimmune disease,

allergy and atherosclerosis.4–6 There remain important

questions about the activation signals for NETosis and

the associated control, but there will clearly be important

drug targets here. The observation that NETs promote

tumour metastasis has encompassed initial experimental

demonstration of therapeutic targeting of NETosis to

block metastasis.5,6

One of the big unknowns in neutrophil biology is to

characterize not just the pro-inflammatory functions, but

also the regulatory ones. The possibility of regulatory

neutrophil function was first raised a decade ago, in a

model looking at control of lung inflammation.7 An

interesting new paper investigates the anti-inflammatory

properties of neutrophils by comparing the lipopolysac-

charide mouse challenge model in the presence or

absence of neutrophils.8 Surprisingly, it was found that a

range of cytokines and chemokines were enhanced in the

absence of neutrophil regulation, as was the release of

exosomes. This finding opens the door to characterization

of the precise functions and mechanisms of regulatory

neutrophils – should they be called N-regs, by analogy to

regulatory T cells, or Tregs? One recent study proposes

that neutrophils may be able to regulate immunity

through the modulation of dendritic cells.9

All of these issues will need to be considered in the

context of the cross-talk between neutrophils and the

adaptive immune system. Scapini and colleagues have

comprehensively reviewed the intricate tango that is

danced between neutrophils and lymphocytes at the inter-

face between innate and adaptive immunity.10 It is clear

that neutrophils can engage in either positive or negative

modulating interactions with T-cell subsets such as T

helper type 1 (Th1), Th2, Th17, Treg, CD8 and cd T

cells.
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All in all, busy times and challenges for neutrophil

researchers: the Keystone Cops developed the skill set of

Spiderman and were then found to have been in close

contact with all the other Superheroes all along!
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