
Measuring NETs: changing our 
understanding of lung disease

What is the problem?

What does it mean? 

Who am I?

What did we find?

What are we  
interested in?

What did we do?
Neutrophils are white blood cells that work to defend the body 
against invading organism as part of the body’s immune system. 
They are known to destroy infectious agents, such as bacteria 
and other microbes, by engulfing them (phagocytosis) or releasing 
toxic proteins (degranulation). However, if neutrophils are 
overwhelmed by infection they can undergo a form of cell death, 
in which their DNA and toxic antimicrobial proteins are expelled 
into the extracellular environment to trap and neutralise the 
infectious agents. These traps are called neutrophil extracellular 
traps (NETs), and are a relatively new discovery (See Figure 1).

We know that NETs are important in a variety of diseases, such 
as cystic fibrosis, rheumatoid arthritis and chronic obstructive 
pulmonary disease (COPD). However, there is currently no widely 
accepted high-throughput method of measuring NETs in patient 
samples. This makes it difficult to research the impact of NETs.

Our results show that measuring DNA-elastase 
and histone-elastase complexes by ELISA is a 
highly specific and sensitive method of quantifying 
NETs in sputum. This knowledge will allow further 
research into NET formation in a wide range of 
diseases. 

We also found that sputum NETs correlate 
strongly with disease severity in both COPD and 
bronchiectasis. It is, therefore, possible that testing 
patients with these conditions for NETs could help 
us to predict their prognosis and better target their 
treatment, which will lead to an improved patient 
experience.

I am a third year medical student at the  
University of Dundee. This Vacational Scholarship 
was my first experience of research, and since  
I really enjoyed it I shall definitely be looking for 
opportunities to do some more! 

Eleanor was supervised during her Vacation Scholarship project, “Validating New Methods of quantifying Neutrophil Extracellular Traps in vivo”, 
by Dr James Chalmers.

We found that samples containing high levels 
of NETs as determined by ELISA, were also 
positive for citrullinated histones by Western 
blot (See Figure. 3). Also, histone-elastase 
complexes could be partially degraded by 
the addition of an enzyme known to degrade 
DNA (called DNAse). These results confirm 
that the analysis methods were successfully 
measuring NETs.

We also found that NET concentration was 
consistently elevated in 257 bronchiectasis 
patients and 171 COPD patients, as measured 
by ELISA (See Figure 4). High levels of 
NET in sputum were 
strongly associated 
with increased 
exacerbation frequency, 
exacerbation severity 
and other disease 
severity measures (low 
% predicted FEV1) (See 
Figure 5).

We wanted to develop and test 
high-throughput methods of 
quantifying NETs in the sputum of 
patients with lung diseases. 

We also aimed to use our method to 
test for correlations between NETs 
and disease severity in patients with 
COPD and bronchiectasis, which are 
both lung diseases, compared to 
healthy controls.

We used sputum (a mixture of coughed up saliva and mucus) samples 
from our patients and healthy controls for all our experiments. We used a 
technique that fluorescently stained and quantified cell-free DNA in our 
samples, which we used as a proxy for NETs. However, as this was not very 
specific, we developed two other ways to identify and quantify them. We 
looked for the presence of three particular components which are specific 
to NETs, namely complexes of DNA-elastase, complexes of histone H1-
elastase and citrullinated histones.

We did this using techniques called ELISA (enzyme-linked immunosorbent 
assay) and Western blotting. Both techniques rely on having an antibody 
that specifically recognises and binds to the complex or protein of interest. 
Once the antibody is bound to the complex, the complex can be detected 
via the presence of the antibody (See Figure. 2).

We used ELISA to quantify the amount of DNA-elastase and histone H1-
elastase complexes). We used Western blotting to check that we were 
measuring NETs in our samples, by confirming the presence of citrullinated 
histones, which is a gold standard method of NET detection.

To establish the relationship between NETs and disease severity in lung 
disease, NET concentration as determined by our method was compared to 
markers of disease severity (% FEV1 predicted, exacerbation frequency and 
severity).
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Figure 1  Structure of a NET. Neutrophil DNA is shown in blue, complexed with three key 
components of the NET: neutrophil elastase, myeloperoxidase and citrullinated histones. 
These antimicrobial proteins work to fight bacteria.

Figure 2 Schematic representation of ELISA. Primary antibodies which recognise a specific 
component of the NET (histone or double stranded DNA) are immobilised on a surface. NETs bind 
to the primary antibody. A secondary antibody that specifically recognises the neutrophil-elastase 
component of the NET is then added, which binds to the NET. The NET, primary and secondary 
antibody complexes are visualised and quantified by the addition of a final antibody, that specifically 
recognises the secondary antibody, and which carries a chemical (HRP) which allows visualisation of 
the complex.

Figure 3 This graph compares the 
results of our ELISA and Western blot 
for four samples. It shows that the 
patient samples (but not the healthy 
control samples) containing NETs 
as measured by the ELISA are also 
positive for NETs by Western blot. 
This means the ELISA is very likely 
to be detecting NETs rather than 
anything else we’re not looking for.

Figure 4 This shows the relative quantities of NET-
specific components in both healthy controls and 
patients with COPD or bronchiectasis. It tells us that 
both methods detected NETs in patients with lung 
disease but not in healthy controls.

Figure 5 These graphs are comparing how unwell the patients are with the 
number of NETs in their lungs. They show that patients with more NETs have (A) 
worse functioning lungs, (B) get ill more often, and (C) when they are ill, it is more 
likely that they will need hospital treatment.
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