
Neutrophils, accounting for 50-70% of white blood cells, are central to 
the body’s defense against infections. One of their most powerful tools 
in fighting pathogens is NETosis, a distinct form of cell death in which 
neutrophils release a Neutrophil Extracellular Trap (NET) composed 
of chromatin fibers loaded with antimicrobial enzymes and proteins1. 

These NETs form a web that entrap and neutralize a broad variety 
of pathogens, preventing their spread and promoting their 

destruction2.

While NETosis is a vital immune defense mechanism, an overactive 
or poorly regulated process can have detrimental effects on 
the body. Indeed, excessive or inefficient clearance of NETs has 
been linked to various chronic inflammatory conditions and 
autoimmune diseases, including systemic lupus erythematosus 
(SLE) and rheumatoid arthritis, as well as acute conditions like 
Sepsis3, 4. In these diseases, NETs contribute to organs damage, 

autoimmunity, and chronic inflammation. This highlights the 
importance of NETs regulation in immune responses, with the 

careful balance of NET formation being vital for effective immunity 
and the prevention of inflammatory conditions.

The process of NETosis involves the rapid decondensation and 
expulsion of nuclear chromatin and occurs via two main pathways: 
one dependent on NADPH-oxidase (NOX-dependent pathway) and 
the other independent, with Peptidyl arginine deiminase 4 (PAD4) 
playing a key role5. The formation of NOX-dependent NETs, 
which can be activated by agonists such as phorbol myristate 
acetate (PMA), lipopolysaccharide (LPS), or bacteria, is driven 
by a multicomponent enzyme complex that generates reactive 

oxygen species (ROS). These ROS activate kinases and promote 
the degranulation of granular proteins (e.g., Myeloperoxidase 

[MPO] and neutrophil elastase [NE]), ultimately causing chromatin 
decondensation and the NETs formation. On the other hand, 
the NOX-independent NETosis pathway, which can be triggered 
by calcium ionophores [A23187], operates independently of 
NOX activity and is instead regulated by an influx of Ca2+ into 
the cytoplasm. This calcium influx activates PAD4, facilitating its 

translocation into the nucleus, where it citrullinates histone 3 (H3Cit) 
among others. In this pathway, chromatin decondensation is mediated 

by a distinct set of kinases and transcription factors, along with histone 
citrullination, unlike in the N-pathway. Both pathways are vital for pathogen 
defense, and their dysregulation can amplify inflammatory diseases. 
Therefore, accurately detecting and quantifying all NETs is essential for 
early diagnosis, disease monitoring, treatment adaptation and prognosis.

Nu.Q® H3.1: A Breakthrough 
Immunoassay for Reliable and 
Robust NETs Quantification.
The Fundamentals of NETosis



Since the discovery of NETs in 2004, research into their role in various diseases has surged, highlighting 
the growing need for more effective methods to assess and quantify NET formation6–9. To achieve this, 
NETs are commonly visualized ex vivo or in vitro using fluorescence microscopy with DNA-binding dyes 
staining and/or immunofluorescence, employing antibodies against MPO and NE; two enzymes found 
in neutrophils that play a crucial role in NET formation. Beyond qualitative visualization, NETs release 
can also be quantified through various methods such as the DNA quantification using DNA-binding 
dyes staining assays or the detection of MPO-DNA and NE-DNA complexes using immunoassay10,11 
and the detection of citrullinated histone H3 (H3Cit), either in its free form7, 16 or as part of H3Cit-DNA 
complexes7. Quantifying NETs remains challenging due to the lack of standardized imagery methods, 
with manual evaluation still widely used despite its limitations. Quantifying NETs through NE and MPO 
alone is inaccurate as free NE is also released during inflammation12 while free MPO is secreted during 
degranulation of neutrophils13. In addition, due to their highly cationic nature, both proteins can bind to 
extracellular DNA from dying cells, reducing their specificity as NET markers14,15. Additionally, despite its 
frequent use, the application of H3Cit to quantify NETs is controversial, given that not all NETs undergo 
citrullination and that NET formation can occur without the involvement of citrullinating enzymes17.

Altogether, while these techniques have advanced our understanding of NETs in various diseases, the 
lack of standardized assays complicates quantitative comparisons, which is particularly important for 
effective patient management.

Exploring NETs Detection Techniques: 
The Gaps in Current Approaches

Nu.Q®H3.1 Assay: A Game-Changing Method for Quantifying NETs

During NETs formation, neutrophils release 
their chromatin to capture and neutralize a 
wide range of pathogens. In cells, including 
neutrophils, chromatin consists of DNA wrapped 
around histone proteins, forming altogether 
the nucleosomes. To investigate the putative 
spatial relationship between NETs and H3.1-
nucleosomes, we performed immunostaining 
targeting the histone variant H3.1, the H3Cit, and 
the nucleosome in the NETs extrudate produced 
in vitro using PMA induction in the DMSO-
dHL-60 model, a differentiated neutrophil-like cell 
system. The immunostaining revealed that DNA 
staining (DAPI), histone H3.1, histone H3Cit, and 
nucleosome signals colocalize in extruded NETs 
released from DMSO-dHL-60+PMA cells (Figure 
1 A-B). Additionally, we noticed that DNA staining 
(DAPI), H3.1, and H3Cit do not entirely colocalize 
within all the NETs structure, with about 50% of the 
extrudate remaining unlabeled by the H3Cit marker 
(Arrow, Figure 1B). This implies that H3Cit might 
not be expressed across all NET structures and that 
H3.1-nucleosome could provide a superior method 
for tracking all NET structures with increased 
precision and reliability.

A

Figure 1. Immunostaining reveals the presence of H3.1-nucleosomes within NETs from PMA treated HL-60 cells. Neutrophil-like DMSO-
differentiated HL-60 cells treated with PMA were stained with anti- histone H3.1 (A and B; Green), anti-nucleosome (A, purple) or anti-H3Cit (B, 
purple) antibodies. DNA and membranes were stained with DAPI (blue) and Cell MaskTM Orange (orange-red), respectively. DMSO, dimethyl 
sulfoxide; PMA, phorbol 12-myristate 13-acetate18.

B

Cell Mask Orange; DAPI; Anti-H3.1; Anti-nucleosome

Cell Mask Orange; DAPI; Anti-H3.1; Anti-H3Cit



To address this need, we developed and analytically validated, following CLSI guidelines, an automated 
chemiluminescent immunoassay (ChLIA), Nu.Q®H3.1, designed for the robust quantitative measurement  
of circulating H3.1-nucleosomes in K2EDTA plasma samples. This fully automated sandwich assay 
employs an anti-histone H3.1 antibody in capture on the solid phase, consisting of magnetic particles, 
combined with a conformational anti-nucleosome antibody coupled with acridinium ester molecules in 
detection. The analytical validation of this assay confirms that this innovative Nu.Q®H3.1 immunoassay 
delivers highly specific and precise quantification of H3.1-nucleosome in human K2EDTA plasma 
samples, unlocking new opportunities for researchers including the clinical research18.

Then, to evaluate the assay’s ability to detect H3.1-nucleosomes associated with NETosis, we employed 
an ex vivo NETs model19. In this model, human whole blood was treated with PMA, to activate the 
NETosis, or vehicle and incubated at 37°C with rotation for various time points ranging from 0h to 
6h. The plasma was subsequently isolated by centrifugation and the level of H3.1-nucleosome was 
measured using the Nu.Q®H3.1 immunoassay in parallel to the SYTOX Green signal, a cell-impermeant 
dye that exhibits green fluorescence upon binding to DNA released from neutrophils20. By monitoring 
NETs release using the SYTOX Green signal, Nu.Q®H3.1 assay revealed a strong correlation with DNA 
release and H3.1-nucleosome levels after PMA induction (Figure 2). This highlights the utility of Nu.Q® 
H3.1 as an outstanding NETs marker, positioning it as an invaluable  clinically tool for tracking neutrophil 
extracellular trap formation.

Figure 2. Ex vivo NETs model where human whole blood was treated with 500nM of PMA to induce NETosis, with vehicle used as a 
control.  Comparison between SYTOX green and Nu.Q® H3.1 where the SYTOX signal is plotted on the left axis as relative fluorescence 
unit (RFU) for the control (gray) and 500 nM PMA (red) and Nu.Q® H3.1 signal on the right axis as ng/mL for control (black bars) and 500 nM 
PMA (blue bars) at each time point19.
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Sepsis is a critical condition where the body’s immune response to infection causes widespread 
inflammation and organ failure, often resulting in septic shock21. COVID-19, a viral infection caused by 
SARS-CoV-2, has been identified as a viral septic pulmonary infection causing widespread inflammation 
and immune system dysfunction, which can ultimately lead to multi-organ failure and death22. Both 
diseases are linked to excessive NETs formation, which contributes to inflammation and tissue 
damage23, 24. To assess the level of H3.1-nucleosomes as a biomarker for NETs in Sepsis and COVID-19, 
we tested our innovative Nu.Q® H3.1 assay on a clinical cohort composed of 48 control subjects 
in comparison to critical COVID-19 (n=22) or septic shock subjects (n=46) (Figure 3A). A significant 
elevation in H3.1-nucleosome levels was detected in critical COVID-19 and septic patients relative to 
control subjects. Since the Sequential Organ Failure Assessment (SOFA) score reflects the progression 
of organ failure in sepsis, with higher scores indicating greater dysfunction, we evaluated our Nu.Q® 
H3.1 assay in a cohort of sepsis patients, comparing its performance to the free citrullinated histone 

Case studies showcasing the impact of our breakthrough 
Nu.Q® H3.1 assay for monitoring NETs in clinical samples



Nu.Q® H3.1 assay is a powerful, automated 
immunoassay that is analytically robust, requiring 
only 50 µL of plasma, and is designed for ease 
of use. This innovative tool has substantial 
potential for NETs-related pathologies, enabling 
clinicians to identify and stratify patient risk 
more accurately than with current methods. 
Unlike the free H3Cit assay, which fails to express 
across all NET structures and does not support 
the stratification of organ dysfunction in sepsis, 
Nu.Q® H3.1 offers a more complete and accurate 
monitoring solution of NETs. Altogether, this 
breakthrough technology not only sets a new 
standard in NETs diagnostics but also holds 
the potential to revolutionize patient care, 
offering unparalleled precision in monitoring 
and stratifying risk, and ultimately transforming 
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outcomes in critical conditions like sepsis. 
Complementing this, we have also developed 
a citrullinated histone H3 (Nu.Q® H3Cit) 
assay, following the same rigorous analytical 
development based on CLSI guidelines. This 
Nu.Q® H3R8Cit assay enables robust quantitative 
measurement of citrullinated nucleosomes in 
K2EDTA plasma samples. It complements our 
existing assay portfolio by providing specificity 
for H3Cit-mediated NET formation or serving 
as a reliable comparator for studies aiming to 
delineate specific mechanisms of NET formation, 
thereby facilitating nuanced understanding and 
monitoring of NET-related conditions.
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Figure 3. A) Levels of circulating H3.1-nucleosomes (expressed as ng/mL) in control Donors (n=48), septic shock (n=46) and critical 
COVID-19 (n=22) populations. Circulating H3.1-nucleosomes (B) and free citrullinated histone (H3Cit) (C) concentration in sepsis subjects 
according to the SOFA score. Boxes represent 25th–75th percentile with median. Whiskers represent min to max variation. Squares 
represent patients with a thromboembolic event, and non-transparent symbols represent dead patients. *, *** and **** represent p-values ≤ 
0.05, p<0.001 and ≤0.0001, respectively25.

(H3Cit) quantification. We observed a significant increase in our Nu.Q® H3.1 biomarker, which directly 
correlates with the SOFA score, offering a powerful tool for assessing sepsis severity (Figure 3B). In 
contrast, the H3Cit test showed no significant variation across different SOFA strata (Figure 3C)25. Given 
its robustness, analytically reliable performances, and strong correlation with disease severity, our Nu.Q® 
H3.1 test is the ideal choice for clinicians aiming to improve patient outcomes in NETs-related diseases, 
such as sepsis.
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