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binding to neutrophil DNA, thus protecting it from degrada-
tion by the nuclease. In good correlation to these data, the 
cationic AMPs human beta defensin-3 and human neutro-
phil peptide-1 showed similar protection of neutrophil-de-
rived DNA against nuclease degradation. In conclusion, this 
study demonstrates a novel role of AMPs in host immune 
defence: beside its direct antimicrobial activity against vari-
ous pathogens, cationic AMPs can stabilise neutrophil-de-
rived DNA or NETs against bacterial nuclease degradation. 

 © 2014 S. Karger AG, Basel 

 Introduction 

 Classically, two strategies by which neutrophils serve 
as a first line of defence against invading pathogens are 
understood: the secretion of antimicrobial peptides (de-
granulation) and the engulfment of bacteria (phagocyto-
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 Abstract 

 Neutrophil extracellular traps (NETs) have been described as 
a fundamental innate immune defence mechanism. They 
consist of a nuclear DNA backbone associated with different 
antimicrobial peptides (AMPs) which are able to engulf and 
kill pathogens. The AMP LL-37, a member of the cathelicidin 
family, is highly present in NETs. However, the function of 
LL-37 within NETs is still unknown because it loses its antimi-
crobial activity when bound to DNA in the NETs. Using im-
munofluorescence microscopy, we demonstrate that NETs 
treated with LL-37 are distinctly more resistant to  S. aureus  
nuclease degradation than nontreated NETs. Biochemical 
assays utilising a random LL-37-fragment library indicated 
that the blocking effect of LL-37 on nuclease activity is based 
on the cationic character of the AMP, which facilitates the 
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sis)  [1, 2] . More recently, Brinkmann et al.  [3]  character-
ised neutrophil extracellular traps (NETs) as a novel ad-
ditional antimicrobial function of these specialised 
leukocytes. NET formation (NETosis) can be activated by 
pathogens, such as bacteria, pro-inflammatory cytokines 
or different substances like LPS, M protein-fibrinogen 
complexes or phorbol 12-myristate 13-acetate (PMA)  [4] .

  The backbone of NETs is nuclear DNA, as nuclease 
treatment results in the disruption of their structure  [5] . 
As a mechanism of innate immune evasion, nucleases se-
creted by Gram-positive bacterial pathogens such as 
group A streptococci (GAS) , Streptococcus pneumoniae 
 and  Staphylococcus aureus  degrade NETs to promote 
neutrophil resistance and the spread of infection in vivo 
 [6–9] .

  Besides DNA, NETs are comprised of histones, sev-
eral granule proteins and antimicrobial peptides (AMPs), 
such as the cationic pro-inflammatory peptide cathelici-
din LL-37  [10–12] . Human LL-37 is a member of the cat-
helicidin family of mammalian cationic AMPs. It derives 
its name from the amino acid sequence (37 amino acids) 
starting with two leucine residues. It gains antimicrobial 
activity after maturation through cleavage of the protein 
hCAP-18 by the serine protease proteinase 3 and adop-
tion of the alpha-helical, amphipathic configuration of 
the mature peptide  [13] . LL-37 is constitutively expressed 
in neutrophils  [14] , mast cells, natural killer cells and ep-
ithelial cells; during infection it can also be expressed by 
keratinocytes. During inflammatory responses, the ex-
pression of LL-37 is increased several-fold  [15] .

  Previous studies have observed a correlation between 
bacterial resistance to LL-37 killing and NET-mediated 
killing  [16, 17] . Consequently, it was inferred that the 
high local concentration of LL-37 in NETs could be a crit-
ical contributor to the antimicrobial activity of the NETs 
 [16, 17] . However, Weiner et al.  [18]  showed that LL-37 
can lose its antimicrobial activity when bound to DNA. 
Thus, even though LL-37 is found within NETs, its pre-
cise function here remains unclear. The goal of this study 
was to investigate its role in NET formation and stability.

  Methods 

 Isolation of Neutrophils and Neutrophil-Derived DNA 
 Primary blood-derived neutrophils were isolated from fresh 

blood of healthy donors by density gradient centrifugation using 
PolymorphPrep TM  (Progen Biotechnik) as previously described 
 [19] . DNA was isolated with the NucleoSpin Blood TM  kit
(MACHEREY-NAGEL) according to the manufacturer’s recom-
mendation. For in vitro NET assays, the cells were seeded on poly-

L-lysine-coated glass slides in 24-well plates at a concentration of 
5 × 10 5  cells/well (250 μl/well) or on 48-well plates at a concentra-
tion of 2 × 10 5  cells/well (100 μl/well). RPMI without phenol red 
was used for cultivation of the cells at 37   °   C and 5% CO 2 .

  Bacterial Strains and Nucleases 
  S. aureus  nuclease (micrococcal nuclease, MN) was purchased 

from CellSystems (Troisdorf, Germany). Recombinant EndA 
H160G (10 n M ) in combination with 20 m M  Tris, 5 m M  MgCl 2  
and 50 m M  imidazole (pH 8) was used as previously described 
 [20] . We used a panel of nuclease  (nuc) -deficient mutants and 
nuclease-producing control strains of  S. aureus  USA300 LAC 
strain:  S. aureus  LAC wild-type (WT) empty vector control (WT 
+ pCM28),  nuc -mutant empty vector control ( nuc  + pCM28) and 
complemented mutant strain   ( nuc  + pCM28 nu c)  [9] . Further-
more, the following three different nuclease-producing GAS 
strains isolated from infected patients in Portugal were used: 
2004V0695P ( emm  type 1, GAS 1), SH1131A ( emm  type 1, GAS 
2) and 2003V1350P ( emm  type 4, GAS 3)  [21] . The GAS were 
grown in Todd-Hewitt broth and the  S. aureus  in brain-heart
infusion broth up to the mid-log growth phase, centrifuged at 
3,000  g  for 10 min, and then 1 ml of the supernatant was sterile-
filtered with a 0.4-μm filter and transferred to a new reaction tube. 
These supernatant samples were stored at –20   °   C until further use 
in DNA degradation assays.

  NET Degradation by S. aureus Nuclease 
 For NET induction, neutrophils were stimulated with 25 n M  

PMA in the presence or absence of 40 μg/ml aprotinin (Sigma) and 
incubated for 4 h at 37   °   C 5% and CO 2 . Next, LL-37 was added to 
a final concentration of 5 μ M  to each well followed by incubation 
for 30 min. Finally, 50 μl MN from  S. aureus  was added to obtain 
a final concentration of 0.01 U/ml per well after which the plate 
was incubated for 1 h at 37   °   C and 5% CO 2 . Cells were fixed with 
4% PFA and NETs were visualised as described below.

  Visualisation of NETs 
 Fixed cells were washed 3 times with PBS, permeabilised and 

blocked with 2% BSA in 0.2% Triton X-100/PBS for 45 min at 
RT. Incubation with a mouse monoclonal anti-H2A-H2B-DNA 
complex (clone PL2–6)  [22] , 0.5 μg/ml in 2% BSA in 0.2% Triton 
X-100/PBS) was carried out overnight at 4   °   C, followed by wash-
ing (3 times with PBS) and subsequent incubation with an Al-
exa-Fluor-488-labelled goat-anti-mouse antibody for 45 min at 
RT. After washing, slides were mounted in ProlongGold ®  anti-
fade with DAPI (Invitrogen) and analysed by confocal fluores-
cence microscopy using a Leica TCS SP5 microscope with an 
HCX PL APO 40× 0.75–1.25 oil immersion objective. Settings 
were adjusted with control preparations using an isotype control 
antibody. For each preparation, three randomly selected images 
were acquired and used for the quantification of the NETs. Data 
were expressed as area covered with NETs. The mean value de-
rived from 6 images for each condition per experiment was used 
for statistical analysis.

  Immunostaining of LL-37 
 Immunostaining of LL-37 was performed using a similar pro-

tocol to that described above for the visualisation of NETs. A poly-
clonal rabbit-anti-LL-37 antibody was used at a final concentra-
tion of 1.6 μg/ml  [23] . Subsequently, samples were incubated with 
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Alexa-Fluor-488 goat-anti-mouse and goat-anti-rabbit antibody 
(both 1:   1,000; Invitrogen), respectively. Again, microscope set-
tings were adjusted with control preparations using respective iso-
type control antibodies.

  Entrapment Assay 
 The entrapment assay was performed as previously described 

 [9] . Briefly, NET-producing neutrophils incubated in the presence 
or absence of LL-37 for 30 min (as described above) were infected 

with FITC-labelled  S. aureus  USA300 LAC strain for 30 min. Per-
centage of entrapment was calculated compared to total amount 
of surviving CFU under the respective conditions in the presence 
or absence of LL-37.

  Negative Staining and Transmission Electron Microscopy 
 Human primary blood-derived neutrophils were isolated and 

treated as described above.   The binding between LL-37 and DNA 
from neutrophil NETs was visualised by negative staining and 

PMA PMA + MN

PMA + MN + LL-37 PMA + MN + apr

Gold-labelling of LL-37

0

c

Ar
ea

 o
f N

ET
s 

(p
ix

el
s 

pe
r i

m
ag

e)

PMA PMA + MN PMA + MN
+ LL-37

PMA + MN
+ aprotinin

*

***
***

***

10,000

20,000

30,000

40,000

50,000

160,000

180,000

200,000

Co-staining of DNA and LL-37

a
b

d

  Fig. 1.  LL-37 protects NETs against degradation by  S. aureus  nucle-
ase. Confocal immunofluorescence ( a ) and electron micrograph 
( b ) of structures, e.g. NETs and nanoparticles released by PMA-
activated neutrophils which are associated with a high amount of 
LL-37. Bar: 8 μm ( a ), 100 nm ( b ).  c  Human blood-derived neutro-
phils were stimulated with 25 n M  PMA for 4 h to induce 100% NET 
formation. Aprotinin (40 μg/ml) was used to block formation of 
endogenous active LL-37. The NETs were then treated with 0.01 
U/ml  S. aureus  nuclease (MN) in the presence or absence of exter-

nally added LL-37 (5 μ M ).  d  Representative fluorescent micro-
graphs displaying the results of the column bar graph ( c ). Bars: 50 
μm. NETs were visualized using an Alexa 488-labelled antibody 
against H2A-H2B-DNA complexes (green) in combination with 
DAPI to stain the nuclei in blue. The area covered with NETs was 
quantified using Image J. The graph represents the mean ± SEM of 
a minimum of 18 images derived from 3 independent experiments. 
 *  p < 0.05,  *  *  *  p < 0.001 by t test. 
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electron microscopy as previously described  [24] . LL-37 was con-
jugated with 5 nm colloidal gold particles according to routine pro-
tocols  [25] . LL-37-Au conjugates were incubated with DNA for 30 
min at RT and negatively stained with 0.75% uranyl formate. Spec-
imens were examined under a Philips/FEI CM100 BioTwin trans-
mission electron microscope (×100,000).

  DNA Degradation Assay with DNA-Intercalating Dyes 
 The Quant-iT TM  PicoGreen ®  dsDNA reagent and SYTOX ®  

Green nucleic acid stain (Invitrogen) were used to measure degra-
dation of host DNA. Calf thymus DNA (Sigma) or blood-derived 
neutrophil DNA at a final concentration of 5 μg/ml was added to 
a pureGrade TM  black 96-well BRANDplate. Next, LL-37 (final con-
centration: 5 μ M ) and MN (final concentration: 100 U/ml) or the 
bacterial supernatants were added. The plate was incubated for
1 h at 37   °   C. Quant-iT PicoGreen dsDNA reagent or SYTOX Green 
nucleic acid stain was then added as recommended by the manu-
facturer. Fluorescence was measured with the Optima FluoStar 
(BMG Labtech) with excitation at 485 nm and emission at 520 nm 

with optimised gain settings that were used throughout a similar 
set of experiments. Human neutrophil peptide-1 (HNP-1) and hu-
man beta defensin-3 (hBD3) (both from Anaspec), full-length LL-
37, a fragment library of 8 different LL-37 fragments with overlap-
ping sequences and varying biochemical properties  [26] , and a 
scrambled form of LL-37 (Anaspec) were used.

  Ethidium Bromide Gel 
 A total amount of 10 μg/ml calf thymus DNA was incubated 

with 5 μ M  LL-37 for 1 h at 37   °   C. Ethidium bromide (Sigma) was 
added to obtain a concentration of 0.5 μg/ml. Lastly, 6× loading 
dye was added and 20 μl of each sample was run on 1% agarose gel 
for visual examination of DNA.

  Immunodotblot Determination of LL-37 in NETs 
 Neutrophils were stimulated with 25 n M  PMA for 4 h, centri-

fuged for 5 min at 370  g  and then incubated in the presence of 0.01 
U/ml MN to degrade NETs. The supernatant was harvested before 
(released LL-37) and after nuclease treatment (LL-37 associated 
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  Fig. 2.  LL-37 protects host DNA against degradation by  S. aureus  
nuclease. Quantification of DNA and its degradation using differ-
ent DNA-intercalating dyes: PicoGreen ( a ,  b ,  d ), SYTOX Green 
( c ) and ethidium bromide ( e ) in the presence or absence of 5 μ M  

LL-37 ± 100 U/ml  S. aureus  nuclease (MN). All graphs represent 
the mean ± SEM of minimum 3 independent experiments.  *  p < 
0.05,  *  *  p < 0.005,  *  *  *  p < 0.001 by t test. 
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with NETs) and 200 μl were spotted on a PVDF membrane using 
a vacuum dotblotting system (Carl Roth). After blocking of the 
membrane in 5% non-fat dry milk in PBS-Tween (0.1% Tween 20) 
for 45 min at constant agitation, the membrane was incubated with 
0.49 μg/ml polyclonal rabbit anti-LL-37 antibody overnight at 4   °   C 
with agitation. After washing with Tween-PBS, the membrane was 
incubated with the secondary goat-anti-rabbit HRP-conjugated 
IgG (BioRad) for 45 min at RT under agitation. After subsequent 
washing, the LL-37 signal was detected using the SuperSignal ®  
West Femto maximum sensitivity substrate (Thermo Scientific) as 
recommended by the manufacturer.

  Statistical Analysis 
 Data were analysed using Excel 2003 (Microsoft) and Graph-

Pad Prism 5.0 (GraphPad software). All experiments were per-
formed at least 3 times. NET experiments were performed with 
blood from three different blood donors. Differences between the 
2 groups were analysed by using a one-tailed Student t test. The 
significance is indicated as  *  p < 0.05,  *  *  p < 0.005 and  *  *  *  p < 0.001.

  Results and Discussion 

 LL-37 Protects Host DNA and NETs against 
Degradation by Bacterial Nucleases 
 LL-37 has been shown to be associated with DNA fibres 

of NETs  [10–12] . Immunofluorescence and electron mi-
croscopy confirmed that a high amount of LL-37 is pres-
ent in NETs ( fig. 1 a, b). Four Immunodotblot experiments 
revealed that an average of 42.5 ± 12.2% of the LL-37 that 
is released by PMA-activated neutrophils is associated 
with the NET fibres. Previously, LL-37 has been shown to 
protect bacterial plasmid DNA and mammalian DNA 

against degradation by serum nucleases  [12, 27] . There-
fore, we analysed the effects of LL-37 on the stability of 
neutrophil DNA and/or NETs when treated with  S. au-
reus  nuclease. Human blood-derived neutrophils were 
treated with 25 n M  PMA for 4 h to induce NET formation 
 [5] . Subsequently, the induced NETs were treated with 
0.01 U/ml  S. aureus  nuclease in the presence or absence of 
externally added LL-37. The addition of LL-37 significant-
ly protected NETs against degradation ( fig. 1 c, d). When 
treating the cells with aprotinin to block the proteinase-
3-mediated activation of endogenous, neutrophil-derived 
LL-37  [28] , a significantly higher degree of NET degrada-
tion by  S. aureus  nuclease was detectable ( fig. 1 c, d).

  To study the effect of LL-37 on the stabilisation of host 
DNA in more detail, we adopted a biochemical assay us-
ing the fluorescent dye PicoGreen to provide a precise 
method of monitoring the nuclease activity in vitro. Pico-
Green is a sensitive fluorescent dye widely used in ana-
lytical protocols in which double-stranded DNA detec-
tion is needed  [29] . The dye associates with double-
stranded DNA through intercalation, minor-groove 
binding and electrostatic interactions, resulting in a sig-
nificant increase in fluorescence compared to the fluores-
cence of the free dye in solution  [30] . Small fragments of 
DNA (like when double-stranded DNA is treated with 
nuclease) interact only weakly with PicoGreen, resulting 
in a decrease in fluorescence.

  Correlating well with our microscopy data, the addi-
tion of LL-37 significantly protected neutrophil- and calf-
thymus-derived DNA against degradation by  S. aureus  

DAPI

Anti-histone-DNA-
complexes

Overlay

  Fig. 3.  DAPI and immunostaining of NETs. 
Confocal immunofluorescent micrograph 
of NETs. NETs were visualized using an
Alexa 488-labelled antibody against H2A-
H2B-DNA complexes (green) and with 
DAPI to stain the extra- and intracellular 
DNA in blue.                             
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nuclease and resulted in a higher fluorescence signal than 
its LL-37-free control ( fig.  2 a, b). Interestingly, LL-37 
alone decreased the PicoGreen signal, indicating that it 
binds to DNA and thereby blocks the DNA-PicoGreen 
interaction and subsequent fluorescence signal. This in-
dicated that protection of DNA against nuclease degrada-

tion was the result of LL-37-mediated sequestration of the 
DNA. This effect is concentration-dependent: the more 
LL-37 that is added to the DNA, the lower the DNA-Pi-
coGreen signal that is detected ( fig. 2 d). Similar results 
were observed with other DNA-intercalating dyes. The 
presence of LL-37 decreased the ethidium bromide signal 
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  Fig. 4.  LL-37 protects host DNA against degradation by nucleases 
derived from different Gram-positive bacteria: DNA degradation 
in the presence or absence of 5 μ             M  LL-37 by purified EndA ( a ), 
supernatants of three different GAS strains ( b ) and  S. aureus  
USA300 LAC ( c ) using PicoGreen as a marker.  c  A panel of nu-
clease  (nuc) -deficient mutants and nuclease-producing control 
strains of  S. aureus  USA300 LAC strain was used:  S. aureus  LAC 
WT empty vector control (WT + pCM28),  nuc -mutant empty vec-
tor control ( nuc  + pCM28) or complemented mutant strain   ( nuc  
+ pCM28 nu c). Electron micrograph of NETs after degradation 
with purified MN: only small left-over NET-structures that are 

decorated with gold-labelled LL-37 are visible. All NETs that are 
not decorated with LL-37 (partially seen in  fig. 1 b) have been en-
zymatically degraded and are not detectable anymore. Bar: 100 nm 
( d ). Entrapment of  S. aureus  USA300 LAC strain by NET-releas-
ing neutrophils in the presence or absence of 5 μ M  LL-37: percent-
age of entrapment was calculated compared to total amount of 
surviving CFU under the respective conditions in the presence or 
absence of LL-37 ( e ). All graphs represent the mean ± SEM of a 
minimum of 3 independent experiments.  *  p < 0.05,  *  *  p < 0.005 
by t test.       
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in an agarose gel-based DNA detection system ( fig. 2 e) 
and DNA detection with the fluorescent dye SYTOX 
Green using a fluorimeter ( fig. 2 c). LL-37 thus interferes 
with DNA-intercalating dyes and so this might not be the 
method of choice to visualise NETs. A DNA-intercalating 
dye like DAPI is not efficient enough to visualise the com-
plete structure of a NET ( fig. 3 ). In contrast, an antibody-
mediated method, e.g. an antibody against histone-DNA 
complexes as it was used here, gives a more complete im-
age of the structure of the NETs.

  Despite the interference by LL-37 of the PicoGreen 
signal, the assay was still sensitive enough to determine 
the degradation of DNA by bacterial nucleases and its 
protection by LL-37 ( fig. 2 a–c). Next, we determined if 
LL-37 was also able to protect the DNA against degrada-
tion by nucleases derived from other bacterial species. It 

was able to protect the DNA against degradation by puri-
fied EndA from  S. pneumoniae  ( fig.  4 a), by nucleases 
from three different nuclease-producing GAS strains 
( fig.  4 b) and by the prototype community-acquired 
MSRA (methicillin-resistant  S. aureus ) strain, USA300 
LAC ( fig. 4 c). In this experiment, the supernatant of an 
isogenic nuclease mutant strain  (nuc)  was used as a nega-
tive control. In the absence of LL-37, the supernatant of 
the nuclease-producing WT MRSA strain showed signif-
icantly greater DNA degradation than that of the nucle-
ase-deficient strain. In the presence of LL-37, the nuclease 
activity was blocked and all supernatants yielded similar 
DNA levels ( fig. 4 c).

  We demonstrated a novel role of the AMP LL-37, i.e. 
the protection of neutrophil DNA and NETs against deg-
radation by bacterial nucleases. Accordingly, an electron 
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chemical characteristics of LL-37, LL-37 fragments, scrambled LL-
37 (Scr. LL-37), hBD-3 and HNP-1. Quantification of DNA-deg-
radation by 100 U/ml                S. aureus  nuclease (MN) in the presence or 

absence of 5 μ                           M  LL-37, LL-37 fragments, scrambled LL-37 ( b ) or 
5 μ M  HNP-1 and hBD-3 ( c ,  d ). All graphs represent the mean ± 
SEM of minimum 3 independent experiments.  *  p < 0.05,  *  *  p < 
0.005 by t test.       

Peptide Sequence Charge % α-helicity Cationicity Hydrophobicity

LL-37 LL GDFFRKSK EKIGKEFKRI VQRIK DFLRN LVPRTES 6 68.6 100 100.0
LL-31 LL GDFFRKSK EKIGKEFKRI VQRIK DFLRN L 6 60.9 86.4 101.3
LL-25 LLGDFFRKSK EKIGKEFKRI VQRIK 6 65.8 63.1 69.1
LL-19 LLGDFFRKSK EKIGKEFKR 4 39.8 50.2 59.6
IG-25 IGKEFKRI VQRIKDFLRN LVPRTES 4 41.0 65.4 89.6
IG-19 IGKEFKRI VQRIKDFLRN L 4 32.7 60.7 92.5
RK-25 RKSK EKIGK EFKRI VQRIK DFLRN L 7 53.7 78.9 85.1
RK-19 RKSK EKIGKEFKRI VQRIK 7 25.5 67.8 52.6
hBD-3 GIINTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKK 11 unknown unknown unknown
HNP-1 ACYCRIPACIAGERRYGTCIYQGRLWAFCC 3 unknown unknown unknown

a Scr. LL-37 GLKLRFEFSKIKGEFLKTPEVRFRDIKLKDNRISVQR 6 unknown unknown unknown
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micrograph of NETs after degradation with purified and 
highly concentrated MN revealed shortened left-over 
NET structures decorated with gold-labelled LL-37 
( fig. 4 d). All parts of the NETs that had not been deco-
rated with LL-37 ( fig. 1 b) were enzymatically degraded 
and were no longer visible. Importantly, a functional as-
say analysing the entrapment of MRSA USA300 LAC in 
the presence or absence of LL-37 revealed a distinct (p = 
0.05) increase of entrapment of surviving CFU in the 
presence of 5 μ M  of LL-37. Thus, LL-37 might not only 
efficiently kill bacteria  [31]  or increase the antimicrobial 
activities of neutrophils  [32]  as previously shown, but also 
enhance NET-mediated entrapment and the subsequent 
immobilization of bacteria.

  The Positive Overall Charge of LL-37 Is Responsible 
for LL-37-Mediated Stabilisation of Host DNA against 
Bacterial Nucleases 
 With our next experiments, we aimed to determine the 

biochemical features that cause LL-37-mediated protec-
tion of host DNA against bacterial nuclease degradation. 
The PicoGreen assay was conducted using the library of 
LL-37 fragments with overlapping sequences ( fig. 5 a) and 
a scrambled form of the peptide with the same amino acid 
composition serving as a control. In addition to the full-
length LL-37 peptide, fragments LL-31 and RK-25 were 
able to stabilise the DNA ( fig. 5 b). A statistical analysis 
using the Pearson correlation test confirmed that the cat-
ionicity correlates with the ability to protect the DNA 
against nuclease degradation.

  To verify that cationicity is involved in the phenome-
non of DNA stabilisation, two other well-characterised 
human cationic AMPs, HNP-1 and hBD-3, were tested in 
an identical assay. Both peptides significantly diminished 

DNA degradation by  S. aureus  nuclease; however, neither 
peptide protected the DNA against nuclease degradation 
to the degree afforded by LL-37 ( fig. 5 c, d). These data 
imply that a cocktail of different host-derived cationic 
peptides may function in concert to stabilise NETs against 
bacterial nucleases.

  Conclusions 

 We showed that LL-37 protected NETs, purified neu-
trophil DNA and calf thymus DNA against degradation 
mediated by nucleases derived from bacterial pathogens 
including  S. aureus ,  S. pneumoniae  and GAS. Nuclease 
production by these pathogens can protect against NET-
mediated entrapment and immobilisation in  S. pneu-
moniae  as well as NET-mediated bacterial killing in GAS 
and  S. aureus   [6–9] . However, residual NETs can still be 
detected in the tissue of mice infected with nuclease-pro-
ducing bacteria, as shown for  S. aureus   [9] , indicating an 
incomplete degradation by bacterial nucleases   in vivo 
based on a stabilisation by host factors.

  The abundance of the cathelicidin AMP within NETs 
may not be an accidental by-product of simultaneous
NETosis and degranulation but may reflect an integral 
role of the peptide in NET formation and longevity.
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