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ABSTRACT

Objective Beyond reducing inflammation and troponin

T (TnT) release, the interleukin-6 receptor antagonist
tocilizumab reduces neutrophil counts in patients with
non-ST segment elevation myocardial infarction (NSTEMI).
It is unclear if this is related to formation of neutrophil
extracellular traps (NETS), carrying inflammatory and
thrombotic properties.

Methods In a placebo-controlled trial, 117 patients with
NSTEMI were randomised to a single dose of tocilizumab
(n=58) or placebo (n=59) before coronary angiography.
The NETSs related markers double-stranded DNA (dsDNA),
myloperoxidase—DNA (MPO-DNA) and citrullinated histone
3 (H3Cit) were measured at five consecutive time points
during hospitalisation (days 1-3).

Results Our major findings were: (1) H3Cit levels were
significantly higher in the tocilizumab compared with the
placebo group at all time points (all p<0.05), and H3Cit
area under the curve (AUC) was 2.3 fold higher in the
tocilizumab compared with placebo group (p<0.0001). (2)
MPO-DNA and dsDNA did not differ between the groups.
(3) In both treatment arms, dsDNA AUC was associated
with TnT AUC. (4) Neutrophil count AUC correlated
inversely to H3Cit AUC (p=0.015) in the total population.
Conclusions In patients with NSTEMI, treatment with
tocilizumab is associated with increased circulating H3Cit
levels, suggesting that tocilizumab enhances NETosis.
Further studies should clarify whether NETosis is a relevant
side effect of tocilizumab. Regardless of tocilizumab,
dsDNA associated with TnT release, indicating a link
between extracellular nuclear material and myocardial
injury.

INTRODUCTION

The clinical benefit of inhibiting inflamma-
tory mediators in coronary artery disease
(CAD) has recently been demonstrated
in clinical trials,’ * and the inflammatory
pathway from interleukin-1 (IL-1) to IL-6 and
C reactive protein (CRP) has been identified
as a central axis.® In 2016, we reported that a
single dose of the IL-6 receptor (IL-6R) antag-
onist tocilizumab attenuated the inflamma-
tory response, as assessed by CRP, in patients
with non-ST segment elevation myocardial

Key questions

What is already known about this subject?

» Administration of the interleukin-6 receptor antag-
onist tocilizumab has recently been demonstrated
to attenuate inflammation and troponin T release in
patients with non-ST segment elevation myocardial
infarction. In tocilizumab-treated patients, a dra-
matic reduction in circulating neutrophils has been
observed. On neutrophil activation, neutrophil chro-
matin studded with neutrophil proteins can be relat-
ed in to the extracellular space and form neutrophil
extracellular traps (NETs). Any effect of interleukin-6
receptor antagonism on NETs formation is unclear.

What does this study add?

» Treatment with tocilizumab is associated with in-
creased circulating markers of NETs, suggesting
that interleukin-6 receptor antagonism might en-
hance NET formation.

How might this impact on clinical practice?

» Further studies should clarify if NETosis is a relevant
side effect of tocilizumab treatment in patients with
non-ST segment elevation myocardial infarction.

infarction (NSTEMI). Circulating troponin
T (TnT) was reduced, particularly in patients
who underwent percutaneous coronary
intervention (PCI).* In patients treated with
tocilizumab, we observed a significant fall in
circulating neutrophils. The implication of
this finding was, however, not further inves-
tigated.

During activation, neutrophils are able to
expel parts of their nuclear content deco-
rated with a range of cytoplasmatic and gran-
ular proteins into the extracellular space to
form spindle-like structures called neutro-
phil extracellular traps (NETs).” During
NETs formation, or NETosis, an important
event preceding chromatin decondensation
is citrullination of specific amino acids. The
resultant citrullinated histones are regarded
as relatively specific markers of NETs, as are
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complexes of double-stranded DNA (dsDNA) and the
neutrophil granule protein myeloperoxidase (MPO-
DNA complexes). Extracellular dsDNA has also widely
been used as a marker of NETs, although its specificity is
questionable in the context of non-neutrophil cell death.
Whereas NETs seem to have beneficial antimicrobial
properties, they have also been reported to be prothrom-
botic and cytotoxic.® 7 A prothrombotic NETs pheno-
type has repeatedly been shown in coronary thrombi
from patients with acute myocardial infarction (MI)*"°
and is associated with myocardial injury as measured by
troponin levels and MRL'" 2

As NETs have been suggested as stimulators of the IL-1/
IL-6 inflammatory axis,” and potential also vice versa, we
hypothesised that the anti-inflammatory and potentially
cardioprotective effect of tocilizumab in patients with
NSTEMI could be mediated through reduced NETosis.
In this study, we aimed to explore whether treatment with
tocilizumab affected circulating markers of NETs. We
also assessed whether these markers were associated with
myocardial injury as assessed by Tn'T.

MATERIALS AND METHODS

Study design

Details of the study design have been published previ-
ously.4 In brief, this randomised, double-blind, placebo-
controlled trial was designed to evaluate the effect of
a single dose of the anti-IL-6R antibody tocilizumab in
NSTEMI. The trial was conducted at two high-volume PCI

centres in Norway. Patients between 18 and 80 years with
NSTEMI who were scheduled for coronary angiography
were eligible for inclusion. Exclusion criteria included
significant non-CAD cardiac disease, clinical instability,
medications or diseases affecting inflammation, contrain-
dications to tocilizumab, or any other condition that
could interfere with protocol adherence. Patients were
randomised in a 1:1 fashion to receive a single intrave-
nous infusion of tocilizumab 280 mg or placebo prior to
coronary angiography.

Patient and public involvement

It was not appropriate or possible to involve patients or
the public in the design, or conduct, or reporting, or
dissemination plans of this study.

Blood sampling protocol

Blood samples were drawn at five time points during hospi-
talisation (day 1: baseline and evening, day 2: morning
and evening, day 3: morning), and again after 3 months.
Peripheral venous blood was drawn into endotoxin-
free blood collection tubes with EDTA as anticoagulant
(plasma) and with no additives (serum). The EDTA tubes
were immediately placed on melting ice and centrifuged
within 30 min at >2500gfor 20 min to obtain platelet-poor
plasma. Serum was centrifuged at >2100g for 15 min after
full coagulation (~45min) at room temperature. Imme-
diately following centrifugation, the plasma and serum
were frozen and stored at —-80°C in multiple aliquots until
analyses.

Table 1 Baseline characteristics of the total study population and according to the randomised groups

Total population (n=117)

Placebo (n=59) Tocilizumab (n=58) P value

Age, years, mean (SD) 60 (8.9)

Female, n (%) 14 (12.0)
Body mass index, kg/m?, mean (SD) 28.1(4.0)
Hypertension, n (%) 43 (36.8)
Diabetes mellitus, n (%) 21(17.9)
Current smoking, n (%) 32 (27.6)
Previous myocardial infarction, n (%) 16 (13.7)

Symptom onset to inclusion, days, median (25, 75 2(1,3
percentiles)

Maximum TnT, ng/L, median (25, 75 percentiles)

271 (134, 935)

PCl, n (%) 88 (75.2)
Aspirin, n (%) 116 (99.1)
Clopidogrel, n (%) 64 (54.7)
Ticagrelor, n (%) 53 (45.3)
Low molecular weight heparin, n (%) 105 (90.5)
Statin, n (%) 106 (90.6)
Betablocker, n (%) 90 (76.9)
Neutrophil count, 10%L, median (25, 75 percentiles) 4.8(3.4,6.1)

60.1 (9.9) 59.8 (7.7) 0.859
5 (8.5) 9 (15.5) 0.241
27.4 (4.4) 28.8 (3.3) 0.055
17 (28.8) 26 (44.8) 0.072
10 (16.9) 11(19) 0.776
17 (28.9) 15 (26.3) 0.763
7(11.9) 9(15.5) 0.565
2(1,3) 2 (2,3.5) 0.197
271 (143, 800) 315 (134, 1064) 0.867
47 (79.7) 41(70.7) 0.261
59 (100) 57 (98.3) 0.496
32 (54.2) 32 (55.2) 0.919
27 (45.8) 26 (44.8) 0.919
54 (91.5) 51 (89.5) 0.706
53 (89.8) 53 (91.4) 0.774
45 (76.3) 45 (77.6) 0.866
45(3.4,6.0) 5.1(3.4,6.4) 0.471

Numbers are given as mean (SD), median (25, 75 percentiles) or numbers (%), as appropriate.

P value refers to difference between the placebo and tocilizumab groups.

PCI, percutaneous coronary intervention; TnT, troponin T.
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Laboratory analyses

Citrullinated histone 3 (H3Cit) was analysed by a
commercial sandwich ELISA kit (Cayman Chemical, Ann
Arbor, Michigan, USA) and performed according to the
manufacturer. Serum in dilution 1:2 in ELISA buffer was
used. Intra-assay and inter-assay coefficients of correla-
tions (CVs) were 6.2% and 8.3%, respectively. MPO-DNA
complexes were assessed in undiluted serum, using an
ELISA technique previously described by Kessenbrock et
al.” Briefly, the capture antibody anti-MPO (AbD Serotec,
Hercules, California, USA) was coated to plates and
incubated overnight at 4°C. After blocking with bovine
serum albumine, patient samples and a peroxidase-
labelled anti-DNA antibody (Cell Death Detection Kkit,
Roche Diagnostics GmbH, Mannheim, Germany) were
added. Finally, a peroxidase substrate was added and
absorbance measured, expressed as optical density (OD)
units with an intra-assay and inter-assay CVs of 5.2% and
11.8%, respectively. Levels of dsDNA were measured in
EDTA plasma in dilution 1:10 in TRIS/EDTA buffer by
a fluorescent nucleic acid stain, QuantiT PicoGreen
(Invitrogen, Paisley, UK) using fluorometry (Fluoroskan
Ascent, Thermo Fisher Scientific Oy, Vantaa, Finland).
The intra-assay and inter-assay CVs were 2.4% and 6.0%,
respectively.

High-sensitivity CRP was analysed on a MODULAR
platform (Roche Diagnostics, Basel, Switzerland), and
high-sensitivity Tn'T was measured by an electrochemilu-
minescence immunoassay (ELICA; Elecsys 2010 analyzer,
Roche Diagnostics). Leucocytes with subgroups were
counted consecutively using routine methods at the
hospitals’ clinical biochemistry laboratories.

Statistics

Demographic data are given as mean (SD), median (25,
75 percentiles) or numbers (%) as appropriate. As H3Cit,
dsDNA and MPO-DNA all were unevenly distributed,
non-parametric statistics were used in analyses concerning
these markers. Group differences were analysed by the
Mann-Whitney U test, independent-samples t-test or
test as appropriate, while within group changes in the
NETs markers were analysed by the Wilcoxon’s signed
rank test. Correlation analyses were performed by Spear-
man’s rtho. The area under the curve (AUC) was calcu-
lated from the five measurements from baseline to day
3 for dsDNA, MPO-DNA, H3Cit, neutrophils and TnT.
TnT was logarithmically transformed before calcula-
tion of the AUC for consistency with the publication
of the trial’s primary endpoint. The level of statistical
significance was set to <0.05. All statistical analyses were
performed in IBM SPSS, V.26.

RESULTS

Baseline characteristics

Baseline characteristics for the total study cohort are
shown in table 1. As outlined, no significant differ-
ences according to treatment allocation were observed.
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Figure 1 NETs levels and neutrophil count in according to

treatment with tocilizumab or placebo during hospitalisation.
The figure is made using GraphPad Prism 8. Statistical test:
Mann-Whitney U test. Values are given as medians (25,

75 percentiles). *Significant difference between groups at
corresponding time points (p<0.05). "Significant difference

in change from baseline (p<0.05). dsDNA, double-stranded
DNA; MPO-DNA, myloperoxidase-DNA; NETs, neutrophil
extracellular traps.

No patients in either group underwent coronary artery
bypass grafting within the three first days of hospital
admission. In particular, neutrophil cell count did not
differ between the groups (table 1).

Markers of NETs across treatment arms

Serum levels of H3Cit increased significantly more and
were significantly higher in patients treated with tocili-
zumab than in patients treated with placebo during the
first 3days after randomisation (figure 1A). The AUC
for H3Cit was 2.3 times higher in the tocilizumab group
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Table 2 NETs marker AUCs according to time of inclusion and revascularisation by PCI or not

Inclusion time after symptom onset PCI
<2days >2days Pvalue No Yes P value

H3Cit

Placebo 9.8 (6.8,15.4) 9.9 (5.7, 22.6) 0.586 10.8 (5.4,19.9) 9.3(6.2,17.9) 0.624

Tocilizumab 21.7 (13.5,40.9) 19.2 (9.7, 40.0) 0.465 23.2(11.8, 46.9) 20.2 (10.2, 38.1) 0.556
dsDNA

Placebo 1823 (1721, 1986) 1787 (1664, 1952) 0.641 1764 (1601, 1967) 1829 (1735, 1977) 0.243

Tocilizumab 1857 (1783, 1994) 1761 (1622, 1935) 0.079 1939 (1609, 2200) 1798 (1694, 1920) 0.235
MPO-DNA

Placebo 0.911 (0.651, 1.681) 0.893 (0.665, 1.451) 0.701 1.354 (0.846,1.655)  0.777 (0.644,1.459)  0.068

Tocilizumab 1.357 (0.622, 3.046) 0.946 (0.666, 1.419) 0.270 1.035(0.620,2.902)  1.068 (0.673,1.937)  0.834

Numbers are given as medians (25, 75 percentiles).

AUC, area under the curve; dsDNA, double-stranded DNA; H3Cit, citrullinated histone 3; MPO-DNA, myeloperoxidase-DNA; NETSs,

neutrophil extracellular traps; PCI, percutaneous coronary intervention.

compared with the placebo group (9.87 vs 23.15ng/
mL-days, p<0.0001). Plasma levels of dsDNA did not
consistently differ between the treatment groups
(figure 1B). Levels of MPO-DNA did not differ between
the groups at any time (figure 1C). Moreover, the AUCs
for dsDNA and MPO-DNA did not differ significantly
between the treatment groups (tocilizumab vs placebo:
1817 vs 1823 ng/mL.-days, p=0.926 for dsDNA and 1.065
vs 0.893 OD-days, p=0.323 for MPO-DNA). Results were
unchanged when including the 3 months’ values in the
AUC calculations (data not shown).

The levels of the NETs markers had similar time profiles
when patients were stratified by time from symptom
onset to inclusion (<2days vs >2days), and by revascular-
isation by PCI (n=88) or not. Neither inclusion time nor

revascularisation by PCI affected the AUCs of the NETs
markers (table 2).

Markers of NETs and myocardial injury

dsDNA AUC correlated significantly to peak TnT in the
total population and in the placebo group, although
not in the tocilizumab group (table 3). dsDNA AUC
also correlated with TnT AUC in the total population
and in both single groups (table 3). Neither H3Cit nor
MPO-DNA AUCs correlated to peak TnT or TnT AUC
(table 3).

Markers of NETs and the neutrophil cell count
The time profile of neutrophil counts is shown in
figure 1D. As outlined in figure 1D, tocilizumab treatment

Table 3 Correlations between peak TnT, AUCs of TnT and neutrophil cell count, and NETs markers the first 3days after

randomisation

Peak TnT
Total population Placebo (n=59) Tocilizumab (n=58)
r P value r P value r P value
H3Cit AUC 0.043 0.693 -0.073 0.632 0.097 0.551
dsDNA AUC 0.35 0.001 0.444 0.002 0.226 0.161
MPO-DNA AUC —-0.166 0.134 —-0.181 0.239 -0.191 0.243
TnT AUC
H3Cit AUC 0.105 0.261 0.136 0.304 0.195 0.143
dsDNA AUC 0.412 <0.0001 0.528 <0.0001 0.309 0.018
MPO-DNA AuC -0.128 0.172 -0.159 0.234 —0.045 0.737
Neutrophil AUC
H3Cit AUC —0.226 0.015 0.203 0.123 0.023 0.865
dsDNA AUC 0.145 0.120 0.333 0.010 0.020 0.883
MPO-DNA AUC 0.013 0.887 0.023 0.862 0.128 0.345

Significant values are marked in bold.

AUC, area under the curve; dsDNA, double-stranded DNA; H3Cit, citrullinated histone 3; MPO-DNA, myeloperoxidase-DNA; NETSs,

neutrophil extracellular traps; TnT, troponin T.
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was associated with a steep fall in neutrophils. Neutrophil
counts were significantly lower in the tocilizumab group
at all measured times during hospital admission after
randomisation (p<0.0001 for all). The AUC of H3Cit, but
not those of dsDNA and MPO-DNA, correlated inversely
to the AUC of the neutrophil cell countin the total popu-
lation (table 3).

DISCUSSION

In this subanalysis of the randomised, placebo-controlled
trial on patients with NSTEMI, treatment with the anti-
IL-6R antibody tocilizumab was associated with an
increase in serum levels of H3Cit, suggesting tocilizumab
to enhance NETosis. This process did not affect circu-
lating levels of TnT. However, levels of dsSDNA were signif-
icantly associated with TnT release, regardless of tocili-
zumab treatment, suggesting a possible link between
extracellular nuclear material and myocardial injury that
is not attenuated by tocilizumab.

Opposed to our initial hypothesis, patients with
NSTEMI who were allocated to a single dose of tocili-
zumab had increased levels of H3Cit, indicating that
tocilizumab enhanced NETosis. A transient tocilizumab-
induced neutropaenia has previously been reported,
where possible mechanisms have been suggested to
include enhanced margination of circulating neutrophils
and impaired myelopoiesis.'* Apoptosis as the cause of
neutropaenia and high H3Cit levels in this cohort could
be relevant. Arguments against this include that H3Cit
is regarded specific to NETosis, that circulating levels
of H3Cit do not seem to parallel circulating markers of
apoptosis and necrosis,”” '° and, indeed, previous studies
have suggested that administration of tocilizumab does
not seem to affect neutrophil apoptosis.'* A theoretic
explanation for the findings could be that tocilizumab
stimulates neutrophil adhesion to the endothelial wall,
resulting in neutrophil/endothelial activation, triggering
NETosis. Nonetheless, our present data do not imply
that the beneficial effect of tocilizumab on TnT release
in NSTEMI patients involves impaired NETosis. In fact,
the increase in H3Cit in the tocilizumab group should be
further investigated as a potential harmful effect of this
medication.

Whereas the NETs marker levels were not associated
with TnT in the tocilizumab group, dsDNA levels in the
total cohort correlated with peak TnT and TnT AUC.
These observations are well in line with several previous
reports where circulating NETs markers, in particular
dsDNA, associate with MI size."' '* ' The underlying
pathophysiology for this association is unclear. Previous
reports indicate NETs participation in ischaemia reper-
fusion injury and direct cytotoxic effects of extracellular
histones as possible pathways.'"™*' Whether dsDNA is a
potent NETs surrogate marker and not merely a marker
of cardiomyocyte cell death is still unanswered, thus
these correlations should be interpreted with some
caution. First, there was no overall difference in dsDNA

between the two treatment groups. Moreover, the asso-
ciation between peak TnT and dsDNA was only seen in
the placebo group and was not related to PCI. Nonethe-
less, these data also underscore that the effect of tocili-
zumab and its clinical consequences should be further
investigated.

Our study has several limitations. First, the number of
patients and the infarct sizes were modest. Second, the
time from symptom onset to the administration of the
study drug varied. Third, the inconsistent observations
for the three investigated markers of NETs underscore
the ongoing discussion and strive to map specific circu-
lating surrogate markers of NETs. Currently, there is no
consensus on this matter. Finally, we have reported on
associations, not causal relationships. Whether neutro-
phils exposed to tocilizumab induce NETs in the setting
of NSTEMI was not investigated in the current study, but
will be an important follow-up of our findings.

CONCLUSION

Administration of a single dose of the IL-6R antagonist
tocilizumab in this cohort of NSTEMI patients associ-
ated with increased circulating levels of the NETs marker
H3Cit, suggesting that tocilizumab might enhance
NETosis. Although this observation was not associated
with myocardial injury as measured by TnT, further
studies should clarify if NETosis is a side effect of tocili-
zumab that has clinical relevance in patients with MI.
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