N
N

N

HAL

open science

Analysis of the association of MPO and MMP-9 with
stroke severity and outcome

[laria Maestrini, Madjid Tagzirt, Sophie Gautier, Annabelle Dupont,

Anne-Marie Mendyk, Sophie Susen, Anne Tailleux, Emmanuelle Vallez, Bart
Staels, Charlotte Cordonnier, et al.

» To cite this version:

Ilaria Maestrini, Madjid Tagzirt, Sophie Gautier, Annabelle Dupont, Anne-Marie Mendyk, et al..
Analysis of the association of MPO and MMP-9 with stroke severity and outcome. Neurology, 2020,

95 (1), 10.1212/WNL.0000000000009179 . hal-04373312

HAL Id: hal-04373312
https://hal.science/hal-04373312v1

Submitted on 4 Jan 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04373312v1
https://hal.archives-ouvertes.fr

Analysis of the association of MPO and MMP-9 with stroke severity and outcome:

Cohort study
Running head title: plasma biomarkers and neutrophils in stroke

llaria Maestrini, MD, PhD:;**" Madjid Tagzirt, PhD;*>" Sophie Gautier, PharmD, PhD;?
Annabelle Dupont, PharmD, PhD:® Anne-Marie Mendyk, RN;* Sophie Susen, MD, PhD; *
Anne Tailleux, PhD;® Emmanuelle Vallez;® Bart Staels, PharmD, PhD;? Charlotte Cordonnier,

MD, PhD, FESO, FEAN; Didier Leys, MD, PhD, FAAN, FEAN; Regis Bordet, MD, PhD.?

University of Lille, Inserm U1171, Degenerative and Vascular Cognitive Disorders,
University Hospital CHU Lille, Departments of Neurology,® and Medical Pharmacology,?
Lille, France. University of Lille, Inserm U1011, University Hospital CHU Lille, Institut
Pasteur of Lille, European Genomic Institute for Diabetes, Lille, France.> Department of

Human Neurosciences, ‘Sapienza’ University of Rome, Rome, I‘[aly.4
*These authors contributed equally to the manuscript

Number of characters in the title: 86

Number of characters in the running head: 43
Number of words in the Abstract: 250

Number of words in the Introduction: 339

Number of words in the Discussion: 1105

Number of words in the body of the manuscript: 3210
Number of references: 39

Figures: 1

Tables: 7

Correspondence: Professor Régis Bordet. Department of Medical Pharmacology. Lille
University Hospital. France. Fax +33320 44 54 49. Tel +33 320 44 68 63. E-mail :

regis.bordet@chru-lille.fr



Abstract

Objective: In acute cerebral ischemia, circulating neutrophil count and neutrophil-to-
lymphocyte ratio (NLR) are positively associated with stroke severity and worse outcomes.
However, mediators of this effect are unknown. We aimed to investigate: (i) the relationship
between plasmatic matrix metalloproteinase-9 (MMP-9) and myeloperoxidase (MPO)
concentrations with stroke severity and outcome, and (ii) MMP-9 and MPO release after ex-

vivo stimulation of neutrophils by recombinant tissue plasminogen activator (rt-PA).

Methods: We analyzed data collected in 255 patients with supratentorial cerebral infarcts
recruited within 48 hours of symptoms onset irrespective of rt-PA treatment. The endpoints
were excellent outcome (modified Rankin Scale score 0-1), symptomatic intra-cerebral
hemorrhage (ECASS-II definition) and death at 3 months. The role of rt-PA treatment on
peripheral neutrophil degranulation was investigated in 18 patients within 4.5 hours and after

72 hours.

Results: Neutrophil counts, NLR and plasmatic MPO concentrations, but not plasmatic
MMP-9, were positively correlated with stroke severity. Higher neutrophil counts and NLR,
but not plasmatic MMP-9 and MPO concentrations, were independently associated with
worse outcomes and higher mortality rates at 3 months. Neutrophil-derived MMP-9, after ex-
vivo rt-PA stimulation, but not MPO, were higher after 72 hours in patients treated by

intravenous rt-PA although not associated with hemorrhagic transformation.

Conclusion: Unlike the neutrophil counts and NLR, plasmatic MMP-9 and MPO
concentrations are not associated with worse outcomes in patients with acute cerebral
ischemia. This suggests that MMP-9 and MPO are not the main mediators of the deleterious

effects of neutrophils and cannot be considered as useful therapeutic targets.



Introduction

A higher circulating neutrophil count in ischemic stroke (IS) is associated with higher stroke
severity, larger infarct size, increased risk of hemorrhagic transformation (HT), and worse
outcomes,*  regardless of intravenous (i.v.) recombinant tissue plasminogen activator (rt-PA)
administration.> * Some observations suggest that plasma matrix metalloproteinase (MMP-9)
can be responsible for the deleterious effect of neutrophils in acute IS: (i) there is an increase
in leukocyte MMP-9 mRNA within the first 3 hours after stroke onset;” (ii) the plasmatic
MMP-9 concentration is higher in IS patients compared to controls;® (iii) higher plasmatic
MMP-9 concentrations are associated with larger infarct volume,” worse stroke severity” ®
worse functional outcomes®™° and increased risk of HT, irrespective of treatment with i.v. rt-
PA.M9 1215 gince MMP-9 is released from neutrophils, it is considered the main mediator of

this effect.'®

The plasmatic myeloperoxidase (MPQO) concentration, an enzyme secreted during
inflammation by activated neutrophils,'’ has been found increased in acute IS patients.'®
Inhibiting MPO activity led to a reduction in infarct size in animals.®* Some data also suggest
a detrimental effect of MPO activity on post-ischemic neurogenesis® and neuroprotection.?
Furthermore, rt-PA can promote in-vitro and in-vivo'® release of early degranulation products

from neutrophils, including MMP-9 and MPO. %

The aim of this study was to investigate, in acute IS patients, the relationship between
plasmatic MMP-9 and MPO concentrations and (i) baseline stroke severity; (ii) circulating
neutrophils and neutrophil-to-lymphocyte ratio (NLR); (iii) outcome at month-3. We also

investigated MMP-9 and MPO release after ex-vivo rt-PA stimulation of neutrophils.

Methods



Inclusion and non-inclusion criteria

We analyzed data collected in patients aged 40 years or more, with supratentorial IS,
prospectively recruited within 48 hours of symptoms onset between June 2005 and May 2009
in the Biostroke study (NCT00763217), a study of biomarkers conducted in the stroke center
of the Lille University hospital. A subgroup of patients was recruited within 4.5 hours of
symptoms onset in order to evaluate MMP-9 and MPO release after ex-vivo rt-PA treatment
of neutrophils. Patients included in the Biostroke cohort who had either transient ischemic
attacks or intra-cerebral hemorrhages were excluded from the analysis. Patients were not
consecutive, because of the need to obtain written informed consents for all patients and the
ability to perform the in-vitro analysis only between 8 am and 2 pm 3 days per week for the

subgroup.
Clinical assessment

Stroke severity was assessed by the National Institutes of Health Stroke Scale (NIHSS)? at
inclusion in the study, or just before the bolus of i.v. rt-PA in patients who received
thrombolytic therapy. Definitions used for variables included in the medical history, vascular
risk factors, and evaluation of the baseline clinical characteristics, were those used by our
group in a previous study.?* The outcome was assessed either at a face-to-face visit or by a

telephone interview at 3 months using the modified Rankin Scale (mRS).?
Intravenous thrombolysis administration

Intravenous rt-PA (Actilyse®, Boeringher, Ingelheim, Germany) was administered according
to the recommendations of the European Stroke Organisation®® (i.e. 0.9 mg/kg body weight,

maximum 90 mg, 10% of the dose as a bolus, followed by a 60-min infusion).



Imaging

All patients underwent at admission either a non-contrast computed tomographic (CT)-scan
(Siemens, Somatom Sensation 16 detectors, Erlangen, Germany), or a magnetic resonance
imaging (MRI)-scan (Achieva Philips, 1.5 T, with FLAIR, gradient echo T2*, diffusion
b1000 with ADC mapping, and TOF sequences) in both cohorts. All patients underwent a
second neuroimaging investigation by CT or MRI 6 to 10 days later in Biostroke study and
also 24 to 72 hours later in the subgroup, or at any time in case of clinical worsening. In
patients who received i.v. rt-PA, the second imaging investigation was performed between 22

to 36 hours after treatment.

Evaluation of neutrophil counts, plasmatic MMP-9 and MPO concentrations

Neutrophil and lymphocyte counts, plasmatic MMP-9 and MPO concentrations were
determined on blood samples drawn at inclusion and after 72 hours in the subgroup. Blood

samples from patients who received rt-PA were collected before thrombolysis.

Plasmatic MMP-9 and MPO concentrations were determined as follows: all samples were
collected into Vacutainer tubes (Becton Dickinson France, Le Pont de Claix, France). Plasma
samples were obtained from tubes containing heparin and were kept frozen until analysis.
Activated MMP-9 was assessed with a commercially available kit (Fluorokine® E, Human
Active MMP-9, R&D Systems, Inc., USA). Plasma MPO was measured by Magnetic Human
High Sensitivity Luminex assay (Millipore, St Quentin en Yvelines, France), according to the
manufacturers’ instructions. These assays were performed according to the recommendations

of the manufacturer in duplicate the same day on the same run to allow direct comparisons.

End points



The 3 endpoints were (i) excellent outcome defined as a mRS® score 0 or 1 at 3 months, (ii)
symptomatic intra-cerebral hemorrhage (s-ICH) according to the European Cooperative Acute

Stroke Study (ECASS)-11 definition,?” and (iii) death within 3 months.

Neutrophils isolation and ex-vivo stimulation

Peripheral neutrophils degranulation was investigated at inclusion and before rt-PA treatment
for patient who received i.v. rt-PA, and after 72 hours for all patients. According to our
previously described method,?® neutrophils were isolated from patients heparinized venous
blood by centrifugation on Ficoll-Hypaque density gradient. Neutrophils resuspended in
culture medium (Roswell Park Memorial Institute (RPMI) 1640 medium) were > 98% pure,
as determined by hematology analyzer (XS800i, Sysmex Corporation, Kobe, Japan). Then,
purified neutrophils (4 x 10° cells per well) were seeded into 24-well plates and cultured in
RPMI-1640 medium with L-glutamine and sodium pyruvate (Gibco BRL) at 37°C, 5% CO,,
Neutrophils were incubated with 0.1 mg/ml rt-PA for 30 min. Neutrophils supernatant was
collected, centrifuged (12 minutes at 14000 rpm) and stored at -80°C until analysis.

Nontreated cells were used as controls.

Statistics

Quantitative variables are expressed as mean (standard deviation) in case of normal
distribution or median (interquartile range) otherwise. Categorical variables are expressed as
percentage (count). We compared groups for categorical variables, with the Chi Square test
with Yates’ correction or Fisher exact test when appropriate, and for continuous variables
with the Mann-Whitney U test. Normality of distributions was assessed using histograms and
Shapiro-Wilk test. Log-transformed values for all biological parameters with skewed

distributions were used in statistical analysis.



We performed a stepwise multiple logistic regression analysis with excellent outcome,
s-ICH, or death within 3 months as dependent variables. Independent variables were selected
from the bivariate analysis for the excellent outcome, with a 0.10 level as a screening criterion
for the selection of candidate variables. The variables “age, NIHSS, neutrophil counts (model
1) or plasmatic MMP-9 (model 2) or MPO concentrations (model 3) or all (model 4), and
thrombolysis” were forced into the model. Correlations between variables were checked for
possible co-linearity, which was defined as r values >0.6. The same analysis was repeated
using NLR instead of neutrophil counts (model 5). Data were analyzed using the SPSS 22.0

package for Windows and GraphPad Prism 6 for Windows.

Ethics

Biostroke study was approved by the local ethical committee. Patients were managed
according to local rules without any investigation or treatment specifically performed. The
study was fully explained to the patients. All patients or a close relative gave a signed
informed consent for the dosages of MMP-9 and MPO. Neutrophil and lymphocyte counts

were considered as part of usual care.

Results

Out of 322 patients meeting inclusion criteria, 67 (20.8%) could not be analyzed because of
missing data for delay of sample collection for neutrophils (5 patients) or plasmatic MMP-9
and MPO concentrations (20 patients), neutrophil count (19 patients), mRS at 3 months (32
patients), or any combination in the same patients. Patients included in the analysis differed
from patients excluded only for a lower proportion of female, a lower baseline stroke severity

and no intra-hospital death occurrence (Table 1).



Out of 255 patients included in our analysis, 137 patients (53.7%) had a low stroke severity
(admission NIHSS score <5, Table 2). Among demographic characteristics and baseline
clinical measures, only no history of congestive heart failure (9 £ 7.6 vs 22 £ 16.1, p = 0.04
for treated and not treated patients, respectively), no nitrate use (6 + 5.1 vs 17 £ 12,5, p =
0.04) and lower admission glucose level (94.5 [86.7-109.7] vs 112 [95-131.5], p < 0.001)

were associated with a lower stroke severity.

Admission stroke severity and biological parameters

Except plasmatic MMP-9 concentrations, all biological parameters differed significantly
between patients with and without admission NIHSS <5 (Table 2). Patients with admission
NIHSS <5 had lower neutrophil counts, NLR and plasmatic MPO concentrations than patients
with admission NIHSS >5. When the NIHSS was analyzed as a quantitative scale, NIHSS
was positively correlated with neutrophils (r=0.49, p<0.001), NLR (r= 0.48, p<0.001) and
plasmatic MPO (r=0.21, p=0.001) concentrations but the correlation was not statistically

significant for plasmatic MMP-9 concentrations (r=0.06, p=0.359).

Rt-PA and biological parameters

Patients treated by rt-PA had higher neutrophil counts and higher NLR than patients not
treated by i.v. rt-PA (Table 3). Conversely, plasmatic MMP-9 and MPO concentrations did

not significantly differ between patients eligible or not to i.v. rt-PA.

Adjusted and unadjusted correlation between neutrophil counts, NLR and plasmatic MPO

and MMP-9 concentrations



Neutrophil counts were significantly correlated with plasmatic MPO as well as MMP-9
concentrations in all patients (Table 4). Moreover, the NLR was correlated with plasmatic

MPO concentrations in all patients.

After adjustment for NIHSS and onset to sample delay, circulating neutrophil counts were
significantly correlated with plasmatic MMP-9 concentrations in all patients (rho=0.215,
p=0.001). The NLR was significantly correlated with plasmatic MMP-9 concentrations

(rh0=0.146, p=0.021).

Influence of neutrophils, NLR, plasmatic MMP-9 and MPO concentrations on outcome

Higher neutrophil counts were independently associated with a lower probability to have an
excellent outcome, and a higher mortality rate at month-3, but was not associated with the risk
of s-ICH. Plasmatic MMP-9 and MPO concentrations were not associated with any of these
outcome measures. These results remained similar in the 4 different models, with MMP-9
alone, MPO alone, neutrophils alone, and all combined (Table 5). These results were not

modified by the replacement of neutrophil count by NLR (Table 5).

Neutrophil isolation and degranulation

To better understand if MMP-9 and MPO could be considered as mediators of the neutrophil
effects, we recruited 18 patients out of 255 [8 (44.4%) women, median age 80 years (74-88)
and 12 patients (66.7%) received i.v. rt-PA]. Biology characteristics of this subgroup at
baseline and after 72 hours are described in Table 6. Patients who received i.v. rt-PA were
similar in terms of age and pre-stroke functional status as well as for stroke severity to
patients who did not receive i.v. rt-PA. HT was significantly more frequent in patients who
received i.v. rt-PA. Additionally, plasmatic MPO concentrations were significantly higher at

admission in patients eligible to i.v. rt-PA compared to patients not eligible, while any



difference was found at 72 hours between patients who received or not i.v. rt-PA treatment.
Any difference was found for neutrophil counts, NLR and plasmatic MMP-9 concentrations

at baseline and after 72 hours.

Neutrophil-derived MMP-9 and MPO concentrations

We therefore analyzed in this subgroup MMP-9 and MPO release after ex-vivo rt-PA
stimulation of native neutrophils at admission and after 72 hours. At admission and before
thrombolysis (HO), no differences were found in neutrophil-derived MMP-9 and MPO
concentrations between patients treated or not by i.v. rt-PA (figure 1A and 1B). After seventy-
two hours (H72), circulating neutrophils from patients treated by i.v. rt-PA release more
MMP-9 after rt-PA stimulation than those not treated (568+119 vs 229.8+23.75, p=0.03,
figure 1A). No differences were found for neutrophil-derived MPO at HO and H72 between
patients treated or not by i.v. rt-PA (figure 1B). Since there were no s-ICH in this subgroup,
we considered this time any HT found at the control neuroimaging investigation. However, no
significant differences were found between neutrophil-derived MMP-9 (figure 1C) or MPO

(figure 1D) concentrations and HT according to treatment.

Therefore, we explored the correlations between plasmatic MMP-9 and MPO concentrations,
circulating neutrophil counts, NLR and neutrophil-derived MMP-9 and MPO concentrations
at corresponding time in whole population (Table 7). Our results show that, at admission,
neutrophil-derived MPO concentrations were negatively correlated with neutrophil-derived

MMP-9. At H72, plasmatic MPO concentrations were positively correlated with NLR.

Discussion

Our study has shown that, within the first 48 hours after symptoms onset in patients with

supratentorial cerebral infarct: (i) circulating neutrophil counts, NLR, and plasmatic MPO
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concentrations were correlated with stroke severity but not plasmatic MMP-9 concentrations;
(i) higher neutrophil counts were correlated with higher plasmatic MMP-9 concentrations in
the whole cohort, even after adjustment for delay of sample collection and stroke severity;
(iii) higher neutrophil counts were correlated with plasmatic MPO concentrations in all
patients; (iv) neutrophil counts and NLR were higher in patients eligible to i.v. rt-PA
treatment but not plasmatic MMP-9 and MPO concentrations; (v) higher neutrophil counts
and NLR were independently associated with less excellent outcomes and higher mortality
rate at 3 months, but not with s-ICH; (vi) plasmatic MMP-9 and MPO concentrations were

not associated with any of the 3 endpoints.

To better understand if MMP-9 and MPO could be considered as mediators of the neutrophil
effects®, we then focused our research on the neutrophil-derived MMP-9 and MPO. We found
that: (i) at HO plasmatic MPO concentrations after ex-vivo rt-PA stimulation were higher in
patients eligible for i.v. rt-PA treatment but not associated with HT, but no differences were
found concerning neutrophil-derived MPO concentrations in patients treated or not by i.v. rt-
PA; (ii) after H72, circulating neutrophils from patients treated by i.v. rt-PA release more
MMP-9, but not MPO, after stimulation than those from patients not treated; (iii) in the whole
cohort, only neutrophil-derived MPO concentrations were found to be correlated negatively
with neutrophil-derived MMP-9 at HO, and (iv) plasmatic MPO concentrations were found to

be correlated with NLR at H72.

The strength of our study was to be the first to evaluate the correlation between plasmatic
MMP-9 concentrations, neutrophil-derived MMP-9 and neutrophils in patients with acute

cerebral ischemia within the first hours after symptoms onset.

The main limitations are the delay of several hours between symptoms onset and sample

collection in Biostroke study, with a possible selection bias due to the need of written
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informed consent. When analyses were adjusted on delays of sample collection concerning
MMP-9, the results remained similar, but this may be insufficient to fully correct for the delay
if the relationship is not perfectly linear. Given the relatively brief lifespan of neutrophils in
culture, the delay following their isolation from blood was a practical difficulty that limits the

number of patients in the subgroup recruited for studying the neutrophil degranulation.

In 2 previous studies, but not in ours, higher plasmatic MMP-9 concentrations were
associated both in patients treated ** and untreated by i.v. rt-PA,% with worse outcomes,®
especially s-ICH.™® A possible explanation for this discrepancy could be the delay of sample

1

collection, i.e. less than 3% or 4.5 hours * vs. up to 48 hours in our study: MMP-9

530 then remained

concentrations increase within the first 2 to 6 hours after symptom onset,
stable over the first 48 hours after stroke,’ as confirmed in our subgroup. However, it has also
been reported that neither baseline MMP-9 concentrations measured within a few hours of IS

onset nor the rate of MMP-9 at any point within 14 days had any association with the risk of

HT in patients treated or not with lower dose of rt-PA.%

Our study showed an influence of rt-PA on neutrophil degranulation according to the kinetic
and distribution pattern of the tertiary (MMP-9) and primary granules (MPO). This is
consistent with evidences that rt-PA play a role on neutrophil degranulation and MMP-9

release as shown in some in-vitro experiments. "%

Moreover, no correlation was found between plasmatic MMP-9 concentrations and stroke
severity in the whole cohort of Biostroke study included within 48 hours. This finding could
be connected to the short half-life (i.e. 1 to 2 hours) of rt-PA, so that rt-PA could influence
more the MMP-9 up-regulation in the first hours following its administration.”® We cannot

exclude that the sample size was too small for a subgroup analysis in patients treated by rt-
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PA. Nevertheless, worse outcomes were statistically associated with higher neutrophil counts

and NLR in the same sample as previously described in our published study.*

The cellular source of MMP-9 is controversial. If we consider the whole cohort, plasmatic
MMP-9 concentrations were correlated with neutrophil counts and NLR. This finding
together with the results of our in-vitro experiments are consistent with the hypothesis that
circulating neutrophils represent a major cellular source of circulating MMP-9.%? Nevertheless
the lack of correlation between plasmatic MMP-9 concentration and the outcome in our study
could be explained by the presence of other cellular sources in the acute phase of cerebral
ischemia as well as resident brain cells, cells of the vasculature or other circulating immune

cells.®

Plasmatic MPO concentrations were associated with stroke severity, which agrees with earlier
studies.’® 3 Plasmatic MPO levels are elevated in stroke patients compared with normal
subjects™ and can predict future stroke and vasculopathic events in Fabry disease.** In our
study, plasmatic MPO concentrations were correlated with neutrophil counts. MPO is the
most abundant component in azurophilic (or primary) granules in neutrophils, which are the
last to be released from the neutrophil by degranulation.’® Indeed, in our study, the negative
correlation between neutrophil-derived MMP-9 and MPO at admission could be due to the
kinetics of activation of neutrophils in response to rt-PA.° In fact, MPO activity peaks later,
around 3 to 7 days after stroke.'” * Traditionally it has been used as a histopathological
marker for neutrophils. Indeed, it is now accepted that MPO is not an exclusive marker of
neutrophils, but it is also expressed in the myeloid line, especially in monocytes and
macrophages/microglia.*® A study demonstrates that circulating MPO concentration has no

direct action on barrier disruption but increases expression of adhesion molecules in
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endothelial cells.*® Finally, all these data demonstrate that MPO may be not an interesting

biomarker of the detrimental effect of neutrophils in acute cerebral ischemia.

Our study revealed a statistical association between neutrophil counts and NLR, but not
plasmatic MMP-9 and MPO concentrations with stroke outcome, suggesting that MMP-9 and
MPO are probably not the main mediators of the deleterious effects of neutrophils on stroke
severity and outcome. Therefore, a selective inhibition of MMP-9%**" and MPO may be less
promising than a global inhibition of neutrophils to improve outcomes in patients with
cerebral ischemia.®® Other potential mediators, such as elastase, reactive oxygen species, and
other MMPs, need to be evaluated.” The neutrophil is the key factor of post-thrombolysis
hemorrhages.* * Among all factors released by neutrophil, MMP-9 and MPO do not appear
as the main contributors although it remains to determine its place in addition or synergy with

other released factors.®
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Figure 1. MMP-9 and MPO release from neutrophils after ex-vivo recombinant tissue
plasminogen activator (rt-PA) stimulation in patients treated by rt-PA versus not
treated (A and B) and in hemorrhagic (HT) group vs non-hemorrhagic (non-HT) group

(Cand D).
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Table 1. Baseline characteristics of the study population and bivariate comparison with
patients excluded. Unless specified, values are number of patients (%). *Value given as
median (interquartile range). mRS: modified Rankin Scale; s-ICH: symptomatic intra-cerebral
hemorrhage (ECASS2 definition); MMP-9: metalloproteinase-9; MPO: myeloperoxidase; rt-

PA: recombinant tissue plasminogen activator.

Included Excluded p

(n=255) (n=67) value
Demographic characteristics
Female sex 116 (45.5) 40 (59.7) 0.038
Age* 70 (57-79) 72 (61-82) 0.155
Body mass index (kg/m2)* 26.4 (23.1-29.4)  27.3(23.7-30.1)  0.509
Medical history
Acrterial hypertension 160 (62.7) 41 (61.2) 0.816
Diabetes mellitus 51 (20.0) 11 (16.4) 0.508
Hypercholesterolemia 124 (48.6) 29 (43.3) 0.436
Coronary artery disease 53 (20.8) 17 (25.4) 0.418
Heart failure 31(12.2) 7 (10.4) 0.700
History of atrial fibrillation 61 (23.9) 20 (30.3) 0.287
Recurrent stroke 28 (11.0) 9(13.4) 0.575
Previous physical activity 133 (52.4) 29 (43.9) 0.223
Alcohol consumption 38 (15.0) 7 (10.6) 0.365
Smoking habit 73 (28.6) 20 (29.9) 0.844
Statins 80 (31.4) 24 (35.8) 0.488
Antithrombotic therapy 109 (50.6) 30 (44.8) 0.766
Stroke characteristics and treatment
Baseline NIH Stroke Scale* 6 (2-13) 8 (2-19) 0.026
rt-PA treatment 71 (28.1) 23 (34.3) 0.317
Onset-to-treatment time (min)* 140 (106.2-180) 150 (86.2-187) 0.744
Clinical and biological characteristics
Systolic blood pressure (mmHg)* 152 (137-170) 156 (136-170) 0.741
Blood glucose concentration (g/L)* 1.02 (0.90-1.25) 1.04 (0.90-1.29) 0.792
Platelet count (x 1,000/mm?®)* 236 (197-278) 228 (189-261) 0.200
Temperature (°C)* 36.7 (36.2-37.0) 36.5(36.3-37.1) 0.665
Delay of sample collection
Onset-to-sample time (min)* 1440 (840-2100) 1200 (472-2100) 0.210
Outcome measures
s-ICH 32 (12.6) 5 (8.5) 0.377
Death at day-8 (MRS = 6) 0 (0.0) 16 (23.9) <0.001
Excellent outcome at 3 months (MRS = 0-1) 130 (51.0) 20 (57.1) 0.494
Death at 3 months (MRS = 6) 25 (9.8) 4 (10.3) 1.000
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Table 2. Comparisons of biological parameters including neutrophil counts, neutrophil

to lymphocyte ratio (NLR), plasmatic metalloproteinase-9 and myeloperoxidase

concentrations between patients with and without lower stroke severity (NIHSS <5) at

admission. Values are median (interquartile range). Comparisons were done using parametric

tests (Student t test) for all parameters (using log-transformed values for skewed distribution).

Abbreviations: NLR = neutrophil to lymphocyte ratio, MMP-9 = matrix metallopeptidase 9,

MPO = myeloperoxidase.

NIHSS <5 at admission

Yes (n=118) No (n=137) p value
Neutrophils (x1000/mm°®) 4.6 (3.6-6.0) 6.4 (5.2-8.5) <0.001
NLR 2.4 (1.8-3.6) 4.3 (2.8-6.6) <0.001
MMP-9 (ng/ml) 116 (74.5-174) 125 (71-217) 0.19
MPO (x1000 ng/ml) 57.5 (42-115) 77.9 (50.9-120) 0.009
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Table 3. Comparisons of biological cascade including neutrophils, neutrophil to
lymphocyte ratio, plasmatic metalloproteinase-9 and myeloperoxidase concentrations
between patients eligible to intravenous recombinant tissue plasminogen activator (rt-
PA) or not. Values are median (interquartile range). Comparisons were done using

parametric tests (Student t test) for all parameters.

Abbreviations: NLR = neutrophil to lymphocyte ratio, MMP-9 = matrix metalloproteinase,

MPO = myeloperoxidase.

rt-PA treatment

Yes (n=101) No (n=257) p value*
Neutrophils (x1000/mm°®) 6.4 (4.9-8.5) 5.4 (3.9-6.9) <0.001
NLR 4.2 (2.6-7.2) 3.0 (2.0-4.8) 0.001
MMP-9 (ng/ml) 140 (67-257) 1165 (76.2-172.5)  0.24
MPO (ng/ml) 69.6 (48.1-112.2)  65.2 (46.9-117.6) 0.48
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Table 4. Bivariate correlation between neutrophils or neutrophil-to-lymphocyte ratio

(NLR) and plasmatic MMP-9 or MPO concentrations in all patients.

Abbreviations: MMP-9 = metalloproteinase-9; MPO = myeloperoxidase; NLR = neutrophil to

lymphocyte ratio.

Neutrophils NLR
rho p value rho p value
All patients
MMP-9 0.157 0.012 0.108 0.088
MPO 0.242 <0.001 0.217 0.001
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Table 5. Results of the logistic regression analyses with excellent outcome (modified

Rankin Scale 0 or 1) at 3 months, death at month-3, and symptomatic intra-cerebral

hemorrhage (s-1CH), as dependent variables in all patients. Model 4: with neutrophils,

plasmatic MMP-9 and MPO concentrations. Model 5: with NLR, plasmatic MMP-9 and MPO

concentrations. * for 1,000 neutrophils/mm? increase. Abbreviations: NIHSS = National

Institutes of Health Stroke Scale; MMP-9 = metalloproteinase-9; MPO = myeloperoxidase;

NLR = neutrophil-to-lymphocyte ratio; rt-PA: recombinant tissue plasminogen activator.

Dependent Logistic regression  Independent adjOR (95%CI) p value Variablesentered in

variables analyses variables

the model but not
selected

Model 4 (with Neutrophils + MMP-9 + MPQO)

Excellent Overall p value Age 0.96 (0.93-0.99) 0.006 MMP-9, MPO, rt-PA,
outcome <0.001 NIHSS <5 14.37 (6.47- <0.001 female, congestive
R?=0.536 Neutrophils*  31.95) 0.001  heart failure, atrial
Well classified Hypertension 0.76 (0.64-0.90) 0.026 fibrillation, diabetes,
=80.3% 0.39 (0.17-0.89) smoking
s-ICH Overall p value Rt-PA 419 (1.81-9.71) 0.001  Age, NIHSS <5,
=0.001 neutrophils, MMP-9,
R*=0.163 MPO
Well classified
=87.4%
Death at month- Overall p value Age 1.10 (1.04-1.15) <0.001 MMP-9, MPO, rt-PA
3 <0.001 NIHSS <5 0.13 (0.03-0.63) 0.012
R?=0.395 Neutrophils*  1.48 (1.16-1.88)  0.002
Well classified
=92.5%
Model 5 (with NLR + MMP-9 + MPO)
Excellent Overall p value Age 0.97 (0.94-0.99) 0.024 MMP-9, MPO, rt-PA,
outcome <0.001 NIHSS <5 15.19 (6.85- <0.001 female, congestive
R?=0.526 NLR 33.67) 0.005  heart failure, atrial
Well classified Hypertension 0.83 (0.72-0.94) 0.015  fibrillation, diabetes,
=79.8% 0.36 (0.16-0.82) smoking,
s-ICH Overall p value Rt-PA 4.26 (1.83-9.91) 0.001  Age, NIHSS <5, NLR,
=0.001 MMP-9, MPO,
R*=0.172
Well classified
=87.4%
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Death at month- Overall p value Age

3 <0.001 NIHSS <5
R* = 0.405 NLR
Well classified
=91.1%

1.10 (1.04-1.16)
0.09 (0.02-0.49)
1.35 (1.14-1.61)

0.001
0.005
0.001

MMP-9, MPO, rt-PA,
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Table 6. Biology characteristics at baseline and after 72 hours according to i.v. rt-PA

treatment.

Abbreviations: NLR = neutrophil-to-lymphocyte ratio; MMP-9 = matrix metalloproteinase-9;

MPO = myeloperoxidase; NIHSS = National Stroke Health Stroke Score; HT = hemorrhagic

transformation.

HO H72
r-tPA(n=12) not r-tPA (n=6) p r-tPA(n=12) notrtPA (n=6) p

value value
Leukocytes (x1000/mma3) 9 (7.5-9.7) 7.6 (4.7-9.7) 0.2 | 8.8(7-10.9) 6.7(3.2-11.1) 0.2
Neutrophils (x1000/mm3) 6.8 (5.6-7.5) 5.6 (3.2-7.2) 0.2 | 65(4.4-9.) 32(2.2-81) 0.1
NLR 6 (3-10) 53(24-1810) 06 | 59(3.7-7) 3.2(1.1-151) 0.2
Plasma MMP-9 (ng/ml) ~ 121.4 (84.9-168.4) 135.8 (11.5-199) 0.5 | 130(93-220) 103 (70.4-199) 0.6
Plasma MPO (ng/ml) 69.9 (44.2-99) 32,9 (27.3-69.9) 0.03 | 77.2(52-103) 62 (52.6-103) 0.5
NIHSS 11 (6-16) 7 (1-16) 0,15 | 6(2-15.5) 3(0797) 0,3
HT 7 (58.3%) 1 (16%) 0.03
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Table 7. Spearman’s (Rho) correlation between neutrophil-derived MMP-9 and MPO

release and plasmatic MMP-9 and MPO concentrations, neutrophils and NLR.

*: correlation is significant at the 0.05 level; **: correlation is significant at the 0.01 level.

Abbreviations: NLR = neutrophil-to-lymphocyte ratio; MMP-9 = matrix metalloproteinase-9;

MPO = myeloperoxidase; HT = hemorrhagic transformation.

Neutrophil- Neutrophil-
Plasma derived Plasma derived
Neutrophils NLR MMP-9 MMP-9 MPO MPO
NLR 0.46
Plasma MMP-9 -0,04 0,26
HO Neutrophil-derived MMP-9 0,26 0,3 -0,24
Plasma MPO 0,23 0,28 0,25 0,15
Neutrophil-derived MPO 0,02 -0,17 0,03 -0,74** -0,04
HT 0,07 0,26 0,24 -0,24 0,05 0,31
NLR 0.64**
Plasma MMP-9 0,16 0,23
H72 Neutrophil-derived MMP-9 0,43 0,03 0,25
Plasma MPO 0,28 0,55* 0,43 0,14
Neutrophil-derived MPO 0,42 0,19 -0,39 -0,14 -0,17
HT 0,24 0,11 -0,31 -0,12 0,05 0.01
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