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Summary
Chemokines trigger leukocyte trafficking and are implicated in cardio-
vascular disease pathophysiology. Chemokine-binding proteins, called 
“Evasins” have been shown to inhibit both CC and CXC chemokine-
mediated bioactivities. Here, we investigated whether treatment with 
Evasin-3 (CXC chemokine inhibitor) and Evasin-4 (CC chemokine in-
hibitor) could influence post-infarction myocardial injury and remod-
elling. C57Bl/6 mice were submitted in vivo to left coronary artery per-
manent ligature and followed up for different times (up to 21 days). 
After coronary occlusion, three intraperitoneal injections of 10 μg 
Evasin-3, 1 μg Evasin-4 or equal volume of vehicle (PBS) were per-
formed at 5 minutes, 24 hours (h) and 48 h after ischaemia onset. 
Both anti-chemokine treatments were associated with the beneficial 
reduction in infarct size as compared to controls. This effect was ac-
companied by a decrease in post-infarction myocardial leukocyte infil-
tration, reactive oxygen species release, and circulating levels of 

CXCL1 and CCL2. Treatment with Evasin-4 induced a more potent ef-
fect, abrogating the inflammation already at one day after ischaemia 
onset. At days 1 and 21 after ischaemia onset, both anti-chemokine 
treatments failed to significantly improve cardiac function, remodell-
ing and scar formation. At 21-day follow-up, mouse survival was ex-
clusively improved by Evasin-4 treatment when compared to control 
vehicle. In conclusion, we showed that the selective inhibition of CC 
chemokines (i.e. CCL5) with Evasin-4 reduced cardiac injury/inflam-
mation and improved survival. Despite the inhibition of CXC chemo-
kine bioactivities, Evasin-3 did not affect mouse survival. Therefore, 
early inhibition of CC chemokines might represent a promising thera-
peutic approach to reduce the development of post-infarction heart 
failure in mice.
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Introduction

Chronic ischaemia has been shown to induce adverse major struc-
tural and functional changes within the myocardium in both ani-
mal models and humans (1, 2). During its evolution, cardiac re-
modelling during chronic ischaemia might involve several patho-
physiological mechanisms (such as cardiomyocyte death, release 
of reactive oxygen species [ROS] and proteases, modifications of 
extracellular matrix, fibrosis, and inflammation), underlying post-
ischaemic heart failure and potential arrhythmias (3, 4). Similarly 
to acute myocardial ischaemia and reperfusion, in chronic myo-
cardial ischaemia, the inflammatory cell infiltration and activation 

is a natural event essential for dead cell and debris clearing and tis-
sue reparation allowing scar formation (4, 5). Leukocyte recruit-
ment from the blood stream within the infarcted myocardium is 
driven by the establishment of a chemotactic gradient towards in-
flamed tissues (6). In particular, the post-ischaemic release of CXC 
and CC chemokines is timely regulated and differently influences 
leukocyte infiltration depending on the post-ischaemic phase (3, 6, 
7). Recent evidence suggested that the early modulation of the 
bioactivities of certain leukocyte chemoattractants (such as CCL5 
and CXCL12) might prevent adverse cardiac remodelling and left 
ventricular dysfunction (3, 8). These beneficial effects were associ-
ated with a reduced leukocyte infiltration and protease release 
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within the infarcted myocardium, thus improving post-infarction 
outcomes (3, 8). Considering promising results from recent treat-
ment strategies selectively inhibiting CC or CXC chemokine path-
ways (3, 7), we focused on small chemokine-binding proteins 
called “Evasins” (9). These molecules, isolated from the tick sali-
vary glands, where they help to evade host immune defense (10), 
were recently produced as recombinant molecules (9). Impor-
tantly, Evasins showed potent anti-inflammatory properties in ex-
perimental models of inflammatory diseases, such as antigen-in-
duced arthritis (9), colitis (11), graft versus host-disease (12), and 
in bleomycin-induced pulmonary fibrosis (13). Moreover, treat-
ments with Evasin-3 have been shown to reduce neutrophil-me-
diated injury in a mouse model of myocardial reperfusion injury 
and carotid atherosclerosis (7, 14). In this study, we aimed at inves-
tigating the potential beneficial effects of chronic treatments with 
Evasin-3 (which inhibits the neutrophil attractants ELR-CXC che-
mokines, such as CXCL1 and CXCL2) or Evasin-4 (which inhibits 
several pro-inflammatory CC chemokines including CCL5 and 
CCL11) (9) in a mouse model of chronic myocardial ischaemic in-
jury, post-ischaemic adverse remodelling and final heart failure.

Material and methods
In vivo cardiac chronic ischaemia protocol

Male C57Bl/6 mice (8–12 weeks of age) were obtained from the 
University Medical Centre (CMU) animal facility, Medical Faculty, 
University of Geneva, Geneva, Switzerland. The investigation con-
forms to the Guide for the Care and Use of Laboratory Animals 
published by the US National Institutes of Health (NIH Publi-
cation No. 85-23, revised 1996) and has been approved by Swiss 
Regulatory and Ethical Authorities. This mouse protocol conform-
ed to the “position of the American Heart Association on Research 
Animal Use”.

Mice were initially anaesthetised with 4% isoflurane and intu-
bated. After starting mechanical ventilation (tidal volume of 150 
ml, 120 breaths/minute [min]) anesthesia was maintained with 2% 
isoflurane, supplemented with 100% oxygen. Then, a thoracotomy 
was performed in the left third intercostal space and the pericar-
dium was removed. Ligature of the left anterior coronary artery at 
the inferior edge of the left atrium was performed using an 8-0 
Prolene suture. The coronary occlusion was maintained till animal 
sacrifice. At 5 min, 24 hours (h) and 48 h after left coronary occlu-
sion, either Evasin-3 (10 µg), Evasin-4 (1 µg) or equivalent volume 
of vehicle (phosphate-buffered saline [PBS], 200 µl) were intra-
peritoneally administered. The doses of Evasin-3 and Evasin-4 ad-
ministered were based on previous studies, showing marked effi-
cacy to reduce in vivo neutrophil infiltration within inflamed tis-
sues (7, 9, 14). After the first administration, the chest was closed 
and the tube removed from trachea to restore normal respiration. 
Sham-operated animals were submitted to the same surgical 
protocol as described but without coronary occlusion. At different 
time points of chronic ischaemia (from 1 to 21 days), animals were 
euthanized for infarct size determination, immunohistochemical 
analysis, or serum enzyme-linked immunosorbent assay (ELISA). 

In vivo magnetic resonance imaging (MRI) was performed in ani-
mals without surgery and after chronic ischaemia (at 1 and 21 days 
after ischaemia onset) under different treatments.

Area at risk (AAR) and infarct size (I) assessment

To assess area at risk (AAR) and infarct size (I), mice were eutha-
nised with ketamine-xylazine and sacrificed at day 1 of chronic is-
chaemia, as previously described (7). Evan’s blue dye (2%; Sigma, 
St. Louis, MO, USA) was injected in the left ventricle to dellineate 
the in vivo AAR. The heart was rapidly excised and rinsed in NaCl 
0.9%. Then, hearts were frozen and sectioned into 2-mm trans-
verse sections from the apex to the base (5-6 slices/heart). The sec-
tions were, incubated at 37°C with 1% triphenyltetrazolium chlor-
ide (TTC) in phosphate buffer (pH 7.4) for 15 min, fixed in 4% 
formaldehyde solution and photographed with a digital camera 
(Nikon Coolpix) to distinguish continuously perfused tissue 
(blue), stained ischaemic viable tissue (red) and unstained necrotic 
tissue (white). The different zones were determined using Meta-
Morph software (version 6.0, Universal Imaging Corporation, 
Downingtown, PA, USA). AAR and left ventricular infarct zone (I) 
were expressed as percentages of total ventricle surface (AAR/V) 
and AAR (I/AAR), respectively. In selective experiments, nitro-
bluetrazolium chloride (NBT, to identify metabolically inactive tis-
sues) staining was performed in heart 7-µm sections at 7 and 21 
days of chronic ischaemia, as classically described. Infarct size (IS) 
was determined as the NBT-negative area (15). These data were 
expressed as percentages of infarct zone on total ventricle surface.

Western blot analysis

After 15 min of in vivo chronic ischaemia, mouse hearts were ex-
cised and proteins were extracted in lysis buffer containing 50 mM 
Tris–HCl pH 8.0, 150 mM NaCl, 1% NP40, 0.05% SDS, 10 mM 
NaF, 1 mM PMSF, 2 mM Na3VO4, and complete protease inhibitor 
cocktail tablet (Roche, Basel, Switzerland). Proteins (50 μg per 
lane) were electrophoresed through polyacrylamide/SDS gels and 
transferred by electroblotting onto PVDF membranes. Membranes 
were blocked for 1h in 5% (w/v) nonfat milk before O/N incu-
bation with appropriate dilutions of primary phospho-specific 
anti-mouse ERK 1/2 (R&D Systems, Minneapolis, MN, USA), or 
anti-mouse STAT-3 serine 472 or tyrosine 705 antibodies (both 
from Cell Signaling Technology, Danvers, MA, USA), as well as 
corresponding secondary antibodies. The blots were developed 
using the ECL system (Immobilion™ Western, Millipore, Billerica, 
MA, USA). To verify equal loading of the total proteins, mem-
branes were stripped (for 15 min at 50 C in Tris–HCL pH 6.7, 2% 
SDS and 0.1 M β-mercaptoethanol), reblocked and reprobed to 
detect total ERK 1/2 (R&D Systems) or STAT-3 (Cell Signaling 
Technology). Relative intensities were calculated by dividing the 
phosphorylated protein through the total protein.

Braunersreuther, Montecucco et al. Anti-chemokine treatments in myocardial ischaemic injury

D
ow

nl
oa

de
d 

by
: U

C
 S

an
ta

 B
ar

ba
ra

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



© Schattauer 2013 Thrombosis and Haemostasis 110.4/2013

809

Human peripheral blood mononuclear cell (PBMC) 
isolation and culture

PBMCs (>75% CD3+ lymphocytes) were isolated from blood 
samples obtained from eight healthy donors by Ficoll-Hypaque 
density gradient centrifugation, as previously described (16). The 
local ethical committee approved the investigation protocol, and it 
was conformed to the principles outlined in the Declaration of 
Helsinki. Then, cells were resuspended in culture medium (RPMI 
1640 plus fetal bovine serum 10%, penicillin [10,000 U/ml] and 
streptomycin [10,000 µg/ml]) for the stimulation. A total of 3 x 106 
human PBMCs/well were incubated in 24-well plates in the pres-
ence or absence of 25 ng/ml phorbol myristate acetate (PMA)/0.5 
µM ionomycin (I) (positive control) or human recombinant CCL5 
(0.01; 0.1; 1; 10; 100 ng/ml). Twenty-four hours later, supernatants 
were collected, aliquoted and stored at -80°C for Enzyme-Linked 
Immunosorbent Assay (ELISA) determination of CCL5, CXCL1 
and CCL2. ELISA experiments were performed following manu-
facturer’s instructions (R&D Systems). The limit of detection was 
15.6 pg/ml for human CCL5, 31.2 pg/ml for human CXCL1, and 
15.6 pg/ml for human CCL2. Mean intra- and inter-assay coeffi-
cients of variation (CV) were below 6% for all mediators.

Serum chemoattractant level detection

Serum CXCL1, CXCL2, CCL2, CCL3, CCL5 and CCL11 levels 
were measured in mouse sera at day 1 in sham-operated mice and 
at days 1 and 7 of chronic ischaemia by colourimetric ELISA, fol-
lowing manufacturer’s instructions (R&D Systems). The limit of 
detection was 15.6 pg/ml for CXCL1, 7.8 pg/ml for CXCL2, 15.6 
pg/ml for CCL2, 4.7 pg/ml for CCL3, 7.8 pg/ml for CCL5, 15.6 pg/
ml for CCL11. Mean intra- and inter-assay coefficients of variation 
(CV) were below 6% for all mediators.

Immunostaining

Hearts from animals sacrificed after days 1 and 7 of chronic is-
chaemia were frozen in optimal cutting temperature compound 
(OCT) and serially cut from the occlusion locus to the apex in 
7-µm sections. Immunostainings for neutrophils (anti-mouse 
Ly-6B.2 Ab, dilution 1:50; ABD Serotec, Dusseldorf, Germany), 
macrophages (anti-mouse CD68 Ab, dilution: 1:400; ABD Sero-
tec), mouse MMP-9 (anti-mouse MMP-9 Ab, dilution: 1:60; R&D 
Systems), mouse MMP-8 (anti-mouse MMP-8 Ab, dilution: 1:50; 
Santa Cruz Biotechnology, Santa Cruz, CA, USA) were performed 
on five midventricular cardiac sections per animal, and quantifi-
cation performed with the MetaMorph software, as previously de-
scribed (7).

Oxidative stress determination

Measurement of superoxide in myocardium submitted to chronic 
ischaemia was performed using the superoxide-sensitive dye dihy-
droethidium (DHE, Molecular Probes, Eugene, OR, USA). Intra-
cellular oxidative factors oxidise non-fluorescent DHE to fluor-

escent ethidium and 2-hydroxyethidium. The formation of ethid-
ium and 2-hydroxyethidium, DNA intercalators, can be monitored 
by measuring its accumulation within the cell nucleus. Five frozen 
midventricular cardiac sections per animal (euthanised after 24 h 
of chronic ischaemia) were stained with 10 µM DHE at 37°C for 30 
min in a light-protected and humidified chamber. Then, nuclei 

were stained with 4',6-diamidino-2-phenylindole (DAPI). In situ 
fluorescence was assessed using fluorescence microscopy and 
quantification performed with MetaMorph software. The produc-
tion of ROS has been assessed by two histological mediators: the 
highly toxic product of lipid membrane peroxidation 4-hydroxy-
2-nonenal (mouse anti-4-HNE monoclonal antibody at 1 µg/ml; 
Oxis International Inc, Foster City, CA, USA) and the 3,5-dibro-
motyrosine (mouse anti-Di bromo tyrosine monoclonal antibody 
at 10 µg/ml, AMS biotechnology, LTD, Abingdon, UK) (16). To 
avoid any potential cross-reactivity with mouse heart antigens and 
to increase the specificity of the primary antibodies, the VECTOR 
M.O.M Immunodetection kit and the VECTOR VIP substrate kit 
for peroxidase (Vector Laboratories, Inc. Burlingame, CA, USA) 
were used, following the manufacturer’s instructions. Quantifi-
cation was performed with MetaMorph software. Results were ex-
pressed as percentages of stained area on total heart surface area.

Determination of cardiac collagen content

Two classical methods were used to determine cardiac collagen de-
position at days 7 and 21 of chronic ischaemia: Masson’s Trich-
rome and Sirius red stainings. Masson’s Thrichrome staining was 
performed as previously described (17). For Sirius red staining, 
five mid-ventricular sections per mouse heart were rinsed with 
water and incubated with 0.1% Sirius red (Sigma) in saturated pi-
cric acid for 90 min, as previously described (3). Then sections 
were photographed with identical exposure settings each section 
under ordinary polychromatic or polarised light microscopy. Total 
collagen content was evaluated under polychromatic light (Sirius 
red). Interstitial collagen subtypes were evaluated using polarised 
light illumination; under this condition thicker type I collagen 
fibers appeared orange or red, whereas thinner type III collagen 
fibers were yellow or green (3). Quantifications were performed 
with MetaMorph software. Data were calculated as percentage of 
stained area per total lesional area.

Magnetic resonance imaging (MRI)

MRI was performed in mice without surgery and at days 1 and 21 
of chronic myocardial ischaemia, as previously described (3). Dur-
ing the MRI exam, mouse anesthesia was maintained with isoflur-
ane 2%. Imaging was performed on a 3T MR scanner (Magnetom 
TIM Trio, Siemens Medical Solutions, Erlangen, Germany) with a 
dedicated two-channel mouse receiver coil (Rapid biomedical 
GmbH, Rimpar, Germany). A turboflash cine sequence assessed 
myocardial function: FOV 66 mm, in plane resolution 257 µm, 
slice thickness 1 mm, 5-7 consecutive slices to cover the whole left 
ventricle (no slice overlap), TE/TR effective 6.5/6.8 ms, flip angle 
30, GRAPPA with acceleration factor 2, 3 averages, typical acquisi-
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Figure 1: Single administration of Evasin-3 or Evasin-4 reduces in-
farct size in a mouse model of myocardial chronic ischaemia. Evas-
in-3 (10 μg/mouse), Evasin-4 (1 μg/mouse) or vehicle (PBS, 200 μl) were ad-
ministered 5 min after ischaemia onset. Data are expressed as mean ± SEM. 
A) Quantification of area at risk (AAR) per ventricle surface (V) after 24 h of 

chronic ischaemia (n=8–9 per group). B) Quantification of infarct size (I) per 
AAR after 24 h of chronic ischaemia (n=8–9 per group). C) Representative 
images of TTC stained heart sections of vehicle- Evasin-3 or Evasin-4-treated 
mice. N.S.: not significant.

A B

C

Figure 2: Treatment with Evasins does not affect protective intracel-
lular pathways (ERK 1/2 and STAT-3 phosphorylation) in infarcted 
hearts. A) Representative western blots of heart lysates (50 μg per lane) of 
mice sham-operated (Sham) or treated with vehicle (Ve), Evasin-3 (Eva-3) or 
Evasin-4 (Eva-4) on ERK1/2 activation (phosphorylated and total protein) at 
15 min of in vivo chronic ischaemia. B) Quantification of western blots on 
phospho (P)-ERK1 on total protein (n=3–5 per group; mean ± SEM; *p<0.05 
vs vehicle. C) Quantification of western blots on P-ERK2 on total protein 
(n=3–5 per group; mean ± SEM; *p<0.05 vs vehicle. D) Representative west-

ern blots of heart lysates (50 μg per lane) of mice sham-operated (Sham) or 
treated with vehicle (Ve), Evasin-3 (Eva-3) or Evasin-4 (Eva-4) on STAT-3 acti-
vation (phosphorylated and total protein) at 15 min of in vivo chronic ischae-
mia. E) Quantification of western blots on Stat-3 phosphorylated on tyrosine 
(Tyr) 705 on total protein (n=3–5 per group; mean ± SEM; *p<0.05 vs ve-
hicle. F) Quantification of western blots on Stat-3 phosphorylated on serine 
(Ser) 472 on total protein (n=3–5 per group; mean ± SEM; N.S.: not signifi-
cant.
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Figure 3: Treatments with Evasins reduce the serum levels of 
CXCL1 and CCL2 during chronic ischaemia. Serum levels of CXCL1, 
CXCL2 (neutrophil chemoattractants), CCL2, CCL5 (monocyte/macrophage 
chemoattractants) and CCL11 were measured 1 and 7 days after ischae-
mia onset in sham-operated (Sham), vehicle (Ve)-, Evasin-3 (Eva-3)- or 
Evasin-4 (Eva-4)-treated mice, respectively. Data are expressed as mean ± 
SEM (n=4 for Sham, n=7–9 for other groups). A) CXCL1. B) CCL2. C) 
CXCL2. D) CCL5. E) CCL11. ##p<0.01 vs Sham; ###p<0.001 vs Sham; 
*p<0.05 vs respective vehicle at days 1 and 7.
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Figure 4: CCL5 stimu-
lates the release of 
CXCL1 and CCL2 by pe-
ripheral blood mono-
nuclear cells (PBMCs) 
in vitro. A) Human 
PBMCs (>75% CD3+ 
lymphocytes) were incu-
bated with control medi-
um (CTL), or 25 ng/ml 
phorbol myristic acetate 
(PMA)/0.5 µM Ionomycin 
(I) for 24 h. Then, super-
natants were collected for 
ELISA determination of 
CCL5 levels. Results are 
expressed as mean ± 
SEM of independent ex-
periments with eight do-
nors. ***p<0.0001 vs 
CTL. B-C) Human PBMCs 
were incubated with con-
trol medium (CTL), 25 ng/
ml phorbol myristic acet-
ate (PMA)/0.5 µM Ion-
omycin (I) or different 
concentrations of recom-
binant human CCL5 for 
24 h. Then, supernatants 
were collected for ELISA 
determination of CXCL1 
(B) and CCL2 (C) levels. 
Results are expressed as 
mean ± SEM of indepen-
dent experiments with 
eight donors. **p<0.01 
vs CTL; ***p<0.001 vs 
CTL.
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tion time per slice 2.5 min (18). The sequences were ECG and re-
spiratory gated. Ejection fraction (EF) calculation was performed 
with the Osirix software (Open source http://www.osirix-viewer.
com/). The endocardial contour was dellineated by hand for sys-
tolic and diastolic phases, for each slice of the myocardium. EF (%) 
was defined as (EDV-ESV)/EDV x 100, where EDV is the end-
diastolic volume and ESV the end-systolic volume. The segmen-
tation as well as the EF measurement was blindly done by the same 
experimenter for all mice. The evaluation of the ventricle wall 
thickness and cavity area at mid papillary muscle level was done in 
short axis MR images using in-house software allowing calculation 
of wall thickness in 100 rays covering the whole left ventricle. This 
was performed after manually defining the endocardial and epi-
cardial contours of the left ventricle. The mean thickness of the 
rays covering the septum and the lateral free-wall was evaluated at 
end-systole. The ratio septum-to-lateral thickness was also com-
puted as previously described (19).

Statistical analysis

Statistics were performed with GraphPad Instat software version 
3.05 (GraphPad Software, La Jolla, CA, USA). All results are ex-
pressed as mean ± SEM. One-way ANOVA was used for multiple 
group comparison and two-tailed t-test (paired and unpaired) was 
used when appropriate for two group comparison. Survival analy-
sis was tested using Kaplan-Meyer curves and the difference be-
tween the three groups were calculated using the Cox's F test given 
the relative limited sample size and the absence of censored data 
(3). P-values below 0.05 were considered significant.

Results
Treatments with Evasin-3 or Evasin-4 reduce infarct 
size after 24 h of ischaemia

We first evaluated the potential beneficial effects of treatments 
with Evasin-3 and Evasin-4 on infarct size in the mouse model of 
chronic myocardial ischaemia. Mice were treated with a single 
peritoneal injection of 10 µg of Evasin-3, 1 µg of Evasins-4 or ve-
hicle (PBS, 200 µl) 5 min after the onset of the myocardial ischae-
mia. Infarct size was histologically measured by TTC staining after 
24 h of ischaemia. Severity of the ischaemic insult was similar in 

the different groups, as shown by similar ratio of area at risk 
(AAR) relative to ventricle area (V) (▶ Figure 1 A). Both treat-
ments with Evasin-3 or Evasin-4 induced a significant reduction in 
infarct size (I/AAR) when compared to PBS-treated mice (▶ Fig-
ure 1 B and C).

Treatments with Evasin-3 or Evasin-4 do not affect 
activation of protective intracellular pathways

The potential activation of survival cardioprotective signalling 
pathways early during chronic ischaemia was investigated as a po-
tential mechanism underlying Evasin-mediated benefits (20). As 
previously shown in mouse myocardial ischaemia/reperfusion 
model (7), the in vivo exposure of myocardium for 15 minutes of 
ischaemia was associated with a significant increase in ERK1/2 
and Stat-3 (Tyr) phosphorylation as compared to sham-operated 
animals (▶ Figure 2 A-E). On the other hand, no significant in-
crease in Stat-3 (Ser) phosphorylation was induced by chromic is-
chaemia in Vehicle-treated as compared to sham-operated animals 
(▶ Figure 2 D and F). No statistically significant effect was induced 
by each of Evasin treatment as compared to vehicle on different 
protective cardiac intracellular pathways investigated (▶ Figure 
2 A-F).

Reduction in circulating levels of CXCL1 and CCL2  
is associated with Evasin-4 treatment at day 1 of 
chronic ischaemia

Circulating concentrations of both neutrophil (i.e. CXCL1) and 
macrophage (i.e. CCL2) chemoattractants were assessed at days 1 
and 7 after ischaemia onset in the mouse groups. Confirming pre-
viously published results (3, 7, 16), at day 1, chronic cardiac ischae-
mia was associated with a significant increase in serum levels of 
CXCL1, CCL2, CXCL2, CCL5, as compared to sham-operated 
controls (▶ Figure 3 A-D). No significant increase in CCL11 
serum levels of infarcted mice was shown when compared to 
sham-operated animals (▶ Figure 3 E) Treatment with Evasin-4, 
but not Evasin-3 was associated with the reduction of both CXCL1 
and CCL2 serum levels as compared to control vehicle (▶ Figure 
3 A and B). At day 7 post-infarction, both anti-chemokine treat-
ments were associated with abrogation of CXCL1 and CCL2 levels 
when compared to vehicle-treated animals (▶ Figure 3 A and B). 
No significant effects on the levels of other chemokines (i.e. 
CXCL2, CCL5, CCL11) at both days 1 and 7 of chronic ischaemia 
was shown on Evasin-treated mouse serum as compared to Ve-
hicle (▶ Figure 3 C-E). Finally, CCL3 serum levels were found un-
detectable (below the lower range of detection: 4.7 pg/ml) in all 
mouse serum at days 1 and 7 after ischaemia onset (data not 
shown).

Considering that Evasin-3 and Evasin-4 were supposed to re-
duce the bioactivity (instead of the levels) of CXCL1/CXCL2 and 
CCL5/CCL11 (7, 9), respectively, we focused on the potential mo-
lecular mechanism underlying the unexpected cross-reduction in 
CXCL1 and CCL2 levels that was exclusively associated with Evas-
in-4 treatment at one day of chronic ischaemia.

Figure 5: Treatments with Evasins reduce leukocyte infiltration in 
 infarcted hearts during chronic ischaemia. Evasin-3 (Eva-3,  
10 μg/mouse), Evasin-4 (Eva-4, 1 μg/mouse) or vehicle (Ve, 200 μl) were ad-
ministered at 5 min, 24 h and 48 h after ischaemia onset. Data are expressed 
as mean ± SEM (n=7–9 per group). A) Quantification of infiltrated neutro-
phils per area in frozen sections of infarcted hearts at 1 and 7 days of chronic 
ischaemia. *p<0.05 vs vehicle. B) Representative images of neutrophil infil-
tration are shown. C) Quantification of infiltrated macrophages per area in 
frozen sections of infarcted hearts at 1 and 7 days of chronic ischaemia. 
*p<0.05 vs vehicle. D) Representative images of macrophage infiltration are 
shown.
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Figure 6: Treatment with Evasins reduced superoxide production in 
infarcted hearts at 24 h of chronic ischaemia. A) Quantifications of 
superoxide (DHE staining) content in frozen sections of infarcted hearts at 24 
h of chronic ischaemia. Data are expressed as mean ± SEM (n=4–6 per 
group; *p<0.05 vs vehicle). B) Upper panel, representative images of DHE 
stained middle heart sections of vehicle (Ve)-, 10 μg/mouse Evasin-3 (Eva-3)- 
or 1 μg/mouse Evasin-4 (Eva-4)-treated mice at 24 h of chronic ischaemia are 
shown. Lower panel, correspondent images of the same middle heart sec-
tions stained with 4’,6-diamidino-2-phenylindole (DAPI), visualising nuclear 
DNA. C) Quantifications of 4-HNE staining content in frozen sections of in-

farcted hearts at 24 h of chronic ischaemia (n=4–5 per group; p: N.S. [not sig-
nificant]). D) Representative images of 4-HNE stained middle heart sections 
of vehicle (Ve)-, 10 μg/mouse Evasin-3 (Eva-3)- or 1 μg/mouse Evasin-4 (Eva-
4)-treated mice at 24 h of chronic ischaemia are shown. E) Di-bromo tyrosine 
(DiBrY) content in frozen sections of infarcted hearts at 24 h of chronic 
 ischaemia. Data are mean ± SEM (n=4 per group; *p<0.05 vs vehicle). F) 
Representative images of DiBrY stained middle heart sections of vehicle 
(Ve)-, 10 μg/mouse Evasin-3 (Eva-3)- or 1 μg/mouse Evasin-4 (Eva-4)-treated 
mice at 24 h of chronic ischaemia are shown.
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As recently demonstrated (16), T lymphocytes are a major 
source of serum levels of chemokines in mice. Mitogen stimulation 
with PMA/Ionomycin induced a significant release of CCL5 in 
PBMCs (>75% CD3+ lymphocytes) as compared to control medi-
um (▶ Figure 4 A). In addition, stimulation with recombinant 
CCL5 significantly increased CXCL1 and CCL2 release (▶ Figure 
4 B and C) in PBMCs as compared to control medium. Sponta-

neous cell death in PBMCs was about 10% in control medium and 
about 25% among cells treated with PMA-ionomycin, as pre-
viously reported (16). These findings showed a direct role of CCL5 
in the synthesis of CXCL1 (neutrophil chemoattractant) and CCL2 
(monocyte chemoattractant) by T lymphocytes. Therefore, we 
might hypothesize that Evasin-4 (blocking CCL5 bioactivity, but 
not Evasin-3 (inhibitor of CXCL1 and CXCL2 bioactivities) might 

Braunersreuther, Montecucco et al. Anti-chemokine treatments in myocardial ischaemic injury

Figure 7: Treatment with Evasin-4 improves mouse survival during 
chronic myocardial ischaemia. A) Kaplan-Meier survival curve following 
myocardial infarction and permanent ischaemia in Vehicle-, Evasin-3- and 
Evasin-4-treated mice (n=7–18 per group). N.S.: not significant. B) Body 
weight of vehicle- (black bars), Evasin-3- (gray bars) and Evasin-4- (white 

bars) treated mice during permanent ischaemia (from the day of surgery 
[time 0] till 17 days of chronic ischaemia). Data are expressed as mean ± 
SEM (n=3–11 per group). Differences in body weight at any time points in-
vestigated and also between treatment groups were statistically not signifi-
cant (N.S.).
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abrogate CCL5-induced release of CXCL1 and CCL2 by circu-
lating T lymphocytes in mouse serum in vivo at day 1 of chronic 
ischaemia.

Treatments with Evasin-3 or Evasin-4 reduce 
 neutrophil infiltration after days 1 and 7 of chronic 
ischaemia

Mice were treated with Evasin-3 (10 µg/mouse), Evasin-4 (1 
µg/mouse) or vehicle (PBS, 200 µl) at 5 min, 24 h and 48 h after is-
chaemia onset. At both days 1 and 7 of chronic ischaemia, treat-
ment with each Evasin abrogated neutrophil infiltration within in-
farcted hearts as compared to vehicle control (▶ Figure 5 A and B). 
At day 1 of chronic ischaemia, treatment with Evasin-3 or Evasin-4 
did not affect macrophage infiltration within infarcted hearts as 
compared to vehicle (▶ Figure 5 C and D). At day 7, treatment 
with Evasin-4 (but not Evasin-3) reduced macrophage content 
within infarcted hearts when compared to control vehicle (▶ Fig-
ure 5 C and D).

Treatments with Evasin-3 or Evasin-4 abrogate ROS 
production after day 1 of chronic ischaemia

In order to identify a potential molecular mechanism underlying 
neutrophil-mediated cardiac injury (16), we focused on ROS re-
lease within infarcted hearts at day 1 of chronic ischaemia. Treat-
ments with Evasin-3 and Evasin-4 significantly reduced superox-

ide (DHE staining) and dibromotyrosine content when compared 
to control vehicle (▶ Figure 6 A-D). On the other hand, treatments 
with Evasins were not associated with significant improvements in 
4-HNE production within infarcted hearts as compared to vehicle 
(▶ Figure 6 E and F).

Treatment with Evasin-4, but not Evasin-3 improves 
mouse survival during chronic ischaemia

At 21 days of chronic ischaemia, mice treated with the Evasin-4 
were characterised by a higher survival rate of 57.1% (4/7) when 
compared with mice treated with PBS (survival rate 11.1%, 2/18, 
p=0.04, ▶ Figure 7 A). No significant improvements were associ-
ated with Evasin-3 treatment (survival rate 18.2%, 2/11) when 
compared to control vehicle (▶ Figure 7 A).

During chronic ischaemia, mice did not show any significant 
decrease in body weight (▶ Figure 7 B), hematological parameters 
(▶ Table 1), suggesting that chronic treatments with Evasins did 
not affect food intake and blood cell homeostasis as compared to 
control vehicle.

Treatments with Evasins are not associated with any 
improvements in post-infarction adverse cardiac 
 remodelling during chronic ischaemia

In order to identify the clinical cause of the improvement in mouse 
survival associated with Evasin-4 treatment, we focused on the 

Table 1: Haematologic 
parameters at 1 and 7 
days of chronic ischae-
mia.

Measurements

1 day

Total WBC*, no. x 109/l 

Lymphocytes, no. x 109/l

RBC†, no. x1012/l

Platelets, no. x 109/l

7 days

Total WBC*, no. x 109/l 

Lymphocytes, no. x 109/l

RBC†, no. x1012/l

Platelets, no. x 109/l

Data are expressed as mean ± SEM. * WBC: white blood cells. † RBC: red blood cells.

PBS-treated 
mice (n=9)

4.18 ± 0.43

2.07 ± 0.79

8.66 ± 0.23

1102.6 ± 59.19

10.18 ± 1.01

5.64 ± 0.75

7.42 ± 0.26

1022.2 ± 94.29

Evasin-3-treated 
mice (n=9)

4.47 ± 0.64

2.7 ± 1.15

7.80 ± 0.56

980.56 ± 75.02

7.66 ± 0.92

5.68 ± 0.58

7.43 ± 0.18

1078.1 ± 110.07

p-value
(vs PBS)

0.6990

0.2129

0.1658

0.2199

0.1033

0.9710

0.9779

0.7230

Evasin-4-treated 
mice  
(n=9)

3.94 ± 0.57

2.78 ± 0.51

8.18 ± 0.16

968.89 ± 88.80

6.60 ± 2.78

4.08 ± 0.37

7.22 ± 0.23

947.40 ± 69.30

p-value
(vs PBS)

0.7474

0.2358

0.1047

0.2284

0.0558

0.0998

0.5763

0.5405

Table 2: Heart and 
body weights at 21 
days of chronic ischae-
mia.

Measurements

Heart weight (mg)

Body weight (g)

Data are expressed as mean ± SEM.

PBS-treated mice 
(n=5)

191.6 ± 21.5

27.8 ± 0.8

Evasin-3-treated mice 
(n=5)

228.7 ± 32.4

27.9 ± 0.6

p-value
(vs PBS)

0.3695

0.8904

Evasin-4-treated 
mice  
(n=4)

174.8 ± 6.4

26.7 ± 0.3

p-value
(vs PBS)

0.5217

0.2795

D
ow

nl
oa

de
d 

by
: U

C
 S

an
ta

 B
ar

ba
ra

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



© Schattauer 2013 Thrombosis and Haemostasis 110.4/2013

819Braunersreuther, Montecucco et al. Anti-chemokine treatments in myocardial ischaemic injury

Left ventricular MRI measurements 

Time 0 (no surgery)

Measurements

Ejection Fraction (%)

End-systolic volume (ml)

End-diastolic volume (ml)

End-systolic lateral wall thickness (mm)

Septum end-systolic thickness (mm)

Septum-to-lateral end-systolic wall 
 thickness ratio

1 day of chronic ischaemia

Measurements

Ejection Fraction (%)

End-systolic volume (ml)

End-diastolic volume (ml)

End-systolic lateral wall thickness (mm)

Septum end-systolic thickness (mm)

Septum-to-lateral end-systolic wall 
 thickness ratio

21 days of chronic ischaemia

Measurements

Ejection Fraction (%)

End-systolic volume (ml)

End-diastolic volume (ml)

End-systolic lateral wall thickness (mm)

Septum end-systolic thickness (mm)

Septum-to-lateral end-systolic wall 
 thickness ratio

Data are expressed as mean ± SEM.

Wild type mice (n=5)

53.97 ± 2.56

33.10 ± 4.57

70.78 ± 6.46

1.45 ± 0.06

1.07 ± 0.08

0.73 ± 0.05

PBS-treated 
mice (n=10)

29.17 ± 2.98

55.87 ± 4.5

77.47 ± 4.13

1.05 ± 0.04

1.00 ± 0.04

0.95 ± 0.04

PBS-treated 
mice (n=4)

25.99 ± 5.84

156.56 ± 55.85

199.67 ± 62.12

1.25 ± 0.13

1.13 ± 0.12

0.89 ± 0.02

p-value  
(vs no surgery 
time 0)

0.001

0.013

0.310

0.001

0.594

0.003

p-value  
(vs no surgery 
time 0)

0.0159

0.0159

0.0159

0.2857

0.730

0.016

Evasin-3- treated 
mice (n=10)

36.52 ± 4.80

45.37 ± 5.07

70.20 ± 3.72

1.34 ± 0.06

1.13 ± 0.03

0.85 ± 0.03

Evasin-3- treated 
mice (n=7)

36.34 ± 8.96

94.26 ± 30.33

126.97 ± 26.95

1.50 ± 0.15

1.07 ± 0.11

0.72 ± 0.06

p-value  
(vs PBS)

0.315

0.151

0.190

0.001

0.038

0.089

p-value  
(vs PBS)

0.646

0.230

0.230

0.164

0.648

0.164

Evasin-4-treated 
mice (n=7)

35.91 ± 3.43

41.99 ± 5.80

63.78 ± 6.11

1.35 ± 0.10

1.07 ± 0.05

0.81 ± 0.04

Evasin-4-treated 
mice (n=6)

33.29 ± 7.58

84.64 ± 27.05

113.41 ± 27.34

1.38 ± 0.13

1.28 ± 0.04

0.97 ± 0.07

p-value  
(vs PBS)

0.087

0.133

0.055

0.033

0.305

0.019

p-value  
(vs PBS)

0.762

0.257

0.257

0.609

0.286

0.610

Table 3: Magnetic resonance imaging (MRI) assessment of left ventricular dimension and wall thickness at mid papillary muscle level of 
mice without surgery (time 0) or at 1 and 21 days of chronic myocardial ischaemia.

post-infarction adverse cardiac remodelling. At 21 days of chronic 
ischaemia, neither Evasin-3, nor Evasin-4 treatments did not in-
fluence mouse heart and body weight when compared to control 
vehicle (▶ Table 2). Accordingly, MRI determination of ejection 
fraction, left ventricular dimensions and wall thickness at 21 days 
did not shown any significant effect for both Evasins when com-
pared to control PBS (▶ Table 3, ▶ Figure 8). Transient statistically 
significant increase in end-systolic lateral wall thickness (for both 
Evasins), septum end-systolic thickness (exclusively for Evasin-3) 
and septum-to-lateral end-systolic wall thickness ration (exclus-
ively for Evasin-4) were observed as compared to vehicle at day 1 

of ischaemia (▶ Table 3, ▶ Figure 8). To further validate the effects 
of the exposure to a chronic ischaemia, at day 1 we showed a sig-
nificant reduction in ejection fraction, end-systolic lateral wall 
thickness and increase end-systolic volume and septum-to-lateral 
end-systolic wall thickness as compared to age-matched wild-type 
mice without infarction (▶ Table 3). Accordingly, at 21 days, 
chronic ischaemia was associated with significant reduction of 
ejection fraction and increase in end-systolic and end-diastolic 
volumes and septum-to-lateral end-systolic wall thickness ratio as 
compared to not infarcted wild-type mice (▶ Table 3). The margi-
nal effect on post-infarction left ventricular adverse remodelling 
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Figure 8: Treatments 
with Evasins do not af-
fect cardiac function 
and adverse remodell-
ing during chronic is-
chaemia. Representative 
magnetic resonance im-
ages (at end-systole and 
end-diastole) at mid pap-
illary muscle level of Ve-
hicle- and Evasin-3- and 
Evasin-4-treated mice at 
1 and 21 days of the 
same animals during 
chronic ischaemia.

Figure 9: Treatments with Evasins do not affect MMP-9 and MMP-8 
release in infarcted hearts during chronic ischaemia. A) Quantification 
of MMP-9 stained area in frozen sections of infarcted hearts at 24 h after 
chronic ischaemia onset. Data are expressed as mean ± SEM (n=4 per 
group). Right panel: Representative images of MMP-9 stainings at 24 h of 
chronic ischaemia are shown. B) Quantification of infiltrated MMP-9 stained 
areas in frozen sections of infarcted hearts at 7 days after chronic ischaemia 
onset. Data are expressed as mean ± SEM (n=4–9 per group). Right panel: 
Representative images of MMP-9 stainings at 7 days of chronic ischaemia 
are shown. C) Quantification of infiltrated MMP-8 stained areas in frozen 
sections of infarcted hearts at 7 days after chronic ischaemia onset. Data are 
expressed as mean ± SEM (n=4–9 per group). Right panel: Representative 
images of MMP-8 stainings at 7 days of chronic ischaemia are shown. Differ-
ences between treatment groups were statistically not significant (N.S.).

was confirmed by the lack of effect for both Evasins on well-
known active mediators of cardiac remodelling, such as matrix-
metalloproteases (MMP-s) (3). In particular, treatments with both 
Evasins did not affect MMP-9 (24 h and day 7) and MMP-8 (day 
7) myocardial content during chronic ischaemia as compared to 
control vehicle (▶ Figure 9 A-C). Confirming the substantial lack 
of efficacy for treatments with Evasins on cardiac function and re-
modelling during chromic ischaemia, treatments with Evasins 
were not associated with any significant improvement on infarct 
size (▶ Figure 10 A and B) and scar formation (collagen deposi-
tion, ▶ Figure 10 C-F) at both days 7 and 21 after ischaemia onset 
when compared to control vehicle.
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Figure 10: Treatments with Evasins do not affect collagen deposition 
and scar formation in infarcted hearts. A) Quantifications of nitroblue -
trazolium chloride staining (differentiating between metabolically active and 
inactive tissues) in frozen sections of infarcted hearts of vehicle (Ve)-, 10 
μg/mouse Evasin-3 (Eva-3)- or 1 μg/mouse Evasin-4 (Eva-4)-treated mice at 
different time points of chronic ischaemia (days 7 to 21). Data are expressed 
as mean ± SEM (n=3–6 per group). B) Representative microphotographs of 
infarcted hearts showing nitrobluetetrazolium chloride staining (white col-
oured regions are metabolically inactive). C) Quantifications of Sirius red 
staining in frozen sections of infarcted hearts of vehicle (Ve)-, 10 μg/mouse 
Evasin-3 (Eva-3)- or 1 μg/mouse Evasin-4 (Eva-4)-treated mice at different 
time points of chronic ischaemia ( days 7 to 21). Data are expressed as mean 
± SEM (n=3–9 per group). D) Representative microphotographs of infarcted 
hearts showing bright-field sections without polarisation (upper panel, red 
coloured regions are collagen) and corresponding sections under polarised 
light illumination (lower panel). E) Quantifications of Masson’s Trichrome 
staining in frozen sections of infarcted hearts of vehicle (Ve)-, 10 μg/mouse 
Evasin-3 (Eva-3)- or 1 μg/mouse Evasin-4 (Eva-4)-treated mice at different 
time points of chronic ischaemia (days 7 to 21). Data are expressed as mean 
± SEM (n=3–8 per group). F) Representative microphotographs of infarcted 
hearts showing Masson’s Trichrome staining (blue coloured regions are col-
lagen). Differences between treatment groups were statistically not signifi-
cant (N.S.) for all stainings.

Discussion

An important result of this article is represented by the improve-
ment on infarct size induced by a single injection of the CXC che-
mokine inhibitor Evasin-3 (7) or the broad spectrum CC chemo-
kine antagonist Evasin-4 (9) in our mouse model of chronic myo-
cardial ischaemia. In addition to being clinically relevant, these re-
sults confirm recent promising publications, showing that anti-
chemokine treatments are potent cardioprotective strategies in 
animal models of acute and chronic myocardial ischaemia (21, 22). 
In fact, evidence by our research group using other anti-chemo-
kine strategies recently showed that treatments selectively in-
hibiting CXCL1, CXCL2 or CCL5 were associated with remarkable 
improvements in post-ischaemic myocardial injury and inflam-
mation (3, 7, 23). Importantly, the selective inhibition of the bioac-
tivity of these chemokines during the early inflammatory phase 
(first 3 days) was indicated as an effective approach to reduce in-
farct size and heart failure (3). As indicated by Liehn et al., the in-
flammatory phase after an acute myocardial infarction is characte-
rised by the synthesis of multiple soluble mediators (including 
both dangerous and protective chemokines and cytokines), which 
differently determine the following wound healing and scar 
formation (21). In particular, inhibitory treatments selectively tar-
geting neutrophil and macrophage chemoattractants exclusively 
during this first phase might block the deleterious effects of in-
flammation without altering the effects of cardioprotective inflam-
matory molecules and intracellular pathways (7, 21). In this study, 
we confirmed that treatments with Evasins did not affect the acti-
vation of myocardial salvation intracellular pathways not only dur-
ing reperfusion after ischaemia (7), but also in a mouse model of 
chronic cardiac ischaemia. In addition, at 24 h of chronic ischae-

mia, Evasin-4-mediated benefits on cardiac necrosis were associ-
ated with the concomitant reduction in CXCL1 and CCL2 serum 
levels. We recently showed that reduction in serum levels of neut-
rophil and monocyte/macrophage chemoattractants is strongly as-
sociated with improvements in the cardiac infiltration of these in-
flammatory cells after an acute ischaemia (16). The cellular mech-
anism identified was related to the reduction in the “random mi-
gration”, implying that circulating leukocytes can migrate to in-
flamed tissues without following the “true” chemotactic tissue 
gradient (16). Accordingly, Evasin-mediated reduction in infarct 
size at 24 h of chronic ischaemia was positively associated with ab-
rogation in neutrophil cardiac infiltration (at both days 1 and 7 
from ischaemia onset) and the abrogation of ROS production (at 
day 1 of chronic ischaemia). As previously described (7, 16), the 
significant inhibition of ROS (both of leukocyte and cardiac ori-
gin) might represent the molecular mechanism underlying Evasin-
mediated protection. On the other hand, the effects of Evasin-3 
and Evasin-4 treatments on neutrophil infiltration (Evasin-3 by in-
hibition of ELR-CXC chemokines, and Evasin-4 by inhibition of 
CCR1 ligands since CCR1 participates in neutrophil recruitment 
in the mouse) were expected (24). Interestingly, we also showed 
that treatment with the broad spectrum inhibitor Evasin-4 (selec-
tively blocking CCL5 and CCL11 bioactivities) was also associated 
with the concomitant reduction of the serum levels of neutrophil 
chemoattractant (CXCL1) at both days 1 and 7 of chronic ischae-
mia. Those potent systemic effects were not observed for Evasin-3, 
indicating that the selective inhibition of CXC bioactivities does 
not affect circulating levels of other chemokines. These lower anti-
inflammatory properties of Evasin-3 were already observed in pre-
vious published animal models using both acute and chronic treat-
ment protocols (7, 14). These results potentially indicate that in 
addition to their selective inhibitory activities, both Evasins might 
further reduce neutrophil recruitment within infracted hearts via 
an indirect abrogation of CXCL1 circulating levels. On the other 
hand, only Evasin-4 treatment was able to reduce cardiac macro-
phage content, whose recruitment is directly mediated by the ac-
tivity of the CC chemokines CCL5 and CCL11. Our results also 
suggest that this effect might be partially due to the concomitant 
and prolonged serum level reduction of the macrophage chemoat-
tractant CCL2 (observed at both days 1 and 7 after chronic ischae-
mia onset). In order to identify these potential unexpected molec-
ular interactions between different chemokines (mainly under 
treatment with Evasin-4), we focused on CCL5 (a chemokine in-
hibited by Evasin-4 and up regulated during infarction [3]) and its 
potential activity to induce the release of CXCL1 and CCL2. Inter-
estingly, 24 h-stimulation with CCL5 on T lymphocytes (that rep-
resent the major circulating leukocyte subsets in mice) (16) in-
duced the release of both CXCL1 and CCL2. Considering that re-
sults on serum chemokine profile at 24 h of chronic ischaemia, we 
might speculate that the selective inhibition of CCL5 bioactivity by 
Evasin-4 during this period might also reduce both CCL2 and 
CXCL1 circulating levels by abrogating their secretion by circu-
lating T lymphocytes in infarcted mice.

Taking together the results on infarct size and inflammation, 
we can suggest that Evasin-4 treatment can be considered as a 
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What is known about this topic?
• Chronic myocardial ischaemia is associated with the upregulation 

of systemic and myocardial inflammatory processes that are still 
unknown.

• Chemokines trigger leukocyte recruitment within the inflamed 
myocardium after an ischaemic injury.

What does this paper add?
• Selective inhibition of CCL5 bioactivities with Evasin-4 improves 

infarct size and survival in a mouse model of chronic myocardial 
ischaemia.

• Despite a potent anti-inflammatory activity, selective CXC chemo-
kine inhibition with Evasin-3 is associated with reduction of in-
farct size without improving mouse survival.

more complete anti-inflammatory approach during chronic is-
chaemia (inhibiting not only neutrophil- but also macrophage-
mediated inflammation) as compared to Evasin-3, especially when 
considering the impact on mouse mortality discussed below. The 
key finding of this study is that, in top of the beneficial impact on 
myocardial infarct size, Evasin-4 infusion induced a significant re-
duction in mortality rate during chronic myocardial ischaemia as 
compared to control vehicle. These results partially confirm recent 
evidence by our research group on the protective role of CCL5 in-
hibition on post-infarction survival in mice (3). Conversely, no sig-
nificant improvements were observed in Evasin-3-treated mice as 
compared control vehicle. This lack of efficacy of Evasin-3 treat-
ment confirms recent findings from the research group of Dr. 
Liehn, showing that the selective blockade of CXCL1 might not 
prevent post-infarction inflammatory response, wound healing 
and scar formation in mice (25). In order to explain the potential 
mechanisms underlying the amelioration of this post-infarction 
outcome, we first focused on potential adverse effects due to 
chronic treatment with Evasins. Importantly, no significant abnor-
malities on mouse body weight and haematological parameters 
were observed in the mouse treatment groups, indicating that 
mouse mortality might be rather related to a cardiac cause. Then, 
we assessed histological (i.e. protease release, infarct size and col-
lagen deposition) and MRI parameters of adverse cardiac remod-
elling and cardiac function. Also in this case, we did not detect any 
significant difference between animals treated with Evasins and 
control vehicle. These results were surprising, since we recently 
observed that CCL5 inhibition (using a chemokine neutralising 
antibody) was associated with improvements in both mortality 
and cardiac function in the same mouse model of chronic ischae-
mia (3). These results raise some concerns on potential com-
pound-specific adverse effects for the different chemokine in-
hibitors. In both studies, we macroscopically checked potential al-
terations (such as cardiac rupture) at mouse autopsy. However, we 
did not observe any disorders associate with treatments and, thus, 
failed to identify the cardiac complications and reasons underlying 

the differences on cardiac outcomes between Evasins treatments 
and anti-CCL5 antibody and Evasin-4 treatments (3). In particu-
lar, among the most frequent causes of post-infarction mortality, 
we were not able to investigate in both studies ([3], present study) 
the potential incidence of life-threatening cardiac arrhythmias by 
telemetry [26]. Considering that mice apparently well-tolerated 
the surgical protocol and did not present clinically important 
symptoms of heart failure (3), a reduction of this post-ischaemic 
complication might potentially explain Evasin-4-mediated bene-
fits as compared to Evasin-3 or control vehicle. Interestingly, the 
role of circulating chemokines and their selective antagonists in 
cardiac arrhythmias has been poorly investigated (27). In particu-
lar, the product RO5657 (a CCR5 antagonist used as an anti-HIV 
treatment) has been shown to be pro-arrhythmogenic in cynomol-
gus monkeys via the inhibition of multiple cardiac channels (28). 
On the other hand, treatment with vicriviroc (another CCR5 an-
tagonist) also in combination with HIV protease inhibitors was 
not shown to induce a clinically relevant QT prolongation in 
healthy humans (in a randomised phase I study) (29). A potential 
pro-arrhythmogenic effect of Evasin treatments was not assessed 
in our study. Thus, considering our technical concern, we have to 
admit the lack of the identification of the cause for different mor-
tality rates as a main limitation of our study. Another important 
limitation might be the low number of mice used in this study es-
sentially due to 3R (Reduce, Refine, Replace) criteria. Thus, addi-
tional studies (mainly using a second animal model of acute myo-
cardial infarction) are needed to validate our preliminary results 
and potentially translate this anti-chemokine approach to humans.

In summary, this study showed that the selective inhibition of 
CC chemokines with Evasin-4 reduced cardiac injury/inflam-
mation, ROS production and improved mouse survival. Despite a 
relevant anti-inflammatory activity, Evasin-3 treatment did not af-
fect mouse survival. On the other hand, treatment with Evasins 
was well tolerated in mice and did not affect post-infarction ad-
verse cardiac remodelling during chronic ischaemia. We con-
cluded that the inhibition of CC chemokine bioactivities instead of 
CXC chemokines might represent a promising therapeutic ap-
proach to reduce post-infarction heart complications in mice (30).
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