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Aims The rapid endothelialization of bare metal stents (BMS) is counterbalanced by inflammation-induced neointimal
growth. Drug-eluting stents (DES) prevent leukocyte activation but impair endothelialization, delaying effective de-
vice integration into arterial walls. Previously, we have shown that engaging the vascular CD31 co-receptor is cru-
cial for endothelial and leukocyte homeostasis and arterial healing. Furthermore, we have shown that a soluble syn-
thetic peptide (known as P8RI) acts like a CD31 agonist. The aim of this study was to evaluate the effect of CD31-
mimetic metal stent coating on the in vitro adherence of endothelial cells (ECs) and blood elements and the in vivo
strut coverage and neointimal growth.

...................................................................................................................................................................................................
Methods
and results

We produced Cobalt Chromium discs and stents coated with a CD31-mimetic peptide through two procedures,
plasma amination or dip-coating, both yielding comparable results. We found that CD31-mimetic discs significantly
reduced the extent of primary human coronary artery EC and blood platelet/leukocyte activation in vitro. In vivo,
CD31-mimetic stent properties were compared with those of DES and BMS by coronarography and microscopy at
7 and 28 days post-implantation in pig coronary arteries (n = 9 stents/group/timepoint). Seven days post-
implantation, only CD31-mimetic struts were fully endothelialized with no activated platelets/leukocytes. At day 28,
neointima development over CD31-mimetic stents was significantly reduced compared to BMS, appearing as a nor-
mal arterial media with the absence of thrombosis contrary to DES.

...................................................................................................................................................................................................
Conclusion CD31-mimetic coating favours vascular homeostasis and arterial wall healing, preventing in-stent stenosis and

thrombosis. Hence, such coatings seem to improve the metal stent biocompatibility.
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Introduction

The aim of endovascular stent implantation at the time of coronary
angioplasty is to prevent acute vessel closure and chronic negative ar-
terial remodelling in patients affected by coronary disease. However,
stents are sensed as a foreign body leading to immune cell activation,1

resulting in chronic inflammation and eventually in-stent restenosis
due to the local proliferation of arterial smooth muscle cells.2

Mitigating the body reaction by improving stent biocompatibility thus
represents a main challenge to increase the efficacy of arterial stents
and hence the clinical outcome of patients affected by coronary
disease.

Drug-eluting stents (DES), embedded in a polymer allowing local
release of anti-inflammatory/anti-proliferative drugs,3,4 were devel-
oped to avoid such secondary effects. However, despite the routine
use of prolonged dual antiplatelet therapy, stent-associated

Translational perspective
The CD31-mimetic stent might constitute a promising biocompatible pro-healing, anti-inflammatory, anti-thrombotic metal stent for
the treatment of coronary disease, while preventing neointimal development and in-stent stenosis. The use of CD31-mimetic stents
could become a supportive interventional coronary treatment on the medium-long term.

Graphical Abstract

CD31 mimetic coating favours the growth of a physiologic endothelial wall on stent struts: bare metal, drug-eluting and CD31-mimetic.

...................................................................................................................................................................................................
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..thrombosis may occur late after DES implantation due to prothrom-
botic and/or hypersensitivity reactions triggered by the polymer and/
or the drugs.5,6 Moreover, lower rates of stent endothelialization
have been reported.7

An alternative strategy to the local delivery of immune suppressive
drugs could be to prevent the inflammatory reaction with a stent

perceived as ‘self’ by adjacent endothelial cells (ECs), circulating plate-
lets, and leukocytes. In this regard, CD31 might be a compelling tar-
get. Indeed, this constitutive co-receptor also known as platelet EC
adhesion molecule 1 is expressed at the surface of blood platelets
and leukocytes and is the most abundant protein at the EC surface
and exerts key regulatory functions for circulation homeostasis by

Figure 1 In vitro analysis of human coronary artery endothelial cells and blood elements adhering to CD31-mimetic Cobalt Chromium discs. (A–D)
Representative digital fluorescent images of human coronary artery endothelial cells and human blood elements interacting with Cobalt Chromium
discs obtained by either plasma amination (A, C) or dip-coating (B, D) procedures. Controls for plasma amination included discs subjected to electro-
polishing alone (bare) or completed with poly(ethylene glycol) bis(carboxymethyl) ether linker covalent binding. Control discs for dip-coating were
subjected to ultrasound cleaning in acidic water (bare) or completed with the self-assembly of a thin polydopamine film. (E) Human coronary artery
endothelial cells adhering on the experimental discs were quantified in terms of number/surface (count of nuclei, i.e. Hoechst staining, expressed as
N/mm2) and of integrated density of CD31 at the cell–cell border (green, IntDens, arbitrary units). Both parameters were significantly greater in
coated as compared to bare metal discs; the presence of the CD31 peptide tended to yield higher values compared to poly(ethylene glycol) bis(car-
boxymethyl) ether or polydopamine coatings, although the difference did not reach statistical significance. (F) Blood leukocytes and platelets were
quantified individually (N/mm2) by analysing the fluorescent particles in the blue (nuclei = leukocytes, Hoechstþ particles) and orange (platelets =
CD41þ particles) channels, respectively, and as aggregates (% of total elements) by counting the number of blue elements overlapping orange ele-
ments. von Willebrand factorþ immune staining within platelets (red in the left panel and green in the right panel) was also analysed. Of note, the
number of von Willebrand factorþ elements yielded identical data as for the CD41þ element analysis (data not shown). Polydopamine and poly(-
ethylene glycol) bis(carboxymethyl) ether coatings were able to reduce blood leukocyte adherence and platelet-leukocyte aggregates (especially pol-
ydopamine) but, importantly, both failed to reduce platelet adherence and the latter was reduced only in the presence of the CD31 peptide. The
indicated scale bars apply to all the images of the same row.
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.co-clustering with key membrane signalling receptors, upon intercel-
lular trans-homophilic binding (reviewed in8). Importantly, we have
shown that a soluble synthetic peptide (P8RI), binding to the juxta-
membrane CD31 extracellular sequence involved in the receptor
clustering, acts like a CD31 agonist (reviewed in9). Here, we asked
whether immobilizing P8RI onto metal stents could reduce the reac-
tion of vascular and blood cells forging contact with the device. To
do so, we studied the potential clinical application of CD31-mimetic
coatings with P8RI. First, we characterized the in vitro blood platelet/
leucocyte reaction and phenotype of ECs growing onto CD31-
mimetic coated discs. Second, we evaluated the in vivo effects on the
blood and vascular response to whole CD31-mimetic stents
implanted in pig coronary arteries.

Methods

Surface functionalization and peptide

grafting
Plasma amination

Cobalt Chromium (CoCr) flat discs (12.7-mm diameter, 0.15-mm thick,
cut out of L-605 sheets from Rolled Alloys Inc., Laval, QC, Canada) were
subjected to electropolishing and plasma amination through a two-step
process using a mixture of N2 and H2, as detailed in.10 Resulting reactive

amine groups present at the alloy surface were used as anchor points for
the grafting of the CD31-mimetic peptide (P8RI, sequence H-kwpalfvr-
OH, described in detail in11) via a poly(ethylene glycol) bis(carboxy-
methyl) ether (PEG)-linking arm and carbodiimide chemistry, as
described.10

Dip-coating

CoCr flat discs (4.8-mm diameter, 0.15-mm thick) were provided as mir-
ror polished by a controlled industrial workshop (Goodfellow
Cambridge Ltd, Huntingdon, UK). CoCr discs and unmounted stents
were ultrasound cleaned in successive acidic, alcoholic, and water baths.
Functionalization was achieved by the deposition of a self-assembled bio-
polymer [polydopamine (PDA)], as described.12,13 Two successive dip-
coating steps in solutions containing a flexible linker (BCN-amine, Sigma
Aldrich) and an N-terminal azide P8RI (N3-kwpalfvr-OH, synthetized by
ProteoGenix Inc., Schiltigheim, France) allowed for a copper-free click-
chemistry biorthogonal immobilization as described.14 Coating uniformity
was confirmed by fluorescence microscopy and its persistence evaluated
by X-ray photoelectron spectroscopy survey analyses after passage in an
accelerated ageing bench test15 (Supplementary material online).

MultilinkVR commercial stents were deployed, unmounted from their
catheter, and subjected to CD31 peptide grafting by both plasma amina-
tion and dip-coating. Coated stents were cramped back onto the catheter
using tweezers and sterilized by beta radiations (25 kGc) prior to in vivo
use.

Figure 2 In vitro analysis of soluble markers released by human coronary artery endothelial cells and blood elements in contact with CD31-mimetic
Cobalt Chromium discs. (A and B) Quantitative analysis of coagulation and inflammation soluble factors released in the supernatant of human coron-
ary artery endothelial cells cultured during 48 h (A) or released in the blood-derived plasma after 1 h of incubation under continuous rotation (B), in
the presence of CD31-mimetic Cobalt Chromium-coated discs or their controls. Individual points are median values from eight replicates of four dif-
ferent donors. The release of plasminogen activator-1, interleukin-6, interleukin-8, E-selectin in the supernatant of human coronary artery endothelial
cells and the secretion of tissue factor, plasminogen activator-1, tissue factor pathway inhibitor, CD40L, macrophage inflammatory protein-1 alpha in
the plasma derived from the blood incubated with the experimental discs was significantly reduced by the presence of the CD31 peptide, regardless
of the type of linker arm used [i.e. poly(ethylene glycol) bis(carboxymethyl) ether or polydopamine]. Furthermore, human coronary artery endothe-
lial cell release of soluble tissue factor pathway inhibitor was significantly increased in the presence of the CD31-mimetic peptide compared to bare
and poly(ethylene glycol) bis(carboxymethyl) ether controls, reflecting a CD31-dependent physiologic anticoagulant function of the endothelium.
ICAM-1, intercellular adhesion molecule-1; PDGF-BB, platelet-derived growth factor-BB; VCAM-1, vascular cell adhesion molecule 1. Circles: plasma
amination; squares: dip-coating.
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..Analysis of CD31-mimetic Cobalt

Chromium disc biocompatibility
Electropolished discs þ/- the PEG linker served as controls for the
plasma amination coating procedure whereas ultrasound cleansed and
PDA-BCN linker discs were used for comparison with dip-coated CD31-
mimetic discs.

Human primary coronary artery ECs (HCAECs from four donors,
Lonza) were seeded at high density (1 � 105/cm2) onto CD31-mimetic
CoCr discs and cultured in EC basal medium for 48 h (beyond 48 h,
HCAECs likely began to decay in the absence of endothelial growth fac-
tors). Cells adhering onto the experimental discs were stained with anti-
human CD31 antibodies (mouse clone JC70/A, DAKO and AlexafluorVR

488 goat anti-mouse IgG; Jackson Immunoresearch) and Hoechst 33342
(nuclei). Soluble tissue factor (TF), plasminogen activator inhibitor 1 (PAI-
1), TF pathway inhibitor (TFPI), interleukin (IL)-6, IL-8, CD40L, intercellu-
lar adhesion molecule 1, vascular cell adhesion molecule 1, and E-selectin
were analysed in culture supernatants on a BioPlex200VR analyser (Bio-
Rad).

Human whole blood collected in PPack (CryoPep, Montpellier,
France) was deposited onto the discs in 96-well plates incubated on an
orbital shaker (medium speed) at 37�C for 1 or 24 h. Individual plasma
samples were used for measuring plasma soluble TF, PAI-1, TFPI, platelet-
derived growth factor-BB, CD40L, CD40, macrophage inflammatory
protein-1 (MIP-1), monocyte chemoattractant protein-1 and P-selectin

(BioPlex200VR , Bio-Rad) and the discs were processed for fluorescence
microscopy. Anti-human CD41 (mouse clone P2, Beckman Coulter) and
anti-von Willebrand factor (rabbit polyclonal, DAKO) primary antibodies
and rhodamine or AlexaFluorVR 488-conjugated secondary antibodies
(from Jackson Immunoresearch) served to identify platelets whereas the
nuclei (Hoechst 33342 staining) identified the leukocytes.

Experimental discs with fluorescently labelled adherent elements were
mounted face-down on ibidiVR imaging m-dishes, imaged with an Axio
Observer microscope equipped with the Zen software (Zeiss), and ana-
lysed with the ‘Analyze Particles’ command of Image JVR (NIH). Adherent
elements were counted (N/mm2) and positive staining quantified as inte-
grated density (IntDens).

In vivo evaluation of CD31-mimetic stents
Coronary stent implantation in female farm pigs was performed as
described in the Supplementary material online. All four stent types
[everolimus-eluting, durable polymer-coated XienceVR stents, DES group;
polymer-free, unmodified MultilinkVR BMS, bare metal stent (BMS) group
(both kindly provided by Abbott Vascular); or CD31-mimetic stents
(plasma aminated or dip-coated)] were implanted in the three coronary
arteries (one type of stent per animal) in a total of 24 female farm pigs.
Aspirin (75 mg/day) and ticagrelor (90 mg bid) were continued orally until
termination (by vecuronium overdose followed by perfusion with a satu-
rated KCl solution, under general anaesthesia). A total of nine stents per

Figure 3 In vivo stent endothelialization at day 7 post-implantation. Representative examples of scanning electron microscopy imaging of the lumin-
al surface of pig coronary arteries implanted with either bare metal or drug-eluting stent vs. CD31-mimetic plasma aminated or dip-coated stents (n
= 9 stents/group), taken at low (top), medium (middle) or high (bottom) magnification. Arrowheads point at the absence of endothelialization over
the drug-eluting stent struts. Note the presence of activated leukocytes (numerous pseudopods at their surface) tangled in a dense fibrin mesh over
the endothelialized struts of bare metal stents. Non-activated (round-shaped) leukocytes can be identified over drug-eluting stent struts but there
endothelial cells appeared detached one from another and covered with platelets and fibrin. Instead, the absence of leukocyte activation (round
shape) was combined with the presence of a smooth and continuous endothelium, free from platelets and fibrin, over CD31-mimetic stent struts.
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group (one in each of the three coronary arteries, n = 3 pigs for each
group) were implanted for each timepoint (12 pigs per timepoint).
Coronary angiography was repeated on study termination day. Stented
arteries were explanted, rinsed in phosphate buffered saline (PBS), and
fixed in formaldehyde for 48 h prior to final processing.

Coronary angiography and stent explantation were performed at
7 days after stenting (three pigs/group) for the analysis of endothelializa-
tion by scanning electron microscopy as previously described16 and histo-
morphometry analysis of Masson’s trichrome-stained sections.

Stenosis was evaluated at 28 days (three pigs/group) by coronary angi-
ography and histomorphometry by Masson’s trichrome-stained resin
cross-sections. Computer-assisted image analysis served to calculate the
lumen surface area reduction by the neointima on three cross-sections
(proximal, medial, and distal) from each stented artery (n = 9/stent group)
using the QWinVR software (Leica) on Sirius Red-stained sections imaged
under fluorescence, as previously described.17

Statistical analysis
Data are presented as individual points. One-way ANOVA and Tukey’s
multiple comparison test with PrismVR 8 were used to compare individual
groups. Adjusted P-values are reported next to all graphs in the figures.

Results

Analyses of blood and arterial
endothelial cells interacting with
CD31-mimetic coated Cobalt
Chromium surfaces
None of the experimental discs caused significant haemolysis at 1
or 24 h (Supplementary material online). The number of adherent
HCAECs and the extent of CD31þ lateral junctions were signifi-
cantly increased when the cells grew onto CD31-mimetic discs,

compared to bare controls (Figure 1). A moderate increase was
also observed with bioactive PEG- and PDA-coated discs as com-
pared to bare samples. Importantly, CD31-mimetic coating signifi-
cantly reduced leucocyte and platelet adhesion to the
experimental discs (see plasma amination condition), while platelet
adhesion was unchanged with PDA and PEG alone coatings and
only PDA coating reduced the extent of blood leucocyte adhe-
sion (Figure 1). The addition of the CD31 peptide tended, more
than PEG and PDA alone, to reduce the frequency of platelet-
leucocyte aggregates observed on PEG or PDA functionalized as
compared to bare surfaces (Figure 1).

Quantitative analysis of coagulation and inflammation soluble bio-
markers, using the supernatant of HCAECs and of human blood

Figure 5 Evaluation of in-stent stenosis by coronary angiography
at day 28. Representative angiography images of the left coronary
arteries at 28 days after implantation of either bare metal stent (A),
drug-eluting stent (B), plasma aminated (C), or dip-coated (D)
CD31-mimetic stents. White arrows: proximal edge of the
implanted stent. Yellow outlines: lumen shape within the stent. (E)
Quantitative analysis of coronary stenosis (% lumen size reduction).
The extent of stenosis was comparable in drug-eluting stent and
CD31-mimetic stent groups and significantly lower compared to
the bare metal stent group, regardless of the coronary artery type.

Figure 4 Morphometric analysis at day 7 post-stent implantation.
Representative images of porcine coronary artery cross-sections
observed at day 7 after stent implantation with either bare metal
stent, drug-eluting stent, or CD31-mimetic stents (plasma aminated
or dip-coated) and stained with Masson’s trichrome. Arrowheads
indicate the presence of a continuous endothelial layer over the
stent struts in the bare metal stent and CD31-mimetic groups, but
not over the drug-eluting stent struts. The latter were also the only
ones showing the presence of a fibrin layer (asterisks) and signs of
necrosis (arrows) within the tissue matter covering the stent struts.
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Figure 6 Morphometric analysis of the neointima at day 28. Composition of in-stent neointima at 28 days after stent implantation. (A)
Masson’s trichrome staining. Black = nuclei, deep green = extracellular matrix, purple = cell cytoplasm, red = erythrocytes; light green/grey =
ancient fibrin/platelets. Note the thick neointima and presence of leukocytes (black round nuclei) with the bare metal stent, the presence of fi-
brin, platelets, and erythrocytes with the drug-eluting stent and the organized media-like structure of the thin neointima with the CD31-mi-
metic stents. The black squares in low magnification images indicate the localization of the magnified insets. (B) Fluorescence microscopy
analysis of Sirius Red-stained resin cross-sections of stented arteries. Red = collagen and elastin; green = stromal cell cytoplasm. White dotted
line = internal elastic lamina. Note the consistent presence of stromal cells (green) in the media of arteries implanted with CD31-mimetic
stents as compared to their paucity when implanted with drug-eluting stent and virtual absence with bare metal stent. Several stromal cells
were also visible with bare metal stent but localized in the neointima (tissue growing inward of the stent struts and internal elastic lamina).
(C) Quantitative analysis of neointima surface area (mm2). Individual points are median values from three sections (proximal, middle and distal
cross-section) of each sample.
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from individual culture wells containing the experimental discs, sup-
ported the above observations (Figure 2). Whereas coating with PEG
or PDA alone was able to blunt most inflammatory markers, CD31-
mimetic coating consistently reduced the release of both pro-
inflammatory and pro-coagulant molecules secreted by adherent ECs
or blood elements, independently of the coating procedure and of
the respective intermediate functional layer. In particular, CD31-
mimetic coating reduced the levels of TF and PAI-1 and increased, in
a mirror fashion, the levels of TFPI (Figure 2), an effect particularly evi-
dent with the plasma amination procedure, reflecting a CD31-
specific HCAEC anticoagulant phenotype.

Effect of CD31-mimetic stents on in vivo
strut endothelialization
Control coronary angiography at day 7 showed no detectable lumen
size modification in any group (Supplementary material online).
Scanning electron microscopy of the luminal side of stented arteries
revealed complete stent strut endothelialization in both BMS and
CD31-mimetic stents (Figure 3). In contrast, a patchy, discontinuous
layer of ECs was visible on DES, consistent with previous reports.18

A few, round-shaped (non-activated), blood leukocytes were
observed in DES and CD31-mimetic stents. In contrast, the leuko-
cytes attached to the endothelium covering the BMS showed mul-
tiple interconnected pseudopods and shape asymmetry, typical of
recent activation (Figure 3). Morphometric analysis on cross-sections
confirmed the presence of a continuous endothelial layer covering
the struts of both BMS and CD31-mimetic stents at day 7, whereas
an unstructured tissue, made of fibrin and dying cells (comprising ar-
terial cells and leukocytes), covered DES struts (Figure 4).

Effect of CD31-mimetic stents on
in-stent stenosis
Luminal size reduction (stenosis, expressed as % of the lumen size
traced on native lumen contrast images) was analysed in each of the
three stented coronary arteries from all remaining 12 pigs, 28 days
after stent implantation (n = 3 pigs/stent group). The degree of sten-
osis in each of the three implanted coronary arteries was consistently
greater in BMS compared to CD31-mimetic stents and DES
(Figure 5). The angiographic data were confirmed by histomorphome-
try analyses on resin cross-sections (Figure 6). Fluorescent images of
Sirius Red-stained sections, allowing automatic detection of the in-
ternal elastic lamina in the red channel, were used to quantify the ex-
tent of stenosis (Figure 6). BMS stent cross-sections consistently
showed lumen stenosis and the presence of fibrosis (collagen content
in the neointima þ media). In comparison, the extent of neointima
and fibrosis were significantly lower in DES and CD31-mimetic
stents, obtained by either plasma amination or dip-coating (Figure 6
and Supplementary material online). Of note, at variance with DES,
the structure of the thin neointima in the stented arteries in CD31-
mimetic groups resembled a normal arterial media, composed of par-
allel layers of smooth muscle cells in between elastin/collagen sheets
(Figure 6). Remarkably, in spite of the dual antiplatelet treatment with
aspirin and ticagrelor at full doses, DES-implanted arteries (but not
BMS and CD31-mimetic stents) showed signs of local thrombosis
(Figure 6).

Discussion

In our in vitro assays, we show that CD31-mimetic coatings (i) reduce
leucocyte and platelet adherence/activation/aggregation, (ii) improve
metal surface endothelialization, and (iii) maintain a HCAEC physio-
logical phenotype (low release of soluble inflammatory/thrombotic
biomarkers), as compared to bare metal devices. Importantly, only
CD31 coatings achieved the combination of all these effects, as com-
pared to bare and PEG- and PDA-coated devices. However, as
expected from previous bioengineering studies, the linkers PEG and
PDA also conferred a certain degree of biocompatibility to CoCr
surfaces as observed in our in vitro experiments.19,20 Nonetheless,
contrary to HCAECs growing onto CD31-mimetic surfaces,
HCAECs growing onto PEG and PDA coatings released several sol-
uble inflammatory/thrombotic biomarkers. Furthermore, PDA and
PEG surfaces had no or only a minor effect, respectively, on reducing
blood platelet adhesion. Hence, PDA and PEG coatings alone would
presumably not reduce the risk of thrombosis inherent to metal devi-
ces, contrary to what our results strongly suggest with CD31-
mimetic stents. Consistent with our previous work demonstrating
that soluble P8RI drives cell-specific outside-in co-signalling guaran-
teeing vascular homeostasis, we believe that CD31-coating, on top of
PEG or PDA linkers, acts through specific engagement of cell surface
CD31 in different vascular cell types. Indeed, CD31-coating presum-
ably stabilizes resident EC adherence while driving a detachment sig-
nal in circulating blood cells (recently reviewed in9).

These homeostatic properties were confirmed in our in vivo study.
Indeed, we further report that the CD31-mimetic coating promotes
in vivo vascular wall healing while reducing the adverse reactions lead-
ing to in-stent stenosis and thrombosis in comparison to BMS and
DES, respectively. While fast endothelialization occurs in the pres-
ence of BMS, endothelium and circulating cell reactivity towards the
foreignness of metal devices eventually leads to in-stent stenosis. Our
study indicates that the CD31-mimetic coating is efficient both for
rapid endothelialization and to ‘hide’ the foreign metal material from
reactive blood solid and soluble reactive elements. This leads to the
formation of a seemingly physiologic endothelial barrier, with anti-
inflammatory and anti-thrombotic properties. Indeed, we observed
that the neointima formed at day 28 post-implantation with the
CD31-mimetic stents was as thin as in DES and significantly thinner
than in BMS. In particular, the structure of the tissue covering CD31-
mimetic struts was composed of organized layers of extracellular ma-
trix alternated with elongated mesenchymal cells (likely smooth
muscle), presumably endowing the stented segment with recovered
contractile and elastic arterial wall properties, at variance with the tis-
sue surrounding the BMS, which was highly fibrotic.

Importantly, as mentioned, the effect of CD31-mimetic stents is
most likely inherent to the CD31-dependent homeostatic regula-
tion8 elicited by the direct contact of vascular cells with the stent sur-
face and does not require the release of a bioactive compound. Thus,
the CD31 coating prevents the adverse reaction of vascular and
blood cells while the metal surface is exposed. Thereafter, once a
complete and functional endothelium has completely hidden the de-
vice, the exposure to the peptide is presumably no longer required
as the luminal surface with the stented segment strikingly resembles
that of the adjacent normal artery and should thus continue to be-
have physiologically on the long term. We therefore believe that our

8 S. Diaz-Rodriguez et al.
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.
CD31-mimetic coating could meet the improvement expected in the
stent field (reviewed in20). Of note, the time points for endothelializa-
tion and stenosis assessment were based on previous reports and
the consensus reached by the experts in the preclinical stent evalu-
ation field (reviewed in19). Although beyond the scope of our work, a
later timepoint (at 120 days) would be necessary in the translational
perspective. Furthermore, future studies validating the efficacy of
CD31-mimetic coating should be carried out in atheromatous
conditions.

Remarkably, the anti-stenotic effect of DES was counterbalanced
by incomplete endothelialization at day 7 and presence of luminal
clots at day 28 despite continued dual antiplatelet treatment, consist-
ent with previous findings.16 Indeed, the antimitotic effect of the
drugs released by the DES also acts on ECs,18 inhibiting endotheliali-
zation. Instead, the anti-inflammatory effect of CD31 coating was
consistently accompanied by an anti-thrombotic effect. If confirmed
in future studies, the CD31-mimetic coating could lead to a lightened
use of antiplatelet drugs, which would further increase the clinical
interest for the development of CD31-mimetic stents.

Although the plasma functionalization approach had served as
proof of concept in previous studies,10 this procedure cannot easily
be scaled up by industrial manufacturers. Furthermore, plasma treat-
ment cannot be applied to any substrate as electropolishing can affect
the uniformity of deposited films on certain surfaces such as nitinol,
hence, the dip-coating procedure development involving PDA.
Indeed, this coating method is robust, straightforward and, as men-
tioned above, our results strongly suggest that the presence of PDA
as a linker arm does not hinder or alter the P8RI-dependent CD31-
mimetic effect. Thus, the dip-coating procedure is well-suited for
scaling-up and manufacturing practice. Future clinical trials could
soon confirm this potential.

Other coating strategies aiming at favouring stent endothelializa-
tion have recently emerged. The GenousVR stent, functionalized with
anti-CD34 antibodies, was intended to capture circulating CD34þ

endothelial progenitor cells,21 but it showed a higher risk of resten-
osis compared to DES.22–24 The addition of an abluminal bioabsorb-
able polymer-eluting sirolimus (ComboVR stent)25,26 reverted the
restenosis risk, but the endothelial coverage is actually lower than
with DES.27 This is presumably due to the low frequency of circulat-
ing progenitor ECs (0.2% of nucleated blood elements) in coronary
patients.28 Another approach uses short peptide sequences mimick-
ing the presence of extracellular matrix to favour the attachment of
adjacent ECs via their integrins. Preliminary experimental studies
with a cyclic-RGD (Arg-Gly-Asp) peptide-coated stent showed inter-
esting pro-endothelial properties in vivo,29 but possible engagement
of integrins on blood30 and smooth muscle cells31 may bring back the
risk of thrombosis and restenosis. Instead, CD31-mimetic stents se-
lectively favour the adhesion of ECs, not of smooth muscle cells or
blood elements.

In conclusion, our results suggest that CD31-mimetic coating both
favours CoCr stent integration while promoting arterial wall healing
around stent struts. To our knowledge, this would be the first stent,
which likely uses endogenous homeostasis regulation common to all
vascular cells, both circulating and resident, hence its potential pleio-
tropic effects on arterial wall healing.

Supplementary material

Supplementary material is available at European Heart Journal online.
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Sambin, and Alain Bizé for their precious help with the organization
of the in vivo experiments and to Melanie Gettings for critical reading
and help with manuscript editing.

Funding
S.D. was awarded a Doctoral Scholarship from the Natural Sciences and
Engineering Research Council (NSERC) CREATE Program in
Regenerative Medicine. C.R. was awarded an "AMX" Doctoral
Scholarship from the Institut Polytechnique de Paris; The study was sup-
ported by the ‘Fondation de l’Avenir’ [RMA_2013]; the French National
Research Agency (ANR) Project IMPLANTS [ANR-14-CE17-0014]; The
MSDAVENIR (Meck Sharp and Dome AVENIR) program, project SAVE-
BRAIN; and the Foundation for Medical Research (FRM) Programme
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