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Abstract: Atherosclerosis is the most important arterial 
wall disease that causes arterial stenosis and may lead 
to the clinical manifestations of angina, heart attack and 
stroke. There is a demanding unmet medical need for 
new approaches for early diagnosis and improved/novel 
targeted therapies and therapy monitoring of atheroscle-
rosis. This is the focus of two European large scale pro-
jects, the NanoAthero and the CosmoPHOS-nano by using 
nanomedicine. The aim is to demonstrate that nanotech-
nology-enabled systems can be successfully developed 
and clinically proven to be safe and effective in tackling 
cardiovascular diseases.
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Introduction
Diseases of the arterial wall leading to acute arterial throm-
bosis and cardiovascular events are the number one cause 
of death in developed countries and they account for signif-
icant morbidity and mortality worldwide (1, 2). Atheroscle-
rosis is the predominant and the most lethal arterial wall 
disease characterized by focal/regional/diffuse lesions 
with asymmetric thickening of the innermost layer of the 
artery. Atherosclerotic lesions occur principally in large-
sized elastic and medium-sized muscular arteries and 

can lead to ischemia of the heart, brain, or extremities. In 
such arterial disorder, lipids, inflammatory cells, activated 
smooth muscle cells, and extracellular matrix accumulate 
in the arterial wall resulting in the growth of atheroscle-
rotic plaques. In the atheroma, extracellular lipid droplets, 
cellular debris, and degraded extracellular matrix form a 
core region, called the necrotic core, which is surrounded 
by a cap of a collagen-rich matrix, foam cells, and smooth-
muscle cells, called the fibrous cap. Although advanced 
atherosclerotic lesions can lead to ischemic symptoms as a 
result of progressive narrowing of the vessel lumen, acute 
and severe cardiovascular events generally result from the 
rupture or erosion of atherosclerotic plaques which are 
non-occlusive/non-flow-limiting and which are causing 
in the majority of the cases  < 50% stenosis of the vessel 
lumen, the so-called “vulnerable” plaques (3).

Atherosclerotic plaque rupture is the leading cause 
of cardiovascular thrombosis, while plaque erosion is 
less frequent (4). Blood exposure of prothrombotic mate-
rial from the necrotic core of the ruptured/eroded plaque 
(oxLDL, phospholipids, tissue factor, and platelet-adhe-
sive matrix molecules) disrupts hemostasis. When such 
pathologic processes overwhelm the regulatory mecha-
nisms of hemostasis, thrombin is excessively formed 
endovascularly, initiating thrombosis. Platelets have a 
central role in cardiovascular thrombosis. They adhere to 
the sub-endothelial matrix after endothelial damage, and 
then aggregate with each other to form a prothrombotic 
surface that promotes clot formation and subsequently 
vascular occlusion. Thrombotic occlusion of a coronary 
artery of the heart (1) results in acute myocardial infarc-
tion (heart attack), and thrombotic occlusion of a carotid/
cerebral artery results in acute ischemic stroke (2).

Current strategies to fight the consequences of athero-
sclerosis/atherothrombosis are orientated either towards 
the promotion of a healthy life style (smoking cessa-
tion, balanced nutrition, exercise) and pharmacological 
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treatment of ‘systemic’ risk factors (dyslipidemia, arterial 
hypertension, hyperglycemia, etc.), or towards late phar-
macological strategies including thrombolysis and late 
interventional strategies including catheter-based balloon 
angioplasty (PCI/PTA) without or with “stent” (DES or 
BMS) placement, surgery (CABG/vascular surgery), or 
combinations of the above (5). For the acute cardiovascu-
lar events, prompt revascularization is indicated in order 
to save valuable tissue from necrosis. In acute myocardial 
infarction (heart attack) and in acute stroke, revasculari-
zation by using thrombolytics and/or balloon angioplasty 
immediately restores blood flow, thereby limiting heart/
brain damage. However, thrombolytic and balloon angio-
plasty therapies needs improvement for increased efficacy 
and decreased side effects (i.e., intracranial/gastrointesti-
nal hemorrhage, “stent” restenosis/thrombosis, etc.).

Unfortunately, despite the existing therapeutic 
arsenal, the incidence of cardiovascular clinical events 
in Europe and worldwide still remains dramatically high. 
This demonstrates that currently there are major diagnos-
tic and therapeutic gaps in the management of atheroscle-
rotic/atherothrombotic disease between screening and 
prevention on one hand, and emergency diagnostic and 
treatment modalities on the other (6, 7). Considering the 
severe and widespread morbidity and mortality associated 
with atherosclerotic/atherothrombotic disease, there is an 
urgent unmet medical need for new approaches for early 
diagnosis, improved/novel targeted therapies, and therapy 
monitoring by using innovative enabling technologies.

Two large-scale 5-year projects funded by the Euro-
pean Union (EU) FP7 (Framework Programme Seven of 
Research and Technological Development) NMP (Nano-
sciences, Nanotechnologies, Materials and New Pro-
duction Technologies), the NanoAthero http://www.
nanoathero.eu/) and the CosmoPHOS-nano (http://
www.cosmophos-nano.eu/), started in 2013 to tackle this 
major health issue by using Nanomedicine.

NanoAthero: on the way to 
circumvent challenges in 
atherothrombotic diseases
Although nanoparticle-based therapy is becoming more 
and more common in oncology, no specific nanoparti-
cle-based system has yet been approved for diagnosis or 
therapy in cardiovascular diseases (8–12). Indeed, inte-
grating a transport mechanism, a stealth coating, targeting 
and an active molecule into one and the same nanosystem 

(known as a third-generation nanosystem) has not yet 
been clinically validated in the field of atherosclerosis.

Several NanoAthero partners have patented and pro-
vided proofs of the efficiency of different nanodelivery 
systems and ligands for use in imaging or therapies (8, 9, 
11, 13). This recent progress is of major importance for the 
development of new molecular and therapeutic diagnosis 
tools. The nanovectors proposed by the NanoAthero con-
sortium to target nanoparticle in order to image “vulner-
able” plaques and to deliver therapeutic agents to stabilize 
the plaques are ready to be transferred to the clinical trial 
stage. Indeed, NanoAthero aims to take profit of nanodeliv-
ery systems that have been validated and transfer them to 
proof-of-concept clinical trials. The NanoAthero consortium 
is a unique opportunity to extend the frontiers of knowledge 
on atherothrombosis management. Thereby, NanoAthero 
gathers experts with knowledge ranging from the design of 
nanosystems, preclinical and clinical validations, through 
toxicology, to industrial development and production.

The Concept and the Goals of NanoAthero: Nano-
medicine for target-specific imaging and treatment of 
atherothrombosis -development and initial clinical feasi-
bility. EU FP7 NMP Funded Large-scale Project, Febru-
ary 2013 – February 2018.

NanoAthero aims to demonstrate the preliminary 
clinical feasibility of the use of nanosystems for targeted 
imaging and treatment of advanced atherothrombotic 
disease in humans. NanoAthero offers a unique oppor-
tunity by combining in-depth knowledge of nanocar-
rier bioengineering and production with state-of-the-art 
expertise in imaging and treatment of cardiovascular 
patients providing a full framework of 16 partners within 
one collaborative European consortium (Figure 1). The 
NanoAthero project gathers together chemists, engineers, 
pharmacists, biologists, toxicologists, ethicists and clini-
cal key leaders from RTOs, hospitals, SMEs and a large 
pharmaceutical company around on central theme: prove 
that the benefit of the use of nanoparticle technologies 
can be measured in a clinical setting (Table 1).

In acute coronary syndrome and stroke, atheroscle-
rotic plaque disruption with superimposed thrombosis, 
is the leading cause of mortality in the Western world. 
NanoAthero aims both the imaging and the treatment of 
thrombus and plaque. i) Nanosystems will be used for 
delivery and improved efficacy of drugs for plaque and 
stroke treatments in humans. ii) New imaging agents will 
allow molecular imaging of key processes and early adverse 
events using clinically available imaging modalities.

The nanosystems are assemblies of following compo-
nents: carrier, targeting, imaging agent/drug (Figure 2). 
The proposed nanocarriers in NanoAthero have proven 
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cardiovascular risk, including the preparation of dossiers 
on regulatory issues, risk and ethical assessments, and 
the evaluation of the performance of optimized diagnostic 
and therapeutic compounds.

CosmoPHOS-nano: translational 
nanomedicine for the diagnosis, 
therapy, and therapy monitoring 
of atherosclerotic heart disease
The Concept and the Goals of CosmoPHOS-nano: 
Novel nanotechnology-enabled system for endovascu-
lar in vivo near-infrared fluorescence molecular imaging 
and endovascular near-infrared targeted photodynamic 
therapy of atherosclerotic heart disease. EU FP7 NMP 
Funded Large-scale Project, March 2013 – March 2018.

The CosmoPHOS-nano Project (Figure 3) is a large-
scale, multidisciplinary, and translational nanomedicine 
project aiming to develop, nonclinically evaluate, and 
clinically validate the CosmoPHOS System, which is a 
novel theranostic (diagnostic and therapeutic) nanotech-
nology-enabled portable combination system for human 

Figure 1 NanoAthero provides a full framework of 16 partners 
within one collaborative European consortium to combine in-depth 
knowledge of nanocarrier bioengineering and production with state-
of-the-art expertise in imaging and treatment of cardiovascular 
patients.

Table 1 NanoAthero partners; coordinated by Inserm, the project 
has obtained funding of 9.8 million euros over 5 years from the 
European Union (EU FP7 NMP Large scale) for 16 partners from 10 
countries (see http://www.nanoathero.eu/).

  Name   Country

1  Inserm   France
2  Assistance Publique-Hôpitaux de Paris   France
3  Inserm-transfert   France
4  Academisch Medisch Centrum Universiteit 

Van Amsterdam
  Netherlands

5  Medizinische Universität Graz Meduni Graz  Austria
6  Syddansk Universitet   Denmark
7  Universitätsklinikum Erlangen   Germany
8  Universiteit Twente   Netherlands
9  Max-Planck-Gesellschaft zur Förderung der 

Wissenschaften
  Germany

10  Commissariat à l’Energie Atomique et Aux 
Energies Alternatives

  France

11  Clinam, Europaïsche Stiftung Für Klinische 
Nanomedizin

  Switzerland

12  Winzsoft Ltd   Israel
13  Nanopet Pharma Gmbh   Germany
14  Semmelweis Egyetem   Hungary
15  Bracco Imaging SpA   Italy
16  Edinethics Limited   UK

Core

Shell

Nanostructure

Figure 2 Nanosystems for CV diagnostic or imaging. The nanosys-
tems have high surface area to volume ratios available to ligand 
decoration either for targeting (green arrows) or drug coupling 
(red stars). Internal volume in the core allows encapsulating drugs 
or imaging agents (dots). These features make them well-suited 
as drug delivery carriers or imaging agents for the management 
of cardiovascular diseases. The bioengineering nanosystems in 
NanoAthero are assemblies of nanocarriers integrating a stealth 
coating in the shell, and an active molecule (drug or imaging agent) 
to be clinically validated in the field of atherosclerosis.

safety records, and we have the preliminary in vitro and 
in vivo proofs of concept on the building components of 
these nanosystems. Over 5 years, the NanoAthero project 
will integrate several key elements: GMP production, the 
initiation of clinical investigations in patients at high 
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use, consisting of nanomedicines and medical devices 
(14–19) that interact with each other to enable: a) molecular 
imaging; b) targeted therapy; and c) real-time and follow-
up therapy monitoring of atherosclerotic coronary artery 
disease (CAD) of the heart, which is the leading cause of 
human death and morbidity in Europe and worldwide.

The CosmoPHOS System is anticipated to significantly 
reduce the number of deaths and the morbidity caused by 
CAD. This is forecast to result in a significant decrease of 
the European and global healthcare costs caused by CAD, 
increase the income of the European healthcare industry 
from CAD market which is the global largest, and alleviate 
the European and global society.

The CosmoPHOS-nano Project is the world’s largest 
R&D project of nanomedicine in cardiology, and consists 
of 19 world-class participants including 13 universities 
and research foundations and 6 Companies (Table 2). The 
CosmoPHOS-nano Project has obtained funding of 8.5 
million euros over 5 years from the European Union (EU 
FP7 NMP), and the total Project budget is 13 million euros.

Additionally, the CosmoPHOS-nano Project is the first 
EU FP7 NMP Funded Large-scale Project planning to apply 
nanomedicine for cardiac patients. It foresees conducting 
during the final project-year, a first-in-man phase-I clini-
cal trial in CAD patients, to evaluate the safety and feasi-
bility of the CosmoPHOS System for human use.

The project consortium has more than a 9-years’ 
history of successful collaboration between its industrial 
and academic partners, and the CosmoPHOS-nano Project 
marks a significant milestone in the consortium’s ongoing 
efforts to combat the devastating effect of CAD to the Euro-
pean society as well as to the global society.

CosmoPHOS Ltd, a European SME for translational 
nanomedicine based in Thessaloniki, Greece (Ellas), is 

Figure 3 The CosmoPHOS-nano Project is a large-scale, multi
disciplinary, and translational nanomedicine project aiming to 
develop, nonclinically evaluate, and clinically validate the CosmoPHOS 
System, which is a novel theranostic (diagnostic and therapeutic) 
nanotechnology-enabled portable combination system for human use.

Table 2 CosmoPHOS-nano Project Consortium: 19 partners from 
11 European countries, Japan and the USA. The CosmoPHOS-nano 
Project has obtained funding of 8.5 million euros over 5 years from 
the European Union (EU FP7 NMP Large-scale) and the total Project 
budget is 13 million euros (see http://www.cosmophos-nano.eu/).

  Name   Country

1  Itä-Suomen Yliopisto   Finland
2  CosmoPHOS Ltd   Greece (Ellas)
3  Freie Universitaet Berlin   Germany
4  Universidad Autonoma de Madrid   Spain
5  Technische Universitaet Muenchen   Germany
6  Fujikura Europe Ltd   UK
7  Københavns Universitet   Denmark
8  FiberTech Co Ltd   Japan
9  Semmelweis University   Hungary

10  Toxi-Coop Toxikologiai Kutato Kozpont 
Zartkoruen Mukodo RT

  Hungary

11  Universiteit Utrecht   Netherlands
12  Katholieke Universiteit Leuven   Belgium
13  Biocontract Sp z o.o.   Poland
14  IFOM Fondazione Istituto Firc Di Oncologia 

Molecolare
  Italy

15  Stichting Katholieke Universiteit   Netherlands
16  Louisiana State University and Agricultural 

and Mechanical College
  USA

17  Ethniko Idryma Erevnon   Greece (Ellas)
18  Euram Limited   UK
19  Pohjois-Savon Sairaanhoitopiirin 

Kuntayhtyma
  Finland

the founder and the scientific/exploitation/strategic coor-
dinator of the CosmoPHOS-nano Project, and Itä-Suomen 
Yliopisto in Finland is the project coordinator.

Conclusions
The use of nanotechnology-enabled systems has 
recently emerged for the diagnostic imaging and treat-
ment of a variety of diseases. Diagnostic and thera-
peutic modalities based on nanoparticles are now part 
of clinical practice in cancer imaging and treatment. 
Nanomedicine holds promise in the management of car-
diovascular diseases (6), particularly in the target-spe-
cific molecular imaging, the targeted therapy, and the 
therapy monitoring of atherosclerotic disease which is 
the number one cause of death in developed countries 
and accounts for significant morbidity and mortality 
worldwide. The two EU FP7 NMP funded NanoAthero 
and CosmoPHOS-nano Large-scale Projects will address 
critical current limitations in atherosclerotic disease 
management by using nanomedicine, aiming to deliver 
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nanotechnology-enabled systems clinical validated 
by phase-I clinical trials, and ready for future clinical 
development through phase-II/III clinical trials and ulti-
mate clinical and commercial/business translation in 
atherosclerosis. The discovery of new molecular targets, 
the better understanding of the pathophysiology of ath-
erosclerotic disease, as well as the ongoing nonclini-
cal and clinical trials using nanotechnology-enabled 

systems capable to apply improved/novel medical 
modalities for imaging, therapy, and therapy monitor-
ing, will undoubtedly improve the prevention, diagno-
sis and therapy, and finally the natural history and the 
prognosis of atherosclerosis.
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