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ABSTRACT 

A biosorbable magnetisable endoprosthesis, may be useful in 
the therapy of restenosis. A method for the treatment of pre 
vention of restenosis or a disease of thecoronary artery, com 
prises fitting a patent with an endoprosthesis according to the 
invention, which has either been magnetized prior to place 
ment in the body or which is magnetized in situ, and admin 
istering to the patient magnetized cells capable of repairing an 
artery. 
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BOSORBABLE ENDOPROSTHESIS 

FIELD OF THE INVENTION 

0001. This invention relates to endoprostheses, in particu 
lar to coronary stents and to their use in the prevention and 
treatment of disease of the coronary arteries after angioplasty. 

BACKGROUND OF THE INVENTION 

0002 Cardiovascular disease is the largest cause of death 
in the UK. This condition is characterised by a disease process 
called atherosclerosis, which is a thickening and hardening of 
the coronary arteries supplying blood to the heart. This often 
leads to chest pain (partial obstruction of blood flow) or a 
heart attack (a complete obstruction of blood flow, which is 
fatal in 50% of cases). Obstructive narrowing due to athero 
Sclerosis can be relieved by ballooning open the narrowing 
and inserting a stainless steel scaffold (coronary artery stent, 
which may also be used to stent other tubes in the body) to 
prevent the narrowing from returning. This procedure, termed 
percutaneous angioplasty and stent insertion, is performed 
under local anaesthetic, and is considered routine in the treat 
ment of people with heart disease. 
0003. After angioplasty and stent insertions, narrowing of 
the coronary arteries returns in up to 30% of people. This 
process, i.e. restenosis, occurs within the stent itself. As part 
of the body's natural healing process, a functional endothelial 
layer is formed over the stent. This may be a relatively slow 
process, however, and can allow scar tissue to build up over 
the stent (restenosis). Various methods have been used to try 
to reduce this complication. The emergence of drug-eluting 
stents (coated with an anti-cancer agent) has dramatically 
reduced the incidence of in-stent restenosis. This therapy 
interferes with the natural healing response by preventing, the 
"scarring process around the stent and therefore delays res 
tenosis. Although more expensive than conventional stents, 
the improvement in long-term outcome leads to a reduction in 
overall costs in certain patients. However, this delay in heal 
ing can also lead to the formation of blood clots within the 
stent. This can completely stop blood Supply and cause a heart 
attack. 

0004 Recently, the existence of circulating endothelial 
progenitor cells (EPCs) has been identified as a key factor for 
re-endothelialisation. While delaying the formation of a func 
tional endothelial layer may prevent restenosis (as the forma 
tion of scar tissue is also delayed), the early establishment of 
a functional endothelial layer after vascular injury has been 
shown to assist in the prevention of neointimal proliferation 
(restenosis process) and thrombus formation (blood clot). As 
the endothelial layer is formed quickly, there is no time for 
significant scar tissue to form over the stent. 
0005 WO03/065881 discloses antibody-coated stents. 
These attract EPC cells and promote the formation of a func 
tional endothelial lining. However, an antibody is not neces 
sarily specific, and it may react with other cells as well as its 
environment. A non-specific effect may be observed and the 
efficiency of the system is unclear. 
0006 Polyak et al., PNAS 2007, 105, 698-703, discloses 
the concept of targeting endothelial cells to a magnetic stent. 
The stent must be in the presence of a magnetic field in order 
to be magnetised (paramagnetic). Once magnetised, the stent 
attracts magnetised bovine aortic endothelial cells, promot 
ing healing of the blood vessel into which it has been inserted. 
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0007 Biosorbable stents have also been used to repair 
arteries after angioplasty. Examples of biosorbable stents are 
stents made from a magnesium alloy or polymers such as 
polylactic acid. Biosorbable stents are popular as they over 
come problems of stent size mismatch, and can prevent lumen 
expansion. A feature of biosorbable stents is that they are 
difficult to visualise using X-rays. This can make stent place 
ment difficult. However, it also means that these stents can be 
used with MRI scans. This is a unique feature of biosorbable 
StentS. 

0008 WO2008/034030 discloses a magnetised bioerod 
ible endoprosthesis. The endoprosthesis (which is a stent) has 
a magnetised portion to aid stent placement and a separate 
bioerodible portion for drug elution. The stent, in its entirety, 
is not bioerodible. 
0009. Although bioerodible stents are useful, they are not 
very effective at preventing restenosis, which can and does 
occur before the stent has degraded. 

SUMMARY OF THE INVENTION 

0010 Biosorbable endoprostheses are not very efficient at 
preventing restenosis. The present invention overcomes this 
problem by providing an endoprosthesis, which is both bio 
sorbable and magnetisable. Such materials were not previ 
ously thought to exist. This allows the endoprosthesis to 
attract magnetisable cells capable of repairing an artery. 
0011. According to a first aspect, the present invention is a 
biosorbable magnetisable endoprosthesis. 
0012. According to a second aspect, a kit comprises an 
endoprosthesis as defined above and magnetisable cells 
capable of repairing an artery, preferably as a combined 
preparation, for simultaneous, sequential or separate admin 
istration in therapy. 
0013. According to third and fourth aspects of the inven 
tion, an endoprosthesis as defined above is for therapeutic use 
inapatient also receiving cells as defined above. Alternatively 
Such cells are for use in a patient fitted with Such an endopros 
thesis 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0014. The endoprosthesis may be a stent or similar pros 
theses. Preferably, the endoprosthesis is a stent. 
0015 The endoprosthesis of the invention is magnetis 
able, which allows it to attract magnetisable cells to its sur 
face. 
0016. The endoprosthesis is biosorbable. Suitable bio 
sorbable materials from which the endoprosthesis may be 
constructed are magnesium alloys, polymers including poly 
lactones, and iron alloys. Preferably, the entire endoprosthe 
sis is magnetisable and/or biosorbable. A material which is 
both magnetisable and biosorbable is an iron alloy. Alterna 
tively, the endoprosthesis comprises separate biosorbable and 
magnetised portions. 
0017. In a preferred embodiment of the invention, at least 
a portion of the endoprosthesis can be absorbed by the body, 
such that structural integrity of the stent is lost between 6 and 
12 months after placement of the stent in the body. By loss of 
structural integrity, it is meant that the original shape of the 
stent is lost. The stent may not have been completely absorbed 
by the body by the time structural integrity has been lost. In a 
preferred embodiment, at least 30% of the stent has been 
absorbed between 6 and 12 months after placement in the 
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0038. In a preferred embodiment, the endoprosthesis com 
prises a magnesium metal or alloy. A magnesium endopros 
thesis may allow controlled degradation of the medical device 
in the body, with release of magnesium to the blood-contact 
ing Surface of the device. 
0039. In a preferred embodiment, the endoprosthesis com 
prises a biosorbable matrix, with magnetic particles embed 
ded in, or situated on, the Surface of the matrix. 
0040 Magnetic particles suitable for use in the invention 
are may comprise of any magnetic particles of which many 
are known, specifically, Superparamagnetic iron oxide par 
ticles (SPIO), such as MRI contrast agents, magnetic beads or 
particles based on magnitite. In a preferred embodiment, the 
endoprosthesis is a stent, which preferably comprises mag 
netic iron nanoparticles embedded within a biodegradable 
matrix. 
0041 Preferably, the magnetic particles are magnetite, 
which is a ferrimagnetic mineral with chemical formula 
Fe-O. 
0042. In a preferred embodiment, the magnetic particles, 
e.g. magnetite, is loaded onto a polymer, preferably PLGA. 
The polymer may form nanoparticles. The polymer may then 
be sprayed onto a biosorbable stent, or embedded within a 
biosorbable stent. 
0043. The endoprosthesis may also be drug-eluting. 
Examples of drugs which may be eluted by such a stent 
include antiproliferative drugs, such as Sirolimus or pacli 
taxel. 
0044. A magnetic biosorbable stent embodying the inven 
tion can be constructed in a number of ways. In one embodi 
ment a stent can be coated with a high concentration of a 
polymer-based biodegradable metallic/magnetisable coating. 
This will confer magnetism Sufficient to attract magnetised 
cells to the stent. The stent may either be a high mechanical 
strength Mg-based biosorbable stent or a polymer based com 
pound e.g. polyglycolic acid, poly-l-lactic acid, poly d.l-lac 
tide/glycolide copolymer, polyorthoester or polycaprolac 
tOne. 

0.045. A stent may comprise a polymer including a mag 
netisable material. The magnetiseable material can be pro 
vided as a coating on the polymer, or within the polymer body. 
The magnetisable material can be magnetised by applying a 
magnetic field or current. The magnetisable material prefer 
ably comprises magnetic particles, as defined above. 
0046. In addition, a stent may be coated with an iron 
oxide-based biodegradable polymer, or similar magnetisable 
coating, according to standard coating methods, should the 
required magnetic effect not be sufficient from the stent alone. 
Single-layer or multilayer systems may be created (e.g., a 
base coat, drug coat or topcoat layers or striations). 
0047. In a preferred embodiment, magnetite is used as the 
magnetic material to coat, or include in, the stent. Magnetite 
is a ferromagnetic mineral with chemical formula Fe O. 
0048 Preferably, the endoprosthesis includes an X-ray 
maker, Such as tungsten carbide. 
0049. In a preferred embodiment, the endoprosthesis com 
prises a delivery system for a gene therapy. For example, a 
viral gene transfer product may be within a coating, e.g. a 
polymer coating, or it may be present on the Surface of the 
stent, using for example encapsulated viral particles. 
0050. In one aspect of the invention, a combination of an 
endoprosthesis as defined above and magnetisable cells 
capable of repairing an artery is provided. Such cells will be 
well known to those skilled in the art and include monocytes, 
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multi and pluripotent stem cells and progenitor cells. In a 
preferred embodiment, the cells are endothelial progenitor 
cells. 
0051 Means for magnetising (or making magnetisable) 
Such cells are known in the art, and include incorporating iron 
nanoparticles into the cells. 
0052. In one aspect of the invention, a kit is provided, 
which comprises a biosorbable magnetisable endoprosthesis 
and magnetisable cells capable of repairing an artery. 
0053. The endoprosthesis may be used for the prevention 
or treatment of a disease in the coronary arteries. It may be 
used for the repair or regeneration of the coronary arteries 
after angioplasty, for example for the prevention or treatment 
of restenosis. The stent may also be used for the repair or 
regeneration of other blood vessels. An endoprosthesis/kit of 
the invention may be useful in the therapy of stent thrombosis. 
0054. In one method of use, the endoprosthesis is a mag 
netisable stent which is placed in a coronary artery as part of 
an angioplasty procedure. Stem cells (preferably endothelial 
progenitor cells) are removed from the patient, labelled with 
magnetic particles (such as magnetic iron nanoparticles), or 
magnetised in another way and returned to the body, e.g. via 
injection. For example, the stem cells may have metal par 
ticles provided intracellularly or attached to their surfaces via 
antibodies. The stent will then attract the magnetic stem cells 
to the stent/artery wall interface, where they may promote the 
formation of a functional endothelial lining. The rapid for 
mation of Such a lining following angioplasty may be useful 
in the prevention of restenosis. 
0055. In an aspect of the invention, a method of treating of 
preventing restenosis or a disease of a blood vessel comprises 
fitting a patient with an endoprosthesis according to the 
invention and administering stem cells which have been mag 
netised. The endoprosthesis of the invention may have 
already been magnetised, in which case no further interven 
tion is needed to effect the therapy. Alternatively, if this stent 
was not magnetised before placement in the body, it may be 
magnetised in situ to effect the therapy according to the 
invention. 
0056. Other cells that may be captured include a patients 
own cells, taken from the body and transferred with a viral or 
non-viral vehicle expressing a beneficial gene, e.g. VEGF. 
When the cell thus manipulated is captured by the magnetised 
stent, it can express its beneficial protein locally in the artery. 
0057 The following Examples illustrate the invention. 

EXAMPLE 

0.058 Magnetic particles suitable for use in the invention 
are constructed as follows, and loaded into PLGA to form 
nanoparticles. The resulting nanoparticles are sprayed onto a 
biosorbable stent (constructed from a magnesium alloy com 
prising 96 to 97.9% w/w of magnesium, 1.6 to 2% w/w of 
manganese and 0.5 to 2% w/w of a rare earth metal), to form 
a biosorbable magnetisable stent according to the invention. 
The designed biosorbability time-frame is achieved by 
adjusting the thickness of the stent accordingly. 
0059. Synthesis of magnetite: Iron acetylacetonate (Fe 
(acac)) (0.396 g, 1.56 mmol), oleic acid (1.47 mL, 4.64 
mmol), oleylamine (1.02 mL, 3.09 mmol), 1.2-hexade 
canediol (2.005 g, 7.76 mmol) and benzyl ether (10 mL) were 
added to a single-neck round bottom flask equipped with a 
magnetic stir bar and a condenser and deoxygenated for an 
hour. The reaction was gradually heated at 3°C. /min to 200° 
C. and held at that temperature for 3 hours and then allowed 
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to cool room temperature. A final black Solution was 
observed. The reaction mixture was precipitated in ethanol 
and centrifuged twice. Ethanol was decanted and the product 
was dried via nitrogen purge leaving a black powder. 
0060 Preparation of magnetite-loaded into PLGA: PLGA 

is dissolved in chloroform (2 mL) and then added drop-wise 
to a vortexing solution of 5% poly-vinyl alcohol (PVA) (4 
mL) and the resulting mixture was Sonicated three times for 
10 sat an amplitude of 38% (TEKMARVCW 400 W). The 
mixture was then added drop-wise to 100 mL of 0.2% PVA 
and left stirring for 3 h to evaporate the solvent. Particles were 
collected by centrifugation at 12,000 RPM for 10 minat 4°C. 
and then washed three times with de-ionized water. The par 
ticles were lyophilized and stored at -20°C. until use. Par 
ticles functionalized on the surface with avidin were prepared 
in identical fashion with avidin-palmitate incorporated into 
the 5% PVA solution. Nanoparticles that encapsulating C-6 
and functionalized with avidin were manufactured using a 
modified double emulsion variation of the water-oil-water 
technique. Nanoparticles encapsulating magnetite and MTX 
(dissolved in DMSO) were prepared using a single emulsion. 
Nanoparticles encapsulating magnetite and Clod were manu 
factured in a similar fashion using a double emulsion, water 
oil-water technique. 

1. A biosorbable magnetisable endoprosthesis. 
2. An endoprosthesis according to claim 1, which is a stent. 
3. An endoprosthesis according to claim 1, wherein a por 

tion of the endoprosthesis can be absorbed by the body, such 
that structural integrity of the stent is lost between 6 and 12 
months after placement in the body. 

4. An endoprosthesis according to claim 1, comprising 
magnetic particles within a biosorbable material. 

5. An endoprosthesis, which is made from a material which 
is both biosorbable and magnetisable. 

6. An endoprosthesis according to claim 4, wherein the 
magnetic particles comprise iron. 
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7. An endoprosthesis according to claim 1, wherein the 
biosorbable material comprises magnesium or iron, or an 
alloy thereof. 

8. An endoprosthesis according to claim 1, wherein the 
biosorbable material comprises a biosorbable polymer. 

9. A kit comprising a magnetisable endoprosthesis and 
magnetisable cells capable of repairing an artery. 

10. A kit according to claim 9, wherein the cells are pro 
genitor cells, preferably endothelial progenitor cells. 

11. A kit according to claim 9, wherein the cells comprise 
1O. 

12. A kit according to claim 9, as a combined preparation 
for simultaneous, separate or sequential use in therapy. 

13-17. (canceled) 
18. A method for the treatment or prevention of restenosis, 

stent thrombosis or a disease of a blood vessel, comprising (a) 
fitting a patent with an endoprosthesis according to claim 1, 
which has either been magnetized prior to placement in the 
body or which is magnetized in situ, and (b) administering to 
the patient magnetized cells capable of repairing an artery. 

19. The method of claim 18, wherein the endoprosthesis 
has been magnetized prior to placement in the body. 

20. The method of claim 19, further comprising magnetiz 
ing the endoprosthesis prior to placement in the body. 

21. The method of claim 18, wherein the prosthesis is fitted 
to said patient in an unmagnetized state and is magnetized in 
situ. 

22. The method of claim 18, wherein the treatment or 
prevention is for a disease of the coronary artery. 

23. The method of claim 18, wherein the treatment or 
prevention is for the repair or regeneration of a blood vessel 
after angioplasty. 

24. The method of claim 18, wherein the treatment or 
prevention is for restensosis. 

25. The method of claim 18, wherein the treatment or 
prevention is for stent thromobosis. 
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