Coat ed nedi cal device and nmethod of coating a nmedical device to reduce,
fibrosis and capsule formation. FIELD OF THE | NVENTI ON The present

i nvent i orwoebamesssto a coati ng technol ogy nodul ati ng celpcTaBhesnsaoon t he
surface of medical devices. The coating prevents capsule fornmation and
decreases fibrosis induced by foreign bodies such as nedi cal devi ces.
BACKGROUND OF THE | NVENTI ON Medi cal devices in contact with living cells
and tissues induce a foreign body reaction due to their physical and

chem cal properties. This process results in a capsule formation around the
i nplant that often contracts and results in mal functioning of the device
and clinically relevant conplications such as pain and dysnorphi sm of the
patient that uItinaLeIY require additional surgical operations. The

reaction GPat;%m@e_tcHC_a ﬂ&rVéFgrﬁ'hﬁtrBreit_BIOC%eéw ngra é&&_ﬁ'fb%' deyiee done
br east a%d"l?é% hﬁgrgﬁégﬁrﬂ@%ggﬁlﬂgsg&rﬁag@ﬂ, a dental inplant, an

ort hopedi ¢ 1 nplant, val ve, whi ch cannot be phagocyt at ed,
enzymatically digested or otherwise elimnated, is the formation of
fibrotic capsule around it.lt has been reported by Prantl L., and al.

(dinicalf b pHEI 10GY ENMTION

The present invention relates to a coating technology modulating cell
adhesion on the surface of medical devices. The coating prevents
10 capsule formation and decreases fibrosis induced by foreign bodies such

as medical devices.

BACKGROUND OF THE INVENTION
15
Medical devices in contact with living cells and tissues induce a foreign
body reaction due to their physical and chemical properties. This
process results in a capsule formation around the implant that often
contracts and results in malfunctioning of the device and clinically
20 relevant complications such as pain and dysmorphism of the patient that

ultimately require additional surgical operations.

The reaction of cells to a foreign material such as for example a silicone
breast and aesthetic implant, a gastric band, a dental implant, an
25 orthopedic implant, hearth heart valve, etc., which cannot be
phagocytated, enzymatically digested or otherwise eliminated, is the

formation of fibrotic capsule around it.



conditions in capsular contracture fornmed around silicone breast inplants,
Pl ast Reconstr Surg 2007, 120: 275-284) that in up to 20-30% of inplanted
pr ost hesiwoaewal2egs7capsul e formati on. The capsul e for naPCINBL®I/@IBEESSI Ve
and leads to clinically relevant, painful contractures around the device.
Patients with excessive capsular formation need to receive a second
operation to renove the capsule around the device which consi derabl e
increases in the norbidity and costs. This process significantly shortens

the |11 espanagfddie dpLHeRy pihpFafivey! gniisalt NEIrfisd! bndl brpRERIER)

i nflammat ory proces round t'he materi a f hat ves on ter t
f or mat i oncarfditibaescadpsudapsuiarel tontviaatute ofdrased [alraynd rmim:onreal breast:apsul e

formation and contractjion in ealln tissue Thec ule itse
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This reaction produces capsul ar contraction. The problem of capsule
formati or\Cq{H§a‘éﬁL§6Sb@éﬁUaﬂscfuf?seGeY'ﬁepatpéH@”f&Ft YHER ueECeSSINeUSaPSHIB 285 a

col I agen oAl Athr Hded 185 HacdN@SE "aiohd Ddperation to remove the capsule

around the device which considerable increases in the morbidity and
costs. This process significantly shortens the lifespan of the device.

10
This capsule is the result of a chronic inflammatory process around the
material that resolves only after the formation of the capsule itself.
Myofibroblasts play a main role in capsule formation and contraction in
healing tissues. The capsule itself is deposited and contracted by

15 myofibroblasts. In the wound healing process, these highly active cells
proliferate and growth to occupy tissue defects and replaces them with
a scar. Around the implant, myofibroblast deposit collagen fibers around
the foreign material and eventually contract it. This reaction produces
capsular contraction.

20

The problem of capsule formation has also been discussed in patent
literature. In US 4,772,285 a collagen coated soft tissue prosthesis is
described for reducing capsule formation. While this patent proposes a
25 strategy to decrease capsule formation, no mechanism is provided to

effect myofibroblast formation. Further the clinical evidence is lacking.



described for reducing capsule formation. Wiile this patent proposes a
strategy to decrease capsule formation, no nechanismis provided to effect
nyof i br obWwa=bi10fsssat i on. Further the clinical evidence PSTHRUKY/NTFSVS
4,955, 907; 4,731,081; 5,571,183; 5,207,709; 5,354, 338; 4,428,082 and
4,298,998 al so propose solutions to avoid or dimnish capsule formation.
Al'l these docunments have several common denom nators whi ch have the
potential of making themunsuitable for resolving this problemin human

bei ngs. Fgs_expuBbeadB 4, 29% 098101 56).89¢ feysi ng Reogoul el gshorgat

predet erni ned, ‘confrol1ed di'st'ancé frém the Surface d&f The ihplaht, 'thus
resul ti ngdj428,082sanmd 474138199 ats@tpraposef solenionsobatavarid dhelieridighesul t
clinical Iéﬁasp@?e%s to be a hard capsule for the patient and not resolving

t he probl [MREtPN-t he i npl ant described in US 5,207,709 includes a
plurality of fine projections extending fromthe outer surface arrayed in a
basket weave-like, herringbone-like, or other suitable pattern to create a
Si nuoBs pall tHese dotuagetist havet several aordmde dendmimamrdewhash Haveappear s
that this inplant actually creates or invites collagen formati on again in
anot her 1%@aPosaNHabhdma Qrﬁf)‘leé.‘?\tu%t%téjﬁi fPrt AesIVEIR this pépblem i

human beings.

For example US 4,298,998 disclose causing a capsule to form at a
10 predetermined, controlled distance from the surface of the implant, thus
resulting in the same capsule but at a different location. The end result
clinically appears to be a hard capsule for the patient and not resolving

the problem.

15 Similarly, the implant described in US 5,207,709 includes a plurality of
fine projections extending from the outer surface arrayed in a basket
weave-like, herringbone-like, or other suitable pattern to create a
sinuous path for collagen formation around the implanted device. It
appears that this implant actually creates or invites collagen formation

20 again in another location around the implant and again therefore is not

resolving the problem.

Still other patents relate to the implant being surrounded by a medical
grade elastomer or as described in US 4,944,749 a viscous gel coating
25 with the membranes constructed of a suitable material such as medical
grade silicone rubber, which does not react with human tissue. The
outer membrane contains an amount of viscous gel, for example a

silicone rubber gel of medical grade silicone.



resolving the problem Still other patents relate to the inplant being
surrounded by a nedical grade el astonmer or as described in US 4,944,749 a
vi scous ¢gwD 20635 Wi th t he nmenbranes constructed of aPswitBzlo)/es3net eri al
such as nedi cal grade silicone rubber, which does not react with hunman

ti ssue. The outer nenbrane contains an anount of viscous gel, for exanple a
silicone rubber gel of nedical grade silicone.lt appears in the end that
this patent still has a silicone tissue interface that has accounted for
problens. US 4,610,690 is directed to an inplant with a |ubricious |ayer of
an acryl am de pol ynmer radiation bonded to at | east one wall surface of a

si | i cone Kheppeans imathe Roidethatathis gregenérstilehbsa siliconkutissud entegfacef an
acrylam de polynmer interface a not di scussed. All these aforenentioned
patents coWti aEeP YR %HH%FUﬁ%U“%henlcals as interface with hunman
tissue, which is exactly what patients do not want in their body and what

usual |y causes problens. I n US 4,995,882 an organic fill solution is
proposed WS 40 M 690k ipraibdeoed Tdean nphplant i withr apbgwicivbe layeraof an
triglyceride fill substance such as peanut oil or sunflower seed oil as a

filling ssE¥amiee PRlYRSigrdishen hﬁn@lﬁ@st%fatﬂﬁ%t lngd Wadk eurfieseant &d i n
Europe, tdf¥ne shell or bag. Potential long-term effects in human beings of an

acrylamide polymer interface are not discussed.

10 All these aforementioned patents continue to have unnatural chemicals
as interface with human tissue, which is exactly what patients do not

want in their body and what usually causes problems.

In US 4,995,882 an organic fill solution is proposed to solve the
15 problem. The implant is proposed the use a triglyceride fill substance

such as peanut oil or sunflower seed oil as a filling substance.

Although some implants of this kind were implanted in Europe, they
were never authorized for implantation in the United States and were
20 subsequently taken off the market worldwide because of various

problems.

Although many strategies have been developed to reduce capsule
formation, from modifications of the surface of the implants to chemical
25 coatings, only mixed results have been reported and, with the increase
in the demand for implantable devices, the clinical problem is on the

rise.



were never authorized for inplantation in the United States and were
subsequently taken off the market worl dw de because of various problens.

Al t hough wenyieks#regi es have been devel oped to reduce eapgBioehHisemt i on,
fromnodifications of the surface of the inplants to chem cal coatings,
only mxed results have been reported and, with the increase in the demand
for inplantable devices, the clinical problemis on the rise. SUWARY OF THE
I NVENTION It is therefore an object of the invention to provide a coating
of a nmedical device and a nethod to produce it with which the fibrosis and
capsul e contraction can be further dimnished or even avoided. This can be
achi eved SYMMARYIGRITHEYNVENMIONI n a surface of the nedical device is
coated with cell-adhesive proteins deposited in a matrix of islets with
specific size, area and distribution, object of this invention. This coated
surface. WNIChnkrefiBPaAclbiQCamand iFPBAch 1 Uhdvil " GRltidg 2 d ] ssues
to nodul ate ce adhesron 1S conposed fromtwo specific regions? 1. Area

(i sletss) mieclicalcadVicétarss e metnods pegprodeak! i withawhidtc aheefibqosid and

capsule contraction can be further diminished or even avoided.

This can be achieved by a medical device wherein a surface of the
medical device is coated with cell-adhesive proteins deposited in a
10 matrix of islets with specific size, area and distribution, object of this

invention.

This coated surface, which is supposed to come in contact with living

cells and tissues to modulate cell adhesion is composed from two
15 specific regions:

1. Area (islets) where cell (tissue) can specifically attach (coated part),

and

2. Other region where cell (tissue) cannot specifically attach (non coated

part).

20
This invention relates in general to a method and device for guiding
cellular adhesion on medical devices. The invention relates to a method
comprising protein islets to coat devices (implantable and external) in
contact with any cell and tissue of the body.

25

Specifically, the invention contemplates the use of such technique in

combination with devices implanted or externally applied to the body.



and 2. O her region where cell (tissue) cannot specifically attach (non
coated part). This invention relates in general to a nethod and device for
gui di ng cebl2oitzamesmdhesi on on nedi cal devi ces. The i nvenPCOnB20oY/6338%7 t 0 a
met hod conprising protein islets to coat devices (inplantable and external)
in contact wwth any cell and tissue of the body. Specifically, the

i nvention contenplates the use of such technique in conmbination with
devices inplanted or externally applied to the body. This proposal outlines

a novel at 5S4 HEl [ 0 ’ e j on of
fibrosi sﬁ@lgc?%n&%igq"ctgﬁte%a%tl on '3%%%%@??’8%0@2556@?? °§?§8’§%f‘§gﬁdt 0 a

pr ef er r eddexrieadenthe 6brrhadonnwoénfiboosit hecaetiocabndecooeranbiopr ig@®singd | | cone
as a material of the nedical device. her preferred enbodi nents include

t he use d@eﬂl'étq%’,'c%t al and/or collagen as a material of the nedical
device. According to one enbodi nent of the invention the nedical device
according to the invention conprises islets of proteins with uniform
geonettr i CAstapéasgy #Wnad hprefpossl Brihbodimeak dobethehénuaertioh dhéf eredital

geonetri c shapes. ) o ) ) )
device comprises silicone as a material of the medical device.

Other preferred embodiments include the use of plastic, metal and/or
collagen as a material of the medical device.

10
According to one embodiment of the invention the medical device
according to the invention comprises islets of proteins with uniform

geometric shapes.
15 Another possibility would be the use of different geometric shapes.

Generally, to reduce the myofibroblast differentiation and fibrosis, the

area of the single islets is less than 12 ym?.

The topography of islets that best reduces fibrosis is composed of single
20 islets, wherein the islets have preferably a length that is <6 ym, a width

that is <2 ym and distance between them that is <6 pm

In a preferred embodiment of the invention the medical device further
comprises an additional substrate to facilitate the transfer of the islets of

25 proteins.



Generally, to reduce the nyofibroblast differentiation and fibrosis, the
area of the single islets is less than 12 nmmR. The topography of islets

t hat bestwoeduwaesssi brosis i s conposed of single isletsPCrRIBO)/NS3BIE | Sl ets
have preferably a length that is <6 mMm a width that is <2 nm and di stance
between themthat is <6 mMm | n a preferred enbodi nent of the invention the
nmedi cal device further conprises an additional substrate to facilitate the
transfer of the islets of proteins. The substrate which is preferably
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silicone, astic, bio resistant mate Further the 1 nvention
descri bescaatired hsaimef weitht pngteansedoclal bkevsiieoneheylastict HEomedsistdntdevi ce
is coated with cell-adhesive proteins in formof single islets. As already
ment i onedM{CEBH Ftee i n some enbodi ments of advantage if the medical
device is coated by a substrate before being coated by the proteins.
According to one enbodi nent of the invention the proteins are applied to
t he m&di cRlrttevitbe bwemtikirenascribesmmsketlod efptedttngdd mbdlicas ddvitde si ze
and distribution of the islets).. ) ] o

wherein the medical device is coated with cell-adhesive proteins in form

of single islets.

As already mentioned it could be in some embodiments of advantage if
10 the medical device is coated by a substrate before being coated by the

proteins.

According to one embodiment of the invention the proteins are applied
to the medical device by a stencil or mask (a template with holes of the

15 size and distribution of the islets).

For applying the proteins according to another embodiment the stencil

or mask could be brought in contact with the surface of the medical

device and the proteins are transferred to the surface through holes of
20 the stencil.

The fixing of the proteins to the medical device could be done by every
possibility known from the art. As an example, it should be mentioned
covalent binding, electro deposition or precipitation of proteins on the

25 medical device and/or the substrate.

The medical device as described can be used for example for breast

implants, tissue expanders, inflatable bumps, implants, transplants,



For applying the proteins according to another enbodi nent the stencil or
mask coul d be brought in contact with the surface of the nedical device and
t he prot ewoxosvesisransferred to the surface through hol esTaB2vesiseenci | .
The fixing of the proteins to the nedical device could be done by every
possibility knowmnm fromthe art. As an exanple, it should be nentioned

coval ent binding, electro deposition or precipitation of proteins on the
medi cal device and/or the substrate. The medi cal device as described can be

used for srafpbs foﬁnaﬁlﬁﬁsﬁ)hg‘fpéanﬁﬁu iRt r;g Q;'%%@éfr% | AR ARCE AP,

i mpl ant s, transp ant's, pros |ns lin pu rug delivery systens,
cardi ovas«ter\lrlaes,dewlncsasbstakutes,swbﬂhdtdmee;smgmand/dlr tsiseés1gs and/ or tubes.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON These and ot her objects, features,
aspects and advantages of the present invention will becone nore apparent
fromthe follow ng detail ed description of the present invention when taken
in conjunction with the acconpanying drawi ngs. Figure 1 shows a nedi cal

devi c& before and after bei ng coated according to one enbodi nent of the

i nvention; and Fi %J 2 _shows exanpl es of _islet shapes according to a
DETAILED DESCRIPTION OF THE INVENTION

These and other objects, features, aspects and advantages of the
present invention will become more apparent from the following detailed
10 description of the present invention when taken in conjunction with the

accompanying drawings.

Figure 1 shows a medical device before and after being coated
according to one embodiment of the invention; and
15 Figure 2 shows examples of islet shapes according to a

preferred embodiment of the invention.

The invention describes a new method of micro-deposition of cell-
adhesive proteins and molecules onto the surface of medical devices,
20 such as, but not limited to highly deformable and elastic substrates
(such as, but not limited to silicone), Titanium, Plastic, Polyurethane and

generally all materials used for medical devices and implants.

The micro-deposited islets of proteins guide cell adhesion on medical
25 devices with the objective to reduce the fibrotic reaction of the cells and

tissues in contact with the device.



preferred enbodi nent of the invention. The invention describes a new nethod
of m cro-deposition of celladhesive proteins and nol ecul es onto the surface
of nedi cavodew/ess;y such as, but not limted to highly aefraBmapbisemd

el astic substrates (such as, but not Iimted to silicone), Titanium

Pl astic, Polyurethane and generally all materials used for nedical devices
and inplants. The mcro-deposited islets of proteins guide cell adhesion on
medi cal devices with the objective to reduce the fibrotic reaction of the

cel | 5 andad IStES hNFERMEAT aUidriddIdod8HT ERHRHANNOF RhE! Bitiorfieeor di ng

to an enbodl ment o I'nvention & m croper tencil or I's used
to transfmncrmpetr&:ra‘secﬂ steosil ar mealsicas ubnd te. transfaappsotdios tof coat a
protei ns and g cules js_in the form of eijICIS|etS Protein islets
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ti ssue adhesi nedi ca VI ces |sta he I's ets may
vary f'sromhlapeoa!a@l spatidihergemdzatidn taned mmglcEJalsdretas Proteig iskts (aarel2 mmt.
The distribution of protein islets according to a preferred enbodinent of

the i nver@¢RpSItRA 5@§F°¢\élﬂ3§éqﬂl @MQ%U@@W@H@@G@@%Q@\écew&ébe. n the

islets have a length that is <6 mMm a width that is <2 nm and di stance

The distance between the islets may vary from 1 to 50 pm. The area of
the single islets being less than 12 um?.
10

The distribution of protein islets according to a preferred embodiment of
the invention to best reduce fibrosis includes single islets, wherein the
islets have a length that is <6 uym, a width that is <2 ym and distance

15 between them that is <6 pm.

In another embodiment, deposited islets could have any geometrical
shape. Examples to which the invention is not limited are illustrated in
20 Figure 2.

The mask or a stencil to transfer the islets is micro fabricated using
technology as for example photolithography, dry and wet etching, laser
cutting.

25
As type of mask or stencil should be mentioned soft stencils made from
silicone and flexible polymers and hard stencils from silicon, hard

polymer and metal.



between themthat is <6 mm | n another enbodi nent, deposited islets could
have any geonetrical shape. Exanples to which the invention is not limted
are il uswoabed26357Fi gure 2. The mask or a stencil to tPrPamaBm09/H33897 sl ets
is mcro fabricated using technol ogy as for exanple photolithography, dry
and wet etching, laser cutting. As type of mask or stencil should be
mentioned soft stencils nade fromsilicone and fl exi ble polyners and hard
stencils fromsilicon, hard polyner and netal.To deposit proteins onto
medi cal device as for exanple an inplant surface, the stencil is first
brought in conformal contact with the surface and then the proteins are
transferrbo depodie protbarse ddtooumgélditbé devdce has ef@roéxahqaletencﬁmpﬂalnt

coval ent bindi ng  using 3- ropyl triethoxysilane (APTES
gl ut ar al o%p{g%e,o?hq éF%H'H@h 695 J 'Ph@@%é@ licantagt ¥t '?a% éUﬁgace( he

stenci | 'éncﬁ H%ea 1{e i"étt?ér‘i‘sfre‘?F@d Bn e EDPFa'cEWfﬁBPgﬁutrﬁéaﬁﬂcrdo‘nOt her

possi bl e ne S e ep05|t|on or precipitation of “protelns on

i npl amt dﬂ0|H§BdI caf detshe:e siehaide t byougbovdlenti cr bifdhgs ofisstgenci3- or

mask. These possibilities are just exanples and should not |limt the
aminopropyltriethoxysilane (APTES) and glutaraldehyde or
formaldehyde. After the crosslinking of proteins, the stencil is removed

and the pattern remains on the implant surface.

10 Another possible method is electro deposition or precipitation of proteins
on implant or medical device surface through the micro-holes of stencil
or mask. These possibilities are just examples and should not limit the

invention to this approach of deposition.

15 Our results in vitro and in vivo illustrate the importance of the size of
the islets in reducing fibrosis and contraction around implants proving
the relevance of this invention. We found that the main mechanism
responsible for limiting the differentiation of human dermal fibroblasts in
myofibroblasts (the main cell responsible for fibrosis and contraction) is

20 the area of adhesion.

In our experiments, the islets represent areas of adhesion (focal
adhesions) for the cells and dimensions of the islets of a length that is
25 <6 pm, a width that is <2 pm and distance between them that is <6 pym

impaired the formation of myofibroblasts (Figure 3).

10



invention to this approach of deposition. Qur results in vitro and in vivo
Illustrate the inportance of the size of the islets in reducing fibrosis

and cont reot2omm2edseund i npl ants proving the rel evance ofPCrhBmo9/n3s8t i on. W
found that the main nmechanismresponsible for Iimting the differentiation
of human dermal fibroblasts in myofibroblasts (the main cell responsible

for fibrosis and contraction) is the area of adhesion. | n our experinents,
the islets represent areas of adhesion (focal adhesions) for the cells and

di mensi ongy, ofg te'&ﬁ’ld %Iﬁ%lz%f ﬁd'dﬁgﬂii fidRlwith & dﬁ%w A ha t\m)dp §2<2 mm

and di st ance etween emt 'S <6 mMminpaire mat i on o
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length <6 mMm a wd and di stance between the does not all ow
fi brobl as§*¥€fto fé’i@?? Yt cégmons%“ﬂcé‘:@urw EEC wWHe'SY tﬁ mQttéE aRBCHEEorme

myofi bro i tion). |
nvitro, g tf%c?égg% ﬁgjtcm? Eri%smsééip I'c rglgleefg{nrjbi Stl’l ut I on tﬁ:g&%@gtel ns
reducé&d 1 vird, tvine shidvied eshiait athie rs pefcific size devdrelistributiar astsrateins

nyofi brobl asts conpared to devi ces cqated with other size_and distribution

of prot eidycedgukfald thee dEprRntiadaNoPfi BHBIaN ofleRnghetiDEQBIaSE 1tOwed t he
di fferent i 3tidRoBasts PBR Gsted | fb MURLINOPLARES: JRRSSottdre size and

distribution of proteins (Figure 4). The deposition of islets of higher size
allowed the differentiation of fibroblasts in myofibroblasts. These later
10 cells were seen in high percentage (up to 20%) when the surface was
coated with larger islets than the specific ones provided by this

invention (Figure 5).

In vivo, silicone pads (1x1 cm) covalently coated with a stencil or mask,
15 as described in the methods, on both side with protein islets with a
length <6 pm, a width <2 pm and distance between them <6 um, were
inserted in subcutaneous pockets, in female Wistar rats (250-350 g). On
the scapular region of the dorsum of these animals, 4 coated silicone
pads were placed. Each animal received four implants: two implants
20 coated with islets with a length <6 um, a width <2 ym and distance
between them <6 pm; and two non coated silicone implants, alternating
the location on successive animals. Results at 6 months show a 3-fold
decrease in capsule formation around implants coated with islets of
proteins with a length <6 um, a width <2 pm and distance between
25 them <6 um (Figure 6).
In vitro and in vivo results show that the transformation of fibroblasts

into myofibroblasts is crucial in the development of fibrosis and capsule

11



cells were seen in high percentage (up to 20% when the surface was coated
with larger islets than the specific ones provided by this invention

(Fi gure 5yo02b1w2¢3570, silicone pads (1x1 cnm) coval ent| yPCOABBUINGBIT a
stencil or mask, as described in the nmethods, on both side with protein
islets with a length <6 mMm a width < 2 nm and di stance between them <6 nmm
were inserted in subcutaneous pockets, in female Wstar rats (250-350 g).
On the scapul ar region of the dorsum of these animals, 4 coated silicone

pads mr%cﬂ%@ét@ﬂo%%ugﬁirﬂgbiéa%ﬁ%ﬂlﬁ F%%Hdz'dﬁﬂélf'ﬂhé &k fHtanEe geoat ed

wWth islets w nmm a w mm and di st ance between t hem
<6 mm anthis$ woveroiio t gpeeificalllyi looiting tpisaavent.al t ernating the | ocation on
successive aninmals. Results at 6 nonths show a 3-fold decrease in capsule
formation around inplants coated with islets of proteins with a | ength <6
mm a width < 2 mm and di stance between them <6 mm (Figure 6). | n vitro
and in vivo results show that the transformation of fibroblasts into

nyof i Br obT lees teptimizadigprateinniglbes diepelsiporenvithf efg.br asiengahd<6 um, a
capsul econtraction around, nmedi cal i nplants and underline the inportance of

this i nveNtdton<<pkBl Ancadisjancaibatngenniedyeft HMTkaNope iaRrlied R &My n
Islets depasfidd| Ubvike RuRh%s, HUteAEE Nniifedd: 2
e Silicone breast implants
e Tissue expanders and inflatable pumps
10 e Bone, and cartilage and orthopaedic implants
e Tendon, nerve, and ligament transplants, substitutes and implants
e Implantable pumps, such as insuline pumps and drug delivery
systems
e Cardiovascular devices, such as pace makers, vascular prosthesis,
15 heart valves, vascular stents
¢ Skin substitutes and cell scaffolds
e Wound dressings, including dressings and wound interfaces
connected to a vacuum (negative pressure dressings)
e Acoustic waves (such as shockwave therapy)
20 e Ear, throat, nose and eye implants
e Brain, central and peripheral nervous system implants and
prosthesis

e Tubes, connecting tubes, drainage tube systems

25

12



wi dth <2 mm and di stance between them <6 nm can be applied to any nedi cal
devi ce such as, but not limted to: « Silicone breast inplants « Tissue
expander swandio/mzbisat abl e punps ¢ Bone, and cartil age an#ConBhopessd9rT

i npl ants ¢ Tendon, nerve, and |iganent transplants, substitutes and
inplants < | nplantable punps, such as insuline punps and drug delivery
systens ¢ Cardi ovascul ar devi ces, such as pace nakers, vascul ar prosthesis,
heart val ves, vascular stents ¢ Skin substitutes and cell scaffolds « Wund
dr essi ngsgdifpfs uUdi ng dressings and wound interfaces connected to a vacuum
(negative pressure dressings) ¢ Acoustic waves (such as Shockwave t herapy)
e Ear, throat, nose and eye inplants « Brain, central and peri pheral

nervous system i nplants and prosthesis ¢ Tubes, connectjng.tubes, drainage
t ube systenéo@aa g 1Or BafMeyce rfean%dq:qrapr@én\,gCg&i—@,&é\q%g\{%gorotems

cel | -adhesi ve pah8i fh% ability to reduce fibrous reaction, said coating being in
5 the form of separate islets having an individual area which is less
than 12 um? and wherein the distance between the islets is less

than 50 pm.

2. Coating according to claim 1 wherein the distance between the

10 islets is less than 6 um.

3. Coating according to claim 1 or 2 wherein the distance between

the islets is more than 1 pm.

15 4. Coating according to one of the previous claims wherein the cell-

adhesive proteins are composed of collagen.
5. Coating according to one of the previous claims 1 to 3 wherein the

cell-adhesive proteins are composed of fibronectin, vitronectin

20 alone or in combination.

6. Coating according to one of the previous claims wherein the islets

have a uniform geometrical shape.

25 7. Coating according to one of the previous claims 1 to 5 wherein the

islets have a non-uniform geometrical shape.

13



having the ability to reduce fibrous reaction, said coating being in the
formof separate islets having an individual area which is |less than 12 m®2
and wher ewp 201026553t ance between the islets is | ess thamChOBmOY/033897Coat i ng
according to claim1 wherein the distance between the islets is less than 6
mm 3. Coating according to claim1 or 2 wherein the distance between the
islets is nore than 1 nm 4. Coating according to one of the previous
claims wherein the cell adhesive proteins are conposed of collagen. 5.

Coating accal §dyichpO cfé?ﬁ?cé’fcdrﬂ@rﬁ'i L?Uﬁ%ﬂri@%”ﬁs_ldéﬂnédv‘mr@ﬁé‘ bP&he

cel | -adhesi ve proteins are conpose ectin, vitronectin alone or in
conbi nati on. re@imis o@imscording to one of the previous clains wherein the
islets have a uniform geonetrical shape. 7. Coating according to one of the
previous clainms 1 to 5 wherein the islets have a non-uniform geonetri cal
shape. 8. Medi cal device conprising a coating as defined in one of the

previ ous cl 8 Medical Melical adewidirg ateockiimg & oceirapiriaidg cenpredsiitignain

addi t |50nal substrate, which is adapted to facilitate the transfer of the islets of

proteins.

10. Process for fixing a coating as defined in one of the previous
claims on a medical device, said process comprising a step during

10 which the proteins are applied/transferred by a stencil.

11. Process according to claim 1 wherein said the stencil is brought in
contact with the surface of the medical device and the proteins are
fixed to the surface through holes in the stencil.

15

12. Stencil or mask to be used with the process of claim 10 or 11,

said stencil or mask being obtained by photolithography, dry or

wet etching, laser cutting.

20 13. Stencil according to claim 12 being soft and being made from

silicone and flexible polymers.

14. Stencil according to claim 12 being hard and being made from
silicon, hard polymers and metal.
25
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substrate, which is adapted to facilitate the transfer of the islets of
proteins. 10. Process for fixing a coating as defined in one of the

previ ous wbhanm#26357a nmedi cal device, said process conpriPSTnB20a9/8338y duri ng
whi ch the proteins are applied/transferred by a stencil. 11. Process
according to claim1 wherein said the stencil is brought in contact with
the surface of the nedical device and the proteins are fixed to the surface
through holes in the stencil. 12. Stencil or nmask to be used with the
process of glsaijpa.l ~Sal hlin0 {}'eé'k i o] } ;

photol it hog?gbr%{lg,e gr;.légg)é\t/\g?agtgc %ﬁg?allgsép cut E!Oaﬁg@l%g?te%ﬁ)g?ﬁbig@gor di ng
to claim12 bdslegs seith anendii mghioclhds lessrthanl 6 gomeaadda Wiexh bikigholsymer s.
14. Stencil according to claim 12 bei hard and bej made from silicon,
hard pol yner s(iﬁﬁﬁtll'r\égaa Myl 8% & NGYid %qugﬁatm? Wfﬂtq? h&%%%s than 6 nm and a
width which is less than 2 mm as a liquid solution to reduce fibrosis. 15

5

10

15



