WO 20051030283 PCT/SE2004/001.418 1 BIOARTIFICIAL IMPLANT
AND ITS USE AND METHOD OF REDUCING THE RISK OF
FORMATION OF CONNECTIVE TISSUE AFTER IMPLANTATION Field
o‘f)%eslg%egion The technical field of the present invention involves
bt implants based on a semiperme- able barrier. 5 §g€{§§|2 Viite ko
the Invention It is known in the organ transplantation technique that the
human body opposes transplantation of an organ/ tissue by rejection
phenomena caused by the immune defence of the body. In order to avoid
immunosuppressive 10 medicaments (secondary effects, impairment of
the immune RiefeRa@)ioaRKIciMimEsiiNta Ve asdevelopadvuphor
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defence) bicartificial implants have been developed which
comprise donor tissue/cells which are to be implanted and
a semipermeable barrier or "filter"” which is to allow
diffusion of nutrients and oxygen from the donee's body
to the implanted (i.e. transplanted) donor tissue/cells,
but no diffusion of the donee’s immune defence mechanisms
(cells), while at the same time it shall allow diffusion
of desirable substances produced by the donor tissue/
cells to the donee's body. Examples ih the patent lite- ~
rature concerning such bicartificial implants include
US-A-6,632,244 and WO 02/02745, which discuss particular-—
ly implantation of isolated islets of Langerhans (bio-
artificial pancreas) for production of insulin in the
donee's body. US 6,632,244 also discusses the risk of
fibrosis (growth of connective tissue) in the donee's
body, which results in the pores of the barrier being
covered by connective tissue, whereby the implant
"starves to death" (hypoxia), since it does noit receive
oxygen and nutrients fxom the donee's body. This pheno-
menon occurs in barrier materials which are not biocom-
patible. According to the latter patent, this inconve-
nience is avoided with a blocompatible implant in the



nience is avoided with a biocompatible implant in the WO 2005/030283
PCT/SE2004/001418 2 form of a thin sheet of three components, (a) a
core, Which consists of living tissue, trophic factors and nurse cells, an
inate lymer crosslinked with, for instance, calcium, and a fibre net
8%??3?? #3(b) a 5 coating of alginate polymer crosslinked Wit/ SEfe1HP 1418
for control of permeability, and (c) a coating which also consists of
crosslinked alginate polymer. It is recom- nZended that the thickness of the
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membgape gows diffusion of components which are generated by the
closed tissu roducing insulin, fot instance. T con me bran

also 25 aIIov%’seg'?fg sm?n oP%utrSl%n J'?rom thgdoneeat (é ace i or%aegcr?o

provid&the tHisktskith HanfdrtcTREsAedit Banas 4ré 'rﬁ'é of pelyFeer-ing
and thesfirse itbrhbrdite has - Speciad three-dihrensidrdpose striictire. coat-
This patent: publication states that "Known biocompatible medical 30

implants are.cormpased of geramics and metals. ﬁﬁg 39 \}EEﬁea wall con-
tfterlals could be ma%%ulated to provide the three-dimensional

ctdred deitribechereht they Wit &8 5 tise it nPthe! fredeft imal to

inventidr®. donee's tissue and which is said to favour formaticn
of wvascular structures in a donee membrane interface and
there prevent formation of connective tissue. The implant
also has a second porous membrane, which forms an immuno-
20 isclated space. The space encloses tissue, pancreas
islets, which must be protected from being contacted by
the donee's cells. The second membrane allows diffusion
of components which are generated by the enclosed tissue,
- producing insulin for instance, The second membrane also -
25 allows diffusion of nutrient from the donee to the space
in order to provide the tissue with nutrient. The mem-~
branes are made of polymer, and the first membrane has
a special three-dimensional pore structure. This patent
publication states that "Known biocompatible medical
30 implants are composed of ceramics and metals. Assuming
these materials could be manipulated to provide the
three-dimensional structures described herein, they would
also be useful in the present invention™.
US5-A-5,782,912 also discloses use of the device as
35 a coating on an indwelling sensor and on an indwelling
catheter, as means for transport of physiological factors
to indwelling sensors, as means for transport of drugs



US-A-5,782,912 also discloses use of the device as 35 a coating on an

indwelling sensor and on an indwelling catheter, as means for transport of

physiological factors to indwelling sensors, as means for transport of

drugs 3 from a chamber or catheter to donee tissue and as means for

encapsulation of grafted cells for treatmerst of cel- lular and molecular

deficiencies (immunoisolation). The above-described implants and other
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of the 10 kaawn implants.is-nof,optimally efficient 1 prevent fibrasis since

a liquid-filled gap between connective tissue and barrier is not taken into. |

> conGid&ration. Object ortRé thvention Anotiectst e hﬁ%ﬁ’?§toln design
providé suchta pio- 5t artificiabisermipefineablelimplaft ofthd typeslieve that
desciibed abovei£: having the preperty-af peing yageularising.-cducible
inhi.tllgltirggagrowtg Jpj }cl:o%ﬁ%ct%&tis%gg (fipﬁrgsg%,;hbeing %@g!:eé" in_desi N an
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Inveftiort ThEdbject$s AlRieved by ansiplait haliig therfebtdreshstne
10 defineskbelowanda method s defined below.c Advantageous prevent
empodiments haye the featuresdefined helow. [n qne asnect hereis. ; o

provided a bioartificial 25 impfant comprising a semipermeable barrier
desigRed frathdoRé sets adw Giffusibi o prévent aftsioteeR -1
pretietermined: stibstaficesimatenals/molecules/cells/cell lines to the other
opposite side gf e barfer. and T saidaiharopRodtie el on & pio-
diffusion or prevéent 30 diffusion of predetermined substances which are

15 thessamd lasierldifferert flone tlelfirsimehiivhed the type described

above, i.e. having the property of being vascularising,

inhibiting growth of connective tissue (fibrosis), being
simpler in design and easier tTo prcduce than the kncwn
implants.

20 Summary of the Invention

The oblect i1s achieved by an implant having the
features as defined below and a method as defined below.
Advantageous embodiments have the features defined below.

In one aspect, there 1s provided a biloartificial

25 implant comprising a semipermeable barrier designed, from
one side to allow diffusicn or prevent diffusion of
predetermined substances/materials/molecules/cells/cell
lines to the other opposite side of the barrier,'and from
said cther opposite side allow diffusion or prevent

30 diffusion of predetermined substances which are the same

as or different from the first mentioned
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3a substances/materials/molecules/cells/cell lines, characterized in that
the semipermeable barrier has a surface coating of a bioactive metal,
said surface coating being permeable to allow or prevent said 5
diffusions. In another aspect, there is provided an insulin pump
comprising: a bioartificial implant as defirszd above; and an infusion set
for delivering insulin based a blood sugar level detected by said
blood-sugar-detecting sensor 10 element of said bioartificial implant,

Whe ey i SifUSTdIT Setis HroVidEF ith o sémipefmeable'datfisr
hawing a-sirface-coating of isaid binactivednetalrsaid 1surfacercoatingas a
being permeable to allow diffusion of insulin through said semipermeable
baffier S Th& Uidciodinr hefeili 1€ Baded 6n BaF @%r’prissﬁ"bd distbvéfythat
if a.conventional semipenmeable batrera Tiker o'membranet, adapted to
be implanted in the human body and being capable of selectively letting
nuffient, 'GXyGeEr, other gases, tissue/cell substances, 20 cell lines, but no

immune dffence r@gchanisms dﬁitﬁuscenéherethrou%%, is provided with a
C ( a
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fac?nthﬁtnﬁlgts)é ?/Iéségﬁg in ?he gﬁele\f% Wﬁ?chlt%%%arrler with the

bioactive-caatinglis dmptarited, drg "atirattéd!' o do theysurface eftheng sensor

coating and grow along the same. -As a.resylt, t owth of negtive,

tisseuhe%llgpgcsis? %,(\ilggé (tgo ﬁ’ﬁg Eggrﬁégé %VI Iabe %ﬁ%ﬁgﬁ{ éms%cﬁ:%}(()wt of
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and growth of blood vessels closeto the surface of the bioactive coating
surface coating being permeable to allow diffusion of

insulin through said semipermeable barrier.

The disclosure herein is based on cur surprising
discovery that 1f & cconventional semipermeable barrier,
"filter", "membrane", adapted to be implanted in the
human body and being capabkle of selectively letting
nutrient, oxygen, other gases, tissue/cell substances,
cell lines, but no immune defence mechanisms diffuse
therethrough, ils provided with a permeable coating of
biocompatible or bicactive metal, the fibrosis problem
will be eliminated significantly.

Experiments performed give us reason to believe that
this fibrosis counteracting effect results from the fact
that blood vessels in the donee, in which the barrier

with the biocactive coating is implanted, are "attracted”
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result in turn in the fact that nutrient and oxygen from the blood vessels
can be transported (diffuse) through 10 the implant unimpeded by
connective tissue. "Attraction” should here not be interpreted as a strictly
scientific expression since the mechanism behind the effect has not yet
been established. The expression rather4aneans to establish the fact that,
according to our 15 findings, blood vessels do not grow (grow

insuffi ly).. t .cl e f ijonal Ner~ same.
re?ggjr:(ﬁg a%%?%?ng{% Ié%)%qng%}gv%ﬁl?go b%é%?v%/eggglsg%éﬁg c%lgse toame
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lay&F of olymé&r ah& 1 the' patehts Mehtiéned abdve, Which 28 ©
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an effect. ipXAMPLERL he chifference tmiesms iof €onneative.tissue growth
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bioactive metal coatlng and, according to the invention, with'a bioactive ,
metalcoating i€ fusttatet in E@Efleﬁﬁ&?PW%@S/@%@Z@@CM“Sm behind
PCT/SE20041001448 5Figye s alight micrescopetphdtodiaphy diustrasion

ing,a cenventionakimplant; camprising:the islgts:of: kangerhans 1ging to our
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to and close to the surface of a conventicnal barrier -
refaerred tc as biocompatible or not - while blood vessels
do so close to such a coating on a conventional barrier
consisting of bicactive metal.

It should be noted that the metal coating is not to
be considered & semipermeable barrier in addition to the
conventional semipermeable barrier on which the metal 1is
deposited. This is contrary to the alginate layer or
polymer membrane in the patents mentioned above, which
adds a vascularising, fibrosis-inhibiting effect to the
underlying semipermeable barrier or membrane. The algi-
nate/polymer layer is semipermeable itself and produces
permeability of the implant which is a permeabllity dif-
ferent from that of the underlying semipermeable barrier.
The metal coating of an implant as defined above does not
have such an effect.

EXAMPLE 1

The difference in terms of connective tissue growth
in connection with an implant of a semipermeable barrier
without a bicactive metal cocating and, according to the
invention, with a bicactive metal ccating is illustrated

in Figs 1 and Z.



5 ed 3 is identified as connective tissue. The photography shows that the
connective tissue 3 is positioned close to the implant, between the

implant and the donee's tissue/blood vessel 4. Fig. 2 shows an implant

which consists of a conven- 10 tional semipermeable barrier 2' which on

B ¥83€83according to the invention, coated with a titaniufif EGAR MG o418
The component designated 4' is identified as a blood vessel. This is
positioned close to the titanium coating T and even penetrates slightly

into the coatiﬁg. 15 ]'Ll'h_ere is go cgonne,ctive tissue b(\e%veen the blood

vessel and thé arrer: Triara 578 hdba R BRO PRSI 8P gt s trat-
other sidé of RO BHATErL Riktch AEB ke ita- PRI bating. ERsbddifrdits of

the Inventionr26:5erhipenineddiel barriemT ha semipermeakiedarsier of the
implant.hicht batier;is made g giRQlymer matekial ith 1he,8bo¥e s 1 gnat-
praperties seqarding the abowe-mentioned iransports can be.ofa, (o oo
prior-art-type, or-mstrénce-accoraing £ t%g P2 abov_e-mehtipn%d%g graphy
6,372,584¥5r $6Rk Jiher ARBAAINST S tidstiiComphfibkokih ifsred close
instande Gore Texgr).3dmi-penTieabletzariimrsl ehdthendnatesats; seiehas
carbo-hyskates, telhdlosesplastie (for example polycarbonate),

hydrogels, arﬁlﬁlreaéjysﬁ%@?tg% oﬂng]fa%rl§%\tigha:’|é§éesdi%%$ ybtora conven-

. s Il
|n§tance, Millipore Inc, Baxter Inc, Amicon and Pal rporatlon.l'ljhey are

M rkeFéuDSE%nSFE&{i%%E“ber%?hﬁc@ﬂ%&ﬁﬁif?e’reﬁ?ﬁ&?b SBeSHRpeHiing S
on whaigasdba ldckeeher leh Havtpn Thepe bee onithe matiketaforum coat-
instande,csemipelimeabigbaeiers whichheekathe diffs Jasionioficellss a
(immuge defence)s byt lefthrough mole+Gulas Anuient apd QYIENRS 1 uy
well as sul%stanc%s from the donee'; body in which the barrier is )
implanted)-and sub WO 55651856553 /S%\{Zﬁé]%%éfl&%% Ehfhqrating.
fiom tH&85R0ES ofGarergst paMaisstesHRidpeEween the blood vessel
and the barrier. There are hardly any blcod vessels at
all on the other side of the barrier, which has no tita-
nium coating.

Embodiments of the Invention

20 Semipermeable barrier
The semipermeable barrier of the implant, which

barrier is made of a polymer material, with the above
properties regarding the above-mentioned transports can
be of a prior-art type, for instance -according to the

25 above-mentioned US 6,372,244, or some other material of
a tissue-compatible kind, for instance GoreTex®, Semi-
permeable barriers of other materials, such as carbo-
hydrates, cellulose, plastic (for example polycarbonate),
hydrogels, are already available on the market, marketed

30 by, for instance, Millipore Inc, Baxter Inc, Amicon and
Pall Corporation. They are marketed or, on request, pro-
duced with different pore sizes depending on what is to
be blocked or let thrcugh. There are on the market, for
instance, semipermeable barriers which block the diffu-

35 sion of cells (immune defence), but let through mole-
cules (nutrient and oxygen as well as substances from the
donee's body in which the barrier is implanted) and sub-



enclosed in the barrier to the donee's body, for instance insulin produced
by the islets of Langerhans implanted in the donee's body. The barrier

can be in the form of a 5 sheet, in which tissue or cells to be implanted
is/are embedded, or in the form of a container (bag, sleeve), in which
BENZIPEEHEED be implanted arelis enclosed. In this case, thGsBkHY&01418
coating is at least arranged on the outside of the container. 10 Bioactive
Metal Coating and Deposition thereof The lgioactive metal coating of the

|mplant should bg perm%ablg i.e. havegores/ogenlnggs Iettln through
(dif- fuSioH)FRRrieAC Bxygen e ST TNy Eo&ingich 1s

shoulER6-E&Terbawith th® AR &ﬁ’d%%ﬁ%@éof’rtﬁ@dy, for instance

semipérmealle barsidndddweyer,itheiparet size heethgetrprevent diffisiord in

of the impung defences dbis istaken care of B)éﬂh%éeﬂﬂp%ﬂ@e%'?m of a
rrler Th permea bilit %the coatlrp shg t% be at le Jgtst gs grea
tha?o??he’ barrlean( ing into conS| |onjﬁq]8 sma effec 8F ©

the mEBPEEEGHY oﬂﬁchérbo‘PQ RETBf e §eﬁﬁ§§ﬁﬁé’§t§le (Rader)sTpeve!
coatingmmal toh- sist bf ponsenklust, depaositetiort ik bamielr hyesarhesed. In

prior-athatoraising, pracess. ok thin-fiimdeshnigyeistcht asaAPYatigiyed on
(PVD)thSemg@f% or gﬁl |QJQe[9cgg1 %%5 net or a perforated (for

instance by laser) f ich Is attac In some suitable manner, for

|Jn%tan@é°§ﬂj’ﬁ§‘f8 tﬁssa%r.gﬁﬁsﬁﬁa% BF&‘I’Od?S&O@ﬂlE’o‘F’Pa%E\ﬁ@Faéd

thereto. Attaghingthedeit bysaisingis egsdanacedpt-ublémpdiotl. should be
"Sprinkkngicaigrajnsioe the hasrigis<3) apether gptivat When eheosise adif-
methogu@mﬁp%ﬁ@slg}&coemeﬂ tQﬁcbaéagg&B?&Qﬂa%t&EQm%es, i.e.

barrler maten ,.espe temperature re istance, d of. course be
taken ts Cond! eré)tloclr?cﬁy § crcgoa ing's ou?c? b& qubs an |a Ty Chtintghs 2
By 35RWARRASE Méaritthal EBRRECHRRAES & 3KE I De PR ed HomPpore
growirgien the emdedyingrsemiperdicable banrierf Wil eithisres uirefeerte ;

hardlywgreatesproblemsdbthe of by the semipermeable barrier. The
permeability of the coating should thus be at least as
great as that of the barrier (while taking into conside-
20 ration the small effect of the metal coating on the pore
walls of the semipermeable barrier). The coating may con-
sist of powder/dust, deposited on the barrier by some
prior—art atomising process, or thin-film technigue such
- as evaporation. [PVD)., -sputtering, or be in .the . form of a
25 net or a perforated {for instance by laser) fcil which is
attached in some suitable manner, for instance gluing
to the barrier using a biclogical glue or laser welded
thereto. Attaching the foll by sewing is alsc an accept-
able method. "Sprinkiing” of grains on the barrier is
30 another option. When choosing a method for depcsiting
the coating on the barrier, the character of the barrier
material, especially temperature resistance, should of
course be taken into consideration.
The coating should be substantially continuous, by
35 which is meant that connective tissue should be prevent-
ed from growing on the underlying semipermeable barrier.
While this requirement hardly creates problems if the



WO 2005/030283 PCTISE2004/001418 7 coating consists of a foil, the
requirement must be paid attention to if the coating is deposited on the
semi- permeable barrier using a method where the coating is composed

of particles, deposited, for instance by sput 5 tering, evaporatign, chemical
%{’ezé)fbﬁft(gﬁ%gﬁ. Thus it must be ensured that the coating of bigggﬁ%}%m‘” 001418

material on the semipermeable barrier is even and without significant
knots that could cause growth of connectivé tissue. On the other hand, it

must iso e, gnseiibed; tal the reauirs 10 meat for absense of KAQLY IN0e, 5 5 4
coatlr;r% does not lead eggggeratlon in depositing so that the coating

10 .
becomes BRELively tHick ARd itk ModtHaSpsrat iitheehtie semi-
permésiEdEbher. beRad BEeHFoNAd ahaescedent resultsh@rapepbimnd5is
as statethabewd anfl prevehtingof filspsis) atelackievednysingdedny ssput -
dgpos&m;?gc,h%a/mm;cké@éﬁﬁaweg%@m'@%ﬁqmﬂwtﬁ must
nm arbdemé)rtse more ﬂgggezr%sglyc%b%litnw-g nm., | m€§§gndg%g)t/fof hen the
pore size _o? the barrier, 20 /ith refererice o%a?sfae ab%v| it sould
be nOiEHRSEBRRBIANG TS THE vehtBFeR GitfhotbeheRslusibgtihai cant
particlescdfthehrbactivel thaterigipenettdteafhembemg-deposiledsinto  On

the pargs/openingn.ehthe barfekdhys sadueingthemeasdeny ashe require-
peresipnanings 2aJemald fak-sgiddransport RLaifusions, Bieactive Metel,

By bioactive metal Is meant biocompatible metal w a 0

biocompatibify i édpble Of - IR Mdtidie Fbbhe t "Lt chirgt tiagube cores
and afgkerng s B0 litde R Such-materiaid ege titdsiurnmreohiurhhtarsemni -
talumpanesuitable iadleys ¢hereof, as is already known. According to the

invention titaniugLis pyeferred., FXAMPLE.2-Eig 34 tanium coating was, -+

9§p0%£§d;¥%gg fﬂg%§£aand preventing of fibrosis) are achieved
using today's depositing technique, with a thickness of
the metal coating from about 5 nm and more, more prefer-
ably about 50-250 nm, independently of the pore size of
the barrier.

20 With reference to that stated above it should be
noted that, according to the invention, it cannot be
excluded that particles of the bicactive material pene-
trate when being deposited into the pores/ocpenings of the
-barrier,. thus reducing them, as long as pores/openings

25 remain for sald transport or diffusions.

Bicactive Metal

By biocactive metal is meant biocompatible metal
which in additicn to biocompatibility is capable of - as
mentioned above - "attracting" tissue and anchoring this

30 to itself. Such materials are titanium, zirconium, tan-
talum and suitable alloys thereof, as is already known.
According to the invention titanium is preferred.
EXAMPLE 2, Fig. 3

A titanium coating was deposited on one side of a

35 semipermeable barrier of cellulose, consisting of Diaflo
YMS LOT AN 01383A from Amicon. The deposition occurred
by evaporation technique in an evaporator from Edwards



35 semipermeable barrier of cellulose, consisting of Diaflo YM5 LOT AN
01383A from Amicon. The deposition occurred by evaporation technique

in an evaporator from Edwards WO 20051030283 PCT/SE2004/001418 8
Inc. The coating was deposited with a thickness of 30 nm. The result is
YR HEY. 3 from which it is evident that the pores of the&diftigy 001418
barrier are not clogged by the titanium particles, i.e. the surface structure
of 5 the barrier has not been substantially ghanged by the coating. Fig. 2

shows_this barrier with a coating as an implant in. a mouse, one month
after irr#n%htg’rtlben.c . gLEagT‘ﬁ@eplg?&ﬁ%%e %*é}feﬁ_egfé]d‘:ﬂfgiﬁﬁsa ﬁF_EerBO .
from 1%’%W|rﬁ§o°r%31hc,lﬁ/p@@$f8.elbrﬁ‘ﬁ-vhe Bahferesitisabere obtaipeddent
in Exahipié It Farthersispettsba the lhvention hhehasic ideasmefithelogged
inVﬁnti@p &r@eamggﬁblglﬁ%ﬁw/ _lf,qtégéml%ehme%@!@t %9@5}Whmucture of
enclo (o]ale]s issue/cells to be.transplanted in a donee
SLr%erivSiﬁ}gl%th%%er %%%{J;% yS of ﬁeﬁtrl?é%%xysfgﬂé%%{?n a‘e(i %%n{g}é%ng&ﬁiy.bﬁchtéhe
inventve38&8%s alsdapglicIfeg to etfuhents! sheddtifing cheméhtgers an
which ¥ i¢ be ibsereddmotheotivinydiody t@fdlkow frapspoktofion.
substarrcegan general 20 through a semipermeable barrif-:-r fr.om opposite
sides of theﬂ?é”%&‘é’ﬂﬂié”»@@”}%'se%f%hu%%ﬁp%‘:aé'ﬁ%'éra £ron
qlgod-ﬁg??r-detect@ sensor with a_semipermeable barrier round the

€

sensor & n%gr?trv%hicrg‘}ls ifmptEntad in the Hima b SiEnd LBRhEEtEPER
an instif ptmssifersdelveling™@5 msbilin according to the detected blood
sugar Eontdrd rviasgre tifusion seidéngertes tnithe body and also provid- ed

vWﬂ1asenﬂpgﬂ@egggagaqggggX%Ed@géoﬂﬂ%@QﬁygﬁkgkéT%%g%fggﬁﬁe not

proble&,ﬂ.egregg%n I?Irr%w%lgf ggggggti\ée tissue close. to edoe}lr(r)lgr,blgd
also in Such 30 casesrsoved By a parmiaabie ffitm CoShRE as Y

&éSCHBéasaﬁégg}ls to be gransplanted in a donee, surviving
there by supply of nutrient/oxygen from the donee's bedy.,
The inventive idea is also applicable to instruments,
measuring elements etc which are to be inserted into the
living body to allow transport of substances in general

20  through a semipermeable barrier from opposite sides of
the barrier wall. An example of such an application is a
blocod-sugar~detecting sensor with a semipermeable barrier
round the sensor element which is implanted in the human
body and connected to-an insulin pump for delivering -

25 insulin accorxding to the detected bloocd sugar content
via an infusion set inserted in the body and also provid-
ed with a semipermeable barrier according to the inven-
tion. The inventive problem, 1l.e. preventing growth of
connective tissue close to the barrier, is also in such

30 cases solved by a permeable titanium coating as described
above.

Examples of other applications of the invention are
drug secretion (chemotherapy, analgesics etc), organ
transplantation (kidney, liver etc), cells in bags pro-

35 ducing erythropoeitin, coagulation factors, growth hor-
mone, interferon o, parathormones, insulin etc, artifi-



Examples of other applications of the invention are drug secretion
(chemotherapy, analgesics etc), organ transplantation (kidney, liver etc),
cells in bags pro 35 ducing erythropoeitin, coagulation factors, growth hor-
mone, interferon a, parathormones, insulin etc, artifi WO 20051030283
BEFRESH%/001418 9 cial organs (for instance liver cells), FiERSG ML
technique. It goes without saying that the invention is applic- able to

humans as well as animals. 5 The metal coating may consist of one or

more sgpay rpudgposicd melallavers (ol or poyden and e tapium,
layer/layers can’in the implant be in a san wich Construttion with the ~
barrierB3F 8T ¥desired for selective transport of substances through

the implant. 10 MoreExtirhplest EXANPEES14 tandhs Fgsdaidioands applic-
5a-5c ilustsatecsugiesman £onvens tieraksemipesmeable barriers
(membranes)yithfhe frade, names 15,200 and.Versapor(n-200 from Pall, .

Corporatign 15 The str%ctéJLres of Ti-coated and non-coated membranes

were iRV §t|lg}"at%%pl?sslﬁg,ea ERR M7EFREDsLOPE Wittt aR WdEE nathight e
sourcet Ner8iaFyd Y strdéRire eoufth Be detédte etmmhen théedmbramesidwich
were coategtwithtdre: Tirayter o Hpareteto Nen-edated, membragesedheor

membrane:struciire was:20 alsq.stugdied affar-incupatign of the Ji-coated

r%mb@&ees &q{gﬁ%gus solution and no change was observed. The mem-
bran ~thus, retained after both the coat- ing procedure and

the follgm%ﬁﬁoéu@% gqueous solu- tion. Fig. 4a illustrates
membrane-TFi00withoutrmbdife 25 catibhy that 4$ withiowt Tedayer, Eighven-
zltlb illustrates 1MeshisnerEER00 cs@aze%%&ta Ogﬁﬁfﬁbl?éé@é erm&g) FihetC:rade
illustr TE- [ i-layer wet. Fig. 5a . .
e e N R e T

ﬁﬁaye?f’ﬁig?%ﬁ‘ﬁﬁﬁé‘t‘?ﬁt%so T;—-coated and non-coated membranes were
investigated using a LEICA M76 microscope with an exter-—

nal light source. No change in structure could be detect-
ed when the membranes were coated with one Ti-layer com-
pared to non-coated membranes. The membrane structure was
20 also studied after incubation of the Ti-coated membranes
in agueous solution and no change was observed. The mem-
brane structure was, thus, retained after both the coat-
ing procedure and the following exposure to agueous solu-

‘tion. Fig. 4a illustrates membrane -TF-200 without modifi- ...

25 cation, that is without Ti-layer, Fig. 4b illustrates
membrane TF200 coated with one Ti-layer dry, and Fig. 4c
illustrates membrane TF-200 coated with cne Ti-layer wet.
Fig. 5a illustrates membrane Versapor® 200 without modi-
fication, that is without Ti~layer, Fig. 5b illustrates

30 membrane Versapor® 200 coated with one Ti-layer dry, and
Fig. 5¢c illustrates membrane Versapor® 200 coated with
one Ti-layer wet.

EXBMPLES 6 and 7
Figs 6a-6d and 7a-7c illustrate dialysis per-

35 formance, using Versapor® 200 and ET-200 membranes from
Pall Corporaticn. Fig. 6a lllustrates the set-up of the
dialysis performance test, with a beaker 10, a dialysis



30 membrane Versapor(r) 200 coated with one Ti-layer dry, and Fig. 5c
illustrates membrane Versapor(r) 200 coated with one Ti-layer wet.
EXAMPLES 6 and 7 Figs 6a-6d and 7a-7c illustrate dialysis per 35
formance, usmg Versapor(r) 200 and HT-200 membranes from Pall

O BURA g, 6a illustrates the set-up of the dialysis perfBiTHIFI2 ALt 18
with a beaker 10, a dialysis WO 2005/030283 PCT/SE2004/001418 10
chamber 11, a membrane 12 and a magnetit stirrer 13. The dialysis
chamb was filled with 1 mI hum bloqd contalnln O 5 M 0
and 2. %\%bnsuh{niéna tﬁe mem- %rgr?e Wa88 asserﬁB ont o grer 3. The
chamb@t 2Bifysis e pers ¥orried  Blticsket 1B Wil SOTAEPEEL00d
Samplesweréncoliedied at 0y 15; 393 680420, $80/240 mnd1300 arid drite mem-

were analised.{es apseEaRICRIabA88 Nt shewing ghicases topeantatione -
preteins gonceniration and 19G copient. J}!Pc}g %%r%@feﬁayla'ggﬁ gjes were

performance could be found between 10 non-coated and Ti-coat

Versaﬁo%r}%%t’)e&w@ﬁ'lozoésme%o'brgrqes 2Filr ebitustrdRsMglysilofin and
glucosEakfoljin T8 pb ) 206 pidmbeané tFig86c ilusthned ginlgdiseise
proteinsdheeugl Vet saporit)c20 mensbratenane Eigrod - satesntent . No

dialysig of 19G dhrough, Varsapar(n) 200.membrane. ééﬁa £8 Ilglates o ryeen

lysis of glucose thro the H membrang 7b I
gﬁlyss LR pro s %r%%gﬁ the (g Shen O Lne andla—' L;Eilllgiotraf%%m

dialysi® 6P N§E thfouhh fife Hirlzeémémﬁr%h@lmwpiEEQWAe through
TheraGytedapde¥ice() Serdrigr Eac is asicaraibagdormed bedvetpdive of
fheetsgﬁdﬂémaaﬁ§oﬁaﬁh\$@§§éﬂa%|n®”Qt]gl?: gém@%]h@geasmprﬁeyte@d illu-
ayer o np ster | ero wit e Sz

o o o G e Ul e R 20 iorane.

lavers B supPoddd t6 Wtk & iide for HSOH%@Q@PfW&’H&? THE
inner 1&ferd8 GrmieolatirelayBito isde illustrates dialysis of pro-
teins through the HT-200 membrane and Fig. 7c¢ illustrates

dialysis of IgG through the HT-200 membrane.
EXAMPLE 8

20 A TheraCyte™ device, see Fig. 8a, 1s baslcally a
bag formed between two sheets of membranes. Bach sheet is
built up of three layers, one outer layer of woven poly-
ester, a middle layer of PTFE with 5 um pore size and an
inner -layer of PTFE with 0.45 pm pore size..The two .outer.

25 layers are supposed to work as a gulde for blood vessel
formation. The inner layer is an isolating layer to iso-
late the inside from ocutside cells.

The above TheraCyte™ device was studied before

and after coating with one or two Ti~layers, using a

30 LEICA M76 microscope with an external light scurce and
a Nikon Eclipse EéC0 light microscope. No change in
device-structure due to the Ti-coating procedure could be
observed. Fig. 8b illustrates the device without modifi-
cation {(no Ti-coating), Fig. 8c illustrates the device

35 with one Ti-layer, and Fig. 8d illustrates the device
with two Ti-layers. Figs 8e-8g illustrate the device
without modification, with cne Ti-layer and with two



late the inside from outside cells. The above TheraCyteTM device was
studied before and after coating with one or two Ti-layers, using a 30
LEICA M76 microscope with an external light source and a Nikon Eclipse

E600 Ii?ht microscope. No change in device-structure due to the
YAt Prbcedure could be observed. Fig. 8b illustrates tRe'¢dA 001418
without modifi- cation (no Ti-coating), Fig. Sc illustrates the device 35 with

one Ti-layer, and Fig. 8d illustrates the devite with two Ti-layers. Figs
8e-8g.illustrate the device without modificatign, with Ti-layer and with
s S S e Rk L
Figs ShegfifidstdthAl tdBorde WitidutodiitBlioR fith ‘oner TRiayRR dnt th
with tweoT Flayéesy sespectaabprigs8kr8mililgstréte-the délicetwitheuthe
modifigatiorwith oneuti-layer andawithhr twa dirlayarsrrespegtivelnd with
Dialysjs, \éva?.gegg%r%esd W@QELBQ Cq:t‘quyeelge;vices in 0.9% NacCl. Insulin and

' yj1a elfed gfl i

radioactive ucose, resgectlvel , were introduced in the

device. Samplest iere BB cRRFAPENEE, 46 580, M50 ahgedimnGes id
after tAe Statfof Hialysis i&lucosedwna Heractedvissing 1@ g krstiatNativte
countefe @épddnswi usingdse- insttindnpaymerdnrhenaddssay: (Edgmples

Result; seg Figs 80-a0d 8q: k9. 88 illugirates diglysis.of glugese,trom Jhe
jc[heranteTM, evice. TI&e ngm .earllngllcnzgtesdhe gg@b&g%S Oft-g"lgggrsusin
Sated bhts tHe'Geice K ifdicates 4 Tion- modifiad qewce.(‘jl‘—?‘lg. 86 g
illustrate$ Hiatsis st iadidin! #orithe THESE vt devick: TrhélAlRtherso
indicatessthei numbemef |ayensnedatedont8 Ihe deRices Contraandii catés:
a nonymadifigd device. 20 Therakyiede deyicesyyere implapied inemalen
LEWIS rats, After-L{ days e devieeswerg removed; ORAMASIO" 1o,
scopic Féve}he Ron-coated device is surrounded by a capsule containing
%énaHa@kﬁkﬁ%§§%£%ﬁ8ﬁ§?89egpto the device. K indicates a ron-

modified device. Fig. 8o illustrates dialysis of insulin
from the TheraCyte™ device. The number indicates the
number of layers ccated onto the device. Control indi-
cates a non-modiflied device.

20 TheraCyte™ devices were implanted in male LEWIS
rats. After 17 days the devices were removed. On a macro-
scopic level the non-coated device is surrounded by a
capsule containing sera liquid. Cross-sections reveal
the existence of a tighter tissue contact for the Ti- .

25 coatad TheraCyte™ device than the non-coated device.

See Figs 8p-8s, from top: Fig. 8p two Ti-layers, Fig. 8r
control {non-coated, non-modified), Fig. 8s a single

Ti~layer. Fig. 8t illustrates a cross-section of the con-
trol device (non-modified, no Ti-coating), Fig. 8u illu-

30 strates a cross-section of the device with one Ti-layer
and Fig. 8v illustrates a cross-section of the device
with two Ti-layers.

Figs 9a and 9o illustrate TheraCyte™ bags implanted
into mice under the pectoralis muscles. The bags were

35 left in the animal for 41 days and thereafter ‘a 30 mMol/L
glucose solution containing ''C-glucose was injected into
the bags. Blood samples were drawn as indicated in



the existence of a tighter tissue contact for the Ti 25 coated TheraCyteT"
device than the non-coated device. See Figs 8p-8s, from top: Fig. 8p two
Ti-layers, Fig. 8r control (non-coated, non-modified), Fig. 8s a single

Ti- Ia er. Fl% 8t illustrates a cross-section of the con- trol device

VrivA ?‘?{8‘3) d, no Ti-coating), Fig. 8u illu 30 strates a cross-S&XtSH &

device with one Ti-layer and Fig. 8v illustrates a cross-section of the
device with two Ti-layers. Figs 9a and 9billustrate TheraCyteT" bags

I d der th I h 5
i tho SR o 1 s St (AERCSler 530 TURTL Glhcodt oo -

contaifithg TﬁéeéIEﬁgséﬂHé PectBs iftd ﬂ?elbgﬁgcﬁ%ﬁastdrﬂ el
drawnrast indicdtedin W0l 2005030288 RCTARRG04/0014¢8 /12 WrigiX,
The figurendampnstratesithsy the glucosealeyvel;pas tefiexteshbom by the -

agtuabcongentrgtiop,and,the. fadioactiyity. '§£91@556}{‘Hﬁ1i@@9&'é&0ﬂ98m I osed
until 20 mlz%followed by an mcrease %(%t%e%s mmol/ er 57 |{e1 the,
0

contrdf =R Fiith Bh ﬁﬁé}oart%ﬁtﬁag d Gictes)” con?ra%lf the® ©19°
glucoge- kst seaftrrise rtlfeady aftér QWﬁ%%h@%ﬁ%aWﬁlcﬁW@d a
received Wiathwithai titamium cost = This result is fully in agreement with

the finding 1Q,that the fifanium ¢oatgives apushtighterhend ta.theinding
?ldrro%ldlng tlkslsu% I;pere%allowg qéglucose to dlfgusce dhrectly into dth S the

issues and the surroundLng bIo6d ves- Sels- By contrastiJ in tﬁe contro

anima¥ W& eBAtkR hethdhtthe Bisy aRY thé HiLdda%s %Fﬁ(j’ﬁfg witicRyBruse
createsia stittbetwisermthemateriad e thedtidsue and acfibrbusitissleeed ves-

Capsub%l@UCQ?e hastoditfuse intertheHuig:of theslihand the fibsausct
tissue, capsuls b%@g%gge%%eme vessels OILI‘%II%SLI% s %XIFP@HS

the delay In the Increase of lucqse concentration. 2

10
ﬁlﬁstra‘ié@%‘é‘?ﬁoﬁar‘?ﬁﬁﬁlaﬁg&’ rEeHtdpterial and the tissue and a

fibrous tissue capsule. Glucose has to diffuse into the
fluid of the sglit and the fibrous tissue capsule before
it reaches the vessels of the tissue. This explains the
delay in the increazse of the glucose concentration.

20 Fig. 10 illustrates part of an implanted TheraCyte™
bag in an electron microscope, in 11500 magnification.
The whitish part to the left is a filament of the woven
polyester layer, the black string close thereto is the
Ti-coating and the rest is body tissue, closely to the

25 Ti-cgoating. The Ti-coating is about 100 nm thick.



bag in an electron microscope, in 11500 magnification. The whitish part to
the left is a filament of the woven polyester layer, the black string close
thereto is the Ti-coating and the rest is;lpody tissue, closely to the 25
Ti-coating. The Ti-coating is about 100 nm thick. 13 CLAIMS 1. A
bioartificial implant comprising a semisermeable barrier designed, from
one side to allow diffusion or preve@ &n of predetermined
substances/mate, iaj%mole ules/cells/cell lines to the other site side, .
of the BaSr AR HOm B bR Do oee st RS Ao r e designed.
preventfdiffusiore ofigrenetdlavinddsitistanceswivcit aidfiibeisamé pedetermined
ifferent from the first._mentioned . . .
S R D AR AT RO SRR LSTIRLRTTh SR S B BT R te side of
thesbaripermaatile barrier has a surface coating of a bioactive metal, said _
surface coating being permeable to allow revent said diffusions. dA& .
bl S ARG T R ST A L g usion of
presigistancesinaidsdisimeteculaselistcelidinesmare psoducddfarenhuiman the first
body or,in an %nimal 2od 3..An implant Cfi inglaimlor2,
mec%aoét% erized in that Saic ts?ﬁ}g%ém%goa |%§%S %eeimﬁ fgaid bioattive metal.
4. ¢raraptaizasdlamehin ty sfthipctainsiied belrarertpdzea futfate coating of
id hioactiy, alds t ‘Ifr %gt ni lrcopium, tantalum :
= S PO 0 i WPevent s
diffinsibsaid bioactive metal is titanium. 6. An implant as claimed in any of
the claims 1-5, characterized in that the metal is applied by an atomizing

process, such as sputtering or evaporation. 7. An implant as claimed in
ar. of the claipéh6, ehardeterizdd in thtiinis In tedfomebédoedtainerthat said

4. 8. An.impl laim ?nl ny. on g; ims -7, characterized in
prel e SR IS RS R AR TR Mhroduced
in alpimednrbanly ofrtiin enimsimg] drdncterized in

3.  An implant as claimed in claim 1 or 2, characterized in that said

surface coating is a néet of said bioactive metal.

4.  An implant as claimed in any of the claims 1-3, characterized in
that said bioactive metal is selected from one of titanium, zirconium, tantalum

or an alloy thereof.

5. An implant as claimed in claim 4, chaxacterized in that said

binactive metal is titanium.

&. An implant as claimed in any of the claims 1-3, characterized in
that the metal is applied by an atomizing process, such as spuitering or

evaporation.

7. An implant as claimed in any of the claims 1-8&, characterized in

that it is in the form of a container.



that the coating/ coatings has/have a thickness from 5 nm, such as 50-250
nm. 10. An implant as claimed in any of the claims 1-9, characterized in
that said semipermeable barrier is desigaed, - from one side to allow
diffusion of body cell nutrient and oxygen from a donee's body to the

other opgé)ls_ite side of the barrier where body organ/cells from a donor are )
poSitioned® FREPRERSEIEGRTE BhpoSi e SIRSuF (#AS o 61 chazacterized in

thaubstanges eelegteshiit advanse cpeadugesh Motredansr's body

organ/cells. 11. An implant as claimed in any of the claims 1-9,
characterized by a sensor element enclosed by said semipermeable

bagier, whetalni said aselipenreadblieafrier ihdesigned, 1iomanasiiterized in
to ajlow diffusio;w of g substance to the other opposite side of the barrier,
thadhit Sy BSRTe/ 5O HRTe CABIEAY Sdd SeFBF 3femem, and Mirshcdnigs SO-250
nrother opposite side to allow diffusion of said substance. 12. An implant as
claimed in claim 11, characterized in that said substance is blood sugar
and said sensor element is a blood-sugar-detecting sensor element. 13.

Anjigsulinpumpleamprsicigimzdieartfiglalimmantrs elaimed inglaidkdrized in
N and - an infysion se%{gﬁr %eliv_erin_g insulin based a blood sugar level
R ey B FIIBOE SO Hete Ay &atibor element of said bioartificial

implant fydrerehy sadd infusinrseifgpiovidedbvith asemipermasbled oxygen from

barrier having a surface coating of said bioactive metal, said surface
2 BTG BRI TR e AR ISR P Ho R BAb RS pody organ/ cels
frosemigeroeable hisglitined, and

- from said other opposite side allow diffusion of substances selected in

advance, produced by the donor’s body organ/cells.

11. An implant as claimed in any of the claims 1-9, characterized by a
sensor element enclosed by said semipermeable barrier, whereby said
semipermeable barrier is designed, |

- frorn one side to allow diffusion of a substance to the other opposite
side of the barrier, said substance being detectable by said sensor element, and

- from said other opposite side to allow diffusion of said substance.

12. An umplant as claimed in claim 11, characterized in that said
substance is blood sugar and said sensor element is a blood-sugar-detecting

sensor element.

13. An insulin pump comprising:

- a bicartificial implant as claimed in claim 12; and

- an infusion set for delivering insulin based a blood sugar level
detected by said blood-sugar-detecting sensor element of said bioartificial
implant, whereby said infusion set is provided with a semipermeable barrier
having a surface coating of said bioactive metal, said surface coating being

permeabie to allow diffusion of insulin through said semipermeable barrier.



