A DRUG ELUTI NG PATCH FOR THE TREATMENT OF LOCALI ZED Tl SSUE DI SEASE OR
DEFECT 5FI ELD OF THE | NVENTI ON The present invention is generally in
t he fi el dwof2otvosgeodel i very to the heart, particul arly fecTtuseat ments of
atrial fibrillation. BACKGROUND OF THE I NVENTION An arrhythma is a

di sorder with the speed or rhythm of the heartbeat. 10 Atrial fibrillation
(AF) is the nost conmmon type of arrhythm a. The cause is a disorder in the

heart's el ectrical sypipa; ALUTANGTPLTCH PORCTHEAMREATMENTON f i cant
conplication that occurs in about 30% of the patients undergoing cardiac

surgery. The risk of AF LOCAdal/dED WISHUEJRISEASE OR PFRELT 30 years of age
exhibit a 75%increase in AF for every decade of |ife. The nol ecul ar 15
mechani sm of acute AF follow ng cardiac surgery is not well understood.

| mpai red hgnodynani cs, endot hgpra) oW sHEMNVENTION | ammat i on, oxi dati ve
stress, and thronbosis have been inplicated as inportant contributors to
AF. In AF pati ents,Theurgigheinvensiondel g¢ncollyi inpaectield of drigdebxérado (INO)

bi oavai l abilit p i t and activation of 20
coagul ati on sy%?re%ﬁ?“?ﬁ?%%%n el‘%JIE %ﬂ%%gltufgb lﬁ%ﬁg‘ﬁ-i gh rate of enbolic events.

Drugs that reduce vascul aBAGKGROWNDADFAHE INMENEIONMScul ar dysfunction
and NO bioavailability may be efficaciqus for the prevention and treatnent
AF. One such cl ass ot 2ghyfb@ia s adisoxdsrsyith the sreed wa shtinmof Sisdheatbeitac

pl eot ropi ggef f i%?ﬁ@ﬁl%tﬁﬂ%ﬁ@’%%%%&fwf oF Alhytimid. frnk gadé@e‘%'se' y

25docunented that statins re anmat1 on, oxidative stress
and i nprove NQ djsnrderat ittenheaSt satleciscalsgermpittabfibribatmnl (AByRase i ncl udi ng

Racl by isoprenyl.ation. cl. binds to p67phox and |eads to acti.vation of
the NADPH oxi cASRICAPE FUIRP aogﬂﬁéeef&éwaée et Pgﬁle oS R4 &y gen

speci es _(ROS) .cal fIfle&MacrRaGhd rifCbf XF ikcréale SRR BLY. PaBitt 6¢kr130 yRUR Jpr oduct i on
30 and ROS generated %y NADPH oxi dase I n response to growh factors and

i nflammat ory cgeokhibgs 71550 metiast A bjorRacty. dekadparfildiat Ths meteatlans i nhi bi t
el o ed MO SRR AP S RSB RNRT e 1
1  has been qh%awed RerRb@MamdsCeridotichiel Bafineaenesflsn@htidd; oxitkARsgeni ¢ m ce
D OSSN e it thrombosis lve boen {mpl.csted as mportant contibutors to AF. = o' >
In AF patients, turbulent blood flow impacts nitric oxide (NO)
bioavailability, producing vascular dysfunctions and activation of
20  coagulation system which may contribute to the high rate of embolic events.
Drugs that reduce vascular inflammation and improve vascular
dysfunction and NO bioavailability may be efficacious for the prevention
and treatment AF. One such class of drugs that exhibit these vascular and
cardiac pleotropic effects are the HMG-COA inhibitors statins. It is widely
25  documented that statins reduce vascular inflammation, oxidative stress and
improve NO generation. Statins also modulate small GTPase including Racl
by isoprenylation. Racl binds to p67phox and leads to activation of the
NADPH oxidase system and subsequent generation of reactive oxygen
species (ROS). Indeed, Rac1 activity is closely related to ROS production
30  and ROS generated by NADPH oxidase in response to growth factors and
inflammatory cytokines is mediated by Racl. Importantly, statins inhibit
Racl-mediated NADPH oxidase activity and thereby reduce angiotensin 11-
induced ROS production and hypertrophy in smooth muscle and heart. Rac 1
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Qobservational and prospective studi es have suggested beneficial effect of
statin on AF (Liakopoulos QJ et al. Euro. Heart J. 29; 1548-1559 5(2008))
However, woe=nl287@bh ot her prospective studi es have beenPo@dsRinoc41EDr

exanpl e, CoIIard et al. (J. Thorac. Cardiovasc. Surg. 2006, 132:392) and

Thi el man, Thor ac di gvas.. Sur 134, 1143) failed to
show decr ease aﬁbgffq shoxnde pi‘ﬂé(rrf)ﬁi nfRe I?al’ihop%ﬁ{lgsésrﬁ %STW&S%FE%&W ®bef ore

cardiac sur gero\’(fereIBFersﬁnQR\é@l baERt SorddublidiebnBHARNRIcs @hd hirlaffibrolR, t he ef fect
of 10systemically adm nistered statin on atrial fibrillation. The results

are inconsi st ent arfahscivationatand agspsctivostudicathingt mggbstgd kingfitial cant. For

(2010) F eport E4BHOS RGN LEURRU B G ARG el SR ErE 81 1 ed Lrial

where pati gnt 2008)h Edwdvat, rédults bl ki ﬁﬂéﬂe’ctﬂ'é ﬁﬁdléﬁﬁve\@é@nég%ﬂd@m zed to
recei ve either 15atorvastatin 80 (n 33) or placebo én = 31) before CV.

Treat nent was KosskimpledCeolard. 1 abbht §r3@rcﬁrﬁthlaS%ISu?&éQ% d2: 3?2\b%ﬂdconcl uded
that high- doseng%l&ra}{aes[ ?w nrh%% #dllév%gﬁuer‘%tﬁ%ﬂ ﬁﬁ”i'i;@cf?ﬂ tofio@f ter CV.

It reduced selective markers of nw t |ng System c

oxi dative str et&sreaﬁamlauroau@fmarttﬂrtyaslbaaiehm, usihgpraindrfordbadeeuurgence my be
due to its failure to 20affect oxidative stress. Another study has shown
that atorvastatin ﬁherﬁ‘n]éﬁVeéﬂieﬁ@&élfI&&efiﬁHM§f‘éfftflé]étoiﬂ\ﬂée ¢hfechpbventi on of AF

(Naji et gl | TIEI gtlrnnﬁp[eregi§ 1in 0 2t ZH WDl atidP erid e ANgRa5d ent ef fect of

et
statins could F ue to inadequate and inconsistent concentration at
the target si tlecomgtenaaim hismaroasbson(alstaywtléalﬂyts@mﬁdanm Fatoxamplet 0 t he

et abol | sm wndSeedt Aok EardipibtyecHab Rrigh Aused 71 EDIBTE Fencdid ey case

the risk of | 'dﬁ%raﬁ@&n%@‘doﬁblte%in@lb& ebeffollcflridl! Whé‘%%atl&ﬁ@s Car di ol .
2010 Sep 24. pii: S0066- 782X2010005000129. [Epub ahead of print] reported

on a study to \El\l‘/laatuak@bmuvélph/él‘uttﬁh@\li:)hvfmlrfmdamﬂzeldégmcarvewgherof statins, for
a period qf si x nont hs Y | ati after elective
cardi ac- sUPger IR BRTE Sran at pBttsdhoth) batarf GV e e ation was
present in 42 patih@atsr (BR¥htelor Lhel SRfuied. MhdeHnamdad (R6/hpeopl e t hat
had used statins on a regular basis in the preoperative Pte“ od and 31(74%

who had not. Tesgatepmetatindl ndiagducp e recurrence of AF after CV. It reduced

selective markers of inflammation without affecting systemic oxidative stress.
Failure of atorvastatin to prevent AF recurrence may be due to its failure to

20  affect oxidative stress. Another study has shown that atorvastatin but not
simvastatin was effective in prevention of AF (Naji et al Int. Heart J. 50,
153-160 (2009)). The inconsistent effect of statins could also be due to
inadequate and inconsistent concentration at the target site when
administered orally. Further limitations to the efficacy may be due to

25  wvariability of patient’s response to liver metabolism when delivered orally.
The high dose of statins also increase the risk of liver and muscle toxicities.
Alves, et al. Arg. Bras Cardiol. 2010 Sep 24. pii: S0066-
782X2010005000129. [Epub ahead of print] reported on a study to evaluate
whether the chronic and regular use of statins, for a period of six months,

30  prevents atrial fibrillation after elective cardiac surgery. In the postoperative
period, atrial fibrillation was present in 42 patients (39%) of the sample,
including 11 (26%) people that had used statins on a regular basis in the
preoperative period and 31 (74%) who had not. They concluded that the
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2 regular use of statin, for six nonths or nore in the preoperative
period, reduced the incidence of atrial fibrillation after elective cardiac
surgery. WO?2a12dsréod report, Kinoshita, et al., Crc. J.PCA(Sp011848151
(2010). Epub 2010 Jul 6, reported on a study to assess the preventive

effect of preoperative _statin Streatnent on.atrial fibrillatjon (AF) after
el ective i sol dFSHAHEOHNAELAIBE YK MNtheQrdpre iy e PECPF ﬁ@“‘((iaff punp CABG)

i n propensity 34QLE BhehsttbFRANE $6riRMICIHS clceBft cpd@alh@mr? MRS
retrospectively reviewed fromanong 770 consecutive patients”undergoi ng

i sol at ed CABG thiyd tdpertsKn‘@Shm, gta@in (i89 ). 24 Wi 1t8l46t5ﬂf(2@LﬂipEpléx:lﬂil0dub6,vvi t hout
conversion to c 09, after

excl udi ng errer %ge&?i (nna %Cgﬁato aé?ﬁs% e@r%@?ﬂi@%‘%‘%ogﬁrﬁoﬂe&We‘fS%%g]r di opul nonary

bypass (n=8). t2finfiabhamM:3 fibeaghineABlaibt fleatveligAsitd SffidaANS Rebre operation
and 220 patients received no statin. The concl uded that preoper at| ve statin

si gni fi cant |y areguxsst greftingdpHanew GABAD iapropensiyeceicveatrkal at ed of f - punp
CABG in Japaneﬁ gé b&hg; 533! tmén?s &/Q]t% gtfr&{g)@ct% e}prtélveeg}ed onrl QSPR esent
vide' a neans n

invention to pr

fibrillation. BOYAR DR ﬂ’dﬁEnﬂsWWb@h%l&@d yBG by thtsaimg sﬁfgreoﬁiel ivery of
an HMG CoA reductase_ inhibitor 20such as a statin to tissue such as cardi ac
ti ssue in need9?Rer wih offopunimiechiigug yitheut spnysragr it ssdiopdmengiysease or

def ect SU% asog/?&srs? @étwfebﬁ’ﬁ?di éﬂd‘ heﬁ?er RGN gg%ﬁﬁe%%ﬁﬁy ¢ Jtl a?i‘ggh&h&f erred

enbodi nent nis I vere nmeans o to cardiac
ti ssue at t he AF (re=30), andneé of dfwchapmlmosamyggfpyss (hﬂ6): h&d pusntsprefierd ed

enbodi nent, the patch is a bhiode radabl teri.al 25proyiding controlled or
Sustai ned el ol i SafedeBictaTHim Sy D0 Terinws TR b8 Mok Sui table
materi al s i nclpgde RXuBRF@LI pedferiBlclstatin sRiniQEARY r&iu@éisetﬂé atladdnge By drogel s or

polymeric materials providing sustained or contfolled rel ease of statin at
the site of appf eitertdlestive BOBRAEHT-DESCRIAAFGON ) QRNTIEDH DRI NGS

15 It is therefore an object of the present invention to provide a means

for treating or preventing atrial fibrillation.

SUMMARY OF THE INVENTION
A polymeric matrix for delivery of an HMG CoA reductase inhibitor
20  such as a statin to tissue such as cardiac tissue in need thereof for the
treatment or prevention of a disease or defect such as atrial fibrillation has
been developed. In the preferred embodiment, a statin is delivered by means
of a patch sutured to cardiac tissue at the time of cardiothoracic surgery. In
the most preferred embodiment, the patch is a biodegradable material
25  providing controlled or sustained release over a prolonged period of time,
such as a week. Suitable materials include extracellular matrix, or other
biodegradable hydrogels or polymeric materials providing sustained or

controlled release of statin at the site of application.

30 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph of cumulative release of cerivastatin from the

ECM patch over time in days.



Figure 1 is a graph of cunulative release of cerivastatin fromthe ECM
patch over tine in days. Figure 2 is a graph of relative MCP-1 nRNA
| evel s aswea 2bimisréoon of t he anmount of cerivastatin (M POTXS210/064115

Figure 3 is a graph of MCP-1 relative nmRNA as a function of LPS, LPS +

patch, LPS + cerivastatin + patc n.d , L + cerivastatin + patch 5 on
day 2, LPS + ceriv éS‘EPQr}S@gE@ﬁi&E raﬁ“@%&@?f 1 H‘I%S\UIX_IL%GLS SEPerafi n + patch
on day 4 in vigg Qmoﬂtg)lglfc@?élasiaﬁngﬁmrpn ofot he cumul ative proportion of no

atrial fibrillation as a function of days after surgery, conparing placebo
and atrovastatin. Figure 3 is a graphPE M PEDcBESCRIRNIA @Na G cTibiEof NRENTI ON

101 . Conposi ti A, Reduct ase | nhi bitor atins or .HVMG CoA

Feduct abe. | nhiitY bPEC Rt USRSl QLR o PCuETTRBIESCRrD 1 evel s
by i nhi bi tisng dnh@yenZyRe- ddMeaseih mﬁdwﬁ_ba%ay IWHEIP P Y Svatgiant ral role in
the production of cholesterol in the liver. 15Increased chol esterol |evels

have been assd@idtadlaxi4 # vé&r-di ovascul ar di seases (CVD), and statins are

therefore used in t re ' f i se The . t. of the
statins is ator vastfggliuﬁ,4 lég‘%@el?) ggl%efélhﬁ?%ﬁf%ﬁm?a%ﬁ%fn@aﬁﬂ?iﬁ?ﬂiﬁgg&gy Pfizer.
As of 2010, a adurfbestiodfofelb@d 4fted s@igery) Borhparingailkebo and atiorastadhl n (LI PI TOR(r)
and TORVAST), fluvastatin 20 (LESCCJ_%3 | ovast at i ng&I\/EVACCR(r), ALTOCOR(r),
ALTOPREV), pit avast at PETALLGR BESCRIBIFFANOF THEINMENTHONPRAVACHOL (1),
SELEKTI NE(1y) , LI P fes uvastatin (CRESTOR ) and sinvastatin

(ZOCOR(r) ,llbLI PILEX) @%ﬂgégﬁl&%ﬁmi nation preparations of a statin and anot her
agent, such as ezetAm baBGaxt RedurtasedntibdeoryYYTORI N(r), are al so

(Zg%?/gls! gtél) ?7 44- ( 4- S-I‘;Qt?nsno?ﬁMar-ggg rré(ﬁl%ta%é lafl iibr}toirss ar(e:%rcile;/sgg{” 3It[u|g rfl’sed to
f 'uor ophenyl) -|gg e EBHNQAEYSBEN By finfbith Sthe CRRAR AMGIIRW icdhidtasd; Y11 - 3, 5-
di hydr oxyhept - 6- enoi ¢ aci d. System c dosages for statins are generally
bet ween 10-80 Wﬂgc]@la]a]yglg central role in the production of cholesterol in the liver.

15  Increased cholesterol levels have been associated with cardiovascular
diseases (CVD), and statins are therefore used in the prevention of these
discases. The best known of the statins is atorvastatin, marketed as
LIPITOR® and manufactured by Pfizer. As of 2010, a number of statins are
on the market: atorvastatin (LIPITOR® and TORVAST®), fluvastatin

20  (LESCOL®™), lovastatin (MEVACOR®, ALTOCOR®, ALTOPREV®™),
pitavastatin (LIVALO®, PITAVA®), pravastatin (PRAVACHOL®,
SELEKTINE®, LIPOSTAT®), rosuvastatin (CRESTOR®) and simvastatin
(ZOCOR®, LIPEX®). Several combination preparations of a statin and
another agent, such as ezetimibe/simvastatin, sold as VYTORIN®, are also

25  available.

The most preferred statin is cerivastatin, (3R,5S,6E)-7-[4-(4-
fluorophenyl)-5-(methoxymethyl)-2,6-bis(propan-2-yl)pyridin-3-yl]-3,5-
dihydroxyhept-6-enoic acid.

Systemic dosages for statins are generally between 10-80 mg daily,

30  with lower dosages for local delivery in a matrix being effective for
treatment of a disorder such as atrial fibrillation. Various doses of
cerivastatin, as desired for efficacy could be incorporated into the patch and

then released over time. For example, the patch can be incubated with 10mg
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30 with | ower dosages for local delivery in a matrix being effective for
treatnent of a disorder such as atrial fibrillation. Various doses of

cerivast avorpr2as7eesi red for efficacy coul d be incorporatedseotioc4ine pat ch
and then rel eased over tine. For exanple, the patch can be incubated with

10ng 4 to achieve high concentration at th site ar
cerivastatin ti®26NATE8h congeREHIRH the logH sHE Oaﬂ@u%m@ﬁ&aﬂaﬁq eV.%n bet ween.

The duration qbwaBRbdn&alib08: Afy o%h@éﬂtﬁtl()ﬁ‘é iRaRav&an The dhf.ephepe day to 30

days for prevention or treatnment of 5B. Matrices for Adm nistration of
HMG CoA Reductaevshcatlnmob stapn release can he frhel qneeifae to 8¢ deysifodprerentiontone

i nhibitors are fim n| ed from FDA approved cardi ac patches forned from
extracel | ul ar 'Hét? r| al ("ECM') which are used for pericardial

reconstructi on and gr evevihirides ¥é6r AdaAMieaiafion of ADIE CFA Re@ucAke used to
local l'y deliver drugs follow ng cardiac surgery. Pharmacol ogically levels

of statin can Iblibiteor porated in the ECM patch and then rel eased over tine

in vivo. |nplant abII t?eofrle%elﬁleﬁ g anﬁg%%ﬁﬁﬂétﬁ%d%%r %éggreggoﬁgcel | ul ar

matrix (ECM is use errcar

reconstructi Or‘E[[Badyjn@kedEtaraﬂac pat2REIFprrBatifrdbrak x ahcellular n2@@6matebiger di sch et
al ., 2009; Robinson et al 2005] and has been proven safe and FDA approved
for use in hurfaRSM Badqheaee ugd faf perz@rfbal rmnatrmt@ﬁ&pé preyention qft 13,

O her nat ypal M yagi ,
et al., BlLiE))rnatta!eaglE aﬁgﬂ qlgg %&gﬁ%%rg%kglr t e lﬁt@%&rﬁ%ibéllgfﬁ’rfa{g &é@igp odegr adabl e
col | agen pat chsufgery. d%harmecqlogtall\yﬂe%m of stwomrhtl iatorpeptidnn thal KCMat e

scaffolds are de cribed b achar.,, et al rrater 1):152-62
(2011). Decel IR ang dberi eﬁ% é’s"%ﬁ@%’é%&‘fﬁlﬁé’&aﬂé@}? %PW@@ %enoe,%zfafaf ). nJ

Car di ovasc Tr %ﬁbecﬁﬁém tﬁé @tré&@ﬁul@tﬁmﬁ@&](@bMF@ Y B 5eﬂ&¥cﬁﬁ‘l Bpaifronvoven
matrices can be utilized. For exanpl e, non-bi odegradabl e 25 pol yuret hane

mat ri ces havi wd%mdecmmtmn@@b’ﬂ%@tgl i 2003eBodytlddetay., ZPGaud, et al., in
A f O 4 184- | | d f
ol yt et r afPuor Qi HOPa e, PR FORER et 1 RafP e pae PRGN Boily 508 ' °

(2010). Fibri rftmerappf@béd fR 25O AN BBAdylék, SPANTII. ARfRiBAked S\t h human
fibrinogen and thronbin, can be used for short termdelivery, although the

30delivery ti neld.s preferably | onger than the two to three days obtainabl e

ot ML ® LA s B BB e 15 e
poly(lactic a(Mthl podly Bidbnistetials 2600 Ort IR, reported on the use of a
20  biodegradable collagen patch for delivery of VEGF for myocardial repair.
Alginate scaffolds are described by Shachar, et al., in Acta Biomater.
7(1):152-62 (2011). Decellularized matrices are described by Singelyn, et al.
in J Cardiovasc Transl Res. 3(5):478-86 (2010). Polymeric woven or non-
woven matrices can be utilized. For example, non-biodegradable
25  polyurethane matrices having seeded therein myoblasts is reported by Giraud,
et al., in Artif Organs. 34(6):E184-92 (2010). Ito, et al., reported on the use
of a polytetrafluorethylene (PTEF) patch in Ann Thorac Surg. 89(5):1620-4
(2010). Fibrinogen matrices or TachoSil, a sponge impregnated with human
fibrinogen and thrombin, can be used for short term delivery, although the
30  delivery time is preferably longer than the two to three days obtainable at
most with a fibrin matrix.
Preferably the polymeric materials are biodegradable. Representative

examples include the polyhydroxy acids poly(lactic acid), poly(glycolic acid)
5



and copol yners thereof, and pol yhydroxyal kanoates such as pol y(4-

hydr oxybutyrate), all of which are FDA approved for use in humans. Poly(4-
hydr oxybuwonrat2g7éos avail abl e from Tepha I nc of MA and ra3/use@n/osaedl in
studies of heart valve leaflets nade from woven neshes. A bilayered patch

5made of a pol y[,ethyl ene glycpl]-based matrix and ly[ | i de- co-
capr ol act one] %‘g@RP ﬁmfwg?%?g3&@%“’?0’9?51@6‘8@8%%&8%Lﬁ@%‘er patch) is
reported by Bgf %x%ﬁ‘tykaﬁ'e);]alTB%ﬁﬁh%ﬁbg\éa?gﬁovg&'rf&-uséﬂpﬁlﬁﬁétﬁoﬁo‘l%gll-( 2010) .

Chen, et al., describés an elastoneric derived from pol y{ gl ycerol

sebacat e) for hydraxybntyrasé) is avadiableyfomy feghadint o€ Mehndhadekn omdenbr yoni ¢ st em

10cells to the hgart..in Biomaterjals, 31(14):388 2010). C.Other Bioactive
Agent s SHER s ITE e R Ok LR R G TP B i o

t echnol ogy 5 F%a@ﬂ"ﬁﬁio‘%&eﬁh@@:ﬁé‘gﬁ}rrcol_qma&é&l%atﬁk a8l ¥k labaRt@-, as reported by
Myagi, et al. (2010). her materials may be cellular, preferably

aut ol ogous, sufehrodastasied kacksrgelay ey logded hyisasiogirope ¢l ng perpasghi is et ~ al .,
reported on t t f.i .S+ rn LYt ronic

reni n- angi ot e&gﬁ)gnr-%gll{) o%‘?g?%{ﬁuel 1*%5??@%&%%.%%@%&%%Q%@F‘%ﬁ?/?’%@mart CGrc
Physi ol . 299( Qtichni3dtGd 2descABdstn. clabhemaitt fuddhsddriesd dnepllgedrong; | osart an;
and cotreatnent with eplerenone and | osartan. Myocardial fibrosis increases

arrhyt hm a vulsigeas) fortdeliseryoh gardemasyisa diffraenttatedgsmaembarenionam)
descri bes I@dmc%llﬂqrtﬁ%?aﬂt of B%QQI%IQB?SM gg@;lfjéjzg)_actl ves to include with

matrix include antiinflammtory cortic tero anti oxi dants such as
| i opcyani n, Si RNA f@r Ra@ther Bidactivhragehtsti ¢ and anti pl atel et drugs such as

Pl avi x. 25 I1. Mt ho of. Adm ni stration, A. D sorders .to, be Treated
Post oper ati ve' atr | AP HPR B EHT s GOV P PRGOS
conplication foJr'eS?é%ﬁ'lQ, %Eﬂh@@piﬁ@lﬁeﬂ%’i&vﬁﬂ'fﬁ&o@aé Fe%iét_&&gy i\/ﬂ%g%',eél‘aﬁ bet ween

31.9% and 63.6% in patients undergoing various cardiac” procedures [Auer et
30al ., 2005; ZeHyelQthatmaitrials 1093 celbHahpuifereblyaltolog@oedjich #astérant s wi t h

post oper ati.ve are.at sigphificantly increased risk. of. hy ensi on,

Bongest 1 vdnea e Aot Orthielse S timbuity Erai R pe S i SR BbREEF ovascut ar

accident and trbrtddeethyf@iiadByp tIaBeicatdiMnpidRngint Addseof systeREr Mmanent
inhibitors in Am J Physiol Heart Circ Physiol. 299(2):H310-21 (2010). The

authors tested eplerenone; losartan; and cotreatment with eplerenone and
losartan. Myocardial fibrosis increases arrhythmia vulnerability of the
20  discased heart. Bolderman (2010) describes administration of amiodarone.
Preferred actives to include with matrix include antiinflammatory
corticosteroids, antioxidants such as liopcyanin, SIRNA for Racl, anti-

thrombotic and antiplatelet drugs such as Plavix.

25 1L Methods of Administration
A. Disorders to be Treated
Postoperative atrial fibrillation is the most common arrhythmic
complication following cardiac surgery with a reported incidence between
31.9% and 63.6% in patients undergoing various cardiac procedures [Auer et
30 al., 2005; Creswell et al., 1993; Echahidi et al., 2008]. Patients with
postoperative AF are at significantly increased risk of hypotension,
congestive heart failure, thrombo-embolic events such as a cerebrovascular
accident and the need for postoperative implantation of a permanent
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pacemaker or inplantable defibrillator. Conplications of postoperative AF
has been associated wth an increased | ength of stay (LOS) in the ICU or
post oper avowvel1tmsr@set ry floor. A recent study fromthe EGomrusaveabiihs of
Virginia found that the average additive cost of isolated postoperative AF

5 follow ng isol ated CABG was $2, 574 per patient [Speir et al., 2009]
Annual cost's tnﬁcirﬁ%%s’gmmlgﬁlelﬁéag e éprﬂr%n}@awﬁsgf?f@péta@?ra?méFAF and its
sequel ae are qaf bR Rbdifed Withiah ifFCRSE 1) tlﬁ?fs'?dy!(t@_y) i ehepigh et al .,
2008] . Further, chronic AF affects nore than 3 million people in US and
about 5 milli qrsiopcrabse estamdtyr fbgee. Xhecest stadyofygmahe Gnolerdnpicalgh pait hogenesi s
of chronic AF s .10 simlar which ingcludes,, infl tion, oxidative stress
and 11 brosis. \WERRRILEELHE v dRp BRI PR BOUSHIHREAY nunber of
cases of AB i follbRind$Sdlate CRHE Gas Y2 594 hegslicAdT Sptik ki AN 20001288Rual An
optimum t herapy for postoperative AF is yet to be available. Current

i nt er vent i ons dopislteiths hSt heatibipasp sysigre dpe enastoperagze pdppadatsisoeuci®ani odar one,

sot al ol , nondi i di . C iu nnel , nesi sul fate and
batrial paci Y PR Qa0F QST IOF RO ARIBLA, 20BONITHE 00
acconpani ed widhborié¢ 8K.affcotstohee piaaf & i BidnerbpeldiimeStand tabeutGomiiisi ini on i s
applied to an area having ischem c danmage or atrial fibrillation. Statins
shoul d reduce W%@r@&umﬂe%ﬁ@éw@gyﬁégﬂ%gfa%&w@g&@smféhﬁm‘eﬁﬁdﬁ al effect of

statins onot he;pal EPS[ﬁlcﬂla‘égﬁn?imfﬁgtti%gtoﬂaaﬂ% Lieds By AGNES alvi@bser vati onal

and prospective studies, suggesting statin treatnent i1s beneficial to
pati ents underigokmsg iehgiop popdbtioy tid stimasidonmbpeost apey @AV e tAE, par oxynal

AF, and AF as jated with corgn .arter i sease and |l eft ventricular
dysfuncti on. f9 exi’%Ctﬁﬁi&‘iﬁ@‘gl f{/é‘}lﬁf’%_ﬁ?ﬂéﬂgéed, pl acebo controlled, double
bl'i nd ARWDA-3, At gy éﬁtﬁrﬁﬁmrihér%y B@%H%b&é‘ti&%%&ﬁ@&%@ha@l@l&.hyt hm a after
cardi ac surgery, study has showdi that treatnment with 40ng/ day atorvastatin

produced 61% radtant inderventions siclufe hetsadypaargit iblaskal, petilwpttative recent st udy by
Qang et al, Cr.c,J 73. 2244 - 2249 (2009),, showed that .atorvastatin 20

s agy i ot driesels sl honp BT arReb ERaF buc R g e s and - cont i nued i n
t he post oper atrhygepigh fatfatcSingbidttigpating FITEE eFResy POHERRRABhEMEISAF. At

present, suitable pharmacol ogi cal agents for the prevention of
post oper at i ve YAHableandaecompanicdbyith risever al prospective studies strongly

suggest that stati ﬁn?ﬂfﬁ%fee%fgd%%%aﬁﬁe%‘?Llﬁeeg(%rg&gsﬁeﬁo%ggéﬁﬂeeﬁ‘?? Mrarg NI gh dose

of statin and preopera 0SI Ng appe€ars or an optinmum
efficacy. Sindavhigghchdosedandgesir atriahsiballetione Pratirddhdwld acdiicevte: i npr ovenent
of vascul ar. functions, the therapeutjc doses of statins either do not
achi eve 5d0r ed{wl%@?éﬂfpomw%wf r The e laﬁge%?ctagﬁﬁwé) Py parti al

e Ein RSP EYAPES ErAies FRDLGREY ok B dpiitca obi)
t o achi eve bl cbodli¢sewelgsstingahatpraiducatmknt éctenbaelf togiagbnte ifidecgsngn vascul ar
functions i ncre?eac%r?ca ica'lsr io%fers{oin\,/gorstéapnegatwmésA ,%a}og%(}n%i }\%?ésn'd AF associated
with coronary artery disease and left ventricular dysfunction. A small
25  prospective, randomized, placebo controlled, double blind ARMYDA-3,
Atorvastatin for Reduction of Myocardial Dysrhythmia after cardiac surgery,
study has shown that treatment with 40mg/day atorvastatin produced 61%
reduction in risk of postoperative AF. Another recent study by Qiang et al,
Circ J 73: 2244 — 2249 (2009), showed that atorvastatin 20 mg/day, initiated
30 1 week before elective off-pump CABG and continued in the postoperative
period, significantly decreases postoperative AF.
At present, suitable pharmacological agents for the prevention of

postoperative AF are not available. Several prospective studies strongly

7



10Therefore, local delivery of statins follow ng cardi ac surgery achieves
greater efficacy on vascular and cardiac functions, while avoiding the

i ncr easedwoizgie/msfeobi ver and nuscle toxicity. Since AF i CR/USeLOMANS

pat hogenesi s, and consistent |evels of drug are required for optinmum

t herapy, local delivery of statin produces maxi nrumefficac nd m ni num
adver 6’ 15ef f CLEES! Ba\HRHLEE G dRbirRYSE awtzs)rperatwe%{ﬁ\f% %é%f) rred

embodi ment, t he,tfirisg 'éOp!%iaXi%Q d&éiﬁé}aﬁﬂ%@rsr{@%"réﬁhrea%ﬁﬂn%tihﬁl%l matrix and the
matrix formed then admnistered. This is the preferred nethod for materials

such as ext r acéfitagly aSinpmbigh dosmtod siatihs sratrequated t@@dmel cpwipyavenicot efeshes,
which are sutured.tg.the tissye to be.trea .at .the ti of inplantation,
Cyptcarly dur s LtriRstprt e Hereer e P v tsibic 4 el L ose of “a
fi bri nogen smatdijeds bdnbft 64 Wdchlsr fin¥@shsWr bbhibWeorfly BhitiAPE@RfiBFrthér onbi n
added, and the polynerizing mxture applied to the heart tissue. The actual

dose of stati rimigtionetadffigacyenawbsduntomatiens vadabilisandoerigbetifigacy, to be
i ncor porated i|nf Q. (k. 1%%%1%1 f gl hra%'seesaq%‘%t h§ fe hir@@tocfcﬂie% bFo%tdq%‘%]E'lfed by
¢ animal st udi es. - For exanpl e,

extrapolation fromin vitro an € patch can

be | oaded wi t hhdiGrodiice dicttbeacthvia\egfcbis @h vaonte mina@bhoisrate tiskeofl ocal site
in heart or vasculature or as_ low as 10 ug/cnR cerivatatin to achieve | ow
concent r at i ondIV6F 2xhusdn iU i ons in between. The duration 30 of

treatment |gr stati nl"l{e?éf‘c?@ﬁs]g)cﬁ%l%%?yqffs{aﬂm ﬁolQ@ané f’ar%lgc ?ﬁ%?ﬁfagﬁiegf e

prevention of AF. prese I nvention w er understood by
ref erence to tgreatéralfficasyrng vasnHdriani tamipci fovaions,onsle &oatipt thel: In Vitro
Ef fi cacy of ECM Pat ﬁh. Logﬁed Wit h rivast 2§.i n . A.tissue engi neered
ECM pat ch wi t HGE&H 8k QBFY T 406 UslC B S RPMEFTIE '8i8br epar ed.
Prelimnary stgagdisgsndiayenAMRRLE RVEd of Hﬁ% HEFdqUARSE R loPtis@fh HErapicOr por at ed
in the ECM patch. "Studi es of |oading 5conditions and rel ease kinetics have
shown t hat cerlpsadtlateryof shimapwdkiasemaxenumatiitrey sod oesigfun hgveoyst i mi zed to
achi eve drlég I ?%/eg s that produce antiinflamuatory effects. Studies were
then conddet ef 16 ™det er mi ne optimal conditions to produce uniformy drug

| oaded patches for gn viMethvldydf Administration
In the preferred embodiment, the drug is mixed with the material
forming the matrix and the matrix formed then administered. This is the
preferred method for materials such as extracellular matrix material matrices
20  and polymeric meshes, which are sutured to the tissue to be treated at the
time of implantation, typically during surgery. Alternatively, for example, in
the case of a fibrinogen matrix, the drug is mixed with the fibrinogen and
thrombin added, and the polymerizing mixture applied to the heart tissue.
The actual dose of statin, preferably cerivastatin, as desired for
25  effiacy, to be incorporated into the patch for release over time can be
determined by extrapolation from in vitro and animal studies. For example,
the patch can be loaded with 10 mg/cm2 to achieve high concentrations at
the local site in heart or vasculature or as low as 10 pg/cm” cerivatatin to
achieve low concentrations or any concentrations in between. The duration
30  of treatment or statin release may vary from 1 day to 30 days for the
prevention of AF.
The present invention will be further understood by reference to the

following non-limiting inventions.



Materials and Methods 10 Tissue engi neered pericardial repair patch
preparation: Determ nation of the kinetics of cerivastatin release fromthe
ECM pat chwobkordisngg6of - ceri vastatin in the patch was per fPorrsdoipedimEubat i on
in different concentrations of cerivastai nin phosphate buffered saline (

PBS) at 25C f 24 h she fresh PBS three
Cines 16The MPHERRIES: orfroumviBess srEGMEeh TRl it Gerdiiig by
i ncubation in 0.5 %tl@gue%ﬁgln@éregﬁ h@patzﬂ%lﬁl{f%%&é@ée@@ﬁﬁatw{e?eag@| llected and
repl eni shed with fresh PBS at 4 hours, 1, 7, 110, 15 days.
The quant| ty dfinatiss mas prepried. Pmlmawwp@maaﬂﬂsmmrawéttmtm ned using
I-1PI_,C riments.were perfo Ilcat 0 Determ nation
of the ceri vasctegflg atwaﬁﬁf@co&qﬁ@géqglp%WQ%chEg ﬂlreéaﬁwaglgpar ating on a
C18 ul tra gqueeusitidRahid lefeabe GAEIITTha( SHIFRK R QR afedtiik ] hEOMERSTEK.  Mobi | e
phase was m xture of 90% acetonitrile and 10% water with flow rate at
|2 gLD/e {n n. Ce[| \ﬂa@,ﬂo?tsmeweﬁ@llmté@tz@atowb@w dmd@mi@thﬂt erarnee at 220I nm i
ermnatiq | ease rom
t he patch: THP- Tﬂlﬂa }Mto re seedeglre “%gxq%]gwn te ?ﬁgdé{t %Eiﬁ&lﬂl? transwel |
plates. Cells cadieiops erﬁrb@weeﬁlmﬂydmglowaed petwm:s fpak Ghoahalis. or
cerivastatin | oaded patches for | h and then treated with 200ng/ nL LPS for
24h. The super nat arMategialsand,Methodsy for ELI SA. Cells were used for RNA

30extractijgn S PhiMeP-1 in the cell

super nat ant@s: mrg;rﬂg?ge?’p\gﬁlgg@ll %ﬁlge%&tg%a ‘Istlor bent assay (ELISA) kits
(R&D syst ens) Mermmdiohcof thuekiniefigs dficeritastetin Ireleasre fréva the EICNIr ee

super natants, or.di ta the 9 many facturer'’ r ot ols The .absor bance
at 450 nm and A Perad cER s VBl AT S PR LS HY R T or opl at o

reader (Syner gyp2enBiRb&lutiof bf &a&pmlﬁ%gmﬁ%@ bgﬁf&fagmﬁ@ (drRd)k pl i cate.
Real -time reverse transcription-PCR analysis.: Total RNA was extracted 5

usi ng t he RNea®yC Kt 24 @uagehhe N’aﬁewm den @A)h@w@i’r ﬂﬁﬁﬁgﬁ’iﬁ‘@tmh‘eﬂmﬂuf acturer'

i nstructigns. t.er rev rsetrans t|o . t.he - Ki t (AI\N)
version 213 POk WELREF TSR ani Rl B ai s Thlor Ui DM e et ect  on

System (Appl i el &lm&yatzesm, The Sk ne@aﬁtym efofdoliangd anbicheetd SYBR G een PCR
Master M x (Q agen, Valencia, CA). Al 10 reactions were carried out in

triplicate, artcshRESTRMA@ERY. Autisedst.oh |§pkicdap clijenestiaming the total RNA
extracts were %?ﬁLf‘ﬂt L6 e ‘ﬂpmgﬁ%@ VAT £ SR Q5R8S @8 ¢ gy mean +/ - standard

devi ation of the tri plicat
experiments were performed in triplicate.

20  Determination of the cerivastatin by HPLC: Cerivastatin was measured
by separating on a C18 ultra aqueous analytical column (250mmx>4.6mm,
5um) from RESTEK. Mobile phase was mixture of 90% acetonitrile and
10% water with flow rate at ImL/min. Cerivastatin was detected
spectrophotometrically at 220 nm.

25  Determination of anti-inflammatory activity of cerivastatin released
from the patch: THP-1 cells were seeded at 6x10° cells/ml into 12-well
transwell plates. Cells were pre-treated with cerivastatin, patch alone or
cerivastatin loaded patches for 1h and then treated with 200ng/mL LPS for
24h. The supernatants were collected for ELISA. Cells were used for RNA

30  extraction and quantitative PCR.

Measurement of MCP-1 in the cell supernatants: A commercial enzyme
linked-immuno-sorbent assay (ELISA) kits (R&D systems) was used to
quantify MCP-1 levels in the cell free supernatants, according to the

9



Results Different amounts of cerivastatin can be |oaded into the ECM patch
15to0 achieve the desired | evel of release for efficacy. Wien the patch was
i ncubat edwoizbt2/BOd6j i g/ M cerivastatin, the drug rel easeCras2a3/02015tg for
the first 4 days and then slowy rel eased over the next 10 days. As
shown in Figure 2, this |evel of cerivastati S a ate to achieve
Conpl et e 1 nhi BIUHFIEFT t AR ohar BRy0eH Wi%QSQ\C@Pﬁfﬁggﬁe%@? 10 by human
monocyte cel | s, MadRndih) Meedra %ﬁhg% rﬂﬁ@r‘b?la%e RhdG]KINAS) atBdtck§O0t
9001u, g/ cnR) can be | caded into The patch when incubated at”a higher
concentr at i on kpemmimt perd mirmcdin friphditng and rel ease are dependent on the
statin that is,used. Fiqure 3 shows t when. the h _was .| oaded by
ncubat | on wi RERTG Y dranErPURurtk ARt RERPENA TS ERE pper
chanber of s5a tysaRsWeRNcREK R (QRighhi dleddM, @Rt &tingaskies were placed in

| ower chanber such that the patch and the cells were separated by the

cul ture medi uriaguicteer’s yagpeftang. ABeraguesr Tanseiiptns (RdD abingiths RYNAd to t he

cel | s and bl ockqd i herenekabl o0 BERRLRI ALAIPLGLY  FREFBELNE MEP- 1. These

conditions are repr ve Of Vi'Vo e anount of

cerivastatin rijeaseddi¢dion SheepaiApplivdBisydtéms, iFepter CitypCAjluee this ef fect
for more than 4 days. These data show that cerivastatin anounts woul d be

sufficient forQumg R‘?tr'?@[ff’lﬁﬁr%ﬁ%@]%éﬁasﬁ@‘é&ﬂiét(&iaﬁﬂﬂfﬂﬁn%; G- @Hl mostly occurs
during theo2- 4.daygs ?B&tcaﬁ%@dlﬁ‘% ﬁ-ébrligt%,)/a t GW%NA%@Mlﬁﬁ]Bqub al so bl ocked
nt | C . This act

expression of the | anmat ory receptor ivity of cerivastain
was di fferent speafic gtimsrnmehgthaetahRINA bxisaciaycrprrelduredaAfrdatt eerei npact in

decreasing inflammation after surgery Figure 4 shows that patients
br et roat od i tHPEOGAMICIT 6F NG AV Aiet oLt BP At illice. of AF. These
data suggest that |@&alisdelivery of |ow dose statin, at a does expected to

produce efficacy inmtreatnment of AF, would not have the risk associated
with systemnically deificvant eatosntapf ecrivestatit eamipr loadddootl thd EICM eatgh usi ng t he

patch can 13¢ hitg \allghig\?est. re%gsilgeiaqe&e? of }e?etagen %orle?f)i'cealcy.i \K}h&p ﬁletp%{cgev&ast | ssue.
incubated with 100 pg/ml cerivastatin, the drug release was 15-20 ug for the
first 4 days and then slowly released over the next 10 days.
As shown in Figure 2, this level of cerivastatin was adequate to

achieve complete inhibition of inflammatory chemokine MCP-1 generation

20 by human monocyte cells THP-1. Much greater levels of cerivastatin (800-
900 pg/cm?2) can be loaded into the patch when incubated at a higher
concentration (2 mg/ml). Levels of loading and release are dependent on the
statin that is used.

Figure 3 shows that when the patch was loaded by incubation with

25 100 pg/ml cerivastatin and then placed on the upper chamber of a transwell
plate in which inflammatory cells were placed in lower chamber such that
the patch and the cells were separated by the culture medium, the cerivastatin
released from the patch diffused to the cells and blocked the generation of
proinflammatory chemokine MCP-1. These conditions are representative of

30 in vivo conditions. The amount of cerivastatin released from the patch was
sufficient to produce this effect for more than 4 days. These data show that
cerivastatin amounts would be sufficient for blocking inflammation mediator
during AF which mostly occurs during the 2-4 days post cardiac surgery.
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10 Exanple 2. Determ nation of the in vivo efficacy of the cerivastatin
eluting tissue engineered patch in the dog nodel of AF. The rel ease
ki netics woror#srabed in Exanple 1 is suitable to produ®eTilisgeumcdievel s of
cerivastatin to produce biological efficacy of ceri vastatin for about a

week. Since the maj F occurs 2-3. days t coronary artery
15bypass graft CA%‘(‘;‘ g/ta“t“h(%vfA %B@&E ‘g?i@ﬁ?saloﬁfo% edB %@&TOI'Y BECEPOlr ug
treatment. Thec@ll@g msis‘étw@tfy o@@éﬂ@a@{aﬁi WESdifRRnPESH RES\tRMS hyd Hh%@d for
testing efficacy of systemically delivered statin. See, for exanple,

Nattell, et alma}ﬂvmgu®| aoghytsr macemiecre@@(lguﬁl)an@%magﬂ(m)@&)ry Okunur a et
al J Am Col | Car Cardi ol .

8(4): 872-9 20( 1986) igu r%‘ ﬁ’ %Fﬂa?gitlen}ﬁ(égé?l%%d‘éﬁﬁﬁ‘iﬂ%ﬁs angﬁa@%%t. ve anount

of a HMG CgA rr@ﬁh&ﬂ@t&@dén@@bPAFUThJs@HaﬂaQGQéesﬁﬂhBﬂ 1b§@1tdleﬁaerﬁ@@1cﬁb¢hd>s>éery of the
inhibitor to a tissue in need of treatnent thereof out creating

systeni c | evelstin, gta dRise ceseiageo prodsica pfcacyereatment lné AlvBos Mot educt ase
| nhi bi tor is %a%ﬁ{ r’{k %o%?a‘t:teecfjwftfé a{gténl?%al%; YR LA Pﬁ@he% atorvastatin,

fluvastatin, | ova statin, fosuvas at’ln and

si mvastatin, decaldalsieay using &recbawhrdanraahlb@en@estrb&aalﬁbéonsﬁtenimeeldﬁ\the:e of claim
1 wherein the devi ce conprises a natural polyner. 4. The device of claim3
wherein the pdﬁfﬁﬁbtﬂss}l% sel ected fromthe group consisting of extracellular

Matrix maygri gy, 19'20"1‘5e‘%ern91%hg9‘3f‘t1?ef}9 Hobeffﬁ&c of thel P&t %tﬂt e of claiml
wherein the device conprises a odegra abl e poyyrrer Int ormof a

hydr ogel , woveathutiug tissoe \engimeeredtpatoh in the ddpgenatke b£AFOf cl ai m 1 wherein the

device is applied The devj.c erein the device
e ool | o0 na & bi cl5FEAT Histies (RAPTSH B P fnECHFglE CTERHs and
delivers the si@idRvels8f ce-f%stgt%Y{OCﬁo@ﬁce@l@lb?EQ{ effg&{cg%"f MMt one or

nore ot her therapeutic or prophylactic agents. he device of claim1 in
a formthat cabobien watkySegetle mpositgeof AF occurs 2-3 days post coronary artery

15  Dbypass graft (“CABG”), the patch should provide ideal local drug treatment.
The dog model of pericardites has been previously used for testing efficacy
of systemically delivered statin. See, for example, Nattell, et al. Prog
Biophys Mol Biol. 98(2-3):328-39 (2008); Okumura ¢t al., J Am Coll
Cardiol. 17(2):509-18 (1991); Pagé et al. ] Am Coll Cardiol. 8(4):872-9

20 (1986).
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10. The device of claim1l wherein the device is a coating or |ayer on

anot her substrate.

conpri si yoadrvasi®@seri ng to or

11. A nethod for treating tissue injury or defect

1-10. 12. The nmethod of claim 11 wherein the tissue injury or defect

caused by ischem a.
cardi ac ti ssue and

claim 11 wherejn the dgui

1 The nethod of claim 1l wherein the tissue is

near the tissue the devi eeTafS2@npeafs cl ai ns

S

Wﬁéﬁaéf@fect is atrial fibrillation. 14. The nethod of

ESnprisiRai SFRHSGE 8o fTdr EGHW O6A Yeduckre The method

of claim 1l wherein the device is admnistered through a catheter or as
part of a st ennhibitor for local application and delivery of the inhibitor to a tissue in need

of treatment thereof, without creating systemic levels.

2.

The device of claim 1 wherein the HMG CoA reductase inhibitor is a

statin selected from the group consisting of

atorvastatin, fluvastatin, lovastatin, pitavastatin, pravastatin, rosuvastatin,

and simvastatin, cerivastatin, and combinations thereof.

3. The device of claim 1 wherein the device comprises a natural
polymer.
4. The device of claim 3 wherein the polymer is selected from the group

consisting of extracellular matrix material, alginate, collagen and fibrin.

5.

The device of claim 1 wherein the device comprises a biodegradable

polymer in the form of a hydrogel, woven or non-woven matrix.

6.
7.

The device of claim 1 wherein the device is applied as a spray.

The device of claim 1 wherein the device is applied as a biological

glue that adheres to the target tissue and delivers the statin.

8.

The device of claim 1 further comprising one or more other

therapeutic or prophylactic agents.

9.
10.

The device of claim 1 in a form that can be sutured to tissue.

The device of claim 1 wherein the device is a coating or layer on

another substrate.

11.

A method for treating tissue injury or defect comprising

administering to or near the tissue the device of any of claims 1-10.

12.

The method of claim 11 wherein the tissue injury or defect is caused

by ischemia.

13.

The method of claim 11 wherein the tissue is cardiac tissue and the

defect is atrial fibrillation.

14.

The method of claim 11 wherein the device is administered during

surgery.

15.

The method of claim 11 wherein the device is administered through a

catheter or as part of a stent.
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