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TESTER BACKGROUND OF THE DI SCLOSURE The i nvention

relates to a chenosensitivity tester used with
wohalRsHisal artificial tissue slices, incl u@cqgjsggg,@,@gzm

derived fromany major organ, organ system 5 cloned

ti ssue using somatic cell transfer, or any other stem

cell based reginmen, including cord bl ood; or any

~ manner of neopl asns. The chenpsensitivity tester miy'

be used to eval ug - '
“candi dat es, druﬁhgﬁ’ﬁ@gﬁ%’“ﬁ@ﬁmﬁg as a net hod
of providing personalized nedical treatnents.

Fi ”a|éﬁ’cxdi¥b%un‘3ﬁ'ﬂ@$ﬁ§@.ds'uwsty tester can be used
st udy ease as carci nogenesis, in 10 ti-ssue

“that 'I"}féslrﬁr%ﬁﬂoﬁ%lﬁfe{?eﬂy BRSNS RARIRIEIBEMPIGed with biclogical

anal ysi's, or any ot proteom cs, genom cs, or
arfifisial issicerslicesniclsling thesedeeved fromn lmyrrgamantga@y@m@msystem

o B8 SRABRESEN o SR B eimr

" incleding cdord blgode -oreariyemaaner pb steplasinet The%mmseﬂgrtw@ytester

b R o S el B, ok iR Ttpd B8 and crug

- méthBEIRES a8 hahethotast pheiding ipersdhaRad medicaledtientd. Finally, the

segnment s of the popul ace have the gotentl al for

o AUCH A CYEINGAPRESSS, in
t:sé‘.u"@ tRéPESQ'Bé“enaQéI'eﬁf%HsbaéB‘H hpes. OpHB did HhaRAls, &M Sny other

and- cat egori es of patl ents coul have tissue screened

: prtbtﬁomﬁa@eaomicsmr metabisjosdic anglysiscmewdenincluding nano-system
pprbidly toxic- -20. conpounds. Likew se,
‘b'agélcéllgflp ng co

sts i mpact this cal culus and underscore

and_ he8baoh bt Bl &fork DEoihRAS B B indiiFaitngs witn

resent disclo Cr s

. rea:pmut m\/poé-mdmetmm posteahrket tdsding. B&mvﬂy biameamplenthe VIOXX®

deBBLR TpaTmd ar et RRaRS RS Sorebh b b PeRifE itase state

treafrigHieiig ﬂeéﬂécﬁtcﬁﬁntﬁﬁuthﬁ/sédlﬁelﬁaftﬁ ﬂqé?pmmacé mwet ilh@ potentlal for
- Study of Drug Devel o this, pro }/
adggg@en{ CELIE oHSE‘QeP'é'S%“tB/ Avals rﬂﬁr\% p( Pom ¢ analysis

. mdth8d<€ IHigh ﬁﬁk patients and-categories of patients could have tissue screened

in advance of - bemg subject to_ such potentially harmful and morbldly toxic

compounds.

.L'ikewise,‘ ‘es'c:alaﬁng‘ _coSts impact this calculus and underscore and
highlight the needs for the teachings of the present disclosure. This becomes
crystal clear upon review of the historical numbers which have been established in
this space.

In 2001, the average cost to develop a new drug exceeded $800 million,

according to a study by the Tufts Center for the Siudy of Drug Development. Of

this, approximately $16 million on average per company was used for pre-clinical
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Reduction of testing tinme and cost in drug

devel opnent is therefore a critical factor to the

Wbl uBls0f nost pharmaceutical conpanies. | pcrus2006033263
addition; since there is usually nore than one

conpany conpeting in the sane. drug arena, any
conpetitive advantage is wel cone. A mgjor portion of
drug devel opnent costs is 5 borne during the FDA

_ré@éﬁr@ﬁ ARedicHBA Y- te AV HRE a5t Gh drky %ieﬁélégm%ﬁp ls%erefore a

managed in the same way that pre-clinic
C(E'HP@' fﬁobmhés@%lﬁalrfPfrf’goﬁirFélaﬁ@th@m carppanics. ri'oreeldltlon since

By AP Bt Sk PR Bk Bl e, o

Mmp@tltmadvm&m wrwelnbnml @nmejoc: @nrtlanmmfegtdeveioptdeﬁt costs is

10 develo drug

o, Db, e A, SRR oA btaRs. e Ver el ! sl cannot be
maizgledl in2Bs Junsd mwyumet dre-\tﬁrrcﬂ&tm@caﬁ P aﬂiﬂ%ﬁe soarmg pre--
ci:anern Li ke% her gans and stens how

injeg! atse fars SFFNtgATIGBbEs e%élme'vsmeﬁmd@rpﬁw vo and in vifro
tééfﬂ?%r@%lecﬁ@ﬁ‘(ﬂ'ﬁdt&ﬂ@i néw d{ug’ Eal?di@ateg aYd bf Qighﬁﬁé:ﬁ interest in
|Z|ng smal | aninmal s and - culture te -
the indpsiBt.ef ore wi del y used to assess liver function in

drug- 15 devel opnent. However, these conventi onal

t est s Imdevelpping & newr drugs ticity tiagbrays i mhpentant consideration.

Quﬂ:‘%‘ tH%s fita m%ﬁpbﬁ'ﬁés ostq:lrgg%‘?ﬁélt &arﬁé’%ﬁé 6 ' Soncem. Likewise,

0SS O 'y ~exi

’ oﬁmnﬂgﬁtnsramtsys@mé and/eow itheysicaat to'ﬂ'bm;gmmbst@*ndeepe extremely

. h : i

et Shafer PR B S S Wi AR S img and cel

cmmacenenmhsesr end andraforeV didedt tisell Godasi@ss Il FBnction in drug
ounds and systenms the 20 relative significance of

A YRORTIGHA oW VEh ea coueRinsal fists have meiswar digpdvantages,
s§rpas fridhAdial vARafye! oétQ &S %sé’ Ilﬁ‘\?\e ‘é\"f/\gflﬁg eén% fb%% of naturally

cul ture systens have een used
exXipling sharafteristicscef lives dnséet The sAmeds dois ‘@mﬂwmrgans;d\s our

BB a7 s bRR il Ty SHEE o g o

h@\esnamglaecnﬁepen@mwaﬂ@hs presdibgs.adregs,i momm)unuslamdgqﬂstems the
re‘?étfv%cggﬂlfkgnt% Ethe ?Hs%élﬁnbssgfosﬁlreg%gogﬁes er\r/a%re pfom:nent and

signifi cant

To overcome these disadvanfages, cell culture systems have been used.
HoWever, with these models cell-o-cell conneciive interactions cannot be
maintained for a desired length of time. Once cell-to-cell connectivity is lost, failure
of the testing scheme soon follows because it is no Ionger directed to organ,

system or organism level response.

Bioartificial organ devices are currently in development. It is beheved that
organ function can only be replaced with the biological substrate, that is, for
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devel opnent. It is believed that organ function can

only be replaced with the biological substrate, that

is, for 2 WD 2007/025154 PCT/ 0S2006/ 033263 _exa nEJ
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requires the availability of Iiver tissue from

xenogeni ¢ or human sources: Recent efforts have

conbi ned nechani cal and bi ologi-c support systens in

)@%‘ﬁgllggg#fr reqs ﬁ v h9%ﬁ]}/\f:§?§§§§|g@§ y@%g%%g?ﬁ the avallabmiy of

VR RsGe! Behnter@nR bP HuhRa Sodrchal Rbsntbetiures 'hab@ €ombined
patient's serum and the biol ogic conponent of
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e |nd|V|duaI cel | s .used in these devic .
oqUBo oT RAIPIDEShRRAORYIRDr 1 BFFS OISR COTRERSTTY  Sifg bolsadh within

chiHBststdidh r@ﬁé%dttbrﬁ% ISIB%%%’[O@ qllévﬁedé??)%lﬁ@ﬁ%' rbhfain with respect

functions. There are severa grou evel opl ng

tooineintainingcthal funetinaalityes W@smdw&uapéedbm%usw i these devices.

‘ M?gfﬁg\?ibggg\{.é @@éﬁélti&@&%ﬁ h?s b&%g Il-%ve%tlme these

cellsdese specffishunetiansw, M\) . . The Circe Bi orredl cal device
integrates viable liver cells with. bi oconpatible = :
nenbr dhes iane oswerabgroupmrcﬂ:emekadmg Hiieartificiali divet devices, for

oAb, ERh SiafEdl e (eRIER, A abn® e palay CA) Excom.

Meticar (Oak@alé WVINDD aeiTee m&gierhﬂl (Bhwdvlén@ rMbByr tihied@irce Biomedical

aaie dafeoriagaviebin 1S HIBowtbrbperiBatblE TErOaREs o an

eMtdcBribrefia bRk ificial Qe iRt |s§§telﬁ°ﬁ aigeRdt ©f AD® TiEikGacorporeal
membrane al [ ows for physical conpartnentalization

f
'lewe/*@alst (Pasdpepufiificiat| hiven ifea Brgcharabered; Bﬁﬂ@%fber carfridge -

%nhfﬁﬁ }J Fa&&ed AhSRIH iR Ol §iRe c?ggt &Re '&a\”ﬂﬂiﬁ§é‘ htains a

Iver . support system por ci ne ver
sem:pbsneabieh menbanep ovith @e chapgtesized enolpas@r weigbughtof. This

mﬁ‘nﬁ%@ g[go%\gse@ gé&ﬁéaltc%%ﬂh%tgﬁz%ﬂgn SF{ cultﬁf&?ﬁlﬂnan cell line

and the patient’'s ultrafiltrate. Algenix provides a system in which an external liver .

support. system uses porcine liver ‘cells. Individual porginé hepatocytes pass
through a membréne to process the human blocd cells. Excorp Medical’s device

contains a hollow fiber membrane (with 100kDa cutoff) bioreactor that separates |
the patient’s blood from approximately 100 grams of 'primary' porcine hepatoéytes
that have been harvested from purpose-raised, pathogen—free pigs. Blood passes
though a cylinder filled with hollow polymér-ﬁbers and a suspéension containihg
billions of pig liver cells. The fibers act as a barrier'té prevent proteins and cell



25 contains a hollow fiber nenbrane (wth 100kDa
cutoff) bioreactor that separates the patient's

bl ood from approxi mately 100 granms of primary porcine
hepat ocytes that have been harvested from

pur pose-rai sed, pathogen-free pigs. Blood passes
though a cylinder filled with hollow polynmer fibers

and a suspension containing billions of pig liver
cells. The fibers act as a barrier to prevent
proteins and cell 3. byproducts of the pig cells

blypradudisraf théd pigamtis from digadlh@opﬁdiwth&spﬁhﬂtﬁb!bod but allow the
al l ow t he  necessar ont h I
eRasea B e BeOtE s S ER okt Bt Biyogl gan be

rappesls of these devices represent inprovenments over

pre- existing technol ogy, but they still have

parti %rﬂ)’usdbm@@ﬁﬂﬂé% d@bﬁ;esafebaaﬁenvaﬁpmemerttheaer pre-
devi ces, all of which use |nd|V|duaI Eatocytes

exising cddormalonyo DN Mk sill B ( BArigVRr  debdvantagss. The

eﬁ@&ﬂeﬁ%&é F ?hes\émé\fbe%h Al R/ﬁlﬂéﬂ fsd hﬁ:ll\hdid’eﬂ 'hebﬁtdc?ﬁas' B limited.

Ivo state. Accordingly, oartificial organ,
daeatmihe lack dfveell-to-ceil In’e@rra@%ﬂs, whichgheasterize éﬂ!ﬁ IW@Fy'n its in

f
RS GHchEPREN o Bloati D SorSAE PR et mproec
cfficidrivy, iviedtilant ahéaliuhcmgw[ltwiorclmsepnodmgedéwloﬂmegt would be
t t f I t he. )
oeBEREr Jhie BroPbane sl & 23S BB Rsi atfings, which
phGViddI R IpEg testifgaeBion@tinciestissieasgicesg conmpounds
al so develop. Disclosed in this application are

et hodg fheatechihblbhy %fmdiﬁﬁahbrgam@t@ﬁ@@bﬁtumes to advance,
bioartificial organ systenms. SUWARY OF T

mPrORESORENGE ERPRIAG cEOTPOHNGS {AIPS da‘fﬁi@%t RQigcleged in this
aEPow @h ér@‘fﬁéﬁ\ 88 th d’;ftriﬁﬁlfe ke rdREAYintitBvemeRishe bidHificial organ

Ing simnmu ate in vivo conditions using ex Vvivo
systepue for determining the chenosensitivity of a
chenot herapeutic regimen, conprising: providing a

bi oreegd Alf{‘PbFSI'WESIj@BnglJII{E’ sinmulating in vivo
tiss vitro, providing aliquots of a

50 SO iy SR LB 820 3 B S nre
pré\Rdéd S5 Weethod for prowd:ng simulated in vivo conditions using ex vivo
tissue for determining the chemosensitivity of a chemotherapeutic regimen,
comprising: providing a bioreactor for substantially simulating in vivo tissue
function in vitro; providing aliquots of a tissue sample; culturing the aliquots of
the tissue sample in the bioreactor by exposing the aliquots of the tissue
sample to a plurality of different chemotherapeutic drug regimens; and
determining a chemosensitivity of the tissue sample in response to the plurality

of different chemotherapeutic drug regimens.

In accordance with a second aspect of the present invention, there is
provided a method for using ex vivo tissue for observing organ system
interaction in vitro in response to a chemotherapeutic regimen, the method

comprising: providing a bioreactor for substantially simulating in vivo tissue



sanple to a plurality of different chenotherapeutic

drug regimens; and determining a chenmpsensitivity of

the tissue sanple in response to the plurality of

di fferent chenot herapeutic drug reginens. In

accordance with a second aspect of the present

interaetibh ietwebar@gha systams dad/imonﬁtaquremtoumqﬂgdlgg at least

vivo tissue f b _
OPR GhaBSY oF SOUIRG clSSea SEETGY hE A ORD ca r B rAIh bf tissue
E@Sﬁm | a?@%ﬁ% | dlferehk QYR i l%ebatqééétcérﬁé ch@mber in the

atlng in Vivo tissue
bioreactart erpodieg witen phurgliy ef disene $ampl|6§rts> g feallture medium

o Ty 0 BRS80S g of o
chlt@r%%edmhéﬁeiﬁdﬁnré‘ tdi)’théf ]@I'Uh’étlﬁ(1 of t!@bLfe‘ siraples argatesting the

he at | east one chanb bi or eact or;

ceﬁw@smagilmmesmpbal fot sab@ervleu am UEteéﬁ‘f’ﬁﬂﬂeQGW% dhe iyrality of

um sso i_at t
t'?%‘{ﬁ‘ e latle f]amq%d fré&nﬂ%lpzusrgg& (ﬁ' d]ff@%ﬁlﬂ%? sailﬂgﬁé'sh]ﬁnse to the
Cﬁé,tn%!theﬁ-é Q§[l|{fﬁé mehhe plurality of tissue sanples and
testing cul ture medi um sanpl es to observe an
i nteracti on between the plurality of tissue sanples
obt ai neddcoataraepivith ad ithiyd afspeict foértbatpremgan@ventlon there is
response to, the, .chenptherapeuti.c Lmen

P&&\ﬂ‘éﬁ@ anexplanted Yissye fepting % oslfc SHP% &g{;ﬂﬂdlng a bioreactor

c%rméﬁﬂg’ﬂaﬂﬂail @‘gﬁ@lldtﬁg Bf Qncladsas RirRtiontigdviticsste bioreactor
estin conpri si ng: providing a bioreactor

-nrfcdmdmg kzsplamlltyalolf jissuigrghambets fQT Raldipgttissya sanpies;i Rpsitioning

S{JB§ g @%QHBE?%H{"]%L a%oé?wgp g@h@gggclpl AfRL T dfraly of tissue

cHQﬁiHe'ré)nbamni%?ﬁbaBt platdiity difpbh@ﬂbth&apeui&u drm;;arrpglmens to
wi t hi n ‘'each of theé plurali ty of tissue_ chanbe

cacrespmdlegutmgua $An0PlgBi inyeash @ﬁél?ﬁ)wwa%&ftt'%su&rﬁ@ambers by
i.me s
SBT3 O rrtondin

c&ﬂm@ apeliungacissicidtoe Withs thec chetratiserapeutic drug regimens;

d I d
i b B A Tl e

Cﬁgﬂ%etré gﬂéh \rf;ﬁ;oéthﬂh% J.;Hﬂg v%h ﬁf@hn?%t\b@éﬁ\/ﬁ%'vhf@s plurality of
I'ssue ers suc e onfy variab

tidsfid ehan@eheMweamdriuaisanatma pdreesglondingo¢hemotherapeutic drug
regimens is the corresponding chemotherapeutic drug regimen itself being
administered to each of the plurality of tissue chambers; and evaluating the
chemosensitivity of the tissue samples to each of the plurality of administered
chemotherapeutic drug regimens to determine a chemotherapeutic drug

regimen producing a desired chemosensitivity on the fissue samples.

Disclosed is a novel method for testing the chemosensitivity of a
substance in a bioartificial organ system or cell culture by treating the bioartificial
organ system or cell culture with at least one compound and observing the effect
on the bioartificial organ system or cell culture. Likewise, those skilled in the art
readily understand that further disclosed is a business method for using the
apparatus and methods of the present disclosure to provide for tissue and organ

4a



ti ssue chanbers when adm ni stering the correspondi ng
chenot herapeutic drug reginens is the correspondi ng
chenot herapeutic drug reginmen itself being

adm nistered to each of the plurality of tissue
chanbers and evaluating the chenosensitivity of the

SRS RS R BReMER Vi o soge enamic

pRstb e, Phdanetbyoriohtc apalysisc drug regi men prodUC|ng
a desired chenpsensitivity on the tissue sanples.

Di scl geieslobed hersined ampéihod foopraviding Bgnmlh’ed in vivo conditions
chenpsensitivity of a  subst k@ % %rt ifici
Compaising,Rioxiding aMHeaétﬂrthrr%J%éia L |UHB°% g i vivo ssue

bioartificial organ systemor cell culture with at

| east one conpound and observing the effect on the
bioartificial organ systemor cell culture. Likew se,
those skilled in the art readily understand that
further disclosed is a business nethod for using the
appar atus and net hods of the present disclosure to
provi de for tissue and organ 4a specific screening
for patients in conplenent with cutting edge genom c,
proteom c, and metabonom c anal ysis. D sclosed herein
is a method for providing sinulated in vivo
conditions conprising providing a bioreactor for
substantially duplicating in vivo tissue 4b WO
20071025154 PCT/ US2006/ 033263 function in vitro,
providing for the bioreactor to hold at |east one
aliquot of a tissue sanple, and allow ng at | east
one aliquot to generate useful data. Likew se, a

met hod for substantially sinulating, in vivo
conditions is disclosed conprising, obtaining a

bi oreactor for substantially duplicating in vivo 5
tissue function in vitro, obtaining a tissue sanple,
and using at |east one aliquot of the tissue sanple
to generate useful data. Still further disclosed is a
nmet hod for substantially sinmulating in vivo
conditions conprising providing a tissue sanple,
dividing the tissue sanple into tissue slices,
including the tissue slices as a part of a
bioartificial tissue system

4b
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-sareplerand b&@rédg @i ietaﬁ
~ business nethod for chenDsenS|t|V|ty ‘testing which

10 and allowing the bioartificial tissue systemto be

used by treating the tissue slices wth at |east one

drug reginmen to generate useful data. A simlar
witklobosbsiss di scl osed conprising obtaining a PCT/US2006/033263

" bioartificial tissue systemcontaining tissue

slices, using the bioartificial tissue systemby
treating the tissue slices with at | east one .drug
reginmen to generate useful data,-and 15 conparing the

fuiRtich hPviBs! ;ﬁbmdfh% 18t bisrat@tdryb higld dtaedsticng ANt uet of a tissue

conpound, hi st o at hol og choosi ng a drug
ﬁhfaﬁ{écbaenqs@ teaiehl da nal | y, a

c onpr Likewissy, ov rneih\@d afasi euhsiratioly pasuigting sft?eWIVP ogonditions  is
dxﬁg gg%ﬁ] %QE'LDTQ‘:%M% %R{aﬁﬁ ﬁg P BRI Ao br téﬂlﬁsﬁhﬁal fcﬁf?ﬁb in vivo

testing a regql nre
tigduesurctionntl wird, lobtdining a WSue@ampdes anBRIsERD @E@};ﬂqnmadmpot of
O-. THE FI ES The abov ge ti oned features and

thejsske sagpiq egeg}eé%tgﬁis Posure will become nore

c0br eil LA LRSS, Komblol L Aol SRR o

'cm&is%dmﬂsxeawfpﬁfmmg eﬂtié@feaémplé,Sdﬁm thd tidsme sample into

el enments and which: Fig. 1 is a,schenati

fighiocsi6ga: BALIGMIASIRURI R 513 BN BY GaPPRRTGALSUE System,
ar&rﬁ gﬂ'&i&lﬁ%%@ E]oa?tlf}égl #2044 Qfééﬁ*o@uééﬁ%pﬁé%{@zﬁa tissue slices

erspective v an enbodi nent” of
wrtbﬂpleas’eorm dlagtregmeraio gencgria UseRi daR. Fig. 3 is a
perspective view of an enbodi ment of a bi or eact or
i nst aAl sithilan methbd deudisclasedagoroprising glytetrmg asbippgficial tissue

| ve Vi
st SRS MG Ehp BRIk iy by s v
tisytieodiiganivitel ab lbastr eaet drugunédimen hmmgegeltatm useful data, and

pl acenent of a tissue slic rat us;
campAIEs e (4R P 4Rt SHSTHEIE SV (7 geolap, gufpound, or
h@fb%aﬂﬁﬂd@ choosing a drug. reg;men based on the comparisons of data.

_ Finally, a business method for chemosens;tmty testing which comprises
providing a bioreactor-based system for housing tissue slices, popula’tlng the bio-

“reaction based system with tissue, tesfing a regimen on the tissue, end collecting

results.

BRIEF DESCRIPTION OF THE FIGURES

The above-mentioned features and objects of the present disclosure wil
become more apparent with reference to the following description taken in

~ conjunction with the accompanying drawings. wherein like reference numerals

denote like elements and in which:
Fig. 1 is a schematic diagram of a system. of an embodime'nt' of a

bioartificiat organ system;
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with containing an tissue slice; 10 Fig. 7Ais a side
sectional view of an tissue slice arrangenent of an
enbodi ment of a bioartificial organ system Fig. 7B
Wb?u@&ﬁ%@pem ive view of the tissue slice ampcgREsieats2e3

0 g Fig. 8 is a graphical representation of
invitro |idocaine clearance with continuous and
intermttent perfusion using a bioartificial organ
system 15 Fig.” 9 is.a graphical representation of in.

, \Zlht:]gﬁ{g ?J%%Q&Eé’&ﬁ’%&\g, i gﬂaﬁp?r@ﬁaocﬁn%ﬁgg% Qgﬂ}sn?pé%t]e bloartlflclal

ofghd sydtem;s a graphical representation of in vitro DW
concentration with a 6-hour. and a 24-hour run using
t he bFpaGtis fi [erepectivg aieve pEae ebaiinémtoef al bioreacior mstalled in
graphl cal repre entatlon of in vitro anmoni a

[CBRHIGIE BTAAN HYSE™M20 6- hour and a 24-hour run usi ng
t he bi tif I t
R AR e 4 B

t | tus of th :
i, i % an Beienartseo oL A mﬁﬂmm%ﬁf&f@“?‘g%%? " unit

d h é?rhﬁj organ systemto
stibif a@% ur’riéhmat@sshb%ﬂé bparhfs:

results, according t o -enbodi nent s of

25 t h?g@%%é ﬂb&e@d ORW & arf eBod Pt &2 2hSksue slice apparatus
PCT/ 1 6/ 033263 DETAI LED DESCRI PTI ON. As used in

" with eoptainingnan dssusl lisgr e, the term "regi men" shall be

understood to nmean ‘one or nore_ drugs, conmpounds
t her aputiAc lsagealde septionali wewcpldan tissupslige @mangement of an

'eﬁgaiﬁ'geln;%ﬁibe f}é?aef%r | ?érha or other agents that~

ar- ti ssue. The present

| nve ni:oqr) Zﬁe}g a e%’&?%lc?l{lg ‘%eﬁgm" B rh?. @S!%%}'&ﬁ{ eﬁié?ﬁ 8Fig. TA

for asim out sl1ces of or ans from

ani ma n
est F € i Brétefngar it ERrhaion CREMUREIRIdaclc Yoprance with
colitihubos un@ intsrmtitle pirperfudionarsingé bm'hlfmi @Egdrogystem; '

Fig. 9 is a graphical represen’tataon‘ of in vifro lidocaine clearance With a-
6-hour and a 24-hour run using the bioartificial organ system; ~ - |
Fig. 10 is a graphical representation of in vitro DMX concentration with a

6-hour. and a 24-hour fun -using the biocartificial .organ system; and

Flg 11 is a graphical representat:on of in vitro ammonia clearance with a

6- hour and a 24- hour run using the bioartificial organ system

Fig. 12 is a schematic showing the process undertaken by the tissue slice
apparatus of the present disclosure;

Fig. 13 is a flowchart of an embodiment demonstrating a method of using
a bioartificial organ system to obtain useful results, according to embodiments of

the present disclosure.
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10 using a platformfor testing of the efficacy of
conpounds prior. to actual admnistration of the
conmpounds to live patients. The ..conpound's toxic
w7 bas mecol ogi c effects are: realized thr d2bbe6/033263

vivo and in vitro ani mal testing. However, the

present disclosure allows for the use of tlssues,

both human and aninmal, to be cultured and for the
testing of the conpound on the tissue. For new 15

drug ﬁogogwéicglbﬁi gDA will ask, at a mninmum the
new (1) devel op a pharnmacol ogi c

proft 8 Bba i el e e L Bem] Aeomftt ShbPKE Shistood

of th Species - of ani ma

o ﬁ)ea@p&ﬁé%r shsret divgs Mebmpioands), trtembmskuc awrgs nguéleisacids,

2 weeks to nont hs, endi n ose
peRivasi D hnlicTs s, DRBIEBaLEL aifeE “PREHERTa) becpriied to a
céil'dr”(‘s%% studies. The process is conplicated and 20
costly, With hundreds and sonetimes t housands of

Co@o?ﬂ@?r@@ RNV ESHE Ras AliddoveR]! aAbipedverd§ nidaelar system for

pr esent sclosure is to provide a nethod gg‘
cieculiiting plegimseabout Hlice Aipirgans froft ApIMRIS dpuieple a system for

c'ﬁiﬁd’%&?\gft"’&g[&%ﬁ? ,g%rr%qgal i zed for individual users.

hg,” wth chenot herapeutic reginens,

3 ?L g ag&'gﬂ}eg 'oﬁ}aetr&g a{%ﬁéﬂé@&lt Y id B p%lnd@ 3l &tlchve Method

I'S ef ctive 1n one patient
uMh@labpla&foﬁrﬁstt testing nofa thbféfﬁcmyt qﬁamremund’p‘h@nor to actual

aﬁgpplsglgélyno?fd Igpsqa lc‘éé‘n%{oﬁa&ﬁﬁ' B%tl%ghqgmt us s q&g‘qoxm and

phdinRRbicit effeéts esrgbicatizkd Iﬂhr&hghlmgﬂm layndt ihevn'msanlmal testing.

effective reginen to ti 2007 5 <
b 55 e ers it Tob fecoc 1 Sy o8 puman and
a:ﬂhfaﬁ tgsdé’ &thﬁ’ed and FSvihe Qestingestane Canipoahl Qihftheai@due For new

for the study of disease and the ways in

- dr@lcrqmummdéf thecFDA willjasky at apaninpyra, B]%%é’é%ﬁm%%“ to: (1) -
' d%}et? C ss a&SIS it ?r?ﬁié 'oisﬁwléedr%gn?g%etérhﬁ%'@]eséd&@toxﬂf ty of the

rs to-a rtificial _ :
dmgsn @mlesast czvad: lspembss of enims;tansis(3e corduas sh@ﬂ-&@ﬂfat@%tswdles

By i siRh i o Bp A UARDNP L The PRaRBEd diRER and vse

of the substance in the proposed clinical studies. The process is comphcated and
costly, with hundreds and sometimes thousands of co_mpounds being tested.

- A further object of the present disclosure is to provide a}method upon

which a drug regimenk, for example, a chemotherapeutic regimen, can be

pérsonalized for individual users. Generally speaking, with éhemotherapeutic
regimens, not all regimens work the same way in all patients. A drug cocktait that '
is effective in one patient will be ineffective in a different patient. The present .
disclosure provides a method to test the effi_cacy of a drug regimen prior to
administration to patients, thereby administering only the most effective regimen to

each patient.
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provi ded a chenosensitivity testing nethod that uses

a bioartificial organ system for eval uation,

detection, and testing of drug candi dates, drugs and
“gﬂdg., b9t abolites as incorporated by referle(plc;,gszm;gh,%263
‘syste as an tissue slice culture apparatus. O her
simlar systens that allow for testing of a
~bioartificial organ are expressly contenpl ated.

Mor eover, in other enbodi nents, the nethods of the

presen tfgﬂh%&;(lé@gg#ﬁ ég%igrgggnf&g r%'?s PRSI é’%'earch platform

tissu esen osur e prOVI

" ah@infeabiod or hbestodye ot diseasd gnd élseb Ways ui@vhatfacompo%dﬁasﬁe::t a

a way to personalize chenotherapeutic reginens in
sV vi dual  pati ents to pred| ct toxicity of a

compound. i n nor mal ssue St ud di se '
Acobr BPeRITEOR SRS ARIos B, e, a5l o gy, Tssue slice, or
ti ”&loﬁloﬁ réﬂeﬁéoﬁ)\’ g Hosrfiitml organ sibiefiier cell exkirastofdissue cells
e sanp sliced into a plurality of tissue

theit Arserot Pmﬁrtbfcmb,loa@ﬁélﬁb@fﬂéﬂébﬁtﬁm C reginens are _
applied to each tissue slice. After the re@gl nmen i.s
conpl bt accardanee sitht an anebastinpat bl the Prrsest HisrosURR fhefe is

pf &@e@e%%hgﬂ]oggﬁgih\{lﬁ%%m%odcﬁﬁpﬁ&éé‘9 BigartiRciSH organ system

ersonal Pze enot her apeuf1 c regi mens may
fdveevalaalignedefeation] andt testingsal tdsug r eandidages.e sirugs and drug

] rr%% p slu hfpatgﬁl?gfn%\q eﬁyur‘[ﬁ%epg eﬁPet g%?%&ﬁ Ssi Xla ttigscﬁee{'.ilce culture

' aﬁﬂa’#bt!@t ‘a‘)théh §itrﬂ§ﬁtshﬂémg)that2ﬂcﬁw for téstirgy of actmmrbﬁmad organ are
.. representation o testi stem 10 .in
MR REREETIP IS HUORUSEE el FRLGRKTRlpy fe methods of the

pfe%éﬁ‘{)éf@élbsdr% i) beGedsth eBhiéntional fistusa@ryRss.i Nt 0

Il oreactor 15. Wthin bioreactor 15 is at | east

one tpaUseSbhlC auscﬁﬁﬁfﬂ %Wﬁ:le%oa HEthed ﬁﬁ@éhﬁ)@énﬁﬁvﬁy testing
| east one tissue slice arranged between two

thed omooides 5a- W/wspgwsn@lmsbewf}eéamqqegemeﬁ é@ individual
pgfl ﬁb UL tB?%c @Bﬁg%ﬁ@%c ! Ebﬁﬁél'tﬁés@é’é @nldab study disease.

| oreacto ture mediumi s
At:cmdmgumeah ienbodirhentb durirg surgery, tfae exampler @ bighsyi arﬁampie of

o QTR el T PP o SO s
cﬁémbﬂi\étap@uﬁwregmm arerqp(ptledim eba!n tisswe slite. ddige dok wgimen is

cgmwa?e Ctll'ﬂe trgsru?ts are c%mpared to determine the efficacy of each regimen. By -

comparing various reglmens personahzed chemotherapeuhc regimens may be

| designed based on the results from the iests. Other applications for a

chemosensitivity tester are to study and evaluate foxicity, and study and evaluate

hiétopathology.

- Fig. 1 is-—a schematic representation of drug testing system 10 in
accordance with the present disclosure. From reservoir 12 culture medium 13 is
introduced into the bioreactor 15. Within bioi‘éactbr 15 is at least one tissue slice
apparatus 20, which co.mprises at least one tissue slice 23 arranged between two
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: reserv0|r and serves to equalize t

Oxygenated gas is introduced by gas valve 151 in the
top of the chanber. Although the gas valve is shown.

in the top of the chanber, it is also contenplated
wWiEsbtsesishat the gas val ve coul d be on the simgerngdz006/033263
bottom of the chanber, provided wth an appropriate
seal to prevent |eakage of liquid nmedium The gas is
preferably 10 a m xture of 95% 02 by vol unme and 5%

CX2 by volune,. and is supplied at a pressure ranging -

. wfréom éhé@ leoés%-g\/'ﬁl . UI8 SRATRST ad pRiceh V@l‘ﬁcﬁlﬂs p‘éﬁéiiéf—‘ within

ed therefrom while controlli ng
b;@rm@rr #5.bfs culfess mcéuradmmtwqhaed( inta the mectom the culture

I schar

| nfeﬁilﬁlg ?évggﬁé‘iMS ¢ ﬂ% QE ceftﬂ@é"ﬁl)co BEaOW P HR ﬁ%u&" sﬁx@es which

con O nalntain a pre-se
alpves fissue. slices 238t er wntamtrag nyedail of cogpofinds lrﬁat@ramptrca{uced via

a syrin filter having a pore size of about O0;22pm -
these ‘éﬁ“ 'g‘ieglﬁ'ly installed in gas valve 151 to filter

out m.crobe t hereb ter I|Z|n th uppl a to, . :

Che "Digered 6O RboRlc hidad Eitg TaT DB ol B tdchamber.
ARhSUGH haidia WAE Beshblm if the tp qunem&hambtehet it Ctmtemplated
ressure

ptcin 166 e, g% Valig CoRISHRR TRETLSid5 6T SpUBI 3T R FOATBFT, Provided
with Gn %p?ﬁ%?na‘férhéﬁlsto gzu\é@ﬁt |EREGS Bf‘ﬁqtﬁ&ﬁ{e'dhﬁn Ofhd §& is r|]:areferably

i nven [iceS are cul tured.undér
asmjpure exf sﬁ%ttae by walume amhﬁ%rcazobsanolum@ndaﬁewmled at a

e Bl A0 AR, B cBip AR b e and

disbRargeyl diesrefrech, gdslei condroflipy |tb@| ptéasur:eg hy mwessmrecﬁontrolier (not
Fach i

s%qt]}fg@)cgh@ﬁggpidt Hgll\jig: ég@gﬁ@: §r&cgign @a}/ uele)%rsgglgée\m\’h the PPessure
canitdienab empgiritint Eepf@%tugaﬁrtﬂ%smm heagastenilizing device 18, for

exposure-time_ratio, ran 1:1 to .a
 exampIoAR FURGS BISTRING 4 POIeEES OLARIN DR2T T BCETgRDl stalled

inf. Qﬁé‘%ﬁlea}ﬁﬁ &f firsd bt\ﬂemlé‘&%@ tﬁé\bb?’ s%nhé*h@umelsdppw gas to the

so been found to be ective, alth ou%@1
chambeyl. ipst thask yalveta rwilhs gas sterlizingdevicend§ 1§ Rosifiened on the

B

20

25

atrimspnheret ure medium The rate in which a tissue slice

is alternately exposed to gas, and culture nedi um
_cor r eSgabilitation efighé fisse slicesriatan pipariankfeaturenef the invention.

The tissue slices are cultured under the supplies of the culture medium and an
' 'bxygenated gas. The liquid culture medium, or the plasma, is supplied through the

reservoir into the chamber and the oxygenated gas is supplied through the fop of .
the chamber. Each is supplied at regular intervals so that each of the tissue slices

is exposed alternately to the medium and to the gas at an exposure-time ratio

ranging from about 1:1 to about 1:4. A ratio of about 1:2.5 to about 1:3.5 has been

found to be effective, and a ratio of about 1:1 or 1:3 has also been found to be

effective, although changing these pararneters are certainly within the normal skill



10

15

20

25

'a@cbr'éa’p {GQmSings thigi mpdyre: PaywEpdycenfree

'vramlntymweo iyt yTheoehaied o @ssttlfableelnawaﬁtpléﬁvsi‘am

In the present disclosure Waynmouth MB 752/1 cul ture
mediumis 5 preferred over plasma. The particul ar

choi ce of the type of culture nmediumor plasm wll
weliaR¥3t 0 a person of ordinary skill and ERYRHM/033263
fromcell type to cell type. To prevent central
necrosis, the as m xture descri bed. above is 95% 02

and 5% CQ2. Since this mxture nmay produce free

oxygen radicals, which are often toxic to tissue .

,!e%i &P aftiRhh SPufr’ 1 E%éﬁ%l@ theMIbW dfithe Euﬁuﬁf@ﬂhéﬁmﬁt hir@rate in

COI’]CGI’]t rat’i on of g ut at hi one and vitam n
whichgetissie slice isdlteanatelyzmenged to g@ﬁjanféﬁuﬁtur@xn@hwmscorresponds

ar nted with 10% i nactivated fetal

ro&:g@lng% ra?gﬁi"%g&{o%gﬁut am ne. Referring now to Fi 9. _
2, an enbodi nent tal a S 0 *
shown™ @?% Esent gﬁsgrdsgl?%a\ﬁfagmoﬁ GMLg '?5§Mr Itcggislr%o rr]llée?dlum is

pfferfed evéx plaeart dire partictlar d:hsmesca‘dthentwpacmfbatlmre 3@edium or -

plenaoul b Rsiaiooh Poren Poanaooral cht gl by drem el e to

" cAPRHPLLTS B?ev@ht eermeﬂaabbrcfsisp e gadBalie easHbEA@bLYAIS 95% O,

the bioartificial organ is exposed to_m&tlmal
geh spdigalst which are

ﬁéH tt@%ke’co’ %Q"sﬁ@t&ﬁtucﬁry RS FRF Stan§ile, Gt Wi isamph& la high

I'n the art and requires no further recitati on.
c@tebiratmseiglitathiong aod waamuhEcammenafr%e wlicad pCangngers and _

o U s S5 D DGR wh 18l 80w

- sdyupr etL-glutdiineor wet and dry phases respectively.

The wet -phase corresponds to the tine that the
tiss uReﬁrmn'gEnd)\ﬁ is I.Fﬁ@taﬂml erhqumepbe‘éhioamﬂc:al vigae system 10 is -

medi u d
sho Prenicel aioan; sa%t’ {0 RERiNEs pje S%Baioga"teé*é%gwrs 15
digpSsedCap ifdibalBrd Bk ethdd reg@utcde ergrerbitir@ ARl Guiridity within the

control ling the parameters of hioartificjal

cmb%rmlﬂ@bamsr?& bliws rsere i ipgiate, Ken go fiansopf & bioartficia
AUlRSuri ﬁrattthgg)lé’&*hf Q8 b i é‘b&lb%eé'tbc@;ﬁmﬁ’dlecondltlons for

posed td gas cul ture redi um rmay be efgutate "
or tissue culture is

Wl bl e o FE < ir e dHIHERRARAY . ey e

regul Al G M5 % FRIbAEIN BREHbE: &8 ordSorfRble BiSre2lchFE 15. Each

'b:oreactor 15 holds one or more tissue slices or samples. Rotator 30 turns

bioreactor 15 for wet and dry phases respeciively. The wet phase corresponds to
the time that the tissue slice is substantially exposed fo culture medium. Likewise,
the dry phase corresponds to the time the tissue slice is substantially exposed to
gas. Control module 34 provides an interface for controlling the parameters’ of
bioartificial organ system 10 cpefatibn. For example, using control modules, the
time peridd that tissue slices are exposed to gas and culture medium may be
regulated, which roughly corresponds‘ to metabolism rates. Similarly the gas to
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necessary operating paranmeters. Wthin incubator 32,

gas .and culture nedium supplies are provided as

woul d be understood by a person of ordinary skill in
woBe7/@kdss 5 Turning now to Fig. 3, there is ®iAy¥008/033263

cl ose-up view of a bioreactor 15 installed in

i ncubat or 32. For ease of ingress and egress,

bi oreactor 15 and rotator 30 may be affixed to a

pl atf.orm that slides, into and out of. incubator. 32.

MREB médiShablisdnidy B é’di usiRg coﬁﬁélﬁn@dﬂlé@lﬂa@fwell%s‘ other

I's connected to gas and culture  nedi um supplies, 36
nenessasy opefpdng i Rasametoss. Wikhith INcbaies 32nigagi Archculygre medium

gl
[l e o3 55 W) DS rkRRod Pty BRI BEBRIRY S i e
aghown in Fig. 3, manifold system 17 is disposed
bet ween gas val ves 151 and gas supply 36. Gas filter

18, aFupiisy howsbyFige3 ctheteei, shiosvii asiasihwdvieet ofes bioreactor 15

iibaled b Pelaor faor  saseselgiee and Sufast hiploaril i rtator

3948y Bbe3§fﬁxéal hd & BlatfBeh liﬁatf élideerintbBandioup b rioatoy 3L5 When -

descri bed, di sposed bet ween [ture madl um 3#)
Iagﬁ culture

inséalledcing owbaler 12 Ao Biarapstor: B s FOPAPHG 0t
il eacﬁgﬁé éﬁ @ré R Ré‘sﬁm?ﬁ‘ih RNEmBbdiment of Fig. 3,

oug many confl guratl ons are
gas aalveb 61 fonk fmrIeIaCb @swﬁj@lmtanmratw chapker Hrp) spnnects to gas

r t
@y %% ,X\8§_E?+rb é’i E@OQ m%Hg?lg ls@?teﬁ{r?f’g‘.' : di5p0se rt%g@eéﬁ gas valves
181 pnt ajassupplitte l@aslﬁifer (18eas Eregno&)y dmhem is dnstalled between’
slice aratus ch r.15
OBSALEPYARB AT G G o St lles s Veifgg 163 are
coRfedE® tb @hm@%@am@upﬁwsvmmae ﬂrfetnmﬁmtar 48, as previously
typl cally connected to gas sup g 31Bare
dedrrifed dadisprsed Detwees GEltyp; e 'Ué’bﬁ%i?@v d e medium

V;@gsq@g thé purpose of providing tissue slices
contained in 25 tissue slice apparatus. chamber 155

W th gy ﬁﬂﬁ@'éﬁéﬁftloﬁ ﬁ@vﬁ'foequlgﬂaﬁ etk Uise shéwh t &k eémbodlment of
va .

medi.um 3-are in fluid communi-cati on wt ;
bidreatier $5.i Althoaighanamy sonfigwsatinns arssvaapl §éwé~+llrb@ understood

bg%gyger%gﬁﬁ bm%{g skﬁl httﬁg o i m&ﬂb&ﬂn‘%ﬁ?sﬂ@bﬂ fh Iifé14 comprises

, cor 1ng nments; bi-oreac
aqniumhtysdaﬂmue lib® appatatud thambers 155 (see Fig. 5). Each tissue slice

‘apparatus chamber 155 is formed by a sealed cavnty when bioreactor base 157

and bioreactor cover 158 are mterconnected Gas valves 151 may are typically
connected to gas supply 36 and are in gas communication with tissue slice
apparatus chamber 155 for the purpose of providing tissue slices contained in
tissue slice apparatus chamber 155 with a supply of a desired gas mixture. Culture

‘medium valves 153 are in fluid communication with tissue slice apparatus -

chamber 155 and serve the same function for culture medium as gas valve 151

does for gas. According fo embodiments, bioreactor cover sealers 159 seal

1M
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WD 20071025154 PET/ US2006/ 033263 bi oreactor cover

158 and bi oreactor base 157. Bioreactor cover seal er
159 may be an Oring or other simlar device that

wey Rvedkishk! ui d | eakage when bi oreactor base d&fuamnitoss2es
bi oreactor cover 158 are in an interconnected
configuration,, and when inverted the actual choice

of device serving as bioreactor cover sealer 159 wl|

be 5 understood and appreciated by a person of

bdrehdiar dovek b and Bidreastol bads ¢5T. Bitvgatior soveardzattirnsotmay be
shown in Fig each tissue. sli ID ﬁratu gt;’]anbe

2050 e T BUeE doYiea diatNe ot JCisbPaRRa% Whspanabactor base
189- al'l\g(;SBred&Br éﬁfe?q%@e&%ﬂ vart inféeSnifddise® c@ﬁﬁ@]raﬁm 2 when

I'nserted into a cavity formng-
muesteddhs ecitiel apyice af devied aatying q%BW&ﬁ%@W@@éﬁ@alebéé% will be

st o artel Biet byl SR RATF bRars KA Wik,

h : Dl | i .
20, nTEEY 6 ptbBliely Shobh T ¥y, 3, chlh BRERE it baratus
chambyr ps®vadtongnedatesirat! ieagt ainet itissue s!icec epmfph,rsam]s When

 PRERRR sl skle S0k A0GAEN B2 Py M LS R Bty forming

ab;béaf 8Ps0OE shise b?aéraﬁ@‘”ﬁﬁarﬁl@erv’ﬁﬂ iAUsioratoloe base i 5V | Ascttedlng to
lice 15 apparatus chanbers 155, and vari Qus nunb

 the cxarsgloe Sbedimepp & singlsdisse slserapraralis 20ds fserisd into each

cgﬁ lHFah @F‘ﬁ%’ue]srhée E&%tus%%cib tHowWeNRr, Shif Be employed ina

I nsert Into tissue slice apparatus
smgimblerwcw% l:bn prowiginga Pb@&léy ofigeupslice ﬁpaar@glﬁﬁar@ws 155
h t of b n
o 5 SRR %, Wt oot ) BEARL G sopiomites
cﬂ:ﬁﬂgurﬁlmtseaf:lbmrea&onﬁ)ﬁ tMmdmprpslea\zmbumnumrs of tissue slice

2 .ed wi 3 |
cbFiiA Sty oo g vabSth B8R 4R o BoRlfuges 20 per
tgggféilsﬁé@@ppéﬁat@g Q)HamlfelrWSESAftenbedclaﬁiisas :sll&ev\ﬂp;karamm 20 is

enbodi nent _in. , tissu I ce apparatu
. insgrigdi o 4IS§u@r%quet 9‘%?’%%% apels HisncaoRas yc%\@rym is

rgf@f%nﬁécté it BibesdiSiChbasy 19thncéﬁht%?¢cﬁ1n‘écidﬂahd@a&t6r 15 is -

known a person of 25 ordinary skill in the art
sgaledaxith bma%@fewvﬁisﬁ%alerd@ cﬁlorﬁaﬁt@ft"ﬁsgmf then hesplaged into

wﬂ:ruﬁat lE3GH 9 %@Bg@%ﬁr\ﬁgd gﬁ?@ﬁprﬂ??@ Gnd %%Itéfé‘%@&@ﬁ?ﬁlp?ﬂy 38and

are c aspe tissue slice apparatus
expemnerﬂsaccmrdmglyc@aﬂuﬁ&tbrstood by artlsans that si ze -

" and

As previously described and as shown by an embodiment in‘Flg. 6, tissue
slice apparatus 20 may comprise a plurality of meshes 21. Meshes 21 may be .
made of stainless steel or other materials that would be known by a person of

" ordinary skill in the art, as described previously. One or more tissue slices 23 are

placed between adjacent meshes 21 and meshes 21 are clasped together with
tissue slice apparatus clips 24. .It will be understood by artisans that size and

127
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12 WO 2007/ 025154 PCT/ US2006/:033263 thi ckness of

ti ssues slices may need be optim zed for each

protocol and may vary from experinent to experinent
widotdssye to tissue. According to the exenpb@Enys2006/033263

- enbodi mrent shown in Fig. 6, two neshes 21 form

tissue slice apparatus 23. The tissue slices 23 are
di sposed in the lower 40% 5 of tissue slice

' apparatus 20 according to. the exenpl ary enbodi ment.

tHiBkfese UT s QU418 rRdy hbSEUE oplinies faBeadh ploksdétand may vary
slice apparatus.20 ensures that the .tissue sliceis

WEW@M&GKBG%@W anqdisgkg I likpURet cycl es. Figs.
7A and 7B show sim | ar. enbodi nent-s of tissue slice

~ appar diogerding to throexameplaycarabediment shoyweln big, 6 e meshes 21

(Zx]n? Rasi ¥ st gﬁﬁ?ﬁﬁuns E§ nﬁﬁ@ﬁ&%e%é@éjzﬁ Brd Hﬁgoé&j in the lower 40%

I Mensi ons hese two neshes are
opr’sm‘saeab!iop appamjmj A(h goaomingelto the axemmqulamudlment This

RO TRENFANS H08 520 Be58 B BB ol oo

sﬁw@fanye@tpdsleaweamthewmwetnméuss 21 is a

. plurality of tissue slices 23, such as liver slices

ar r angqgk. i7A and 78 stesw ginils Rinbibdiniérs ofissws bl a{m‘aratus 20.
_|p03| ti-oned on each S|23e of the tissue slice

Yo iginiassosieebmeshes 2o the slzsrpfiWaich ceB ke & P%@Waﬁﬂ on the
dﬁhé{%léﬁé &Cthg chﬂﬁf%r Sltl'fécsb‘i\lrvs MHhéshes %ré Bﬁiferbb%)’ar%g%atm parailel

get was hed é\ the cul ture nmedi um tOU .
lmaylsemmdmmﬂ,? & sghgs rhavet akautya §f mmmn@s@rsw Also, in an

| I t
ePRRifork 168 TnBIRS, BBl HTERUE CFRIER fdfhods? Botween
nieshed ffeisda purafigroft muﬁtﬂﬂb% 28f sucts sadiver islieas andnged in an

B Reb TS 55 6o 53 AR S S B2 i

V\tsihaéno@hyrmgtwr a@ftormﬁhﬂ'ﬂslilh?mi;swm slise] .butfalso to hold them
S is s.fo rr
P, 35 dha oy Sol 2 it ashBd DRV b sy it ﬁ%ﬂma}\ﬁhwgh

F?z%acm a8 ERORI A reldRBl BmihaturiRacef tketie &NioeP dﬁ}smoned'
e

mesh could be formed i'n a suitably__ di nensione

b@tvmféle nssshﬁ% s e lbecinslessioed it the Effieiepristifie apparatus is

dggéﬁé!é?ﬁ bﬁg@ﬂ?érabf‘ ecf},sﬂé Offices & lsMlsCofMhdBissue slices
exa e, g, dog, rodent, or human,

edmdmmdh Agdltmnaliy, although two meshes 21 are shown it is contemplated that

any number of meshes 21 may be used. If a single mesh 21 is used, it is formed to _

surround, at least partially, tissue slices 23 thereby forming a space and to retain

them in that space. For eScampIe, the mesh could be formed in a suitably

dimensioned U-shape.

Tissue slices 23 used in the present disclosure may be obtained from a A
suitable animal, for example, a rébbit, pig, dog, rodent, or human, depending on
the intended use of the apparatus. Human tissues are expressly contemplated and
may be used interchangeably with animal tissues. Tissue slices 23 may be of any

13
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the intended use of the apparatus. Human tissues are

expressly contenplated and nay be used

i-nterchangeably with animal tissues. Tissue slices 23
wiboteseh any 13 WO 2007/ 025154 PCT/ US2006/M3%245806/033263

size or shape suitable for maintaining the viability

and essential functions thereof. In the present

di scl osure thickness of tissue slices 23 shown to be

effective have a thickness ranging from about 10 -pm-

size crlabbe 3uREPefor Adifbialngeahs viability and aseontial Tfktions ¢hereof.

about 5 m has been determ ned to f%’ectivg Ic?gr ive h )
By BresTH CioSap B ATRER OLUSS U RIoRS 23 Showaits Bpsgplive have a
i élegﬁiérlgi Woﬁ??b ﬂi‘jﬁrﬂ‘w%bﬁﬁtﬁ%é' gl Ahﬁcﬁd&é%fr&m about -
and effi cy 0 dr ug.

The testing I s accon‘plse

109 pimpasi aigouti 580eus ihass been adetérmlgedr talraffpctive in particular

candi dat e and observing the ability.of the tissues,

SXPRIIPMRMS ver, to netabolize a conpound, Wwhich

conmpound or ts tabolites can, be detected. For 1 e
exgprrpluge Fﬁﬁ?éfﬁlcﬁs PRYre |'§IJI¥9'@§W1§ ‘5‘?‘:@" Bl c?)frrtﬁg{lmg"e toxicity
PB%“flGﬁé’% yRf a dff a’h%te%ﬁﬁtt; Ryadeeaiplistyed by @RposTlﬁgEtlssue sllces toa

| ow n examnp esso |stest|n as ap

drugoF deig sanslidatncand shaaryied the, abiily af th %'$ﬁueﬁe§@ﬁh?§ dver, to
n{%f%oé’f&éld Eé/mﬁétfﬁdq%vrgér?éﬁﬂbourﬁ éFL SRS AeLER b&WekRted. For

ans. ln’'order to test chenotherapeutic
exmgpleenarmmrtmeandsbdecesmev ca'® gromman aICDqlEPQtJBdS athat can be

B0 R Bt 2 S S, PRI 8 avoe

 toliegediiees] Madsd iskiled! inpthesart deillarecegyae Htbe edilitd of the present |

each experiment, the conditions my be duplicated.

-diRiosura s arRdEaHy BETRER S i ssue sl ice or ali quot is

| eted, the dat d. .Co t he,
a7 GURaEdor et VARRIRSTRORRYS raa B, A Fcdee Sicos or

aftudis s&i Rayf Bnelddppiitinddis dpplie@ s rat! !@astd@i@ﬁksw aliduot in the
mtotic activity 6étotoxmlty par anet ers,

bmagttf@p&pmﬂrbwtem et Prafsiemiing e elapses. %@é%gathered In

-eaffe KieHrAbR, e Eiriditiond nﬁéw%@.sucgféoof the nost

I've cherot herapeutic reginen for a patient,

for %ﬂ@fe%eﬁé& $d QQcinls %JEGSI:EQ’& Sluﬁl)btqé cEmPleka) théid-ata are

conpound or conp un S,

_compaiato doragarsont of thmdata arowmfcm\raylougtut@tles of the present
'dlscrog{u%nc%%lqu,b?ord%%ﬁ‘nﬁg, detection of mitotic activity, cyto-toxicity
'parameters, and histopathology. Once derived from the data, these results are

useful in formulation of the most effecﬁvé ¢hemotherapeutic regimen for a patient,

'for.genera! prediction of the toxicity of a given compound or compounds, or for

study of carcinogenesis, for example. Naturally, other inferences may be derived
from the data, and variations in the design of the experiments using the tissue

slices or aliquots allow for variations in the information derived.

Figs. 8-11 demonstrate the - utility of the principles and apparatuses

disclosed herein using liver slices as the tissue sample. The data presented in

14
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25 fromthe data, and variations in the design of the
experinments using the tissue slices or aliquots
allow for variations in the information derived.
Wi 9870281511 denonstrate the utility of the prrowigpbme®3s2es
and apparatuses disclosed herein using liver slices
as the tissue sanple. The data presented in .14 WO
2007/ 025154 PCT/ US2006/ 033263 Figs.. 8 and 9 ,
denonstrates the ability of the bioartificial organ-: :
Fig\ssiseamd @ Gémansti'étéd dhauiabiityo ok the bivertifiSiakiorgan gysteingto clear

sh
iRgaine PHe, ey SHPG i oo MR ease 7 SonfRiatioh being
nféﬁé é&'c%i/t;m‘e wm{ @@astazﬁlawlsimuiatasgn m‘b gﬁmsgy af eamples.
ability of the teachings

Fma@w iguil & dsmagstrates,the @bwgw%ﬁ tewgfa@fathﬁ rEeeant dlipclosure
td RBefdx r ar&rné)ﬂl ar‘[‘ﬁen&’ét preeaded ih Figs shi Mkl At |ﬁfenH8d to be

denons € act ua results t he“teachi ngs of
limitmgarTtio deswinstratecthe wictual reshite the tepokings okl nrgsent dlsc!osu re

VGRS 38 i35 BB et e A L s o o

pessRht Qié&l@bm@n& igvirlténdeecibapiarivius sonfi gtfratlonmmacsomphsh similar
conf| urati on_that ar

rRRWEf |qp§19 igrafi Wgct)g ];[.‘I@ﬂﬁé{e}ah(ﬂ} that are qui é-,{)](g%:lilyeéam l ?(Y]% of the

dﬁ%rb@erﬁégheﬂe?n there is shown an enbodi nent of a -
nmet'’hod for use of the apparatuses disclosed herein.

AcCOr & pGing hoRN i FRO A Miitre 19 sR6RA GHOEMba&Imeht |o® adegthod for -~

-wWth tissué slices.” 23 and seal ed. Bi oreactor

upe of thenappaiptuses disdinser hamein. frexiripgda ﬂﬁ‘e@@b?ﬂ'@\eﬂt t, bloreactor

1 Et i SoaRPRIR HLSES sW:ésI%§ Pl s’é%féch Hibreasal '1'5yma} be- identical to

reactor Is connected to at [east one culture
err&a@dmntesmsdosed Tereini oh othent appasatugess wibl gingtar funcnonahty

o e oA 5 S0 B PR T s ot e contane
aapasiat ofs calnasbaTesliubs. g Accoldfrfoe te remisadiments lnTB'mle;I'm bloreactor
used to su cul .t ur.e

- céé‘ggé%ﬁo%l%w& eo? @5&8& slicg rétugf ctﬁ%beégggh ﬁh‘ﬁ{ent culture
RNt resERLIrS AP e UBEE Qb UsULPlY euRire2fheaiinodiepending on the

bi oreactor 15 conprises 6 tiss | t ,
Sorali cgeals 53 (e XPRTIGENt HAONE) For exaTPe, errgs o an

“ em?%d e reﬂa%tc?r PP PMiseVERiIRUB shitd hﬂﬁﬁaﬁ%cﬂﬁémbel@ 155 (see,

no addltlves The other 5 chanbers. may

- eb;E, Eiapﬁ) |'Eh$ fist hayoberymay be used as-a control wherein culture medium
- is supplied Wlth no additives. The other 5 chambers may be supplied with culture
7 medium containing a compound' to be tested on the tlssue slices 23 such as

lidocaine or ammonia in various concentratsons. Similarly, all or some of tissue
slice apparatus chambers 155 may be supplied with the exact same compounds in
order to have multiple sets of results: or to prevent fouling of a particular tissue
slice apparatus chamber 155 from preventing refrieval of _resuits. The exact

_experimental design and protocol, however, are configurable in many variations as

would be known and understood by a pérson of ordinary skill in the art. According

15
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medi um contai ning a conpound to be tested on the
tissue slices 23 such as |idocaine or ammonia in
vari ous concentrations. Simlarly, all or sone of
wo HeMRsR? slice apparatus chanbers 155 nmay h&T/Us2006/033263
supplied wth the exact sane conpounds in order to
have nultiple sets of results= or to prevent fouling
of a particular tissue slice apparatus chamber 155 _
from preventing. retrieval of results. The exact :
t@éﬂﬂfddhﬁaﬁtaj filkrsiaymagt gisposecbbetwenuiture aredium reservoir 12
EJfI gur abl g\ol n many vari-ations ‘as woul d be known. '
APiRaEiPE{Bod by a pérson of ordinary skill in the
art. Accordj ng 15 WO 2007/ 02- gé54 PCT/ Uézg&%é%%:% ‘
to entidarafeinst5 15 plser coemigd 1hadgapsueRly @h supply may

iﬁ/ Ulyas881 M V:RRAS Y ebmbikatioAs d akd OcBARGFatidRs accordlng to
ctor 15 is also connected to a gas supply 4

e@@nrgapfpf ylepigps angprofoesls sbepically ar sivale @Wéupﬁlv.‘lﬂn@ay be
Qﬂxqec&&ﬁ"&? Qc’lrhpr x ocoaﬁﬁﬂfgﬂug%h%&beﬁs %&‘fc’q{l Jg?[ﬁ'éfgss a Is)lluralllt'_\.r of

NS "an a si ng e gas
gad smtpyhetxezm tmmyebe elsedi af dashrethamlmlletilfoebnmxpemastal design or

AT B, 5 nbaTHERR: fief 12, ey, Yo ofisndS, pefyeen gas

saypie Yonaet fbredefrgs. or  protocol . According to
errbodl ments, filter 18 may be di sposed between gas

suppl @ﬂdr@hﬁéﬂ&mhﬂd g}b@ is Hlippliddfo eath tlﬁsﬂjd‘rﬁiﬂ:euipparatus
and. gas_is supplied to ea%1 clssue sl.ice app

L (FatdEn cﬂe”Q {/é\'?"e During

|rR:%Bbf?c5’n Qfssﬁé @ﬁcesDHFé élférnét@@”é%éids@& to fchﬁ@r'é%éﬂibﬁﬁén@bﬁs This
alternately exposed to-cul ture mediumand gas. This -

meyybdaceasalished émewltiple ways. iRer exampls, cnlﬁtﬁreén%dmmand gas may

' bgﬁbfgﬁfeﬁ aegli réfHHv% a?ﬁ’éerlri?%é(r quhéinéiﬁfél' s38cdi é’\‘ﬁécgﬂn is in

rnately gas or culture rre
tissuel dicei aqmmaiﬂb |cﬂ:|anm|epa55tah sanyh:!mtmverl ﬁmeaﬂltanmemebioreactor

1Bl ot Tl o5, P fistun RebEBE A Arpll Piposet to cuture

NRXIOE efidtgnss Whicly sre butil el in tidsga slicedpratuisehantber 155. This

S b P Eed by SERETRTa et SAREhs 28 pehily oY certain

vOIRRIEPYF BBse @.h@eer b?afatué/@hamseﬂf15sl§ﬁu%ts{ i @ully submerged in
appar at us chanb 55 so that it is fully submerged
cilifgre medium in one conf iguration, but upon rotation ‘is fully exposed to gas.

" Fig. 6 demonstrates an embodiment reflecting this idea, wherein tissue sample 23

occupies 40% of tissue slice apparatus 20. Other variations on this -idea will be -

understood by a person of ordmary skillin the art,

At various points during an experiment samples of culture medium may
be removed for iesting. ‘According to the embodiment shown in Fig. 12, drain
-bump 60 may remove an aliquot of culture medium. Once removéd, culture
medium may héve any gas extracted at the same time cap_tured in bubble tfap 70.

~ Thereafter, the culture medium aliquot is held and tested in a processed cutture
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20 culture nmediumin one configuration, but upon
rotation is fully exposed to gas. Fig.

6- denonstrates an enbodi ment reflecting this idea,

Wi RhRiBishki ssue sanpl e 23  occupi es 40% of t ipEIuB2006/033263
slice apparatus 20. Qther variations on this idea

wi Il be wunderstood by a person of ordinary skill in
the art. At various points during an experinent

sanpl es of culture nediummy 25 be renoved for

nieBlimN gsefisho BHaL F(Qnés) tédied et‘t‘onﬁyn'eet retiveen fon bitirgactor 15 or
12, drain punp. n al i.quot of. culture

dsirdet et T8 Bisogath WDty YRR HINE any
o ‘Sbsient hovnd GHIG u 15 WAHIRP a7 GEIIOY of testing
ngf%@ﬁti\éﬁg% s EorRP ARSI Substancs. In thdeXihplary method,

82006/ 033263 nediumreservoir 50.
aCheseier eample, isi extragfecb durieg BUrgaTY: dissue rmeay: ther humagror animal

e

chémﬂtera;b@ﬁicaregahbndtlsa‘uet &srémgvect rimnnsthespa'tlemt tigr whom the
vari ous he e

HRGS b SHRetd T S Er B PG FRGS fomoved and

eiﬁéﬁ&f 6 a Vafsty 6F BanteP Aghtingediug @bcl&ﬁilsﬁd detemsing timt)em cocktali
e desired use of the tissue. For ex le, to cre

for {her BaisviRE cancemtesiad Smfial i B tPé'&I"YnE tmgt @@@lg@t@@s tissue

, ﬁroﬁ{TQHf? duitd éﬁérbﬁﬁl%n%tdnﬁﬂél HoRt sy B G, Arcﬁgl*dm%ﬁto' émb&diments,

be create or exa , cancerous tissue nmay
anisna\issua rroay bgpw@dntttellsa Afmﬂaaps:mﬁpummdeeme@ waf%gp animal
c [ 0 r e e ti.C [ \
F‘Lﬁpar@héﬁléés%uéaﬁ%gé@t @s ¢ elF‘Slurgn a;[?l g’mﬁ%ﬁ t%a%ti?%%&l’y of the
cbewpbund cappbstaats.ons, tissue fromany suitable- hurmn :
or ani mal host may be used. Accor di ng to enbodinents,
ani mal Tigsues slicemymnbe Ine;enbta’nn'e.dj micidgntalf toeotheerc smgedes or in

PLOFRERE S, S BnER SRectienly foottan” e TR B Gy pypurote
bR OWRE RisEidisémrpemoterdpaticersgimens timyehaust be obtained
obt ai ned,, incidental to qther surgerie

g daa) PRSI RSP TRIATED AR NS Chlinghet SABBIEA ot e oM igepatient

eﬁﬁ&p&l&ngf fhoRXEEREs@geR SHENMingRH ofEraEem apéaRsally designed to
chenot herapeuti c regi nens, tissue nust be obtai ned
obtain a tissue sample. Other chemosensitivity applications may use other sources

of tissue samples dependmg on the pamcular protocol.

According to_embodlments, adequately sized tissues samplés are used to
obtain results when various compounds are tested on them. Such results,
including person‘alized medicine related matters, are within the normal skill level of
artisans and likewise may be found in at least one of US. lLetters Patents

-Nos. 6,678,669; 6,905,816; 6,983,227 and 6,999;607 each of which are eXpres‘sly

incorporated herein by reference as if fully set forth herein.
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fromthe patient, necessitating taking a tissue
sanple directly from the patient either during a
non-rel ated surgery or during an operation
wapmeidszal |y designed to 20 obtain a tissue mzmys2006/033263
O her chenpsensitivity applications may use ot her
sources of tissue sanples depending on the
particul ar protocol. According to enbodi nents,
adequatel y sized tissues sanples are used to obtain
resul t@nam emonad foors the padient] é.h@tiesueesatmpledﬂ stitaghor otherwise

h d | o a
R K88 Bhlebsh o Sllth P Bl R A i cTRhe B slpe o alauot
s@ﬁwew htpRIuGIR Bl ied w;smerabceb@%aggmg ggamg ggaéﬁlndolﬁi@reactor

U.S. Lett Pat ent
18, @eerez@pib(rﬁ?ef%r'bébe%@; @aeﬂn@?h%mex’?wdawvwm Eigs r'? The use
0? Wﬂ’er éfﬁeaﬁfer fistie Wics S BROD Fescfcrels b e to expose the

. _ 2007/ 025154 PCT/ US2006/ 033263 -
samedisspasliezs foreomnaundp at thenergantkevel Whstatheany wariale at play

i%#hieﬁggin?én cﬁrﬂﬂs\%rﬁﬁ divided into at |east one aliquot

an enbodi nent, each slice or aliquot

st heﬁlﬂg%twe s Ir%%giguér[gu r?éi 3y, téect%Hg%%é %%Iy variable is the

appar a Yeactor
r@gnmenomhymdiesafl thed , proseait dssclmsumg nrhedmatmopb\sénﬁvm tool for
af mul ti

clREhd e Aot Bl B Sootid ESheE ebRE Gimens

McE8vdr| Betiuse!thé pRedept SRTEMLAIRPMBthddB @re desin né@¥ehllow testing
wher e t he only variable at play 1is the, regli nen

| ) apdhe Hreaer BBEMThaRd A SOME CARS, é&'&?'@@ma‘eéﬁeaﬁél ‘}stéﬂlbed in the

15

20 cgp

25

%gr‘lf:r?lé%e bleftfv O‘TthV%Irgmtﬁe' ﬁleﬁﬁB‘t‘is @8l BBParatus of the present

nistered, the present disclosure provides a
diselestireul resgaichees andodestarsyhevem toowesf |t@@lc§¢> évalgaieh mitotic

i 0 0 .
a5, GO ER0N" CBRARRAers? ARRROIR, oD iR otter, rolated
appliiajoesl at theadryany systerm, rand apanism levelan, syst em and _

in sone cases, organismlevel, as described in the

ex arrplﬁex;otmlhg)m afl femshodirsenty & isgestemtdicmtgamsm mpm searsated in
-the,pres i scl os eseal
S 5, R ool B Eproh R RE AT S lREYPE 5 in o
pmdﬁesés)ﬁychkiggpﬁésaﬂekme& frbnstaopazﬁétplafgﬂssmdm @iasystem and
O pg Elpgrtgg% paraﬁ)lgl b%%kégt?osn gct:curs via ra%aper o?\éuﬁure me<§1 ium from
one tissue type to the next, which. aliows researchers to observe the stepwise

effects of a regimen on various organ sampies

. According to similar embodiments, tissue shces or different tissue types
from tissue slices may be combined in single tissue slice apparatus 20 in various
permutations. Experlments of thls type would allow researchers to control for
tissue type in an in vivo system in an in vitro environment for study and therapeutic
applications. The many variations in the use of the apparatuses and methlods of
the préseni; disclosure in the observation of the effects and efficacy of "regimehs

8



10

- 18

20

25

- According to an enbodi nent, a system or organi sm can
be recreated in vitro using the instant techniques;
but provide results that are indicative of in vivo
WU 0e®ses by using tissue slices from a varimiTyusaho6/033263
tissues in a systemand 20 connecting themin
paral l el . Connection occurs via transfer of culture
medium from one tissue type to the next, which.
al l ows researchers to observe the stepwise effects
will ke uedegrsieond dy rararsars oiogﬁrrarsakfill insthefart.obidilaglyt the various

e o R0RoNRG Branee 18 Yo v Shadi, B il g arppans = 2

;%thﬁﬂf rhdaBUs @dtammgaman@tm waslid etheawiselise lrﬂFoss:ble short of
perrrutatlons Experinents of this type would allow —

hsappcpRimal ?%P%@Pﬁr]i%l for. tissue type in an in vivo
systemin an in vitro_environnent for stud

d L
t her ap&eft B&amﬁlﬁplﬂcé‘aﬁ"lﬂw&o aphempagdinanis ?‘aPP{‘Efﬁ%’ ioh anjgal Ilverr
e

I sclosure 1nthe' o .
m'fthe diseyslises rexgosehio aigiltue mdwmzﬁma is'a means for selectively

I
SPEDTEFJREITFARE cull P ha 108tk BiecPoBRliaR dlambor so
thet thedsuitafe mediunoiin thegchmbablses to wome intov cordastywsitethe tissue
AN Lt f ul f . :
Hhea; T8 Gttt rieemafencn The BRERReL oD Ep8s byag dioes are
SohgléteRf imrhieteBa. The %@h@bro@é%?ev@%ﬁdsmaﬁ 130 b@W' 1. remove
according to an enbodinent, a plurality_of anina

the \%Ituresme@w o aantar videlbg tissye \ﬁ\"??ﬁ A6 ise%'(’%? & means for

5115 @/ﬂ'lgaé dal tﬁﬁﬁé”&bﬁ f ttllﬂ:.e chsnbaF 8o #Athe Hsshib Blibés/ Bfe exposed - |

expose culture nedium There i s a neans

Ef'@rﬂétt@lh/ef@t’thﬁews angbin fhegulivie medismndhisuis deee as described
AFREIOUY RadifiShdl 8 1Es b & ARRACA' P cRRITARY 1RO cultui8medium

t'ure ne rises
asoih tembdrs mrﬂfeﬂilseth& chambet 0 The ichamber fire prafétabhethesubagulated.

oAU e dfe S febielle ' PsterBh, gk LRGP 5 deorees

@l B8 rb@erhi&%ﬁué Ellm\iﬁkeﬁt}hkt\wéﬁ aﬁmtﬁﬁiﬂowﬁ fiegreres C. However,
contact wt tetISSUESICE There i 0 a ns

R S, SIPST 760 gk S IR o BERSTSIR Rshiaion Rl X Must be
méiﬁfalﬁé@attsmgeeéé CCRfe idrmabBO@sREnparhius BABiIGEY tO

he gas and to the culture madl um ThIS is done as
descrl bed ‘

EXAMPLE1

In an embodiment, a doctor may use the teachings of the present - |

disclosure to determine the optimum concentrations of a chemotherapy drug
cocktail for a cancer patient. The doctor takes a biopsy of a cancerous tissue from
the patient and divides the tissue sampie into aliquots. The doctor divides_ aliquots
into two groups. The doctor uses the first group to determine the most effective
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15 previously. Additionally, a reservoir is provided

for containing the culture nedium as it enters. and

exits the chanber. The chanber is preferably
wioheemsegul ated. For human tissue slices, tHE/US2006/033263

tenperature is preferably kept at about 36.5 degrees

C. For rodent tissue slices, it is kept. between

about 36 to 38 degrees C. However, pig tissue slices

are.very sensitive to tenperature fluctuati-on and it

* droup toditail ’rBﬂthmibattait irequeattioB8Thie Joetesthén uses thesewdnd group of

ofiiphe 1Bt ng eBe CRuPREScentan ot he dpRlediRR ™
g iﬁéﬁéﬁfkﬁ]éafﬁydifpﬁb%%Eqvcoﬁ%aﬁgtdb%?vgé?ﬁ” ErHrapP I 0Stefine the
iRk lefBLive (Mg ek, TRKES afqliite BRY cOitured GRNRREALS prewously
t1ssue %rom? patient and divides the tissue_sanp :

-Viaripus adrug, m&aiish@ed@émwst@redu Elsg‘ehlt'ﬁﬁﬂﬁ)taé'quqﬂnﬁé‘et ﬁ@rcent of

S, B, LR 25 A ARl pRcatsy s

- weaH bBZ@ﬁﬁmcﬁBﬁﬁﬁaaermg erdiianaskill frother aié. paa destor then selects

o il o e DRBLE B o R0 o rous e

cbﬁ@afﬁmtﬁghghmynssw&h the first group of aliquots,

the doctor uses the group to determ ne the nost

ef f eCWh\e&:i(ﬁ:lthﬁhéﬂ Qké@tHe seT;bﬁd geoup bfdtissus aliqueots td teterine the
as descri bed preyi ou(f é Ygél ous g{\ cocktaj.l s
opfirgabepRasnyatiorarl the dry OPP%@U 4% 80 *‘eefaléﬁ iSses. Tissue

afbuiP RS BShie@in HREsHAO RIS a‘s'tﬁé st ighoti6f dsuil ilibSots. The
I'S nmeasured by nethods that would be connpn to a

dpeios @ppligs vaiiRusacgnasitnations, of e drug cogkiaibtaceagh fismie aliquot

egree 0 apoptosis I n cancerous tissue corrpare

| a& R E%n@éH@a’(ﬁﬁc&ttﬁé 'druc_f EH9 APt ﬁn[%r%athéﬁreatest degree
of ammeas irngandessusctissue aEmomjwtedio berlthydisedet he :

second group of tissue aliquots to determne the
opt i m#ls aoeswhof aplimizing t?tehehemmgeap@ntuaurdagimndbét the patient

"WIIE%(C%@% 5 oua%éﬁ%?&%rjlgér he, %Hésnt vf?ih rgéje?\}e *I‘?er ﬁeﬁtmeﬁq't”ﬂ%q imparts

ISt gr oup
e hratess berdfit w?dléthimaml ummsu‘ahiie@ude effmrtsarli metdoctm wishes,

of the drug, cocktail h tissue aI| nd
thge) S e SO ey qerlied it o i Xheliari ihgre verious
chndbttiaBiohd @f H PRIrgIY cﬂ&ﬂhgﬁbocktalls is applled to a plurality of tissue

ahquots

EXAMPLE 2

In another embodiment, the teachings of the present disclosure may be
used to predict the toxicity of compounds to healthy tissue. Such results would be
useful in data generated and submitted to the FDA pursuant to approval of a new

drug application or abbreviated new drug application. An animal or human tissue
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15 of apoptosis in cancerous tissue as conpared to
healthy tissue. As a result of optimzing the

chenot herapeutic reginen that the patient wl|l
WPe0WiN54 0 treat the cancer, the patient w IACTAEE0A)E263
the treatnent that inparts the greatest benefit

while mnimzing undesirable side effects. If the

doctor wi shes, .- the. sane result nay be.obtained in a

Si n?l e experinment -where various 20 concentrations of :
samplasisaibtaigedbby taking @Mmauqr§5|wﬂaﬁaurmt Ysually two species of

S8, b0t 95 045 BUAYBEEafod 5 4 7t no

spamebdlffei@ﬂystbdn temoghrard O@Iuertdrgamsakkemsq podvide kpy uiais and are

30050 S5 o S L o e, e

HISHRS QY dkehl af pARrofl HOd&RRbEE ajrgam- d@hoﬂbdbﬂw aménerated or

new drug application. An ani mal  ,or n,ti
ofsraseTuppliad by HetNugveRs kaawp 4a th ”@eq i aﬂrr@agmg from

B bigkd Eg?témbdéﬂg%ﬁ RIimati deltfifanSfer SAHERY Bthebfiagd.y two

species o0 ani mal's, one rodent and one non-rodent

are usggl aargré!&n)%yfrﬁﬁf o 1R8% SHRNECANd cultured as

di fferent y t an anot her. O her organs |ikew se

ppevicusiiedessyibadt @nea thefissuaisequliurad, eheampeiedsisrpligd to each
t

oA B SR8 o e U cSRETRTTE il 2 cesvea

r@éuﬂrmidescm@em@ra\tsetabiwDatatlhgavhemd sog phteeteteyl as prescnbed by

ues known.to tho ski in th
e EHR FER LRI PP PSR FPLOR Pefirin il Ane art i
“the agefranatiGeNgconpeundbieffdacy H sdsweal i quots -are ,
derived fromthe tissue sanple and cultured as
previously described. Once the tissue is cul tured, a
conpound is applied.-to each 10 tissue aliquot to '

- det er mxpavitbe 3ef fi cacy of the conmpound to achi eve a.

desired result as described previously. Data is

gat herspdlilayd disehss BiRicdmag bermsitbe bysing m;&@/bompounds
as accordin paraneters set b

i s’fa%yofsm%lsreas% kEerexample.nhipf S@@Pe?t'rwlﬂﬁtpi’%ﬂf grmpounds.in
HROIRQULE ISy BE UbERTY stRly Ihdit Efit&ls ohTHaHIbAT Patitvays in the tissue.

Moreover, compounds may be applied to the tissue in an effort to observe their
effects on the tissué level as opposed to the cellular level or organism level. The

~ present disclosure provides ‘the methods to use a bioartificial organ system;
experimental parameters would be readily apparent to a person of ordinary skill in

the art without the need for undue experimentation.

The testing may be performéd by an independent third party in order to
rule out'any appearance of bias. Every effort is made fo ensure that as few
animals as possible are used as a source of tissue samples, and that they are

| treated humanely. Alternately, the present disclosure also contemplates the use ‘of _'
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Simlarly, disease studies nay be perfornmed by using
various conmpounds in the study of a disease. For
exanpl e, inhibitors and stinulators of conmpounds in

. woreotizssues may be used to study their effedCIon006/033263

chem cal pathways in the tissue. Moreover, conpounds
may be applied to the tissue in an effort to observe
their 20 effects on the tissue |evel as opposed to

_ the cellular level or organismlevel. The present

hilingani iissues, saroplesd e§ which may he e¢btaimed f@margan donors. Since most

of oot e TV, Rt B8 B0l BT Ects on

is&iivdr. in the art w thout the need for undue

. experinentation. The testing may be -perfornmed by—an

10 .
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i ndependent third party in order to 25 rule out any
appearance of bias. Every effort is nade to ensure
that FEXAMPLEani mal s as possible are used as a source
of tissue sanples, and that they are treated

humanegthe. pfédeit nakabiuret B%opbﬁﬁmﬁs & 9RVEISWay @ Sébserve the
contenpl at es the use of 1 WD 2007/ 025154 .

iderpetion bebresspommn Systams. tT%%@e%hcegmﬁM & obteingd fepm a variety
Y. el%@larfﬁgn faer'BiéHeﬂaiﬂ ﬁg?ﬁﬂglﬁntcsthﬂﬁgle”'@ﬁeacfgr%%%ue slice

are met abol I. zed l'iver, toxicit t udi es
appemates Clharhbenss C@lltummedmrmst appiad to haef ist geamber and permitted

t%%‘é‘i‘%ﬁwﬁ%%a BEERGR el T SupkiRrBi L el time
peyieeﬂ el c’ﬁltsnw m@jugmeﬁs r&moitm:l dshntmithecﬁréT lcbmwg \sace edpparatus
t t ..
emBPp AB3eYEL S A TrdoddRsi alos Apati, Shambipertaining a
1iSskd Uéa‘i‘n;ﬁl@dfr@m 1§ diffelenedofganact i thet saimanieegarinshder different
permtted 10 to cone intg contact with the tissue

experiraental candifigrs, juichors NcErassr mgtabelismn A fifferenf pemary cell
RS dff@?erﬁteowéﬁtrm SHTEIP b BRRGrddtOPYibI® bF Edfcurrently

I'Ssue s ar at us chamb and noved Into
\nstbcmnwngu thew!’@rﬁe mechwpatpathassemaﬁﬁ@s% @h@%uanpﬂ@tuﬁ chamber,

s&!ngﬁelée o?a%)ée ¥ ﬂ‘{eq}mrﬁe'i'rg‘yt gy aiﬂé(a F?ons Su&sﬂng,”in

an under experi‘ment al  con
eaﬁ)admerﬁasﬁtie mttabahedmrrn mnogefl fimodhe spcmmrhtlgsueedillcejai)paratus

f‘l%l?lgﬁ LI§ thep?'{efac%dgpot& anceﬁﬁo‘%tﬁ@ BIfOCSSUIJe fsyrgségted for each |

tissue slice apparatus chamber until-the experiment is concluded.

" For example, a researcher may be interested in protein digestion.
Samples of tissue may therefore be taken from inside the mouth, esophagus,
stomach, small intestine sections corresponding to the dﬂodéhum, jejunum, and
ileum, and the large intestine. A sample of culture medium with a protein sample
may be therefore reacted with each disparatie tissue type to determine the effect of
a particular organ on the proteins to be digested on a system level. |
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with noving the culture nediumto the second tissue
slice apparatus chanber, sanples of the culture
medi um may. be obtained to interimtesting, in
wenbenizamat s. The cul ture nmedi um noved: i nt o tHE/GROWOE263
tissue slice apparatus chanber is then reacted for a
tinme period. The procedure is repeated for each 20
~tissue slice apparatus chanber until the experi nent
I's concluded. For exanple, a researcher may be )
i nt er &hilal thenapparetisnant getiodbhave Beepldescritedd i tesme of what

a@ébﬁgg{gg%sﬁq%ﬁggﬁlﬁgr{%'ﬁ?@t' fbgéglggl ger{ﬁg%ngafqr%embodlments it is |

. te dte empendoa that the disddanameddinotube Ianited ltbemm disclosed
d t he Iar e int tlg A sanpl e of culture nediu -
imEnts ot b 17 SBIRAdEY2 40 eovete \araksr Bradiicatieregand  similar

aWathnﬂéﬁi% ﬂbﬁlﬂéﬂa\hmh'tﬁé%lﬁtym 5ok IR Itk NGailid€ the scope of
a particular organ on the proteins to be

Wlﬁeﬁm@ be aacqyyied dhe brapgest interyetation soogstpsencompass all such
t

riccRe: Ahd SR o fthuts; e BREGIEAHIAN, TR, any and ai
~ eonbodinknte of the following alaiss. practical and preferred

‘enbodi ments, it is to be understood that the

di scl osure need not be limted to the disclosed

enbodi ments. It is intended to cover various

nodi fications and simlar 5 arrangenents included

within the spirit and scope of the clains, the scope

of which should be accorded the broadest

interpretation so as to enconpass all such

nodi fications and simlar structures. The present

di scl osure includes any and all enbodi nents of the

followng clains. 23 CLAIMS 1. A nethod for

providing simulated in vivo conditions using ex vivo

tissue for determning the chenosensitivity of a

chenot her apeutic regi men, conprising: providing a

bi oreactor for substantially sinulating in vivo

tissue function in vitro,
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providing aliquots of a tissue sanple; culturing the
aliquots of the tissue sanple in the bioreactor by
exposing the aliquots of the tissue sanple to a
plurality of different chenotherapeutic drug

regi AFERARis and determining a chenosensitivity of the
tissue sanple in response to the pl urality of

di fferent chenot herapeutic drug regi nens.
met hdd ofA Bptpgol providing sismulaleshBrvive Pﬂf@ﬂ't'%? B%}%%\@VO tissue for

first andieRBAARE tH MERDs&Hsiity FdRhemtherdpéiiis Fadinen,

sanple; culturiing the first 'group of aliquots of the
ti ssue s&opPBsingy the bioreactor by exposing the

first gr 3};’5\?&15% 9 Tb' S 10 st@Faiqﬁlél uI§ﬁW@3 InS/ilois8ue

pl urali ferent chenot peuti c drug
fm‘e@nrflewm conparing the effects of the plurality of

di ffer engo SHC?HB %SE&B%%'U SL{e Hﬁﬂ!é’ egi nens on the

first gr uot's Ssue sanple to
select a chermt herapeutl c drug regi nen having a

desired ch nsitiwvit th St .

a quot s GRS fiads bt el d Satbb Hra b8 Rgo Ry sspgping te
alifuotsrof te tisddetaaipte ot pluigityt df siffersnsetrplotherapetiivadrug regimens;

bi oreactor by exposing the second group of aliquots
af the tissue sanple to a plurality of different

concent I aickePiirgfa dHemosesrivityest e te s dueriplnia wsponsdrtol the
i men_ having the desired chenpsensitivity; and

p[y &Fﬂ'ﬁ@emrf@e@f?%apgut&f YHEIBIFal ity of different
concentrations of the selected drug reginen on the
secopd gringmahoddfickinot s fusfhet bampriskgyie sanple to
select a desired concentration of the selected

chenot her ‘ﬁ‘?l'éé ﬁrs?r éc.eogmldg?guaos Cf?f%h&ho %‘Srdé"ﬁésﬂ%aﬁ%

claim 2, £reEl € I nc es cance%ous
ti ssue, the nmethod further conprising determ ning
chem)sensnlltumq yheffirsin gedupg@btaligrots efsthe diasHsl sampley in the

bl SRS K e@zﬁgéi% ﬂ'{el‘:ﬁrgtg%{%&@ bRR{uB d?*ﬂ'?eetrééh@ QaRpRr&8 88 urality of

of ~apopto ncerous tissu
different chemotherapeutic drug regimens;
comparing the effects of the plurality of different chemotherapeutic
“drug regimens on the first group of aliquots of the tissue sample to select a
chemotherapeutic drug regimen having a desired chemosensitivity on the first group

of aliquots of the tissue sample;

culturing the second group of aliquots of the tissue sample in the
bioreactor by exposing the second group of aliquots of the tissue sample to a
plurality of different concentrations of the selected chemotherapeutic drug regimen

having the desired chemosensitivity; and

comparing the effects of the plurality of different concentrations of the
selected drug regimen on the second group of aliquots of the tissue sample to select

a desired concentration of the selected chemotherapeutic drug regimen.
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4. The method of claim3, further conprising

sel ecting the desired concentration of the selected
chenot herapeutic drug regi men based on a degree of
apoptosis of the cancerous tissue. 5. The nethod of
claim1, wherein the desired chenpsensitivity to a
cheng her apemetroddf dgnr®gi nen is sel ected based on at
| east one of the group mtotic activity, toxicity

1. “her ei AR B SPEkoRoP undies oy o TBLBY e

tanssiig f ugtediing at:he’hﬁbs@hs@t&lw soh lapVv aliquotr . ofThﬁsuEretshmdle to a
of claim®6, wherein the (g)ﬁoreact r substanti al léh
eepIcihesPetict rug RIIfGR O | SDRSTYNT Ardeglrs: U ARCRYPEP of ghe qapgerous
f®idhod of claim7, wherein the bioreactor

substantially dupli cat es tissue function at an organ

| evel . or using ex vivo tissue for
obserdi ng%&'@ﬁwogg‘é‘? %nt eraction in vitro in

response to a chenot her apeuti c regi nen, the nethod
conpr I'St nfyrther omndmshg; aelba:trmgetbe:tieslrefdou'onsemtextlantaf #d yelected

i mul atin tissue inter ctlon bet ween
L RAHER o o FGTET BT B0 ALear o P RS B B @Rcorous
tRgechanber for holding tissue sanples; positioning
a plurality of tissue sanples froma plurality of

di f f rent or 33?3@%4 ﬁ)& ciawg ‘?twlhe‘?r Strone, egké’d*%ﬁémﬁéén%ﬁgw to a

bi or act o?h pl ura |ty of "TISsue sa
dhemathedpelticediig dtegimends eelectee Basedtdn atdeast bhaloﬁthe group mitotic

chenot her a eut| C obt ai ni ng sanpl es of the
Yy fPcibystid %ﬁc{feﬁg @EB@ Mre to the plurality of

ti ssue sanpl es and testing the culture nmedi um sanpl es
t 0 oléser veEheumethridesf atzim dnwbereinﬂbmbiotdmetqmlsubsaarittayy of

i Ssye sa es .obt |ned fro plurality of different
%PB%P?‘%S ﬁ%@&%&ﬂ%@ 15 0r9PRE™e ﬁ\eerlrot herapeutic regimen.
10. The frethod of claim9, wherein the bioreactor
i ncl Gdes Bhepinatreddi afylairh 6, wherein the bioreactor substantially

duplicates tissue function at an system level.

8. The method of claim 7, wherein the bioreactor substantially

duplicates tissue function at an organ level.
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chanbers for holding tissue sanples, the nethod
further conprising: positioning tissue sanples froma
plurality of different organs within correspondi ng
“chanbers of the bioreactor, such that each of the

chamigers A HﬁeltHéQQ& Blhg xRS ttls@l’éqoﬂdﬁétvlﬁg SRYARA lsPstérh @eraction in
~different one of the plurality of organs; applying a

vivalin rgsponae ti ashemstherpegicuegimenyihe MeRd ABPE NShe
chamber gf . a4 Sié %reh&oﬁoﬁéﬁ@t%ﬁaﬂ §|ﬁ‘1§f&h inVRo ﬁfsﬁe ﬁ'!teré(ctlon

expose the t1ssue sanp posi ti one wit-hi n each

beﬂwee:p brgea bystgmsoif vtﬂhath@ éw&aﬁfer inpleding #tdeasboripeiptihgr f@fﬁwldmg
49 t al nllng sanpl es of the culture nedium after

%%?SS’SUPS 'to certain ones of the plurality of tissue
sanpl es auoditibrérss 4 pigratith ef tsalie sanaplesgtinuarplsiraliylogdiferent organs in
observe an, inter i on _between the certain tissue
ﬂ?zfli%aﬁtson?PB?W%‘?W'?%F’&H%S{%@MS in response to the :
chenot hereapesiig the plgiityRhtisstd sarfipies tortdaiate afediireassodaied with
further conprising applying a culture nediumto the
aGeigin phempt '?ﬂraf?ﬂﬁ‘%’% ‘”ge M n stepwi se serial fashion by:

(a) exposiphihiig @ﬁht%s%fﬂmbﬁﬁur@fnealufﬂ Ffiet expogda id thie plurality of
contained within one of th ers.to the ¢

tigfie ﬁﬁ'ﬁp’?%?“da‘eﬁé\gut'&ctﬂiwetmwm ??ﬁ‘p BB |@1@ﬁcherbbetween '
tﬂé%ré’lfﬂ} drtiedelsAmpRlaphmed ?r@tﬁ’qtaaf:bhﬁ]”lal ofidifefareorgangih sspeise to

first organ type to another anmber cont ai ni ng
theuommethgr@nwteéemme@not her organ type and (c)
repeating steps (a) and (b) until tissue sanples
~contained within a desired nunber of the plurality
of dRanbere rhatied Wfekaim 8xwhsseit thedviarerstas inpidesa plyfagty of

ct%e?'sr?or R d&%ﬁssu@@arﬁ@éQ% rﬂet G4 it J%Qmﬁﬁé}?de ein the

sareotalne sted to
observe tmutlmmms@seemmw@n ablurdiiy of differgnteorgand withinon

various or
c%r[egpcmdir@ chamge ?ﬁ'\F%lorea us?ﬂéh H%a?’ aﬁﬁ}%ﬁl}l%ﬁﬁ%%r@%cludes at
leasiamt tr@suetsempkedmdl 4 differesteonernf tHeeﬁLmdrIlemﬁbtmnapeut ic

regi men, further erein the ¢ re

are obt aifRB¥ng ﬁ&”ﬁ% F@H‘“{’b’wg'be é?r\?@y ol %‘@%%@‘% ggg&kbﬁ ata
tnﬂé frecétspvde fabiiion @%ﬁ@ly hepapehd lissus sahpiEnpositionainiibinseach of

an tissue sa
the plurality of chambers H:p the culture medium; and

obtaining samples of the culture medium after exposure to certain ones of
the plurality of tissue samples and testing the culture medium samples to observe an
interaction between the certain tissue samples from different organs in response to the

chemotherapeutic regimen.

11. The method of claim 10, further comprising applying a culture medium to

the plurality of chambers in stepwise serial fashion by:
(a) exposing tissue samples of a first organ type contained within one of the

chambers to the culture medium for a period of time;
(b) moving the culture medium from the chamber containing tissue samples of

~ the first organ type to another chamber containing tissue samples of another organ type;

and
(c) repeating steps (a) and (b) until tissue samples contained within a desired

number of the plurality of chambers have been exposed to the same culture medium.
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14. The nmethod of claim9, wherein the organ system

interaction is observed through tests perforned on

the culture medium after exposure to the plurality of

tissue sanples froma plurality of different organs.

1542 An expihafietsbdtdr sigike10, #hdreinghegitive madmpsainqdamre obtained

provi di ng a bi oreactor for ? bst anti al I% si mul at i

anﬁ Iapiasio phseaiediy HRBH ORISR oL 1E PULIG MEU o Ve GFoan issue
ledding a plurality of tissue chanbers for holding

t| ssue sanpl es; positioning substantially dupli cative

ti ssue sanples within each of the plurality of

tissue Ch%ﬂpﬁ{e‘ﬁmdg}@l%lﬂi £ GhéB8 12 s AMdafuvh Béiudes at least a

cherot her apeuti ¢ drug regi mens to correspondi ng

ti sswempeundifersisein tha cihenastthergneutis rggisen.fiyrihsr Wh?f@@d’ée culture

cha 0 I

{1 sot PRt g, Bgh I AR Boerfine SEpHsf ot

as s ochatietberapditic tdygmercorevadotsarggraigsuecsatiileg. r egi nens;

mai nt ai ni ng constant conditions within the bioreactor

and between the tissue chanbers such that the only

vat4.abl e Thd rﬁahbsmgf dmt@ewmereih me\oegdn(wﬂelplinierattimys akfserved

- tissue, chanbers when adni i ste orres in
i rrerapate o B ca Pegp iR e o S AGRRR T RYR
SEMBRB A RRAlly 6F dfiferedt srggnsTen i tsel f being '

adm ni stered to each of the plurality of tissue

chanbers; and eval uating the c¢chenbsensitivity of the

ti gSUe SaRphehrkd RaReShghihdldiplisitgy of

“adm ni stered chenot herapeuti c drug regi nens

det errAvising® kioreaeniesapantaply %HF‘&I@"”Q Frb‘@‘fq{ﬁ@'ﬁuepfpﬁ‘a’ﬁe imgjro, the
bﬁaéega%% hetd |ﬁ¢:: 5 gp.lﬁ%ﬁﬂﬁif fidsvik EHarﬁ’(Féré fRendiditidSusSammiies. 26

claim1 wherein the tissue sanple
i ncl @qwmmwmj@lxd@b@éw tisee samiasydthingach afthe plurality of

t:&%ﬁ%ﬁ%ﬂ ng: adninistering the plurality of

enot hérapeutic drug regi nens by exposing

cor r edpiistaring atpiLsaliveof sherpétberapautic ¢rug ragieens te perreseensling
10 _cul ture ne

tl%%]gr?slinﬁ Pg]peé:\ﬁﬁ Ctﬂ% Puga?’r&éelf %@% gmrﬁtgae té/ Posn%g% tissue %amples in

- eatresfiisetizsiid chairibersab ceraeshpomding dulurp Imﬂdumsteysmﬁated with the
chenpt herapeutic drug regi mens by

dmnis 8
CE@E%‘B?F"F%’“% HWEJFLLSET apopt osis of the cancerous

maintaining constant conditions within the bioreactor and between the tissue
chambers such that the only variable differing between the various plurality of tissue -
chambers when administering the corresponding chemotherapeutic drug regimens is the
corresponding chemotherapeutic drug regimen itself being administered to each of the
plurality of tissue chambers; ahd |

evaluating the chemosensitivity of the tissue samples to each of the plurality of
administered chemotherapeutic drug regimens to determine a chemotherapeutic drug

regimen producing a desired chemosensitivity on the tissue samples.
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tissue in response to the adm ni stered
chenot herapeutic drug reginmens. 27

16. The method of claim 15, wherein the tissue sample includes cancerous tissue, the
method further comprising:
administering the plurality of chemotherapeutic drug regimens by exposing _7
corresponding tissue samples in the tissue chambers fo culture mediums associated with
the chemotherapeutic drug regimens; and
evaluating the chemosensitivity of each of the plurafity of administered
chemotherapeutic drug regimens by measuring a degree of apoptosis of the cancerous

tissue in response to the administered chemotherapeutic drug regimens.
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