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WD 2007/ 025153 PCTI US2006/ 033262 NOVEL ENHANCED
PROCESSES FOR DRUG TESTI NG AND SCREENI NG USI NG HUMAN
TI'SSUE BACKGROUND OF THE DI SCLOSURE The inventi on

weled7essisp systems for testing used with bi %@Qt%s/osszaz
tissue 5 slices, including those derived from any

maj or organ, organ system cloned tissue using
somatic cell transfer, or any other stemcell based
regi men, including cord bl ood, any manner of

neopl asns, and specifically hunan ti ssue. The instant
tester nmay be used to evaluate, detect, and test
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been sel ected based upon phenotypic analysis, or any

ot herBR&Qé 'Sk THESRBOM Bk O NMet abonomni ¢ anal ysi s
ﬂﬁ%ﬁl‘ﬁg_mﬂem bi ol ogi cal

appr O?ﬁ@ ?ﬁven’h&n n@l%té%eﬁansfﬁéﬁglfb? H%ﬁn%%%g QWA %‘iHl?gi?al tissue

reg i nrens have [ ngs w t respec
S!meé inaluding thm gerdiedifeom @ny tragjor organByrgaapyaEm cloned tissue

ugﬁ‘gg}r%ﬂc caf trgh%?((ér)acpyj%@fzg n{@&?béé @‘F\%}é, ﬁéludmg cord

rts to screen 'can or speC|
blgod:t any maengrof neeplasma cantbspaaifichlly urnan ’ﬂséues ddweeinstant tester

il 25BN Q18 B, ) 08 Pl S gy an o

mptabblierias amathpmcﬁ providihg q’bezsohanﬁedrmsdﬁcaﬂatemnbﬁtsamﬂnaliy, the
tissue scree

SRAERIA e B 05 Pt A A B SR 130e

hdmb@émlsemttbmakﬁdluﬁoh%@omﬁuﬁﬁs ok-idigVbher proteomics,

escal atin s inpact this | cul us and underscore
g%mmcm.tahﬁwe%%mw ﬁB%’M%'sf'BF’ﬂ'\Oa% helidingnganepystem biological

- apgprésdiee. di scl osure. This becomes crystal clear upon

review of the historical nunbers whi ch have been
est abi ha$ Bdeh BstaBlisHeli thatSdiemt regimens have two major failings with

respect to pre-market and post-market testing. By way of example, the VIOXX®
debacle made it clear that efforts fo screen candidates for specific disease state
treatments is needed {o find out if segments of the populace have the potential for

adverse reactions. Using currently available genomic and proteom:c analySIS |
methods, high risk patients and categories of patients could have tissue screened
in advance of being subject to such potentially harmful and morbidly toxic

compounds.

Likewise, escalating costs impact this calculus and underscore and
highlight the needs for the teachings of the present disclosure. This becomes

~ orystal clear upon review of the historical numbers which have been established in

this space.
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1 WO 2007/ 025153 PCTI US2006/ 033262 | n 2001, the

average cost to devel op a new drug exceeded $800
mllion, according to a study by the Tufts Center for
wWeobinsgiss of Drug Devel opnent. OF  this, PCTm32006033262
approximately $16 nmillion on average per conpany Wa

used for pre-clinical research. Reduction of testing
time and cost in drug devel opnent is therefore a 5
critical factor to the survival of npbst

pharmaceutical conpanies. In addition, since there

is usually nore than one conpany conpeting in the
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Y Wustlevel opment . However, these conventional tests

have partl cul ar di sadvantages, such as indivi dual
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h
R R Bt R ek AT S hu By s Semey
iportant.sConventionalsi whrmgsd ire oifpoesisutiinng sradleaminiakeand cefl

¢ lﬁlr@tfeXﬁrhéllf%sn Sﬁ%ﬁ;ﬁ gf\%ltggl?rsysig%s qagtgﬁgslss \lre(}si%nctlon in drug _
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development. However, these conventional tests have particular disadvantages,

such as individual variation, high costs o use large animals, and loss of naturally

- existing characteristics of liver in sifu. The same is true for-other organs. As our

knowledge base increase on these other organs and how they bring insight into
how mammals respond to various pro-drugs, drugs, compounds and systems the
relative significance of the’ instant disclosure becomes more prominent and
significant.

To overcome these disadvantages, cell culture systems have been used.
However, with these models cell-to-cell conneciive interactions cannot be
maintained for a desired length of time. Once cell-to-cell connectivity is lost, failure
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25 To overcone these di sadvantages, cell culture
systens have been used. However, with these nodels
cell-to-cell connective interactions cannot be

) Sobd for a desired length of tine. Once, '
?{3 I E}?zboz_ﬁggl | connectivity is lost, failure %C%Sm%’“”’m
2007/ 025153 PCT/ US2006/ 033262 of the testing scheme
soon follows because it is no |longer directed to
organ, system or organismlevel response.
Bi oartificial organ devices are currently in

devel opnent. is beli eved that organ function can
vvlth oI0|caJ sulyst r at hat
A %?f"'@%gﬁéﬁ% $on [djfs HeBal s, onae| fipelod o organ,

sys@nrmmrgaﬁsmheveﬂmupbaset he availability of liver
ti ssue from xenogeni ¢ or human sources. Recent 8
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«cdlisdoga speeifid fanebrsal 20. device integrates viable

liver cells with bioconpatible nenbranes into an
ext r atheqgorapal sevdralrgrodpsc Id@belopingr befiifitial SivereBevices, for

ngrﬁpé}g E;rce":éi D%d ca@lt.éxﬁlgg R RI&S Vitagen® (La Jolla, CA), Excorp
Medical (Cakdale, MN), and Algenix (Shoreview, MN). The Circe Biomedical
device integrates viable liver cells with biocompatible membranes into an
extracorporeal, bioariificial liver assist system. Vitagen’'s ELAD® (Extracorporeal
Liver Assist Device) Artificial Liver is a two-chambered hollow-fiber cartridge

containing a cultured human liver cell line (C3A). The cartridge contains a

semipermeable membrane with a characterized molecular weight cutoff. This
membrane allows for physical compartme'ntalization of the cultured human cell line
and the patient's ultrafiitrate. Algenix provides a system in which an exierna] liver
support system uses porcine liver cells. Individual porcine hepatocytes pass



Li ver Assist Device) Artificial Liver is a

t wo- chanbered hol | ow-fi ber cartridge containing a
cul tured human liver cell line (C3A). The cartridge
contains a semnm perneable nmenbrane with a
characterized nol ecul ar wei ght cutoff. This 25
menbrane all ows for physical conpartnentalization of

the cultured human cell line and the patient's
ultrafiltrate. Al genix provides a systemin which an
external liver support system uses porcine |iver

cells. Individual porcine hepatocytes pass 3 through
a menbrane to process the human bl ood cells. Excorp
Medi cal 's device contains a hollow fiber nenbrane
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oart|f| cial organ systens continues to advance,
W'thlbfﬁii?'@f}@a ISHiE AEES screeni ng conpounds al so devel op.

SC a ,catio
utﬁsl 1}193 C?‘Hglo%e*eﬁf’agﬁ%?lo%%%%sger | oa&tstlofatdggﬁﬁe improved
methody GstRediiitif @Mpouats a&beiévélbp_al[bis/clmnlnythls application are methods
 that utilize the recent improvements to bioartificial organ systems, and specifically apply

the developed protocols to human tissue.

SUMMARY OF THE DISCLOSURE

In accordance with a first aspect of the present invention, there is provided a
method for using ex vivo tissue for drug testing and screening comprising: providing a
bioreagtor for substantially simulating in vivo tissue function in vitro; providing first and second
groups of aliquots of a tissue sample; cuIturing the first grdup of aliquots of the tissue
sample in the bioreactor by exposing the first group of aliquots of the tissue sample toa
plurality of different drug regimens; comparing the effects of the plurality of different drug
regimens on the first group of aliquots of the tissue sample to select a drug regimen

having a desired effectiveness on the first group of aliquots of the tissue sample; culturing



t he devel oped protocols to human tissue. SUMVARY OF
THE DI SCLOSURE I n accordance with a first aspect of
the present invention, there is provided a nethod
for using ex vivo tissue for drug testing and
screening conprising: providing a bioreaetor for
substantially simulating i'n vivo tissue function in
vitro; providing first and second groups of aliquots
of a tissue sanple; culturing the first group of
aliquots of the tissue sanple in the bioreactor by
exposing the first group of aliquots of the tissue
sanple to a plurality of different drug regi nens;
conparing the effects of the plurality of different
L Mens the first of al.i f the
the seEpRLaEUS hﬂlogo{sooqé%ﬁ ste 5Pl Mgy ?Fsﬁd%%x/%'??g?g'”g e
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group phaliasetscaf taalissh BB tReaToRbY ARRyredirenerndiatian of the selected
dn@,g§ﬁ%ﬁtlveness and conparing the effects of the
ural i ty of different concentrations of the selected .
drug regi men on the second group of aliquots of the
Ui SSye, Sam-ge gﬁhsa R6hd BsLREbtRE pRRBREAINAbA, Qﬂer@fls provided
t he se?ected regimen. In accordance with a
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sanpl es and testing the culture medium sanples to

observe an interaction between the. plurality of

ti SSYLA&AMINRS withRe MRirdaspdot entha ppdsentihvdntionf there is provided

different organs in respaonse to the culture nmediu um
an explanted tissue testing method comprising: prowdlng a bioreactor for substantially

simulating in vivo tissue function in vitro, the bloreactor mcluding a plurality of tissue

- chambers for holding tissue samples; positioning substantially duplicative tissue samples
within each of the plurality of tissue chambers; administering a plurality of drug regimens
to corresponding tissue samples in each of the plurality of tissue chambers by exposing
tissue samples in each of the tissue chambers to corresponding culture mediums
associated with the drug regimens; 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 drug regimens



In accordance with a third aspect of the present
invention, there is provided an explanted tissue
testing nethod conprising: providing-a bioreactor for
substantially sinulating in vivo tissué function in
vitro, the bioreactor including .a plurality of tissue
chanbers for hol ding tissue sanpl es; positioning
substantially duplicative tissue sanples wthin each
of the plurality of tissue chanbers; admnistering a
plurality of drug reginmens to corresponding tissue
sanples in each of the plurality of tissue chanbers
by exposing tissue sanples in each of the tissue
chanbers to corresponding culture medi uns associ at ed

is corr@gg&?]dﬁq%gq{gr gﬁ%rﬂ? |tﬁ%dbnq2$ e%cﬁ1 QJ gl%ﬁ%i 9\% IurPHg of tissue
chambér§SaiRl SAREbeY thessfidacy bﬂéadrhhe pmrqdltwm‘radatuhlstethdfdreg regimens

bet th ti h

to detgHARE AdHaTeSIEn RGHEHE Loy PE BRGNS U PaUP Bens 4a
I's corresponding dru imen itself bei
admi istietesds aadelcneped 95 destipg he httr@/afbtfssg? Ing pioartificial

organ“sPQEf‘?ze ESli cu%ﬂﬁa %H@'huﬁ‘xtah 'ﬁgsdé"f et hy lﬁ@éﬁhg &fe wasbfididi®rgan
urality of adm ni stered to _determ ne

regi nens
systera ot celbcuitors wﬂhatdfc@ﬁi GEp ﬁgm@egncg ol ehrsepdngsthg gffepten the
bloarti‘lhsgféjrﬁaﬁ %ﬁ@érﬁ or cHl QRS ‘F.ﬁ(ea\nﬁseatrféeél Skilld¥Eih Qdart or
est1 ng e human tissue 1n a bioartificial organ
system cell culture, and human tissue itself, by
treating the bioartificial organ system or ceI
culture with at | east one conpound and observing the
effect on the bioartificial organ systemor cel
cul ture. Likewi se, those skilled in the art 4b WO
2007/ 025153 PCTI US2006/ 033262 readily understand
that further disclosed is a business nethod for using
the apparatus and net hods of the present disclosure
to provide for tissue and organ specific screening
for patients in conplenment with cutting. edge
genom c, proteonic, and netabonom c anal ysi.s. 5
Di scl osed herein is a nethod for providing sinmnmulated
in vivo conditions conprising providing a bioreactor
for substantially duplicating in vivo tissue

4b
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function in vitro, providing for the bioreactor to

hold at | east one aliquot of atissue sanple, and

all owi ng at | east one aliquot to generate useful

0@ 2007/025k8Wi se, a nethod for substantially sSipgW@dok)shs2e2
in vivo conditions is 10 disclosed conprising,

“obtaining a bioreactor for substantially duplicating

in vivo tissue function in vitro, obtaining a tissue
sanpl e, and using at |east one aliquot of the tissue
sanple to generate useful data. Still further
di sclosed is a method for substantially sinulating in

i i [
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gpnaf@tsls aﬂddh@tbpdg of e picssnicdistiosies ttasprw:q!mf(ir tisbua and organ

%IB SArt i {:Ijle%%]@b Eﬂji)'z eeﬁ%z erg P@J%ne usg'#hb% u%twgatefjﬂ% gengmm,

Prhteomw,wden@labownmarialyats | east one drug reginen to
generate useful data. A simlar nethod is disclosed

conpr i @fsdgserbhai'ein ng aambthodrior pravidihg simalaed BYSie donditions

@%Epar n@' ch&ﬁ ngg@glseéggo? l £ S%Bh{flgreéﬂp%atpgem vivo tissue

funtstmen yit;roc providind fatthe eiséactoreo tioltdat least@ e dlRjuot of a tissue
at ato

. A 2t at S8 ond Bligo IR gonaTale W dabmaund.

or [ at hol o 00Si,n ru nen based on

t he cc@iﬂﬁ %oﬂs”%%lh%g?‘ﬁ S“kﬁqﬂgﬁﬂ‘f/ sq%?“%%%‘ﬂ ni¥s ¥VRegdKifions is

diszfoskd rmm;rrnsm@u szltﬁﬁhgfw b%@@dto:cwuﬁgﬁmaitlmuﬂicaﬁn@ in'vivo
housi n uman ti ssue

tlor actor-b Zstemfor
SR BBEHG e QHAIn D A VSUBISaT Pl SO s Hasshpoe Lot of

Mﬁﬁub@mléﬂoﬁé%ratb%bfma@ regi men on the human

tissue, and collecting results. 5 WD 2007/ 025153 :
PCTI USEDGERSS 3ftklosBR! EFa DRSIERY Rt Qﬂb%nﬂﬂg Eﬁ@%ﬁ in vivo

The,  above- nenti oned features and object

cgp coprgigingRIPKiding 2 hupae §retiensiapiapgividing thadtissue sample

e tREE GhcdO lﬁaﬁdfn | {HRWMiRadaReE | R 'aoeﬂaltt afeq Hf&‘artlﬁmal tissue

conj unction wt e acconpanyi ng dra

systeia, gpd alewing ﬂ@m@p@r@imal tissue system to be used by treatlng the

tissue slices with at least one drug regimen to generate useful data.

A similar method is disclosed cdm'prising obtaining a bioartificial tissue

-system containing human tissue slices, using the bioartificial tissue system by
treating the tissue slices with at least one drug regimen to generate useful data,

and comparing the data to determine mitofic activity, toxicity of a compound, or
histopathology, choosing a drug regimen based on the comparisons of data.

Finally, a business method for human tissue testing which comprises
providing a bioreactor-based system for housing human tissue slices, populating
the bio-reaction based system with human fissue, testing a regimen on the human

tissue, and collecting results.
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5 denote like elements and in which: Fig. 1is a
schemati ¢ di agram of a system of an enbodi nent of, a
bioartificial organ system Fig. 2 is a perspective

YWEWoRhsag enbodi nent of a human tissue and
bioartificial organ system according to the THEPRAYIF262

di scl osure; 10 Fig.. 3 is a.perspective view of an
embodi nent of a bioreactor installed in a human

ti ssue and bioarticial organ system according to the
instant disclosure; Fig. 4 is a perspective view of
an enbodi nent of the systemof Fig. 1 Fig. 3; Fig. 5

is a- IEAI Bct've Vi f'Fan enbodi nent of the instant

'systemg—gﬁéﬂm%&%—é%%t of a human tissue

slice ar at us: S _an

onboqi 1% 2bate enfirin, et fed Bug SRS the Hieskin Aksiagure wil

frecorte mhoreuapsdreste withi Gferéicé Joathe &ﬂloﬁ.ﬁ@ Id@@@lptibhe’déken in

of .an.tissye, slice arrangenent, of n‘tk@dlmsnt of
SR En St e, SOSRTBRAINY Braings Wierei) i@r{elorenep qumerals

ddotssiile dlemenecindys whickw of the human tissue slice
arrangement of Fig. 7A; Fig. 8 is a graphical

repr esiEigt at 0B Sdhentatiéi dibgrant GFCAIgySteRl QRrBNMB¥dIMent of a

%ﬁ LiOUS and intermttent perfusion using a
hip diglarean,sysiFian system 6 WD 2007/ 025153

PCT/ US2006/.033262 Fj r aphj cal
r epr edddt 4t GnPEPESiV |‘f'?‘% qfl%gﬁ'ibﬁg‘”@"éé’if anbemap ttigsye and

Hlodifitial dRghrisydfer Gttofdiny 18%ha thstdie dRicRALk: T i ci al

organ system Fig. 10 is a graphical representation.

of i n mig!3 R PprepesnRNiddlor aA emﬁdauﬁent%f%osibréé%fbr%staned in
24- hour run using the bioartificial organ system and

Ay tssye; @d&'@aﬂpﬂlﬁl@waw %ﬁ?@a@ﬁcatdlwodhe inptantidissiosure;
anmoni a cl earance wth a
Fig. 4 is a perspective view of an embodiment of the system of Flg 1-
Fig. 3;
Fig. 5 is a perspective view of an embodiment of the instant system

showing the placement of a human tissue slice apparatus;

Fig. 6 is an exploded view of an embodiment of a tissue slice apparatus
containing a human tissue slice;

Fig. 7A is a side sectional view of an tissﬁe slice arrangement of én
embodiment of a human fissue and bioartificial organ system;

Fig. 7B is a perspective view of the human tissue slice arrangement of
Fig. 7A;

Fig. 8 is a graphical representation of in vitro lidocaine clearance with

continuous and intermittent perfusion using a bioartificial organ system;



10

15

20

25

6- hour and a 24-hour run using the bioartificial
organ system Fig. 12 is a schematic show ng the
process undertaken by a human tissue slice apparatus

sent disclosure; Fig. 13 is a flowhart of
g‘{]o%iﬁﬁmg{sgrent demonstrating a method of usi ngCTH§2046/033262

human tissue and bioartificial organ systemto obtain
useful results, according to enbodinents of the
present disclosure. DETAILED DESCRI PTI ON As used in
the present disclosure, the term"regi nen" shall be

understood to nean one or nore drugs conpounds,
[ ept i des,

t herap ic._ agent ucl ei c_ aci ds,

net aboﬁgt 8diS Ee 2‘5?51 r%%?eé\t‘%gn Qyin d‘i’tFFé d%@éﬂﬁ gleprange with a
etpubsnc RKitRr Fen @sing €ld b:@értiﬁd:télsdiﬁan dQah esent

i nventor- has di scovered an i nproved nodul ar system

for cFigcubad h@aﬂué@lﬁ@p@@@h&‘bh@i bERSVIEH TNIRRBRcdHtRAbN with a
system for human tissue testing,

é\ﬁl mal s tg %?gate
Pléfra”&“"t‘ 4-hoyr inusied thedyieartificial argan systeshand
di sclo IS to provide an effective nethod wusing a

pl at f or'ﬁ1 ﬁ)l‘s ? GEAReR! sepresrntalian ofayiisr ampamiauplgarance with a
Phb@ arldoa 24 hbat rurdsidihelyiifial Q)frgéﬂqﬁycf‘ié’rﬂpou nds to

live patients. The conpound's toxi

phar meggl agiis £fdpehatiaholiRy H'?eegréd%%QL{ﬁlae'rtQké(ﬁ ¥$ a human
and in vitro animal testing. = However, t presen
tigpue plireanpamtus pthegiresent disslosyre; t i ssues, bot h human
and 25 animal, to be cultured and for the testing of
the cdrigolinig Biowshart plsan embegimentdempnsivating a method of using

Mé@ﬂ&b@%rﬂcﬂ_ Bﬁﬁlﬁglgp@/ggﬁ §§§§m tgrdﬁ@a AULRRY Rk ¢ rding to

FDA wi || ask, at a mni e new rug appl-1can
WOGHQ“tSQEU'@lMQS@th&I ogic profile of the drug;
(2) determne the acute toxicity of the drug in at

| east pepRLEHPBEEESPABNAN MaI s; and (3) conduct
short-termtoxicrty studies ranging from2 weeks to

3 moniAisusedan es praeRdisdes RE (R SH dEERldP Lhal e Rberstood
to mean one or more drugs, compounds, therapeutic agents, nucleic acids,
peptides, metabolites, viruses, bacteria, or other agents that may be applied to a

" cell or tissue.

The present inventor has dlscovered an lmproved modular system for
c:rculatmg plasma about slices of organs from animals to create a system for

human tissue testing, infer alia.

Another object of the present disclosure is fo provide an effective method
using a platiorm for testing of the efficacy of compounds prior to actual
administration of the compounds fo live patients. The compound’s toxic and
pharmacologic effects are realized through in vive and in vitro animal testing.
However, the present disciosure allows for the use of tissues, both human and
animal, to be cultured and for the testihg of the compound on the tissue. For new
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5 of the substance in the proposed clinical studies.

The process is conplicated and costly, w th hundreds
and sonetimes thousands of conpounds being tested. A

Wi tdoetizspda) ect of the present di scl osure is tl’?T/USZO(}G/(]S.‘isz
provide a method upon which a drug regimen, for
exanpl e, a chenot herapeutic regi nen, can be

personal i zed for individual users. Generally

speaking, with .chenotherapeutic 10 reginens, not al

regi mens work the sane way in all. patients. A drug

cocktail that 1is effective in one pa{tpiient wll be
Idrﬁ fc@fiploMAdd, thet FENAT W £3kt apétrhﬁrﬂﬁumT g licant to: (1
é ogilﬂ)?e provides a_ net to test the é’f?ﬁyaﬁfp'% o: (1)

9§ & Rhanmeeolpgic grofile of ﬁmﬂmgs@a deteoninedthp acutenipsicity of the

| td?@g foxt l@é’é’f‘t\% %E)@éléé‘ gf Qﬁ‘ikﬁérlét %glgr@fj{:orﬁ{ucfgﬁérﬁ%ngleigéfgﬁ]studles

each patien
d?%l‘%?@ﬁbz weeke tg Bdﬂ@iatbS,ademdmgam theatroposed dmdtion and use

'Eﬁﬂ%.oﬁxl:f Binckt t7d HObofdd gfu‘ﬁt‘?a?% | Cul@ﬁ%&%%ﬁsda chthpqed and

ounds affect a tissue,
1CF’§,'t with hgndrede apd spuw&meefthdduaadsl bcdnyseunels Heigy feetom
ti ssue sanple, tissue slice, or tissue aliquot :
r ef er sAt irthebpbigct pf thei atesenkgd:nclsym‘eelm torproeildb a method upon

ure e I t ha art of
gu:ﬂit)%‘r {a i ?j rdg Fé'gnr%éanfggy‘l"s%@ﬂ%&aﬁd b‘ﬁ Fﬁﬂ'fﬁﬁ" can be
perssnalizet nfog ciodividaak eisaist l‘Gemarallsb @ﬁemaﬁg ofi tht BRemotherapeutic

PRGBSI, LB LTTRES whlE e Biln B Paflotibgirirag Soarel tht

sozffectivalin ane gratiedt WL beoReffétie tif S idifgbramt Sétk'iiht The present

t u tabolites as
i nf:]%S%%rlif?&laeﬁi'ﬂg Fﬁ@?‘éﬂ g RUTR sjfcpemaha diug seaimen prior to
adrsisistration fepatiehts| fHeraly étﬂlﬁ@ais?éﬁ%? orflf 1Y makiBicttive reglmen to
that allow for testing of hunan tissue and
ﬁlcg'a%rtmp CI al organs are expressly %ntzce)ggl/ 822?53
h nmbodi ment s 8
gbchffJ §&I§8§<gf tﬁﬁ é’ﬂ?%ﬂﬁ gigslogtretin fo pravidera research platform

s T St S S 1 5 gy e

*5@‘5(?0 Pﬁ&*ﬁugg\v UinghuraR sseand

For the purposes of this disclosure, the term tissue sample, tissue slice, or
tissue aliquot refers to a bioartificial organ system or cell cultures of tissue cells
that are not part of a bioartificial organ system, and particularly human tissue. -

In accordance with an embodiment of the present disclosure, there is
provided a human tissue testing method that uses a bioartificial organ system for
evaluation, detection, and testing of drug candidates, drugs and drug metabolites
as incorporated by reference. The system has a human tissue slice culture
apparatus. Other similar systems that allow for testing of human tissue and
bioartificial organs are expressly contemplated. Moreover, in other embodiments,



10

15

20

25

realistic outconmes. The present disclosure provides a
met hod for human tissue testing that 5 provides a
way to personalize chenotherapeutic regimens in

wishowtgdygh patients, to predict toxicity of P@TfUS:Oﬁﬁmsszﬁz
compound in normal tissues, and to study diseas

According to an enbodi nent, during surgery, for
exanpl e a bi opsy, a sanple of tissue is extracted.
The sanple is sliced into a plurality of tissue
slices. Various chenotherapeutic reginens are
applied to each tissue slice. After the reginen is 10

R Rleficle bNehd Basd E sadehf df?s"cfosﬁ getﬁée@emﬁn&ﬁeﬁﬁﬁ]al tissue

effi cac¥I of each regi men. nparing vari ou
sagplren Howsyes brmianzisgue isen@streéﬁeaw@for gettiog wmlmmmutts and

ggﬁst%egdt gk based on the results fromthe tests.
@] Ications for a chenpsensitivity tester are

to st U?He %E%e Yﬁksﬁﬁ%ﬁret e?ﬁlv@'ggy n%ﬂﬁ)cﬁw% dtﬁsa{.le testing that

eval uate st opat 1S a s
prepides anvay ioperednalize gheresmerapesm tegiméns innindividual patients, to

T T O g

tohan bmbndamrrb,r ddring anle'ryn foi exarapltay bidpsy s aatampkaof tissue is

el ot elio R B8 B il B cBEuiy B, ovarious

GIBGM&eraﬂel(t&aegiFn@‘% aréAamiéd iBeash dsilensig. Waek tHealdgimen is
n 20 |or%$g}§%15 As C Iture medi um

H%Q’H?%?r %JE@Q*% HEFOARAT fraipe tog g E’éﬁf gt @ach regimen. By

dmibaﬁﬁmﬁ(@bs reginthst PefdonalizEd bﬂ\embthéﬁé@‘étn‘: Re@mens may be
the tissue slices, which allows 1issue

ont agt
BR10p8d" b35ed) Qe Tostiy fom b dsiboliner Rplicalioss for a
chBio8EnkiRaty tbster bféetocé{hH)H BRd @@Qbﬂi@ to@éﬂ.‘}g ediﬁlt sﬁﬁ‘dﬁéﬁd 'e§aluate

introduced by gas valve 151 in the top
eRAtaRlogy.25” Al't hough the gas valve is shovvn in the

top of_the chanber, it is also contenplated herein
that fife §al§ dasehernalin depesemation ofi daigofesiont eyatern 10 in

aeBGdSAGTRA th g‘?é’ééi'l?‘éhscﬂgmé jﬂ?o Elzﬁﬂ%lrafzec@ﬁﬁé miédium 13 is
pr event Ieakag ul um e gas Is
intragiueed ity theybioreactor 15. Within bioreactor 15 is at least one tissue slice
apparatus 20, which comprises at least one tissue slice 23 arranged between two
wirer meshes 21 (see Figs. 7A and 7B) and placed vertically parallel within
bioreactor 15. As culture medium is introduced into the bioreactor, the culture
medium level begins to rise unfil it comes into contact with the tissue slices, which
allows tissue slices 23 to contact a myriad of compounds that are introduced via

the culture medium.

Oxygenated gas is introduced by gas valve 151 in the top of the chamber.
Although the gas valve is shown in the top of the chamber, it is also contemplated
herein that the gas valve could be on the side or bottom of the chamber, provided
with an appropriate seal to prévent leakage of liquid medium. The gas is preferably
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WD 20071025153 PCTI US20061033262 a m xture of 95% 02

by vol unme and 5% C02 by volune, and is supplied at a
pressure ranging froml to 10 ATMto the chanber

Wor 0elghsishe gas val ve and di scharged theref p8fusa006/033262
while controlling the pressure by a pressure

controller (not shown). A solenoid valve (al so not

shown) may be coupled with the pressure 5 controller

to maintain a pre-set gas pressure. Gas sterilizing
device 18, for exanple, a syringe filter having a

pore size of about 0.22pm is preferably installed °

4 TR YF 58, E9byt ol B 8 bt MR ot o
pressuge Tanging lirogad ot €0 iA N ite ghel shamber throgglp s phonelte and

0ot RN R KR Ton PN Rkt By SbHRLLEE doioller rot

pr ess e reser
M) I Azsnlenmd @rhlveh@km ssUehmMm)cmy ba noupldd nagtl'h thaapressure

PRl | RlobRP 3 bifocr, b8 itk e 048, sk vl e, for

exahiple, & syeitipe fiterithving @pymm efiatgas 0.2Pjen, lis preferably installed

.cul tur or the

i s el Tl 1 TS ot i dbershis stfing Mg bl cbes to the

chafmbes. Gas &H@cﬂd valve thrwitighas bﬁamﬂng @kvickel g kapdstioned on the

Ea&h is %ﬁg d at regqgul ar r]@irvals ; t hat - each
TRRAYMJEH apf sefesdio qqualize thapysseye hetwesm tha (psegyoir and

duliBspRgeéum and to the gas at an exposure-tinme-ratio

rangi ng from about 1:1 to about 1:4. A ratio of

about slaiibf 61 lisdic hodAmdRiTy OB seudds an important |
effective, and a rati o of about -1: 3 has al

feature ehiigdnyention. dhe dissug slicas ?'ﬁo@%r%ﬂﬂ‘éﬁ’rn@et%@%es of the

cﬂffu@"fﬁé(ﬁﬁﬁn il 2 &q@%hh@drddé Thé 'ﬂhtﬂd ‘i:t]ﬁur@%%hms Bf {he plasma,

l evel of an artisan. Punp 19 controls the
iy pupplind; treughetheurrsemiar inde éhe shamben aadtmgs%ggnat@é gas is

slipplfddt fF eth¥ tgyﬁ B@ﬁf‘éjcltncﬂ'glgés}z Eg@]g?s ﬁ@téhéﬁeat nguiHmntei]rvals S0

correspon S rou abol 1's

thatesehtof dhe bumsn ﬂ@swymﬁﬁt in enpossbaliemaaietyuiodhawagdivm and to
'tlﬁiga? %’E‘Eﬁ re]f;(S %QS{rrééJ #@% ng@?‘*ﬂ%@raglogﬁ"ﬂr {tf?ﬂugq B ratio of

ahnmvm215doaamet $:5cb bas beel founyg tolbiel affegtive, reamg a eatip df about 1:1

lqulsl hég %fsot feen found to be effective, although changing these parameters

are certainly within the normal skill level of an artisan. Pump 19 controls the flow of
the culture medium. The rate in which a tissue slice is altemately exposed fo gas
and cuiture medium corresponds roughly to the rate of metabolism.

In the present disclosure Waymouth MB 752/1 culture medium is
preferred over plasma. The particular choice of the type of culture medium or
plasma will be ‘known to a person of ordinary skill and may vary from cell type fo
cell type. To prevent central necrosis, the gas mixture described above is 95% O,
and 5% CO,. Since this mixture may produce free oxygen radicals, which are

10
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cell type. To prevent central necrosis, the gas
m xture described above is 95% 02 arid 5% CO2. Since

‘this mxture may produce free oxygen radicals, which

20071025153 PCT/ US20061033262 often tox
t@gﬁtﬂliogu\épculture cells. For example, with |}’€'1éfPS2006/033262
sanpl es a high concentration of gl utathione and
vitam n E, as oxygen free radical scavengers and
anti-oxidants, are-added and supplemented with 10%

i nactivated fetal bovine serumand L-glutamne. 5
Referring nowto Fig. 2, an enbodi nent of a human

e.a ioartificial an system.10.is sho )
Bl G BB GulhirS, Slsm Pl DemPoauty RSt Somks a high
dmneémeatbﬂrcﬁ gkatBicheea@d/itamin BCEH 6Wen3‘?eé Fh%ﬁcal scavengers and
reg tes tenperature and humdity w.th

Is,| feunedsst agg %HPIP@WFE%%MW 80‘?%%03‘!%*9@' Hgtal bovine

@ﬁnﬁlahﬂ([n?u@h"@e bioartificial organ, ensuring that
the bioartificial organ is exposed to optiml 10

condi ReIEFing HowModid.| 2, tan ePdirhéRiof alKLAnSA BsstR 4Hd lﬁoartlﬁmal
suitabl e i ncubator systemfor tissue culture is wel

aegrBnBYStemt teis showan digastiiinial csgam sysipindd ceawrises poe. or more
. i e
bidréAQ§=2AM 4 Bls?g§éd7 ﬁéﬁ%l Br 3@%%@5}:@00@%&’@’(0@ &nd humldity

bl pr eactors oreacto S one or
wilhira the ichambes | Ingekator 3% allpwe siseRotatregulae ther n@wdltnons of a

b 'agﬁff\;\éeﬁa?t&haljrseﬂQumﬁfttheﬁnﬂedB%Tgﬁ?%F%r]{]ﬁ?H? ){p%?%d to optimal

ase corr onds to
conditions - ﬁ:m iability m@bsmmtﬂml thoiesx 106 sesuitable incubater system for

o e e S5 YRS R BB ™
0w ERARL T e Ol ARl v oo

bpyeroton Ehade patioo moré dumexdisstie S!IG:L‘SI mgsammes dRotator 30 tumns

OB 1, e EpAe T b Bhienoncs o

- thectiyne Hiat dhe tisdughslico iy bhbstmrdI?EH@mm tbQ:UItBt@M@Hiuﬁ[ﬂleevwse,

ra Si.m | ar a ul ture nedi ratj os
eV bk dor Ebesnds 18 Bpie e et sies Basubatariely Sxposed to
g@é f@@ntrd!&ﬁ@@lﬂ@raéi PR&VicRIsi &Y iSFAcE T Sont’dliingi the parameters of
nrch%ba or 1a0nd cu{ t urFe medi um
bloa cia organ sys em operation. For example, using control modules, the

- time period that human fissue slices are exposed to gas and culture medium may

20

25

be regufated, which roughly corresponds to metabolism rates. Similarly the gas to
culture medium ratios may be regulated using control module 34, as well as other
necessary operating parameters. Within incubator 32, gas and culture medium
supplies are provided as would be understood by a person of ordinary skill in the
art.

Turning now to Fig. 3, there is shown a close-up view of a bioreactor 15
installed in incubator 32. For ease of ingress and egress, bioreactor 15 and rotator
30 may be affixed to a plafform that slides into and out of incubator 32. When

11
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supplies are provided as woul d be understood by a

person of ordinary skill in the art. 25 Turning now

to Fig. 3, there is shown a close-up view of a
®twaskps 15 installed in incubator 32. Fo C‘F@Sﬁ)os%sszaz
i ngress and egress, bioreactor 15 and rotator

be affixed to a platformthat slides into and out of

i ncubat or 32. When 11 WO 20071025153

PCTI US2006/ 033262 installed in incubator 32, each

bi oreactor 15 is connected to gas and culture nedium
supplies, 36 and 38 respectively. As shown in the

. @Qgﬂgﬂ ’T}?%m&) tcﬁ' ach g%?%c%rvﬁé%%gé%% fo[ %ae a%gd culture

I'ssue slice appara us ¢
ey s@hlieds36 andv38irasgectjvel, Asraiovimo irdtf&)ﬂhbmmént 8f Fig. 3,

PR 1 U TR bRt Sty ambRlan o it oer i elinite to oas

supplyest) Asgsewalin Fio/ 33 ﬁIa&ﬁdfd ggstevad ¥ Bdisgvbed Seewé@f §ak vaives

foontl St el 8 T ftes 1B, B rerebdesrae i frsiaed between

ga"seyup'plgslsﬁ aﬂﬁ%@&lm%s 51 dsm@@@dcmﬁkwﬁ@dagm VHKSs 153 are
medi um sup 6ﬁgnd cul ture - iﬂl um valves 153. 10
SARPRTIRG t atq‘z@ﬁﬁ RS SHRPIERE, Cylture; medium 8itarh ifrass Areviously
REBASLATRS ldisposed IRMEST Bhluke- mé!ilhx'iﬁoé{ﬂ:lbly'f@ﬁyand culture medium
configurations are available and w |l be under st ood
vglres 19ér son of ordinary skill in the art, the

enbodi rrent shown in Fi %p 4 conprises a--plurality of :
human HUreg ctiantieR poYpapPaFigs Hhillefrrs shown aaeembgdiment of

b@reaéap 'i‘s tAIﬁﬁM@h @éﬂf&@ﬁ%@h%@&%ﬁb éﬁzﬁw.aﬂi% ugge?rstood

formed by a seal ed cavit when bi oreact or base

by fupeyEon ehetdinary skillin l'%a%rtbe iembediraem sbowo .in Gig 4 comprises

<43y K ERASRLE sulo BhRLAS cRABER 8 (Ba g R
sligspapparaiscihamber 15§5s ff@‘mﬁd‘lby pLasptesiecayfty pyhwri bﬁpn@ctor base

' 'IBZSM b%féé& t%%{?é.aH?,éd re n“téljcﬁrgﬁég:ltefde dé' sé 3’%&%&? 352 may are

tmallm r@nnedemm\gasvma)plys%and am |ﬁ|gasdcmnmuuru:|aum hdth tissue
gbﬁdrgtﬁg %h?an%? 1%3%‘{@:3 urpose of providing tissue slices contained
in tlssue 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 to embodiments, bioreactor cover sealers 159 seal
bioreactor cover 158 and bioreactor base 157. Bioreactor cover sealer 159 may be
an O-ring or other similar device that prevent fluid leakage when bioreactor base
157 and bioreactor cover 158 are in an interconnected configuration, and when
inverted the actual choice of device serving as bioreactor cover sealer 159 will be

-understood and appreciated by a person of ordinary skill in the art.

12
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20 chanber 155 and serve the sanme function for
culture nedium as gas valve 151 does for gas.
Accordi ng to enbodi ments, bioreactor cover seal ers

05@3 b| oreactor cover 158 and bi oreactor m o
157 dreactor cover sealer 159 may be an T ﬁ@%@”ﬁz

other simlar device that prevent fluid | eakage when

bi oreact or base 157 and bi oreactor cover 158 are in

an interconnected configuration, and when 25 inverted

t he actual choice of device serving as bioreactor

cover sealer 159 will be understood and appreci ated
skill in th

5505 D3R LB bR bl end miRen sosue s
epdmdimeu:nanstimmsu accbimmodatese 3t: hedat mal fidseigUgtice | Agpratus 20.
commo east. one

ar at chan% éﬁSS asi éhues 6
IR iniiBraonnciil, TRse SIES APRRERNS, AP Pa¥ Beingaiieskinto a cavity
tormB‘vgeaSﬂ»art:@f ABHR Blicks apSarthl Bfarhb&e158 th ibMrBador base 157.

avi a part of tissue slice apparatus
Koo 1o 8 Sibtartarh Smacgimesiie SDole Nisnag Bosis sigs epparatus 20
is NAsERMRite féécﬁ N&ReHE r}iluraﬁtys b Ehﬁ\ah uﬁ@ﬂe;éiﬁ:é Ushprhtt€es 20,

apparatus 20 is inserted into each cavit
’Eff"!ﬁ“&ﬁ gy dre eiRioed ik augingle l@@reaatmaﬂﬁabmmmog a plurality of
tReUE Bt apFaralle &Mb‘éYse?SS th & bidr tSr s, of{l&?éfﬁ@ésslﬁh@ Present

yroviding a pluralit t1ssue I ce appara
sonsgnplates mnﬁguwﬂm QbeIOMmEZtrh‘eﬂr éh& cdn‘npnse various

f rations
RIERASlof hRE 330 SIGOMHHRRBUE chfib R 454 i leyE umbers of
tisswe alics sppasalises e0gepAumandisshasher apidratusashdmber 155. After
[ n e ue sI e. ar at uses 20 r
el\égbrat%é fas%"ﬁr’g éﬁpa@gtugp%osﬁ 2T pﬁrgﬁw §§§Lleeﬁ"‘p'eeéeﬂa"atus
chagbes $55,diomaphr abusr ﬂiBhisfr:tr;tenemrteetbdeﬁﬁ biargadtor base 157.
| SS ice Rar at a i or eact or
RS R R RRN B, 1808l B aSleRbor Gt sepr 150
B@sreectonu@nmynhaa be qb;acbu arite ardubatol 521 dhdsnnesteWhvith gas supply
tor ver se 5 Bi.oreactor

P % BRI sHHEH S el iperBentn aoas gl contuties.
38 and

Cemer PRErEyold o erTry HihdBcHianm U 81 aivesment in Fig. 6,
hdemnrtisbes shadagsaratie\oo My 26mpiise & 1Bty &F ikshes®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 thickness of human tissues slices may need be optimized for each

protocol and may vary from experiment to experiment and tissue to tissue.

According to the exemplary embodiment shown in Fig. 6, two meshes 21
form human tissue slice apparatus 23. The tissue slices 23 are disposed in the
lower 40% of human tissue slice apparatus 20 according to the exemplary

13
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human tissue slice apparatus 20 may conprise a
plurality of neshes 21. Meshes 21 may be nade of
stainless steel or other materials that woul d be

wooub¥sa 20 - person of ordinary skill in M’]]‘?Us%(fsmsszsz
as described previously. One or nore tissue slices

23 are placed between adjacent neshes 21 and neshes

21 are clasped together with tissue slice apparatus
clips 24. It will be understood by artisans that

size and thickness of human tissues slices may need

be optim zed for each protocol and may vary from

EMBSJInERN ITHI® BRG] 4 LSsug:
Accordi ng to tcheﬁ@;'ggﬁnaglpgi eé%r?b%%?ﬁgzn&i 915 '%33\% Iglﬁe’%_?pdzfaratus 2?

gsurgithabibrdissug sliceds il @rpesad todeeh e drp and vt aycies.
23. The tissue slices 23 are disposed in the |ower )
40% ofFigraiméf ends{R shaw sirailaiapmbadinmniaceiohdinag fssue slice

I : 7 /o
SRS T 3P AOUHAELR T IR 45 s
hased uen $he cimapsians tofighe Chambenr Eeeseh divo trestidss sree preferably
. N _ ¢

S8 bl ST RSIRACIE HARdh B0 025 mm por
dinerese, Bsas sinbodimenf ptheatmesh@d ard \wesdeal td easurst ealsistent

h ' . whi b 5 d .
AR e B efles 5 b LR 3 0RO B SeB33 or s
emr?ggpqi af an ahieyl%lydasrﬁtlralg Q@hﬁitﬂo p@bsidets @re gbﬂ‘g@md on each side of the

enbodi ment,. t he. neshes have abo . ore,. ;
HEAR VSR i Wi SEREBLIREO 3% Haniel the irgar s slices,
bub alasier Bold dheinsbefidiently 86 RigsiSthePalorBeNgsERBSfed2awhy by the

e slices %g,'such ds |iver slices

a pluraljty of tissu |
g pedium, Allnayehdrigs TASNLAE IV Antsiabiehiosmal gumber of
8Os LiicRePosiflorRAL beficdd e HiR8hdE RUSRB bé SHdBrsidddL Rt the
egth enclgutgh roomso _as to not crush the human tissue

ciengy of iHatapRRERuS &5 Hependant MPenfihe diumkanofsigspn lices and
1788 i C i - '
ShPS e BenBbud iots o e NI, Sl s 21 ar
shewmdt isgontemplated thai asnypken ofdneshesst hwsey berised. If a single
is usbd iiBist Shao. t L Cs cas 2
NI ik ks KRR LRl b s 23
thargly fermvingce spagedand to retain them in that space. For example, the mesh

could be formed in a suitably dimensioned U-shape.

' Human- tissue slices 23 used in the present disclosure may be obtained
from a suitable source, depending on the intended use of the apparatus. Human
tissues are expressly contemplated and may be used interchangeably with animal
tissues. However, those skilled realize inherent benefits of human tissue. Tissue
slices 23 may be of any size or shape suitable for maintaining.the viability and
essential functions thereof. In the present disclosure thickness of tissue slices 23

shown to be effective have a thickness rangi-ng from about 10 um to about 2,000
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15 sizes of the tissue slices enployed. Additionally,
al though two neshes 21 are shown, it is contenpl ated
that any nunber of neshes 21 may be used. If a single

MO% sis$ used, it is formed to surround, a%c#ﬁ?z%%osszsz
ng

partitally, human tissue slices 23 thereby for

‘space and to retain themin that space. For exanple,

the nmesh could be forned in a suitably dinensioned
U shape. 20 Human tissue slices 23 used in the
present disclosure may be obtained froma suitable
source, depending on the intended use of the

R B e MR AR 4B B LA AR S Bt 1o

'daiﬁmmwin partiasier slperibaentseal i ze i nherent benefits of

human tissue. Tissue slices 23 may be of any size or
shape Ehe brdsbﬂt dflieclosmreris daallip gutide to/ hidthddst oF t@Bhgfhe toxicity

t.i al reof. In the esent
SRR it fiuign 1 |eaihg M acromplisserb by 8Xpasia fissus siess to a
dﬁj{;eﬁtdrt@ chadigaie i 6lssaeiRg RO @bNEy bf e s d@had Gver, to
t 2,000 14 2007/ 025153 PCT/ US2006/ 033262 m

Phple 2 campatind Hiielh G A o metrhalitesoeangbs Agiected. For

éi@ﬁib!é’e%\ﬂirﬁblﬂﬁd ah@ i8bEARE | ¥R | ddnRABA | ‘éHthunds that can be
experienents. resent disclosure is ideally

@%ﬂ@b@'@e@d)vdﬁaﬁbwvef Thedellawing axamples @hw thertqstsng, as applied
8 iveRERiRRY TRbsd <Kiied- mTﬁ‘l% éﬁs\ﬁnll cbgfmf& rug c n g@/ present

exposing tissue slices rug” or -
oh%?épmawpmmtp@tmqrgms of the ti ssues, such as
liver, to metabolize a conmpound, which conpound or
its mena®eer t’i@sfee‘hrﬂwod}e&rem‘lé@ r@menexmﬁhe tissue slices or

feHeiS, B Rac bhe LoMbindie SR SPTRM UHR Bk ot in the
b@@dﬁ'ﬁﬂﬂi@fmstmhd\ﬁ@ﬁ bteggtaamumdpﬂm@élapsfals data is gathered. In
cph Bhpeiihéthe EARROAK /S qbikliganr L ! Mecoom ze

i
£ O W5fecMang!dh A Sfesh shrlr SUEAPIEHARGHRLfg ot or
comparssinianmgirisonapfptheedataopravidee det vanieud utifilies of the present
d%lc'ogﬂ%t ingluhﬂls for example, detection of mitotic activity, cyto-toxnmty

parameters, and histopathology. Once derived from the data, these resulis are

- useful in formulation of the most effective chemotherapeutic regimen for a patient,
_for general 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 ufility of the principles and apparatuses
disclosed herein using liver slices as the tissue sample. The data presented in
Figs. 8 and 9 demonstrates the ability of the bioartificial organ system to clear
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bioartificial organ system After a predeterm ned

tinme el apses, data is gathered. In each experinent,

the conditions nmay be duplicated. 15 Once the testing
w0 manksissssue slice or aliquot is conplet edPCM}%oomsszsz
data are conpared. Conparison of the data provi

for various utilities of the present disclosure,

i ncludi ng, for exanple, detection of mtotic

activity, cyto-toxicity paraneters, and

hi st opat hol ogy. Once derived fromthe data, these
results are wuseful in formulation of the nost

ehﬂb-ne \weec theeD Sheilap e Figl qor%mﬁeflx%reésé’ﬂ t&i¥entréfibn being

er al I‘edlCtIO of thetOX|C|tyo gl ven
?‘Pﬁ% H E@nﬁ@‘ﬁkﬂ smg.th;g§, iipyivo physu)logy of samples.
G&raﬂy rﬁgemﬁﬂbﬁwonéﬁéte§ %ﬁé’fﬁblﬁt?/r v Le%lchﬁﬁ?s U present disclosure

Pg{cﬂ* ¢ %ﬁ%ﬁh dl hagﬁ% %f%ﬁeni%meﬁwer Bfﬁélnaae uei inerided to be
linfRgr (& Héﬁl%ﬁst%te e Qzélgéiée&l{sqgé i%cg}ﬁ?i;%'o?meoﬁ%s%rﬂ disclosure

the Informati on derive

Wl aghigreq but Merqly tmdelpp@@raém theaaqiievedustiiity of2Be teachlngs of the
9#e%6h%§t§li_oh§éﬁ% glt % lgf;dggg% %Haé %n&lséo&ig&%ﬂéﬁ%w@ aceomplish similar
E&Qpﬁhtﬂé@f igurafioabiol ¢anfiguration ¢hati rarndtfaxecty dopipative of the

ﬂ%g}?&eﬁb&ﬁ&@{n 15 WO 2007/ 025153 PCT/ US2006/ 033262
calne over finme. Simlarly, Fig. 10 shows the

BT O S T Rl s
usengfi the appﬁlahla,ﬁelswsd%ap.d I‘h‘reldekomﬂhgtw%ntérﬁb@ﬁhhbhﬁ Yioreactor

g{et O)‘}%fd)%} amoni a. aonl'ﬁlés%a esegé it :g‘laﬁ‘ r 5%93‘7@9’115 may be

ld@ni:cﬁbtto i erbotimentso dixeloSed i areinngr Qﬁhéii]ro agﬁéfﬁﬁ.%bﬁ akfth simitar
t he present

AioRahy oGS chntous sd B P%@F%P@ﬁ ceitie fapdumaegervoir 12

vthmsh aciiaze el sup;bly Idfy:uﬂuret mediifRAtcBiingfo ERBodiEREM which

bgdfd osur e. nt ended t hat vari ous

ﬁ?ﬁ’%h?%l?%ﬁ%s %H"ffa'&w Hpyessiics; apagatus chambess 155 wifferent
Cﬂlwﬁ’bl rgediain metV@IIQQﬁ%Y BenabY €13 SEJB cﬂtﬁré“ﬁ‘fef@?@ﬁ&h&ndmg on

pI|c tive of the ata presented herein
HoWPEETE; gPals 2f theepEPEiMaNosptialh Erbcample. atooading " an

eﬁ‘mbbmbrft Obioreactor 15 comprises 6 tissue slice apparatus chambers 155 (see,
e.g., VFIQ. 5). The first chamber may be used as a control wherein cufture medium
is supplied with no additives. The other 5 chambers may be supplied with culture
medium containing a compound to be tested on the tissue slices 23 such as
lidocaine or ammonia in various concentrations. 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 reéults. .The exact ‘

experimental design and protocol, however, are configurable in many variations as
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use of the apparatuses disclosed herein. According to
an enbodi nent, bioreactor 15 is |oaded with human
ti ssue slices 23 and seal ed. Bioreactor 15 may be

to enbodi nents di scl osed herein or oth
gg%gé‘)g%{g%s with sinmilar functionality. Bi oPEyPtS%S’PG/‘m%Z

is connected to at |east one culture nmediumreservoir
12 15 which contains a supply of culture medium
According to enbodinents-in which bioreactor
conprises a plurality of tissue slice apparatus
chambers 155, different culture nediumreservoirs

mﬂkb@ Hﬁ&ﬁ“ bﬁd %HQ@S%’GC%%J# éefsnﬁ(yf lé%‘.ﬁﬁr& qil ln&'a? art. Accord;ng

he speC|f|c oals o per | nent

g& P@'meﬂéﬁi ar hg may be dispebed babtvien mm@aﬁdgjne Yoservoir 12
S£%0 i ssue slice apparatus chanbers see,

ﬁg@gfdé , Fr|6lg§3t 5). The first charrber may be used as a

contr Obudf@ﬁtﬁr‘eﬁ‘sq 'élétg%oﬂﬁ%oer to 93’%%8%!%84#“ eéa%sluﬁply may

addi tives
SHAPOr gassag dinunvarinusai combinatioos npnd ndohcerigatibAs t GSchH ing to

SR c R IR v B e Tyl S5y e upely 40 may be

rious conc
Qqnslggf@d telall dissue pmapmrammn&eﬂfﬁsgrgﬁ'e\}é?théhw@.@' & pfirality of
Qr aer 0 ave

sl Surpfigs 5 iy B8 et hSayRd apd eisa o b sKpogoMtakdesion or

pralotolc lAcanrchmgsSueede:dm@n&DﬁméﬁH'&S n@vaﬂée&sé&s’édf b&Ween gas
results... The exac

; Ing.retr evI of ]
s@'&g’é rﬁ!ﬁ'tqﬂ? dg and protocol, hmflgv\e/\;) 286?/ 025153

o) F IR o5 InBan, B @35S RHBRIP R ahleron s bpparatus |

chambes t55 d:flor@adloﬂdﬁylss idubaica ?&eaabhenAgéﬁécﬁ'd’fgnmEP During
Nt s, Iter 18 may be di spoSed tween _
*@@B?{iﬁrb ¥l slrescueralismalaly expespdhioopudizes orediBn and gas. This

nﬁydfsi‘@éﬁoﬁfphéﬁad n rﬁhﬁﬁie%ﬁe Ebegkdnplad: &r’hﬁré HidBlon 494 gas may
|

(3as. su asses vari o
bg d%?%gtqr%in%ecﬁﬁge@oﬂ&m’fﬁ t$pihat gither gasngr tcuiture medium is in
e “'Fggé‘ggaﬁaﬁﬁfé’iﬁﬂﬁe'a% RDARY 86 ben TARL Blertate G pigreactor
é %% bep fiated uso éh%in’ﬁ%ﬁﬂ@ $@Bplebicarer allezhatety, eRposed to culture

mBlihRhhd Ya®lwhich are both held in tissue slice apparatus chamber 155. This
may be accomplished by ensuring that tissue samples 23 occupy only a certain

‘volume of tissue slice apparatus chamber 155 so that it is fully submerged in

culture medium in one configuration, 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 ordinary skill in the art.

At various pomts during an experiment samples of culture medium may
be removed for testing. According to the embodiment shown in Fig. 12, drain
pump 60 may remove an ailquot of culture medium. Once removed, culture
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gas supplies 40 may be used if desired and called for
by experinental design or protocol. According to
enbodi nents, filter 18 may be di sposed between gas
Wb w340 and bioreactor 15. After culturg %9&0%}633262
and gas is supplied to each tissue slice apparat
chanber 155 bioreactor 15 is incubated for a glven
period of time. During incubation, tissue slices are
alternately exposed to culture mediumand gas. This
may be acconplished in nmultiple ways. For exanpl e,
culture medi um and gas nay 15 be injected and
I eit

TR Rl Sh o€ ehuifieh M Indi 08 il SnBlre o bififfe ap 70

'ﬁhgreeﬁer gfna/euiture meedivkhtadigpat isl held bBindrtestetion a ffece®sed culture

ASa FoBahat hnds G X568 ot oS bipsbaptor 15 or

tiistatded. Filteys 18 didpiosed wﬁthwt&é lsystéhﬁﬁbﬁfald%nhﬂy' his may
be acconplished by ensuring that tissue sanples 23

~ occupyAnrdmbaaimenitshownZif. Fd, Lﬂrmlmétrdtessa Ufethbd & testlng human

t hanb 155 subner ge
FHR0EL sl AR omiindR St tarioRe: B e, SXoIgH method,
tissuatsanipléd & éﬁid%cliﬂﬁm‘g?@uﬁg@ngaﬁssueﬁb@preﬁerred o be human. For

denonstrates an enbo %l nment reflecting this ide
SRR rorgrede BipnRlized © r@ee%@%esmm diegbe is removed

fﬁdm Qﬁe @E@@ﬁ%ﬂﬁh&ﬂ th&é@héﬁ%'t@tﬂeoﬁéai@ﬂ Fbi éxérﬁ?l@ cancerous
under stood by a person of ordinar

f{Sﬁiée mew be eemaved andRipoged e 8 \aietyrf aancex ngwiivg cocktails
16 VSRR The Vst HEStATPRY Lﬂ'iﬁ gﬁﬁﬁc Be cér%@?Y@Qe& oélrrlj_Jagy in toxicity

testing. According to the |msn shown in

_tqﬁlngoaml!ﬁatloaﬁnfgﬁsge fresy ang spitablahumanceraniosl bestinaebe used.
| 7 :
PCTld@oocs 12%‘%@%2&6%’3%& rﬁsﬁ%‘g ”hagvbéevégr?éo 53‘%‘9@?"?33& Gnpound

intleemed safeeintanimalcstidias chliran isdie samplepna0then used to further
t.;rga% $Sthe I:J?ﬁp&}Hdt rs%b %gm aliquot is held and

tested’in a p cesse ure medi um reservoi'r

I SpPO

Once t d t B ?%d BB{éfﬁéheqnélt?%lﬁ%Iogtﬁagﬁ'ngF éuﬁg{;é)ﬁes or in

di scar e syste

pmedumsndésignad ispgcifically to obtain the tissue sample, for example a

biopsy. For personalized chemotherapeutic regimens, tissue must be obtained

from the patiént, necessitating faking a tissue sample directly from the patient.

either during a non-related surgery or during an operation specifically designed to
obtain a tissue sample. Other chemosensitivity applications may use other sources
of tissue samples depending on the particular protocol. _

According to embodiments, adequately sized tissues samples are used to
obtain results when various compounds are tested on them. Such resuits,
including personalized rﬁedicine related matters, are within the normal skill level of
artisans and likewise may be found in at least one of U.S. Letters Patents
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5 An enbodi nent shown in FIG 13 illustrates a nethod
of testing human tissues-using various -conpounds
and substances. In the exenplary nethod, a tissue

S Boks3ext ract ed during surgery. Tissue i?CTlUszoom}sszsz
preferred to be human. For exanple, to create a
personal i zed chenot herapeutic regi nen, tissue is

renoved fromthe patient for whomthe reginmen is to

be created. For exanple, cancerous 10 tissue may be
renoved and exposed to a variety of cancer fighting
drug cocktails to determ ne the best cocktail for

NBE, 874 668 90311 H od 53 Pling SidBbledr! don!d) ufrief] Sl boressly

testing appgl orls, tI'ssué trom any Ssui
iveorporated hereirt byrmjerercaias if fullyAet torth egeino
enbodi nents, aninmal tissue may be used initially.
Aft er @ncempoavet from the gabidnts ﬁf&etf&smeeeaimmda issslicedas, otherwise

d t 15. t est .

R it S of BN T b, 1 86 oo oo P o

iﬁﬁlyerbmdodaimilp edltirad i ésdual slice appaestus uhgﬂbere‘p‘s&hn&! Ibicreactor

B AERAER BBES B IHh bl sl D' 2 e e

ufhmﬂﬂﬂ:lb,eﬂlqﬂleaﬁv&tlsrseeIsl'r@éiﬁalldwssrfds&aﬂ?fhéﬁs 4 QdHerst8 Expose the
ati ent nec I n a tissue

h
el s gks o gt {he rah levehwaererias oalweriabls at play

mﬂmrﬁa?irﬂére@urﬁmrsww. or during an operation
specifically designed to obtain a tissue sanple.:

O her THesarReNSd fasulty o7® Rinaf2bi OpBecams ﬂr‘éeot%hﬁa’nable is the
squrces . of tissue sanpl es dependi ng on the

PUMENC GRHNipEtth e, PIRSEHE diiFgose e Risyilese At powerful tool for
edgRatien HeVeffibd§bfldash @%nﬁ%@%&? c@rﬁ?aﬂéa &4 oﬁ%rt\/ﬁiﬂl@ rdbimens.

results when various conpounds are sted on
Marepverckegause the presat sysramy aﬁé mssheds ar@cﬁasmemtn @llow testing -
af %ﬁ@bﬁ‘é’ad"@ygﬁ‘%ﬁ arf fn %llhg' F FTﬁ}ér ke Pgé’&{begf in the

artisans and |1 kew se eas
expraplesebelons Fawssntiging 1ﬂle\matbodqoamnamaratus of the present

dP%&%%@é&éﬁ%@ ggrbcj\lg%x;t eagi 969 rﬁﬂ 5tb§llg vggngey mitotic -

activiiyr p@fha-tt@(!bﬂyerparambtyers.eﬂmt&mtbolagy,l fanfdulrhgnys etther related
aﬁﬂfcﬁﬁo&eﬁﬁhg organ, system, and organism level. :

Accordlng to an embodiment, a system or organism can be recreated in
vitro using the instant techniques, but provide results that are indicative of in vivo
processes by using tissue slices from a variety of tissues in a system and
connecting them in parallel. Connection occurs via transfer of culture medium from
one tissue typé to the next, which allows researchers to observe the stepwise

effects of a regimen on various organ samples.

According to simifar embodiments, tissue slices or different tissue types
from tissue slices may be combined in single tissue slice apparatus 20 in various
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Once renoved fromthe patient, the tissue sanple is
sliced or otherwise divided into at |east one
al i quot of tissue. In an enbodi nent, each slice or

w0 Morpd2s15% 1S then individual ly cultured. inpbkigsia6soz3zes
slice apparatus chanber 155 and bi oreactor 15 as

previ ously described, such as using the nethod shown

in Fig. 12. The use of nultiple, duplicative tissue
slices allows researchers and doctors to expose the

same tissue slices to conpounds at the organ |evel

where the only variable at play is the reginen

Remhuiationes. eExpe]:Ih‘le'Fh@rcéathbeﬁypet\b@Jld eflleWt fesdafchers to control for

bl h
H01e/8S 1y B ARG silGa ol df B SauFenrapRAoeugans horapeutio
pppiations. tTred miafy vaﬁﬁﬁ’ddﬁhltﬁﬁ usBfehd 'aﬁasaétﬁeseﬁﬁhmethods of

ven regi.men co to other via Fegi mens
s SBserCagdeneah the obseain of thecafiastal and iy af esgimens
dilishg iRdelstocy b?\ﬁ b&ESH 9 orcﬁﬁar&tlﬂkllg{gg@r@l %r§ géahﬁlgtf%atﬂ% arious

in SOTT'B cases gani sm | evel
methnge &f f@%gmb!eﬁsn igit Weo sesinouwilbappead paaeisans as a

ﬁrﬁwélhﬂ MéA=EHL obtglrﬁrfd Fé%\:iﬁ?t dt Spf‘e[nﬁis@rlge Eﬁ s&iﬁe short of

ave a powerful tool” to ev uate m
%n%amma!?xm%rmmsers hi st opat hol ogy, and many

other related applications at the organ, system and

or gani 5Ph F¥3Bple, Aeserdifiontp e embeditedt, naamluraliysofsh@nan liver

Shice® pOsiHibrY %@Z V\;l'%lﬁ'{ Gidleafior 15 o V{ot &gﬂﬁﬁz'eg&g slrface area

|nstant t echni que provi de res
of it diwen sligesfexpasad toa cpﬁmeeneélsnbﬂ'heﬁe f¥0a hesMisefor selectively

st em and
SRR TN LOh S 45 BB b pamber o
thatdhe foglturef mediunumethamuammef rises tootsiné e liﬁntébpﬁrrtﬁ ®he tissue
ws_researchers to observe
U3, L ool e oeh 35 Rar SBarosty s babligaliver sies are
conpfsitely . Imﬁfﬁar??rt offe sgmé q:r@ctefﬂsh@frer@fé@@ﬁby'fﬁﬁb%e Il?eiﬁiéeremove
i rent e t romztissue slices
tie h‘ﬁﬁ@e E'E?Fﬂ RAEPT o8 aﬁgwﬁh the Bssuesslices Hissaraslse @0eans for
supplwagla)gas td $ha \Rp260ihk0ctakiber ReTthIS#ORKY33484s are exposed
altemnately to the gas and to the culture medium. This is done as described
previously. Additionally, a reservoir is provided for containing the cuilture medium
as it enters and exits the ‘chkamberr. The chamber is preferably thermoregulated.
For human tissue slices, the temperature is p'referably kept at about 36.5 degrees
C. For rodent tissue slices, it is kept between about 36 o 38 degrees C, HoWever,r
pig tissue slices are very sensitive to temperature fluctuation and it must be
maintained at 38 degrees C, the nommal body temperature of pigs.

EXAMPLE 1

‘ in an embodiment, a doctor may use the teachings of the present
disclosure to determine the optimum concentrations of a chemotherapy drug
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permnut ati ons. Experinments of this type would allow
researchers to control for tissue type in an in vivo
systemin an in vitro environment for study and

pCc applications. The many variatio '
ﬁg@k@@ﬁ?ﬁg appar atuses and net hods of the pﬁégg%?&ﬂﬁamzv
di sclosure in the observation of the effects and ‘
efficacy of reginens 5 will be understood by a person
of ordinary skill in the art. Simlarly, the various
met hods of controlling variables in a in vivo system
w Il appeal to artisans as a powerful neans of

b : ' i_mpossi bl.e

SpLTIoNd qohtet pelishThe LS i8S RSy B, WERERSh ickue from
teceatignhgnd divigies dhd skuessampla inio aliquidts.yThes dbetordivides aliquots

. v i FTSy b COUIOR
k] Blo gl TE oA R WY RS 3K Yo Bl ihe mogieffective
ding doiclria farlthe patialmmmgaet?ttoo. The ufmt_ur &leﬁﬂﬁééﬁ‘he 883 group of
I { n r n .
AP ol 76 HEie) ShibenBoE SR gh s ncor
come. 1 A A sk btotperARRUAIS, he chiler PETRE arow o cetdrmine the -
osh effective diugneackzis Tissué biqudieaRetulifed BatddsBibdd MRViously.

ices . are 15 conpletely.i rsed. The sanme process
\r?éeripglgsgrcﬂ'gnﬁ?):igﬂ'@o rﬁea‘g‘g‘é‘dﬁt?nrggr_ Usyee akigyqturiée percent of
apegtosis bf 48 caierels MdUB hNBetdIREYR 8! he8Sured rb? fiethidds that
aﬁ%a neans for supplying a g&s_to the top of the
WOid B compnem g a prEsan afRrdingry slkindhe ask Jdsedpctor then selects

~ thé g @bertyil friukig ﬂéisgbréﬁﬂsf 8edrBg &;ﬁ)ﬁdﬁg%w ig%ﬁa%r?/us tissue

This is done as described previous
compaiest (pdhe healthy isslled for containing the culture
medi um, 20 as it enters and exits the chanber. The

chamhelf& docir dhen usps the serenst gigup &f tissue diguotsioatetermine the

timaH€oridel : i ‘
Obb out S%J.egﬁ?ggr %@etd%@ ls:t?)érkttér{l(r)lgedn&?3 (ﬁ g‘? %lyoé}eé g Egll’% Tissue

a i@q@@ ﬁfe et i i theRAMS3mangesss ;i‘@g"rrawoap dfitissecaliquots. The
9981 BRI SRR S I Sl DR e s

apg selestsiibe wancasdafion ofiher diugroeckthil fhagimpads B dekiest degree
of ébtﬁ)rﬂoﬁygﬁtfynggﬁhs 1RsGP5E BmPEEAYS ?\eélli}]ey Leachi ngs of

the pres ] _
As a result of optimizing the chemotherapeutic regimen that the patient

will receive to treat the cancer, the patient will receive the treatment that imparts
the greatest benefit while minimizing undesirable side effects. If the doctor wishes,
the same result may be obtained in a single experiment where various
concentrations of a plurality of drug cocktails is applied to a plurality of tissue

aliquots.
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di scl osure to determ ne the optinmum concentrations of
a chenot herapy drug 20 WO 20071025153

PCTI LJS2006/ 033262 cocktail for a cancer patient.
Weezoohaeses t akes a bi opsy of a cancerous t|s§HﬁU§2rog)6r/‘93326z
the patient and divides the tissue sanple into

al iquots. The doctor divides aliquots into two
groups. The doctor uses the first group to determ ne
the nost effective drug cocktail for the patient in
question. The doctor then uses the second group of 5
aliquots to determ ne the optiml concentration of
the drpgapmsigai | . Wth the first group of aliquots,
the doctor uses the group to determ ne the nost

ef f ect lnvﬁn&{ﬁé’igefﬁ%&h@nk thd It \)g%ﬁ% lca‘QHQt %@in? d lﬂ:‘otsufee%ay be

as descri bed previously s are
YRR fﬁuﬁs'@félfsteﬂiettmcmofwmnés it bea!thymseugesmmtesults would be

Ir?r%gtghr? gg&bé’énetrg‘%d @'&ﬁ?bﬁ'ﬁlﬁgf F?qﬂt{' pg%ﬁ,ﬁ@l Ogg\fail of a new

' Gieg Spnlicstion ratiaidrgviatid Inewi drug RpphicationTAs aiumaloasr lidiedn tissue

d th
SEUE ol 3 YRR B, ok ARLBHR oGBS b s of
arfroalscane mdent aad ene Foa- rddmttéure ubed bééﬁﬁet$drtgaﬁQY1 éffect one
{0 deter ne the

e al i quot
GBI diferbhthEn Hrioes! Dyie? sty e, BV Kevadata and are
usefute'ﬂtbms the seos of the present YistldsBENt IR MRhSUEMBbEFhent, the
ame rrannef as the fi rqs;gfggrog of tissue :
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resul t'! %?Feoﬁ'fs quUR's, iaRy qqrﬁr&eg HERDt ther Hgsuigt ﬁ@npl@gan%rpultured as
ptdWiusiyn@eRAbee r@)nc@ﬂ‘xé"!nésheﬁ@ ealked té’ chin gﬁhncf El:eap;hled to each

cancer, theépatl ent wi | recei ve the treatnent
*'?%P&a?'fﬂéwf fipSeieene dhe @@Tﬁ»‘éﬁY tof \the |componngi tei agpieve a desired

rds0f %1 deelibed bﬂﬁncﬁfsfye Hlata id ﬁatﬁ&%ddé?ﬁjt ﬂferﬁ\‘eﬂbeésf@r%sgﬁbed by

sane result may be obtained”in a single ex

- thgdPA oy as Aeerydingdn perameteisoset byfa Rﬁrﬁﬂmo@rdingar}oékzldndge art in

tHe e ihdtionSor RGNS Sndlcyifbik¥udt tissue
EXAMPLE 3

Similarly, disease studies may be performed by using various cbmpounds
in the study of a disease. For example, inhibitors and stimulators of compounds in
the tissues may be used to study their effects on chemical pathways in the tissue.
Moreover, compounds may be applied to the tissue in an effort to observe their
effects on the tissue level as opposed to the cellular level or organism level. The
present disclosure provides the methods to use a bioartificial organ system;
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EXAMPLE 2 I n anot her enbodi nent, the teachings of the
present disclosure may be :used to predict the

f conpounds to healthy tissue. Such res
Wio?/%glbgusefgp in data generated and submi PFMS%HB‘;’O”ZGZ

the FDA pursuant to approval of a new 5 drug

application or abbreviated new drug application. An
ani mal or human tissue sanple is obtained by taking
a biopsy or as part of surgery. Usually two species
of animals, one rodent and one non-rodent are used

eRs@HAGNEI ﬁérﬂﬂxe@é’ WRAIEES 120y g&ﬁg%hﬁf .85 PRt aidinary skill in

t han anot her. her organ
heprhwithoyidhe Oeedqurhmdue eEpariagrdatign. t he present
di scl osure. I n another enbodinent, the 10 tissue is

t aken &8¢ festingfrnaynbe mfwasédbycnrgmieﬂemnt tﬁir@bﬁ&y in order to
fﬂ@%“u?rﬁ&eﬁp ara) h?f g‘ ES/%@P gffslgt lgﬁ'a%%qg Ir rq:élpaj as few

known to"t
BMGGHs 89 p@ssh#ewm asdmyas angdures otlibsud sampRs; aﬁﬂﬁﬁ‘& they are

?‘%{E‘E Qh@faaﬂgﬁ( I-a{élﬁgﬂe‘j” %%tgﬁt c? ?)tﬁ%%{eré %%i,jcc{g{gé{gnplfatﬁ;dhe use of

kyrraan tlmnes; sEmEes of wulchungplbe BbRIEROWSIA Jr§arPBBhdrE s P&’e most

FRE s el Bishd Uier e oo Satraly decuscanotsiets on

theéwirously. Data is gathered and interpreted as
prescribed by the FDA or as according to paraneters

set bEXAMBLEen of ordinary skill in the art in the
determ nation of a conpound's efficacy in a tissue.

'EXAMPOBe3 pa&eti Niscodwre &b emoidetusi ﬁévéTaYV{apeto é)bse)}ve the
usi n i ous, conpqQunds

'rﬁs%cgéﬁgmégrorgﬁgﬁ%%@msr RISEHE Shses may b§t¢bfailnad<§nom afvariety
ot orgmmsn dhesd thdnhQret pﬁéé&fﬁn 'ﬁﬁbéllgﬁmh% ?ﬁi:lﬁs:ﬂe Hidtd¥cth fldue siice
aspa s chamberse %Sf%}re n?édﬂqu alpghed t% a first chamber and permitted
to come into contact with the tissue slice for a time period. Foliowing the initial time
period, the culture medium is removed from the first tissue slice apparatus
chamber and moved into a second tissue slice apparatus chamber containing a
tissue sample from a different organ or the same organ under different
experimental conditions, such as increased ‘metabolism, a different primary cell-
type or a different concentration of cell type of interest. Prior to or concurrently
with moving the culture medium to the second tissue slloe apparatus c_:hamber,
samples of the culiure medium may be obtained to interim testing, in
embodiments. The culture medium moved into the second tissue slice apparatus
chamber is then reacted for a time period. The procedure is repeated for each

tissue slice apparatus chamber until the experiment is concluded.
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Mor eover, conpounds may be applied to the tissue in

an effort to observe their effects on the tissue

| evel as opposed to the cellular |evel or organism
Maysb7o231@ 25 present discl osure provides th?cﬂ%&ﬂ&ﬂ&zmz
to use a bioartificial organ system 22 WO

2007/ 025153 PCTI US2006/ 033262 experi nent al

paranmeters would be readily apparent to a person of
ordinary skill in the art without the need for undue
experinmentation. The testing nmay be perforned by an

i ndependent third party in order to rule out any

appear 3¢ o a f n€ e . .
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BRRAR] ¥mafl ihe ﬂ'ﬂet Eddtio PIs rﬁ%n@&&ﬁﬁ“&% t°h%| %[ﬁ%g& z?wnum and

cont errpl at es t e use o ues,

'ﬂmi’ﬁham%&alergﬂmtasned A sampie ghoultiion oresliunBiwitiea ﬁﬁtﬁém sample

PR, TR 1B 6l gl plbBelee BSsusitlPs o adtommipe 1S efect of

, EMMWEMWQ'EmeorpMesnﬂelnSlte beatigasteddrsa spster 1868, a

novel way to observe the interaction between organ
syst emgVhilgi the wpata’tuzeandrmetbm bbtabsed dﬁeé@’me@l M&éhﬁé Yf what
I aced. in ra%l el

%ﬁﬂﬁ’ EF@%@ TSR Prectical g ﬁﬁeed&fah%mnts it is
@ beubRdersba s tﬁ@pcﬂlseldsﬁr@ Aedd vt I8haiMRG &dhe disclosed

Lted 15 to C |nto contact with the tissue .
8&?%&?8% a ti'%e’"geé]qe 10 FEPYRIWi RgoUH eMoRiffications; j apd  similar
qireanged1erﬁd1 mmdetiummﬁ&ﬁewnmﬁaﬁ@ of "tﬁ&ncfehﬁsf {HeSEc:ope of

ar atu chanber and noved into

‘g'!é‘%f’i ﬁﬁ‘)'ﬁ?’ I?é??@ ded dhe Broadsst steaprgiatien S@@ﬁttampw@pass all such

meEMIoﬁafHﬁH%lﬁ'lﬂ%tﬂuﬁeréeTﬁ‘é‘bréHeﬂF&sEﬁn ﬁﬂ%ﬁnﬁl@fﬂ@s any and all
lg;q(ﬁlaunder di fferent _experifenta con I'tions, ch

pRisE hafetlamipgicaimsa different primary ceII 20
type, or a different concentration of cell type of
interest. Prior to or concurrently wth noving the
culture mediumto the second tissue slice apparatus
chanber ;
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sanpl es of the culture nmediummy - be obtained to
interimtesting, in enbodinments. The cul ture nedi um
noved into the second tissue slice apparatus chanber
is then reacted for a tinme period. The procedure is
repeated for each 25 tissue slice apparatus chanber
until the experinent is concluded. 23 WO 2007/ 025153
CLAIMSTI US2006/ 033262 For exanple, a researcher may. be
interested in_protein digestion. Sanples of tissue
My t hZ\’E?tBP‘éf%é‘SPaI?érY’VP 59 A8 (eHes ABdt h,

screeﬁfsagmbmguﬁn stomach, small intestine sections
corres g to the duodenum jejunum and ileum
and t hEOVENG bigteastyr fereubsianbialysiredlaing éuiealiseuamedi um

function it birré; prote| n sanple 5 may be therefore reacted wth
each di sparate tissue t pe to determ ne the effect of

aPBUiRg rehiane serogd AravRs elalaystsorf aitisaer semide;di gest ed on
actﬁt)dﬁtﬁ@fﬁ'e'fﬁé’t@roum él%ubl@%f Wﬁ"srsﬁé USmBRdn Wl B.%a%Y By exposing

been described in terns of are presen

the f‘%ﬁ%%@@@%@%omeﬁ'ﬁ@w%fca@pfu@éty Oéﬁtﬁfemréﬁmr@dlmens |
ecfﬂnmélr[ﬁglﬂieseffécfts bﬁtheté?url@ﬁylb‘ﬁ‘aﬁife?én@eﬂ.ug r%l SC on o, the first group of

g’q—&sﬁ osure need not be limted
aliquo glgﬁ {isHe sample fosslgat @ﬁiﬂlégjrqggn@bh@qmg\@de@m effectlveness on the

flrstg@@bﬁél@@btb%ﬂﬁe&%@u@bﬁ%b@r arrangements i ncl uded
hin the: spirit and scope of the clains, the scope

Wi
&uﬁqu te 23r90¢ UBKP & WAuela afHbe Hissugisemple in the bioreactor by
exposﬂthtﬂé PecRbAd 'g%hps%f aa?:q&&seﬁcﬂgpﬁsiﬁe aéalmp%:qg a é}lural{ty of different

fications and simlar structures
CO”*’&*(%'BP%@UF% selpeled deug weimemirving the éﬁﬁ@dmf@nheneﬁs tahd

feambpaihdthe raLitBer tR4 pfckANMVBr differ gﬁt Eﬂ?’kgr%jat 0915 olf'ﬁjl NG &%ed drug

Vivo tissue for drug testing scree
regimen, AR - he; sRFONG - GFRLE; Al aéqlmtfbrcéaf@ﬁo’ﬂssﬂersmwst'@nselabﬂ @ desired

concerfiiaih 8f hBGeloBieMidfQy fdgirste 5 function in vitro;

2. The method of claim 1, wherein in vivo conditions are accomplished

by maintaining cell-to-cell interaction in the tissue.

3. The method of claim 1, wherein tissue based data is

generated by using the combination of the tissue sample and bioreactor.

4. The method of claim 1, wherein the bioreactor is used to at least one
of: determine an optimal chemotherapeutic regimen, predict toxicity of a regimen,

oF study disease.

5 The method of claim 1,' wherein the desired concentration of the selected
drug regimen is selected based on at least one of the group mitotic activity, toxicity studies,

and histopathology.

6. The method of claim 1, wherein the bioreactor substantlalfy

duplicates tissue function at an organism level.
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providing first and second groups of aliquots of a
tissue sanple; culturing the first group of aliquots
of the tissue sanple in the bioreactor by exposing
the first group of aliquots of the tissue sanple to a
plurality of different drug reginens; conparing the
effects of the plurality of different drug regi nens

or7. t he Thimsdthdd StdkiRfs hPedid %%!ﬁe%éto#&%s%hﬁﬁ&e

d “€$ npl e to select a drug regi nen

uplicatgsdiseis Binetia @ stem fevelst group of allquots of the
ti ssue sanple; culturing the second group of aliquots
of the tlssue sanpl e in the bioreactor -by exposing
t Be sedBaMmeiasigf dimdl, wharsinsthefbidreacter ssbstantzigpl e t o

5 duplicateRlid& @ fuhMioRfat Ghidrgd rﬁﬁ\'iel concentrations of the
~sel ected drug regi nen having the desired
ef fectiveness; and 15 conparing the effects of the
plurality of different concentrations of the sel ected
drug regimen on the second group of aliquots of the
tissue sanple to select a desired concentration of
the sel ected drug reginen. 2. The nmethod of claiml1,
wherein in vivo conditions are acconplished 20 by
“maintaining cell-to-cell interaction in the tissue.

3. The nmethod of claim1, wherein tissue based data
is generated by using the conbination of the tissue
sanpl e and bioreactor. 25 4. The nmethod of claiml1,
wherein the bioreactor is used to at |east one of:
determ ne an opti mal chenot herapeutic reginen,
predict toxicity of a reginmen, or study disease. 5.
The method of claim1, wherein the desired
concentration of the selected- 30 drug reginen is
sel ected based on at |east one of the group mtotic
activity, toxicity studies, and histopathol ogy. 6.
The method of claim1, wherein the bioreactor
substantially duplicates tissue function at an
organismlevel. 25 7. The nethod of claim®6, wherein
the bi oreactor substantially
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duplicates tissue function at a systemlevel. 8. The
met hod of claim 7, wherein the bioreactor
substantially 5 duplicates tissue function at an
organ level. 25a 9. The nmethod of claim 1, wherein
the drug regi mens conpri se chenot herapy drug
cocktails for a cancer patient. 10. A nethod for

usi Ny @e\hfod o Eﬁlléﬁh i o(rvh??ezne W tﬂ'ggo%@%%pg ngg%lghnse chemotherapy

interaction i n
drug gackizileifang cantsirgebentt or for substantially sinmulating
in vivo tissue interaction between organ systens in
vitro; the bioreactor including at |east one chanber
- hofdneifiod ifarsusing sANYbeBSuP G duS@rmrggo aRlsyét@hi ihdéraction in

vitro, Bk nldifsH SR es froma plurality of er ent
or gans |nnﬁﬁ | east 10 one chanber in the

Uprgwglagt%bloreaztmo§mmgibstmtlallyuanﬂllulatzyg af vitb 9851Q FRIREURR between

o Se U AL A B 5 o g e

samplesiposure to the plurality of tissue sanples and

e nmedium S to observe an
PRy & Bl dEE s SRR T R ety o v s in the at loast
one Gf@mbpr wdhebiosdactd; froma plurality of different organs
1. The net hod of

3 |
SRR DB Bl HF piabeytPriat o PHa dostm oot p a tes

procedgfe; chanbers 5 for holding tissue sanples, the nethod

0si tiqgning._tissue san‘pl es froma
BEIIRY SRR 7 0 R il Sneoosum Bosunabingy of tesue
Sampfeé ﬁmlﬂ@etrrs thef cuttime ridhunesartskss to Sﬁbs‘éﬁvetd?ﬂﬁtel%l@ﬁdh Béﬁméeh‘fhe lurality of
chanbers includes at |east one tissue sanple opm
a different one of the plurality of organs; applying -
a culture nediumto the plurality of chanbers one

chanber at atinme in a
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10 stepwi se fashion to serially expose the tissue
sanpl es positioned within each of the plurality of
chanbers to the culture medium and obtai ning sanpl es
of the culture nedium after exposure to certain ones
of the plurality of tissue sanples and testing the
cul ture nedium sanples to observe an interaction
bessteaBnphe okfhdPHBmtd frm.di fierent
_or gans |mtr§) response to tﬁg}éﬁtgﬁ?wg?%égh%ﬁs M Eespgnserigdhe culture
mediyRihod of clai m 11, further conprising applying a
culture nediumto the plurality of chanbers in
stepwi se serial fashion by: (a) exposing tissue
sahp ;Eg E};neﬂwﬁi qf@t;g@ﬁgawhargip éwa:dnmeatt?neidcmﬁésm ﬁlurjilm@fcﬁ)f:harhbers
for holting tigsha I8s, e jumfor a period o
tigmﬁ_; 20 _(%)S’mv%ngo?ﬁjgh%r#ﬁiﬁ% vedi um from t he
Hf?ﬁ%;!*ﬁg é@%ﬁﬁﬂgﬁs tgf{)mwepblaaﬁpfl ek diﬁtér_ehh@rdainé SM}h@f @@‘]fesponding
chambeys th higrS ,er .l ssue es . o :
anot her or c3an ’tsype_f;rh a%g; h?—’gy"e?&é‘%'é@?risr%&ﬁéaﬁi%ggf)onsﬁ'asue sample
thesplaragtyrabloegansiont ai ned within a desired

1 W
stepwigs faghign ) seriallywernose thet firsue shrtpies postibnedvathinBlagls ofthe plurality of

chambRR BitRe BLinfO kiRl efqt © observe the stepwise effects
of the cuii ture nmedi um on various organ tissue

- SERpIngssamples of ffes endtuteodediim lta'lfta;i enpﬁlélur% ‘éd‘leér@irfbrfeg @]1: the plurality of
tissue ' | conpound f or
> e R he M fC Rl 5Bk  obfenErTaraon briecen the
certain fggue gareplaetiorn viffemmpbrgans iaresparizeds the dukurd megisined t 0
observe the stepwi se effects of the drug or treatnent
regi-men on various organ tissue sanples. 27 15. The
et hodhefmefhed nf doim Wheueher doherising @pplying t=eMiture medium to the

pluralit} St BEABLIIA of through tests perfor rre_d on
3the pﬁﬁt ures@ﬁﬁggﬂ\éﬁ%ﬁh' ?q%'sure to the plurality of
(@) exepsine tisstgrasmstestaf arfirst opglan hyplei coptainkd dithih @R Bt the bEERMSers to the
 Bullfe nRRIAYR A¥RBabE ARYS testing method comprising:
(b) moving the culiure 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

13. The method of claim 11, wherein the culture medium samples are obtained
and tested to observe the stepwise effects of the culture medium on various organ tissue

samples.

14, The rnetho_d of claim 11, wherein the culture medium includes at least a

compound for use in drug or treatment regimen, further wherein the culture medium samples

- are obtained and tested to observe the stepwise effects of the drug or treatment regimen on

various organ tissue samples.
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providing a bioreactor for substantially sinulating
in vivo tissue function in vitro, the bioreactor
including a plurality of tissue chanbers for hol ding
ti ssue sanpl es; positioning substantially duplicative
tissue sanples within each of the plurality of

ti ssue chanbers; 10 adm nistering a plurality of drug

r §i merfhetoetbod rcﬁmnd'lmgvﬁelﬁﬁlﬂ@a §1@'§H|@§te'n{‘ i8R is observed
e chanbers exposi ng tissue

throué#?eﬁ%é ﬁ?‘rln'é%fc %I fqix ure; @gﬁlgmcﬁfgq{t@qusurpoto the plurality of tissue

samp@ﬁmsppﬂchhf;gof@i’fdréﬁt&argm@l ums associated with the
drug regi nens; maintaining constant conditions wthin

the bi oreactor and between the ti ssue chanbers such
t et t he saplaptedaisbablestinll hb@bbRemBaliMgen the various

e 15 chanbers when adm ni stering
prov:cﬂ# %Pf%ascg%n%r r@’%atraﬂba”ryeﬁ'f‘”f%@gl i W rtisspe fdnefipndinugitro, the
bloreac&:gnnm,mlzngtesﬁhifailtaﬁiffmgsmﬁﬁcfﬁaﬁhtﬁr@fo?ﬁ'oi&ﬁ %@&fb &mp f%&e

ural ity of ue chanbers; - and eva uati ng
e‘lr"?s't'é’gw %‘?"5 bﬂlﬁ’t ﬁ‘éplk‘}ﬁh‘feapﬁ“? MR withisy @a@u of they piurahty of
tissuerolagmbenss to determne a drug regimen producing
red .effects on_the tissue sanples. 20 17. The
r%?*ﬂ%‘ateaﬁg 8P fﬁﬁ'f!@f drug,regigiens drperresparping issusi ssmmlésnig each of

the plarbky pf tiﬂsa:blmym@érﬁiﬁylgxﬂog%brfﬁg% BAMBXPPSLRG of tP]e tissue chambers
nples in the tissue ¢ nber

corr tissue
to corr{e%oo(g@ ﬁg‘&?quﬁs gggqgﬁt%q wiih thietdrug regiraensy r egi mans

anmintaelv@ ¢ohdtag tobedigdds Qﬁtﬁ]&h ohe RGRadibE a‘?xldu’béfv&e%¥ P tissue
adm ni stere drug regi mens by obtaining. sanples

chambgers, st MRt HBR aP ‘@u'laplﬁr difpetg detvesnt be warssuplorality of tissue
chambkiss stien Saﬁﬂﬂﬂh:@&nﬁadthbe%rké% orﬁd‘iﬁ‘g d?@ ‘Fﬁd ﬁﬂ%ﬁ? |§'Eéé)'rﬂég%onnglng drug

i cacy rug re

t o ,opserve the
. eg'me\/\ﬁa%n‘glgs?fng ﬂ@mﬂ'sé%ﬁ\é@ te ﬁé‘?ﬁ)%frtge ﬁ@ﬂ%‘%@fﬂ’ﬁl{ﬁ @ﬂﬂhﬂbﬁs @mg so

' asaft:aimgl teWeffiehty RIfeesdh Eﬂér | gt
ai.ned from a %I ssue chanb %eurrwﬁt est e vda?llff$ere%'mens to

determB 5 GediRG PeauCRar SR Bt o g s mpleas

17. The method of claim 16, further comprising:

adminis'tering the plurality of drug regimens by exposing corresponding tissue
samples in the tissue chambers to culture mediums associated with the drug regimens; and

evaluatang the efficacy of each the plurality of administered drug regimens by obtaining
samples of the corresponding culture mediums after exposure to tissue samples and testing the
culture medium samples to observe the efficacy of the drug regimens,

wherein the tissue chambers have sufficient volume so as to allow multiple culture
medium samples to be obtained from a tissue chamber and tested at various points during an

administered drug regimen.
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