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WO 2007/027938 PCT/US2006/034100 NOVEL ENHANCED
PROCESSES FOR DRUG TESTING INCLUDING NEOPLASMIC
TISSUE SLICES AND PRODUCTS THEREBY BACKGROUND OF THE
WHIZETBZYRE The invention relates to systems for testing USed{aye/034100
biological tissue slices, 5 including those derived from any major organ,
organ system, cloned tissue using somatic cell transfer, or any other stem
cell based regimen, including cord blood, any manner of neoplasms. The
instant tester may be used to evaluate, detect, and test drug candidates,
drugs, and drug metabolites as a method of providing personalized
medical treatments. Finally, the instant tester can be used to study
diseases, such as 10 carcinogenesis, in tissue that has been selected
NovesENPRRGES FIRONEAREY FHR DRADEC TS RIS %Di?&*@?\[%tﬁﬁl_%mc
metabonomic analysis methods, including nano- system biologica
approaches. It [TA8He S HOESIIBNBIPIRGDLICES T HEREBNS have two major
failings with respect to pre-market and post-market testing. By way of

eXgRyMerRBIY EP e adar® Made it clear that efforts to screen.

candidates Tor specific disease State treatments is needed to find out if

seTneeitzcatitie ehpuiaes sinsteriherpientialfosadupise 5%’1&%3ﬁ ti,slékﬁg‘%iices,

, rns .
patients and catedories YPhANRHYs 8K nQleds 'eFectiendd tissue using
somatigdselhtrensifbsing sopjetheo stewhqedieaisalty fegimér, anditangidbrdorisod, any
"k i ng costs impact this calculus and
e Mo onan s A B B vt S o test g
candidgisgidiies rind B metbglies srarupthodofiprdting pissaicized medical

treatm@qg]bgqﬁgﬁpjcm@\{ﬁsl@gﬁn gslpplished uthis spage- 1 %90 verage
cost to, develpp a new drug exceeded $800 mﬁﬁon, acco diglj,igggog %%é’tuég' ch as

carcinGielies Puifs (oS it BSdieap Seisitigebbasrshiman. pifantypis analysis, or
any otapprmoteaialsd Lemoiling, 0brayrRiaee A ROBMAMNIARHRRIE [Ahcluding nano-

systen%?dﬂg]g%eflargpsl%%rc%és.1

It has been established that current 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 to screen candidates for specific disease state treatments is
needed to find out if segments of the populace have the potential for adverse reaciions.
Using currently available genomic and proteomic analysis methods, high risk patients
and categories of patients could have tissue screened in advance of being subject to
such potentially harmful and morbidly foxic compounds.

Likewise, escalating costs impact this calculus and underscore and highlight
the needs for the teachings of the present disciosure. This becomes crystal clear upon
review of the historical numbers which have been established in this space.

in 2001, the average cost fo develop a new drug exceeded $80C million,
according to a study by the Tufis Center for the Study of Drug Development. Of this,
approximately $16 million on average per company was used for pre~clinical research.
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WO 2007/027938 PCT/US2006/034100 Reduction of testing time and
cost in drug development is therefore a critical factor to the survival of
most pharmaceutical companies. In addition, since there is usually more
WhZAHHE Empany competing in the same drug arena, any E8hbEaRAD34100
advantage is welcome. A major portion of drug development costs is
borne during the FDA approval 5 process. However, much of this cost
cannot be managed in the same way that pre- clinical costs can. To
address soaring pre-clinical costs, more efficient, affordable, and timely
methods of in vivo and in vitro testing and selection of potential new drug
candidates are of significant interest in the industry. In developing a new
drug, toxicity is always an important consideration. Since in the liver

Redudnetpbplizamy amalmias chee it M08 b Fhaat CRNGRIR b K eVISRiAINS tor 1o
the Sug{’&ans éand systems, and how they react to fore:ign substances, is
Rt AR BRERT 2esatigahfBmRaRTsR d hAEHIOR S sec iR iy sHally more

than amincals e cadinopliting tialctﬂéqs@ﬁeadﬁ@%ﬁﬁé@ Wﬁ@eBbHﬁﬁﬂiﬁQ{@%'iﬁ%tage is
iver ion in drug development. However, these conyentional tests
weloo S et i n SRR B R gL dcqoproval
process. Udeva s amushl sofaiids| sssbbannotaly existiagechardbteristing ofdivehat pre-
it LS i I Orgak r I se,
clinicalceilts cHe ?@@ﬁdﬁé&%fﬂrﬁ@?r%‘g%%!%%% KR Sﬁ%t??ﬁg) dffordable, and

) increases on these other organs and t ring insig
timely mgHiRdR RisBbrid® Fafiolis G dRRING drgs selrrfionrefs peigiateraw, drug

candidfeselpdive significancaieidharinp@disgipsure becomes more
prominent and significant. 20 To overcome these disadvantages, cell

culture syipimg ammmemguaegcstw Wygv'éh ﬁh?a@%dﬁiw?l&@w!l Since

: .lnteractiqns cannot be maintaine ra sired lengin, o time.
the g IS RE G i, Tt oA 1 ol e o, otner
organg@ihaystanasandiding lbeyoediretaddregr gubstystes), ioreatganimimportant.

Convel®ISAEEFPOREEartd BIPALHEIAL OREBThYRAHE e?ﬁﬁ’n%rg HHV%QL%%%!%%%M ues

It is believed that organ function can'only be replaced wit

are ihefefedghatReddosasapadiver function in drug 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 situ.
The same is true for other organs. As our knowledge base increases on these other
organs and how they bring insight into how mammals respond fo 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 connective interactions cannot be maintained
for a desired lengfsh of time. Once cell-to-cell connectivity is iost, failure of the testing
scheme soon follows because it is no longer directed fo organ, system, or organism

level response.

Bioartificial organ devices are currently in development. It is believed that
organ function can only be replaced with the biological substrate, that is, for example,
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2 WO 2007/027938 PCT/US2006/034100 liver slices or a whole liver
specimen, which requires the availability of liver tissue from xenogenic or
neoplasmic sources. Recent efforts have combined mechanical and
Viae18238sport systems in hybrid liver support devices. ThePARERAiEE4100
component of these hybrid devices serves both to remove toxins and to
create a barrier between the 5 patient's serum and the biologic component
of the liver support device. The biologic component of these hybrid liver
support devices may consist of liver slices, granulated liver, or
hepatocytes from low-grade tumor cells or porcine hepatocytes. These
biologic components are housed within chambers often referred to as
bioreactors. However, problems remain with respect to maintaining the
liver slisaetionalipheldiodnaREFENIAGS R Liped fﬂé%ﬁ@@?e& MSShssue from
devices use |Ewmortallzed cell lines. It has been found that over time

X?no%r‘e’geogeﬁ@?@ B0NE R oRE o He RITRFES sbavR epEliiegeverspimgical and
biclogisisayiifiviabiistere ichgbfial Bramspisrol ises BIMEHICMHEL KeBE0 R mponent of

Vi Jolla,.CA). E Medical (Oakdale, MN), and
e B IO L BT oA 22 e Sy ueen e
patienfigesergreansiviig thistegipatioiponeniboérties inerasupytRCAERIEEAThe biciogic
inartificial li ' itagen! ) (Extracorporeal Liver
o N A Pl (AR e
liver, EAIRRRRRY ST iR R MaUSet P iROICEA hePlie crrsdgese biologic

compa@Bing@ ﬁ@ﬂ”ﬂ@_@rmmh'%W@n%HWQfQWQ@%egiﬁgg%g}?r However
weight cutoff. This membrane allows for physical compartmentaﬁza ion'of" ’

Problefiis TRiNARA30 IRARRSLIRICEAiNg sHenRiRIAuRTdhRrindivalyshpell lines
used ipmlﬁwk;@eMdftmha}:u%t@mﬂimw@Eﬂrﬁr%]@t%é@?%&‘?@@ﬁd that
i v tein atocytes pass through a membrane to
over tl%%ﬁ@%ﬁéﬂgg%%%ﬁ%%%o%c AE: Excorp Medical's device contains a
holtpurdings na j CUt ' tor that separates the
atient's bIood%;‘;%}rﬁEﬁ ;tgréchy)%]maagtg%ﬁ?(’)@g%@n%%ﬁ%ﬁrﬁ\éﬁ 818%!\%& , Tor example,

Circe ﬁam&(ﬁ%@@m@%éﬁmw@@@ WoftapUibdoxcaigetfedical (Oakdale,
MN), apdthageriishoresisilomMhaTsesties Wdnedical device integrates viable fiver

cells with biocompatible membranes into an extracorporeal, bioartificial liver assist
system. Vitagen's ELAD® (Extracorporeal Liver Assist Device) Artificial Liver is a two-
chambered holiow-fiber cariridge containing a cultured neoplasmic liver cell line (C3A).
The cartridge contains a semipermeable membrane with a characterized molecular
weight cutoff. This membrane allows for physical compartmentalization of the cultured
neoplasmic cell line and the patient’s ultrafiltrate. Algenix provides a system in which an
external liver support system uses porcine liver celis. Individual porcine hepatocytes
pass through a membrane to process the neoplasmic blood 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 hepatocytes that
have been harvested from purpose-raised, pathogen-free pigs. Blood passes though a
cylinder filled with hollow polymer fibers and a suspension containing billions of pig liver -
celis. The fibers act as a barrier to prevent proteins and cell by-products of the pig cells

3



cylinder filled with hollow polymer fibers and a suspension containing
billions of pig liver cells. The fibers act as a barrier to prevent proteins and
cell by-products of the pig cells 3 from directly contacting the patient's
blood but allow the necessary contact between the cells so that the toxins
in the blood can be removed. Various aspects of these devices represent
improvements over pre-existing technology, but they still have particular
disadvantages. The effectiveness of these devices, all of which use
individual hepatocytes, is limited due to the lack of cell-to-cell interactions,
which characterize the liver in its in vivo state. Accordingly, a bioartificial

from diRISRNcARERYRIR %Hﬁ@ﬁ%’%”%ww%&ﬁiﬂ@ﬁécé@@l}}yc&ﬁgct between the

fupctionality for use in_drug development would be beneficial. This
cells S%H@%EQ&&%%M?&HB&&Q@B B§ {RE'3&Gnt teachings, which provide
fqr,drug testing with bjp-artificial tissue slices., As the technglogy of L
AU ST S COnTEs 6 SvAck FIRBFVEd Bl re-existing
technolegeebirigieemptilimdyal sadievidopigassaseges thihapplieationnass of these
devicedNSINGCRARSH HQQ@%W@%&%@XQ@%FM%H%@%’%8%@? of cell-to-cell

) systems, and specifically apply the developed protocols to neoplasmic =~

interacigagewBigV MArReteze e DistinsUREMMstisiR is@ nalymeathigartificial

organ, fer @I@iﬁg;&%;ueéﬂ)@ithifcn%wdﬁﬁéb@ﬂ%!é%?ﬁ%b;ﬁ@lvl GuLAEn @thality for use in
negplasmic tissye itself, by freating t ioartificial organ system or ce

drug CERETRTAR, HOLEsDB, RETR AN TP B S UG Lol BAGFRPsed by the

instant tsaahtifigtavdrighnpreystenvodoal esiinrewiiikewisetiflots cishilteditethe art
readily understand that further disclosed is a business method for using

thisaiparaecdani@aveodiasiiisiplesegrndisgrisme toqrivits fdptissivance,
-imprové&"?r%’iﬁ_@ﬁssé’@tggﬁ_iﬁ@r@smﬁJR&@%@P&%@WB!E@T@&W%Q%@@Q% are

ggnomlc, proteomic, and metabonomic analysis. In accordance with a first

methody Jbat Jfiesptase R HRIEnHoR! AHBreRtp  vidieraliiRith QI8P L8Ysems. and

specifit@piasiniciisses iy prostingandraspRrIRgCHsRpESINg providing a
bioreactor for substantially simulating in vivo tissue function in vitro,

SUMMARY OF THE DISCLOSURFE

Disclosed is a novel method for testing tissue in a bioartificial organ system,
cell culture, and neoplasmic tissue itself, by treating the bioartificial organ system or cell
culture with at least one compound and observing the effect on the bicartificial 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 specific screening for patients in complement
with cutting edge genomic, proteomic, and metabonomic analysis.

In accordance with a first aspect of the present invention, there is provided a
method for using neoplasmic tissue for drug testing and screening comprising
providing a bioreactor for substantially simulating in vivo tissue function in vitro,
providing for the bioreactor fo hold at least one aliquot of a tissue sample, and allowing
at least one aliquot to generate useful data.



providing for the bioreactor to hold at least one aliquot of a tissue sample,
and allowing at least one aliquot to generate useful data. 4 Likewise, a
method for substantially simulating in vivo conditions is disclosed,
comprising obtaining a bioreactor for substantially duplicating in vivo
tissue function in vitro, obtaining a tissue sample, and using at least one
aliquot of the tissue sample to generate useful data. Still further disclosed
is a method for substantially simulating in vivo conditions comprising
providing a neoplasmic tissue sample, dividing the tissue sample into
tissue slices, including the tissue slices as a part of a bioartificial tissue

sybikavwispdealitsihey ibessibatantaitiskudiaisgem woeasddioysisaiagosed,

compridlRg'SBiESErs iﬁ’iigﬂe%tc'ﬁff‘%i?'%%bgfgﬂti?%"Hﬁﬂlé@aﬂﬁﬁ‘?ﬁ%ﬁgbgff%cﬁon in

) similar method is disclosed comprising obtaining a bioartificial tissue
vitro, QbfRiRIRE GoRtaHntARYIBIRMNRNALIRAY, U¥malfichidhHIfdiaPHSsERMPle to
genera¥SigefliygEeating the tissue slices with at least one drug regimen to
generate useful data, and comparing the data to determine mitotic
achitiiyfurthécitlissiesedrigpaundifmchistapdibiciotgi\chvosiatig drutyo conditions
e e el R SR Y L pEAD tssue
slices, hagpriBm b Eidisseecsings BRiehrah iR Soadiiir giasiroraiant - gaskaliowing
the bicHfBIRMAMAERSPSAR0RI FENiIc S BiLtRiSREg RABURNDE HIRMONBARIIRI st one

based Eystem with neoplasmic tissue, testing a regimen on the tissue, and

drug regiieen g ARNREIBRFER DISERIPTION OF THE FIGURES The
abpve-mentioned features and, objects of the present disclosure will _
Ao Rl dish e SRcIa P STRER I 2RRSIOon 3 SIieah G fystem

contaigipg)recidaswithtitseiacdionp arsing theativaytificia ress ikesyeferanmetreating the

tissue SHBE'AHIANQIGIIKR S G TE LA, 1 WRI ate useful data, and comparing the

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

In accardance with a second aspect of the present invention, there is provided
a business method for neoplasmic tfissue testing which comprises providing a
bioreactor-based system for housing neoplasmic tissue slices, populating the bio-
reaction based system with neoplasmic tissue, testing a regimen on the tissue, and
collecting results.

BRIEF DESCRIPTION OF THE FIGURES

The above-mentioned features and objects of the present disclosure will
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 embodiment of a bioartificial
organ system;
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Fig. 1 is a schematic diagram of a system of an embodiment of a
bioartificial organ system; 5 WO 2007/027938 PCT/US2006/034100 Fig.
2 is a perspective view of an embodiment of a neoplasmic tissue and
WiiFAIRiEPBrgan system, according to the instant disclosurd? @i/ S30e434100
perspective view of an embodiment of a bioreactor installed in a
neoplasmic tissue and bioartificial organ system, according to the instant
disclosure; 5 Fig. 4 is a perspective view of an embodiment of the system
of Fig. 1-Fig. 3; Fig. 5 is a perspective view of an embodiment of the
instant system showing the placement of a neoplasmic tissue slice ; Fig.
6 is an exploded view of an embodiment of a tissue slice apparatus
containing a neoplasmic tissue slice; 10 Fig. 7A is a side sectional view of

a tisgezshiceaaparngentivst viban SN emsEdiREANSCBIARBIGISHHE Me and
bioart AN, SR ST IRy bl Wac obBical represonation of

in dpcai termlttent erfusion ., .

usﬁrgﬁoabbl%a?t:%% (?%ﬂgr% ?}%@rﬁ}% %ﬂ%‘&;& @g r}lcal repPéggﬁﬁ'hm? E?‘ld iha

”eomaﬁ%cllmr?ﬁ"@@mﬁ@é*ﬁhﬂfﬁﬁ ﬁ!ﬁiﬁf@nﬂcatzdmgdlo the instaptidésclosure:;

rtificial organ system; Fig. 10 is a hical representation of in vitro
% A R e AR SO SIRGLET o mP T Taar i 3

e 11 is a graphijcal.representation of in vitro
b e v LA S RBL Fon e K51 SHAM oG
the P'&ﬁ@"ﬁﬁfﬁ)ﬁﬁ@rﬁepm&l&mt@@meﬁmm showing the process undertaken by

a neoplasmlc tissue slice apparatus of the present disclosure;
Fig. 6 is an exploded view of an embodiment of a tissue slice apparatus

confaining a neoplasmic tissue slice;

Fig. 7A is a side sectional view of a tissue slice arraﬁgement of an embodiment
of a neoplasmic tissue and bioartificial organ system;

Fig. 7B is a perspective view of the neoplasmic tissue slice arrangement of Fig.
TA:
Fig. 8 is a graphical representation of in vifro lidocaine clearance with

continuous and intermittent perfusion using a bioartificial organ system;

Fig. 8 is a graphical representation of in vitro lidocaine clearance with a 8-hour
and a 24-hour run using the bioartificial organ system:;

Fig. 10 is a graphical representation of in vitro DMX concentration with a 8-hour
and a 24-hour run using the bioartificial organ system; and

Fig. 11 is a graphical representation of in vifro 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 a neoplasmic tissue
slice apparatus of the present disclosure;
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6 WO 2007/027938 PCTIUS2006/034100 Fig. 13 is a flowchart of an
embodiment demonstrating a method of using a neoplasmic tissue and
bioartificial organ system to obtain useful results, according to
V88Ut of the present disclosure. DETAILED DESCR BTTHO$B6AS4100
used in the present disclosure, the term "regimen” shall be understood 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 discovered an
improved modular system for circulating plasma about slices of organs
from animals to create a system for to neoplasmic tissue testing, inter
alia. Another object of the present disclosure is to provide an effective
metgd 185110z FBlasioam Hrdesting o imgrﬁ_fg!%?‘%r@(’t%%%u AeSuLe roj?using a
actual dmlnlsﬁrétmn of the compounds to live patients. The compound's

NeOpIg S G, HeP HR ATk LIRB R CITaReS YelaiRdlg tRRbaighuseliv gesitin ateording to

embodinmaistes ing pHiseeieiksdize eesent disclosure 15 allows for the use of
tissues, both neoplasmic and human, to be cultured and for the testing of

thereampPey Bt &kiPadigsue. For new drug compounds, the FDA will ask,
at a- minimum, theé new drug applicant to: (1) develop a pharmacologic

profite widherdtHg; s slnienstrR IRe, dRNteIicibyphihe drug gb%ﬂ%%%tood to
me antvc\)/ges%?mes of %‘gumals; and Béﬁ%onduct short-term toxicity studies _
ranging oM WedRs @8R , lisganas rosrinovepissagids, peptides,
metabgiitagiorirasesu bacibtiz subtitenagémihepr PRAPeR eyral $H4liss) dPfssue.
process is complicated and costly, with hundreds and sometimes

. thollR@nAgesetoinpentads bamgplissteradfuahe mubiecs of theduiasesystem for
circula@is§|oSiaEgrs tapsavide YRR ich rug. regimen, for
egm%%, a chemotheraf%egnyt‘%i-ft:rl ﬁe.(%;lmen,\f\crlng];i b§ %ﬁ?%%ngﬁzgcﬁe%tre 28 system for
neoD!ﬁﬁm(ﬁgﬁﬁl“%@%‘.”@e’ﬁéﬁﬁﬁf/%peaking, with chemotherapeutic regimens, not

a”,&%%!trr?eerngbject of the present disclosure is to provide an effective method using
a platform for testing of the efficacy of compounds prior to actual administration of the
compounds o live patients. The compound’s toxic and pharmacologic effects are
realized through in vivo and in vitro animal testing. However, the present disclosure
allows for the use of fissues, both neoplasmic and human, to be cultured and for the
testing of the compound on the tissue. For new drug compounds, the FDA will ask, at a
minimum, the new drug applicant to: (1) develop a pharmacologic profile of the drug; (2)
determine the acute toxicity of the drug in at least two species of animals: and (3)
conduct shori-term toxicity studies ranging from 2 weeks to 3 months, depending on the
proposed duration and use of the substance in the proposed clinical studies. The
process is complicated and costly, with hundreds and sometimes thousands of
compounds being tested.

A further object of the present disclosure is to provide a method upon which a
drug regimen, for example, a chemotherapeutic regimen, can be personalized for
individual users. Generally speaking, with chemotherapeutic regimens, not all regimens
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7 WO 2007/027938 PCTIUS2006/030.100 work the same way in alll
patients. A drug cocktail that is effective in one patient will be ineffective
in a different patient. The present disclosure provides a method to test the
WEHIGAEY26134 drug regimen prior to administration to patients PEEESB§6/034100
administering only the most effective regimen to each patient. 5 A further
object of the present disclosure is to provide a research platform and
method for the study of disease and the ways in which compounds affect
a tissue, particularly using neoplasmic tissue. 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 io not
part of a bioartificial organ system, and particularly neoplasmic tissue. In

work tAECOAAANGRWIH ANRIMDPLIMEHt LY LR iIRLRSHH: USEHRYA }H%ﬁf%f%?ﬂem will be

rovided a neoplasmic tissue testing method that uses a bioarti

: P! 4 >
Ineffediigainsg iR Raligation" elRieeBh Sistiorimprerisier 2 anaitiat b test the

efficadireg e andgdregimaighites asnisRtpIaies PiteieseneReblediidiering only

has a neoplasmic tissue slice cultyre apparatus. Other similar 15 systems
the m?ﬁ%afeﬁ i %oﬁ%%%@%f%%bﬁfil%\%‘tissue and bioatrtificial organs are

expr var. .| e iments, the meth of
e R e e g ror and
method dpieliee, sitslynsliseasacardibst s ivenbicjeatmpesndmeffesulis tissue,

particlAath 88liRl G ELBERMES HudiRn combined with human tissue in testing. 20
The present disclosure provides a method for neoplasmic tissue testing

thaoptbedasposey td tesanliserbenmeiherapaidiascalMpns ilssue slice, or

. individual patients, to_predict toxicity of a compaund in normal tissues,
tissue B e 0 R GLR0 S G SchIL MU g iy 70 that ae
not pagxelrailartinighorgaasystet teslpadicntadytedophansanigads sliced

into a plurality of tissue slices. Various chemotherapeutic:regimens are 25

appigecyearsrivibaniembedinen féinaresedmiseiesure themtisapeovided
a neoplasMRIESLIR 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 neoplasmic tissue slice culture apparatus. Other similar
systems that allow for testing of neoplasmic tissue and bioartificial organs are expressiy
contemplated. Moreover, in other embodiments, the methods of the present disciosure
may be used with conventional tissue samples. However, neoplasmic tissue is most
effective for getting real time results and realistic outcomes, when combined with human

tissue in testing.

The present disclosure provides a method for neoplasmic tissue testing that
provides a way to personalize chemotherapeutic regimens in individual patients, to
predict foxicity of a compound in normal tissues, and to study disease. According to an
embodiment, during surgery, for example a biopsy, a sample of tissue is extracted. The
sample is sliced into a plurality of tissue slices. Various chemotherapeutic regimens are
applied to each tissue slice. After the regimen is complete, the results are compared to
determine the efficacy of each regimen. By comparing various regimens, personalized

8
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determine the efficacy of each regimen. By comparing various regimens,
personalized 8 WO 2007/027938 PCT/US2006/034100
chemotherapeutic regimens may be designed based on the results from
WP ENELE %ther applications for an improved tester, as discRisEY3pao(p3+:00
study and evaluate toxicity, and study and evaluate histopathology. Fig. 1
is a schematic representation of an embodiment of a drug testing system
5 10 in accordance with the present disclosure. From reservoir 12 culture
medium 13 is introduced into the bioreactor 15. Within bioreactor 15 is at
least one tissue slice apparatus 20, which comprises at least one tissue
slice 23 arranged between two wire meshes 21 (see Figs. 7A and 7B)
and placed vertically parallel within bioreactor 15. As culture medium is

chemé‘ﬂﬁ@?ﬂlﬂ@@ﬂdG&%W%d@'@gﬁBW@&@&%@@w%Wﬁ@%& Other

until it comes into contact with the tissue slices, which allows tissue slices

applicatoRs doh BRIPRYRAI S EbrAS SIRtISSRd R th f bilYcaRd YAl tRNistty, and

study metavaliuhobiiRighetbioghe art understand that reservoir 12 is likewise
interchangeable with a plurality of related solutions, mechanisms,

apparatus armtheotaiscspldaseniinn mbahiresodivestprrfotdmigdeting system

10 in %?8& c%f mﬁﬁﬁ%ﬁ?}%@%ﬁ% clos Jﬂ?%ﬂg%@é@% ﬁé g@%?eé;ﬁl\é%um 13 is

out epartln e instant disclosure.

mtrodlg%%i@nmrahacb@@ﬁghg viive/Mithinnbisssapier the hdahbeastAmmpfisue slice
apparit@sIBs VANEh TShpNES thecian ehthashrmines BdsAlan fz%lﬁ"i?éﬂl?@ﬁ‘iwo wire
e

herein that the QZS valve could be on the side or bottom o chamber

meshes AAdsaViIFsard AR itiBe RlaessracEifaliveaia'st iim fRicerastor 15. As

culturd h@dmsmfedmiycaimo(theebﬂﬂeéc%%tﬁé byiedimediath IeCe¥ing to rise

volume nd.is li ta ressu (s ran n m 1010 A
uniil i ch S :rgit r%%n éve[%ghvaﬁ \%:,Léen 8% Chab geia re r%s ’ue EFes 2@?0 coniact

a mynedmf@mng:mmqisd‘s@hw@waqﬁussdmmﬂmmﬂﬁm(am@lﬁumn) A solenoid
valve (also not shown) may be c &Ied with the pressure controller to

mdiRess akleddet g edgidathihaidarangiddds iewheikipiphangeable
with aSYiiRgeikerERRDRRESIZ8hanisms, apparatus and processes. Likewise,

machines or tools performing the functions of the same can be freely intechanged with
reservoir 12, without departing from the scope of the instant disclosure.

Oxygenated gas is introduced by gas vaive 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 prevent ieakage of liquid medium. The gas is preferably a mixture
of 95% O, by volume and 5% CO; by volume, and is supplied at a pressure ranging
from 1 to 10 ATM to the chamber through the gas valve and discharged therefrom,
while controlling the pressure by a pressure controller (not shown). A solenoid valve
{also not shown) may be coupled with the pressure controller to maintain a pre-set gas
pressure. Gas sterilizing device 18, for example, a syringe filter having a pore size of
about 0.22um, is preferably installed in gas valve 151 to filker out microbes, thereby
sterilizing the supply gas to the chamber. Gas check valve 11 with gas sterilizing device
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25 about 0.22pm, is preferably installed in gas valve 151 to filter out
microbes, thereby sterilizing the supply gas to the chamber. Gas check
valve 11 with gas sterilizing device 9 WO 2007/027938
WIOCHYPSMI86/034100 18 is positioned on the medium resenPSik/ARgr06/t34100

serves to equalize the pressure between the reservoir and atmosphere.
Stabilization of the tissue slices, including neoplasmic tissue is an
important feature of the invention. The tissue slices are cultured under the
supplies of the culture 5 medium and an oxygenated gas. The liquid
culture medium, or the plasma, is supplied through the reservoir into the
chamber and the oxygenated gas is supplied through the top of the
chamber. Each is supplied at regular intervals so that each of the

18 is pesifiimeniontiseymetives ircespasedriteaaialidehamedivnasskitdfween

as at an exposure-time ratio ranging from about 1:1 to about 1:4. A ratio
the reg?rgggu nf??.%ﬁ%s %‘8&?‘1:3.5 has been to found to be effective, and a ratio

of ahiiEdofr Si3hasalip haratownd. e be ells '

these parameters are certainly within a §<

}ive .alfhough chan mF%
el SRS IR 5 eampbrtant
featureghipe tiventiens Thelisauss sieesuniaewivardnnmies tiaeesinppsshofithe culture

mediulfSne SHexiryaliaiaatelsenPRsesLIa daRAatel | - '
res Onclssig(])ugggI\&/ﬁ%tc;g thse rate of metablgl?sm. 1§5uflﬁ’ E@%%iieaﬁp 3, Is supplied
u

0]
through i SR VA, IGLRRIBRFEBPT eD1LJRE AOAGHAGH @6 fo s hilepumuh the
top of mmmmmmfenﬁmémmkeﬁ@mﬁusﬁtmedigrﬁb%akaﬁéaﬁ Mlirt@?leopaasmic
: .10 ersen orginar Il and . may vary irom ce ty e toce .
t:ssuew@fé?eg’ﬂjé Sreven cggﬁglaré] r%cé)ss} ’etmeaggrgﬁ&q r@gggogﬁ)%a%%@pgsure-tzme
ratio rgxying ramoebvdd2] Rirateothid rhidtussionedyapooduce. frée abygen 3.5 has been

radi ich f [ i lture cells, care 20 must b, i
o (B 40 SO BB R IR R e
although Fhanging thereoRpERMerRE raticapssivinyihinatiantirmatiakils lavel of an

artisaradel@dang sopplagauerbwith: 1XoJNRGHY Mrdifeial PRYINGSSHHIHAN 4 fissue

.. L-glutamine. Referring now to Fig. 2, an embodiment of a neoplasmic
slice '%i?%ﬁ@ﬁ??dyb%%‘?ﬁfﬁ%& gas and Culture medium corresponds roughly to the rate

of metabolism. -

In the present disclosure Waymouth MB 75211 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 to 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 offen toxic to tissue culture cells, care
must be taken. For example, with fiver samples a high concentration of giutathione and
vitamin E, as oxygen free radical scavengers and anti-oxidants, are added and
supplemented with 10% inactivated fetal bovine serum and L-glutamine.

Referring now to Fig. 2, an embodiment of a neoplasmic tissue and bioartificial
organ system 10 is shown. Bioarfificial organ system 10 comprises one or more
bioreactors 15 disposed in incubator 32 that regulates temperature and humidity within
the chamber. Incubator 32 allows users to regulate the conditions of a bioartificial organ,
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organ system 10 is shown. Bioartificial organ system 10 comprises one or

more 25 bioreactors 15 disposed in incubator 32 that regulates

temperature and humidity within the chamber. Incubator 32 allows users

W8 YAt the conditions of a bioartificial organ, 10 WO 2007/DE2$388034160

PCT/US2006/034100 ensuring that the bioartificial organ is exposed to

optimal conditions for viability over time. The choice of a suitable

incubator system for tissue culture is well known in the art and requires

no further recitation. Disposed in an incubation chamber are one or more

bioreactors 15. Each 5 bioreactor 15 holds one or more neoplasmic

tissue slices or samples. Rotator 30 turns bioreactor 15 for wet and dry

phases respectively. The wet phase corresponds to the time that the
ensurligp#e=sligR '@i@éﬁﬁéﬁéﬂ'%%&%ﬂ@%ﬁééﬂ'W%B}ﬁ'ﬂ&?'ﬁoh&?ﬁ&%efoﬁh%%&iity over
time. gﬁgsc% c.orre?pond_s tq the time the tissue slice is substantially exposed to

IS mSuiAbIsAnshAiRs YRR PRt disryeceirsRiif wed known in the art

and rgparieesatortidhbioagifigiahorgan io system 10 operation. For example,

using control modules, the time period that neoplasmic tissue slices are
expligieesss gis 2mdrauhatiomadiambmaate ceguiatetohidbreatiy 15. Each

biorea%%?e@@%@%tﬂr;@%ﬁmg@h@ﬁﬁsﬂ?”t%r%%g%%gg 9 %%%?%%zggfé?or 30 turns

ratios may be regulated using control m as we

bioreagine 1387 M #gdpaPhmteersesnraiivehcubheowes Niesamdiratpeads to the

time theedHEMISURDinseie BIOYHPHAR dRovesldiBeuRGRISIRRARY 3 REIHRR Ghe dry
has@ordlnar% sk%rln tgkaﬁart. Turnln% now to Fig. 3, there is shown a close-up

phase, cRERPBRS Qs YBSA08H58YR RilSniisHEstandaky sxresRgriagandControl

modulegBesgrbitdeactor kfisafubeofatordiiraling beafhwaiemplasfospii@icial organ

li i out-of incubator 32. When installed in .incubator 32; each
systerﬁigrgé%%r%g%g.cggﬁeg &t 8?eg’asugfrrf§ cERFEmAHES pHifR Sti%E Jbesieg that
neopfmésmﬁ/amss sifomxpestt onmijzsd mndnculithg. Bedasvahegs Bb tegulated,

which (R SAFESIRHIR SIS RERARHS %f@t@fn%%ﬁ;\/;%g%gss %§ be’ﬁ{ﬁum medium

su 36. As shown in Fig. 3, manifold system ose ween

: pply .
ratios aqéy\}%ﬁv@:gq@iegn@% CRIFEN Medalas34, 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 platform that slides into and out of incubator 32. When installed in
incubator 32, each bioreactor 15 is connected to gas and culiure medium supplies, 36
and 38 respectively. As shown in the embodiment of Fig. 3, gas valves 151 (one for
each tissue slice apparatus chamber 155) connects to gas supply 36. As shown in
Fig. 3, manifold system 17 is disposed between gas valves 151 and gas supply 36. Gas
filter 18, as previously described, is instalied between gas supply 36 and gas valves
151. Similarly, culture medium valves 153 are connected to culture medium supply 38.
Culture medium filter 18, as previously described, is disposed between culture medium
supply 38 and culture medium valves 153.
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filter 18, as previously described, is installed between gas supply 36 and
gas valves 151. Similarly, culture medium valves 153 are connected to
culture medium supply 38. 25 Culture medium filter 18, as previously
W3R d3%s disposed between culture medium supply 38 K ¢ERfE034100
medium valves 153. 11 WO 2007/027938 PCT/US2006/034100 Turning
attention now to'Fig. 4, there is shown an embodiment of bioreactor 15.
Although many configurations are available and will be understood by a
person of ordinary skill in the art, the embodiment shown in Fig. 4
comprises a plurality of neoplasmic tissue slice apparatus chambers 155
(see Fig. 5). Each tissue slice 5 apparatus chamber 155 is formed by a
sealed cavity when bioreactor base 157 and bioreactor cover 158 are

|nt¢mar£rgegt%m@ﬁ$xw\t6$ib5h n’ﬂﬁé/rtéﬁg W'M%ﬂfﬁﬂﬁﬂéﬂt Qﬁfgoreactor 15.

and.are in gas communication with tissue slice appara

Althcuét:gm gy 1SRl rﬁé@e%ﬁ@?&ﬁdﬁ@dn% tebs |d€§j€6‘f"§%ﬁﬁe8&1n&|§&m@ﬂ of

ordlnasucekdbmarﬁtasaxhalﬁlleeerﬁt%dwﬂbra sioph waafqgsw@dﬁﬁ%rf@ééur& pllurahty of
r al d i0 nication with tissue slice

neop %gégrg{ﬁgsﬁc Eagru\éer serve egari% :RF B chinFeGhelitgye slice

appar%@&@amberlﬁ%@e&nfmaghbymmm mwmmumme@amew@é 157 and

biorea8RYERRRAI53 172 AREIIAMRARIYT ey glégsa?g‘! S?rtrz%ﬁ)??geflycgqﬂgected fo

Bloreactor cover sealer 159 may be an 0-ring or o
gas suppiyert And %%N&@@%ﬁewmmrﬁtea lﬂ‘ﬂﬂ’etwarﬁiﬁ@cﬁeaatettmaeamr 155

for theapipase mtqmnaﬁ@et%é&cgm‘w&%ﬁlﬁﬁn@aqB{th@éh@\%sdgﬁgfaf’a%ﬂéakhamber

oice of devi r\r%ngg £S bioreactor cover sealer 159 will

185 W% daers!tjggcy and® SPBY PRl Bl UrRimey wrIvAlues 283 are in fiuid
Cammmcamnwmmmem@@ﬁﬂawg thhigb&r 886haROBEASE RSB function

55 modates at least one tissue slice
for cugh?gaiﬂgé%%%gg unlfgilercgl(r‘?z{e 888 O§u@§ﬁc€%ﬁ8§?§tﬁstﬁo ¢feginents,
bloreaqﬁg@r@@yeﬁw%a@eng $Srnsier) SisgemdorottissueldiR canppaiotescbarphes 157,
Bioread? EbROTESLIG PESGLR bESHPHIRGI L Ee%(F\ éﬂﬂl%dyl cr:]e xggq'frln?rp]:tfe%ent fluid

single neoplasmic tissue slice apparatus 2
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.

According to an embodiment shown in Fig. 5, each neoplasmic tissue slice
apparatus chamber 155 accommodaties at least one tissue siice apparatus 20. When
uninterconnected, tissue slice apparatus 20 may be inserted into a cavity forming a part
of tissue slice apparatus chamber 155 in bioreactor base 157. According to the
exemplary embodiment, a single neoplasmic tissue slice apparatus 20 is inserted into
each cavity; a plurality of neoplasmic tissue slice apparatuses 20, however, may be
employed in a single bioreactor 15 by providing a plurality of tissue slice apparatus
chambers 155 in a bioreactor 15. Nonetheless, the present disclosure contemplates
configurations of bioreactor 15 that comprise various numbers of neoplasmic tissue
slice apparatus chambers 155, and various numbers of fissue slice apparatuses 20 per
neoplasmic tissue slice apparatus chamber 155. After each tissue slice apparatus 20 is

12
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each cavity; a plurality of neoplasmic tissue slice apparatuses 20,
however, may be employed in a single bioreactor 15 by providing a
plurality of tissue slice apparatus chambers 155 in a bioreactor 15.
WIOHBTHERESS, the present disclosure contemplates 25 configBeaHosResF034160
bioreactor 15 that comprise various numbers of neoplasmic tissue slice
apparatus chambers 155, and various numbers of tissue slice
apparatuses 20 per neoplasmic tissue slice apparatus chamber 155. After
each tissue slice apparatus 20 is 12 WO 2007/027938
PCT/US2006/034100 inserted into neoplasmic tissue slice apparatus
chambers 155, bioreactor cover 158 is interconnected with bioreactor
base 157. Once interconnected, bioreactor 15 is sealed with bioreactor

inserte@VAtoSABIYIASRAIBIRRRC I SIS IPe:RIBERT {Bt ‘8@’%5:}&5&5@0\?&}0'1 58 is

. connected with gas supply 36 and culture medium supply .
intercgRaECiRE D P DiRBRRR IS ehce oL RewRaTSg Bde itseasinE s s sealed

with bihrewotdry @ventsstimesoindFige Scoe o anmictHiss e SHeRAPRAEHS #tor 52

ene SHRLCHINE SAIG B e S e el

stainless steel or Sther
accor@ngiyaegngkitigd the art, as described previously. One or more tissue slices
23 are placed lo between adjacent meshes 21 and meshes 21 are

cl3pERYgEMEFRRTTRgS RNSliae ShowarBugieiRsizarinent ibdimdiretmplasmic
tissuehylieatisppartias Siéerﬁ@ﬁ SIFIEIRES P bIRARASIIRIGRIE SICRRTIA B ay be

timized for %%?}%Iprotocol and may vary from experiment to
t

b
made gt SLERE SR (0L S5 1LaU e BRUNGEIHE KREHRD Y, AonRssa e arcinary

skill isHbe/neim, Fag. Gebadbraeshrs/RUHMOKE RROPBRNIGESEURIRISE 23 are placed
t . The tissue_slices 23 are, disposed in the lower 40% of )
betwe%@op Esérjﬁﬁc% Eggu&ees%igj a%%cgraﬁ %'56 ggcgr&n AL Lasiimnsyith tissue slice
appargiyfhsiipiert. THis withfiguratidersioiss by stidisaf8 ithtisssizgeslisad thickness of
AR R UBBS S RSUBRloS 5o hoth, the dr
neop .and wet cycles. Figs. tﬁ%r%%%ﬁé%ﬁ?rﬁﬂjgg%b%ﬁ%ﬁi% §0 'F]égf)ﬁigs‘fﬁ?& from
experipantde péperiment and tissue fo tissue.

According fo the exemplary embodiment shown in Fig. 6, iwo meshes 21 form
neoplasmic tissue slice apparatus 23. The fissue slices 23 are disposed in the lower
40% of neoplasmic tissue slice apparatus 20 according to the exempiary embodiment.
This configuration of tissue slices 23 in tissue slice apparatus 20 ensures that the tissue
slice is fully exposed to both the dry and wet cycles.

Figs. 7A and 7B show similar embodiments of neoplasmic tfissue slice
apparatus 20. Two stainless steel meshes 21, the size of which can be chosen based
on the dimensions of the chamber, are inciuded. These two meshes are preferably
arranged in parallel. In an embodiment, the meshes have about a 0.26 mm pore size.
Also, in an embodiment, the meshes are pressed to ensure consistent flatness.
Between meshes 21 is a plurality of tissue slices 23, such as liver slices arranged in an
orderly fashion. The two meshes are positioned on each side of the neopiasmic tissue

slices with enough room so as to not crush the neoplasmic tissue slices, but also to hold

13



10

15

20

25

20 apparatus 20. Two stainless steel meshes 21, the size of which can be
chosen based on the dimensions of the chamber, are included, These
two meshes are preferably arranged in parallel. In an embodiment, the
WhedhEL e about a 0.26 mm pore size. Also, in an embo8frAEHi2ie34100
meshes are pressed to ensure consistent flathness. Between meshes 21 is
a plurality of tissue slices 23, such as liver slices arranged in an 25 orderly
fashion. The two meshes are positioned on each side of the neoplasmic
tissue slices with enough room so as to not crush the neoplasmic tissue
slices, but also to hold 13 WO 2007/027938 PCT/US2006/034100 them
sufficiently so that they do not get washed away by the culture medium.
Although Figs. 7A and 7B show a relatively small number of tissue slices

them %fBiTI}E@Hﬁ‘} BEtEPthHEaS ASNER %&%B%Wg%g‘ﬂ@ éhﬂﬁf@%%&%iﬁﬂ%mough

t eaggjlratus Is dependent’upon the number of tissue slices and sizes

Figs. $ftRedidshis v EIRPISIE§MRidnBRRAY 06 msLBIrREPRRitipeatheineen the
mesh8BOWIs Hoheoniaastatad that Gy srusbiasobMmAshaspdtaliaydedpefidht upon
a single mesh 21 iused, it is forme tlﬁﬁsurround, t least partially, .
the ”Hﬂ?h:ﬁés AT SRR Y (RFERy Forith § P UFa B R R TR RFthAddionally,
althoubhtiepaseshey 2Xanrpishdam nieheoiriddfesneatimayshiiatbyr of meshes 21

dimensjoned U-shap egplasmic tissue slides 23 used in th sen .
may G A SR Ea 15 Moot a b e STl RTSRY, gertany.
neoplasen ddause sif-dseZdpiimios . fiNsuptasnsipadssard treadzprdbsiy in that space.

For eXX3AKIE) @i?é‘?ﬁe%ﬂ%&ﬂﬁ’& @@ﬁ%fﬁ@@%@%ﬁeﬁtﬁwmiéﬂgﬁ%ﬂﬁﬁ g5

However, those skilled realize inherent ts of neoplasmic tissue.

TisRER pHIEAT AR 80RY S anyifize @ Jhansssdiabipdapspintaninedhiained
; viabllri%gland essenggl fug,ctions thereof. In tlgf ﬁfpres%%disclosure ,
rom g RIVHERIE GPHESR e IRIYRR I TN 8 L #4860k 1R, BRP RIS Meoplasmic
tissuearagmmmsaboubﬂl@mmtemaha,Oﬁﬁy'rbé\ ﬂﬂq&ngﬁerémm Mithmanimal
ﬁssuetso. oovlv%'?eg)ro %@8339.‘?1%8 %5%”8'%1%}8!?330%@8&%%/ % nnggrt!lcgrlgﬁz ti[stsu?. Tissue

experiments. The present disclosure is 1deally Suited to methods of testing
slicestRé roricivg ahany size or shape suitable for maintaining the viability and essential

functions thereof. In the present disclosure thickness of tissue slices 23 shown fo be

effective have a thickness ranging from about 10 um to about 2,000 pm. A thickness

from about 100 pm to about 500 um has been determined to be effective in particular

experiments.

The present disciosure is ideally suited to methods of testing the toxicity and
efficiency of a drug. The tfesting is accomplished by exposing fissue slices to a drug or
drug candidate and observing the ability of the tissues, such as liver, to metabolize a
compound, which compound or its metabolites can be detected. For example, ammonia
and lidocaine are common compounds that can be metabolized by healthy liver, The
following examples show this tesiing, as applied to liver-slices. Those skilled in the art

wil recognize the utility of the present disclosure as applied to other organs.

In order to test chemotherapeufic regimens on the tissue slices or aliquots, at
least one compound is appiied to at least one tissue aliquot in the bioartificial organ
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efficiency of a drug. The testing is accomplished by exposing tissue slices
to a drug or 20 drug candidate and observing the ability of the tissues,
such as liver, to metabolize a compound, which compound or its
Wi etAHBhtEE can be detected. For example, ammonia and li§&d4iiebeas4100
common compounds that can be metabolized by healthy liver. The
following examples show this testing, as applied to liver-slices. Those
skilled in the art will recognize the utility of the present disclosure as
applied to other organs. 25 In order to test chemotherapeutic regimens on
the tissue slices or aliquots, at least one compound is applied to at least
one tissue aliquot in the bioartificial organ 14 WO 2007/027938
PCT/1IS2006/034100 system. After a predetermined time elapses, data is
systergaifEec FranraBiRedmeR! dhpseandiiens PanbrdURlicalsd SdSEment, the
cond'tthe testing on each %iue slice or aliquot is completed, the data are
'&%‘?ﬁﬁg?é( .%%W%ﬁ?l of the data provides for various utilities of the

pr i e,.includin r. example, detectian of mitotjc activity
cy%ﬁ?»%i(?t% ;%%% tgllfgfégn ﬁ%%%gaﬁqﬁg%j%_ é?l%‘é’ttd’ee"ri\988qﬁ%r€?§eﬂ§aﬁ?ta are
compaFede feriipatserusefulhe felataaforidsshidomostisifectivéliies of the present

discloShRMARBEARS Ui BaimeR fekrralimiy Fﬂft%%@i\ﬂ&e@gt@fb%:iW%arameters,

toxicity of a given compound or compounds, or for study

and hisippAtigadsiON6r EREIMIFaTk iRt e serarsHliE ArRayesiubbrTRsmulation
of thefraosthsidefeatibrasinbripeiit felirenignrol heienpemgaia 3 iReWietion of

e ol AL SR AR e S O S e o

examplisdNstea he elinen sirigriiveesimeg be teritisslfeosanhplelatd)eaflatariations in the
desiarPRSpRted ik rates the ahilit ft‘%‘l‘%bl artificial.. .
desig e R e T MR8 R 5P et ope i e
informpfieaaRrivedoncentration being managed over time, which substantially
simulates in vivo physiology of samples. Finally, Fig. 11 demonstrates the

abMi§ortnk 1I5EPRRSE ptfepHilibn PhibaoineiRles b rarpARMbES Hiclosed

hereindating liver slices as the tissue sample. The data presented in Figs. 8 and 9
demonstirates the ability of the bioartificial organ system to clear lidocaine over time.
Similarly, Fig. 10 shows the increase in concentration being managed over time, which
substantially simulates in vivo physiology of samples. Finally, Fig. 11 demonstrates the
abitify of the teachings of the present disclosure fo detoxify ammonia. The data
presented in Figs. 8-11 are not intended fo be limiting or to demonstrate the actual
results the teachings of the present disciosure will achieve, but merely to demonstrate
the achieved utility of the teachings of the present disclosure. It is intended that various
configurations will accomplish similar resulis from configuration to configuration that are

not exactly duplicative of the data presented herein.

Turning now to Fig. 12, there is shown an embodiment of a method for use of
the apparatuses disclosed herein. According to an embodiment, bioreactor 15 is loaded
with neoplasmic tissue slices 23 and sealed. Bioreactor 15 may be identical to
embodiments disclosed herein or other apparatuses with similar functionality. Bioreactor
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presented in Figs. 8-11 are not intended to be limiting or to demonstrate
the actual results the teachings of the present disclosure will achieve, but
merely to demonstrate 20 the achieved utility of the teachings of the

Wistaderii2adtlosure. It is intended that various configurationg@H{US2006/034106
accomplish similar results from configuration to configuration that are not
exactly duplicative of the data presented herein. Turning now to Fig. 12,
there is shown an embodiment of a method for use of the apparatuses
disclosed herein. According to an embodiment, bioreactor 15 is loaded 25
with neoplasmic tissue slices 23 and sealed. Bioreactor 15 may be
identical to embodiments disclosed herein or other apparatuses with
similar functionality. Bioreactor 15 WO 2007/027938

is coriiedi@dI3096/03418RScemine FHReiRiraasyaneeuliieHNe e a supply of

reseryoir 12 which contains a supply of culture medium. According to

culturg RSiRe ASIRTIRR FPLRRBAEIBISOSHPrEBIon BIRFaRETcRSIRSsRca pluraiity of

tissuea@mrapmmmm@ﬁtf@soniﬁ‘eredﬁﬁ@@téﬂramﬁ@#ﬁémafw%@ﬁ% Rfay be used
ed upply.culture medium ending.on the specific goals of the

o s B 80 B e i S eent Sougnt. For

examwmrgggmﬁing Mmpﬂsémﬁiﬁwute lﬁbceaa#xpaiétusn@ﬁeb@rﬁstﬁ@ (@@ apparatus

cham&%_ﬁ@-_@éa@_élfsﬁ%wbﬁ{ﬁﬁt%H%@ﬁ@%&@;ﬁ%@%e cém}gr?mherein

medium is supplied with no additives. The ot ers may be

culturg Rpfisn ae demind Witk aditiesd B othesiheharmbarssteaharsupplied
with cliBGHE RELRSM 3ehelndty HOQGAINAAH 3P BRORISH Y\ IPIeSHRRNeaal s ch as

Similarl§, all or some of tissue slice io apparatus chambers 155 ma

. | U be -
idooaife of ARt BRI, EORGRTNETIANS Rliats. RS PRMpIOTsHRs e Slice

apparaﬂml:cwmntmmel@lﬁ’iﬁev”b@ SI’-ﬁ@DMWM?_‘E\W@%@H@%m@_&&iﬁ{y%ﬁbéfﬁbﬂder to
Irom preventing. retrieval of results...I he exact e rrmenta SiIgn

nave B S, SLAE BRGNS S ol i, iR dpperats
chamb@roﬁ\ﬁﬁafﬁgﬂu nmnfm rptaeyeisoh r@ﬁof&inaf}eskitbh:t té@aﬂnmmlrleﬂeg'gn and
protoc'&,eﬁmg\!)@ﬁn%?eﬂ|E%n%§uﬂa%@a)ﬁbﬁ]g|t§£%9§%e%§ g "BedMBuwn and

reservoir 12 and bioreactor 15. Bioreactor 15 is also connected to a gas
undergfoeePU @ BRISSHIPHIES ¥ Hhin the art. According to embodiments, filtter 18

may be disposed between culture medium reservoir 12 and bioreactor 15.

Bioreactor 15 is also connected to & gas supply 40. Gas supply may supply
gasses in various combinations and concentrations according to experimental designs
and protocols. Typically, a single gas supply 40 may be connected to all tissue siice
apparatus chambers 155. Nevertheless, a plurality of gas supplies 40 may be used if
desired and called for by experimental design or protocol. According to embodiments,
filter 18 may be disposed between gas supply 40 and bioreactor 15.

After culture medium and gas is supplied fo each tissue slice apparatus
chamber 155 bioreactor 15 is incubated for a given period of time. During incubation,
tissue slices are alternately exposed to culture medium and gas. This may be
accomplished in multiple ways. For example, culture medium and gas may be injected
and recovered alternately so that either gas or culture medium is in tissue slice
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gasses in various combinations and concentrations according to
experimental designs and protocols. Typically, a single gas supply 40
may be connected to all tissue slice apparatus chambers 155.
WQSHBHIEREES, a plurality of gas supplies 40 may be used if 23 HALEE/BHA00
called for by experimental design or protocol. According to embodiments,
filter 18 may be disposed between gas supply 40 and bioreactor 15. After
culture medium and gas is supplied to each tissue slice apparatus
chamber 155 bioreactor 15 is incubated for a given period of time. During
incubation, tissue slices are alternately exposed to culture medium and
gas. This may be 25 accomplished in multiple ways. For example, culture
medium and gas may be injected and recovered alternately so that either

appargfifs Sheuiibie 188 divBhis dRdighiishalice. 2R NR R0 HRAL,
Al paratus chamber 155 atggnyl ongg%eﬁ%aey be rotated

p . .
so thef fissGIempbie AR ASTRAS e rbried Qo SRlgmpRE gas. which are
both hékrniatelisxpasiod t@wmmedm@ﬂmgas,m&mﬁﬁl @ft%@%mismd by

' ' aratus mber 155. This may be accomplishe .
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various points during an experiment, samples of culture ' medium may be
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9 . returned to bioreactor 15 or d%carded. ﬁﬁ&%%%%ﬁ&e%%%%ﬁgé ﬂi'.% culture
mediugy gligHoh nbsld stediitpsted in a processed culture medium reservoir 50. Once
tested, it may be returned to bioreactor 15 or discarded. Filters 18 disposed within the

system maintain sterility.

An embodiment shown in FIG. 13 illustrates a method of testing neoplasmic
tissues using various compounds and substances. In the exemplary method, a tissue
sample is extracted during surgery. Tissue is preferred to be neoplasmic. For example,
to create a personalized chemotherapeutic regimen, tissue is removed from the patient
for whom the regimen is to be created. For example, cancerous tissue may be removed
and exposed fo a variety of cancer fighting drug cocktails to determine the best cocktail
for the particular cancer tested. Similarly, in toxicity testing applications, fissue from any
suitable neoplasmic or animal host may be used. According to embodiments, animal
tissue may be used initially. After a compound is deemed safe in animal studies,
neoplasmic tissue sample may then used to further test toxicity of the compound or
substance.
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An embodiment shown in FIG. 13 illustrates a method of testing
neoplasmic tissues using various compounds and substances. In the
exemplary method, a tissue sample is extracted during surgery. Tissue is
WPaTHEd% be neoplasmic. For example, to create a persoRERAEG06/034100

chemotherapeutic regimen, tissue is removed from the patient 20 for
whom the regimen is to be created. For example, cancerous tissue may
be removed and exposed to a variety of cancer fighting drug cocktails to
determine the best cocktail for the particular cancer tested. Similarly, in
toxicity testing applications, tissue from any suitable neoplasmic or animal
host may be used. According to embodiments, animal tissue may be
used initially. After a compound is deemed safe in animal studies, 25
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the PagisdatigiBrCkhe particular protocol. According to embodiments,
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reference as if fully set forth herein.

Once removed from the patient, the tissue sample is sliced or otherwise
divided into at least one aliquot of tissue. In an embodiment, each slice or aliquot is then
individually cultured in tissue slice apparatus chamber 155 and bioreactor 15 as
previously described, such as using the method shown in Fig. 12. The use of muitiple,
duplicative fissue slices allows researchers and doctors to expose the same tissue
slices to compounds at the organ level where the only variable at play is the regimen
administered.

Thereafter, the results are analyzed. Because the only variable is the regimen
administered, the present disclosure provides a powerful ool for evaluation the efficacy
of each given regimen compared to other viable regimens. Moreover, because the
present system and methods are designed to allow testing at the organ system, and in
some cases, organism level, as described in the examples below. Thus, using the
methods and apparatus of the present disclosure, researchers and doctors have a
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15 divided into at least one aliquot of tissue. In an embodiment, each slice
or aliquot is then individually cultured in tissue slice apparatus chamber
155 and bioreactor 15 as previously described, such as using the method
WEHINHIATERY. 12. The use of multiple, duplicative tissue slicRSTIBIRES/034100
researchers and doctors to expose the same tissue slices to compounds
at the organ level where the only variable at play is the regimen 20
administered. Thereafter, the results are analyzed. Because the only
variable is the regimen administered, the present disclosure provides a
powerful tool for evaluation the efficacy of each given regimen compared
to other viable regimens. Moreover, because the present system and
methods are designed to allow testing at the organ system, and in 25
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allows researchers to observe the stepwise effects of a regimen on
organ\ﬁgr%!gsorgan samples. According to similar embodlments tissue sllces

|ffere t tis ue es f;_ﬂg] 0 ti sui slices (%F]bln 3|n sin
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e many Variations in t the apparatuses and met
in an fradeptsystem in an in vitro environment for study and therapeutic applications.

The many variations in the use of the apparatuses and methods of the present
disclosure in the observation of the effects and efficacy of regimens will be understood
by a person of ordinary skill in the art. Similarly, the various methods of controlling
variables in an jn vivo system will appeal to artisans as a powerful means of obtaining
results that would otherwise be impossible short of neoplasmic or animal experiments.

For example, according to an embodiment, a plurality of neoplasmic liver slices
are positioned securely within bioreactor 15 so as to maximize the surface area of the
liver slices exposed to a culiure medium. There is a means for selectively supplying and
removing culiure medium fo the tissue slice apparatus chamber so that the culture
medium in the chamber rises fo come info contact with the tissue slices. The culture
medium rises in the chamber so that the liver slices are completely immersed. The
same process reversed may also be used to remove the culture medium from contact
with the tissue slices. There is also a means for supplying a gas to the top of the
chamber so that the tissue slices are exposed alternately {o the gas and to the culture
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disclosure in the observation of the effects and efficacy of regimens will be

understood 15 by a person of ordinary skill in the art. Similarly, the various

methods of controlling variables in an in vivo system will appeal to

WAHISUHE BS% powerful means of obtaining results that wouldSHERIEE 00

impossible short of neoplasmic or animal experiments. For example,

according to an embodiment, a plurality of neoplasmic liver slices are

positioned securely within bioreactor 15 so as to maximize the surface

area of the 20 liver slices exposed to a culture medium. There is a means

for selectively supplying and removing culture medium to the tissue slice

apparatus chamber so that the culture medium in the chamber rises to

come into contact with the tissue slices. The culture medium rises in the
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preferably kept at about 36.5 degrees C. For rodent tissue slices, it is
kept between about 36 to 38 5 degrees C. However, pig tissue slices are
vergga e 40 temperature fluctuation and it must be maintained at 38
degrees C, the normal body temperature of pigs. EXAMPLE 1 In an
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most effective all for the patient Iin question
the first group fo determlne the most eﬁectlve drug cocktail for the patient in guestion.

The doctor then uses the second group of aliquots to determine the optimal

- concentration of the drug cockiail.

* With the first group of aliguots, the doclor uses the group to determine the most
effective drug cocktail. Tissue aliquots are culiured as described previously. Various
drug cockiails are administered to the tissue aliguot. The percent of apoptosis of the
cancerous fissue in the aliquots is measured by methods that would be common to a
person of ordinary skill in the art. The doctor then selects the drug cocktail inducing the
greatest degree of apoptosis in cancerous tissue compared to the healthy tissue.

The doctor then uses the second group of tissue aliquots to defermine the
optimal concentration of the drug cocktail to use on the cancerous tissues. Tissue
aliguots are cultured in the same manner as the first group of tissue aliquots. The doctor
applies various concentrations of the drug cockiail to each tissue aliguot and selects the
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The doctor then uses the second group of aliquots to determine the

optimal 15 concentration of the drug cocktail. With the first group of

aliquots, the doctor uses the group to determine the most effective drug

WA P8sue aliquots are cultured as described previousl§CYAH 8§ 034100

drug cocktails are administered to the tissue aliquot. The percent of

apoptosis of the cancerous tissue in the aliquots is measured by methods

that would be common to a 20 person of ordinary skill in the art. The

doctor then selects the drug cocktail inducing the greatest degree of

apoptosis in cancerous tissue compared to the healthy tissue. The doctor

then uses the second group of tissue aliquots to determine the optimal

concentration of the drug cocktail to use on the cancerous tissues. Tissue
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another embodiment, the teachings of the present disclosure may be used

to predict the toxicity of compounds to healthy tissue. Such results would

be BX@MPLERa generated and submitted to the FDA pursuant to

approval of a new drug application or abbreviated new drug application.

Anlarancther aatisidisnsiottitaeiteaahipts isfdbeapregenl diskingtishmopgyperused fo
predic®HEHG:A5R HYmYSUANY WRERRFFRRLENEIRIF roRRENBIRRE 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 neopiasmic tissue sample is obfained
by taking a biopsy or as part of surgery. Usually two species of animals, one rodent and
one non-rodent are used because a drug may affect one species differently than
another. Other organs likewise provide key data and are useful within the scope of the
present diéciosure. in another embodiment, the fissue is taken as part from a deceased
organ donor, cloned, regenerated or otherwise supplied by techniques known to those
skilled in the art ranging from cord blood to stem cells by somatic cell transfer, among

other things.

Tissue aliquots are derived from the tissue sample and cultured as previously
described. Once the tissue is cultured, a compound is applied to each tissue aliguot to
determine the efficacy of the compound to achieve a desired resuli as described
previously. Data is gathered and interpreted as prescribed by the FDA or as according
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15 one non-rodent are used because a drug may affect one species
differently than another. Other organs likewise provide key data and are
useful within the scope of the present disclosure. In another embodiment,
VRIS taken as part from a deceased organ donor, cl8fadS2006/034100
regenerated or otherwise supplied by techniques known to those skilled
in the art ranging from cord blood to stem cells by somatic cell transfer,
among 20 other things. Tissue aliquots are derived from the tissue
sample and cultured as previously described. Once the tissue is cultured,
a compound is applied to each tissue aliquot to determine the efficacy of
the compound to achieve a desired result as described previously. Data
is gathered and interpreted as prescribed by the FDA or as according 21
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compaigyiie cfcatyrn B 8BS milarly, disease studies may be performed by
using various compounds in the study of a disease. For example,
inhibitors and stimulators of compounds in the tissues may be used to

st%lﬁg >E{fgcts on chemical pathways in the tissue. Moreover,

co y be applied to the tissue in an effort to observe their
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experimentation. The testing may be performed by an independent tfﬁrd
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., samples, a dtrEtt they are treated neoplasmicely. Alternately, the presen
dlscioaligaogr&\g(%got 8nf3%8féags?ﬂ1euﬁ§eao%%‘g%%%élicO{i %ﬁeg, ten, exggﬂ}nenta!
parameters would be readily apparent to a person of ordinary skill in the art without the

need for undue experimentation.

The testing may be performed by an independent third party in order to rule out
any appearance of bias. Every effort is made to ensure that as few animals as possible

are used as a source of tissue samples, and that they are treated neoplasmicely.

Alternately, the present disciosure also contemplates the use of neoplasmic tissues,
samples of which may be obfained from organ donors. Since most drugs are
metabolized in the liver, toxicity studies naturally focus on the effects on the liver.

EXAMPLE 4

The present disclosure also provides a novel way to observe the interaction
between organ systems. Tissue slices may be obtained from a variety of organs. These
then are placed in parallel into multiple bioreactor tissue slice apparatus chambers.
Culture medium is applied to a first chamber and permitted to come into contact with the
tissue slice for a time period. Following the initial time period, the culture medium is
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samples of which may be obtained from organ donors. Since most drugs
are metabolized in the liver, toxicity studies naturally focus on the effects
on the liver. 20 EXAMPLE 4 The present disclosure also provides a novel

W) %6%8ESErve the interaction between organ systems. TisSGd Efee/HFAPO
be obtained from a variety of organs. These then are placed in parallel
into multiple bioreactor tissue slice apparatus chambers. Culture medium
is applied to a first chamber and permitted to come into contact with the
25 tissue slice for a time period. Following the initial time period, the
culture medium is 22 WO 2007/027938 PCT/US2006/0341 00 removed
from the first tissue slice apparatus chamber and moved into a second
tissue slice apparatus chamber containing a tissue sample from a
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such as increased metabolism, a different primary cell type, or a different
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or example, a researcher e Interested in protel

embodigesiion. Bempldisief ﬁmljermayqv@eiat@ HeaakendrentiFntidestiee apparatus
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_ the duodenum, jejunum, and ileum, and the large intestine. A sample o
slice appRiatvschambRiHAiblRamReMaBlS5oRE KiSSfore reacted with each

disparate tissue type to determine the effect ?f particular organ.on t§e
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intest %tggc%(?% BE‘?%‘&;%R&H& ESf?ﬁreG%l?SﬁBﬂﬂmeféﬁﬁnﬁﬂﬁ tgrﬁ? ileum, and the large
intestine. A sample of culture medium with a protein sample may be therefore reacted
with each disparate tissue type 1o determine the effect of a particular organ on the
proteins to be digested on a system level. '

While the apparatus and method have been described in terms of what are
presently considered to be the most practical and preferred embodiments, it is to be
understood that the disclosure need not be limited to the disclosed embodiments. It is
intended fo cover various modifications and similar arrangements included within the
spirit and scope of the claims, the scope of which shouid be accorded the broadest
interpretation so as fo encompass all such modifications and similar structures. The

present disclosure includes any and all embodiments of the following claims.
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embodiments. Itis intended to cover various modifications and similar
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encompass all such modifications and similar structures. The present
disclosure includes any and all embodiments of the following claims. 23
WO 2007/027938 PCTNS2006/034100 CLAIMS 1. A method for using
neoplasmic tissue for drug testing and screening comprising: providing a
bioreactor for substantially simulating in vivo tissue function in 5 vitro;
providing for the bioreactor to hold at least one aliquot of a tissue sample;
and allowing at least one aliquot to generate useful data. 2. The method of
claimhsWherein in vivo conditions are accomplished by in maintaining
cell-to-cell interaction in the tissue. 3. The method of claim 1, wherein
neoplasmic ti $§ tigased data is ﬂgner_ate_d by using the combination of

tissye {5 aRb BRI LEY

comphbigingactor is used to at least one of: determine an optimal
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5  vitro; one of the group mitotic activity, toxicity studies, and histopathology. 6.

The methodiaiidahp the WisaIBHR D il%ﬁ!”‘ﬁ%%é&?%@ﬁ@%ﬁ%“& e sample;

tissue function at an organism level. 20 7. The method o m 6, wherein
and the pioreactor substantially duplicates

allowing at least one aliquot to generate useful data.
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2. The method of claim 1, wherein in vivo conditions are accomplished by

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

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

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

4. The method of claim 1, wherein the bioreactor is used o at least one of:

determine an optimal chemotherapeutic regimen, predict toxicity of a regimen, or study

15 disease,

5. The method of claim 1, wherein the data describes at least one of the

group mitotic activity, foxicity studies, and hisiopathology.

8. The method of claim 1, whérein the bioreactor substantially duplicates

tissue function at an organism level,

20 7. The method of claim 6, wherein the bioreactor substantially duplicates

tissue function at a system ievel.
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tissue function at a system level. 24 WO 2007/027938

PCT/US2006/034100 8. The method of claim 7, wherein the bioreactor
94 duplicates tissue function at an organ level. 9. T @%94100

of claim 1 Whereln the useful data is generated by the appllc o] ko)

least one regimen. 5 10. A business method for neoplasmic tissue testing

which comprises providing a bioreactor-based system for housing

neoplasmic tissue slices; populating the bio-reaction based system with

neoplasmic tissue; testing a regimen on the tissue; and collecting results.
1015 20 25

8. The method of claim 7, wherein the bioreactor substantially duplicaies
tissue function at an organ level.

8. The method of claim 1, wherein the useful data is generated by the
application of at least one regimen.

5 10. A business method for neoplasmic fissue testing which comprises
providing a bioreactor-based system for housing neoplasmic fissue slices;
populating the bio-reaction based system with neoplasmic tissue;
testing a regimen on the tissue; and
collecting results.
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