WD 2006/ 115682 PCT/ US2006/ 011551 Title of the Invention: Novel Cellular
Conpositions and Methods for Their Preparation Cross-Reference to Rel ated
Appl i cat iwo0dB11563001] This Application is a continuati ecTafS2edaiot 51 St at es
Patent Application Serial No. 11/110,879 (filed April 21, 2005), which
application is herein incorporated by reference inits entirety. Field of
the I nvention: [0002] The present invention relates to novel cell (e.g.,
hepat ocyt e, et'f,iil)g ‘Jl{(% conposi tions and nethods for their preparation and
use. In partictigef BeJaventiohi i i on concerns nethods of processing

preparations of ch I 0 to permt thej epeated_cryopreservation
and thawi ng whi l iﬁﬂﬁﬁﬁﬁﬁlt@fﬁu&mﬂqsﬂloﬂsaﬂla%émﬁfﬁehh Hon al so -
concerns preparations of cells (e. Pre joayt es) that have been
repeatedly cryopreserved and thawed. 15 Background of the Invention: [0003]

Hepat ocytes ar arenchymal _|jver cel]ls, and make up 60-80% of the

cyt opl asmi ¢ naégogﬁikefeﬁ%‘}/‘?it‘?/gﬁ.ateaéwﬁ’ﬁﬁmnés play a key role in the

det oxi fi catjon Lfication and excreti o, .of o) us ,an ndogenous
subst ances %Powg%]gg,cilhf&ppi atbqn.m?%’é'ﬁ)‘gmﬁpﬁgﬁﬁfef%%tgﬁ%ﬂ% APPSO ed Human
Hepat ocyt es: HeeniaFs6. 1AY1d 0,309 WiledApitit 2TH2005) WhichcapPHedtion Jshere t ern Lab Anim
32(2):101-110). One of det.oxi fying functions of hepatocytes is to

th
modi fy anmmoni aPPBPYRIED bY BHerERE AL S Gl They are al so i nportant in protein
synthesis and storage, in the transformati on of carbohydrates and in the

synt hesi s of e rel. bile salts and phospholipids (Postic, C et al.
(2004) "Rol e %ﬁ%h&tt%@lgsntfoﬁ’me Control O Carbohydrate And 25 Lipid

Honeost asi s, " fhahet ; - Y. is the only
cell in the bo@?/@ﬁhgﬁgﬁapéﬁ%ﬁggfﬁt%g?% gﬁ)ﬁ%%@cf}lgggh%%gﬁgﬁ%ﬁ@t he prot hronbin
group of t0 otc¢ompgsifiemstand snethods fog thefreprepaiation hndeuskon pantcubayrthdhresi s of

| i poproteins, . . 1 . ] ng. I ocytes

it act ur es. RO SRS ot A i PSR FE 1 e bEREL

proteins and itheir epedtédidrpopresamytimsandtiratpwhilestaarieg substantiatrpiabitignt depot s

];Slr t \lj:, tegmhgpgt Ze)}'?gegitih%%lgd %c%lg%ﬁéirel%aetic}ng o% crc]e g?e.g,t ﬁe{aétgyyttgs? that hsa% gée%d and
repeatedly cryopreserved and thawed.

15 Background of the Invention:

[0003] Hepatocytes are parenchymal liver cells, and make up 60-80% of the
cytoplasmic mass of the liver. Hepatocytes play a key role in the detoxification,
modification and excretion of exogenous and endogenous substances (Ponsoda, X.
et al. (2004) “Drug Metabolism By Cultured Human Hepatocytes: How Far Are

20  We From The In Vivo Reality?” Altern Lab Anim. 32(2):101-110). One of the
detoxifying functions of hepatocytes is to modify ammonia to urea for excretion.
They are also important in protein synthesis and storage, in the transformation of
carbohydrates and in the synthesis of cholesterol, bile salts and phospholipids
(Postic, C. et al. (2004) “Role Of The Liver In The Control Of Carbohydrate And

25  Lipid Homeostasis,” Diabetes Metab. 30(5):398-408). The hepatocyte is the only
cell in the body that manufactures albumin, fibrinogen, and the prothrombin group
of clotting factors. It is the main site for the synthesis of lipoproteins,

ceruloplasmin, transferrin, and glycoproteins. Hepatocytes manufactures their own



very attractive as nodels systens for the study of liver functions (Chesne,
C. et al. 5 (1993) "Viability And Function In Primary Cul ture O Adul t
Hepat ocytwe 2bscortsegar i ous Ani mal Speci es And Hunman Bei ng®CAfUS2006/011551

Ci yopreservation," Hepatology 18(2):406-414; Quillouzo, A et al. (1986)
"I solated and Cul tured Hepatocytes,"” Paris: |les Editions |INSERM and
London: John Libbey Eurotext); Ponsoda, X. et al. (2004) "Drug Metabolism
By Cul tured Hmh&nmraép@tmwlémﬁapﬂwlﬁanzymee Hepat@ytes amaladmpertast vo Real i ty?"

Altern Lab Ani 15 nmez-Lechon, MJ. et al. (2004) "Human
Hepat ocyt es In ﬁ@%&lta%% ltjjzgagld e Choice To Investigate Drug Metabolism

In Man," Curr zgl\/letab 5(5):443-462; Lemaigre, F. et al. (2004) "Liver
Devel oprent  Upl@804: Devp @ﬁmgmbmaesoéated@@mcummb@etocwmmbecomefd

Mor phogenesi s, 2004
"Ani mal Mbodel Sveé)a‘ch%ctﬁ?ﬁh@ﬂ@&?&ﬁ%@%?{tﬁe\g@d@@ é’g@gn%hgp dthg%ﬂt% eeééfl E is, )
Clin Liver Di s(198)3Yidb8a: Sk undton it Lrimry CubsiredDf Adul GlpytoQrasdppereser ved Rat ,
Dog And Monke Z mes In
Suspensi ons. An i AL (e MR RO ne n S Vel Bl B REY
addi tion to thH(2):496€ 14 rGiilloveo, Anedel $1985)3‘ﬁwla¢edtzméCMaarainzmtqcheﬁt| aI of
20 being used {o. pro e Bi 'fi Li.ver epat ocyt e
transpl ant ati o#narlsﬁﬁﬁgajiﬁ%rﬁ%]ﬁ%m%l O\I/‘g?n 1’T ‘E}H‘c‘rslb eﬁ@‘u[r%t?ﬁ IJ&PS(/OQ%IuaIeg suf fering
L rom | ibvgr di sﬂa@gO@r‘w&y%étgb(gam By(éultz&c?ﬂmaﬁﬂqmaicyﬁes \IﬂfhusF@BmaWeocar eh
escri be an . vBloartifici Li ., The St ate The
Art," TropP(éa?fprog’e%e?’? &V.O 1"%‘7[((3’21% ‘?tg o @%Amn?égbﬁwﬁ@rgonﬁezﬁecw al . (2005)
"FHylbr id Ar u) f :IOIIJ?Jzt é%l(mm) @Hm@mep%y&wm@gmgg@ Cuieed: agmh&r:e ﬁﬁvelr e I(_|2 \682 )
ailure," r S e et a
"Hepat ocyte Orffaffbede éﬂ‘ %tgtéz‘? H”’E’f’ll]\%%{ ém@ﬂé%etﬁgtiﬁ 4%314825&9@%& A Hybrid
Artificial Livereal gjotmﬁ ‘IVel DEvAISBRABUpdald: M%Mﬂoﬁﬁg&s CeW&WageQ et al.
(2004) "Hepatocyte lture In Bioartificial Live ferent Menbrane

Char act eri st i cSomraBi4pddéainingerests;” C‘E’B@R’Q)Geilﬂﬁ?@"lﬂ@ S@eﬁodBTanJHA 4t al. 30

(2004) "Usgf ul {2@@?} Al Mokf&k o NlahM@Jhoﬁé’PW LivdrQbisdn E&ﬂﬁcﬁﬂ@d)!)l@ﬁ&tzt?a’t lents
Wth Ful mnan atic Failure,” Transplant Proc. 36(8):2355-2356;

W03/ 105663A2, C1112LW]21@(%3)1$§6372 H@FMMOG@! d2045 ErvoppsredbEBee, and U. S.
Patent No. 6,7 t AR %%r by Chan, C
et al. (2004) g%le%gﬁe%m#%é%g%g[eé%een ngﬁbﬂgﬁ a{’JOZZanQAn Me‘?'g’grrpor ary Liver
Support : Cr|t|&apenT@aMMG@ﬂe@;’"Htm\EépTwlaﬂls?:ﬂ(@ e306).: 1331 1342; Lee, S.W
et al. (2004) "Hepatocyte Transplantation: State O The Art And

[0005] In addition to their use in liver models, hepatocytes have the potential of

20  being used to produce Bioartificial Livers (BALs) or in hepatocyte transplantation
that can provide liver functions for individuals suffering from liver disease or liver
failure. Bioartificial Livers (BALs) are described by Anand, A.C. (1996)
“Bioartificial Livers: The State Of The Art,” Trop Gastroenterol. 17(4):197-198,
202-211; Gan, J.H. et al. (2005) “Hybrid Artificial Liver Support System For

25  Treatment Of Severe Liver Failure,” World J Gastroenterol. 11(6):890-894;
Fukuda, J. et al. (2004) “Hepatocyte Organoid Culture In Elliptic Hollow Fibers
To Develop A Hybrid Artificial Liver,” Int J Artif Organs. 27(12):1091-1099;
Meng, Q. et al. (2004) “Hepatocyte Culture In Bioartificial Livers With Different
Membrane Characteristics,” Biotechnol Lett. 26(18):1407-1412; Sekido, H. et al.

30  (2004) “Usefulness Of Artificial Liver Support For Pretransplant Patients With
Fulminant Hepatic Failure,” Transplant Proc. 36(8):2355-2356; W0O03/105663A2,



5 Strategies For Overcom ng Existing Hurdles,"” Ann. Hepatol. 3(2):48-53;
Horslen, S.P. (2004) "Hepatocyte Transplantation,” Transplantation
77(10) : 1480-2006365682Bur | i na, A. B. (2004) "Hepatocyte Trareplisnatoatoi 581 For

I nborn Errors O Metabolism"”™ J Inherit. Metab. Dis. 27(3):373-83; and
Fox, 1.J. et al. (2004) "Hepatocyte Transplantation,"Am J. Transplant.4

Suppl. 6:7-13, 10 [0006] A limting factor i he devel o nt, of such nodel
systens and tWQQ’?é‘gOOaZ:Q/{%@?ﬁTgét P%TPI%@I%&@F%%%& g@ﬁf‘i’“\)’@r@n?&ﬁ%‘mﬁ%s been the
erratic sour CQe@RbkdtyHaBAC. cANR{08D) {HepdriOTisshe Babnern@ For ARG 4l y human

hepat ocytes. Fresh hépatocytes are obt ai nabI”e.on[gy fromliver resections
or non-t r ans plemraaatdive Surperi Crivaliecisolpsies,” ddiss femgnly W HD 133D R et al .

(2003) Cryopr . IO Jtepa ' ' ¥R ThEny 4Met hods For
Banki ng, " Cel F§A§I€l @éTiS'sqguégaéml tusr ?ﬁﬁ{tﬁﬁrﬁé@%ﬁéﬁw@ﬂ pl onf such

he ‘su
ti ssue i s §ncStakegieerer Qredcontinghvisiosdfuudas. cdm. ﬁemeba(?écﬁi;éngmlen,i ght of
the limted f j by ) LA el £ ¥148d-1486. al . (2001)
"Optimzati onggt%gg%i%éga@gg?{% tlcé]%st&t\z(lg?’yo%]@%yg% 6‘%??2?1885 Conpar’i son Of
Vi abi | ity AndBarmpniiB. QOS¢ 1Heptrpc)®t Tiangsdintagos KoryrehprreBeoksddl Cel |'s," Acta 20
Veterinaria Brunensi s, 70, 141-147) .. k758, h,t essing this
probl em has i A/&gf%\‘/’é‘gn’t fq‘gln éé’e%ﬁ%%%‘ggg gbﬁggg’t%gﬁogﬁgt egragég&)gé)ndi tions that
al | ow hepat oc¥Hesrdgrelfeansplantarivme dmod iraksplopt .4 Sagph 6HRE3.r cel [ ul ar functions
preserved. Cryopreservation nmethods for the storage of hepatocytes have

been devel . gpe adqre I.S: , 5 (2003)
Cryopr eser1\8/at ;fﬂoﬂtr?g]o‘ gﬂ%’ﬁg’?%%g"t°§‘é‘gﬁe§&ﬁéé@?‘§% ték %rn}ogﬁﬁy&rtn%@o%eﬁ Banki ng, "
Cel | and Ti ssdevelaphtent & Baartificig) [4veds (FALs) basdiezn the edraticetourse and 986}
"Optimzation O. Cryopr,eservation Procedur [

Hepat ocyt es, " av%g%éf (Eo)[lthieg o° (%5’90%%351@? E%ﬁg)ggg%k,re@?%pﬂg‘{%la.re (1993)

" Cr yopr eser vabbtaihabla dnlylfmnghvee reeciions agmn@ansanmabieylivieet of epidxbrzay t es:

Ef fects On Substrate- Specific chrone P450- endent tivities And
Unschedul od DU T DR el (2004 SRoRETLalon QoI R Aol ok DL
et al. (1982) OrCuyens BeRsdkdor Bankkhg, B YRR E Unfifké HoaRihk)S30166./ el 551

| sol ated Rat Hepatocytes,"” In Vitro. 18(4):393-399; Zaleski, J..et al.
(1993) " Pr es&MRPAY PioHekssysia Ineqpeistor gn %%“iae%gr@ S EoSRYLRER 88t i sm 1 n

Rat  Hepat ocyio@he Bhfe8 tuinkhoral Bifékshn Nif liva Gieshe (SBIZ064) 610 Bhegomepol .
46(1):111-116). Typical I}y, such neasures conprise_storage in_ liquid
oy

ni trogen (- 196€pisEaian Qrloree Herfiadtss & agaseroisu) Commiisdh ity to
recover Vi abl g;ddvepady Eahheeib a8imhs OF FaW B d\(Pyopreserved Cells,” Acta

20  Veterinaria Brunensis 70:141-147).

[0007] One approach to addressing this problem has involved the development of
hepatocyte storage conditions that allow hepatocytes to be maintained over time
with their cellular functions preserved. Cryopreservation methods for the storage
of hepatocytes have been developed to address this need (see, Lloyd, T.D.R. et al.

25  (2003) Cryopreservation Of Hepatocytes: A Review Of Current Methods For
Banking,” Cell and Tissue Culture Banking 4:3-15; Loretz, L.J. et al. (1989)
“Optimization Of Cryopreservation Procedures For Rat And Human Hepatocytes,”
Xenobiotica. 19(5):489-498; Shaddock, J,G. et al. (1993) “Cryopreservation And
Long-Term Storage Of Primary Rat Hepatocytes: Effects On Substrate-Specific

30  Cytochrome P450-Dependent Activities And Unscheduled DNA Synthesis,” Cell
Biol Toxicol. 9(4):345-357; Novicki, D.L. et al. (1982) “Cryopreservation Of



depend on nultiple factors such as the rate of freezing, the concentration
of hepatocytes, the type of cryoprotectant enployed, and the final cooling
t enper at we.2o€el1s6seoncent rati ons of 106- 107 cell s/ M haveThseseypscal |y
enpl oyed. The isol ated hepatocytes are typically incubated in suspension
for a 10 period (e.g., 4-48 hours) to allow themto recover fromthe

i sol ati on process. Thereafter a cryoprotectant (such as cerol, DWVSO

|
pol yvi nyl pyr r dseiefied &t Heparaguigs.t nYitro] LB(RRISBI0 ek é %ébé&g tes are
frozen. The, ardp, 35,46y B PRERLY 3hd PHoFile (ﬁf&%bzﬂﬁcﬂ%@&%ﬂ%%at al | designed to

m ninize or prevent the occurrence of intracellular ice The freezing rates
typically var wamtBOSIOWMWUtMWQW npiachessPhagaecol UpAyd11-T1 R et al .

2003) O ds F
Banki g, col | PAh i kochlep B SRract K PHlobhon (RO pbagES 7"
devel opnent5 ofnigegeogaeGEiliE). i Bie arithiodecover viathkethewerdt cefie hafbeemfpad eyt es has
s gni fi cant |y Jacld ! aligghe el5., 2%iah Lol b ¥r e, RUTRO BERRLAGYLES

cryopreservatlo 0 cause a sig ecrease in cellular
viability 20 (lepgocyt@5thd5fe of BQUprofdbtam:tenmlloyeq Ja@@ﬁ)e finaheoatidg Human

Hepat ocytes In_Prinmar exandre, E. et
(5002 CepRiPBEY ColftogthRuonsh B, S B R BRief taT e Fr om
(Resec'; ed Li Vereélﬁjl@rbgl lQ’Be 1sola§ﬂ)¥19;kﬂt@b?l¥re4fb1&2ﬁ§ﬂcﬁ3@t§d fncuspdadion fora J. A f et al.
1993) repprted .viabi of 67% after 24 hours, decJining to 49% after 14
days. { Countlouriegiod G 4-48 i) ¢ alesSihemio ey PRAb GRRHGHPBFSFLman Adul
Hepat ocyt es FOThek&&eﬂ B c@bpkgtehﬁhﬁ(bﬁﬂhlas @lyAe61, DMSO,olyyinSlpyetoRgine, okenobi ot i ca.
23(12):1399-14 9%5 #gls l\ﬁl@ have reported that the viabi lity of
hepat ocyt es E% @t ﬁ%éadf h@Pf’é opykes arerEgze obhe Aiian govefaped wariore d
cyropreservat Imzﬁlgwésdur&omm%ne@mmmm&@ &fpr&ehl fhe ¥&ufed@Whd to be
capabl e of replication et al. (199 "Effective 30

Cryopr eser vat i laﬁacAHeiwusﬁgThfefm%lsg éﬁteég@l@ﬂywmrﬁm -LRrremindy20de ks Wt h
Recovery (Js5 Vi @&' Llo%'ﬁ T.DIKE. fe?&ﬁ{?bb?é@rg&reéﬂgztzgﬁ B eplib R s oRENG) B, " Cel |

Transpl ant . cryopreservation are disc osed in
U S. Patent umeweﬁ@de anBredingBCrll\ungd Gosyadntyse Bargingds3-¥3)1, 6, 136, 525,
5,895, 745; International Patent Publicati ons W04/ 009766, W92/ 12722,

VO 0153462, EpORAry RS 8 keWRpmERIR 34202 rvardRsheliti ail1Slakas Jpat ent
Appl i cati ons bl ircation Nos. US20020039786A1 US20030134418A1. The poor

recovery of cediepatogrieshas pigoifieansly fycdlitated theiailabilipoiumaphepatasstense of
hepat ocyt es i Ner|dhrdkeivh@or fia¥ Bhen BHRI 8 cause a significant decrease in cellular viability

20 (e.g., 25-35%) (Dou, M. et al. (1992) “Thawed Human Hepatocytes In Primary
Culture,” Cryobiology 29:454-469; Alexandre, E. et al. (2002) “ Cryopreservation

Of Adult Human Hepatocytes Obtained From Resected Liver Biopsies,”
Cryobiology 44:103-113). Coundouris, J.A. et al. (1993) reported viability of 67%
after 24 hours, declining to 49% after 14 days (Coundouris, J.A. ef al. (1993)

25  “Cryopreservation Of Human Adult Hepatocytes For Use In Drug Metabolism And
Toxicity Studies,” Xenobiotica. 23(12):1399-1409). Adams, R.M. et al. have
reported that the viability of hepatocytes may be enhanced to greater than 90%
using specialized cyropreservation fluids, however, only 16% of cells were found
to be capable of replication (Adams, R.M. et al. (1995) “Effective

30  Cryopreservation And Long-Term Storage Of Primary Human Hepatocytes With
Recovery Of Viability, Differentiation, And Replicative Potential,” Cell Transplant.
4(6):579-586). Methods of cryopreservation are disclosed in U.S. Patent No.



[ 0009] A second major problemaffecting the use of both fresh and
cryopreserved hepatocytes is the variation of |iver enzynme expression that
i s obserwsd 200v/tises3ue fromdifferent donors (Li, A P. eCTAIS20060939)
"Present Status OF The Application O Cryopreserved Hepatocytes In The
Eval uati on O Xenobi oti cs: Consensus O An 10 International Expert Panel ,

Chem Biol Interact. 121(1):117-123; Li, A P. et al. (1999) Cryopreserved
Human Hepat ocyﬁ%ﬂ@éﬂé@ﬁ%&,ﬁz&ﬁ%ﬁﬁ lnteniatlggal Pnentefbnblwazlpmg Enzyme Activities
And Applicati r otoxicity,
Met abolic St a(l;{?]?)lo{4 BOHK%QW%%& %g@(ﬁ ;Otl grigg’teﬁlué a&%éﬁ%i\ﬁ)aﬁﬁég ?ﬁ Bi ol

| nt eract. 121 (dhd:Unfte®State@PBenteAppliZations Bublizhtion(NosdHE200R003PA86AK Const ructi on

St udy© v || OVOP ARSI B eo i ERRIs3h EplapberleonliBIERY T

t hi s sanpl & valimiathe@se offhephtogsespin ol timg lisanpldels. f r om di ffer ent sour ces to
produce a "conposite" hepatocyte prepar ation having the characteristics of

average) 1ivelR! | ScHRYRYST ol HEEMGAL: St pif folifhath bleslud | soue

and the 20 nee cryopres es I me P80l ation has
been cited as hqpatevﬁmwmgvahmopmépwanzm axprebﬂqnalhmnyb@ep@dwhstlsswmus,

el | hg. pool ectweguypaner{ Gk £t Ks59) HeedhESRED TR iheh ool

hepat ocyt es frORvpRyesal H@ufobﬁéeth @naliation Qferoliofidst Consernsus OfiHNS even

t hough pool ed e ved hu tes model for

net abol i ¢ L dﬁ’e%nagz?f"jg erpPexel, ?h lc(lg?fé'é‘ft @(B\}jﬁ%gg’t D‘!ﬁ%(ft C)Pool ed
Cryopreser ved dﬂgmaﬁc‘vj@paets@ﬁydaanz&sﬂé)gdx&wk Eiraddbizabien OLDBIgudi es
(http://ww. bdbi gsm ences. conl di sco‘]\; I abgza@e E%estéq @gcduct s/ pdf/S
04T |26. pdf ). Megtezingdiemedapiies sy frRficptions é‘a"f‘%ﬁ g "¢ ns for
processes thatAA@@;b&'}d;rféQaﬁfb@}erﬁMémo%@tdbﬂ@ Ahszbr@g-ph@ome%yzbﬁs for medical
research and ot her further exists for a&i Ie and

reproduci bl e SBQI?’@@LO?E%M Iﬁ‘é’iﬁﬁ‘t b%kﬂ)e]g 357 QéBriey, i st M
PCT/ U520064911§ hzm&ro%m Ré}ﬁ%@%h\%ry{zgﬁcw@rﬁﬁpr{eﬂ%eg@g!dﬁE}l’tQPo0'7!'Fér

availability o epatocyte preparations that may repeat edl y
cryopr eser ved &h@bi?lwgk/\%wﬁﬁ Wwwdtonsq;meeem%m@ry/b%?é( H02pdapiQret y. The

i nvention thus,aefaid §;idwl n#)leRJaﬂatﬂﬁgﬁ\to%‘e}éﬁygoh %Eﬁ’ﬁ 1@§fr519 dXErBRQhReksk@ Produce

pool ed hepatocyte preparations, especia 5 cryopreserved human
hepat ocyte prepadariadpempdsit’ Hg:pguqe)ﬁe mwmm hap'@@ thechatgetodgsiceeler ved human

hepatocytes arg ave3ge SREAS! ﬁ%&gve?\‘cﬂé fr@&ﬁleﬁ“cyforf %@efppof\frésﬁ Bssue and the

20  need to cryopreserve hepatocytes immediately after isolation has been cited as

preventing the preparation of hepatocyte pools. Thus, multiple companies (e.g.,
Xenotech, LLC; BD Biosciences) refrain from selling pooled hepatocytes thus
forcing the end user to thaw and pool hepatocytes from several different donors.
This difficulty remains even though pooled cryopreserved human hepatocytes are a
25  valid model for metabolic studies (Zhang, J.G. et al. (undated) “Validation Of
Pooled Cryopreserved Human Hepatocytes As A Model For Metabolic Studies
(http://www. bdbiosciences.com/discovery_
labware/gentest/products/pdf/S04T126.pdf).

[0010] Thus, despite all prior advances, a need remains for processes that would
30 enable the availability of hepatocytes for medical research and other purposes. A

need further exists for a stable and reproducible source of human hepatocytes. The



Technol ogies (Baltinore, MD). Sunmary of the Invention: [0011] The present
invention relates to novel cell (e.g., hepatocyte) conpositions 10 and
met hods fwo 20éwii1s68pr epar ati on and use. I n particul ar, tREeTIUS?@aE0I A1
concerns nethods of processing preparations of cells, especially

hepat ocytes, so as to permt their repeated cryopreservation and t haw ng
whil e retaining substantial viability. The invention also concerns

prepar ati ons dafresgef ineentien permith the resegticnsand eralabiisy f hepateryta epeat edl y
cryopreserved I n particularly
concerns a wl@?@ﬁi‘é@é"@g@é&e&%@gﬁy %@Ijv%%%ﬁg? gﬂégﬁﬁg{g‘ﬁrﬁrl si ng

hepat ocyt es t huacdeptable hese af Yirkilityn Thméhventiondhus permiftsaaeltiple Wepatqoes, wher ei n

greater than 5 he es of the
preparation ar glé\l/) gquﬂoﬁﬁgiiér%%p}gﬂ%gﬁ%@ éor?%g?etpﬁepo%son er n?&%)éh

eﬂboﬂl ment Sof @mﬂesmvamhumampap%m@plemamd Heipatwbyptenps, gpeledt i on wher ein
t he hepatocytes are s om, the oup_con

hepat ocyt es, %}'%’fﬁgwﬁéﬁlg?%lc epaétgcyt%slarrﬁ %(ﬁv nﬁ)mer laﬁ){/ aﬂgﬁ?:grﬁfn% hepat ocyt es,
feline hepat 0CPdchsologiesiBakinoepn MIDC Yt €S, eqw ne hepat ocyt es, ovi ne

hepat ocyt es and rodent hepat ocytes. [0014] The invention further concerns

t he enbodi rrent of sucg. 25 cryopreserved hepatocyte preparation

i
wherein the pred‘ér 2t ¢ tﬂ‘(’:onrﬁ%lrllmsnes a pooled preparation of hepatocytes of

mul tiple sourc ace, or
heal th state, @6 1\A,h h}‘%larrow1 %nt anlQ{%s e%%ég% Eﬁ%%)%%ﬁggﬂggl{sr ed | evel
of a met abtl i candmidthads for(tlmpucpaaatﬂoy anhmeeﬁmpmlmﬁhabwmtwnaomemx y is

Vepn, Test, - prenpadte oSSRy rihdfoer ik bmec btbhd KB Sl "

i nventi on f ur ttheir repeataberpepraservetidromhdahawingebids repirnglebstamth] prkigr at i on of

rozen and 1 hanted ar EaRt Pyt pede AL i e B PRAeTRE b e B, ana

mor e pr ef er abl ygpea@fiyodrysppsserved andhadhepat ocyt es of t he preparation are
viable, the 5 nethod conpri si ng' [0016] (A) subjecting hepatocytes that
have been en SI r adi .C (especially
per col | LSI t@ﬂyg q?ld? W%l?ei ol o L sléul%{?ya gc%?% {n{lﬁ ér%’) ?%rg{/v?@s from

non- vi abl e hep]&tpmwtepneparatwn comprising hepatocytes that have been frozen and thawed

at least two times, wherein greater than 50% and more preferably 70% or more of

the hepatocytes of the preparation are viable.

[0013] The invention further concerns the embodiment of such a multi- |
20  cryopreserved hepatocyte preparation wherein the hepatocytes are selected from

the group consisting of human hepatocytes, porcine hepatocytes, simian

hepatocytes, canine hepatocytes, feline hepatocytes, bovine hepatocytes, equine

hepatocytes, ovine hepatocytes and rodent hepatocytes.

[0014] The invention further concerns the embodiment of such a multi-

25  cryopreserved hepatocyte preparation wherein the preparation comprises a pooled
preparation of hepatocytes of multiple sources, which may be of the same or
different gender, race, or health state, or which provide the pooled preparation with
a desired level of a metabolic activity (especially wherein the metabolic activity is
selected from the group consisting of COUM, DEX, ECOD, 7-HCG, 7-HCS,

30 MEPH, TEST, PHEN and CZX).



[0017] (B) recovering the separated viable hepatocytes, and 10 [0018] (C
cryopreserving the recovered vi abl e hepatocytes to thereby formthe

desi red pwepascatisesa of hepat ocytes. [0019] The inventi orCfrarstévenisencer ns

t he enbodi nent of such a method in which the hepatocytes are selected from
the group consisting of human hepatocytes, porcine hepatocytes, siman
hepat ocytes, cani ne hepatocytes, feline 15 hepatocytes, bovine hepat ocytes,

equi ne hepat od§ot, Tb@ﬂW@Wﬁﬁﬂhﬁé??@%ﬁ@ﬂ%’d@ﬁﬂ“ﬂ%&é@}f?‘és [0020] The
i nventi on f ur gﬂ?ﬂ%ﬂarﬁfaﬂ%?ﬁlﬂﬁl- (965 EROgh Ryl UL B ABIRE G Ch Lhe

preparation c rrses a reparati on of he atoctes o rrultlple
sour ces, “whi ctbefngyfrdzen af mwm&mstéwo@nﬁ$,@némwlgéna@ater tharc 0% end heal th

state. o 20 WhLENRERH, Il OB BEhBEERALA At B oflSSlEdd SVl of @

netabolic activit éspecl a erel actlvi is selected
fromthe grbumdborhéosﬂﬁmglgof COJIVI DEX, ECOD, 7-HCG 7-HCS, NEPH TEST,

PREN and €220 o BR2ER) AR e RiraBlee] R AV6E) 8o FRUIRLA glypst 02t ng

in vitro drug rising 1 ncu €S 0
mul ti-cryopreserved 25 gnaﬁmhmgctlmapbm(mp@iallglpencull tihmtpcamefugmon)‘ toa

xenobi otic, and determ nin & ge %8‘% % fate Dﬁl ilhe xenobi otic, or the
effect of the xenobi oti tP3 et‘ﬁ% HEPAPEETT LY 1gH-v3Re depY e or net abol i c
iactl vity there[0017]V\/rQB)\’Me1[~d&o¢zdiiﬁAgh&mapa@ﬁy%ﬁsblbioi&@td@?@ﬂ amfirozenf andblt hawed at
east two tjne n erein r,ea er than 50% nor e refera 70% or
more of hi9 netdoyebt Syprerving e scareth dhie SRS o RSBOR I 508>
PCT/ US2006/ 011551 DeSCﬂé%ﬂgﬁpQﬁtldnhg‘haﬁﬁé ked Enbodi nents: [0022] The
present invention relates to novel cell conpositions and nethods for their

reparation a i t he nt,j o ncern thod f
Br ocr:)essi Ing pr Q@Q@ti ’F‘tlcﬁ’etl%ﬁé r§8n°§§15tﬂ|83 5 ﬂi‘?en{?l% %h s >0

cryopr eser vat i Whicithd h5peftc5'b@th ag sweub@frmﬂtﬂad gibﬁlgco‘hbibtﬁigaiﬂhuﬁhn Vi abl lity. The
net hods of the present invention are erally applicable to_g w de

variety of cellePRIGRESS, POIRiap BEHaFP@ytﬁ%ﬁQP PAQCYRg, £ papeees Efirzen cell s,
thynus cel{s, REAGcHE bAMMCIRphiBeytdt ﬁﬁ&@eﬁ@c@cy@ds&duﬁe HeBhtbSytes(and eddefli NY

cardi ac nuscle cells), endocrine cel (incl udlng pancreatic cells,
adrenal cells heipﬁt??ﬂ?sd cells, etc.) epidernal cells, endodernal cel | s, etc.
The 10 met hods of the present invention are iIIustrat ed bel ow with respect

to a preferredoozgl IThe ¥BRItiBERARR YRR Ens the embodiment of such a method in
which the preparation comprises a pooled preparation of hepatocytes of multiple
sources, which may be of the same or different gender, race, or health state, or
20  which provide the pooled preparation with a desired level of a metabolic activity

(especially wherein the metabolic activity is selected from the group consisting of
COUM, DEX, ECOD, 7-HCG, 7-HCS, MEPH, TEST, PHEN and CZX).

[0021] The invention also concerns a method of investigating in vitro drug
metabolism comprising incubating hepatocytes of a multi-cryopreserved

25  hepatocyte preparation in the presence of a xenobiotic, and determining the
metabolic fate of the xenobiotic, or the effect of the xenobiotic on the hepatocytes
or on an enzyme or metabolic activity thereof, wherein the hepatocytes have been
frozen and thawed at least two times, and wherein greater than 50% and more

preferably 70% or more of the hepatocytes of the preparation are viable.



[ 0023] The invention also concerns preparations of cells, e.qg.,

hepat ocytes, that have been repeatedly cryopreserved and thawed to obtain
a hi gh vivabi2besrysespr epar ati on useful for a variety of eppeErisceaoalss1

di agnostic and therapeutic 15 purposes. The present invention extends the
ability of hepatocytes to be cryopreserved and thawed for |ater use, so as
to permt hepatocyte preparations to be repeatedly cryopreserved and

t hawed wi t hout Dessriptien ekthe Bieferned Ehodimemdssi | i ty. [ 0024] As used herein,
the term"cell preparation” dengtes a liquid Qr frozen conposition of
cells from oneloﬁ?zlnﬂ?hé PESSEIY dpventiQn rglates *%&’dﬁk@ﬁf?‘ﬁp‘bﬁlt@&é@&% pgHedsfor denot es a
conposi tion of ki F@Rarﬁﬁ‘dﬂ andfus® " PaRicHler, BRIIBveRAM EoRedms hBBo&YSr ces may be
primary cells that have been dissociated fromor isolated fromtissue as by
resection, bi opy8sessing Prepasaicns Absells poaiie perstit theieiepprigd wropsesetAtien yud

i mortalized  @hwig kit pilRfle Sistanfidl vidsliRe - THENRethSHs o8 HEBYesBR iflRhiiged from
any mammal i an source, incl udi ng human, porcine, siman, canine, feline,
bovi ne, equi neare geicradly @pplivgble e widesvetiety: @S celltyes iseluding hepstosytepor ci ne or
rodent (especi I i r.efe R r r an 50%
and nore pref e@glll&)e?& cré%‘)%ﬂgér% ér?gsr’g@g?lgtcﬁlies’ Bﬂ%gnaat Sgﬁ{egg’%% %ﬂ%r@%&%ﬁ%@ﬂti ons
will be viabl e(inc{h@é@;arddg: messl dells)edndocring eellsdineiudinglpaicreaticopliseser ved cel |
preparation” d I r.ad,l t ennf roz and t hen

t hawed at Ieas%g%\%ggetng’r%ég eC g&&g e@&é%}{r?’-egrﬁ %385 glscglrl%?g%‘ ﬁg%at ocyte
prepar ati ot dmeetbodsf thelpegattdoyentopare fhrsaitedbelod WD r&pew tdld e Rpred

PCT/ USZOOG/OllCSG%Jt%\petFéit has been frozen and then thawed at | east two
times). Such prepdra Pa0s ﬁ%iy have been frozen and thawed three, four,
five, or nore times. [0026] The term "pool ed preparation” denotes a cell
(e.g., hepat ocl023] Thedpazntian dse doncenis prépatdtience cells, €g., hepatdogpattioayt es) are
derived fromt r fur Lye I di fferent. .sources, such as
di fferent donol)r{%’? b%%ﬁggéeiateeg&%ﬁ @ gegeéljv‘%&e/%ﬂéié%“(’fﬁgg g?t%l r%héﬁhf l%brﬂi t tissue

sanpl es or di fprepaeationtusefsifor & varietyesf,exparintbinal, elis@nostipandrthesapeigiecondar vy,
immortaliz or transfornmed cell .(e.g.. hepat.ocyte) cultures. The cells of
such pool egéjpr%%%ﬂ'sg%i PIREY “E)V(fn?éi’rﬁ%er?fl@%géﬁé&(é@e&%ﬁ’q}fesgcfbemay have been
sel ected to prayipigeivoe apbheet for RRANS, boO&s twipéihicheg@biieptepeMins @f one or

nore 10 metabolic actjvities (such as for exanple, a preparatiqp of

hepat ocyt es hgl?ﬂrﬁ’@fa?d M F‘gmtﬁ%‘*@d&%ﬁt PeRacee ,e%/)“-s blL}WHCS, VEPH,
TEST, PHEN and/or CZX activity), or a desired cell characteristic (such
as, for exanpl 8024 Arephhatinahe oimiepairgayities” deoicy e tiqlid onfrsur ces of the
sanme gender,

ac%%ipogi?lgne of cells from one or more sources (e.g., “hepatocyte preparation”

20  denotes a composition of liver cells from one or more sources). The sources may
be primary cells that have been dissociated from or isolated from tissue as by
resection, biopsy, or from donor organs, or they may be secondary, immortalized
or transformed cell cultures. The cells may be derived from any mammalian
source, including human, porcine, simian, canine, feline, bovine, equine, ovine or

25  rodent sources. The use of human, porcine or rodent (especially rat) cells is

preferred. Preferably, greater than 50% and more preferably 70% or more of the

hepatocytes of such preparations will be viable.

[0025] As used herein, the term “multi-cryopreserved cell preparation” denotes a
cell preparation that has been frozen and then thawed at least two times (e.g., a

30 “multi-cryopreserved hepatocyte preparation” denotes a hepatocyte preparation



(e.g., Caucasian, etc.), or health state (e.g., hepatocytes of hepatitis
virus-infected 15 liver, hepatocytes of H V-1 infected |liver, hepatocytes
of heal t hyol2naeernseshepat ocytes of cigarette snokers, heparasgewes1Bsi

i ndi viduals suffering fromcirrhosis of the |liver, or fromother diseases
or conditions). For exanple, to obtain a pooled hepatocyte preparation
with mniml DEX activity, pool ed preparation could be prepared from

Lot. Nos. 067,thags b@rrﬁmzwmd tthAhawﬂ t(We imesjaSpeh prepayatiophmpp027] In a
preferred en’b%gg%ﬁ.dzéﬂé}ﬁf(tﬁﬁeﬁqhﬁ%tﬂ?urrﬁ&pgﬁ% feqvﬁk’é‘ﬁat ocyte cells, the
practice of the Invention conprises sone or a P e follow ng steps: the

isolation of hepatocytes, a first crygpreservation of the isolated primry
hepat ocyt es t ol003dt Aitig tesmy ppaled prepaspicns dencies avelh 4e6e PERRIQSYShar at i on, t he
thawi ng of thep dlsatfafon n%mem}@sc%ny@dg mepﬁ&égz@ex}aﬂfe e&%amiﬂt% fufeORLAI N Vi abl e
hepat ocyt es, the 25 reformul ation of t hawed vi abl e hepat ocytes to
pernit thei¥ fﬁl‘rele pramors tdiffese)e seueps, w%aq@ﬁwg@on@pm@wsﬂwmﬁ@gmat| on and
thawi ng to obt i cytes [0028]
Any of a w de @%@.‘ﬁe@e@& Eﬁssﬂ@?ﬁﬁ&g Jr%?ffe en-mgsu% §&llr Eoogialt?r Iﬁa@ permt the
i sol ation of tweorplarynmnryorraélp@dwdganésnmﬁsi@dll(mgIhﬁeaqgﬂé@s)&u tumﬁv’ﬂwtqebs—n. For 30

exanple, suita f he re outlined
o5 o 20061 TEOEHE R ANEBEDE B B RRY A o RS SR L ot e
Li ver Cell Prosstestdhgpioaide thetpabbé ptepargéonSgith edeslrs@lemhoﬁnneﬂwrdnd?qri f i cat i on

O oo €1 ey e R S S D BB o B oAb S s

13: 29-83) . Speddsiréecleved bECOUDE DIEX rmm)t’/bHCtﬁe%th‘r S1ERH, ESTaPEENSe di gestion

5 dure des lation And Cult of
epat ocyt ce. Fr S dRr ARy bl ors drsirdleeiharliri iR B 986 [ 0020] The

hepat ocyt es rrap'relbbeatmlo&"ué;@tbc &ﬁb(/e&ﬁbﬁi&bhﬁed’tﬂ"ﬁl&ts@ﬁlﬂgendkbﬂa'gurr&e medi um By
way of |IIustrét|on and not ﬁ%itgtlon menti on may. be ppde of _the

fol | owi ng cul trte GREEASRNGiek 05hqedth satei (B RER3OLYIETIHeP#BH Virs-Rieckrd 5
(2001) 10 {4f f peck hepdt o FINCA NRREted 1iRd t16EResNThBNDl Gigyr, Repdtobkaet i on O
Rat Hepat ocytes O‘j{g%dyggoAs pher oi ds} Anlgﬂi/b%g?sa ers, b, | n @ébtdrogﬂeCell Dev
Biol Anim 37<effegar06@6me%crs hznﬁtwtesyf indjvidypls stlf@%)fronm&h%% dthe ation OF A
Primary Hepat I?@eytcﬁ’ﬁ%&thgr%ls%i @IrEOE&EIOI;I;?XF&‘QIX%IQQB 0§Lrahhcii oled IN Vitro
Cell Dev Biol Anim 32(4): 0; Arterburn, L. (1995) "A

Mor phol ogi cal @me@yyt@rem@mmw'& ’@mlm%itlé@( P@W&Vﬁ:ﬂﬂo@ PI“FWW@‘P gould Pepat ol ogy

22(1) - 175- 187) preplel] #4:f 8 o RG5.967, CEK, ETR, PFM, VTA, or WWM (see, Table II1).

20  [0027] In apreferred embodiment, illustrated with respect to hepatocyte cells, the
practice of the invention comprises some or all of the following steps: the isolation
of hepatocytes, a first cryopreservation of the isolated primary hepatocytes to
obtain a first cryopreserved hepatocyte preparation, the thawing of the first
cryopreserved hepatocyte preparation to obtain viable hepatocytes, and the

25  reformulation of the thawed viable hepatocytes to permit their further storage and

use through repeated cryopreservation and thawing to obtain viable hepatocytes.

The Isolation Of Hepatocytes

[0028] Any of a wide variety of methods may be employed or adapted to permit
the isolation of the primary hepatocytes used in the present invention. For

30 example, suitable techniques for the isolation of hepatocytes are outlined in



Medi um (or Dul becco's Modified Eagle Medium) (Arikura, J. et al. (2002) "UW
Solution: A Prom sing Tool For Cryopreservation O Primarily Isol ated Rat
Hepat ocytwe,2006li1kpat obi | i ary Pancreat Surg. 9(6): 742- 720T/08®kioz1551 J. et
al. (2000) "Am no Acid Supplenmentation |Inproves Cell-Specific Functions O
The Rat 20 Hepatocytes Exposed To Human Pl asma, " Tissue Eng. 6(5):497-504,;
Iwata, H et al. (1999) "In Vitro Evaluation O Metabolic Functions OA

Bi oartifrcial Mosseni e al NGB “Jutowsled \iveoGeld @ ceSingtlonlientgsdiargaealst  al .

(1992) "The He ﬁggﬁ if.icH i Pyer lig; Correl ates
Wth High Expr%glé?%%&@ nﬁ%‘%(’for‘(gﬂg%\)%Ml%g%c%ﬁ’lw%{%f%ﬂ@r@r@ %gvlv8 pression
Of  Connexi n43, dndfx Beglal, P.OREE76PPrepw(iign ARks&dlpd RuekivarnGellz,” iviath. Giell
(Coundouris, J ] Oy ser, j.Q n

Hepat ocyt es Fo]?ng?%BbéPég‘?}é%eaf rgﬁes’}%&%\%ﬁ th\l%%ocs:&tpg o%ﬁ%’s&l@g&l@nobi otica.
23(12) : 139% 14£89edutdhigsmibedin(IN] AR, er@/. (£292xt IsolafidR D) ClilReryg|Qdt i on By G ow h
Hor mrone And d ycocorticoid..OF Testgsterone bal, i LLp Long-Term

Cul tures OF R r‘ﬂgf‘ﬁ’%& erAn%%Eéﬁqlg%e&?4‘@%—]1@?00hem Phar nacol .
44(8):1523-1528; Nenoto, N. et al. (1991) "Proline Is Required For
Transcri pt i onaj00®jntThe hegdiocytes mAy beratliucedHn dnpsatable hepatatyteidultere P( 1) 450 Gene

In C57BL/ 6 Mouse,.Mongl ayer -.Cul t ur ed tocytes,. " .Jpn Cangce 10 WO
5006/ 115602 POTFINB 0Bk T £ ps: OE.angg‘?g‘)“?‘%i@ Bionpaybe alegf the; (1988)
" Lgng- Ter m Cul followinglchieyramediitChse’s Ebfehigal Mcdia (Hamiloone6. Orr HIN@POHH Activiti es
And Met abo] i ¢ Capaci " . Hepat ol ogy. : 39-45; t hal s . et al.
(1984) "CrMi cﬁ%é&’?j{é@m% 0 ﬁ%@%@ﬂﬁ%}‘%‘? Oé?%’d‘m%l—@ﬁ%{f"é’c(gftlgé As Sensitive
B‘dlﬁi‘t 2{3 8) O K@}ﬁmb IRk g_iimﬂed:m Spli'erd'fdi&f}{iﬁﬂMJ é)@myop eﬁp’%wﬂm CBil H)(e\'BBRSg | |

; - , Krep' Lum use, J.D. I "Thr eqni t abol ismIn
I'sol ated Rat HepAt: 32@5&@5,6*66%(?295%%rfgl(lﬁhcé’?ﬂrquﬁmﬂféq"a@(eﬁl i
281( 6) : E1300- 18BhGtocyleChilinfe Syktem@Hor &bxicdldH8A Srudlest Tavatd CdipDevdgiorti um
Modul ates Insulin's Action ntr ol gcgg@qcl ic AVMP Metabolismin

Enzynes C
I ntact Hepat oc4®ih 32(4BP blchlsterbusy 3. Mpss ah 1992 ohoreeicn! Stecf et al .
(1991) "Hyppt hBi?ﬂ?)éﬁtiE’ké ?ﬁ%&%@éﬂe@ B gﬁo}’%é}’ﬁ%g?%(l@ﬁ 75X87)EfoBiFHed EGEle
Resuspension Media On Viability After Up To Days OF "Storage, " Hepat ol ogy
13( 3) : 500- 508) Mediv, (of DatdercolsiMedifiedagie Medivmb@uikveand. et %@&Pgwt%’s are
cryopr eserved Lol BB bflsi %Lﬁw‘cg?o;?%%%bﬁ@{ﬁh%aﬁ?%@&@@m“d
approxi matel y % fetal bovine seru Loretz, L.J. et al. (1989)
"Optim zation BepaBrcywspi éSspatehiliay Prraesé SungeY 6 Fo12- R Weshisnd. 44ghan

Hepat ocytes, " é%&ﬁb‘iflgztiljlocjlci&gz-zp%?e%ieﬂh%%bn %9\%19 Cgll—%})ecel\jtic pzlmctitgr;s%‘@he Rar

20  Hepatocytes Exposed To Human Plasma,” Tissue Eng. 6(5):497-504; Iwata, H. ez
al. (1999) “In Vitro Evaluation Of Metabolic Functions Of A Bioartificial Liver,”
ASAIO J. 45(4):299-306; Stutenkemper, R. et al. (1992) “The Hepatocyte-Specific
Phenotype Of Murine Liver Cells Correlates With High Expression Of Connexin32
And Connexin26 But Very Low Expression Of Connexin43,” Exp Cell Res.

25  201(1):43-54), Leibowitz medium (Coundouris, J.A. et al. (1993)
“Cryopreservation Of Human Adult Hepatocytes For Use In Drug Metabolism And
Toxicity Studies,” Xenobiotica. 23(12):1399-1409), Waymouth (Vind, C. et al.
(1992) “Regulation By Growth Hormone And Glucocorticoid Of Testosterone
Metabolism In Long-Term Cultures Of Hepatocytes From Male And Female Rats,”

30 Biochem Pharmacol. 44(8):1523-1528; Nemoto, N. et al. (1991) “Proline Is
Required For Transcriptional Control Of The Aromatic Hydrocarbon-Inducible
P(1)450 Gene In C57BL/6 Mouse Monolayer-Cultured Hepatocytes,” Jpn J Cancer

10



"Cyt ochr ome- P450 | nduction and Conjugated MetabolismIn Primry Human
Hepast ocytes After Cryopreservation,” In Vitro Toxicol. 10:217-222). [0031]
The vi abiwot2gocofiséshe i sol at ed hepat ocytes may be det er nipnedisa@icgisany of a
variety or nmethods. Preferable, such viability will be determ ned using the
20 Trypan bl ue exclusion nethod (see, e.g., Berry, MN et al. (1992)
"Techni ques For Pharmacol ogi cal And Toxicol ogical Studies Wth Isol ated
Hepat ocyt e Stﬁﬁpeﬁsﬂ?)@ﬂ% 9081_181% Jsesial. (53881 § L".[Zgiﬂifm Crftws Qfféerpieedees "vi abl e

hepat ocytes” of fect Q;elgg? %eﬁ’bﬁ@ nte.yxicthvzﬁ% 205512 'C@ﬁacrzﬁ?f”%e%at%}?)gpepat ocyte

viability as a ses usi ng d of Trypan Blue &Xxcl usion
Cryopreservat i 81{11) 457 I@@eﬂhsbl Eateed (1984)&CVZIZF@FJF&Q@@WICGISFZ[@M]OﬁWfWépat ocytes
of the presenti r d

i trogen, - and R ALSARA BAcRAPYICTINOR TERRN, MnadT A T

Consi der at iSons4(BBt1)t41ﬂé 450yd§pclé$mlednaml(ﬂnu8@ﬂ Ru@Reel) Hélpavwoy Mebeliser i scussed

in Lloyd, T. Cr . esq+.A Revi ew

O 30 Current qﬁf?ﬁ’ﬁ?g@gﬁﬂ%‘fa é&yﬂ%e%fﬁ g}dﬁ ;mgeugéb %ﬁ? )f]]?fe%ggﬁm’ng 4: 3-15.

Suitable 11 Vﬁﬁ@%étkﬁ(@%) Pwddm&'ﬂ&ﬂﬁ%duMadeﬁn'egcﬁmon he

cryopreservat so.,be found_ in th

docunent s: @i’g’é’ yc?ﬁg@%)ﬁ t@?’(’é’@t[’i’ &Zac%%‘ﬁ?cé’geé E?g?chstﬂ Tand

biferontl at °rm‘£@5) iy ’“{a‘mg fm’fm T anepan 4 &) “870. 55
erenlalon n e at i ot ent i [

Chesne, 5 B efengfocyies 31}7} Qi‘l??eF‘fSPVSﬂH ge#) 6’3’11”(1’?%[} CZE# 7 ure O

Adul t Hepat ocyt@ﬁgtoﬁggn}yﬁgtblggﬁlﬁg))mL5o§p@@| es And Human Beings After G

yopreservatl on Hepat ol ogy 18(2):406-414; Coundouris, J.A et al. (1993)

"Cryopreservat u toc tes For Use | Met abol i sm
At Toxi oi 1y SBedna PSRRI BRIS) 53 D PGS P A 5 et al
(2004) Cryopr egoiavnffl @@tom@myh@vmmmmhayprblaﬁ@tech/esetal Meaﬁweem nt O
Drug Metabolizing Enzymes In Su enS| ons. And Cul ture @rﬁ%ﬁa Toxi col .
23(6): 307- 316; lﬂfﬁ%ék’refq!)(ﬁ%%t mlzaf(OIl QA ryoRresFBigr AR Brasas % sol at ed
Rat Hepat ogyt eﬁnJHMaM{&ﬂa@bc $¢ 42rod W33 99489-HRRdeEK C B eful. @981 . (1993)
nyopreservatl on And Lonv%e[ erm Storage Of Pri mary Rat Hepatocytes: Effects
f

On Substr at e- Srfe@cfzmzned}f Fustian F’%@Q’?J%f@é‘é‘éﬁlﬁfé’ﬁt’ —”A@’f’{”gm[?’@’éa”md

Unschedul ed BENESUfer C se@b%n,’;rl‘ip“hﬁgll“omc@l(@2}374522357 Zal eski, J.
et al. (1993) reservation The Rate And Profile O Xenob| otic

Met abolismIn Rat Hepatocytes Stored In Liquid N trogen," Bi ochen}
[0031] The viability of the isolated hepatocytes may be determmed using any o

a variety or methods. Preferable, such viability will be determined using the

20  Trypan blue exclusion method (see, e.g., Berry, M.N. et al. (1992) “Techniques
For Pharmacological And Toxicological Studies With Isolated Hepatocyte
Suspensions,” Life Sci. 51(1):1-16). Thus the phrases “viable hepatocytes” or
“percent viability”, as used herein, refers to hepatocyte viability as assessed using

the method of Trypan Blue exclusion.
25  Cryopreservation Of The Isolated Primary Hepatocytes

[0032] The hepatocytes of the present invention are preferably cryopreserved
using liquid nitrogen, and most preferably within 36 hours of their isolation.
Considerations for the cryopreservation of human hepatocytes are discussed in
Lloyd, T.D.R. et al. (2003) Cryopreservation Of Hepatocytes: A Review Of

30  Current Methods For Banking,” Cell and Tissue Culture Banking 4:3-15. Suitable

11



Pharmacol . 46(1):111-116. [0033] Preferably, isolated hepatocytes are
suspended in a cryoprotective 20 nedium and the suspended cells are

di spensedwpnv@/fis@ezer - saf e contai ners. A cryoprotecti peTmsdeodmitsgpi cal |y
conprises a hepatocyte culture nmediumthat contains at |east one
cryoprotectant that mnimzes the deleterious effects of cryopreservation
such as the formation of intracellular _ice during freezin way of

. B
i | lustration aneccaees for thercarqpesservetim of benatagyise meBAlip Re @uag'éﬁhg

cryopr ot ect ant §j1&ke décunlenst Bdamd RNt H¥. 3195 PX; @ti»(e@@resemﬁﬂﬁﬂm | ene
gl ycol, am no acids, propanediol, and glycerol. A&rge erred cryoprotectant

of the presentldngJetie SenageLfifary SumeaBeratepies it Becovery &7 Kighiliet hods f or
their use in h s i » . cH®) e, in:
Loret 2. 0. o COMEIARYIE, 200 REIESRI Y BlcnRi GAMTBRplalt Ay =) s et i oo
For Rat And HuGweenaHe988) 00 elekty Undémedsionth Brman (&0 484 Hgiocttpesne, C.

et al. (1993) ~Viahili tyl i ul t

Hepat ocyt es Fr%r}]{l adrr %Og%én#% ?é#%é’é@‘g?f’e‘ls” ‘E%f%‘g%i errl @Af%%%ﬁa%}?gr

Cr yopr eser vat i Bepatolddyd&(201406p4 14;8Fadndobdis -JAAL 47 al( 1088 Crpreservation 01993) " A
12 WO 2006/ 115882 PCT/ US2006/ 0115 t ho r,. Th . Y0 eryation O
Li ver Parench Tm'@ﬂléﬁqﬁ ocily ‘{J%-‘fr gése&lv%r lfgejg%}:?%lfsfnc‘%ﬁoéé ipggll%gﬁe%gy

30(2) : 116- 127; Xémvblotiod: 23(12): N99et400] Hewitt29.L)et al. D04) CyopratertddRur, Qg mal

Met hod For_ The opreservation Hepa te . Thei r Subsequent

Monol ayer Bl t ely[o’%ﬂ?lg%‘?t6ﬂffs14ﬁg‘?ﬁ”ﬁ”%f’£8f§%r ?‘é’@‘-%?’,zm%%lﬂ@meé?nr. et al.

fé 00?) " Fet e PtSzQﬁbn@zbn%_H%ﬂGg@{r&@THﬁ&ﬁﬂjép iIEki?il.ﬁ%ﬂZ?Q?/%l}G?H&ﬁMﬁﬂD.L. ks i’it ed Rat
(1699) 11 mduct oD eF Pepeserv I er Rispafoedes; P Rat A Aian

Hepat ocytes, " $ShgdocRi RG. dab. e1®8S “di3dprérfdion UNDBAe-Térm Stsvakebed hepat ocytes
are preferably suspended in a cryoprotective 10 pediumin preparation for
freezing. The Biisgadeefereoqiesak Cfir@f%ﬁbéfm"frsﬂch‘ﬁe@g@&m’ﬁ%gﬁofreezer

resistant eont aingks; abidid Sl (98BI DNATSHAm Dot BRPT&ELd s/ M to about
4 x 107 cells/ . Preferred freezing vol umes ra%%e fromO0.1-10.0 nml. The

preferred freedthitSvtiTubelesks Jaerg!l. (i 993) Yossyvarine Uil bpRee dud Regfde BLyt es are
then pref erab'Xen%z}SBP%%BHWIr}ﬁdt?ﬂ%?m%é% %ang'g zﬁ?l\ﬁtﬁ&g@n,f’ BR&AEMY Process,

nost preferably at a freezing rate ween -1°C'mn to about
-25C/ mi n unt i | Parthaaeh46€lgdpbd G.ure of about -90C is reached. During the
initial phase of the cryopreservation process, seeding nay be

[0033] Preferably, isolated hepatocytes are suspended in a cryoprotective

20  medium, and the suspended cells are dispensed into freezer-safe containers. A
cryoprotective medium typically comprises a hepatocyte culture medium that
contains at least one cryoprotectant that minimizes the deleterious effects of
cryopreservation such as the formation of intracellular ice during freezing. By way
of illustration and not limitation, the following commonly used cryoprotectants are

25  listed: dimethylsulfoxide (DMSO), polyethylene glycol, amino acids, propanediol,
and glycerol. A preferred cryoprotectant of the present invention is DMSO.
Suitable cryoprotectants and methods for their use in hepatocyte cryopreservation
can be found, for example, in: Loretz, L.J. et al. (1989) “Optimization Of
Cryopreservation Procedures For Rat And Human Hepatocytes,” Xenobiotica.

30 19(5):489-498; Chesne, C. et al. (1993) “Viability And Function In Primary
Culture Of Adult Hepatocytes From Various Animal Species And Human Beings
After Cryopreservation,” Hepatology 18(2):406-414; Diener, B. et al. (1993) “4
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enpl oyed to induce controlled crystallization or ice formation in cell
suspensions that have already been cooled to bel ow the freezing point of
t he cul t Wwe 2nexdiisese 20 Such seeding serves to m nim ze PC®/US2006/011551
formati on-rel ated damage and therefore nay be beneficial to cell
viability. Suitable seeding nethods include inserting a cold netal rod

into the freezing containers, and introducing bl f Liquid, nitrogen

into the freeZHe§odBeBe drerepnysie] 0&8@'@‘1’1@%@@7&%@*‘%%&?‘%{% erature has

been reached, ¥hgrhiiQzattysblbglRERIBLET; DBweRR, 1 Kansh.¢190ay to |iquid

nitrogen freezers for prol onged stor%?%. The frozen sarrfpl es may be stored
7

in ei ther -t he Reyelpmat O 4o &nripnbideh hehegazonpresetion Of Heraioaiesi t r ogen.
Preferably st Oﬁrﬁgﬁﬂe@u g&é%pMoﬁé}gﬁr'@({w}eT&%Z@% 3RS §(1fsY-h; nitrogen.

The frozen sanples stored in thi's manner for days,” months, or
years, Wit tHdoulemgt k. 63008} Geteytion of Krivespode 4swivides isfCryenyesetvedi t r ogen

having little f.f » C A abidkAvaandr famety 13 WO
2006/ 115682 PRI GEErBHRa® BRE SRR YRS SR U b oL e
[ 0037] Frozen @998)“éslucrioy QfCtdetmonet-R40 I GriopesserpedBerskiddtyntay r enovi ng t hem

fromthe presepce of |jiguidnitr l1old,qui d nitrogen vapor. Frozen
sanpl es are p@eeﬁaéorc%fﬁ‘f’yaﬁ?'}%v%o Lﬁ)t?/l%g z%gi4r%gé3t he sanples imediately into a

prewarmed water 5 bath having a tenperature of between about 37C to about
42C. Pref er abl [p034]e|Ths isokatesl Hebatorstestate mefetablysuspehdedsn ageyopretasiiveh i ce
chunks can,pe di [ 1.5, t e t hawed
cells are {(ﬁe nlg%)dr?{élﬁgg%gﬁ)é@ﬂﬁgé J}??Z%g'?ghegssuggﬁhgdo&%ﬁ% ééf%\églglggﬁg Fnssz(?r om
contact W th DiBGreebamesistanpintaiinys garceb dénsitg pafiore mbout @0t gellf/od &t dbont ( as

emmod nont -t not o ool PR Ber RS MRSl sor P S8R e G (1

Vitro Technol ogefefred Bedzingnltuie IMDO niRoymans, D. et al. (2004)
"Determ nation O Cytochrome P450 1A2 And Cytochrone P4503a4 |Induction In

Cryopr eserved n at ocytes. . Biochem Phar : 427- 437). The
medi umis pr ep@ygﬂ 151?1% t%f’?op\%m%%ﬁe?%?oﬁgﬁsoar ﬁ’teP {eg%r@%ygpr?%%‘;%hugﬁéaw
Technol ogi &5, ®alrbiletinnte frebdlig procd, nidst preferabiyt @1 flzatihg rant oflbetieamed, and t hen
renoved fromthe ter.bath. 1 m. of .To o Antibiotic is then m xed
with 45 m | n\ﬁ%?%&ﬂoﬁga‘fta%f%%‘f%% %%;Paf Bkt picito tf'%r@rlf)eolo
Anti biotic M Xgeadhde. Btihd thé infittal bldse bibe cOUPlesiretion giodess) ssedinglmyg be When
;BSYMO )r(llg mit e|s Iy n%}?lé/eldgé indhcgsecolntrlléﬂetdrc?y?éﬁiz%?onl\g‘qéeuf@rnllastiog I’1r(1a g\glr sr&gp%ngigns

that have already been cooled to below the freezing point of the culture medium.

20  Such seeding serves to minimize ice formation-related damage and therefore may
be beneficial to cell viability. Suitable seeding methods include inserting a cold
metal rod into the freezing containers, and introducing a blast of liquid nitrogen

into the freezing containers.

[0036] Once the desired final temperature has been reached, the frozen cell

25  samples may be transferred to liquid nitrogen freezers for prolonged storage. The
frozen samples may be stored in either the liquid nitrogen phase or the gas phase of
liquid nitrogen. Preferably storage is accomplished in the gas phase of liquid
nitrogen. The frozen samples may be stored in this manner for days, months, or
years, with the length of storage in the gas phase of liquid nitrogen having little

30 effect on the post-thaw viability and function.
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20 M of warmed InVitroGRO CP Mediumis added to a sterile 50 ml coni cal
tube. The vial of frozen hepatocytes is carefully renoved fromthe
freezer. wD20éve11568al was stored in the |iquid phase, itrsTaspodcmitsar ef ully
removed, any liquid nitrogen present in the vial is decanted, and the cap
is reclosed before placing the vial into the water bath. It is preferred
to then imediately imerse the vial into a 37 C 25 water bath, and to
shake t he vi al TheeFeawing @fiGryepreserves Hepagenytese| y el ted, but no |onger than
it takes to conpletely thaw the vial. It may be hel pful to renove any

| abel s fromt 1al ed thay¥e thayRl BASMBREr Prébe¥si BRovih@thegont ent s.
The t hawed cgg{)?nt grczz‘régkiiﬁignd en};l)‘?tl ed into the prpr)re V\I/z%\r%r%’ted In\FtroGRO cP
Medi um 1.0 mifren thegresenggroptiguid ﬁ\viog%mmu@mmnmqrhﬁwzwssam&é&rq o each
vial tor esuspﬁ@éra@gw a’@eaf@@cﬂigﬁ& SRIpa lmﬁ;la@iafe@%ﬁratp%e@efmta@evat& al are then

decanted or pipetted Into t hepat ocyt e suspension. The hepatocytes are
pref erabl y ¥ estagiplavinech tompeyetre of befmew@cz@%@ 19 88@p4PCT Prodaip/@lis 551

i nverting the V. sever al
(e.g., three) ?ﬁrr%g’%%gégﬁt%g néﬁg%h%cechﬂx}kscﬁrfgéc\llﬁlg{i’%dvﬁfeﬁlﬂ')se preferred
that all of tmampiaadostabﬁr ishiaveged. The thawa:dwatl%are ﬂan pregérahly tapidous| y. As
before, the fer (yetg ;:rg} e warned to
37 C. It is d |rae§j% (r)nog%@lﬁcgll%iﬁ%%rﬁ%ﬁﬁﬁsenoug r’r@dﬁw ?whpermt 5m
of pre-warned gradiedtcadigaibnNeddeseritied belewliseyy sefmmtidlandshigsal of
cryopreserved hepatocytes. After vials have thawed, their caps should be

that cont alths. Yo Jb Bl BhaEeRan &% foBed b Cofpbt Uy ber vial 10
t hawed. For exIaN]itkcé}RQEPrMediuim (xlndhao Tsclmpbges (B;alltyn@‘m:MDdeymans,E afials in a
contai ner that C(%QOAHO‘% grmz(ngz zq/nn@b(?ytocgzg e, P4JOQIOA%0fJnd céézfoc ;$a|mre 50§ Dfa total

cell count andal S imay ermned using the
Trypan Bl ue exlzzb’utstoam d‘e}tob@derv@éﬂdtmaﬂmgpaheym P Biceﬂem Bhdrmacdl. 4732706 vi abl e
cells/mM wth CP Medi 5 .Th of mul ti Thawed

Hepat ocyt es To‘bg%r P‘E’H%?repafﬁ%wé'ﬁ%@?@g @8 %Aﬁth %@W(%V 5041] one
aspect of the mcﬁﬁ@agles BYRiiore) MID)AD G PO $n 4 Wetebluth wnitil tHaoved enathedl at e t he
SUbsequent —ocEHENBHENT SSHHIRLY Larpbs BuEo AMEHEBaLBE PR IREBhr at 1 ons
have nultipl e wagesas nﬁm\Eﬁ@oszrh@dlmedomcrw]bg&araadlﬁmc@fatoqbddwers liver cell

transplants, liver assist devi
Antibiotic Mix, the shelf hfe for the complete medium is 7 days. When thawing a

single vial, the InVitroGRO CP Medium is prewarmed to approximately 37° C. 5
20 ml of warmed InVitroGRO CP Medium is added to a sterile 50 ml conical tube.
The vial of frozen hepatocytes is carefully removed from the freezer. If the vial
was stored in the liquid phase, its cap is carefully removed, any liquid nitrogen
present in the vial is decanted, and the cap is reclosed before placing the vial into
the water bath. It is preferred to then immediately immerse the vial into a 37° C
25  water bath, and to shake the vial gently until the ice is entirely melted, but no
longer than it takes to completely thaw the vial. It may be helpful to remove any
labels from the vial so that it will be easier to view the vial contents. The thawed
contents are then emptied into the pre-warmed InVitroGRO CP Medium. 1.0 ml of
pre-warmed InVitroGRO CP Medium then is added to each vial to resuspend any
30 remaining cells. The contents of the vial are then decanted or pipetted into the

hepatocyte suspension. The hepatocytes are preferably resuspended by gently
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hepat ocyte transplantations, and in vitro applications. In particular,

mul ti- cryopreserved hepatocyte preparations nmay be used in in vitro drug
met abol i swo 28dauds@ss (for exanple, in identifying hepat oegras2evetoinisani que
characteristics (e.g., netabolic polynorphisnms, genetic pol ynorphisns,
etc.), in studies on the 25 netabolic fate of the xenobiotic and studies on
the affect of the xenobiotic in altering the drug-netabolizing enzynme
profile of thenyereieg the yaceiyingicantpingii(pigt Vish testtubelictes) severalde.ax hirgsd t he |1 C50 of
xenobi otics on,liver enzynmes and functions (e.g. cholesterol netabolism,
in gene induction studies with xenobiotics, in protein induction studies
with xenobiotics, in toxicity assessnent of xenobiotics on 30 hepatocytes,

transport st ud08391wiWkentbawibg owitivte vias,dt is pretruted shapall pt e yielsihe thasied

transport syst; | &l i i . orters,
ety in 15 Baruae I B 2B el B T A e I AR T L es
W t h xenobi’ot i @R Mediugh) ishovdd be warmped 385 If is.dgsirablego prsurecthat therotsessi ng,

gl uconeogenesi j td c i, - V, tocyte
preparations ﬁ%}?ué{ @%Cﬁ%ﬂe] tﬁééé@%ﬁﬁ&fﬁ%yw@ne%%a&gg ?/ &Efé%gﬁ]h tleé?e@?e?ﬁs es and

ot her i nf ecti dioseach viab efcrpopesaryed hepatoRpen efiter diatetave thaevgd, ieeitscapef or mul at ed
for use in DNA t.abolic

or,. proteom c studies or in.studies o
ol yior phi sime. R P a0 sPRERH ofa AR S R B AN e R o0 e
used in met abahatconthidakiEbsses sl vflpresvannel BVitaGRY CRIediem (per dal, | i poprotein
processing,, gl uco enesi rotein.secretipn, etc. .l's. may be
r ef or mul at &d tH%We%S fFWi%&? HgOEWS(P%&@E%%@&QWW?O&F@@I’gg’éarl%miancubati ons or
as nodel s for @atatel that @glbRita vlumye & 50ngf 0 RNA, or for use in conbination
systens with other cell types (e.g. non-parenchymal cells fromliver or

cells from ot o] es . g. 0-2. cells)..[00421 In a preferred
enbodi nent of %{lﬂéﬁl Eé‘g%fr%doﬁlqutﬂ]g% rcgqlgpﬁﬁhgp?nghir@gmhegggsm e¥Far at i ng

Vi agl e and nordewraliee usieg ths 'Iﬁlyp;caﬁIBIﬁefbxﬁluﬁUI:Dﬁﬁth&.?CeMﬁ{l]iyel&Zd'ilﬂ@d tnsity 15
radi ent centrj ion.is e ) or this purpose. For
gxarrpl e, a 3 /i(%gmsowl%leg?eggff’gPi‘fltﬁ“?’g\#rf’ggg)g@ty%ﬂmﬁ}ocedur2 rrgy be enpl oyed
(Madan, A et al. (1999) "Effect of Cryopreservation on Cytochronme P-450
Enzyme | ndifct i Tire Reforulation Od TRatvedHppitoStéscEo PeritBudvkdérab. Di spos.

27(3) : 327- 335; CSuprestxvatioeindThawipng990) " Cryopreservation O Cynonol ogus

Monkey (Macacafascicul aris) 20 Hepatocytes For Subsequent Culture And
Pr ot ei n Synt hg§041] StQudiagyect oflthe pedenttinGatibn cddewrab therbility @rcfoBndite the

25:147-150; Lat%vser}lcc%lls éJo' thlat tﬁety n%‘ally be(rg'@gz]éz ar'; reﬁm%l;v%) o8 nge or more subsequent

occasions. Such multi-cryopreserved hepatocyte preparations have multiple uses.

20  They may be used in bioartificial livers, liver cell transplants, liver assist devices,
hepatocyte transplantations, and in vifro applications. In particular, multi-
cryopreserved hepatocyte preparations may be used in in vitro drug metabolism
studies (for example, in identifying hepatocytes with unique characteristics (e.g.,
metabolic polymorphisms, genetic polymorphisms, etc.), in studies on the

25 metabolic fate of the xenobiotic and studies on the affect of the xenobiotic in
altering the drug-metabolizing enzyme profile of the hepatocytes, in inhibition
studies to determine the ICso of xenobiotics on liver enzymes and functions (e.g.
cholesterol metabolism), in gene induction studies with xenobiotics, in protein
induction studies with xenobiotics, in toxicity assessment of xenobiotics on

30 hepatocytes, transport studies with xenobiotics (e.g. studies on P-glycoprotein

transport systems, organic ion transporters, organic cation transporters, etc.), in
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O An Optinmal Method For The Cryopreservati on O Hepatocytes And Their
Subsequent Monol ayer Culture. Toxicology In Vitro," 5(1):39-51; Dou, M et
al . (1992p 200hiasesd Human Hepat ocytes In Primary Cul t ur eCT/uSegeli B5Dgy
29(4):454 25 69; Uesch, D. et al. (1992) "Characterization O
Cryopreserved Rat Liver Parenchymal Cells By Metabolism O D agnostic
Substrates And Activities O Related Enzynmes," Bi ochem cal Pharmacol ogy
44: 309- 315. Foretahokigplearaneesindisithognehiotics. ardyn eflicacyssspeléded i n a

prewar mned (ap ) onation buffer
and then cent rlollE EM%R gl]oxeS%g)gl&gl{eog%ir%n%&ein%rgr%rg@alt%ﬁjeqfqgllru twenty m nutes
to pellet vi ammopc@bnvsd hemmmpapmatl@munayglsmbs@sadde@wdiaﬂwmma@e| s are
resuspended i a ctly or
for furthor prispas i ol SHRRRRLERL ohe RLERERX RE 008 BBl iy L8E

PCT/ U82006/$11Eﬁmulp@O£®]us€nw&AesﬁNm ppotenuaic stuilionsr inlstutlies eéul t fromthe
freezing of a VIOUS ik y have a
post -t haw cel er‘\a/tlgba N Ipo{yx}ocrﬁhls reg/tI %ﬁre%rg%@ gété% ref) aratg er ?QJ) 70% or
nore. Such hi gh:mechinlmataﬁohsclemmhﬂeatddimeanﬂfﬁ“ﬁaaw assaye(retgl,dnpoproteaccorrpl i sh the
repeated freezin and hlp of h at 0ocC gaévlltéhou CCLﬁﬂt bl e | osses
of cells or tI‘R§ ésé?)g\g O%e\% eﬂf‘é’é‘? Psesca%ﬁ)fl’ees‘tc o St fepat ocyt e
preparations [f0Pds]in g'déﬁmg@[w&cfo)fs fof latdacdds msﬂdaahomsfbtaﬁlhiodﬂs fo geeabl e the
repeatedf eezin and th of _ he atoctes addltlon | | |Iitatesthe
producti on Oof 15 ‘F@&W‘Pe‘ﬁéﬁ‘b orfﬁF%%a‘i‘%\ Rjpadion SysterRy wit 9}}'/‘&?8 &@human
hepat ocyt e pre@al adn-giiénchyifial QbICHSHS Bokr bDcal @ othdt@birbslyiak. tdcver sanpl es
yi el d hepat ocytes having differing nmetabolic capabilities. In order to
facilitate the®H¥produci bl e use or study of hepatocytes, it is desirable
to mnimze hepatocyte differences attributable to such sanple variation
by pooling hep[aomytms pleféred dibbirRAl of SiRUA RSO, @u@meainﬁulatl@mmqmisése or

"average" hepatoc ration, Sych, co ite he ocyte pr.eparations
may thus be 15%PHF IVé?ﬁ’ v ogwiablp Cﬁﬂ%k’?ﬂq{léng ‘%’F“éﬂﬁ’i‘tég ‘%‘fﬁmﬁa&e Yt he
net abol i ¢ gt lgfhdwrﬁ%erﬁiﬁfu?ﬁhon iAMRIRMEy erORIIFEMAR pRAIRY. EFoP Exadnpls, @par at i on

whose hepat ocyte enzyme unctions _approxi mate the hepat o{dyte enz%/
functions of f?rOe/sPﬁrgpll aaqhattéaﬁﬂ@gm@m@éure%éﬁ ewa{oa%@\il APk i es may
include, for exasmkgrs0 re?elrl)angﬁz oh toEWohz@W MEWJI’}B&&B;'Z%?“ Vi t' es:

coumarin 7- hydroxyl ase _dext romet hor phan denet hyl ase (
7- et hoxycounar §Htupediée wg@éeS( HoropMetabe Dispps. %@) 327e%3p§@ﬁ§1?a Ieefélr the phase

Il metabol i sm ((?§903 “b%ﬁ%yﬁmf @nQIZo%)MOﬁQ} (M&cru!cc?ﬁzsczculai i)

20  Hepatocytes For Subsequent Culture And Protein Synthesis Studies,” In vitro Cell
Development and Biology 25:147-150; Lawrence, J.N. et al. (1991) “Development
Of An Optimal Method For The Cryopreservation Of Hepatocytes And Their
Subsequent Mornolayer Culture. Toxicology In Vitro,” 5(1):39-51; Dou, M. et al.
(1992) “Thawed Human Hepatocytes In Primary Culture,” Cryobiology 29(4):454-

25  69; Utesch, D. et al. (1992) “Characterization Of Cryopreserved Rat Liver
Parenchymal Cells By Metabolism Of Diagnostic Substrates And Activities Of
Related Enzymes,” Biochemical Pharmacology 44:309-315. For example, the
thawed cells may be resuspended in a prewarmed (approximately 37°C) 30%
percoll isotonic fractionation buffer and then centrifuged at 100 x g at room

30 temperature for twenty minutes to pellet viable cells. The supernatant is discarded
and the cells are resuspended in media for a subsequent cryopreservation step

directly or for further processing prior to cryopreservation.
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responsi ble for the phase Il nmetabolism of 7-hydroxycoumarin (7-HCS),
nmephenytoi n 4-hydroxyl ase (MEPH), testosterone 6((3)-hydroxylase (TEST),

t ol but amwe 2dedmisesexyl ase (TOLB), phenacetin 0-deet hyl aseT(URBklBks1156T 25

chl orzoxazone 6-hydroxylase (CZX). The substrates, nethods of neasurenents
and assay units for assays of such netabolic activities are provided in
Table |I. Table | Hepatocyte Metabolic Activities Abbreviation

Subst r at e/ Ass 30048t OndpeieriddifreparailbasthateesiitronytheiB&Zngyfdrmosyeslynar i n Phase

Il metabolismpnol/mn{l0 cells.qglucuronide of 7-h . Ln. 7-HCS
7 hydr oxycoumdPPR-GaY RarrePepnn 3 PreREtD Bie S ol iy ofl g Y plebtr

7- hydr oxy coumdns0%AndR2Of6eibbEER, BhbISBAEGHiGH tabilitiesTabblethe He at oc to
Met abolic Activities Abbreviati gr]_btgubst racL [ Assa %bt hod f%f y ' S

Measur enent  RISPPICHIVAREGRIB BoFLBIPESLICP EFPRE ﬁ‘feﬂnﬁtaﬁ‘é) a1 e ﬁ%({& 79/ mi n

ani nobenzoisc 3GihduiddectesitblE B¥dsdazdRer e acal i afel gRatef sanipidssoméasi n

Sul famet hazine VBTY viability Trypan BlueTM percent age exclusion AP

Al kal i ne Phosphat ase Si kit ynits/ ng protein GGI gamma- gl utanyl GGT
stain positi vé’“ﬂeg p%fo&qgﬁ'ée a{%‘ﬂ“ 7- hydr oxycoumarin Phase Il netabolism

169 pmol /ng/mn of 7-hydroxycoumarin P450 cytochrome p450 content carbon
nmonoxi de Not deg4al nmirhechphdaty of dieffreearirentpremtenahie theyepehtep feeringasd  nnol / ny

protein CZX C%z?v&iﬁg ())( Zegzggcy%glaacrli%igr)l(a?ﬁ/%]c%itgtés 1%% pljbdﬁgfpoln/ o@ééﬂ:cpﬁepatocyte
preparations, especially pooled human hepatocyte preparations. As discussed

10  above, individual liver samples yield hepatocytes having differing metabolic
capabilities. In order to facilitate the reproducible use or study of hepatocytes, itis
desirable to minimize hepatocyte differences attributable to such sample variation
by pooling hepatocytes from different sources to obtain a composite or “average”
hepatocyte preparation. Such composite hepatocyte preparations may thus be

15  formulated so as to provide a preparation having the metabolic activities of an
“gverage” hepatocyte sample or a preparation whose hepatocyte enzyme functions
approximate the hepatocyte enzyme functions of freshly isolated hepatocytes.
Such metabolic activities may include, for example, some or all of the following
enzymatic activities: coumarin 7-hydroxylase (COUM), dextromethorphan O-

20  demethylase (DEX), 7-ethoxycoumarin O-deethylase (ECOD), activities
responsible for the phase IT metabolism of 7-hydroxycoumarin (7-HCG), activities
responsible for the phase II metabolism of 7-hydroxycoumarin (7-HCS),
mephenytoin 4-hydroxylase (MEPH), testosterone 6(B);hydroxy1ase (TEST),
tolbutamide 4-hydroxylase (TOLB), phenacetin O-deethylase (PHEN), or

25  chlorzoxazone 6-hydroxylase (CZX). The substrates, methods of measurements

and assay units for assays of such metabolic activities are provided in Table L

Table I
Hepatocyte Metabolic Activities
Abbreviation Substrate/Assay Method of Units
Measurement
7-HCG 7-hydroxycoumarin Phase II metabolism pmol/min/10° cells
glucuronide of 7-hydroxycoumarin
7-HCS 7-hydroxycoumarin sulfate | Phase II metabolism pmol/min/10° cells
of 7-hydroxycoumarin
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hydroxyl ati on COUM coumarin coumarin 7- 50.0 pnol/ng/ m n* hydroxyl ation
DEX dextronmet hor phan dextronet horphan 0- 21.4 pnol/ng/ mn* denethyl ation
VEPH nmephwoyb@insesephenytoin 4- 24.1 prol/ng/ m n* hydr @exylskeosn115PHEN
phenacetin phenacetin 0- 28.9 pnol/ng/ m n* deethylation TEST testosterone
testosterone 6(beta)- 96.8 pnol/ng/ mn* hydroxylation TOLB tol butam de
tol butam de 4-_30.6 pnol/nmg/ mn* hydroxylation PROT protein content
Pierce proteijn kit Not determ ned fgupkryo hepat ocyt €s ng/ nL EPRCD

et hoxycounarijn 7-et hoxycounHepato&te BietaboRERlelipiged N*  deethyl at|on [0045]
For exanpl e, |pAek®iid Prep@tadAioRlS Ol PONiERd epat peyt et 1—yi el d assay
values within_the ranges identified in TalleurddhentAl t ernatively, {he

hepat ocyt es sanph&B usigehninobehoicirid he [okedipt @par af idbmgy De el ected so
as to meximjze __mininize or enphasi zemioeedzair wicdhepat ocyte funclions over
other 5 funct|i oo asS“'tf*’@“eS‘?‘FZé‘Fd a pogNexetyrtiensdr at | prrotheiminexhi bits a user

desired profijre~af—t+HverceH—funetd nﬁvl@meth@gm@;_ epat ocyt e
prepar at i ons jof the prevéagntty i nvention Eﬁf{moné%nprl se ‘?‘?ﬁ?f_ﬂ%%‘bcyt es| obt ai ned
fromthe sane soquce ATAIeTPRYshmaGsel T TE SigmPhit { T Ot 'l ke pBGH df f f erent
sources. Preflerabby, poahedz;iienat ocyt ¢ Goremar at 1 ons| gkilijle 18 VO 2006/ 115682
PCT/ US2006/ 0j1551  r es|utatspdptidasn t he pool i ng of hepat ocyt es obtai hed from

three, four, |fiVE§TIsi x Twdraypoamardi f f en 8 1oeisboles. | BOA#I/mblst  pr ef er abl vy,

t he pool ed hepa_(_?f_ﬁ_t_e_ tions of |ehhvpyeeympianl will conprfse at | east
one popul atian of “hepat BEVIBE PPH el geyB?ecmn@rvelﬁf’t ‘i"tB‘ etdf‘i’) 5 pool i ng.
For exanpl e, la pool ed |hepat ocyte prepar SRR nﬁﬁo/lgpaog{eé - nore

CzX chlorzoxazone chlorzoxazone 6- 31.1 pmol/mg/min*
hydroxylation
CoOuM coumarin coumarin 7- 50.0 pmol/mg/min*
hydroxylation
DEX dextromethorphan dextromethorphan O- | 21.4 pmol/mg/min*
demethylation
MEPH mephenytoin mephenytoin 4- 24.1 pmol/mg/min*
hydroxylation
PHEN phenacetin phenacetin O- 28.9 pmol/mg/min*
deethylation
TEST testosterone testosterone 6(beta)- 96.8 pmol/mg/min*
hydroxylation
TOLB tolbutamide tolbutamide 4~ 30.6 pmol/mg/min*
hydroxylation
PROT protein content Pierce protein kit Not determined for
cryo hepatocytes
mg/mL
ECOD ethoxycoumarin ‘| 7-ethoxycoumarin O- | 37.3 pmol/mg/min*

deethylation

[0045] For example, preferred preparations of pooled hepatocytes will yield
assay values within the ranges identified in Table IT. Alternatively, the
hepatocytes samples used to form the pooled preparation may be selected so as to
maximize, minimize, or emphasize certain hepatocyte functions over other

5  functions so as to yield a pooled preparation that exhibits a user desired profile of

liver cell function(s).

[0046] The pooled hepatocyte preparations of the present invention may
comprise hepatocytes obtained from the same source at differing times, or from

two or more different sources. Preferably, pooled hepatocyte preparations will
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hepat ocyt e speci nens that were cryopreserved prior to pooling with one or
nore freshly isolated hepatocyte specinens. Alternatively, a pooled
hepat ocytwo 2psepagsat i on nmay conprise only hepatocyte speciTrasa@ecihess: wer e
previously cryopreserved. Table Il provides the normal range (i.e., the
range between Assay 10 M ni mum and Assay Maxi num for each Assay). Table I
val ues are derived data of the |ast 150+ | ots of human cryopreserved
hepat ocyt es Tadshie frbin thiepaiiog of epateesdsssobitedyironpihimel fora Aige S PHAT? ni n/ 106
cells coumari 0. 7-n§:1gcglrn%>s<yl ation 1 to 154 Dextronethorphan O-denethyl ation
0.5 to 96 7-g{ﬁ6<5?<y oumarin O-deethylation 1 to 154 Phase | netabolism of
7- hydroxycoumarin 2 to 545 Phase Il netabolismof 7-hydroxycoumarin O to
é (18 n;epﬂe gyt §00471 - Mpshrposdiriablyi the ponled hepatagye prepaypiéngs of é‘ﬂ dnvention will

et a) - hydroxyl at.| : ) = | to 82
phenacetin O- 8%%?%%%2%6%%%935{@1%5@B%?%%}g%;g}%tc;wnegé @%ﬁ%@??%ﬁgn 2 to 215
[QP|48] hI n Ger tpadlinge Fooeliampie, s padled hepatoete prepayationToayaonpyiseoNsa8 Bt | ons
Wi ave assay.values.in t o) . -1 t hree of,
and pr ef er abl eg%?cy{eﬁeﬁugs%sttﬂa}%g%rpe c‘éﬁp%ssg{v ?‘?p{rlr%? gsg?ﬂé‘ggvr@bolnb%?%&mat | east
six of, and n@skhlpisefaedabpatodyarspadiméis. |Adestatiedlglatpooled hbgatdeytel owi ng assays:

t he COUM assay; the DEX assay; the E assay. e [- ay; the 7-HCS
?:; ; ag ; ; he F/giﬁi’éﬁ?ﬁi’ ﬁgnﬁr\égj;}liglggé?cyﬁfgw %%J%i%sv"se%g%ﬂ%%éHéN assay; the

ssay. resdrvéle STAbRsI p e€ theajormsl esinge di. dighatangs/iebgeenessdye pl at ed
coat od v tH-oMAEBImEk RkAERT Kb gt Ao TPl AR ot B it
coated w otfe 1 . i Po | not
limted to |arBfﬂieﬁastﬁS@l@ﬂ%@hﬁrﬂan@ﬁé@é‘sfefv@dhmtdﬁyﬂes|ySine, gelatin, or any
combi nation thereof. Preferably, this is acconplished by diluting an

appropriate vol une (e—g——"0~2——t-0—2 s (e.g., cells
19 WD 2006/ 115682 PCI}/ US2006/ 011551 W&W’ﬂ; a concentratiorn of
approximately 0.7 x 106 cells/pi) HeRatooyie-ASAYS o5 oy
. Assay Normal Range
(pmol/min/10° cells)
coumarin 7-hydroxylation 1 to 154
Dextromethorphan O-demethylation 0.5 to 96
7-ethoxycoumarin O-deethylation 1 to 154
Phase I metabolism of 7-hydroxycoumarin 2 to 545
Phase II metabolism of 7-hydroxycoumarin 0 to 110
mephenytoin 4-hydroxylation 0.2 to 442
testosterone 6(beta)-hydroxylation 2 to 675
tolbutamide 4-hydroxylation 1.8 to 82
phenacetin O-deethylation 1 to 125
chlorzoxazone 6-hydroxylation 2 to 215

[0048] In certain embodiments of the invention, hepatocyte preparations will
have assay values in the above stated ranges for at least three of, and preferably for
at least four of, still more preferably for at least six of, and most preferably for at

15 least eight of the following assays: the COUM assay; the DEX assay; the ECOD
assay; the 7-HCG assay; the 7-HCS assay; the MEPH assay; the TEST assay; the
TOLB assay; the PHEN assay; the CZX assay.

[0049] If desired, the cryopreserved hepatocytes may be plated on to collagen-

coated tissue culture plates, or tissue culture plates coated with other extracelluar
20  matrix proteins including but not limited to laminin, fibronectin, entactin, poly-L-

lysine, gelatin, or any combination thereof. Preferably, this is accomplished by

diluting an appropriate volume (e.g., 0.2 ml to 2.5 ml) of diluted cells (e.g., cells
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plating on a 96-well mcrotiter plate, it is desirable to further dilute
the cell suspension to a concentration of 0.35 x 106 cells/m wth

I nVi t r oGROOCHIGMESESaM and to add 100 | of the cell suspemdaisesvctooisench
well. It is preferred to even 5 distribute the cells in the wells. This can
be acconplished by gently shaking the plates in a back-and-forth and
side-to-side manner; the use of a circular mption will cause the cells to

unevenl y pool having heonsenfrasien of appreximigely 9.7 -0 eelsiah aniodhs Rlates. ioRdl ed i n
this manner w laltmggﬁ Q?E vJeﬁr[Itl Pl%tl{%l‘ ﬁltag it is eglra% Jhg'fﬁrﬁler Baneweten | T m ni mal

handling is d&sir e cells ca to attach overni ht 10
[0050] Havi ng snepensimerterabhopnigaiverct B3 thﬁecqllWémlihnglt@ﬁ@(%@PrM un, be nore

readily understg% ad}iqpegﬁ(&t eéecﬁrsﬁ%%g sidiPro eQ bal. Ielﬁ}c%/l ergg&a[gg*,e%s whi ch are

provi ded by vvay of I on and are no to be [Imting of the
present i dvenisiributetht eslls isfhe svells.eThis EndwpbeniplisiedrRyfgenttzshakingtheThawed

Hepat ocyt e Pre ratl n res rved h Y d and
ol rozen as | R B A Bemaip rEpASToRRE s B T RuRl Foldii
coupl ers, percahs tlten:eas thlunbegly pooVintthodantzr of3Re elie dilwman hepato@fiesbag, 1- 2L

aut ocl aved be ter centri be rac 20 [0053]

Pr ocedur e: g‘%ﬁ‘il éfnaﬁlberéf’lﬁgt%} bé‘tﬁhgf’r#é %@gzﬂ%‘f& Wﬁ@%tl mml%ag7-42C.

[ 0055] 2) Add mmurngxw@trai ¥he2Q10s b e Bilewalfto bitachtova@ight. CP- 2 medi umto a 1-
2L beaker. Equi p Biological Safety Cabinet with a manpal pipet or a liquid

handl i n ot 056] 3) i mat e from dewar
recept agl ndﬂoscy?i %’%V’f}gb?‘ﬁégnetrﬂ&ff Fcﬁ%gé ﬁ’g&ve Iythrég%lﬁé X"i:iw%gmoss| bl e,
space vials apaily undd850 thébhgibtelisrencg & the foldwigd dxamplepeviséhoms | nt o heat ed
wat erbath until the . ice hunks. can be djs|lo d en.t vi al IS i nvert ed.
20 WD 2006/ 113’6%‘?‘199@?/"(%2’335% patigopd arf@ﬁ{s‘é*eng‘)gdet%w?mét&gl O%Q?spﬁ%sﬁ‘%u on from
each vial int qn{;ehﬁmb@ﬂ&,grspecma 1m of InvitroGo CP-2 nediumfromthe

smal | beaker into each vial to rinse and pour contents into the beaker.
Transfer thawed cell suspension |ntﬁ a %L sterile bag.
xample 1

15 Refreezing of Thawed Hepatocyte Preparations

[0051] Cryopreserved hepatocytes are thawed and refrozen as indicated below.

[0052] Materials: 30 cc syringe, two couplers, percoll in a 1L bag, InvitroGro
CP-2 medium in a 2L bag, 1-2L autoclaved beaker, heater, waterbath, centrifuge
tube rack.

20 [00S3] Procedure:
[0054] 1) Setup arecirculating waterbath heater at 37-42°C.
[0055] 2) Add approximately 200-400 mls of InvitroGro CP-2 medium to a 1-
2L beaker. Equip Biological Safety Cabinet with a manual pipet or
a liquid handling robot.

25 [0056] 3) Remove approximately 50 cryovials from dewar receptacle and
quickly place them in 2 test tube racks. When possible, space vials
apart.

[0057] 4) Submerge solid cell suspensions into heated waterbath until the ice

chunks can be dislodged when the vial is inverted.
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5 [0059] 6) Attach bag, InvitroGo CP-2 mediumin a 2L bag and percoll
bagged at 30% onto COBB autonated cell processor and process according to
st andar d woaeodad/asees2 [ 0060] 7) Performa cell count. [O00@LI/UBRo0GOYHPT eServe
cell suspension. 10 [0062] Percoll/Redi G adTM (Aner sham Bi osci ences) is
enpl oyed for the percoll density centrifugation. Percoll is conposed of
colloidal silica coated wth_polyvinylpyrrolidone gPVP) The Redi G adTM
fornul ati on isl08/8o 5éon89‘§éﬁllé‘ﬂspe@éﬂnl%1nﬁ%° h gjal jngoythp geakpis Adslmbeft | y coat ed

with silane. These coatijpggo@fLch-butattinm fr&ntﬁ%ﬂf&ﬁ%e&l&?m@@éé@ﬁbﬁi tghon- t oxi ¢
and ideal for use with biological materials

(http://ww. apczech. cz/ pis¢ B Ry pantents iplgfthe 1??@1(?5. Trapggethawedeetlhanbi o

sci ences. com aptri x/ upp . i ) pad) ?OpenAgent &doci d=3139FC72

0067CAGCC1256FBGOOOBSGGSE%ﬁ%@%%%&gﬁ%g_. Both particles have a

gensi ltly/ %f d51 Glmgéﬂ]m6)l tCérﬂmhhtSaggTawit@ﬁ‘rr@CP fgm mZEh@}M@s{gnﬁe_ of ent
er co edi Grad resu y gradien

due to 20 the heterogenznl %%Eda??%‘%ﬁ) s@gs%%l@&é&@r ﬁ?é%%S]

Percol | / Redi Gad are besaccmdmgto siartolaﬂda:nmdessal t solutions, such as

physi ol ogi cal n SM Na al t hough 0.25 M sucrose may be
enpl oyed. Theﬁ@@dl e7') PS Orgli)%ﬁtc)é’h % v) of Percoll/RediGad to 1 part

(v/v) of eithejoodi]5 8y BafdpresdWe ¥elLsuggsivn.ated cel |l culture nedium or 2.5
M sucrose will result in a 25 solution adjusted to about 340 nOs/ kg H20.

Sol uti ons dj r | can ting the
relative v qun@is)&ﬁ I% lﬂgelmf] I?é%dl %m dﬁgm%dosmefl%%)o %gié&%dsj%?}shglpg ﬁ

(Vincent, R edenaty ceﬁfmﬁgh)lo ARenesHl iseoinpb¥ed Dhieollofdniilicd dobitgd @ithPer coII For
The Isopycnl o S ion OF " Anal chem
141(2) : 322- 32813 Woﬁl&?nea(g%gf%%dﬁ‘a? éO P@ﬁ%f%ﬁg%"o&éﬂ%?ﬁ ‘?ff)ty can be
carried out bycdllbﬁlaladﬂlﬁhatbuﬂﬂ cG'f'aleSxﬂlb/TcSat&I with Sitane.| Elibs¥edatings ar&hoGghita at i ons

ot her than 10 x SIO|O cal sali al sq_he use satj sfactorily. 21
90 50061 1156327 PReT GBI BRE ) A Beoutr 1o REH EPSds |1 £ or m

sel f-gener g4 ed(hﬁpwwa@z&ylcﬁ/«paf/DFfma@ﬂa@pdﬂ f/wwe :ﬁﬁ@é}ﬁnfbai or heads
after 15 minutes. Hepatocytes can be se centrifugation at 50-100

e
gay in fixed- aww@S&Pm&Wﬁﬁvmao%&é%&F llPﬁ?Wlo?fﬁ%fa%enég?%&d‘i i futes. 5
Exanpl e 2 0067CA6CC1256F360008566F &file=71500870AB pdf). Both particles have a

density of 1.13 g/ml. Centrifugation of samples in the presence of
Percoll/RediGrad results in the spontaneous formation of a density gradient due to

20  the heterogeneity of particle sizes in the medium.

[0063] Percoll/RediGrad are best used in balanced salf solutions, such as
physiological saline (0.15M NaCl)', although 0.25 M sucrose may be employed.
The addition of 9 parts (v/v) of Percoll/RediGrad to 1 part (v/v) of either 1.5 M
NaCl, 10 x concentrated cell culture medium, or 2.5 M sucrose will resultin a

25  solution adjusted to about 340 mOs/kg H0. Solutions of different osmotic
pressure can be produ;:ed by adjusting the relative volumes of Percoll/RediGrad
and salt or sucrose solution. (Vincent, R. ez al. (1984) “Adjustment Of The
Osmolality Of Percoll For The Isopycnic Separation Of Cells And Cell
Organelles,” Anal Biochem. 141(2):322-328). The final adjustment to the required

30 osmolality can be carried out by the addition of salts or distilled water.

Concentrations other than 10 x physiological saline may also be used satisfactorily.
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Variation of Primary Hepatocyte Sanples [0065] To illustrate the

sanpl e-to-sanple variation of different sources of individual (unpooled)
hepat ocytwe,20wepadsecyt es are i solated from 82 different PCaarseoos/0ansdl

anal yzed for cell viability and enzynme function. The follow ng 10 netabolic
activities are evaluated: COUM DEX, ECOD, 7-HCG 7-HCS, MEPH, TEST, TOLB,
PHEN, and CZX. The results are shown in Table M Table |1l Variation of
Hepat ocyt e Sam%thrmlllthsém%ﬁomsmgg@(aWﬁm by centfugROINEPH TEST
TOLB PHEN CZX g 2 4% 51 23 10 50
9 1 38 13 BQL iR oISt adh 16 Bhingls 6H§p%3°%§te§ga§% e % 30 25 -
13 BQL 2 19 1semfifugdifon @9@-1@0 Z:39 ed2agleer 4aWingidg bgokzs@tos@eazi? afigr 10094 F 67%
41 12 37 24 4 %1 12[%540 19 87 099 F 86% 21 15 7 4 BQL 1 60 10 BQ 22 104
M 81% 63 21 48 2 58 37 8 20 105 M67%59 15 24 38 14 1 29 27 12 27
110 F 77% 45 24 35 23 4 6 206 11 54 36 111 F 71% 4 10 9 2 3 3 147 2 19 19
114 F 75% 39 23 21 10 5 5 59 TBD 3 4Bxamplp2M 79% 26 30 29 80 5 1 42 23 4 25
129 F 90% 4 24 27 67 18 1 Vagiagign eOPemarpntepRogresS®apks 25 74 18 8 80 16 4 23
AT F 83%45 29 13 118 14 B 82 15 11 7 AOK M 73% 60 21 58 283 64 5 86 30
24 21 ATR M 109657 To illusgate the spaplesq-synpe yariahor ofdliffgwatsguress ¢fo 210 29 BQL
54 37 11 24 e <o % 47 26 17
205 27 21 3o dnyitdiitoiedhediontd iepardonth doisohued Sonf BXAMGIRY T 26 70 o
14 53 471 42 4lop®s 26 4Bly261 focpall Waldlitysapd ezymg farggion.3The fazEsswu}a 37 21 ECM M

85% 8 11 1Q 55 18 Bc §hivils 2k daluated: COUM, DEX, ECOD, 7-HCG, 7-HCS, MEPH,
TEST, TOLB, PHEN, and CZX. The results are shown in Table III.

Table 111
Variation of Hepatocyte Samples
7- 7-
Lot No. Sex %V COUM DEX ECOD HCG HCS MEPH TEST TOLB PHEN CZX
067 M 62% 67 1 70 231 24 2 44 35 27 24
086 F 74% 51 23 10 50 9 1 38 13 BQL 18
089 F 77% 25 21 8 23 6 1 11 13 BQL 29
090 F 74% 30 25 7 i3 BQL 2 19 15 BQL 16
091 F 73% 13 29 66 44 10 12 252 36 27 36
094 F 67% 41 12 37 24 4 21 126 40 19 87
099 F 86% 21 15 7 4 BQL 1 60 10 BQL 22
104 M 81% 63 21 44 247 25 2 58 37 8 20
105 M 67% 59 15 24 38 14 1 29 27 12 27
110 F 77% 45 24 35 23 4 6 206 11 54 36
111 F 71% 4 10 9 2 3 3 147 2 19 19
114 F 75% 39 23 21 10 5 5 59 TBD 3 45
122 M 7%% 26 30 29 80 5 1 42 23 4 25
129 F 90% 4 24 27 67 18 1 16 33 10 51
ACU F 81% 53 8 25 74 18 8 80 16 4 23
AIT F 83% 45 29 13 118 14 BQL 82 15 11 7
AOK M 73% 60 21 58 283 64 5 86 30 24 21
ATR M 73% 7 11 1 39 11 BQL 11 8 3 4
AVF M 70% 59 13 50 210 29 BQL 54 37 11 24
BTP M 88% 66 29 36 214 25 3 50 45 11 12
CEC M 86% 47 26 17 105 27 21 32 57 38 36
CEK F 80% 55 2 39 141 5 16 302 41 7 16
CHD F 77% 30 14 53 471 42 4 28 23 13 26
CPN M 81% 28 6 40 100 13 2 168 14 37 21
ECM M 85% 8 11 10 55 18 6 81 18 21 9
EFA M 69% 9 9 35 47 5 18 66 12 47 67
EHI F 90% 88 3 56 291 45 1 248 21 45 43
EIR F 75% 89 14 32 288 43 8 62 41 1 41
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EFA M 69% 9 9
43 EIJR F 75%

PCT/ US20080Qads553682 Tabl e |11

35 47 5 18 66 12 47 67 EH
89 14 32 288 43 8 62 41 1 41 22 WD 2006/ 115682

F 90% 88 3 56 291 45 1 248 21 45

Vari ati on of Hepatocyte Samplras2teiifel Sex %W/

COUM DEX ECOD H7- 7- CG HCS MEPH TEST TOLB PHEN CZX ENR M 73% 69 28 27 124
31 107 77 36 38 32 EOB M88% 14 11 18 65 9 31 49 14 21 35 ETR F 88% 30 1

34 13 13 7 13,

17 27 62 282

F 77%5 49 31 b =
LdBNéLEex?%BQCOUEI MX16COJ1

GIV F 71% 32
8 HHG M 83% 2

133260 EVY M 80%-2 20 23 218 77.33.24-25-17 33 EN

| OPBAIGSTIE? TTOLE PHES O1X

o 1.4 201 [aYalllinYa'l ’10 1.9 H Ll A4 o0 42 .20 20 1701

| M 85%

40 57 44 1A
129 34 72 48 7
50 307 54 1 ll
82% 7 11 3 41
83% 9 12 32 24
KRM F 78% 126
42 93 16 KZO
14 67 63 125

P

4

o J \é— T\ EVAV V4" g XU ) J e ) L
4&“1@3 20%60 287 17 B 7*12 8728 7.0 | ENEM 8 %
o] HRAF 7 o 1 443 B 84,9 9,95 4ﬁ 41
Oé,ol 2R B 73957 & 40,172,24 13 113 1838

KI5 Mc83%k8 27 349 384BQL b D 14, 17,44

S0 Hooas 28 56502 KR) 17696 40 762956 37 101 A1
XBpoor8a%l 7 303 88 46174 #8 KOE M 73%H65 39 525206547
Forf2 Y 3Biosl6 88 262 836 75582 30 20 LA M 6% 5B 1525

IgTWORF #11991%279 %7 2% 10 12 27858BRQL7 46 28 16 11
GUY M 92% 65 12 11 73 12 20 90 13 5 8
HHG M 8% 2 8 14 251 29 BQL 28 12 4 40
HRU M 90% 43 28 39 175 15 4 69 40 57 44
IC] M 74% 134 20 60 287 17 BQL 129 82 28 7
IEM M 88% 34 17 23 129 34 72 48 23 19 34
IHR F 76% 17 43 8 84 9 9 95 46 41 7
LID M 8% 36 31 50 307 54 1 142 49 21 51
IRX F 73% 57 5 40 172 24 12 113 43 6 18
JUL M 8% 7 11 3 a9 7 23 12 2 3
KKS M 8% 1 8 27 319 38 BQL 61 17 17 42
KPT F 8% 9 12 32 248 30 55 65 26 56 32
KR] F 76% 6 40 76 359 37 1 11 61 23 20
KRM F 78% 126 36 55 83 17 103 98 46 74 44
KSE M 73% 65 27 52 206 74 21 123 42 93 16
KZO F 8% 38 16 38 262 8 6 75 32 30 20
LAE M 76% 58 15 50 294 22 14 67 63 125 21
MOF F 91% 79 17 29 10 12 2 85 5 7 46
MRS M 72% 119 21 110 450 50 2 675 54 68 28
MTR F 69% 2 33 23 218 3 5 38 67 39 8
MYO F 94% 40 24 9 24 BQL BQL 12 7 BQL 11
NPX F 79% 36 32 13 130 6 15 76 25 20 10
NQT M 8% 76 12 39 80 23 2 151 14 20 34
OAU F 81% 47 26 24 86 8 6 85 46 53 13
OZL M 76% 16 15 61 300 109 3 165 29 17 43
PFM F 87% 21 1 11 67 10 3 116 8 15 33
PXK M 80% 8 35 63 433 78 2 109 62 32 60
QWG F 77% 16 32 29 300 21 9 50 10 BQL 15
REL F 77% 40 20 15 109 9 65 100 33 75 10
RFA F 78% 130 42 49 444 52 6 195 30 28 17
RKB F 95% 42 16 16 100 8 3 36 17 20 19
RML F 76% BQL 6 45 129 31 14 152 24 42 29
RNG F 91% 119 14 97 298 27 177 207 34 71 41
ROE F 8% 73 24 36 302 37 2 55 17 2 51
SEO F 72% 36 25 18 106 9 66 102 50 81 11
SQ] F 74% 115 12 100 285 19 175 210 30 81 42
SRA M 79% 50 6 71 409 8 10 23 28 18 44
TPZ F 83% 120 13 101 301 26 171 204 31 82 41
TSR F 62% 47 66 58 175 20 BQL 6 77 16 34
VCM M 82% 42 28 79 415 110 02 94 16 4 215

17 23
8% 36 31
JuL M
2 KPT F
23 20
4 21 123
D 294 22
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MRS M 72% 119

39 8 MYOF 94%40 24 9 24 BQL BQL 12 7
76 25 20 WO 2004Q15608285% 76 12 39 80 23 2
8 6 85 46 53 13 OZL M 76% 16 15 61 300
11 67 10 3 116 8 15 33 PXK M 80% 86 35

16 32 29 300
RFA F 78% 130
20 19 RM F
27 177 207 34
25 18 106 9 6
SRA M 79% 50
204 31 82 41
415 110 0.2 9
Vari ati on of
MEPH TEST TCL
32 1 25 84 12

21 110 450 50 2 675 54 68
BQL 11 NPX F 79% 36 32 13

10O 5010 BO

SOOI ot 0506 42 16 16 100 §

42 49 444 52 6 1
9‘5 epatocytepamples o\~ 94094140 1

769%-ROL—6-—45—120 v t)pn,p

A= = RN~ AN = I Sy S L o
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Eﬁ‘t %ystoﬁ S3Rp 78 1

?ﬁE%%%VEd\‘ F 330%339 6&089 2328 153 225'32 54 48 B1 1Y

28 MR F 69% 2 33 23 218 3 5 38 67

130 6 15

151 14 20 34 OROTRSBAR4ASL6 24 86
109 3 165 29 17 43 PFMF 87% 21 1
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Example 3
Characterization of Pooled Hepatocytes

[0066] Cryopreserved pooled lots of hepatocytes are prepared and analyzed for
post-thaw viability and enzyme function. The following metabolic activities are

evaluated: COUM, DEX, ECOD, 7-HCG, 7-HCS, MEPH, TEST, TOLB, PHEN,
and CZX.

[0067] Six lots of pooled hepatocytes, comprising either five-donor pools or ten-
donor pools, are prepared as described above. Hepatocytes are harvested from
individual donors and then cryopreserved as individual lots using liquid nitrogen as
freezing agent. Cryopreservation is accomplished by suspending the hepatocytes
into freezer-safe vials containing a medium having approximately 10% DMSO and
approximately 90%Cryopreservation Medium. The dispensed hepatocytes are then
frozen in a controlled rate freezer until a final temperature of approximately -80°C

is reached.

[0068] To form the pooled hepatocyte preparations, individual lots are thawed,
and the viable cells are isolated by percoll gradient centrifugation. Vials of
individual donor cryopreserved hepatocytes were thawed in a 37°C waterbath
(perhaps it would be better to give a range such as 30-40°C waterbath?) for 60-90
seconds. The thawed cells are decanted into 37°C media containing 30% Isotonic
Percoll and 70% CP-2 media. The cell suspension is centrifuged at 100g for 20
minutes. The viable cells are recovered in cryopreservation media and counted.
The viable cells are diluted to 20 million cells per mL. A second solution

containing 20% DMSO and 80% cryopreservation media (equal volume to the cell
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Exanpl e 3 Characterization of Pool ed Hepatocytes [0066] Cryopreserved

pool ed | ots of hepatocytes are prepared and anal yzed for 5 post-thaw

vi abi | i t ywendoeenzesee function. The fol |l ow ng netabol i c &crivseancmsisar e

eval uated: COUM DEX, ECOD, 7-HCG, 7-HCS, MEPH, TEST, TOLB, PHEN, and CzZX
[0067] Six |lots of pool ed hepatocytes, conprising either five-donor pools

or ten- donor pools, are prepared as descriped above. Hepatocytes are
harvested fro uﬂﬁf‘“?‘ﬂ’&lﬁﬁ?‘ﬁﬁ%’lvg)dBR@P%re%nHlet%eﬁDWe@%‘H’r%ﬂ’?ﬁ% vi dual

lots using |i ambdla Ristowdgediledso the CERZLGBNAGER xturE VIRPIRRRA YAAE: 101 S
acconpl i shed by_ suspendi ng_the, hepat oge)/t es into freezer-safe vials
b

contai ni ng a mBEles higserBtingypixge isd0& YMBOYPesontegervation mediatwitle| y
909%Cr yopr eser v, g oM ddBelid i ftl, SRENSRHioR $PHR6E B% &Y&idID&N 0 {ﬂtozen ina
controlled rate freezer until a final tenperature of approxinately -80C 15
i s reached.5 [ 00%8lal THhefcgHsare then goyoprsserirsp Miatdg ells Soapiadiaidualrets atendi vi dual

|l ots are tha V] " adi ent
centrifugati \Qﬁ‘fﬂe‘{ﬁ"g’@ t{))?(ﬁ‘ml r?ggb?‘&‘gag‘%éy%&ﬁ%p?‘ﬁé‘?ggo‘gltr’%g8%5‘3%@‘%&&06@{4 es were

t hawed i n a 37@6sayatabebwithin depimdhangss.it woul d be better to give a range such
as 30-40C waterbath?) for 60-90 20 seconds. The thawed cells are decanted
into 37C nedi t ah Qi i 0 9 < dia. The

cel |l suspensi g@?@?g ?élﬁlr”?‘?l?‘ﬁgﬁe@ riﬁgﬁ%prfgéﬁegbh‘am%gﬁt%gé %‘ggg{ggbl e cells
are recover ed tepulisof e pestdharavinbitity(EWVE) andeenzemfuaction afiblpsivoftbé e cel | s are
diluted to;20 1 hlii I . S ian. i tHo 0% DMSO
and 80% cr§/((?)pr §LG|F1\}§‘ i %ﬁh’r‘r%ﬁgqrtg%ﬂ%ﬁlﬁﬂ%gs%%d?’ghﬁ%ggg&%ﬁ% gﬁ%@%oal 115682
PCT/ US2006/ 011566%). suspension |isted above) is prepared. The 20% DVMBO and
80% cryopreservation nedia is slowy added to the cells suspension

m xture. The addftromr—takes—5=%0— Tt STy e Tesutting—xture i s 10%
DMSO, 90% cryoprieservati on nﬁsﬁinﬂiawo}fbole&ﬁga&cﬂémlﬁatm I 1ion cells|per ni.
This solution is[arjguoted 1nto co}éwals ar Lo T SIperiyvral. The cells
are then cryopr ey CRUMIEL 4 T HOS - BRAMEPHIEPT 1TQLE PEENICZXhen pool ed
to form pool ed hppat|seyt e plepal adsi Orzst wHose ceakl 5 7hayeif ursot | enpl  assay
val ues within de%rr,aed,zr agbgeSSO[()OQQ] ahe pgpl ed; | 316§ are then 7
cryopreserved. Tabre IV oetow sfiows|thie resutspt _t{ie ppst-thaw viability

("9%/') and enzynERfudyi Bn ashl ysPs| 0t hed 112 | 22" | 26 | 30

<

[\%)

HMB®| 76 61 18 70 231 46 3 151 23 20 83
IR 75 32 19 35 232 44 2 124 32 11 42
RKS® | 81 84 20 73 336 53 2 131 28 23 55
2 5-donor lots ®10-donor lots

[0070] For comparison, Table V below shows summary data for a post-thaw
viability and enzyme function analysis of eighty-one individual lots that are

15  cryopreserved (i.e., subjected to one cycle of cryopreservation). This data
confirms that the lot-to-lot variability of enzyme function found in individual
hepatocyte sources is very high. The data confirms the desirability of employing
pooled hepatocyte preparations for providing cryopreserved cells that approximate

the enzyme function of “average” hepatocytes for a wide variety of enzymes.
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10 pooled lots. As indicated in Table I1l, pools had an average viability
of 79% (S. D. 6% . Table IV Summary of Pooled He atoc a Lot Data Pool %W
COUM DEX WQQem6/HFB8%S 7- HCS MEPH TEST TOLB PHEN CZX Ml aP8®/us300881661 301 44
12 70 61 50 62 YDJa 72 66 30 80 470 41 1 165 31 27 71 APCb 79 79 21 55
276 43 2 112 22 26 30 HMVMBb 76 61 18 70 231 46 3 151 23 20 83 1JUWb 75 32
19 35 232 44 2 12422 11 .42 RKSh 81 84 20 73 336 53 2 131 28 23 55 a
5-donor lots b 10-donor | ot s LOO?O Fd'fab'eB ari SO TabI e V bgl ow shows
summary data for a—pestrihaw Fogled et aHal ysis of

ei ght y- one i ndi vi dual %1Vﬂ0§Mt H%?f %Oé”ff@G 7%51\@%@? TC(HB Pé[ENC%’E bj ected to
one cycle of cryopnesesyais on)z Thi 5 gat a27cbr@‘| 6% t4at s heoljot -t o-1 ot
variability of enzymerfvngtionfroumt—ioTnorvigoalTh Cyt®E sources is
very hi gh_yThe dat |38~ 57 'ltjzim tg%’m 150 :i‘*ﬁx Ifuﬂ)fwlﬁf é7§rr| g\gu ll'llé )%rm ed

|
hepat ocyt e prepar alewo[s|f ér |priovi #i ng2er yoddr eskeryveéd [c# || s3 t|ht] approxi mate
the enzyne function of "average"” hepatocytes for a wde variety of enzynes.
25 WO 2006/ 115682 PCT/ US2006/ 011551 Table V Sunmary of Pool ed He atoe a
Lot Data %/ COUM DEX ECOD 7- HCG 7- HCBxaEpIEISTEST TOLB PHEN CZX Avg 79 37 17
51 276 27 8 35 36hdractifizatidnglf tRSVikBility 6f RdoledIH dpatddytes Adted Tha@gl 25 215 Low
62 6 1 31 231 24 2 25 34 3 13 Exanple 3 Characterization of the Viability
of Pool ed Hepdf®Hy tewmmhaneyse phfonicrygprefed@a ispatoaytasivta thasethe heffagreytes
cryopreserved h hepa . i acubat e
Chom wi ¢ var (D00 SRARRS pedot Lol delBuRRT R BBl BERAEPET (e
hepat ocyt es nﬁhatttlmhepathcadters nwamtbmlthdilyvidhﬂlityidyraklcasitse\&mlémals Roexaminélo exam ne

t he post-thaw |abh]Ia r tine f 00l ed re erved
hepat ocyt es, t Vs 1%%&%%%5 Or q‘&eh?&?%%le‘{ ‘f{?%prfsﬁrve%fyw “a 12-wel |
pl ate, and i naldadiedertthawed, aliquoted 1nto the wells of a 12-well plate, and incubated at

37°C with 5% CO,. The viability of the hepatocytes is then measured at time-

points for up to six hours. Table VI shows the results of this analysis, wherein, at

10 six hours, 39% of the hepatocytes remained viable

Table VI
Post-Thaw Viability Analysis of a
Pooled Hepatocyte Lot
Timepoint % Viability *
T=0 88%

0.5 hrs 79%
1.0 hrs 84%
2.0 hrs 79%
3.0 hrs 73%
4.0 hrs 67%
6.0 hrs 69%

? viability determined by Trypan Blue

[0072] All publications and patents mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or
patent application was specifically and individually indicated to be incorporated by

15  reference.
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37C with 5% CO2. The viability of the hepatocytes is then neasured at tine-
points for up to six hours. Table VI shows the results of this analysis,
wher ei n, WO 206&/95682hours, 39% of the hepat ocytes remai nedTxisaicmi11s3abl e Vi
Post-Thaw Viability Analysis of a Pooled He atoc to Lot Tine point %
Viability a T=0 88% 0.5 hrs 79% 1.0 hrs 84% 2.0 hrs 79% 3.0 hrs 73%
4.0 hrs 67% 6.0 hrs 69% a viability determ ned by Trypan Blue [0072] All
publ i cati ons #9d3baWaHe theimysntion g bpdn deprribed Peronnge %W&ﬁ specliCher ei n

i ncorporated byy,sehetehefol % willbe 2RIRst6d BiRlit i8 Sagable@RGhthendi vi dual
publication or patent application was specifically and individually
indicated to b‘@diﬁwemamiath@chpbljcaﬁglslsrﬂéﬁléﬁé HEROVeBLY\Ne 131906,/ ¥4355 813 2

PCT/ US2006/ 01 . - \Whj. 4 Y ' : i in
connection w tja%%éa 61%?&%@&1%%@&6&@%{1{5@ %ﬁheégglglg?fﬂ%?’t?m\%gﬁ? °ﬁ§§ g{nvglgﬁjgt ood t hat
it is capabl e and intdinhsuchnisgarfuresdtdinoths peasent disloswppd ¢ometwidin keoWmt ended t o
cover any variations, uses, Qf. j . he | i ow ng, in
general, the BF f‘ﬁgo gragfdet‘ﬂ%m} tﬁg%ﬂ%o?%l‘#&?@e%vgﬁ@éeﬁéﬁﬁéﬁ&;%ﬁﬁl eepart ures
from the presaepplieditsthe essential &anearhereniteforasekfootn or customary practice
within the art to which the invention pertains and as may be applied to
the essential features hereinbefore set forth. 27 WO 2006/ 115682

PCT/ US2006/ 011551 What Is Clained Is: Caiml1l. A nulti-cryopreserved
hepat ocyt e preparation conprising hepatocytes that have been frozen and
thawed at |east two tines, wherein greater than 50% of the hepatocytes of
said preparation are
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5 viable. Caim2. The nmulti-cryopreserved hepatocyte preparation of claim
1, wherein said hepatocytes are selected fromthe group consisting of
human hepaibeogsiases2por ci ne hepat ocyt es, si m an hepat ocy®PeI/US2@a/0i 1561

hepat ocytes, feline hepatocytes, bovine hepatocytes, equine 10 hepatocytes,
ovi ne hepatocytes and rodent hepatocytes. Caim3. The nulti-cryopreserved
hepat ocyte preparation of claim2, wherein said hepatocytes are human
hepat ocyt es. CREFH¥43NFW€IﬁuIti-cryopreserved hepat ocyt e preparation of

claim?2, wherein said preparation conprises a pooled preparation of 15

hepat ocyt es of&ﬁ’m fl pl egé’ﬂiﬁ?ﬁ_@?w@@?r&?ﬁe@ﬁf’%ﬁ%@ﬁ&r tio-ncP_Pg’Bﬁgé%er ved

hepat ocyte preparation Rdpafobpbdihdt hav¥'beh FoderblddhdReldlat RhR tHOHIEELS are of

t he sane gender, race, or health state. Claim6. The nmulti-cryopreserved

hepat ocyt e preparati on Bhergingrepten thap §0vrs s hepataeriese) said prpparation arg o d
pool ed preparation of hgggtocytes provide said pooled preparation with a
desired |l evel of a nmetabolic activity. Caim7. The nulti-cryopreserved

hepat ocyte preparation of claim6, wherein said netabolic¢ activity is
sel ect ed from%A8 §r ouphenultigrygpssseivgd Bepatooippreprgtionieyim4, Hog, 7- HCS,
MEPH, TEST, PEEN and CZghereig@aitegddt9tel hrABRcEEROMHIMOQEDdohsRing 4 @i m 8.

The mul ti-cryopreserved hepatocyte preparation of claim1l, wherein greater
than 70% of the hepat ochuea hepataeyites, prreipahepafosyien sinianheppioaytes ai m 9. The

mul ti-cryopreserved hep@e{n%)ﬂe?at&y?e@%%éﬁ%?a@éyt&[ %ﬁﬂe]hepégél%%[ %uﬂwgr eat er

than 80% of the hepatocytes of said pre ati'on are vi abl’e. alm10. A
met hod of ¥ oduci ng a despatoedep peipe henatagptesandrafiant hepgioppips-eser ved
hepat ocyt es, sai d hepatocytes bei ng capable of being frozen and thawed at

| east two ti meQindfld i F‘Tminﬁllﬁ-&j}cgﬁés@lrve& Rapatot e pRYMGM o SR1d2ERAL OCYt es of
said preparation are viable, said nethod
wherein said hepatocytes are human hepatocytes.
Claim 4. The multi-cryopreserved hepatocyte preparation of claim 2,

wherein said preparation comprises a pooled preparation of

15 hepatocytes of multiple sources.

Claim 5. The multi-cryopreserved hepatocyte preparation of claim 4,
wherein said multiple sources are of the same gender, race, or

health state.

Claim 6. The multi-cryopreserved hepatocyte preparation of claim 4,
20 wherein the hepatocytes of said pooled preparation of hepatocytes
provide said pooled preparation with a desired level of a metabolic

activity.

Claim 7. The multi-cryopreserved hepatocyte preparation of claim 6,
wherein said metabolic activity is selected from the group
25 consisting of COUM, DEX, ECOD, 7-HCG, 7-HCS, MEPH,
TEST, PHEN and CZX. ‘
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conprising: (A) subjecting hepatocytes that have been frozen and thawed to
density gradient fractionation to separate viable hepatocytes from

non- vi ablwohegatiessyt es, 15 (B) recovering the separat edpPeiraist@ehoersat ocyt es,
and (C) cryopreserving the recovered viabl e hepatocytes to thereby form
said desired preparation of hepatocytes. Caim1ll. The method of claim 10,
wherein said density gradient fractionation conprises a percoll density
centri fugat i orClaip08.ql ai Fhelmultineopresetyedihappiogyta prppamtiongfetand, sai d

hepatocytes are sel ect e%herémgegi&ala%@%rbf@%pabéﬂ&o%ai@y{zgégai ocytes,

porcine hepatocytes, siman pat ocytes, canf ne "hepatoc , tellne
hepat ocyt es, bovi ne heputbleyt es, equi ne hepat ocytes, ovine hepatocytes and
rodent hepatocytes. 25 Claim13. The nethod of claim 12, wherein said

hepatocytes ar@,fpigan @Mﬁﬁ%@?esege@h%qa‘geogﬁg}%aﬂaﬁ&{]&@l% i¢l ai m 10,

wherein said preparation conprises a po eparation of Flepat ocytes of
mul tiple sdurces. 29 Wﬁ@@ﬁ/&@%gﬂnﬁgdqﬂmw@q}iﬁﬁSai@@pﬁfﬁtlﬁmarel'he met hod
of claim 14, wherein sa{,i%]lgul tiple sources are of the same gender, race, or
health state. C aim 16. € nmethod of claim 14, wherein the hepatocytes of
sai d pooled preparation of hepatocytes provide said pool ed preparation
with a 5 desi@lath |&vel Agpethodafprdsybing a desiied propara@rgefmmultz- The net hod of

claim 16, wherein said ' | Mok Yead : tpGeifll OUP
consi sting of COUM DEX,E@E%E%%%&]A E@%‘%& Sﬁ’gg‘,eﬁ‘f%!é%ﬁf %%E%f%{‘&@ﬁmg%ln CZX.

A ai m 18. The net hod of frozeaiand t@wedhideast twoginaest and in Whishzosgenthanhe 10
hepat ocytes, of said pre i I I . s of claim
10, wherei 13) greater thaﬁﬁégﬁ)hg?@%%ﬁéﬁgg%?%%r%ag%tmg%%s‘gldggsgg%%?%fii on are
viable. Caim20. A netbodrsingt nvestigating in vitro drug metabolism

comprising incubating pepat Qeutes, of. AT iRk FRSvRE diRRALPCYt @
density gradient fractionation to separate viable
hepatocytes from non-viable hepatocytes,
15 (B)  recovering the separated viable hepatocytes, and
(C)  cryopreserving the recovered viable hepatocytes to thereby

form said desired preparation of hepatocytes.

Claim 11. The method of claim 10, wherein said density gradient

fractionation comprises a percoll density centrifugation.

20 Claim 12. The method of claim 10, wherein said hepatocytes are selected
from the group consisting of human hepatocytes, porcine
hepatocytes, simian hepatocytes, canine hepatocytes, feline
hepatocytes, bovine hepatocytes, equine hepatocytes, ovine

hepatocytes and rodent hepatocytes.

25 Claim 13. The method of claim 12, wherein said hepatocytes are human
hepatocytes.
Claim 14. The method of claim 10, wherein said preparation comprises a

pooled preparation of hepatocytes of multiple sources.
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15 preparation in the presence of a xenobiotic,
nmet abolic fate of the xenobiotic,
hepat ocytwe 2006/1ab68an enzyme or

and determ ning the
or the affect of the xenobiotic on
met abol i ¢ activity thereeCy/usedvsneissl t he

t he

hepat ocyt es have been frozen and thawed at | east two tines, and wherein

greater than 50% of the hepatocytes of said 20 preparation are viable.

10

15

20

Claim 15.

Claim 16.

Claim 17.

Claim 18.

Claim 19.

Claim 20.

The method of claim 14, wherein said multiple sources are of the

same gender, race, or health state.

The method of claim 14, wherein the hepatocytes of said pooled
preparation of hepatocytes provide said pooled preparation with a

desired level of a metabolic activity.

The method of claim 16, wherein said metabolic activity is selected

from the group consisting of COUM, DEX, ECOD, 7-HCG, 7-
HCS, MEPH, TEST, PHEN and CZX.

The method of claim 10, wherein greater than 70% of the

hepatocytes of said preparation are viable.

The method of claim 10, wherein greater than 80% of the

hepatocytes of said preparation are viable.

A method of investigating in vitro drug metabolism comprising
incubating hepatocytes of a multi-cryopreserved hepatocyte
preparation in the presence of a xenobiotic, and determining the
metabolic fate of the xenobiotic, or the affect of the xenobiotic on
the hepatocytes or on an enzyme or metabolic activity thereof,
wherein the hepatocytes have been frozen and thawed at least two
times, and wherein greater than 50% of the hepatocytes of said

preparation are viable.
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