WD 2006/ 115682 PCT/ US2006/ 011551 Title of the Invention: Novel Cellular
Conpositions and Methods for Their Preparation Cross-Reference to Rel ated
Applications: 5 10001] This Application is a continuation of United States
Patent Application Serial No. 11/110,879 (filed April 21, 2005), which
application is herein incorporated by reference in.its entlret ield
the InventiofO8BH%2The present invention relates to nS%/IUS%%%/?“?Sé. g.,
hepat ocyte, etc.) 10 conpositions and nethods for their preparati on and
use. In particular, the invention concerns nethods of processing
preparations of such cells so as to permt their repeated cryopreservation
and t hawi ng whi | eThktofitheiiogeneioast antial viability. The invention also
concerns preparations of cells (e.g., hepatocytes) that have been

repeat edly cryopresNued] @eflulap@ompdsifionk el Methoddfor Thwii-i on: [ 0003]

Hepat ocytes are parenchymal |iver celofé ﬂzﬂf ke up 60-80% of the
cytoplasm c nmass of the liver. Hepat @‘mas play a key role in the

detoxification, nodification and excretion of exogenous and endogenous
subst ances (Ponso@aOSS-Refer%!lce@tReli(tﬁD@m)hw@ﬂég Met abol i sm By Cul tured Human
Hepat ocyt es: How Far Are 20 W\ From The | n Rea ?" Altern Lab Anim
32(2):101-110) > oY FWPPH%IB&}S&?P%H@“@%&WBWQEtﬁ’fes P.é FAOBEYPES i s to

modi fy amoni a tOSéHa@Eothl@EW(ﬁldd ril 217 PO0S), Mhish apEivatiolRHetedNt i n protein
synt hesis and stora transformpation of carbohydrates and in the

synt hesi s of chol %g@?rﬁedbiﬁfe gengeindis eidY-phosphol i pids ~ (Postic, C. et al.
(2004) "Role O The Liver In The Control O Carbohydrate And 25 Lipid

. Honeost asi s, " (% M%%,gﬂ} 30(5) 398-408). The hepatocyte is the only
cell in the body At manur actur es: al buni n, fibrinogen, and the prothronmbin

group of clottingobHC ik Dresdnt m'vémbﬁ‘f%la@'tdho%ltc@ll {e%" hbffoc¥tkddesi s of (
| i poproteins, ceruloplasmn, transferrin, rug}g ycopr ot ei ns,” Hepat ocyt es

manuf act ur es tifei ForBRRSttions apgmsthods/ fortheigpenaation md vos To partiadar, the  yct ur al

proteins and int r%ﬁr@ﬁdoﬁha{ceﬁmﬂmof E@éﬂi@ﬁﬁpﬁﬁtt@i{s%fﬁcﬁgeﬂs@@ﬁtb?éﬁmtdepo'[ S
for vitamin B 12 and iron, [00041 Due to these attrjbutes, 1solated and
cul tured hepat ocylﬂlﬁg repadt gimeﬁqgvatmn and thawing while retaining substantial viability.

The invention also concerns preparations of cells (e.g., hepatocytes) that have been

of

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). Oune 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 protbrombin group
of clotting factors, It is the main site for the synthesis of lipoproteins,

ceruloplasmin, transferrin, and glycoproteins. Hepatocytes mannfactures their own



"~ very attractive as nodels systens for the study of liver functions (Chesne,
C et at 5 (1993) " Viability And Function In Primary Cul ture

O Adul t Hepat ocyt es From Vari ous Ani mal Species And Hunan Bei ngs After

Ci yopreservation," Hepatology 18(2):406-414; Quillouzo, A et at. (1986)
“| sol at ed andy@uhdsHifeh Hepat ocytes,” Paris: |les Edition @l}%@ﬁg}oeﬁé London:
John Li bbey Eurotext); Ponsoda, X et al. (2004) "Drug tabol1sm

Cul tured Human Hepatocytes: How Far Are W 10 From The In Vivo Reality?"
Altern Lab Anim 32(2):101-110; Gonez-Lechon, MJ. et al. (2004) "Human
Hepat ocytes In Pr isﬁ’mtgral(ﬁudt&nwaad m’ﬁia&llﬁlaﬂéxﬂﬁnéﬁoﬂeﬂ)dmcﬁﬁﬁ 4rg alseinipotigt Met abol i sm
In Man," Curr el\/l%tfap ﬁ%@gl §462 Lemaigre, F. et al. (2004) "Liver
Devel opnent Updat SPARR B gf)% Cell Lineage Control, And

Mor phogenesi s,” Curr Opin Genet Dev. 14(5):582-590; Nanji, A A 15 (2004)
"Ani mal Model s OF [f@4h| Bestto icee atizibyics, Epleeﬁaxﬁog@!ae@h@mdcy&se@te@h@pmu tis,"
Gin Liver Dis. mv%)yaﬁ%ﬁv@%émohﬁé’!yﬁtﬁms Pdr the o@ﬁ%;&{hvégf&%é%rrs YR, eSgLY ed Rat ,

Dog And Monkey Heﬁ)at ocyt es: Measur enment 'zt ng Enzynmes In
Suspensi ons And CUI93} E4ebilitidnd FunstiordiPeiaiary @@@@)Gfsf@’!ﬂf Hagyocye 0B8] | n

addition to their vraeeug,mnmseémmﬂ@hﬁmwb%%ﬁw@agﬁs&%m@ RGP al of 20

being used to produce Bioartificial Livers atocyte

transpl antation tH&: 4@611’4%%419@@,4x|e¢/@lr(19%ﬁicisvléﬁqéaﬂdﬁulﬁurfd| p@emies” suf f eri ng
fromliver di seasepgg Iéslmfons ﬁ\l%EkMﬁd LBh4o&! Johd Lﬂsbe%IEutdtéé&)r ﬁon@&L\Lfé)ez ar e
descri bed by Anand, A C 96) { "Bioartifrcial Livers: %tate O The
Art," Trop Gastroetht@3)* ryg{‘@)ab@gmﬁy%lmééfzmmfiepa@aﬁes ATOHF%/EMJF@ (2005)
i Hybr| d Artifig alprbh Y88 RN ﬁmﬁm&%%ﬁ%z@)@@i Wbo&z—ﬁ,%ﬂﬁr e Liver

Fal lure,” World S Gastroenterol.” 11(6): Fukuda af . (2004)
"Hépat ocyte O gandid: @tgh 0P8 HH’"E?WP&OFEE%IPFWFQWSI%W%%I op A Hybrid
ATtiTicial Liver mlieak ik MerdbbBMI® 1t Chi Drb0ind 8834 Mok Bemi et al
(2004) "Hepat ocyte Cul ture ‘n Bioartifcial Livers Wt erent Menbr ane
Characteristics," BrA<EHbILeE Developgent dipdaradveniiimbyyo Medelsgeel! kipeage a1 . 30

(2004) " Usef ul nesscdarby, HhchB#p%gehési&e’rCquGéneFDév E’zr(e) :isQfa*Q@'Naﬂj"tA Ratients
Wth Fulm nant @Qgtl ¢ Failure," Tr ansz{iant Pr oc. g 2355-2356;

W003/ 105663A2, | 43 terdl dogels Oftanaice G@Gf’b&!ﬂi@&?ﬁm Stse0hePeRs,” and U. S.
Patent No. 6, 759 aﬂﬁlmalm @(gym 474 20SRk,NS. aiazqaommydp@%eaedt byg Chan, C.
et al. (2004) " Hep gls ue Engi peeri ng For Ad]kunci g orary Li ver
Support: Critical HEMEDdpaacyes] Mensprenpn i byus Meypbpiing maymasdao. Lee, S W

et al. (2004) " Hermkmmﬁ&a%pkgmmEmoxﬁoanqaﬂo':me) 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 (BALSs) are described by Anand, A.C. (1996)

( " “Bioartificial Livers: The State Of The Art,” Trop Gastroenterol. 17(4):197-198,

202-211; Gan, 1.1, et al. (2005) “Hybrid Artificial Liver Support System For

25  Treatment Of Severe Liver Failure,” World J Gastroenterol. 11(6):800-894;
Fukuda, J. et al. (2004) “Hepatocyte Organoid Culture In Elliptic Hollow Fibers
To Develop A Hybrid Awtificial Liver,” Int J Artif Organs. 27(12):1091-1099;
Meng, Q. et al. (2004) “Hepatocyte Culture In Bioariificial Livers With Different
Membrane Characteristics,” Biotechnol Lett. 26(18):1407-1412; Sekido, H. ef al.

30 (2004) “Usefulness Of Artificial Liver Support For Pretransplant Patients With
Fulminant Hepatic Failure,” Transplant Proc. 36(8):2355-2356; WO03/105663A2,



!

5 Strategi es For Overcom ng Existing Hurdles,” Ann. Hepatol. 3 (2):48-53;
Horslen, S.P. (2004) "Hepatocyte Transplantation,” Transplantation 77(10);
1481-1486; Burlina, AD. (2004) "Hepatocyte Transplantation For |nborn
Errors O Metabolism™ J. Inherit, Metab. Dis. 27(3):373-83; and Fox [.J.
et at (2004) wo Hepeisepyte Transpl antation,”™ Am J. Trans

6:7-13. 10 [000619%\ltﬁin1ti ng factor in the devel opnent O?k}‘g@%ﬂmé}o@é& systems
and to the developnent of Bioartificial Livers (BALs) has been the erratic

source and limted availability of hepatocytes, especially human
hepat ocyt es. Fr eSHORUMOBHAZ ad $é’ate@tbﬂa|6ﬂé pAs. diw;towqj?ﬁl$nlﬁﬂ@ﬂ0¢@sectl ons or

non-t ranspl ant ablcﬁschbéﬁqygﬁtfx b4y, ZQRQ%paﬂ%QﬁéEr%%&X%ﬁagg%?ﬁtAﬁcf}O s For

(2003) Cryopreservation Hepat ocytes. A Revi ew
Banki ng, " Cel | arfgmmirggddvevsuper-Lrisismidesiolegis 1 Byer Frmepl KHHI3Blof such

tissue s i nconsigianke B £EL emageﬂaya@daﬁk?%}pymwmrsy&@opﬁwrmw ght of

the limted functional f espan I "'ver” tissue (Snrzova . et at (2001)

"Optimization ¥ qﬂ‘éﬁ&?ﬁ@’?@ﬁ’&?’é@ﬁ@é@"@@%ﬁ h 3@y 48Sinsiaslaon Of
Viability And Enzysreddod) %}i&twywr@{spzﬁﬁ@?a AREhsF ORI GsQ 0y 1 Gade, s, " Acta 20

VeterinariaBrunensis 70; One apgr oach to addressing this

probl em has i nvolBrkpay A&. GE0B " Henewsrte Sranspiraisaion Eonlabose Erragig&condi ti ons t hat

al | ow hepat ocyt esygsghol§n, MR f¥leAil, m%boyz@rzﬁsam -830Ad ok e &t o €2004y ar functions
preserved. Cryopreservatlon met hod e storage _of hepatocytes have

been devel oped to%ﬂﬂ?‘@@?‘f’ﬁ&’@”’ﬁ’@éd%é@mﬂ’lﬂvdS“HP1£9??3et al. 25 (2003)
Cryopreservati on O Hepatocytes: A Review O Current Methods For Banking,"

Cell and Tissue QuosHr A lidahig fingordd the ddplopuaene bsuc mddel ghteds and(td HE9)
"Optimzation O e vation, Proc r nd_ Hu . Hepat ocytes, " .
Xenobi oti ca. 19( ev%g%x égﬁg qg’ﬁﬁb@ﬁ?rs@?pésf%ﬁ eflt}(eleﬁ'@@)mm&?gn%gﬁﬂl}ggser vation’ !
And Long-Term Stavmmgﬂtﬁlf hEiratmﬁeyedBaﬂaﬂlylamaiﬂmpite@tes E%ﬂﬂtepat@ytes are
Subst r at e- Speci fi % b@{' %? ‘:5£ Depen entl At‘ d _Unschedul ed
DNA Synt hesi s, " o1 %‘3&"8%?“ (s L yaa W&" mdgrean o1
(1982) "Cryopr eseibnmﬂdwyda‘Dai mzz@mﬂlw%mmdw@eﬁmwmmw sol at ed Rat
Hepat ocyt es
"Preservati onlgo‘ %h uﬂﬁgtﬁq&’r%lgﬁr afd?’fi‘% Gf%% Sl‘“,(’)et(?uémf\‘fe%m%oq ééﬁ?ﬁ )Thi?at
Hepat ocyt es St or edpiiinofisuchutisseNs mm@mt'ancﬁnfbn be:gtaﬂuaalkmmhvenwﬂ(m)lghlll 116),
Typically, such ’B‘%%Lfﬂn;éi@gg%é@ﬁesﬁén%ﬁ%?t&sﬂe tsfiblvgl s L %ﬁ@ (-196C) or in

t

frozen 5 nitrogen gas y to recover Vi t hawed cells
has been found t d‘Optimization Of Porcine Hepatocytes Cryopreservation By Comparison Of

Viability And Enzymatic Activity Of Fresh And Cryopreserved 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 4l.

25 (2003) Cryopreservation Of Hepatocytes: A Review Of Curvent Methods For
Barking,” 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
tenperature. Cell concentrations of 106-10" cells/m have been typically
enpl oyed. The isol ated hepatocytes are typically incubated in suspension for
a 10 period (wodessiitesd3 hours) to allow themto recover flrcqr}ﬁgzb@mhﬁg)} ation
process. Thereafter, a cryoprotectant (such as glycerol,

pol yvi nyl pyrrol odi ne, or dextran) is added, and the hepatocytes are frozen.
Thvart has devel oped vari ous freezrng procedures all designed to mnimze

or prevent the ocdielatestiiat Hanatocyinyt OB PAK393399; Zeilpskif F. et (FR93) at es

typically vary fr@%ﬁﬁ%ﬂ@%%m@% o széﬁceMetLAa%yﬂfnz&tD R at at
(2003) Cryopreservation tocytes eview OF  Current Methods For

Banki ng, " Cell, aﬁﬂpwm&oaﬂfvéw@zdmﬁ gBipclrm Barmapglo@l): \NHIL®. t he
devel opment of crmﬁi&@@eru\eﬁrﬂb%emgéﬂ&egeMﬁn@ﬁes%ragwﬁoc é}“ﬁ?%ﬁﬁyt es has

significantly facilitated the avail abil uman

cryopreservat i on Ripeeeess (L Hliky The ablaiyéeream@r @@hlﬂhewceﬂrel@r Q@uilﬁtﬂcel | ul ar

viability 20 (e.g depe%§o§§n@t1pfe%brs .M:h@stthﬁ'hte ofﬂ%%%%& the J&ﬁ%ﬁaﬂdﬂ@?n Hepat ocyt es
In Primary Culture,” Cryobi ol ogy 29: 9; Alexandre, E. at al. (2002) "

Cryopreser vat i on hepatosyigh th cmﬁr%@%@omaaﬁﬁ@@nﬂr&eﬁmesect ed Liver

Bi opsi es, Cryoblt@ﬁﬁamé%em%n&ﬁ@mn@uwEérﬁfmrﬂavebealttyﬁ&any(1993) reported
Vi abrlrty of 67% after 24 hours, declining to 49% after 14 da

(Coundouris, J.A. cgploged. (%%Pteﬂeepatacwﬁee@ew’at%bﬁt@rm PEFRARRSION Pt
Hepat ocyt es FOIO Ufiﬁnéd’(e@" kﬂ@s Bt RO hilo i recB@éi"ﬁ%hf[tMe iS814tfbn @focess Xenobi ot i ca.
23(12):1399-1409). Adans, R M at al. have eported that the viability of

hepat ocytes may b b e hERHIRR S OPToteg Rt Fush a%%ﬁmé SQuerlyngpaErglodine, @y

cyf opreservation fdegtiafpis a&uaw@rhe h@ﬁh&oﬁyﬂs@% Bbze ETcSarNBS @vélOpHaFaride be
capabl e of repli C%’[I Qn (Ad at at. (1995) "Effective 30

Cryopr eservat i on Afd"gBAY *@%NI%W%BWMFPPWP‘W“W%W% ocytes Wth
_Fr%ecovelry O \f abi |mﬁa\te115%éidceeﬁ‘m’lﬁﬁdeﬁhg ﬁ]fhs q@i&@iﬂ&@l frnato, osecrl?ﬁamgwg{mﬁ ge! I
ranspl ant . cryopreservation are di sclgsed in
U.S. Patent No (% %’6?@1 %’O &MG@?B Gartionf ?fefé‘s’f"f%’ r‘ﬁ‘"e‘@"?se, 525,
5, 895, 745; Inter nal’urﬁﬂﬁMetPﬁisﬁﬁiBﬁikﬁk!’@@ﬂ.bﬁﬁssﬂﬂ@ﬂfu@@%ﬁg4m32/ 12722,

WO 0153462, European Patent No. EP0834252B, and United States Patent

Appl | cat o PUDI g of ot 200200 RT0AR o HSRRRAARARRAL: e PoOT

recovery of cells Bpr eserved Cont Pnues
of hepat ocytes in ihﬁpat@cufteehasrsmﬁicmm&cﬂrtated the availability of human hepatocytes,

cryopreservation has been found to 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, I.A. ez al. (1993) reported viability of 67%
(_. - afier 24 hours, declining to 49% after 14 days (Coundouris, J.A. ef al. (1993)
25  “Crypopreservation Of Human Adult Hepatoeytes 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 fo 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 maj or problem affecting the use of both fresh and
cryopreserved hepatocytes is the variation of |iver enzynme expression that
is observed in tissue fromdifferent donors (Li, A P. et at (1999) "Present
Status O The Application O Cryopreserved Hepatocytes In The Eval uation
O Xenobi otics: Consensus OFAn 10 International Expert Panel ," Chem Bi ol
Interact. 12h4drookAred23; Li, A P. et al. (1999) "C yoprR§fls n
Hepat ocytes: Characterization O Drug- Metabolizing Enzyne Acty(ﬁgllﬂﬂygg And
Applications In H gher Throughput Screening Assays For Hepatotoxicity,

Met abolic Stability, And Drug-Drug Interaction Potential,"” Chem Biol
Interact. 121(1): 5793%1, @ 186,62 ,5,885,745; Bttermitiona] Bateln Paldicatiobbhe 15 Constructi on

O A Representativ V, e 0 olism

St udy, " www. | i onsi}f‘g&rﬁ@%oh‘i rte%&ezﬁ?o‘?@/@ﬁ% ar?o‘cp?%nkﬁ %PO%{?% bn to this

sarrpl e variation |amd/ﬂdutcé§tapm8hten’l@pslmatndneEuﬁlmmdloﬁf[mzemoom?&ﬁmles to produce

a "conposite” hepﬁsﬁ&%bﬁgﬁmﬁ?‘rﬁ%h&%@& W cLRG Char%‘%e ?x%:féo R
Wever,

"average" liver requency o Pressh ti ssue and
the 20 need t o Scr yimirtesse vEhepatpeates iyt wgo limerenddels.cl y after i sol ati on has been
cited as preventing the preparation of hepatocyte pools. Thus, multiple

compani es (e. 0., [890!& diondhfor RBICE] ARG rue%aorb%&rﬂ@eswdr%é@ek«}eung pool ed

hepat ocyt es t hus forcr ng the énd user to haw and pool hepatocytes from
several different ha@wertss is the yariation ofliven pnevmerexpratsion thalis ebserisd grispsol ed

cryopreserved hU”%mWén@ﬁMfo%f(LﬁA@ @ta??l%g"}ﬁesgiggﬁﬂtmfmhé@pﬁ%ﬂoh@ studi es

(Zhang, J.G et al, (undated) "Val | Pool ed preserve Human

Hepat ocytes As A \Hsereressrend Hopgtaeyés J’&T@t@ﬂlﬂ@g’” Of Renagiofipsyfuppsensus O

bdbi osci ences. moMigliBLRHA EY, rmﬁm}eﬁqmtmehétpmamﬁizadw §@4élila26 pdf) .
[ 0010] Thus, despi

prior advan r emai ns processes t hat
woul d 30 enabl e tH @%SA/QD( 2 (s ’@f‘m%g%‘f”éf@f/tcg’é'm%ﬁz%ﬂpégfugr esearch and
O]E hﬁr purﬁoses. A MersboBkifg Vbdcggh%‘;@dﬁpﬁlwamﬁzkﬁbﬁ{ RhaM TroueiphOStvzhing € sour ce
0] uman hepat ocyt 1551 present
i nvention per ni ts“&f‘?@”%’%@ﬁ@?@&ﬁw ﬁ“&‘é’égfagﬁmc‘g‘f%f %ﬁ@%‘gﬁf % preparati ons
t][rat mgyI be repﬁatmfihzyazcc}iaﬂmﬁﬁﬁer@d 1amu) UMy\etBrihhtZ]Z)w'tal @amema:al e Iosz
of viability. The jnventio erm at oc npl es to be
pool ed to prod ce m@@nﬁﬁrﬁ}aél t’ﬁ‘r aé’?’ %’e"" et 5%1’ 0%2& ed. 5
cryopreserved hurramet&bemimrWﬁwlaicemrepbﬁb@gsmmmwme pool ed
cryopreserved hun&s&utrllo% g hl?scsgmele var1ate10nn1(1)1\%1\(r:c(s) poo irn(g: ga%np'k)é from ez%ct}lt (saou;cleo{n In Vitro

produce a “composite” hepatocyte preparation having the characteristics of

“average” liver cells. However, the frequency of receipt of fresh tissue 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, L1.C; 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 hepatocyies 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
(hitp://www. bdbiosciences.com/discovery_
labware/gentest/products/pd/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
i'nvention relates to novel cell (e.g., hepatocyte) conpositions 10 and

met hods for their preparation and use. In particular, the invention concerns
pet hods of p preparations of cells, especially hepatocytes, so as
to permit ‘géﬁ&%ﬁggét ed cryopreservation and thaw ng WHUTAS2H6/H11AIIng
substantial viability. The invention also concerns preparations of cells
(e.g., hepatocytes) that have been repeat edly cryopreserved and thawed. 15
[0012] In detail, ploft inBAGHH deitd B Srb@idtit dnd 2« CRRGEE A8h di-cryopreserved
hepat ocyte pr epar at| on corrpr]‘:)5|1ng ISpat 5cyt esa t hat hgv%atg%yén frozen and
thawed at |east PrRRArftionpidat mgyde Epprtefileayapreseriatand dmovadivithest e preferably 70%
or more of the hepAtREBlSSs Hfvidbify. pfh%&%ﬁtsdn%sasﬂnm Ezhe%a@ $al The

i nvention further concerns the enbodi ment of such cryopreserved
hepat ocyt e prepar SR Weieﬁtqm@um%eéé@ﬁa@gwapr@pas@o% ewgeiglyaerled he group

consi sting of BuNBRoRERALORMABIepRR 'pféﬁarﬁ'tﬁﬁ@t@éh\/gts%&ad%d&%@ole&‘epat ocytes,
cani ne hepatocytes, feline hepat ocyt es, bovi ne hepat oc?/t es, equi ne

hepat ocyt es, ovi nEYPREEVEE RS 51??6303"6%1@?190%@}93’&96@%@5’&1 aP’G@l?@]mVFF@ i nvention
further concerns thansiphedBaRAbe(MFUCh @ multi 25 cryopreserved hepatocyte
preparation wherein the prepar ation conprises a pooled preparation of
hepat ocyt es of nu tlﬁlﬁe sog whi ch may be of the sane or different
gender, race, or oithg e’ﬁP“V\hl ch provide the pool ed preparation with
2 destred, LoVl oy TRl ndBhi s FRRRSLTLLS. ABRCRR MGG 220
7-HCS, 30 MEPHD T@@Tmetmdmrdwdp@xpumﬁnmwmﬁﬂm&ﬁm IREdISPO664 011551
prleparation of -mufErokty Bk P A RRDalor Bl bty BLARMILLE B od Bt 0
capabl e0 of Dbei ngtmrmﬂemmdﬂmmlamdthmnghlmetammesubSMI Vlnblhibn ch greater
' pggafgt/f; S b S S B sRbenRlchs O O ccf 1&\3 15021 B %%t %J g
hepat ocyt es t hat lmwée%e@wqucrmhnéﬂdwmamd to den5| ty gradient
fractionation (especially percoll density centrifugation) to separate

vi abl e hepat oqyt egyolt310 h B&H, Vet B MGRALAGY ®fcerns a multi-cryopreserved
hepatocyte preparation 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 preparjcltion 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).



100171 (B) recovering tﬁgemsepar ated vi abl e hepatocytes, and 10 [0018) (O
cryopreserving the recovered vi abl e hepatocytes to thereby formthe desired
preparation of hepatdcytes. [0019] The invention further concerns the

enbodi ment of such a nethod in which the hepatocytes are selected fromthe
group consi sty man hepatocytes, porcine hepatocytes, siman

hepat ocyt es,tvg(g%qoﬁ’?als epatocytes, feline 15 hepatocytes, B%?';{Uﬁ%m]ﬂ%?ﬂocyt es,
equi ne hepatocytes, ovine hepatocytes and rodent hepatocytes. [0020] The

i nvention further concerns the enbodi nent of such a nmethod in which the

preparati on conpr {(§e5] ahpasteidn Airbacbedend 8 mefholeRRsdeME 88es@éd MUl ti pl e
sources, which nay be pof

he .same or different nder, race, of. health

state, or 20 whi cHPFERRS {llﬂ-@nﬁgﬁfe&fgbmgg}ﬁgﬁ}hgﬁeaﬁopﬁese{neglggma % evel of a
Petab?Lic activitydpg$@$wmkmkh%%rpamﬂhﬁﬁhh@aﬂﬁ&&hﬁ%%ﬁa@ﬁ%%%?ﬂ%wmgs S$Eg$ted
romthe group consisting,of.. - : - , ,
PHEN and CZzX). [Oﬁlﬁlﬂmfﬁgbly k%ﬂ‘i’?l%ogt@%epgtg%ééPﬁ@earel’f’é?t’r%awd'fa ®nV8st i gating
in vitro drug Snmemathod taprisiogpri si ng i ncubating hepatocytes of a
renobi ot | ¢ and dBRLiAT nERERPRHERE] PRk et o BB RIS or (e
effect of the xenobiotic ogadibe fiactipasdtion sgsiallpperell dambite Sehytifegation)ne@t abol i ¢
activity thereof, wherein the hepatocyte ve been. frozen and thawed at
| east two times, and wher ef’eﬁar@t}eé@@ggc%f%ﬁesg%%’bf’ﬂa’l%rhgpa%ﬁ?'%f’er ably 70% or
PCTI US2006101 1551 o FEscrs PLLOn ot o Pr ol of f ot Ebod TEnt 5o 100221 The

s ption of.the.Preferr 0 S: e
pr esent inven'éll:l?]on[or0 gﬁaﬁ{ég S Ir?cog%?f{)vdaz)?et11‘%%%“%%%?%&%%%r their
preparation and use. |n paddsirgigremratiohet hepatepits. on concer ns net hods of
processing preparations of cells so as to permt their repeated

Cryopr eservat i on oS )kt Wik ShRAUR AN LAR Fhelbeli |11V, The

met hods of the prese invention are ggnera y appl to a wide variety
of cell types, i nwhishihsdensnsspouysclested i dreayoupepisstingqfibvaam cel | s, t hynus
cel |'s, bone marr o skl poﬁfme?abégf%, SRl ds Sanibd MpLiAGR di aC
muscl e cells), endocrine cells (iIncluding pancreatic cells,” adrenal cells,

t hyroi d cel | s,15et bepptogyesdeaving|hopatacyiss, c@insderatoesies, ewing kepatagyies adwedend et hods
of the present inygpfda. are illustrated below with respect to a preferred
cell type: hepatocytes.

[0020] The invention further concerns 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 xenbbiotic, 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 al SO concerns preparations of cells, e.g., hepatocytes,
that have been repeatedly cryopreserved and thawed to obtain a high
viability preparation useful for a variety of experinmental, diagnostic and
t herapeutic 15 purposes. The present invention extends the ability of

hepat ocyt es &gy BRenfskpsoPr eserved and thawed for later us perm t
hepat ocyt e prepar atl ons to be repeatedly cryopreserved ?ﬁﬁﬁ@\%ﬁg%thout

an unacceptable loss of viability. [0024] As used herein, the term"cell
preparation” denotes a liquid or frozen conposition of cells fromone or
nore sources (e. gDescriptpaobiby Pecforeilambadimeits:20 denotes a conposi tion of
liver cells fromone or nore sources). The sources may be primary cells
that have been di $€82} aFhegrasens invention relitesterpvelcelpampositiensand Bythodsdwect i on

bi opsy, or from d%ﬁrpréibﬁﬁﬁ&ﬁmd%e tnbﬁ‘a)éndﬁﬁy t@%ﬁﬂﬁdﬁr&gﬁ’&ﬁm nlefBRY dral | zed -

transforned cell cultures. The cel may be derived from any nmanmal i an
sour ce, i ncl udi ngPHGPRSHE Pﬁb&fétloﬁ@f%ﬂsrﬁ@aﬁﬁo pera their repested aryoprbssivation anéqui ne,

ovine or 25 rodeni.SHivARR retdiiRy HdQahl JUHTRN. Tlﬁ%eﬁloﬁ?oﬂﬁ rﬁ&gﬁ%eﬂt%ﬁpec' ally
rat) cells is preferred, Preferably, greater than 50% a é nore preferably

70% or nore of thar aqwﬁly@@mce@etsrfa\@éﬂ@rlweﬁ%ﬁﬂﬁ%ﬂyzluﬂmgmemﬁ@cv%b| e. [0025]

As used herein, tR@mbeLAR,'s ﬁIUéntdensthyﬁ%QJ&ﬁ@B&ﬁ%a%{w'ceI&r &HﬁE&fs'ﬂ?ﬁ&clegﬁBOt €s a
cel | preparation that has frozen and then thawed at | east two tines

(e.g., a 30 "nult (nelpdingsardizsmusale selish erstopring cplisdipglndipg paveregtisiteiles a
hepat ocyt e prepar abiesdd celf3, HE0idQ0H/ &&ﬁ@%@mf’agény%a@&%&lé&%m tjgat has been

frozen and then thawed at |east two preparations may.  have been
frozen and thafed n%°ﬁ1°é%°fﬂf*e(ﬂi?semﬂli‘ﬂ?’é“°néfe I%F@GQW%WM[ seEeto F W@fe{r@c} m " pool ed
pr epar ation" denotgbiype: hedatoct€s. 9. , hepatocyte) preparation in which the

Is (e.g., hepatocytes) are derlvedfromtwo three, four, 5 five, or

m)re different so such a i fferent donors, si.es, t

resections from dﬁ#tﬁgfeme Tpyenl C(Te??sga?ﬂ’iﬁ’fﬂ@@r@ar ’stogrcght gﬂgeg{}gwte&ﬁ#%es
different pri rraryhavesxeemmpmteﬂlyctwpmdmﬂaﬂeﬁammmﬂmammﬁbxﬁ@lI (e.g.,

hepat ocyte) cul tur es he C S oI repa ons .y be randomy
sel ected cell, orP e%{eg@]hav ‘P’é’g 6‘”3%6“%???@ f"ﬁed‘ BV prepar at i on
with a desi redlSI e\peipom; Bhaq:raentmeﬂloh@mmahabﬂﬂycdhépatwyteﬁsbésuch as for
exanple, a preparatlon of .hepat oc s, havin M DEX,
e 7rod 7 ricaefibtea e b el o0 Ry bt P R ties o1 1 ed

cel | characteri st ibe rdpsatedly a-goprésmvecbandlﬂ';ahfed withoupamaparcegtitdaiossfof Mielikityocyt es
derived from sources of the sane gender, age, race

[0024] As used herein, the term “cell preparation” denotes a liquid or frozen
composition 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.y, or health“state (e.g., hepatocytes of hepatitis

virus-infected 15 liver, hepatocytes of H V-l infected |liver, hepatocytes of
healthy liver, hepatocytes of cigarette snokers, hepatocytes of individuals
suffering fromcirrhosis of the |liver, or fromother diseases or

condi tions). JwahegXag® € to obtain a pooled hepatocyte P%‘rﬁ%?# % W t h
m ni mal DEX activity, a pool ed preparation could be prepare rom Lot

067, CEK, ETR, PFM VTA, or WW (see, Table II11). 20 [0027] hi a preferred
enbodi ment, illustrated with respect to hepatocyte cells, the practice of
the invention comiat bsdemdreencand dieh thatved di deadt okd s gSueh ppdratiohemays ol at i on

of hepatocytes, ererb%EnﬁJzé’xP&{d‘ﬁ%WeHﬂ& 0f, 0 v%?gbcig?g?at ed primary hepatocytes

to obtain a first cryopreserved hepatbcyt Pn, the thawi ng of the
first cryopreserved hthat ocyte prepar ation to obtain viable hepatocytes,
and the 25 ref or mi¥&] drmt peolednagperstion” dbnates h eplbl caybiepatocy®) permit t hei r

further storage ang,, WS t thawi ng to
obtai n viable bep%ﬂ?gcyt es’ﬁaﬁﬁﬂﬁl@c&ﬁ?ﬁ? tiebat %ﬁ%@ﬁ%ﬁdﬁo%@%gfﬁ%ﬂy of a

wi de variety of5 méivheEBompi %@tww@hawff@mﬁpw bigpsiesy tissye reseptions sol at i on

of the primary hepglosnigs tlééﬁggm'}pfés Bﬂﬁff&éxﬁﬁ%ﬂé sohﬁ‘efse&tdlﬂ&entlﬁ%ﬁo exanpl e,
suitabl e techniques for the isolation of hepatocytes are outlined in 9 WD

2006/ 115682 PCT/ USsxondup immoytalizedor gangformedcel (e.2., hepatapste) oultyies nbhesetls| i ver Cel |

Processi ng Faci | i t@§iRR pdeMdGee I%ﬁ&ﬁm g%@iaﬁ&dnﬂfﬂseﬁﬂféd?éﬂ bif 1 Ha@é'oegr Por ci ne
Hepat ocytes," ASAI O Jour nal 1 and in I P (1976)

"Preparation OF | Sefpcdaddppicuide thp peqledapgemiption wigh arfl“'S](S‘éll‘FVel o Or moge 29 83)

Specific referﬁﬁcenam%oméemﬁés §uh@astﬂ'9ﬂ€x§rﬁ B a fziﬁéphﬁﬂ(ﬁnﬁﬁ Spathg Sssﬁa'viﬁ%‘
procedure described in Li "IsoI ation And Culturing O

Hepat ocyt es From rqmﬂleml@g:OUM;DEﬁggg Hip T-REBMEPHAIESIoPHEE . [ 0029] The

hepat ocytes may b%n&’bﬂdmﬁﬂvﬂtﬂ &Bﬁesiﬁdésﬂ%ﬁad%ﬁﬁ&(@&}ifa@f&‘ékw@a medi um By
way of illustration and ngt limtation nention e of the follow ng

ma
cul ture media Ched PR hengiocyipsfiervec om Psss, Og%eﬂ@m%&en > 381:38661) 10
"Effects OF Medi ump.£005m0stah] 0] meajhmdme@hﬁépagyytéswh@aﬁrrswua@m@‘oteﬂzat

Hepat ocytes Cu ured her i.ds Al ers itro Cell Dev Biol
An:om 3)7/( 10) : 61556 g é’%@?‘? gI—H\gil ’g“fctewl at"@?éf’é\ll‘? 19’8‘% PepRtBFR Pri nary
Hepat ocyte Cul tur ejf&g&wnnlams,iqaatdaﬁbmnﬁwldu&s wetfedifig froth Birt¥bdis f theel | Dev Bi ol
Anim 32(4):211- 2 IJ%Jer b%grf]1 etd al pé ) hol f)gl cal Study O
15 Differentiat ed ‘réfp%& et S?FSV“EF?SI itiong, 1‘%&5\}3 ?ﬂlg%ﬁ) ¥87), Mbdifi ed
Eagl e hepatocyte preparation with minimal DEX activity, a pooled prepatation could be

prepared from Lot. Nos. 067, CEK, ETR, PEM, YTA, or WWM (see, Table II).

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 Hepaj:ocytes

[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 Mdified Eagle Mediun) (Arikura, J. et al. (2002) "UW
Solution: A Prom sing Tool For Cryopreservation O Primarily Isol ated Rat
Hepat ocytes," S Hepatobiliary Pancreat Surg. 9(6):742-749; Washizu, J. et at
(2000) "Am no Acid Supplenentation Inproves Cell-Specific Functions O The
Rat 20 Hepat osed To Human Pl asma, " Tissue Eng. 6 497- 504;

lwata, H. et Qﬁgl&@%’ Eg "In Vitro Evaluation O Metabol |1’éf(’a§ﬁ‘2£’f’f"&ﬁ% OA

Bi oartifcial Liver, ASAI O J. 45(4):299-306; Stutenkenper, R et al. (1992)
" The Hepatocyte- Spec jlc Phenotype OOMirine Liver Cells Correlates Wth

g) gh EXpL §s§| on OM&@@E\@M n@ﬁgs)Aﬂﬂon%mo@m&@muésszygwcdh%ﬁ%&r&éz@' on Of
nnexi n

25 201 ei bow t z nedi um ( Coundouri s,
J.A et al. (1993 ”““@ﬁfg’&b%@‘fé?’{%ﬁo}%’?r“@ﬁ?ﬁﬂ%ﬂ{% tendP4I0MRREIA 3400 or Use I n
Drug Met abol i sm Aagh m'Eengtg POy (Emd‘m@amrzaéeeﬂw@wmm@ﬁééz@ MedP @2 409) ,
Waynmout h (Vi nd, Hor nrone And

. Re u.I at
G ucocorticoid Of B"I‘Es‘éggfsé? d$1'i’8°‘12 qtﬁt%wastw @F@lﬁl}g&?"b‘
Hepat ocyt es Frém mbaiuﬂ”tﬁs&ﬁé’ﬂa:hex,ﬁak stc'z'l @QZB‘MWABBG'&

44(8):1523-1528; 19 UI red For
Transcri pti onal C%F‘%qykf)ym? "”Kf"c?ﬁ%‘f’ ilﬁﬂf? (fi’gta*’fg%n 4I]ﬁ‘a ble P(1) 450 Gene
In C57BL/ 6 Mouse Monol ayer-Cul tured Hepatocytes,” Jpn J Cancer 10 WO

2006/ 115682 PCT/ Ufmegic/ T hefatocytRemay B2 B)redif 220 8abldhepktpdyte attural .  ( 1988)
"Long- Term Cul t ur %Iﬂe f tivities
And Metabolic Capglm Y, %%8)6 ﬁ]ﬁmm&gngﬁ 1%@%@“%F%X@fé al. (1984)
"Critical Bi ochenfdevingenlire ondia CjiaelSﬁskeatl@MedHe{Handtwﬁh& ehal. @8Pi ti ve

| ndi cators O 4 nﬁé@@%ﬁ' 1 g(ngﬁ(&@ 1):441-450),
Kreb's nedi um Housg d%’o%”ﬂp reoni ne Iﬁe?@é ﬁ 3t ?0 IsoI ated Rat
qupat ocytes," Am Heﬂtwreeﬂuﬁndbm&h@bldmﬁﬁomm Bl 'EK@@IBII D8oRiol Irvine, F.
et at (1993) * Ext e onksealy chim MMl MoBS- bl lilinn (PY ARG  ENZYITES
Controlling Cyclic % ismTh aﬁ patocy i oCh&m J. 293
(Pt 1):249-253; I\/ﬁiesﬂm,wy@ @Itu@tﬁbfwm Ft(?‘ﬂ@@@f)log’fwﬁ&ydfne%m\bﬂ‘@ﬂd‘sbﬁwﬁbi on O 10
Daye OF St or age, Ao GPELESAAARE 1o b (Borha heBhlgdidus Sy OB 107
ermbodi ment, h elé at W@gzaad &epntseier mdeira eHenatology AR(d): Lithr182p Modifind Hegle

appr oxi mat el y 10%@@9@9&@9@%@@ Bk E ke 0] @il A% seiowToH Lor et 2. L.

J. et al. (1989) zat | opreservation 'rocedures ‘For Rat 15 And
Human Hepat ocyt es Seluttemdfiromising Tad F%@mmmmgaf Primapily Jselatgd Rat( 1997)

Hepatocytes,” J Hepatobiliary Pancreat Surg, 9(6):742-749; Washizu, I. et al.
(2000) “dmino Acid Supplementation Improves Cell-Specific Functions Of The Rat

20  Hepatocytes Exposed To Human Plasma,” Tissue Eng. 6(5):497-504; Iwata, H. et
al. (1999) “In Vitro Evaluation Of Metabolic Functions Of A Bioartificial Liver,”
ASATO J. 45(4):299-306; Stutenkemper, R. ef al. (1992) “The Hepatocyte-Specific

. Phenotype Of Murine Liver Cells Correlates With High Expression Of Connexin32
C- - And Connexin26 But Very Low Expression Of Connexin43,” Exp Cell Res.

25 201(1):43-54), Leibowitz medinm (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. ef al.
(1992) “Regulation By Growth Hormone And Glucocorticoid Of Testosterone
Metabolisim 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-Tnducible
P(1)450 Gene In C57BL/6 Mouse Monolayer-Cultured Hepatocytes,” Jpu J Cancer

10



"Cyt ochr ome- P450 | nduction and Conjugated MetabolismIn Primry Human

Hepat oocytes After Cryopreservation,” In Vitro Toxicol. 10:217-222). [0031]
The viability of the isolated hepatocytes may be deternm ned using any of a
variety or nmethods. Preferable, such viability will be determ ned using the

20 Trypan blu Lon method (see, e.g., Berry, MN
i b EeplebTifL: o

"Techni ques For Pharnmacol ogi cal And Toxi col ogi cal St udi

Hepat ocyte Suspensions," Life Sci. 51(1):1-16). Thus the phrases "viable
hepat ocytes” or "percent viability", as used herein, refers to hepatocyte
viability as assedwed2(8003908 Dizh vet:iad d1988) “TongpEenn B‘ul@eegfﬂbpmdcgm 25

Cryopreservation T sol at d Pr| 2] -.Th hepat ocytes

of the present i n%ﬁﬁf‘@# Gr’?‘g’e‘f) n?‘ifx'mes‘gm}r“gs%bra%‘ég ’g’f’ ﬁ)

nitrogen, and nDstS(pxﬂeﬂér@dmmalsy\F tehalr(l%) Wcﬂﬁcﬁbﬂ%&lﬁ‘un&ﬁhﬁ@f@aﬁafed

Consi der ati ons for [ e | te scussed
eepat%f,y?es%iﬁog' 5%1 GI % -8’913 S(@E’hen 10 9‘0 (}/ 2&‘8%0

in Lloyd, T.D.R rvation evi ew O
30 Current Met hodsH{FBirl): Bdahﬂdomg(,réb’ﬁabd1una(ﬁbuﬁ, sbmeomt‘ﬂmewz@aMabn@nﬂMS 15.

Suitable 11 VO 2006/ ] E,{ ol 14%9%3@?%%??0%111@&%&%%1@ E1 o 1B%

cryopreservation o OWI g
docunents: Adans, IRJMF@taZaq19930 w@;&):ezm CalctinMpdgimes pralgdnAction Om And

Long- Term St or age i ihability,
Differentiation, ﬁcziwg C?E%Mafdz\/ltgg%o‘?ﬁ ?}%?MS%?%W&EH %\\{l&r yBlgAtlf%!)J 579- 586;
Chesne, 5 C. at at29 199137249-2/53@1&11'31119%@aFCiﬁ@l)l“Hypultkmrrﬁlumwya@uIqure Of Adul t
Hepat ocyt es mx}'&ﬁe e%inf"}z }%%A%%Mewﬁﬁﬂ lpﬁfg@ @i:;ﬁ?pays
Cryopreservatl on %H dg% Cound et” at. (1993)
"Cryopreservation @Stormﬁdiemdiggx 13¢p580-6@8)tetes For Use I n Drug Metabolism And,
Toxicity Studies, Xenobi otica. 23(12);1399-1409; Hewtt, N J. et at.

(2004) CryOpreSGr\{ﬂ@bﬂFﬁnaﬁi&mﬁQﬁ&ﬂmMﬂﬂéﬁ&oc{vﬁpﬁﬁ% %@s%m&/ﬁmmnt O Drug
u

Met abol i zi ng Enzynes uspensi ons And res ! ]io Toxi col
23(6): 307- 316; Noxﬁoet&mmgaﬂnfm@ﬁfe‘aﬂ%qi\i%@ﬂ apppimatel 90 Ya fefpl howingyerym o| at ed

Rat Hepatocytes, " (Lbretd] IL.Y.Q¢ o/ 1808b) “OfBniniS Oféb@s#s&@ﬁz&mﬂzwaed@%smmaf 1993)

"Ctyopreservation And Lon%ETerm torage O Primary toc tes Effects

On Subst r at e- Sheci4Ac2umgr Hepaesiiss PAYE ’I’F“é@ﬁ%ﬂ@ﬂ?“%tq:@lﬁtﬂ
Unschedul ed DNA W*@B@@bﬁe-P4@hHucBer&ndf@?9u§c@dMet&@é&mMﬂuﬂéﬁ eski, J. et

L0 o LB e Vb o 195 © Vot ool o
[0031] The viability of the isolated hepatocytes may be determined using any of
a variety or methods. Preferable, such viability will be determined using the
20 Trypan blue exclusion method (see, ¢.g., Berry, MLN. 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



Phar macol . 46(1):111-116. [00331 Preferably, isolated hepatocytes are
suspended in a cryoprotective 20 nmedium and the suspended cells are

di spensed into freezer-safe containers. A cryoprotective nediumtypically
conprises a hepatocyte culture nmediumthat contains at |east one

cryopr ot ect aRyg bddghisedni M zes the deleterious effects of &qjﬂé@‘%ﬁ,ﬁygr vation

such as the formation of intracellular ice during freezin

illustration and not [imtation, the foll ow ng conmonly used cryoprotectants
are 25 listed: dinethylsulfoxide (DVMSO), polyethylene glycol, am no acids,
propanedi ol , andpigk 6 &ir theAryoprsesvationofdeyatyoytos mat asutbedbunt] rether esent

hepatocyte oryopr Sasr B Panni AR SERAR oS Syamhy bRl 175 "

hepat ocyte cryopreservation can et
al. (1989) "Opti niQ@tTemS@F‘age@fy’dpmedémmﬁemo@te@%ﬂﬂemeeryVﬂbﬂzwAnd Human

Hepat ocytes, " XengRiol i D). - ; 993

" \ﬁpabi I iyt y And Fu%?égh&?aﬁ’ %?‘f%%’%")"wﬁﬂ?"t”ﬁ‘?’g %ﬁﬁ %gﬁ)g’tg@? éﬁ *Bn {/arl ous
?gl( rzn)al 4§gez |125 SSn@ Mwhﬁl@%iﬁi@ﬂztyﬁd}@mr@?ﬁoﬁnm@@ﬂw&ﬂrie@ﬁﬂé’ult—ﬂ‘@atoqmgy

PCTI u'52006/01’1551%’/‘ﬁ%3 Lhinf eé%r %ﬁ”@@@%’g S\‘Q@e; %%é"l B enchymal

Cel |'s For Studi esBepatologymiSi)406-¢1; Cot@dwia; Tol.euyl. Geqsz)‘cwmeaﬂemnomﬁw ence,

G Hepat ooyt e AL HRARIAREEDL TGP YR PR MR (B Fo M sl i Y O
Vitro," 5(1):39- SI(pn®1q’é19@|l2é(12}'139%t14(39tHetqlzﬂﬁlii)et&lﬁéﬂ%ﬁa&prmeﬂthzn@p@rter
Activities in I ) t ab.

Di sposit. :?>1(AE)@r %@&%fi]fd%@lfcxméﬁgwﬁfﬁ% . E%% Bﬁz?nﬁ({z’%'{l 0{1'4\%‘ Cyt ochr one
P4501 n Cryopreser Seserions ArCHtreas’ HumeﬁamtT@&mle@(ﬁ') 3Chath; Biovicki) Degrab t
121:49-63. [0034 fis d

3 [ ] a B@%I %u %8%:% f&)é&z?’eﬁ Ezog;f 13 % o 1&@?‘3@%9@ ina

cryoprotective 10 ne pr epar t|on endéd cells
are preferably di Shaideckd).Giainb(1PBELoI0pressiatvmbnd fw&tTam@mgaOf a cell

density of from a@ﬂ%ﬂ%ﬂ@ﬁdt&?&ﬂﬂﬁgs %.tstmtedﬁ e\%ﬁ C#@Qﬂ%me Piglerred

freezing volunes rangé fromO reezing volume is
1.0 m. [0035]15Th@eEﬁ”§%{4§f@W@HéﬁféUwWé@dENéSr”ﬁ@ﬁw ) 1IGstl Bidd Bpzicdr yopr eser ved
using a 15 contr@@b% mtzalégk{ewag(1g¢39@%§ewmbfﬁreqe‘aﬁuﬁgwoﬁéoﬁ freezing

rate of between out -25C/ mn until a final "tenperature

of about -90C is Xewohiorie Metabplisrrly Ratidepiapyids Storesiad duighVigrpgend Bjosheser vat i on
process, seeding PRYmR&I. 46(1):111-116.

[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, LJ. ez al. (1989) “Optimization Of
Cryopreservation Procedures For Rat And Humen 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
the culture nmedium 20 Such seeding serves to mnimze ice formation-rel ated
damage and therefore may be beneficial to cell viability. Suitable seeding
met hods i ncl I jng a cold netal rod into the freegzi ont ai ners,
and introduc?ﬁgzgdgéﬁgg of liquid nitrogen into the fregﬁ%zﬁ%ﬁp%lners.

[ 0036] Once the desired final tenperature has been reached, the frozen cell
25 sanples may be transferred to liquid nitrogen freezers for prolonged
storage. The fr oZéwwddioplleLmayesoaatondlfEther Furaickived CellseFok SaukedOMi t r ogen

phase or the gas 2 vl G KL N . Pref erabl ge is
acconplished in tﬁ}g%g’zosn%%h% gﬂ%if’gi #&%ilg&ﬁr?f{‘?Vgglgﬁ’.ﬁ?ﬁ)e[d?@g@in sanpl es may be
stored in this nmarffPereldmentdiids Optimaiiieghod For TheaaparesaivitiontQfélebmogielh of

storage in the gas e [1)! I n-having.li-ttle 30, effect on t'he
post -t haw vi abi | i fyggﬁ%’e@gﬁegﬁng#)%l%ﬁ;@@%%Ogﬁcfcf?fégﬁhkgﬁgig%g%lol1551 The
Thawi ng O Cr y&pr ébsleye el didPW8 D tReteasion[of iddsportercirtvitisamPiyepreseanelde t hawed f or
furt her processi ng. fay, J Bl A bl M BilsPaRaRRERssR! iyl 0] (T ogen or
i quid nitrogen vapor. Frozen gar‘rp SEVErS Ve er abl y 1hawe5’ by’ pf’aci ng the
Ea{rpl es i BTTE'?I gt7 (él(ll999)ftl’mduf1ﬁqyr@'iﬂbzroniadé mm?gjlﬂrln Embftfeberman?;]@umpd ter aE ulr e oI

et ween abou ) R , cells are thawed to at |eas
the stage in whi ctﬁe %e&ge un éggéﬁhﬁég%l sl'%aﬁgo"ed when the sanple container is
inverted. The thawed cells are then pref erabl?/ rapidly processed to renove

Yi§

the cells from col®®Bdl Therisplamdbepatqories ws prafsrablysysppieded B1 4 cryoqgrodagtient

centrifugatiomg a_%nédﬁﬁﬁih?ﬁéﬁ&at’ib%‘f&‘@eeﬁﬂ . %o SRAHAGH dofld ar¥\BreftiBY tispdlded 0038] 10
a preferred enbodi ment, the cells areg[hawed into Conplete ~t Fn\ﬁtroGRO CcP

Medi um (1 n Vitro TéEefr@ETgHsant catainers#hi el dypity myomeheut 1] cgdis/mt fraboyt2004)
"Det ermination O 4QyioDeAERITEPBAROLAR AR ob s 94128 858 0R4BNRAK Thk nduct i on | n
Cryopreserved Hunman Hepat ocytes,"” _Bi ochem Pharmacol . 67(3):427- 437). The
medi umis prepar ed® e fgsgieg OB ANt i biotic Mx (In Vitro 15

Technol ogies, Baltinore, MD) to 37 Cin a water bath until thawed,.and then
renoved from the \e@s6] Heatdisperkedhephtogies diotipa grefefubly diyoptdservddusings t hen m xed

ith 45 M 1nV GRO [ Fol | owi t ddi ti fo T do.
R e ol L e o
t hawi ng a si ngl e abowl] Chdimtol abdlt +250CZRM B! A\ tenperstuerof wmut@d Clio

approxi mat el'y 37 %acﬁ’ed. During the initial phase of the cryopreservation process, seeding may be

employed to induce controlled crystallization or ice formation in cell suspensions
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
liguid 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 mM of warned TnVitroGRO CP MEdiUmis added to a sterile 50 m conica
tube. The vial of frozen hepatocytes is carefully renoved fromthe freezer.
I'f the vial was stored in the liquid phase, its cap is carefully renoved,
any liquid nitrogen present in the vial is decanted, and the cap is

tecl osed bEf%&F(BUﬁﬁégg the vial into the water bath. It is preferred to
then i medi at et ¢ op se the vial into a 37 C 25 water bdHUSAWHI18Ishake
the vial gently until the ice is entirely nelted, but no longer than it
takes to conpletely thaw the vial. It may be hel pful to renove any |abels

fromthe vial so ghgtrnidindor'c Kb fedMocilcsW the vial contents. The
thawed contents are theﬁg\grp{f}%a into f eoc teg-war med I nVitroGRO CP Medi um

1.0 M of pre-wa InVitro CP_Mediumthen is added to each vial to
resuspend any 30 E‘@ﬁﬂ. r#’??@n Cﬁgmaﬁ‘h% %?f{%?ﬁ‘@heéw%w&\’%ﬁma?l@gﬁhﬁén decant ed
or pipetted into ﬁbmh&mésaﬁda@yﬁ@immmsﬂmmdnﬁ%e i, Peozb@Sandle aRr €f er ably
resuspended by gent% 14 20{)6/1 5682 PCTI US20061011551 inverting the
recei vi ng cont ai n&8F %@.lygth?w ibYplacipg the samples immediatcly into a prgparmed gater ¢ hy ge)
tinmes. [0039] 5\Whbath hiviny atgmpatire pf ttwdebtfont 37C toSabPitaD ). Ifesertbificeld! | of the
(preferabl y. Iy EROS B Borti e Davsirg DUaiaiedepgesmen ey 1
desirabl e to ensussnfldhtainaeis vbsed. Thobghedrei M§®r&€faﬂl:yﬁ'apﬁlfﬁ of
pre-warnmed I nVitroGRO Medi um t e used, f ch vial of crygpreserved
hepat ocyt es. After&?S&ﬁ%g"W&\?&e{ﬁ]ﬁﬁ}ég‘fm&cﬂ@f‘qWﬁb&&%&ﬂﬁﬂ%&yﬁ%’% y renoved
and t heir cont ent grafientrcestrifugition fastibefibdd@clowher Wiseduemiebiashingat cont ai ns at

| east 5 m of pre-warmed I nVitroGRO CP Medi um per vial 10 thawed. For

exanpl e, 25 m,,o0f = ?l%b% | Qye .o vial s . in a container
t hat. can hol d 1% v&@gﬂea%la%ﬁegg%g& ﬁ?%fcggeagﬁé’%&d ’?tﬁlg%{nglte{aGI cell count and
t he-‘nunber of vi aliVétre@RO CPiadivoe(in Hitodiedinnlegies) Bakiguoteh B} Rypamns,B).we
excl usi on et hod. ‘ il ; Vi ells/m
with InVitroGRO Cgpggg?)u‘%}é}fgﬁafﬁ% C%gﬁg? nﬁ’i’%@?&’%@”@ﬁ%’&é’?”!ﬁ% %%yt es To
Permt Further Cindogrionse Cxapresenved ibimin HopargypJURidthe@rRbammpelcd7(1)421-he
present invention n . Ll : {M ab & {}ﬂyged cells so
that they nay be F‘Sg@'r gg%ﬁéﬁﬁﬁﬁgﬁﬁgg%m%ﬁméﬁéﬁér noir)fe%nég@(sg‘(&quent occasi ons.
Such mul ti - cryl§pr dsdmolegies BpltimoryWB) priffeiima Waerdathamtl thawed) pldhicases. 20 They
may be used in bi QA htih fle kol Bl 1. b 6 ToRRhS AREARRRNAN fen kT 25T St
’ with 45 ml InVitroGRO CP medium. Foliowing the addition of Torpedo.
Antibiotic Mix, the shelf life for the complete medium is 7 days. When thawing a
single vial, the InVitroGRO CP Medium is prewarmed to approximately 37° C. 5
20 m!of warmed InVitroGRO CP Medium is added 1o 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
C ‘ 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 m! 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 sm studies (for exanple, in identifying hepatocytes w th unique
characteristics (e.g., netabolic polynorphisns, genetic pol ynorphisns,

etc.), in St“ﬂb‘%ﬁoﬁﬁ'&sﬁ%e 25 netabolic fate of the xenobi ?(iTEl{S%@g@ﬁ%%es on

the affect of (he Xenobiotic in altering the drug-netabol
profile of the hepatocytes, in inhibition studies to determ ne the |IC50
of xenobi otics on liver enzynes and functions (e,g. cholesterol netabolisn,

in gene inducti on jsjeHRp @R rivefvihg ¥SNARI Qf.d, Gl tdsPubl, @S sdveral @IUErden St udi es
with xenobiotics, jn toxicity assessnent of xenobi ofi cs on 30 hepat ocyt es,

transport studies tifes-h xenobi oti cs (e.g. studies on P-glycoprotein
transport systens, organic ion transporters, organic cation transporters,
etc.), in 15 WO J0038] 1Whé&BRaviRag intiifie 016, li0ik plefeired thet Afuditieviali tediaand e st udi es

ol uconeogenesi <. " it arfr Bt pERRleART CA ook e meRRD ERRGD. BIARRERA Ocy o
P hoe Pt oot ou a“,ﬁ;g:“gm%;g;zmgg;g gg‘j;;’g"‘gé" m@;gg;gm S orml at od
i or ot % (L, nflo T e ? ?e ? nté) b

for use in DNA, eés or in's taboli ¢
pol ynor phi sns. I\/uIf0naamir\ydpfﬂsqrasmemlmmmwkﬂqnmbammthm theiycapd SO  be used

| etabol i ol e ang e bl S AR R ERRAN Tl § sl BORERE ©1

processi ng, gluconeogene oteln secre
reformul ated for th;ﬁeontamsgebaktﬁlgﬂhﬁm-wmd)hﬂhﬁ‘aﬁROﬁPMedmmaieewalncubat| ons or

as nodels for n r i O i i onbi nati on
systens with og)ﬁeﬁhayegfl'l ﬁ?%@?‘ & ?se%ggfn%@gﬁ %‘g ‘ﬂ%ﬂ llfo%d #SSGVI#IQ%% liver or
cells from ot her soutrigedhat eanghold@Gaolung of Hahl s) . [00421 In a preferred

enbodi nent of the invention, such refornulation conprises separating viabl e

and non-vi abl e cely bm]formésuwt@tam%@waﬁ%d{h%ilﬁﬁsébﬁaama%%mel5 gradi ent
centrifugation is preferab FF) for th pu e%Hse For exanple, a 30%

percol | gradi ent é’é‘ﬁt‘m}lffdd’@’éﬁhﬁ Type Blug eclision inethiad. cglls sy e diliigddoto A et al .

(1999) "Effect of (GOt Gssls Yaibh® FitR hViyYdaRe N EPIR4iEm450 Enzynme [ nduction in
Cul tured Rat Hepatocytes " Drug Metab. Di spos. 27(3) 327-335; Sun, E. L. et

ot et 1T TR L 120 ), 2
Cel | Devel opment ‘AXePrETeETARGY 2 WE50; Lawrence, J.N. et al. (1991)
" Devel opnent {00417 One aspect of the present invention concerns the ability to reformulate the

thawed cells so that they may be refrozen and rethawed on one 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 vitro applications. In particular, multi-
cryopreserved hepatocyte preparations may be used in in vifro 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 fransporters, organic cation transporters, eic.), in
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i OfAn Optinmal Method For The Cryopreservation OF Hepatocytes And Their
Subsequent Monol ayer Cul ture. Toxicology In Vitro," 5(1):39-51; Dou, M et al.
C. _ (1992) "Thawed Hunman Hepatocytes In Primary Culture," Cryobiol ogy
29(4):454- 25 69; Utesch, D. et at (1992) "Characterization O Cryopreserved

Rat Liver Pgfenebyiaph Cells By Metabolism O Diagnostic P%jﬂg%@gbgi%md

Activities O Related Enzynes," Bi ochem cal Pharnmacol ogy . For
exanple, the thawed cells nay be resuspended in a prewanned (approxinmately
37C) 30% percoll isotonic fractionation buffer and then centrifuged at 100
X g at room 30 t empebdic elearaficerstutlisewitly xenbbiotice and i effadiedssays @l e cel |l s. The

supernatant is di d the cells ar esyspended jn .nmedia for a
subsequent cryopr@éoggo\?ea Prg%@%i?%ﬁﬁc%?gg%eﬂssﬁ%té 15300? ]P%??'ﬁ‘ewlﬁfocessi ng prior
t o cryopreser vat i apoprdserviillhepaoGhdikEBifoRGRY B2 00Tk bihRY or frofhdat
Cryopreserved pre i [ g fro reezin f reviously
frozen-thawed pr efp@r&%tsiv%ﬁ&#meg %?%#%%vgusﬁla%ng%ggnﬁso eﬂ"ﬁ%&ﬁ%@ﬁ% \E/T ability of
greater than 50%ecimduiated for psecih END InRNADNponteomis sudicSwe i shidighofvi abi l i ti es
enabl e the presenj, ' a lish the.repeated freezing,and thaw ng
S wotAeh i IRl oBdack b phRRER Byt mida

of hepat ocytes SSes ¥ for ever
greater sanpl es shumsedinmetdPolid dehranepaidies yhdelfivacpasays (ondiphfOwd] The capacity

of the present in : he. r f ing a haw ng of
hepat ocyt es addi t rg%tg%"%] gﬁlg%nlg%% ? %S({JS é’gmtt%ﬁesgcgér%%%ﬁe%f)i (@%ﬁ%l?aygogor%gﬁl%é%at ocyte
prepar ati ons, espécislih seefiog biettadtorsfon langepealoiogpubetiqps epmmatiele fis gends di scussed
10 above, indijyid i i | i i ng

met abol i c caégbi #g'%l?tkedgwlﬁﬁgo;@g@%{ %&ﬁ %glll Fb%ag&{%gé?g%}%%%%gﬁ é’glﬁse or
study of hepat ocyfegspon-pardnchyntidedlls fbibdiveror erills fron péhehpmen egt Gacolf f er ences
agtributable to s&bqlg_sarrpl e variation by pooling hepatocytes fromdifferent
sources to obtain a‘conposite or "average" hepatocyte preparation. Such
conposi te hepatocyte preparations may thus be 15. fornmulated so as to

provi de a prepar a{qﬂéﬁl g prefpried embaditangbnfithe inventiqp, suck seformulgfion compeses ge”

hepat ocyte sanpl ese@&mﬁgﬂfiﬁoﬁ@dn@%@ﬂaﬂl@&ﬁ@pﬁlﬁ% K6k GenERAEYIR: f pegid ons
approxi mate the hepatocyte enzynme functions of freshly isolated hepatocytes.

Such met abol i @3 acFpdipyticardrifpgstiop isweferably praploed fonthispurpdserel' s example, f t he
followi ng enzymabdeg paedli sthdibr® 8e BB prboedurbH %ﬁ@@d@@g&d/m tal.
dext r omet hor phan 0Q 28“derr%tﬁ |a§gﬁ?%|§x I%r Ye- et hg:f%courrari n o eet‘_ghrill ase
(ECOD), activi ti e899Desfeshel GrepresapaarenShngaoms Priel Gurr didugon n

7- hydr oxycoumar i NChifmbda Hephibdyh,P DRS: Metab., Dispos. 27(3):327-335; Sun, B.L. et dl.

(1990) “Cryapreservation Of Cynomologus Monkey (Macaca fascicularis)

20  Hepatocytes For Subsequent Culture And Protein Synthesis Studies,” In vitro Cell
Development and Biology 25:147-150; Lawrence, IL.N. et al. (1991) “Development
Of An Optimal Method For The Cryopreservation Of Hepatocytes And Their

. Subsequent Monolayer Culture. Toxicology In Vitro,” 5(1):39-51; Dou, M. et al.
C . (1992) “Thawed Human Hepatocytes In Primary Culture,” Cryobiology 19(4):454~

25  69; Utesch, D. ef 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 mimuies 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.

1o



responsi bl e for the phase Il netabolismof 7-hydroxycoumarin (7-HCS),
nmephenyt oi n 4- hydroxyl ase (MEPH), testosterone 6(p)-bydroxylase (TEST),

t ol but am de 4- hydroxyl ase (TOLB), phenacetin 0-deethylase (PHEN), or 25

chl orzoxazone 6-hydroxyl ase (CZX). The substrates, nethods of neasurenents
and assay uni tweo f00én1@sgays of such netabolic activities a | I n
Table |I. Table | Ile atocyte Metabolic Activities Abbrev?g?@g%&’&?gl
Substrat e/ Assay Met hod of Units Measurenent 7-HCG 7-hydroxycounarin Phase
Il nmetabolismpnol/mn/106 cells |ucuronide of 7-hdrox coumarin 7-HCS

7- hydr oxycoumar i n {80f3f aCgoRbased pepansionttbitirol oM tHeTicadiddhfa@tdvibustp

7- hydroxycoumarin J17 20061115682, PCT/ 006/ 011551 Tahle |.He ato a

Met abol i ¢ Acti vi t i‘%"é" X %‘?%J’?%?%ﬁag?%‘ %HB?%F’%S’ aﬁ%‘é&%ﬁ& ‘f’ﬁ%}h‘”&*h%ﬂfﬁf%m

Measur ement  NATI thenchobaent momgraferaidy th%eranat.ybueh high viabilifes enatdd theit g/ mi ti

am nobenzoi ¢ acid NAT2.Sul f apet hazi.ne, N-acetyyl ati on .gf nnol m. n

Sul f anet hazi ne  vBI%® F‘HB?‘PPWWWQN%FB@%&%Y%M gmg)gdm%géa%es AP

Al kal i ne Phos Hat asitho@ivgameptible lossestof Lellogr thohed for etdDEregarsamplgs soeng/| GGTst ai n
positive trans a tidase UGIlI 7-hydroxycoumarin Phase 11 metabolism 169

pmol /nmg/ mn of 7- W;E]g.' cytochrone p450 content carbon

nonoxi de Not deterlknl%\!’%ggéﬁ/ag(?E |#@5§§§%e spectrum cryo hepatocytes nnmol/m

protei n CZX chl orzoxazone chl ot zoxazone 6- 31.1 pnol/ng/ mn*
[0044] The capacity of the present invention to enable the reépeated freezing and

thawing of hepatocytes additionally facilitates the production of pooled hepatocyte
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, it is
desirable to minimize hepatocyte differences atiributable 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 30 as to provide a preparation having the metabolic activities of an
“average” 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 II metabolism of 7-hydroxycoumarin (7-HCG), activities
responsible for the phase Il metabolism of 7-hydroxycoumarin (7-HCS),
mephenytoin 4-hydroxylase (MEPH), testosterone 6(]3);hydr0xy1ase (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 X
Hepatocyte Metabolic Activities
Abbreviation Substrate/Assay Method of Units
Measurement

7-HCG 7-hydroxycoumarin Phase Il metabolism | pmol/min/10° cells
lucutronide of 7-hydroxycoumarin

7-HCS 7-hydroxycoumarin sulfate | Phase Il metabolism | pmol/min/10° cells
of 7-hydroxycoumarin
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hydr oxyl ati on

t est ost erone ﬁbggﬁﬁﬁ)%sz% 8 pnol / ng/ m n*

t ol butam de 4- 30.6 pnol/ng/ m n*
protein kit Not determ ned for cryo hepatocytes
7- et hoxycoumarin 0- 373 pnol /ng/ m n*

hydr ox
de

dene

hydr oxyl ati on

TEST te

COUM coumnarin coumarin 7- 50.0 pnol/ng/ m n* hydroxyl ation
DEX dextronet hor phan dextronet hor phan 0- 21.4 pnol / ng/ m n*
MEPH nephenyt oi n nmephenytoin 4- 24.1 pnol/ng/ m n*
phenacetid phenacetin 0- 28.9 pnoi/ng/ mn* deethylation

thyl ation
PHEN
st ost erone

hydr oxyl ati on TOLE t ol but am de

yl ation

et hyI at i on

preferred prepar3

tTons of

poor&dep

PROT pr ot el/HS28U MRt Pi erce
m nL ECOD et hoxycoumari n
[0045] For exanpl e,

al ues within

the ranges identijfied in Tabl eH'e{)ato@Lé ‘él J veI e hepatocytgs sanpl es
used to form the [EtERPTEPE; 'rdteYAI v&-ﬂéﬁéﬁ Q._as.to. nakimze,
m nimze, or enphlasize ceftain hepa cyte fmm?gqu dver &fHer 5]functions
so as to yield aj{pooked p BPRIBLAQ R T | eyl of pt mollm ' profile of
liver cell functitan(s) 046] The pool edm&aﬂﬂb@é‘cm e |prep rations of the
present invention n@ﬁm co niifinsazie pat ocyfesetpiibadrNned |m-oimgdie Sajre sour ce at
differing tines, forispmtnornore difSubmwinsour des. Preferably, pool ed
hepat ocyte prepadations w11 218 WO 2006 Z;cgﬁé‘z PCTI YSgo0&r011550 result
from the pooling [of Repat POVEEPhdkaEE 1T S thtee; et m{ema Si X or nore
di fferent sourceq. [@O471] Mbaigpmsl er abyao ;%gg;pﬁ@oeyt—e
preparations of t Lnvent fappeptidadel — conpri se at | east! one popul ation of
hepat ocyt es t hat mF@Tbryob‘W@%@W@dn pri quhglsﬂlﬁetqb@ahl 468 pmormgexanpl e, a
ool ed hepat ocyt ¢—preparati-oh—hay- “ YRMIAFH 1 o
p p y ST cytochromwﬂ450 condt ¥ carbon monoxide Not determined for
difference spectrum cryo hepatocytes
- nmol/mg protein
( ’ CzX chlorzoxazone chlorzoxazone 6- 31.1 pmol/mg/min* |
- hydroxylation
COUM coumariu cournarin 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 testosterona 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 ethoxycoumarln ‘| 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 IN. 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

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 ocyte preparation nay conprise only hepatocyte specinmens that were
previously cryopreserved. Table Il provides the normal range (i.e., the
range bet ween wAs s@y1ik6s2M ni num and Assay Maxi mum for each le H
val ues are derived data of the |ast 150+ |ots of human CF@E@%@%’?@%@

hepat ocytes Table H He atoc to Assays Assay Normal Range (nol/mn/106 cells
coumarin 7-hydroxylation | to 154 Dextronethorphan O denethylation 0.5 to
96 7- et hoxycomarresultGonheind popligs df bepatbeytes dbbdhed Rlva siged] fout ety eixiosnof 7- h dr ox
coumarin 2 to 545 .Phase || netabolismof 7-h drox coumarin O to 110 t
nyt oi n4- h dr ox Iatql O 442 erone6(beta)-hydrox lation 2 to 675 am de
4- hydroxylation 1.8 to 82 phenacetin O deethylation 1 to 125 chl orzoxazone
6- hydr oxyl ati on 2 [047p 15lostpedaably, thepeeledhenateqytrauepaations obthe inventionwélht i on,
hepat ocyt e prepar at, ] ' }ggg d ranges
for at |east thregcrogl?{k%a géls'[t)(rmee e lg%?ﬁﬁjf@%érpﬁaéﬁ ?‘é‘%‘g‘%&?@"r ol:‘wd%%cﬁoﬁ nmor e
preferably for %t Roekng Faiexample, apaefe togyfedfrenaeetipymisgomgpriseld@e pemere ei ght of
the fol | oW ng a5S3ugodyiepdolhdih AR orfdpfeslell FRPRYoollrd Sl Chlbr igSAY: Lhe
7-HCG assay; the 7-HCS assay; the MeEPH assay;, the TEST assay; the TOLE
assay; the PHEN adiesily ISPIH'@déﬁ’%oéﬁ%@?*?ﬂni@o@imﬂﬂeh{e%mo@d,hGRaFPéytéryopreserved
hepat ocytes MRy byiedlifitnlohrifeQbly 3dfooy Qftifbnd s itibuie Pl ates, or
tissue culture plates coated wth other extracelluar 20 matrix proteins

i ncl udi ng but not SYopreseEredt dablg iX nyevides fhiempwmmbiange(lc.dhe mageibetwepbAssay | ysi ne,
gel atin, or anyy CoytdR@t hddnssN&Rhum fé&@efcﬁrA@Qp."Tabﬂ'lfvdlu%s%fa&r'ﬂéhkiétbed by
diluting an appropriate volume (e.g., 0.2 m to 2.5 m) of diluted cells
(e.g., cells 19 \WbiedoblsPiigsd UBPIEBHEERACYehavi ng a concentration of
approximately 0.7 x 106 cells/m) onto the plates. For

Table IT
Hepatocyte Assays
Assay Normal Range
(pmol/min/10° cells)
coumarin 7-hydroxylation 1 to 154
Dextromethorphan O-demethylation 0510 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
totbutamide 4-hydroxylation 1.8 to 82
phenacetin O-decthylation 1 to 125
chlorzoxazone 6-hydroxylation 2 io 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 culiure plates coated with other extracelivar
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 (¢.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/mM with InVitroGRO
CP Medium and to add 100 gl of the cell suspension to each 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

Si de-t o- si deWwtnzon€riseészche use of a circular notion wll eeysSdbda1sel 1S to
unevenly pool in the center of the wells. Human hepatocytes handled in this
manner will attach to the plates in 2-4 hours, however, if mniml handling

is desired, the cells can be allowed to attach overnight. 10 [0050] Having
now general | y ded@¥ingaeoncerdrationof aprresimately 8.7 xdffecallp/mi) opte thagaes. Fetadi | y

under st 0od t hr ougiating b 96REN infrdtfi® plad] & RULAAGLIE YRS Bitud bk 6 ar e provi ded
by way of illustration and are not intende

) to be limting of the present
i nvention unl ess SY{RERYGM R4 coneuiineot .33 5 1 #Bﬁé@kwﬁglné{ftmﬁﬁgkmm@% ocyte
Preparations [ 003hf tddi 900 SIPEnéQell RERAGGEY bR vRICTtid\MBtkdansheh ef r0zen as
i ndi cated bel ow. . [Q052 terjals; 30 cc_syringe, two cousgl ers, percoll in
a 1L bag, Invi rd@[t%b“‘eélﬁ_%e srincthe wistis n This oo bp agpomplished by deaidyl shaidng theaker |
heat er, wat er bat Fpiatssank backlsd@ forthdResides ide 2ldnded AR3lse B QG@elb hotioh RRP4] 1) Set
up a recirculatin pqemll%tergsath heater at 37-42C. [0055] 2) Add approximately

200-400 nmis of It fepogyenty Beah m e reptenot the wallg aRlpan HeggiveyeBi ol ogi cal
gaf ety Cabi net th HafidlédSig@ﬂslﬁhnﬂ_éi x}amtagsm toﬁabmﬁym@-fhaitaﬁ!;! llhd%vér};bﬂinimﬁil [OOFG] 3)
enove appr oxi matel y. ryovi a rom dewar receptacle and quickly place
themin 2 test tdﬁ@‘*i"& ?%@ﬁ"%‘é%’i fﬂngvé‘gﬁh CRQVEIENt 5 hart . [0057] 4)

Subnerge solid cell suspensions into heated waterbath until the ice chunks
can be di sl odted [Mbsh Haenyna ganeraliyndeanibedtihe ROerdith, 2:06hd IBB@2nore

PCT/ US2006/ 011551 __ [,.005 5), sLou | | sion fromeach vial into the
bEaker - add 1o ol ot S s PR EISH PR me SR atiar 1 nto ench
vial to rinse ansoyidadibysanbililigraiion and e aotiatakded to bEdiariifeef the peesemt! cel |

suspension into a’m*}e'ﬁtigr} uenﬁels.!s selaecl?lggi

Example 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, watetbath, centrifuge
tube rack.

20 [0053] Procedure:
[0054] 1)  Set up arecirculating waterbath heater at 37-42°C.
( [0055] 2) Add approximately 200-400 mis 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 fube 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
standard practices. [0060] 7) Performa cell count. [00611 8) Cryopreserve
cell suspension. 10 [00621 Percol |/ Redi G adTM ( Aner sham Bi osci ences) is
enpl oyed for wiomensesk! density centrifugation. Percol | pesusasgased of
colloidal silica coated with polyvinylpyrrolidone (PVP). The Redi G adTM
formulation is al so conposed of colloidal silica but is covalently coated
with silane. These coatings are thought to render the material non-toxic

and ideal for use ({48} B) ol Rsyr eedlisuspensionifigmeeacheyial fntq the beakatnAd@d mleh. cz/ pdf / DF
Redi Grad. pdf;; http://ww5. &RiBRARD thedium from the small beaker into each vial to

sci ences. com aptri x/ upp00919. nsf/ (Fi | eDownl oad) ?OpenAgent &doci d=3139FC72
0067CA6CC 1256F360008566F&f Finss-aud srypeniral ity beaksery Frapaferthawedselhave a

density of 1.13 g/ni. Oentrggsﬁfg@ib},%b@ﬁ@@mag_s in the presence of
Percoll/Redi Gad results in the spontaneous formation of a density gradient

due to 20 the het UPBYefbi t4ttash bygalvitiolee B-2 mediym in vl bagapdpercqlio063]
Percol | / Redi Grad are best uggded 4 36mlofi €OBESAlona®@ kalf froddSsor SdPRocaS
physi ol ogi cal saline (0.15M NaCl ), although 0.25 M sucrose may be enpl oyed.
The addition of 9 parts (v/9ogietestendard pRelifesy ad to 1 part (v/v) of either
1.5 M Nad, 10 x pesjens r atepfk 8hdll Sinet ure medium or 2.5 Msucrose will
result in a 25 sol tiﬁn adjusted to %bout 340 n0s/ kg H20. Sol utions of
different osnotic [BeHs&lr Cryapessae prlbyte® Yy adj usting the rel ative
vol umes of Percoll/Redi Gad and salt or sucrose solution. (Vincent, R et
al . (1984) "Adjiast [0862] PefcolVRediGRdTO(Aneisham BloRdences) 1s employeifer thepygpyotini ¢
Separation O Cell d.Cell .COrganelles. ” Lochem 14 : 322- 328). o
The final adjust rn::fif'tnSl o T He g?‘&’&u?ff‘*‘é"fjﬁ%"%%" @%c?]?%“%gﬂﬁwt?gg%%\g ed out by the,
addi ti on of salts payviiyidyirblidede FATRr The Rediticaift fonhulatiss ivdlivarompbsad ofl0 X
physi ol ogi cal sali V.8l .be us satii taridy, VD 200 15682
PCTI US2006/ 011551 SOBRRHHERE RS oA RAHAR! rhate o g—’"’é‘""e‘“’r?%‘%“ W
gradi ents by cent riehdegthe mpterinlmon-ftaxiceld ieg)|fe vsowith biblegiced maferiels 15 m nut es.
Hepat ocyt es can:be,se LAl rd.f i W-l J4.n fixed-angle
or sw ngi ng bugﬁet(hr&g'[l}or haggzag%z{p?gﬁﬁil{fgﬂg%lgﬂﬁd]ﬁ%@g& g eé%p%P%IBZ
sciences.com/aptrix/upp00919 nsf/(FileDownload)?OpenAgent&docid=3139FC72
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 spontaneons formation of a density gradient due 1o

20  the heterogeneity of particle sizes in the medium.

[0063] Percoll/RediGrad are best used in balanced sa];c 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 culiure medium, or 2.5 M sucrose will resultin a

25  solution adjusted to about 340 mOs/kg H;0. Solutions of different osmotic
pressure can be produ'ced by adjusting the relative volumes of Percoll/RediGrad
and salt or sucrose solution. (Vincent, R. et af. (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 Prinmary Hepatocyte Sanples [00651 To illustrate the
sanpl e-to-sanple variation of different sources of individual (unpooled)
hepat ocytes, hepatocytes are isolated from82 different donors and anal yzed
for cell viability and enzyne Motion. The follow ng 10 netabolic activities
are eval uat egy M , ECOD, 7-HCG, 7-HCS, MEPH, TEST, TO.B, PHEN, and
CZX. The result&var eSGEgZEf)(vm in Table I11. Table 111 Vari atiGAPS36E53t ocyt e
Sanpl es Lot No. Sex % COUM DEX ECOD HCG HCS MEFH TEST TOLB PHEN CzZX 067 M
62% 67 1 70 231 24 2 44 35 27 24 086 F 74%51 23 10 50 9 1 38 13 SQ 18
089 F 77% 25 21 oﬁﬁé@erEOIﬂIRecﬁ@ra@Qﬂl R s@0Qnatdd Ha Oy cbntlifieih i 19 15 SQAL
16 091 F 73% 13 44 1% 52 .36 27 36 094 F 67% 41 I2 37 24 4 21 126
40 19 87 099 F 8 ﬂgli!?"f gedpedier 15 ginuics Hegatopyles cembe $pwated B3 21 44 247 25
2 58 37 8 20 1050%&?@@1&%5@1%@3;&%& ahg@%r%ﬁné:ﬁg&%keti&&lﬁadﬁﬁ@r%- 24 35 23
4 6 206 11 54 36 111 F 71% 4 10 9 3 3 147 19 19 114 75% 39 23 21 10
55 59 TED 3 45 3IDBIRES90 26 30 29 80 51 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 AT F 83% 45 29 13
118 14 BQL 82 35 11 7 AOK M 73% 60 21Ezsmp83 64 5 86 30 24 21 ATR M 73% 7
11 1 39 11 BQL 11 8 3 4 AVFVWtidtieh dPrihidupHepitéeyRRBakfplesS54 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[0865] 5o iljisuothy samplet-sangpipvariatiqetdiffetent @greasaf 42 4 28 23 13
26 PN M 81% 28 fi¢fhock Qhpdiiodd nbfifbciis, Apalytes SRMMERIAR A dirdi5 18 6 81 18
donors and analyzed for cell viability and enzyme function. The following

10  metabolic activities are evaluated: COUM, DEX, ECOD, 7-HCG, 7-HCS, MEPH,

(-‘ - TEST, TOLB, PHEN, and CZX. The results are shown in Table IIL
Table XX
Variation of Hepatocyte Samples

LotNo. Sex %V COUM DEX ECOD ZI-CG 7H-CS 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 3 23 6 1 11 13 BQL 29
090 F 74% 30 25 7 13 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 23 2 58 37 8 20
105 M 67% 59 15 24 33 14 1 29 27 12 27
110 F 7™% 45 24 35 23 4 6 206 11 54 36
111 F 7i% 4 10 9 2 3 3 147 2 19 19
114 F 75% 3% 23 21 10 5 5 59 1BD 3 45
122 M 9% 26 30 29 80 5 1 42 23 4 25
_— 129 F 9% 4 24 29 67 18 1 16 33 10 51
( ACU F 81% 53 8 23 74 18 8 80 16 4 23
. AIT F 8% 45 2% 13 118 14 BQL a2 15 11 7
AOK M 73% 60 21 58 283 64 5 86 30 24 21
ATR M 73% 7 i1 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 8 36
CEE. F 8% 53 2 39 141 5 16 302, 41 7 18
CHD F 7% 30 14 53 471 42 4 28 23 i3 2
CPN M Bl1% 28 6 40 100 13 2 168 14 37 21
ECM M B5% 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 9% 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 M69%9 9 35 47 5 18 66 12 47 67 EH F 900/0 88 3 56 291 45 1 248 21 45
43 E)R F 75% 89 14 32 288 43 8 62 41 1 41 22 WD 20061115682

PCTI US20061011551 Table 111 Variation of Repatocyte Sanples Lot No. Sex W
COUM DEX ECOD H7- 7- CG HCS MPH TEST TOLE PHEN CZX ENR M 73% 69 28 27 124 31
107 77 36 38wéReoshe¥esM 88% 14 11 18 65 9 31 49 14 21 35, g zﬁnﬁﬁmg@ 30 1 34
13 13 7 13 13 37 69 EVY M80% 2 20 23 218 77 33 24 25 17 38 FNL M 85% 17
27 62 282 32 6 6 50 14 24 FRWM 75% 46 22 16 106 17 48 25 54 44 8 GBE F
77%5 49 31 165 202 .16 19.5 54  GNG F 749%57.17.33 54 8 5 95 22 22 GIV

F 71%32 6 8 47 | BQ_ 40 28 16 11 GUY @21%6 12 11 73 12 20 90 13 58
HUG M 83% 2 8 14 Vs 3 of r_"-"*' Kig 23 ”,‘_ | 69 40 57
44 1C M 74% 134 > 129 34 72
48 23 19 34 111R a—, ot 4 . : 50 307 54
1 142 49 21 51 > . 7 11 3 41
9 7 23 12 2 3 K& 3 12 32
248 30 55 65 26 3Gyv32 M l§hsd F 276%6 48 7621359787 3'b 11 %1 23 2017 KF§§’I F 78% 126
36 55 83 17 103 9846 4544 11(5#3 Ms2/3%$H5 2/ 58 2066 74 1 123 44 193 16
KZO F 82% 38 16 33RO 835% 7% 322230 20 hoE M 76486 58 255 56 294 223 14 61 63
125 21 MOF F 91%0GB8 17 729 10 12492 851 5 7654620 2 16 19 5 54

GNG F 74% 57 17 33 54 8 5 a5 22 16 22

GIV F 71% 32 6 8 47 7 BQL 40 28 16 11

GUY M 2% 65 12 11 73 12 20 90 13 5 8

HHG M 83% 2 8 14 251 29 BQL 28 i2 4 40

HRU M 90% 43 28 39 175 15 4 69 40 57 44

ICT 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 3 84 9 9 a5 46 41 1

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 82% 7 u 3 41 9 7 23 12 2 3

KK5 M 83% 1 8 27 -319 38 BQL 61 17 17 42

EPT F 83% 9 12 32 248 30 55 65 26 56 32

KRI 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

K5E M 73% 65 27 52 206 74 21 123 42 93 16

KZO F 82% 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

MIR F 6%9% 2 33 23 218 3 5 38 67 39 §

MYO F 94% 40 24 9 24 BQL BQL 12 7 BQL 11

NPX F 7% 36 32 13 13¢ 6 15 76 25 20 10

NQT M 85% 76 12 39 80 23 2 151 14 20 34

OAU F Bi% 47 26 24 86 8 6 85 46 53 13

QZL 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 7% 16 32 29 300 21 g 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

REB F 9% 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 o7 298 27 177 207 34 71 41

ROE F 82% 73 24 36 302 37 2 55 17 2 51

SEQ F 72% 36 25 i8 106 9 66 102 50 81 11

SQ1 F 74% 115 12 100 285 19 175 210 30 81 42

SRA M 79% 50 6 71 409 84 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 0.2 94 16 4 215
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MRS M 72% 119 21

39 8 MYOF 94%40 24 9 24 BQL BQL 12 7

76 25 20 10 NQT
8 6 85 46 53 13

11 67 10 3 14§ fodhs@d3 PXK M 80% 86 35
16 32 29 300 21 9 50 10 BQL 15 REL F 77% 40 20 15 109 9

RFA F 78% 130 42
20 19 RML F 76%
177 207 34 11 41
18 106 9 66 102 ‘!

28 MR F 69% 2 33 23 218 3 5 38 67
BQL 11 NPX F 79% 36 32 13 130 6 15
151 14 20 34 QAU F 81% 47 26 24 86
109 3 165 29 17 43 PFMF 87% 21 1

63 433 78 2 109 ?égi%@g‘g%% F 77%

49 444 52 6 195 30 28 17 RKB F 95% 42 16 16 100 8 3 36 17
BQ 645 129 31 14 152 24 42 29 RNG F 91% 119 14 97 298 27

ROE F 82% 73 24 36 30Ta@mr2' 55 17 2 51 SEO F 7200/ 6 36 25

T10 450 50 2 675 b4 68

M 85% 76 12 39 80 23 2
OZL M 76% 16 15 61 300

M 79% 50 6 71 40
82 41 TSR F 62%
0.2 94 16 4 215

Repat ocyt e Sanpl ¢

TOLB PHEN CZX VEI
12 5 120 21 40 1%,
39 96 73 1 11 42
6 33 31 320 29 1:
Det er mi ned)

10

15

20

1ﬁJ

6081 11. SQ) E_7¥wiatjonmf Hepatqepfe Sapples 19175 210 3Q 81F 42 SRA
?oawo s&v&s @ﬁml&ﬁﬁ%co"ﬂ:‘ £, 852 Ml 1ﬁsioaeoﬁa0ﬂm&6céa214ig4ﬁé
= ;. 2 L gt M\ Q

ation of
TEST

1 25 84
bsh 35 28
J M72%
Be

89,32

GA2 b 27il27,512 & 58,21 1p 370 ZAG M K5
181 4R W 80%) 843,11 3§ 16D 223 3825-4 53 20318 ;37
343"13 oW QAR Tt at T o L =T8T
BQL (Below Quantitation Limit) TBD (To Be Determined)

§92 : 0155‘55132Tatﬁ3 | By
H
i 53 32,58 @8 8 v% M}%Egg
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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

evalunated: 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 ate then
frozen in a controlled rate freezer until 2 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 ceil
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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 C 5 post-thaw
viability and enzynme function. The foll ow ng netabolic activities are

eval uated: COUM DEX, ECOD, 7-14CG 7-HCS, MEPH, TEST, TOLB, PHEN and CZX.
[0067] Six | Ied hepat ocytes, conprising either pool s or
ten- donor Qﬁf‘z&fare prepared as descrl bed above. Hepat%‘é@i@g harvest ed
from10 i ndl vi dual donors and then cryopreserved as i ndividual Iots usi ng
liquid nitrogen as freezing agent. Cryopreservation is acconplished by
suspendi ng t he hes,mqiemi@ﬁlissed above)is ﬁneme:’erl‘hsaﬂ%m&) mdcso%tomiopﬂefegva&oﬂredi um

havi ng appr oxi mat g| r oxiJmat e v eLva tion Medium
The di spensed heplg al%q{w%égd%%gﬁcggg E%lﬁm}’ﬁmg%go g%ﬁﬁgrﬂtafﬁtsel freezer
until a final tenpanas Lili‘here:sﬁltmg)mbmmMO%WSCBGO%cﬂ;&pre&maﬁacﬂnaﬂaw{ﬂOOGB] To

formthe pool ed he . ara di VI dual ts ar d, and
the viable cells %eﬁ%atqgé @?Ig(ﬁﬁgl}erﬁt&’ gﬁf”da{’aéldf g % ocfsfolﬁ'@ tH;ﬁ i al s of
i ndi vi dual don®r pnryxapmhseafll\seﬂﬂkmp@bpmgeheé \Kmblecﬂ]sa?mnﬁndmdallws@ra/vat er bat h

(perhaps it vvould be range ) 0C wat.er bat h?) for
60-90 20 seconds %E@é eO%dgm%a “88 8%%%% ﬁlcfseg%?éavggg'h gnt ai ni ng
30% | sot oni ¢ Perassdylvalaesdmﬂﬁﬁ’/ﬂe@ﬁdzangeﬁdl a. The ceI | suspension is centrifuged
at | OOg for 20 mnutes. The viable cells are recovered in cryopreservation

medi a and count edy 00691“%&’%0%%%&5&%&%& n%bﬂvéﬁ GApleqvAIoW shéisdffe CEl | S per nL.

A second sol ution nt al 0% cryopreservation nedia (equal
vol une to the celYesultgofty pstbra YB6EY (BET)asbeoupno g@ﬂanaéﬁ§p’éﬁlﬁl on listed
above) is prepgr egholed fifs. %&%%@n@’fm@ﬁ?’ 861¥ a8 PR b jaBiliey ST pS Sl owly
added to the cel Flgooseuspenm on m xture. Ragl ti orrl %aalgesty -10 o%mbflut es. The
resul ting mxtureff%r10% DVMSO, 90% cr yopr eser vation nedia with cells at 10 -

mllion cells per nL. This solution is aliquoted into cryovials at 1.0 nlL 5°
per vial. The cellsfare then oryopr €ésSer iesle1vVi abl € cells Trom.l rﬁﬁi vi dual

lots are then poolled to form Y of Ryplal degte it Bgar at i ons whoge cell s
have functional asisgy Malues Mt ddpleris 6dids st REES ooled lots
are then cryopreseryed _Tandlr e (T vV Iyt oW sSho SUrts ofruhelpost -t haw

viability ("%/") an

B3 £ L8 [o# BAM yLi% o120 | 61 | 50 | 62
YDP {72] 66 |30 | 80 | 470 41 1 [165 (31 {27171
APO° | 79| 79 | 21 55 | 276 43 2 112 {22 | 26 |30
HMB®|76] 61 |18 | 70 | 231 46 3 (151 | 23 | 20 |8®
ot 75| 32 119 | 35 | 232 4 | 2 124 {32 | 11 [4
RKS® [81] 84 (20 | 73 | 336 53 2 131 | 28 | 23 |55

35.donor lots P 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 pool ed . able-1 11, pools had an average viability of
79% (S.D. A 6%. Table IV Summa of Pooled He atoc a Lot Data Pool % COUM
~ DEX ECOD 7-HCG 7-HCS MEPH TEST TOLE PHEN CZX Ml & 89 63 28 66 301 44 12 70
61 50 62 VYDJ' 72 66 30 .80 470 41 1 165 31 27 71 APO 79 79 21 55 276 43 2
112 22 26 30 BNB' 76 61 18 70 231 46 3 151 23 20 83 [1JU 75 32 19 35 232
< 44 2 124 32wbhedkR1s6RKS 81 84 20 73 336 53 2 131 28 23 5&[{@2‘3&'}0‘?&%%{ lots b
10-donor lots [0070] For conparison, Table V bel ow shows sunmmary data for a
post-thaw viability and enzyne function anal ysis of eighty-one individual
lots that are 15 cryopreserved (j.e.. subjected to one cycle of
cryopreservation). This data confirnsTefleef the lot-to-lot vapiability of
enzyne function foufe—i-inadi @“ﬂ%wmm oty cos s very high. The
data confirnms the dési ratirduM PEHTE B i [WCS (WRBBITEd |TReP AEBYSAKE prepar ati ons

for providing cryopriggasMmed; Ceht § 41hptyy@dpsoXi gral es [t43e] enzygre function of

ST e hy AL Ny ST TR
ECOD 7- HCG 7- HCS I\/BFFEH EXT 6TOLD RHEN GX | AMvg 79 3% (1% BB 276| 27 8 35 35 15

19 ffigh 95 134 69 110 471 110 1/7 675 S2 125 215 Low 62 6 1 31 231 24 2
25 34 3 13 Exanple 3 Characterization of the Viability of Pool ed
Hepat ocytes After Thawing [0071] Ap_BXWﬁ%se of for cryopreserved
hepat ocytes is to GhazapterrationepftheoVipbilisy ofHiqoled thqytes ddter Thaming wi t h vari ous
xenobi otics. For_thi urpose,; it is preferred 5 that the hepatocytes
maintain their \I?ﬂgl!)] ‘?‘iCBWP’_E)PSE’é’E? fqrg}gggreﬁggiéegptowﬁ%tp thegy tas heRptacytest he
post -t haw vi abi |ahd hewiCubateithetn W@ vaRi06 defdbidlits. FRPIGPufore) RiSHerYRd
hepat ocyt es, th%t@gkll s were thawed, al l%;utot ecii into the wells of a 12-well
plate, and i e uly egatocytes maintain their viability for at least several hours. To examine
( . the post-thaw viability over time for one lot of pooled cryopreserved hepatocytes,

the cells were thawed, aliquoted into 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 ot
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,
wherein, at 10 six hours, 39% of the hepatocytes remained viable Table VI
Post-Thaw Viability Analysis of a Pooled He lato to Lot Tine point %
Viability a Tfb %8a15625 hrs 79% 1.0 hrs 84% 2.0 s 79% PET}[BT g’%@ ﬁ%%) 4.0
hrs 67% 6.0 hrs 69% a viability determ ned by Trypan Bl uée 8 ? I

publ i cations and patents nentioned in this specification are herein

i ncorporated by reference to the sanme extent as if each individual
publication or pdf®Rl Wik thefverdion basdeenslessribéddn Fénpecsinn withaievifidual | vy

indicated to be i . I . 5682

PCT/ us2006/011551%’%@%1?£@%ﬁe@%ﬂ?ﬁgﬁi“ﬁ@%ﬁﬁaﬁmﬁzsg%@eeﬁ’q escg:]% i bed in
connection with spewificaiions endsbid pypdication istimsended to cpyer oiyl variigions meksrast ood that it
is capable of furt [ I i i 1 f 5 4 ed to
cover any vari ati O@g@@gﬂdﬁ&g@%ﬁg@%@ﬁ%ﬁs& %@%‘tﬁ ?ﬁrﬁf\?gﬁ? {%%h?%’lﬁprgw ng, in
general , the pri noinpineladiog such defarireridnvihe plseahdisclaswr asktoms vetitadenar t ur es
fromthe present dj nﬁﬁ:ﬁr AT : ﬂgﬁf ice
within the art todolrwﬁfslt: u@@?&‘éﬁp?g‘%@r@’é@@%ﬁ {I%rgﬁ&rr%y g}ésg%gﬁl ed to the
essenti al feat ur esppliedés thoessontiel feamreshoreinhefopetyiprtl is clained is: 1. A

met hod of producing a desired preparation of nulti-cryopreserved

hepat ocytes, said hepatocytes, being capable of being frozen and t hawed at
| east two tines, and in which greater than 70% of the hepatocytes of said
preparation are viable after the final thaw, said nmethod conprising:
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(A) subjecting hepatocytes that have been frozen and thawed to density
gradient fractionation to separate viable hepatocytes from non-vi abl e

hepat ocytes, (B) recovering the separated viable hepatocytes, and (O
cryopreserving the recovered vi abl e hepatocytes to thereby formsaid

desired preparation of hepatocytes without requiring a density gradient step
after thawing the hepatocytes for the second tine, wherein the hepatocytes
are not plated between the first and second cryopreservati ons, and wherein
greater than 70% of the hepatocytes of said preparation are viable after
the final tWawisdaiméhe: et hod of claim 1, wherein said density gradient
fractionation conprises density centrifugation through

pol yvi nyl pyrrol i done-coated colloidal silica particles. 3. The nethod of
claim1, er ei i 0 0 I Lsting of
human hepatocyt adiobat &G REL £l b EpR ARt O AR Br A RepePitg

hepat ocyt esaid hepatsugtds cipaigephlsis of bawg frezdhapd tlaset asleav quo bmehepdiocyt es,

ovi ne hepatocytes and rodent hepatocytes. 4. The nmet hod, of_ cl ai , Wherein
sai d hepat Sty calsrahan fAiho B dendgryiss of said pregariiehyg v Iﬁfﬁmef{&aﬁerei n
sai d prepaigl) 9fld AR SaPridinpool ed preparation of hepatocytes of multiple
sources. 6. The nethod of clarm5, wherein said nultiple sources are of the
sane gender, r&&e, sibjdvting bépasdcytee thapBave bedinGormmtand thasfeddd dénsits, wherein

t he hepatocytes, of said pool ed preparation of. hepatocytes provide said
pool ed pr oBte BrctiRetorlo g B PR Pt f BRI PEE RIS 8. The
met hod of cl ai mg) M&éﬁrﬁg%g@pm{e@%i&l%h kd ¥nd s sel ected fromthe
group consisti %coumari n 7- hydr oxyl ase dext r omet hor phan

O denet hyl ase ( (5BX) , cryppiesdneing dsueenyered v hipryseto(tem) formetidvi t i es

i bl g_f: i E 7- ' - d
7oHeS) - e RS e aROR 5o TR PRPRaR Mingla REDIAERHERE Il falind 20C
(TEST), t ollbHepaoclresifohih@drsecondaiae:, (whedefd) the hgfaege htehoOpdedttayd s ¢he( PHEN) ,

and chl oroxazone 6-hydroxyl ase, (CZX()i. 9. The nethod of claim1, wherein
greater thdEstapesssrad HEOPEHAYRIO)S a8l ghersin greatentaph b pbHederatosvgiodd. 10, A

met hod of isﬁ&??egyﬁﬁﬂf)ﬁﬁﬁvii%lé@ﬁér%edﬁ QHHQI_ abol i sm conpri si ng i ncubating
m

hepat ocytes o ti-cryopreserve epat ocyte preparation in the presence
of a xenobiotic, and determ ning the netabolic fate of the xenobiotic, or
ic.,on, the enzyne or

LIRHERE R TR N A R T X
density centrifugation through polyvinylpyrrolidone-coated colloidal silica particles.

3. The method of claim 1, 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.

4. The method of claim 3, wherein said hepatocytes are human hepatocytes.

5. The method of claim 1, wherein said preparation comprises a pooled preparation

of hepatocytes of multiple sources,

6. The method of claim 5, wherein said multiple sources are of the same gender,

race, or health state,
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hepat ocyt es have been frozen and thawed at |east two tines, and wherein
greater than 70% of the hepatocytes of said preparation are viable wthout
requiring a density gradient step after thawi ng the hepatocytes for the
second time, wherein the hepatocytes are not plated between the first and
second cryopreservations. 11. The nethod of claimb5, wherein said nmultiple
sources are of different gender, race or health state. 29

7. The method of claim 5, wherein the hepatocytes of said pooled preparation of

hepatocytes provide said pooled preparation with a desired level of a metabolic activity.

8. The method of claim 7, wherein said metabolic activity is selected from the group
consisﬁng coumarin 7-hydroxylase (COUM), dextromethorphan O-demethylase (DEX),
7-ethoxycourmarin O-deethylase (ECOD), activities responsible for the phase 11
metabolism of 7-hydroxycoumarin (7-HCG and 7-HCS), mephenytoin 4-hydroxylase
(MEPH), testosterone 6(p)-hydroxylase (TEST), tolbutamide 4-hydroxylase (TOLB),
phenacetin O-deethylase (PHEN), and chloroxazone 6-hydroxylase (CZX).

9. The method of claim 1, wherein greater than 80% of the hepatocytes of said

preparation are viable.

10. 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
70% of the hepatocytes of said preparation are viable without requiring a density gradient
step after thawing the hepatocytes for the second time, wherein the hepatocytes are not

plated between the first and second cryopreservations.

11. The method of claim 5, wherein said multiple sources are of different gender, race

or health state.
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