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WD 2005/ 030264 PCT/ JP2004/ 014566 DESCRI PTI ON A METHOD

OF EVALUATI NG ORGAN FUNCTI ON 5 TECHNI CAL FI ELD The
w@e@sos264 nvention relates to a method of eval PEl/JwPpg04/014566

organ function. More specifically, the present

invention relates to a nethod for analyzing visually

and /or for determning quantitatively nmultiple

i ndices with mcroanatom cal orientation vascul ar

system and/or excr etiﬁ P\Awg 10 BACKGROUND ART

Al t hough use of Univer %§§%§ HPSconsin sol ution has

i nproved nean preservation tine for |iver

transpl antation, the incidence of primary graft

nonf unct i AMENHODWOFI EVADPUATINGWORGAMNFENJTIONET Si st

(1-3). The clinical incidence of such a dysfunction

and the resultant 15 | oss of graft survival depend on

time (1-4). Reperfusion injury is the key

TEdﬁﬁhégﬂﬁiﬁgphg to the graft failure after prolonged

col dTHesgrassmit anveRtiéh) relddd Itcng rhéiﬁocsbpeaea@au hepat AGYEGS More

swel | and forn)blebbin? Upon repertuion,
specHtsakdy dhe pme@emmﬁwger@ gy tot meleﬁ@dehc lpnlsiring efisusliyvan /or for

restored wi.th £ re

actefriigs i ey 88 pBR e Vi R bpoler R B lafmaibctisk system
and/@x&%xbﬁ:ﬁb@ﬁ@chbvﬁﬁd r viability and Kupffer cells are

activated 20 (6-10). According to previous studies

using rat liver grafts stored in UWsolution, the

L st,prage tinme when the changes in si nusoi dal
BA%?@@%W*S | onger than 16 hrs (6, 7). In these
gr af A ghoulh 8s€ 6t UgiviBiE oI iRORSh §d?utﬁﬁ‘1%§ iRpRVEd ﬁl‘éan preservatlon
trapping (10), fibrin deposition (11), and |eukocyte

timenfar glwclatrampla@mﬁym, the igriddnce oﬁtpurredy gmlft sdndurictipn and 1n1t1al poor
dur at i

ncfilt UL PERIERL  THpehpte brdenss gy aurt RabtRagtoh and thE resultant
loss B?éﬁﬁ“sh%l d65nk DnARE storige YibRRN & ( 11@@ efffidion ‘ﬁﬁ%tls fHe QY event

hese data, it has not béen care examned i f
leadilng plat thcygnaﬁ fatlgee thei prolcingnd:tcpbhsscmmllao(jt-9)d| dhirmgi thg storage,

bl f h th f
hepalfc{f&fe%/ S{ﬁ’% 8 ;Or%[ﬁggmgiﬁga 0 Egﬁpr%lse;)?r ’S?pn\ém &E)WE{/er ethgsreachtan ges in

e
L

other hand, sinusoidal endothelial cells lose their viability and Kupffer cells are activated
(6-10). According to previous studies using rat liver grafts stored in UW solution, the
critical storage time when the changes in sinusoidal cells occur is longer than 16 hrs (6, 7).
In these grafts, the cells were damaged to cause platelet trapping (10), fibrin deposition (11),
and leukocyte margination (12). In grafts stored for shorter duration, hepatic ATP content
was reported to be well recovered after reperfusion, suggesting that parenchymal cells are
viable (13, 14).

Apart from these data, it has not been carefully examined if hepatocytes lose their
functions without displaying irreversible injury and then interfere with the graft function as a

whole. Although biliary output, clearance of taurocholate and bromosulfophtalein were
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nmeasured in previous studies (13-15), they failed to
denonstrate such functional alterations in
whepansrys es even when the storage tine was exPEniRdo4/a@4566
18 hrs (13). Besides these studies, little
i nformati on has been available as to alterations in
the ability of the post-cold ischemc grafts to
excrete bile constituents. Such indices include the
abil ity of hepatocyte to.yjeld the osnotic driving . .
meappd & PrEYiops ?tléle%$1¥?QIt5Sdﬁ?Y i f@diegs@eﬂ&t%%f* Fenciany altggtions in
[ ' ; rell [ angd. .

. t
hep %5 ir ugYer?a@gng?iheséﬁ;%e a@g Vrgratsar ern ta%? é?ﬁﬁ% @gfl y%%Sldes hese
studie pHitleGaformbiicn Bdsaege ivailnbld @ tQraletasionsl ethalabilityt yf the post-cold
__excrete organic anions could determne the efficiency
ischepic grafigraagicrate ble eonstifignige ndsindndiess iaplude e abiliepf hgpatocytes
to vy, efallccl: Elgefgérgc?tkcgfi%i\?ég g’{;ch (E)/ll; *ggeﬁ (rg rbigjﬁglﬁgéngﬁt{@n%é:g?e bhe is(alts or organic
aniohk; 264 | xBfefibh @0 gludathibBe and BiliIbECEBWREvEras laNWENGH dectihg early

is an object of the present invention to provide a )
hepateeeflptir ghanges inuthei gneftsor Jhn abifitihiot 4xerete Brgerid apians pauld determine

ahove findjngs h resent .inventor, conti.nued further .
the SHGKGeY GG REan 10 GeBED EPhopidhef B3 pg SNkl Sl et A hehemic
hyp@BiliriBiderRfa, PASKE f260QY @or'aﬂG%l_ﬁﬂ‘dS?szﬁ@iBh% cBcdl 34RsphBfa8bR (2, 16).

exam ned changes in constituents of bile sanples as a

function of the storage tine, and reveal ed inpaired

excretion of glutathione and bilirubin as an early

event on hepatocytes. This event turned out to be the

DISCEsOSUREfOR YAORINGSION re-localization of nultidrug
resi stance associated protein 2 (Mp2), an

ATP- teipemdantct tof dins posent rinfeptiohid pavydeex orediod o evhlugting organ

or i ¢ 20 ani ons r results .suggest that .the . .

fungiigf Brs5, OB % poee FP‘%@% JiersepsnY SR B YRA Siies nvpgigations.
gr af {5, @RRATE Btk i AR kUth 3h BbilARs pdRLES1@ i dch&Ri8 ofhfts, we have herein
charges w't hout show ng any notable hepatocéll ul ar

exard soed gdbsngel unt doastitoerds ofibdh aainples ab o fiswtdn af dieasigegéd time, and
hepat ocyt es appear_. to i.nvol ve t.hronboxane synthesis

reveledRmphied CxGPYen phelyfagfione BbRLBIT 65 40 Fay, Grend QB epatocyes.

Thiéjc':'\;e"fﬁ >d Qe tSq’JIe_Qhé ?&Gl@rgf?}'(f)tlo{)laﬁnicae-!il(gcsclliza%%nm?mf(?t%c;%tct%%sistance

appl 1 cation provides the OW Nng i nventions:

assaciatdiqaoein Z(Mip2y,i ang\IR-depandemt trarsporgerifoy hitigry exaratiom ofitiegorganic
.the followng steps of: _(a) |abeling an organ qr a

anions.s SYBF GsEls a*ggé?stzt%mhzofe%vt@g@?é ISHEARSRPE 0% MR e gVhereas the

grafts apparently maintain their overall energy charges without showing any notable
hepatocellular damages. Furthermore, mechanisms for such a change in hepatocytes appear
to involve thromboxane synthesis in Kupffer cells in grafts exposed to a rather short duration

of cold ischemia; i.e. 8 hrs.

The present application provides the following inventions:
(1) A method of analyzing organ or tissue injury, comprising the following steps of:

(a) labeling an organ or a tissue with dye;
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(b) obtaining nmultiple indices involving xenobiotic
nmet abol i sm and/ or cell condition of said organ or

wao e@soseand (c) anal yzing the organ or ti sSsSuePCTIR0§4/014566
fromsaid indices. (2) The method of (1), wherein the
organ or tissue is at |east one selected fromthe
group 5 consisting of liver, kidney, |lung, pancreas
and gastrointestinal tracts. (3) The nethod of (1) or

(()ébé’ %@r}-}ége 1 t@%@ﬁ&péﬁvg&pﬁ%%ﬁémgtg g fs@éjﬁglfcondmon of

S¥§h QE LQk. Sycretion pat hways. (4) The net hod of
any o (1) to (3), wherein the analysis is carried

o(d) analymagtly: oagnﬁ/amtlssmpuﬁ_]mty fraxh isaidlindicesO (5) The met hod
any one (4), wherein the cell conditign

(20 ?h%fneﬂ@&éxf (anh%rsméa@ ewan PF bysie et 5aeope ederigdliem freggoup

Bt A bk e Tie bl BIEGHId WRISP L g

(3Y THE niethoidBIf YY), or D Phesithgste ) figthepvdnn@ises £psp of obtaifiag
| abel ing an organ or a tissue wth dye; 15 (b)

mw@pmtymrv@l erienéagion @f ygsculgr sysfen Wéﬁﬁxaﬁtlw raslpways( c)
(42@% Q)% of4h n\g?xpe & (llﬁ% (gg Iene\llno h¥| ?acfy gg’ﬂn%& bt v1sua11y and/or

a o I'sma
quaititg®kegy. (d) anal yzing the organ or tlssue injury from
sai d indices; and (eg eval uati ng whet her or not the
(5aheg rrwﬂmé of any et fi(}) tod 4k ayheredr aﬁelbiaorldit@@uéat lgagt gre)selected
r .tissue

frorrr Qag gmg) gngléﬁl%gg@call V}azymet%/ Sh élp%ry,p 0 S%Lﬁ%r tgatnF%Oé't 81i1dS m%(t)chondrial

fundtioder, ki dney, lung, pancreas and gastrointestinal
tracts. (8) The nmethod of (6) or (7), where the step
(6) Byméthed pEsvabieting imigsoxicist eqmprisinggha foliomng steps of:

anat om cal or| .ent at. | of vascul ar system and/ or
2"5@@#631 2hEk S hEANaTE e ihileret hod of “any” one. of (6)
(aﬁim &idhud OQaRINRbakSdrsistue; carried out visually

/or uantltatlve y. (10) The method of any one

(C) @btaumsg ﬁlultml@mdwhempkvirtgv@nclebﬂlc wetrbidlisimoandcg celt condition of
| egst one . selected fromthe group consisting of cel
SPI491880 Y USEH | i njury, transport of nolecules in and

a(d?‘éﬁglyﬁﬁé kige or@dhdorg%ﬁf‘er iff (‘gfﬂo@fsaﬁ'lﬁﬂlé&' &l ly active
conpounds, bl ood flow, and tissue

(e) evaluating whether or not the drug have a toxicity to said organ or tissue.

(7) The method of (6), wherein the organ or tissue is at least one selected from the group
consisting of liver, kidney, lung, pancreas and gastrointestinal tracts.

(8) The method of (6) or (7), where the step (b) further comprises a step of obtaining
microanatomical orientation of vascular system and/or excretion pathways.

(9) The method of any one of (6) to (8), wherein the analysis is carried out visually and/or
quantitatively.

(10) The method of any one of claims 6 to 9, wherein the cell condition is at least one
selected from the group consisting of cell viability, cell injury, transport of molecules in and

around cells, and generation of biologically active compounds, blood flow, and tissue
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WD 2005/ 030264 PCT/ JP2004/ 014566 oxygenation. BRI EF
DESCRI PTI ON OF DRAWNGS 5 Figure 1 shows a tine
weowsssreHf the bile output of liver grafts thedT/ee/014566
undergone cold preservation followed by reperfusion.
Qpen circles denote the data from non-ischem c
control livers. Open, shaded, and cl osed squares
i ndicate the datafromgrafts exposed to 8, 16, 24
hr-col d storage, respectively. Cosed triangles
oXygeniii%®%t e the data fromthe 48-hr storage grafts.
Val ues are nean SE of 5 separate experinments. TC (+)
and TC (-): data 10 collected in the presence and
absence of sodiumtaurocholate at 30 nol/L. R the

onset e that both bile
Bm§§I9E$§E&)’5ﬁS§ Fuéhé%g\zg ndent outputs were decreased
' nF Wﬁlﬂﬁ 1 %g v a Erf%%hysﬁéi ogﬂﬁfﬂxﬁ outﬂ?lt ﬁf Qv8rass fh@mﬁ)ﬁé @@ldergone

rom control 05 as ~conpared
cold\préshrvhﬁm taloavetl b mpbﬁﬁthngr @pd:rscud@ denGre O data romp@ndsthemic
with the data from 24-hr grafts Fi OWsS an
contgal fideies @pelwh%ﬁepowdcﬂdosee|sauqr§dﬂ@ﬁ¢tsﬂwg  Fogget Sipdted o 8
16, 5% Q‘&%B{dr ?tro S & ectlp b' é& Itltl [gs Sindi £ ah0fdabl F8m the 48-hr
constl uen \Ner ect mn after the onset
stordgb grafgpenaliss af. méhn :!bSEe)f$adepara‘(eFapﬁimér)ts BC (+) and TC (-): data
phosphol i pids. C, concent ratl ons aof reduced

collqgtqgtlaﬁlpﬂ preeencempg alspnagiaf sodipm tp,lgﬂcaqoilq{;e aloift kel g Radhe onset of
repexb ?1E>n © I%gtgttgaglboﬁlnlgle]sgfthﬁd ggﬁ)c{ ﬁ{jargir ﬂgﬂeéd COW%U\{I&Q decreased in

usi on ntrations

the 1@EhiYirkdefwdi ghaf{sBR)P kXROS 4k cobiﬂaﬁ:d vith the gath ifioncamtrent *Bf< 0.05 as

BR-1Xa in the control and 16-hr stored grafts neasure
compasedmath the datpdiom ho-hf grafisr et S aéﬁom%qe@ &yththe dgp éfﬁm 24-hr

SE of 5-7 separate experinents. *P< 0.05 as conpared
grfR?c\ﬂth the data fromcontrol livers. #P< 0.05 as

conpared with the data fromthe 16-hr group. tP< 0.05

as _conpared with the data fromthe control qrafts

ex Pisieal 2 tshowe apibfecty 5)f rdippsion wiceld. 1sq:}qe§1lyq; an hiligry, gancentrations of

bile chp%%@%pﬁ Ugbraé% é)g)f)nla itlt%nt!]% y 881%0](63' §r2q min after the onset of

excretion 1 nt

repeEfaishi cal ibilk nsaﬁ@'(PlaﬂeS ahe V\Bh@ﬁfhbflpiaﬁd @ &dricentraions of reduced
Representative pictures 4 2005/ 030264

elutilEiphd FRSB Ml 6 ©: dEpatisecontentaef GoHl ap thercoatrelrasdi1§rhr stored grafts
mea‘sﬂrgi Be oge gr?c{ 26 & ng Bﬁg’rarleper uasgolnng)ﬁ c&pc%ntr 10"& of gpﬁjubz%? (]ﬁ{ﬁIXon in
bile. F: hepatic content of BR-IXa in the control and 16-hr stored grafts measured before
and 20 min after reperfusion. Values are mean + SE of 5-7 separate experiments. *P<0.05
as compared with the data from control livers. #P< 0.05 as compared with the data from the
16-hr group. TP< 0.05 as compared with the data from the control grafts exposed to 20-min

reperfusion.

Figure 3 shows alterations in dynamics of hepatocellular carboxyfluorescein (CF)

excretion into bile canaliculi in cold ischemia-reperfused grafts. A: Representative pictures
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renoval of probenecid. Note di sruption of honeyconb

patterns of bile canalicular networks in the 24-hr
w@odod/oseehem c-reperfused graft (arrow). Col orPGEIP2004/014566

i ndi cates the fluorescence intensities calibrated

wi th known concentrations of CF. Bar: 30 m B

Differences in 5 reperfusion-induced disruption of

bil e canalicular networks as judged by the density of

-fil.l ed | ygons in th rafts ored for. varied )
of g fapeligferf et Rut b B bEssDbREED). sl Mansing 23min atter
rembo08 HPkébehEQIN AQRE Rkuptiod %&“ﬁoneﬁboﬁ@hﬁt’teﬁ%s of bile canalicylar networks
hepat ocel | ul ar CF concentrati ons show ng conparab?e
in o 2H dadiohlyisaimmmg-reprediupesl. gl (agswar eCaiwalver ifsficaiés the fluorescence
. Separate experinments. 10 Figure 4 shows in vivo . )
m‘feaﬂg?ﬁ F%I’ZW% e\aﬁhalfw@scwew&m Qh&E; oRatkB0kmyaP; Riffgrences in
' : i & : exenabi I ' .
e oL SR EAP oL BRI LUSLRRGELT s s of

CFfitied gy gexcinethe @raffsr aonet ot vartbdadurdiepaifaoit B6hemipperP< 0.05 as
images froma graft perfused in the presence of 1.5

comprredr Wik ribe idgta( oapgoptrol Gyers, Chdniéal heapfoealludar 7K epncentrations
i d (PB(v t
b, SR EINr o BELABHRE SoREE by SR8 fsm 5% gy 5 seprc

expedhbgs.f ol | owed by condensati on and di sappearance of
the dye in surrounding bile canaliculi. The dye
retention in the cells should be noted. B: The decay

of tocel lul ar. CE fl uQorescence. ocel lul ar CE . .
cordERE stz i ouer bR SRR, VR B B isuiang il
candlicifd krefion o EArDoMy lLORSELIE I (CE).ESA: Meﬁn*é@éi@ﬁiv@, se¥¥8d ®f pictures
e

plotted sem -logarithmcally against t tinme so that
shopngathet dyd ghereliomdrome jndividels hepatasyisonehppert imagasefrom a graft

nset:.the calibrati curve.ipgdjcati t he
perth G B p a5l e L BCEHEIATRD (P rapep oppryred ater the
rem@VAYof! 2¥RInScid [(BBAPP] Nokb RRkealthendeRANeBNbAIFARS fifbresknce in the
CF concentrations were linearly related to gray |evels

cellgfollomeed byoendensataen arkdisappedrancetdfghe @yeninl sutrogndin®bidoégnaliculi.

ps. 0.05). C. Differences.in half-1jfe ti 12) of
Thecéy % )f%tF'%féqno %% ﬁ%iﬁe ﬁlécfui% )P(eeg&e%/al %‘e& hg r‘g%% %F},ep pociiplar CF
fluoPesS@RA! AHEpRYRANTAFERBnéedtrdRorRas hePrMreatdd<with %’fbs@@ circles) or
conpared with the data fromcontrol |ivers. EHBR

withpubfapsn cirgle$)atretebnteidnwetic pdatted yspmi-lighiithoiidaliy mgainstabestime so that

i e T -
relaBssh) BetvedfP e@@é{tga%s&&f R&T/ ala%f@%l 9@&?5@?%15 [CFapp]: apparent

car boxyfl uorescein (CF) into bile upon’co

con¢egtrhigonsaof dpfer f OB @ncentiatiDis fvere dineslyi meldtedreto gray levels at the
concentrations smaller than 3 pmol/L (*=0.996, p< 0.05).  C: Differences in half-life time
(T1r2) of CF exclusion from hepatocytes. Values are mean = SE of 5 separate experiments in
each group. *P< 0.05 as compared with the data from control livers. EHBR: grafts
isolated from Eisai hyperbilirubinemia rats. PB: grafts perfused with 1.5 mM probenecid.

Figure 5 shows alterations in the ability of liver grafts to excrete
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course of the biliary CF excretion in grafts exposed

to varied lengths of cold ischema. Open circles:
weonwsoai2zegr aft s perfused right after renovi ng BRCHIRERN4/014566

probenecid, an Mp2 inhibitor. Open and shaded

squares: grafts undergoing 8- and 24-hr cold storage

followed 5 by reperfusion in the absence of

pr obeneci d, respectively Shaded circles: grafts

Carbqr}i%&lgf’%g&uﬁgfﬁoglg} %nle jncech?ré%l af&gxg%ﬂ g% @1&‘&%&% in time
courdty BE IR i)l'llﬁHbCFeéﬂc?etibﬁtlﬁ orM@ bfosed & B leBEth®fof Told ischemia.
separate experinments. To: tinme when probenecid was

Open enrolesdedntromgtafis pﬁéﬁlﬁ% sigkt. aftensremoviag| §.heayl probenecid, an Mrp2

r.el at i onshi p bet the, CF concen rat|
mhlqﬂi"&or(é%e@e‘ﬂ@esh?ﬁ?d\ge FEprer et Ao T O sforgg Plowed
erkidPNG el abies 4 pdﬂeﬁec@d)l L“é%?éc@i%l?t V@al&d circles: grafts
duration of reperfu5|on and effects of the depletion
nommﬁ:)eﬂfuqeﬂﬁle theqekdescd dfProbenedid.. Clokédesinstas emormnperlﬁ@edi emﬁy isolated
of hiliary excretloQ,@etmeen t he ggtrol g i To:
frombﬁlé%éwmbﬂgggmsm& Bishr Valugt ¥ P er S PhPIEPHY Fixairiments.  To:
tlme%lehgmd)ﬂeﬂ@é)i walirhbved @oﬁﬁﬁ'&?eﬁ'ﬁsa‘c&c 1ARP8ide@reRYionship between
i ntravenous |1 posone-encapsul ated di chl oronet hyl ene
the diFpbosehemidne and Liirescpenintdnsitiees: Bont Abérafiéhshin relative CF

br oken | i nes) en squares: r- stored ra ts P .
concgptgatiops inspilg gpl e%é & var ggtdgrqtlgﬁ ,02 Lpsrusion &Ect%% the depletion
u fr t: P
TIPS S T 5
conttdl Y& hs brdken Bnbecing 8cr-siited Hegplgedfisaf his&§lid fincds)y LRIEht: Effects of
and/or treatnment with OKY-046 (OKY), .an inhibjtor

0
KC td@pt@ﬁ%xbh elnaVepoHs HH@éom%ﬁ“anﬂ’é%t rﬂl‘?hjor?lilftil}'{FQP u@quSHhonate

0 T 1 g e b HTEL o
solids Qhéﬂ)l ODStaV\t%BEESé’rﬁQn%s angE28f ﬂﬁhdutemdnefmﬂm Sephtate Bigiegiments.

that an inhibitory action of OKY dlsappears in the
*P< RS sOBMRIFY vglﬂaﬂwecayapﬁ@E exelusigi dheongpl bers. 6 Cifects of KC

i TR R R g, P> ) GO Sl B of

throfnBex#4atR syhtHee dir Rhgtheding & galaéd k. the B-Hri @id etofags hioevs. IM:
di sruption of intracellular distribution of Mp2 in

indopiethaeingr SloneentiasipessefcOKY a@d AM imgthe storags apfl ainghepleingivsre 240

perfysion (8 hr/ a f f e .
ans PSRN B30k, R BLORL R e S s in e
K C-8¥Yetdt6o1aEKY) Valfes MéSshemn: BLf Sanadpseds eaptdiments. *P< 0.05 as
i mrunopreci pitation of Mp2 by the anti-acrol ein

compoméavitbrih¢ datafiopvenntsFivers Vi <005 ppeumpaed with the data in the 8-hr

store%CTéfE E’2004/ 014566

Figure 6 shows disruption of intracellular distribution of Mrp2 in liver grafts
exposed to 8-hr cold ischemia and 60-min reperfusion (8 ht/R), and effects of Kupffer cell
(KC)-depleting procedure [KC(-)] or treatment with OKY-046 (OKY). A: Western blot

analyses and immunoprecipitation of Mrp2 by the anti-acrolein monoclonal antibody SF6.
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M nol ecul ar marker. B: | mmunofl uorescence anal yses of

Mp2 distribution. Left; single staining with the
w@es/odpl nonocl onal anti body (M2111-6) | abel PEHIR20041014566

phycoerythrin. Bar: 30 m Right; double

I mmunostaining wwth the FITC | abelled ZO- 1 anti body

and the phycoerythrin-|abelled M111-6 anti body. Bar:

10 m C. Semquantitative anal yses of 5 hepatocellular

M. p2, | i zation. % Mp2(cyt/he): .
T e s el L RS
stainirfr@;ﬁlﬂg thB 038 -NBAS HosskiGial tbh’ci&zcg_agﬂml%ﬁ iabel)éa! wigls payeerythrin.

SE of measurenents in 0 hepat o&i/t es/graft
Bar: B0qm.4 Righgdatigle liinyensstainipg vothote F3TCdabePed 2@- Wattiodyand the

oS RGN R GG B, 5 SRR e o
hepatﬁﬁgﬁul%gﬁ IGARRHNG OUb, Ttk I DV QYrdpismibadtemities  of

present invention will be described in nore
Mrp2ietsatiated Aintrinmogdactivipéd eersesettose Mik@yurbdat bile eanaliculigMalues are
to play a crucial role in post-co 15 ischem c
mearhé;%t %%reﬁqsmememﬁp P20 }Fﬂf’émyt%%r%‘é& gﬁow ‘E%Fﬂ??‘ﬁg‘}v&fﬁ- ¢ "P<0.05as
i . i erd! NKIPOWY. 05 2ERbSip e dithahdBsla tollected
com ﬁ?‘g%tﬂ@%gﬁgtrﬁ]g e%Jngl?Pk%rgnkﬁe posat-coPd I schem ¢ :
froml thy 8 hr/BLECt(S) gBap. |ivers treated with or w thout
| i posome- encapsul at ed di chl or orret hyl ene di phosphonat e,
a KC-depleting reagent, were stored in University of
W sconsin solution at 4 Cfor 8-24 hrs and reperfused
under nonitoring biliary output and constituents. An

BESEOMODE FUR CARRVINCSULTHRDINYENSIONI | e was assessed
through | aser-confocal mcrof]|uorography in situ. Cold
i schidereinbelopethe psesantgrvention walk bedeseidbadid morgietall- out put

si gnj fi cant t | I I . .
oy b bR sty Ml B, ARt REDAT SR ole i post-cold
isch@hicHephtatdliulin enjandtheR irdles ion-eXtotic grdodshinagon etmaindednown.
transport of these organic anions. Mechani sns_invol ved
Thisj stedyagialedip amravel pushaples &f iXdn i thenpast-rld dgphemisi e geadts:  Rat
. rotein-2. (M . Kinetic 1L j.ak:
iverd BB B G S PR o BRBAEE lflonelpe iosphonate, o

Kc-sé&ﬂétﬁ{fge;@agém,ws stoddSint URNGBDY bEWiscohsih galutich at 4 °C for 8-24 hrs
signi ficant delay of the dye excretion from
and hepseftigacyangsr innnigoriig) tiliaraeaipue end conmphmentiC- A ppility ¢chepatocytes

treatnment significantly, attenua hi ' LN
- ] . 1d

to QYRS Re AR roEr oo Tk, MR S6erftf o g, Co
isch&ﬁla@e?éﬁﬁ@dn Aff addrGasdd iRUObIld Suhus bizhifiddritiynatof hvd pdthout any

fromthe 7 2005/ 030264 PCT/ JP2004/ 014566 .
notable cell injury. This event coincided with impaired excretion of glutathione and
bilirubin-IXa., suggesting retarded transport of these organic anions. Mechanisms involved
intracellular re-localization of multidrug resistance protein-2 (Mrp2). Kinetic analyses for
biliary excretion of carboxyfluorescein, a fluoroprobe excreted through this transporter,
revealed significant delay of the dye excretion from hepatocytes into bile canaliculi. The

KC-depleting treatment significantly attenuated this decline in biliary anion transport

mediated via Mrp2 in the 8-hr cold ischemic grafts through re-distribution of Mrp2 from the
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cytoplasmto the canalicul ar nmenbrane. Furthernore,

nmechani snms appeared to i nvolve thronboxane A2
w@sharees i n KC, since inproving effects of blPCRITG04/014566

this enzynme on CF excretion and on cytoplasm c

internalization of Mp2 disappeared in the

KC-depl eting grafts. In conclusion, these results

suggest that KC activation is an inportant det er m nant

nop- necr.oti c he ocel ular d sf
CytoPE‘B‘BatrOd{l]’f ‘i?ﬁalﬁ’b‘h@ ‘Sgﬁa e. of &R0l (g} clasl |sor1|9 peared o involve
throﬁl%%'ewz §ﬂﬁha%€ QﬁfK@ SdeOihpi®liRd el Pblotiifg AAS tens@hdlon CF
ischemic grafts. In the présent specification, sone

excratitr sndi at ¢ytopdasarie mllaadlzaﬁ@ ofvire cbsapmar@minu the KERiele’élng grafts.
bilirubin-1Xa, CF, 5-ca | ugrescei n
In @n@afl%xw% Gioulk smeeest Heot G Opy e EEijant determrinant of
L CRom&dsHkARt b ane dekificati
non %%? ? e@gltlﬂfi’élﬂﬁpl)%ls'f@fcﬁo osoE%algi%c psu atse erbication
capatditg hhd)m(gaiﬁt hyibe ne:tzchopkmsﬁﬂme pastesolMsg@miagiafts.dr ug
resistance protein 2; TXA2, thronboxane A2. In one
enbodi ment of the present invention, a method of
anal u t dher
o0 HE ISR TR S S RERHAG EVRRHET i, cpalic
BR-$X&pbilinftad-IXap €l seattayhigeseiar ARDES Uscasbdyflonesain diacetate;
two dyes; (b) obtaining nultiple_ indices indicatjng

EHRRY Bisairfo ilsnbiapmia it (oW rdest eluighions | eeulkuptier “eells; LDD,
l1posorl$ein§rpcg%sglla?£]djd1§l)ﬁ %]iét lene %?ﬂh%h ﬂﬁﬁﬁ?%lt’gﬁ‘%?e?gga%e protein

on o org

2; Tx@grmﬂkm@mhﬂﬁAprgan or tlssue |nJury fromsaid
indices. In the present invention, organ or tissue
|njury nmeans necrosi s, apopt03|s or disruption of

cyto grﬁergd% 0 ftﬂ?gt%?%qe r eﬁ{ 1g%nt108 A%@% dtol?g a%?rez%?égorggn or tissue

tlss vin convent I Ona

dysfafibtitsh 2AdDY hijlr§- 1§Jprofvldé@ rmmmoddmﬂaprismdamlm@gomps
fluorescein salts or propidiumiodide) my 25 be

enpl @é@ellﬁmme@;@mr@sswm@@na@éwwsm | oaded with
i ntr ﬁ?\sn%rtﬁ%’l g nlgnﬂﬁeﬁlg:le in 6ces mcilﬁagfr)l%réetllognecﬁ(])r blgjary 1#({5@?% r%ﬁ\/olving

expe travascul

mol¥éulld tlﬁalﬂgddﬁ arﬁcgkkfegbh,%na&aﬁ@metraa@msaﬂ@qd/cntdautch@dition of said organ
i sol ated perfused organ preparations in liver, kidney,

or tigsuecaslas, gast rointestinal tracts or lung. 8 WO
2005/ 30264 / JP2004/ 014566 flVlJI tiple. i ndi ces neans
cel | (9% V%‘P% © RSP ASHE LY algﬁle 'St ential s,

OXYJ®{ the present invention, organ or tissue injury means necrosis, apoptosis or
disruption of cytoplasmic membrane.

In order to label the organ or tissue under living conditions, conventional methods
using a dye (e.g. fluorescent dye, thodamines or fluorescein salts or propidium iodide) may
be employed. For example, these dyes may be loaded with intravenous injection or
intraperitoneal injuection in experimental animals, or with intravascular perfusion with their
controlled concentrations into the isolated perfused organ preparations in liver, kidney,

pancreas, gastrointestinal tracts or lung.
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free radicals, transport of anions or cations across

the cell nenbrane, cytoplasm c nenbrane potential,
wa@easosi2b4 deat h i ncl udi ng apopt osi s or necr 0si BCT/JP2004/014566

Exanpl es of the nutiple indices include, but are not

limted to xenobiotic netabolismand cell viability. 5

Xenobi oti c nmetabol i sm nmeans net abol i sm and/ or

catabolisn1of any types of exogenous reagents or

| ne at are de Qdy. [ ‘
ConctgT: ks Merss (o Be5 et Pufoatandnay et irape peentials, oxygen
I r ans :
frie F%@%lifgr%@%"’nfg SUTEHiOE oGl Aok’ B BAl mnflnthe, eytoplasmic
m@abent ipgkentinl, tand heetiddéash idduding apoptoggdner aktrosis. OExamples of the

bIO|O i.cally active conpounds (generatlon 10 o
mpfiple sidices lrs%\ed@ fyare myt digited to¥¢nRRetie mstabel 1%3&9@%%&\11%1@

and t S S
00 LA AL B 08 S0 0 e o
exo@how@@geaﬁslcﬁ.meﬁi«amltm arleegﬁiﬂéd 1nCtBeEIH(bdyl on include, but
not limted to cell viability and cell inj ury I n one i
enboo‘?ﬁbﬁ@ndﬁlon W@eapa‘r @g)éﬁypqsmfeﬁwfeﬁnal gtafesy of living cells including
molec o olec tr ns rt o d” a ¢llsj, membrane
S T e s M U

ween ce t hei r "surroundi
poteﬁﬁ:ﬂy thiﬂdS@x%né&lpm ffm@c&lom g‘dn@ﬁéﬁﬁﬁ aF BlolGE 1§ MRt e é’orh}hﬁnds (generation
interstitial space involving | ynphatic systens and/or
of b@@ﬁﬁ@@wes)x bleed,8ew(aad glssusn dxzgenatian.iand luptake gyt exeratian of anions
m_cr oanat oni

and 83?[ Oélﬁ,ta .t%%e -OE gﬁicllfc}gsm% I H&%IIFY Fﬁlcth 3 DEGTONP PL apopf:osm Examples

of cAP&ERUditionl ifdludte bMOId¢ Sindifed kd MirviabMitly @hdcely Rfiyl | ar
systent neans macro and mcrocirculatory systens

|nvoIV|ng 20 conducting vessels, arterioles,

CAP! 1! B e S ecch BEEon X B BALINEN asentation”

nmeans pat ow | nt racel nol ecu
meah€ gR¥ghpiie drelalﬁbﬁishﬁﬁ eheBideh agdk | aldathesPagfoundingt :ﬂﬁlctures such as
_ present invention, a nonitoring of whole-organ
micipygreniap n%’ﬁtemﬁr anbtibe sinfeeyitiple Sp@ﬁp lfb’yb’@’& dymphadist sxgtems and/or
sue sual

|
com%ecgve .Ilssusu qs r,gy..bﬂezg%apﬁc%la gst% urlél tl%u?r\]/tfzr:) autF I J€ Qéﬁ;gfé of the

VI

microBiddtorh el ditRtGeAMdIddR] bt @ol nmécm@tml@ r&aﬁlmbﬂa@h&@b&@ in liver.

activities. Aterm' quantltatlvely nmeans

det eAnﬁemt“ivaﬁ@ukaalsm@n’f meeens paraans mipagklatiry systems involving
Conllé € erq Y ﬁ re%%a%nvfurfctlonal par anmet ers

ﬁ P%?ﬁees %ua{t HOE™ l%h f 2P VB out put

det eprem@td:QPetDh PattvRiyC aMbshd pHBREE tBaCNoRSinRhdeBuIdL mdfecules to

phosphol i pi ds, chol esterol and 9 WO 2005/ 030264
be ECTEEPRIODEGKIEGHUlF spachonat e.

In the present invention, a monitoring of whole-organ functional parameters may be

employed to investigate organ or tissue injury visually or quantitatively. A term “visually”
means capture of intravital images that include quantitative information of biological
activities. A term “quantitatively” means determinating values that indicate biological
activities. The whole-organ functional parameters include, but not limited to bile output,

determination of bile constituents such as bile acids, phospholipids, cholesterol and
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I n anot her enbodi nent of the present invention, a
met hod of evaluating drug toxicity is provided. In
wa b@spsesent i nvention, the follow ng steps arBCT/JP2004/014566
included: 5 (a) labeling an organ or a tissue with
dye; (b) applying a test drug to said organ or tissue;
(c) obtaining nmultiple indices involving xenobiotic
nmet abol i sm and/ or cell conditions of said organ or
_tissue; (d) analyzing the organ or tissue injury from
bicgdhiogatendi ces; and 10 (e) eval uating whet her the drug
have a toxicity to said organ or tissue. In the
present invention, a drug toxicity nmeans any types of
har nf 4 andiet @fﬁﬁocﬁ’&entrcﬁ' AXRbRnAhveRBeh,d M&HoPHr dvhMbidl drug toxicity
cells involving inhibition of enzynes or transporter
is Ifrgwd@d ons thegprasept wyewsfon the fellowgng stepsiadeincluded: not
glfﬁd t o inhi b| .or of C transporter 15 (e.g.
eslingiag onzan g a lﬁsr‘f'leB’Ylfho ®of nrp2, cyclosporine,
Eﬁ%ﬁwdﬁﬁ?{ n&%ﬂ%&d'ne etc.). A word
app ying a tes rug means contacting a drug of
|(th cfhtammg nmligplg anlices inviolvesgrenolihtc ohetabolisoxanci/dryceliragnditéons of
| uated by anal yzing the organ or tissue injury from
’$%M¥5§§1 »For exanpl e, when indices for function
0 enit is
ggﬁ?ﬁggggqn%&%&§ﬂ9&&rug gﬁgaﬁﬁggﬂ??ﬁngggrter) has a
t(oxavalubting whethe the dmp have 4 iogkite to salthapart draiskuedi ces are
kept stable, then it is evaluated that the drug (e.qg.
ABC transporter) has not a toxicity to the organ or

tiss

the i Tt AEeRECRFBchT MY Ahadt ML AR S ASEN AR ions of
relybgads depmadieints exclighg oskllofinilgagiiahibiticanst aesmest & transporter

for an early event |nd|cat|naythe graft dysfunction

ﬁ@ﬁﬁ%‘@d byaplgant die drag indlydey byt nof Kimitsd t@ Hibghitos ok é.ﬁCatransporter
I
grrlgdgﬁgcdd Eé’ al]ci;\ {}xﬁlbﬂag éfr\;\lg)tf %c{l)(gpor?rf héc?rpa%{af H1$| slpoattmum 01met1d1ne

ebut crltlcal enough to cause the inbal ance betmeen t he
cel lul ar generation and 10 WO 2005/ 030264 '
PCT/ Ji20od) Grelses @fé@f drugd rinesns gpifagiing »daigapfdinterest to organ or

tisé(i;lI i {l‘ﬁ'@ \afh agox}cﬁglnaa%/ \Qaluate {F)Jy talgah?zgrtli theE(%(l't%%lBg g%ue injury from

OI‘C emau

sorfly sidides !t | By ekhmplel @h@rﬂﬂﬂlde@fﬂr ifurRoi€ BRAIACA BC it#86hoRYr are changed,
di sappearance and dilation of them while their

thegdt ippyakinted dhapdhekdrugde g ABEGtirapspozter) han h éesdcity to the organ or tissue.
When the indices are kept stable, then it is evaluated that the drug (e.g. ABC transporter) has

not a toxicity to the organ or tissue.

The present invention provides evidence that the impaired ability of hepatocytes to
execute the Mrp2-dependent excretion of organic anions accounts for an early event
indicating the graft dysfunction caused by organ or cell injury such as cold-ischemia followed
by the short duration of reperfusion. This change on hepatocytes was subtle and

non-necrotic, but critical enough to cause the imbalance between the cellular generation and

10
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the duration of cold storage exceeded 8 hrs. To our

know edge, it remai ns unknown whet her 5 such a
woeesiarespt i ¢ dysfunction of hepat ocytes exposSBUI/IRR0G/014566

relatively short period of cold ischema could be

nmedi at ed by post-ischem c responses of sinusoida

cells involving KC. As hereby shown, the reduced

ability to excrete organic anions via Mp2 was

exrF b Pl BHIONE an Gtk isor dte] EEMIOl e BB fisy duraion
for %(ﬁg 1§jc¥1§ ﬁ;&] t(? N6 }%Q I;]rﬁ!.‘é ?Ps?!g{cgsﬁ] tor Bfle I\élé)?ealcg? Ak Ah&9cterized by

ransp or I schem c

dlsaplﬁi:ﬂnbé ahd difutéont (ﬁ}lhaﬁmvﬁxld’ ﬂreierb@}gbﬂﬁtnethrkJi V\Iehal Ieept intact unless
transporter from canalicul ar nenbrane but neither

the qurgiandiiseldoitorage ¥cedsied 8 hesan dioj asnkagwlpdaend Feoaainoynkpe yivhether

such?% Ingl?—tnlec\zlle 6%%' {nléc 1?}1 Io?:ﬂﬁpatoc eé rege«{&sggzg gbélgi{l\\fl a slllortS ?%1 od of cold

1sché1’ﬁﬁ &ullu b6 Ghélliatéd 6} §BktaAschhid RREITseEs bOEinGOaRI Tdéﬂs ﬁnb&\vﬁng KC.
any notable oxidative stress in the liver grafts (14).

As hegeby shome, |thmseduwdcatkax)|ny tg edereter oremEnENIDBY Visi Mep2 was completely

rest(m# %}é éjl ? ng gl(z% Ptg{gemvﬁv?rﬁegm% }ggllﬁ% 41%dé%a? €11 in mechanisms for

the S)¢ffndhst.i on, because its content did not differ
i'rrespective of the presence of KC. Hepatocellular .
cont €he¢ iropaikidddt af Mrahmddatedjmrepm frathe 8-firgpost keld-ischemic grafts

rans orte functio but to play lit
resultt W) SibRlapmt el o b absbali® i parlindalgSbiane but
neltlﬁb(?tf?&ﬁ QPG IURSIT thlk %allﬁe@lc%ﬁp h&tonS i droaP Bilﬂ@tﬁveﬁﬁéélﬁe%tlon of the
havi ng undergone 8-hr 20 cold ischem a. Since the KC
trangpeptee by oitsetf; dhinds cahdigentt wigh i Iprdvyotmfouwrwathmtfakdreeﬁélr cold
ani c ons.in normal live ch an al.t
ischigfl s FepetSD 4ot ML RHORI 458 MOFRoIeH @A SUesh s e ef Brafts (14).
Alt&ﬁﬁ)ﬂg tin TAQD, rae§698‘?r§§a%t ¢hr tfe thRliARRREnDEr McbDIS, @D, 41), are
unl ess the graft had undergone cold
unlikedy he play- 2 eplerifi ulsd BE-médibted uigkfudetonj berduseeith amriterislid not differ

rempi ned. unknown, esent, .results s st )
e Sp R DIV o PreatPor RAB oy HORRORE e GOBEBHEA Hath R determinant

for the &r(aﬁ%s%rteﬁgum c@; bl BRFy HH18 LiRle 951% aPQhISn iR RARSHshY, %’ﬁ%e any

ervation t Hat the prevéntive effect
dlffetrblﬁ:es erzy/meable héthietrothe WaS-depd atfrgednd | cpnica rprat sl hmfmgmntlé‘rgone 8-hr
KC-depleted grafts | ed us to suggest

Jat | KC .
coldclég;?rge(rp@ -ut %gceathﬁ.é?% derdglignedid gt gt t@%%]%lrtgirqfd\gmz to excrete organic
anlohmr?ﬁ&ﬂ{a'l ﬁ%ljs ou%&%é&géﬂhé H Xﬁé}%ﬁéﬁb anthe afts appears to

epat ocyt es. has been thoug
resuhOﬁr@ntrei]joﬂh@gbeIaC thattdaoims b@ntrlggermuﬁﬁﬁlﬁfh@@%%ad undergone cold
PCT/ JP2004/ 014566 vari ous types of cells, previous

ischgmiggieperfysion;i aehaeghgdvailed: mischankys, remaingdypplrawp, the present
e 8 SEHOBRLL P, D 0 i SRR, s o
of prostanoids released from KC (37, 38). Observation that the preventive effect of the
enzyme inhibitor was completely cancelled in the KC-depleted grafts led us to suggest that
KC constitutes a major source of TXs that trigger internalization of Mrp2 into the cytoplasm

of hepatocytes. Although TXA, has been thought to exert potent biological actions on

11
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formation of primary cultured hepatocytes (42). Thus,
further nmechani snms by which KC-derived TXs cause
whepavsreed | ul ar function should be necessary. BCT/2004/014566
new y devel oped nethod of the dye excl usion anal yses
fromgrafts preloaded wth controlled anbunts of CF
reveal ed that re-localization of Mp2 occurs at
hepatocel lular levels and results in si gni ficant
deterioratign of the ft f ncti

varipfy Biog® o cofi Tavings SPEs GENTght BRI Tl eipnendly stabl

met hdit@bY T@A‘ﬂt RUB|ORBECAVAE Rbh ‘Pﬁoéﬁﬁn&a‘l’ 9H§te1§£@é/\’h&9th€fé}5y triggers bleb
ange in the t| ssue cont ent’, any. Since

forrmtgmnoﬁ painiapy) cekureé shepstotytes m)or Thubsﬁuethcrenibﬁhamsms by which
yieldjng the osnotic drjiving for for bile
Kcé]@l“&eq %E?é‘ﬁ%l’é?ﬂatoﬁflﬁ‘@aqfé}?ﬁﬁll%ﬁ“ SS? 8eE¥ANCct i on i n
bi | € 1hE lﬁleaz ar (?e?lgfoged HleﬁxOQ%(frtﬁea éx@lugllag a gs@s‘tfrom-r aﬁs preloaded
notion is dl so consistent wt our servation
witiBedttrodlt® a@du@s af CF reveafpdali®de-docaligivh of Mip2 bﬁﬂhm:itlhepatocellular
of the output. In this context, the inbal ance between

levelnarslgendisan gienificant dsterigrmtioniof |ﬂzﬁ\yh<&9cslia@tf%ﬁlonof AgRequyg Figure
3, th{1 8&1‘? estc%ﬁf & 1h§an?l& 25824 fllﬁ%ﬁ gﬁﬁa&lgb e < ‘la'et Hr&‘ﬁ{&t showing any

gure [Tver can

chaf¥Cihehe tigfp fc@%tbxmitfeiny 7SO thichdage ncios S&Resl a¥ah¢ fiajor substance
bile within 20 mn of perfusion, consistent w_th our
ylelgme\xh@ gsmetiqdiivsg (@9 fordﬂletew@ -welerepdent bile farmetion, ifsagrption in

bllelgoqqgi qgg Ilt01r1]1 gi%%pegseb 11 glﬁp gtmi{;t "l%&d {)}%nb C%l% COHSI&Q& with our

r CO | emc dgr

obs&@@@&fmamhm&e@graaadismyéﬂ ggﬁlﬁc&E}eduetm o'fmls@&mpm
amounts of the pignent were elevated but never

decr dagusicantext.d aml:@éhrw: bﬁweﬁeew@aen@m genexpgine gng biliary excretion
r af t.s

r ol Sk.nce of Xa rel ea
of FRTKb I LA dn hara: MubgPTgH Bl Pl ok ARy Figure 2. the
contrBERRr c@S BkdrSte approgigfitely 8% dfh:ﬂd@géh&lsl BRIEdiitodikeithin 20 min
synt hesi ze greater anounts of the pigment during the

of penfusion) cmxsmnh m@p@nfmsvlguﬁ sthde( seO@ilgﬁe@ﬂléﬁhmdomlCh a rapid

t.heir ¢ e it Thi s not.J on
i §8idh oA PG PebRar St Retioh Blseler VeI rae S As Judeed
by Bilidfyt cohﬁ@ﬁkﬁﬁ%shﬁ‘m{-m&}(g%?@ﬁ?l theta|B§bl§tte lafSnts b e @%ﬁem were
enzyne for hene degradation This event is of 25

eleyagtdnop mymrcdlquassélas pmpparrt:@mth the won-eold ischgpaic wontofl grafis.  Since
onses of ..t.

T ST ST TN T -

sug}gé%‘{v’dﬁ@%?e Bill idcHEh R Gafts dRhdsBE at&ter MlolAk 0fehe pipRRAt during the
and thereby protect the post-cold ischemc liver

initigt 204rsin rapctrﬁmwg;hthan shesk caxpectedifrom thsir sbpaciy gb yexhretenttunto bile.
o St s ool SR oSU i e on AT s e
oxygenase-1, the stress-inducible enzyme for heme degradation (43). This event is of
pathophysiological importance from a viewpoint of anti-oxidative stress responses of the
post-cold ischemic grafts. We have recently reported that low-dose bilirubin can ameliorate
oxidative stress and thereby protect the post-cold ischemic liver grafts, although its excess

dose is obviously harmful (31, 43). In the grafts exposed to cold ischemia, reperfusion
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could cause two inportant events that critically

dictate hepatic bilirubin netabolism increased hene
wale@samsiasd on and retardati on of BR-1Xa throughP®f/p2004/014566

Thus, conbined actions of these two events could

result in accunul ation of this antioxidant sufficient

enough to protect hepatocytes, while their prol onged

effects lead to hepatocellul ar danmages and 5

yperbj lirubinen a i he l.ater period of.r US| P
e Y
increARA HeReY i E3aAREn AR BlafEtiAY of BREBES ttBrobER MRS T B, combined

expressed on their nenbrane help their degradation and
actiogxafi thtseawp evergs pedd resek yn £c88nuBHYn ofhist amgioxidrgsufiigiest enough
anti - oxi dant organj ¢ ani ons. such as gl utat hi nd
to PIRIEFL hesasYSha PRI DroIHas egsts denctonehintos i, Bffpses and

- - cald § ' on THus, 10 the bal ance

byp e'g)@?r &ggﬁﬁltgdgﬁgedflaget? g%‘iﬂg%f? ﬁ%gﬁﬁ%o%f ei cosanoids and their
r emii@berfé¢saima poegna barytasof eobabotlisg whild Ipatocytes and ATP binding

redi stribution of the anti-oxidant, ani ons i n and .
CaSSf‘éFPdtﬁﬂépoﬁﬁéi)ét‘%‘;&eésonaﬂ‘élrtfﬁ%m@ﬁ?e Belor et Gegrrdatiognd excretion,
t limer nt, Ak | . ' hi
B E0T8 2, Ot SRR e ROt 1 s
and BIB@8IVare M R ihedit dxdietitn prtovildimdhe hedt-coldusmhtmicagrafie  Thus,
information on intra- and inter-cellular kinetics of
the ilancat hetwisen RFametatedsynthesie Bnesowpaids aide theyy removal from
xam ne | - Vi el Aol es, £
s T ] St AR MBS, B e
hepafdc{18§ Sn®therdty ditalet fun&icarPhRcdrer of Hixel toivsplantatiqn: e Kéhimediated

invention will be described in nore detail wth )
remodelireg efhdsp-npgliatesl piganie Gniop ifansp ok deFpTves furfher gudigs grayided that

not.ed .that the technical. / p t1. N
o RO R R, 601mR5 PRI OB g
becoRfed aVElRIS 2Ranfink MR (PYieldad alifomboldhes esplérsermendsain early alert

protocol s herein described were approved by our
mechanssni againisbsvdsequgul axédativesiress ey thgezrfby t he Ani mal Care

Committee of Keio University School of Medicine. Mle

Wstar rats (220-260g, CLEA Japan, Tokyo) and Ei sai
Exag%%_?_er bilirubinema rats (EHBR) 13 WO 2005/ 030264

/ JP2004/ 014566 (220-260g, Sankyo Inc., Tokyo) that
had Beembelbivpthedrésericneantion svill be [dagseibed By porerisiailayigh reference

o S B! T e T8 WRGEIERRE of e prsen

invention is not limited by these Examples.

Materials and Methods

Animal preparation
The experimental protocols herein described were approved by our institutional
guidelines provided by the Animal Care Committee of Keio University School of Medicine.

Male Wistar rats (220-260g, CLEA Japan, Tokyo) and Eisai hyperbilirubinemia rats (EHBR)
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with the oxygenated Krebs-Henseleit buffer as the

base-1ine perfusate (17, 18), and stored in the
wniogesess y of Wsconsin solution at 4 C for dBGT/iR604/014566

| engths of tinme (14). Wien 5 necessary, rats were

pretreated with an intravenous injection of

| i posone- encapsul at ed di chl oronet hyl ene di phosphonat e

(LDD) at 24 hrs prior to preparation of the ex-vivo

28285 R i Al g Bonen g FRE GRS Bpauat gfow and tap
wateR veerd FREADW Brs @efdﬂa @ﬁ%&%éﬁ@f fL%eré: 6f RsfalRkre pert&used ex vivo
conpl etely, as judged i mrunohi stochem stry (20

Wlthfthfeqﬁxylghmt@bmbsﬂ{ﬂnai@@t bltffae ag tief ase-liee per@xsal’e |(y7, N8y sad stored in

th a. 10 t ort i nj ection-of 40
the) Upiversity of {Ya %SS’PP%J%% ‘geﬁOf u@a&d eflﬁhi wé Time (14). When

nec@%%\é@e Nads egrexk%uglfeﬁéatécp }}? aft’ ﬁﬁ%‘ﬁgu? n(S:fe 11?(2;831% de'nUe{Bsulated

taurochol at e at a const
dlckﬂbtqme_ml)ylene dipsosphbretep@ D naydxt ](1r3iébr1o2id preﬁﬁﬁtl(ﬁﬂ@ﬁﬁhe ex-vivo liver

Xper | me either OKY-046, an inhibitor of
Pef?%f)ﬂan%&s%g éolﬁlzst(er?mscogfym QOB DPEVIQUA SIS HA: FO)( | Ky, described
pregi'gu%l Ing}hp aﬁr%ed { %MI% r%%iél% Plﬁ"%rg é:efé\%lsal : oﬁéog#plet%év as judged by

1mrﬂmmh|[5m:bhemim§r(120)it I afier ((R2Jold Betapeiheaidfonwat gehderiagd with a
ti ssue constituents Bile sanples were used to
transperé ninjrstien et maly jabnthe opctpisd aRingpy golytign gnd perfused with the

oxy%gr%ﬁ% E{Iﬂ;ﬁ&: %Sthf ré%g%éﬁuee)d o Elgsteg%z?f) n%&&@%ro%?% gt 30 pmol/L at a

congaheflow 8 nflymat) anz Mﬁge-lplafbklﬁddd (ML20% OIHBE Bém@ SHF¥Yiments, either
us 24G7 (24). This nonoclonal antibody can
%53 r@nz@h@m xﬁ thropbog@ienin T XHelnsyetbeseadri rmgiomedugmt (IM) an

SRR T O 1 T e it

desttehyshicagesiase(22).DH) wer e neasured as described earlier
(17). Adenosine triphosphate (ATP) in the liver
grafts was deternined by the luciferrin/luciferase

as scrlbed 25 where (14, 21). Cyclic AW
Detgzeitz ?%tdon and tzssug g?nslzz?uei lg d by an enzyne-|inked

i nTTUTB)FeOfsbnﬂBIes agery us&l ol AEMhmES eRBent¥IBAS NGM1total bile salts,
Bi osci ences, Bucki nghanshire). 14 WO 2005/ 030264

phopgtmlip s oEdneEt g BBthions| (BSED 20 bblunubmﬂy(oeéaﬂ é?m)omr ad)es BR-IXa

rbo quorescel quo escein
wa Ao RO o, R, FF RSP B e Gy Pt k) 2467 0. This
moﬁcml&izlgﬂltﬁ%@ﬁ cdrRcoghize- BRDFXOL e@k %ﬂﬂ?ﬁa@ Geth&8fering F‘x‘oﬁuct generated
dye, di acetate (CFDA) was | oaded transportall

SW@ﬁP@M theoyghyde SHQt reB@ionnas| ddscefibed d@lieri (34j AS) he\ctlvmes of lactate
deh%rogen%cs:ee (BISH'} wergTrrr?elaéul?ed as described earlier (17). Adenosine triphosphate
(ATP) in the liver grafts was determined by the luciferrin/luciferase method as described
elsewhere (14, 21). Cyclic AMP in the grafts was determined by an enzyme-linked

immunosorbent assay (Biotrak™ system, Amersham Biosciences, Buckinghamshire).
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5 probenecid, a potent inhibitor of Mp2 (26, 28).
This reagent can enter hepatocytes and is hydrolyzed
whooemsesase into CF to be excreted into bil e ¥ABJP2004/014566

29). After the 10-min CFDA |oading, the liver was

perfused with the probenecid-free buffer to trigger

the excretion of CF into bile. In the cold ischemc

groups, the stored grafts were |oaded with thefCFDA

cont ai.ni ng buffer for 10 mn in the presence o
Analy&ﬂ&ézﬁw GCTeHiqy TRIT PP B esEival of 10 probeneci d

andegiy eC?ggﬂl;d?égEelﬁ E?f Esuﬁ{ 8%a£19ran§o% %ﬁh EQEJC?GdSl?&ng\gaﬁious cells

CO| rom t ese rations were

throughnMirp2 (26 27). udhessen pfbcﬁl@@scbﬂ tBizalye sSCIiRetarr (UFE)i\)OkU&s loaded
using.a 96-well multi-channel fluorescence

tranw@ﬁ%‘bt Iphbe ot nt SPhemeldader dfenins inudice piseericor efed.5 mmol/L

r tyi the i soshes
probeHV\Jla&\ggl GP%Q%HI% 11&11,115{&11 ¢ 12)5 \Xzé C?:%iﬁl reag?qt ﬁ%‘?‘ ggtgr ﬁ%agtogytes and is
hydro@?g&i mmrmqmﬁ) @%Qfefeﬁéleféﬁ enthn@(lmHlmby esA fdr thdP0-min CFDA
anples (26). The 15 concentration of CF in sanples

1oadlf\8a§16élé(leﬁ waw%ﬂlsed with Ithﬂmﬂbmﬁdﬁfme affegndrigger @ excretion of CF

. i SS hat e byf seen l.ater

o e LR <01 G BRERR AR 1 e el et R ' e crpa

contalﬁiﬁ@%iﬂf& iféd 1 nvthtih thé %seﬁéétcﬁf Probcheds; Smpfdueﬂred hblyl teffoYal of
CF lifetines were determned as the T112 of th

probe@e@pb n@htsubﬁeqmc agperfhisios , for H0smiret MRk sagnpless eaik:ntedv@om othese

| oaded into the perfuse
preparpiG Wers e AR B AMcsssb R Rsms Bt Bl Gt usine a
96-weBXBhluIh@fhel klh&%ﬁce%éi@e@tréﬂ@fd)%té{“ t"hhe@ﬁeééﬁfe%nﬁsr\@ere performed
af orenenti oned protocols were observed through

under j ¢piilmination akdA0 conf dwalsoshiesticoftavelengn afhtheadye which yields

30 | i
uoreii@RiH b5 TRAmp TG MirFrimsa du PH: wi¥s o Gy PegisorCBhe The

conceRFRDARE CFah s%ﬂl*é? Das bﬂrbra&&i wie Enémént%fu?h?& CF dissolved in
reagent, the dye was inmedi ately exclude

phOSphﬁipdw&etysaémp eXg isedneldter |1mﬂ?&31ﬂtsl €Foanedrnitratibris {dp€ired @o decline
I.I'y di sappeared

di_ spl ay. honey net wor ks,
expongrtgaly dHith Uy & @P‘gbﬁbﬁ&”‘*ﬁ@“@ﬁa 17 ¢§ ?fweawr%ﬁetm@p% as the
T, ofd80Xtbheihl QHAGE | OTf3! M Rdno PR TRseLidNd B thd Vit ts of CF
l/20repe|rfu§ed Mﬁtg t he buffer c%ntalﬁgﬁg 1.%&%@#?1anmunso
loadedpintitbe perifibed Tie. | aser confocal 15 WO 2005/ 030264
PCT/ JP2004/ 014566 m cr of | uor ographs were captured by
an inverted-type m croscope (Di aphot 300,

In sztuhﬂmﬁéa’%n iohd a%%léll&’lﬁ;e@F‘%cél iyptensified CCD camera
ﬁ% otonlcs and nulti-pinhole |aser
C orﬁlmragraﬁs dandsd ovith( CBUksig, thY cfagaemtionke pidtb@]1Lele observed
I

througﬁ\lintravital laser confocal microfluorography as described previously (14, 20, 30). As
shown later in Results, CF was notably loaded into hepatocytes in the presence of probenecid.
Upon removal of the reagent, the dye was immediately excluded from hepatocytes, excreted
into bile canaliculi (BC) to display honeycomb networks, and finally disappeared from the

parenchyma. To examine if the dye exclusion depends on function of Mrp2, some grafts

were reperfused with the buffer containing 1.5mmol/L probenecid. The laser confocal

15



10

15

20

25

m crof | uorographs were digitally processed into 8-bit
gray level images. To calibrate the 5 fluorescence
WO paosn3i2e4 es, known concentrations of CF were PCEpR0@MH14566
invitro and the inages were captured under the
i dentical optical paraneters of the canera. G ay
| evel s in hepatocytes were neasured by vari abl e
square mﬁndOM/(Z X 2 m using digital imge processor
. 8, 31 At | east 10 different h atoc es in the
micrp{luorggiathy cWeiFe|ARMER (it ettesiyert K’éﬂrﬂff@w  Pigphot 300,
t S
ik DFKE) FABBRLCRIN imRUR, GOD Bferd é‘?ﬁéﬁr igiifaiign Photonics) and
multi-gimhblec dhsef o corfocst weRsssoed(CSUALDe YataghwonElgurey Co.).  All

| evel s were converted to apparent CF concentrations
micrgBpeygerapls werei digikallyoproeqssrd fn 38y Haysilgyshieagens Torhirate the

ﬂumgﬁcaeﬁ!éez gﬁe%%?g%%]lgg?\l}m @L&gﬁ-%&n@ %r & ‘%ké%gq‘l re%lt o z e(#' Fﬁi thF images

as an i nde

wered 2BRORE. ukler ShOVillerltidhle bptidal Rk cias dfoﬂxlé’ad:dn)era Gray levels in
functioning hepatocytes were characterized, by

hepamygﬁgdﬁ%w Imrasrﬂrﬁd|hymgar1ahlesmuar@uwwdﬁy @cx nimf buqlmﬁaéglmb image

procgsusplf g&h aY\)ﬁg /%C]:ea gtefg\éirliier f te'pa Oﬂ,’gelssl%qﬁ s}%g C%Pi%fﬁetl{ls of interests
werd SRiZ08 YA 8 SinglW Exeripiesk. bksﬁﬂlﬁfﬁé @R fBGrdsédnbd RerbitieCmeasured at
was counted in the area of interests. Approxi mately

the 1{vepSunfare ipidentinal iq these meashred dn Wessobtighygrexi lavels avess eqgiverted to

e R P o ne e SR IR pedassupmis Tz

di st e Rikbi BAduLRdEMBIpHEH ErMoPekaih @RBteL )éhﬁ%e@fn BO@etworks as
grafts, the liver sanples were fixed, slice

an 19dfa<| né depdtodellnlanslameesn alASamOMhi'ot&yerl\/IleE\QSUGS ma@ﬂﬂufngctlonmg

t ud Th t th
hepdgry e e Tl Ry @8&@5%‘?&@8@ AR Bhodgue those
damh g e jude s By ﬁ!ﬁgaltdqiagg& rlc@8Lthe SARERERIe BC network.  The number

n1crof|uoro graph nm as described el sewhere
of SL(chﬁntaQtﬁae@apcywsnsmnodadedthy @xphdte) BCElihg bEIQFZ\ac’!Si Q@nntad]@h the area

of a0 B HHRLOR, REG 1 IR BYForberondr HMbPsbay » sinele

exp @D &r sE@ valu@fiGisher marker expressed in
hepatocellular junction (33). To determ ne changes in

t he proteln distribution in a sem -quantitative

o e S WS BB ol 22 Y

MONOPHL MRS bS i l{blz)E?gl%éytéélélf)the Ih&s GhaYivirusbRs %@é)@h sliced,

wer e neasured ‘at cyt op asm c and canalicul ar
and dtaimednwith ra mosodighat dndpatyobisiibs, ackobrdireast pevibus fsedgn®2). The
sites for
antigen on the sections was visualized by phycoerythrin-conjugated anti-mouse IgG and
observed through laser confocal microfluorography at 488 nm as described elsewhere (20,
30). In order to examine BC localization and hepatocellular internalization of Mrp2, the
sections were double immunostained with a monoclonal antibody against ZO-1, another
marker expressed in hepatocellular junction (33). To determine changes in the protein

distribution in a semi-quantitative manner, single-stained microfluorographs of Mrp2 were
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each domain were chosen in a single cell to calcul ate

the relative values of cytoplasmc intensities versus
wo b@soansespondi ng canal i cul ar intensities. SuRtiT/aP2004/014566

measurenent was carried 5 out in 40-60 hepatocytes in

4 different grafts to construct histograns of the

percentage cytoplasmc intensities of Mp2-associated

i mrunor eactivities, being defined as % -Mp2(cyt/bc).

The el evation qf,.t.his i X Waloys i
con Q5 SR s S0 e O FRERES 020, pRassed by
cytoptRIRAEES cAMNOdar fn QNN PinGE AbpBodhd. t RosasteX fiffesut sites for
to cold ischema with and without the KC-depleting

each plooeadwes hosethén prsvxgioicel] or calpdandhe selativegvalygs ofgypoplasmic
. synthase inhibitor. In order.to .exam iff ' .
el sty RAGTRIP B R PO B gy afh § msh g el Larrcd
il QHES 1 @c%fé Minbd QlifrBa! H8@S toVeb Bt hiktogkagdt ofUthe N@rcentage
mﬂl?ﬁgpsa#g%ﬁo ocl onal antiG%dy. Ve aIso_Ln%éstigated
cytopdsiriie atihtomstidsn afxiMet2-assoqiasell f inomtnageactifiting, pbepg defined  as
I rmunoprecipitating the ~protein by t ant.i body .
%I-Mpp3(Ertee)t o Ths) plsvet sf’g s a‘ﬁé‘f’&%@éﬁg}ggnanaﬁﬁr?aggr18 | then Mrp2
i i on g‘f’eﬁ‘ﬁé ReDeolpiifd afndfle thdTontrsit hfksSdndGRdse exposed
‘“mngﬁgﬁégés ?ﬁgkg%atlsticé?ﬁgignffic%nce 3{ é%ta anong P
to colti fstlesnen twithxpe rvithent tile KE-deypstinggsocedatedn thiengrdsebge or absence of
one-way ANOVA and Fischer's multiple conparison test.
the Tl syathagesnhibore onsi der ed si gni ficant. Results Storage

ti mi{l %?cﬁeg g)d%%ﬁ’x}iﬁeeﬂﬁg e.h‘%g_iﬁ’é/{rp% %}%rgs}éfo?_liﬁ tHeMwHdl&/B¥er grafts among

grafts. est the via iver grafts, the
the gf®ipeawesta@h bl@ahayes dehydmbgenassng thetsiree mpeodorsal antibody.  We

erfusate was neasured,  as an_i nde f Il. lysis. As .
also SeerigaPdTAISTAOnS ™ WEOHATPE RSB L MIPS RIGMIOREIRTAne the
proteférl(l) é};latl © esmt}b%?{r] Il\églll-%rt% ﬁjgg\ﬁ Ripdstethh SRI1GREs ?gﬁn n@tiaRlofein monoclonal

ion o ate ydrogenase. WO 2005/ 030264

mnt@{CQBQQQABQﬂ4566 5 Tablel. Effect of the duration of
cold preservation on the release of LDH in the venous
perfusate of the grafts. Length of cold storage (hrs)5

StatiSHeal E\;%%geg} -R
The statistical significance of data among different experimental groups was
determined by one-way ANOVA and Fischer’s multiple comparison test. P<0.05 was

considered significant.
Results

Storage time-dependent reduction of bile output in liver grafts.

To test the viability of liver grafts, the release of lactate dehydrogenase in the
venous perfusate was measured as an index of cell lysis. As seen in Table 1, the grafts
exposed to cold ischemia for less than 24 hrs did not display any notable elevation of lactate

dehydrogenase.
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Control 20 635 11 831 725 9 16218346 2445+843 22 48878
377*1206719* 10 Data represent neans SE of
wore@sisesents (mMU mn/g liver) fromthe graftBCEHIPHM014566
onset (0O mn) and 60 mn after the start of
reperfusion (0-24 hrs; n=5, 48 hrs; n= 3). *P<0.05 as
conpared with the value in other groups. At 48 hrs,
the | actate dehydrogenase rel ease becane evi dent at
bei ng and end of the 15 60 m n reperfusion, show ng
that necrotic cell death was undetectable in cold
Tabled CRARCOtIh@UhRatioRRATERI pRsdrodtion {1_‘@“16214&]4356‘ of DBE in! fB€ venous
current experinental conditions. Figure 1 illustrates
perfusate of thergafts.of bil e output as a function of
reperfusion tinme in grafts undergoi ng varied Tengths
of cold kfch 1a. As seeg thPaneI A where sodiu

Hmin-R
=y

conpan@dll e to that in theo2@ controls at 38 mn but
decregsed it at 50-60 m gjahter the initigd, g
reper%fsion. In the graféz% exposed to prgzggged cold
i schem a for 16-48 hrs, R a reduction he out put
becam# further evident.4PaBel B of Fi gur#42%5howed
the t4&e course of bil e878cdVETYy nonit ol2@47M9* t he
absence of sodiumtaurocholate in the perfusate. As

seen, the gr reated with l.d,_.jschem a for
Datg GRS AR T oI AU EES Ly Gieib Er R Dheiaisat the onset (0
min} pred 60 mpntaftep thegtark phraperasiom (b4 ihes; y=ek cAlehtsor= 3).  *P<0.05 as
comparad atithithereala@snid ddiek proups.n i n post-col d ischenmic livers

bservation of a significant decrease in bile flowin

the grafts undergoing 16- and 24-hr cold ischema | ed

¢ : . . | :
us tg: ge h&! ik MR AR &eﬁyc‘ﬁégé{aké fé?éﬂ&ftrefc%ﬁé’ Qitas 35?%19%?nd end of the

chol estati ¢ changes. gure 2 illustrate
60 nlih Irepecivrivhj showinfgsharmasutie celbdeaitOwad undafet@bletiin eold issBémic grafts
of .reperfusion 18 WO 2005/ 030264 PCT/ JP2004/ 014566 _ |
PGSR {O fist thap 25t Hndes the quiieat Pasrigrentet eendiftons nigyigyl illustrates
- C i | e - CO . i 2 .
time e o ) G s 3P RReGPBE ERLIRIOE et grahs iy varied
lengthsndtdoldiscbdminaghs téamein Ranell & whens eodivh tplrodplund was ddded, the

di spl ayed notabl e reduction.in both concentrati ons and .
grafts | expesed;to, 8¢ ésc&pa@dncreased their output to the level comparable to that in the

controls at 30 min but decreased it at 50-60 min after the initial reperfusion. In the grafts
exposed to prolonged cold ischemia for 16-48 hrs, such a reduction of the output became
further evident. Panel B of Figure 1 showed the time course of bile recovery monitored in
the absence of sodium taurocholate in the perfusate. As seen, the groups treated with cold

ischemia for longer than 16 hrs displayed significant decreases in the output.

Alterations in biliary excretion of glutathione and bilirubin in posi-cold ischemic livers
Observation of a significant decrease in bile flow in the grafts undergoing 16- and
24-hr cold ischemia led us to determine bile constituents responsible for cholestatic changes.

Figure 2 illustrated data of bile constituents measured at 20 min after the onset of reperfusion
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exposed to 8- to 24-hr cold ischema (Figures 2A and

2B). Considering that phospholipids 5 are primarily
we@2@sesed from hepat ocytes into biliary conparP@Em2004/014566

t hese data suggest the presence of hepatocellul ar

dysfunction in the grafts stored for |onger than 8

hrs. W next exam ned biliary excretion of GSH under

nonitoring its tissue content (Figure-2C). Biliary

concentrations . in H were significantly reduced at 8.
that FEE FHFIdS PR 05 SOIER UL PO R e of - o A ations of
bile 5d1i%td M6 LM £ AVMEAntRBA IR ik AR RAEQIS stSpkke fifle, SARR th
lei n 1(1) Fi gure122%?§, higélpat inc GSH cc;ntg%t id nsot chanege 0%
of plimesploolipidendisyadsted moRblenieduatipen buthi concentmtidrtseand dhuaés m the group

stored for 16 hrs, the content a ently, increased as .. .

expoged fostr tp 2grhrieaid gchenya <1flﬁwre%?éiat1@ 381 * Cardideiiss e ShosPhotipics
. ¢ aini o0, fusi

ore Y AD' B AGREY SROTER WAL GE0E ROy gt
preséieabf hépatceekbllarady sfibttiomwsia thegaftedorkd fimlaigecthhaBihen,

showi ng that the 20-mn reperfusion follow ng 16-hr

col dWVr Jeneataniawk biliaet exrdivgeott (et Baden merjiprEignifseiisug gontent

. 12,t-he . : .

it L0, S B SN AR D B0t

as a fin¢@618 of 88 Ublt Stokdge MineTp ale e exapfinddtiephticdvapat 6f GSH: as seen in
bile rather than fromits reduction 1in the grafts, so

Figurea?D diepetie CSHaoatsat didmet oleancs hefpieand efigi? Orgithreperfisione e In the
st SRS S ol 2Rl BEL s MRS o nversiy o

Wisddinki soRiti@fiRBhtafid 65Ed Upod WBninhep& AR} héweRg thetontent was
As seen in Figure 2E, the biliary 20 concentration of
rapidirrapress¢chtortheecantiof lexel a3§33H was wpwived Gp@reirgalgtion, showing that the
significantly ele ed . .n the. 8-hr ischemc,gr .
20 s R ol YERE S e O Pahor P Tt PG Hient i
the grifs. grli‘hfeEeSr_esMﬁd;ﬁgg;@i gt R4 dBEres:0 lilbilisigN@SH @xcrefibrt indthe post-cold
concentrations of BR-|1Xa were abruptly decreased.

ischgrnigiversaesulis|fipst napadnenhef dhirfrspgrt tf bitehiathgr Bian droppits reduction

. .elimnate. endggenous BR-1Xa i.nto bile. As seen i.p Lhe

in UG oHEPD OgRar O TR PEechm SRt Cofep APgug | S5G Ghlb Soreted

thro®dhIMrh2,CRB et SQETIARD BkerMidnliiA bi%ary REndeRirktichs FOBRIIR, a bile
perfusion. On the other hand, the same duration of »

pignrepp extretidothrdiigh i sameusanspertdt aAdesseeaibe Figure HaE, the biliary

oS S R e S RSB s o
8-hr FRUEM R DS SRS LARE MakRRAE il the t16-he X6Fa85 8rdube Pinﬁ@ ri'l%thle grafts
Ooba

into bile. 19 WD 2005/ 030264 PCT/JP2004/ 014566
undeguing @é-dir cabkisiedwmemtinitial ddnpentfatipst gfoBRBK o were abruptly decreased.

. ca vil uorescein exclusion. Al.teration in g jary ..
FiguGS 2} SLISBFCS e Bt RAL BT R milF SopEgerD PR IR biuile.  As
seentifi®he control grafts, hepatic content of this bile pigment significantly decreased within

P
the initial 20-min perfusion. On the other hand, the same duration of reperfusion did not
cause such a decrease in the 16-hr treated grafts. These results suggest that the ability of the
16-hr grafts to generate BR-IXa de novo surpasses their capacity to excrete the pigment into

bile.
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ability of Mp2 to elimnate these organic anions from

hepat ocytes could be inpaired in 5 grafts exposed to
w@e@sosiged cold i schemia. However, since initiBCT/JP2004/014566

amounts of gl utathione and BR-1 Xa were different anong

groups, neasuring biliary excretion of these

endogenous anions did not allow us to nmake a fair

conpari son of the organic anion-excreting ability of

the grafts. To overcone this difficulty, the grafts

were | oaded with CF, an exogenous organi c anion, and

Globlal &ndElbtdN B sdskiént bf M 2YeRaion by e okthorddtdif exdission.
exam ned. As seen in the left 10 gﬁnels of Figure 3

hepatlteasianuinabiliay exestipmgf 45k and BRebip arisgsd @ paﬁﬁm!gty 'that the

a3 OGS SRS O Bl PR B D B e i

grafté Bl J3ed tPPRAGHEeH Rold iShERia3 CHoWRES Sinkd thifidlaimduB® of glutathione
hepat ocytes were viable. This was al so consi st ent

and BRtIKor wenel differshicamiang gneupsomedsheng biliewsexcution Lolﬁltl(%m(@genous

o s S o ST RS o
graftE aptAbVerSathd ahEHithiRg, Aé tg?aﬁ%aﬁ@é i Sadbd WltﬁlQEF"aHgaxogeno?shorgamc

oneyconb net wor ks over | obul e within
aniomyi ahd| ies elirhination frofi hppe®c@Ay int@ibil@ Svasi exafmired. r |Ag|'spen in the left

o LT ey LSS 108 T PLSE 0 o
expogﬂg & @%elﬁofeﬁ 5@ 1911 lﬁ)?c bLREIT idSHeRla. (Vs rW‘als‘:’!Eonﬁrmed by the

nges 1 n bi retion have occurred
ﬂuomﬁfemwliatemsxmnﬁtry indhatro8€) indicatingihet thx dnbpascoaytes axerg vidgled This

an el evation of the basal fluor cen e at
was 2@S%rfd>nalﬁ@afpp‘@§r TR Q RI88 RGN oepts et LOH Table 1),

Immg&Fﬁ%igJCe{'ﬁ“ég ﬁgetl%iug% folf Er necfid! Enﬁ g}r}]xg(ggﬁﬂ gt(; m:% A gclﬂe% in hepatocytes

es e C ent I n
was @paﬂy ebioeawd)ﬁﬁﬁbﬂ@caexﬁoahdfednmg [hdneyicemh anivarksosveR the otaile within

05 R oM BT, Yo e COR ieene
s Gl ARSI T) ) ol B 0 gl

repeHilsidn, OtWcee ndifor t:]li&hgéwmbeﬁhaﬁf ¢ patetyd dave hatunel: eetardation of
etely surrounded CF-filled BC decreased as

I
hepagse BMIFOAYAClisian qssw@%%a anrrdevetioal the hasel dluowderwes gin2> min,
and g‘ts%]jg,gga%? aﬁlfGO%Ecﬁ‘[%%Ug{ gf&l%e %nglpo%f’arr %@{wd& %Sggg?%tgé Iﬁnﬁ'}micrographs

nce elnitra

colldepadtoy s TIRSe Chdiigey bélamel dvident angexfisaixpeed 0 axtutlded cold
24 hrs of the ischem c duration, norphological 20 WO
ischengig 5¢r2d0me ShpbattonPoyois/ aus88)-changes i n BC appear ed

to Séc g !s%%xt-xfngl {t¥1e gtte &6011'3 ax%a?lc&l instﬁ&%%lgroﬂlugro%{agﬁsr captured at

10 min showed minimal but notable changes in structure of the canalicular networks. As
seen in Figure 3B, the number of hepatocytes that were completely surrounded by CF-filled
BC decreased as duration of cold ischemia increased. Such a reduction of polygons became
readily apparent in the grafts stored for 16 hrs. Since the initial CF loading in hepatocytes

was comparable in a range between 0 and 24 hrs of the ischemic duration, morphological
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exposed to 8-hr cold ischema did not exhibit any

significant changes in norphol ogy of BC networks. The
w0 eqoansiesd on of the CF exclusion was further eRrENIFOG/014566

in a quantitative manner 5 by nonitoring tenpora

alterations in the fluorescence in hepatocytes of the

grafts (Figure 4A). As seen, when probenecid was

perfused continuously, the dye stayed in the cells,
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absence of 10 probenecid, T1/2 S a nogLnateI .. 6.
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excretion of the dye thyough %Lgs into the sinuso'dgl
probengeideT (2383s. approxipately SmRCVBEY Indihe Bresese Bf prpagngeidihe decay was

excretion.n 8-hr cold i o n
Subs‘[ﬁﬁ%%l"é’%? dtsgg%eﬁgl? A areg(frﬁél&ggﬁll 1 lgﬁ giﬁll?%zet\%-sé(;r}ﬁc grigeen T of
the stﬁ%ms@h@ﬁiafzg&ﬁt fSex@retVIP| ast SerBRenY @rdafer, ringit@asthe midway

end, the T11Z values for the dye exclusion were
betwekat the nomiad valpg apd-thgtimeasgyed infdivess of EBFRal Totoulst bhenselpgd that

To in Fi A, the CE t s ' ' )
v 08 SRR b s v

is dub B @mpeB¥Rbry etietiorPoflthadyei tBidugh MipEREEtheRBusdidd] space (36).
observed ef?her in the presence of probenecid (shaded

circles), or in the grafts isolated from EHBR (cl osed
' , | hat .M p2,i 1si bl e. f
Bt ks Gy iRk et s e ERITt Bifiae

anal yge theh titiehStedol Ralubté @he abidifyt 6f fik F-Rdcdi@liscBeraizdordfs as a
hrs, the 25 decay appeared to be slower than that in

wholehte exomter OF.s. TdUghinend; e dat salues foo sheedyef ¢xshisionewge Hetermined
. ischem ¢ grafts, |ogarythnmic.val ues.pf .t ha.CF D
(Pigeg aoerb i 1 BheEhal SR HELAL i PieHE3Rh i 5 “ongepyraops i bile

Inky x?c@éﬂgé@a?n fRiall€rdthrAtd ®4h@Basal [EWHICt SR aQfansient increase was
“ﬁn%%kZF usi on f%%e 6 I gure 5B). The T112 val ues of the

not ebgerved elthesiintherpregentd efi pobemeside histst wireles) heingthgfarafts isolated
rort S S AT 008 088 e xrion.
Wheh! tHECF dRRsRANH a%EIE‘edLiQQhE K010 Tiver tgtﬁts%t(ﬂéd fR!and 16 hrs, the
decay appeared to be slower than that in the controls. Using the data collected from the 8-hr
ischemic grafts, logarythmic values of the CF concentrations versus those at the peak (10
min) in bile samples were re-plotted as a function of reperfusion time (Figure 5B). The T

values of the dye exclusion were then compared between the grafts treated with and without
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I schem a exhi bited prolonged T1/2 val ues than the
control. Such a difference in T1t2 between the two
w@e@ap326eonpl et el y di sappeared in the KC depl ePCTiaP2004/014566

grafts. To be noted was that in the non-cold ischemc
control livers, the KC-depleting procedure by itself

did not alter the 5 Tli2 values indicating that the
aneliorating effect of the KC depl eti on becane evi dent
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St an0| , We exam ne

prostaﬂ@h@rfetebswl ffork Ianat@anca hhﬁértpﬁ)@t ddMdiscAdmis WopdiessL®7aB8). To
the prostanoi ds produced via the cycl ooxygenase

this p@d mﬁfayts iof QI@‘HO&@ amyghibiteroefl BX 4t S)&iﬁhﬁé@:ew@‘ﬁ exgginedat As seen in

or  also

Flguge( Sgh &81?15’3 1?rh é)f t€5 orﬁg;%ﬁ%t %.égﬂltm\??{p tgs g Skelage and rinse solutions

abolREMAEMEleNse ifTUT, § AL The EF ELGHSSorPiImEM Colpfetdli t$ifice the TXA,
-hr cold ischemc grafts becane di sappeared when KC
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endot oxi n-treated l'ivers (39) exam ned if “such

could hanlg}@ta:oﬂuaggreb@tq the dlix evdluen tAmslms\mh dnis srhabifon ralioh@tenuated the

f the 2 sh
ol LA B A2 0 PRCLEL, SO Pl Ve ei
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as in the 24- ischemc grafts (data not shown
ofTXBsﬂK@xbpnﬂad |f the protein by itself was OX|dat|ver

nodi fied as a consequence of post-ischenm c oxidative

insults. However, no apparent changes were found 22 WO

IntrdeRBmbP $Q%@€ilzfaggh‘]ﬁ2@pp4j @}485—@6 cold ischemia and its attenuation by KC

depletion.

Since KC is known to down-regulate Mrp2 in endotoxin-treated livers (39), we
examined if such a change could be involved in the mechanisms for the dysfunction of the
transporter. As shown by Western blot analyses, amounts of Mrp2 protein was unchanged in
the 8-hr cold ischemic grafts (Figure 6A) as well as in the 24-hr ischemic grafts (data not
shown). We also examined if the protein by itself was oxidatively modified as a

consequence of post-ischemic oxidative insults. However, no apparent changes were found
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as j udged by i nmmunoprecipitation using the
anti-acrolein antibody. It was then examned if
whepavsreed | ul ar | ocalization of the protein i sSPOD#AI44566
in the 8-hr cold ischemc grafts. As seen in Figure
6B, its localization in BC was markedly reduced, while
t he background fluorescence in cytoplasm of
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significgitlyf nbanved thepdindeiaternahizationging tlapd preatpeni@itlp K¢ sdeplegion pr with

/ | ATP r 8.91.0 vws 15.9. 20. 5
bloc RSP St b gL e e Bl Pt
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retrieval of this ATP-binding protein by the KC o
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b b P P e bl oPUTVS Y ainr ol Ganergy d €310 vs
9.2:p15e Gl C Bler’ GRIEAMP LhHREntWEESectvedY) OUBhese dfedPBRE Guelt that
for its organ toxicity. Overall, detailed nechanisns

ameligatiethef intacelbilayretrizhalod tiie AhBdinding pateimigy the KC depletion did not
atgtoxi city. upon routi cl i ni chem stry remain
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detail through the present intervension and turn out
to block only transporter function w thout affecting
INDUSTRIALAOPPLYCABHIIAM nodi fication 25 of the chenical
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turn 981 o bRIcK 0%%7 t%sﬁ&%?@%ﬁ%&lltﬁﬁ/ aﬂfggtg%%eﬁ Jvfla"_&ﬁﬁy, minor modification
of the chemical structure would be effective to be applied for clinical use. (2) Application of
the present method to immunodeficient mice implanted with human cancer cells allows us to
examine specificity of any types of drug delivery and accumulation to tumor cell aggregates

in vivo or to intact tissues. Such an application is extremely useful to examine the delivery
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CLAIMS 1. A nethod of analyzing organ or tissue
injury, conprising the followi ng steps of: (a)

wo aslosnzes an organ or a tissue with dye; 5 (b)PCT/JP2004/014566

obtaining nmultiple indices involving xenobiotic

met abol i sm and/or cell condition of said organ or
tissue; and (c) analyzing the organ or tissue injury
fromsaid indices. 2. The nethod of claim1, wherein
the organ or tissue is atCEéﬁﬁﬁ one selected fromthe
group consisting of |iver,~kidrey, |ung, pancreas and
gastrointestinal tracts. 10 3. The nethod of claim1l
or 2, where the step (b) further conprises a step of
lobt Aiméthgl ofianelyriag atganioc t$sue injagt catrpasing thevfaBewing steps of:
syst§$hgnd/or excretion pathways. 4. The nethod of any
one elaneAn g T 8 tissaV i Y% he anal ysis is carried

oU St PR TR Ve EEA DR oo

any e ce con
I s afsaiccagin atBsuel ndel ected from the group consisting
of cell viability, cell injury, nolecular transport,

and (%) EbyraEdne aigan anidtsio YU fom seitkiRdigesof  eval uat i ng
2;:” u Q\Pé gx)é{hghtoy clafnf Mﬂe%ip %et (H'ganf oqltjs&wip;% 1% tsf o s%{e:cted g‘r%)n the
abel'ing an organ’or a tissu Wt R gye, B applying a
t esgrodlp Wensishing af ved/lg@ieyOlungd,ipatdi€is ad@ ghstrbin@datind] Riabg.
mul tiple indices involving xenobiotic metabolism o
3andFbe metiof of elaian 1 pod Whste Bigistep db)farthascomprisag @;step@f obtaining
anal yzing. the or. .or tissue injury, fromsaid
ARl SR ol R sk Bk B Bty
4hav ghéumemst oF by di of BlafndT &3] vilerdid H8 URalysls is EhgiclBhNAshally
of claim®6, wherein the organ or tissue Is at |east

oneaw¥orapipeigfativelyn t he 25 group consisting of |iver,

ki d u ancreas. an strointestinal,.tracts. 8.
SThe TR PRUHT 8 BT o R b R R e Berisp ¥ inlpastione
C ONRH1dctSréin HletRow coRbis@idd Mgl vibR#R RABIMAR, GRdlecular transport,
orientation of vascul ar system and/or excretion

pat Bwkpgochondrid dunetieimod of any one of clainms 6 to 8,

SRS AL SRLYBL ok RoFRaL B o SHEL Y 25 0
(a) labeling an organ or a tissue with dye;
(b) applying a test drug to said organ or tissue;
(c) obtaining multiple indices involving xenobiotic metabolism and/or cell condition
of said organ or tissue;
(d) analyzing the organ or tissue injury from said indices; and
(e) evaluating whether or not the drug have a toxicity to said organ or tissue.
7. The method of claim 6, wherein the organ or tissue is at least one selected from the
group consisting of liver, kidney, lung, pancreas and gastrointestinal tracts.
8. The method of claim 6 or 7, where the step (b) further comprises a step of obtaining
microanatomical orientation of vascular system and/or excretion pathways.

9. The method of any one of claims 6 to 8, wherein the analysis is carried out visually
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and/or quantitatively. 10. The method of any one of
claims 6 to 9, wherein the cell condition is at |east
wo@e@s/03ebect ed fromthe group consisting of cePCT/IP2004/014566
viability, cell injury, transport of nolecules in and
around cells, and generation of biologically active
conpounds, blood flow, and 5 tissue oxygenation. 30

and/or quantitatively.

10. The method of any one of claims 6 to 9, wherein the cell condition is at least one
selected from the group consisting of cell viability, cell injury, transport of molecules
in and around cells, and generation of biologically active compounds, blood flow, and

tissue oxygenation.
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