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has been shown to have anti-inflammtory effects in some nodels. Islet

cell transplantation is a viable treat ntlFf the anelioration of type |
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10 1995) and inhibits platelet aggregation (Mansouri ef al., Thromb Haemost. 48:286-8, 1982).
Inhalation of low levels of CO has been shown to have anti-inflammatory effects in some
models.

Islet cell transplantation is a viable treatment for the amelioration of type I diabetes (Lacy
et al., Annu. Rev. Immunol., 2:183-98, 1984; Weir ef al., J. Am. Optom. Assoc. 69:727-32,

15 2000; Berney et al., Langenbechs Arch. Surg. 385: 378-8, 2000; Shapiro et al., N Engl. J. Med.,
343:230-8, 2000). However, the processes of clinical islet transplantation are made difficult by a
number of factors. One factor is primary nonfunction (PNF) of the graft. Another is the need for
high numbers of donor islets needed for a successful reversal of diabetes (Shapiro et al., N Engl.
J. Med., 343:230-8, 2000). Both situations reflect the same pathophysiology: the substantial cell

20 loss in the graft within the first weeks after transplantation. After transplantation, islets suffer a
variety of stress factors such as hypoxia before secondary vascularization (Carlsson et al.,

Diabetes 47:1027-32, 1998) and exposure to pro-inflammatory cytokines and free radicals

released from macrophages in the microenvironment of the transplant (Rabinovitch et al.,
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D abetes 48:1223-9, 1999; Kaufman et al., J Exp Med. 772:291-302, 1990;
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transplant donor a pharmaceutical composition containing carbon monoxide, obtaining an organ,
20 tissue or cells from the donor, and transplanting the organ, tissue or cells into a recipient, where
the amount of carbon monoxide administered to the donor is sufficient to enhance survival or
function of the organ, tissue, or cells after transplantation into the recipient.
The pharmaceutical composition can be administered to a live donor, to a brain-dead
donor, or to the donor prior to and following brain death.
25 Optionally, the organ can be treated in situ in the donor and/or ex vivo with a
pharmaceutical composition comprising carbon monoxide.
The method can also or alternatively include the step of administering to the recipient a
second pharmaceutical composition that includes carbon monoxide, before and/or during and/or

after the step of transplanting the organ or tissue into the recipient.



In this or any of the nethods described herein, the organ or tissue can be
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and/or function of the transplanted organ, tissue or cells in the recipient.
In one embodiment, the pharmaceutical composition can be administered to the recipient
within 0 to 20 days, e.g., within 1, 2, 4, 6, 8, 10, 12, 14, 18, or 20 days, after the organ has been
25 transplanted into the recipient. In another embodiment, the pharmaceutical composition is

administered to the recipient at least once, e.g., multiple times or continuously, from the time
beginning 21 days after the step of transplanting the organ or tissue into the recipient for as long
as needed to ensure survival of the graft. The pharmaceutical composition can be administered
to the recipient upon determination that the transplanted organ or tissue is undergoing or about to

30 undergo rejection, €.g., chronic rejection or acute rejection.



WO 03/000114 PCT/ US02/19687 Optionally, the method can further include the
step of admnistering to the donor a second pharmaceutical conposition
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ef f ect i ve naimainingofie andmblaell irovioriinlthe presencewéithelagmosphere [that includep@dbiong CO' 100
g medi um andélgal nt aining an isolated cell in the medium The nedium can
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0.0013, 0.0014yr &519&1151@ cell 04hltien Bs PANESlanted (HIZ 0 recthi&id.2The ELI0AZhe cﬂ)tﬁﬁbZM

0.0026, 0.0028, 0.0030, 0.0032, 0.0035, . 3Q.0Q.0037, .0.0040, (%, g 0
0.0044 ¢ @tm_@gorg)r FP@HISGM the recipient, or it may be obtained from the recipient. Further, a carbon

20 monoxide composition can be administered to the recipient prior to, and/or during, and/or after
the transplantation step. This composition will typically be in the form of an inhaled gas.

In another embodiment, the animal cell is obtained from a donor by a method that
includes administering a composition comprising carbon monoxide to the donor and obtaining
the cell from a tissue of the donor.

25 The invention also provides a method of maintaining an animal cell in vitro that includes
providing a culture medium containing an effective amount of carbon monoxide, for example, at
least 0.0001 g CO/100 g medium, and maintaining an isolated cell in the medium. The medium
can contain, for example, at least 0.0002, 0.0004, 0.0006, 0.0008, 0.0010, 0.0013, 0.0014,
0.0015, 0.0016, 0.0018, 0.0020, 0.0021, 0.0022, 0.0024, 0.0026, 0.0028, 0.0030, 0.0032, 0.0035,

30 0.0037, 0.0040, 0.0042, or 0.0044 g CO/100 g medium.



4 WD 03/000114 PCT/US02/19687 Further, the invention provides a nethod of
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t he donor, and ranspla I nto recipient. The ani nal may
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reC|p|ent toin an anount carbon nonoxi de gas sufficient to enhance
survi val @fep§ off ecthiinistenfig thelive a‘rtsph@imdedbnoe& phanmacaytical cempesitiontconTpRging ar bon
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gas t'hat

mai nt ai ne(ﬂeo%ﬁedtn THé brdifhal &llaﬂayaidmwﬁbarfﬁnc@ﬂmdrmaﬂﬂg; matheeecipianpotiiti@aybé or t o
the transplant step. For exanple, ~the animal .cell can be rl%&at ai. ﬁed in a

i qui d medpiaimet him tha sqcipiens. Hidesifedsq caghon ORAXiqs cOBWESIHON cagy g%t e/ 100

g medium fe e pleg%prio‘?@élmd%} %nga&i%}%ftepthg 1842880 Gtep.0. 0008, 0. 0010,
0. 0013, o APg VOIS, 0. 0016, " 0. 0018, 0. 0020, 0.0021. 0.0022, 0.0024,
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9 CO’ 1 0 Qransp(iianlfle@mto a recipient that includes the steps of transplanting an animal cell into a recipient
and before, during, and/or after the transplanting step, causing the recipient to inhale an amount
of carbon monoxide gas sufficient to enhance survival or function of the transplanted cell in the
recipient. The carbon monoxide gas can be supplied in the form of a vessel containing
pressurized gas that includes carbon monoxide. In one embodiment, the cell is maintained

25 in vitro in an atmosphere comprising carbon monoxide prior to the transplant step. For example,
the animal cell can be maintained in a liquid medium that includes at least at least 0.0001 g
carbon monoxide/100 g medium (e.g., at least about 0.0002, 0.0004, 0.0006, 0.0008, 0.0010,
0.0013, 0.0014, 0.0015, 0.0016, 0.0018, 0.0020, 0.0021, 0.0022, 0.0024, 0.0026, 0.0028, 0.0030,
0.0032, 0.0035, 0.0037, 0.0040, 0.0042, or 0.0044 g CO/100 g medium).

30 The method can optionally include the step of exposing the cell to a carbon monoxide

composition ex vivo, prior to the transplanting step.
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30 The method can optionally include the step of exposing the cell to a
carbon nonoxi de conposition ex vivo, prior to the transplanting step. 5 WO
03/ 000114wWB@3hWEDL/ 19687 The carbon nonoxi de gas can be &dmusvyi®sed to
the recipient prior to and/or during and/or after the transplantation step.
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east abodf magh yftePmiie niE 3 hasle gl b BB e 0

10, 000, 1Q6pIEdM:; 0206 hedBhocROMy BEdenot XA OPctEDEA00CLUr gnier taor dginggemovdof 000
ppm car bon nonoxi.de, and.a .l abel .describing use of e t.Q . nce

sur vi val eorg%flﬁugtprﬁgﬁlm%éﬁlgl,emt fuggﬁrés?tl%]rcagg F‘Ee‘{}spr%g?%rd gr,lﬁ%g?i ng or

af t en5 t r agsiRfvahg fhrspran@fiod. N&lt@rdtivaly, the $A1i@ss can Ot idabel ia thedrgars tigat) @ntlls
Also within the invention is a sterile cell mediumthat includes nutrients
sui t abl e feoivosaiion R HISPIgNAROTHIATORE TEEWIti n culture and at | east about

0.0001 g carbo ' idBof Shaufactdte thBdadludes A06Rel ddnld
0. 00086, o.ooos?hgmgg%ﬁ'%o&%f%ﬂv%f g%%’tdmé’.fooﬁ,aco.eoonLG, 00018, o.nog%g,

0. 0021, O0pbRaRizedgOmA} captai2s least 00WA PPy e.§o3DIeash b 2, 10 56,098, 159, 37,
0. 0040, O:5B08: s, 16007 26th, 06871 d,66b, 90TBSb, 450,006, 368Y06'46,066. 368 080,204 0B
20 to 1,000,000 ppm carbon monoxide, and a label describing use of the gas to enhance survival of
isolated animal cells, tissues, or islets before, during or after transplantation of the cells, tissues,
or islets into a patient.
Also within the invention is a sterile cell medium that includes nutrients suitable for
maintaining an animal cell in culture and at least about 0.0001 g carbon monoxide/100 g
25 medium, e.g., at least 0.0002, 0.0004, 0.0006, 0.0008, 0.0010, 0.0013, 0.0014, 0.0015, 0.0016,
0.0018, 0.0020, 0.0021, 0.0022, 0.0024, 0.0026, 0.0028, 0.0030, 0.0032, 0.0035, 0.0037, 0.0040,
0.0042, or 0.0044 g CO/100 g medium. It may also contain animal cells.
A method of maintaining an animal cell in vitro and then transplanting it is also provided.
The method includes the steps of providing a vessel containing pressurized gas containing

30 carbon monoxide gas; providing an isolated animal cell in vitro, wherein the cell is disposed in a

medium that contains dissolved carbon monoxide; releasing the pressurized gas from the vessel
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A method of maintaining an animal cell in vitro and then transplanting it
is also provided. The nethod includes the steps of providing a vessel
cont ai ni yopsesEW i zed gas contai ning 30 carbon nonoxi de @a¥USPr/®s8™i ng an
isolated animal cell in vitro, wherein the cell is disposed in a nedium

t hat cont g RsmOinS®abyphereCamBASIn TN Heroxidelgas Siangaining tiy @dldn thepedeg@ff r om
the vessel 6 WD 03/000114 PCT/ US02/ 19687 to form an atnosphere conpri sing
car bon norbxateesRigES; andhiransplanlingdhs ¢l 1pQIareqipieRthe presence of  the

atmosphere; ang, LWH& vk Q@%@ 6r &RbddirhdHiLofahé RGEMioRNthe céiNcalb¥ af cdlN&For
(0}

above aspects or diments of the invention, the cell can be any cell.
For exanpxemplehtbe cell ¢andwnn einmhcelrsuglnps apsimary sepondaryaopgelliime gell. sheaother y |

or cell line cell. anat her X t celd t. of _a,
pancr 8at i cexla@Plgtt!he 8@89@%5 pég(%? %?n%ﬁ%gplfgef’le'%}ne'%usoﬁ%g?ﬁgérga.q{o o %’F'\’/ae}wecrel l
a fibrobl Eb%tl;l 2 forbelag, dTEdr’]rfeﬁh}Mrtbﬁzl dell, ﬁndmecufabcftﬂil%" a gﬁrbt)];cte,a Ipmplenctyte, odia lstynmﬁiebcyt e,
or a stemcell. In each of t ex VviVvo t hods. of t i nvention, the
tissue is Ipreahafdy ¢ %‘G’tmﬁh%cf(%gﬁdm@ﬁﬁ?‘hﬁ%snss‘ﬁ’PPTeéerqﬁyaﬂ')ﬁWﬁf(ﬂ“B CBT%%‘EI, and
the cells aneirRh SHAbRBIS6INRI tﬁ@&ll@h&%ef&%lz%oﬁﬁd bffod cBI arRGEOTTR aktoRpanied a
significant nunper of red blood cells. 10 Unl ess otherw se defined, all

t echni cal tyrukigificant nmber pbreddlagdsellter ei n have the same neaning as

comonl y under od one, of ordi 2 A O Whi mn?e
i nvenfion bel ii{g%s? O%Wgeu%e}%mﬁ%taﬂé%gﬁ%ﬁéh%‘%%ﬂrt{hglttg%g |Ehrrsr‘f3 (1 %e?e‘}g’gh‘%g‘&% valent to
t hose desachédagmg asesmimoniyandéstoodisednd of ordigarpskititin the adrto tvbghitig ifntidme

present invention, sujtahle nefhods .and.naterial r descr.d bed bel ow. All
publ i cat i difiongpapithue Hﬁhogéfl‘?‘{}ﬂgtf’“ﬂ&flgﬂt"%?r e&HHa@Pﬂﬁh‘}S%ﬁ%ﬁﬂah@??f%ﬁﬂ ned
15 herein Qc@in thEHYabRIRk ?ééti@%’ofrtﬁé FeQRERVéMioh\Rithble RictHods ¥nd hiteGaS &reOf
conflict, the present specification, including definitions, wll control.

The mat er i deseribedrbelnwe All publicaiionsypriest applicatipny, palentatand ethshrsferensgs meptioned
i ntended t,0 I 7t - Of iavention
1% 128§ ate nﬁo%dr%'?é}ﬁde % %ﬁreﬁcgﬁ{ HET EntfH 'eglg(\é%gBP&ﬁﬁh&’ tht PRsdnf

wi || Be apparent ow ng detal scription, and fromthe
clai ns. 20spRESGRORTihOMiGEdERMWNNGSIRogtroll The nmterialsametpodgyland ¢xampidsiargst r at es

the effect. of t.reatlmen f t§3TS,‘;I3 ell.l i with increasing concentrations of
TNF-a. Fi g‘."“%rag“?%"éa‘g‘i%"gh‘? nde "e%r 888 ation illustrating a FACScanTM
anal ysi s of DNAthérfeguoms it dd@anthges BTE3 iehtich Witl eaippargntt fraathedollowing h

TNF-a. 25 Fig. 1 Cis a bar graph.that illustrates the effect of
co-t r ansf edstailad despription; anq Gorg theglaims.

20 DESCRIPTION OF DRAWINGS
Fig. 1A is a bar graph that illustrates the effect of treatment of BTC3 cells with increasing
concentrations of TNF-a.
Fig. 1B is a graphical representation illustrating a FACScan™ analysis of DNA
fragmentation in BTC3 cells following treatment with TNF-a.

25 Fig. 1C is a bar graph that illustrates the effect of co-transfecting BTC3 with a —gal
expressing vector (pcDNA3/B—gal) plus control (pcDNA3), and treatment with either the
caspase-3 inhibitor Z-DEVD-FMK (C3-i) or the caspase-8 inhibitor IETD-CHO (C8-i). Gray
histograms represent untreated B—cells and black histograms represent B—cells treated with
TNF-a for 24 hours. Results shown are the mean + standard deviation from duplicate wells

30 taken from one representative experiment out of three.
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expressing vector (pcDNA3/(3-gal) plus control (pcDNA3), and treatnment with
either the caspase-3 inhibitor Z-DEVD-FMK (C3-i) or the caspase-8

i nhi bi t orwbEBD@HO (C8-1). Gray histogranms represent untreatiesd2/isstel |s
and bl ack histogranms represent R-cells treated with TNF-a for 24 hours.

Resul ts shown af£2hhea BRGHaphSshandialight eeopeRdus@arbbhi Aithehkip tamasubstiogt feg FRD-1
taken fromone representative experinent out of three. 7 WO 03/000114

PCT/ US02/ 1868pxFiapase?ld whend Qrdrachvisypis bislsed. egray histogemsgenrsisst witeptss f—cells

nonoxi de ca bstjtute for 1 hengox se-1) when i Vi is

bl ocked. @ 91%% E‘P@é?%%%%_‘ﬁ&?ﬁ#%%&%é”é ed R cel %posgﬁ bﬁ%bkgﬁéﬁtﬁé é’s/‘JtrEc‘)ﬁg(r ans
represent g3 eebh SREAUASERAINAE IhedNNEsiandiid 8404008 ifdeh @Uplisatdivend @Rert feorfi 8hi¢IM

deprivation. Results shown are nmean standard deviation fromduplicate

wel | s5t ak eeprésentativhexpsrimepront efrtheeei ve experiment out of three. Fig. 2B is a
gr aphi cal representation of T =Y NA | 1N
(3TC3 cells fo‘llm:f%\%li3 ﬁfya grlfp lgﬂ?epi?fégaﬁﬁ ﬁéhnyaﬁﬁy%gr b%%l m)ncgg eﬁg%gﬁét% ih
treat ment prdgsheeliiNfol@wingFidthouRCedterd withrcaghoa pionokide aft¢rateatgent tith TeFegenous
carbon nonoxi de protects (3-cells fromapoptosis in the absence of HO 1.
(3TC3 cel | s wefFig REansbacranh ilipsiratipgthglaxogsngpeeahagmoridsmioteetp Bzaels {fame
exposed to_exogengus_.carbo DROXHEE. ' Al®, 6.& - ted
aa?%o%s]‘. m tEe %l?sg?ce A HER @ﬁ% celg\g%g_lfpgrzﬁtf?cgé S rlea§ 6%5 %ﬁ)?%h?glg%%&@

(3-cells C ograms i eprese , or

et opqgi de Al wetixp6deado ExbgBfRIu Bhrbe Rohysadd. (Brai istoaetinsrepdsenResitated psbudien
are nmean standard deviation fromduplicate wells taken from one

r epr esent and blacle Ristogiamsirepressnt Bicellhireated vAIHTNE-q er ¢forrijslefor aupirstadde sgum
anal ysis by FACScanTM t hat _i ndi cates that exogenous.15 r bon..nmonoxi,de
ot bot s HEPFHEOT &7 BFS=GT- RENGSRATCT PO Spapraore s gmien QpIFRR IR de.
Fig. 4A i 522n8@m SicdBfteidntatise &xadelif@ntiduabsf thfR, anti - apoptotic effect of
exogenous carbon nonoxide is nediated by ]guanyl ate cycl ase activation.

= guanyl yl cyclFigsé is abNst fregmentation pnajysiny FACECapZY thgt mgicatep thakexogenoNg t hat
cGW anal g : i 1t r: ROX i td 4 53.f rom
apoptger s tsSpARReRHE Blatect fulicif@ P Ehac TR H Spbiloftd LA SRR EIS

il lustrating t g 4AGNPbaregrapddnitrapngthet the kitiragapsot{ceticyt afsypgeneus dathon

anti-apoptotic. effect. of. carbon, nonoxide. (3T el r -t L. ed
with R ga|mO@%ﬁﬁﬁé%@F‘%&‘eﬁf‘/B%t‘%%%“?/paltfowcguseg%ﬁviéﬁnc&%@ af"%?ﬁ?‘a&clﬁé%sﬁ‘?@%‘?i@% t
untreated (3-ceid 9BanabA @eph illktatinghanaGVe pnasgrtcad Sulsdtitsfor cabdred wi t h

TNF-a. Results shown are nmean standard_deviatjon &@om %ugﬁl F(cﬁat e [ls
taken frorm@wgidednprotestingeslls domanopiongnd—Rint CME—HMEcanaleplt FttafGiME: nase
20 Fig. 4C is a bar graph illustrating that cGMP-dependent protein kinases (¢GK) mediate

the anti-apoptotic effect of carbon monoxide. BTC3 cells were co-transfected with f—gal
expressing vector. For Figs. 4A-C, gray histograms represent untreated f—cells and black
histograms represent B—cells treated with TNF—o.. Results shown are mean * standard deviation
from duplicate wells taken from one representative experiment out of three. KT=protein kinase

25 G inhibitor KT5823.

Fig. 5A is a bar graph showing that one hour of carbon monoxide exposure is sufficient
to prevent apoptosis.

Fig. 5B is a bar graph showing that carbon monoxide protects f—cells after induction of

apoptosis.



25 Ginhibitor KT5823. Fig. 5A is a bar graph show ng that one hour of
carbon nonoxi de exposure is sufficient to prevent apoptosis. Fig. 5Bis a
bar gr aphwehemboigs t hat car bon nonoxi de protects (3-cells acrarsoz/ms$8Tti on of
apoptosis. 8 WO 03/000114 PCT/ US02/ 19687 Fig. 5Cis a bar graph show ng

t hat preincubat.i on.w t.h car non x | S E9r
Figs. 5A-C, gr %: éﬁ%‘tﬁrmgoléop 13%e prem rbglté A\gﬁ?gﬁ +&mo %‘%ﬁtfﬁ cb?
hi st ogr AMBpopf BRI EOF Pigs (- eegﬂ;@ h;sfo@aamc}ewegeht dk¥Eated BReSY kilGbisdkcstogtias mean
standard deviation from duplicate wells taken from one representative

exper i mentepeasént Gi-c¢lisrteeted SlltﬁlT@\IF—GtA Results showeargmagen ListraderdiderigliamE@m exposur e

of nurlne | Jets on nonoxi L QVes I \fl and function

fol | owi ng dyp ’z&ﬁ@b"feil]ﬁttach gﬂm qgleéepr%gﬁmfltéve nmemg{ﬁcﬁt %J" i ndi cates the
probapi lity of FigeeAVEL Nne hpd0ddigdtingake ckéere of bﬁhﬁWlS&ﬁMtorcg{bdh mohoxidani mal s
recei ving |slets pre-exposed to carbon noxi de or control islets. *P =

0. 001 ver Hopro¥sssurvaYal ang uF“Ft{jm follgwing transplagialipl t hat i |l ustrates expression

of HO-1 in nougy ?sfeh H&t%mléﬁesltﬁﬁp}ob@ﬁﬁ Bf #Sovesy\Hloqial@dsé RVE. Mouse
hearts weretras ante to rats treated at the tine of transFIantatlon
with cobr aelwm@mﬁgdib fural(n@lal%)retmﬂusg ikets pye-exposedhierseEbon masexide gheoptrahislstsi on

wth cyclgspo Expression of HO 1 and (3-actin nRNA were
detected b _Fgr(sqééﬁrs"%’ﬁ%m)oéynbol -/- indicates RNA fromHO 1 -/- nouse

hear 4¢ used asrig. Mégelar geapk dnt rlmlstratédlapmgsnmmf H(Brlrlemwsekmrts Ghizplantedligvel
of HO-1 nRNA expression normalized for expression. of cli Fig. 8
is a set SVFgps G¥gRded 1afs, dYlpuse SF@StWé? tr 5(8 AR t{esa? t%g Sfatic
activity WP b §8fidn® fAMRE ECVF A PH A tt@dtmdﬁtsmﬂumrmpmduasmﬁh(l 1)
or into rgjtags %/a!rdeélg?réd with, CVF aan @C ﬁnl 1) ) | us FePPI X %&%mor SnPPI X

(V). Tot akydiBpaxt Av(iqs@k) i Fxnession ofHO- mq acéﬁlt Arvege detscte R 2Theay s
after ”agﬁ%gar fid Qs XA £3 @Hﬁéq--%&gegg@ édf]%saa% YiveXeohttol N HfidiBdrapUS €

and 20 r respec re the nean standard
devi ati on n{pﬂ@):nt@élaﬁ‘lfﬁ‘lml aﬁHmal mmmewadohmomeéuzed for emrmmn of Stagtin ;RNAa|

cnelyses T e GEgLCt ol i 4oL RSB i Sl Bl e
gener ati on;,0f Mvitd hakg iercafinkadéEmtd viidited MIISH ob@as tats ma viitlg O3 axdt ed
nto rats Cts;;e(ilalg)epclius FePPIX (IV) or SnPPIX (V). Total HO activity in donor and recipient hearts was
measured 2 days after transplantation and compared with basal HO activity in normal mouse and
20 rat hearts, respectively (I). Results shown are the mean + standard deviation (SD) of three
animals analyzed for each treatment. Statistical analyses were conducted by using unpaired
Welsh ¢ test.
Fig. 9 is a set of line graphs illustrating that SnPPIX and FePPIX do not interfere with
the generation of anti-graft antibodies (Abs). Mouse hearts were transplanted into rats treated
25 with CVF plus CsA, as described above. Serum level of anti-graft IgM Abs was evaluated by a
cellular ELISA. Binding of rat complement component C3 to mouse endothelial cells was
evaluated by cellular ELISA. Complement hemolytic activity (CH50) was evaluated by a
standard hemolytic assay. Results shown are the mean = SD (n = 3).
Fig. 10A is a set of bar graphs illustrating that exogenous CO does not affect the ability of
30 SnPPIX to suppress HO-1 enzymatic activity. Mouse hearts were transplanted into rats treated

with CVF plus CsA plus SnPPIX (II) or SNPPIX and CO (IIT). Total HO activity was measured

9



25 with CVF plus CsA, as described above. Serum |l evel of anti-graft |1gM Abs
was eval uated by a cellular ELISA. Binding of rat conpl enment conponent C3

t o nouse wodowmahs al cells was evaluated by cellul ar ELI 8&T/1SondeenENt
henol ytic activity (CH50) was eval uated by a standard henol ytic assay.

Resul t s shpwbhodd &nd REIpIBRBMea®ad WelFas3n reckpights' il R daps ARt rafsplafatig. agos
illustrating that exogenous CO does not affect the ability of 30 SnPPlI X to

suppress REMityeA iffesent speginens May compriskw it BrseSHRACRYID: mepnal mavde hers Bat s
treated wit + al
HO activi o e e s e g S bt T P o T ob T o pin £
reci pi ent sif thremartimala snaligiel] farsatintreatioerpi Statistical anabyses Werd agluated by using
trans | ant at i. or&t I—‘C?h activity in different speci nens was conpared with
basal HOé?j‘P?‘ Welsh! 8 mal mouse hearts (1), rat hearts (1), or livers
(1), accordi ngF® 10Be SBdFRkphanallyzestes tResabgaoatiOBrioas sottakfectMeoabilitPof  of
three ani mal s_anal yzed for each treatpent. Stati Stlf‘cﬁl anal ses were

conduct ed SPRSforyPeyessdas lrast Vil Hie anmalsysed g geneyatedhe data 9 Bigr IOA ¥6K t hat
i | Tustrateg, E@tfoﬁeﬁ%'ﬁfﬁé}ﬁog%ﬂ O6iied?lda i IRF trafdsPBin@Rbh. R¥suff shownFiRd Het O

suppress activity” The animals used to generate the data of Fig. 10A
were analwasd $Ib(n Eé) boxyhenogl obi n content 2 days after transplantation.

Resul ts shown ean F IS

S usrari o o i 15 ulER e Rt onABullih pirdol Findand BBt A hnivis

pl at el et qﬁétémgdmmﬁnw ZFQBBZﬁ/lmhkiighedlhsa}era:leﬁluntrch(N’[zfgr \1meret r eat ed (NT)
or were treated wt act |

SnPPI X t o tEalsprabLqiBIY (5%% )5/‘0(“86686&1%6 filg) ﬁ?"“"&gu%g’?&‘i@ FUPPTeA]

plus Sn PP'a&léléﬁoé%(Ma%m Jr@oppnt (5@' UM 01r2 tsus SHPERX tsoqmqy4 m‘to%%mrltﬂe

up-regul ating ctivity I'atel ets were isolated, overlaid onto 15
t he nmouse sem@vtyaﬂC@PPEém @ lreﬁulagngqﬂﬁ 1 aghigity.cReterdatelets weagyiselgiadi ayierlaif paio

St m%' ati qh Wo%g ﬁéd%a[al cAHSNOSIAE afll Qgé%b%%%séﬁgﬁ)aﬁe gtl%elﬁl%épl‘%tehﬁ mrof

graph™illusira arbon ﬁDﬁOXI € supp es en
apopt osi s. ad&o&memi;ﬂlquawml)i’epr esent cells treated vvi th Act.D al one and

bl ack hi stogra epresent . c S.tr W th us TNF: a. re
Cna cat ed  anadthdp ok S e usaind Rl Gbobtiohorie amsRis v 1f
exposed toa BHOLENGHY hisdtddrdfs RPRs@Rkéls t&@fedmlihlAamélemﬁnhbla@ETs&g;m

DESCRI PTI he term "carbon nonoxi de"” (or "CO') used herein describes
nmol ecul ar regiessshcells treated with Act.D plus TNF-o.. Where 1ndlcated endothelial cells were treated

20 with SnPPIX (50 uM) and exposed to exogenous CO (10,000 parts per million (ppm)).

DETAILED DESCRIPTION
The term “carbon monoxide” (or “CO”) as used herein describes molecular carbon

monoxide in its gaseous state, compressed into liquid form, or dissolved in aqueous solution.

The terms “carbon monoxide composition” and “pharmaceutical composition comprising carbon
25 monoxide” are used throughout the specification to describe a gaseous, liquid, solid, or semi-

solid composition containing carbon monoxide that can be administered to a donor patient,

cadaver, or animal; to an organ, or to a portion of an organ, e.g., tissues of the organ, or

individual cell(s) that make up the organ, e.g., neurons, hepatocytes, myocytes, islets, or islet

cells such as a pancreatic B-cell. The skilled practitioner will recognize which form of the
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nonoxide in its gaseous state, conpressed into liquid form or dissolved in
aqueous solution. The terns "carbon nonoxi de conposition” and

" phar nacewDios@ado1tonposi ti on conpri sing carbon 25 nonoxi dePCArSou w87

t hroughout the specification to describe a gaseous, liquid, solid, or sem -
solid conposition containing carbon nonoxi de that can be adm nistered to a
donor pat ipsgfHnaceti@Bi@¥RiposiQén, 3131, FRdeoud, Aq@n, Gb@a Haséus bl Bqui@ Fdrme/s pieferred
organ, e.g., tissues of the organ, or i ndi vi dual cell (s) that nmake up the
or gan, gorag‘iw)r@nbcatlhépat ocytes, nyocytes, islets, or islet cells such
as a pancr eati L pr, i » r i orm
o0 3 PRNCT oo S eriEi A SRR OIEE Mk e BRI ER M
gaseous, lor qariceptration bﬁtatnbcgasexmmieamﬁzctd fqupaiodef tme (insludingfaghte etchrenie a

gi ven appl i,cat.i on. "effective ano "and ~ef.fect [ "
95 tesq” heBiieian SR peod onpuRES TS ELRD R ER e VE bl ins Srid T AL
utilized fiQrdRfidt@do®for thuEe(anMtibrded Rfe@od byslogidul oiicém® Bffestive aioaits o
and periodic or continuous adm nistration) that 1s effective within_the

cont ext ofcarbpr soaerifinfos upeinithipressat WMeNioR gnchiKle; 19r ermple. @mpppig tha} are Sffective

physi ol ogiggal,, %ﬁrf%osg‘é\i %fafl@’ i \bg&vgx%fdﬂétﬁn%ffor %MIIW SRk H vibee 1 n the

present invention anpunts that are effective for
enhanci ng Witliu |thmdonantl¢f0ranspimta§mnr¢@ irfdgvdital gﬂilsof massgan%cedis, ) tragsplantdoners
and/or in vitr cont ext of tra cells
or nmdlses aB?VOEIifF'Ipéen 5 angetlfecf YHapt ﬂ{caronor%no é/ oroYr e%dn%gfétr?%e%t{glth

ef fecti ve rafgpk d@ior@ad/bmcmnmfmem $ érfhaﬁceamwm ofutiacell srtxﬁaisedf tadlsf g to
transpl ant donor and/or_ recip d)e%nt sufficient to enhanﬁ)erfsurw val. of the

cel | or magdicefosged th cell ogmags ot cpllsapdior|te duprgye fungtiqnal perfogmanegofa o e | s,

and/or to tfaﬁaﬂﬁl\{& deHae b infR@bs RA¢. F WitRNREcHexRof tréANS BURMuAIGY iy Y g ; AsRBSS
of cells. hin the context of treating cells outside a body, e.g., islet

cells to tsellsctulbmuletde@w@ruscds@dtramsplamaampn&ffﬁcame@mouatrpf@wbe@mooemé?rﬁu nt
of cagbon ig‘?”ox' Svil Py fieh | h@%%llﬁ??ﬂﬁ@bé@é&& sYM?%]cﬁﬁ &Jﬂf toC&Jh' gse}v’a?lﬁb’rpé’%tﬁé’ or

storéd in o 'enhance preservation of r to reduce cell
| 0ss, e. g.celld asitorve redageaet] dess,Se.g. alosk aa apoptasishadom td enﬂrameofnncﬂMt W ithit be

context of transplantation of org and tissue ansp | ant donors
and/ or r e&PHFé‘rﬁféran taé‘Pf‘@@?‘ig@%S aé‘ﬂg'ﬁ?‘r’tes &8 c%“ﬂgﬁmﬁﬁﬁ?ﬁ( O} 1§ P‘ﬁﬁtf ount
admi ni st erg@cdve dhidnt draabish aivhoHae A'tha Aokt adiexibtBie@ B3 the ltkfafldpq?dneﬂénoﬁf @nd/or
enhance survival of the organ, tissue or cells of interest, e.g., to reduce

| oss 20 ofreqipientsufficism mnbwcp ﬁ@vwbaﬁfh@?rgﬁm@ﬂ@ oF sellsohgersst, e an@/rSﬁiuc@ dpss
or e, 1 LR B e o g L R e
an eff ect ianergano Wmthlmthec:anﬁomf S Atng dgansstmuﬁsmejlstexsaybfto bé entedopussdfomce
transplantation, an effective amount of carbon monoxide is an amount sufficient to enhance
survival and/or function of the organ or tissues. As used herein, the term “inhibiting” includes
delaying the onset of, reducing, preventing, or alleviating a biological process, e.g., apoptosis.
25 For gases, effective amounts of carbon monoxide generally fall within the range of about
0.0000001% to about 0.3% by weight, e.g., 0.0001% to about 0.25% by weight, preferably at
least about 0.001%, e.g., at least 0.005%, 0.010%, 0.02%, 0.025%, 0.03%, 0.04%, 0.05%,
0.06%, 0.08%, 0.10%, 0.15%, 0.20%, 0.22%, or 0.24% by weight of carbon monoxide.
Preferred ranges of carbon monoxide include about 0.001% to about 0.24%, about 0.005% to
30 about 0.22%, .about 0.01% to about 0.20%, and about 0.01% to about 0.1% by weight. Other

preferred ranges include about 0.005% to about 0.24%, about 0.01% to about 0.22%, about
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survival and/or function of the organ or tissues. As used herein, the term
"inhibiting" includes delaying the onset of, reducing, preventing, or

al | evi at iwg oa/0m1ed ogi cal process, e.g., apoptosis. 25 For pgaaese/1®Bf ective
anounts of carbon nonoxi de generally fall within the range of about

0. 0000001% to about 0.3% by weight, e.g., 0.0001%to about 0.25% by wei ght,

f er abl 0
e T e Y B R b D A L 1 o
Pnel uto” Eﬁ“"?”% <BlouBORRIID it he Pigé of ok 0000t A0DPCONO do
i ncl ude abou % 9 u 9 9 u
0.01%to alewids e-8., 206gst 88002%8H3P4.0: 09064 8905, 91050- 95/6305 %g‘? &3}019 (ﬁpf
preferred o&%’i@%o%,cgg?zgog%ﬁ 09099300028, BBt 0 QoA 50080003 dlﬂo%’wt(s)ow@out

0.22% about 114 °PCT/IUS02/ 19687 0. 015% t o about’ 0% and
about 50. 02>5%004a2 210601000 dMetnys spkitigint Prefented ranges clude, Gta cahgut&fOO(tQ)to about

o et ve Y oARp bl odls Dt Dfosgpa o ol Pyffack ghov
0. 0010, 0.266t3.0024 A1 00g QGIT, ’/()slﬁll)écﬁpractﬁmﬂﬁ]sﬁll aPpro€i2@, thad aMORrits 01618166)22

0. 0024, 0.0026, 0.0028, 0.0030,..0. 003§l 035, 0.0037, 0.0040, 5 or 0.0042
g CO 100 gﬁheéaE?é‘Sﬁ%méiSP%‘Eﬁeﬁdiep?‘}d@’fge‘prg er“&ﬁg‘éaélol‘ncl ude, e.g., about 0.0010
to about 0. 0039 GrfyOhd@rGs hiddhduglROihe sPectithiond © RBGI af afiBdH hdmehlod 00 g
liquid, or about 0 00f8 to about 0.0024 g CO100 g liquid. A skilled
practidt i omen-hwiniah, tapoedieatieent h@;prchmmrth%methpés %féhQﬁresePWéS@mPathﬁ@Vlﬁﬁ%/ be
uocd, oDl Ao RBckag: APRATLLRNTES hebmaPL g he et gyapou
t r eat ment nactimited rooiids, reftédesyeinplatimng fand mempradss elgt, humarenotherprinsatesy pigs.ded.

Veterinary applications are clearly anti.cipate th re i hventio
The term |rﬁ@qngs(f@gh Eﬁﬂmc{sén‘{ %F’l‘rtﬁ BT B8 ters oﬁYS E ©S, ‘éaﬁ%ﬂf’%?r TSP A g
manmal s,  &qGs, THHRAS dorRirhér “dBhorFRtIGR” aised hereanQl@fsttﬁ af Hﬁhlaﬁé’nuﬁﬁlaﬁ o Adid
rats, r abbi ts, )ﬁgrw nea pigs, hansters, cows, horses, cats, dogs sheep and

goat §5 Thduen omdﬁ@m'armrgaﬂuawp Oplalmvwl'ceélé capslePiined fﬁrﬁhépawgsw an

ani mal (hy « 2o redipight\aflbiad
cells can gag%batnal ggé&?gg&pﬁlg pu{egg}ses 0 wﬁ%?ﬂ%er% or trgr%@pltar?t ation
to a reci pefentto patniert (huflae ot Bemhtmay iigo svhich aprorganeiiispé, arass platelleot " refers

to an ani ma into which an organ, tissue, nass of
cells or %H&V%ﬁmﬁca@%?@n%ﬁ%e transferred. The term"di abetes" is a
general term t qhdessiidieec@diabeaigbierslitaar Walkscrids diabetic diseddiOaythepgni zed in

the art, e. D abetes Mellitus. Diabetes Mellitus. is characterize an
i nabii ty regogmzed in the art, e.g., Diabetes Mellitus. e1abe:tes Melltitus is characterized by an inal 111t¥

to regulate blood glucose levels. The two most prevalent types of diabetes are known as Type I
and Type II diabetes. In Type I, or insulin-dependent diabetes (IDDM), the pancreas makes little
or no insulin because the insulin-producing beta cells have been destroyed. In Type II, or
noninsulin-dependent diabetes (NIDDM), the pancreas makes some insulin but the insulin is not
25 effective. The term also encompasses the myriad secondary disorders caused by diabetes, both
acute and chronic, e.g., diabetic complications, e.g., hypoglycemia and hyperglycemia,
retinopathy, angiopathy, neuropathy, and nephropathy.
The term “cell(s)” or “animal cell(s)” as used herein refers to any type of animal cells,
including animal cells suitable for transplantation. The cells are typically primary cells obtained
30 from an animal donor, but can be secondary cells or even cells of an established cell line. They

are optionally transfected ex vivo with an expression vector that alters their function in some
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to regul ate bl ood glucose | evels. The two nost preval ent types of diabetes

are known as Type | and Type |l diabetes. In Type |, or insulin-dependent
di abet es WDDBW)0114 he pancreas makes |little or no insuli nPogasoyesshe
i nsulin-produci ng beta cells have been destroyed. In Type I, or

noni nsul i n- dependent di abetes (NI DDV, the pancreas nekes some insulin but

the insul iayl Theedlis irélu®d b@Gkd v limltee td, elgNiskdt sellsagQ BERSEech drbpartyfid ad
secondary dlsorders caused by diabetes, both acute and chronic,

di abeti ¢ @é‘?ﬁmqtléa%l?toﬁéi liver eplls, fHypRieptsy Bens marEayyCells Ry QpviFs camd stemy qefl5 r‘i‘gﬁat hy,
angi opat hy,.d gé‘j%orﬁe%r el ofARd AGRNARGE Détem! MR IR he Eﬁheh(:&)d TRE terAMigal

cell(s)” as u refers to any typé of animal cells, i ncl udi ng
ani mal celctli(sBus tsbltierofighout the sl fmaticnt 4s @rgenerhldermelol descaibe theﬂb\mm quelﬂﬁr i mary

cells obtai.ned. 30 an_ani LOf even
cel | s5of Xﬂh&é@ﬁ@@ﬁgﬁﬁghgg?Ps§r§eegTﬁ%S(§?§£%§$|on $S tra %ﬁ%%?é 8x vivo
Wi th an expreedsERBpéetiboinclhbge. galﬁmm(wm@h maltmnaﬂmpra-aensmmprbaueao

03/ 000114 PCT/ US02/19687 . way. The cells_i Iug but are not i 9

e.g., isl &ucagmsy Y'Céub(Wh“éb‘PPl%e S\R}‘i‘?‘é’ﬁtatéli‘)eFﬁ (Which grodyse pangreal “bp‘?liﬁ?e&‘ e)and

liver cel 'eﬁtechhR"nPa%@éél& (wﬁﬁﬂﬁrd&ﬁ&és@%t&ﬁﬁ)' BP cHSQAY DASoel 18 NPhetbii™ &k Lty iand
cells (e.g., neurons) the cCentral nervous system including the spinal

cord. The ahertmecogsized term dhat (efors to csllyBaving the ebiljydodividrefos pdefinilepgripdsrinas a
Ooneng! Loyl Quf GGV & YRR L Bl Ey R Ll im WS cADGRARS KnOWD 25

i sl et'§, ans anger ans con sever al
cell typesott;metm iphepacks, neulgpotent, land &hlbsteljtvstﬁncb‘elksm(g, neusanal, hiyer, musd, lasd
(whi ch produce gl ucagon -y--cells (which make somatostatin), F cells
(whi ch préﬁ@@@pﬁﬁﬁb$@§ﬁF polypeptide) enterochromaffin cells (which

produce ser ot ofyMsolditd &hP isSm@nBihkith& 811 i§ renldiRd Hidfthe GERBLESKAD inl Whictpid art
recogni zed tern1that refers to cells having the ab"%g%@to divide for

i ndef i ni t domitsrredpsesser) wu@dwtomt@s ameelt @nd:iev@st pargially pprifjsd diog ity Rajuralgpiligy
| ncl qged W Elgeﬁ Hlpads‘lstofa'iéﬁl ARy ex Qeeﬁ&?lgpalc?l’slet 6%&%%2?1‘%1]5 ccmsHEfeH% C{ﬁlade

mul ti'pot el unlpo ent stemc g., heur , lirver, mus

hemat opoi eipiof “sblami’c edllssoncByhe'islstal emedred &bin a pascmmid cambe¢ plu)he:aliyeisdpana@d
renoved fromthe tiss or.. or.gan.in whic r its predec

natar al |y g e aBe dfe SHlsi e s pregh Fithiae By b Reallof PR Qe
mlieu 15 ;a4 opebiRENesde! drs Adtabmsideredo rbe exsanmkdeellwhiktsal tpam sf ik ofan.
Langerhans 'is considered to be nmade up "isolated" cells, once the islet

i s removed frorfhateRNeFaEeRE) alﬁﬂseéléhrob@oﬁh%|SE‘?§Ffi°3?‘“%‘éb9a"r ganey! tepp iy fieseTherany
I sl etg. Tbiﬂatgﬁxlléﬁ ;9{ orifle %ﬁﬁlg%ﬁ &ﬁe@lfﬁ%ﬂ:t@ﬁ iRt fRRY. pﬁrtﬂé?ﬁl'&hd@& wﬁhlﬂaﬁé i al

I
organ such as |ece o vessel are not consi dered be "isol ated
cells" V\hlrh@nmgwlf thipter acsef substantial prations of organs, e.g., cohesive tissues obtamed from an

organ. Such organs include but are not limited to kidney, liver, heart, intestine, e.g., large or
small intestine, pancreas, and lungs. Further included in this definition are bones and blood
vessels, e.g., aortic transplants.

25 The term “transplantation” is used throughout the specification as a general term to
describe the process of implanting an organ, tissue, mass of cells, or individual cells into a
patient. The term “transplantation” is defined in the art as the transfer of living tissues or cells
from a donor to a recipient, with the intention of maintaining the functional integrity of the
transplanted tissue or cells in the recipient (see, e.g., The Merck Manual, Berkow, Fletcher, and

30 Beers, Eds., Merck Research Laboratories, Rahway, N.J., 1992). The term “cell transplantation”

is used throughout the specification as a general term to describe the process of transferring at
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The term"organ(s)" is used throughout the specification as a general term
to describe any 20 anatom cal part or nenber having a specific function in
t he ani mewoO oBaodiner included within the neaning of this Permsar/e687
substantial portions of organs, e.g., cohesive tissues obtained from an
organ. Such organs include but are not limted to kidney, |iver, heart,

i ntestine, |Qsthne cbIRldL, A | j S.. rt her

i ncl uded in this defﬁiaﬁil%l%&g?déj’tt)%ﬂiéfﬁ’g{hﬁF’o%o?ﬂdié’ég@s% g%e‘%g&,“‘éggti c

t r anspl ant 8erformedhy rerapving the Sreshs (onindact oiets) ifommsdmhot'hpanoghoartd putig them

speci ficati . r descrihe th r ocess i.mpl anti png.an
organ, ti sisrgg?%nﬁg?gggﬁ {I:lgM’I%S% B g}r’é’?aﬁ&.aw Bléﬂlau%eéﬁuﬁécg)"inﬂ’tnﬁ“ Y- tt%ﬁt"?ctlul%eant erm
"transpl antaegonies of Sandplhntnknbwmintthearg ek cepsblobtrirsARMIE! Tiahspldn RPcitb HILES
or cells roma ., donaor to.a []iﬂe?g)iegkifent, with the intention of maintaining

the fuhcti Bhfe 99 esBrHcrglatigns cen fenar apd Egipisns sThe toim weludes, g6t he
i pi ationl( 3 ; : )
reci pi ent §i6RansFladtation/(déndVRI &id tMABKALS ceﬁ?&l'iltg‘ﬁ{?e, ﬁ:ﬁrgg%"ﬂ:altﬁ)gl%g éifb%tl&lgg ﬁme

Eds., Merck Research Laboratories, Rahway,
t r anspl ant gMeRTanother lgeatign op thsisgime natientealinteosplantaion (ransslastatijerbetadent er m t o

least one. PEFPESEPHE siho bidtity Bl Yelfedhoalls (iheanptions belyarmpremenych

t r anspl ant differsnt spgoief)e  perfornmed by renoving the O-cells (or intact

i slet from a donor' s. pancr.e an ufting them intg a recipient patient
V\/noseﬁ%ancr eas ﬁnaeﬁﬁ%lfs 8?%815%%‘%2&% ?ré'%@f‘?f“ Fe%'gﬂ?l} (T “TeHEUPR rare At Frep grieeda pnd

cat egor i esar@fsddrtasphanthe skarowatibmad Heendfal terf XS @RLHTY (RO oEésﬁB?rfe%%{i&Pc?f an
Transpl ants are categorjzed 5 by site and genetic rel atlonshi p between

donor and 9"8¥b HSWRE: OF G¢is 1R afFseiniend| Ingbied within the dafinisionanes firamtraplesthree mesimv al
and transfghieRl oEfidcBoRthat 4 : I [ .on.a patient to the sane
or anot her}%!’ 8(_: ation on 1 ﬁeérg_gangn g@?{éﬁ%ﬁn cgﬁ]?%tp?%ﬁlg% Ihé{%{%%(fuiteoﬁgjec“on’ acute
(transpl arreigction ankehieinreisriobees e, OyferdstenboslpeSues)y, Mdls and Malt, Eds.,
xenot1r5anspdigfgﬁ(ﬁ(té}li?%rsﬁh%pss%ﬂgut ations between nenbers of different

speci es). organ’rejection”, "transplant rejection" or

"rejection” ardhantrmsénagnat 8éhor@)tnd2hfrgisg drdahi? e abQUerdilgs SREG felhdf' ON
as a gene[)(fll S;:iherrs’gto descri be the process of rejection of an ~organ,
SN ALIONQF OF OF AR PRESEIHNgG WiHroblems hat fendertits asaiafa transplonatione,  f or

tissues,
exanpl e, tHb@QuidBésE thahdbtiRANFoP bx 1€ Glrh ARinkNRho LS itiSA %ngrﬁﬁzﬂtii L grd Ln
clinical practice: hyperacute rejection, acute rejection, an SHY ONTC

rej ect i on thane) yearsgld, opthibis @ffifezd ithle chfonBudispaseythativhayr dffecgraft Klction, Bgs. , 15
Oxf org Uni yaeidk tyr RLES S he ter "mar gi nal__donar (s)" d "mar gi nal
organ® are us %5’ er gﬁn 8%‘1]"3%%%% lgérrglr{@[r‘?%an R for Xamplc, () h ()rgan om such a

donor, or (2) an organ that has experienced prolonged warm or cold ischemia times, or (3) an

organ that presents with anatomical abnormalities (e.g., small and multiple vessels, €.g., in the

kidney) that can render the vascular anastomosis difficult, or with evidence of atherosclerostic

plaques on graft vessels.

25
Preparation of Gaseous Compositions
A carbon monoxide composition may be a gaseous carbon monoxide composition.
Compressed or pressurized gas useful in the methods of the invention can be obtained from any
commercial source, and in any type of vessel appropriate for storing compressed gas. For
30 example, compressed or pressurized gases can be obtained from any source that supplies

compressed gases, such as oxygen, for medical use. The pressurized gas including carbon
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descri be a donor or organ presenting with problens that render its use in a
transplantation procedure |less than optinmal. For exanple, a marginal donor
can incl e oaodampor that is older than 50 years old, or trhatusozi1®sflicted
with a chronic disease that may affect graft function, e.g., 20 diabetes,
HTA and al cohol intake. A marginal organ is, for exanple, (1) an organ from

such a  dpRAkxidOtsel 20 the MeRicda Bf thb plesdhd favexRarcas BE pdvided burhgkad alkghses of theol d
ischema tinmes, or (3) org:an that presents w th anataom cal
én

abnor mal i €¢sired (’léa}lgpf,npgﬁggn (eeend-Oretd O pied QRiOBRINGIN2, él.e_g@n,d/qrﬁ:_@h &e mixgthey) t hat
can rendef, Lig ¥REULAAIASEA hé’rhétﬁ?cgs'ﬂf%%e fREsef ihPenfibh @ﬁmegp;%med

d 4.3
at her oscl eF6stic  plagues on gérgg?t vesse Preparation of Gaseous
Conposi t i osisg Aubtipidrcnsahnronsineg indivplug gasen Fangxahwle a gaglsogssebeantbe pravidedxi de

conpositign, Conpressed or. pressuri.zed S ful in the. neth of the
i nvert i ong‘@&??%aé&g%febé)l“ﬁ’éﬂmf‘\dgw ! ?/rw@g’ﬁlréﬁ%ri %?e%’stglﬁ F %né?msaondeli“%h é;adr?} *type of

vessel appptiailpingx ddavittSlobii aitbr MGNEEsmemtsgd dthef-odsseld) eqx arpkl comainjngessed
or pressurized gases can be qbtained from an yg@urce t hat sgrﬁgl i es

conpr ess e BXYEEBAEIOSScorrban digxidts ROMPrgFseqalfiof & suitphle gasranjxiuses dhegepd.
i ncl uding car b@Qseo&sllcoWBoQi%&QsO&Hﬁst@ggﬁﬁfe;@%%&did@ﬁ ﬂ?{@ r?i‘@seh'tlﬁili‘@enitiﬂn t he

met hods of the present ‘invention can be provided suc at all gases of the
desired f iypidallg oorpaisiots orabows.7§%, byoerighiditomen,.ahautdd Vs torahputyl ORES byrweighind/ or

C02) are m xed e i he. s Y, cop i t he
or on &bt i Mot et S50 Bhodol 6 wBATE AURE Tl bR ebhup BB TR P L.

I ndi vi dual pgBE®aboft3[000ppRptAboremshdxidee Prefarably, thaambentpf aitiogedinghd peatous
cont ai ns car bon. nonoxi de ith, or without other . e e conten of
s nCBEPOAGIT T AhA J5% D aR- (he 0t ol g SRR 2 ool el B o ner
vessel s, gmgt_mt oY E66 SokdKideak Bbdie 000048 & abolli 6.2 9% wetdH.PPRe Ahéunk 8€sarbon
conpressed air, or any other suitable gas or m xtures thereof. Gaseous

conposi t i oresoxiderismirefereblyd@t teastabgii 0i0OhYe, age afrleashapoub0.0AE N -8er-03%vent i on
typically i % [ | $do %,1:q, about
19006y waRgRE B0 bR SR, (R E Rl 1R e Y 0 B
(correspon@dighg Rrefeabdringes d@irbppmofioxide include ghpin) 0061 %o ettouB).C8%, g car bon
monoxi de. Pref erabl e anp Of nit i he S, C itionis
about 790095 i et Ohe BENE e e B R IRS. SRR Kae BT ARY  he
anount  of %@hb%is%%&hﬂ%aieﬁu@&%ﬂn RerdR{IE YoinPoatishd thaling D8ndeptratidhgbit carbbiae

anmount of carbon nonoxide is preferably at |east about 0.001% e.g., at
| east abomong)gigggtp@teot_hm@@%o(swm&s 1% or gréater) may be used for short periods'(e.g., one or a

20 few breaths), depending upon the application. They are particularly useful for ex vivo

applications, where carbon monoxide poisoning is not a risk. Where the gas is used to form an
atmosphere for cultivation of cells in vitro, the gas can contain carbon dioxide as well, to help
maintain the pH of the medium. The carbon dioxide can be present at, for example, 1% to 10%,
commonly 5%, by weight.

25 A gaseous carbon monoxide composition may be used to create an atmosphere that
comprises carbon monoxide gas. An atmosphere that includes appropriate levels of carbon
monoxide gas can be created, for example, by providing a vessel containing a pressurized gas
comprising carbon monoxide gas, and releasing the pressurized gas from the vessel into a
chamber or space to form an atmosphere that includes the carbon monoxide gas inside the

30 chamber or space. Alternatively, the gases can be released into an apparatus that culminates in a

breathing mask or breathing tube, thereby creating an atmosphere comprising carbon monoxide
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15 0. 025% 0. 03% 0. 04% 0. 05% 0. 06% 0. 08% 0. 10% 0. 15% 0. 20% 0. 22% or 0.24%
by weight. Preferred ranges of carbon nonoxi de include about 0.001%to
about 0. 2®e03abowt 0. 005%to about 0.22% about 0.010% t @Cahs0/19820% and
about 0.015%to about 0.1% by weight. It is noted that gaseous carbon
nonoxi de conpositions having concentrations of carbon nonoxide greater than
0. 3% (such as 1% or, .great.er . be,used for . L ; e or a
20 ew br EARLF Cr R B pR e Sl RS s ine P bcROs YRR Rt i P
usef ul  f OfooRXexploved to sigRlficaatidvelf catber moniaidkon nonoxi de poi soning is not a
risk. Where the gas is used to, forman, atnosphere for .cultivation of cells

in vitro, the GaBORENNEHAT KVHS ANHROPIER OHR VELIANOP cUcyitLap b BCasHFd9Tai n t he

PH of e R lsiAhEnCRE RGN sRidh dR FABURTRIBACALIA dlediRkch@diMetetid) { 0
10% comonly 5% Dy "'wei ght. 25 A gaseous carbon nonoxi de conposition may

be used t gasheanaogmaphat radmptetape cownding, inbarsd premticardglommeinodidde gas. An
atnospher g th@%ﬁt S0 HRRLIORI LA el it (e L MUnalBRRY S B cfidh, De

created, Flggtr y providing a vessel contaifing a pressurized gas
conpri si Ngs:2axd 0B 2098 imgeergd s Neana 16:88 2842, 1§96)h Sulpparssper nEkdidn gabord r om t he

vessel into a .  chanber or ace to forman atnmosphere .that includes the
car bon noRwRPHde [5yels F"f’i’s‘i’eo(@%‘l}‘):wg %ﬁoe-%h%ﬁﬁr%h%"“&?o%‘ﬁ’ig ér.‘J W{OéSPLOzRF F?/‘&Ltl&‘},g' t he
gases cangplgnd: &t Ra6Hn ithe af thad BRBS RS0 dbAbveldinThd ¥abgpni range cahibe aidasure
mask or breathing tube, thereby creating an atnosphere conprising, carbon

monoxd de  inGolp@ical3isseoyI My raushezs sgBer(seey &€ MPTHMIO Brdba - AP haiok Heart.

br eat hi ng £ ubs and, ensus. ad lohokillE shRbr¥ aRPhaR Wtebiibr d¥Giced AEM
exposed t S gms??%%y$je§g§%ag?lgbgjraﬁ)ghnllno?)lﬁolxig(sje. rcglE(ﬁ n m)eno>?i delcleevel s in
an at nospheadety available &oin thatyi comnoareighsoercesan be measured or  nonitored using
any nethod known in the art. Such nethods include el ectrochem cal

detection, 5 gas chromatography, radioisotope counting, infrared

absorpti orprepgﬁhgﬁ bmhﬁm,cmsiﬁb@ct rochem cal nethods based on sel ective
menbranes (see, e.g., Sunderman et al., d.in. Chem, 6 28:2026-2032, .1982;
Ingi 18t al ., NAwedhen IengRge somposimyayay alipegdioud Getonmqnortss cempeRipn
monoxi de lligl\fiﬂlcﬁn G MaBEinte GRicRdnioxide cBmpodifch %ﬁ%ﬁﬂﬂ@@w i art for

radi oi sot ope counting. Further, it is khown in the art that carbon
monoxi de leusalgzasas t¢ hezomghlisspined mrligeidsafohxamples the diguiizan he plaerddaiasad

2, B STA00 5038 A3t AR Sioel 1 y?

sensors apenh@agatidalof cirbemofokideis reatieed initiebd]gyida v dnathleeexXampha, nerhyn

Com‘rez(r) ¢ almosng)lilirdg gass' can be “bubbled” directly into the liquid until the desired concentration of carbon
monoxide in the liquid is reached. The amount of carbon monoxide that can be dissolved in a
given aqueous solution increases with decreasing temperature. As still another example, an
appropriate liquid may be passed through tubing that allows gas diffusion, where the tubing runs
through an atmosphere comprising carbon monoxide (e.g., utilizing a device such as an

25 extracorporeal membrane oxygenator). The carbon monoxide diffuses into the liquid to create a
liquid carbon monoxide composition.
The liquid can be any liquid known to those of skill in the art to be suitable for

administration to patients (see, for example, Oxford Textbook of Surgery, Morris and Malt, Eds.,
Oxford University Press, 1994) or for maintaining organs, tissues or cells ex vivo. In general, the

30 liquid will be an aqueous solution. Examples of solutions include Phosphate Buffered Saline

(PBS), Celsior™ solution, Perfadex™ solution, Collins solution, citrate solution, and University
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Preparation of Liquid Conpositions 15 A carbon nonoxi de conposition may
al so be a liquid carbon nonoxi de conposition. A liquid can be made into a
car bon nowoxsdevieonposition by any met hod known in the artecirarso2/esssi ng
gases to becone dissolved in liquids. For exanple, the liquid can be placed
in a so- called "CQ2 incubator” and exposed to a continuous flow of carbon

nonoxi de until a.desired .concentration of, carb NDNOX| i ched in
the Iiqui@f WA&CO&%E‘?@ Sgk%?ﬂo@?méﬁﬁtbﬂ&‘zﬁf Sf%%?&%"é“&%‘éﬂc‘gﬁ’ %désb‘?a%‘ 361 ed”
directly yuahRrsi)®rdssa9bsh. ueiliquidiemgdesiisre dachoRentrbsn mon@fidecach@entrations

monoxide in the'liquid i's reached. The amount of _(gar bon rmg)gdéi ge (ﬁ{g)t can
be di ssol ettie rangaof giontth0ete 8haut 99044 & &9/ 1 Moy Madd & 8ridt Iradt AL AP+

tenperatu gl 06 BEf . 00RO AR] Gb&20l 0.9621d 018y, RED0RAS Sed
t hr ough tgﬁpgé%tq?g? dé (ﬁgmgbggé@g?ﬁ?g?%ﬁ@ Ov?gg’re the tubing runs through an
at nospher 6.00D60 (0028100381 06032700035, 0083 .0¢D040,0r 010042 g ¢ Q1 g aqueous sohutian. an

25 extracaqrporeal nepbrane oxyge r),. Jh 0 OX4: i into
Che 11 qul SGTEEaE M o o0ay P BN HE b8 COPRREY e Shal STREs 1" 2,
be any | i gedd olooswe CP1 60NOB&uI@Tor aldut D.0D T8 fohboRL002a ghEO/300 t ditphid. fRor water
adm nistration to patients (see, for exan'?l e, Oxford Textbook of Surgery,
Morris andt &gl the tion pejn ragout QPA¢ &G/ 190 gmediuilgg sy o for maintai ni ng

organs, tissueg,g gg%giengmlg%gxiw Qatutaftd98 8 86t 3bncehBRioddfchrdbh thoblidle B ggs{”'i o

aqueous sol ution: sol utions include Phosphate Buffered

(PBS)o CeldiffinerfMAdteinativedy) prirmadeasddutihn el have been qualityicastralisd i@ castain ggtt r at e
sol ution, ,an ni versity.. 16 0 0 P i sconsin (UWN
sol ution éeﬂ'ﬁgd’y ar%‘é&?’% de nge}ru éeg‘(r %Cg%%érﬁogéggg%ﬁc? ?ﬁéé%fﬁé,ve&?‘lor d

Uni ver si t YndR6@&hentd @8K) gasTieembdbig)iliquid dmpasictbleo nembeame icomdeatde tcacdsiom

nonoxi de at concentrations. in the range of. ab utff 0.0001 tn% aboutd0.0044 g
CQ 100 g Maggride agalyer. Sqlutiqns can be Bed § d58ir4 cliept (FFORCFaHIEE™ 0. 0010,
0.0013, 0 Egréﬁine t QLo 1evOis OBl th 18 dftl gdde R EOmpEithd lthe thcididd of theQRetd, 5
0. 0026, O. % 0.0030, 0.0032, 0.0035, 0.0037, 0.0040, or 0.0042 g CQO 100
g aqueous gsohaliuinogan ipprevecarben mangyéde defirery dethe disgies obBWATEAH. 0010 t o about
0.0030 g CO' 100 g liquid, about 0.0015 to about 0.0026 g CO 100 g |iquid,
or about 0.0018 to about 0.0024 g CO' 100 g liquid. For water at OC, the
sat ur at i oITr@@hé&it of BathautitHICA6driMpn6Xiid OGmpositegisum Any suitable liquid can
be saturated tg a set concentration of, carbon noxi de.vi a ga

T T user o Al { APRBRPLITY eGSR S R 0 AL O PRBURIS oo s Py

cont rol | edioh s GOAbiBAE o3@ins, dsBe] Makés SFREND BndBaiviiRaCRIs brranyise of thecur at e

control of dose can be achieved via ) e
20 harvesting, storage and transplant process. An organ, a tissue, a mass of cells, or individual cells

may be harvested from a donor, treated with a carbon monoxide composition ex vivo in
accordance with the present invention, and transplanted into a recipient. Alternatively or in
addition, the organ, tissue, mass of cells, or individual cells can be treated in situ, while still in
the donor. Optionally, a carbon monoxide composition can be administered to the recipient prior
25 to, during, and/or after the surgery: e.g., after an organ is reperfused with the recipient’s blood.
The carbon monoxide composition may also be administered to the donor prior to or during the
process of harvesting the organ, tissue, mass of cells, or individual cells.
Organs, tissues, masses of cells, and/or isolated cells can be harvested from a donor and
transplanted by any methods known to those of skill in the art (see, for example, Oxford
30 Textbook of Surgery, Morris and Malt, Eds., Oxford University Press (1994)). The skilled
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measurenents with a gas perneable, liquid inperneabl e nenbrane connected to
a carbon nonoxi de analyzer. Solutions can be saturated to desired

ef fecti vewoaswmentis ati ons and maintained at these | evel s. PoT/us02/i9687 qui d
and gaseous conpositions, the inclusion of the inert 15 gas helium can

i nprove carbon nonoxide delivery to the tissues of an organ. Treatnent of
Patients :}cﬁtlﬁﬁ'r Bem ré},/? B (8 R0 ForiHaPRStinENAd RaRpeMtation YR vaBHepending
cont enpl a e e use of carbon nonoxi de conpositions to treat _donors,

reci pi ent spoomganeircunistscrsssuchase sypsiof exgpp.dissugricelts anddiaypreldoger | s at
any step of th i h I o a
tissue, a rrass?td? g‘lrp C°n§emp17q%dd| Vi ég&? elgt'icﬁﬂﬁﬁ tﬁé%ﬁa{r)(\i/geag?% © ?%r%rngﬂﬂ
donor, tr @®atues with dirgansg:ﬁfsbannmm«»i bells omcsntatlxlicbllmx 6o, wigy bidartificiad organiance
with the present |nv nt.ion, dtrans nted iQto, a.recipient. .

A tor hat | PRy GroioaR g eh SACY PR ees pgs QDAL ShO Tl ruology 15:351-

i ndi vi dual3cgeloog) CaR degan, rteaiegdarlcensscor hrassvd%ﬂoengtchﬂl be irfated With EOBET .
Optionally, a carbon nmbnoxi de conposition can adm nistered to the

reci pi ent mpmiogide 2ighar priociamutis themimghe é«rvrvér or\ﬁlelesthrsger ytilizeddn thegeyigs. ogp

or gan !S. y Rler/{l aqiv topl dﬁzﬁltfoﬁct'hpﬁ aﬁnr eadMstQﬁHQ%oﬁ%@ﬂ&%ﬁi@pnor
conposrtr nay a nistered to onor prior to or during t
process ofto hﬁmx/elsdf tlnfgorgine nssruganass toif sallsegr mtassludfcekheﬂot gse ipthe d¢drcvr dual

cells. Ogans, |ssue and/ r i.sol d ce

harvé8ted fro Hg,eﬁy ahy aﬁ?&‘ﬁ?fs“pﬁeﬁr‘f?‘eﬁe %‘S/tué;a ps Q%Stcﬁ@%dab %‘%\%?1 ttrans'nlr"%otgce of

skill in tihe agkdipibtee, for exanple, Oxford 30 Textbook of Surgery Morris

and Malt, Eds. Q<ford University Press (1994)). The SEI |l ed 1&

03/ 000114 PCT/ BSppenigapbe trﬁ%t%‘fvit%/?ﬁﬁér’“ WONPXIdeComposian oy a8y Methad krovynjn

harvesting, éaﬁgoiiardﬁrr}ﬁ%ﬁﬁ%é’ésk@z{hd@% YAk o ;ﬁﬁ@ﬁ@dfvﬂg pred&i thvRibA &hreﬁr;srmésam& es,

such as the type o rga t1ssue 8 s and the type of donor. IS

further cmyitanmladmwstmylon héllqlrlféslegﬂseqmvethom oeneXide CWM@@%@G@“@@%@@ Bad

herei n can |ss ells

ox vio. dugnitof Aoy bRphy A s Ioph Ak S TSR i EieBoibns B Yl &

ki dney or panébe@sudsie iy @.4, by 1ﬁ@§bar]|n$uﬁ‘tatlah,,anm36t pitredinioh dgy theSb3&mibal 363,

1994). The organs, tissues, or cells (or nmasses of cells) can be treated

W th carbcﬂ‘%"lt noxi de erther prior to putting themin the device, or while

they are utilized in the device, or both. Alternatively or in addition,

t he donor animal can be adm ni stered carbon nonoxi de prior to renoval of

the organ, ti sSystemiedRelivery afélarbon Menaxid¢i vi dual cells for use in the

device. 10 At I ,&m

descr?’bed bel O\r?\fIa?fng‘g gaﬁg%ns% ’?d%%%% %Qrés ?Ag%rg ghl %eﬁ%@aﬁ&'[oegpa%nt e
patient undergoing or in need of a transplant. Gaseous carbon monoxide compositions are

typically administered by inhalation through the mouth or nasal passages to the lungs, where the
carbon monoxide is readily absorbed into the patient’s bloodstream. The concentration of active
compound (CO) utilized in the therapeutic gaseous composition will depend on absorption,

25 distribution, inactivation, and excretion (generally, through respiration) rates of the carbon
monoxide as well as other factors known to those of skill in the art. It is to be further understood
that for any particular subject, specific dosage regimens be adjusted over time according to the
individual need and the professional judgment of the person administering or supervising the
administration of the compositions, and that the concentration ranges set forth herein are

30 exemplary only and are not intended to limit the scope or practice of the claimed invention.

Acute, sub-acute and chronic administration of carbon monoxide are contemplated by the present
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A patient can be treated with a carbon nonoxi de conposition by any nethod
known in the art of adm nistering gases and/or liquids to patients. The
present iwWOeabbam contenpl ates the system c adm nistrati @eaTafSotigsi d or
gaseous carbon nonoxi de conpositions to patients (e.g., by 15 inhal ation
and/ or ingestion), and the topical adm nistration of the conpositions to

the patient's. organs. or tissues in situ (e.qg. ingestio I fflation,
and/ or i nf§ P%?*?“ﬁ‘HEBP?‘h&gaﬁlfoﬁ%v yor %egi}?‘&’ﬁ _o?élysdgsgﬁ]e{:mdgf P%}{e%?lg éo?gon
Car bon MogRxbege &4h KARHHS] RAIDPAIADRPX tifhe (IBOpag indeanisel v fntendel treacthed
systemcally to a patient, e, g., a patient undergoing or in need of a
transpl anPOndG&HTe%@sPXéléﬂwaﬁte'Pﬁ?a@h?‘ﬁ@cﬁéﬁﬁ%ﬂ piolpgicabgtect.t ypi cal Iy

adm ni stered byl j rde Qi@ t he

| ungs, where tﬁlelé %w&gﬁg&%{f%gﬁfé‘nfrgg%??%ngggg@%%gatﬁﬁﬁg the patient's

bl oodst r eadminister gassvoecdrbat marxafe caviposigons¢op@saisd (CO utilized in the

t herapeuti c gaseous conposition will depend on absorption, 25 distribution,
i nactivation, and excretion (generally, through respiration) rates of the
carbon nonoxi geurasonel | as other factors known to those of skill in the

art. It is to be further understood that for an articul ar, subj ect
speci fi ¢ dosagEaibegimasazidp LoReRNITaNUY Cé‘valqaﬁ\?eﬁ{fg?sﬁfl H{jx‘?dgw’lﬂh?ér !’ri wafhst dual

need and totaé;%eﬁrec%gggnﬂ%ggaglti? g E&QQ{MW@B éolﬂﬁ)r&ﬁé(ﬁ%%@ (ag'.nm,gjz, si%lgxz)ﬁm is non-

. f .
supervi si ng 1on of the conmpositions, and that the

concent r ar¢aotive, andyths cerdentraionhthatare requizedfon theanethgsisaf thearesgnidnyentippargot

intended to, limt the sc or tic .l aj I J e,
sub- acut e "SR G e RGRPR SleeRIPEH 5P Bhp bRRiELAUTE e B AR AL
t he presemtliveldd t¥EhdBd6IAO Whére RGTNILBSORiIAdPERE oxygen enhouse air drepblackien ¢p aigasired
e.g., the severity or persisten f the.disorder, in t. atient. . Carbon
monoxi de EaRFeBENISY &\1/‘8 palient Bllﬁ‘?gaelﬁglei g@ﬁf“"ftlﬁ‘:re t. opghaven 1%?@8}%5 W_ln b&8 04

i ndef i ni t glo\)rafehaldddniatiedt @otfc?Pdndideds. ABRAL HétermiAbyepifibndrl BrapRiceAdg d
phar macol ogi cal or biological effect. The follow ng are exanples of sone
net hotls amespietoiyets, tided volumes, Iste. Juthajlisgisanechanigm(ghtei nigvenkthe gatisabliemcar bon

onoxi de %8 ngc):gssslaﬁf QBRii B%&t-bretggédes}{gcﬂlujnJ)\.g:tté)(;ﬁag)gﬂEPO%BXHQ R BedRsigned into
(concent r ATGRs can vary% can be purchased m xed with alr or another
oxygen- conliedehivary sgsiemi Thapaicatidearishnt moroxafe lewhpandsgachipas Hystglying219% 02,

SR T TN N A T R R T
range ( 10%ibBn ohdxidé folRcla® $Bint 2didSsdrt 6fMbe vénfitat@aCapfonsuormRidy expdstrelzan be
20 adjusted based upon the patient’s health status and on the basis of the markers. If necessary,
carbon monoxide can be washed out of the patient by switching to 100% O inhalation. Carbon
monoxide is not metabolized; thus, whatever is inhaled will ultimately be exhaled except for a
very small percentage that is converted to CO;. Carbon monoxide can also be mixed with any
level of O, to provide therapeutic delivery of carbon monoxide without consequential hypoxic

25 conditions.

Face Mask and Tent
A carbon monoxide-containing gas mixture is prepared as above to allow inhalation by
the patient using a facemask or tent. The concentration inhaled can be changed and can be

30 washed out by simply switching over to 100% O,. Monitoring of carbon monoxide levels would
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delivered to the bedside where it will be m xed with oxygen or house air in
a blender to a desired concentration. The patient wll inhale the gas

m xt ure twoasghoia4 ventilator, which will be set to a floworaise2/bssed on
patient confort and needs. This is determ ned by pul nonary graphics (i.e.,
15 respiratory rate, tidal volunes, etc.). Fail-safe nechanisn(s) to
prevent the.pat befbar ik Qkk BIRRGABSATalllMferB&cBhnlén thafvBaEld Previetado Righ of £d
amounts of carbon nonoxi de can be designed into the delivery system The
pati ent' s conseptyatianoeferibde moayxifle fam bsmgigwiedor ed by studying (1)

car boxyhenogl Olﬂjo?tafyfé‘gﬂzb or whi ch can be nmeasured in venous bl ood, and (2)
exhal ed carbon ‘nmonoxide col lected froma side port of the ventilator.

Car bon nonoxi de&oaxpesed @rtoamdnexid2 Oarelel prskazdd ds e gortabbninhdler deaick emd indaled

health status and gn@;‘}ge bas'*s of the mar. cessar

ers. Af n ,...carhan
TonoxPde. dBA MR IEOCTRTBIS (e B Cr B ) SRR agea B Oy g n o
i nhal at i OfhosGa Bfing. MBiRREhdent&ntaBns e caBON moRekidd dbusd befaskseein the i nhal ed
will ultimtely be exhal ed except for a very small percentage that is

conver t ed cootaem. Thadpyee rHbbE asinrlnand gealhankiogedinden hkg)pf apnrerrtelys o2
to provi dgdgﬂ]tyar Gith lafy oﬂ.gh* %ﬁfeﬁngfa rGRRADWARARE AR Mt iR Y W rFPBECO UeeHrdink
hypoxi c condi tions. Face Mask and Tent A carbon nonoxi de-contai ni ng gas
m xt ur e i Soprepdarédeghserntrasmedded.al | ow i nhal ation by the patient using a
facemask or tent. The concentration inhaled can be changed and can be 30
washéf out by sinply switching over to 100% 02. Monitoring of carbon

nmonoxi de | evel gyypiehsls A8AME N@E000114 PCT/ USO2/ 19687 occur at or near the

mask or tent with a fail-safe nmechani smthat would prevent, t.oo %1243 of a
concentration dfn atifigiallurpiasnthaier devinn ipesaisshangs Bdhe Bged) devignad {AtPer

Conpr esse gdé:ﬁ@é9 ?ﬁ'd &8y P@ﬁ'ldifgld&ag be lﬁ@ed]?lgflf KRBGLmMbIx e eROdry 2PhScdiitia] whendevi ce

and i nhal n a netere ose, for exanple, to permt intermttent

treat nent iofplaatedexcsigessnonahbthe argroveinsmengd wollsshsi able to delier aeyborpmpResi¢aat

concentrati.ons of r bon. o) d] ouk. iRt i . The

devi @ ¢ OLﬁ‘EC"bcgn‘é?%% 15 cgrs%oraS y%rgr%lfcl &éh 12%1&%( gtaa;l%@aq Eﬁed erlr:heé{% E§3r9 gé}{ e dfokat

appr opr i at @liyery @t h tiigh@ofdonitation ckarbon nlofioxidd foe a almt geriod b€ tifneana specific sithe

Egt || ﬁ? ? aE/ &ﬁg;g@g\é@r;cglt&%;p% C%Sirclgll bré:gdiluge(c)i o%t i?lttﬁ‘é] l()jlgcr)éjstrréaei\g)l, g?:? re?a{tivg@ 1cr)]r?g%(rjed'
systemic exposure to a lower concentration of carbon monoxide (see, e.g., Hattler et al,, Artif.

Organs 18(11):806-812, 1994; and Golob ez al., ASAIO J. 47(5):432-437, 2001).

20
Normobaric chamber
In certain instances, it would be desirable to expose the whole patient to carbon
monoxide. The patient would be inside an airtight chamber that would be flooded with carbon
monoxide (at a level that does not endanger the patient, or at a level that poses an acceptable risk
25 without the risk of bystanders being exposed). Upon completion of the exposure, the chamber

could be flushed with air (e.g., 21% O, 79% N3), and samples could be analyzed by carbon

monoxide analyzers to ensure no carbon monoxide remains before allowing the patient to exit

the exposure system.
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An artificial lung (a catheter device for gas exchange in the bl ood)
designed for 02 delivery and CO2 renoval can be used for carbon nonoxide
del i ver y.wOhg/oeathet er, when inplanted, resides in one ofPCrhusot/srsge vei ns
and woul d be able to deliver carbon nonoxide at 15 given concentrations
either for systemc delivery or at a local site. The delivery can be a

| ocal delivery of a high concentration of carbon nonoxide for a short
period of time at a specific site (this high concentration would rapidly
be diluted out AgnediBeSobltiongistream), or a relatively |onger systenmic

exposure to a |l ower concentrajion of carbo noxi de (see, e.d. ttler et
al., Artif. o ﬁéeSi@(lﬂ‘ﬁltl%‘bé‘ﬂ%ifzomfwiﬂ esg‘ilf’gg@bq"%soé tiogp ."?mf?ig}ﬂgcﬁar on
47(5) : 432- A oxideQ@s be RS FPREHic AeBeRyTRES paiBntCEE | frdrdl BElh@Acad/orby woul d
be desirable to expose the whole patient to carbon nonoxide. The patient
woul d sbe iinisttim iate the bedyghe. dtvanenepsly.Hatra-aroeriaypetranesmedaier car bon
nonoxi de (S%Clﬁ?rleg‘?(seﬂ, t hat does not endanger the patient, or at a |evel that
poses an acceptable’risk 25 without the risk of bystanders bei ng exposed).
Upon conpl et i orPreservatien exffiosarmdeculttdeencclivacabde satomtdddo beetfcbuhationi of karhpm

(e.g., 21%02, .79% N2)....and sanpl e oul d be lLyzed b rbon oxi de
anal yzers ‘?‘E)“Oé‘ffél}’rl%gaﬁéh%‘gfﬁc?ﬁ p%’ﬂ%‘fﬁ Sgoé"lélsg PW?H%J’%}S%GC&%P%&Y ﬁ‘ﬂltrtng&) g’at i ent
to exit tdaRaBrRORVEIS oB¥ab@EThomRidd0ARBNRRQbAoIRET-IITRR bd AiBcked Agueous

Sol utions The present invention further contenpl ates that aqueous _sol utions

conpridsi ngnessriseInts Yothoagaa @eieab s dbigtRsEm gt ragrabrang ngeisd e AFaren 4

patient, %&m&%@é&! Tﬂ?bht}f £ ¥ndPOfl{iBhs O be shith&t th ABsitellefedtR® POdy, e.g.,

intravenously, intra-arterially, intraperitoneally and/or subcutaneously.

Pr eser vat i concdntrbfi@rssind nahirgaih¢d at éheneldvels.c Bor fveceduresithat requireopesfusion of a given

concentration of carbon nonoxide vi s diffusers. ar pre-pade .sfoc

sol uti ons T4y g?ﬁg\?’ orG&ll preperafion. yreérgﬁ(%r%ﬁ'lraetgd ?oftl)&{w@ dnta enol%shez’lfl gﬁ’e@%‘ émot;ﬁe

car bon nonewdisier catos widoRide OIftcadon @fondride levels dhy, fredhi seleidns/daa bt @dded to

measurenents with a gas perneable, |iquid. inperngable nenbrane connecétgg to
to

a car¥on TRRAERdbeRs Wdieas Srkan menqxids copesnatigng ha qipRRss Onghths Brepaatipe

desired efgrgﬁ{éitiys%e oPEE?H?a@%E@Mc_@&ﬁpI%PQd, Medaf bahAGfaifdd thIRSRIdtRM & aiﬁflig'ht

pr ocedur es t require perfusion of a given organ, tissue, or cel

pr epar at i owntapree fardrdesport (The pregense p{ithe dest 388 helam ovakesaupinke of erabort mprpxidee

more efficient.

20 Topical Treatment of Organs, Tissues, and Isolated Cells with Carbon Monoxide in situ and

ex vivo.

The present invention features methods of transplanting an organ(s), tissues, masses of
cells and/or isolated cells. The methods can include a step of exposing the organ(s), tissues,
mass of cells and/or isolated cells to a carbon monoxide composition prior to transplantation.

25 Such exposures can occur in situ and/or ex vivo. The organ(s), tissues and/or isolated cells may
be exposed to an atmosphere comprising carbon monoxide gas, to a liquid carbon monoxide
composition, €.g., a liquid perfusate, storage solution, or wash solution having carbon monoxide
dissolved therein, or both.

Exposure of an organ or tissue to liquid carbon monoxide compositions can be

30 performed ex vivo and/or in situ by any method known in the art. For example, the exposure

may be performed ex vivo in any chamber or space having sufficient volume for submerging the
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| evel s of carbon nonoxide. |If carbon nonoxide |evels drop, fresh solutions
can be added to 15 replace those where carbon nonoxi de concentrations have
dr opped. VWowg/0oties preparati on of the organ, tissue or celPCTh®e2/msen
acconplished, it can be maintained in the solution in an airtight
cont ai ner for transport The presence of the inert gas helium makes uptake

of carbon nonoxi de effic Topi cal .

Ti ssues, SReAN U SiSsHeEP FtFlgo\I}\P?rﬁqﬁiﬁr‘rbtg‘ﬁ %FB%S?PH" c?eﬁc diP ? %Jmé)f];i Zglfg)r{}\?/ﬁlrvo The
present i rb‘k@rﬂf)leoﬂhefo [LESS S rRepdzed s Ddarbonanspkiae tompositiondygda(mg)the dmgsxsmes
masses of | s and/ or isolated cells. The nethods, can include a ste

exposi ng tan switapkegasyainer and gasing thecasbosrmenox|ds camagsifion tg s ashhyer dht & ’b

car bon nonQ fig GRARI LBk ﬁso&nquwsmp&fqm b RAmordRidSeeRpSIRAS Ur es can
occur in situ and/or” ex e organ(s), tissues and/or |solated cells
may be exposediltenaivelyt thosrzar may bopprfissd wgth@awtbon meperosé empgaiiont Fheyterm

| i qui d carpon nonaxi de 0 | tion , age

sol ution, &Ff 1§8’F6‘f‘f68ﬂgﬁz<‘f S -and eg)a%ésrtr%ﬁﬁg %Hée ﬁg{sﬁl}h\i g ?ﬁg}rbglﬁn

bot h. EXp%bﬁcﬁl(ﬁfcoﬁf}‘)oﬁfl@ﬂﬂir@lfghtthﬁsltl@d V@sdls qﬁuncbrg@rdmssuﬁnmhodefarcpaﬁmmg | ons
can be 30 perforned ex vivo and insitub an%‘/ tbhod kngwn in the art.
For exanpl@gansiss vieg 384 ifrséfu apgayel O&’é‘r’f’gfer?éﬁ organ,¢n;bg PEfUsed RAMARATRR space

havi ng SUleblﬁJx?d}tco}{%pleFn £ TR Byl BftinRhs NRMRHARGHAAinPETHURIR 40687

organ or tissue etel'y of partially, in the ctarbon nonoxid

CONposi t i abxforkkTy emb@vhe’r‘Surmmres al@dﬂ!{abr%n Q?‘ﬁ@fdﬁéll\?k%fdfé%ﬁst 1(996) Qntiswally,
rTDnO.XI de Con% ?I t Or‘])lvl?) %: sntge E)%g{- érfﬁseda\QXh §Hh§hasl3 ﬁloﬁ,oegga.W%Iutﬁﬁd
islelsd orgah, suc

causing tHB? de Corp wash over
that the ow@aut bz&bﬁXﬂﬁOﬁcﬁcﬁHe’; pricx taperlﬁusmmcmsh tl’nb owbad mbhmudmcrolumusitiomoa radeove

ronoxi de GBHBT 1N PR e Biss St aer Gheo i bR Res bR SRR and

rel ates toca}ﬂb‘ﬁ RGP APy Me Bnbi’ Ikdribglédbifl- As andtiidt Bftibn, tHeMWASh Sslutisigaseti on,
t hrough the bl ood vesséls of an organ or tissue. Methaods faor ﬁlrfum ng

or gan® ex carhop nagndXidg cempepitiane Avemprqméwrhqm mwebeenaﬁsedﬁtﬁowfgta ng ghat llows
perfused w t Ial o%l' @ﬁublggﬁﬂﬁré] Qi?ipd%bgp b 18M§1H€carlf)&f mEATR (@g B¥ough

conti nuousgaﬁ et mc fu5| on (see ord Text book of
Sur gery, I\A)dflfahﬁ)exasﬂbhl‘mmmh eEdsco;rpcfr:ew membUmemygﬂnagroxmrtesmatelaelgldll)d cafysmi onal | vy,

t f b f
D, Sk St Bl DGR e S5 3R TR LRt
with the caphefingeRaubifgtohem@an)yion, to renove

20 The organ or tissue may be placed, e.g., submerged, in a medium or solution that does not

include carbon monoxide, and placed in a chamber that exposes thee medium or solution to a
carbon monoxide-containing atmosphere. Alternatively or in addition, carbon monoxide can be
"bubbled" into the medium or solution. In situ exposures can be performed by any method
known in the art, e.g., by in situ flushing or perfusion of the organ with a liquid carbon monoxide

25 composition (see Oxford Textbook of Surgery, Morris and Malt, Eds., Oxford University Press,
1994).

The present invention contemplates that any or all of the above methods for exposing an
organ or tissue to a liquid carbon monoxide composition, e.g., washing, submerging, or
perfusing, can be used in a given transplantation procedure.

30 The present invention further contemplates that a solid or semi-solid carbon monoxide

composition can be created. For example, a liquid that is a carbon monoxide composition, as
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the donor's blood fromthe organ. Such a process could be perforned to
avoi d conpetition for carbon nonoxi de by the donor's henogl obin. As

anot her owoioengo1he wash sol ution can be a 15 carbon nono¥cCada@Sopngeesiti on.
An appropriate liquid my be passed through tubing that allows gas
diffusion; this tubing runs through an at nosphere conpri sing carbon

nonoxi de (e g., through a chanber, such as with extracorporeal menbrane
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cont egpl at&f i{ Mat ctusdl drdmﬁmy sRMitaifdd ih %eq;'xlédéﬁkfe dfﬂimﬂnd@he&%m@ﬁmhg edtb&an be
created. For exanple, a liquid that is a carbon nonoxide conposition, as

22 WD 03/ ooobkyepas/ US02/ 19687 descri bed above, can be nmade into a soI i d
or sem -solid %g?l%?ﬁﬂtd'cgﬂbegé}fMeﬁFh%@ ﬂalg@&o?epécmtasle BBfeBgayer aid or
1vely, em -so car

enbedded. Altern on nonoxi de corrp05|t| on can be

i nfused i ndtmospheredhiay anvludSohpprowiateslevils efwhibon cwmpnide gaso rfick ehantbersmadpaces or
exanpl e, by a ng.a ifyin ent ,such as i hgagent

col | agen o‘¥°15‘9egieﬁat“¥?}1b?t8rstrﬂ8‘”¥5° P@é} AnARY Vefiﬁ mtragf%'ltjﬂr Cugt {21 rt}{(’?dr'nl\%%%etuls

f eat uzes auBRhdY8HerottlEs] detl@uilbird Alasks, lsaahtiishetsngldaestameﬁrahmhrhpuem QO ro. The
nmet hod can include the st egs of providing a vesse lgﬁﬁont ai ni ng %ﬁ&r essuri zed

gas conpripefbaigr gay BB HsHoN ?F’&é‘aﬁ’é?g moppKde gasis supmlisthinfatontigyqus faWfam 8 and

rel easing $0& %ﬁ&%&ﬂﬂsztﬁéigasg ag ahb @R etxgﬁp}é%%@ller E&tlé ﬁawbanseat WRsBheaBoh hat
i ncl udes the carbon nonoxide gas. The animal 10 c Is then cultured or

si npl y mai momixideds inplugdedbtopreateeancapprspriptgatraespberp Irrerde th%wﬂﬁli botliey car bon
The skilled practitioner will appreciate that culture conditions, e.g., temperature, can be
20 selected and/or varied depending upon the type of cell to be cultured (see, for example, Cells: A
Laboratory Manual, Spector and Leinwand, Eds., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York, 1997). For example, the murine insulinoma cell line 8TC3 (DSMZ,
Braunschweig, Germany) can be incubated in humidified 5% CO,/95% air at 37°C.
The animal cell may be disposed, e.g., suspended or bathed in, a liquid medium. The
25 medium can be any medium known to those of skill in the art to be suitable for culturing,
preserving, or washing the cells of interest (see, for example, Cells: A Laboratory Manual,
Spector and Leinwand, Eds., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New
York, 1997). Such types of media include, but are not limited to, various buffers, Eagle’s
minimal essential medium (MEM), Dulbecco/Vogt modified Eagle's minimal essential medium
30 (DMEM), or Roswell Park Memorial Institute (RPMI) Medium. Such media may also comprise

appropriate supplements, e.g., fetal bovine serum (FBS), individual amino acids, antibiotics,
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nonoxi de gas. The nethod can be perfornmed in any chanber or space suitable
for creating an atnosphere that includes appropriate |evels of carbon
nonoxi de wav3/o@uech chanbers or spaces include, e.g., i ncROALUESNH1968T Xi ng
cylinders, and any vessel suitable for culturing or holding cells, 15 such
as roller bottles, cell culture flasks, petri dishes, and test tubes. For
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of i nter eshordoXRR cofnPbsifdrRtRRhted ad@stibed Abdvab Qha hiediunleunurlinfussdpeiat @fboand
Lei nwand, Eds., Cold Spring Harbor Laborat orél Press, Cold Spring Harbor,
New 1¥or k,mar@side befoue or folipniag addinertnithe eells terte msdiumir e not | i mi ted to,
various buffer t

nodi fi ed Eagl esfgl eﬁl%r%%lrﬁm eg&gﬁgﬁé arlcgﬁréelglpt&%@%ﬂ?mr@%%o&gg#e Par

Menor i al Idﬂ@ledtwﬁeeel(l RieNb)id MestiruHsolidSuediumesia aarhtaymamcacmeamnmpms@l Ié(ppr opriate
suppl enent s,

l,. b S di.vi d
ant i bi ot i c?é‘amﬁrg W‘thaﬁg’@ﬁt |t%§%§§ggf Cog’rrﬁl’alfl n \%?fi%fﬁﬁ)]e% ab%‘?’ C%I;(%efrpl e,

the medi urp£RNNBe sBRAVbr s¥Bflisslna rﬁ&ﬂ&nilhlvﬂechT@nh ﬁﬁy Bgbe&laid & atdddell Snch a New
Yor k) supplenented with 2 mM L-gl utam ne, Um penicillin G 100 Un

st r epibonmy direresiin boggrisd apt, €9a|e¥aleé? &maéﬁiesﬁ gE'LIPS 88T EHSP 6fa8s)- 2lginale Plose
enbodi ment.g. of thsiphesent invention wherein the cells are in a liquid
medi um tHe cell's can be 5 exposed to a carbon nonoxi de conposition by
contacting the liquid mediumw th pressuri zed gas conpri sing carbon

nonoxi de, _e.g. \ 1. I

pressuri zedt X R S aree B & et iTod T TIV 0 ot her
enbodi mentan@fTrédigens esent invention, the liquid nmediumitself i s a carbon

20 Also contemplated by the present invention is the induction or expression of
hemeoxygenase-1 (HO-1) in conjunction with administration of carbon monoxide. HO-1 can be
provided to a patient by inducing or expressing HO-1 in the patient, or by administering
exogenous HO-1 directly to the patient. As used herein, the term “induce(d)” means to cause
increased production of a protein, e.g., HO-1, in isolated cells or the cells of a tissue, organ or

25 animal using the cells' own endogenous (e.g., non-recombinant) gene that encodes the protein.

HO-1 can be induced in a patient, e.g., a donor and/or recipient, by any method known in
the art. For example, production of HO-1 can be induced by hemin, by iron protoporphyrin, or
by cobalt protoporphyrin. A variety of non-heme agents including heavy metals, cytokines,
hormones, nitric oxide, COCl,, endotoxin and heat shock are also strong inducers of HO-1

30 expression (Otterbein et al., Am. J. Physiol. Lung Cell Mol. Physiol. 279:11029-L1037, 2000;
Choi et al., Am. J. Respir. Cell Mol. Biol. 15:9-19, 1996; Maines, Annu. Rev. Pharmacol.
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nonoxi de conposition, created as described above. The nedi um can be infused
with carbon 10 nonoxi de before or following addition of the cells to the
medi um Twe rnesent i nvention further contenpl ates that apealisi2/ovs?

sem -solid nediumcan be created wherein the solid or sem-solid nediumis
a carbon nonoxi de conposition. For exanple, a liquid nediumthat is a
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patient. As ed herein, the term"induce(d)" neans to cause | ncreased
product i omrwfagaltpapﬁtbbﬂ af mchacglg HQ-I®1113 patnent,scgl amledf e pgentsodeserihed obdvese.gf a

tissue, an _aqr endogenous (e.g.,
non- reconbl fant 15°n§é%tep%rﬁ§{r énc(g es ?h@gp%o eifn. HO 1 can be induced in a
patient, e.g., }K)dmitpfesﬂmdﬁlcarcel’lemmmmteasebyiaagme redstfird Asmsstdherdin, thdwermr t .

For exarrpl tion of HO-1 can be ind
br ot Gbor b PRES el gD T GreGRed SO 1 4 DOl 8¢ J10sf Op e eisalgen:

i ncl udi ng hagyythBeéIRloF a tisstleOdrbitEsT anihALERP 88 exd’gleﬁddslty A%kl Stere@Rerdelc.g., a
endot oxi n and heat shock are al so strong rnducers of HO 1 30 expr essi on

(Ot t er bei nreeambinant ggqe). The BRylserdprritingnprefeeablly afishe sampyspeeies (e27 duman agoyse,037,

2000; Cho 1

Annu. Rev. Ila‘f’ﬁ{cl) aAL thg I témz"i”lﬁ?\lf%g@%df} f gd;?lv b%ﬁg%ﬁ% gg%él ‘?‘e%g%ggl gg@?sﬁ'ﬁag@4
1997; and Beadrivambya ednstitutive promoddy (e el, cytom&@bvxfﬁprbhﬁnetﬁ)hr alB3si@)spedir 1 i s

al so highly induced by a, vari et ents ndi.ti ons t cre

oxi da ve HPPEEL(E fr B TP roRgME Ssarmerr s SPOVAPRIGHS HdpebtaEs Aty
irradiati %pﬂﬁbﬁaﬂ@)g@@d' B¥rapy (éisi(e.81 re"t‘ﬂovxrusd\ﬁﬂen&wrusR@@ﬂb lasso&ialell viviid (A Phox 15:
9-19, 1996; WMaines, Annu. Rev. P armacol . Toxicol. 37:517-554 5 1997; and

Keyse et ale.g VR¥oRia) Waip| humag dgmusedeficigasy ggisdHIM e miggig)virupof mice, hepatitis
" phar maceug I(‘:’gﬁé infReARQSE '}‘i’é}p&@?ﬂﬂﬁlﬁ Vs ANarl dYEMERRus 6 nc{)'ﬁ%%fl nﬁm

phar maceut | conposi ti on contal hing any agent capable | ng HO 1
in a patiewoyld be gdminiteyedad thepatiemfemally, e nbriaberd onbyinggetien gt 3 locatlon
20 appropriate for treatment of transplant rejection. Particularly preferred is local administration
directly to the donor's organ, tissue or cells to be transplanted, or to the site of the transplant in
the recipient. Similarly, plasmid vectors encoding HO-1 or apo-ferritin can be administered,
e.g., as naked DNA, in liposomes, or in microparticles.
Further, exogenous HO-1 protein can be directly administered to a patient by any method
25 known in the art. Exogenous HO-1 can be directly administered in addition to, or as an
alternative, to the induction or expression of HO-1 in the patient as described above. The HO-1
protein can be delivered to a patient, for example, in liposomes, and/or as a fusion protein, e.g.,
as a TAT-fusion protein (see, e.g., Becker-Hapak et al., Methods 24:247-256, 2001).
Alternatively or in addition, any of the products of metabolism by HO-1, e.g., bilirubin,

30 biliverdin, iron, and/or ferritin, can be administered to a patient in conjunction with, or instead

of, carbon monoxide in order to prevent or treat the disorder. Further, the present invention
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hem n, iron protoporphyrin, and/or cobalt protoporphyrin. HO 1 expression
in a cell can be increased via gene transfer. As used herein, the term 10
"express(wa)3omans to cause i ncreased production of a preceiusp2/ecgr, HO 1
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be deli ver to a tigent.. far anpl. I | POS ‘ a fusion
protein, é\.ﬁg?"ye %rplgs eIt%fE ?lﬂegﬁ%ﬁr per%FAelﬁﬂnab%Js}géd, Bg). tgg,sgtﬁélggg{r@@%‘%a et al .,

Met hods 245oatbfesdabor p2&irized Abd, N0 (aad/yr GO, hsdeactitietl i furthandetailf abbhe), useful
products of nmetabolismbhy HO 1, e. .bilirubin, 30 ’gli | iverdin, iron,
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instead  QlgseCALRMAFIDONAER dopRisstarzat OIfAEGNANThe HetHod€ 8t the gf%séﬂt FRERRIN
Further, the presént invention 55 WO 03/ 000114 PCT/ US02/ 19687

7 contenpl ates
t hat i r on-cbi belperfprmed veing wyltiplenesselsrantaining individualegages. Adtesgadively£r® ﬁed"g@:q ,
iron dextrap, and/or. LEh : 1.0k d to the patient. Any
of the ab6:\%g%%Orrn}g%ﬁ%dc’fg%c%g{ﬁ%\%éste%g%u%?g%r% ggﬂklﬁtge%g'ti ent topically and/or
system cal ly. AGforddnatagopisalyaithbbe/contmeergnldy @ng., INQeaxt™ diNQ Sherdpeutics, Inc.,

OIS TG TN TSR WS PN MK R MR T
800 ppm NO in pure N; gas. The source of NO can be essentially 100% NO, or diluted with N,
or any other inert gas (e.g., helium) to any desired concentration. It is vital that the NO be
obtained and stored as a mixture free of any contaminating O, or higher oxides of nitrogen,
because such higher oxides of nitrogen (which can form by reaction of O, with NO) are

25 potentially harmful to lung tissues. If desired, purity of the NO may be demonstrated with
chemiluminescence analysis, using known methods, prior to administration to the patient.
Chemiluminescence NO-NOy analyzers are commercially available (e.g., Model 14A, Thermo
Environmental Instruments, Franklin, MA). The NO-N, mixture may be blended with an O,-
containing gas (e.g., 100% O, or air) just prior to inhalation by the patient, using, for example, a

30 calibrated rotameter that has been validated previously with a spirometer. The final

concentration of NO in the breathing mixture may be verified with a chemical or
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nonoxi de, HO- 1 and/or HO 1 associ ated conpounds. This technique includes
providing NOto the donor, the recipient, or the gorgan, tissue or cell ex
vivo, in wonpwontdon with the admnistration of HO 1 and/fPam/oy1ws7 al | of
the products of hene degradation, e.g., CO  biliverdin, bilirubin, iron,
and ferritin. 10 The term"nitric oxide" (or "NO') as used herein describes

nol ecular nitric.oxide in its eous tate or SO
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i nvention can rom any conmercial source, and In any type o
vessels apm‘lsmprdmeesddor storing conpressed gas. If desired, the nethods of

the present invention erforned u l.e v ssels cont a nlng

i ndi vi dual gas g‘anﬁarcfléticﬁg‘f ngvonwnﬁaln@&g%rr&bagnﬁrg%ﬁe ed v ﬁnyamgtrhn%
vessel, di thyh@%rlaﬁn@lﬂgerﬁ@ogam t8 PaticAr Safamd efﬂatfve &ndtrmaar@taummmnawam@bl e
commercially (e NOmaxTM | NO Ther apeutics g éq N%% The
gas may bé’%ﬂh%@tﬁ’@cﬁr? despriRed v &S- RaghNoer 5??/6?%&] $P aggt o> d 200-

800 ppm N%rhaﬂgwa? M c8laon ﬁ%ag%wqwf M&é&n@wﬁéﬁl@m@rm& glo or

diluted wi't of any other inert gas (e.g., heliunm to any desire
conceiot r atgasafs (such as §Q)|taz pitientsate deseritiidihdetaibifroat.rad cambr wsed teadiminister NOxt ur e

e o GO R O, L %y S A s B
ggngl ?;{ dé)mﬁltﬁﬁnﬁ cﬁgﬁmg NG to??ga’gse 1ri;fr:1dd @&}tﬂﬂdrs face inbisks @hd tehs, pddtabley be
to adnmi ni slﬂkad?rﬁsdﬂtr%"(?n?%é‘“b@ﬁq S (se aIJI{%/}ﬁ? EA@Z (ﬁ@’\?’g&ﬁ(]&; g%;yr g g‘fe

conmmer ci al Jny (?é(@d ét%bl RSAO U, 47&/})@ 4374800 1ThRE RBrmdUAME EIRmBRRY. alowdvet, EHement s,
Franklin, MA). NO- N2 m xture may be blended with an 02- containi ng gas

(e.g.15 10@91@mn¢;rofm may aldew/pedestitateoing mdafidation phthessangiadsera hasgitdlgr f or
exarrple a_30 0, y wth
= ap r ot ATk R Aok AR G VAN B TR pBpAORE PER DY Y Ty
be veri fi edtavhih$a eank Ioémmlahssed NPo6gav\h N3/a00 0 tdobndPEhk 0562y/gt0 68ah oxygen/N,

chom | NeREETSohSF 0L Sk RSB b9 BR0E Bl B b e
concent r at fiQnsf g@)frolaeedm Bbured, @ dRcdMaalish SIIN@ MhaRd &g tliosufient caibe AARMARY .
Any | rrpur ! ;[t Iag ?)pt?nlie?IP}e\%? Ibllgzcar? 2120 %ee msn((:ercluvl\?ll'?hercci)or?lyalre)l(lseggs g gtgnc}a?d {})I%vafilow blender
(e.g., Bird Blender, Palm Springs, CA). NO can be generated from N; and O; (i.¢., air) by using
an electric NO generator. A suitable NO generator is described in U.S. Patent No. 5,396,882. In
addition, NO can be provided intermittently from an inhaler equipped with a source of NO such
as compressed NO or an electric NO generator. The use of an inhaler may be particularly
25 advantageous if a second compound (e.g., a phosphodiesterase inhibitor as described in further
detail below) is administered, orally or by inhalation, in conjunction with the NO.
Preferably, in a pharmaceutical composition comprising NO gas, the NO concentration at
the time of inhalation is about 0.1 ppm to about 300 ppm, €.g., 0.5 ppm to 290 ppm, 1.0 ppm to
280 ppm, 5 ppm to 250 ppm, 10 ppm to 200 ppm, or 10 ppm to 100 ppm, in air, pure oxygen, or

30 another suitable gas or gas mixture. A suitable starting dosage for NO administered by

inhalation can be 20 ppm (see, e.g., INOmax™ package insert), and the dosage can vary, e.g.,

27



solutions, baralynme, or sodaline. As an additional control, the Fi 02 of the
final gas mxture may 5 al so be assessed. Pharnaceutical conpositions
conpri si NyoON®oeEm be adm ni stered using any nmethod in th@CaniSot/ores7

adm ni stering gases to patients. Safe and effective nethods for

adm ni stration of NO by inhalation are described in, e.g., US. Patent No.
5,570,683;. U S. Pate No. 5,904,938: and .Frostell.et al.,.Crculation
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sui t abl e N®)JRAGE &taGpontsnddasermévhanical vehtBatiddat ent No. 5, 396, 882. In
addition, NO can be provided jntermtitently froman inhaler equipped with a
source of NO s¥hen 15@1. r‘%@‘t‘?—iﬂlsﬁﬁﬁdo ‘%*‘?S%‘fbé%io_rq‘?:mﬂba&f ?téf’gt?‘.e e use of
an i nhal en,jpyioRe SR hbmrAE in Qéus%@,%ﬁ_ﬂ%%@l‘dﬁinﬂfvi@aﬁ@&%ﬁy aesraRYBHedie. 9. .
a phosphodi esterase inhibitor as described in further detail below is
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1, heme, biliverdin, and/or bilirubin.

It may be desirable to prolong the beneficial effects of inhaled NO within the patient. In
determining how to prolong the beneficial effects of inhaled NO, it is useful to consider that one
of the in vivo effects of NO is activation of soluble guanylate cyclase, which stimulates

25 production of cGMP. At least some of the beneficial effects of NO may result from its
stimulation of cGMP biosynthesis. Accordingly, a phosphodiesterase inhibitor can be
administered in conjunction with NO inhalation to inhibit the breakdown of cGMP by
endogenous phosphodiesterases.

The phosphodiesterase inhibitor can be introduced into a patient by any suitable method,

30 including via an oral, transmucosal, intravenous, intramuscular, subcutaneous or intraperitoneal

route. Alternatively, the inhibitor can be inhaled by the patient. For inhalation, the
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for atinme (including indefinitely) sufficient to treat the condition and 5
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i ndi vi dual . Gaseous can be dissolved in aqueous solution, and utilized
in that fendogefoys phesphapiesteragaich a sol uti on coul d be used to bathe an

organ, tissue I : Seek i bRt Yie LikGSye 1 n
situ. The sol uﬁj‘ gﬁﬁé:sgﬁoogééﬁ%f%¥ﬁmé§lhoé? act%lggagacgﬁlﬁiygﬁgﬁ (js) %1 HC% 1, Hene,
bi |'i ver di npcledicl via abiotal,trbsmucokdl, imtryveneusq esiamakduéar t subputavleowrpriibtenpbmatonéal ci al

effects of inhaled NO w.thin the patient..| det er g ni how,t o prol ong

t he benef i"e#t&] RL‘?W@&‘E@' > e TR 6‘? Eﬁ)‘“%%ted PY ﬂl?é)ggfﬂ?' F] & 1glgﬂgtfo&egxet hat one of

the in vi mggfhw@ét&a&fmmsh&% adlahtdgédusly fefmsakdik aedrgﬁa\ﬂ&’érc’ﬂr@n 6t6dotis€d ovhi ch
P

stinmul at es _production of cGW. At |east sone of the beneficial effects
of N@ may nebwized sqlpiion haying aquartieln oftdremetsize o8igss Hrn iy HinHesertimahderosticRd v, a

e at i ont 5 el B e R A R D Conous.
phosphodi est er a@sastabld phosphodi gatevatic et gitaa seZ apminad®d (& B 22948 e2-ppropvdyriedyl-§1t o
oL o Dl S R LIPSl BRLEL, O APyt 0T RRE!
Al ternati vgd Mydrdliags bIITGMIP indth miaimd1effecibat 8@ bbsakddven gaidemsine clelic-i nhal at i on,
the 22% monophosphate in vascular smooth muscle cells (Trapani et al., J Pharmacol Exp Ther 258:269,
1991; Harris et al., J Pharmacol Exp Ther 249:394, 1989; Lugnier ef al., Biochem Pharmacol
35:1743, 1986; Souness et al., Br ] Pharmacol 98:725, 1989). When using ZaprinastO according
to this invention, the preferred routes of administration are intravenous or oral. The suitable dose
range may be determined by one of ordinary skill in the art. A stock solution of ZaprinastO may
25 be prepared in 0.05 N NaOH. The stock can then be diluted with Ringer's lactate solution to the
desired final Zaprinast concentration, immediately before use.
This invention can be practiced with other phosphodiesterase inhibitors. Various
phosphodiesterase inhibitors are known in the art, including Viagra® (sildenafil citrate)

dipyridamole and theophylline. A suitable route of administration and suitable dose range can be

30 determined by one of ordinary skill in the art.
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WO 03/ 000114 PCT/ US02/ 19687 phosphodi esterase inhibitor is advantageously
formul ated as a dry powder or an aerosolized or nebulized solution having
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al ., Br J Rhes reambntWBschBEd hek&i8 an bYbaied sutigior &y duras kid/acatier ﬁmglanﬂ‘aﬁoﬁ.hl S
invention, the preferred routes of adm nistration are intravenous or oral.

The s'@itabl e dose _range may be determ ned by one of ordinary skill in the
art. A st R Htc n%n%ﬁ( 'p?@éétppmeaaélal@@a QI8 RRREApdpiosts A INpRRE Il he
stock can . R nger actate solution to the desired

final Zapriunasen/g : 3 e | at ely before use. This invention can
be practiced wth ot her phosphodl esterase inhibitors. Various

phosphodi esterase inhibitors are known in the art, including Viagra(r)
(sil denafigelchilturée) di pyridanol e and theophylline. A suitable route of

g?g: rr:';@?;,r gt(: |O|n "Ji%}rqlcrizeqsgglle J;r?s? 1r?orr?aocs 1 lme %%3 (ﬁgl\/&e Braunscglv\}e‘lagr, lnrggny?xvas? Qlﬁtu(l?efd in
Dulbecco's Modified Eagle's Medium (DMEM) (Life Technologies, Grand Island, NY, USA)
supplemented with 2mM L-glutamine, 100U/ml penicillin G, 100U/ml streptomycin and 10%
Fetal Calf Serum (FCS) (Life Technologies) and incubated in humidified 5% CO,/95% air at
37°C. This murine 8-cell line, derived from transgenic mice carrying a hybrid insulin-promoter

25 simian virus 40 tumor antigen, is known to maintain the features of differentiated 8-cells for
about 50 passages in culture. The cells produce mature insulin from proinsulin I and Il in a
manner comparable to 3-cells in vivo and are inducible up to 30 fold by glucose (Efrat et al.,
Proc. Natl. Acad. Sci. USA 85:9037-41, 1988). Compared to other frequently used transformed
f-cell lines such as RIN-m5F and HIT, levels of secreted insulin are closer to normal S-cells in

30 the BTC3 cell line. Thus, these cells are useful for studying (-cell regulation and gene
expression (D'Ambra et al., Endocrinology 726:2815-22, 1990).
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Tr ans'Bl ant SR€i"8h Cel| cultures 20 The nurine insulinoma cell Iine /3TC3
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2mM L- gl utExpressionTdanmifs penicillin G 100U m streptonycin and 10% Fet al
Calf Serum (F / 95%
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gl ucose (Efrat et al. Proc. Natl. Acad. Sci. USA 85:9037-41, 1988).
Conpar ed t1§9%) andsub-clopedbintd e ngddAB vawes or ned  /3-cel | |ines such as
RIN-nbF and HI T, levels of secreted insulin are closer to normal /3-cells
in 30 the /3TC3 cell line. Thus, these cells are useful for studying O-cell

r egul at i orTransienstngnsfections

20 BTC3 were seeded at 3 x 10° cells in 16 mm wells and transfected 15 to 20 hours later
using Lipofectamine plus™ reagents (Life Technologies) according to the manufacturer’s
instructions. Total DNA was maintained constant using empty pcDNA3 vector. The
percentage of viable cells was assessed by normalizing the percentage of viable cells of each
DNA preparation to the number of control-transfected cells without the apoptotic stimulus

25 (100% viability) (Soares et al., Nature Med. 4:1073-1077, 1998; Sato et al., J. Immunol.
166:4185-4194, 2001).

Flow Cytometry
BTC3 cultures were incubated with recombinant TNF-¢ (500 or 1000 U/ml) (R&D
30 Systems) for 24 hours and islet cultures were stimulated with TNF-E (5000U/ml) (R&D
Systems) and cyclohexamide (CHX) (50 pg/ml) for 48 hours. BTC3 or islets were harvested,
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expression (D Anbra et al., Endocrinology 726:2815-22, 1990). 30 WO

03/ 000114 PCT/ US02/ 19687 Pancreatic islets of Langerhans of C57BL/6 m ce
wer e suppwioad/obyiit he islet isolation core facility of theciasoemeBr abet es
Center. Crystal violet vital staining 5 13TC3 were seeded at 2 x 105 cells
(Nunc, WMarsh Products, Rochester, NY, USA). Cells were washed once with
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transfections 20 RTC3 were seeded at 3 x 105 cells in 16 nmwells and
transfected 15 to 20 hours later wusing Li pof ectam ne plusTM reagents (Life
Technol ogi eg) t,@mn@hmrgageﬁ@e manuf act urer’ instructions. Total DNA was
mai nt ai ned constant using n}%ﬁ: pcDNA3 vect or The percentage of viable
cel | siowas assesMednwcmnhlrmt ng (RED pisteshvagdisiofvediimBBE vt 1% befineach

DNA preparatio toth of ,,cont rol - sfet gut the
apoptot 1o SrimapSIAE BETR St RIS Rl L TR - 3P0 iy Potte 1R
4:1073- 107tfansfeOdh. THalcaspase-alinhibithr ZFDEVDSIFMK &ﬁﬁhéﬂ:%as@l@ﬁmhﬂﬂl@ﬂ]lBTDﬂIW

Cytometry (3TC3 cul tures wer i ncubated with reco nt TNE- a 0 or 1000
Um) (ReOCaocsgmt iegy CabfoRg e At Vi‘w{ll@tdlreﬁ Y ghipboxds @¥§én§ﬂg§%6‘d

Wi th TNF- |§Hdé¢%§99€mu} &N (RY SLEHR)1 m%%x&i@@&m&lﬁ‘s bt hrehaRnO4ith) T O

48 hours. iets were har vest ed,
15 TNF—-a. Tin protoporphyrin (SnPPIX) (Porphyrin Products, Logan, Utah) was dissolved (10

mM) in 100 mM NaOH and added 6 hours after transfection to the culture medium (50 pM).
The guanylyl cyclase inhibitor 1H[1,2,4]oxadiazolo[4,3-a]quinoxalin-1 (ODQ; Calbiochem) was
dissolved in DMSO and added to the culture medium (100 uM) 6 hours after transfection. The
c¢GMP analogue 8-bromoguanosine-3’-5’-cyclic-monophosphate (8-Br—cGMP) (Sigma) was

20 dissolved in water and added to the culture medium (10 uM) 30 minutes before induction of
apoptosis. The protein kinase G inhibitor KT5823 (Calbiochem) was dissolved in DMSO and

added to the culture medium (1.6 pM) 6 hours after transfection.

CO exposure

25 Cells and islets were exposed to 1% carbon monoxide in compressed air balanced with
5% CO,, as described elsewhere (see, e.g., Otterbein ef al., Nature Med. 6:422-428, 2000). Islets
were incubated in RPMI medium pre-saturated with carbon monoxide (4 °C overnight, 1% CO,

5% CQ,) for two hours at 37°C while treatment with 1% CO, 5% CO; was continued.

30 Mice and induction of diabetes
Male C57BL/6 were purchased from Charles River Laboratories (Wilmington,
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Graft functional outcome analysis
20 Graft function was defined as the point when the first of three consecutive days of non-
fasting blood glucose levels <200mg/dl was reached. The primary endpoint of the experiment

was defined as time to normoglycemia.

Statistical analysis

25 Blood glucose data were summarized as mean + standard deviation of mice receiving
untreated or treated islets. Time to recovery of islet function was calculated using Kaplan-Meier
life tables and differences between groups tested using a log-rank test, with the three islet
preparations treated as separate strata in the analysis, and the median time to recovery, with 95%
confidence interval, reported.
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Massachusetts) and housed in accordance with guidelines fromthe NIH The
experinments were approved by the Institutional Animal Care and Use

Conmi t t eewQI0AGWGX4 Reci pient mce (8 weeks old) were rendecadsdz/adseti c by a
single intraperitoneal injection (220 ng/kg) of Streptozotocinb (Signma)
dissolved in citrate buffer. Mce received transplants if 2 consecutive 5

non-f asti | ao | ucose .l ev of,. greater than 350 ng/dl were obtained
froma vmgllq\ép'ﬁlg '&&Sggﬁlbtf’%? ml‘g*éé% c‘?“s?ol ation Pancreatic islets of Langerhans

(C57BL/ 6 ni ce) Thelk€feqlod TNHetohFTCheells staeinvEnigeted O Thafodlowingrprow@fiuteheedDRF

Center for Islet Transplantation at Harvard Mdical hool and i.solated as
descri bed ysiliged louesnsrate i dstp 18pstigfed in f?gén]s‘})'%aﬁt‘%tli‘é’éﬁTig :Wfée?t-r%f?‘g,mﬁb%) .
Syngenei ¢ .imar gi nal 1 sl ran ' ISl =250 1 mJ N

di anet er VBYE-HENG- %@i@%‘é‘éﬁgfrﬁg g' iésbzée]%e %%&nﬁ%gs%o}%g& ﬁ%gf)aec%ggldf? ylwer e

t ransgl anteeghtdlRilgst. The ekindtieywasnsdshied as5@ame mdxenmplizedito usteatef Ikellf man et

al ., J. Exp. Med. 172:291-302, 1990). From each.is| et. preparation the same
nunber s ofr"e%-drﬁirﬁffc%W§e tieptad il TNExq} prained Qheprop f%?ﬂ}dgﬁf‘z’&}“sgﬁtﬁffapd

funct 1 onal ot GOIFDRIRK(AL SR F A cal I H LIRSl DB BR DA LT Vhen

the first 0 ree consecutive days o on- ood glucose [evels
<200ny/ dl prgs] éxpaskiagvecldtepdDNABRY.gaANsipotontrobfpc DNA 3 Xl irelivatedyertis defd ned
as tinme to nornngllﬁﬁcem a. Statistical ana%s@ %5 | ood gjl gglﬁse d%ﬂavvere
sunmar i zedreaedeirihe saspasgat AhEEeT ArPBRDoF M (G- E Brevrspgse-a mhiiter ol By
treated i T . ' f i in
o it S s A R R s e R S A e i

| 0g-rank tpgtlls téatdd wiheTNIRFefor 28 hedirs. Rewitastatwroas themeah edstadardefpeintiérefrom

strata in the analysis, and the nedian tine to recgt\g%r%, with 95%
conf i dencelupeais valls takea fEm R repigseiatifpePErsehayu © S02/ 19687 TNF-a

I nduces apopt O_Sl.fil\?F—iopiln%h?c-ggﬁi Geves ogta@ll gl thOhsdiNond 21 Y BBCsShho¥as
i nvestigated. The follow ng procedures were utilized to generate the data
i | ust r at ettpémiefr maned (StePhersiay al.,Budo@ 0B gyelde:321 232250 LAY IfFig. 1A). DNA
15 fragmentation was demonstrated by propidium iodide (PI) staining (Fig. 1B), suggesting that
TNF-a induces B—cell death through apoptosis. TNF-a mediated apoptosis was strictly
dependent on the activation of caspase—8 and partially dependent on that of caspase-3, as
illustrated by the finding that blocking caspase—8 with a specific caspase~8 inhibitor (IETD-
CHO) prevented apoptosis (96% inhibition) while blocking caspase-3 by a specific caspase-3

20 inhibitor (Z-DEVD-FMK) prevented apoptosis only partially (53% inhibition) (Fig. 1C).

Carbon monoxide protects STC3 cells
Whether exogenous carbon monoxide could protect B—cells from apoptosis was

investigated (Figs. 2A-C). The following procedures were utilized to generate the data

25 illustrated in Figs. 2A-C. Fig. 2A: Exogenous CO can substitute for HO—1 when HO-1 activity

| is blocked. PTC3 were co-transfected with a B—gal expressing vector plus control or HO-1-

expressing rector (Brouard e al., J. Exp. Med. 192:1015-1026, 2000). When indicated, HO-1
enzymatic activity was inhibited by tin protoporphyrin (SnPP). When indicated, —cells were
exposed to exogenous carbon monoxide (1%) as described earlier (Otterbein et al., Nature Med.

30 6:422-428, 2000).. Gray histograms represent untreated f—cells and black histograms represent

34



i ncreasing concentrations of TNF-a. Viable cells were stained 24 hours
after activation by 5 crystal violet. The extinction was neasured at 562 nm
and nor mewpDaedodio4 untreated cells. Fig. 1B: (3TC3 were tPeatusd2/wesh TNF- a,
stai ned by propidiumiodide 24 hours later and analyzed for DNA
fragmentati on (FACScanTM. Fig. 1 C 13TC3 were co-transfected wth a

(3-gal expressing vector (pc 3/ (3-gal) plus, control C 3 ANhen
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ase it B%“o
speci fic caspase-8 1 nhibitor (IETD ) prevented apopt osi
i nhi bi ti ondartyimi thendxided&ieplipns asgiaEed@ringlogy 34633 19+27, ¢ 22N .aSeaydi@eramhi bi t or

Car bolt ronBRIEEES Hr BT Cor P ek PrebapBtiraewfianin s wih bt de

coul d pr ot g6fosfire 0f blibfectddaB s GRRARIPE WS indicae s RESAE Stbvilird freartAsahdard NE
foll owi ng procedures were utilized to generate the data 25 illustrated in

Fi gs. 2A- Glevkitign fie duplicaye wellstalgd foem osedgptesentative fegperid@nt owthof rddO- 1
B e T U0 & R o NS LA Pl e e AP INFAPRER R

vector plus control - “expressing rec

Med. 192: 19bptodid F8FCRED0 werefrmbichthbirgisieedd wilRalHOEN&pieskios vadsrd antl tastedesr
i nhi bited by tin protoporphyrin (SnPP). Wen indicated, (3-cells were
expos®d t otheix abjlityda suyiieydisn siprsed eI NFr9y Qusr-erensessiop @f HEa Ipradectqddi Tt Hetnn

Tl e L

PCT/ US02/ 15838ih cohirel) €Fips2 A). 8¥hacHO4-1 fetilitf-was biselsad Hystimsprowporph@imBa(SnPPIX)

standard dg SLi0n, 180N 4Bl SaL5 uele  Laken LEar o1C L eBreeeab V5,

§ ?e; telaljs W:‘ s{u%ﬁésﬁﬂg’ma%ic gerlefatioR @ BNEast bRUTRIE id RONRRAI SIS cathbbH3mWs 101,
20 i.e. iron, bilirubin and/or CO, is required for its anti-apoptotic function.

On the hypothesis that the anti-apoptotic effect of HO-1 could be mediated by carbon
monoxide, whether exposure to exogenous carbon monoxide would substitute for HO-1 in
protecting B—cells from apoptosis was tested. When the action of HO-1 was suppressed by
SnPPIX, carbon monoxide exposure suppressed TNF-a mediated apoptosis to a similar extent as

25 HO-1 (Fig. 2A). Exposure to exogenous carbon monoxide alone was protective (11.7%
apoptotic cells versus 20.3% in controls not exposed to CO), as demonstrated by DNA
fragmentation analysis (Fig. 2B). Similarly, B—cell apoptosis induced by etoposide or serum

starvation was suppressed by carbon monoxide exposure (Fig. 2C).
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TNF-a. Directly after stimulation, PTC3 were exposed to exogenous carbon
nonoxi de for 5 24 hours. Control PTC3 were treated in the sane nmanner but
not exposwo oBoowas bon nmonoxi de. After 24 hours cells wer @CIBInessby

propi di um i odi de and anal yzed for DNA fragnentation on a FACScanTM Fig.
2C. Exogenous carbon rmnoxi de protects 13-cells from apoptosis in absence

of HO-1. PTC3 wer cted h I I re
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(87% survival ver 33%in co&i %br) (Fig. 2A). Wen HO 1 activity was

bl ocked b)FXPH'eFFI?ﬂ%ﬂEﬁHFrOﬁN (E) PPl X) (Kappas et al., Hepatol ogy
4:336-341, 1994), the anti-apoptotic effect was suppressed (Fig. 2A),
suggesting that the generation of at |east one of the end products of hene
catabolismby HO 1, 20 i.e. iron, bilirk@el and/or CO is required for its
anti - apoptoti t Iz i ffect
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simlar extent @swa25 HOJ{1 6461400 2/8R,1SEpRI6e t 0 exageneds icar bort/7nonoxijde
al one was protective (11.7% apoptotic cells versus 20.3%in controls not

exposed to CO), as denonstrated DNA fra tion a Si Fi
Sinilarly, (3-dditedwehiraieption; %Mgérédh%‘?yéf%‘gge\?&get%?uﬂé‘é‘?ﬁ or ?&‘?ﬁa? TR

suppr ess edra s BT R 1@@9&%1@1%5 %Féos%wsﬁrvﬁ\i: h@aﬁe@ ©) day® THOHE30 Q00 M—f’e{lectlon is
PCT/ US02/ 1 I nducti on of in Donors and Recipients Leads

Pr ol omged srneWeun Be durthetupiny aF hewﬁﬂtmé@mqmmt@ thapindpgtionof HQ-A resulpindongsy

reci pi ents_woul.d | grafts was investigated. The foll ow ng
procedures u%Yaéoﬁf[el?s a%%hrlfu%bﬁ}’tﬁ{ei(r?%t e the data illustrated in Table 1,

bel ow. A nobuse nodel was uti I ized for the experinents. Donors of islet

cells were treated v¥|)th . Lo .
Exogenous carbon monoxide protects murine islet cells from apoptosis

Whether exogenous carbon monoxide protects murine islet cells from apoptosis was also
20 investigated (Fig. 3). The following procedures were utilized to generate the data illustrated in
Fig. 3. Apoptosis was induced in freshly isolated murine islets (C57BL/6) by stimulation with
TNF—-o and cycloheximide (CHX). Directly after stimulation, islets were exposed to exogenous
carbon monoxide for 24 hours. Control islets were treated in the same manner but not exposed
to carbon monoxide. After 48 hours cells were analyzed on a FACScan™ for DNA
25 fragmentation. This experiment was done twice with indistinguishable results.
Exposure to carbon monoxide for 24 hours protected isolated murine (C57/BL6) islets of
Langerhans from TNF-a plus cycloheximide (CHX) mediated apoptosis (11.7% apoptotic cells
versus 20.3% in controls not exposed to CO) as assayed by DNA fragmentation analysis (Fig. 3).
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5 cobalt protoporphyrin (CoPP) (20 ng/kg) once per day before islet cell
isolation. Recipients of islet cell grafts were treated wth CoPP (20

ng/ kg) onwe openoiday on days 1, 3, 5, 7 or with CoPP (10 rg/Tkgsp2/o068® per
day on days 1, 3, 5, 7, 9, 11, 13, 15, and 17. Treatnment with CoPP induces
expression of hene oxygenase-1 (HO-1). 10 Table | Induction of HO-1 in

Donors and_Reci pi ents Lead o Prolonged Islet.G.aft .Survival Treatpent
Mo of o1 Zhe sriLaBapious SRe of Buaets RanSimmapTo st S meaRifanby Grany ke BlelHge
350- 400 17gctRAtios dand 4fnak 9¥vodgh 2GXKLddpenadt/prddeidtkiaaS@REGKY o/ kg x 10
350-400 30, 30, >51x2 40.512.12 2/4 Control 350-400 8, 8,15, 15, 16, 22, 26
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investigated (Fig. 3). The follow ng procedures were utilized to generate

t he data i monetidefl&e). iWhergingica®d, wers irsatpgh with thpugsieaylylreyelasesinhipitors@Pet ed
murine islets,(CR7 ) ti | i -, L.
(G0 o r Bt 15 AP e s ol b Mo AR SR BORNBENES s o

nonoxige f erc24vehorinstectedwith B-gil shpiessingdlettoty. BRh&d indicatedep B weRRRP&Ed byt
not exposed to carbon nonoxide. After 48 hours cells were anal yzed on a
FACScanTM £xngemiva caibon megerite- athens indivatesl, BkE2 mierperratodagthiabe eGMR) analogng h

i ndi st ' b ts. b '
orot oot oo bIREEUE A oo RIS S B LA o e
cycl ohexi nMdBK)(hédigte tRdh-bpshiatTicosdfatbdd mbHoRpe PP DC3 eerabohinsfi@edwith20. 3%

in controls not exposed to CO as assg%ed by DNA fragnentation analysis
(Fig. 3). B3mlvworesingoodad Vo ingozed. 9983 werpexnsed to£yegsnens @rhonaioxige.

exogenous r bon,. 0X] [ iate q fgiv 1.on and
Si gnaf st h&‘?’ﬁﬁﬁ“&%z écj%lggﬁ ; atrr1 egrvgikhetlﬂﬁ B{qtﬁggg%ée(a% W%gﬁﬁg Te}' @Tb}p

ant i - apopt aisiogragfsirestseaf unti@itd p—cedls aid bleckatistegrami fephesent\Batéliznreated sathubl e
guanyl at e %&cil ase (sGCﬁ and generation of cGW was investigated (Figs.

4A-C). The Woﬁpﬂ@ts shown are mean + standard deviation from duplicate wells taken from one
representative experiment out of three.
Whether the anti-apoptotic effect of carbon monoxide acted via activation of soluble
20 guanylate cyclase and generation of cGMP (as described in fibroblasts) was investigated
(Petrache et al., Am. J. Physiol. Lung Cell Mol. Physiol. 278:1.312-319, 2000). Inhibition of
sGC activity by oxadiazoloquinoxalin (ODQ) suppressed the anti-apoptotic effect of CO,
suggesting that a soluble guanylate cyclase is a major mediator for carbon monoxide in this
experimental system (Fig. 4A). The c¢GK activator/cGMP analogué, 8—Br—cGMP, suppressed
25 BTC3 apoptosis to an extent similar to that seen with carbon monoxide (Fig. 4B). Also,
inhibition of cGMP-dependent protein kinases by the specific inhibitor KT5823 suppressed
the anti-apoptotic effect of exogenous carbon monoxide (Fig. 4C), suggesting that the anti-
apoptotic effect of carbon monoxide is mediated through the activation of one or several
cGMP-dependent protein kinases.
30

Exogenous carbon monoxide provided anti-apoptotic protection under various protocols
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5 procedures were utilized to generate the data illustrated in Figs. 4A-C
Fig. 4A: The anti apoptotic effect of exogenous carbon nonoxide is nedi ated
by guanylwo@3pyuliese activation. (3TC3 were transfected WCThISBR/gmB7
expressing vectors and exposed to exogenous carbon nonoxide (1% . Were

i ndicated, (3TC3 were treated wth the guanylyl cyclase inhibitor ODQ
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20 BTC3 were exposed to carbon monoxide for different time periods (1-24 hours)
immediately after the addition of TNF—~o and tested for apoptosis 24 hours later. One hour of
carbon monoxide exposure was sufficient to prevent f—cell apoptosis (Fig. 5A).

To investigate whether carbon monoxide exposure can block ongoing apoptosis, f—cells
were exposed for one hour to CO, 0.5 to 12 hours after induction of apoptosis by TNF-o.. Even

25 when exposed two hours after TNF-a stimulation, carbon monoxide was still able to suppress
B—cell apoptosis (Fig. 5B).

To investigate whether pre-incubation with carbon monoxide would protect f—cells from
apoptosis, BTC3 were exposed to carbon monoxide for 0.5 to 3 hours before apoptosis induction.
One hour pre-incubation in the presence of carbon monoxide was sufficient to prevent B—cell
30 apoptosis (data not shown). To evaluate for how long this effect would last when the time
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illustrated in Figs. 5A-C. Fig. 5A: one hour of carbon nonoxi de exposure is
sufficient to prevent apoptosis. PTC3 were transfected with (3-gal
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20 of auto-immune disease (Bemney et al., Transplantation 71:125-132, 2000).

Whether carbon monoxide pre-incubation of islet grafts prior to transplantation results in
better functional performance in vivo was investigated (Figs. 6A-B). The following procedures
were utilized to generate the data illustrated in Figs. 6A-B. Fig. 6A: Two hundred and fifty
freshly isolated and hand-picked islets from C57BL/6 mice were incubated in medium pre-

25 saturated with 1% carbon monoxide for two hours at 37°C. Control islets were treated in the
same manner but were not exposed to carbon monoxide. The islets were transplanted under the
kidney capsule of the diabetic syngeneic recipients as described previously. After
transplantation, blood glucose levels were determined on a daily basis. A total of 16 animals
(8 with pre-exposed islets; 8 controls) were transplanted. One animal receiving pre-exposed

30 islets died on day 3 of non-exposure related technical reasons and was included in the statistical

analysis as censored animal. The primary endpoint of these experiments was the first day of
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islets were transplanted under the kidney capsule of the diabetic
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ani med0.  Theithaut frlk jn & Faplshited mixing syindepbatormdaiweryido theexpgsprschamberot 39
Flow into the 3.70-ft” plexiglass animal chamber was maintained at 12 L/min and into the 1.2-ft*
cell culture chamber at a flow of 2 L/min. The cell culture chamber was humidified and
maintained at 37°C. A CO analyzer (Interscan, Chatsworth, CA) was used to measure CO
levels continuously in the chambers. Gas samples were taken by the analyzer through a port in

25 the top of the chambers at a rate of 1 L/min and analyzed by electrochemical detection, with a
sensitivity of 10-600 ppm. Concentration levels were measured hourly. There were no
fluctuations in the CO concentrations once the chamber had equilibrated (approximately 5 min).

Animals were exposed to > 98% O, or 98% O, + CO mixtures at a flow rate of
12 liters/min in a 3.70-cubic-foot glass exposure chamber. Animals were supplied food and
30 water during the exposures. CO at a concentration of 1% (10,000 ppm) in compressed air was

mixed with >98% O, in a stainless steel mixing cylinder prior to entering the exposure chamber.
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3. 70- cubi ca Y ewtirog the dovesk pbdamen. dihg pprareatindnerayas cligined offppyithahaneestat irats 30
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conpressed air was wth >98% 02 In a stalnleSs steel m xing cylinder
pri or2ot 0 esutrenndigg pdmercatiqiassue. el taletset was isolated at the proximal end. Fat was removed

before inserting the cannula, making sure not to puncture the portal vein. The duct was cut with
the fine scissors one third of the way across and the cannula was inserted in the duct. The
cannula was held in the duct by clamping the duct lightly with forceps. LiberaseO solution was
injected rapidly. The pancreas appeared to be distended and fully dilated after 6 mls of fluid
25 injection. In mice, the needle was inserted into the duct as proximal to the liver as possible and
LiberaseO solution was injected. The rat or mouse was then sacrificed by cutting the diaphragm
and heart or aorta.
After LiberaseQ infiltration, the pancreas was removed, starting by removing from the
intestines, then the stomach and then the spleen. When the pancreas was attached only by the
30 bile duct, it was cut out of the rat. The pancreas was placed in a 50 ml conical tube, and placed

in a water bath at 37°C for 30 min.
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40 WO 03/000114 PCT/ US02/ 19687 By varying the flowrates of COinto the
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control | edo 0Becmuwse the flow rate was primarily determ ne@coyusobreos®2 fl ow,
only the CO flow was changed to generate the different concentrations
delivered to the exposure chanber. 02 concentrati ons in the chanber were
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cannul a, maki ngngeuc(r%ieig no ep%ﬁged Eﬂ% Rire %{{gagg)&?% ?Ee):g%ce #ﬁ%ﬁ@éﬁ{egﬁ\kﬁ% cut with

the fine sghRsed, ey abhitfe@x@ésshﬁﬂmﬂ@épa@smss and the cannula was inserted
in the duct. The cannula was held in the duct by clanping the duct lightly
with forceps. LThepksbossdicnt itf@rpeuetsvaswﬁua@pé@ﬂ ind@Pridimy Hrm@aqfalad@ﬂ%@lgma

appear ed to ed a
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After Li beHas:@a)lue@fanﬂtth@nccbmn Thempdintreassaddedsby pipestingslowtyadowinrthe $ige of the
Ty g o R ek 27 Ah MR 300 B DY of R IR e
acceleration and no braking.

Following centrifugation, the islet layer was collected from the interface with a

20 disposable 10cc serologic pipette (Falcon), and placed in 50 cc conical tubes. Islets were washed
several times to remove the HistopaqueO by adding 25-35 ml of the medium + NCS. The initial
centifugation was performed at 1200 rpm for 2 min., but the subsequent centrifugations were
performed for 90 sec. After the 3 washes, the islets were resuspended by pipetting up and down.
7-10 ml each were put on 60 mm sterile culture dishes for hand picking.

25 Hand picking of islet cells was performed using a 100 il sterile pipette tip, under a
microscope. Each islet was picked individually, and care was taken to avoid all other tissue.
Only those islets between 50 and 225 im in diameter exhibiting a smooth and round or oval

shape were picked.
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30 bile duct, it was cut out of the rat. The pancreas was placed in a 50 ni
coni cal tube, and placed in a water bath at 37C for 30 mn. 41 WO
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i slets betwe |arre roun or
oval transplantation (day 0). Cyclosporin A (CsA; Novart1s Basel, Sw1tzerland) which blocks T cell

20 activation, was administered i.m. (15 mg/kg) starting at day 0 and daily thereafter until the end of
each experiment. Tin protoporphyrin (SnPPIX), cobalt protoporphyrin (CoP-PIX), and iron
protoporphyrin (FePPIX; Porphyrin Products, Logan, UT) were diluted in 100 mM NaOH to a
stock solution of 50 mM and kept at -70°C until used. Light exposure was limited as much as
possible. Both SnPPIX and FePPIX were administered i.p. (30 uM/kg) in PBS. FePPIX and

25 SnPPIX were administered to the donor at days -2 and -1 (30 uM/kg) and to the recipient at the
time of transplantation (day 0) and daily thereafter (30 uM/kg).

CO exposure
Briefly, CO at a concentration of 1% (10,000 parts per million; ppm) in compressed air
30 was mixed with balanced air (21% oxygen) in a stainless steel mixing cylinder before entering

the exposure chamber. CO concentrations were controlled by varying the flow rates of CO 1n a
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shape were picked. 42 WO 03/000114 PCT/ US02/ 19687 Exanple H. Carbon
Monoxi de Suppresses the Rejection of Muse-to-Rat Cardi ac Transpl ants

Ani mal s BADBB®oomuse hearts were used as donor organs for pomarsspli®st at i on
into inbred adult nmale Lewis rats (Harlan Sprague-Daw ey, |ndi anapolis,
IN). Animals were housed in 5 accordance with guidelines fromthe Anmerican

Associ ation. tor f a K y{ﬁrﬁg
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perfornmed as descri be previously (Berk et al Physi ol Rev. 8:999-1030,

2001; 5Pet kbdays beforq transplagpiien. (@R gecimams vmlaC?‘b@ehe exrotyre chambet immediatell
was assessgg dallyniaPaloiahd Qlre fxfégi ﬁgﬁé &Boéﬂ?écf%hﬁ%ﬁ?ﬂ(rpém &Q%S(ﬁt—'ﬁn of

ventricul ar contractions and con hi st o 0ogl € exam nat i on.
Experi mentddys.r éég:encwtrmbr\aammmnﬁ@bttwel( Dornd who ppmlat dttmes dﬁpmehme

tivati jdel . S j CA 1 (60
O kgy - and WO Y55 Be U OR L p s Baerad RS Gagmapol G ahspfEe & on
(day 0). GyeplppspRidestribed &0Ae. Novartis, Basel, SWl tzerl and), Whl ch blocks T

cell 20 activation, was adm nistered i.m (15 ng/kg) starting at day 0 and
dai | y'0t hereafter until the end of each experinent. Tin protoporphyrin

(SnPPI X) , Pﬁ '%mQﬁPE& phyrin (CoP-PI X), and iron protoporphyrin
(FePPI X; Por I'n Prod ts, Logan, UT) were diluted in 100 mM NaCH to a
stock sol uti on }wewmvnamnwws nagasurgley Lifirubin geoewtion indieart enxplonr e was

(30 1 kgym e ABES y¥eiacr el e P BRI MEIRGRCM RLeb@ras ;P
days -2 anghd-flozém38 -MACkentil ased. ®:ganmemeompgemedam fduln @olutniesref snfrose (250 mM)
B ory. | COGHCKIESTMEMEELE B b st 381 sobiTant L HEr RN 1% ol Pup ey - The
conpress edsuﬁbrrnatant was centrifuged (105,000 RPM 3X, 60 min, 4°C), and the microsomal pellet was
resuspended in MgCl, (2 mM)-potassium phosphate (100 mM) buffer (pH 7.4) and sonicated on

ice. The samples (1 mg of protein) were added to the reaction mixture (400 il) containing rat
liver cytosol (2 mg of protein), hemin (50 iM), glucose-6-phosphate (2 mM), glucose-6-

20 phosphate dehydrogenase (0.25 U), and NADPH (0.8 mM) for 60 min at 37°C in the dark. The
formed bilirubin was extracted with chloroform and , OD was measured at 464-530 nm
(extinction coefficient, 40 mM/cm for bilirubin). Enzyme activity is expressed as picomoles of
bilirubin formed per milligram of protein per 60 min (pmol/mg/h). The protein concentration was
determined by the bicinchoninic acid protein assay (Pierce, Georgetown). The background was

25 ~5 pmol/mg/h. All reagents used in this assay were purchased from Sigma (St. Louis, MO),
unless otherwise indicated. Carbbxyhemoglobin was measured 2 days after transplantation by
using a Corning 865 blood gas analyzer (Clinical Chemistry, Massachusetts General Hospital,
Boston, MA).
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30 was m xed with bal anced air (21 % oxygen) in a stainless steel m xing
cylinder before entering the exposure chanber. CO concentrations were
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PCT/ US02/ 19687 m xi ng cylinder before delivery to the chanber. Because the
flowrate is primarily determned by the 02 flow, only the CO fl ow was
changed to deliver the final concentration to the exposure chanber. A CO
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20

Immunohistology
Grafts were harvested 3 days after transplantation, snap-frozen in liquid nitrogen, and
stored at -80°C. Cryostat sections were fixed and stained as described previously (Soares ef al,
Nature Med. 4:1073, 1998). Rat leukocyte populations were analyzed by using anti-rat
- 25 leukocyte common Ag (LCA, CD45; OX-1), Eé TCR (TCREé-chains; R73), B cell (CD45RB;

0X-33), NK cell (NKR-P1; 3.2.3), and M® (CD68; ED-1), mAbs (Serotec, Harlan Bioproducts
for Science, Indianapolis, IN). Detection of fibrin/fibrinogen was conducted by using a rabbit
anti-human fibrin/fibrinogen polyclonal Ab (Dako, Carpinteria, CA). Intragraft complement
activation was detected by using an anti-rat C1q (The Binding Site, Birmigham, U. K.), C3

30 (ED11; Serotec), or C5b-9 mAb (Dako). Rat IgM was detected by using the mouse anti-rat IgM
mAb MARM-4 (a kind gift of Dr. H. Bazin, University of Louvain, Brussels, Belgium). Isotype-
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Boston, MA). 44 WD 03/000114 PCT/ US02/19687 Hi stonorphonetric anal ysis
Grafts were harvested 3 days after transplantation, enbedded in paraffin,
fixed i n wbesieliisr, and serially sectioned (5 im in totoPCrarsny/mesapex to
the base. Ten sections were 5 placed per slide in a total of about 20-25
slides. Every fifth slide was stained wth hematoxylin and eosin (H&E) for
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stored at suBR&teddrotnallaimpslecti ons were fixed and stained as described
previously (Soares et al, Nature Med. 4:1073, 1998). Rat | eukocyte
popul ati ons were anal yzed by using anti-rat 25 | eukocyte common Ag (LCA,
CDA5; OX- %el,ﬁ?ﬁgﬁg TCR$e-chains; R73), B cell (CD45RB; OX-33), NK cell
(NKR-PI'; 3.2.3), and M %CDGB; ED- 1), mAbs (Serotec, Harlan Bioproducts
for Swience, | rittiummbgyelsiobrat ag-momest st easpmeasuracdyi asllplnbbased eiTeciEL ISA.

conduct <0 . fgkagr o iy 20 [l bR ph PR aRgSeE gl
usi ng an aMuhask®} VL) yag Used aBamalitiggniStdrgst. Briefly, §hadB cdlls wire) qult@®d in DMEM
(Life Technologies, Rockville, MD), 10% FCS, 100 U/ml penicillin, and 100 ig/ml streptomycin
(Life Technologies). Glutaraldehyde-fixed 2F-2B cells were incubated (1 h, 37°C) in the

20 presence of rat serum serially diluted in PBS 0.05%Tween 20 (Sigma) and rat anti-mouse Abs
were detected by using mouse anti-rat IgM (MARM-4), IgG1 (MARG1-2), IgG2a (Marg2a-1),
IgG2b (MARGD-8), or IgG2c (MARGZC—VS) (kind gifts from Prof. H. Bazin, University of
Louvain, Brussels, Belgium). Mouse anti-rat Abs were detected by using HRP-labeled goat anti-
mouse Fab’ depleted of anti-rat Ig cross reactivity (0.1 ig/ml, 1 h, room temperature; Pierce,

25 Rockford, IL). HRP was revealed by using ortho-phenyldiamine (Sigma) and H,O; (0.03%) in
citrate buffer (pH 4.9). Absorbance was measured at I= 490 nm. The relative amount of
circulating anti-graft Abs in the serum was expressed as OD (I= 490) taken from one serial
dilution in the linear range of the assay (1: 32 - 1: 1024).

Binding of rat C3 to mouse endothelial cells was measured by a modified cellular ELISA

30 with mouse 2F-2B endothelial cells as antigenic targets (Miyatake et a/, J. Immunol. 160:4114,

1998). Briefly, nonfixed 2F-2B endothelial cells were incubated in the presence of rat serum
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30 (ED1 1; Serotec), or C5b-9 mAb (Dako). Rat |1 gMwas detected by using the
nouse anti-rat IgM mAb MARM4 (a kind gift of Dr. H Bazin, University of
Louvai n, Bowsmalis4 Bel gium . |sotype- 45 WO 03/000114 PCTPUSABOLEBET

mat ched mAbs or purified Ig, as well as a control for residual endogenous
peroxi dase activity, were included in each experiment. Detection of
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in the serumwas expressed as OD (1= 490) taken fromone serial dilution

in the |inEdextab8anaiWeiiermnNseanalykis 32 - 10 1024).
Endothelial cells were washed in PBS (pH 7.2), harvested by scraping, and lysed in

Laemmli buffer. Electrophoresis was conducted under denaturing conditions with 10%

20 polyacrylamide gels. Proteins were transferred onto a polyvinyldifluoridine membrane
(Immobilon P; Millipore, Bedford, MA) by electroblotting and detected with rabbit polyclonal
Abs directed against human HO-1 or HO-2 (StressGen, Victoria, Canada) or é-tubulin
(Boehringer Mannheim, Mannheim, Germany). Proteins were visualized by using HRP-
conjugated donkey anti-rabbit IgG or goat anti-mouse IgG (Pierce) and the ECL assay

25 (Amersham Life Science, Arlington Heights, IL) according to manufacturer's instructions.

Transient transfections and apoptosis assay
The murine 2F-2B endothelial cell line (ATCC) was transiently transfected as described
elsewhere (Soares et al., Nature Med. 4:1073, 1998; Brouard et al., J. Exp. Med. 192:1015,
30 2000). All experiments were conducted 24 - 48 h after transfection. é-galactosidase-transfected

cells were detected as described elsewhere (Soares et al., Nature Med. 4:1073, 1998; Brouard et
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Binding of rat C3 to nouse endothelial cells was neasured by a nodified
cellular ELISA 30 with nouse 2F-2B endothelial cells as antigenic targets
(M yat akewetozmba114. | mrunol . 160: 4114, 1998). Briefly, necffivsez1987 2B
endothelial cells were incubated in the presence of rat serum 46 WO
03/000114 PCT/ US02/19687 serially diluted in G/B ++ buffer (1 h, 37C).
Cells were f gl was
det ect ed by 1&]);?( gMé}dnlD%% 109?5{%?%) %FC%QW%Z?%PS%JS 5%%55&?}&%9%%}? glgtl on
assay 5 Muugte?dt @@Immb@bxpaéssmglcélk thaet retaioed narmedmonph@logyasyizkatbied ( Si gna)

coat ed six-wel | | at es 88% T chno ogi.e % ), 100
Un peni cisephere (Apriesid gl r}ﬁ?tﬁﬁe%yléb%%r}gg ?‘Lalr ¢ eitﬁﬂ?l@l@%elg?lgggsfl uent
endot hel i alpope!THe rRhibBess Rlot i@dd couficd Ral Belerdiindtad Ravd 4 ARG\ OO VidBle

HO- i nduci ng ent CoPPI X (50 IM 18 h), the HO inhibitor SnPPI X (50 IM 18
h), of bottransigapql sellsper ¢auirolselh) Thenerapipes of Yidhte sqlls was nyrmatized for each A

Var - pt asmP A GoAgs ek e iR CUGECOolrtctin TcBorehe B o abitigh Brafifi T,

r esuspendegentr{109F% biabiliey). (81 @pmmmipeﬁomam }éhlﬁ Bdee timeSinmivpliatd. r ose,

were over 14T g i s DR, ap 00k E el B0 ° °

aggregat i qg/nﬁ§§4ﬁH§ﬂeMﬁh§fe&%d SaPeIX @axﬂgﬁﬁ Pidagéts peisdigolvKkacmRnek 166 mdt , J.
Bi ol . Chem 2

1: 33116, 1996) by using 15 an aggregoneter (Chrono-Lo
Har espown, Naoy ampnp@pecw oC U vl TP IadeT 0 cleta Hshish ATRANDESh e
bl ot anal ysi I Mﬁﬁc; y
scrapi ng, ?ﬁﬁ“ﬁ &? ﬁﬁjfa&% n%l ft;er E?%%ts lIEigrl\(e{{s?]lll_qéa%vc\)/gé co %sgctﬁg fl'ueﬁder
denat uri ngn @BSdl%lBﬂ’l’s amd hdtded&)c?/ﬂlz@ulpmb yediuyd @i d@O gg'hd) 24 efteitnassfoation.
transferred onto a polyvinyldifluoridine nenbrane (Immobilon P; MIIipore,
Bedf ord, MA) by electroblotting and detected with rabbit polyclonal Abs
directed oSl o ¢ilRuirediendotdelidiCelds o@essCen, Victoria, Canada) or
e-tubulin Boehri nger Mannheim Mannheim Germany). Proteins were
vi suabi zed by i1y erarpPOsed ) eRRRTeCHY hRIESA ARE Pm&csfﬂmtlpn PHEOE2> Y
anti - m)us § f
Arlington I gﬁ)&) @’%{Sﬁ)@cggﬁ?weﬁqgnﬁgﬁg%égtﬁ ulﬁag{rﬁ%é\ﬁ ?%?ﬁ?&%ogﬁdsn%%%aé%g ent
t ransf ect iadn$ BxpdMagd®2d9is 288@)ay The nurine 2F-2B endothelial cell line
(ATCC) was transiently transfected as described el sewhere (Soares et al.,
Nat ure Med. 4:1073, 1998; Brouard et al., J. Exp. Med. 192: 1015,

Aortic transplant model

20 Aortic transplantation was carried out done as described elsewhere (Plissonnier et al.,
Transplantation 60:414-424, 1995). Briefly, the aorta and the inferior vena cava were cut to be
bled after heparinization. After additional left thoracotomy, three or four pairs of the inter-costal
arteries were ligated using 7-0 nylon suture (Keisei Medical Industrial Co., LTD, Tokyo, Japan),
and 2 cm of the descending aorta was harvested. The graft was inserted between the renal

25 arteries and the aortic bifurcation by standard microsurgery technique using 9-0 Nylon sutures -
(EthilonTM, Ethicon, Inc, Somerville, New Jersey). The native abdominal aorta was left after
both edges were ligated.

CO at a concentration of 1% (10,000 parts per million; ppm) in compressed air was
mixed with balanced air (21% oxygen) as described previously (Otterbein et al., Am J Physiol

30 276(4 Pt 1):L688-L694, 1999). For the transplant model, graft donors were placed in the CO

chamber two days before transplantation. Recipients were placed in the chamber immediately
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30 2000). Al experinments were conducted 24 - 48 h after transfection.

e-gal act osi dase-transfected cells were detected as descri bed el sewhere
(Soar es ewoal3iopoiNat ure Med. 4: 1073, 1998; Brouard et 47 WOTOBODOW14

PCT/ US02/ 19687 al., J. Exp. Med. 192: 1015, 2000). Percentage of viable
cells was assessed by evaluating the nunber of e-gal actosi dase-expressing
cells that a| i SR f t
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24 h after transfection. Exposure of cultured endothelial cells to CO 15
Cells were_exposed to conpressed air or varying concentration of CO (250
and I@,oodwﬁﬂﬁ¥$ as described el sewhere (Oterbein et al., Nature Med.

6:422, 2000; andr-BeRUMsGofductedlafter RNABXPatioEibm $8 ZrakdldniedROD9 by viPigl dnC

transpl ant nodel 20 Aortic transplantation was carried out done as

descri bed RINA@wmeatiag k| dcserdingite theagnanyfacturer'sinstrapiions { Qiagern Chatswarh, £y,
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using 9-0 | on sutures (EthilonTM Ethicon, Inc, Somerville, New Jersey).
The native abdom nal aorta was left after both edges were ligated. CO at a

concent kil by ARRRAL e Ll R, ST 008 v
al ., Am J PhysiMbuse hearts transplanted into untreated rats underwent acute vascular rejection 2-3 days
20 after transplantation, an observation consistent with previous reports (Soares et al., Nature Med.
4:1073, 1998; and Koyamada et al., Transplantation 65:1210, 1998). Under cobra venom factor
(CVF) plus cyclosporin A (CsA) treatment, mouse cardiac grafts survived long term (see
Table II, below), a finding also consistent with previous reports. Under CVF plus CsA
treatment, graft survival was associated with up-regulation of HO-1 expression by graft
25 endothelial and smooth muscle cells as well as by cardiac myocytes (Fig. 7). Expression of HO-
1 mRNA was detected by RT-PCR 12 - 24 h after transplantation and HO-1 protein 24-72 h after
transplantation (Fig. 7). Long-term graft survival did not occur when the HO inhibitor SnPPIX
was administered to the donor and then to the recipient, despite treatment with CVF plus CsA.
Under these conditions, all grafts were rejected in 3-7 days (Table IT). Control treatment with
30 FePPIX, a protoporphyrin that does not inhibit HO activity, did not lead to graft rejection

(Table II).
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30 276(4 Pt 1):L688-L694, 1999). For the transplant nodel, graft donors
were placed in the CO chanber two days before transplantation. Recipients
wer e pl acwo wsmodine chanber i mrediately 48 WO 03/000114 PETTuS024i%8687

foll owi ng transpl antati on and kept there 56 days. CO concentration was
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p= 0.0009) rats, as compared with naive hearts (Fig. 8). HO activity was inhibited to basal
levels, as present in naive hearts, in mouse hearts transplanted into rats treated with CVF plus
CsA plus SnPPIX (32.37 + 7.23 pmol/ mg/h). This represented a highly significant inhibition as
compared with mouse hearts transplanted into untreated (p = 0.0009), CVF plus CsA-treated

20 (p = 0.0009), or CVF plus CsA plus FePPIX-treated rats (p = 0.0018; Fig. 8). HO activity in the
recipient's livers was also up-regulated after transplantation in a manner that mimicked that of
the transplanted hearts (data not shown). However, this was not the case for the recipient's own
heart, in which HO activity was not up-regulated following transplantation (Fig. 8). In grafts
transplanted into SnPPIX-treated rats, there was progressive myocardial infarction, which

25 became apparent as early as 2 days after transplantation (data not shown). This was not observed
in grafts transplanted into control rats treated with FePPIX (data not shown).

It has previously been shown that rats that receive a mouse cardiac graft under CVF plus
CsA treatment generate anti-mouse Abs that are exclusively of the IgM isotype (Koyamada et
al., Transplantation 65:1210, 1998). Additional treatment with SnPPIX or FePPIX did not
50



30 FePPI X, a protoporphyrin that does not inhibit HO activity, did not |ead
to graft rejection (Table I1). 49 WD 03/000114 PCT/ US02/ 19687 Table 11
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hour (pm)I/rrg/h Fig. 8. HO activity was significantl y i ncreased i n nouse
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FePPI X- t re(a e ’7(%6%%)9%@\1@%13%%6#3%?{6 @%l@éllb%oﬁg)ﬁ“hgg? % as gégﬁgdéoroed wth
nai ve hear308 ppfi) gorr&pondd® appiroximatelyers-twanticth ofttle tethabdesal(dats eatshewn)aRats

present in nai.ve hearts n hearts apie

bt BvE gl CekORiaS o Bargt PRI frs BN YRR AR AR RERRNTE
hi ghly si gpif 3)@'11m6 (ﬂz ﬁbp bay:slaﬁ& tmsplc‘nﬁﬂnmr\eldndm inlﬂummg%rﬂéarrt@alt rangaﬁsant ed
into untreated 8_ us CsA-treated 20 (p = 0.0009), or CVF
pl us CsA mOU%ntlféF*PIf%‘cttheé‘tr@éotdéY% eplellly 0018: Fig. 8). HO activity in the
recipient's livers was al so up-regul ated after transplantation in a manner
that m mcked that of the transplanted hearts (data not shown). However,
this was not the case for the recipienf@ledn heart, in which HO activity

\tN?an Itaﬁltoecrje?ﬁlt gt Eﬁﬁ%ﬁ% reglge;dgugg?&%%%gde?\%as 1%855?% g#\? &rrtrfl’fcl)E:Zr di al

infarcti on, which-25-beecare batr-ept—as—eat f ay-s—af-ter
transpl ant at itop—{(data—n eagmq h)—This—w >
'CVF + CsA + SnPPIX

CVF + CsA + SnPPIX + CO >50(n=16)

To generate the data in Table III, mouse hearts were transplanted into CVF plus CsA-
treated rats. When indicated, graft recipients were treated with SnPPIX with or without exposure
20 to CO. Graft rejection observed in SnPPIX-treated rats was suppressed under exposure to
exogenous CO ( p < 0.0001 as compared to recipients
treated with CVF plus CsA plus SnPPIX). Statistical analyses were carried out using Fisher’s
exact test.
To determine whether exogenous CO interfered with inhibition of HO-1 enzymatic
25 activity by SnPPIX, which could account for the ability of CO to suppress graft rejection, it was
investigated whether CO affected HO enzymatic activity in hearts transplanted into SnPPIX-
treated rats. As shown in Fig. 10, this was not the case. Total HO enzymatic activity in hearts
transplanted under SnPPIX treatment (32.37 + 7.23 pmol/mg/h) was not significantly different
from that of hearts transplanted into rats treated with SnPPIX and exposed to CO (43.6 £
30 7.57 pmol/mg/h; p = 0.1095; Fig. 10). Similar results were obtained in the recipient's livers and
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in grafts transplanted into control rats treated with FePPl X (data not
shown). It has previously been shown that rats that receive a nouse cardi ac
graft undwo 0GboIps us CsA treatnment generate anti-nouse APETIUSAL/1W8E
exclusively of the IgMisotype (Koyanada et al., Transplantation 65:1210,
1998). Additional treatnment with SnPPI X or FePPlI X did not 50 WO 03/000114
PCT/ US02/ 19688¢ Flg nlfd uence this Ab response (Fig. 9). Ceneration of

antigraft Abs was correl ated with conpl enent activation, as denonstrated
by C3 depositi oﬁmﬁnm@&memkbﬁmtel far HOel 408 Vit Fingpregting\grp ft peipctiossn s ught

FePPLX t T eghimnt ; &ff’gmﬁafé n%lvqulggduﬁ%?d}ﬁ%"%m% B?ﬂ%ﬂﬁtm o ﬁﬁtlaﬁdé ch9:

9). 5Exog‘5?| y Su BStitut €5 enzymatic activit
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term Psee thayevhen endggqngys HOTh; t‘?ﬂ’(%@tbSPgéﬁléfgegg’y%oﬁgBDgﬁﬁo%%?ﬁsﬁ%PNIDB onds
to approxi gBhRliye ARt &me&geﬂbﬁs @0 tHah R pr&fubed whaSIRO(10ak dmMed acEtigye hot Rat s

10 and m ce exposed to CO did not exhibit untoward reactions. exposure
was di sconinpairedl Bxposyrg ofthgyrapsplaprecipient B)409ppg offeregenersnQ pcaassask Gaghoxyl

t hout I f f
850 days. (FAESHT oG ) 39 9% 6y e 307 U6 PR MBI Gty Lo 01

in suppr essxmge@meufnimaleq:msaddm COT eeatumdatth@a suppyessiv effecty oS PIX,@y + CsA +
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into CVF phf a@ﬁ%ugfré@%?ﬁﬂreje@ﬁ&} (FYhQ0). i AekirGativeld, cagioafthoroR lePhagTHe SleNr€d to
treated with SnPPIX with or withoui exposure 20 to CO Graft rejection

observed i the grafippnd al} dssuescf thetbodiedisselypdhingdasdt- under exposure to exogenous
CO (p < 0.000 lygg (hEBE nofs €6 sh eg@e@mkae\teﬁﬁﬁ,&e%@omma@/ﬁ ifthrdforthdy Pl US

SnPPI X). Statistical yses vve e carried usi ng” Fi sher exact test.
To determ ﬁmankwﬁt&egra%mmnmussmmeﬂed etewasunvéstigatpd. bbrafts WetﬁfhaH(QSttd

el R R e e Ay I
enzymatic ﬁéﬂspl‘dht%&' into uiteAtet Sats slongg Inaiﬂ}ed)mlﬂéte) tréasRfraf-infarction of the right
ventricle (87.1 + 4.9% of the right ventricle area) with extensive endomyocardial and transmural
infarction of the left ventricle (32.0 £ 6.7% of the left ventricle area; data not shown).
Infarctions showed nonviable eosinophic myocardium lacking nuclei with interstitial
20 hemorrhage, edema, and neutrophils. Left ventricle infarctions were always endomyocardial
with transmural extension depending on the degree of infarction, and those in the right ventricle
were more diffuse in origin. The percentage of infarcted area in both ventricles generally
increased from the apex to the base of the heart. Hearts transplanted into CVF plus CsA-treated
rats showed only small, diffuse, nontransmural areas of infarction in the right (4.5 + 4.9%) but
25 not in the left (0.7 + 2.1%) ventricle (see Table IV, below). Hearts transplanted into CVF plus
CsA plus FePPIX-treated rats showed small diffuse areas of infarction in the right (12.2 + 9.5%)
but not in the left (0.7 = 1.3%) ventricle (Table IV). These hearts were indistinguishable from
those transplanted into CVF plus CsA treated rats without FePPIX treatment (data not shown).
Hearts transplanted into CVF plus CsA plus SnPPIX-treated rats showed significant transmural
30 right ventricular infarctions (26.1 + 12.7%) with extensive endomyocardial and transmural left

ventricular infarctions (37.6 + 15.5%) (Table IV) in a pattern that was indistinguishable from that
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treated rats. As shown in Fig. 10, this was not the case. Total HO
enzymatic activity in hearts transplanted under SnPPI X treatnent (32.37

7. 23 prnolwogsl)oimas not significantly different from thaPtCofUSaBs685
transplanted into rats treated with SnPPlI X and exposed to CO (43.6 30 7.57
prmol /ng/ h; p = 0.1095; Fig. 10). Simlar results were obtained in the

recipient's livers and 51 WD 03/000114 PCT/USQ2/19687 hearts. (Fig. 10).
Exogenou®f @Wﬁn%ﬁg?q lfll?t‘%‘trﬁf?d%ﬁ@ (ﬂatae?fi @‘P’Sﬁ ?ﬁ‘_ﬁ?ﬁ@%@ﬁﬂ’%@ Spﬁfl_g‘% fo the
rejecti Orera@n%edm&m TheWR&ikieR¥ riti VERARS HRAMot JTB%IOF RN PInYA&tion. dadipBidentade
exogenous by inhalation into RBC and then delivery through the

ci r cul at iofmfimted ardadn heaats transplanteddnie SuBP X -tenteddnts s ispificatborghiehg to this
5 theory, . | Vi i i i. A b ,
ex ogenouép %&éﬁgsgg&ﬁl?ﬁldémﬁgg&te@%c S t%?qsdel%é%ggﬁgﬁﬂg ?%%Q% h'gg Cf%: }ggég‘g%%(ed when
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(Fig. 10) .. i e i t,
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ventricle area; data not shown). Infarctions showed nonvi abl e eosi nophic
myocar di um | acking nuclei with intersTétl¢ &Y 20 henorrhage, edema, and
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To generate the data in Table IV, mouse hearts were transplanted into (n = 3 per group)
20 CVF plus CsA-treated rats. When indicated, graft recipients were treated with FePPIX or
SnPPIX and exposed to CO. Results are shown as percentage of infarcted area. Statistical
analyses were carried out using ANOVA test. An asterisk indicates significant difference as

compared to all other treatments.

25 Exogenous CO suppresses vascular thrombosis and monocyte/ macrophage infiltration that
characterize acute vascular rejection
Mouse hearts were transplanted into CVF plus CsA-treated rats. SnPPIX or FePPIX was
administered and graft recipients were exposed to CO (250 —400 ppm). Grafis were harvested

3 days after transplantation (n = 3 per group) and stained for rat IgM, rat and mouse complement
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CsA plus FePPl X-treated rats showed small diffuse areas of infarction in
the right (12.2 9.5% but not in the left (0.7 1.3% ventricle (Table
| V). Theswoladtis4 wer e i ndi stingui shable from those trangpirarspedesnt o CVF
plus CsA treated rats without FePPlI X treatnment (data not shown). Hearts
transplanted into CVF plus CsA plus SnPPI X-treated rats showed significant

transnural %f’calrgt agghtoﬁgﬁ-gél&“}malrat n%u%g Bgﬁﬁﬁg@o%‘l‘n aﬁ& tO@DZW e%(gr_yg%r&ge nsive

endonyocar ransnura ven ricu nf ar cti ons 15. 5%
(Tabl e | V)lehkboatepaMoawhetahzattramplamedldmcsCVﬂgpmsﬂsabﬂr@ta‘drramwlthadr withgut\MePPIX

03/ 000114 PCT/ US02/ 19687 .of. heart ans | a nt reat ed, r at dat a
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reci pi ent sgetqtaible/Ra) €3/ §rT BLodBQhotsehR PHOY HOM ahe tférfiin wERaieRRlcd SN EAGRE
of infarcted area in hearts transplanted into SnPPI X-treated rats was

si gni f5i canendpthiligiaad sppotk myisde ¢9llsas wel apircatlias myecytea(dass naighgwny. There was
transpl antﬁ%w Hﬁa{/)@'iﬁ Ir R Hsi b 1;:1 Forgt)lr’ﬁo gﬁaé‘k%l;}@ tugua(f'l a‘é! ERRH WifREEE: X

t reat ment arts transp anted 1 nt rats that
r ecei ved eaqeag;mf anfarc(mh edatamedshowmy Thetr¢ was lowftat deteatabloP- sbllaeturexgi‘assiQISOmthe

3% and | eft abI rns, that were
simlar to'dHyY ng?thﬂé‘g‘? d§ atqogﬂgoﬁv n nﬁgﬁ& hIacH a’%hﬁvﬁjﬁp&ﬂ%{sg Qg r%?it s
with or wi ﬁx{a@mnhiiﬁatfaﬁlama-ea&tmrytby(sﬁapﬁ( RBGw & ¥ r. levellkeo liftk SRRURY Beposition
infarcted area in hearts transpl anted_into SnPPlI X-treated rats_ that

recei Wed eXdgMd<Llgms waspared mﬁb cqijtigh FeR R Xrifgaieddpts prd adetectabls kebal3oir
hearts trag V\gﬁ‘attﬁ?ot sﬁ&v@hacxfﬁerg htas \&%’Apxreﬁc?@zfs@lﬂaxr Romnbokik Bf ﬁ'\':lge BhnBQWesde&PPI X

treatnent ercentage of infarcted area 1 n these hearts was
si gni f i canasbgciated With stb‘le(tpi @(p@eseggplafqlqmggrh@tesmhd irdeavassular ﬁbmpl'ﬁmmbh \Mﬂ:rder

e, SRR o L el R U el Rl

4.5 4.9 OPZeleo'imlex@‘Esmg ﬂsvﬁleﬂ'ag_ge@tek(nﬂﬂxe ZhicrBvascilatire (Ba{é nof3fownh). CBretwan PPI X
26.1 12.7* 37.6 15? CsA + SnPPI X + CO 8.45.3 1.83.4 To generate
the dHta igtenspegraiin mu%bbhlé%ﬁ putraphils as puefias P 04a |1ﬁ‘t‘1¥5>°€"ﬁ5 expgesalég thér oup)

20 CVF plusg USiofsthte IN1@ah&Rer @568/ EVWILd Mﬁ@é&s@@l Ags’ @hta nB?QioWn? NkL&1MGHE Treat ed
wi th FePPlI X or” SnPPI X and exposed to CO Results are shownh as percentage
of i nf ar ct mdnepywaMIswareifewridoghr arterioles and scattered throughout the myocardium, associated

with areas of infarction.
Hearts transplanted into SnPPIX-treated rats that were exposed to CO were essentially
20 indistinguishable from those transplanted into rats treated with CVF plus CsA with or without
FePPIX (data not shown). These hearts showed similar level of IgM and Clq vascular
deposition as compared with hearts transplanted into recipients treated with SnPPIX but not
exposed to CO (data not shown). Under CO exposure, there were no signs of vascular
thrombosis as revealed by the lack of detectable P-selectin-expressing platelet aggregates or
25 intravascular fibrin. P-selectin was detected on the graft vascular endothelium. There was some
level of monocyte/ M® infiltration associated with small focal areas of infarction (data not

shown).

Up-regulation of HO-1 in endothelial cells inhibits platelet aggregation
30 Given the absence of platelet aggregation in grafts transplanted into rats exposed to CO,

whether expression of HO-1 in endothelial cells would inhibit platelet aggregation in vitro was
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anal yses were carried out using ANOVA test. An asterisk indicates
significant difference as conpared to all other treatnents. 25 Exogenous
CO suppr e’gag/ovascul ar t hronbosi s and nonocyt e/ macr ophag@®CirafSn/968t i on
that characterize acute vascular rejection Muse hearts were transpl anted
into CVF plus CsA—treat ed rats. SnPPI X or FePPlI X was adm ni stered and

graft fec'lﬁ¥e%{=% s%émcﬁfg&ia}: &élggggé&goseé?@c .or GnBp tovxﬁa@ce*aagﬁ%@d 3

days after ation oup) and stai ned rat
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shown). There I bl e P-sel ecty [ eSS vascul ar
endot hel i LHWSC“H%@ ﬁg'[\%ugfﬁ e\A/ﬂ)conﬁ_\ggerfzgxqusgwgﬁﬁéfﬁf c]“iBn ecetlj/@ Iqllji h@’i{l treat ed
rats, und@itelei3fiddd &iposedab eh‘@tﬂehapctdllypie)/reebw WHIPRLIPTXS piursdet aggﬂ&gdtﬂ)rn wagvel s

of intravascul ar deposition 10 of Mand C 1 (ﬂHas compared with control

FePPI -t r e‘é&féfélcaflﬁ! ghynigd s compaed &/Hg@lalt"é@ expgseddp ““%e@r(%‘gPQ( H&tteS hown) .
There was glpiﬂ)@ag (#Pgs‘fﬁl afrhlstlhmgfmfy%rféct%s kwpg@sséa%magmew@%e% Sxposed to

associ ate seleCtin-expressing pl atel et 'aggregates and intravascul ar
fibrin. Tmmmbehalvedts tregted svithtbotht CoPRIKsmd SeBPIXN(Figid gk Bath 6:0BPIX sndsSdPEX at

t he base of th alte There o r i ng

pl at el et aﬂ’gﬁpg‘agﬁees e|er)§p e’ he f\ﬁ%@ascug& c?@nd%iﬂgﬁ%l f]l??da?%ﬁdt @};1 mhg‘?% was 15
ext ensi ve @ffakhtidl effedtd 6fthése prdrypduplgiring shoutdiyehittributad tonhk abidisy dfiSnPPE6to act

| eukocyt es expressm% %ﬁ# nonocyt e/ MA,. mar ker CD68/ ED-1 and MHC cl ass 11
Ags (Wat a BAPOLRbIRRIbItoy ok HO cpzyRgfic ar?BYl‘&(:yt e/ M4t were found near arterioles
and scattered throughout the nyocardium associated wth areas of
infarction. Hearts transplanted into SnPPI X-treated rats that were exposed
to CO wer eHOskgemerates GO that suppressesreydptilialicell ppeptihose transpl anted into

rats treated W'(Sr{% g\ﬂ: IHJn ar gtﬁ' m%ltt&]gﬁ tex'\(l\;'f %ecfﬁpﬁlrﬂ%&g% s@x%hsﬁa{?)?ém}lto

These hearts showe: g vascu p05| tion as

conpar ed watshrehtedmtith SnPRBS 3l tthei&spreatdmpopiompoﬁermisthbhzé atidchndicatdiasmBicebut

not 20 (Fig. 12). Apoptosis did not occur in mouse hearts transplanted into rats treated with FePPIX
(Fig. 12). Given the ability of HO-1 to suppress endothelial cell apoptosis in vitro (Soares et al.,
Nature Med. 4,1073-1077, 1998; and Brouard et al., J. Exp. Med. 192:1015, 2000), whether this
cytoprotective effect was mediated via the generation of CO was investigated. Apoptosis did not
occur in mouse hearts transplanted into rats treated with SnPPIX and exposed to CO, suggesting

25 that this was the case (Fig. 12). It was investigated in vitro whether under inhibition of HO-1

activity by SnPPIX, exogenous CO would prevent endothelial cells from undergoing TNF-E-
mediated apoptosis. The data illustrated in Fig. 6 suggest that this is the case. Overexpression of
HO-1 suppressed TNF-o-mediated endothelial cell apoptosis, such as it occurs in the presence of
actinomycin D (Fig. 12). The antiapoptotic effect of HO-1 is mediated through its enzymatic

30 activity because exposure of endothelial cells to SnPPIX blocked the antiapoptotic effect of
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exposed to CO (data not shown). Under CO exposure, there were no signs of
vascul ar thronbosis as reveal ed by the | ack of detectable

P- sel ect iwoaspn@Essi ng pl atel et aggregates or 25 intravascwcarusoe/ovesn.
P-selectin was detected on the graft vascul ar endot helium There was sone
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i n endot hel &gll cel ltﬁ woulg intl‘k;(ﬁi(f:i platel et aggregation in vitro was 54 WO
03/ 000114 PEHPUSHZ ' 198E T 2P AVe ig§t . Mouse endothelial cells were
exposed to CoPPlI X or SnPPI X to i nduce or suppress HO activity in these
cells, respectively. Platelets were overlaid on the endothelial cells and
tested forCanbepmaesipxidesppprssssy thecipxeleppantsefitiinsalanassggiatedmrtesiopqigrosis
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generiat o CHPHA MeiBPRot AL eyt e Rovebiie a8 SECIoL SostEenin tafles EdHh
features tihabtpleliaédsit@ (Lot lshevi)e NG dre b f tHesd RIS WEBbbseriddanzRkanbad i nt o
rats treated with SnPPI X is the w despread apoptosis of endothelial cells

and car di SeeRFSEyerdransanted iglo sypgeneiggeninients.s Tefest wagthas £ Quwonld sprmress thiear t s
tr anspl antfeibfihehr ofliRsd [eSa1CHbritt ARERRR! thnfTafled 0 allo @Rl rckiBfen@lthd ke OF
HO-1 to suppress endothelial cell "apoptosis in vitro (Soares et al.,
Nat ur e Medhemgxp0$d-td COA250 9B) imemdliaBelyp dilloovieg trarisplantdtiorbsst fonbd subbequen015,
2000)20 WheSIthElrys.t lmirsnal hyperplasia was inhibited in aortic grafts transplanted into recipients exposed

to CO, as compared to those transplanted into recipients exposed to air, as was the accumulation

of leukocytes into the adventitia (data not shown). CO had no significant effect on loss of

medial SMC as compared to grafts transplanted into untreated recipients (data not shown).

25 Example III. Protocols for the Treatment of Organs and Tissues, a Donor, and a Recipient

During Transplantation Procedures.

The following example illustrates protocols for use in treating a donor, and organ, and a
recipient with carbon monoxide during a transplantation procedure. Any one, or more of the
following procedures may be used in a given transplantation procedure.

30
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cytoprotective effect was nediated via the generation of CO was

i nvestigated. Apoptosis did not occur in nouse hearts transplanted into
rats treawedsmodin SnPPI X and exposed to CO, suggesting 25 pchatsor/imes7 was t he
case (Fig. 12). It was investigated in vitro whether under inhibition of
HO 1 activity by SnPPI X, exogenous CO woul d prevent endothelial cells from
under goi ng TNF- E- nedi ated apoptosis. The data illustrated in Fig. 6
suggest that this is the case. Overexpression of HO 1 suppressed

TNF- a- nedi 'Bteatméit@d¥aDanioal cel | apopt osi S, such as it occurs in the

resence of actinonmycin D (Fi The antia tic effect .of HO-1 is
ﬁedl ated t hr oudHor {g 9%%‘] %rggboré Yoy | %%&‘Egg with H’%ﬁle EHB hel i al

cell's to SpRRLG b?@ i%h@ne’ﬂbhk apRRhfehi @an%@fa@iﬁfm@éred &5103@\@%4@9&%
PCT/ US02/ 19687 1 (Fig. 12). Under inhibition of HO-1 activity, ngfrcgn

SnPPI X, exdmmotes! 00OPpmEonIDey#ying Sompne bewdo TINORs nerfPrihe ntizp BpH
suggestingf hat fep lvﬁ%o%%gﬁ%a%nggﬁ' 'b% Gehd ca@afe td&?ar%oiﬂ &t ﬂeo
gener ation Ofn &3“

on nDnoxi e su pres the deve nt of
t ranspl antis a&mdaﬁmﬂtmt ghioulikstdreascons as [Brssible bemeg/t}EdBd:la&tlweﬁlet bram

transpl ant ed |nto Bro ats. (syn nei ¢ ntreated Lewi s rats
(all ogenei@)"" IBPreE"?-IW \s%églgd“w@gﬁﬁ%ﬁ i?tfﬂg?ﬁ”&l i) bﬁg(ﬁf glc:ﬂq Fhei c
with carbon ”W%bxﬁiﬁﬁmaﬁﬁmﬂhl@%c g\f—‘ﬁl@ s)a by asci Qe x fotdaypsantdtio donors, the live
transpl antati on and stai ned by ified elastic tissue-masson trichrone,

or by0eosianimalear bk {rFated With Eﬁmv&brwyle%? of iphaesl cophpnanenexidegdssissirads sdonst o
Lew s rat %&!ﬁ%&@ﬁﬂﬁ% Cg;&rlh 05 SoBh R dbe % t&ﬂﬁrofqui@tth@«h@mﬁ@nﬁa chﬂBn ¥ thé

t hose associ at ed ronic graft rejection (data not Shown hese
| esi ons beccrgmetoa;ppmnmlmatedzoiosaxmmye; oaf tald nsedersiy acﬂtwthmﬁ%)m@wﬁe@e

f 0-60 days (dat 5 For thi
" cacon, - al {00k R LB RR ALY GER iopdant s Syl B Prielher T andipt ant atf on.

These | esions were characterized by intimal hyperplasia, |oss of nedial
smoot h nuscle cells 15 (SMC) and accunul ation of | eukocytes in the
adventsi t | alreatentef theJgaBpLE4 ed in aortas of the transplant recipient

(data not Shov‘”ﬁefox@%n%%%lﬂ?sl?afwets{éﬁ%rﬂ £84RNSt VAR FRBKAWiRH Wialbn! @, gortic
segnents were transplanted into Qs;g/r;?lenel c recipients. To test whet her CO

woul d suppirgss ot inediumlevishays msiitloast ceflnwhie itésitidlri thedoner. cThgriatentds elush the
t | ant ed_int 50
plro%ns Sl g%r%{%tl? 2 O+1Pt‘i’&e§lﬁfr§teé §fth %%{9 i Bohd\le e Fainta HER | Qa?éo%dm{n%fggQS(

OW Ng transplantatiron and for the su sequen
days. Inti a{tﬂxbsﬂh}m&b phea seacara nonokide terdentnemaing itGatgrasibh.s Flusidng pinataktegiladent o

recipi ents exposed. to ) conpared to those transpl.anted.jnt
reci pilent sfOBXHBEHA? O%ﬁ%astﬁ 'Wﬁggf [FeB-c RESE R RIdIpUTS, ”P%%ﬂiozbﬁ iut}oﬁt o the
advent i ti aspoGRtidea HelBRPM)highel? BAcknaticH dMthifbbs A¥noBHE BEdsitM o tRSEIIObS the

organ.

Treatment of an Organ or Tissue

25 The organ or tissue can be preserved in a medium that includes carbon monoxide from
the time it is removed from the donor to the time it is transplanted to the recipient. This can be
performed by maintaining the organ or tissue in the medium comprising CO, or by perfusing it
with such a medium. Since this occurs ex vivo rather than in an animal, very high
concentrations of CO gas can be used (e.g., 10,000 ppm to keep the medium saturated with CO).
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medi al SMC as conpared to grafts transplanted into untreated recipients

(data not shown). 25 Exanple Il1l. Protocols for the Treatnment of Organs and
Ti ssues, wobDcmoor1l4 and a Reci pient During Transpl ant ati on Pemacsegluye8s. The
following exanple illustrates protocols for use in treating a donor, and

organ, and a recipient wth carbon nonoxide during a transplantation
procedure. Any one, or nore of the follow ng procedures may be used in a
gi ven transpl antati on procedure. 30 56 WD 03/000114 PCT/ US02/ 19687
TreatnentTﬂkaﬂnﬁﬂnﬁmlﬁmqﬁaﬁto harvesting an organ or tissue, the donor can

can be- aam ni st BEGEBENCaR B POUF LT RGPPSR D AR Bt 0o F SETRES

varying f riemsplagaticiiit idaét mmlnh@ybaoreq;ﬁrgfegrbagh@ Amtemﬁﬁvdmy:ﬁﬁ Qdldfyegimat 1dag
nonent when it becones pOSSIb|e to treat a brain-dead cadaveﬁ) donor to
(8)

the tisme tifempwuipshelorarernspisienof te etgamanthe wstusng Yean be eontiswdfonat lessksi bl e
fol I owi ng id}ﬁmq?eelea%afh thdbn moﬂbﬂde 48a% bethverPTERAhnd jd@oigman be

applications, It may be desirable to begin treatnent before brain death.
For non- hutehneradl lfarazlas/lr(getnges €.pi glsr)thso)r theurgsand calsb«almmsamﬂpinetm éayl afrand on
donors, cfaB/% klo\fﬁ‘»)v]ﬁ?%(t?‘%llep antgt(lzoglg F%F e % % recﬁ%l%r“ car? llﬁgfe\éeclo cen 1on o‘% cgrlbgn of

|nhaled ca sior 8d,"Ps6 4'0 car boxyhenoglobrn so
produced daesoxid¥, e.gQ8P000HHnS dortthee vbrsbidtive Y0 a¢vdnd mamlmmsomtbhﬁnvaby gleen to be

transpl ant ed. . For exanple ne c uld use | evels re er t 500 m(e.qg.,
1000 fBpm decihiegheR Mg sap 200p 20 ppri 569 cpisRiedians 5 3{’9 ol igre r{)qp%if)

15 Treat rr%hcéhftrah&?s c% Q@thl'liéd al 5 glm@@f& rasp@ﬁmgé g&fﬂmls%athﬁ{ Sestt8f nfdn8iiéo a
donor, it can be flushed with a solution, e.g. buf fer or nmedi um

wi t hout r eitipitodEuglly, freatmints orirgcipients shauld Ray rftlafﬁecaehmmhemogﬂ@m Ievelmabave to
flush the de and
naintaine&hg%ggﬂ%é%%gﬁ%ﬁ%g&Hkﬁaﬂdﬁgﬁgg L?ﬁgﬁ%%ﬂ?ﬁgﬁgfﬂgﬁﬂgﬁﬁgn nonoxi de
content renmains at saturation. Flushlng can take place 20 for a tinme period

of at |least 10 mnutes, e.g., 1 ho heSEVET | hours, or longer. The

sol ut®on shoul d ideally deliver tzé—ﬂﬁgwgggngg%centration of carbon

nonoxi de possi bt B b Be iltRrstd|tBat OfhildBe indERRM: had bEALIEEIHbe® n @RjUREEHWIH the

Ti ssue 25 The organ or tissue can be preserved in a nedlun1that i ncl udes

car bon nordsiailge descgpiion thereof, the foregoing description is intended to illustrate and not limit the
scope of the invention, which is defined by the scope of the appended claims. Other aspects,

advantages, and modifications are within the scope of the following claims.
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the tinme it is renoved fromthe donor to the tinme it is transplanted to the
reci pient. This can be perforned by maintaining the organ or tissue in the
medi um cowpris@iaigs CO, or by perfusing it wth such a nmediPaRUSEY/s87 t hi s
occurs ex vivo rather than in an animal, very high concentrations of CO gas
can be used (e.g., 10,000 ppmto keep the nmedium saturated wth CO. 30 57
WO 03/ 0001 0) . Treatnment of a Recipient The recipient can be
treated w%gﬁég?%o]\%%éﬁ e. Treatnent can begin on the day of
transplantation at |east 30 m nutes before surgery begins. Alternatively,

it could begin htAlnelsid of sragplanting e erghwfthe methed gampririsyigon of the organ in
the recipient. It c be .cont.i n for at._l . 1 . . ur.
Car bon nonoxi de dose )%@ql&}ggﬁnﬁggﬁ%8?7‘1106{r%é’h%%ga%%%%gg?ﬁgﬁ{é%%%ﬁrgggé%rbpgr
varyi ng timogexi€;d., mnutes or hours, and can be admi nistered on the day

of and on days follow ng transplantation. For ex | e, a recipient can
i nhal é a concentrat i@?\@i?’“@é?‘%ﬁthe %%%Pﬂégmé?lﬁt?da%@éhep%ﬂ?p ogrisingofe

consecut i Vﬁidﬁ% HEGORGDEER S hall HtelSine Ahll paRAdak @Y, the 10 recipient can
i nhal e, say, 200 ppmfor an extended tine, such as 20 days.

Car boxyhenpgl obi n  dehizanspleetingdhsorgamintiea teeipiang adiceein 2n aueunéof egpbon
appropriate _adm,ni st: l | : i :

£ oat nent sTPRT Ui el fe RS RABRE Sl SnvibaLr Sbrot B by
t hose consafte tagsplantqdios éntatheaedgipitabl e ri sk for a patient in need of a
tranS{)I ant. 15 Other Enbodinments It is to be understood that, while the

i nventd on has been described in conjunction with the detailed description

thereof, the fojepg MehoesCAdiRtl, Mhetetn the pRaM@etutiOal icbinpsditici 16 a@higistéd doi i t
the scope of the invention, which is defined by the scope of the appended

claims. Othbvedwpects, advantages, and nodifications are within the scope
of the following clains. 58 WO 03/000114 PCT/ US02/ 19687 WHAT IS CLAI MED
IS: 1. A nethod of transplanting an organ, the method conprising: (a)

admi ni st ering td Bhadoetbod of qidimr lymbiersin thabharmapaytital icompesitiqar is sdmigistezedoion
nonoxi de; 5 rgﬂb&dogtdai ning fromthe donor an organ selected fromthe group
consi & i ng? Bri-dead donor.

4. The method of claim 1, wherein the pharmaceutical composition comprising

carbon monoxide is administered to the donor prior to and following brain death.

20 5. The method of claim 1, wherein the pharmaceutical composition is a first
pharmaceutical composition and further comprising treating the organ in situ in the donor

with a second pharmaceutical composition comprising carbon monoxide.

6. The method of claim 1, further comprising treating the organ ex vivo, prior to the
25 transplantation step, with a second pharmaceutical composition comprising carbon

monoxide.

7. The method of claim 1, wherein the pharmaceutical composition is a first
pharmaceutical composition and further comprising the step of administering to the recipient

30 a second pharmaceutical composition comprising carbon monoxide before, during, or after

step (c).
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ki dney, liver, heart, skin, small intestine, and pancreas; and (c)
transplanting the organ into a recipient, wherein an anount of carbon
nonoxi de womBndEiLred to the donor is sufficient to enhan®eTaisoyi19681 or
function of the organ after transplantation into the recipient. 10 2. The
met hod of claim1, wherein the pharnmaceutical conposition is adm nistered
to a live donor. 3. The nethod of claim1l, wherein the pharmaceutical
conposition is adm nistered to 15 a brain-dead donor. 4. The method of
claim 11, whereish Theanghat sfebteint7, whtreinahgpeesorntd phamcamagtidabéongpositiam Bon nonoxi de
is adm nistered tg the daonor prior . to and follow ng brain death. 20 5. The
met hod of a9Pypisiered t&ﬂ@rré"r‘ﬂe‘ﬂtl?é%%%é?'naceuti cal conposition is a first
pharmaceutical conposition and further conprising treating the organ in
situ in the donor wth a second Eha_r maceut i cal _conposition conprising

car bors nonoxi de&d- Bhe mutkodwdickin ToWhereiaiths pharmapentical camapasitiocAGPETRSAL i ng t he
organ ex V| w0 | . . antat.l step, with a second

phar naceutdla}ébé)l‘n r@%dﬁ%gigﬁf?&éﬁﬁgtgﬁ%rt{)Eﬁggﬁ%g@ggﬁhg%'noxi de. 7. The met hod of
claim1l1, wherein the pharnaceutical conposition is a first pharmaceutical

ool pient 30 05N AR IS RAER i S AR B oL B GRS BB
nonoxi de hefuynanorditideNPadniihisfidd@s thest@pledt@ier @@ WO 03/ 000114 PCT/ US02/ 19687
8. The method of claim7, wherein the second pharnaceutical conposition is

adm ni0stered to the recipient before (c). 5 9. The nethod of claim?7,
wherein the phanmageuldiealoreRRoShhd-an it PRihRLRG wo%ﬁ)%m iy i S
admini stered to the re_cllﬁgioent [}gu’ri né C %%o. Tﬂeamat 0 S?Q‘Wfﬁm ,
wher ei n t hariphanoressighs ahminissmdds theirenpiegipeforsamdguring{@on nonoxi de i s
adm nistered to the recipient after (c). 10 11. The nethod of claim?7,
wherei n the pharmaceutical conposition conprising

12. The method of claim 7, wherein the pharmaceutical composition comprising

15 carbon monoxide is administered to the recipient before and after (c).

13. The method of claim 7, wherein the pharmaceutical composition comprising

carbon monoxide is administered to the recipient before, during, and after (c).
20 14. The method of claim 1, wherein the organ is a liver.
15. The method of claim 1, wherein the organ is a kidney.

16. The method of claim 1, wherein the organ is a heart.

25

17. The method of claim 1, wherein the organ is a pancreas.

18. The method of claim 1, wherein the organ is a small intestine.
30 19. The method of claim 1, wherein the organ is skin.
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carbon nonoxide is adm nistered to the recipient before and during (c). 12.
The nmethod of claim7, wherein the pharmaceutical conposition conprising
15 carborwoonosilgde i s adnministered to the recipient beforecanbonitsesr (c).
13. The method of claim7, wherein the pharnmaceutical conposition
conprising carbon nonoxide is admnistered to the recipient before,
during, and afta THe)metdd cF4laimthewhgtinakk @nofisaf AspeciewlfTepdnd fibmaharogan i s a
liver. 15. The nethod of claim 1,  wherein the organ is a kidney. 16. The
net hod of @E&FCRIANt. wherein the organ is a heart. 25 17. The nethod of
claim1l1, wherein the organ is a pancreas. 18. The nethod of claim]1,
wherein the organ is a small intestine. 30 19. The nethod of claiml1,
wherei n the or g2in The nedthad of gGrin\D, @B¢reONE donPCRIABO L PGB8 e ofthe sThe net hod
of clalmlé wherein the donor is of a species different fromthat of the
reci pient . P9 The nethod of claim 1, wherein the donor and the reci pient
are of the sane 5 species. 22. The rret hod of claim 1, wherein both the
donor and the recipient are npon-hupan _ani mals. 10 23. The nmethod of claim
1, wherein bot h22tﬁf§‘ d%@ﬂd‘gﬁg’lmﬂewggéﬁnﬂogﬁggg?@r fEecIpign) areHea-WE¥A0d of
claimi, wWaskgish the donor is a non-human aninmal and the recipient is a
human. 15 25. A nmet hod of transplanting an organ, the nmethod conpri sing:
(a) providing an organ of a donor; (b) adm nistering a pharnaceuti cal
conposjtion co i r n pl anti ng
the offgan i nto & Bl RSN ol Ol B PR o Sl RSP

adm ni stered to the organ in step (b) is sufficient to enhance survival or

function of the an aft ar tr Iant on of th ant reci pient.
26. The nethod ©F 0151%5?%"2150 ef%‘Pé@ é%‘?r 1S§“83 ?R}{IE ®rfusing

the organ jeRipient is a human.

15 25. A method of transplanting an organ, the method comprising:
(a) providing an organ of a donor;
(b) administering a pharmaceutical composition comprising carbon monoxide
to the organ; and
(c) transplanting the organ into a recipient, wherein the amount of carbon
20 monoxide administered to the organ in step (b) is sufficient to enhance survival or function of

the organ after transplantation of the organ to the recipient.

26. The method of claim 25, wherein step (b) is carried out by perfusing the organ in

situ while the organ is in the donor.

25
27. The method of claim 25, wherein step (b) is carried out ex vivo.
28. The method of claim 27, further comprising the steps of, prior to step (b),
administering to the donor a second pharmaceutical composition comprising carbon
30 monoxide; and removing the organ from the donor.
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situ while the organ is in the donor. 25 27. The nethod of claim 25,
wherein step (b) is carried out ex vivo. 28. The nethod of claim 27,
further cwopsiogiing the steps of, prior to step (b), adm RCIUS0Y/MYsT 0 t he
donor a second pharmaceutical conposition conprising carbon 30 nonoxi de;
and renmoving the organ fromthe donor. 61 WD 03/000114 PCT/ US02/ 19687 29.
The method of cjodie2Rndf\iichid 2bNehchéf BRAcRApIERALIEAIoR BOPASI 1 ON 15
adm nistered to a live donor. 30. The nethod of claim 28, erein the
second phaadmeuistgteddala livedpowi tion is 5 adninistered to a brain-dead donor.
31. The nethod of claim 28, wherein the second pharnmaceutical conposition
is admnistered to the donor prior to and follow ng brain death. 10 32.
The met hod of doaiTheAethddudfichuen 280npidin tHeGedond phirepcafticadomposti@risng to t he
reci pient a second pharmaceutjcal conposition conprising carbon nonoxide
bef or &, duAdIHBisteregto abrap-deadddonele) - 33, The nethod of claim 32, wherein the
second pharnmaceutical conposition is 15 admnistered to the recipient
before step (c). 34. The nethod of claim32, wherein the second

phar naceut i cal Yorfhssnathagiofickim 38 rvherein thesecond phiymaecanticpli compositien g st ep
(c). 20 35,, Th t | , 10 second pharmaceuti cal
conposi ti oarﬁlrrluggteae %Q%%s@é?egﬁ%ggiﬁefompgkéﬁ&g ter step (c). 36. The

nmet hod of claim 32, wherein the second pharmaceutical conposition is

adm ni stered tqg.t reci pi ent .before and during ste . .25 37. .The met hod
of cl®im32, wr Eﬁﬁ%‘ép@e@ﬁa%ﬁéﬁime&mw% SWB(%E %‘ﬁ“&f‘ftqr’?gz%@ﬁi ni st ered
to the reciphRAfa QRO FhadhstedfidaBéonsfoRifioh Comprsing JaiSonRbAMRHeDefort, AuME2,

wherein the second pharmaceutical conposition is 30 adm nistered to the
reci pi ent @efigr¥ep Ghring, and after step (c). 62

33. The method of claim 32, wherein the second pharmaceutical composition is

15 administered to the recipient before step (c).

34. The method of claim 32, wherein the second pharmaceutical composition is

administered to the recipient during step (c).

20 35. The method of claim 32, wherein the second pharmaceutical composition is

administered to the recipient after step (c).

36. The method of claim 32, wherein the second pharmaceutical composition is

administered to the recipient before and during step (c).

25
37. The method of claim 32, wherein the second pharmaceutical composition is
administered to the recipient before and after step (c).
38. The method of claim 32, wherein the second pharmaceutical composition is
30 administered to the recipient before, during, and after step (c).
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WO 03/ 000114 PCT/ US02/ 19687 39. The net hod of claim 25, wherein the organ
is aliver. 40. The nethod of claim25, wherein the organ is a kidney. 5
41. The nwohoedowi4 cl ai m 25, wherein the organ is a heart. PEZ/USII®68EL hod of
claim 25, wherein the organ is a pancreas. 43. The nethod of claim 25,
wherein the organds a.lyng.. 10,44.. The.nmethod of claim 25, wherein the
organ is a sna%l'ﬂhf8§FPHQ?daW%?ifﬂQNW%pﬁ8H¥8fs%ﬁg?h125, wherein the organ
is skin. 15 46. The nethod of claim 25, wherein the donor is of a species
different fromthat of the recipient. 47. The nethod of claim25 wherein

t he donor and t%eTﬁ@&eﬂloéﬁfdé%zng}FFfé“Q‘ﬁr‘?&ganéﬁ)%lé‘p%%y: 20 48. A nethod of
transpl anti ng an organ, the nethod conprising: (a) providing an organ from
a donor; (b) transplanting the organ into a recipient; and (c) before,
during, or afteil. (T medwidioficlsine?),gherein theergasds phearit a phar maceutical 25
conposition conprising carbon nonoxide in an anmount sufficient to enhance
survival of the transplanted organ in the recipient. 49. The nethod of

cl ai m 48, wher ei2n ThBenefodiofelaan 2§, adersimnhp 0sdahiionpaoreps.i si ng car bon
nonoxi de is adm nistered to the recipient before (b). 30 63 WO 03/000114
PCT/ US02/ 19687 50. The net hod of claim 48, wherein the pharnaceuti cal

conposi tion compr it REthod A DA DD RetdetHedr@dR Nupgered to the reci pi ent
during (b). 51. The method of claim 48, wherein thé pharnaceuti cal

conpao®ition conprising 5 carbon nonoxide is adm nistered to the recipient

after (b). 52 Iy RIhag Pl o Wil WOSTEL . L DEPRREREeUt oo

conposition conpri'srn ar bon nonoxide I's m ni stere 0 the recipient
before and during (b).

45. The method of claim 25, wherein the organ is skin.

15 46. The method of claim 25, wherein the donor is of a species different from that of

the recipient.

47. The method of claim 25 wherein the donor and the recipient are of the same
species.
20
48. A method of transplanting an organ, the method comprising:
(a) providing an organ from a donor;
(b) transplanting the organ into a recipient; and
(c) before, during, or after (b), administering to the recipient a pharmaceutical
25 composition comprising carbon monoxide in an amount sufficient to enhance survival of the

transplanted organ in the recipient.
49. The method of claim 48, wherein the pharmaceutical composition comprising

carbon monoxide is administered to the recipient before (b).

30
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10 53. The nethod of claim48, wherein the pharmaceutical conposition
conprising carbon nonoxide is adm nistered to the recipient before and
after (b)wo3d/00ihe net hod of claim48, wherein the phar naeeatisoaies?
conposition conprising carbon nonoxide is adm nistered to the recipient
before, during, and after (b). 15 55. The nethod of claim 48, wherein the
phar maceuti cal 0 [ 1.6 1 MSt: reci Qk: it higg 1 to 20
Gays af ter (b) toam iRl el ghabchittal SRipLRst it 2
conposi t i osartios nashoixitiess ainsidisteRd to thetrbmpiegcupng(®. at | east once within the
period beginning 21 days after (b). 57. The nethod of claim48, wherein the
phar maceuti cal conposition is admnistered to the recipient nultiple tines
or conti nuousl ys1durhe mgetidaef R @8, wigdin the phadibcelaies] hipekitiohomprdmgb8. The
met hod of cl ai m48, wherein the pharmceuti cagtb conposition is adm ni stered
to thé reciepioamongxils srdmpipisicrrsto 816 reprientfier ©)-anspl anted organ is

under goi ng or about to wundergo chronic rejection. 59. The nethod of claim
48, wherein the pharmaceutical conposition is adm nistered 30 to the

reci pi ent upon 2etThemettadiafnlait 48, wheeein thephpimesewigalorogapesition comepsisgigi ng or

about to undergo acute rejecti.on, 64 .0 00114 PCT/US02/ 19687 60. The
nmet hod of (@frl)é’P Ax dﬁ({ﬁrgjpls%{)er(}g? fhéeir%cép lf“rﬁg}%so?ee%&o(fﬁ,nng{é)()r to obtaining the
organ fromthe donor, admnistering to the donor a second pharnaceuti cal
conposition conprising carbon ggnoxi de. 5 61. The nethod .of 60, . wherein

the s¥cond pharraddgiieid of shppéPryhseen the Pharmagpuical comRogitign FOMRNsignor . 62.

The met hodfonGh@HoN R s adiiBisREA tb (IR régsienbephchiBaRtfd)cal conposition is
10 adm nistered to a brai n-dead donor. 63. The net hod of claim48, further

conprising the step of, prior to (b), admnistering to the organ a second

pharmaceuti cal 201 ?riettﬂo(arbf SRR Elk,%l{égeuq’ &%%ana’é?ﬁ%f é%?npogi%on comprising

carbon monoxide is administered to the recipient before, during, and after (b).
15
55. The method of claim 48, wherein the pharmaceutical composition is administered

to the recipient within 1 to 20 days after (b).

56. The method of claim 48, wherein the pharmaceutical composition is administered

20 to the recipient at least once within the period beginning 21 days after (b).

57. The method of claim 48, wherein the pharmaceutical composition is administered

to the recipient multiple times or continuously during the period beginning 21 days after (b).

25 58. The method of claim 48, wherein the pharmaceutical composition is administered
to the recipient upon determination that the transplanted organ is undergoing or about to

undergo chronic rejection.

59. The method of claim 48, wherein the pharmaceutical composition is administered
30 to the recipient upon determination that the transplanted organ is undergoing or about to

undergo acute rejection.
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64. The nethod of claim 63, wherein the second pharnmaceutical conposition
is admnistered to the organ in situ in the donor. 65. The nethod of claim
63, wher ewp oBherisecond pharnaceutical conposition is 20 admusey1®s®ed to
the organ ex vivo. 66. The nethod of claim48, wherein the organ is a

liver. 67. The nethod of claim48, wherein the organ is a kidney. 25 68.
The nmet hod of claim48, wherein the organ is a heart. 69. The nethod of
claim 48, wherein the organ is a pancreas. 30 70. The method of claim 48,
wher ei n t he or gan Ths natHod g claidb 4 \Dudit 0QOirisingRET 4teis0f pri®a8 pbtaining tfte met hod

f cl 48, h | | Th d of
gl alC ma|4r8n V}g?"ﬁ elr']f@tn%?@‘g‘ﬂg‘fsgengﬁlt%thega OFO% 2 STHY e ea&?h?rﬁg&euglfalccf)glpg% (glo V\ﬁer ein

the donor dompgikind caB6k Rsodld.f erent fromthat of the recipient. 74. The
met hod of claim48, wherein the donor and the recipient are of the sane
speci és. 10 75. A method of enhancing the function of a donor organ,

conprising: (g Wh@?‘dcﬂioﬁ%f@@ vHe B tHf seBEH N hARhacERRAT confaGitibRIs €XPosi ng the

organ to an anount o har maceut i cal conposition conprising carbon
nnnoxide,z@uﬁﬁhﬁkﬁmwahmcémhmnce the function of the donor organ. 15 76. A
met hod of maintaining an animal cell in vitro, the nethod conprising: (a)
providing a vessel containing a pressurized gas conprising carbon nonoxide
gas; (b) provi d2nghameti®dlodtiain 6&Whetdin the tséc@nd phamaceuntitdl eompbdditiansisa pr i mary
cell or 20 stemcell el easing the pressurized gas fromthe vesse

to fdPn1aﬁdEWHﬁ§§ﬁéPébm€b%ﬁ@|EWHg carbon nonoxi de gas; and

63. The method of claim 48, further comprising the step of, prior to (b),
administering to the organ a second pharmaceutical composition comprising carbon
monoxide.

15
64. The method of claim 63, wherein the second pharmaceutical composition is

administered to the organ in situ in the donor.

65. The method of claim 63, wherein the second pharmaceutical composition is

20 administered to the organ ex vivo.
66. The method of claim 48, wherein the organ is a liver.

67. The method of claim 48, wherein the organ is a kidney.

25

68. The method of claim 48, wherein the organ is a heart.

69. The method of claim 48, wherein the organ is a pancreas.
30 70. The method of claim 48, wherein the organ is a lung.
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(d) maintaining the animal cell in vitro in the presence of the atnosphere
conpri sing carbon nonoxi de gas. 25 77. A nethod of maintaining an ani nal
cell in wore/oodihe nmet hod conprising : (a) providing a ceCrarse2/mssl um
conprising at least 0.0001 g CO 100 g nedium and (b) maintaining an
isolated cell in the medium 30 78. A nethod of transplanting a cell, the

met hod conpri si7ngThe &fthé@o0 A0, IvheRGThE/SRRAN 1068Tall ifejtineri nt ai ni ng an
animal cell in accordance with the nmethod of claim77; and (b)
transplanting the animal cell into a recipient. 79. The nethod of claim78,

wherein the anhﬁﬁ*rheﬁlekhoa%fagfnaw%eiémbargqﬁﬁsogkld hat is 5 not the
reci pient. 80. Thé nethod of clai'm 78, wherein the aninal cell is obtained

fromthe recipient. 81. The nmethod of claim 78, further conprising

Quri ng. or aft ap EPERBHPTATFRfT s S heARTRR b A0 Aokl SiEGIR FH LRI 1

durln or aft trans erern the
carbon monbxtedipiedonposition is admnistered to the recipient prior to
transpl anting. 15 83. The nethod of claim8l, wherein the carbon nonoxide
conposition is admnistered to the recipient during transplanting. 84. The

met hod of cl ai fy8Fne WeioRiohclhite4g iR (e aexdrAad aRITASitti @dlof the same
adm ni stered to the recipient follomﬁng transplanting. 20 85. The nmethod of

cl ai m 81, spkmesei n the carbon nonoxi de conposition is adnministered to the
recipient prior to and foll ow ng transplanting. 86. The nethod of claim 81,
wherei'n the carbon nonoxi de conposition is 25 admnistered to the

reci pi ent pri or7st @ method ofnhanvihg thé fumediorgoftardonpit argan, ngmpidsing: The net hod of

gl()?rlpm Z?hg\.merel nt %prov1£§gar§:§rlglanofsmgr%1taié.'o%%lr farrlc(i)m a donor by a method

(b) exposing the organ to an amount of a pharmaceutical composition
comprising carbon monoxide, sufficient to enhance the function of the donor organ.
15
76. A method of maintaining an animal cell in vitro, the method comprising:
(a) providing a vessel containing a pressurized gas comprising carbon
monoxide gas;
(b) providing an isolated cell in vitro, wherein the cell is a primary cell or
20 stem cell;
(c) releasing the pressurized gas from the vessel, to form an atmosphere
comprising carbon monoxide gas; and
(d) maintaining the animal cell in vitro in the presence of the atmosphere
comprising carbon monoxide gas.
25
77. A method of maintaining an animal cell in vitro, the method comprising :
(a) providing a culture medium comprising at least 0.0001 g CO/100 g
medium; and
(b) maintaining an isolated cell in the medium.
30

78. A method of transplanting a cell, the method comprising:
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(1) adm nistering a conposition conprising carbon nonoxide to the donor;

30 and (ii) obtaining the cell froma tissue of the donor. 67 WO 03/000114
PCT/ US02/w0a8/800188. The net hod of claim 76, wherein the amcwaiSoredeB7 i s part
of a pancreatic islet. 89. The nethod of claim 76, wherein the aninmal cell

is aliver cell. 5 90. The nethod of claim 76, wherein the animal cell is a
pancreatic /3-cell. (2 3aintdiAdgHRtahech] 0€1] fladédilahbe with &ledh@thdd ¢t chtinal arlel | i s
a fibroblast. 10 92. 'The nmethod of claim 76, wherein the animal cell is a
bone marrow cel | . 4¢B) tranpplantiag escpngnal celhingg FECcipiErein the animal cell is a
neuronal cell. 94. The nmethod of claim 76, wherein the animal cell is a
myocyte cell. 15 95. The nethod of claim 76, wherein the animal cell is a

stem cel | . 96. 7A. Mt hathodfof elaha i iwlgreutheiaviaial ofll iabamedflomczeddnoathaEs
removal froma donor, the nethod conprising: 20 (a) admnistering to a
live 8 b2t Hedesi®ionor a pharmaceutical conposition conprising carbon
nonoxi de; and (b) obtaining an isolated cell fromthe donor, wherein the
anount of carbon nonoxide adm nistered to the donor is sufficient to

enhance survi vai0. dihe methodef Flaipe ¥ & Whegsin ihganimal ggl is phtagisa iom theregipienth e

met hod of claim 96, wherein the pharmaceutical conposition is a
pressurized gas. 98. The nethod of claim96, further conprising: (c)
mai nt ai ni ng t hed1cdhk methodiof claini A8, f@Gher hempmseagaloenigfering 8 erberdmonoxide

pharmaceutical .conposition conprisjng carhon nmonoxide. 68 WO 03/000114
PCT/ U802/ f@%’@?s‘g%”&’ ‘?‘%é“"’%ﬁ“ﬁB‘g&é‘?’ dé‘Pg%r%ré e,:rr{r S?aé“f&rﬁ‘gt he cell of (c) is
di sposed within a liquid nedium

82. The method of claim 81, wherein the carbon monoxide composition is

administered to the recipient prior to transplanting.

15 83. The method of claim 81, wherein the carbon monoxide composition is

administered to the recipient during transplanting.

84. The method of claim 81, wherein the carbon monoxide composition is

administered to the recipient following transplanting.

20
85. The method of claim 81, wherein the carbon monoxide composition is
administered to the recipient prior to and following transplanting.
86. The method of claim 81, wherein the carbon monoxide composition is
25 administered to the recipient prior to, during, and following tranplanting.
87. The method of claim 78, wherein the animal cell is obtained from a donor by a
method comprising:
(i) administering a composition comprising carbon monoxide to the donor;
30 and

(i1) obtaining the cell from a tissue of the donor.
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100. The nethod of claim99, wherein step (c) is perforned by providing a
source of 5 pressurized carbon nonoxide gas and contacting the |Iiquid

medi um wiwb oisaedaon nonoxi de gas rel eased fromthe sourcePO/UsOEs®BT i zed
carbon nonoxi de gas. 101. The nethod of claim 99, wherein the |liquid nedium
conprises carbon nonoxide. 10 102. The nethod of claim 96, wherein the

cell is part of a pancreatic islet. 103. The nmethod of claim 96, wherein
the cell is a ljyv cel | 5 10 The t hod t he cel
is a pancreati gSQeIr&‘SIn?ethOdI%SIa“ﬂ’ﬁg WRSTHD ec?Pm&al?%elfﬁs gart °§ﬂ8?’%§feﬁ{l? lr?getcell is a
fibroblast. 106. The nethod of cIa|n196 mhereln the cell is a bone marrow
cell. 20 107. The nethod of cla rein the cell is a neuronal cell
108. The net hooB9ofThé|n3sﬁthﬁd9>éClaeméﬁe‘vl??f%@eéémllalF%“’éar’rvsrcsﬁéle cell. 25 109.
The t hod of claim96, wherein the cell is a stemcell. 110. A nethod of
transplanting an animal cell, the nethod conprising: (a) admnistering to a

live or brain- w@a&mmod@fphanﬁéﬂehmmshe apumad 08l siagancreasied-¢edli ng car bon
nonoxi de; 30 (b) obtaining an isolated cell fromthe donor; and 69 WO
03/ 000114 PCT/ US02/19687 (c) transplanting the cell into a recipient,

wher ei n t he anmountThemetiayddolaii M6 xvigkeeia theianingdl eeled atfibrétigst.donor i s
sufficient to enhance survival of the cell after renoval fromthe donor. 5
111. The nethod of claim 110, wherein the donor is not the recipient. 112.

The ngthod of ajairie hldhod¥relafth 76 AR MRTanfid cIDR aHRGE RIaBBW cgfie the same
ani ma 10 113." The nethod of claim 110, further conprising the step of

adnlnlsterlng a second pharnaceutical conposition conprising carbon

Tonoxi de 10t hey 431 Bl Aror i 7ANGHAEA 0% et LRI M L Lebnaithar ei 0 the second

phar maceuti cal conp05|t|on I'S ered e reciprent prior to the
transpl antati on step.

94. The method of claim 76, wherein the animal cell is a myocyte cell.

15

95. The method of claim 76, wherein the animal cell 1s a stem cell.

96. A method of enhancing survival of an animal cell after removal from a donor, the
method comprising:
20 (a) administering to a live or brain-dead donor a pharmaceutical composition
comprising carbon monoxide; and
(b) obtaining an isolated cell from the donor, wherein the amount of carbon
monoxide administered to the donor is sufficient to enhance survival of the cell after removal

from the donor.

25
97. The method of claim 96, wherein the pharmaceutical composition is a
pressurized gas.
98. The method of claim 96, further comprising: (¢) maintaining the cell in vitro in
30 the presence of a second pharmaceutical composition comprising carbon monoxide.
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15 115. The nethod of claim 113, wherein the second pharnmaceuti cal
conposition is admnistered to the recipient during the transplantation
step. 1lewoTheoaret hod of claim 113, wherein the second phacwmaseutd68al
conposition is 20 administered to the recipient follow ng the

transpl antation step. 117. The nethod of claim 113, wherein the second

phar maceut i cal  @ONRSHIARIbchim 98 Wkbgh Begdl b(ch ReuidREIdRY iRk a PEhigr to and
following the transplantation step. 25 118. The net hod of claim 113,
wher ei n t hmedismond phar maceutical conposition is administered to the
recipient prior to, during, and follow ng the transplantation step. 119.
The nmethod of claim 110, wherein the cell is part of a pancreatic islet.

30 120. The et jood Tk nedttaidref $hkn 9N vefeadimstehe) isgiekfoirsedebyl proeiding @lsburce 6f WO
03/ 000114 PCT/ Us02/19687 121. The nethod of .claim 110, wherein the cell is
a pandr eat PiEsspEzedetarbon monoxilp gasfn BRSBTS UGB AP IHEORORI | 5 o
fibrobl astga3e1ladd AbRAMTRIRRDSf Bfes@hBbdR a0 mWRIRIgast he cel | is a bone
narrOM/ceI%. 124. The nethod of claim 110, wherein the cell is a neuronal
cell. 125. The nethod of claim 110, wherein the cell is a nyocyte cell. 10
126. The net hod, pf ¢l ai it PR : 27. A

nmet hod of enhanlcdlihgiﬁl gﬁe\%o@io?clgf?@?%ﬁ%}[%fegﬁﬁxgﬁﬁgﬁ r}éé:]ql‘%na?&@gﬂlﬁ%g%irrg%%pl ant ed
into a rembpiddd, the nethod conprising: 15 (a) transplanting an ani nal
cell into a recipient; and (b) before, during, or after the transplanting
step, '%ausing the recipient to inhale an ampunt of carbon nonoxi de gas
sufficient to epange nfetiodiof dlain®96,fwiHedih @R celf istfag ofbpamgeitiandl@d cell in the
recipient. 20 128. The nethod of claim 127, wherein the carbon nonoxi de gas
is supplied in the formof a vessel containing pressurized gas conprising
car bon monoxi deygy1 39, e TPLARKoR k) e Lalis /1t BAL cOMPrising the step
of exposing the cell to a carbon nonoxide conposition ex vivo, prior to
the transplanting step. 25

15 104. The method of claim 96, wherein the cell is a pancreatic -cell.
105. The method of claim 96, wherein the cell is a fibroblast.
106. The method of claim 96, wherein the cell is a bone marrow cell.
20
107. The method of claim 96, wherein the cell is a neuronal cell.
108. The method of claim 96, wherein the cell is a myocyte cell.
25 109. The method of claim 96, wherein the cell is a stem cell.
110. A method of transplanting an animal cell, the method comprising:
(a) administering to a live or brain-dead donor a pharmaceutical composition

comprising carbon monoxide;

30 (b) obtaining an isolated cell from the donor; and
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130. The nethod of claim 127, wherein prior to the transplanting step, the

animal cell is maintained in a liquid nmediumthat conprises at |east at
| east 0. OW0OD3gowas bon nonoxi de/ 100 g nmedium 30 131. ThePg@iUsod1w87 cl ai m
127, wherein prior to the transplanting step, the cell is naintained in

vitro in an atnosphere conpri si.n arbon monoxide.. 71 WO 03/000114

PCT/ US02/ 19687 1 52 O FFRESHRRE dhecel G110 A frefiasnt Viisin e AR ronoxi de
gas i s adrhéroxideradehifistereti ethe @ehdqiiestficient tehhbhe strvawis pf B télnghes ke@povab 133.
The met hod, of claim 127, wherein the carbon nonoxi de conposition is

adni ni st erfeam ths doRErr eci pi ent fol | owing the transplanting step. 134. The
nmet hod of claim 127, wherein the carbon nonoxi de conposition is

adm nistered to the recipient before the transplanting step. 10 135. The
met hod of cl ai rh1127he wisthodioficlaime ] e vherein thdhéderionechot themeapidwgnor that is not
the recipient. 136. The nethod of claim 127, wherein the cell is obtained
fromthe recipient. 15 137. The nethod of claim 127, wherein the cell is
removed from a 1den@he piethod of clainb €i0)@htrenapliant atd ihetraigitie afeai¢ fingnt ; and a
phar maceuti cal conposition conprising carbon nonoxide is admnistered to
the donor 3M¥r to renoval of the cell fromthe donor. 20 138. The nethod
of claim 127, wherein the cell is part of a pancreatic islet. 139. The

met hod of claim 127, wherein the cell is a ljver cell. 25 140. The met hod
of cl@i m 127, ddr ghamethed obtlpim b10a fsthacqompristg (e den of admingterimghasegendhod of

127, "uner AR Ehdta] EnRion b Xm0 Rgho e T80 e i
127, wherein the cell is a neuronal cell. 72
114. The method of claim 113, wherein the second pharmaceutical composition is
administered to the recipient prior to the transplantation step.
15
115. The method of claim 113, wherein the second pharmaceutical composition is

administered to the recipient during the transplantation step.

116. The method of claim 113, wherein the second pharmaceutical composition is

20 administered to the recipient following the transplantation step.

117. The method of claim 113, wherein the second pharmaceutical composition is

administered to the recipient prior to and following the transplantation step.

25 118. The method of claim 113, wherein the second pharmaceutical composition is

administered to the recipient prior to, during, and following the transplantation step.
119. The method of claim 110, wherein the cell is part of a pancreatic islet.

30 120. The method of claim 110, wherein the cell is a liver cell.
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WO 03/000114 PCT/ US02/ 19687 144. The method of claim 127, wherein the cel
is a nyocyte cell. 145. The nethod of claim 127, wherein the cell is a stem
cell. 5 woe3osimet hod of inproving survival of a transpl aocrasorelsB7in a
reci pient, conprising admnistering to the recipient, before, during, or
after transplantation of the cell into the recipient, an effective anount
of a pharmaceutjh¢a IF i RS r Iz gas, to thereby
i nprove survivéF?bphgﬁgﬁggfra%§1foﬁﬁngékﬁgagplg%?g??%ﬁ§ﬁggni47. An article
of manufacture that includes a vessel containing pressurized gas

i Si I 0,001 b. i d a_l.ab i bi f th
gas 1o enhance J22ulF TRREET (801 Hiea AT HEY P AOBEISF ¢, duri ng or after

transplantation of the cells into a patient. 15 148. A sterile cell medium

conprising: (a) nutrients suitable for maintaining an aninmal cell in
cul tube and (b)123t Thegsthod gbeleinpl Bowhergindhs eRdhis AdRRSMAEIM 08l g nedi um  149.
A nethod of maintaining an animal cell in vitro, the nethod conprising: 20

(a) providing a vessel containing pressurized gas conprising carbon
nmonoxi de gas; 1g#) Tpe oethdid nficlaim 110s vheremdhaeslimg b newphalicell.vi t ro, wherein the
cell is disposed in a nediumconprising dissolved carbon nonoxide; (c)

rel easing the pressurized gas fromthe vessel, to forman atnosphere 25
conpri sing car lQp. Thanxihde ofelsim BIdd whebkinths edlibis am@citbeeltel | in the
presence of the atnosphere; and (e) transplanting the cell into a

reci glent. 73

126. The method of claim 110, wherein the cell is a stem cell.

127. A method of enhancing survival or function of an animal cell transplanted into a
recipient, the method comprising:
15 (a) transplanting an animal cell into a recipient; and
(b) before, during, or after the transplanting step, causing the recipient to
inhale an amount of carbon monoxide gas sufficient to enhance survival or function of the

transplanted cell in the recipient.

20 128. The method of claim 127, wherein the carbon monoxide gas is supplied in the

form of a vessel containing pressurized gas comprising carbon monoxide.

129. The method of claim 127, further comprising the step of exposing the cell to a

carbon monoxide composition ex vivo, prior to the transplanting step.

25
130. The method of claim 127, wherein prior to the transplanting step, the animal cell
is maintained in a liquid medium that comprises at least at least 0.0001 g carbon
monoxide/100 g medium.
30 131. The method of claim 127, wherein prior to the transplanting step, the cell is

maintained in vitro in an atmosphere comprising carbon monoxide.
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132. The method of claim 127, wherein the carbon monoxide gas is administered to

the recipient during the transplanting step.

133. The method of claim 127, wherein the carbon monoxide composition is

administered to the recipient following the transplanting step.

134. The method of claim 127, wherein the carbon monoxide composition is

administered to the recipient before the transplanting step.

135. The method of claim 127, wherein the cell is obtained from a donor that is not

the recipient.

136. The method of claim 127, wherein the cell is obtained from the recipient.

137. The method of claim 127, wherein the cell is removed from a donor prior to
being transplanted into the recipient; and

a pharmaceutical composition comprising carbon monoxide is administered to

the donor prior to removal of the cell from the donor.

138. The method of claim 127, wherein the cell is part of a pancreatic islet.

139. The method of claim 127, wherein the cell is a liver cell.

140. The method of claim 127, wherein the cell is a pancreatic §-cell.

141. The method of claim 127, wherein the cell is a fibroblast cell.

142. The method of claim 127, wherein the cell is a bone marrow cell.

143. The method of claim 127, wherein the cell is a neuronal cell.
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144. The method of claim 127, wherein the cell is a myocyte cell.
145. The method of claim 127, wherein the cell is a stem cell.

146. A method of improving survival of a transplanted cell in a recipient, comprising
administering to the recipient, before, during, or after transplantation of the cell into the
recipient, an effective amount of a pharmaceutical composition comprising carbon monoxide

gas, to thereby improve survival of the cell following transplantation.

147. An article of manufacture that includes a vessel containing pressurized gas
comprising least 0.001ppm carbon monoxide and a label describing use of the gas to enhance
survival of isolated animal cells before, during or after transplantation of the cells into a

patient.

148. A sterile cell medium comprising: (a) nutrients suitable for maintaining an

animal cell in culture and (b) at least about 0.0001 g carbon monoxide/100 g medium.

149. A method of maintaining an animal cell in vitro, the method comprising:

(a) providing a vessel containing pressurized gas comprising carbon monoxide
gas;

(b) providing an.isolated animal cell in vitro, wherein the cell is disposed in a
medium comprising dissolved carbon monoxide;

(c) releasing the pressurized gas from the vessel, to form an atmosphere
comprising carbon monoxide gas; and

(d) maintaining the cell in the presence of the atmosphere; and

(e) transplanting the cell into a recipient.
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