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(54) Title: METHODS OF PREPARING ORGANS FOR CRYOPRESERVATION AND SUBSEQUENT TRANSPLANTATION
(57) Abstract

The invention relates to the field of organ and tissue perfusion. More particularly, the present invention relates to a method for
preparing organs, such as the kidney and liver, for cryopreservation through the introduction of vitrifiable concentrations of cryoprotectant
into them. To prepare the organ for cryopreservation, the donor human or animal, is treated in the usual manner and may also be treated with
iloprost, or other vasodilators, and/or transforming growth factor 81. Alternatively, or additionally, the organ which is to be cryopreserved
can be administered iloprost, or other vasodilators, and/or transforming growth factor 81 directly into its artery. The invention aiso relates
to preparing organs for transplantation by a method for the removal of the cryoprotectant therefrom using low (such as raffinose, sucrose,
mannitol, etc.), medium (such as agents with intermediate molecular weights of around 600-2,000) and high (such as hydroxyethyl starch)
molecular weight agents osmotic buffering agents. The invention is also directed to new post-transplantation treatments such as the use of
transforming growth factor 81, N-acetylcysteine and aurothioglucose.
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Field of the Invention

* This invention relates to the field of organ perfusion. More

particularly, it relates toa computer controlled apparatus and method for

“perfusing isolated animal, including human, organs. Still more particularly,

25 this inventiorli relates to an apparatus and methods for introducing vitrifiable
concentrations of cryoprotective 'agents into isolated organs or tissues in

preparation for their cryopreservation and for removing these agents from the

organs and tissues after their cryopreservation in preparation for their

- transplantation into an animal, including into a human.



Background of the Invention _ Cryopreservation (that

I's, pregervatjion at very |ow tenperatures) of organs woul d

al | ow o%&%’%@ﬁks to be established for use by transpl ant PCT/US95/10223

surgeons in nmuch the same way that bl ood banks are used by the nedical 5
comunity today. At the present tine, gryopreservation can be approached .

by freezing an organ or by vitrifying the organ. If an organ is frozen, ice
crystals formw thin the organ which nmechanically disrupt its structure and
hence damage its ability to function correctly when it is transplanted into

. a reci pi ent. Backigrousd of thbnvemticyst, means sol i dification,
as in a glass, 10 W thout ice crystal formation.

The main difficulty with cryopreservation is that it requires the

perfusion of org ] A e tions of cryoprotective, agents

Coat or Cioblesth i (RB"WEAREE Lival I retmageiies) oV en
freezi ng i nprgans dwouldgallow organ bank< @®lbengstdtlisk&d Yor Q¥ bLYREAPIAEES) - NO
fully-suitable equiprment or nethod(s has been”devel oped to date

) 15
for carryi n§T8EeN% H Sysh the same wa dhas dloodhbanks ase used by the medicabvent ed t he

establishme ' or, t. QO pnentially sav

| vgs. E&mﬁfunYtyelefy. A%gf\i/]? @%’gégr{ﬁnﬁeﬁrﬁ%§ ‘f’ga%ﬁe‘%(‘ g #&r "r°§8‘?15 wth
cryopr ot ect hytfrdeaing an organ or by vhri€yingldrcoigand Ifrant brgan iid ogén!rige Si nce the
early-1970's. See, Pe .D.E., in 20Q. . Current Trends in Cryobi ol ogy
(A U. Snit hCTys{s farm Prithin he-organ whighymeshanically disrupt its strugture and 70, pp.

153- 180,  bu I s = : d s ) .

S yobi of ogyﬁ% : 1@_%qgilgb}§§9ﬁasfﬁﬁm}z&re&f} wﬁgrgﬂl 'ﬁ[efaﬁéplﬁwﬁgrlﬁtﬂfs nitial "/
descri bed breciyieny, tVitrifieationsibyncentrasyi ingans solidification, @QB&has gfass,

si il t aneousl one vvisf“g(!and pone w thout cryoprotectant. 25 .

Cr yopr ot ect‘gﬁngicﬁY QEBHUNG renoved by abruptly switching fromthe

The main difficulty with cryopreservation is that it requires the

perfusion of organs with high concentrations of cryoprotective agents (water
soluble organic molecules that minimize or prevent freezing injury during
cooling to very low temperatufes). No fully suitable equipment or method(s)
15 has been developed to date for carrying out this perfusion process. This has
prevented the establishment of viable organ banks that could .poténtially save

lives. |
Devices and methods for perfusing organs with cryoprotectant have
been described in the literature since the early 1970’s. See, Pegg, D.E., in
200 Current Trends in Cryobiology (A.U. Smith, editor) Plenum Press, New York,
| N.Y., 1970, pp. 153-180, but particularly pages-175-177; and Pegg, D.E.,

- Cryobiology 9:411-419 (1972).

In the apparatus initially described by Pegg, two perfusion circuits
_ _bpemted. simultaneously, one with and one without cryoprotectant.
25 .Cryoprotectant was ihtroduced and removed by abruptly switching from the
cryoprotectant-free circuit to the cfyopr_otectant—contai.ning circuit, then back
again. The pressure was contrblled by undescribed techniques, and data was
fed ixito a data logger which provided a péper tape output which was proéessed
by a programmable desk-top Wang calculator. The experimental results were
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back again. The pressure was controlled by undescribed

t echni queVO 2¢{057&ht a was fed into a data | ogger PlUSAYH2Yi ded
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poor. The equi pnent_and t_echni_qéle ﬁle,sc_r_i bed were consj dered i nadequate by
Pegg and his Me;{a\ﬁé‘g,‘“wtlaﬁ ischpigye fescabed mereennsidgeaddpadequate by

In 1973, Sher LI | = , ed.,

Churchill Livin t@tge}?g ES&%H%’%%@&;%BXTEQ%?ogséde%%??bed f our

Eotlentialh- f5 : Inpb?‘l&&ﬁlwnweq&teeﬁs,(im@rgaanmk‘érﬂ?ﬁamc ED.IEJ?Wth e@dhave been
uilt. The firgst ey v e . system consi sted o -fam, reservoirs

connect ed di ré@?qrﬁhm&"’ﬂ’ﬁgs@%aﬁo‘m%& (%8735)' pp- Idsz'Iﬁnﬁ“@b\%&&%l’?’&?u@hanges

-bei ng de in S et N g, ' ; oir to

ooty | pekAuRRRnStyRls, Honé W AL re KGR RS have teen buik, ThE Fl

concentrat i on systemecansisteg dfl ofandily of reservoirs commecttd|dirently teetherorgan viand from
a cryoprotectant oncentlratéér eseryoir into . .a.Mm Xing chanber
and then to t HeMP{HYAY valYg, chapgssheing,made instenssipply By, sjiching from one ¢
to the kidney pagssvhindh afd6der. TOt'al flow was controlled by the output of

the metering punps used tfor m xing. A heat exchanger was used before

rat her than after tHee sacondsysterhgeeatedéhanges ineanceantratiomy meséring-floweness),

and fthere .Yvas an absencde of nost arterial sensing. As will becone
r eadi rom a diluent reservoir and from a cryoprotecfant concentrate reservoir into _

a mixing chamber and then to the kidney. No separate pump for controlling
~flow to the kidney was included. Total flow was controlled by the output of
the metering pumps used for mixing. A heat exchanger was used before
rather than after the filter (thus limiting heat exchanger effectiveness), and
15 there was an absence of most arterial sensing. As will become readily
apparent below, the only similarity between this system and the present
invention was the use of two concentration sensors, one in the arterial line and
one in the venous line of the kidney. Organ flow rate was forced to vary in
order to minimize arteriovenous (A-V) concentration differences. The sensing
20 of concentration before and after the kidney in the circuit is analogous to but
substantially inferior to the use of a refractometer and a differential
refractometer in the present invention. The present inventors’ experience has
shown that the use of a differential refractometer is necessary for its greater
- sensitiir_ity. The concept of cdntrolling organ A-V gradient by controlling
25 organ flow is distinctly inferior to the sjrst"em of the present i'n'vemion.'
' “The third system described by Sherwood et al. also lacked a kidney
' perfusion pump, relying on a "b:«ickprés'sure control valve" to recirculate
perfusate from the filter in such a way as to maintain the desired perfusion
pressure to the kidney. As with the second Sherwood system, the heat
30 exchanger is proximal to the filter and no bubble trap is present. The

perfusate reservoir’s concentration is controlled by metered addition of



apparent below, the only simlarity between this systemand the present
i nvention was the use of two concentration sensors, one in the arteri al

| i ne andWO 96/05727 one in the venous line of the ki dney PCOGRN 9323w rate
was forced to vary in order to mnimze arteriovenous (A-V)
concentration differences. The sensi ng-40 of concentration before

and after the kidney in the circuit is anal ogous to but
substantially inferior to the use of a refractoneter and a differential

refractoneter in the S nv.en |on ent _invent erl ence
has © eryoesigiiaT FdieRLAR e etand SherSiodl sy B4 i EB
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di stinctly i lihgpedusate vohmnesand:ceoncertrating. rhky@exﬁtthqsn\f@awrrew desirable.
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per fusi on pressure to the kidney. As with the second Sherwood
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and one reservoir for adding glycerol concentrate or glycerol-free perfusate to

the mixing reservoir to control concentration. The. volume of the mixing

reservoir was held constant during perfusion, necessitating an exponentially

increasing rate of diluent addition during cryoprotectant washout to maintain

15 a line.ar' rate of concentration change. The constant mixing reservoir volume
and the presence of only a single delivery reservoir also made it impossible to

- abruptly change perfusate concentration. All components of the circuit other

than the kidney and a pre-kidney heat exchanger were located on a lab bench

at ambient temperature, with the reservoir being thermostated at a constant

20 30°C. The kidney and the heat exchanger were located in a styrofoam box
whose internal temperature was not controlled.. Despite this lack of control of

the air temperature surrounding the kidney, only the arterial temperature but

not the venous temperature or even the kidney surface temperature was

measured. The use of a styrofoam box also did not allow for perfusion under

25 ‘sterile conditions. The only possible way of measuring organ flow rate was
" by switching off the effluent recirculation pump and manually recording the

time required for a given volume of fluid to accumulate in the effluent

reservoir, since there was no perfusion pump which specifically supplied the

organ, unlike the present invention. Pressure was controlled, not on the basis

- 30 of kidney resistance, but on the basis of the combined resistance of the kidney

and a manually adjustable bypass valve used to allow rapid circulation of



The fourth system was noted by Pegg in an appendix to the main 5

paper. In this system perfusate is drained by gravity directly fromthe

m xi ng WO 96/05727 reservoir to the kidney through a heat eXGIAV3p5{0223
re-entering the reservoir - - after passing through the kidney.
Concentration is sensed also by directlysand Separately punping
liquid fromthe reservoir to the refractoneter and back.

Modi fications and additional details were reported by Pegg et al. 10
(Cryobi ol ogy 14:168-178 (1977)). The apparatus used one m xi ng reservoir
and one r eser vperfusatsr thsehghrihe destoaxchangeo and backatocthe migingcresesvoiry ckhe

perfusate to. ; o the, mxi.ng.reservoir to coni.ro opecentration. The
Vol uno-of ¢ he RReRTHFE scnsor waf 10%alb 2R e Er AP oot R, FRRLAE 8 AT S0 R
perfusion, necrgairim matudrclenigngnd polehally introducing undésifedagiditibn’ 6t € of

di luent addition during cryoprotectant washout to nmaintain 15 a

| i near rate ofumspixedrdead: spaee didhdato thgeartesiad teannulpy Pressureceantipdi wasyol une

possy bl ¢t o SotiéVed 8y néh Ih PGl BBk caRAC bk Rile TRl WA, Whose,

conponent s of gleétrieal ¢ikduit Wh@éscribed in an earliet bﬁpbrt(l?e%g(kﬂﬂeycglb@i(ﬂagy
pre-ki dney heat exchanger were |ocated on_a | ab .benc . at
anmbi ent t enper 2606 (F7R): hAriedalceonseptraticinnbut: nos veBRYSLangentrationwasst ant 20

ahose | nt er nal EAHEK 3G chrpulf BopRiColinglonte Bas R, Corkbfa®y bl Com: ror
of corimlled bytfesding tiewutput of thetschrdiggirbffadtomterRy intoal "prdcess

arterjal tenperature but . not the venous tenperature or even the
ki d new sur f aceCQrEFRbler afaf,cempagison to the output of gdinsar wltager MR genestorang v r of oam
box al so did n r%&lé’ ?&jhstﬂﬁhi.%ﬁ 8ndd! or dilent flow Shid.! | GG tions.
The only possi bl'e y of “neasuring organ tlow rate was by

switching of f ¢tdmeentfritionsniveree mieasuséditmannaldyip Sandnurarinervals aebotdieg t he
time required for, a given volune of fluid to accumul S&e in the effluent

reservoir, si nBXinggeservpirandsheanerialisymplspRp: \evidentlyJhe refraciamefersiids| i ed
th i o . _
coﬁt rol | ed, n&ot&%sﬂ@?}oes%@& éx@@%u%l@ﬁﬁﬁﬁ%gff@%ﬁgng%vgg S ané:eg?%%ndon t he

basi si®f the cflowi wert rexordedamanually ahs indteeintervals. Arterial pressu amhual |y

adjustable b ss val used to allow rapid circul ati on of
J yp idney we¥g t were recorded as pen traces on a stlrJip chart recorder. None of

these features is desirable. |

Further refinements were reported by Jacobsen et al. (Cryobiology

15:18-26 (1978)). A bubble trap was added, the sample port on the kidney

20 bypass was eliminated (concentration was measured at the distal end of the
bypass line instead), and tempgmtﬁre was recorded as a trace on a strip chart
recordef rather than manually every 5 minutes. Additionally, these authors -

reported that bypass concentration lagged reservoir concentration by 5 min (v.

| 3 min or less for arterial concentration in the present_invention) and that

25 . terminal cryoprotectant concentration could not be brought to less than 70 mM
-after adding 5 liters of diluent to thé' mixing reservoir (v. near-zero terminal -
concentrations in the present invention using less than 3 liters of diluent and

using peak cryoprotectant concentrations approximately twice those of

Jacobsen et al., supra). '

30 _ 'A variation on the system was also reported the same year by L.A.
Jacobsen (Cryobiology 15:302-311 (1978)). Jacobsen measured but did not
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“perfusate through the heat exchanger and

back to WO g reservoir. The pressure serf&H/URAA0323c 5t ed
at the arterial cannula, creating a fluid dead space r
manual cl eaning and potentially introd#eing undesired addition of
unm xed dead space fluid into the arterial cannula. Pressure contr
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el ectrical

circuit was described
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nmoni tori ng was used. "Concentration -was - controlled by f

the output onl il valuwe of e eisquitacNorelectronicrauipy reffagiemeisr ggpears to

controller”
and

I{aQ/re &%m& %’ u‘E dJ Qﬁsww %on&nltl’a[l&? fnd %ﬂ

appropri a concentrate or Iuen

equi ring

ol was 5
whose

pdig By Ranf y R SRR HtecBbed e o

or
eedi ng

dgener at or
I ow

rates G ycedmd washout. Instead the aslenrateatuams of\Edree RS of enludmnuwl faje at 5
mnute intervals at both the - m xi ngbreservmr and t he

sanpl e port:
a rreasurabl
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et al. (Cryobiology 18:370-377 (1981)). Es;entxall_y, the entire perfusion
circuit previously_.used.f was placed into a refrigerated cabinet. Instead of a
voltage ramp controller_,. a cam-follower was used. Again, however, it was
necessary to calculate the reqﬁifed rates of addition of glycerol or diluent

using theoretical equations in order to cut the cam properly, an approach

which may introduce errors in the aetual achievement of the desired concentra-
tion-time histoﬁes. Fihally, a modification was made in which an additional
reservoir was added to the circuit. This reservoi_r was apparently accessed by
manual stopcocks (the mode of switching to and from this reservoir was not
clearly explained), a'nd' use of the new reservoﬁ was at the expense of being
able to filter the perfusate or send it through a bubble trap. The new reservoir

~was not used to change cryoprotectant concentration; rather, it was used to

30

change the ionic composition of the medium after the cryoprotectant had been

added. The volume of the mixing reservoir was set at 500 ml, allowing a

final cryopi'ote_ctant coneentration of 40 mM to be achieved.

To the best of the inventors’ knowledge, the devices and methods
described above represent the current state ef the art of cryoprotectant
perfusion as practiced by others.

An approach to organ presefvation at cryogenic temperatures
previously-described by one of the Applicants involved vitrifying rather than
freezing organs during cooling (see, for _exemple, Fahy et al., Cryobiology

t her

ki dney 2
d of the



bypass |ine instead), and tenperature was recorded as a trace on a strip

chart recorder rather than manually every 5 mn

Addi ti onal Wf"f”ﬁyge aut hor s reported that bypas?é@ﬂ?@h‘wz&t i on
| agged reservoir concentration by 5 mn{r : 3 mn or less for
arterial concentration in the present in entlon) and that 25

term nal cryoprotectant concentration could not be brought to less than 70
13\ after adding 5 liters of diluent to the m xing reservoir (v.

near-zero terg\zn@h 426 (19809 &“fi ﬁe {ﬁﬁ{ |4o§§§ iﬁk)t he‘\ﬂfrﬁ?&%n" rmgﬁtslon

using less th ers

cryopr ot ect anisolidificgtiv ﬁtth@litifre%mg@nd ed for dfwrmrédemmf Vlmﬁcauon
Jacobsen et al.,_ sup ra)l_l A variation on the system was
al so repor t ed c@mbe BEawE y@wut ipliyingsystems, such as isolaigd @ of othesgnimal gy
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the m xi ng reservqj.r volu was.a s fraction of the 400
n total 80I uﬁﬁ'sﬁ(ﬂ'ﬁﬁ@"c?g‘? (Y-I% Kee ‘r\?‘b) Uﬂ?'bﬁgals&?t?rﬂc‘?roﬁﬁaﬁr'sappears

E:gnt r.oI addi t ogﬁl@&e Wﬁﬁm%’ﬁ’&a@ rﬁg\ﬁﬁéé st ega@ibﬁ?%’i&‘éegf@gfat eg%:al?segngf

concentrate oXM)i tryeptotédtant. r However, using knownetechniqaes; iorhapamerbeent h | ndi a
ink and read b Leeds a Trendt.r ak Programrer which
t hen controll 8§ ’ﬁ’l‘@ 'E’o'l‘ﬁ?esr\&ﬁ 53H§1l£‘ewomtam concentrations E%gbtﬁf% Phe | ow
ci rCl!Ot vol ungradGritRot KiHg" RN OFIY flﬁﬁt'i@‘c(ﬂ'fceﬁtﬁi%r fIrdrp &t Survival was
typically just over 4 M.
One type of damage caused by cryoprotectants is osmotic damage.
Cryobiologists learned of the osmotic effects of cryoprotectants in the 1950's
and of the necessity of controlling these effects so as to prevent unnecessary
15 damage during the addition and removal of cryoprotectants to isolated cells
| and tissues. Similar lessons were learned when cryobiologists moved on to
| studies of whole organ perfusion with cryoprotectants. Attention to the
principles of osmosis were essential to induce tolerance to cryoprotectant
addition to organs. .Despite efforts to control the deleterious osmotic effects
20 of cryoprotectants, limits of tolerance to cryoprotectants are still observed.
There appear to be genuine, inherent toxic effects of cryoprotectants that are
‘independent of the transient osmotic effects of these chemical agents.
Studies by the present inventors and others have examined methods of
controlling the non-osmotic, inherent toxicity of cryoprotective agents. The
25 results indicate that several techniques can be effective alone and in
| combination. These include (a) exposure to the highest concentrations at
reduced temperatures; (b) the use of specific combinations of cryoprotectants
whose effects cancel out each other’s toxicities; (c) exposure to cryoprotectants
in vehicie solutions tliat are optimized for those particular cryoprotectants; (d)
30 the use of non-penetrating agents that can substitute for a portion of the

penetrating agent otherwise needed, thus sparing the cellular interior from



whi ch coul d be achi eved was about 100 nM 10 Addi ti onal
alterations of the sane systemwere reported by Armtage

( Cryobi O¥Bg¢05737 370- 377 (1981)). Essentially, the entire PETUFYHI23
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a vol tage ranp controller, -& camfol | ower was used. Agai n,
_however, it was necessary to calculate the required rates of
addition of glycerol or diluent 15 using theoretical equations in
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rather, it was us§8mFo°V}a§‘°s° tec mq“”tﬁ'é?n{:fbpgﬁﬂt’?]o‘ﬁf"@? o‘ﬁﬁ@s‘f‘? eeH &t he
medi um af t er cdrifol WsinelE FoRES.2For EEAnDRE r_keclhlxced-_ temperatzui_gé’éj55@6I redtg ! ume of

the m xing reservoir was set at 500 m, ‘allow ng a 2! fina
cryopr ot ect ainflusand effluatite of ofyoptotadinnts, therebymrelosging and intensifying To

the best of Lhe inventors' ~kno dge. .the devi ces and net hod :

doscr bed bt EPEEeHetts, SIRIARY CRiniLyang SROERIR 5 GROBIOJSAS oot ant

per {gisi on asmiakintizésC AdiYotehliflr Ssmotic effects. Thus, there niist 3ePd dalafcd 0 Or gan '
y

preservation at cryogenic tenperatures 30 previously described b
one of the Aspthesabatweemthel centroliafrasmpticdamaghk aind itheygontrol of toxicity. f r eezi ng

organs duri ng gl ahs 8¢ obiniSE IR vhtanbe Mive o been TakABLP i e
PCT/ US95/ 102f@rature. In some cases, intensifying the osmotic effects of cryoprotectants
by minimizing exposure times to these agents can be beneficial and
15 complementary to the reduced toxicity that results, but safe means for
achieving this in whole organs have not been described.

Organ preservation at cryogenic tempefat__ures would permit the
reduction of the wastage of valuable human organs and would facilitate better
matching of donor and recipient, a factor which continues to be important

20 despite the many recent advanc_es in controlling rejection (see, Takiff et al.,
Transplantation 47:102-105 (1989); Gilks et al., Transplantation 43:669-674
(1987)). Furthermore, most techniques now being explored for induéing
recipient immunological tolerance of a speciﬁc .donor organ would be

facilitaied by the availability of more time for recipient preparation.
25 : One major limitation in organ cryopresérvation studies has been the
" lack of suitable eqdipmcnt for con'trolling perfusioh parameters such as
- cryoprotectant concentration-time history,,' pressure, and temperature.
~ Previously described standard perfusion machines are not designed fbr this
application and are unable to meet the requirements addressed here. Patented

30 techniques heretofore known are described in:



-7- ' 21: 407- 426 (1984); and U.S. Patent 4,559, 298).

"Vitrification" neans solidification vmthout freezing and is a
form of cr YUPP¥®Eation. Vitrification can be bPEESISHBBUt in
living systens, such as isolated human or ot her ani nal : organs,

by replacing |large fractions of the waterdin these systens with 5
cryoprotective agents (also known as cryoprotectants) whose presence
i nhibits crystallization of water (i.e., ice formation) when

the 'system or organ @s$. Patent No. 375339@5?6113&{& g} fication typically requires
concentrations greater than 6 M cryoprotectant.

However, using knova-tSed’mnthll‘rkr. 3 7’1’2 53 tode Reissart ef al.; possible to
use suff|C|entIy hi Cryo ntr I ons to vitrify an 10

organ wi thout killi ﬂg‘s rﬁé"%ﬁgq C'{Ygﬁ ﬂég ation for organ survival was
typically just over (f.SMpatent No. 3,892,628 to Thornglé? attype of darmmge caused by
cryoprotectants is osnotic danmageé. Cryobi ol ogi sts | earned of

the osfotic effects WS. Hatepp N &9%9&4 iton Dokeeig 1 B ;s and of the
necessity of control ng h 0,as revent unnecessary 15
damage during the a&%ﬁt 3# gﬁ% ﬁeﬁé&g‘?ciaw ZP ectants to isolated cells
and tissues. Simlany,Seramng N@r@aﬁg&gg@gfjgmgegg; mqlol afgi sts noved on to
studi es of whol e orq.bn perfusion with cryoprotectanis. Attention to the

[

principles of osnps Sm@ﬂ@“éb@eﬂt&b‘l 390t Rauneay, RoPer ance to cryoprot ect ant
addition to organs rt& to control .the eterjous os I C
effects 20 éﬁﬁ‘@’l’%ﬁg Q’Eflj.ﬂfg Tyopeservation aPﬂfcéPg?ﬁ:@ ‘BB pastrﬂ%s
cryopi0t ect ant pemitted only refdifelyviple experimental protb&l€ b @ified Butbgn@enu' ne,
i nherent toxic effects of cryoprotectants that are ependent

of the transi ehas giaptbeen awkavard tofusehecOslyc Ademcet| aladeve seported using a

Studies by the t tor ot h s._have e t hods

controlling thcgﬁgﬁﬁgs% ti Eﬁlani rFrs?gﬁléﬁp &W@PTBWQP{/T‘ (S?"Ot g%t i“¥amp ent S.

Tlhen25 . J. Bivréd. SEngmieeﬁages.lmuswmwj. ERAWEVEE| UR8ir GBECIRE deigRCt i Ve

al one and in ' o :
_ has several major flaws that limit its utility.

15 . The present invention overcomes substantially all of the deficiencies of

known apparatus and methods.
Summary of the Invention

In one embodiment, the present invention is directed to a computer-

controlled apparatus and methods for perfﬁsing a human or other animal

20 organ, such as a kidney, liver, heart, etc., with a perfusate, and may include
preparing the organ for such perfusion. The perfusion of the organ may be

“done for any one of a number of reasons. including, b'ut_nqt limited to, for

example: to prepare the organ for cryopreservation; to prepare the organ for

‘ transplantation after its cryopreservation; to preserve it by conventional means

25 above 0°C; to keep it alive temporarily at high temperatures to study. its
physiology; to test the organ’s viability; to attempt resuscitation of the organ;

and to fix the organ for structural studies. The apparatus and methods may

also be used to superfuse an organ or tissue slice. In another embodiment,

this invention is directed to the treatment of the donor animal and/or the about-



conbi nati on. These include (a) exposure to the highest concentrations at
reduced tenperatures; (b) the use of specific conbinations of

cryopr oWex2645727 whose effects cancel out eachP@HENS18223

- toxicities; (c) exposure to cryoprotectants in vehicle
solutions that- are optim zed for thoseqarticul ar cryoprotectants; (d) 30
the use of non-penetrating agents that can substitute for a portion of the
penetrating agent otherw se needed, thus sparing the cellular interior from-
WD 96/ 05727 -

PCT/ US95/ 102®3be donated organ with iloprost and/or other drugs to prepare it forg-

Cime 1O By O algthd¥iodinly, BAS Pha s kgl dy Thaghasdis 11

time- dependegid inethodivihich M@sea to prepare the orgd@e/fomkmrésb@zaﬁo@rsuaﬁlaal es could
be applied to whole organs so as to.permt themto be treated

with vitrifikplvitrderien.onkp mthmu@mb@tmm rhis imyeRrtioar is dizscted & an not

Dot ol <2 peHRld P Snohass, o prpgaring an oreP B oMo B ufLeS, 2
exanpl e, I edifpRepriREMOLANHT 46 orycpteseeriion. t he lnfl ux and efflux
rate of cryoprotectants, thereby prolonging and intensify

d

their osmotic efflrens empodiment, 9hls lﬂVﬁillFﬁ"zlﬁ ge@%&%mtm#@émanng
cryopr ot ect meﬂ, [ ;‘;Zs”@f“ c effects. Thus,
t here nust gﬁ;ﬁﬁlﬁfal oréanf Ssé%ér[iégbh%@g{ngﬁéxe@n“f e control of osmotic
damage and the co@r ol peffusisgiheiorgan with gra'dually'mcv%daqglaomemmsfoﬁr

obt&i ning this balance have not. been descr|j bed '
litEature. GTORIGHStATAs SQlutipht Ehs? f fifsig Pquistea@ .&oecrq"@aE@n owh"e

Cryopr ot ect 8Qrdurrently reducing the temperature of the organ;’

() - maintaining the concentrauon of ‘the cryoprotectant for a
sufficient tlme to permit the approx:mate osmotic equilibration of the organ to

", occur; and _

15 (c)  increasing the cryoprotectant concentration of the solution to a
higher second predetermined concentration and maintain_ing the cryoprotectant
conce_ntrzition of the solution at the second concentration for a time sufficient

' to permit the approximate osmotic equilibratidn of the organ to occur.
The organ is then removed from the perfusion apparatus and is

20 cryopreserved - using an appropriate method or is further prepared for
cryopreservation. |

~ After cryopreservation the organ is warmed in an apparatus which is
not the apparatus of this invention. '
In preparation for the organ’s transplantation into a recipient, the organ

25 ' is then reattached to the perfusion aﬁ_paratus of this invention.

‘ In -another embodiment, this invention is directed to a method of
preparing an organ for transplantation after its cryopreservation and
subsequent warming, comprising:

(@ - warming the organ to a temperature which permlts reperfusion

30 - of the organ, wherein damage to the organ is minimized;



by m nimzing exposure tines to these agents can be beneficial and 15
conplenmentary to the reduced toxicity that results, but safe neans for
achi evi ng MQ9%/05f2Mhol e or gans have not been descri bed. PCT/US95/10223
Organ preservation at cryogenic tenperatures would permt the
reduction of the wastage of valuable humgn.organs and would facilitate

better mat chi ng of donor and recipient, a factor which
continues to be inportant 20 despite the nany recent advances in
controlling rejection (see, Takiff et al., Transpl.antation

47:102-105 (1989); Gb)ks parfusing ther argapl witha2 i non-vigifble eoucentration of

(1987)). Furthernore, nost.techni gues.no ei XRpl.or. . | als)

reci pient i murfsY ‘EPJPE?&{E'D‘FJP&%HHBC oﬁ“?gc'g%yegq fplQ gmgoﬁlgr 5@’?8’&%&\5\%# H.'%Itt)"en'
facilitated by dqiRibaatidd éPiteidraPto o&due; ande for recipient preparation. 25
One major limtation in organ cryopreservation.studies has been the

|l ack of suitable equchnerperfusingsybstantiallyall ofahe crypprotestanh Ak afithe aigan as

t ant Conetin ot _ Y _
oo odsly. des TRRCEERAAR eicdBnd ufd Sberl-E ST BNM0 REMITHOUHRE. |
appl i cati on andupilsle fopthsplantatkat the requirements addressed here.

Pat ented 30 : t echni ques heretofore known are described in;
WO 96/ 05727 In another embodiment, this invention is directed to a method of

U5, Patent - No PRI 49,008E1 fo transplapjatiop further comprising perfusing the N o
No. 3,772,153 twitlPba rediceda¢dncéitration; of cryoprotectant in combination with: a low '
10 molecular weight (LMW) “nonpenetrating” o'smotic; buffering agent (OBA);
ora high molecular weight (HMW) " honpenetrating" OBA; or a combination
of LMW and HMW OBAs which are added and removed in an orchestrated
fashion which is appropriate for, and may vary from, organ to ofgan. In the
case of the liver, osmotic buffers (OB) do not have to be used at all. In the
15 case of most other organs, the organ is pérfused with the appropriate
cryopro'teétant solution containing a first OBA - concentration for a time
sufficient to permit approximate osmotic equiiibration of the organ to occur.
‘Substantially all of the cryoprotectant is then washed out (to a final
| 'cryoprotectant concentration of less than 200 millimolar) while decreasing the
20 concentration of the OBA to a second, nonzero level substa/ntially below the
first buffering agent concentration level and while concurrently inéreasing the
temperature of the organ. Finally, the organ is perfused to remove the OBA
 sufficiently to render the organ suitable for transplantation. |
" Exemplifications include the rabbit kidney, the rat liver, and the human
25 kidney. | |
- The apparatus of the invention coniprises a computer operated
“perfusion circuit containing a plurality of fluid reservoirs, a reans for raising
- and lowering coricentrations and an organ container. A first fluid flow path
is defined as a loop from the plurality of reservoirs to necessary sensors and
30 temperature conditioning means and back to thé_pluralﬁy of reservoirs. The

reservoirs are selectively connectable to the first fluid flow path. Pump means -



U S. Patent No. 3,843,455 to Bier, M U S. Patent No.

3,892,628 to Thorne et al.; 5 U S Pate 14,954 to
Doer i g, MR 6105727 U.S. Patent No. 3, 995,4?1"?@59&;]%??‘& et al.:
U S. Patent No. 4,629,686 to G uenberg, ML.; and u. S.

. Patent No. 4,837,390 to Reneau, R P. -12- : Equi prent descri bed
for cryopreservation applications in the past has 10 permtted only

relatively sinple experinmental protocols to be carried out, and

has often been .awkward.to use. ly-Adem.et al. have.reported using a
comput er f orBrYaPHE? At %ﬁ%_ﬁq'd@%pﬂ?&} t‘ﬁft% Pifig 'gg’fﬂm 3@%#&%, _

J. Bioned. Emurfwiom t6 als8onlFtuif FOSApath. MAWRYEIn cdnffihér i§ ARatediifa design
has several mpjor flaws that limt its utl|ltly."'15. . The
present i nvehisissponslBuiddiav patip Rump meanymay pisebetineudrsf inghe sesiosd of

known appar g§{§ ngﬁtfgf)gﬁmping fluid |frr(]>m the or clnl%iﬂ?;’tot%g oISrI%OSrgﬁlfsumry of

the Invention one efbo I nvention
i's &irected the reseeiisudeto waste. One or mofeBsnsérs| 4€ impRpased ListhengLiget hods for
perfusing a human or other ani mal 20 - organ, such as a kidney, liver,
heart, etc. flawtpaths far rsqasing at deastnene ofi cthe geoncentration, concnt@ani ng t he
organ for syg PRy [ USI

done for an;/iﬁ @ﬁ%ﬁéél’:}éﬁﬂ%ﬁg’oﬁ&%ggaéoﬁ@ ﬁ%‘c‘#ﬂﬁ?%‘g&g}ﬁ )r{r%'lt?ﬁlt}l‘emﬁ séd to, for
fexanrpl e: to andﬁnweeoﬂmlﬂumrﬂm p‘ams} Qviyaspring eieans arnintdrposed dn alieefitspe or gan

or . trapsplantation after its cryopreservation; to preserve it
by conventi &Rdl sq_qg%;f)uﬁ_ﬂow paths fiop raeasyring rencentratien: and (teMPErARITE enpor ar i lé

at ightenqﬂf HEES ' ks, Siol oy 4 Qst t he
or glgn' s vi abi f?{ey; tgétgite?'télerrg%/u‘?get%aglc?'tldag?‘gﬁs%eiaﬂ{]é@b%r i[gglaérk;‘;e fmd fiwh
to fix the aligatiof,cof the bcgzmwoataimudlhesenslik(e) angprhe ateasurinyimenisiaoels may

~connectedtoa pr_ograrrimable‘ computer for providing a continuous information

and

stream fro_m the sensor(s) to the computer. Finally, the computer is coupled
to the s_électibn mea_r_is and__ the pﬁmp means io cominhp_\isly selectively control
15 (a) the flow of fluid from each of thé reservoirs individually to the fluid flow
paths, (b the flow of fluid from each of the fluid flow paths individually to
- each of the rese_:rvoifs, and (c) at least one of thq concentration, 'temperature,
pressure and pH of tﬁe fluid floWin_g in the first and/or second fluid flow path,
in accbrdance with a predetermined éomputer program without substantial
20 ~ operator intervqntio_h.. } .
Additional fé,a_tures of the apparaths of this invention may include a
heat exchanger interpqse_d in the first fluid flow path for conditioning the
| terriperature of fluid flowing m this ﬂ_uid flow path.  A sc_:_cbnd heat exchanger
may be interposed .i_n the second ﬂﬁid flow path for conditioning the
25 temperature of fluid flowing in the second fluid flow p_ath.

In describing the apparatus and methods of this invention, many of the
various aspécts of ihg_, same have been numbered. This numbering has been
done to c_reaié a conceptual ‘organization and stfucture for this application.
This numbering should not be int_erpreted_ to necessarily mean or imply that the

30 patticular stcps. in this invention musi be performed in the_Sequences in which

they are presented. .



al so be used to superfuse an organ or tissue slice. In another enbodi nent,

this invention is directed to the treatnent of the donor aninal % d/or the
about - ‘WO 96/0572% 96/ 05727 PCT/US95/10223

PCT/ US95/ 10223 : - 10-

t o-be donated organ with iloprost and/or.jgther drugs to prepare it for
perfusion. In another enbodinent, this invention is directed to an
dppar at us and nmethod which is used to prepare the organ for
cryopreservation, such as by vitrification. In another
enbodi nent, thi s i nvent Featitres!amet advantages- df the Inventieppar at us and
nmet hods for preparing an organ for transplantation into an
appropriate ‘host after its cryopreservati on. In one

enbodi ment, this i nvgnt{oRnish fid LEhEAHE of fIRIROdn® haRInERAL | fiong the
| (ofo] %e Ssteps of:

a biological organ for” cryopres _rvgr{ on, Dr1'sT Ng

(a) per f usi ngndsbhémpomgan ofiwikicly ardthel followhpr easi ng concentrati ons of 10
cryoprotectant solutjion to a first pregeterm' ned . concentration while
concurrently reduci dg t hdt PemRits eantrok ob theiqepcesitigign of cryoprotectant orany ()

mai nt akni ng th - higﬁﬂ f Qr vide var;
suffi C|5ent ti rrg’ﬂfegq%zéllr#ta ne @%Bé@?%%g%gﬁﬁ%%aﬁglt?%r‘gfifgﬁn%t%’ 0tfhe
organ to predeterminaszicanceneatioh-time histories, more or [es3 independemthysofthet he
cryopr ot ect ant concentr%teiéq%n of the, solution t i gher second
t .

. . . h
predet er mi ned 198t EHE A (PeEysafR dhioueh (tas Argng, it gweﬁ&rbfw'@mtaﬁe%}xsly
concentration QhriRe ttdikemttatidhs bFGHRFARRR FrUIRRBE 28EAE Ste) chntds'Th

suf ficient _
“concentration are possible, and it is possible to bring concentrations effectively

10 to zero.

2. It provides for in-line sensing of concentration, pH, perfusate
temperature, and other parameters so as to avoid the need for sensors in the
perfusate reservoirs and for manual measurements.

3. It permits minimizing differences between the concentration of

15 cryoprotectant - monitored and the concentration of cryoprotectant in the
perfusate reservoirs by minimizing the time required for perfusate to travel
from the reservoirs to the perfusate sensors and back to the reservoirs.

4, It permits minimizing differences between the concentration of
cryoprotectant monitored and the concentration of cryoprotectant actually

20 perfused into the organ by minimizing the time required for the perfusate to
travel from the main fluid circuit to the perfused organ (or superfused tissue).

5. It permits monitoring of the arterio-venous difference in
cryoprotectant concentration across the organ as an index of the degree of, or

_opportunity for, organ equilibration with cryoprotectant.

25 6. - It permits control of the temperature of the organ essentially
independently of the flow of perfusate through the organ, and pgrmits varying
this temperature at will.

1. It permits control of the perfusion pressure, either keeping it

fixed or changing it as desired, and, if desired, minimizing pulsation.



to pernmt the approxinate osnotic equilibration of the organ to occur.
The organ is then rempved fromthe perfusion apparatus and is

cryopr e¥268§7%si ng an appropriate method or is further &%?9@602%

cryopreservation. After cryopreservation the organ is
warnmed in an apparatus which is  .14- not t he apparatus of this

i nvent i on. 3 I'n preparation for.the organ's
‘transplantation into a recipient, the organ 25 is then reattached
to the perfusion apparatus of this invention. I n anot her

enbodi nent, this $.nvenltipgaterts agrinstpestusian of mmmdl solution, air bubbles, preparing .

20,2592 1Oy B S d i XRS5 R i 3, e o g

to a tenper aphges. Whi ch pernmts reperfusion 30 . of the organ,

wher ein damage to the organ_is mnim zed, '~ \\D 96/ 05727
~ PCT/ US95/ 10223 9. It interfaces with a computer to control the perfusions, -to]-

(b) perfu I

Crydor ot ect SpAEE P i holibting, ey’ ko, G RABRAN PR e o

equi | i brat i ao calibrateahesgaorstand pamips, aritd direct the cleaning, disinfectié,)and per f usi ng
substantially_all of the cryoprotectant .out of the organ 5 whi | e

concurrent| )Pr{fﬂ@gégsthﬁ@effﬁﬁwﬂé‘l‘fﬁ%éﬂ(ht@ 'W“{ché“‘i)?'@&rﬁhﬁé’[’?%erwheﬁe or gan
sui tabl e for &éﬁ;@pl ant ati on.

10.  Itis readily capable of perfusmg and cryoprotecting organs of
10 wxdely varying size and perfusion requirements, e.g., anything from a rat ‘

heart to a human liver, and is capable of tissue or cell culture superfusion as

well.
Brief Descriptions of the Figures
Figure 1 (comprising Figures 1A and 1B). Figure 1A shows the
15 overall fluidic circuit diagram of this invention. Figure 1B shows the

construction of the Effluent Distribution Block (EDB) and the means by which
the effluent flow is divided to allow sampling by the A R.IL. pum£> 126 in
Figure 1A. ,
Figures 2A-C show side, top and bottom views, respectively of a two-
20 chamber gradient former empldyed as reservoir R1 in this invention.
- Figures 3A-C show side, top and bottom views, respectively, of a
three-chamber gradient former used as reservoir R3 airi'.this invention.
_. Figures 4A-C show left, front, and right side views, respectively, of
the Heat Exchanger/Bubble Trap/Mixer (HHBM) used in this invention; Figure
25 4D shows the basic mixing unit area of the HBM; and Figure 4E shows a top
view of the base of the HBM.
Figure 5 shows a typical protocol for introducing and removing a
relatively dilute vitrification solution. As uﬁed in Figure 5 and in some later

figures the following abbreviations have the following meanings:



I n anot her enbodi ms\ntrhis Klel aﬁgegiﬁﬁfdis directed to a net hod of

preparing an organ for : on further conprising perfusing the
or gan WO 96/05727wi t h || centration of - cryopr ot ecCRGFUSY510223

conbination with: a lo U mol ecul ar wei ght. (LMW "nonpenetrating" .
osnotic buffering agent (OBA);

' or a high nol I LRt N
“nonpenetrating” OBA, or a conbination -15- " of LW@'&?}%@&EEW
whi ch are added and renoved in an orchestrated f ashion which li s

appropriate for, and may vary from organ to organ. In the - case
of the liver, osnotpHShhdanephade®?) do not have to be used at all. In the 15
case of nost other -organs, the organ is perfused with the appropriate
cryoprotectant sol utRis6 apdAtmean thg endrofiphasesehartbAcEaspecivelon for a time

cccur. 0 P D3RR G A EohSenfiln GEIMDCOPR ol BRERY, e

out (to a finawas 250 millimolar;Cr yopr ot ect ant concentration of |ess than 200
mllinplar) while decreasin . concentration of the OBAto a

t he 20
second® nonzero Iev@?H@éﬁéﬂgﬂﬂﬂ??& meanjbaidie eonrcentrations of LMWiQBAtat thef f er i ng
agent concentrgfy i : Ly | asi,.hg the
t enper at ure of g]%éaggsﬁ# aﬁ?ﬁa‘%gﬁﬁ%%@gﬁlyﬁélgy’pggﬁgg%&to renove the OBA

sufficiently to renWVeh. mbsnsovehpdole.sui t abl e for transplantation.
Exenplifications inﬁhude t r aQhi tpéi dney, the rat liver, and the human 25
ki dney. means Ey{acoIHp% SYUHRMOf the invention conprises a
conputer operated ' CpA mea scry@ﬁr‘b{éégn?'ag&itr cuit containing a plurality of
fluid reservoirs, a neans tor-raising N and | owering

concelfirati ons and Nuombersahtocd withimeircles\désigmite the 7 phakésorefepredhto later;

Is defined as a loop,fromthe pluralijy ,of reservoirs to necessary sensors
and 30 t enpeF A0UMeansgeIsure, ﬁ"Hijfdrhé' Hg and back to the plurality of

reservoirs. The I Iol! ctively connectable to the
first fluid flow pa%?“eﬁ'bsn%’entg'}ﬁ{sm‘{&&'ﬁﬁt&%ﬁ, i

M means the measured molar concentration; and

F means flow in ml/min: o
15 Figure 6 shows the part of the protocol for the two-step iniroduction
of fully concentrated vitr_iﬂcation' solution that was carried out inside the
§tandard perfusion machine.
Figures 7A-7D comprise a flow chart of activities for organ
cryoprotectant perfusion. |
20 Figure 8 is'a schematic diagram of the details of the two-step cooling
techniqué for introducing high concentrations of cryoprotectants.
Figure 9 shows an épparatus to perfuse | kidneys with Vitriﬁcation.
solutions outside of the standard perfusion machine and at temperaturés in the
 vicinity of -20 to -30°C. - |
25 : Figure 10 (c'ompri_,sing Figurs 10A to 10D) show a typical rat liver
perfusion protocol in which neither HES nor LMW OBAs were used.
Figures 11A and 11B comprise a flow chart of the procedure for non-
cryoprotectant' perfusions. | '
| Figuré 12 shows the ability of rabbit kidneys transplanted after
30 perfusion with the vitrifiable solution known as V49 to function as measured

by their control of serum creatinine.



WD 96/ 05727
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are |nt‘¥PBgQ%7& in a seco et oW path for punping fI Ui gjs??,(l)%l%he first
fluid fI ow_pat 0 a §ecend""ﬂﬁ%ﬁ> BEH bw path. The organ container is |ocated

HAS BEEN hi s\secopd -~FER d f| ¢¥6-path. Punp neans may al so be
ﬁﬂ? adib the 5eco fluid flow path for punping. fluid from
he organ_conta+-her to one or nore of 5 the reservoirs or to )

- Waste. One or rmre sensors are in er pgs n uid o
8a”15 for sensinfji84e| Ii"’a§’i°"6?1§‘eoF}?qﬁé’ C‘Eﬂ%'éﬁt[f’aﬁp °%5?Pé’éhl‘1ﬂ£?¥%n
i fferenti 1008 £ s RNEY {é | in the

first aﬁrev gg?%ﬂ%%&ge@(r)n s'#1I(ﬁ'|8d flgevﬁoggcu g%fé{gdﬁlcﬁg@#é%s are

i nter posed tonthe lresufltisrfet the non-cooled kidaeys s&pomddtOf-Bqu fI ow pat hs for

measuring concentratiaq ture 10 f.erenc bet th

uEst ream and do Jr)ﬁl §\°8’ést e rﬁsu?tﬁ@fqug?%ng rahit kldney slices 10 @f% ct :Ngﬁn of ©
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fl ow

8 M cryoprotectant at - 2°C the survival rate was 7/8 and the creatinine
15 . levels after two weeks were excellent and |dent|ca1 to those for kidneys
exposed only to 6.1 M cryoprotectant
| ~ Figure 17 shows the feasibility of usi ng the two-step approach to avoid
cooling injury down to -32°C with 8 M cryoprotéciant (survival rate = 100%,
final creatinine levels identical to those for kidneys exposed only to 6.1 M
20 cryoprotectant).
Figure 18 shows that kidney slices treated with V55 and cooled to
-46°C experience maximum cooling injury, no further injury being apparent
~ when slices were cooled all the way to the glass transition temperature.
Figure 19 shows the postoperative serum creatinine levels in an intact
25 : kidney that was treated with V55 and cooled to -46°C with subsequent life
-' support f'untion. (survival 'rate: i1 kidneys so treated; final creatininc levels:
acceptable.) | | '
Figure 20 (comprising Figures 20A and 20B) show data from the
perfusmn of a human kxdney with the vitrifiable solution known as V55 by the
30 method of this invention. Specifically, Figure 20A shows successful control

of cryoprotectant concentration. Figure 20B shows resistance and flow data.
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may be interposed in the second fluid flow path for conditioning the 25
tenperature of fluid flowwng in the second fluid fl ow path.

In descri ¥A86PFAT appar at us and methods of this invention, REHPBFIER
various aspects of the same have been nunbered. This nunbering has been
done-to create a conceptual organization and structure for this

appl i cation. Thi's nunberi ng_jghoul d not be interpreted to
necessarily mean or inply that the 30 particular steps in this

i nvention nmust be perforned in the sequences in which
present ed. WO 96/ 05727

they are

PCT/ US95/ 10223 he data are all from the same 232 gram human kidney. In Figure 20A 1B-
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r drug_in the perfusate of _an organ accordi to | de
guregloshoms coplingdata §rogn e 3 kidneyas ﬂ?w&?ﬁeﬁfhem e or
mmersif)él QY 4 %o% %/vpﬂ{/ngrd?/?;(g {liﬁﬂeé?ﬁ’)qh the

%&Aeﬁrl Qas LddDled after

rovi sion for sim téneou_s
sulfoxide and atetagdder Thesotata gage atcontifilays rebandipgsof argan

core temperature as reached in about 15 minutes, to about

are possible, a [t i.s, possible to, bri oncentrati ons
s fromnoq’d, which y

the glass transition temperature. The data revealed no evidence of ice
formation within thé kidney.

Figure 22 shows loading (ascending portion) and unloading (descending
portion) of a human pediatric kidney with V55 using the method of this
invention. The solid line was the target V55 concentration while the dotted
line was the actual measured V55 concentration in the circuit. Since the
cryoproteétant was unloaded from this kidnéy a cooling curve was not
generated. _

Figdré 23 (comprising Figures 23A-23C) shows viability data for
rabbit kidney slices (Figure 23A), human kidney slices (Figure 23B) and
cofnp_arative rabbit:human data (Figure 23C). The human kidney slices
showed identical responses to V49 as the rabbit slices but showed slightly

lower recovery after cooling to -30°C.
Definitions

In order to provide a clear and consistent understanding of the
specification and claims, including the scope to be given such terms, the
following definitions are provided. Any terms which are not specifically
defined in this or other sections of this patent application have the ofdinary
meaning they would have when used by one of skill in the art to which this

invention applies at the time of the invention.

It



10 to zero. 2. It provides for in-line sensing

of concentration, pH perfusate t enperature, %g,ijmgg her
par anet HQINSTZL + o avoid the need for sensors in t he 5'mzfi’erfusate
reservoirs and for manual mneasurenents. 3. It

permts mnimzing differences between the concentration of 15
cryoprotectant nonitored and the concggtration of cryoprotectant in the
perfusate reservoirs by mnimzing the time required for perfusate to
travel : fromthe reservoirs to the perfusate sensors and back to
the reservoirs. . 4. It permts mnimzing differences |
bet ween t he concehs rused hereim, "cryopreservationy, yiegngpthe tegintaining wfrdd and t he
concentrati r into the
organ by m oS HREREH h e ekt slort hemat very |88 tepeidurdl

travel from(IdyepmmatidmusdneamwImchidb frészinpesdd siedficatioan (or superfused

tissue). nitoring of the

arteri o-venous d|4?‘éﬁ°€h€‘@"} vntrlﬁcano “Pea“%?‘i}@ﬁﬁ‘g ‘GEPE\%ROVG%EéNSPatlon _
acrgss the Qg El%eqﬂ fdex of the degree of, or opportunity
for, organ eqw I'1 br at %n W th cryoprotectant. 25 6. I t

permts control oAs tded hemm.e?cxyopreteolfant"hmemsgmheaaeﬂmhidi inhibits ice

i ndependently of the flow of, perfusate t h the or and permts
Varying o chystal fortagart h £ disBiE OF Grkanavikg fie organ is cbbled 16 ubdero 70 1

permts confgp exﬁfurésh‘in@efegtlﬁ C?H M ﬁﬁéﬂ%ﬁ r?'\&ilﬁﬂtyk‘iﬁ&‘ NGarhlin

fixed or changing it as desired desire m nim zing uligat I on.
‘WD 96/ 05727 comparison to the effect of coolmg without the cryoprotectant. o
‘ PCE/OUSQS/ 10223 As used herein, all temperatures are in °C unless otherwise speciﬁed: 14- .
As used herein, "non-penetrating" means that the great majority of
‘molecules of the chemical do not penetrate into the cells of the tissue or organ
but instead remain m the extracellular fluid of the tissue or organ. |
As used herem "osmotic bufféring agent (OBA)" means a LMW or
15 HMW “nonpenetrating" extracellular solute which counteracts the osmotic
effects of greater intracellular than extracellular concentrations of
cryoprotectant during the cryoprotectant efflux process.
As used herein, LMW OBAs have relative molecular masses M) of
_ .1,000 daltons or less. LMW OBAs include, but are not limited to, maltose,
20 potassium and sodium fructose 1,6-diphosphate, potassium_ and sodium
~ lactobionate, potassium and sodium "glyceroph'osphate, maltopentose,'
stachyose, mannitol, sucrose, glucose, maltotriose, sodium and potassium
gluconate, sodium and potassium glucose 6-phosphate, and raffinose. In a
more preferred embodiment the LMW OBA is selected from the group
- 25 -consxstmg of mannitol, sucrose and raffinose.
As used herein, HMW OBAs have M, of 1,000 to 500,000 daltons.
HMW OBAs include, but are not limited to, hydroxyethyl starch (HES)
450,000 daltons and lower M, hydrolysis fragments thereof, espcciall; 1,000
to 100,000 dalton fragments), polyvinylpyrrolidone (PVP), potassium raffinose
30 : undecaacetate (> 1,000 daltons) and Ficoll (1,000 - 100,000 daltons); Ina



8. It protects agai nst perfusi on of unm xed sol ution, air bubbles,
particul ates, or pathogens into the organ, and avoids inaccessible fluid

dead WO 96/05723 paces. 9. It interf Ui HPR2
- conputer to control the perfusions, to 5 provide real -tinme
nonitoring, display, processing, and recording of the data, to
calibrate the sensors and punps, and to_@.rect the cleaning, disinfection,
and primng of the perfusion'circuit and to instruct and alert
‘the operator, when necessary. 10. It is

readi | y capabl e of perfusing and cryoprotecting organs of 10

Wi del y varyi ngnestzprefercedp embodinent rthe) HMMWeQB4, iss HES, 450,000 npolecular a r at
heart to a hunan Liver, and is capable of tissue or cell culture

super f usi on asWeight. wel | . Bri ef
Descriptions of thep "l el

Fi gures 1A and 1B). EI gureérfg\l sr?g oxlmate osmonc equﬁi&gﬂ\ignr aln{esfl ul (lt:h cepm rcuit
di agram of t hidifferencexbetween thei agterial alﬁi Wmuscumoentratxons is less thapahoutr St i on of

the Effluent Di | e} t he ne

the eft|uent f‘P;;fJO %\ﬁ}ug{i?ﬂ‘ |9?§%9°25ﬁ$|#ﬁ5 %&“ﬁh&g‘fcé?”f"?? Pf 4 M 126
I'n mé&4drid4h#s thévenous concentration is 95% &f ﬂlﬁraﬁénalAc&lo‘éfiﬁﬂlcﬁi dg, top
~and bottom views, respectively of a two-: - anber gradi ent

former enpl oyelﬁasM differense fis ®puivalentio g lu%vém:ommranon difference for our

Fi gures 3A-C show si.de nd bot om ectlvely, of a

t hr ee- chanber %'Fg&fegn‘fry?gp%@% gg "g% Fgg@“@gcfovﬁg in this invention.
Fi gures 4A-C show | 8§ yused’ Kiérbin, "@fifhal'l SieinsSd ARmhA\ificluding PBEE hotalniited

t he Heat Exchanger/Bubble Tr ap/ M xer (HBM used in this invention; Figure
10 to, human beings.

Detailed Description of the Preferred Embodiment
' - and Best Mode -

L Description of the Perfusion Apparatus

In a preferred embodiment, the apparatus 'inoorporating the principles

15 and features of this invention is contained in a refrigeréted cabinet 100 (shown
by double dashed lines in Figure 1A). The refrigerated cabinet contains two -

| sides, the reservoir/solenoid side and the ofgan/refractometer side. The

cabinet is faced with double paned transpareni doors each 'cont'aining

approximately 1 inch of insulating air (which can be reduced in pi'essuré

20 and/or humidity if necessary) between the panes to avoid condensation of

moisture on the doors and to minimize heat leak into the cabinet. The organ-

side door is split to form a "Dutch door". This allows the upper portion of

the organ-sxde door to be opened and closed to place the organ in the system

and to remove the organ without changing the temperature below the upper

25 portion of the door, where the organ container and most other eqmpment are
located. The cabiret may also employ a "Dutch door" on the reservoir side

of the cabinet to enable the operator to make any needed adjustments (e.g.,



25 4D shows the basic mixing unit area of the HBM and Figure 4E
shows a view of the base of the HBM

Figure SE@EP&(A%”& typi cal protocol for introducing and renm%sggnozn

relatively dilute vitrification solution. As used in Figure 5 and in sone

| at er figures the foll ow ng abbreviations have the foI | owi ng
meani ngs: , -20- _ _

REPLACEMENT SHEET - 15-

Ph5 nmeans phase 5; ePh6 and 7 nean the end of phases 6
and 7, respectively Ph5: 250 means that the

concentrat | (ﬂmd)#d@m dpAhel seserRpirsh 4easer of upper fluiddipesuc. diwithown! ar; 5

oPIS 20 N SR R e R EACH el gl

Veh. means vehi cIThe;primary features of the inventiohGndEiaNmole! "o@%bﬁaﬁﬂﬁ ag®l ution;
CPA neans cryopr ot ect ant  agent ers 1to7vmth|n
circles des# ’t’é"tﬂi‘ﬂaﬂwd% S@T""ﬁﬁ'@ of Figure 1A. eABcflvidesvailatde dored to

| at d

M rrgans ¢ hec'rrrglgaﬂ?% t(li'nro mﬁh the s s/rt]%ng n{ﬁ%@ﬁ 19{0'§ﬁéHlaﬁ1 (gi-cYﬁtqﬁ' & Youltp PUmp, oons the

target nol an02aheoighr fltidooptakerdines Ul, U2 U3, or U4 depending upon the
computer-controlled actuation pattern of three-way solenoid valves S1, 82, and

~ 83. Uptake lines U1-U4 connect either to fluid delivery lines D1-D4 leading

. from reservoirs R1-R4, respectively, or to cleaning ports C1-C4, through | '
10 standard tubing quick disconnects. By clamping D1-D4 and unplugging them
from uptake lines U1-U4, lines U1-U4 can be plugged into cleaning ports C1-
C4, as indicated by the curved arrows. While this is presently done manually,
it will be appreciated by those skilléd in the relevant arts that apprbpriate
valves, tubing and controls could be added to handle most of these tasks
| 15 automatically. |

In the embodiment of the invention as presently constructed, the
reservoirs R1-R4 are supported on a thick transparent plastic shelf from which
four ‘magnetic stir mbles hang which stir the four reservoirs (not shown i in
Fig. 1). Thorough stirring of R1, R3, and _R4 is necessary for proper
20 generation of the desired cdncentr_ation-time histories. The on/off states and
Stir rates of the stir mblés are independently controlled by instrumentation

located outside the refngetated cabinet.
" Ports C1-C4 lead to sources of sterile (dlstllled) water, axr and
dlsmfectant Solenoid valves S0 and S00 are mterposed in the del:very lines
25 -for these sources and are arranged to ensure that traces of disinfectant do not
enter the perfusion system by accident. Solenoid SO cori'trols'thther,air or
| fluid will enter the perfusion circuit for cleaning, while solenoid SOO
determines whether the fluid selected will be water or disihfe_ctant. The
breakup of the main éleaning_ line into four independent channels outside of the
30 cabinet rather than jusi before reaching C1-C4 (not so indicated in Fig. 1)

ensures that each channel is independent of the others, i.e., not subject to any



15 F neans flowin m/mn. Figure 6

shows the part of the protocol for the two-step I ntroducti on_ of
fully conc%ﬁ??ﬂ?ga"w trification solution that was carried odCI/US95/10223

i nsi de the standard perfusion machine. Fi gures 7A-7D
conprise a flow chart of activities for organ 20 cryopr ot ect ant

per f usi on. Figure 8zis a schematic diagramof the _
details of the two-step - cool ing technique for introducing high
concentrations of cryoprotectants. ' Figure 9 shows an
apparatus to perfuse kidneys with vitrification . solutions outside

of the standar H‘eﬂéllﬂgf]% nmssmcmmnat@ndemltmgefrpmrdaffusues of unpurged®Solution : I
V|C|n|ty of - 20 R ypi ca
rat |iver perf ué's‘ﬁcgln pr @‘e flyid Jptaks; lines U1-U4 inig the ﬁ&?“'ﬂﬁ "P?GHC{V&WE’

wer e used. to cleaning ports c1-c4 Figures 11A and 11B conprise a flow chart
of the procedure for on- cryoprot ectant perfusions. 30

Figure 12 shows theDistillediwates amhﬂt;m emmms’mwmnstplthmsydelafmmugh a
per sk on, ki i A7 Vel B e S S 5.

measur ed by
- 16- The disinfectant of chbicg it Qr&SnﬁhQVﬁlrﬁdaﬂy%Eéiﬁéd %Iﬁﬁ%wﬂné 0

-30[err] C on rabbhit Kkidney

cold sterilant such as Actril™ (Minntech, M mneapohs Minnesota). The
cleaning procedure is to wash the perfusate out of the system with water and
then to displace the water with sterilant. Prior to the next perfusion, the

10 sterilant is washed out of the system with water and the water is then washed -
out of the system with air. The system is then primed by displacing the air

- with appropriate perfusate. The air flush is used to avoid the persistence of

any lingering traces of sterilant dissolved in the rinse water, and to avoid any
possible dilution of the priming fluid with water (i.e., to reduce the amount of

15 priming fluid needed for displacing water from the s_ysteni)', to allow a visual
check of the completeness of priming, and to reduce spillage of water in the
cabinet when the reservoirs, filters, and organ cassette are placed into the
system after cleaning but before priming. The air purge can, however, be
omitted if desired. The air filter iS used to prevent contamination from

20 pathogens in the air, if necessary. o

' - Solenoid valves §9-S12 normally direct fluid to reservoirs R1-R4 or
to the waste line (LW). Reservoirs R1-R4 can also be detached from the
system by removing recirculation lines RL5-RL8 from reservoirs R1-R4 and
plugging them into waste ports W1-W4, respectively (as indicated by curved

25 arrows), allowing reservoirs R1-R4 to be removed from the system for
cleaning, sterilizing, and refilling. When reservoirs RI—R4 are removed
valves §9-S12 direct fluid to waste ports W1-W4. The four waste lines
corresponding to waste ports W1-W4 converge to a single common waste line
LW. A two-way solenoid valve S16 is located on the common waste line.

30 When the waste ports are not in use, the common waste drainage line is’



previously perfused with 7.5 Mor 8 Mcyroprotective agents, in conparison
to the results for the non-cool ed ki dneys expo - rr] C

Fi gurevmgglmﬁé the results of exposing .rabbit kidney sl ?gggfs?%m%#sgh 5
concentrations of cryoprotectant after rather than prior to cooling to
-23[err] C denonstrating that both the cooling injury and the
toxicity associated with high -22- concentrations are prevented by
cooling initially in alow (6.1 M concentration. :

Figure 15 (conprising Figures 15A and 15B) shows that cooling

I nj [ | full i.ded i he i ' 6.1 M .
l:pjytl;[)?/o!t Zc‘?‘ﬁ%‘?edi%’g%ﬁ’ss;sng?%%q’/ggg:'teﬁ\'}%‘%erﬁt t@&f@h?sibﬂ%tbf%w%f g‘f‘ﬁsfen?'ne | evel s),

provi ng trﬁtﬁmg 6 ithe kfefile cabinet. cooling injury is abolished at |ow
concentrations. . “Fi igure 16 (conprising Figures 16A and
16B) shows the Thagispiafithis system of uptake lings UddU4t whichpareoploggeador

introducing, 8 I r ant,. . rhG, the . rvival rate
was 7/8 -anﬂt_e{?%ilgr'égq[_)fe%%&gﬁ @‘%}é"%b l‘%%eﬁlf%%é%gl%?@segé'e@r’em 15

ars! | dent | gsmbinidd Wik réchiculetidndifis RISIRES, WAlch &0 ploghed AitdrgBRoOt ect ant
Figure 17 (conprising Figures 17A and 17B) shows the Teasibilitfy

of using tint thegeseregr appmehceturnoliegsdnet showniinghe figure) odbwe waste- 32[ err] C
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and 18B) shows that Ki dn% . [ ted v
- 46[ er r | C andpeasteperes YWelxYWdmay be sierifjzed by swabbing with disinfeqtanttwhenher i nj ury

bgd ng app . 0 ; . 0 the gl ass
t ?%nsi ti o?\&@g&r%g g[btf ?'J«’aé %fé’ﬁéaeﬂsg’ (In%dalﬁHauw ﬁ%ﬁ? Lo Tﬁ Og?%‘/vsmehe )

post oper attulipgedrisfor ds aactdm(ijpll’shed while applyimendigital %ressuir@tc&ﬂfe tebihgey that was
treated with V55 and cooled tg -"46[err£C W t h subsequent life
support f Used@siteecelude itiwhile makiag the transfes te prevent tviddeaks and fyrthercr eat i ni ne

ooy SRRk of ppamiion, D0 20 (o g, B e
the vitrifiabl eThofluld withdramnfrom Msérvoirs RISR4®r from porst@p4C4ofs t hi s
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state of actuation of solenoid valves S4 through S7. These actuation patterns
will be described in more detail below. Experience has shown, however, that
a single filter F1 or two filters Fl, F1' in parallel will be adequate for most
studies (rendering valves S4-S7 optional, as_ indicated by broken lines) since
20 virtual step changes in concentration can be imposed even when only one of
two filters in parallel are present in the circuit.
It is desirable to mi,;iiinize the distance between the circuit pump 102
head and the solénoids S1-S7 to minimize circuit dgad space and dead time
and to minimize the effects of perfusate viscosity. Short distances and
25 ~ adequate tubing inﬁer diameters are particularly critical for S1-S3 to assure
adequate fluid withdrawal from R1-Rd. | | |
Standard Millipore filters appear (Bedford, MA) compatible with our
cry_oﬁrotectants. Thé filters are capable of sterilizing the perfusate and are
autoclavable. All filter holders can be removed from thqurstem for cleaning
30 and siér_ilization by means of the quick disconnects shown in Figure 1A. Vent
lines V1-V3 lead to solenoid valves S13-S15, located outside of the



cryoprotectant concentration. Figure 20B shows resistance and fl ow dat a.
‘QQT?Sgggff 96/05727 o o PCT/U$95/10223

The data are all fromthe same 232 gram human kidney. In Figure 20A, P
means pressure in nmmHg. In"Figure 20B, resistance is expressed as wei ght
tinmes pressure divided by flowrate ([er2}) . Figure 21
shows cooling data fromthe sane kidney as Figure 20. The 5 ki dney
was cool ed after imersion in a 60% w v m xture of dinethyl

sul foxi de and acetam de. These data gave a continuous_ recordi ng of organ
cor e t enper at uredrigeratedopertion ©f thei eabings d00e adhese vent dingstare Dpenediand, to
about [ Li : : : eveal ed no

evi dence of ic%losw&l&k%ﬁ'p?{g’?%gb {réﬁ&u\,&tx %IP ﬁﬁ\%&% 8’%‘3.“%’3%’” cin 1o

Fi gure 22 shovwperimiggir ﬂgeicmm&ﬁhaabp(yré\ieﬁm)heaﬁlcbrsl%ﬁﬁd&d@iﬁ%ﬁﬁféﬁ&ﬂb g
portion) of a human gedi atric kidney with V55 using_ the nethod of this .

i nvention. TheRiEAN damaged. s marual hypass (showaopplynforatheoRldvhypass) He dot t ed

line was the aglupled ™S WEY V%ér'cﬁﬁgtﬁgtlﬁ%ﬁ;dﬁgn%ggf N§r Cirbflithe c%'cﬂlge the

cryoprotectant” was unl oaded tfromt I ng curve was % 15
gener at ed. Obviously, air purges of the system beyond filters F1-F3 are not possible if

“filters F1-F3 are present in the circuit; hence filters F1-F3 must be removed
before beginning the washout of sterilant if an air purge is to be included in
that procedure.

10 ~ - Inthe presently preferred embodiment, a 90 mm diameter filter of 0.22

- micron pore size is located in each filter holder. This size filter is able to pass
“enough vitrification solution at -6°C to permit the successful perfusion 6f a
“rabbit kidney, with an overlying 1.2 micron filter and a coarse prefilter to
prevent clogging. The standard configuration for the operative version

15 employs two identical filters in paraliel. This is necessary to accommodate the
flows required for human organs and provides a safety factor for any air
which may be inadvertently introduced into the arterial fluid, as well as
minimizing pressure build-up proximal to the filter. This continuous filter
sterilization and resterilization of the perfusate during the perfusion can serve

20 as a back up for pre-sterilized solutions in case of contamination for any

reason during the perfusion. (The incidence of renal infections has been 0%
after literally several hundred perfusiohs.)

Once the fluid from the selected reservoir has passed through the
appropriate filter, it goes through some preliminary temperature conditioning

25 in a heat exchanger 104 and then travels to a position as close to the organ as
possible, at which point it encounters a “T" type tubing connector T1.” The
bulk of the flow passively takes the path L1 ("refractometer loop") that leads
to a flow-through process control refractometer 106 that measures the index
of refraction of the liquid and hence the cryoprotectant concentration. The

30 remainder of the flow is directed through an organ loop L2 by means of an

organ pump 108. The organ 'pdmp speed is controlled by the computer so as



Figure 23 (

conprising Figures 23A-23C) shows viability data for
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ower recovery after cooling to -30[err]C.
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ng of the specification and clains, including the
followi ng definitions are
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i nvention applies at

e tine of

05727

PCT/ US95/ 10diatheter of the tubing going through it, a wide range of flows can be - 18-
ein, "cr reservation" neapns the naintaining of the
bty ofeeir MRRIEEGReTiysc regi ol By derrang f SHsdpRany as yalbuy

tenperat Ur egs rat hearts to organs as large as human kidneys have been successfully

As used her

perfused. . . , _
The flow rate delivered by the circuit pump.102, which supplies both

the refractometer loop L1 and the organ loop L2, must be high enough to both

10

15

20

30

exceed the flow rate through the organ at all times and to ensure that sufficient
flow is available for the refractometer 106 and other in-line sensors, generally
designated 110, for :measuring temperature, pH, and other deSired parameters
of the perfusate, to permit accurate measurements. The flow must also be
high enough to minimize the "dead time" between changes in reservoir
concentration and changes in the sensed concentration and other sensed
parameters in the refractometer loop as well as to minimize the "dead time"
between the reservoir and the organ. The circuit pump flow is limited by the
need to prevent fluid from being delivered to the filters at a rate in excess of
what these filters or the tubing leading to them can pass without failing, as
well as by constraints of heat output and wear and tear on the circuit pump
tubing. The speed of the circuit pump is usually not varied during an
experiment and does not therefore usually require computer control, though
computer control is available as an option. _ o
After passing through the organ pump 108, the perfusate passes
through a second heat éxchanger 112 that finalizes perfusate temperature

-conditioning. This is done by adjusting the flow of both cold and warm liquid

from cold and warm baths 114, 116, respectively, using computer-controlled
pumps (not shown) between heat exchanger 112 and baths 114 and 116.
The computer is able to vary flow through both the cold path and the

warm path so as to adjust perfusate temperature in the arterial line and

therefore also in the effluent of the organ. The arterial and effluent

temperatures provide an indication of the actual organ temperature. By




Cryopreservation is neant to include freezing and vitrification. :

As used herein, "vitrification" neans solidification of an organ or tissue
5 _ W@ 9405327 freezing it. . As used hB¢EUS9S/10223
"cryoprotectant” nmeans a chem cal which inhibits ice crystal
formation in a tissue or organ when the organ is cooled to subzero
tenperatures and results in an increaseqpkn viability after warmng, in

conparison to the effect of cooling without the cryoprotectant. 10
As used herein, all tenperatures are in [err]C unless otherw se specified.
As used herein, "non-penetrating" nmeans that the great majority of
mol ecul es of tchatrelliagithaflodaraeodf qudd @id saemibatiofloide organl tsmpérature canssue or

or gan _but, instead remain in the extracellular fluid of the
tissue or orgf adjusted lngepengent{y of orgag q‘.%c?’ﬂ\é‘ﬂ%‘? PW"éé‘r%P{oée BR£Ex i ng
agent (OBA)" LA : WY us ¢ t1bdre r,acel | ul ar
sol ute which %@ﬁ?g@gctssﬁ%&@gﬁ%{tﬁgl and us magﬁﬁgﬁ%l% gasr gg?é?

i ntracel | ul ar -6Hamandeat teastchs hiigh as ASCEntarabe cavhiewéd with this invention.
cryoprot ect ant duri.ngﬁt e Cryoprotectant effl.uxrtgr 0Cess

As  us@d her ei (PenERIiZEBERDINEHAOONRE It RorAnAlfELRAtVE 1O fEsheat exqljapps Fystgp
1,000 daltons sﬁéwb%é-suta&é%%smﬁlwésusebésonﬁéeom% ¢dbifere to tstbzetB! t OSe,

20 potassium and sodium fructose 1,6-di phosphate, potassium and
sodi um temperatusest wili causecfregzing, of ithenmose diluteosplwtransghytbe tupingsphat e,
mal t opent ose, ,. .~ . Stachyose, nnit.ol .. sucrose | ugos

ol totri ose, 4B SParific jatkebhE ana cooling of 1R ergat ehRBer % 8fPaieuiag

pot assi um gl U‘il?e%?et%apb%@hﬁé@eve‘i‘?ﬂndﬁfa?'dbﬂﬁﬁall Be fhcluded. _nore
preferred embodi nent the LMWOBA is selected fromthe group 25

consilék i ng of manniTheltemperatursconditioned parfusate.is then debubbled and mixed ins used

Gare | ol ude. Ani0 Enlbirar78lus oBte hiog pROresh by 12pegrerial
450, 000 dal toaﬁda&%ghg\ggﬁugé&ﬁﬁé Iproel; Qdevieiafly dAHRIRES “TN e SFigurec3ACCi al 'y

1, 000 00 dal'ton fragments), polyvinylpyrrolidone (PVP),
pot assi um r af fpenetsase g wall of organ gonteinent2? threughsimpledolesaRressure andd Fi col |

(1,000 - 100, %%gogﬁl);[, O&?Rperaltﬁ]rea is sensed in the bubble trap. Although shown

15 separately in the drawing for ease of understanding, the bubble trap and mixer

120 are in fact an integral part of the heat exchanger 112, so heat exchange

continues to be controlled while debubbling and mixing are accomplished.

Experience has shown that mixing was important due to the tendency for

layering of dilute solutions on more concentrated, de_nsér solutions. Details

20 as to the specific construction of the heat exchanger/bubble trap/mixer (HBM)

are described below. _ B

Under normal circumstances, the cooling fluid effluent from this second

heat exchanger 112 is used to cool the perfusate passing through the

preliminary heat exchanger 104. This cooling fluid then travels to a solenoid

25 holding block 118 physicélly containing solenoids S1-S12, so as to draw off
waste heat from these solenoids before returning to the cold bath. |

| The holding block 118 currently consists of a large aluminum block

(but may be either metal or plastic) perforated with cylindrical holes of

sufficient diameter to closely match the outside diameters of the held

30 ‘solenoids. The solenoids are inserted such that the base, containing the fluid

inlets and outlets, faces the operator and the head, from which the electrical
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most pr MOI6ASR%ebodi ment the HMW OBA is HES, 450, 000 nol%‘E{;’P%’P;lgm

wei ght . As used herein, "approximte osnotic

equi libration” neans that the di fference between the arterial
and venous concentrations is |ess thag about 50 5 to 200 MM (A
di fference of 200 nM at an arterial concentration of 4 M means

t hat the venous concentration is 95 % of the arterial concentration. A
153 mM difference is equivalent to a 1 %wv concentration difference for

our leads penefare imo o thropgipthe diokding: blotkiu The delenoit hoitiihe bloek )
As used her.ein,, "gyi mﬁl " means ﬁl manmal - i ncl udi n but not limted 10
to, human H&fAYEped with an internal fluid path for drawirg pdswastyheasfrom thee Preferred

" Dosc ST et AL B 1 pofion i oldig bIGCRpRFEh: 1ty
moving, and protect the fluid inlet and outlet ports when the holding block is
s removed from the cabinet. The block is positioned behind and above the
reservoirs in the refrigerated cabinet so that the solenoid inlets and outlets and
their connections to the reservoirs are always readily visible.
The solenoids are preferably 3-7 watt (or less) piston typeh 3-way
solenoids of minimal internal fluid volume having orifices on the order of ' ‘
10 0.156 inches or more and Cv values = 0.16 (e.g., Model 648T033 solenoids
from Neptune Research, Maplewood, NJ) while resisting pressures of up to
500 mm Hg or so. The inventors presently prefer Neptune Research (supra),
3-watt solenoids ﬁtted with RC d'rop'pi.ng circuits to reduce heat generation
after activation. Solenoids having 1/16 inch orifices and -Cv values of 0.01 to
15 0.03, e.g., Valcor's Model 20-2-3 (Valcor Scieritiﬁc, Springfield, NJ) are not
fully satisfactory due to the high viscosity of the solutions used for
cryopreservation (céusing difficulty aspirating viscous fluid through S1-S3),
the high flows desired for controlling dead times and for perfusing larger
“organs, the possibility of clogging, and the buildup of pressure betweeh the
20 circuit pump and S8-S12. The detailed actuation pattern of the solenoids is
~ described below. The solenoids inside the refrigerated cabinet that are not
held in the solenoid block, SR1, SR31 and SR32, are described in more detail
below.
An effluent distribution block (EDB) 124 (Figure 1A) is connected to
25 the output side of the organ container 122. The EDB. is designed so that a
small amount of effluent is always present at the bottom of the block. This
residual fluid is withdrawn by the two-channel “delta R.1. pump" 126 and sent
to the differential refractometer ("delta R.1. meter") 130 where its refractive
index (a measure of concentration) is compared to t_hat of the perfusate from
30 refractometer loop L1 (pumped at the same rate as the venous effluent sample)

and a difference signal generated and sent to the computer. Since the fluid in



In a preferred enbodi nent, the apparatus incorporating the principles 15
and features of this invention is contained in a refrigerated cabinet 100

(shown . W0 96/05723y doubl e- dashed lines in Figure 1A). The rRETU$ASHH223d
cabi net contains two sides, the reservoir/solenoid side and the
organ/refractoneter side. The cabinet is faced wth doubl e paned
transparent doors each containing 27- approximately 1 inch of

i nsulating air (which can be reduced in pressure 20 and/ or humdity

I f necessary) between the panes to avoid condensation of

mpi sture on the doors and to mninmze heat |eak into the cabinet. The
organ- . the refgicthmetenlodps L3 pwill approkimmate ahé Pohcentrdtion "of thiifiuidl | ows
t he upper portion..of t he qr - de _door to. be opeped and
closed to pl a.cgntlcﬂggépeg%eryr?ftt“eeo%?gt 81?1%%%? output prpyides,an éﬁﬂ'{}%‘epge or gan
wi thout changi g drifio- WiHBES SonebRrdtRInPradiBft ddRAS thelotgan. WhenBi§ pHfdienpf he
door, where the organ contai ner and nost other eqw%ment are

| ocated. The citblange (imesither ghe positiveyom negative Hdickotior), ahe organr issfar frim  si de
'3\;) gg/e g(;ll;l?net ealﬂligﬂgrl%l. © Whén (ﬂpeergtagd?éntti(s) z%eth%angggeigeaq l%ggt g}ge yntir? (e.g.,

PCT/ US95/ 10223 osmotic equilibrium with the Ferfusate. The nonlinear baseline resulting frof?"
fluid addition to the reservoirs, transfer of upper fluid li-nes, etc.)

wi t-hout this unoghedoxruserf the differontinltrefractometer dis wceountedaforinrthe essar y
degr ee. . ripary features of the invention and its
node of oper at F%frt]w%rreefor runmﬂ-é]ﬁ'neppergur%bc&hpﬁoﬁragme fluidic | ogic schematic of

Figure 1A. Al flui dpsfflubmifrein fies organ (together with the arterial fluid sampled by
10 - the delta R.1. pump) is ultimately collected by the recirculation pump 128 and
sent to solenoid S8, which controls whether the effluent is recirculated to the
reservoirs or discarded. Effluent to be returned to a reservoir is combined
with the fluid flowing through the refractometer loop L1 ata T connection T2.
As noted above, return to the correct reservoir is then controlled by the-
15 actuation of solenoids S9 through SIZ.

The recirculation pump 128, like the circuit pump 102, need not
require flow adjustment. It is normally set to a rate sufficient to exceed the
maximum flow through the organ pump 108. Since the output of the
recirculation pump exceeds that of the organ pump, air is continually

20 introduced into the tubing leading to solenoid S8 and usually to the reservoirs
R1-R4. Provisions to prevent excessive bubbling of the reservoirs as a result
of this are described below.

Although the delta R.1. pump §peed can be changed, it is usually kept
constant throughout an experiment. In the presently operative version, it has

25 not been under computer control, but computer control would be a desirable
option in some cases. The delta R.I:.'.pump employs very small diameter
polyethylene tubing to reduce delays in fluid transit time. This small tubing
is particularly important because the flow rate through the delta R.I. circuit is
limited by the lowest flow rate through the organ, which may be small, and

30 by the limited size of the fluid paths in commercially available differential

refractometers.



5 circulation through the systemis drawn into the main circuit by

acircuit pu 102 through fluid uptake |ines 2...U3, or W
dependi g 7t he conput er-control |l ed act ua?ﬁ#sﬁ%@@n of

t hree-way sol enoid val ves S1, S2, and : S3. Uptake |ines Ul-WU4
connect either to fluid delivery lines D1-D4 | eading from

reservoirs R1-R4, respectively, or t28-cleaning ports Cl-C4;, through 10
standard tubing quick disconnects. By clanping D1-D4 and unpl uggi ng -t hem
fromuptake lines Ul-U4, lines Ul-U4 can be plugged into cleaning ports Cl-
C4, as indicate r arr . Wile this i resen done .
menual |y, ‘e Yttt of i Hffesiizd ftsciomessr oy fsp B SR Plrient e

rel evant aph@istgtakini By Meetfieft recirculation pumyawg§>1ac‘eu{éhﬂ&:ﬁe}(ih£xp ntrols

coul d be added to handl e nost of these tasks autonatically.

I n the enbplarement distak toetherpusip easuressa gicade ﬂpwytlw:gh ﬁuodléfaremxab

reservoirs 0 ck t ic..shelf from
whion' O Srefticiindtfe SRR Wit Badchl iyl DREREC GF ek Fifkeal'F o, O
reservoi rSre(fﬁ@torﬁélétV\ﬂowfby virtue ofahlghdﬂalt pressufd)or ough stirring of R1, R3,
and R4 is necessary for proper 2 generation of the desired

concentration-t Amelmnog&am 1=leslenrm%ﬂ@rﬂlsdrp cifcyitds thengradient pump 132 stir rates

ocat ed oureiRef e ik GRYEPEY dGhe b BELR 1T, Ptnd TAGKSE B T o) o,

lead to soglfaaim cphmpt B ol Allowelifeit ptadesl) chanpey in Sbrcen@iibn within the
di sinfectant. Sol enoid valves SO and SOO are interposed in the delivery

|ines 25 appropriate f igserveiss avidunrthe abingt. ar Bhea meghage By  Whishsthiss it hat t rac

0300 ! 1" BRI b e e The BIBRELELGAVPL MY 20! o

per fusi on gradiet pumplat trBAajusnaftemhe peinsof joirtinglofS@®refractometer loopdet er m nes

whet her the fluid selected will be water or disinfectant. The
" breakup of Liaadfhe ereancleap 1. |nresentsiane ansion fop gBRKINBctIe TEMONACPE out si de of
t he 30 not so
I ndi cat ed som?:ogﬁ%%lpﬁﬁn{d%ébeﬁy mﬁ&ﬁﬁ?%ﬁé&@%@ﬁ%ﬁ? I'S |d§1dependent
of the ot hthetefore keelps reduics biltding dfahereservoir fluid.
15 A better option, however, and the one presently used, is to draw no air

into line P1. This is accomplished by connecting P1 at point T3B and results
in fully controlled concentration-time histories. The bubbling problem is then
overcome by continuously regulating the speed of the recirculation pump 128
to be just slightly in excesé of the corhbined flows of the 'organ pump 108 and
20 ‘the delta R.I pump 126 so as to introduce little air. Attaching the
| recirculation output of S8 directly to P1 without regulatihg the speed of pump
128 results in degraded concentration control and is not recommended.
The present operative version of the embodiment of the invention uses
silastic tubing of 1/8 inch diameter throughout the System, which is sufficient
25 - to accommodate the needed flows and is preferred. Silastic is compatible with
Actril™ (Minntech, M inneapoiis_, Minnesota) cold sterilaqt, is translucent
(important for visualizing flow to detect probler_ns and for observing any signs
of microbial growth), is impervious to common cfyoprotective agents such as
dimethyl sulfoxide, and is soft enough to be easily manipulated. However,
30 silastic tubing should not be used in circuits coming into contact with silicone

cooling fluids, which swell and weaken silastic tubing. In addition, C-Flex®
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meani ngf ul Werss®87ont ani nati on resul ting from diffusion of W%ﬂozm

sol ution backwards fromthe fluid uptake lines Ul-U4 into the
cleaning lines | eading to cleaning ports Cl-C4.

Distilled water and disinfectant are drag into the systemthrough a 5
sterilizing filter F4, while air is drawn into the systemthrough an air

filter F5. The disinfectant of choice at present is a
clinically accegted di al ysi s machi ne cold sterilant such as
Actril[err] ingdEele Ralmﬂeimmumnt Qpnr@lil@itg&) IL)1sheuld be used in the pympani ng -

Phen to ai spi et e il Bt “beabit esdcofiolie bl nb o™t on e

10 - st ergreatsf fleRibitityatenostld.of the systemwlth wat er and the water is
t hen washed . qut_of the systemw th air. The systemis then

primed by di spl aci nBeserin R1 is constructed St A apdicapr fosmer pdfigsaid. The
air flash is mmm n i ng
tracesyof st eriéfsgntﬁaqﬁgé %ﬁ rrns Ei)f\(}/{'ﬁvto ec oncentr c%h%o%gs}/ aér}iﬁggrr
possi bl e di | utdytinder 2007endodr hmagcjllndedzm tA mﬁa@mh(zosauov&smmewﬂw he

anount of 15 qui m',ng fluid needed fqr dlMﬁl acj n%&vvater fromthe
system), to al frem the pulgg Aylinder 200 to the Tyes cyTipder;

primng, and tsé}a?ﬁfqﬁere%nké 9% PLaubRSEof VOIIHE in the in er (fylmﬁgtb "Pﬁe when

the reservoir ters nd "organ casse te are place

system after ctoneentrig d@lchtalneﬁwfeh@ﬂum cognpafineenas ns very gnceafﬂcxémmemsr be
omtted if desired. The air filter is used to prevent contam pation from 20
pat ho&ns in tﬂ,@dagqhvem line. 284 orrpsponds to the line D1 of Figure 1A. The unit

shown is a modification of a commercially available gradlent former. The

necessary modifications for use with this invention are as follows.
‘ 1)  The stopcock normally used to control flow from the outer
cylinder to the inner cylmder in the commercial device is replaced by a pinch-
15 type two-way (on/dff) solenoid valve 202 (currently, a Bio-Chem Valve Corp.
model 100P2WNC, East Hanover NJ) (Figure 2C). A pinch-type valve is
preferable for this apphcatnon to a piston-type valve because of the small
pressure difference available to drive fluid flow and the consequent need for
a'large working diameter fluid path 202b. It is also preferable for easy
20 removal from its tubing 202b when the reservoir is to be removed from the
cabinet for cleaning, leaving the solenoid behind. The base of the gradient
former has been modified, at 203, to make room for the solenoxd and to
support it on a platform. Platform 203 is equlpped with a vertical metal post
203b. Solenoid 202 is lashed to this post with a rubber band so as to keep the
25 solenoid oriented correctly. The solenoid is Iocated a sufficient distance from
| the reservoir to avoid excessive heatmg of the reservoir fluids.
2) The diameter of the fluid path 205 from the outer cylinder 200
to the inner cylinder 201 has been enlarged to permit flow at an adéquate rate
of the viscous solutions required for organ éryopreservation. An inner

30 diameter of 1/8 to 3/16 inch is adequate.



Sol enoi d val ves S9-S12 normally direct fluid to reservoirs RL-R4 or ]

to the e (LW. Reservoirs R1-R4 can al so be detached fromthe

system byafpgﬂ“ﬁ#ng recircul ation lines RL5-RL8 from reser VorS?W028 and.

pI ugging theminto waste ports Wi-W}, respectively (as indicated by curved
arrows), allow ng reservojrs Rl-R4 to be renmoved fromthe

syst em f or - cleaning, st erd@-i zi ng, and refilling. \Wen
reservoirs Rl-R4 are renoved, val ves S9-S12 direct fluid to
waste ports WL-WL. The four waste |ines _ corresponding to waste

orts WL-W convgy ge ' - hyne . LW A
ltovvo way sol enoi dg’{/al Véolé(?%ﬁdlizﬂ% &fg@m%e@efc n?mThS\ASt Iéaslqnn%uter?,o
Wien the weaveehangr20y thacprevents theitid, frdmenwiﬂgﬂffbnv\/&ﬁieﬁocb' (ﬁ E1C.CR TS igne is

127
\é\gwgglsgg / 1PJaced on the cylinder as well as concentric grooves into which the wells of - 22-

bl ocked by Fo0sid I, VPhe RS e bl Slherdh BRGSHRhE ATH QN By vaste or

pat hogens into the sterile cabl net
sysk em of @%bk‘ﬁlﬂl ireraevable lids, andla:tecanelapbmqygﬂdzw al ter nat ely

[ | | ts Cl-

l:(r)]tﬂgl Lgtsscr)xolmrt A rla\é?ﬁ%wgﬁ%gﬁ pﬁégo@gn 'g‘l’?‘%ﬁgohe%@“ﬁll ﬂygbbﬁsal)ternat;al y
or into

into the re0aVAid 2108." TR lﬁt@ltdd fﬁli nftes v gﬁe g@\g‘ rHi '{1’?‘89 s

wast e ports W.-W, | ows corrp t he

per f usi on d0¢a¢¢ﬂ next 1 theowalhof the mner and oulemc;dmdérstdmd arepeKoratadnas Ul- U4,

delivery | 'lnfs cm ml?41‘vaﬁsl eat | QI%IJ%O&&fa d%llb respectlvely, which are ‘
10 approxxmately 3 mm in diameter. The function of the fill tubes is to reduce

the creation of bubbles as reclrculatmg fluid |mpacts the surface of the liquid

in the reservoir. The purpose of the perforations is to enable air to escape

from the tube through the Iperforatipns SO as not to.forc_:e. a_fr io the bdttom of

the reservoir to form bubblés. These fu’nctions are particularly important in
15 perfusates containing protein, which tend to stabilize bubbles.

5) A fill 'mark ha_s been provided to enable the feservoir to be
ﬁlle_d reproducibly to the Same, predetefmine_d voll;xme. The operator can
establish his/her own fill ma_rk.depending up'o.n the details of the applicétion.

_ The gradient formers xﬁay have .app_roximate graduations (horizbntal lines on
20 both the ihner and outer cylinders, aligned so as to pérmit avoidance of |

parallak érror in reading the._ liquid - level in either cylinder) spaced

approximately 0.5cm apart for a 2 liter gradient former. These graduations

are also i xmportant for estabhshmg slight, deliberate mlsmatches in liquid level

between inner and outer cyhnders which are necessary to prevent premature

25 mixing of solutions of widely differing densmes such as cryoprotectant-free

perfusate and vxtnﬁcatlon solution. They also permit a rough quantitative

~ check by the operator on the progress of the gradient as represented on the

computer screen. '
6) The plastlc composmon of commercially available gradxent
30 | formers may create problems for certain types of cryoprotectant, which could

conceivably attack the plastlc. It is therefore preferred to use reservoirs made



and waste ports W.-W may be sterilized by swabbing w th disinfectant when
10 the tubing is being transferred fromone alternative position to
t he ot her. W§&6/05727 tubing transfer is acconplished WROTAS2H{0283 ng
digital pressure to the tubing so as to occlude it while making
the transfer to prevent fluid | eaks and further reduce the risk
of contam nati on. The ﬁl uid withdrawn fromreservoirs
R1-R4 or fromports Cl-C4 is 15 , dati ver ed t hrough one of several
filters F1, F2, and F3, dependi ng upon the state of actuation
of solenoid valves S4 through S7. These actuation patterns wi ||
be described ipgf ' | Vs, rd , atpat

a single filter _ﬁ.ﬁ%ra ﬂ?{\}\gﬂft‘iﬁﬁﬁe@? F%ﬁ@%1[?1@?gﬂ;ﬁ?&q@g?&@%w{l%@&@ggaﬁgt e for
nmost withghe gryoprotectanicohemicalnion use resergvirophoseairfacesshivecieent ed by

broken lines) gince 2 iea VLt UAl step changes, in concentrati gn can
be i nposed eveﬁh\'ﬁﬁ'gﬁé‘gﬂyo%?‘féwﬁ treated éo. prevgmt.aﬁ %ﬂ} ! eré“iﬁl?e.p%ll"_ﬁ_q“f’@! are
present in theegderietd, acrylic has been 1found to be h# ab&péﬁﬁ:‘ mafrig1, L 0 m nim ze the

di stance between the circuit punp 102 ead and the sol enoi ds
S1-S7 20 ninini ze c¥} cui ThasesgreginRd continsgeatir ban212. The stir bar is boused o
mnimze the e 18 f e viscosity. - Short .di.gtances. and 25
adequat e t ubi ngnfﬁaﬁg?g&%%&cg%goa? feﬁ'ﬁ’r%ﬁ"vﬁ'i‘w??‘c@rﬂ‘?iziéﬁ"fﬁ?ﬁ"’glto €to
assure stir baroftiereLthé Hdfdfithel roveivoil Vrevért Qe fatké¥ and hence the stir
Standard MIlipore filters appear (Bedford, MA) conpatible wth our
cryopr-ot ect ant 8ar, figm moving latezally. chisshangsfis necessary to make suse phatfeningt e and

. ' AL il | d b d f th
aystem for ol <2 HiePGRRY BBoPmicing, oes By PRHESiATIe"BY mEnhbTomachae h) ok
di scobdect s shonditended:i SuppoftAfroMeBbove rather than belldwi Grevehs/Inh&askal '

nh
sol enoi d val ves $13-S15, I ocated outside of the . WO 96/ 05727
PCT/ US95/ 10223perfusate frictional heating and wear and tear to the floor of the reservoir.

Reservoir R3 is also constructed as a gradieht former. The details of
reservoir R3 are shown in Figure 3. Reservoir R3 bontains an outer
compartment 315 (R3,), an inner compartment 318 (R3,), and a third

15 intermediate compartment 316 (R3,). Intermediate compartment 316 is
connected to inner compartment 318 through a fluid conduit 320 controlled by

a solenoid 317 (SR3,). Compartment 316 also conne;:ts to outer compartment

315 by a fluid conduit 321 controlled by a solenoid 319 (SR3,). The use of

an outer compartment is necessary when concentration is being reduced to

20 zero or nearly zero, for reasons noted below in the discussion of the function
- of the gradient pump and the action of the gradient formers. The use of an

outer compartment is greatly preferred compared to a middle compartment

having a larger volume of fluid (and no outer compartment) because simply

increasing the volume of fluid in the middle compartment would cause the

25 concentration prbﬁle resulting from a constant gradient pump 132 flow rate to
become non-linear. Control of concent'ration-time history would then become

more complicated. More importantly, an excessive amount of fluid in the

middle compartment would be required to approéch a'zero concentration in the

circuit compared to the amqurit of fluid required in the outer compartmeni

30  after virtual emptying of the inner and middle compartments.



- 23- refrigerated portion of the cabinet 100. These vent

lines axr %’% and cl osed under conputer c
primng an 'eani ng of the systemto permt %%ﬂgézaape and

t hereby prevent the filters from becom ng bl ocked by ~air or
damaged. A manual bypass (shown only for the S13 bypass) is 5

provided for V1-V3 for enmergency purgipng of air from the circuit.

Qovi ously, air purges of the systembeyond filters F1-F3 are not possible
i f filters F1-F3 are present.in the circuit; hence filters
F1- F3 must be renoved bef ore begi nning the vvashout of sterilant
if an air purge Automatdse usigifuthservoir R3 poses some tpireblems owhithrare 10 )

In the pres enbodi nent . .a 90 ilter, of 0.22

m cron por eS%gﬁt"J’fgfuﬁ& %‘g‘%a dy 0P By rspftyvare ﬁga] o pg%hg% '&Fz%?e?'ﬁFt er is able
~to pass  construction mygmp\ec%amy C@Euaﬂanmlsutehsrasks Sldwd fitidtig permt the
successf ul tgerfu5| on of abbi t ki dney, Wth an overlying 1.2

m cron fil tthe ousen camcamnget &3] 1a flew ftret into the mnddle cqmpavmmt amggn ng. The

standard c i 0 erative rsi | oys two

i d%t i cal Fg&g%ﬁ %mpﬁﬁﬂfﬁf tc\'ﬁTe 1nfigr ?‘PQB@ l)t *ﬁ%é%mﬂ thet he '
flows requwr@szl,ufs)heda%gbr@rbamnm ﬂfdomgesslaages%exiw%a%fﬁé any air
whi ch nmay be inadvertently introduced into the arterial luid, as well as

mi ni ni zi ng NeARY SMPEY,.Hvhick oceury when sztscactmaedu At ¢his pi)'int,sR&glishHluous filter
Serve bo- fait. s (R Siskdube ke Buels ARG O b 38 el TSR RBE Lo "

cont ani nat ii9gornetteddyrectly to R3, rather tIgms Ogckl'o,ld%& BMerbeMdéﬁIMan& The |
i nci dence of renal infections has been 0% after literall y

sefer al hu,&ﬁ,engpgdmsmgoqhg lgvel of R3,, the ﬂow can also ignpartialye conteolledt r om t he

T Gocet oo Sl e BE AT Refe iy sl conigh of o RRBacEd B 1111 e

using an appropriate duty cycle for SR3,. The flow to R3, should be slow at

n(D

first and more and more rapid as the concentration is brought closer and closer
to zero, whereas passive flow under the influence of gravity will always be
15 fastest at first and slowest at the end unless the flow is metered by the sort of
tallored duty cycle currently bemg imposed on SR3,.
The other modlﬁcatlons to R3 resemble those of Rl

- Reservoir R4 is a gradient former constructed in the same manner as

R. B | |
20 The purpose of the gradient pump 132 is to remove some of the
recirculating fluid from the circuit. This removal of fluid causes the flow rate
of. fluid back to the reservoir of origin to be less than the flow rate of fluid
from this reservoir to the circuit. This causes the ievel in the inner cylinder
~ of the reservoir (R1, R3, or R4) to go down. This lowering of inner cylinder
25 ‘fluid level in turn causes the fluid in the outer or middle compartments io flow
into the inner cylinder to keep the two levels similar. Thus the two dissimilar
concentrations in the two cylinders afe mixed in the inner cylinder, generating
the concentration gradient which is then sent to the rest of the circuit. This
is the manner in which the gradient pump effects the desired gradual changes
30 in concentration which reach the organ and the refractometers. Any necessary

adjustments to the gradient pump speed are made by the computer.



25 in a heat exchanger 104 and then travels to a position as cl ose

to the organ as possi bl e, at which point it encounters a "T"
type tubi ngYVQBF(PﬂGYor T1. The bul k of the flow pXEITURSNORYKkes
the path L1 ("refractoneter 1oop") that |eads to a flowthrough
process control refractonmeter 106 that neasures the index of

refraction of the |iquid and hence the chgoprotectant concentration. The 30
remai nder of the flowis directed through”an organ |oop 12 by nmeans of an
organ punp 108. The organ punp speed is controlled by the computer so as
‘WD 96/ 05727

PCT/ US95/ 10223 The grmm le involv Fd is that of an ordmaré lmear %radxeént former%ﬁ
to maintain the desire an perfusion pressure despit e vartations in

t he ~ whighgthe pomtioncof dhe rcirsiiist exiersal By thégradient forenerr gam bpunp
head and the er..of .the tubin oing through it, .a wde
range of fl ows "G8afded, to a fird apmeI@éng},afseax%]glpﬂweegq L w%&ti)/i@d%rr gans of
a wi de range oWigid#akal MAIRRArPS H¥8from he inner cylmdéﬁatré‘éorﬁ%ﬂft WRIor gans
as |arge as human Kidneys have been successfully per?use _

The fldw rate wultmnémewnolaec@mqeouamorpehapgammmdtspmpm peeserivetoff

th f t t h h h t
both o ot OToHE sl B el o8O i 8¢ Feitrnfiin 00 et o R reSeRlls hna co
ensure that suHowewvertunlfke an ordmﬁboé’rdd‘ietﬁ%kﬁ\éb' thef ékincbﬁﬁaﬁ&f o CRge! er

106 and other in-|ine sensors, general ly designated 110, for
measuring t enpléaxingrthe gpdiens flormariag theimomestitheawolume én the gradient former

becomes zero will not be equal to the concentration of fluid in the outer (or
10 middle) cylinder of the gradnent former. Therefore, in order to approach a .
concentration of zero during cryoprotectant washout using an ordinary two-
combartment gradient former, it is n'ecess'ary to add additional fluid to the
outer cylinder while continuing to discard fluid from the inner cylinder
normally. This is why R3 has been modiﬁed to have a third compartment.
15 The extra fluid required to continue cryoprotectant washout is added from this
third compartment by the computer more accurately than a human operator
could accomplish this task manually. During introduction of cryoprotectant,
on the other haﬁd, the desired final cdncentratioh can always be reached by
using a cbncéntration in the outer compartment which significantly exceeds the
20 final concentration desired in the circuit at the end of the gradient. Since the
current method involves an upv)a_rd step change in concentration (see below),
it is convenient to fill R1’s outer compartment with the same fluid used in R2.
The HBM heat exchange system is shown in detail in Figures 4A-E.
Perfusate enters the HBM through an entry port 403, travels through
25 -a central channel 400, and leaves the HBM via an outlet port 406. On either
side of the central perfusate path are separate chambers for regulaﬁng
temperature. The two innermost temperature control chambers 401 (one on
each side of the perfusate path)' are used for the circulation of coolant, while
the outer chambers 402 are a pathway for the flow of room temperature fluid
30 for offsetting the coolant.  (For specialized applications involving, for

example, normothermic perfusion, these pathways can be reversed.)



of the perfusate, to permt accurate rreasurerrents The fl ow nust

hi gh en I nimze the "dead tine" between changes in _reservoir
Sgﬁgpﬂ{%ﬁéﬂ‘d changes in the sensed concentration andP6T¥EP2Ked 15

concent

paranmeters in the refractoneter loop as well as to mnimze the '

bet ween the reservoir and the organ.

t he

at a rate in excess of

al so be

‘dead ti ne"

The circuit punp flowis Iimted by

need to prevent fluid 3drom being delivered to the filters

vvhat these filters or the tubing:|eading:*

to them can pass without failing, as wel | as by constraints of

heat output and wear and tear on the circuit punp 20
speed of the cir@he Wdigeotign of cokijﬂhidyﬂmtls\opnoml dAdequatea emperature

t ubi ng. The

experinment and es, hot. th for reqU|re conput er_ control, though
i el gl perti

conput er cofftt

pybegnfpp egal

passing throeghint fhe sah@adireion ( %?ﬁnll)t |&efﬁeu}§éﬁ of %ﬁﬁ@?cur{ent heat

through a second heat “exchanger

12°th fi'nal 1 zes pertusa

ate, coolant, and warming ﬂUld&fter

nperature 25

condi ti oni rexchamges |$huon@dbyalémya;she rigOtdlaacef Ioﬁvmofox‘ocatbonodd)xHEd war m
apnd warm baths 114, 116, respectively, using

|
%ut er- co?&‘FPB‘Haé'é?" i e Bler 2 MYfYs (not shown) bet ween heat exchanger
112 and bat hs 11feridtelddters the bottom ofh the HBM uﬁn%mgg%ﬁ 4'0§ ARl € to vary

fl ow t hrough both the col'd path and

rmpath so

adj ust perf%@lseun\ﬁardenatugaagmattcm alttegvergeds ihforesmaldl upper reservoir
also in the

uent .of t rial etfl uent
t enper at ur e‘gﬁﬁ{) 15‘6? #Lai ﬁp?%oqb(‘?g%algﬁ 'thetel?@i’t?ctﬁi’am% n PEECHEAE thetir e, By
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before finally traveling onward to the arterial outlet.

The inlets for cold 407 and warm 408 fluid are each spllt into two

' channe_ls within the base of the unit. The outlets 410, 411 for warm and cold

fluid, respectively, each receive fluid collected from two channels such that
each channel of the same kind (i.e., each cold channel or each warm channel)
is the same length _a_nd nominally experiences the same pressure difference
from start to finish, so that flow rate through each like channel should be
approximately equal. _

All of the cold and warm fluid pathways include a length of flexible
tubing 412 at the rear of the unit. These tubing segments serve two purposes..
First, by introducing an air gap between the four channels, heat exchange
between them is mi_nimized. This is particularly desirable when all of the cold
and warm fluid is flowing in the direction opposite to that of perfusate flow
(i.e., in orthograde direction) and has not already undergone heat exchange

with the perfusate. Second, each tube can be clamped. In this way, if by

“chance one cold channel or one warm channel should take all of the cold or

warm fluid delivered while the other channel "airlocks", this situation can be

corrected by clamping the channel receiving all of the flow and purging the

air out of the inactive channel, bringing each channel into fu]_l' function and
equal flow. _ | _ _ o
Because in the orthograde mode the temperature conditioning fluid

enters the heat exchanging portion of the unit at the top and exits at the

as to
t herefore



controlling the flowrate of cold and warmbath fluid, organ tenperature

can be adjusted i ndependently of organ flow, provided flowis
not cl ose tWOA§0§727 Experi ence has shown that art RCHUS10223
venous tenperatures at |east as cold as -6[err]C and at | east

as high as 25[err]C can be achieved with this invention. 5
General i zed cabinet cooling is not an alternative to the heat exchange

system shown for Subzero per‘?’ésl ons because cooling of the
cabi nets to subzero - tenmperatures will cause freezing of the
npre dilute solutions in the tubing | i nes. Specific jacketing

and cool 119 Of vbime i8R EANLA 166 i3uAlauBRb! Al 46 cold and hot pumbl iRy €1 °2!

val ue, however
t enper at ur e- come&égmdedxmaidmmmdeﬁ td Ipergedebtdibloend of Nl "Gokd nid Nwarm
a bubbl e trap/ xer 12% f bef ore en%grlng an rgan contai ner 122.
Arterial channels Bis\ig heti accmplishe if gheeld @ad wasmetubingyleadiag ddat ed

"T" in Figure Jaﬁ?d from the bath is n&ﬁ{lﬁé tRdrPatdie 1)‘@Hch% :ﬂéﬂﬁrdﬁﬂ{&é}' Ofake 122
t hrough si npl e hol Pressure a nperature is
sensedSin the laublubedlamexpr fluid tﬁmmgh:lbﬂmplac&&:r from thsaphungtmtherluhaﬁ he

drawi ng for easg of undefstan bubble trap

150"ara it acagying it i av il Fi ditriancenposis. fame Sireqton of Buid diaw
exchange o otherw 8t iR ibulieaq Vel Bt e AL iAOw BN m xi no
are acconpl i shed ence X|ng

i mportant due ltlnnpdmp dieentiondyrefversed again from retrdgaqdertonghogradc Imxairwdl utions
on nore concentrated, denser sol uti as to the
apeci 11 ¢ const PRSI GR 6 euhoE, a0k adin ga bt SePRed i Jhi ket ctekanpe

are dggcri bed BgifMérs of the unit. Under normal circunstances, the’
cooling fluid effluent fromthis second heat exchanger 112 is
used to cool the perdfiadditionpasenving a heasiegbhange function, the zig zpg phttarnrisr y heat

h 104. Th
Ot ook 218 RaERe doftBrce riiing ol HteVibRNE pErfu@ aBehie BRI B2, whem, auy o ¢

wast e heat frO%mﬁ%@déﬁltym.ﬂﬁg pRh& Ban %mﬁgnta@u?ge thél&ss?aérﬁelae&bsate
The hol di ng bl ock 118 curtrently consists of | ar ge al um num bl ock

from the perfusate path.

15 As the perfusate emerges from the zig' zag heat exchange area, it enters
the' bubble trap 404 at trap entry area 418. Perfusate exits the bubble trap
through exit region 419. The zig zag pattern, in fact, is also designed to allow
any air bubbles to exit the heat exchange area and to emerge into the bubble
trap area. The bubble trap area is designed to have the following features.

20 1. Its volume is sufficiently large to reduce thé pulsatile action of
the perfusion pump to a minimum by distributing the shock of each stroke
over a relatively large air volume. This simplifies pressure control and
measurement and may be less damaging to the organ. |
' 2. Its volume is sufficiently low to minimize the liquid volume

25 .present in the trap and thereby to minimize the dead time and dead volume
between the organ pump and the organ itself. A minimal volume is also -
desirable to minimize layering of more dilute perfusate over m_bre dense
perfusate. | ' '

3. A pressure sensing port 413 is provided. Port 413 has no fluid

30 connection to the perfusate, thus eliminating a “blind alley” in which fluid

cannot be mixed properly or in which disinfectant might fail to penetrate or



(but may be either netal or plastic) perforated with cylindrical holes of
sufficient dianmeter to closely match the outside dianmeters of the held 30
sol enoiW@ 96%#27 sol enoi ds are inserted such that the basePIOPH Mg t he

fluid inlets and outlets, faces the operator and the head, from
whi ch the el ectrical WD 96/ 05727
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| eads” penetrate into or through the hol ding bl ock. The sol enoid hol di ng

bl ock is equipped with an internal fluid path for drawi ng off
wast e heat fromthe sol enoi ds. Feet are provided to position

“the hol di ngmighobé trappe eBothian elecdronic pressure transdoeati (0@ provide psighsict t he

fluid inlet apnd outl et ports . when the hol din lock.is. 5 . renoved
Fromihe. B iRe compHENGA A EROSnPBAE £8ueh Hbr axlibration,and wisual
reservoirs dpactilg) 4R1seger ated cabinet so that the sol enoid inlets and
outlets and their connections to the reservoirs are always

readily visible.4. The lid 414 of the traf iereswdvablei fids cleaaingt ef erably 3-7 watt
(or. | ess) piston_type,3-wa . .. ,Sal.enoi ds .of mjni internal fluid
volPume having orifice® 6t g%‘%ﬁd%?"oé'fdeﬂd"om"h Is usee_tggg}qshgﬁ{gslegql nore and
Ov val ues [iffihd tfipl® 4CiOmakdRasl HRfTRAegakeN R dve th from

Nept une Reslearch, pI\/!apl eV\Qr(l)j(.Zl, NJ) while regg‘gti ng préessuer glébb(%? u&B to -

500 nm Hg dunction atdeoi maximizgrpressureswane damping.c Thaidybiog éroRe desvent (supr a),

tor acti JaHsn e pEe Stk Ebirkh PEng i e Se TRt us of 0. o1
to opening the cabinet door. | | _ | '
10 6. A third port 417 is provided through the bubble trap lid to
permit the injection of drugs, vascular labeling materials, fixative, etc.
7. The walls of the bubble trap are angled near the trap entry and
exit points 418, 419, respectively, to produce a certain amount of niixing of

the perfusate both as it enters and as it leaves the trap, and to break up and

15 minimize the volume of layers of dilute perfusate overlying more dense
perfusate. - -
8. The option exists of introducing probes, such as a temperature

probe via one of the ports in the trap lid to make measurements in the
perfusate without permanent embedding of the sensor: the port consists of
20 flexible tubing attached to a plastic threaded fitting. A probe can be freely
admitted or withdrawn and the tubing clamped with hemostats or an equivalent
clamp to effect a pressure-tight seal. This simplifies removal and reinstallation
of the HBM when it must be cleaned and allows flexibility in probe selection
and the opportunity of using the probe for other measurements elsewhere.
25 : After leaving the bubble trap, the perfusate descends to a mixing area
405 (see Figure 4D). The basic unit of the 3-unit .Imixing path is a narrow
horizontal entry area HE emerging into a "wide" basal area BA which rises
to an area of flow restriction FR and erids in a descent D to the next
horizontal entry area. Fluid entering HE is forced'thro_u_gh an opening too
30 small to support much layering of low density fluid on top of high density

fluid, especially considering the right angle turn required just before HE.



15 0.03, e.g., Valcor's Mdel 20-2-3 (Valcor Scientific,

Springfield NJ) are not : fully satisfactory due to _the high
Vi scosi.ty hid ?ﬂéﬂ%l utions used for cryopreservamﬂjseé’é‘l?g? ng
difficulty aspirating viscous fluid through S1-S3), t he hi gh

flows desired for controlling dead tinmes and for perfusing |arger
organs, the possibility of clogging, andsthe buildup of pressure between

t he 20 circuit punp and S8-S12. The detail ed actuation pattern of
the solenoids is descri bed bel ow. The sol enoi ds inside the
refrigerated cabinet that are not . held in the sol enoid bl ock,
SR1, SR31 and $ik#d,flewimgdetcBAbadyi if lesy dendet risd immediately upwatdetowvird

An ef fluent di i bution,block (E 124 (Figure 1A) js connected to 25
the output sid f?¢W8reoqed‘§?r ‘68%?9’518%0&"55!2 1o ngaEBBdi@ean%@ens&"ﬁ hat a

smal | anmount ofwadf f Ugshbndounter k. This
residual fluid is w F hdr?iwn nby ﬁg{{)'&g‘?ﬁﬁg’nﬁgIdkﬁﬁé:“'gg;d%ﬁlﬁep%%gl&%tg and
sent toward the dessiidenserliguid cising alinecily fromt HE, (Cteiting aufBulenceahdr ") 130

wh it f ti . i nd of copcentration) is
Compar 8d t o t nATTES 1 BA, il with denis BRifisie, Sgaih the Sheed Phieohod Howthep L1

(punped at the dfrgefy upwardSattFR sHeMAUSuS! fHeldidse HGUR! ® mix with any Jow and a

di fference signal denerated and sent to the conputer. Since urd in
WD 96/ 05727  density fluid layered above FR. Furthermore, the narrow descending path D

/ . . A A
v ﬁl’ ES? r5ag'? grzrgf"é?“'ﬁ' S5av 13y&fpd figyid dewn the angls alqng with denser diauid, %Ei’in £1 ui d

preventing stagnant layers from persisting. In practice, three such mixing

10 units aligned in series as shown in Figure 4B are sufficient to mix initially
very poorly mixed perfusate, which is encountered frequently in the course of
abruptly raising or lowering cryoprotectant concentration. One final function
of the mixing units is to serve as a trap for any small bubbles which for any
reason are not removed in the bubble trap area. (Bubbles in the mixing area

15 are, however, easily purged by the operator prior to initiation of organ
perfusion.)

After leaving the mixing region, the perfusate descends to an outlet
port 406 leading directly to the organ. The path from the final mixing unit to
port 406 is deliberately created at an angle to the horizontal in order to

20 provide one last chance of stopping any bubbles from i'eaching the organ,
since ih order to reach the organ a bubble in this pathway would have to flow
downhill, contrary to its tendency to flow uphill. - |

The mixing area and subsequent areas are purged of air by occluding
the outlet tubing affixed to port 406 with the vent open until approximately 1/2

- 25 inch of fluid has accumulated in the bubble trap. The vent is then closed until
the pressure has réached about 60-120 mmHg. Finally, fluid is once again
allowed to flow freely through port 406. The jet of fluid through the mixing
area and out port 406 sweeps all air out of the fluid path from the bubble trap
to port 406. If some air persists, it can be removed by repeating the process.

30 After air has been purged, the vent is opened to allow unnecessary fluid in the

‘bubble trap to exit the trap under the influence of gravity, reaching a final



entering the artery of the organ, the delta R 1. output provides an

estimat e of the arterio-venous concentrati Onp&f/gsdsfgs23acr 0ss
the or 34N8M¥n this gradient is large (in elther the positive
or negative direction), the organ is far from 5 equi librium

When the gradient is zero, the organ is at least largely in

osnotic equilibriumw th the perf usat. The nonlinear baseline resulting
from t hi s unorthodox use 0f the differential refractoneter is
accounted for in the software for running the perfusion
program _ Al'l effluent fromthe organ (together with the
arterial fldepth cfabpuell8hychl A final depth oft 178 isthl dadndt Ye sepbetdre purginet | mat el y
coll ected by the recirculation_ punp 128 and L . sent _%_o sol enoi d
S8, which dlineptaiginecanss IRMEIGE vobime PXsisdo preid rfilling he mixing

reservoirs ' - ehEf t L. €servoir is conbi ned
with the flaﬁadgélﬁgﬁﬁgﬂ‘twgcgﬁ%}ﬁ%aj ?‘é‘?’?‘g@agﬁoﬁn{ég@g ‘f’g%@ﬁ’su at a T connection
T2. The 'HBM Bbdesignedettor meduiret remooslr efot ¢lesdny obsilyi s t hen
cogtrol led.by the 15 __. . ) actuation of, ,S?| enoi ds S9 through S12.

The reci r cdMERquSRHYy Phisinfestionjand removel ofcdisintestan faasm the, Bubple grap

require fl ] s : t LCl to exceed
t he ) AR oty TR SR Shquifls Bole' psBHOKbr®ohy o put
of the afterwards to ensute tiantallauppprmest @xpesed sutfaeds are disinfeofedandpunp, air

Is continually 2 .Jptroduced into the tuQing | eading_to sol enoid
S8 and usu%@éwﬁg’egrféeer%fs‘gf‘wgﬁc%“ without wntammﬂéi@ﬂzﬁte Qitlsy, fudesndheo prevent
excessi ve ' i ' S : this are
descri bed %gf?glb’vkﬂgts%aﬁﬁﬁglﬁgstﬁé Hmléﬁlﬁﬁgjgﬁ’ ?‘hde a3g|4tlg "I’?s llmh 738’%1‘3 speed can
bdOchangedthat} with speeifid yolenqitls attached to thengothey aould be dndivadualign  °
experinment. In the present].y pperative version, it has 25

under cpnpal"égedcﬁ’l’l‘!‘r BﬁaFe'bLf{'&E%‘?ﬁﬂf'eF“ @h&r‘ﬁfleﬁ/\ﬂﬂfﬂ“a&dséf%gg\'rﬁ’@‘ﬁe
option in $YRidPHeoperdibr StHecheld ffor EIZENAMR! eahine e tubBle sl amet er

pol yet hyl ene tubing to reduce delays in“fluid transit tinme. This small

t ubi ng Afteritbe penfusateuexits the HIBMrunitthrongbport 486,46t nters that e t hr ough
the delta RI. ciycuit is . . Jimted by the | st flow rate
through ¢ TG Hhe Greapicopines 422 (Eja. D, Ty tippreferred embafiment, the v { cd si ze
ofist he Tl ubggandddhtainét CoMPINES ladfebtangiadd baP Mathda hiednid, ald stop, lid |

handle, sloped floor, specially sloped feet, arterial and venous thermocouple

not been

inlets, perfusate inlet, and effluent outlet in the foot opposite the inlet. The
slope of the floor is downward in both the right to left and the back to front
directions to ensure that all fluid runs to the foot outlet with very little fluid
20 accumulation anywhere in the container. One needle probe is inserted directly
through the wall of the arierial line. A second probe is placed directly in the
stream of fluid emerging from the organ. In typical results, the arterial and
venous temperatures differ by only tenths of a degree, but both are useful for
quality control. The organ ‘container may employ a soft mesh support for the
25 organ similar to that used in the MOX-100 DCM™ organ cassette (Waters
Instruments Inc.; Rochester, Minnesota) or-the organ can be placéd directly
on the floor of the organ container or on a specially designed independeat and
removable support. The latter option is preferred and is presently in use.
The organ container 122 and the organ pump 108 are placed in

30 maximum proximity to reduce dead times and dead volumes between the two,
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The return ¥P%A¥2qi fferential refractoneter output to the of§EAUSHH232nt
line is proximal to the effluent. recirculation punp. This placenent rather
t han pl acenent distal to the punp ensures a steady flow through
the differenti al refract onet 85 wher eas di stal placenent may
prevent or alter differential 5 refractometer flow by virtue of a
hi gher exit pressure. An inmportant elenent of the '
fluidic circuit is the gradient punp 132 . connected to the

circuit by a | amethelubingdedding flom dieeorgaling o e érig@n container is choseh adi ent
punp is to allow for gradual changes in concentration within the

appropriate retebsas sBalljin ianer dipmetemas,passibie forthe sume 159*15%4 ch this is 10

o adi ot pump at TaNiOH PEFABRE oD ALk o BioRLP e B dbop 122 b Besebed O o

| oop abowielbmndlvtehemﬂ&&aﬂ'ohﬂﬂn filters b6 elvei-Ened BRalOP réfodctd@bepNSUr i Ng
t he repoval of me, of the -ajr introduced by the organ effluent

recirctl ation bQﬁrpTllezBr%ﬁ’éf]Y preferred embogdimegns rof (the firvepton ageca medified ng of
the reservoir tat | OR., Vel nd the
one presently %idgiggrﬁé&t %va(}ra gl\clevrﬁf(')ra%t?xrneter’?m@r? An%orpﬁ’tr?f ggﬁlﬁgy%l%alsﬁﬁs i's

acconpl i shed bjn partioelat,i smalPdiantetepailbing TRlB: awboutitsihdesused rather than thén ful 'y

controll ed concentration-ti hi stories.. The bubbling problemis then
very Iarge standard Anacon pipe fittings.

The modification of the refractometer sensing head appropriate for the

10 final invention could also contain the following additional changes from the
ordinarily available Anacon unit. | |

‘1. The internal volume o_f the fluid path could be further

minimized.
2. Presently, it is necessary to purge the air space of the unit with
15 a slow flow of dry nitrogen gas to prevent condensation of moisture due to the

low temperatures and high humidities prevailing in the cabinet. In a modified
version, the electronics area of the sensing device could be hermetically sealed
w1th some desiccant 1ns1de to eliminate the need for a nitrogen purge.

3. The present unit must be oriented with the fluid flow direction
20 being vertical and upwards. However, the unit is not built to be used in this
orientation, and body chémges could be made to adapt the unit’s shape to this

orientation. | - o |
The invention allows the operator to access reservoirs in any sequence
and to otherwise custom-design the process which may be of interest. The
25 6perator is even free to switch solenoid positioh"s' depe_hding on what'he: may
want to do. Nevertheless, the following nominal application illustrates the
actuation patterns required to deliver fluid from and to each iindividual
reservoir and filter. . .lt also illustrates the “standard protocols” for organ
cryoprotectant perfusion and for cleaning of the system which the system was

30 designed primarily to carry out.



overcome by continuously regulating the speed of the recirculation punp 128

to be Jqﬁbgg:,bs,ghtly I n excess of the conbined fl ows of th c?)'ugg)boggrrp 108

and 20 the delta R 1. punp 126 so as to introduce r
Attaching the - recirculation output of S8 dlrectly to P1 without
regul ating the speed of punp 128 results in degraded
concentration control and is not reccfA®ended. The

present operative version of the enbodi nent of the invention uses
silastic tubing of 1/8 inch dianeter throughout t he system which is

ff 25 ded fl f d
%:JI als"t:: gnlt s corrp§f’]ieﬂ?lélo§/iltc"?‘fP its %"? fl" ﬂi?\" ¢1} é’tfg] of %l' é@ﬁ‘a’e?ﬂehhgapol is,

M nnesot a) g&vted! €5bleaid: S3 B Bpé}f‘ﬁi 13cRhen not ene %lzed & PR @Ry fOr
visualizing flow to detect .problens and for obserVing any signs

of m crobi a¢neggiged.n)The; @tplltmerl and S2ais do iidprwhicly agreptsefitid ieom@Bint s such as
di net hyl enough to.be easily pul at However ,

30 SUM g‘%sﬁrophgﬁn lﬁ’ lH’n 15 the Jegting staty ad\dr‘ff@?gsacﬁ?ﬂﬁ ﬁg’q nt o
confact Wi tfrommi $2 €RES from R3 or R4) WIR®! dchigateli Ui The coMngh ogét%@?;d weaken

silastic tubing. I'n-addition, G Flex[err

PCT/ US95/ 10@bways open) leads to the circuit pump 102, which then withdraws fluid from- 29-

t ubi ng (Col urrent Co., Chi cago I L) should be used in the punp
heads due. t@e S$L° tdesgi]eg edSEESINGYh (silastic tubing undergoes spal l ation)

and I diffeehuiill xérdiakd to/beviviuded! then the output of the circuit RESET VOI I
RL is constructed as a4grad| ent former (Figure 2)..
pump 102 i is to S4’s common port (always open). When S4 is not energized, ‘
10 its output is directed to filter F1. The return from filter F1 returns to the

normally open port of S5 and exits through the S5 common outlet to the
refractometer loop L1 and the organ loop L2. If, on the other hand S4is
energized, th.en its output is directed to the common inlet port of S6. When
S6 is in the resting state, its output is dlrected to filter F2 and the return from
15 filter F2 enters S7 through its normally open port. The output from S7 travels
to the normally closed port of S5, which must be energtzed to accept this
~output. Once fluid has entered S5, it flows out the S5 common outlet to the
refractometer loop and the organ loop. Finaily, if 84 is energized and 86 is
also energtzed fluid will be directed through both ot‘ these valves and will.
20 reach ﬁlter F3. The return from filter F3 occurs via the energized S7 and the
energrzed S5 solenonds and goes to the two loops L1 and LZ as above. As
noted earlier, the use of filters F2 and F3 and therefore of solenords 84, S§,
S6, and S7 is optional and will be useful primarily when very abrupt changes
from one solutton to another are required, or when particularly heavy_
25 ‘particulate contaminates must be removed. , : ,
~ Effluent from the organ eventually returns to 88 If S8 is activated,
the fluid is discarded. If S8 is not activated, the fluid is directed from S8 to
combine with fluid from the'refra_ctometer loop _an_d is returned to a desired
reservoir. o . _
_30 Fluid traveling through the refractometer loop travels successxvely to

solenoids S9, S10, S11, and S12 and then to the waste lme if none of these




5 Essentially the gradient former consists of two concentric

cylinders, an outer cylinder 200 and an inner cylinder 201. A
fluid path¥836832bws fluid to flow . from the out CTEA%PE? 200
to the inner cylinder 201 under the i'nfluence of " gravity in

response to a reduction of volume in the inner cylinder. The
concentric orientation of the fluid commafinents is very space efficient.

The 10 fluid delivery line 204 corresponds to the |line D1 of Figure
1A. The unit shown is a nodification of a comercially
ayail abl e gradient former. The necessary nodifications for use

with this i nvenolpomdalaee enrergiged. O\Esnergxzmg S9 diverts flow to thd)R1 rec'ﬁhalaabmpcock
normal |y used t.o c tol flow mthe outer der tothe

i nner cyl i nderlif’ﬁ ﬁi@ SR 11 e?hsﬁ@el%fa%bqtﬁ)@étf SLy) dé"eﬁé

type two-way (Sihiirdy, seiciveiaivatlonco821 of §12entil y e Cor p.
nodel 100P2WNC, Easty Hanover, NJ) (F ?gure 2C). A pi 'ﬁéﬁe‘:?;'g'g Eﬁbcﬁtés/

preferable for ﬂwdtpgﬁrﬂl'l%‘&tlon to a piston-type vaI ve because of the snall

o5 TTrerer IRER ot i kit o oicpoiindiie é%«fﬁgﬁéo bt

preferabl e for ferafyual Berfusions andesre\fat systeiitledrfing dRd Bﬁm@ &fﬁﬁ@n
reservoir is to be renoved fromthe cabl net or c eanl ng,

| eavi ng t he soPEQ¢EssItypicallyproceeds frameRbfthrongh %‘dhms pnmmg must occlipr mer

h b dif f h d
e or i oo i e Bebd Sradr o TR e R LBt M 3 20k Pt s Forret
post reseRAOfs. RBN4E partitulRfy ifsﬁlte% FedhndF3 Bhd tﬁéﬂ'siss&?xﬁ@d jT\wEk‘bb er

‘band sgQ as to keep the 25 sol enoid oriented correct
sol endPd is | odeeusgdalegvingithe eincuigprimeas mathf flwichfrom (typically) Rﬂr(er 3atvoir to

The di amoter ofotRB 4rh BplETob BRENH frobesk e pymigh seapepcostsolenoid *
to the inner cydtvadens Eeﬁglurbaso beiaie MBlcomphsie spsdiR ém fo EleBVitRis RStedfiPquat €

rate of the vjiscous solutions required for organ
cryopr eser vat i Bular farm bslaw.30 di ameter of 1/8 to 3/16 inch is
adequat e.

Solenoid Control Sequence For
15 . | Standardized Rinsing/Priming

The conditions of the solenoid controi processes are set forth in
Tables 1 and 2. The uses of these control processes are to: replace perfusate
with filter-sterilized H,O at the end of the process; replace cleaning H,O with
chemical sterilant between perfusions; remove disinfectant using filter-

20 sterilized distilled H,O; remove water using air; remove air using reservoir
fluid, i.e. pnme the system.

When only F1 (not F2 or F3) is present, priming (and cleaning) may
proceed in any order of reservoirs, provided, in the case of priming, that the
final reservoir corresponds to the first reservoir used for the subsequent

25 perfusion. Applicants now use a procedure involving .momentary aspiration
from R2, then R3, then R4, then R1, taking just enough time to pri;me U2,
U3, U4, and Ul, respectively, followed by computer/user interactive
activation of S12, Sl11, S10, and S9 to allow manual filling of RLS,'RL7,
RL6, and RL5 by syringe with retrograde exhaust via P1, because this

30 procedure saves large quantities of perfusate and is fast.
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3) . AVPP9HSEE has been provided (Fig. 2B). The |id has PRl GIvER23

over hang 207 that prevents the lid fromnoving fromside to side after it

IS pl aced on the cylinder as well|l as concentric grooves into
which the wells of 200 4pd 201 fit. The lid has built-in outer
and inner filling funnels 208a and: 5 208b with renovable lids,
and a recirculation port 209. _ 4) Funnel s 208a and
208b extend into respective internal fill .tubes 210a and 210b. .

The internal fi mhetsmndarda)recqssof solangi¢ acliugmcm MMItMra«mdg fluid from

| ocat ed neﬁétka mall the,in eﬁ and_ o ﬁ% i nders ? ﬁ

per f or at ed forcrea mg gradients; for Fv'éﬂr? FRUfBN e 3% %“ﬁ% 211b,
respecti vegassum/m f as€ofldbtional filters FRRIUNIPS, wﬁ&ayglﬁfdmmrbrckwm er. The
function of the tubes is to reduce the création of

bubbl es asuseef mradiengcqntmllmg sqlerqids, iand (e existerce i@ gradignd

cofape | Torkir'as RO TR HBRGFcoiptbith A CRE BAF i dR BB Sul 1ot %1

force air teseivolr @oQinbeher &to avoid recxrculatmgtsbﬁxtlbﬁBEﬂhﬁvsirred Corhpasifidhubbl es.
These functions are particularly inportant jn - perfusates

cont ai ni ngtHst REW resarioith beferriits som%havezélsmm thg previous solution '5)

Afill mr ro n r t
fil : ed repb’ gﬁ %%ﬁ%?g ‘# ﬂ-.%g%ég “§r€'§l’f“’3’§ nmlﬁtrlfe iﬁglrreg @?}g‘?%"ﬁ%?sat or can
establish bcbla(umrthe\medauhbn of.dklaged saitcuigtiomn can werd;bpéda.l I's of the

apptication. The gradient formers nmay have approxi mate
graduations (horizontal lines on 20 - ~ both the inner and outer

cylinders, aligned so as to pernt avoidance of paral | ax error
in reading the liquid | evel ln ei ther cylinder) spaced :



approximately 0.5 cmapart for a 2 liter gradient fornmer. These graduations
are also i n‘:)portant for establishing slight, deliberate msmtches in liquid
WO 96/05727 et ween i nner and outer cylinders, which BFEUSRMRTY y o

| evel
~prevent premature 25 m xi ng of 430l utions of wi dely differing
densities, such as cryoprotectant-free perfusate and

vitrification solution. They also permt a rough quantitative
check by the operator on the progress of the gradient as represented on the

comput er screen. 6) The plastic conposition of
comrerci-al l'y avail able gradient 30 formers may create problens for
certain types of cryoprotectant, which could concei vably attack

the plastic. It is therefore preferred to use reservoirs nade
WD 96/ 05727 :

PCT/ US95/ 10223 %, -31- -
of transparent naterlar‘(é g ﬁlass plexfglass oruthe li key ¢Q9 S =
conpati bl e with the cryopr ot ect ant chedidaks or ESE:Ieserv0|n§
whose surfaces have begh 4+ U Usilicdnized orZ B erwi sg reated to
prevent the attack. In the inventors' _ :e@glencgoa:ryllc hag
been found to be an aceggpt.able waterial., 5 . . 259 ) g The ~
) . . . _ . ) @
reservoir Rl contains a stir bar-212. The stir bar%%h?oused 8¢S &N
a jacket 213 attached Lp a freely spinning vertlcal.cpgfg 214 é@@dl ng to &
“the stifgbar fromthe fid off the resérv®ig o prgvdit the =
jacket, and hence tlg stir ' 223 2205 =
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bar, fromnoving laterally. This change is necessary to make sure

chatterin and t herefore poor m xing, does ngt_occur while the
per f usi W&Wﬁpne is 10 unatt ended. Support from aboVESPAORS: ¢ han
bel ow prevents unnecessary - £F[fusate frictional heating and
wear and tear to the floor of the reservoir. . ' Reservoir

R3 is also constructed as a gradient forner. The details of

reservoir R3 are shown in Figure 3. Reservoir R3 contains an outer
conpartment 315 (R33), an inner conpartnment 318 (R3[err]), and a third 15
internedi ate conpartnment 316 (R3[err]). Internediate conpartnent 316 is
connected to i-nner conpartnent 318 through a fluid conduit 320 controlled
by _ a solenoid 317 (SR3[err]). Conpartnent 316 al so connects to
out er conpart nment 315 by a fluid conduit 321 controlled by a
sol enoid 319 (SR32). The use of an outer conpartnent is
necessary when concentration is being reduced to 20 zero or nearly
zero, for reas&ns' noted bel ow i n the 'di scus'si on of the*funttidn

of the gradient punp and the action of the gradient forners. The use of an
outer conpartngnt,is greatly. preferred conpared to a m ddl e conpart nent
having a | arger volunme of fluid (and no outer conpartnent) because sinply
increasing the_volune of fluid in the mddle conpartment would cause the 25
concenttration profile resultfngfrom'a tonstant’ gradi ent punp 132 flow rate

to beconme non-linear. Control of concentration-tinme history
woul d then bg c 8me* Z R rrt)'reg,cdrrplicdted:' Npr & i hportant'lyg an
excessive angunt of of luid inthe mddlfe?,;co_'['rpartnent aoul d be ‘
: w o= 4+ ¥ + g + .+ -+ e + om o
required to‘?pproacg a zero concengratlon in the .z 3 cirguit
conpared to £hg apognt, of fluid refjuired in the ogtgr_ponp@rtq3q% 30
after v[rtUQE enptyfing of the |nnq§_and m ddl e cofp&rtnments. <
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- 32- Aut omat ed use of reservoir R3 poses sone

probl ems which are successfully addressed in part by software
and in par tWOYSPSRT speci fi ¢ construction of R3. PGS0 v,
actuation of solenoid SR3[err] allows fluid in t he outer
conpartment (R3[err]) to flowfirst into the mddle conpartnment (R3[err])

5 and fromthis conpartnent td&5 ke inner cylinder (R3[err]). This
i'S because the pressure head present between R3[err] and
R3[err] is large when R3[err] and R3[err] are nearly enpty,
~which occurs when SR3[err] is activated. At this point, R3[err] is still
full. This |arge pressure head causes fluid to flowtoo rapidly into
R3[err] if R3[err] is connected directly to R3[err] rather
than using R3[err] as a buffer between R3[err] and 10 R3[err]. By
adjusting the level of R3[err], the flow can also be partially controlled.
But even wi th these two precautions, further control of flowis required by
usi ng an app"éroprgl-'ate duty cycle for SR3[err]. The flow to R3[err] should be

sl ow at . 2 9 first and nore and nore rapid as the concentration is
brought cloger ahd cl oser . to zero, whereas passive flow under
the influenge ofvgrawty w il always be 15 fastest at first and

sl onest at the ehd unless the flowis netered by the sort of
tailored du@ cy%Ee currently being inposed on SR3[err].

The ot her m;dlfl g.tlonstoRBreseanethose of R1. .

Reservoir R §s sakgradient forner constructed in the same manner as

R1. .20 g'i The purpose of the gradient punp 132 is to renove
sone of theg§ recirculating fluid fromthe circuit. This renoval
of fluid cadsds e flowrate of fluid back to the reservoi-r
of origint(fj)e ss than the flowrate of fluid fromthis
reservoir t(§=§h ircuit. This causes the level in the inner cylinder

of the reserﬁ\/§|r R1, R3, or R4) to go down. This |owering of inner
cyl i nder

*+# As noted in the discussion, SR32 activation must follow a duty cycle initially, ending in permammmivamn
The duty cycle involves swilching back and forth between solenoid patiems 12 and 13 as dlcmed)bynhcnmy cycle re

* For normal perfusions, solenoids S0, S00, and §13-S16 will always be non-actuated.
** This step prevents fluid from the previous reservoir, which is initially present in the line
previously equilibrated with fluid from the new reservoir, from contaminating the previousl,

$ Step 7 is optional.



25 fluid level in turn causes the fluid in the outer or mddle

conpartnents to fl ow into the inner cylinder to keep the two
| evel s SY@P$8%727 Thus the two dissinilar concBRTMUAPYHRAZS i n t he
two cylinders are mxed in the inner cylinder, generating t he

concentration gradient which is then sent to the rest of the circuit. This -
is the manner in which the gradient py effects the desired gradual

changes 30 : in concentration which reach the organ and the
refractoneters. Any necessary _ adjustnments to the gradient punp
speed are nade by the conputer. WO 96/ 05727 '

PCT/ US95/ 10223  The number of reservoirs could be less than or greater than the number - 33-

The principle invqglved js that of. an ordinary |jnear, gradient forner in
whi ch the paReCitiFd TFe. HE e9rFRSapRiBg cbATSas Ioplepld THTRE o FUIREMASF: can be
regar ded, t ghendrhber offRPERIMREIFY nedSnétddnforkPtd! iR ddictiPforsngigén CY! I nder.
Wt hdrawal and discard of fluid fromthe inner cylinder at a Tonstant rate

wll 5 abover e Jibet limits avauld der omep reservotmaete ther astoandc perhags eight ti ne

echr cul at | BEGRIRI B Gy, iharnRIER BRprir Solfs Rl Hom B8 “uni 1 ke

an ordi nary fajiragbRpartrhts e The NEbpePNERTY fa8d ifaSedOpaftlyiofl volume and | €aving
. the gradient forner at the nonent the volune in the“gradient forner -

becones zer cromding comstriatsagd parttyoon the irsprobebilityaefiany podcetliiei admiplex he out er
(O 30 a8 S e ok ol 38 St Teref ore i orer
washout using an AgotleP ¥adaioHPwould be to employ different capacity reservoirs at '
10 different positions (e.g., instead of the herein preferred embodiment, one
| might have a 2-liter reservoir followed by a one-liter reservoir followed by a
3-liter reservoir followed by a one-liter reservoir, and so on). |
In principle, the use of individual reservoirs could be abandoned in
favor of one multicompartment reservoir consisting of perhaps four io twenty
15 concentric cylinders each activated by solenoids or even by manual levers
external to the temperatute—contrblled area, all stirred by a single central stir
table. Abrupt or step changes in concentration could still be accommodated
if the stepped change is not delivered via the stirred central area. The relative
positidns of the reservoirs could also change.
20 Finally, a fluid metering system could be employed rather than a
gradient former. In this system, a pump would deliver concentrated
cryoprotectant or diluent to a mixing reservoir rather than relying on gravity.
This pump would be computer operated to ad_just for departures from the
programmed concentration. The gradient pump, however, would be retained
25 “in order to control overall circuit volume.
The arterial concentration sensor could be located proximal to, rather
than distal to, the origin of the organ loop in the circuit, but should not be
located proximal to the filters.
A pressure sensor to sense pressure developing on the circuit pump

30 side of the filters could be incorporated as a warning device.



conpartment gradient fornmer, it is necessary to add additional fluid to the
outer cylinder while continuing to discard fluid fromthe inner cgl I nder

normal |y. W@%M4532%hy R3 has been nodified to have a third cBEPESIMERE 15
The extra fluid required to continue cryoprotectant washout is added from

this third conpartnment by the conputer nore accurately than a
human oper at or : ~ could acconpl4sh this task manual ly. During

i ht roducti on of cryoprotectant, on the other hand, the desired
final concentration can always be reached by ' using a

concentration in the outer conpartnment which significantly exceeds the 20
fi'nal concentrati onMdge igenetaily, theadevicecapuld be sefagated dntoftwiohdevicesd ithent .
Since the cur.rent matfhod i nvol ves aﬂqﬂéﬁawd Sc{fq?- changﬂe in
concentrat i on {SLLon,RfeRgpine organs for cryopreservation; FSTEONG I RTEPEINE out er
conpart nent w ﬁr‘éyfoﬁ@lzﬁ?@prﬁ&dﬁéﬁ bigafs Fdt thihsplantation. The first device WoildBM heat
exchange systemis shown in detail in Figures 4A-E

Per fusate ent comittRiandRid; (and agseciatedesalenpidsy mhileabe secandeweuldromisdii 25

i de of the ooy By AR RGIT Wk ot Ry bRk sBhscliiahy i 0"
tenperature. Tdethevenifieddevies! GRERaQhA! eHyopressivdtion sb e rezodé froRe On
each side of the perfusate path) are used for the circul ation of cool ant,

whil e CryoprepRIvaiane may agatiedtsdifforeny lasationsaang knder dhe divectianoof of room

tenperature fl u TR f Qf.: .0 I N0 | apt . For specialized

applications ic?]f\'t;tgre\?:?_r{&ilv]!d&rals, his .{/Jrﬂ‘ﬁ% @%éﬁyég%%o%%ewl&p ‘i?'lcﬁ I on,

t hese pat hwaysconditions. rEssemtil§, these two devices wollld B5ideftichl except for the

PCT/ US95/ 10223 . . . - 34-

10 use of different software and the use of different reservoirs for adding and for
removing cryoprotectant. Another usage could involve the unorthodox use of
only two reservoirs to accomplish both loading and unloading; for example,
loading could be done using R1 and R3 if only the inner compartment of R3

* were used (R3 st_anding in for R2), and unloading could be done using R1 and

15 R3 if R1 substituted for R4.

- II.  Description of the Methods

A. Preparing an Organ For Cryopreservation and Subsequent
Transplantation Into an Animal

The complete cryopreservation method using the above-described

20 appafatus comprises several parts. Oné part. consists of the pretreatment of the
donor animal and/or the organ pi‘ior to its removal from the animal to prepare

the organ for its cryopreservation. Another part consists of the choice of the
cryoprotective agents. Another part is the actual protocol for perfusing the
crybprotectant into the organ prior 1o iis cryopreseri/ation. Another part is the

25 cryopreservation, storage and warming of the organ using appropriate
techniques none of which are part of this invention. Another part of this

invention is the protocol for removing the cryoprotectant(s) from the organ



The direction of cold fluid flowis optional. Adequate tenperature

control ‘Qa%}agﬁg found when all fluids (perfusate, cool anm%%’%@ Iack of

ui d) flowin the same direction (uphill) d
countercurrent heat : exchange. This node allows the avoi dance
of air or carbon dioxide 5 - accunmul ation in the outer chanbers.

Perfusate enters the bottom of the HBMS84nit through inlet 403 and
travels upward in a zig zag pattern. It energes into a snall upper

reservoir mhich has an air space above: this is the bubble trap
area 404. Perff usate th travel s beneath the bubble trap and
goes t hr ougtft '&%‘ér“f%@é‘f&a"‘rﬁ???@“ﬁ?é%[ tgpsplaptation into ab'ewmeat f Amathiey traveling’
onward to t gt t for cold 407
onvard to t frtlaialt?’ag?éentgiafcth@g)ﬁan and the recipient upon orgdif uja Al i thin the
base of the unit. The outlets 410, 411 for warm and col d fluid,
respectively, each rec é{_ }u d col Izé}%g fromtwo channels such 't hat

each channel of the s glreatment o eBoriand HienBenated Qaeen vmr m
channel) 15 is the s‘%ﬂ’ﬂa l.ength and nominal ly experiences the same:

pregsure differemgg donor, in adqltu;r[)%n oth& Etahc?ar& ‘2%3’?89{?%% g?‘{;dgl O\évl rate

t hr ough each |i ke channel
Al of the drfusionof iloprost (Beriei patidvawyies, |lncl CédarK h6INg INT) Q¥hith 84 bl e
tubing 412 at ear..of, th These t ubj ng segnents serve two

pur poses. 26elat1ve?y 50"8"#‘{"1"&“&’6#}.%?%5@ HChh oaarsirgidy agenustantinghe f our
channel s, heeto 28 RiaNE&ore organ procureféit @@;Mﬁm‘% fBuld %ﬁqagqo%h} |Su: 3 sq

parti cul arIy desi rabl e when™al " of t
f | owi ng in Wae efffectiest moreduq:lpgsthd: appareltthaklcujl of subseg@sntlylddithistered

in or ra dlrect and has not already undergone heat exchange
Wi tﬁ t he peF'%y gl‘%cqa’gﬁﬁﬁ&‘ '"E@M@qyah"ftﬂsoe |t<aih§esdrstemm eincwlatiany, if by 25
chance one gplig a@hﬂﬁ@@bmﬁ{ dﬁealy’"ﬁ{mtﬁé“ ou fo S cold or
warm fluid delivered while the “other c FE é&al lrrﬂ g&hd Pk uati on can
be _ IOPFOQUVaSeabDUbﬂﬂwg/kgammrbq eﬁther mhanaldiougbd&emumga.ahbngf the flow
and purgi ngmtﬂ}x.'s?on is presently preferred to maxlmlze organ exposure to the agent while

minimizing iloprost-mediated systemic hypotensxon. Fifteen pg/kg was also

15 effective, but was less effective than 25 ug/kg. Acceptable limis of iloprost
concentration for this application are 5-75 ug/kg, depending on species, organ,

infusion rate, duration of infusion, etc. Il'oprost was typically infused over the

course of 20 min; acceptable infusion duration limits are 1-60 min for

cadaveric organ donors. When hypotension is a Iimiting factor, iloprost may

20 be infused at relatively low concentraﬁon over a relatively long time (20-60
min). Whlle not wnshmg to be bound by any partlcular theory, iloprost’s

protectlve action may not be a direct cytoprotective effect. The ineffectiveness

of iloprost in protecting kidney slices from .cryoprotectant-induced injury

'éuggests that iloprdst may simply act as a powerf\il vasodilator that facilitates

25 uniform cryoprotectant distribution. ‘Therefore, other vasodilators such as
acetylcholine, nitroprusside, nitric oxlde hypertomc and/or hyperoncotic ﬂush

solutions etc., , may be substituted for it at doses which produce sufficient
vasodilation in the organ of interest. |

An important option for optimizihg results was orgzin pretreatment with

30 transforming growth factor beta 1 (TGFB1), which prevented detachment of



air out of the inactive channel, bringing each channel into full function

and equal flow. 30 Because in the _orthoqgrade
node t he t@’rﬂﬁ?f“ﬁ? re conditioning fluid enters t?lg’H@gﬂﬁzn
exchangi ng portion of the unit at the top and exits at the WO
96/ 05727 o
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bottom it is necessary upon installation to run the cold and hot punps in
retrograde direction in order to purge all air out of the cold and warm

IS | ' ' h l d d tubing_ |l eading to.
Ty om t he. BaredcendgtebRERRIsSROB b b FRHEn I oD i nga PR s ORe gh -
since 5 ; toz t\) ' fluhgy | ' ' m the
Cubi ng rat her n 2% (I BB NG, Wheh GddA H e baRE ety of 3T |
opposite to tleencintration ofil®hg/mlwbdutf24ohveurs prior to superfosiomt The béstendde r emai n

' ' . 1.nQ. th
i ection i's b OibRER s itagosdlky o Slows wulo sewesie i |1
be pr@sent in g he hbii Bfor6rgaR onktibh m} tr?rrgsggﬁ&lu'iadhmah?@lk%tga&ghﬁnge 10

chanmbers of the unit. Ition to ser eat

exchange f unc epdier tmm; zhhg inventersifoenchthiatgiving 0.5 pg/kg ofihsman @GRP1eat t o
per fusat e dendr ¢5 £l 2 oufs Bftord Gen RBRS o iblag A Bt kighetleomadd-dense
perfusate 50 min exposure to' 8 M cryoprotectant, thus preventing the otherwise-
expected hemorrhage that results from such exposure and allowing one animal
10 (exposed for 50 min) to survive until sacrificed on day 15 postoperatively.
After pre-treatment in vivo, the organ of interest was flushed in situ
with cold Euro Coll.ins solution, modified UW solution or a comparably
effective solution in such a manner as to avoid conflicts in multiple organ
procurement. The compositions of these solutions are contained in Table 3.
15 (Should normothermic pfeservation techniques supersede hypothermic
| preservation for hearts, the heart can be flushed with warm rather than cold
solution.) The flushing solution(s) should initially contai.n iloprost (1 xg/ml in
the best mode, acceptable iloprost concentration limits being 0-10 ug/ml),
anticoagulants (e.g., heparin, 10,000 units/liter in the present embodiment,
- 20 acceptable heparin éoncentrati'on variations being 500-20,000 units/liter),
vasodilators (e.g., papaverine, 40-90 mg/liter in the best mode, 0-90 mg/liter
as acceptable limits) and other desired égents. A second flushing solution
should be used to wash out all of. these agents as cboling and blood washout
is completed. The excised organ (except for organs such as the he_aft that may
25 be best maintained by normothermic per_fus'i.on) should be transferred to an
iced bath of flush solution and transported - to a pe_rfusiori machine capable of

introducing and removing cryoprotectants in the fashion to be described.



fromthe perfusate path.
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bubbl e

foll owi ng features.

gal, exchange area,
at trap entry area 418. Perfusate exits the bubble trap
exit region 419. The zig zag pattern,
any air bubbles to exit the heat exc
trap area. The bu

15

it enters

in fact,

As the perfusate energes from

t he

PR d258

Is al so designed to all ow
ggrge area and to energe. into the

p 404
t hr ough

e trap. area is designed to have the

| arge to reduce the pulsatlle action of
m ni mum by distributing the shock of each stroke

relatively large air volune. This
measur enent and may be | ess damagi

T 4

Its volune is sufficiently

the perfusion punp to a

over a

| es pressure control and
he organ.

Its volune is sufficiently low.to mnimze the liquid vol une 25

present in the trap an 0 ad time and dead vol une
bet ween the organ purrpe‘gwé'ﬁ@b&{s %ﬁﬁ(&ﬁ?’” S%(ﬁ’ﬁ?ﬁﬁl vol une is also
desirable to mnim ze Iayerlng of nore dilute perfusate over nore dense
per fusate. sing port 413 is

prdvi ded. Port 413 has noff f1uid @mN}COHHS* connefption to the perfusate,
- cannot be m xed

thus elimnating a "blind _
properly or in which disinf€ompoundyi(ghmM aill gk p netrate or WO
96/ 05727 - - - _ -
PCT/ US95/ 10223 Dextrose 194 | 34.96 " . -36- |
KH,PO, 5 | 206 P
o K;HPO, 2 | 140 |
10 Tra 15 | 12
|| NaHCO, 10 | 0.84 " |

*pH = 7.4
* mllllosmolahty = 350-365 milliosmolal

15 : || Compound mM g/l "
I Dexwose | 180 | 3243 |
K,HPO, 72 | 125 4
ket | 282 | 211
!Na'Hcos | 10| o8 |
20 Glutathione | 1.53
Adenine HCI | 1 | 0.17
CaCl, 1| oo
{| MgCl, 2 Oﬂ

(Note: RPS-2= solution is RPS-2 without CaCl,, and also without
25 o MgCl,)




m ght be trapped. Both an electronic pressure transducer (to provide a

si gnal to the conmputer) and a sphygnomanonet er 95EHE

cal i br at i oWOR685W&7sual checki ng) are used. sdsrifias
4. The Iid 414 of thetrap is removable for cleaning. 5

5. A vent port 416 is provided which is used to adjust fluid | evel

inthe trap so as to nmake it the mni m#fdrequired to serve the bubble trap
function and to maxi m ze pressure wave danping. The tubing fromthis vent
| eads to the outside of the cabinet, permtting adjustnents to be nade

wi t hout opening the c t ,door : 6. A
third port 417 is provided througaﬂ!ﬂé u@'ﬂ”é)(rap lid to '

permt the injection of drugs, vascular |abeling materials, fixative, etc.
7. The wal | s of the bubble trap are angled near the trap entry and

exit points 48, Z19, TEspectlvel m Xi ng
of thMQﬂéﬁﬁdJH&V <§°me@$ ent M@l@nﬁU% Splutica#2es t e trap,
and to break e fthe,va I rls of, di fjute
perfusate ove Pv&ﬁﬁ‘l’ﬂﬂﬁ‘q: d J:{E‘Mn /F Comi ‘P‘fr%a M0 8.

'K

The option exf3
probe via one
perfuSate w t

lugkng pﬁ.@t@es Nﬁm@q@ tlemper gt usgs

—£ —Heas t he
LAY Av ) TCAT\ Mo UAo Ul giroeTIiu g T

H® cqufKtﬁecmﬁtesor 1100 [ora3.4Dngi sts of
FastTcthrgaded—f[rttTTg—||A pr obe
can be freely adnd tt dO@rl \711 lyoenaind |t hd t Jbi dlcl Hrrped with

henost ats or p C to effdct dre rejiti ght
seal. This si lu." w_i_‘gf\;_mu;‘lgf% lgl Ejb the HBM
when it nust bejghdfgned and | fohexi Biutditi¥nd N probe_:, sgl egtgyon .
and the oppor %"‘ﬁé ﬁﬂ@ £ oo Q x“n pts—el-sfwhere. 25

Ju A RE "

“ t UT UN
After |eaving hba\dsiﬂ&bl e tram t el,@@rfuamnesxdescencs 5o g nlx@dngjlarea
405 (see Figu e_3-unt tm 'ﬁé’ Hatrt Ib narr ow
hori 28nt al enf HERESa HE efredfin 24%0 AHERESe" basdl Wed BA3&hi §h rises

hor f2ont &l enj AGENIR Soo i ol o Brpr Py Fisdeaine descﬁ?ﬁuDrto e ng oo
Wy roc fiorxde) S (hydrocﬁ[orxde) g P g
ribose 1 0.15 | ribose - . 1 | 0.5 “
CaCl, 0.05 | 0.0056 | cacl, | 0.05 | 0.0056 |
15 HES@ | ~ | 50 | || — |

(Note: Modified UW Solutioh #2 does not contain HES but
contains more glucose than modified UW Solution #1)

2.  Cryoprotective Agents: Formulae of the Vitrification
Solutions V49, V52, V55, V49B and V55B |

20 All perfusion experiments were carried out using solutions designated
here by V49, V52 and V55 (V'49.has sometimés been referred to as VS4.
V55 has been referred to as VS41A.). At low cooling rates (5-10°C/min) V49
~ was found to vitrify at 1 OOO atm of applied hydrostat'ic ﬁressure but not at
ordmary ambient pressures. V52 was inferred to vitrify at 500 atmospheres |
25 ~ (atm) of applied pressure. V55 was found to vitrify at 1 atm. i
- V49 was composed of dimethyl sulfoxide (D), formamxde (F), and

1,2-propanediol (P) such that the mole ratio of D to F was 1:1, the total mass



30 smal | to support much |ayering of |ow density fluid on top of

hi gh density : fluid, especially considering the_r gle turn
r equi r SMOP6/8Y72hef or e HE. WO 96/ 05727 BEfts§hioaty
PCT/ US95/ 10223 . -37-

Fluid flowng into BA may, if |less dense, rise imediately upward toward
"FR. If nore dense, it may be driven-S2o the wall and rise upward al ong
this wal I . Upon encountering FR, however, the denser |iquid
wi |l be accel erated toward the l.ess dense liquid rising

di tly f t r bul I|f BATfill
W th denscORBH S BiReT Higyares 40ErapRct e sdl mpssif R pesigwas 130 1 °
direct|y upigisls musF'aeEhﬁw dpcaupes tiify RIRE, Rl auid. 39 giddis hhd any | ow

density fl [ayered ove FR Furthernore e narrow escen ng path D
shoul d dr al¥ +adks.€U grampui Thisomixture of arygipeotedtanty wastprefeened daséd opui d, agai n

DLV e BTG S RSB o b o 0O

mg initiagl¥nd P are: D:F weidtrdti® @ah b¥ ag‘léﬁcﬁsﬁellfaﬂa%% W& §13.if5 encount er ed
frequently in the course o abruptly ra|5|ng or I'owering

cryopr ot ectherformens ¢heproportion of RYDX itnB) stiawid eshavated to 18:34 andfér t he ni Xl ng

eason ar ciindol carpentedr Bised i B Py et RY CElRL PR R 11 i g ar e

15 of &trdpnever, easily purged by the operator prior to initiation
of organ per fusion.)
The formula for V52 was obtained by multlplylng the cryoprotectant ‘
10 content of V49 by 52/49, keeping the vehicle solution the same as for V49.

The formula for V55 was obtained by multiplying the cryoprotectant content
of V49 by 55/49, keeping the vehicle éolption the same as for V49. Thus, the
total concetnration of solutes in V55 :wés 550 grams/liter vs. the 490
grams/liter of V49, V49B "_was‘ a vai'iatibn of V49 in which the 1,2-
15 propanediol content was replaced gram for gram by 2,3-butanediol
(levorotatory form or racemic mixture with less than 5% wiw meso form
present), and V55B was, similarly, a variation of V55 in which 2,3-butanediol
replaced the 1,2-propanediol gram for ._gra._m. The total cryoprotectant
molarities of V49, V52 and V55 were 7.49, 7.95 and 8.41M, respectively.
20 The molarities of V49B and V55B were slightly lower than those of V49 and
V55 due to the greater molecular weight of butanediol vs. propanediol.
While not wishing to be bound by any -théo’ry,' V49 and V55 appear to
be particularly beneficial due tp the exceptiqﬁal ability of formamide to
penetrate kidney tissue, the ability of dimethyl sulfoxide to block the toxicity
25 of formamide,' the beneficial balance bétween the three ingredients
(maximizing vitrification tendency while minimizing both toxicity and total
solute concentration), the lack l'of_a colloid (typical colloid concentrations of
about _4-7% w/v elevate viscosity), the é.xtraordina_rily slow rate of
_ devitriﬁcatidn of thése solutions af appropriate pressures (1,000 atm and 1
30 atm, respectwely), and the good stablhty of V55 at - 135°C during at least 6

months of storage.



After leaving the m xing region, the perfusate descends to an outl et

port 406 |eading directly to the organ. The path fromthe fipgagh,dgkX4 uni t
to Wo“’“%é?t 406 is deliberately created at an angle to t%’“ﬁg

hori zontal in order to 20 provi de one | ast chance of stopping any
bubbl es from reaching the organ, since in order to reach the
organ a bubble in this pathway woul d havé to flow downhi I I,
contrary to its tendency to flow uphill. The m xing area
and subsequent areas are purged of air by occl uding the outl et

tubing affixed to par ] ' il[EW /2 25
Fnch of fluid has g@%&%&g‘%tg&gﬂnﬂLF%e%gﬁ%Bﬁgg'{hr’%%“ M?ﬁga%\%n I'S ?‘Jh%tﬁécl osed
unti | limits represantebby Va9 had VS5adbsahdiipaipionGRe pResurertigwhichnae | v,
fluid is once again . ~allowed to flow freely through port 406.
The jet of fl QrEeniwasotodie sublectadyi Ralancing an organ’s tolerancerig hgh DRrssyres o6
sweeps all ai fil: L4 ?ltalﬂe I ST to
port 406. |f é%ﬂ-ag ga?%m%%ﬁgiﬂgﬂseryp cé??ld’nggbéée&ﬁ%ve_ €9°§"é§§8¥'5"¥g‘“‘t" 8fprocess.
30 5 . Attiee ntradeoffh betweer npressuyyedand hoonvemtatios oggmired to mhintin
unnecessary fluidin th bubble tra 0 exj he trap under the
i nfl uence of §Fﬁaﬁl?‘_§/’,t)'-r i:ﬁl': §X3EPlg. AN QLgan that “““°P‘°H%"'9i6b@(g?§‘7tb“‘ at

PCT/ US95/ 1022 . FAng in exeece APS-

dept h of aboufLioHeTHie 300 3km may be perfuged with V52, Conogauatiousin excess pEC .

pur gi ng 550 gramg/lieer) tonz makimium dfeabaus 600 gmnisfliter, amay belusedwhEn sts to
avoid refilli t he m xi ng ] .area with_air fromthe bubble trap
during the p_uﬂgtp%eﬂq:%eggqleanon on cooling is a significant problem, since the

10 nucleation process and the growth of any nucleated ice crystals will be
suppressed at these higher concentrations. One example of a situation in
~ which this problem will arise is the vitrification of very large organs such as
the human liver that will cool particularly slowly. At elevated pressures,
similar proportional increases in solute concentration will be required as the
15 cooling rate is lowered. .

Expcriﬁxents (see results below) with kidney slices indicated that V49B
provided viability identical to the viability obtained with V49, V49B may
have greater stability than V49. Variations between V49B and V55B are to
be used as pér the descriptions above for V49 and V55.

20 All cryoprotectant solutions must contain, in addition to. the
cryoprotectants themselves, slbwly—penetrating solutes comprising the "carrier"
‘or "vehicle" solution for the cryoprotectants. Typical examr;les would be
modified UW-sol.utions, Euro Collins solution, or Renal Preservation Solution
2 (RPS-2) (see Table 3). The best mode method used Euro Collins as the
25 vehicle solution of choice for kidneys, modified UW solution (as per Table 3)
as the vehicle solution of choice for the liver, and commercial UW solution
(Viaspan®) (E.I..DuPont and Nerﬁours)_ as the vehicle solution of choice for

hearts,



The HBM is designed to require renoval for cleaning only 5

I nfrequently. Disinfection and renpval of disinfectant f ble trap
area i SWePsB¥REd automatically but presently requires SOWEE%@%)

~attention afterwards to ensure that all uppernpst exposed
surfaces are disinfected and | at er washed free of disinfectant
‘W t hout contam nating the outl et tubek. The option exists of

arranging the outlet tubes at 413, 416, and 417 in such a way 10
that, with specific solenoids attached to them they coul d be individually

purged with water, digsinf g t,pﬁp@ t hus
relieving the operat or of. é}z@?&éfgg’)?g%{ I gen in c ﬁig%{aﬂe bubbl e
trap. Typical protocelfs ferrcrydmopetaimsmduaDGMﬂdu'haomMan miete t hr ough
port 406, it enters, ont ai per 122 (Fig.

In thesw dPr é‘lf‘gnﬁ?BﬁﬁlﬁeHl‘gh"ﬂHQ'tX Sirvivan O "6&852“ gB?itsala conpri ses
-a rect ang%xﬁb m&&ti/ﬂtt bva@héﬂtngt?ﬂlsblaﬂtanbhd a%{donong-tam functional and'and! e,

sl oped flo specl al'ly sl oped feet, arterial and venous t ernDcoupIe
infets, pehx[sungleahfnllew-uparate eshbWusntanutelseS and § had faooaddigipoaliyt e t he

let. Th din b th th ht t
: gf'? ‘and Sﬁ?cﬂgﬂ(mttgcﬂo%? thigures I7Rglr'l:"r ‘?8%\5\&%@ 'g:li:n g ealr: gf | ui 3
runs to therot@els Wekd Avivéd lim@seitylehsttvlcﬁsérételﬂmz& Phase 1 w% lation

anywhere in the container. One needle probe is inserted directly
-t hrough t hequilkibration pesiedaduting awhichnthe Argaacestablishedestabie pbaaclmt directly in

h f flui.d f I
eoul ts, tSharaErE gk o ! ifurSASh U 3 Ptcleafl OB Tkl "By ont v

tgpths of grad@Mifcreadelih c%p?o@étﬁnﬂtﬁﬁﬁéﬂtrafn% that ended macorﬂ:h'ﬁﬂréddﬁ control .
The organ Container may enploy a soft nesh support for the 25

organ sim mlateau &nowaias phas¢ 3.n Afiee smdmg)@ ceein @amounvefjtimednpbatet e (Waters

on”the 1 ohr e wEREIER e AP REPLRUSR! SBaBHARY o Rl BB - cpendont

and became appmxvmb:l:@ 2619 Pthetconddittratioh weds sippedto b el slaeag,ed and is
presently in use. The organ container 122 and the or gan

punp 108 athis- W‘&@éﬁeq“nplwe being phase dnx AsiAeseribedi ini mpre detaid dglow,dead ti mes
apgl dead VHNISS n0& W6CBe W highst concentration anained. In Figure 6, for

example, the phase 4 concentration is 6.7 M, but the final concentration in the

experiment of Figure 6 _was actually 8.4 M. Whatever the final concentration,

the first washout step is indicated in Figure 5 as phase 5, another

concentration plateau. Phase 6 is the cryoprotectant washout phase and phase
20 7 is a post-cryoprotectant equilibration phase.

a) Perfusion pressure: The organ was perfused at pressures
sufficient to overcome the organ’s critical closing pressure but otherwise low
enough to avmd needless damage to the vascular tree. For example, the best
mode perfusion pressure for the rabbit kidney was 40 mm Hg without

25 siéniﬂc_ant pulsation; A desirable range of acceptable pressures has been
found to be 20-70 mm Hg'for different organs and species, including man,
except fbr the iivér. The liver normally receives most of its flow through a
vein at a pressure typically below 10 mm Hg. Rat livers pérfused at S mm Hg
were able to achieve approximate osmotic equilibration after perfusion with
30 V49 for 20 min when no colloid was present, and half of these livers

supported life after transplantation. Consequently, the pressure limits for
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and the t WPA§R2di ng fromthe organ punp to the organ contpmgs’lgzzéhosen
to be as small in inner dianeter as possible for the sane reason.

Most perfusate does not go through the organ |oop L2 as descri bed

above but travels instead fromthe filt-8%s to the in-line anal og
refractometer 5 106. The presently preferred enbodi nent of the

i nvention uses a nodified comercially avail abl e refractoneter

ai amet or ¢ ubi AgerrAre o4t e BB e wsal veity ad ST Flg tedlin 887

| 'arge standar gemiRCatterpl Pe fittings. The nodi fication of
the refractoneter sensing head appropriate for the 10 - final

i nvention could al so co a!mtlahpelIfMlbm(phgfealﬂdl i sheilbegthaode protoooh, t he
ordinarily ava |‘pt er nal

il T
Cor uma’ ot e PeitasiaR v A fiad.out for ks, min to establish byseling. valles

2. sPresent hyscuidr feSisRACEaRAICHIIBRALOKY UBr PAessivel aiP fPactive liR@e)nith Wi th 15
a slow flow of dry nitrogen gas to prevent condensation of noisture due to

t he ensur@\nomlqs@bb;p rashouttiand ghthiermally cﬁllabblrateet}m organ, heret he
vers he eI.e S. area af the

cabinet. In a m)dl
sensi ng devi céh ggn?ye?ﬁétﬁ & Hlvr%gflg{gaﬁy, the' init I pr‘l' WOSBNE Wesi ccant
i nside to eli aibighsy, Tah@ci]ﬁ@é’acﬁ@ite@(ffblﬁ Z&@aninBtes 68 1-2 days or more) tomeet 3

The present unit must be oriented with the fluid flow direction
the requirements of the organ procurement and transportation process. In
10 Applicants’ laboratory, the perfusate in this period was Euro Collins solution
or RPS-2 for kidneys and a modified UW solution for livers. Howeirer, this
initial perfusate could also be another stabilizing solution in a clinical setting
depending upon the needs of the hospital or procurement team.
c) Initial temperature: The. initial perfusion temperature
15 required for the procurement and transportation of an organ, such as, for
example, the kidney, need not be identieal to the perfusion temperature
established during phase 1. For example, while most organs may be shipped
while surrounded by crushed ice at 0°C, other organs may be shipped while
being perfused at normothermia (37°C). When organs are ready for
20 cryoprotectant administration, however, a preselected, standardized perfusion
temperature is established. In the best mode, the initial perfusion temperature
was 3.5-4°C, and the acceptable limits were 0-15°C. The inventors consider
that organs requiring normothermic perfusion. for best long-term maintenance
can nevertheless be cooled to within this same temperature range and can be
25 treated in a manner similar to that of hypothermically-preserved organs
without damage within the relatively short times required for this method.
d) Phase 2: Following the initial baseline perfusion,
cryoprotectant concentration was elevated at a constant rate until a first plateau
of concentration was established. When using a V49-type mixture of
30 cryoprotectants, the proportions of different cryoprotectants in the mixture

were held constant while the total concentration was allowed to change. The



20 "being vertical and upwards. However, the unit is not built to
be used_j ??p - orientation, and body change made to
adapt tWéﬁLf J{ﬁs shape to this orientation. spé%égg“gzezs

The invention allows the operator to access reservoirs in any sequence

"and to otherw se customdesign the process which may be of interest. The 25
operator is even free to switch sol et d positions dependi ng on what he may

want to do. Nevertheless, the follow ng nomnal application illustrates the ™

actuation patterns required to deliver fluid fromand to each indivi dual
reservoir and filter. It a)so ill ust r@t t andar d ;)rotocol s" for

rate of incri t Va Ethe ssl 0
organ B35 Jp terRkeqnerptratian QL VI-tiRG SPHTIONS Was 36k 1P 8P0Uhe syst em
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PCT/ US95/ 1@adaions being 31-150 mM/min. These rates were considerably in excess of - 40-
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(that is, TromRLl or R2) when in the resting state and which accepts fluid
5 nfosbapphizationscof the methad’ binemuglevation of conceatration prometedmon out | et

O 52 e Pt o PGt Uhok G368 Bkl Bl P, 102, i o then
e) Temperature reduction during phase 2: The temperature

was lowered during phase 2 to protect the kidney from the chemical toxicity ‘

10 of the cryoprotectant. In the best mode, the temperature reduction began as
the arterial cryoprotectant concentration reached 1.3-M; acceptable limits are
0.5 M to 3.5 M. Temperature descent was terminated as phase 3 was
reached. The concentration change during cooling was about 2.5 M in the
best mode but may vary from about 1 M to 4.4 M.

15 As noted above, the initial perfusion temperature should be between
0°C and 15°C. The temperature after cooling should fall within the range of
-13°C to +5°C and the total temperature drop during cooling should be
between 2°C and 25°C. Cooling should not continue to belo-w the freezing
point of the organ. In the best mode, the final arterial temperature wés -3°C,

20 representing a fall of 6.5°C from the initial temperature and a cooling rate of
about 0.33°C/min. The overall cooling rate should not exceed 3°C/min in
order to provide adequate opportunity for cryoprotectant diffusion and in order
to avoid possible thermal shock to the organ. .

_ f) Phase 3: The phase 3 plateau was set in the best mode for

25 the kidney at 25% w/v total cryoprotectant (250 grams/liter, or about 3.8 M)
when 40-49% w/v cryoprotectant was to follow, or 30% w/v, (4.6 M) when
higher concentrations (e.g., V55) were to follow, acceptable variations being
20-40% wiv or w/w. The phase 3 plateau was set to a level that was close to
half of the phase 4 concentration. Lower phase 3 levels will increase osmotic

30 stress upon moving to phase 4, whereas substantially higher phase 3 levels will

produce increased toxicity due to longer exposure times to concentrated
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cryoprotectant. The phase 4 concentration may be sufficient for vitrification
(a one-step introduction method) or it may be insufficient for vitrification

(requiring one or two additional steps to achieve vitrifiability).

15 The concept behind the two- (and the three-) step approach is illustrated
schematically in Figure 8. In the "one-step” approach, all of the
cryoprotectant was added in one continuous process (Cl), and cooling to
cryogenic temperatures then occurred in one step (T1) as well. In the "two-
step” approach, part of the cryoprotectant was added in the first step (C1), and

20 the rest of the cryoprotectant was added in a second step (C2) carried out at
temperatures near the freezing point of the solution used in the first step. In
this approach, cooling also took place in two steps, the first step (T1) having
been used to prepare for the second '_concentr'ation increment (C2), and the
second step (T2) being used to cool the organ to cryogenic temperatures. In

25 practice, the first cooling step was preferably to temperatures somewhat above
the nominal freezing points to guarantee the avoidance of crystallization prior

to introducing higher concentrations of cryoprotectant.

In the best mode, the phase 4 concentration was set to 40% (6.1 M) to

44% (6.7 M) w/v V49 solutes, a concentration that was not sufficient for
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sys§ em (or 3$)0 Edran-V49/Vid9BItyss dlutions, the method limits o phase 4 are 359! ow.

Sol enoi d Control Sequence For 15 . St andar di zed

Ri nsi ng/ Pri6A%gw/v cryoprotectant. “The conditions of the solenoid control
. processes are se r ' : 2. of these
control proc esseghggge‘f F%dc@?téaﬁlogcxg splé?lg tfg%p g%r éom in th‘]’-vri\)n% §thux§18§e,
filter-steridcep@blelatibhd dkinghH)-6Mdnial The coneenbation rshpbldcise akldani ng
Herr]Owth , chem cal sterilant between perfusjons; renove _
di si nf ect ansteadyilang enqugh for the organ to closely approach osmotic equilibrium with ‘

10 the perfusate according to the above-described criterion.

For the two step approach, the organ was rémoved from the perfusion

" machine after the completion of phase 4, and was cooled by being placed into

_precooled vitrification solution for 5-30 min (5 min in the preferred mode for

rabbit kidneys, longer for more massive organs) prior to being perfused with

15 the vitrification solution. In the best mode, the organs were cooled toward
and subsequently perfused at a temperature of -22+2°C (if previously

perfused with 6.1 M cryoprotebtant) or-25° i2°C (if previously perfused with

6.7 M cryoprotectant). The temperature chosen at this step will be referred

to as the "low temperature perfusion temperature.” More generally, the low
20 teinperature perfusion temperature may range from -5°C to -35°C.

One embodiment of the appératus used for perfusing organs at the low-
temperaturé perfusion temperature (to accomplish step C2 in Figure 8) is
illustrated in Figure 9. In another embodiment, the cooling and low-
temperature p_erfusion are carried out inside the primary perfusion machine

25 without substantial operator intervention. _

The inventors have perfused rabbit kidneys with V52 at -22°C or with
V55 at -25°C at a perfusion pressure fluctuating between 20 and 40 mm Hg
but usually not exceeding 30 mm Hg, having obtained excellent results after
subsequent transplantation. Acceptable method limits for perfusion pressure

30 range from 50% to 150% of the previous pressure in the perfusion apparatus
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reservoir before its contents have displaced the previous solution
equilibration is determined as usual by the arteriovenous concentration

10 difference. - Acceptable equilibration times were determined to range from

about 20 to about 60 minutes. |
Another embodiment that will apply to organs which cannot tolerate -

exposure to fully vitrifiable solutions at the low-temperature perfusion
temperature is the three-step introduction method. These organs may be

15 successfully cryopreserved by perfusing a less-than-fully-vitrifiable
concentration at the low-température perfusion temperature (step two), which
concentration, being higher than the concentration used prior to, cooling to the
low-temperature perfusion temperature, will depress the freezing point of the
organ to substantially (i.e., 3 to 20°C) below the low-temperature perfusion

20 temperature.  The organ can then be perfused with fully vitrifiable

| concentrations near the new organ freezing point temperature (step three), at’

which teinperature'the fully vitrifiable concentrations will be sufficiently non-
toxic as to be tolerated. This embodiment will apply also to organs that
require it for avoiding coolmg injury. -

25 - h) Rationale Jor the two-step best mode method:

| While not wishing to be bound by any theory, the main rationale for

the best mode two-step method was tlie avoidance of cooling ihjury.
Introducing cryoprotectant at the low-temperature perfusion temperature was
hypothesized to reduce cryoprotectant toxicity as well.

30 _ The invehtors discovered that kidneys perfused at -3°C with V49

survived 10(_)% of the time (14 survivors out of 14 perfusions) but _when they
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were cooléd to -30°C, warmed and washed out using the best techniques
known at the time, the survival rate fell substantially (see Figure 13).: Kidneys
perfused with V52 at -3°C using the optimal techniques of the time survived
75% of the time, but when these kidneys were cooled to -30°C, the survival

rate upon warming and washout was 0%. Thus, cooling caused injury at 49%

wiv cryoprotectant -and caused complete loss of viability at 52% w/v

cryoprotectant. Since, ideally, organs should be preserved in V55 (to avoid
the need for high pressures), this trend was unfavorable. However, a positive
implication was that cooling injury might become negligible at concentrations
lower than 49%, so that cooling to temperatures near -30°C might then be
innocuous. This suggested the possibility of cooling at a relatively low
concentration so as to avoid cooling injury and then raising the concentration

to a vitrifiable level at the lower temperature. This approach would have the

additional advantage of exposing the organ to vitrification solution at a

temperature at which its toxicity should be reduced. Thus, by avoiding

cooling injury, toxicity might also be avoided.

A secondary point was that a variety -of experiments on the

phenomenon of thermal shock in both erythrocytes and kidney slices suggested
that cooling injury below -30°C might be minimal even in the presence of V55
if cooling injury above -30°C were first prevented. Therefore, by first
cooling to near -30°C in the pfesence of a concentration that does not cause
cooling injury, it was inferred that even V55 might not cause fatal cooling
injury when the organ was loaded with V55 at the low-temperature perfusion

temperature and was subsequently cooled to below-30°C.

As noted in the preceding section, the first hypothesis was verified in

that the two-step approach successfully avoided cooling injur_y and the toxicity

of V55 at -25°C. As noted in the results section, the second hypothesis was

also verified in that fatal injury did not occur i:pon further cooling to below

-46°C was also avoided.

If there is no problemw th recirculating the previous
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4. Cryopreservation of the Organ
The next step of any practical cryopreservation procedure, such as
vitrification, is to cool the organ to cryogenic temperatures using appropriate
protocols, with or without prior pressurization. The cryopreservation step also
5 includes the storage of the organ. The .présent invention is not concerned with
the actual cryopreservation and storage of the organ, but only with the
pteparatioﬁ 'of the organ for cryopreservation and the preparation of the

previously-cryopreserved organ for transplantation.

_ 5. Perfusion of the Organ in Preparation for its
- 10 Transplantation

_ In preparation for transplanting it, the organ is first warmed up from
the storage temperature to an appropriate temperature for reperfusion of the
organ. The warming of the organ after its cryopreservation is presently not
performed in the apparatus of this invention. The organ may then be placed.

15 back into the perfusion apparatus of this invention to resume the type of
perfusion protocol shown in Figures 5 and 6 at the beginning of phase 5 (the
first cryoprotectant washout plateau) _ _

_ a) Temperature during phase 5: In the best mode method,
the organ was warmed to approxnmately -3.0°C and placed into the perfusion

20 apparatus to begm cryoprotectant washout at this temperature. The inventors
unéxpectedly found that this approach was superior when the two-step best
mode method for introducing cryoprotectant was used and was successful even
when the final vitrification solution used was V355. Given that the introduction
of vitrifiable cdncentrations was possible at temperatures near -25°C, the

25 inventors had expected that it would be advantageous as well to remove part
of the cryoprotectant at this temperature in order to avoid the expected high
toxicity of ﬁxlly vitrifiable ¢oncentmtion1s at temperatures near -3°C.’ Ifistead,
the dilution of vitrification splution at the low temperature perfusion
temperafure was found to be detrimental. Within the method limits, the

30 temperature during phase 5 can range from -20°C to +5°C.
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b) Cryoprotectant éoncentration and duration of phase 5:
The concentration of cryoprotectant during phase § in the best mode protocol
for the kidney and liver was 30% w/v (300 grams/liter; 4.6 M) to 33% w/v
V49 solutes (D, F, and P in the usual proportions), acceptable variations being
5 20-40% (w/v or w/w) cryoprotectant (roughly 3t0 6.0 M). The concentration
at this stage should not be less than 40% (2/5) of the concentration of the
vitrification solution in order to avoid osmotic damage; in the best mode, the
concentration at phase 5 was 3/5 of the highest concentration perfused.
The criterion for terminating phase 5 and moving on to phase 6 was
10 somewhat different from that previously. employed. It was found that
prolonged periods at phase 5 sometimes led to changes suggestive of cellular
uptake of the LMW OBA that was generally present during this plateau and
that should remain extracellular for maintaining the viability of the organ. It
was consequently determined that the duration of phase 5 should be limited to
15 what is required to allow the A-V concentration difference to begin to return
to zero (in the inventors’ experience, to return from an off-scale value to a
value near -50 mM), rather than prolonged to the pbint that the A-V
concentration difference is no longer rapidly clianging. Note the shorter phase
5 time in Figure 6 as compared to that in Figure 5, reflecting the optimization
20 required for success at thé higher concentrations used in the protocol reflected
in Figure 6. Note also the abrupt end to the recovery of the A-V
concentration gradient in Figure 6 as contrasted with the prolonged
equilibration of A-V concehtration during phase 5 in Figure 5. For the rabbit
kidney, the optimal time was determined to be 9 min. Within the method
25 limits, durations of 0-30 min are acceptable. L
c) OBAs and their use during phase 5: One or more
OBAs (defined as above) were generally present during phase 5.
As previously defined, one way to categorize OBAs, for ease of
discussion, is as LMW (M, between 100 and 1000 daltons) OBAs and HMW
30 (M, between 1000 and 500,000 ﬂaltons) OBA:s. However', there is in fact no
sharp dividing line between LMW and HMW OBAs, and different M, ranges
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BA usage. For application at phases 5 and 6, these new modes consist of

i) combined LMW and HMW OBAs (for use with the highest-concentration
protocols), ii) single midrange OBAs (for high and moderate-concentration
protocols), iii) very LMW OBAs (for lower-concentration protocols), and

15 iv) specific OBA protocols for the liver. in this section, these usages and the
principles on which they depend are discussed generally without reference to
phase 6.

i) Combined LMW and HMW OBAs. For the kidney and
most other organs, the best mode OBA usage was considered to be sucrose,
20 - for example about 300-350 mM, or other LMW OBA in combination with
hydroxyethy! starch (HES: relative molecular mass (M,) of 20-500 kd (20,000-
500,000 daltons)), for example 3-8% w/v, or other equivalent HMW OBA.
Two specific experimental examples illustrated below which yie_lde& good
results after perfusion with the normobaric vitrification solution V55 involved
25 the use of 350 mM sucrose in combination with 3% w/v HES of M, 450 kd.

Other preferred LMW OBAs include maltose, raffinose, potassium and sodium
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15 R3 if Rl substituted for R4. : Description of
t he Met hodaclude polyvmylpyrrolldone (PVP), potassium Traffinose undecaacetate
(available from Sigma. Chemical Co., St. Louis, IL) and Ficoll (1 to 100 kd).
The presence of a LMW OBA is required 0 counieréct the otherwise ‘
10 ~ fatal osmotic effects of a large stepwise drdp in penetrating cryoprotectant
| concentration. In protocol variations employing larger drops in cryoproteétant '
concentration (e.g., lesser -phase 5 concentrations hear 20% wiv.
cryoprotectant),. more LMW OBA is required (to an uppéi' limit of 750 mM).
In variations. employing higher phase 5 concentrations (e.g., 40% w/v
15 cryoprotectant), less LMW bB‘A is i'equ-ired (to a lower limit of about 150
mM). o
This best mode use of OBAs during the first cryoprotectant washout
plateau (phase 5) applies particularly to protocols employing more than 7.5 M
V49 solutes, i.e., to protocols employing less than 500-1,000 atmospheres
20 (atm) of hydrostatic pressure for vitrification. Exclusive use of the LMW .
OBAs mannitol and sucrose were found by the inventors to be compatible with
at best only a 30% kidney survival rate (2 survivors of 7 so treated) when V52
was used in place of V49, vs. a 100% survival rate (14/14) when V49 was
used. However, adding 3% w/v 450 kd HES during washout of the
25 cryoprotectant raised survival to 75% when either mannitol or sucrose was
used as the LMW OBA (6 survivors out of 8 kidneys treated) when the one-
step vitrification solution addition method ‘was used.
The concept of using HMW agents as OBs had not previously been
contemplated, at least in part, because such agents have little osmotic effect

30 in comparison to lower molecular weight compounds. While not wishing to
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the agent was enhanced. '

(b) The oncotic function of a HMW agent could be crucial in
protecting the vascular system from abrupt collapse upon sudden dilution of
the cryoprotectant or could otherwise benefit the vascular system.

10 (¢)  The HMW agent may reduce abnormal cellular uptake of LMW
| OBAs by lowering interstitial volume (thus lowering the pool size of LMW
OBA available to penetrate cells) or by acting as a physical barrier to diffusion

of LMW OBA to and/or through the cell mémbrane. _

(d) The HMW OBA, by its oncotic action to dilate or prevent the

15 collapse of the vascular compartment, §hould facilitate cryoprotectant washout
 and thus reduce osmotic stress caused by lags in cryoprotectant washout.

()  Any abnormal increase in membrane permeability that may

-cause LMW OBAs to partly penetrate organ cells will not cause HMW OBAs
to penetrate, thus the use of HMW OBAs will reduce the net amount of
20 abnormal penetration per miliosmole of OBA that is used. '

The best mode use of HMW OBAs was to use agents that have at least
the osmotic or oncotic préssure of 3-6% 450 kd HES. However, lower M,
agents than this may be better since a relative molecular mass of 50 to 200 kd
should create equal or greater oncotic pressure and still guarantee failure of

25 the agent to penetrate a viable cell. | |
' The combination of HMW and LMW OBAs was preferred because the
former offset the uptake ‘of the latter and added to the latter’s osmotic

effectiveness, while LMW agents provided sufficient osmotic pressure to

accomplish the primary job of preventing cellular water uptake during
30 cryoprotectant dilution. In addition, the high viscosity of HMW OBAs in



1. . Pretreatment of the Donor and the Donated Organ in

Vi vo Wo 96/05727 The donor, in addition to other pgiraisedigas
treatments, received an i nfusion of iloprost (Berlex

Laboratories, Inc., Cedar Knolls, NJ) which is a relatively

| ong-1ived anal og of prostacyclin (PA[err]), or a simlar agent, starting
10 to 20 min. before organ procurenenbd- Applicants have found that il oprost
was effective in reducing the apparent toxicity of _ )
subsequent | y-adm ni stered 10 cryoprotectant after either its -
I ntravenous infusion to, the sli/stem' ' Its
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was Toss of Ravihrhasefed QBRTErbf pekpd RACT ST it ot ingle OBApie, S
congentrat i g hétecldy weigRitang@bf 36D- 20,000 ddiforlsCudeli@t klal cOpeRAlioRs ON

speci es, organ, infusion rate, duration of infusion, etc.
|l oprost waef 2Wil§% myvi nExamples\afr suittble OBAs in this applivatior indlud®) ni n:

accept abl e -infusi o ation.lim - i p £qr L. cadaveric
organ donor E’gi‘v%eﬁﬁﬁ\%%% 8ﬂgfﬂhm{g§la§°‘?‘}:'ﬁi tﬂ"i“g‘gsef a@'tdbﬁ’,osﬁ’lf%eprp(?&ss’r‘fﬂ&/ 20

be infused afd rsediai YRAObibIRE,CMARGIMOSE! hARCSIREsed sthfbdey Paraskignd ti me
(20-60 - . mn). Wiile not w shing to be bound by any particul ar

t heory, i | opaffiseseqindecaacetate, Ficoll gpdHES withinghe spsgifiedymeleculreweighi r ect ‘
cywpr ot ect| W effect. The ineffectiveness ' ~of iloprost in
.protecting ﬁ'ey slices from cryoprotectant-induced injury :

suggests that il gyHiRShotrRishinigni! be BEindBy anP Aievr UkingRSaéntsainOthid hat
facilitates 25 uni form cryoprotectant distribution. Therefore,
ot her vasodWweighb range eftenaadequately combine the:prapertissi ofeLMWiandoHMW de, nitric

oxi de, hype i I ORGQLI oo ' etc., may
be substitu tg%rgf @F&?% %‘e g%é}gs \/vlgurl9 éh?epﬁ.' ice %'lljlp? fsctlhgnTOQqH&)hg&s
vasodi | at i ofeature bfien OB@dcandahisiimperteeability may approach a practically-rélevamgoor t ant

.opig on for r%%ﬁim”ﬂrﬁ' th nrlcﬁgcuullérs wwé?gsh .orbge%ge&r %tﬁa-el%ttg(r)%ntda%}ish or, more
narrowly, of around 360-2,000 daltons. Solutes in this weight range are
relatively osmotically effective while being also relatively low in viscosity and
relatively high in solubility. This middle molecular weight raﬁge is therefore
presumptively the ideal one when neither oncotic effectiveness nor cost is

20 critical. Some agents .in this weight range will also be impermeable to both
kidneys and livers, tlius eliminating at least paft of the distinction between
these organs.

(iii) Very LMW OBAs as the sole OBAs for "low”
concentration methods. When the vitrification method was to involve the use

25 of relatively low concentrations of cryoprotectant, e.g., V49, the use of
mannitol (M, = 180 daltons) as the sole OBA has yielded satisfactory results
(see results section for pertinent data), and the low. viscosities of mannitol
solutions maintained better organ flow than more viscous (higher M)
solutions. Consequently, another embodiment of the best mode was the use

30 ~ of very LMW OBAs (OBAs with M, < 400 daltons) as the sole OBAs when



30 transformng gromh factor beta 1 (TGF[err]1), which prevented

det achnent of WD 96/ 05727 :
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cul tured endothelial cells fromtheir substratumin vitro during

super fusi on with 52% w/' v cryoprotectant, when added to the
culture nediumat a concengyation of 10 ng/m about 24 hours
prior to superfusion. The best nbde use is to adm nister a

bolus injection of TG[err]1 of 0.1 g to 10 [err]g per kg, 2 5

to 4 hours before organ donation with or without. additional injections at
earlier ti.nes vitfifieation emeibods farendsedhabatgemplay @lévajedr ipregsirgs ofantblomran
TGF[err] 1l at ore organ donation
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henorrhage that results from such exposure and al |l ow ng oné ani nal 10

(exposed for Songgntrations werelasy stressful andsmaintainedanerobradgeperiteabiity opee at i vel y.
After cpre-tre nt,in_viwo, .t.he organ, of interest was flushed in situ
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effective sol Webzﬁﬂe'd%rﬁﬁt@hw%sfé&&@ﬁiélyaﬁekﬁhn&‘('_@'a‘ﬂdQﬂmérkﬂFysnbﬁltd(]Hé Tah&}' e organ
procurenent. The conpositions of thése solutions are contained I1n Table 3.

15 ( Shbesause therapsk ofDBAs tends teriscashiarply withdMininghe sangefeomelBs-
[YPEISIIT© . 200 g ot PSR! HARARE AP LA IEQBRR ol Vone)
shoul d i ni ti aiaftosg)ntwalin beel @i Gpknts 1 of e¢lokd Mh tHese "low" concentration
10 'embodiments of the method.
(iv) OBA usage for the liver. For the liver, the best mode
OBA usage was the complete omission of OBAs. Two other preferred uses
of OBAs are the use of HMW OBA alone (for example, 3-5% HES, M,
-10,000-450,000 daltons, or its equivalents as noted above) and the use of
15 midrange OBAs (M, about 350 to 10,000), particularly when the
cryoprotectant washout rate is high.
(a) Complete Omission of OBAs. Experiments with 4 control
livers perfused with neither cryoprotectant nor the nbrmal HES of modified
UW solution indicated that life support function could be obtained in three
20 cases. When the experiment was repeated with the inclusion of V49'
| perfusion, and no LMW osmolyte was used, not only did about 50% of the
livers support life after transplantation, but they did so after almost complete
equilibration with V49, in contrast to livers perfused with V49 in the presence
of HES, which equilibrated poorly and had a survival rate no better than the
25 livers perfused without HES. Therefore, neither LMW nor HMW osmolytes
were mandatory for livers. |
* While not wishing to be bound by any theory, the acceptability and the
desirability of omission of all OBAs for the liver were thought to be based on
the liver’s high permeability to both cryoprotectants and nominal LMW OBAs.
30 " The liver is unique in that its parenchymal cells are exceptionally permeable

to LMW solutes, including cryoprotectants. This allows faster rates of
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used to wash out all of these agents as cooling and bl ood washout -

PUeT Organst ndor
mposi tions o usion
tosthost other types of tissue, including the kidney, and using smaller changes
in concentration. did not produce improved survival in liver cells after
cryoprotectant exposure and washout. Withlljespect to the intact liver, note in
Figure 10 the reasonably steady flow rates (suggesting'no excessive osmotic
cell swelling) during washout of V49 from the liver despite the absence of
both LMW OBAs and HMW OBAs. Finally, since liver cells are somewhat

permeable to sucrose, sucrose will be relatively ineffective as an OB during

cryoprotectant washout, but its leakage into the cells might actually cause cell
swelling upon transplantation.

v) Exclusi‘ve Use of HMW OBA. The above-described
experiments revealed one difficulty with the omission of HES, and that is the
fact that only 3 out of 4 control livers (no cryoprotectant) survived perfusion
in the absence of HES, vs. higher survival when HES was used. HES or its
equivalent may therefore have to be present to adequately support hepatic
viability regardless of the presence or absence of cryoprotectant. Because
HES cannot be present (except at minimal concentrations) during the loading
of vitrifiable cryoprotectant concentrations due in part to its unfavorable effect
on viscosity, one way to maximize HES for maintaining viability would be to
add HES only when the cryoprotectant is being washed out, simply because
perfusion with HES will be more feasible from a physical standpoint (lower
viscosity) when the cryoprotéctant concentrations are low compared to the
vitrifiable concentrations, and when these concentrations are falling rather than
rising. In this context, HES would not necessarily be acting as a true OBA
but only as an ordinary osmotic support agent. Nevertheless, the HES would
be used in essentially the same manner procedurally as it would be used if it
were being used as an OBA, so from a practical point of view this would be
the equivalent of using a HMW OBA-as the sole OBA. Furthermore, it must

be remembered that the liver consists of more than merely hepatocytes, and

5
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of liver in question to withstand the absence of HES during control perfusions

5 " and to withstand the absence of ‘HES during cryoprotectant elution. |
Although the liver did not equilibrate well with cryoprotectant when
perfused with a combination of cryoprotectant and HES in the above-described
experiment, this problem can be overcome by using an osmolyte with a
sufficiently low M, to control viscosity adequately, e.g., HMW OBAs

10 equivalent to HES of M, = 2-50 kd.

(c) Midrange OBAs for rapid crj’oprotectant efflux from
the liver. OBAs ranging in M, from 350 to 10,000 daltons, being less
permeable tﬁan sucrose, yet considerably less viscous than most HMW OBAs
(hence, perfusable at a sufficiently rapid rate), may protect liver cells other

15 than hepatocytes from osmotic injury, especially during very rapid rates of
change of cryoprotectant concentration. Therefore, either one such agent or
a combination of two or more such agents falls within the method limits for
the liver. _

d) ﬁhase' 6: Gradual reduction of -cryoprotectant

20 concentration to zero with simultaneous elevation of perfusion temperature:
In the best mode method for the kidney, the g‘radﬁal reduction of
cryoprotectant concentration to zero or virtually zero was carried out at a
constant rate of about -42 mM/min-(acceptabIe variations being -31 to -75
mM/min for the kidney and most other organs, or -31 to -150 mM/min for the

25 | liver). - Non-constant declining concentration schedules (rapid fall at high
concentrations, slower fall at lower concentrations) are also an acceptable
variation, e.g., a linear fall at.1.51 times the average linear rate for the _ﬁfst
third of the washout followed by a linear fall at 0.86 times the average linear
rate for the second two-thirds of the washout. '

30 - During cryoprotectant washout, the temperature was elevated to

facilitate washout, reduce osmotic forces, and restore a perfusion temperature
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0.05 0. OQ2&oncentration change during warming) as illustrated in Figures 5 and 6.
Acceptable variations for the concentration at which the température initially -
. rises are 2.5-5.5 M and for the concentration at which temperature rise is
completed are 0.5M-4.5M. |
- 10 e) OB washout during phase 6: The general method for
OB washout during.phase 6 was to incompletely wash out the LMW OBA
while maintaining HMW OBA concentration (when HMW OBA was present)
constant or reducing HMW OBA concentration by only 1-2% w/v. More
particularly, as penetrating cryoprotective agent concentrations fell, the
15 concentration of LMW OBA also fell in proportion reaching a final nonzero
concentration of OB when penetrating cryoprotectant concentration reached
zero. This final nonzerd concentration of LMW OBA was 50 mM in the best
mode method and may acceptably vary from 25 mM to 500 mM. As an
example, in the best mode (Figure 6), in which 350 mM sucrose was brought
20 to. 50 'mM sucrose while 5.0° M cryoprotectant was reduced to 0.0 M
cryoprotectant at a rate of 42 mM/min, sucrose concentration dropped at the
rate of 2.5 mM/min.
While not wishing to be bound by any theory, during reduction of
cryoprotectant concentrauon, absolute . transmembrane osmotic forces
25 attributable to the cryoprotectant transmembrane concentration gradient became
reduced, thus reducing the requirement for osmotic buffering. Reducing OB
concentration during cryoprotectant washout -was therefore designed to:
minimize osmotic damage from the OB both during cryoprotectant washout
and thereafter and was further designed to reduce potential cellular uptake of
30 nominally non-penetrating OBA.  No previous perfusion technique of

- cryoprotectant washout has ever made use of this "declining OB principle."
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Cryoprotective Agents: Formulae of the Vitrification

~Solutions V49, V52, V55, V49B and V55B 20 Al l perfusion
experinments were carried out using sol Utions designated her e
by V49, V52 and V55 (V49 has sonetines been referred to as V4. '
V55 has been referred to as VS41A.). At low cooling rates (5-10C/ mn) V49
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of DHF+P per 4 Lo g AP copMiectdilds I GorkiRhiéto PATRseThe Drfiil 1o bl Was 150
| it to fully equilibrate with the cryoprotectant-free medium and, if désir_ed, to
continue or cbmplete the washout of the OB. In the current best mode for the
kidney, 50 mM sucrose and 3% wiv HES M, 450 kd was attained at the end
10 of cryoprotectant washout, and no additioﬁal washout of these OBAs was
undertaken prior to transplantation. Although it is acceptable to leave such
low concentrations of OB in the organ during short holding times before
transplantation, interstitial OB is expected to cause osmotic expansion of the
interstitial space during blood reflow with a consequent temporary reduct'io'n
15 | in organ perfusion in vivo. This effect will become unacceptable at higher OB
concentrations (= 100-500 mM, or = 3-7% w/v) and will necessitate at least
partial OB washout before transplantation. A further problem with l.eaving' OB
in the organ for extended times before transplantatidn is the potential leakage
of OB into organ cells with consequent cellular swelling and reduced perfusion
20 upon transplantation. In experiments with V49, the inventors typicélly washed
out 50 mM mannitol over the course of 30 min with complete success updn
transplantation. However, it was generally observed that leaving 50 mM
LMW OB in the kidney for short times before transplantati-on was beneficial
at higher cryoprotectant concentrations, in some cases 'repres'eh.ting the
25 difference between organ survival or death. It _has never been obsérved that
leaving 50 mM mannitol or sucrose in the kidney prior to transplantation was
more detrimental than entirely removing this final concentfatioh, so the
washout of OBA during phase 7 is primarily concerned with reducing LMW
OBA concentrations dbwn. to less than about 100-500 mM and with reducing

30 HMW OBA concentrations down to less than about 5-8% wiv. -



grans. Thus, per liter, D+ F = 340 grans, F = 124.33 grans, and

D = 215.67 grans. This m xture of cryoprotectants was preferred based on
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be el evated to 18:34 and/or -72- the total concentration raised to
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t ol city 29more extended fimessR0-90, mimethatedegendicn theaperfissiom aesissancet he three
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15 | ) i) The three-osmolyte washout technigue. In the
inventors’ early e_xperi_e,ncg involying perfusion of 8.4 M cryoprotectant at
about -3°C (one-step additiqn technique), éonsistent control of vascular
resistance during cryoprotectant washout and excellent appearance of the
_kidneys 40 minutes after transplantation were obtained when the following
20 procedure was used, and only when it was used.
After perfusion with 8.4 M cryoprotectam., the concentration of the
cryoprotectant was dropped to about 5.0 M with the simultaneous introduction
of 250 mM sucrose and 4% wiv HES. After a 9 minute phase 5 plateau, the
standard linear sucrose washout technique was followed while holding HES
25 concentration constant.. at 4% wi/v. However, once all cryoprotectant was
removed, the HES concentration was gradually reduced to 3% w/v while the
sucrose co_ncentration was gradually reduced to zero and mannitol was
concomitantly introduced to a final concentration of 50 mM. |

Thus, the innovations involved in the three-osmolyte washout technique
30 were: 1) to combine a HMW with two LMW OBs resulting in a 3-OBA .
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The cryop™®@88At s used for organ perfusion were adjusted BS ,vt\I/esgsr??btzFl"'e
limts represented by V49 and V55, dependi ng upon the pressure to which the
organ was to be subjected. Balancing an organ's tolerance to high pressures
and its tolerance to high cryoprotectang3concentrations all owed

-optim zation of 5 t he tradeoff between pressure and concentration
required to maintain vitrifiability. For exanple, an organ that
cannot tolerate 1,000 atm but that can tolerate 500 atm may be

perfused w t hmediind, @od{2ntorreplaceoné Befsuerose)orith another OB (magwgotyjustrs/ | i t er
to a maxi nmum of. a?cgﬁ% 620 rams/liter, may be used when
het er ogeneousPHAt PENE%01 ing is a significant problem since the 10

nucl eation process vgite hbe wistng flo e Bodhdbg | @9t ddoryC ahidr apprédch whs | be
suppressed at these higher concentrations. One exanple of a situation in
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concentrat i onmuléduldrendighivi Hewedsr, UiRkel mannitol, it doe9abt ke aaY @biliky kover ed.
Experinments (see results below) with ki-dne%/ slices indicated that V49B
provi ded vi abdnenoch fresaadicabreagtionsduripg Aeparfusionfithe aegan withbload upamoB may

transplantation. By using sucrose to carry out the primary osmotic buffering
function and mannitol to maintain osmotic buffering at the end of the
10 perfusion, the advantages of both agerits weré obtained and the disadvantages
of both agents were avoided. Second, 4% HES appeared optimal for
balancing the tradeoff between minimizing viscosity while maximizing osmotic
and oncotic effectiveness during phases 5 and 6. Finally, 4% HES was
reduced to 3% just before transplantaiion to minimize perfusate viscosity and
15 the quantity of interstitial HMW species.
' It is not to be construed that this method depends specifically on

sucrose, HES or mannitol. The governing principle involved is a general one.

6. Treatment of the Organ and the Recipient at the Time
of Transplantation and Thereafter '

- 20 - It is important that the recipient receive aspirin (acetylsalicylhte, 1-3
mg/kg) and heparin (100-250 units/kg) shortly before release of the vascular

- clamps and reperfusion of the transplanted organ, both higher and lower
concentrations of both drugs resulting in vascular obstruction and failure. The

best mode concentrations were 2 mg/kg and 200 units/kg, respectively. It

25 may also be helpful to_graduaily infuse agents that reverse sulfhydryl oxidation
(e.g., aurothioglucose or N-acetylcysteine at serum levels of 0.1-10 mM),

inhibit extracellular (e.g., -2 macroglobulin, amiloride, tissue inhibitor of
metaﬂoproteinases (TiMP)) and intracellular (leupeptin, glycine) proteases or-

facilitate endothelial cell adhesion (TGFg1, 0.1-10 pug i.v. per every 5 min for

30 40-300 min). The inventors have found that dimethyl sulfoxide reduces the



have greater stability than V49. Variations between VA9B and V55B are to
be usedygfg(?@g@pt he descri ptions above for V49 and V55. 20?%/%895/10223

Al .cry ant solutions nust contain, in addition to

cryoprotectants thensel ves, slow y-penetrating solutes conprising the
“carrier" or "vehicle" solution for the cryoprotectants.

Typi cal exanpl es woul d be ~ -TAypdified UWsol utions, Euro Collins
solution, or Renal Preservation Sol ution 2 (RPS-2) (see Table
3). The best node nethod used Euro Collins as the 25 vehi cl e

| uti f. choi . kid i fi.ad. | ut i le 3 '_
2s. the ven oy of ferf el BC3eSrons Wpblblefissy B CAR 08B Sodf L bt ut i on
(Vi aspan[ eniapsivé Rldvatibhiffnirimirg tNOKindsES hfters thich ranspdritatiors of uhbkin of choi ce

for . hearts. WO 96/05727
PCT/ US95/ 1kisingys. | o - 54-
3. Prot ocol for Perfusing the Organ with Cryoprotectant

Typi cal protocols for cryoprotectant introduction and renoval that were
shown to YIHL.d Meirdd efori the APelfisioruof @ OrgadbWitki Ngys after
cryopr ot ect ant Wt ted ?g??#mkﬁﬁson and long-termfunctional and 5
hi St ol ogi cal fo é zf Figures 5 and 6 and -are additionally
described in the flow charts of Figures 7A-E. As designated in Figure 5,
t he protocols were divided into at l-east 7 discrete phases.
Phase 1 was an In addition to theuorgaircryopnotestion operfisianngrotbealh, thee or gan
est abl i shed stabl e 'asell idne . L S . _
apparatus and methods described herein are capable of use in a wide variety ‘
of protocols for conventional organ hypothermic and normothermic
preservation. In addition, a wi_de variety of normothermic pharmacological,
10 physiological, and pa_tho;ihysiol_ogical protocols are possible using the
apparatus and methods of this invention. The inventors indicated many of
these possibilities earlier and in describing the steps required to carry out

many of these protocols in Figures 11A and 11B, which are self-explanatory.

IV. Results

15 A.  Endothelial cell protection with TGFgI
TGFg1 .allowed endothelial cells to- remain -properly attached to
fibronectin medium or substrate in a culture flask when washed with
cryoprotectant solution Table 4. TGFBI is expected to have a similar effect

on endothelial cells in vivo.
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* Detachment was determined by trypsinizing the flasks after each
experiment, washing out the cultured endothelial cells and counting
them. Detached cells removed during the superfusion are not seen in
this assay, causing the cell count to go down.

B.

Rabbit Kidneys.

1. Suitability of V49B-type Solutions. _
Viability data from rabbit kidney slices after treatment with V49 or
V49B are shown in Table 5.



- 55- livers are 5-40 mm Hg t hrough the portal vein, and 5-70

mm Hg t hrough t he hepatic artery. b)
Initial &?‘%’éy%n (phase 1): In the best node protocol, FPCT/US95/10223

perfusion was first carried out for 15 mn to establish baseline values for

5 vascul ar resistance and calibrations (for pressure and
refractive index); to erB8ure conpl ete bl ood washout; and to .
thermally equilibrate the organ, here the rabbit kidney or the
rat liver. Cinically, the initial perfusion tinme is arbitrary,

and can be adjusted (fromzero mi %@E&LO 1-2 days or nore) to neet .
the requirenents of the organ proc t and transportation process. In 10
Appl i cant s' (faboratory—theperfosate T thr-s—pertod—was—Eur-oCol | i ns

sol ution or RPS-2 for kidneys and a nodified UWsqlution for
livers. However, Vidbilgy of Rabbit Kidney Slicesi Ereated Withs ¥#2 ot ¥dPB al sq be anot her
stabilizing|solution in a clinical setting dependijng upon the

needs of the,hospital or procurenent tea c)
Initial tenngcgf? L. The initial |perfusi %Ntaé'ﬁ‘g‘_’i?fﬁ%me 15 requir ed
for the progpurenent and frahqpnrtaflnn of uch as, flor

exanpl e, th=vk§9dney need not be |i dent i cal 3t43 -”160 @@ fusion tgnperature

est abl i shedigt++rg—plrase—t—For—eaxanptre—whtt+e—nost—orgars—Hay be shi pped
wfi | e surrouNd@B by crushed ice gt Of err] C3.23t-he0.@&tgans may HBe shi pped

whi | e belra perfused Jat nornotherma (3/C). VWhen]organs are
ready for 2 yoprotectlant adninistration, however, la

presel ect ed, *fa0N@ AR5 ROkELS RS washm% out the crybftOREhAL 4AE | S establi she‘

In_the best ppg unJhﬁcbﬂicLl'ﬁEespﬁFzS*@rdP@ niHRES @ pefric active nas
3.5-4[err]C, trﬁﬁﬁoﬁ%{eKagﬁ@%a e limts were O-15[err]C. The inventors

consi der t hat organs requiring nornothermc perfusion for best
.l ong-term nai nt enance can nevertheless be cooled to within this
sane tenperature range and can be '

10 2. Suitability of V49 and V52 for the Intact Kidney.

Figure 12 shows post-operative serum creatinine levels of rabbits which

" had received transplanted kidneys that had been pfévibusl_y perfused with V49

in Euro-Collins solution. Prior to procurement, the kidneys were treated in

vivo with zero, 15, or 25 pg/kg of iloprost administered by systemic

15 intravenous infusion over a 20 minute period. Kidneys in these three groups
were exposed to V49 (7.5 M) at +2°, 0-2° and -1° to -6°C, respectivély.

Initial and final perfusion temperatures were 2°C in all cases. Rabbit

survivals in these three groups were 5/16 (31%), 6/10 (60%), and 10/10

(100%), respectively. Only data for rabbits surviving the first night after
20 surgery are included. Rabbit survivals depended entirely on the function of
the transplanted kidney because a contralateral nephrectomy was performed at

tﬁe time of transplantation, and no support by dialysis was attempted.

Histology in these rabbits was poor at long-term follow-up without iloprost

treatment, marginal with the lower dose of iloprost, and normal with the

25 higher dose of iloprost and the lowest perfusion temperatures. The restlts of
| control (no cryoprotectant) perfusions with Euro Collins are included in Figure

8 as well (bottom curve). Although damage in the best V49 group is greater



25 treated in a manner simlar to that of

hypot herm ca Pr eserved organs w t hout damage_wi thin the

rel ativel W ?ﬁﬂ\g? %ines required for this method. pCriusosjions

d) Phase 2: Followi ng the initial baseline perfusion, :
cryoprotectant concentration was elevated at a constant rate until a first
pl at eau of concentration wex/-established. Wen using a V49-type
m xture of 30 cryoprotectants, the proportions of different
cryoprotectants in the mxture . wer e hel d constant while the
total concentration was allowed to change, The WD 96/ 05727

PCT/ US95/ 1022than in the controls, all damage appeared to be fully reversible within a shortgg_

rate of incre oncentration for V49-type solutions was set to
about thig pog[fb%ﬁl/elﬁ (nomnally 3 Mhr) in the -best node for the

ki dney, accept abl eTable 6 shows that\vafehahiauampbwhmmaaa{d&&elimsncce?hmse rates
wer e consi der abl i n excess of niMm n rates used by
R;]f 5he result

known t echni qlrésMf efyoBraieatas|to £ M SFXS’BW‘%"FW‘ w35 BEREY WA wer e
consi gdered t ogl Pﬁ{éﬁﬂlﬂ@ %?%?Eﬁ&ﬁ%c dftdd /e Yl}esio‘PtWIJnQ used to wash out OSt
applitcations 0

i near evat I on of concentration pronoted
equi li brati 0ntthtMMcmmmnng‘lmnmeoékifsrdlloweﬂahgmmwaboﬁ 75 % toff eabbits .

bvor 00 dar | ngepptSsRter aspapReR. (ievinedhe)-MPDHALS Ll FBbin kidueN ci 1y 10

of the cr yOpr\%Eﬁltsé'%nef'id?alttB%Pﬁﬁfne?P&lﬁer thée thﬁgﬂl%tﬁﬁéﬂ erduidlgpt i on began as
the arterial cryoprotectant concenttation reached 1. acceptable limts
are
“Table 6
10 Recovery of Whole Rabbit Kidheys
Perfused with § M Cryoprotectant
% Life
_Treatment Support
Function
A. Standard Protocol with Either Mannitol or Sucrose Washout - 0
B. Modified Protocol with Ist Plateau Raised to 30% and 3rd 8
15 Plateau Raised to 33% w/v to Reduce Osmotic Stress
C. Same as B, but Lowered Perfusion Temperature from -1.5°C 29
to -3°C
D. Same as C, but Used 3% HES During Washout of _ 75
Cryoprotectant and left 50 mM Mannitol in the Kidney Until
20 Transplantation
E. Same as D, but Used Sucrose vs. Mannitol 75
F. Same as D, but Removed All Mannitol Before Transplantation 0
G. Same as E, but Removed All Sucrose Before Transplantation . 33




0.5 M to 3.5 M Tenperature descent was term nated as phase 3 was

reached centration change during cooling was about 2.5 Min the
best nod‘é%%g’f’g’%gy vary fromabout 1 Mto 4.4 M 15 PCT/US95/1022%s ot ed
above, the initial perfusion tenperature should be between

O[err]C and 15[ err]C. The tenperature after cooliing should fall wthin the

range of ~-13[err]Cto +5[-88+]C and the total tenperature drop
during cooling should be bet ween 2[err] C and 25C. Cool.i ng

shoul d not continue to below the freezing ) poi nt of the organ.

In the best node, the final arterial tenperature was_- err}{C 20
representing a €al | ofOveraming | Coalingrinjma ¢imi?67 @I andofigeieist at 8-4Mi a cool i ng
rate of alésmeproteg@nérr]1 C/ min. The oveérall cooling rate shoul d

Tor o yanrot et HheR Bidhebd spe epis, wipGARF 719 W8 9F SIRLEREDPOL T ¢

- thermal shogking B3 %hHES' 8@ing washout as m Table 6, they ‘were fsiill RiasR: ?o The phase
3 plateau was set in the bes e fo the kidney at 25 % wv

totdl cryopmiheend eoolins g3@°r%/(ﬁaué¢ 13br vawomoe@ wrwyal rate at 49%  when

i gher concElPPRITaE 0. o Tiyas’ 30t 8°%5@Pf§w°§&*eé§?€do“‘l 138 2t ons
bei ng survival rat®of @6 8/M groupvfeM olh%. phase 3 pl ateau was set to a |evel
that was close to hal f of the phase 4 concentration. Lower

phase 3 levels Nt'llqughrﬁ’l"t?agﬁﬂli% ARk wag due to the greaerstimp SAIHERG Iy to phase
4, whereas §W%§5‘l‘il%%(¥ wg g to'lllé'l?eS age lt?s¥@é ﬁxc\é‘e’vldence md{caéetdetgalp roduce

i ncreased t Oxi Ci er exp sure I mes” to concen
W0O106/ 05727cooling per se was actlvely demmental As seen in Figure 14, exposure of

PCT/ US95/ 10223 -57-
slices to 8 M cryoprotective agent at 0°C was consnderably more damaging
than exposing them to 6.1 M cryoprotectant at the same temperature (cf. bars
2 and 4), and cooling these 8 M slices to -23°C caused édditional injury (cf.
bars 2 and 3). Interestingly, however, cooling 6.1 M slices to -23°C did not

15 cause additional injury (cf. bars 4 and 5). Even more interestingly, when
slices loaded with 6.1 M cryoprotectant were transferred to a -23°C solution
of 8 M, or even 8.4 M cryoprotectant, there was still no damage associated
with cooling, nor was there damage associdted with cdqling, nor was there
damage associated with exposure to these higher concentrations (cf. bars 4 and

20 5 to bars 6 and 7). In fact, slices exposed to 8.4 M at -23°C according to the
two-step approach (first cool, then expose to higher concentrations, bar 7) had
more viability than slices simply exposed to the lowest concentration of 8 M
at 0°C without cooling (bar 2, p=0.033). These results showed that, at least
in slices, both cooling injury and cryoprotectant toxicity were preventable by

25 _c;,ooling first in a low concentration and introducing higl1¢f condentra_tions only
in a second step at the lower temperature, in this case ;2.3°C'

" Re-examination of Figure 13 suggested that the same phenomenon applied
to the intact kidney. Recovery was higher at the lower concentration of
cryoprotectant, and if one drew a line connecting the 8 M cooled point and the

30 7.5 M cooled point, it extrapolated to 100% survival at some concentration

below 7.5 M. Because the linearity of such an extrapolation was not known,



cryoprotectant. The duration of phase 3 was set to about 10 mn in the best

node proce%;ms%cept abl e variations being 5-30 mn, dependp P;g,mzn
per fusi on pressure (and thus organ flow rate), vascular

resistance, ongag, HYLIBaRREIAM { O cryopr ot ect.
rapidity of tox {48l The duration was long 5 THIS SHEET MNSCHEEN

all ow t he or,gaiﬂ““ﬂﬁmﬂ&u ppr oxi mat ef79- osnotical |y edui | i IRERUASED '
With the arteri ite, " as indicated by an arteri overeds—eoreentrati on
di fference no greater than 50-200 M so as.to mnimze unnecessary osnotic

stress during the subsequent .j to_hi gher cgncentrations. .

) Porf usi on i FVERIOR sieced 1 1k Bxptsingy AT SO0Eiraib somfermably

or three-steppERWPS MA izl eWith TR NOE dsMinGROSIRR dxpetim@nd r om phase 3 to phase

4 was necessaré/_ to control the exposure tinme to highl

concent r at ed The results of thipexpesicnentare indicatadadodigureokic e k00 &tofdhe nay be

ffici for. vi i fi ' . - ' d Lon _ hod
or it ry be_ i loadsf Vi 6.1, i, propsqrecsihe UBokh B ML GAzhGRad T 0O0)
two agditi onakyagmedupt@rat6dtl QH@icated fih ftheftiser) Yt)pportedﬁfe,_givi_nﬁlexcellent The

concept behind the two- (and the three-) step approach is illustrated
schemat i cal | ymeanFsegume cpatining lemels" afies- éﬁecﬁaVSa&%r.da@m, aggaptabie tpeak

Cryogeni o t enpEaRPetes. PG, Flle 1S SRt A8 sl ot IGBe 8, MR o
st ep” appr oacBrydpédteci@it dth8°Cl doulingtte C239C, adthawgadusing theckidndyswitht ep

(C1), and 20 - the rest of the cryoprotectant was added in a second
step (C2) car Bi M cayapregectant until equilibfiumpsastaghieyedheafs tinether pIgYioN§ poi nt

of t sol uti ' 5L - abhiiecapRr h,

cool rlﬁg al so ? g%ﬁ&é—%@“%?%&bﬁ%‘%éﬁﬁﬁ Wép_\”?srhgfi og% ‘ésﬁn% }%) Hﬁgvﬁﬁﬁgﬁﬁ

been used to poguEdt o fheresults of treii-ste Oy Bprotici2m additior Mettiod(fopweand t he
second step (T2) being used to cool the organ to cryofgeni c tegr?eratures. In

|
25 pb¥ceaatiag tons0f C; digetsol I gthe 1& M viddneys afcFigure, 160hadeaper at ur es

somewnat aboVgyeellent survival rate of 7/8, and the kidneys that did survive were not |

different from the 6.1 M kidneys in terms of their Cr,, and pCr values, in full
15 agreement with the slice results of Figure 14. Furthermore, as shown in

Figure 17, when kidneys were perfused with 8 M cryoprotectant at -22°C,

they could"then be cooled another 10°C to -32°C (colder than in Figure 13),

with 100% survival upon warming and with Cr,, values identical to those of

slices exposed only to 6.1 M cryoprotectant, again in complete agreement with
20 the predictions of Figure 14. '

The inset of Figure 18 shows that the injury associated with cooling
increases between -30 and -60°C but does not increase with further cooling to
near the glass transition temperature. The main portion of Figure 18 shéws
an attempt to more precisely determine where between -30° and -60°C,

25 cooling ‘injury stops increasing. Although the magnitude of the drop was
somewhat small in this experiment, it appeared that slices cooled to -45° to

-50°C experienced a maximum amount of cooling injury.
' Using the information of Figure 18 as a guideline two additional
experiments were done with intact kidneys. After spending approximately 9
30 months' optirnizing the procedure for introducing and removing VS5, the

folloWing optimum method was identified. The first step of the two-step



the nom nal freezing points to guarantee the avoi dance of crystallization
prior to introduci ng higher concentrations of ectant.
In the b‘ggt96/%7 ‘é, t he phase 4 concentration was set to 40% é&?g"n_o
44% (6.7 M W v V49 solutes, a concentration that was not sufficient for
WO 96/ 05727 o

PCT/ US95/ 10223 . = -80- - 58-
vitrification (Figure 6). Acceptable variations for sub-vitrifiable
-concentrations are 30%wWv to 48% w v V49 solutes or their

[ lent. F th e- I nt ' 4
Concent r at | BIPTHER WaR BLPATTioR 4 wenGogPEpierient r T3 MY 598 &d0igh i 7 4.0 2 °

M for V49- 7&{1 A9B-EVBE peffusibh Qith (V3" (5398 EPYdprote&Ent i LU ¥). SThe 5).
For non-V49/V49B type solutions, the nmethod Iimts for phase 4 are 35 %

60% w v cr ykidneysewernthen warmed back to -3°C and weeeswashed owi avitly 3% wiv was hel d

teady f i j t best d . . .abhl jati bei
000 vt SRt a5 M R TR Bt ey TP BRRBAA NSy o2, 051
forsthe orggafivival ShRSREofEPRUPDE RIIABYS o Breated] PThesd Kithéysldoked t he

perfusate according to the above-described criterion.
For- t he twoexceHentagfter décmin ofibloodgaflowais vivarandidast shown ineFigare 19i on

machine aft g, ke GBI Fedul P8R ik 180 tRoar ‘R BeRSly Pmgfe "6 P! aced
excellent result. Furthermore, one kidney perfused with V55 at -25°C by this
procedure was cooled to -46‘_’C prior to warming -and washed by the same ‘
10 procedure used in the non-cooled V55 kidneys. The result for this kidney,
also shown in Figure 19 (dashed line), was similar: the kidney looked
excellent upon transplantation and, at the time of submiss‘ion.of the patent
application, was restoring serum creatinine to a value near 2 mg/dl. The
kidney showed a peculiarly delayed recovery, maintaining creatinine at values
15 near 15 for an unprecedented amount of time, but the peak creatinine and the
rate of return of serum creatinine back to baseline after this long delay were
not different than what was observed for the other two V55 kidneys. _
Taken together, the slice results of Figure 18 and the intact kidney data
of Figure 19 indicated ;hat rabbit kidnt:ys can now be cooled to the glass
20 transition temperature without losing viability. Furthermore, since Figure 19
employed a concentration of cryoprotectant that vitrifies without applied
pressure, the implication is that high pressures are no longer mandatory for

organ vitrification.
D. " Pertinence of Animal Data to Human Kidney Cryopreservation

25 1. First Human Kidney
A 232 gram human kidney was perfused according to.the method of this
invention and was then vitrified. Digital data from the method was captured

using a BASIC program and was edited and plotted using a sigmaPlot 5.0



precooled vitrification solution for 5-30 mn (5 mn in the preferred node
for rabbit ki dneys, |onger for nore massive organs rior to
bei ng per fWO&60§12fh 15 the vitrification solution. I 988323 npde,
t he organs were cool ed toward ~and subsequently perfused at a
tenperature of -222[err]C (if previously perfused with 6.1 M
cryoprotectant) or -25 2[err]C (if pre\_/élgusl y perfused with 6.7
M cryoprotectant). The tenperature chosen at this step will be referred
to as the "low tenperature perfusion tenperature.” Mre generally, the | ow
20 tenperature perfusion tenperature may range from-5[err]C to
- 35C. graphics package QindenSeientitis) SanfRafit, €p)ao Fenerateste dama irper f usi ng
organs at the | ow tenperature perfusion tenperature (to
accoLrpI i sgbséﬁsu@é 20A.RRuand 8. i s - illustrated in Figure 9. In
anot her enbodi nel e. ' : ' per fusion
Flf‘vgi &&ga *nﬁlgglee%ﬁgﬁlodl ?l}ﬂft the method of the fé@%@bl‘gdﬁc%ﬁt LS

are carried out primary perfusion nmachin

substantial oferexpested nésalty gmthiohuman kidney. Although the ridasuredvmolaritys have
perfused rabbit kjidneys with V52 at -22[err]C or 'tﬂ : 3 . Vb5 at
-25[e¥r] C at wWapesHghtly greagrethan the fiaggst malanty 8k fise firss ostep, ghange i Hg

but usually n e i i bfiai lpdt ts after
subsequent t r%r?gbﬁgaﬁfoglt irgg%ﬁR'A(r?ggp %tblmzé/nde}gﬁlgdihléi ?nﬁtgsﬁi“%? ;;E?f%@lﬁ%ﬁi pressure
30 r angasdnably @80 t 0 150% of the previous pressure in the perfusion

apparatus 96/ 05727 .. :
p?:1p-/ US95/ 10223  The data i\:x\%igure 20B from the same human kidney show that resistageg

(expressed as mm Hg divided by flow) and flow (ml/min/gm of kidney)

10 behaved in a way that was qualitatively similar to their behavior in rabbit
kidneys. | o |

The data from the subsequent vitrification of this human kidney

demonstrated that this method perfdrmed adequately. The data in Figure 21

| provide no indication of freezing of the kidnéy which would have been

15 represented by a temperature plateau followed by a relatively rapid fall in

temperature. After an initial thermal lag above 0°C which represented the

time for the external temperature front to pénetra’te through the mass of the

kidney to the temperature probe in the middle, the temperature dropped rather

smoothly, revealing virtually no evidence for ice formation.

20 -2 Second Human Kidney .
This human kidney was a pediatric kidney from a four month old donor. |
This kidney was stored for about 79 hours after it was collected but before it
was’ pérfused with V55 cryoprotectant according to the method of this
invention. The data in Figure 22 show the perfusion of this kidney with V55
25 " (ascending portion of the curve), and the removal of V55 cryoprotectant from
| the kidney (descending portion of the curve). The dotted and solid lines in
Figure 22 show the achieved and target V55 concentrations, rcSpéctively. 'I'_he'
perfusion pressure was set at 35 mmHg in this experiment.
The discrepancy between the measured and target concentrations was

30 merely a matter of calibration rather than a true limitation of the method. The



for organs other than the liver, or from50%to 400% of the previous
perfu5| re in the case of the liver. 52]'@ tinme
require %ﬁﬁl libration with vitrifiable concentrati Ongcgpsg 23
Iowterrperature perfusion tenperature was determned in the case of the 5
ki dney by collecting "urine" produced during the |owtenperature perfusion
and determning its osnolality after-8uitable dilution. The ki dney was

deened to have been equilibrated when the osnolality of the
uri ne approached the osnol al i ty of the arterial perfusate. For
ot her organs, the extent_ of uilibration is determned as

usual by t HEessHreesRikeseWBich %h@%w@plaownsmtmwn of 8.4i Mr wagguigklyaccept abl e
i brat t 20t
equi | ibra 'aﬁﬁg&a‘cﬂ&f ofSefreflEl Sréth nféﬁﬁ%&@ﬂrs@ﬁgﬁﬁé éfl?ir{r]e\ra{?s fet specxf' fﬂglpu 0

about 60 m er e ply to

organs whi afesigaedies prevent thee spikes and has sinex beaiicarrécted. umhys whs hof | abl e
solutions at_,the lowte tenperature is the

t hr ee- st ep 3 Fppaiion of HWN'EB‘E‘H& rS?ﬂ‘%é@@ﬁaé)fg’n‘é’a%‘}lowdlﬁ cooling curvccessful | y
Crysopreser el by tgﬁlié‘?'flt@ﬂ's' R sistined, Cicw! n'ciﬁér{tu}’é afd no?%?wpe

concentration at oWt enper at ure per enperature

whi ch Figure 22.concentrati on, being hi gher than the concentrat | on used
prior to cooling to the ' Iovv-tenperature per fusi on tenperature,
wi |l depress the freezing point of the organ t.o substantially

(i.e., 3to 20 ”]C)Kt%kﬁ‘ﬂliﬁ: q/,&mgb &y?erature perfusion 20

t enper at ure. he organ can then be used with fully vitrifiable
concentrations near the new organ free2| ng point tenperature (step three)

at erature the f vitrifi C ptrations will
be sufficientl ym%dﬁty daia From ra%{m ({:@%Fec&yﬁ'ﬁ IH'Bme éﬁ"a"ﬁeﬁ%m%eyenbodi ment
:Mllur';ppl Y sBb&ridhormaAR ddiztor rab?]n (Qaaﬁdohr% R 33«.%1 e fétﬁ\r%ﬂg %‘eggsfo% hgg

od: - 23C) show nearly |dentlw|rbsponaﬂs oﬁitlmhm'gan andorabbis kidhelyysliees,tot heory, the
main ratio s the

St th
avoi dance or\?iggo&qﬁ’ﬁaglf H}%‘?@P showecFa SF Ehﬂyn‘%ﬁ'f%f Jfﬁ?é’ewgggﬁe Ogﬁ' ant at the
| ot enper afswiccaifipdred 110 tabisIIPRssaE lar:er é66ling to -30°C, thisteBVebpwased 1o

reduce cryoprotectant toxicity as well.
within the variability seen with rabbit kidney slices. The human kidney was
several days old before the experiment was camed out, whereas the rabbit
15 kidneys were "fresh" The absolute human K/Na ratio was depressed about
as much as would be expected for rabblt slices stored for a similar time.
~ These data in combiﬁatioh with the perfusion data in this section showed
that human kidneys can be loaded with cryoprotectant according to the method
of this invention and can be essentially vitrified on cooling -- e.g., be cooled
20 below the glass transition temperature with minimal or no ice formation in the
organ. These data also showed that the cryoprotectant can be removed from
the human kidneys using the method of this invention. Lastly, the similarity
~ of the viability data of the rabbit and human kidney slices combined Wi_th the
fact that rabbit.kidneys actually survived and maintained the lives of rabbits
25 into which they had been transplanted, suggest similar results will be obtained

when human kidneys are treated using the methods of this invention.



30 The inventors di scovered that kidneys perfused at

-3[err]C with V49 survived 100% of the time (14 _survivors out
of 14 per W®&96§237 but when t hey WO 96/ 05727 PCT/US95/10223
PCT/ US95/ 10223 - 60-

were cooled to -30C, warned and washed qut using the best techniques
known at the time, the survival rate fe3 substantially (see Figure 13).
Ki dneys perfused with V52 at -3[err]C using the optinal
t echni ques of the tine survived 75 % of the tine, but when

" these ki dneys werge cooled to.:30[ery] C t s | : rate upon
war m ng and vvashg‘uat mﬁm}écaﬂ{ﬁg?o g(’g}b‘ffl Qg@%&ug@lﬁé #ﬁ% Id‘rv?rg@dfé%
w v cryoprotectant and caused conplete loss of viability at 52% w' v

cryoprotectant. Since, ideally, organs should beégr eserved in V55 (to avoid
the need for hi gRapliversovese perfusedsusingethg PRRIOCOlASSHOVARR F1gyme iy ethe o

positive . . ' ' ' ' one
negli gi bl e atP"'{BﬁE’é‘nQ‘f'QtﬁP‘loﬁ‘i‘acﬂ‘.’bm dftier omgfeﬂyg%%% Hésga hlg?a?:lgsfi ng to

t enper at ures ghad total HiRrprbfudtiohdt 3, NENaME 15 minutes after trahspiamativssandrhi s
suggested the possibility of cooling at a relatively |ow

concent r ati orsusivalsat d daxsi afterodver gransplantation, antonost (f@issi nkpese data
‘concentration L der 4K é}ﬁ‘e'd : erature.
Thi s approac hd%(msgaﬁg\;léattrﬁfeﬁv&s &‘%gefd i g#déla ‘t{lfii(?rrllg}suﬁ van?‘gglw%fme)xposi ng
the organ to hgst kit imetvitich selyliadbeentiransplanted after teemperfisiom.e at which its
toxicity should be reduced. Thus, by avoiding cooling injury,
toxicity mght also be avoided. S

Table 7
Functional Recovery and Life Support Function of Rat Livers
10 ' Perfused with Vehicle or V49
. i Liver Total Bile Production at 5, | 'Rat Survival 7
Experiment | Weight 10 and 15 min (ul/g + SD) days after
o (% change) after Transplantation Transplantation
Control Pfn* 9.9 1.68 5.19 9.32 | 6/6 (100%)
w/UW1t (HES) +2.1 +.94 | +£2.33 | %3.65
- Control Pfn* -8.7 2.03 | 4.62 7.67 516 (83%)
15 w/UW2¢ (no +0.5 +.75 | +£1.50 | +2.48 :
HES) _ : _
V49 Perfusion 8.7 0.66 1.62 3.14 | 2/4 (50%)
w/UW1t (HES) +0.7 +.50 | +0.82 | +1.38
V49 Perfusion 6.3 1.20 2.56 443 | 2/4 (50%)
20 w/UW?2¢ (no +3.0 +.98 | £1.92 | +3.18
HES)
* ~ Pfn = Perfusion
¥ UWI1 = modified UW Solution 1 (see Table 3)
i UW?2 = modified UW Solution 2 (see Table 3)

25 : Taken together, the data from kidneys and livers implied that the herein-



A secondary point was that a variety of experinents on the
phenonmenon of thermal shock in both erythrocytes and kidney slices’

suggest SYO 96/05727 that cooling injury bel ow -30[ err] CPETGIH0S/HE2%i ni mal
even in the presence of V55 20 i f cooli ng injury above -30[err]C
were first prevented. Therefore, by first L cooling to near

--30[err]C in the presence of a concepgq.ation that ‘does not cause

cooling injury, it was inferred that even V55 mi ght not cause fatal cooling
i njury when the organ was | oaded with V55 at the fowtenperature perfusion
tenperature and was subsequently- cool ed to bel ow30[err]C. 25

As noted i rdisdiesed mesthalisrfgr peepariog organe féri eryoprasepertivasing ofipsepacingf i ed in

that the two-ste ach suc essful |l y avoi ded,cool.ing j.njury and the
toxicity organslor ‘thin 8&3%30'5? IEneyapIepeEvayQn %@aﬂ% agﬂ’é‘:%brfsul ts section,

the second hypmf‘éila?ld@%mbodlmems ofmegke%ent\iﬁéenfubﬁ@lawwe%% | injury

did not occur upon further cooling t el ow C was al so
avoi ded.  above, it should\be 9gydeswsod that they have been presemed by way of

PCTJ US95/ 10223

4.9 O yo*aTple, And,Rotolimitationy (Thus the breadth and. ‘scope of the H@ﬁ?"tst ep of any

practical GhyéifoRS$HoMRE hNbIRMIRAIUDE an?Uchhthésabove described ex\éh\?idri" cation, is
to cool the organ to cryogenic tenperatures using appropri at

prot ocol s, emhodiroentsyi butoshoulsk be) definess oulyi lznaacp@ndancahwltbrtb@ﬁol«kmngat ion step
?lssgot COnccéqu&n&'lﬁqﬁ%&uw&leﬁtsst§ hédi wxil be und%F %'?i byTB%sgoFsl?ﬂtm' nvention
the art that various changes in form and detail may be made therein without ‘
10 departing from the spirit and scope of the invention, this appllcatxon is
intended to cover any variations, uses, or adaptatlons of the invention
following, in general, the principles of the invention :and including such
departures from the present disclosure aS c.ome' within .known or customary
practice within the art to which the mventxon pertams and as may be applied .
15 to the essential features hereinbefore set forth and as follows in the scope of

the appended claims.



the actual cryopreservajy ] of the organ, but only with the
preparation of the orgaﬂlmlmmﬂﬂmﬁmation and the preparation of the
previ ous| y-¥PPEPFRZer ved~orgart f 8r sranspl antati on. PCT/US95/10223
5. Perfusion of the Ogan in Preparation for its 10 o
Transpl antati on I'n preparation for tiansplaptL1Rgekin {the
organ is first warnmed up from -85t he stprage 't gnper ggpdhBed O an
appropriate tenperature for reperfusion of the Largan. The .
warm ng of the organ after its cryopreservation is presently not :
performed in ti\)ﬁhapparét us of .this invention. The organ may then be pl aced
' ba has

15 ahds mp%lf-ifsi on apparatus of this invention to resune
the type of : per fusi on protocol shown in Figures 5 and 6 at the
begi nni ng of phase 5 (the first cryoprotectant washout

pl at eau). 1. A method of prep@ding a bi | | 5. In
the best node nethod, methoco pg[eﬁe %%ggirliﬁ%gé\%g{nﬁ@q#@dgg%s?g%ﬁﬁﬁt ely:
-3.0[ err] C andcqshpmstng:i nt o t he perfusion 20 apparatus to begin

cryoprot ect ant washout a{ this tenperajure. The {Sﬂvent. rs

unexpect edl y found that _% ReriNGe a R L 8 her VB vBfRAvallye dngreasing pest
node n®t hod f OgoricBAtEARTIAS bfErybprbpiit SOLAGH to%rs@l%%%]ﬂin@@éwﬁ%ﬁﬁ%&&f ul even
d was ) at e

when the final vitrification solution use ven t
i ntroduction Wwhile concurrendly reducing thesemperature mifrsaidi anganwas possi bl e at

t enper atures near -25C, {bge 25 . . I nvent or.s had .expected that it would
be advant ageous as wel | PRI RIng the concentration of syl crypprotectapt fardkt ant  at

Lhis temperat ufitiBnofidls o bornY BicaphbimEREGIdtideilibration of said orgd! €1 1Y
of fully vitrifiable concentrations at tenperatureS near -gC. nst ead,
the dilution oP ecuRrigdcati on solution at the | ow t enper at ure perfusion

tempeggt ure was found to,be detringntal. Wthin the nethod |[jmts, the 30
te%e!gture during phase(cg 'Bgrﬁaﬁj% q}'?ﬂfpgeﬁ@f'éf’?’]cemtr%"q%‘ffgﬁaﬁ slution

to a higher second predetermined concentration and maintaining the
cryoprotectant concentration of said solution at said second concentration for
a time sufficient to permit the approximate osmotic equilibrium of said organ
to occur. '

15 2. The method of claim 1, further comprising perfusing said organ
without cryoprotectant before perfusing said organ with gradually increasing
concentrations of cryoprotectant.

3. The method of claim 2, further comprising perfusing said organ
with iloprost or transforming growth factor §1. |

20 T4, The method of claim 1, wherein said second predetérmined
concentration is not permissive of vitrification and step (c) further comprises
cooling the organ before the introduction of a vitrifiable concentration of

cryoprotectznt to said organ.

S. The method of any one of claims 1-3 or 4, wherein said organ

25 is a kidney or a liver.
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E)CT/ US%%%Q%SQM ant concent rzﬂ“!‘{ ““H'“Iu “l m‘n of ! phase %(;IIUS%IIO% The |

concentr ati on_af. cryopretectant dari Ag phase *5 in t he best rmde pr ot coI
for the kidn WyﬁsWQHiBT\I-mSﬂﬁEBI 0% W v (300 grams/llter

V49 solutes (D, F,RERKAFEP in the usual8@roportions), acc ons
being : 5 20-409% WV or W W) cryoprotectant (rou

The concentration at this stage should not be Iess than 40%
(2/5) of the concentr |on

i f
order to avoi d®snoti ‘?:la{ﬁ%[g%d qt} a‘}yhgn%é)gtdﬁ‘br&e i I&awhg&lﬁ daigf ' on 11
concentrat i&go[?x%sé?b&ﬁﬁl Bb ?ﬂﬁtrﬁfcﬁu&f anﬁd"ﬁ@ﬁﬂé’l%&oyﬁ@!&@ﬁﬁt cqicetmathar f used.
0

The criterio r term nafing phase 5 and noving on to phase 6 was 10
somewhat digermitsvitrification.t hat previ ously enpl oyed. It was found that

" prolonged periods at phase 5 sonetines | ed to changes suggestive of

cel lul ar upt ake of the LMW OBA that was generally present
during this plgteau apdmethod for preparinfain sraaw lfet fr@ﬁ@llammdnr sfeal ikl ar for

mai ntaining the viability of the organ. It was consequently
det®r m ned driyopresdrwatinum, Lompaistig: phase 5 should be linited to 15 what
is required to allow jhe AV c | return
to zero (in the inven{agrs w@Qﬁ'&E gan% %%'o??gt uw g‘% g‘;r?l"%? ?ésca e value to
a repertf@disi® ob 848 or gﬁh nMiereinadaiige tth aaid wrgdro ingméhimizedhe poi nt t hat
the AV concentration difference is no_longer rapidly changing.

Note the shor ter phasﬁ)) perfusing saidoggapwithp ’M“g‘GFféﬁ@l?i%"’%ﬂ‘ﬁ%ﬁ@d to that ‘
in Figure 5 .refl e e d uccess at
t he hi gher %foﬁ‘é'gﬂf %ﬁt? fsopuasgﬁ{ @Efghg?%? g{:"cl)[ the AP EWEQ offbtic
10 ~ equilibration of said organ to occur; and _
| (¢  perfusing substantially all of said cryoprotectant out of
said organ while concurrently increasing the temperature of said organ to

render said organ suitable for transplantation.

8. The method of claim 7, wherein said cryopreservation is by
15 vitrification.
9. The method of claim 7, whérein said cryopreservation is by
freezing. '
10. The method of claim 7, further comprising:

in step (b) perfusing said organ with a non-vitrifiable
20 concentration of cryoprotectant in combiriation with an osmotic buffering

agent.

11. The'method of claim 10, Wherein said osmotic buffering agent

is a low molecular weight osmotic buffering agent.

12. The method of claim 11, wherein said low molecular weight

25 osmotic buffering agent is selected from the group consisting of: maltose,



.in Figure 6. Note als mﬂlgl tothe recovery of the AV
concentr at I ent ont rasted with the pr
equi l i brat‘#’@ﬁ‘;’g';fﬁg« ! UFI ng phase 5 in Figure ?T?!Esgg’l?%é

rapbit mdney, t he optlmal tinme was determined to be 9 mn
ngghegthﬁsgg;,h limts, durations of 0-30 mn ﬁ_glgsgggﬁpg§b¢m
|r use during phase 5870ne or nore REPLAEHS
(def me @ were general ly present during phase 5.
ned one way to categorize OBAs for ease of

d 1 It d HMWV 30
(kfé‘#ff'Bth;in g N AR S T ee"n?f%sﬁ’éﬁgx%‘n f act
lacidbidnate] lpmadsmﬂ andl a&mmtgmefbphmmedrdms@%anoﬁmﬁbsél fferent

I\/[err] ranges WO 96/ 05727
PCT/ US95/ 1022 stachyose, sucrose and manmtol . -63-
have uni quely different properties, and hence different practical
appl i cati ons. Sone of these key properties, which give rise to
the broader princiqles ITHeimethod of claim 11, WherelaSa@tt fovd eSslédtadwbighow, can
be supmarized as follows: -* M err] Range Menbr ane Csnoti c
Oncot Pc Vi scOsnetjc bufering agent is sucrose. Perneability Effect
Ef fect '

14. The method of claim 11, wherein said low molecular weight

osmotic buffering agent is mannitol.

15. The method of claim 10, wherein said osmotic buffering agent

is a high molecular weight agent.

10 16. The method of claim 15, wherein said high molecular weight
osmotic buffering agent is selected from the group consisting of hydroxyethyl
starch (<450,000 daltons), polyvinylpyrrolidine, potassium raffinose
undecaacetate and Ficoll (1,000 to 100,000 daltons).

17. The method of claim 15, wherein said high molecular weight

15 - osmotic buffering agent is hydroicyethyl starch.
18. The method of claim 17, wherein the molecular weight of said

hydroxyethy! starch is approximately 450,000.

19. The method of claim 10, further comprising perfusing said
organ with said non-vitrifiable concentration of cryoprotectant in combination
20 - with one or more low molecular ‘weight and one or more high molecular

weight osmotic buffering agents.

20. The method of claim 10, further comprising perfusing said

organ with said non-vitrifiable concentration of cryoprotectant in combination



5 180- 342 ghest ghest Nil ~ Lowest Lowest

L O e Ao " I|||| UL sy

Low to N | Low _ NL- ' 50, 000

Low > 50, 0000 N| Lowest . Low

. AS BEEN \ .

H ghest M |s S:gf EED T—ﬁ The inventors
have unexpeptedly discovese several new m)des of ' OBA usage. For
appl i cation at phases 5 and 6, these new nodes consist of i)

conbi ned L'VW, brigMBRS el g}é@t%{dhoﬂé‘%éli GRASSUI SO VRN F ¥l

protocols), 11) single mdrang for high and noderat e-concentration
prot ocol s), bufferingeaggnt. MV OBAs (for | ower-concentration protocols), and 15
iv) specific OBA protocols for the liver. In this section, these usages and

t he principles on which they depend are discussed generally
W thout referengg t0 The method of RIE®E] 1§ -wherein the concentration of the low | )
Conbi ned LMV and HMWV OBAs. For the ki dney and nost ot her organs,

the best nodeoleBdanuwgight asmote hufferdngagend lberadu%lbos@iucgbtoa nonzerof or

exanpl e about , 3005 t her n atjion wt

yarhxyer by v BiE thetoncBhirldiChr S ‘styiprothiE iR AR bee ¥idishysoo ko
(20, 000- reduced to I&3GhAPL00 aillimsian. . for exarml.e 3-8% w v, or other
equi val ent HMW OBA. : : Two specific experinmental exanples

il lustrated bel ow which yielded good results after perfusion .
"W th the nornobagic vi s0ol.uyt | \/5 vol ved 25. . t he use
of 350 nmM sucro§€ in c@Fﬁﬁ‘h@ﬁj(?ﬁcwmﬁlf bﬁﬁf/‘ﬁ’\/ ﬁEggg?e"Kﬂag??ffﬁ%ﬁl%. - ‘
Q her pr ef er nfeletdtdy WEIRRt dsindticcsufferingGgent is aéduced teberveéa 850 NI aRd sodi um
1,000 mM.

10 23, The method of either claim 21 or 22, wherein the concentration

of said cryoprotectant is reduced to zero.

| 24, The method of claim 11, wherein_ the concentration of said low
molecular weight osmotic buffering agent is gradually reduced after the

concentration of cryoprotectant has been reduced to less than 200 millimolar.

15 25. The method of | claim 19; wherein said lp_w molec_:ular weight
osmotic buffering agent'is selected from the group consisting of mannito! and
sucrose, and said hig_h molecular weight osmotic buffering agent is
hydroxyethyl starch (HES). |

- 26. The methdd of claim 25, wherein once all of said cryoprotectant
20 is removed from said organ, the HES concentration is gradually reduced to a
non-zero level while the sucrose concentration is gradually reduced to zero and

mannitol is concomitantly perfused into said organ.

27. The method of any one of claims 15, 16, 18, 19 or 20 wherein

said organ is the liver. .
is Sheet Has Been Reﬁaced

HIIIIH MWL




WD 96/ 05727

f?ﬂ;?ggg/ i%&gﬂ)‘rﬂasphat e, pot aSSI| "muﬂm, lu.mllllr" IHCt obi onat e, Psypggsgom and

sodi um gl ycer ophosphat e, potassi um anm um glxuconate, nmaltotriose
mal t opent ose, stachyose and mannitol. The preferred HW LFKH‘B 8T H.QSBEEN\
i

sold by McGaw Corp. of Irvine, CA as a 880 or 450 kd chai epLACERSI |y
5 hydrol yzed to | ower nol ecul ar weight forms. Par{icularly
preferred are HES ol ecul ar vvei ghts inthe 1 to 100 kd range.

Q her preferred H CB poly I rro | done (PVP),
potassium raffin ﬁ%"a%ﬂ’@gtg any one éialms ﬁi a\ﬁal e°rf #@M@F"@ﬁa

Chemical Co., Rig o%@ak‘id—ﬁe yand Ficoll (1 to 100 kd).
The presence of a OBA is required to counteract the otherw se 10

fatal osnotic effects of a Iarge st epw se drop in penetratlng

cryopr ot ect ant ntrat.ion vari.ati ons, enpl oyi ng
| arger drops in cPYoprot B H}“rflo b 8lne? °1a"“c% 2%1 fFBhsalgé’fga" iy 8sser
phase 5 concenjyegti ons near 20% w v cryoprotectant), nore LMV
OBA is required (to an upper limt of 750 mV). In variations

enpl oyi ng hi gher phase 5 concentrations (e.qg., 40%wv 15

cLyOPISt eotam) . 455 LUMREDS of A Unblc e Bt ol R 1°°

cryopr ot ect antsaitiélhia'is -3.0°C when saldFBr%iiirﬁ%Lh kidheper a)livappl i es particularly
to protocols enploying nore than 7.
31. The meth_od of any one of claims 7, 10, 19 or 20, wherein said

‘non-vitrifiable concentration of cryoprotectant is from 20-40% weight/volume.

32. ‘A composition of matter for perfusing an organ, wherein said
10 composition maintains the viability of said organ, said composition comprising:
NaH,PO, - H,0; potassium gluconate; magnesium gluconate; glucose;

glutathione; adenosine; HEPES; adenine; ribose; and calcium chloride.’

33. The composition of claim 32, further compriﬁi_ng hydroxyethyl
starch. '
15 34. The solution of claim 31, wherein the concentrations of the

components of said solution are: NaH,POH,0 (3.45 g/l); potassium
gluconate (23.42 g/1); magnesium gluconate (0.21 g/1); glutathione (0.92 g/1);
adenosine hydrochloride (1.34 g/I); HEPES (2.38 g/l); adenine (0.17 g/l);
tibose (0.15 g/1); and calcium chloride (0.0056 g/I).

20 35. The solution of claim 33, wherein the concentration of said

hydroxyethy! starch is 50 g/l and of the glucose is 0.90 g/l.
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V49 solutes, i.e., to protocols enploying |ess than 500-1, 000 at nbspheres
20 f hydrostatic pressure for vitrification. ' use of
the LMW w&@é/@mp OBAs nmannitol and sucrose were found by Fﬁ@sﬁ@gﬁt ors to
be conmpati ble with at best only a 30% ki dney survival rate (2

survivors of 7
VS.

a 100% sur vi val

so treated) when V52
rate (14/14) when

was used in place of V49,

pwas

“addi ng 3% w v 450 kd HES during washout ‘of the 25

used. However,
cryopr ot ect ant

rai sed survival to 75% when either mannitol or sucrose was used
.as the LMWOBA (6 survivors out of 8 Kkidneys treated) when the one-
step vitrification solution addltlonaﬁﬂhod was used. g?e
concept of using HWVagents ag 5 h not previously en & E =
contenpl ated, at least in part » ENT S _1 I.h_tge osnot g @
effect 30 in ' ar |ght CEEHUNAS e Wi | 2
not wishing to ogxel&.sa
PCT/ US95/ 10223 _ 2 - =68 A S
be bound by afly” & cons der|at Sl thell &
‘inventors alf)ﬂwyﬁm ST o ak
(a) In th esence of pr dctart | neoow
concentraig0 th-fes @g%)
5 a2 50l ﬁ% *ﬁ;fﬂ ﬁixgy
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(b) The oncotic function of a HW agent could be crucial_in

prot ecti nWO96®5123scul ar system from abrupt col | apse upon s§&d&M2e19283i on of
the cryoprotectant or coul d otherw se benefit the vascul ar system 10

(c) The HMW agent may reduce abnornmal cellul ar uptake of LMWV _

OBAs by lowering interstitial volunme (thus |lowering the pool size of LMWV
OBA available to penetrate cells) or by acting as a physical barrier to

~di f fusion of LMWOBA to and/or thrp the cell nmenbrane.

(d) The HMW OBA, by its oncotic action to did or prevent the 15

col | apse of the vascular conpartnent, should facilitate cryoprotectant
‘washout - and thus reduce osnotic stress caused by lags in
cryoprot ect ant washout . (e) Any abnormal increase in
menbrane perneability that may xuse LMW OBAs to partly
penetrate organ cells will not cause HW OBAR to penetrate,
thus the use of HWVOBAs wi Il reduce the 'netzarmunt of 20 abnor mal
penetration per mliosnole of OBA that is usegd. _ The best
node use of HWV OBAs was to use agents that ave at | east t he

osnotic or oncotic pressure of 3-6% 450 kd IESE,_ However, |ower Merr]

agents than this may be better since a rel atlGv® nol ecul ar mass. of 50 to 200
kd shoul d create equal or gre?% %coti c pressure and still
guarantee failure of 25 the agent to penetrate a viable cell.

The conbi nati on of HWVand LMN OBAs was pr ed because the

former offset the uptake of the latter an ddgd to the latter's osnotic

ef fectiveness, while LMN agents provi déd /suffifcient osnotic pressure to
acconplish the primary job of preventin eldul &r wat er uptake during 30
cryoprotectant dilution. In addition, thejhfi iscosity of HWW OBAs in

l

FROM ORGAN

CONTAINER
FIG. 1B
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PCT/ US95/ 1Wd38/05727 PCT/USYI 0223
cryoprot ectant sol utions supported the use of the | ess viscous LMV agents
as the primary osnol ytes to which HWWagents were added as

adj unct s. ' ii) Mdrange OBAs. For the kidney and nost ot her
or gans, anot her preferred OBA usage nethod is the exclusive use
of single OBAs in 5 t he nol ecul ar wei ght range of 360-10, 000

dal tons, used at total concentrations of 2% 15% w/' v. Exanpl es
of suitable OBAs in this application include mal t ose,

raf finose, potassium and sodium fructose 1 ,6-di phosphate, potassium
and sodi um’l act obi onate, maltotriose, maBy@@ent ose, stachyose, potassium
raf fi nose undecaacetate, Ficoll and HES within the specified nol ecul ar

wei ght 10 range. Wil e not wishing to be bound by
any theory, single agents in this ' wei ght range often adequately
conbi ne the properties of LMWand HWV " OBAs into a single agent.
Csnol yte inperneability is the nost inportant feature of an OBA

and this inperneability may approach a practically-rel evant 15

maxi mum at nol ecul ar wei ghts between 360-10, 000 dal tons or, nore
narrow y, of around 360-2,000 daltons. Solutes in this weight range are
relatively osmotically effectix208@i!e béw also 208btively lowin

vi scosity and relatively hig solfubility. This mddle

r_ W SN —

mol ecul ar wei ght range is Shegteforezal >

when neither oncotic effec p\‘ Q
N

bt i vel y the ideal one

agents in this weight range

ki dneys and livers, thus el
bet ween these obe¥h}
OBAs as the sole OBAs for "l oM

‘-’;

G 1/
. FET/ °n‘ 2'|Ob\b/ )
210a ﬁ“(‘. o ﬂ

W ‘ LJ f
WA TN 1 201 BIN U200
2na+,- —h, ~
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concentration nmethods. Wen the vitrification nethod was to invol ve the use
25 WO 96/0s72 atively | ow concentrations of cryoprotect US 19{% V49,

t he use of mannitol (Merr] = 180 .daltons) as the SO A%%2A has
yi el ded satisfactory results , (see results section for pertinent
data), and the | ow viscosities of naﬂAPPBI ' sol uti ons "mai nt ai ned
better organ flow than nore viscous (higher Merr]) sol uti ons.
Consequent |y, anot her enbodi nent of the best node was the use 30

of very LMWOBAs (OBAs with Merr] < éB% dal tons) as the sole OBAs when

WO 96/ 05727 '

PCT/ US95/ 10223 -67-
vitrification nmethods are use€ R gvat ed pressures and/ or
concentrations | ess than t}a Whi |l e not w shing

concentrations
jRbility nore 5
"' ] agents to be
ek vZCﬁﬂkpensive and
¢ lclost of OBAs tends to
2,000 or nore

were | ess stresst nd Ng
effectively, and %ﬁat ‘}"*"’ 2
ef fecti ve. :4.%\
universally non-toxic § €§§§.

rise sharply with Meri
dal tons, nannitol and/
mal tose) will be the ag
enmbodi nents of the neth
liver. For the liver, th

$ycr ose,
' concentration 10
(iv) OBA usage for the

200
/

(N

203 202
FIG. 2C
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OBA usage was the conplete om ssion of OBAs. Two other preferred uses

of OBAs arwotdsesizse of HMW OBA al one (for exanple, 3-5% HESPOYUS95/j0223

10, 000- 450, 000 daltons, or its equivalents as noted above) and the use of
15 m drange OBAs (Merr] about 350 to 10,000), particularly when
t he - cryoprotectant washout rate is high.

(a) Conplete QOm ssion of OBAs. Experinents with 4 control ,

"livers perfused with neither cryoprotectant nor the normal HES of nodified
UW sol ution indicated that |ife support function could be obtained in three
20 . cases. Wen the experinment was repeated with the inclusion of
V49 perfusion, and no LMWV osnol yte was used, not only did about
50% of the livers support life after transplantation, but they
did so after al nbst conplete : egd/BObration with V49, in
contrast to livers perfused with V49 in the presence of HES,
whi ch equilibrated poorly and had a survival rate no better than the 25
livers perfused without HES. Therefore, neither LMN nor HMWV osnol yt es

wer e mandatory for |ivers. Whil e not wishing to be bound
by any theory, the acceptability and the desirability of

om ssion of all OBAs for the liver were though& po be based on

the liver's high permeability to both cryoprot ants and nom nal LMW OBAs.
30 The liver is unique i rm-----—n reng pm-----m-. 3 €

exceptional |y perneabl e Sol yt e¥ g
‘\/‘ 6308¢727
-68-

cryoprotectants. This a|3Q§b = ?A\J
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cryoprotectant addition and washout with | ess osnotic stress than occurs in
ot her orwowsosfr exanple, liver slices were found to wi t RATAMRISAR2 pt
mul ti mol ar changes in cryoprotectant concentration that woul d have been

| et hal to nost other types of tissue, including the kidney, and
using smaller changes 5 in concentration did not produce inproved
survival in liver cells after cryoprotectant exposure and

- washout. Wth respect to the intact liveg/3fote in Figure 10
the reasonably steady flow rates gestln%dgg\_;4ﬁ§plve osnotic
cell swelling) during washout of fromt Liver e the absence of
both LMWV OBAs and HWV OBAs—Frmat ity —STIce T Ver—Telfs b somewhat 10
per neabl e to sucrose, sugiqse wil | el y I-E&i Cl{ve as an OB
during cryoprn@tiect an ou kihpg into the cells
m ght actual ly cause cell lLng tranF)Iantation.
(v) Exclusive Use of H OBA, QFPOVE"
experinments reveal ed one lqif t ' of | HES.. .and that is
t he 15 fact that qnl . corp ol e N rot ectant)
survived perfusion n ‘t he gbserce , AXE rgher surviva
when HES was used. HES of |i Q@ 4qui : fherefore have to
be present to adequately quygport\ \hepatic \ ' bfl ity regardl ess
of the presence or absengsq cry{pr ot . * HES
cannot be present (except gt \IY N C ntradyo u g the | oading 20
of vitrifiable cryoprotedgtdnt C tiQ i p fo its unfavorable
ef f ect on vi gqdsi t ne -HRS| § or mai nt ai ni ng
viability would be to d HES onl heft yoprotectant is
bei ng washed out, sinply|Qqcause & Si O th HES will be
nore feasible froma phygilc vi scosity) when
t he cryoprotectant concer ' 25
vitrifiable concentrations, and when these concentra3(@g are falling
rat her than rising. In f?‘ﬁ; Q§1§ext, HES woul d not necessarily
be acting as a true OBA as an ordinary osnotic support

agent. Neverthel ess, the HES would

N\_303 303f

319

F1G. 3C
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be used in essentially the sane manner procedurally as it would be used if
it WO 96/05R®r e bei ng used as an OBA, so from a practi BEFUSEVHR2DE vi ew
this would be 30 . t he equival ent of using a HW OBA as the sol e OBA
Furthernore, it nust : be remenbered that the |iver consists of
nore than nmerely hepatocytes, and . WD 96/ 05727

PCT/ US95/ 10223 ' - 69-

-an osnolyte such as HES could act as a true OBA for these non-hepatocytes.

" The decision to use HES or other equival eMt30HVWW OBA during el ution of
cryoprotectant fromthe liver can be made depending on the ability of the

“type of liver in question to withstand the absence of HES
during control perfusionsglg and to vvithst;lﬁ he abs4pge of HES
during cryoprotectant el gtion. ' : t ogh {the liver did
not equilibrate ni yopr ot ect ant . it Ay
conbi nati on of antt and HES in wﬁabo I h?
experi nment, [ b vercome b siAg h
suffici entl@qu :} rol vi scoé.Hly ad ly, e.s= OBAs
10 equi WV r] = 2-50 kd.

(c) M dr & q; i d~CLA/ Opr Ot ect aag ef fl m tﬁ%
liver. OBAs rdaf rqm 350 to 10,0 9 ’ '
per neabl e t han onsi derably | ess vi s¢Nu 4o OBAs
(hence, perfusa ijciently rapi d408-e), pr t cells
ot her -+
| L H B 406
| H M- 406
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Q@yan h%patocytes fromosnotic injury, especially during very

rapl d rat change of cryoprotectant concentPCI/USHS/10223
Therefore, either one such agent or : a conbination of two or
nore such agents falls within the nethod limts for the liver.
d) Phase 6: Gradual reduction of cryoprotectant 20

concentration to zero with sinultaneous el evation of perfusion tenperature:
In the best node method for the kidney, t igy3padual reduction of
cryoprotectant concentration to zero or virtually zero was carried out - at a
constant rate of about -42 mM mn (acceptable variations being -31 to -75
MM mn for the kidney and nost other organs, or -31 to -150 mM m'n for the
25 l'iver). Non-constant declining concentration schedules (rapid
fall at high s, slower fall a
concentrations) are a|S) dn &dceept apl var
linear fall at 1.5 tinme$ ﬂhelﬂﬂhla e I|i near rate for the
‘third of the washout fo Iqmedlgyla limear fall at 0.86 t\J
| i near rate|fqr yHg eqon two-thirds gfithe
During cryoprotectant wasqou]lltF erature was |el ¢vat ¢
facilitate washout, redJ?ﬁ Efdut ces, and restlor ¢
tenmperature -
_appropriate for an orga
met hod for thegh
concentration fell to 4 ,
concentration drop unti ber f usi on tenperaturq*Eas
reached and arterial confg hched 1.3 to 0.8 M (1f[err]C

THTHL FIG. 4
4]2—\___ L

D Cryoprotect gnt
brature el evati g
and continued Rfinearly

b of > of - of =

408 410

FIG. 4E

F16. 4C
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3. 4- 3. 9 Wb 96/05727
Figures 5 and 6.
which the tenperature initially
concentration at which tenperature rise is
OB washout during phase 6: The general

was to inconpletely wash out

0.5M4.5M 10
- met hod for

T 1-2% w v.

OB
the LMV OBA while
was present)

Mor e
concentrations fell,

rise per 0.68 to 0.78 M decrease in concentration;
RET(USPYM22Ht ed i n

concentration change during warm ng)
Acceptabl e variations for the concentration at
rises are 2.5-5.5 Mand for the

e)

washout during ph
mai nt ai ni ng H
constant or reduci ng HWV OBA concentration by only

particul arly,
concentration of LMN OBA al so fell
concentration of OB when

the 15

proportion reaching a final
penetrating cryoprotectant concentration reached

no

nzero

t ot al

conpl eted are

zer o.

of

A concentration (when HW OBA

as penetrating cryoprotective agent

in

-Thi s final

node

nonzero concentration of LMW OBA was 50 nMin the best

nmet hod and nay acceptably vary from25 nMto 1000mM In an
enbodi nent of the invention, the final non-zero concentration of LMN OBA 20
was from25 to 500 nM - As an exanple, in the best node (Figure 6), in which
350 nmM sucrose was brought to 50 nmM sucrose while 5.0 M cryoprotectant was
reduced to 0.0 Mcryoprotectant at a rate of 42 nM m n, sucrose
concentration dr opped at the rate of 2. 5 mv!m n. '

V\hlle not *'l’l OT10€C YAWAD RV WA, e vy, S Crtd C --u-uﬁ' f 25
cryoprot ectggt concentrati on,,.abso t~eg - 1 rang menb. ane | ognotic |dporces
attributabl®Ho the cryoprotectant tragfisnenbffane €oncent fat ii on-ig®adi ent
becane M piduced, thus reducing th@){equi femerft for rosnpdfi c
buffering. Réedugig i,, conce trat| gn duf\i ng fcr opruot elct ant
washout was tThé®Peiawrg€ Sesigned to T ni nj(ze o ti ¢ damrage from
the OB both clur::n@f-aay‘ﬁ’prot e(;i; ant washojt aq 30 » thgreaftey and was
further desPgned to reduce pe; ential celyupar upth qf 8 nom nal |y
non- penet r g4ifn 9 previous p usx@n ffechnj qye Jof 7 _
cryopr ot ect art%%%ﬁﬁgas evier O 6 bt tlhi s I ddcl| ni pcrul nciple."
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When LMW and HMW OBAs wer e used toget her,

a differenti al

d

PCT/USIBM0223
ecrease in

OB was performed wherein the concentration of the LMN agents declined

while that of the HWV OBAs renmai ned t he sane or

f) OB washou
*mode. The final
cryopr ot ect ant

~to fully equilibrate with the cryoprotectaﬁg/3oee medi um and,
to continue or conplete the was

ki dney,

450 kd was attained at the end 10

washout of these OBAs was

Al t hough it

best node for t

addi ti onal

transpl antati on.

t phase 7: 5

step in the nethod
is to continue to perfuse the organ to allow it

he

ut of the OB
50 nM sucrose and 3% w v HES Merr]
of cryoprotectant washout,
undertaken prior to
is acceptable to | eave such

nearly the sane.

i) St andar d

renovi ng al

if desired,
In the current

and no

| ow

concentrations of OB in the organ during short holding tinmes before

-transpl ant ati on,

t he
tenporary reduc

interstitia
tion 15

interstitial

becone unacceptabl e at hi gher OB

mV or

[err] 3-7%WwWvVv) and will
washout before transpl antati on.

A further

in the organ f
| eakage

240

180 |

]2.0

60

r extended time§ Berore’t
of OB into:organ ceI

swel | i ng and%é%%%phr fusion
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OB is expected to cause osnotic expansi on of
space during blood reflow with a consequent

in organ perfusion in vivo.

concentrations ([err] 100-500

necessitate at

problemw th | eaving OB

This effect will
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20 upon transplantation. In experinments with V49, the inventors

typi cal | wowaisezh out 50 mM-manni tol over the ceryeses5ad2230 M n
wi th conpl ete success upon transpl antati on. However, it was
general |y observed that |eaving 50 nivjy 11/30 LMVOB in the kidney for
short tinmes before transplantation was ‘benefi ci al at hi gher
cryoprotectant concentrations, in sone cases representing the 25

~di fference between organ survival Flﬂ@ty t has never been observed that
| eaving 50 mM mannitol or sucrose i ey prior to transplantation

- wWas nore detrimental than entirely renoving this final
“concentration, so_the Washout of OBA during phase 7. is
primarily conc¢g¢rned with reducin OBA concentrati ong down
to | ess than a%omﬁﬁﬂﬁmﬂ BEQIRCLATION ROM R 'ﬁOeRihcﬂSH@USIDBASEUNE PUMRMELOBBA
concentrations e T =X o F= \ 05727
PCT/ US95/ 10223 -72-

Whi | e not w shimR , -
Ved tINPU'PGIYP{eM NAME%F B@PER&MEH ANDtMHER NEEDEI‘J DEW[Q' yt e wijl

LMV OBA is beli

reduce cell and organelle swelling until the nonent netgdbolism
is restored in Vivo, : s are capabl e of
osnor eqgul ati on ith 5 ihtracellular leaked mannitgl \h?r
sucrose provided the extr ?H bﬂ; Lfﬁg can sl ow do
passive cellul ar swelli nggtfr Ur &Béﬂﬁgjgf QBWg'cqogt LWR' to be

restored. In a gsT o gt Tte A —precruue—tel | ul ar
upt ake *

AT OPERATOR SIGNAL, STOP ﬁMPEMWRE CONDITIONING, DISPLAY THE
DATA COLLECTION SCREEN.

T - !

F PERFUSING A LIVER, WAT FOR if NOT PERFUSING A LIVER, WNT FOR
DATA INPUT (OR ENTER KEY), THEN PRESSURE TO RISE TO SIGNIFY THE
SET CURRENT PRESSURE EQUAL TO BEGINNING OF THE EXPERIMENT

: ZERQ. ' '

' '

DEFINE THE CURRENT TIME AS TIME ZERO.

f

SLOWLY RAISE PRESSURE TO SET PRESSURE AND BEGIN ORGAN MAINTENANCE
PROCEDURES (PARAMETER CONTROLS): THESE CONTINUE IN THE BACKGROUND FOR
THE DURATION OF THE EXPERIMENT.

!

COLLECT ORGAN BASELINE DATA (E.FOR 15 MINUTES).

]

ACTVATE GRADIENT PUMP AT PREDETERMINED SPEED; WAIT FOR A MEANINGFUL
- CONCENTRATION TO BE REACHED BEFORE ACTIVELY CONTROLLING GRADIENT PUMP
BASED ON CONCENTRATION FEEDBACK.

4
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of OBAs, further increasing the acceptability of leaving in the OBA

H gher c ilons of OB (up to 500 may be washed out over 10

nore ext gﬂéég}oﬁ.&&res (30-90 min) that de on the perfusi SETESNI2RMce
response to OB dilution. For clinical purposes, the duration of the post-
washout perfusion period, conprising the OB washout, and the degree of OBA

washout nust be adjusted to be corrpa';rtll ' t he exposure tines inposed
"by the logistic requirenments of orga trGr;s ation and transpl antation.

15 i) The three-osnol yte washout technique.
.I'n the - inventors' early GROMFIGBREC?A | nvol ving perfusion of 8.4 M
cryoprotectant at about -3[enr]C (one-step addition technique),
consi stent control of vascul ar * resi stance during cryoprotectant .

washout and dxcel T ' | dneys 40 m nut §s
after transpljant §ﬁ@h€ma}%m€g édggﬂ LEMEL, BEQI éWdﬁB‘gz‘fR\éﬂN L80P - progedure
was used, and only when it E AT PREDETERMINED RATE. After perfusion

with 8.4 Mcryoprotectrant, tne concentratllon or e

cryoprotectant was dropped to about 5.0 Wwith the sinultaneous

i ntroduction of 250 i\l sucrao and 4% wv HES After a 9 mnute

phase 5 pl atdqau, t iy shout techni que
was foll owed lvvhi I emﬁ’é'ﬂé'ﬁ%% TﬂéPéngﬁf @ﬁ%@oﬁmﬁ"gwgﬁﬁmt ant at 4']/0 w V.
However, once a cryop T oo renoved, e e
concentration was gradually reduced to 3% wWv while the sucrose

concentrati on-was—gradually reduced to zaro and manpitol Was

concom tant!ly i WHENHIRSE ' t(i
Thus, the innpovations i m%%@ﬂ%&%%@m (%?EN%s%t Aqoglé)ml'l qpe 30
| ith two''L S .

were: 1) to ( resultindg in a 3-OBA
WO 96/ 05727
PCTI US95/ 10223 _

KEEP CONCENTRATION STEADY UNTIL ORGAN EQUILIBRATES.

'

SWITCH TO R2 TO ABRUPTLY RAISE CONCENTRATION TO SECOND TARGET VALUE; AT THE
SAME TIME, STOP ALL RECIRCULATION TO R2 (SEND FLUID TO WASTE INSTEAD) TO
AVOID CONTAMINATING R2 WITH DILUTE SOLUTION

'

AS CONCENTRATION RISES IN ORGAN, ADJUST TEMPERATURE CONDITIONING BASED ON
ORGAN FLOW SO AS TO ANTICIPATE TEMPERATURE CHANGES, AND ADJUST ORGAN FLOW
CONTROL PROCEDURE BASED ON THE DEGREE OF ORGAN EQUILIBRATION SO AS T0

ANTICIPATE ANY PRESSURE CHANGES AND THEREBY PRECLUDE THEM.

!

WHEN REFRACTOMETER LOOP HAS EQUILIBRATED WITH R2, BEGIN RECIRCULATING
FROM THIS LOOP TO R2.

!

AFTER PERFUSING TARGET CONCENTRATION FOR DESIRED TIME, TAKE ONE OF THE
FOLLOWING OPTIONS.

T T T

10 FCURE 7¢
SUBSTITUTE SHEET (RULE 26)
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nmet hod, and (2) to replace one OB (sucrose) with another

OB (manni (@) gegistht

devel oped for the foll ow ng reasons.

5 than mannitol, i.e
due to its higher

it does not have any ability to

during reperfusion of the organ with bl ood
By using sucrose to HKWr

_transpl antati on.
buf fering

function

o e P

prior to transplantation.
Wil e not wishing to be bound by any thddf3p,

t hi s approach wa

PCT IUS9SI10223

Sucrose is nore effectlve osnotically

However ,
ench free radical

ly to leak into renal

cells .

unl i ke manni tol,

reacti ons

u
Uﬁgtmt he primary osnotic

to-meintain osoptic hllffpr|ng

at the end 6f the pertusi on, the vant ages of both ag re
obt ai ned and thegcisadvant ages . a'% bot h agents were av ided.
Second, 4% HES appear ed opti mal ———tatancT g e tTateoff
bet ween mi nj 'i 1 8 V\/m | e mebRERAE ZHINEGASE s RUMR ¢ CARRY OUTrALL
oncotic eff ?% %ﬁ% % ek PEEDS, AND MOSTaDATA, 4%0 |HESPRECEDURES
reduced to A* il eN-lt anspl ant s0OLKEQTION OTHER I THANce  p@r flus NEGESSARY FORI )
~and 15 (h EERMIA f i nt ef STEMPERMURENSONDIRIGNINGS - COOLING THE
I't is not t Bﬂzfﬂﬂﬁ&tﬁhé& t Bat thi caldreadfo THE
sucrose, HHS DESCRIBEDiBELOW The gover ni ng pr| n |p| e |nvoI ved iﬁw-‘:"f t
one. Freatrent—of e O gé
Reci pi ent at{the Tine - JUMP 10 R3 FIRST WITH off Tr ati Qn
and Thereafter 2 I RECW&@LA @@ THIE the re J
receive aspitin acetcygl sal | c I at e, NgT kg) and N ENG
(100- 250 uni {s/ k{WUMh ¥ rel .—,Q hkasc il ar ADDITIONAL
cl anps and r ¢per lﬁQNSnAEHU Il.lﬁe‘\ND ns I &M bot h hi gheCRYAPROTECTANTr
| INTRODUCE OSMOTIC L P TH ' IN ONE OR TWO
BUFFER(S) -~ NO RECRCULATION FROM ADDITIONAL STEPS,
RECIRCULATION TO R3; ORGAN' LOOP. COOUNG THE
CONTROL PRESSURE ORGAN FURTHER IF
OESIRED, AND
WAT FOR OPERATOR 70 WARMING 1T BACK
SIGNAL THE ~ UP TO THE HICH-
RETURN OF THE ORGAN TEMPERATURE |
T0 THE ORGAN LOOP PERFUSION
(ENTER KEY); DISCARD TEMPERATURE
EFFLUENT FROM ORGAN, THEN (CIRCA-3°C, FOR
RECIRCULATE ORGAN EFFLUENT EXAMPLE), IF
T DESIRED.

UNFREEZE THE PROGRAM

CONTROL PRESSURE
DILIGENTLY AFTER
CUTTING ORGAN PUMP
SPEED BY ABOUT 50%

|

RECIRCULATE TO
R3 IN TWO
STAGES

JUMP TO R3/ APPROPRIATE TEMP., GO
THRU STAGED R3 RECIRCULATION STEPS

y )

AFTER DESIRED TIME, OPEN S31 AND ACTIVATE GRADIENT
PUMP AT THE PREDETERMINED RATE FOR WASHOUT

1
v

!

IF ORGAN IS TO BE
CRYOPRESERVED
AND STORED,
TERMINATE
PROCRAM AS
DESCRIBED BELOW

J

T0 FIGURE 7D
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concentrations of both drugs resulting in vascular obstruction and failure.
The w0 96/0572best node concentrations V\ﬁ 2 ng/ kg and PODUSINI0223K],
respectively. It 25 may al so be he %ul to gradually infuse agents
that reverse sul fhydryl oxidation (e.g., .aurothioglucose or
N-acetyl cysteine at serum | evels. of O0.1- 1@;0@\@,6%5 7 i nhibit.

de. _tissue jnhibitor of

extracellular (e.q.. [err]-2 macroglobulin, oK - R i
“netal | oprotei nasés 4TI MP)) and intracellula (Ieupeptln, gl yci ne) prot eages

or : facilitate endothelial cell ;;ihe3|on (TGF[err]1, 0. 1-10

lerr]g i.v. per evely 5.m . s hhve
oune*tnat o ot | for FRLAEAE e oL 8 cOSt VR R

Cability of renal ti§§uONGENTRALQN, REDUGEON YARKES AS GRIQBROZLCTANHS HSHEBUThafe

f ound nag$i COMRENSATE CONCENTRATION iSENSOR GALIBRATIONJO ACCOUMT FORETHIS.

transpl antati on of DOT L RTONEy g . wvernod for

t he Perfusion of an (F‘an—W'rh“NOTT—'S ' Cryoprotectant

Per f usat es d o] qn
. AT PREDETERMNED 6T ¥

P S ot 000l s eorehie cm&mgﬂmﬁg B HUEERITHEoRS!

1

UPON REACHING A PREDETERMINED THRESHOLD CONCENTRATION THAT
OCCURS NEAR THE TIME R3'S INNER CHAMBER WOULD OTHERWISE BECOME
EMPTY, TURN OFF QR SLOW DOWN GRADIENT PUMP.

)

ACTVATE CUSTOMIZED S32 DUTY CYCLE SO AS TO INTRODUCE FLUID FROM
RY'S OUTER CHAMBER TO R3'S INNER CHAMBER SLOWLY AT FIRST AND THEN
MORE AND MORE RAPIDLY SO AS TO REDUCE CONCENTRATION IN R3'S
INNER CHAMBER SLOWLY IN ACCORDANCE WITH PREDETERMINED SCHEDULE;
IN TANDEM WITH THIS, PHASE GRADIENT PUMP BACK IN AND/OR CEASE
FULL RECIRCULATION TO R3 IN ORDER TO REDUCE RETURN OF CRYOPROTECTANT
T0 R3 FROM THE CIRCUIT AND ORGAN.

WHEN CONCENTRATION IS SUFFICIENTLY CLOSE TO OR EQUAL TO ZERO, JUMP
TO R4 (WHICH CONTAINS NO CRYOPROTECTANT). IF APPROPRIATE, PHASE IN
RECIRCULATION TO R4 AS WAS DONE FOR R2 AND R3 ABOVE.

{

I APPROPRIATE, AFTER DESIRED PERIOD, ACTIVATE R4'S SOLENOID VALVE
AND WASH QUT OSMOTIC BUFFER TO DESIRED DEGREE; ADJUST CALIBRATION
TO DISPLAY THE WASHOUT OF THE OSMOTIC BUFFER.

}

SICNAL OPERATOR THAT ORGAN IS READY FOR REMOVAL FROM THE PERFUSION

MACHINE AND NOW CAN BE TRANSPORTED OR TRANSPLANTED; CONTINUE TO

- MAINTAIN ORGAN PERFUSION PARAMETERS UNTIL DROP IN PRESSURE IS
SENSED AS THE ORGAN IS REMOVED FROM THE CIRCUIT.

) J

CAPTURE DATA SCREEN AS AN IMAGE, CLOSE THE DIGITAL DATA FILE(S) AND COPY
THEM TO BACKUP MEDIA AND/OR TO ALTERNATE STORAGE LOCATION, SIGNAL
OPERATOR TO ATTEND TO ANY REQUIRED SHUT-DOWN PRECEDURES, THEN TERMINATE
PROGRAM [RESERVOIR PURGING, PRIMING, AND SYSTEM CLEANING ARE ACCOMPLISHED

FIG.7D " BY SATELLITE PROGRAMS]
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apparatus_and net hods described herein are capable of use in a wide variety
of prot oc¥PIPF27 conventi onal organ hypotherm ¢ and nor mofREYFPH10223
preservation. In addition, a wide variety of nornotherm c pharnacol ogi cal,

10 ' physi ol ogi cal , and pat hophysi ol ogi cal protocols are possible

using the apparatus and net hods of this invention. The inventors

i ndi cat ed many of these possibilities earlier and in describing
“the steps required to carry out _ many of these protocols in

Fi gures 11A and 11B, which are self-explanatory. V. Results
15 A Endot helial cell protection with TGF[err]1
"TGF[err]1 all owed endothelial cells to} n properly attached to

fi bronectin nmediumor substrate in a culture flask when washed with
cryoprotectant solution Table 4. TG[err]1l is expected to have a simlar

effect - on endothelial cells in vivo. WO 96/ 05727
PCT/ US95/ 10223 - 75-
Tabl e 4
l | | ) |
0 -

TEMPERATURE (°C)

FREEZING POINT—"

Il 1 L l 1
0o 2 4 6 8 10

V49 SOLUTE CONCENTRATION (M)

FIG.8
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Protecti on Agai nst Endot heli al .

Tr eat nentwo 96/05727

Cells
5.05 [err]

4.33 [err]

to whol e

= protocol :

Cont r ol

1.38 [err]

V52 itself =

Cel |

Det achnment by TGF[err] 1*

# of Non- Det ached
37C Control s

S

0.31 x 10[err] 5
0.38 x 10[err]
0.10 x 10[err] <

n.s.

20 mn

TGF[err] 1 (sanme as V52 above but
culture pretreated with TG-[err]1 at 10

" * Detachnment was determ ned by trypsinizing t
washwng out the cultured endot hel

experlnent

this assay,
Rabbit Ki dneys.
Viability data fgo'mrabblt ki dne
V4A9B are shown i® §ab| e 5.

causcmg.the cel

Q.’

to

il

p VaPQUU§E/10223

2C Control s
V52 (superfused accordi ng
. 00002 ki dney
16/ osure) V52 +
4.95 [er%ﬁio 21 x 10[err] n.s 10

count to go down.
1. Suit

L1

ng/ m for 22 hour s)

fl asks after

each

cells and counting
them Detached c8 |s renmoved during the supedﬂu3|on are not seen in 15

B.

ility of VA9B-type Sol uti ons.

? (1

Pressure
Gauge
30mm Hg

y slices aftsg i eat meBt &ith vag or
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WD 96/ 05727

PCT/ US95 M@ esai5727 _ PCT/US95/10223.
Table 5 Viability of Rabbit Kidney Slices Treated
Wth V49 or V49B © Treat ment
K/Na ratio of tissue[err]
(mean +/ - SEM V49

. 3.43 +/-0.07t 5 V49B : _ :

0 3.27 +/-0.12t tp > O30 The K/ Na

rati o was neasured after washing out the cryoprotectants and

- incubating the cortical slices at 25[err]C for 90 mnutes to permt active

transport of Klerr] and Na[err]. 10 2. Suitability of V49
and V52 for the Intact Kidney. . Figure 12 shows
"post-operative serumcreatinine |l evels of rabbits which had

recei ved transpl anted ki dneys that had been previously perfused w th V49
in Euro-Collins solution. Prior to procurenent, the kidneys were treated in

T T T T T oeers
O POPPPITITLI L) W o
"O)'- o K o
omg ... m
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<+ e
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vivo with zero, 15, or 25 [err]g/kg of iloprost adm nistered by systemic 15
I ntravengus infusion over a 20 mnute period. Kidneys in these three gr oups
were explERIPABA49 (7.5 M at +2, 01&/Hnd -1 to -6ferr]C PEEUBEEORRly.
Initial and final perfusion tenperatures were 2[err]Cin all cases. Rabbit
survivals in these three groups were 5/16 (31%, 6/10 (60%, and 10/10

(100%, respectiy st night after
= 20 sur ger DEFJNEeALL rREQUIBEBACONSEANES, tINCLUDING \%@llEHOIﬂd]AHERNﬁj ntirely on the
function of e e tral ateral
nephrectony was performed at the tinme of transplantation, and

" no support by reH-alrsi-s—was—at-t-erpi-ec- Hi-st-et-egy—h—these

rabbits was pgor EsrABLm@ASEGNEnFUm IFEOMW: WND mophwlsntﬂnbmmmlv FOR

treatment, mapginal wth theptReMBATIONOSOMAt! T Prost, and nornmal pith the 25
hi gher dose of Wne results

nt) perfusions with Euro Collins are

of contr ol (no cryoprote oeﬁ

i ncluded in Figurg B8—as—v . t hough damage in
the best VA9 group ispgr GRIGREETING SCREEN AND MEIRBEY THE7@SER |
PCT/ US95/ 10223 -77-

than in the controls, all damage appearjed to be fully reversible within a
short ti me post operat ively. Tabl e 6 shows:
t hat when an att enptrwas—nede—to—extend—the—stuccess—at

INPUT FILE NAME, DATA, SOLUTION NAME, ETC.

TEMPERATURE CONDITION THE ORGAN LOOP FLUID

ASK USER FOR ORGAN WEIGHT JUST BEFORE ORGAN IS ATTACHED

DISPLAY DATA COLLECTION SCREEN

WAIT FOR PRESSURE TO RISE AS ORGAN IS ATTACHED

OPEN DIGITAL DATA STORAGE FILES AND LOAD IN PRELIMINARY
DATA {DATE, WEIGHT, ETC.)

SET TIME ZERO AND TIME OF SWITCH TO R2

CONTROL PRESSURE, TEMPERATURE, AND OTHER DESIRED VARIABLES ( SUCH AS pH)
CONTINUOUSLY UNTIL TIME OF SWITCH TO R2; PLOT DATA ON SCREEN TO INDICATE
TIME HISTORY OF PRESSURE, RESISTANCE, ARTERIAL TEMPERATURE, VENOUS TEMPERATE, AND,
[F DESIRED, pH, ORGAN WEIGHT, URINE DROP COUNTER EVENT RATE, ETC.

|
FlG.1 1A | 10 FIG.11B
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- Table 6 10

7.5 Mcryoprotectant to 8 Mcryoprotectant, the result was nearly uniform5
failure unless 3% HES was i ncorporated into the solutions used to wash out
the 8 M ¥REPIRAti on. The use of HES all d the survival PET/USSS/HR2Y

rabbi t ki dneys after transpl A ion. Leaving the LMWOBA in

t he rabbit kidney was al so beneficial to the kidneys after
their transplantation (Table 6). - FROM FIG.11A

Recovery or Whol e Rabbit Kidneys

h]

Perfused with 8 M Cr yopr ot ect ant

% Li fe a‘ r % rHL
- Support MEANWHILE, IF GRADUAL DRUG ADDITION 1S T0 'BE ACCOMPLISHED USING R1,

Functi on ACTIVATE \GRADIENT, FORMER) TBABPROPRIATE RATE; RECORDL PRUG- RONCENTRARION §ucr ose
" \Wshout 0 AND/OR MEDWEOR; RELEASE PROM ORGAN (N; RESPONSE 101 at eau R}i sed
.to 30% and 3rd DRUG B DQESIRED AND POSSIBLE (E.G. D5ING QUHEEREMIIAL REFRAGTOMETER)Y v t

Reduce OsnDti C Sieiasss ion

Tenperature from-1.5[err]C 29
Same as C, but yset—S9HESDurTtmg—Wistrout—ot -

Cryoprotectant gnd | gCCASORALIYVRECHEQK tPRESSURE TRANSOUCER ARCURACY: AND2OPDATE

=z

Transpl antati on " E. 115 SALBRARON RCCORDMGIYsed Sucrose vs. Manji tol

75 Emesale as D _Dut Reppved Roni

Transpl antati on 0 G Sang as E, but Renoved Al Sucrose -
Bef ore Transpl@mtatron 33 ;

SWITCH TO R2; RECIRCULATION TO R2 CAN CEASE IF A STEP CHANGE IN
CALCIUM, DRUG, AUTOCOID, BLOOD, OR SERUM CONCENTRATION FROM ZERO OR
BASELINE IS BEING EFFECTED; IF R2'S ROLE IS TO STABILIZE A PREVIQUSLY-ESTABLISHED -
CONCENTRATION, FLUID RECIRCULATION TO R2 NEED NOT BE INTERRUPTED; IF PROTOCOL
INVOLVES TEMPERATURE CHANGES, SUCH AS PERFUSION AT NORMOTHERMIA WITH BLOOD,
TEMPERATURE CHANGE IS ALSO IMPOSED AT ABOUT THE SAME TIME [FOR BLOOD
_ PERFUSION, AN AUXILIARY HEAT EXCHANGER IS USED TO WARM THE BLOOD PRIOR
10 ITS ENTRY INTO THE CIRCUIT PUMP HEAD, AND THE AUXILIARY FILTER ACCESSED
BY S4 AND S5 IS A BLOOD FILTER]

IF APPROPRIATE, RESTORE RECIRCULATION (TO R2) AFTER CONTAMINATING SOLUTION FROM
R1 HAS BEEN ELIMINATED FROM THE REST OF THE CIRCUIT; THIS CAN BE DONE FIRST
FROM THE REFRACTOMETER LOOP AND SECOND FROM THE ORGAN LOOP TO MINIMIZE
BOTH FLUID WASTE AND CONTAMINATION

IF "APPROPRIATE. SET TIME OF SWITCH TO R3 AND PROCEED SIMILARY THROUGH R3 AND,
IF DESIRED, R4, DEPENDING ON THE DESIGN OF THE EXPERIMENT; FOR SOME
EXPERIMENTS, R4 MAY CONTAIN FIXATIVE

AFTER CYCLING THROUGH ALL DESIRED RESERVOIRS THE DESIRED NUMBER OF TIMES,
INFORM THE OPERATOR THAT THE PERFUSION IS COMPLETED AND THE ORGAN
: IS READY TO REMOVE

WHEN PRESSURE FALLS IN RESPONSE TO ORGAN REMOVAL, CLOSE DATA FILES,
CAPTURE SCREEN AS AN IMAGE, DUMP SCREEN TO HARD COPY IF DESIRED BY OPERATOR,
SET ALL PUMP SPEEDS TO ZERO, PROVIDE ANY FINAL INSTRUCTIONS TO USER,

AND TERMINATE PROGRAM

FIG.11B
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WD 96/ 05727

PCT/ US95/w023885727 PCT/US95/10238
C. Overcoming Cooling Injury at -46[err]C and Toxicity at 8.4 M
Cryopr ot ect ant When ki dneys were treated with either 7.5 M
or 8 M cryoprotectant using 3% HES during washout as in Table
6, they were still unable to 5 w thstand cooling to -30[err]C

- (Figure 13). The 100% survival rate at 49% cryoprotectant fell
to just over 50% as a result of cooling, a2/ 3Re 75% survi val

. rate of the 8 Mgroup fell to 0% Al t hough sone of this

“injury was due to the greater tine required to al | ow cool i ng

and warm ng to take place, tissue slice evidence indicated that 10

cooling per se was actively detrinental. As seen in Figure 14, exposure of

-slices to 8 Mcryoprotective agent at O[err]C was consi derably nore

damagi ng t han exposing themto 6.1 Mcryoprotectant at the sane

tenperature (cf. bars 2 angz4), and cooling these 8 Mslices to

-23[err] C caused additional injuey (S bars 2 and 3).

Interestingly, however, cooling @l Mbktices to -23[err]C did not 15

cause additional injury (of.~bars 4 ES). Even nore interestingly, when

slices |oaded with 6.1 M;Ct’&opro@ctlancvwere transferred to a\-23[err]C

sol ution of 2§ I@ or @erfBYY M cryoprotectant, Hh&® vas still
- o t

no damage associ at ed oling, nor was thefe da*lgp
associ ated with cooli ng"',;ncm was d)he_r_e:_ damag assoc,i.at.egvm' th
exposure to these hi ghecercent lﬂtig‘lm(cf. bars 4 and /+
az o
a T 2EO .
S S0 N =0 \
= o oo Qi |+|
IN 3 O35 L
o O ol S
o o
=82F < g= o
o o o -k S
o= '
g €€ ¥ o5 f' o
« o e 'f"cu

POST-OPERATIVE DAY
FIG. 12
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20 5to bars-6and 7). In fact, slices exposed to 8.4 Mat -23[err]C
accordin t wo- st ep approach (first cool n_expose to
hi gher c%égﬂbg’gb ons, bar 7) had nore viabili ?’S/‘(‘Fﬁaﬂl‘ég ces

sinply exposed to the |owest concentration of 8 M at [err]C

wi t hout cooling (bar 2, p=0.033). These results showed that, at |east

in slices, both cooling injury and crygp/m ectant toxicity were preventable
~ by 25 cooling first in a low concentration and introducing hi gher
concentrations only in a second step at the | ower tenperature,
in this case -23[errjQ0 Re-exam natrton of Figure 13

" suggested that the sane pheno anpl i - the {ntact
ki dney. Recovery uyas hi gper am&Zﬂgwer o ce"#.waFPerrEp? _
cryoprot ect ant, @d if ohe drew a |ine conneCix{ng the %M(g))ol pd poi nt and

t he 30 7.%M c?gl 2d point, it extrapol at to 100% survjval at some
concentration > below 7.5 M Because t linearity of such an
extrapol ati on wasg=snot knpwn, o

-79- he inantors elected to try an expe(ﬁ/sant with a
concentration coigortabl b I(Q(%.S M i.e., with 6.1 Mas in the
slice experinent a hé results of this experinent are
i ndicated in Figure 150 0% of the ki dneys | oaded Wth 6.1 M
cryoprot ect ant, oled tp around -22[errNC, warnmed 5 up (protocol

i vi ng_excel Lent snean| serum
nd eﬂkﬁak Op k greatinine
results of Ioadin? 6.1 M

indicated in the¥nsert)|supported life,

creatinine |evel &after {14 days (Cr[err])
val ues pCr). Figure 16 shows til
cryopr ot ect ant aus- 386 <,

(0/14)

e
0' | [
7.0 75 8.0 8.5
MOLARITY OF CRYOPROTECTANT
| | i i l |
| CONTROLS (No CPA) H
8M CPA, 0°C H 2
0.06 L 8M CPA —-23°C 3
0.0002 -
6M_CPA, 0°C H 4
| 6M CPA——-23°C H 5
0.19 1 ["6M—8M at —23°C “k 6
6M—8.4M ot -23°C H 7
0.033
: i i 1 | ]
0 1 2 3 4 5 6
K/Na RATIO

FIG.14
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cooling to -23[err]C, and then perfum ng the kidney with 8 M cryoprotectant
until equi libriumwas achieved. As in the previoQus experjmnments,
the 8 MWQ96/05727 cr yopr ot ect ant was washed out using 3% HE§¢TW§9§'I_"§1
contrast to the results of the one-step cryoprotect addition

met hod foll owed by cooling to -30[err]C (Figure 13), the 8[err]M
ki dneys of Figure 16 had an excellent survival rate of 7/8, and the

ki dneys that did survive were not diff@2dd0fromthe 6.1 Mkidneys in terns
of their Cr[err] and pC values, in full agreenent with the slice
- results of Figure 14. 15 Furt hernoge, as shown in Figure 17, when

ki dneys were perfused th 8 M Tryoprotectant at -22[err]C, they
coul d then be cool ed her 10[err]C to]-32[err]C (col der than
in Figure 13), with 10049 survival upon wargieng anf@ith Cr[err]

val ues identical to th ces exposegonl y U@ 6.1 Mcryoprotectant,
again in co L Wil hra pr&di ctions of Figure 14. 20
Fi gure 18B shows that e i njurY associ aje ith gg')l i ng increases '
between -30 and -60[eryJIC but does not iphcfldse wm=h further cooling to
near the o] transition tenpgrature. H-gure 18A shows an
attenpt to nore precis det ef m ne where between -30 and
-60[err]C, cooling injuly stops increasihey - Although the

magni tude of the drop@as somewh@s small in this experinment, it 25

appeared that slices cooled to -#5 to -50[err] C experienced a maxi num
anount of cooling injury. Usi ng the
information of Figure 18 as a guideline two additional

experiments were done with intact ki-dneys. After spending approximtely 9
nmont hs optim zing the procedure for introducing and renoving V55, the 30
follow ng opti mum nmethod was identified. The o rst s-tepugf the two-step

WD 96/ 05727 _ $l$~ 1
PCT/ US95/ 10223 r p q‘w
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- 80- approach was to perfuse 44% w v cryoprotectant (6.73 M

at - 3C arvo9hesr27 cool to -25[err]C for perfusi oRCTiUSHS/M2E8 ( 55%
cryoprotectant, 8.4 M. The ki dneys were then warmed back to
-3[err]C and were washed out with 3% w v HES and 350 mM sucrose
as descri bed above. This protocol resugégf hn a b5 survival thus far
of 2 out of 3 kidneys so treated. Thes é eys | ooked :

“excellent after 40 min of blood reflowin vivo and, as shown in Figure 19,
they were able to return serumcreatinine levels to near or below 2 ng/dl
_an excel | ent rgsurt—FurtternmoreySdne ki dney perfused with V55
at -25[err]C by this procgglure wgs cool to -46C prior to
war m ng and washed by the gafe 10~ ™ o Profedure ed in the non-cool ed
V55 ki dneys. The resultThed this kidhey, EE =£Zalso shown in Figure
19 (dashed line), was s I the lludney | opks . excel | ent "upon
transpl antation and, at the¢ kine of‘?ubnissiagf td pat ent '
application, was restoring|slerumcreatinine [ viFge near 2 nyg/dl. The
ki dney showed a peculiarly|del ayed recovery,| i nt ing creatinine at
val ues 15 near 15 for>an unprecedented anmount of tinme, but the peak
creatinine and the . +at-eof LeLudn:pf serum creatini ne back to
basel ine after this |ong fleaywerte & not different than what was
observed for the other two V55 ki dnegs. Taken toget her,
the slice results of Figure 18 and the intact kidney data of
Figure 19 indicated that rabbit kidneys can now be cooled to the glass 20
transition tenperature without losing viability. Furthernore, since Figure
19 enpl oyed a concentration of cryoprotectant that vitrifies
w t hout applied pressure, the inplication is that high )

pressures are no | onger mandatory for | J*&OEPan vitrification
Joo

14

N

16

'
Sy
O
Q
| & <=
- £ &
©c™ 1~ S .
NIRRT a O
15 P
e %
- amn °
25,2 1%
=3
B als

1<
.
1<
I A 2 1 U | 1 i1 1 i I 1
o S o o

IP/6w aujul0aI)

SUBSTITUTE SHEET (RULE 26)



D. Pertinence of Animal Data to Human Ki dney Cryopreserpation 25

1. Fi‘@a Wn Ki dney ' A 232 gr am humapciodsgio2yins
perfused according to the method of this .. : i nvention and was then
vitrified. Digital data fromthe nmethod was captured using a
BASI C program and was edited and plotted using a sigmaPlot 5.0

WD 96/ 05727 24/30

PCT/ US95/ 10223 -81-

graphi cs package (Jandel .gl__enj_l_ng._-San Refael , CA) to generate the data
I n Fi gures 2073._ The data in Figure
- 20A show that the nethod bn psdduce t he expected
results in this human ki { ugh'the'rre Suree=nolarity 5 was

arget R arity b2l [the fifst step change in

shot the targetjQtHe d foll ow t he protocol
reasonably well. The data |& i gugg, 20B from the sanme human
ki dney show that resistahc (expressed as nm Hg divided by fl ow)
tpey) 10 pbehaved in a way that was

and flow (m/mn/gmof k
qualitatively simlar t%‘r'i'rerr—bgram"m—i'niﬁabbit

)l
slightly greater than the
concentration slightly oy
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ki dneys. The data from the subsequent vitrification of

t hi s human ki dne ~denonstrated that this nmethod perforned
adequat el YO 9987dat a in Figure 21 provi de no i ndiCCA¥Y%61R038
freezing of the kidney which would have_been 15 represented by a

tenperature plateau foll owed by a rel aZﬁ@Oy rapid fall in
tenperature. After an initial thermal |ag above O[err] C which represented

= the time for the external tenperature front to penetrate
t hrough the mass of the : ki dney to the t enperature probe in the
mddle, the tenperatyre dropped rather ! snoot hl 'y, tevealing

“virtually no evidencg for ice formation. 20 2.

Second Human Ki dney - This human ki dney was a pediatric
ki dney from a four th ol d donor. Thi s ki dney s stored for
about 79 hours after was col |l ected but before it was

perfused with V55 cr
invention.. The datg ifr
25 (ascendlﬁb
cryoprotectant from
curve). The dd®ted and solid
achi eved and far get
perfusi on preSsure
The di screparity betwgen the neasured a
merely a nattéf of calibration rather t
The + WO 9¢/ 05727

PCT/ US95/ 10223« 2

paot ect ant according to the nethod of this

ure 22 show the perfusion of this kfdney with V55
iyn of the curve), and the renoval of V55

t he ki dney (descending portiop of the

\hes in Fi gure 22 show the

i ons, respectively. The
in this_experinent. T
targdqt concentrat|ong was 30

L iPn ¢f the nethod.
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- 82- pressure spi kes which occurred when a concentration of

8.4 M wasWQA60RT27 approached or retreated frompcaiisssneds
software that was not specifically - designed to prevent these
spi kes and has since been corrected. This was not alimtation

of the method. Since this kidney was unl oaded, a cooling curve 5

was not generated. Resistance, flow and tenperature are not shown in
" Figure 22. E. 26/30ney Slice Viability Data
Viability data fromrabbit (Figure 23A) and human (Figure 23B) ki dney
slices and normalized data for rabbit (R) and human (H) kidney slices

-(Figure 10 23C) show nearly identical responses of the human and
rabbit kidney slices to V49. Al though the data showed a
slightly | ower recovery of human ki dney - tissue conpared to

rabbit tissue after cooling to -30[err]C, this recovery was
within the variability seen with rabbit kidney slices. The human ki dney was
several days old before the experinment was carried out, whereas the rabbit

15 -+ kidneys were "fresh". The absol ute human K/INa ratio was depr essed
about as much as woul d be expected for rabbit slices stored for
a simlar tine. These data in conbination with the
perfusion data in this section showed that human ki dneys can be
| oaded with cryoprotectant according to the nethod of this
‘invention and can belessenti'all y Vit r'ifi &d oh cdqFi peP-- e.g., be cooled 20
bel ow the glass trangition tenperature with mnirual]or no ice formation in
t he - orgafr. These data al so showed thgt 4 he cryoprotectant can
be renpoved from - o
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t he human ki dneys using the nethod of this invention. Lastly, the

si m | ari t'yO96/05727 of the viability data of the rabbit P&TASAHHRE3 ki dney
slices conmbined with the fact that rabbit kidneys actually
survived and maintained the lives of rabbits 25 i nto which they had

been transpl anted, suggest simlar results will be obtained
when human ki dneys are treated using the nmethods of this invention.

- WD 96/ 05727 27/ 30 _
PCT/ US95/ 10223 - 83-
F . Applicabilityy to Gther Organs: The Rat Liver Model

" Rat livers were perfdded usrng the protocol ure] 10. The
perfusion fluid did g contain either HES qgr S. e dath in Table 7
show total bile produdqtion at 5, 10 and 15 rfinutes after transplantation
and 5 surviygt at 7 days after livgr transplantation<nto host
rats. These data denonstrated §hat rat livers perfused with

t he sol utions suppor6 d the lives of ' host rats int which they

had been transplanteg fter their perfusi -

al PIIO~,
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Table 7 Functi onal Recovery and Life Support Function

of Rat Li Weres/osM7 Per f used wwdrthysdehense or
V49 . Li ver Total Bile Production at
5, Rat Survival 7 : Experi ment Wi ght 10 and 15
mn ([err]l/g SD) days after (% change)
after Transplantation Transplantation Control Pfn[err]

"-9.9 : 1.68 5.19 9. 32 6/ 6 (-100% w UM [err] (HES)
1 .94 2.33 3. 65 _Control Pfn[err] -8.7 2.03
62 7.67 5/6 (83% 15 vv/U\/a%err] (no 0.5 .75

.50 2.48 HES) 2 Per f usi on 8.7
66 1.62 3.14 2/ 4 (50% w UWL[ err] ( HES) 0.7
.50 0.82 1.38 V49 Per fusion -6.3 1.20 2.56
4.43 2/4 (50% 20 w UWR[err] (no 3.0 .98 1.92
3.18 HES) * Pfn = Perfusion
t UM = nodified UWSolution | (see Table 3) *
W2 = nodified UWSolufj on-2 (s@@ Table 30 25 @0 80Taken 100
together, the data fro idneys I;mrl L \/pr'l: inplj prllf hat the Ih¢=\r ein-
S -40 - -
m.
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E - =60 - =
g
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WD 96/ 05727

PCT/ US95W6 8865727 PCT/US95/19%23

di scl osed net hods for preparing organs for cryopreservati on and of

prepari ng organs for transplantation after cryopreservation are
broadl y applicable. VWi | e vari ous enbodi nents of the
present invention have been descri bed above, it should be
understood that they have been presented by way of 5 exanmpl e, and

not limtation. Thus the breadth and scope of the present

i nvention should not be Iimted by any_of _the above described exenplary

" enbodi nents, but should be defined onI§9/§0accordance with the foll ow ng
clains and their equivalents. Since it will be understood by those of skil
in the art that various changes in formand detail nay be nade
therein wi thout 10 departing fromthe spirit and scope of the
invention, this application is i ntended to cover any

vari ations, uses, or adaptations of the invention following, in
general, the principles of the invention and including such _
departures fromthe present disclosure as conme within known or customary
practice within the art to which the invention pertains and as may be

applied 15 to the essential features hereinbefore set forth and as
follows in the scope of t he appended cl ai ns.
o
LI I ) 4 I 1 ’ t <
(=’
Loy )
s S | O~ | o
~ — -— 5 O (3o
© o= S fa< D
sS&°c -— - £
Lo= oo w
=0 Fo 3
- 5 o
: T N
- .: 8&
R N o O
:.“' g ——
o < W
o . R
: -=
-
- . ._t\_l.
| 1 1 o
N 0 N~ (Te] o _Q‘ A p) N r— QO

SUBSTITUTE SHEET (RULE 26)



85 What |s Cained Is: 1. A nmethod of preparing a
bi ol ogi cal organ for cryopr ation, conprising:

(a) perfu&'Pr‘?é%ﬁmd organ with a per?@z%gn 5 sol uti on (ACTAISISORABt i ons
in which the concentration of cryoprotectant in the solution is
‘gradual ly increased to a first predeterm ned non-vitrifiable
concentration while concurrentK/N&uﬂming the tenperature of said
or gan; . (Qi mai nt,al ni ng, the caoncentration of said 10
cryopr ot ect ant f(9 a s1uffici nt ti t perm t hed

; approximate osnoti fequrifroratt pm of gar d Or gair to joceor; |
(c) increasing crvonratectant

[t he )
CONTROLS

V49 H  RABBIT RENAL

V49 -30°C M CORTEX

| | | | | |
0 1 2 3 4 S 6 7

FI1G.23

0o 1 2 3 4
| | l |
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. . - R
V49 - -30°C H CSNR'T*LEX
L | | 1
0 . i 2 3 4
0 20 0 60 80 . 100
1 } { i 1
coNTRoL [ |Ra0el a
— | HUMAN ' | —
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cqncentratlon
predetern1ned
mai nt ai ni ng
sol ution at
to permt the
occur;
20 - a tenpe
I ncreasi ng
solution to. a
2. The net hod

with a cryoprotectant-free ﬁolutlo

5

10

15

20

25

This Sheet

S Illlliﬁlﬁiﬂl‘;ncem )

E .
*hé t oprotectant ' oné%ntra ifo
sai d second conc@ﬁtratlon for = tli

What Is EEBEBé?”?Le osnotic equilibriumof s

feduci ng the tenperature of t ) Zﬁﬁ%'s
r?':]gre °g. O\évr 35}2%;;0 c‘:’tS of‘ﬁ érgparlni:o%c%ﬁ?lr%ﬂ%ﬁl oPrd93Rd £y

f t
cg¥8éragggkg£f$ﬁftﬁ%?pﬁbﬁb?$SYh;rIcha IOBerfusing sai d organ

perfusing saf%'ofééﬁeﬁaéh a perfusion

solution under conditions in which the concentration of
cryoprotectant in the solution is gradually increased to a
first predetermined non-vitrifiable cdncentretion‘ while
concurrently reducing the temperature of said organ;

(b) maintaining the eoncentration of said
cryoprotectant for a sufficient time to permit the
approximate osmotic equilibration of said organ to'occur;

(c) inereasing " the ‘cryoprotectant
concentrafion of said solution to a higher second
predetermined non-vitrifiable concentration;

(d) maintaining the cryoprotectant
concentration of - said solution at said second
concentration for a' time sufficient to permit the
approximate osmotic equilibrium of said organ to occur;

(e) | reducing the temperature of the organ
to a temperature below that of step (a); and

(£) increasing ‘the cryoprotectant
concentration of said solutioﬂ.

2. The method of claim 1, further comprising
perfusing said organ. with a cryoprotectant-free solution

prior to step (a).

P
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86 - Th hod of cl f h I Si
tT‘e IJ“A ‘MLI“JH‘“M“‘M t h ?I (r)rgﬁ ogt gr "t:rgln;nf gr m ﬁét g(ra(r)wtcg”prl si ng Cactor

0 step ( The net hod of any one of
cI a| nms 1-3, wherein sai d organ i s a8§<i dney or a liver.
5. A nmethod for pari f nspl I on
after Its cryopreégTvaIf@% 5 cfain %ﬁygﬁigﬁe%t 3&&3‘ 1sing
conpri si ng: d

10" “wnicn GGG ofBi e f%tva*’?d"%?éagﬂmﬁgﬁgc% Feu T e Ebte

said organ i n
organ 1s fgcéggzﬁi prior to step (a).

4. The-methdd of any one of claims 1-3, wherein
5 said organ is a kidnéy or a liver.
5. A method for preparing an organ for
transplantation after its cryopreservatioﬁ, comprising:

(a) warming said organ to a temperature

which permits reperfusion of said organ, wherein damage to
10 said organ is minimized;

(b) perfusing said organ “with a
composition comprising a cryoprotectant and at least two
different  osmotic buffering agents, wherein said
composition has a non-vitrifiable concenfration of

15 cryoprotectant; and

(c) perfusing substantially all of said
cryoprotectant out of said organ while concurrently
increasing the temperature'of said organ to render said
organ suitable for transplantation.

20 6. The method of <claim 5, wherein said
cryopreservation is by vitrification.
- 7. The method of claim 5, wherein said
cryopreservation is by freezing.
8. The method of claim 5, wherein at least one
.25 of said osmotic buffering agents is a low molecular weight

osmotic buffering agent having-a molecular weight of less

\&1'000 daltons. THIS SHEET HAS BEEN ! REPLACEMENT SHEET
ED
This Sheet Has Been R REPLAC

L | it |




(b) gan with a conposition conprising a :

cryqﬂiﬂ @E“ﬁ“ ml lm[ | east two different osnotic buffering agents,
LONPOo tion has a 15 non-vitrifiable concentration of

cryoprotectant; and %7 perfusing substantially al

e eabing the temmarobor §Cf§$nsa#"attﬂa$éanaﬁ S, ¥ ﬁfhgoncﬂ”g%ﬁ'aanlow
Su e e trafagufni*atwelght,oﬁﬁg@&rlsa%ﬁ%r&ngy agah A% efectla Exdn™
by f1oezimet Mthe® groip” ConSpstiig o ofa; noBabEoRs ai ROSASRH DG ikt SPELER
e the _buffg: ERRChasnt halr Aocinhordeater vel BRtessivBos  shd" "*b83iun

5 lactobionate, potassium and sodium glycerophosphate,
raffihose, maltopentose, stachyose, sucrose and mannitol.
10. The method of claim 8, wherein said low
molecular weight osmotic buffering agent is sucrose.
11. The method of claim 8, wherein said low
.10 molecular Qeight osmotic bﬁffering agent is mannitol.
~12. The method of claim 5, wherein at least one
of said osmotic buffering agents is a high moleCular
weight agent having a molecular weight of from 1,000 to
500,000 daltons. |

15 13. The method of claim 12, wherein said high
molécular weight osmotic buffering agent is selected from
the group consisting of hydroxyethyl starch (5450,000
daltons), polyvinylpyrrolidine, potassium raffinose
uﬁdecaacetate and Ficoll (1,000 to 100,000 daltons).

20 14. The method of claim 12, wherein said high
ﬁoleculdr weight osmotic buffering agent is hydroxyethyl
starch.

15. The method of claim 14, wheréin the molecular
weight of said hydroxyethyl starch -is approximately

. 25 450,000.
16. The method of claim 5, wherein said at least

two osmotic buffering agents comprises one or more low
-_— "
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ghaw‘ﬂm;‘mﬁﬂm‘““ claim 8, wherein said |ow | m)?(:cul ar wei ght
+Cau

osno f eming agent is selected from gg t he group consisting of:
mal t ose, potassi um and sodi um fructose 1, 6- di phosphat e,

potassi um  apdiecuBffi UReight JHIOR ONBhLFeri NGt A8gLHMs anthvaRE Up
gl ycer ophosphat e, raffinose, maltopentose, Stachyose, sucrose and

mannitol . polecular weli@nt'Nes mMlad &af! 4,008 &SI aabd d r
nmol ecul ar melgﬂt osnotic buffering agent is sucrose. Sk

The method of glLain,8qnWaeigbl152l Heklgit dOmoticBLEEsthgVa58REsORIDLLG
buffering agent 1Is naﬁnltoF. |
a molecular weight of from 1,000 to 500,000 daltons.

5. 17. Thé method of claim 5, wherein said at least
two osmotic buffering agents comprises one low molecular
weight osmotic buffering agent having a molecular weight
of less than 1,000 daltons and one high molecular weight
osmotic buffering agent having a molecular weight of from

10 1,000 to 500,000 daltons.

18. Thé method of claim 8, wherein the
concentration of the low molecular weight osmotic
buffering agent is gradually reduced fo a nonzero value
while the concentration of said cryoprotectént is also

15 being gradually reduced to less than 200 millimolar.

19. The methoa lof claim is, wherein the
concentration of said low molecular weight qsmotic
buffering agent is reduced to bet&een 25 mM and 1,000 mM.

20. The method of either claim 18 or 19, wherein

20 the concentration of said cryoprotectant is reduced to
zero.

21. The | method of claim 8, ' wherein the
concentration of said 1low molecular weight osmotic
buffering agent is gradually reduced after the

25 concentration of cryoprotectant has been reduced to less

than 200 millimolar.
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The nethod m 5, wherein at |east one of said osnotic
buf f er“m‘ M“Hml gh nol ecul ar wei ght agent having a
nDIecu om 1,000 to d§ 0, 000 daltons. 15

Thé nethod of claim 12, wherein sai i gh nmol ecul ar meight-

buf f
ﬁiﬁ?é'x§etﬁy| o792kl FRECHERAI OB cparp UK, UibuORE 08, ©

L vvi vl 9 _
E?CXYIMEX15’%66%9%%8%09%??2%? hot§f BuliEting aoppe NEREEIOLS B0
12, . . . . I : )

yroxyet hyl o6 Biblp, epneisEERGUA miRhERYLOSHE | SuBady MR ©
Wherei_n the m)he&%” Amolecular "‘%ie%ht"f ggtingtfgdr%yffer}:yingst aa%@n

approxi mately
5 hydroxyethyl starch (HES).

23. The method of claim 22, wherein once all of
séid cryoprotectant is removed from said organ, the HES
concentration is gradually reduced to a non-zero level
while the sucrose concentration is gradually reduced to

10 _ zero and mannitol is concomitantly perfused into said
organ.

24. The method of any one of claims 5, 12, 16.or

| 17, wherein said organ is the liver.

25. The method of any one of claims 5, 12, 16 or

15 17, wherein said organ is a kidney.

26. The method of any one of claims 5, 16 or 17,
whe:ein said non-vitrifiable concentration of
cryoprotectant is from 20-40% weight/volume.

27. A composition for perfusing an organ, wherein

20 said composition maintains the viability of said-organ,
said composition comprising: sodium; HyPO4 ; gluconate;
magnesium; glucose; glutathione; adenosine; HEPES;
adenine; ribose; calcium; chloride; and water.

28. The 'composition of claim 27, further

. 25 comprising hydroxyethyl starch.
29. The composition of claim 27, wherein the

concentrations of the components of said ution are:

REPLACEMENT SHEg 1 |

" This Sheet Has Been Rerilaced TH".S. S;ﬁlg:g BEEN 2 9 APR 199;’ ‘




(2)'r5igan“ 4?8} (DOﬂImI' "II" "IHHH' ,mt at | on Qf t (ranr:)t hoidt S fo(r:ryggcragg(rair\r/\gt i 32 W th

a cryoprotect ant.s cenpri sing: 88 (a)
war mi ng said organ to a tenperature 90whi ch pernits reperfusmn of
sai d organ, wherein ge to said organ is mnimz

(b) perfusing géﬁiﬁ%r 8& V\§i3tt4 Eé%bbsﬂqtéﬁf‘l@m gl‘é%ﬂ‘b"f’\'—%l r&}3a42 g/1);
cryoprotectant, one or more | ow nol ecul a ht osnotic buffering

agents havi ng BagReetunaolngapate (0.21 @f/ll)essg%ﬁﬁﬁtl}l@% o %3nsg4hls one

or nore high nol ecul ar
adenosine hydrochloride (1.34 g/1); HEPES (2.38 g/l);

adenine ° (0.17 g/l); ribose (0.15 g/l); and calcium

5 chloride (0.0056 g/1).
30. The composition of claim 28, .wherein the
concentration of said hydroxyethyl starch is 50 g/1 and of

the glucose is 0.90 g/l.
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wei ght” o ' ' agents having a nol ecul ar wei ght of from
1,000 tofﬂﬂnlwwm‘m&ﬂm!‘ wherein said conposition 10 has a
non-vitrifiabl e conc tion of cryoprotectant; and

(c) perfusing substantially all of saidt cryoprotectant out of
said organ while concurrent lﬁ increasing the tenperature of said
organ to render said 31. Thercereesitinne pdr €rai8pldht athexeinissaid
17. The method of <claim 16, wherein said conposition in step
(b) conprises comppsbtionagompohses ovil.0 mM magngsdaw.ar  wei ght osnotic
buffering agent having a ' nol ecul ar wei ght of |ess than 1, 000

dal tons and one high 32. theol eampesitien gf o3abini 27 buiwhelreie asgeat
having a 20 . nolecular weight of from 1,000 to 500,000 daltons.

18. The met hgdmpBbitLbai BbmBrisdbes®iob mM alcium.

5 33. The method of claim 1, wherein the
concentration of cryoprotectant in step (f) is sufficient
to permit vitrification.

34. The method of claim 33, wherein, in step (e),
the temperature of the organ is reduced to a temperature

10 between -5°C and -35°C.

35. The method of claim 1, further comprising
treating the organ in vivo with at least one vasodilator
prior to step (a).
36. The method of claim 35, wherein the
15 vasodilator is selected from the group consisting of
iloprost, acetylcholine, nitroprusside, nitric oxide,
papa&erine, osmotic agents, andloncotic agents. -
-37. The method of claim 2, wherein at least one
vasodilator is present in the cryoprotectant-free
20 solution.
-38. The method of claim 37, wherein the
vasodilator is selected from the group consisting of
iloprost, acetylcholine, nitrobrusside, nitric oxide,

papaverine, osmotic agents, and oncotic agents.

- 25 39. The method of claim 35, wherein the organ is
further exposed to at least one vasodilator by perfusing
- ‘ ; REPLACEMENTSHEETE
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concefitration of the low nolecul ar meid%ﬂss:k.-ha . tTEﬂ&&PEQFFh&ﬁiﬂ;E
agent is I to a.nonzero value Rep , " ASgaLI G t :
cgncent ralmﬂmﬂuummmeprot ectant is also ' L'qcf%\edi@%% graFuZIQ yQPR 1997 l
reduced to' | dssthln 200 ni'llinolar. 92 +9 he imethod of 1}
claim 18, wherein the concentration of said |ow “Worecurar |
wei ght osnot i Ehe organ pithkr angrupprotiectengufseet csPattviewn 26ntdiandg -~~~
1,000 mv 89 20. The nmethod of either claim18 or

19, wherein the vasodhbatondeniemtterstdp st)d cryoprotectant is reduced

to zero. 21. The nethod of «claim 8§,

wherein the 40. The method of <claim 39, wherein the

vasodilator is selected from the group consisting of
5 iloprost, acetylcholine, nitroprusside, nitric oxide,
papaverine, osmotic agents, and oncotic agents.
41. The method of claim 1, further comprising
treating the organ in ino ﬁith transforming growth factor
Bl prior to step (a) .

10 42; The method of claim 2, wherein transforming
growth factor Bl is included in the cryoprotecpant—free.
solution.

43. The ﬁethod_of claim 2, wherein the organ is
exposed to transforming growth factor Pl, both in vivo

15 prior to said perfusion with the cryoprotectant-free
solution, and in vitro during said perfusion with the
cryoprotectant-free solution.

.44. The method of claim 1, further comprising
exposing the organ to both transforming growth factor B1

20 and at least one vasodilator prior to step (a).

45. A method of preparihg a biological organ for
cryopreservation, comprising:

(a) perfusing the organ with a perfusion solution
‘under -conditions " in which the concentration - of

25 cryoprotectant in the solution is gradually increased to a
first predetermined non-vitrifiable concentration, while

concurrently reducing the temperature of said organ;

[T
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concentratlon ni - said low nolecular weight osnotic

(t:gmgr “Elnm“m“!\! gradual ly reduced after the

otectant has been reduced to |ess . than 200
m 1ol ar - 22. The meth®3 of claim 16, wherein said | ow
10 mol ecul ar wei ght osnotic buffering agent is selected from
the group consisting ofbhanmaidtainéngucr $be, aaposmtgation  of hj ghhe
nmol ecul ar weight osnmotic buffering agent is hydr oxyet hyl
starch (HES). cryoprotectant fop3 aTheuhfiiedenst digiem 20 vpe¥rihn ohbe
all of 15 said cryoprotectant is renoved fromsaid organ, the HES
concentrati on apRuaPrimate qosmetierequilidraihione athdhe organ tosgonus
concentration is gradually reduced to zero and - mannitol is:
conconi tantly perfused(fht oingkdasigan. the concentZatithe net hofi of
any one of clainms 5, 12, 16 or

5 cryoprotectant in the perfusion solution to a first

intermediate non-vitrifiable concentration;

(d) maintaining the concentration of
cryoprotectant at said first intermediate concentration
for a sufficient time to permit the approximate osmotic

10 equilibration of the organ;

(e) reducing the temperature of the organ to a
temperature below that of step (a):

(f) further increasing the concentration of
cryoprotectant in the perfusion solution to a second

15 intermediate concentration;

(g) maintaining the concentration of
cryoprotectant at said second intermediate concentration
for a sufficient time to permit the approximate osmotic
equilibration of the organ;

20 (h) further reducing the temperature of the organ
to a temperature below that of step (e); and

(i) increasing the concentration of
cryoprotectant in the perfusion solution, to a level
sufficient for vitrification.

25 46. The method of claim 45, wherein, in step (h),

the temperature of the organ is reduced to a temperature

between -5°C and -35°C.
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cr yopr ot ect ant

m n said organ is the liver. - 25. The
#”H‘"""alns > %é %Eeogethod of an§7on2hg;etrafﬁgdSOrggnor

wherein®  said non-vitrif®4ble concentration of - 25

I's from 20-40% wei ght/ vol une. 27. A

conposition for perfusfihg afher geathaghepdi rlaim 45, fuptihercoapoprisbng

mai ntai ns the
conpri si ng:
magnesi um gl

viability of said organ, - sai d conposition
pedfusing Hsedid]) Rgfgan | wighueonzxyoprotectgnt-free solution

ucose; gl ut at hi one; adenosi ne; HEPES,; adeni ne;
ri bose; cal ci upriehl beisieep atrl) wat er .

48. The method of claim 45, further comprising
exposing the organ to at least one of transforming growth
factor Pl and a vasodilator prior to step (a).

49, The method of claim 48, further comprising

exposing the organ to both transforming growth factor 1

and a vasodilator prior to step (a).

10

15

20

- 25

_—
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50. A method for preventing, during preparation
of a l.biological | system for vitrification and its
subsequent vitrification, both cooling injury and injury
from cryoprotectant exposure, wherein the method comprises
the steps of:

(a) introducing non-toxic concentrations of

cryoprotectant at about 0°C;

(b) cooling the system to a sub-zero temperature
near tﬁe freezing point of the ‘cryoprotectant-exposed
biological system;

(c) introducing a vitrifiable coﬁcentration of
cryoproéectant at the temperature 6f step (b):; and

(d) vitrifying the biological system.

51. The method of claim 50, wherein the
biological system is a tissue.

52. The method of claim 5, wherein, in étep (b),

said organ is perfused with said composition for a time
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Jhef’cﬁﬁﬁ6§rfrg;,_ claim 27, further - conpri sing
hydroxye “\\\\ ‘\i 29. The conposition  of <claim 27,
mhereln ‘ 1!“

ncentrations of th& conponents of said solution
tl\laH[err]Pqerr]H[err]O(B 45°9/1); potassium gl uconate (23.42

g/I) esi um gl uconate (0.21 g/l | ut at hi one (0. 92 :
adenosi ne hydr%% %ﬁ+%ﬁe(€ O 3ReHNY - é PEEg 9%§%§B?I?sm°tﬁﬁ qU1%H%H?€b°n

(0.127 g/l); r|bose (0.15 g/l); and caIC|un1 chl oride (0.0056
gll). of said organ. The " conposition cI aim 28, wherein the
concentration of said h droxK t hyl starch I S 50 and of t he

gl ucose is 0.90 g/l. e method of clajm ¢ nﬁ%%?%?%mro%nc$%$m12q)r
wherein said conposi tion conprises [err]1.0 mM magnesi um

the concentratlon of the 1low molecular weight osmotic

5 buffering ageqt is gradually reduced to approximately
50 mM and the conéentration of the high molecular weight
osmotic buffering agent is held steady at approximately
3-8% w/v while the cqncentration of the cryoprotectant is
reduced to less than 200 mM.

10 _ 54. The method of claim 53, wherein, after step
(c), the concentration of the low molecular weight and
high molecular weight osmotic buffering agents are not
further changed prior to transplantation of the organ.

55. A method for preparing a .liver | for

15 transplantation after its cryopreservation with a
vitrifiable concentration of cryoprotectant, comprising:

(a) warming said 1liver to a temperature that
pérmits‘reperfusion of said liver, whérein damage to said
liver is minimized;

20 (b) perfusing said organ with a non-vitrifiable
concentrafion of cryoprotectant; and

(c) perfusing substantially all  of said
cryoprotectant out of said 1liver while concurrently
increasing the temperature of said liver to render said

25 liver suitable for transplantation.
56. The method of claim 55, wherein, in step (b),

said liver 1is ©perfused with said no ;able

This Sheet Has Been: Re laced THIS SHEET HAS BEEN
. RE PL ACED
L ;




cIa|n127 wherein said conposi tion _
corrprl !mmﬂ I“lmﬂlmmcal CI um 33. The nethod of claim
10, fur er cConp¥ I S ng@ per fusi ng 9éaid organ wth a
conposi tion conprising manni t ol “af ter substantlally all of sald

cryoprotectant is used out of said orga
34y ‘Fl)'he nmet hod®9F¢ %’I‘%’f?ﬁﬁonv\/ﬁgré’lrrY°Pirﬁt§F§Bn(—e)f°r 8" time qq[fé%?mmx Stqre
of the organ |s reduce to a tenperature 25 bet ween -5[err] C an
-35[err]cg the approximatg q§RotE hrAWElibration of t heaid

conpri sing livertreatlng the organ in vivo with at | east one vasodil ator

57. The method of claim 55, wherein, in step (b),
5 said liver is @perfused with . said non-vitrifiable
concentration of cryoprotectént and no osmotic buffering
agents. |
58. A method for preparing an organ for
transplantation after its cryopreservation, cbmprising:

10 _ (a) warming said organ to a temperature that
pérmits reperfusion of said organ, wherein damage to said
organ is minimized;

(b) perfusiné said organ with a composition
comprising a cryoprotectant and an osmotié buffering

15 agent, wherein said oémotic buffering agent is a high
molecular weight agent having a molecular weight of from
1,006 daltons to 500,000, and said composition has a non-
vitrifiable concentration of éryoprotectant; and

(c) perfusing substantially all of said

20 cryoprotectant out of said organ while concurrently
increasing the température of said organ to render said
organ suitable for transplantation.

59. The method of claim 58, wherein said high
moleculér ﬁeight osmotic buffering agent is selected from

.25 the group consisting of hydroxyethyl starch (<450,000

daltons), polyvinylpyrrolidine, potassium raffinose

undecaacetate and Ficoll (1,000 to 100, 000 dalton kEPT;;;;M““'
o I:NT ;E}f;L:

This Sheet Has Been Repl

LT




Ieﬁm“ﬂ“mltln“ Imﬂl I“l vasodi l ator i 536§el 'é'(r:\?edrre]E Pg% ?Le Clg?i)lTp 3(5:§)nsi sting

L i Popfost, acetyl chol i ne, nlgfopru55|de nitric oxide,
papaverl ne, osnotic agents, and oncotl c agents. 37. The

thod of claim2, wh | east di | is, t
" the  cryoprof ect Bht-{ FAE R g 5 v'vhé?‘r n saidh highe

met hod of vasodi | el ected fro
the oroup. corBPLPPRiass welbBk® domarke purceridd) Boratl e ' AvAFoRypEREL! o
nitric oxide N papaverine, osmotic agents, and oantl c agents. 15
39. The et hdB@BFP¢l ai m 35, wherein the organ is further exposed

to at | east one vasodi.l atof, by fysi ng . th
cryoprotectant-free sgilmi%ﬂecﬁ‘ﬁgé?ﬁi ﬂg claim 60, w ere R ehe! Rofecular

5 weight of said hydroxyethyl starch 1is approximately

450,000.
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the wasodilator prior to step (a). 40.

claim 39, wherein.: the 20 vasodi lator is sel

group consisting of - iloprost, acetylcholin

nitric oxide, papaveri ne, osnotiks-agents, and

41. The nethod of claim11, further conprising ir

vivo with transformng growh factor 25 [err]1 pr @?G;tcgmw,{aﬁ’
9 2 Ph5 meahephmse Spd of claim 2, wherein transtformng

groven ractor Lerrl 1 i Bné ad ¥ Mean the end of phased 6 M%tr%s”;ec{&e?ye,
Ph5:250 means that the concentration of LMW OBA during phase 5
was 250 millimolar;
5 - €Ph6:50 and ePh7:0 mean that the concentrations of LMW OBA at
the end of phases 6 and 7 were 50 and 0 millimolar, respectively:
| Veh. means vehicle.;
EC means Eurocollins solution;
CPA means cryoprotectant agent; . :
10 ‘Numbers 1 to 7 within circles designate the 7 phases of the
experiment referred to later;
P/10 means pressure divided by 10;

M means the measured molar concentration;

M meané the target molar concentration; and
15 F means flow in ml/min.
Figure 6 shows the part of the protocol for the two-step
introduction of fully concentrated vitrification solution that was carried out
.inside the standard perfusion machine.
Figures 74-7D comprise a flow chart of activities for organ
20 cryoprotectant perfusion.
Figure 8 is a schematic diagram of the details of the two-step
cooling technique for introducing high concentrations of cryoprotectants.
Figure 9 shows an apparatus to perfuse kidneys with vitrification
. solutions outside of the standard perfusion machine aﬁd at temperatures in the
25 vicinity of -20 to -30°C.
Figure 10 show a typical rat liver perfusion protocol in which
neither HES nor LMW OBAs were used.
Figures 114 and 11B comprise a flow chart of the procedure for
non-cryoprotectant perfusions.
30 Figure 12 shows the ability of rabbit kidneys transplanted after
perfusion with the vitrifiable solution known as V49 to function as measured by

their control of serum creatinine.



43. The nethod of claim2, wherein the organ is 5 REPORGEMEINT SHEE

transform ng grow h factor [err]1l, both in vivo or—t0 sal d

perfusion with the cryoprotectant-free sol uti on,
during said perfusion with the Ck}@pr ot ect ant -f e
met hod of claim11, further conprising 10 gx

44. The

angl i pCYi 197

sol uti on.

to both transformng growh factor [err]1 and at] | east _one

\éan)di | at ?)r prior to sgsre(E8 shows the effect of cooling 3o -F0°CLd
i ol ogi ca .C
(a) perfusi ngpravieuslyopestused with

organ _for

HIO reservation, conprising: .
-5 ¥ opd M gxropretectiye agents,dn gomparisanctor

condi tions in_whi

_ ch, the.concentration of ryoprotectant in the
solution is glﬂéeaxﬁgl\gfsfafnggggggle&kl@eysexposedtﬂ-?s * predeterm ned '

non-vitrifiable concemjpadel M shoWh ithefresults of exposing rabbit kidney slices to high

5

10

15

20

25

30

concentrations of cryoprotectant after rather than prior to cooling to -23°C,
demonstrating that both the cooling injury and the toxicity associated with high
concentrations are prevented by cooling initiaﬂy in a low (6.1 M) concentration.

Figure 15 (comprising Figures 15A and 15B) shows that cooling
injury is also successfully avoided in the intact kidney at 6.1 M cryoprotectant
(100% survival, excellent final creatinine levels), proving the hypothesis that

~ cooling injury is abolished at low concentrations.

Figure 16 (comprising Figures 16A and 16B) shows the feasibility
of the two-step approach for introducing 8 M cryoprotectant at -22°C; the
survival rate was 7/8 and the creatinine levels after two weeks were excellent
and identical to those for kidneys exposed only to 6.1 M cryoprotectant.

Figure 17 (comprising Figures 17A and 17B) shows the feasibility
of using the two-step approach to avoid cooling injury down to -32°C with 8 M
cryoprotectant (survival rate = 100%, final creatinine levels identical to those
for kidneys exposed only to 6.1 M cryoprotectant).

Figure 18 (comprising Figures 18A and 18B) shows that kidney
slices treated with V55 and cooled to -46°C eéxperience maximum cooling
injury, no further injury being apparent when slices were cooled all the way to
the glass transition temperature. _

Figure 19 shows the postoperative serum creatinine levels in an
intact kidney that was treated with V55 and cooled to -46°C with subsequent
life support function (survival rate: 1/1 kidneys so treated; final creatinine
levels: acceptable.)

Figure 20 (comprising Figures 20A and 20B) show data from the
perfusion of a human kidney with the vitrifiable solution known as V55 by the
method of this invention. Specifically, Figure 20A shows successful control of
cryoprotectant concentration. Figure 20B shows resistance and flow data.

eabbit kigheear | Ng



concurrently reducing the tenperature of said organ; REPLAGEMENT SHE

(b) maintaining the -concentration of the 20 Cry

sufficient tinme to permt the appr oxi mat e 0g t“% ﬁgti” -Jr)l?raZtlon
of the organ to occur; -70- (¢) i ncreasi

concentration of cryoprotectant in the penf .uti-en

to a first internmedi ate non-vitrifiable concenftration, 25 -
(d) maintai ni rappropiriate for an orpag kbfitainirgno clgf)protectant InGhY BEN Fidde madthol Sl d
first internedjate concentration for a sufficient tine

to pernmit the 18p#hekidnex. demperature elevation began @s ithepeoncentration feh do diivh:
and continued linearly with concentration drop until the initial perfusion

temperature was reached and arterial concentration reached 1.3 to 0.8 M (1°C

5 rise per 0.68 to 0.78 M decrease in concentration; total of 3.4-3.9M
concentratioﬁ change during warming) as illustrated in Figures 5 and 6.
Acceptable variations for the concentration at which the temperature initially
rises are 2.5-5.5M and for the concentration at which temperature rise is
completed are 0.5M-4.5M.

10 e) OB washout during phase 6: The general method for OB
washout duting phase 6 was to incompletely wash out the LMW OBA while
maintaining HMW OBA concentration (when HMW OBA was present)
constant or reducing HMW OBA concentration by only 1-2% w/v. More
particularly, as penetrating cryoprotective agent concentrations fell, the

15 concentration of LMW OBA also fell in proportion reaching a final nonzero
concentration of OB when penetrating cryoprotectant concentration reached
zero. This final nonzero concentration of LMW OBA was 50 mM in the best
mode method and may acceptably vary from 25 mM to 1000mM. In an
enibodiment of the invention, the final non-zero concentration of LMW OBA

20 was from 25 to 500 mM. As an example, in the best mode (Figure 6), in which
350 mM sucrose was brought to 50 mM sucrose while 5.0 M cryoprotectant was
reduced to 0.0 M cryoprotectant at a rate of 42mM/m1n, sucrose concentration
dropped at the rate of 2.5 mM/min. ‘

While not wishing to be bound by any theory, during reduction of

25 cryoprotectant concentration, absolute transmembrane osmotic forces
attributable to the cryoprotectant transmembrane concentration gradient became
reduced, thus reducing the requirement for o.smotic buffering. Reducing OB
concentration during cryoprotectant washout was therefore designed to
minimize osmotic damage from the OB both during cryoprotectant washout and

30 thereafier and was further designed to reduce potential cellular uptake of
nominally non-penetrating OBA. No previous perfusion technique of
cryoprotectant washout has ever made use of this "declining OB principle."



(e) reducing the tenperature of the organ'to a .Rgp@x@rmﬁaiaow

that of step (a); 5 .- (f) further increpgrmg-the 1

concentration of cryoprotectant in the perfusiopisol gtppn Ha97a
DI); ' "

second i nternedi ate non-vitrifiabi78 concenttati
(g) maintaining t he concentration of cryopriet-ect-ant- -at said
second internediate non-vitrifiable 10 concentratign__for .a. ...
sufficient tithe inventorpelovidd to trg an experimeap withxa weheentrathori coméstably br at i on
of the organ; ((h) flIIrther reducing the tenperature of

t he or%Wf’éM@-%WékWﬂ@ﬂ&ﬁ%W@?ep (e); and

(i) increasing t he i . . t;@Ct@ab, N the
perfusion solution, %&&gﬁ?‘{'@v@# &Benm&;t ag%ﬁ}dllc@fzeéiﬁ@i]ﬁglﬁr@\/llgt ri i/%:gti on.
46. The net hodhekidheps [adéd with & EMcrybprofeRit, cboled to around -22°C, warmed

5 up (protocol indicated in the insert) supported life, giving excellent mean serum

creatinine levels after 14 days (Cr,,) and acceptable peak creatinine values

(pCr). Figure 16 shows tile results of loading 6.1 M cryoprotectant at -3°C,

cooling to -23°C, and then perfuming the kidney with 8 M cryoprotectant until

equilibrium was achieved. = As in fhe previous experiments, the 8§ M

10 cryoprotectant was washed out using 3% HES. In stark contrast to the results of

| the one-step cryoprotect addition method followed by cooling to -30°C (Figure
13), the 8°M kidneys of Figure 16 had an excellent survival rate of 7/8, and the

kidneys that did survive were not different from the 6.1 M kidneys in terms of

their Cr,, and pCr values, in full agreement with the slice results of Figure 14.

15 Furthermore, as shown in Figure 17, when kidneys were perfused with 8 M
cryoprotectant at -22°C, they could then be cooled another 10°C to -32°C
(colder than in Figure 13), with 100% survival upon warming and with Cr,,
values identical to those of slices exposed only to 6.1 M cryoprotectant, again in
complete agreement with the predictions of Figure 14.

20 Figure 18B shows that the injury associated with cooling increases
between -30 and -60°C but does not increase with further cooling to near the
glass transition temperature. Figure 18A shows an attempt to more precisely
determine where between -30° and -60°C, cooling injury stops increasing.
Although the magnitude of the drop was somewhat small in this experiment, it

25 appeared that slices cooled to -45° to -50°C expeﬁenced a maximum amount of
cooling injury.

Using the information of Figure 18 as a guideline two additional
experiments were done with intact kidneys. After spending approximately 9
months optimizing the procedure for introducing and removing V55, the

30 following optimum method was identified. The first step of the two-step



t he te}rp gan I's reduced to a terrperatura;EPLACEMFNJe%lmen
-5[err] C mn F Hiil 47. The net hod f claim4b, .

further - perfusing said grgan Wlth ydpﬁcﬁE:eEttglcﬁ‘f free
sol ution prlor to step (a). 48 he nmet hod of claim
45, further conpri sing exposing the organ to at}|-east—oné of
transform ng ek Fs anlmedfiétor [err]1 and a vasodi| ator—pri-or -to step
(a). 9 4 49. The
met hod of claim48, fdrthe® de@tgradiol preparingxpobiobogheabr gagano foat h
transformng gromh factor [err]1l and a vasodilator prior to step
(a). cryopreservation, comprising: -

(a) -perfusing said organ with a perfusion

5 solution under conditions in which the concentration of

cryoprotectant in the solution is gradually increased to a

first predetermined non-vitrifiable concentration while
concurrently reducing the'temperature of said organ;

(b) maintaining the concentration of said

10 cryoprotectant for a sufficient time to permit the
approximate osmotic equilibration of said organ to occur;

(c) increasing the cryoprotectant
céncentration' of said solution to a higher second
predetermined non-vitrifiable concentration;

15 (d) maintaining the cryoprotectant
concentration of said solution at said second
concentration for a time sufficient to permit the
approximate osmotic equilibrium of.said*organ to occur;

(e) reducing the temperature of the organ to

20 a temperature below that of steﬁf(a); and.

(£) inéreasing the o cryoprotectant
concentration of said solution to a level sufficient for
vitrification.

2. The method of claim 1, fgrther comprising

25 perfusing said organ with a cryoprotectant-free solution

prior to step (a).



50. A method for reventlnT during preparation 5 of REPLACEME EET

system fo w mm‘nlﬁmlﬁ and |ts subsequent vil

cool i ng in“ lll I “ from cr)é%prot ectant expos r gmeHHP
met hod conpfi ses the steps of: (a)

i ntroduci ng non-toxic concentrations of 10 cryoprotec ant_at about
Olerr]C 3. The ppgfrhedolohigclidiom lgysturthe® o
tenperature near the freezing point of the cryoprotectant- exposed
bi ol ogi cal sydireating said organ with ilaprdsht redutiragsfoviningf igagweh
concentration 15 of cryoprotectant at the tenperature of step (b); and
(d) vitrifyi nffadtenhifd pgical toystem (a). . 51. The nmethod of
claim 50, wher ei n t he

4. The method of any one of claims 1-3, wherein

5 said organ is a kidney or a liver.

5. A method for 'preparing an organ for
transplantation after its cryopreservation with a
cryoprotectant, comprising:

(a) warming said organ to a temperature

10 which permits reperfusion of said organ, wherein damage to
said organ is minimized;

(b) perfusing said organ with a composition
comprising a cryoprotectant and at least two different.
osmotic buffefing agents, wherein said composition has a

15 non-vitrifiable concentration of cryoprotectant; and

| (c) perfusing substantially all of said
cryoprotectant out of said oxrgan while concurrently:
increasing the temperature of said organ to render said
organ suitable for transplantation.

20 6. The method of c¢laim 5, wherein said
cryopreservation is by vitrification.

7. The method of claim 5, wherein said
cryopreservation is by freezing.

8. The method of claim 5, wherein at least one

25 of said osmotic buffeiing agents is a low molecular weight
osmotic buffering agent having a molecular weight of less

than 1,000 daltons.
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bi ol ogi i ssue. 52. The nmeth¢d of claimb5,
V\/nerel n ﬂlmmmm"umlﬂm said organ i's perfused with said &cﬁ&fﬁ)égg?or !
!

for atime c v ® ssyufficient to permt t§$ approxi mate ospwtic

equi librati on of said organ. 53. [The mernhod—of !
claim17, wherein, in step 'éh) t he concentratlon O F— e B
mol ecul ar wei ght osmot9e  JBhe  mefikadkriofy cigdmt 8is whereiml 15214 edried

to approxi mat elJY 50 mM and the concentration of the high
mol ecul ar wei ghelecular weighpt pempti¢cbrfiferipat apsnkefie sedeprest from

approxi mately 9 5 3-8%
w v while the Emcorepnt iaansdisting cefopr qraldiaas, |Botassmm and sodium

fructose 1, 6-diphosphate, potassium and sodium
5 lactobionate, potassium and sodium glycerophosphate,
raffinose, maltopentose; stachyose, sucrose and mannitol.

10. The method of claim 8, wherein said low
molecular weight osmotic buffering agent is sucrose.

11. .The method of claim 8, wherein said low

10 molecular weight osmotic buffering agent is mannitol.

12. The method of claim 5, wherein at least one
of said o;motic buffering agents is a high molecular
weight agent having a molecular weight of from 1,000 to
500,000 daltons.

15 . 13. The method of claim 12, wherein said high
molecular weight osmotic buffering agent is selected from
the group consisting of hydroxyethyl starch (<450,000
daltons), polyvinylpyrrolidine, potassium raffinose.
undecaacetate and Ficoll (1,000 to 100,000 daltons).

20 14. The method of claim 12, wherein said high
molecular weight osmotic buffering agent is hydroxyethyl
starch.

15. The method of claim 14, wherein the molecular
weight of said hydroxyethyl starch 1is approximately

25 450,000.

16. A method for preparing an organ for
transplantation after its cryopreservation with a

cryoprotectant, comprising:



_ REPLACEMENT SHEET |
reduced to |l ess than 200 nM 54. The net hof
Ummmm""wm (c), the concentration of the W1ﬂB|@&‘F|‘Bg?
,ﬁﬂ"lgh nmol ecul ar wei ght notic buffering hdents are

furt er® cHandedsprtor to transplantation 3§3the or gan. .
A nmethod for preparing a liver for transpl antati on
after its cryopreservéal owarmipg said organri tiocati orfemgeratuxre
vitrifiable concentration of 10 cryoprotectant, conpri sing:
(a) warnmi ng sathic¢h \permics tepgrfiusione afhataid organ,peheired nr clsaeigesiten of
said liver, wherein damage to said liver is mnimzed,
(b) perfusing saia drgamdrs miintimized; non- 15 vitrifiable
concentration of cryoprotectant; and (c) perfusing
substantially all of saitb) perfusing said organ with a composition

5 comprising a cryoprotectant, one or more low molecular

weight osmotic buffering agents having a molecular weight
of less than 1,000 daltons and one or more high molecular
weight osmotic buffering agents having a molecular weight
of from 1,000 to 500,000 daltons, wherein said composition

10 has a non-vitrifiable concentration of cryoprotectant; and

(c) perfusing substantially all of said
cryoprotectant out of said organ while concurrently
increasing the temperature of said organ to render said
organ suitable for transplantation.

15 17. The method of claim 16, wherein said
composition in step (b) comprises cryoprotectant, one low
molecular weight osmotic buffering agent having a
molecular weight of less than 1,900 daltons and one high
molecular weight osmotic buffering agént having a

20 molecular weight of from 1,000 to 500,000 daltons.

18. The method of claim 8, wherein the
concentration of the low molecular weight osmotic
buffering agent is gradually reduced to a nonzero value
while the concentration of said cryoprotectant is also

25 . being gradually reduced to less than 200 millimolar.

19. The method of claim 18, wherein the
concentration of said low molecular weight osmotic

buffering agent is reduced to between 25 mM and 1,000 mM.
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f said i whi | t
mmam llﬂ EI [ \S;glr toI \rlg:]derl s:i goncurren I iyver suit I ncrfﬁfﬁj 9@?6
trans

56. Theegnat hod of claim55b, wherein,

1o ¥ £ ke St

step (b), said liver is perfused wth sai d nnV|tr|f|abIe i
concentration of cryopr ot ect ant for atinme sufficient to perntt-the
approxi mat e osnotic ef®i | i braitPekhef o4 gither c aH“véP or2§.9 wherein
57. The method of claim55, wherein, in step (b said liver 1is
perfused witkhe sansentgation efasadd cryopr@ PEleARt atiSonrefuced  to
cryoprotectant and no osnotic buffering agents.

Zexo.

21. The method of <claim 8, wherein the
5 concentration of said low molecular weight osmotic
buffering agent is gradually reduced after the
concentration of cryoprotectant has been reduced to less
than 200 millimolar.
22. The methéd of claim 16, wherein said low
10 molecular weight osmotic buffering agent is selected from
the group consisting of mannitol and sucrose, and said
high molecular weight osmotic bufferihg agent is
hydroxyethyl starch (HES).
23. The method of claim 22, wherein once all of
15 said cryoprotectant is removed from said organ, the HES
concentration remains at a non-zero level while the
sucrose concentration is gradually reduced to zero and
mannitol is concomitantly perfused into said organ.
24. The method of any one of claims 5, 12, 16 or
20 17, wherein said organ is the liver.
25. The method of any one of claims 5, 12, 16 or
17, wherein said organ is a kidney.
26. The method of any one of claims 5, 16 or 17,
wherein said non-vitrifiable concentration of
25 cryoprotectant is from 20-40% weight/volume.
27. A composition for perfusing an organ, wherein
said composition maintains the ﬁiability of said organ,

said composition comprising: sodium; H,POs ; gluconate;
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cryoﬂroﬂectan

. A hod f i _ f
Wl mf 15 oryopreservation  wih 8 ]ﬂ 6'0CT 1897
S

aid organ to

I si ng: 90 (a) warmnpg!

a tenperature that 5 permts reperfu3|on of said organ whereln

damage to said organ is mnim_zed

per f usi ng' saiTPIMGH t h L IRFRTsi t |‘H’Ptath1°ne'con'p}"rqe§}°ﬁgm§'crydﬁ#‘%ﬁ%ct ant

and an osnot i
agent is a hi
from

vitrifiable concentraf$on TRE cr \RAMRASIGIAR . g claim 27, furthexy)

Lol

c,bufferin ent, wherein said osnotic buffering

ienine: r£5ﬂﬁ%nnﬂ%%°kﬂﬂqyﬂhlagéﬁ? ihapfnyakehol ecul ar wei ght of

1, 000 daltons _to 500, 000,, and said conposition has a naon-

perfusing substantially all of said

10

15

20

25

comprising "hydroxyethyl starch.

29. The combosition of claim 27, wherein the
concentrations of the components of said solution ére:
NaHzPO4+H0 (3.45 g/l); potassium gluconate (23.42 g/l);
magnesium gluconate (0.21 g/l); glutathione (0.92 g/l1):;
adenosine hydrochloride (1.34 g/l); HEPES (2.38 g/1);
adenine (0.17 g/l):; «ribose (0.15 g/l); and calcium
chloride (0.0056 g/l).

30. The composition of claim 28, wherein the
concentration of said hydroxyethyl starch is 50 g/l and of
the glucose is 0.90 g/l.

31. The composition of claim 27, wherein said

composition comprises <1.0 mM magnesium.

32. the composition of claim 27, wherein said
composition comprises <0.05 mM calcium.

33. The method of ciaim 10, further comprising
perfusing said organ with a composition comprising
mannitol after substantially all of said cryoprotectant is
perfdsed out of said organ.

34. The method of claim 1, wherein, in step (e),
the temperature of the organ is reduced to a temperature

between -5°C and -35°C.
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59. The gt hod of claim 58} wherein said

hi-gh

the group consisting
pol yvi nyl pyrrolidine,
Ficoll (1,000 to 100, 000 daltons)
58, wherein sEFeRH % the orgapy|idt 4o vigh it apsAsaPt [F YRRk
starch, 25 61. The nethod of claim 60,
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36 The method of claim 35, wherein the
vasodilator is selected from the group consisting of
iloprost, acetylcholine, nitroprusside, nitric oxide,

papaverine, osmotic agents, and oncotic agents.

37. The method of claim 2, wherein at least one

vasodilator is present in the cryoprotectant-free
solution.

38. The method of claim 37, _ wherein the
vasodilator is selected from the group consisting of
iloprost, acetylcholine, nitroprusside, nitric oxide,
papaverine, osmotic agents, and oncotic agents.

39. The method of claim 35, wherein the organ is
further exposed to at least one vasodilator by perfusing
the organ with a cryoprotectant-free solution containing
the vasodilator prior to step (a)ﬂ

40. The method of «claim 39, wherein the
vasodilator is selected from the group consisting of
iloprost, acetylcholine, nitroprusside, nitric oxide,
papaverine, osmotié agents, and oncotic agents.

41. The method of claim 1, further comprising
treating the organ in vivo with transforming growth factor

Bl prior to step (a).

hydr oxye I err] 45Q, 00 20 TS
85 RS idrhoa T oft (atr T RuPtRas. cRmEA gy

60. The nethod of claim
Lis
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conditions in whi&h *5 the concentrafion Ff _ cryopro;eo%?ﬂt
radual | incregsed in the superfusion solution to a filrst
gredeterﬁined concentrgaion Thenimet eEnfépdluZe dfherrin transforming
and the superfu5|on solution is concurrently reduced from an
initial tenper8F@WEhoffa@nnr Blt ds37ireladed oinltthe caybpuweteteanperftraee
of about -13 to +5[err]C (b) maintaining the
concentrati on ebltihéon.

43. The method of claim 2, wherein the organ is

5 exposed to transforming growth factor Pl, both in wvivo

prior to said perfusion with the cryoprotectant-free
solution, and in vitro duiing said perfusion with the
cryoprotectant-free solution.
44. The. method of claim 1, further comprising
10 exposing the organlto both transforming growth factor Bl
and at least one vasodilator prior to step (a).
45. A method.of preparing a biological organ for
cryopreservation, comprising:
| (a) perfusing the organ with a .perfusion
15 solution under conditions in which the concentration of
cryoprotectant in the.solution is gradually increased to a
first p:edetermined non-vitrifiable concentration, while
concurrently reducing the temperature of said organ;
(b) nmintaining. the concentration of the
20 | cryoprotectant for a sufficient time to permit the
approximate osmotic equilibration of the organ to occur;
(c) increasing the concentration of
. cryoprotectant in the perfusion solution to a first.
intermediate non-vitrifiable concentration;
25 (d) maintaining the concentration of

cryoprotectant at said first intermediate concentration
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i ncre oncentration 935 cryoprotectant in the
superfusion solution, from the concentratlon instep (D), unaer 5
controlled co dltlons . . .a rst |n di at e cofitentration; .
which is noPr @ %géﬁt??EiéﬁFe F?N Pt FRREOXIMALS nBPRPLLRI ng

t he conce&tgatlon of CLKoprotectant at that intermediate 20
concent r at i onSWILIPTAFLPR; 8ht ThE | BIARL  pernit  the appr oxi mat e
osnotic equilibration of the tiss X reducing the
tenperature of the tissue () YQ}QEtQHﬁNﬁ%ﬂRﬁ¥??Rﬂ%WP§rﬁﬁe oPrd8RptPa)

and é % ncreasi ng concentration of 25
cryopr ot ect an tROPREALYE GQPBntE%Fu?foﬁFept(?zy | evel sufficient

for vitrification. ) . .
5 (£) further increasing the concentration of

cryoprotectant in the perfusion solution to a second
intermediate non-vitrifiable concentration; '
(g) maintaining the concentration of
cryoprotéctant at said second intermediate non-vitrifiable
10 concentration for a sufficient time to permit the
approximate osmotic equilibration of the organ;
th) further reducing the temperature of the
organ to a temperature below that of step (e); and
(i) increasing the concentration of
15 cryoprotectant in the perfusion solution, to a -levei
sufficient for vitrification.

46. The method of claim 45, wherein, in step (h),
the temperature of the organ is reduced to a temperature
between -5°C and -35°C.

20 _ 47. The method of claim 45, further comprising
perfusing said organ with a cryoprotectant-free solution
prior to step (a).

48. The method of claim 45, further comprising

exposing the organ to at least one of transforming growth

25 factor Pl and a vasodilator prior to step (a).
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he neth of claim®62, furiRer_conprisingi :
treatlng the tissue in vivo wit transforn1ng g owt h '

factor [err]1 prior tp step (a tm-
63, wherein transfornfhy The 2“et'-hoercﬁ\i‘:t hcﬁ-ééi“or48['erifjlith§r| RIMRFISE NG t he

cryoprotectant-free sol uti on. 10 66. The nethod
of  claim 62XXPe#Hdrei khet pggan to both transforming growth factor 1

and a vasodilator prior to step (a).
50. A neﬁhod for preventing, during preparation
5 of a Dbioclogical system for vitfification and its
subsequent vitrification, both cooling injury and injury
‘from cryoprotectant exposuré, wherein the method comprises
the steps of:
{(a) introducing non-toxic concentrations of

10 cryoprotectant at about 0°C;

(b) cooling the system to a sub-zero
temperature near the freezing point of the cryoprotectant-
exposed biological system;

| (E) introducing a vitrifiable concentration
15 of cryoprotectant at the temperatureﬁof step (b); and
(d) vitrifying the biological system.
51. The method of claim 50, wherein the
biological system is a tissue.
52. The method of claim 5, wherein, in step (b),
20 said organ is perfused with said composition for a time
sufficient to permit thé approximate osmotic eguilibration
of said organ.
53. The method of claim 17, wherein, in step (c),
the concentration of the low molecular weight osmotic
25 buffering agent is gradually reduced to approximately.
50 mM and the concentration of the high molecular weight

osmotic buffering agent is held steady at approximately
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nagnltude of the concentration of cryoprotectant in steps
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high molecular weight osmotic buffering agents are not

further changed prior to transplantation of the organ.

55. A method for preparing a liver for
transplantation after its cryopreservation by
" Vitrification with a vitrifiable concentration of
cryoprotectant, comprising:

(a).warming said liver to a temperature that
permits reperfusion of said liver, wherein damage to said
liver is minimized; |

(b) perfusing said organ with a non-
vitrifiable concentration of cryoprotectant; and

(c) perfusing substantially all of said
cryoprotectant out of said liver while concurrently
increasing the temperature of said liver to render said
liver suitable for transplantation.

56. The method of claim 55, wherein, in step (b),
said liver is perfused with said non-vitrifiable
concentration of cryoprotectant for a time sufficient to
permit the approximate osmotic equilibration of said
liver.

57. The method of claim 55, wherein, in step (b),
said liver is perfused with said non-vitrifiable

concentration of cryoprotectant and no osmotic buffering

agents.

such that cryoprotectant toxicity is

i nFﬁF&Eﬁdlﬁos%%'To% thapR00 mM4)  (c¢) and (e).

hod of claim 53, wpg)':eggpera‘ﬁj:aingstepthe
W th super fusi on sol ution under controlled
conditions in &ﬁ?crlthe 2goncentpatiennednt thgi dow oroleewlamr vedghintands
gradualgy

MM ARTHEAMERR -5 epsence (5 "Rpmite” || pakfa |

67. The neth of claim 62,} |wherein the :
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I nc superfusion solution to a first *]’
preﬂmﬂm lﬂ”"ﬂ tration, while the tenperature of the b OCT 1997 f
ti ssue tan e super fusion solution is conggrrently reduced from
an initial tenperature of about 0 to 37[err to a ‘| OWeT N
tenperature of about -13[err] to +5 B

mai nt ai ni ng t he co%gent at |IB‘?1 hé‘gf f°r5 preequs’,btg,g ot &t anPrIpdr ﬁor
sufficient ) approxi mate osnotic
eqU|I|brat|on gEaPﬁBl?ﬁgggéo?o d%%Eﬁ lts  cryopreservation(c)wifbreading

the concentration . of c yopr ot ect ant in the superfusion
sol ution, fronfE¥gprotectant, comprising:

.

(a) warming said organ to a temperature that
5 permits reperfusion of said organ, wherein damage to said
organ is minimized;

(b) perfusing said organ with a composition
comprising a cryoprotectant and an osmotic buffering
agent, wherein said osmotic buffering -agent is a high

10 molecular weight agent having a molecular weight of from
1,000 daltons to 500,000, and said composition has a non-
vitrifiable concentration of cryoprotectant; and

(c) perfusing substantially all of said
cryoprotectant out of said organ while concurrently

15 increasing the temperature of said organ to render said
organ suitable for transplantation.

59. The method of claim 58, wherein said high
molecular weight osmotic buffering agent is selected from
the group consisting of hydroxyethyl starch (<450,000

20 daltons), polyvinylpyrrolidine, potassium raffinose
undecaacetate and Ficoll (1,000 to 100,000 daltons).

60. The method of claim 58, wherein said high
molecular weight osmotic buffering agent is hydroxyethyl.
starch.

25 61. The method of claim 60, wheréin the molecular
weight of said hydroxyethyl starch is approximately

450,000.
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ep (b), under controlled conditions to
H mﬁml“m ntration, which 1is not suf

jgihﬁtﬂm‘
V|tr|fQCat|0n ahd maintaining the g9 concentratign of
cryoprot ectant at that |nterned|ate concentration; ot

i

sufficient tine perqit ro o$antic
equi |l i bration of the P?SSUg! e of preparlgg dgaP§8€&°ﬁ& t hissue
t enperature of the ' nBerature bel ow t hat of step
(a); cryopresegg?tgepvhgpmpﬁ&§é3 ng the concentration of

cryoprotectant in the perf%5|on solution, fromthe concentration
I

in step (c), under control 1@ cHHREE Yﬁ&PQ() Il tissygcongwith a
internmedi ate concentration, which |s ot sufficient for
V|tr|f|cat|onsupéﬁéusﬁﬁpn§£hﬁﬁﬁ?n ynger °°ntr°11QQnﬁﬂﬂﬂ#E&9Qﬁl%ﬁ which

cryoprotectant at that internediate concentration for
"sufficPent titRe  €@ncgBLkption; heof  cryoprotectant is  gradually

increased in the superfusion solution to a first

predetermined concentration, while the temperature of the

tissue and the superfusion solution is concurrently

reduced from an initial temperature of about 0° to 37°C to
10 a lower temperature of about -13° to +5°C;

(b)_maintaining the concentration of the
cryoprotectant for a sufficient time to permit the
approximate osmotic equilibration of the tissue to occur;

té) increasing the concentration of

15 cryoprotectant in the suéerfusion solution, from the
concentration in step (b), under controlled conditions to

a first intermediate concentration, which is not

sufficient for vitrification, . and maintaining the

concentration of cryoprotectant at that intermediate
20 concentration for sufficient time to permit the
approximate osmotic equilibration of the tissue;
(d) reducing the temperature of the tissue
to a temperature below that of step (a):; and
(e) increasing the concentration of

25 cryoprotectant in the superfusion solution, to a level

sufficient for vitrification.
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approxinate osnotic equilibration of the tissue; 25

mmmmem e tenperature of the - tissue to a Le?ngepgt.ruié%)

”mm (d), wherein éhe temperature isiabout -5[err]C|

to abofit L35'[ersr]€ and 100 (9) |n¢rea3|ng The™ |
concentration cryoprotectant in the superfusion SorutrTom—to
a | evel suffléﬁentTPSrWﬁﬁh94|€§tﬁiﬁlm 62, further ceupriming
met hod of claim68, further conprisin 5 treating the tissue with a
cryopr ot ect anE¥eaangolthe ohissue Wléﬁlﬁrcﬁd°§ﬁéﬁeeﬁﬁnt —free solution 70.

The met hod of claim 68, further conprising
prior to step (a).

64. The method of claim 62, further comprising
5 treating the tissue in vivo with transforming growth

factor Bl prior to step (a).

65. The method of claim 63, wherein transforming
growth factor Bl is included in the cryoprotectant-free
solution.

10 66. The method of claim 62, wherein the
concentration of cryoprotectant in step (e) is sufficient
to permit vitrification .in the absence of applied
hydrostatic pressure.

67. fﬁe method of claim 62, wherein the

15 magnitude of the concentration of cryoprotectant in steps
(a) and (c), and the temperature of steps (a) and (d), is
such that cooling injury of the tissue is avoided or
minimized in steps (a) and . {(d}, and such that
cryoprotectant toxicity is avoided or minimized in steps

20 (a), (c) and (e).

68. A ﬁethod of preparing a biological tissue
for cryopreservation, comprising:

(a) superfusing the tissue with a
superfusion solution under controlled conditions in which

25 the concentration of cryoprotectant is gradually
increased .in the superfusion solution to a first

predetermined concentration, while the temperature of the
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' j ssue to transformng growh factor [err]1l prior to
igmﬂﬂﬂg M(mil 71. A method of preparing a cell g LI 1897
c x1'0r cryopreservation, coqﬁyisrng: (a)

+ superfusing the cell nonolayer or cell suspensi on W th—e
super fusion solution under controlled | condi tions intwhich fhe
concent r at i orFi¥Sug yopRrdt cbhant supgrfusien gpadubiery | der egodgurFentdy
superfusion solution to a : first predeterm ned concentration, while
t he tenperat weduced fromfant hpitial| tepprsptipse ofr abositi 0°skop&Wi &  and
t he superfusion solution is concurrently reduced from an
initial temereiwde téperdute &F tabod7[-€r3% €o te°cp | ower 20
tenperature of about -13[err] to +5[err]C, (b)
mei ntaining the concentrglyj opaigkaihbfg the concentration of

5 cryoprotectant for a sufficient time to permit the

approximate osmotic equilibration of the tissue to occur;

(c) iﬁcreasing the  concentration of
cryoprotectant in the superfusion solution, from the
concentration in step (b), under controlled conditions to

10 a first intermediate concentration, which is not
sufficient -for vitrification, and maintaining the
.concentration of cryoprotectant at that intermediate
concentration for sufficient time to permit the
approximate oémotic equilibration of the tissue;

15 {d) reducing fhe temperature of the tissue
to a temperature below that of step (a):

(e} further increasing the concentration of
cryoprotectant in the perfusion solution, from the
concentration in step (c), under controlled conditions to

20 a second intermediate concentration, which is not.
sufficient for wvitrification, and maintaining the
concentration of cryoprotectant at that intermediate
concentration for sufficient time to permit the
approximate osmbtic equilibration of the tissue;

25 (£) further reducing the temperature of the
tissue to a temperature below that of step fd), wherein

the temperature is about -5°C to about -35°C; and
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CHr ; .Lncreasing lithe
concentratlon cryoprotectaR in the super f-us4
solution, from the concentration in step (b), under.controlled
conditions to (g) increasing the cog@pntratlon. a 9frst
i ntermedi ate concentration, which 1is not sufficient for
vitrificati orCTYORFRLeFRARE Al nghe swyperfusion gotehienti & of level
cryoprotectant at that internediate concentration for

sufficient $phficient Ferpvitrifieation. gpproxi mate osnotic

equi libration of the cell nonol ayer
69. The method of claim 68, further comprising

5 treating the tissue with a cryoproteétant-free solution
prior to step (a).
70. The method of claim 68, further comprising
exposing the tissue to transforming growth factor 1
prior to step (a).
10 71. A method of preparing a cell monolayer for
cryopreservation, comprising:

(a) superfusing the cell monolayer with a
superfusion solution under controlled conditions in which
the concentrétion of cryoprotectant is gradually

15 increased in the superfusion solution to a first
predetermined concentration, while the temperature of the
tissue and the superfusion soiution is concurrently

reduced from an initial temperature of about 0° to 37°C to
a lower temperature of about -13° to +5°C;

20 ' (b) maintaining the concentration of the
cryoprotectant for a sufficient time to permit the
approximate osmotic equilibration of the cell monolayer
to occur;

(c) inqreasing the concentration of

25 cryoprotectant in the superfusion solution, £from the
concentration in step (b), under controlled conditions to

a first intermediate concentration, which is not

This Sheet Has Been Re'placed .
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of step (e)ohncreasing the l

concentration cryoprotectant i n the superfusiop sotutiom;
a |level

ff tof Ry t
net hod of cl a?ﬁ‘f'g% l%ﬁ#?ﬂeﬁ ’g(r)rr\]:l)lr’]trl d‘%aatllon’ tngtl rf&a’frlﬁ%ayé?‘ﬁ‘gnonﬁi%yer

or cell suspen5| utlon rior to

: r ot nt-fre
step (a). c"”nwra@m’“73°fTh8 %ﬁg’& €§ aBI%al th71 Jr%‘?%g
treating the cell a cel | en5|on transfor
growt h ?act or “PRFPT rﬁJF?% OE%]E S(‘?ié)?p ikl tozy. peﬁ:fElT'ret h g

claim72, wherein tran forn1ng g wh fagto [eri lis ncluded |n
t he cryoproteﬁ?ﬁﬁ?g%pﬁge osmotic equ111 ratlon of the'ce monolayer;

5 (d) reducing the temperature of the cell

monolayer to a temperature below that of step (a); and

(e) increasing the concentration of
cryoprotectant in the superfusion solution, to a level
sufficient for vitrification.

10 72. The method of claim 71, further comprising
treating the cell monolayer with a 'cryoprotectant-free
solution prior to step (a).

73. The method of claim 71, further comprising
treating the cell monola&er with transforming growth

15 factor Pl prior to step (a).

74. The method of claim 72, wherein transforming
growth factor Bl is included in the cryoprotectant-free
solution.

75. The method of claim 71, wherein the

20 concentration of cryoprotectant in step (e) is sufficient
to permit vitrification in the absence of applied
hydrostatic pressure.

76. The method of claim 71, wherein the
magnitude of the concentration of cryoprotectant in steps

25 (a) and (c), and the temperature of steps (a) and (d), is
such that cooling injury of the cell monolayer is avoided

or minimized in steps (a) and (d), and such that

This Sheet Has Been: Re[ilaced
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77. A method of preparing a cell monolayer for

cryopreservation, comprising:

(a) superfusing the cell monolayer with a
superfusion solution under controlled conditions in which
the concentration of cryoprotectant is gradually
increased in the superfusion solution to a first
predetermined concentration, while the teﬁperature of the
cell monolayer and the superfusion solution is
concurrently reduced from an initial temperature of about

0° to 37° to a lower temperature of about -13° to +5°C;

(b) n@intaining the concentration of
cryoprotectanf' for a sufficient time to permit the
approximate esmotic equilibration of the cell monolayer
to occur; |

(c) increasing the concentration of
cryoprotectant in the superfusion solution,' from the
concentration in step (b), under controlled conditions to
a first intermediate concentration, which is not

sufficient for vitrification, and maintaining the

‘concentration of cryoprotectant at that intermediate

25

concentration  for suffieient time to permit the
approximate osmotic equilibration of the cell monolayer;
(d) reducing the temperature of the cell
monolayer to a temperature below that of step (a);
(e} further increasing the concentration of

cryoprotectant in the perfusion solution, from the

* [ L L] S *
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(a) superfustind tfe cell nonol ayer or cell suspensi oni wib g
super fusion sol ution under controlled 10 _conditions in which the
concentrat i oncencenysptdpbciBnstep (c), jundgraentisplilied «enditipnseto
superfusion solution to a, first predeterm ned concentration, while
t he tenperatupe Ssecond opintaemediptepnsongentgatden, sudpbeki odsandnohe
superfusion solution is concurrently reduced froman 15 initial
tenperature onffipéent 0 for Itwificatjorn | endr maintainéngerathee of
about -13[err] to +5[err]C (b) maintaining t he
concentrati onconcefitration eofyoprycpricdecthot aatuf fildtentintermeadi pee i t
t he :
5 concentration for sufficient time to permit the
approximate osmotic equilibration of the cell monolayer;
(£) further reducing the temperature of the
cell monolayer to a temperature below that of step (d),
wherein the temperature is about -5°C to about -35°C; and

10 (g) increasing the concentration of
cryoprotectant in the superfusion solution, to a level
sufficient for vitrification.

78. The method of claim 77, further comprising
treating the “cell monolayer with a cryprotectant-free

15 solution prior to step (a).

79. The method of claim 77, further comprising
exposing the cell monolayer to transforming growth factor

Bl prior to step (a).

20
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69. The method of claim 68, further comprising

5 treating the tissue with a cryoprotectant-free solution
prior to step (a).

70. The method of claim 68, further comprising

exposing the -tissue to transforming growth factor 1
prior to step (a).

10 71. A method of preparing a cell monolayer or

| cell susbension for cryopreservation, comprising:

(a) superfusing the cell monolayer or cell
suspension with a superfusion solution under controlled
conditions in which the concentration of cryoprotectant

15 is gradually increased in the superfusion solution to a
first predetermined concentration, while the_temperature
of the cell monolayer or cell suspension and the
superfusion solution is concurrently reduced from an

initial temperature of about 0° to 37°C to a lower
20 temperature of about -13° to +5°C;

(b) maintaining the concentration of the
cryoprotectant for a sufficient time to permit the
approximate osmotic equilibration of.the cell monolayer
or cell suspension to occur;

25 (¢) increasing the concentration of
cryoprotectant in the supeffusi&n solution, from the

concentration in step (b), under controlled conditions to

Oy
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cryoprotectaﬁtffétlewﬁét %lﬁterﬁgﬁFh gcation,  apd e madmtaining  the
sufficient time perm t €. 0Sno

t h :
eqU|I|bratloﬁQHCqﬂﬁ¥qaﬁqnrnﬁﬁﬂeﬁﬁ§%pr°te°ta€$pcﬁFlngﬁgﬁenépﬁﬁrmefﬁate

(f) further reducing the tenperature % t he ) cel | nonolayer or cel
suspensi on t GO Eﬁ%ﬁe QFbm,suf 1c1ent time to permit the
5 approximate osmotic equilibration of the cell monolayer

or cell suspension;

(d) reducing the temperature of the cell
monolayer or cell suspension to a temperature below that
of step (a); and

10 : {e) increasing the concentration of
cryoprotectant in the superfusion solution, to a level
sufficient for vitrification.

72. The method of claim 71, further comprising
treating the cell monolayer or cell suspension with a

15 cryoprotectant-free solution prior to step (a).
| 73. The method of claim 71, fﬁrther comprising
treating the cell monolayer or cell suspension with

transforming growth factor Bl prior to step (a).

74. The method of claim 72, wherein transforﬁing
20 growth factor Pl is included in the cryoprotectant-free
solution.

75. The method of claim - 71, wherein the
concentration of cryoprotectant in step (e) is sufficient
to permit vitrification in the absence of applied

25 hydrostatic pressure.

76. The method of claim 71, wherein the

magnitude of the concentration of cryopro;ectant.in steps
//_
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that of step (d), wherein the tenperature i§g | §o
about -35[err]C and . (lo LQFWQ§§M ‘tihe
concentratjon of 20 cryopr ot ect inithe supertusion solution, to
a |l evel sufficient for vitrificatiop. et 78. The
met hod of claim 77 furt her conpri si ng treat| ng.the.kcel | monol ayer
or cell suspg@lsid®d Wit fnd the te%ﬁ’?’&?%‘t"é% %uﬁpgn ($hirorig o
step (a). 25 79. The nethod of cIa|n177 further conprising

exposi ng t hYUEH It%ﬁoICWéllnSr W yrgusferddioncedl monolayer aasf Giedig
growh factor [err]1 prior to step (a).
104 suspension is avoided or mlnlmlzed in steps ({a) and (d),

and such that cryoprotectant toxicity is avoided or
5 minimized in steps (a), {(c) and (e).

| 77. A method of preparing a cell monolayer or

cell suépension for cryopreservation, comprising:
(a) superfusing the cell monolayer or cell
suspension with a superfusion solufion under controlled
10 conditions in which the concentration of cryoprotectant
is gradually increased in the superfusion.solution to a
first predetermined concentration, while the temperature
of the cell monolayer or cell suspension and the
superfusion solution is concurrently reduced from an

15 initial temperature of about 0° to 37° to a lower

temperature of about -13° to +5°C;

(b) maintaining ‘the concentration of
cryoprotectant for a sufficient time to permit the
approximate osmotic equilibration of the cell monolayer

20 or cell suspension to occur;

(c) increasing the concentration of
cryoprotectant in the superfusion solution, from the
concentration in step (b), under controlled conditions to
a first intermediate concentration, which is not

25 sufficient for vitrification, and maintaining the
concentration of cryoprotectant at. that intermediate

concentration for sufficient time to permit the
I ———
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80. The nethod of any one of clainms 71-79, W*REPLACEM VTSHEFTj cel |
nonol ayer or cell suspension is a cell mon 81.
g r'aglﬁe‘lggaol opical organ is

The met hod, of any one of clainms 1-4, mhef
an artiticial organ cont ai ni ng
approximate osmotic equlllbratl -the.cell. monolayer

or cell suspension;

(d) reducing the temperature of the cell

monolayer or cell suspension to a temperature below that
5 of step.(a):

(e} further increasing the concentration of
cryoprotectant in the perfusion solution, from the
concentration in step (c), under controlled conditions to
a second intermediate concentration, which is not

10 sufficient for vitrification, and maintaining the
concentration of cryoprotectant at that intermediate
concentration for sufficient time to permit the
approximate osmotic equilibration of the cell monolayer
or cell suspension;

15 (f£) further reducing the temperature of the
cell monolayer or cell suspension to a temperature below
that of step (d), wherein the temperature is about -5°C to

about -35°C; and

(g) increasing the concentration of
20 cryoprotectant in the superfusion solution, to a level
sufficient for vitrification.

78. The method of claim 77, further comprising

treating the cell monolayer or cell suspension with a
cryprotectant-free solution prior to step (a).

25 79. The method of claim 77, further comprising

exposing the cell monolayer or cell suspensioﬁ to

transforming growth factor Pl prior to step (a).
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80. The method of any one of claims 71-79, wherein
said cell monolayer or cell suspension is a cell
monolayer.

81. The method of any one of claims 1-4, wherein

5 the biological organ is an artificial organ containing

cells.
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