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secnid baboon that had been immunosup-
pressed b lethal irradiation, and then re-
implanted after 5 days into the original
donor. Becovery was prompt and function
returned carly. More than 6 mo later. e
haboon had vxeellent renal function and
biopsies showed no residual danmage.

The principle of allograft storage in the
human was first made feasible when Hume
was able to show that a kiduey graft st
twhed extrcorpereally {0 a patient with
renal disease could function.’s The intent
of this procedure was to assist the failivg
renal function of the patient. Nevertheless,
the result showed that « Lideey could be
maintained as an allograft, While the bene
fits of this carly renal transplantation effort
were transitory and  therefore hard to
evaluate. it served as a prelude to the later
work of Lavender who reported the suc-
cossful function of a human kidnev at-
tached to an extracorporear shunt.’* This
kidney was paintained inside a plastie con-
tuier and functioned for 25 davs before
undergoing acute vaseular rejection. It not
onlv functioned  physiologically, bat in
some respects allowed  dlinical improve-
ment in the patient’s remal discase.

The use of allolank storage for human
rendl trausplantation would seem to hine
fimited applicability, however. Nat many
paticnts would want to serve as an inter-

. mediate “lank” for the storage of i argan

which might then be tramsplanted to an-
other human after tissue typing amd cross-
matching had bean completed. In addition,
the temporany attaclunent of 2 kiduey to a
huran patictt might resalt in cither sensi-
tization of the patient or the deposition of
the intermediate host's preformed antibody
in the kidoey. Neverthelkess, this technique
cemild provide a means for guickly assessing
whether 4 potential revipient had  pre-
formed antibody directed against the tissne
graft. The acute rejection of an extermally
attached kidney would be far preferable to
rejection of that same kidoes at the time of
intraabdominal imphntation.

SFLL AND BEXNJAMNIN

A more ideal system would allow the
storage of a human organ in some other
primate. who wonld thus serve as @ more
readily available, if not more willing. inter-
midiate host. Xenobanking, however. pro-
vides many problems % its own. These
include both the technical and immuno-
logical difficultics that are encountered i
repeated acnotranspiantation. We will at-
tempt to discuss the problum under several
topics including (13 spontaseous acnte re-
jection between species, (23 an attempt to
provide the ot method of fimmunosup-
pression in the intermediate hast, (3
evaduation of a potential recovery-repair
of an ongan during a period of storage in
the intennediate host, and (4} evaluation
of the difficulty encomdered on reimplan-
tation of the gralt into the original animal,
including o desaription of the immuno-
logical events that are apparently initiated
by the addition of xenogeneic antigen fram
the mtermediate host to the -stored tiswe
graft. The last point includes the fact that
this adsorption of senogencic antigen re-
sults in the iuitiatior of an immunclogical
rsponse in the final recipient  dirccted
against theve antigens.

Resvias
Acute Rejection of Xenozrafts-Netusal Anti-

besiies
The first prablem to overcome in the
use of a acnebank system for storage of
kidinev grafts is the nperacute refection

often seen when bidevs are exchanged

between different species. The severity of
the ejection is accentuated o the donor
and recipient are of a distant genetic rela-
timship. For inlance. a gmaft of a «at
kidvey to a dog results in hyperacute re-
jection and cossation of hlood flow within
30 min.™ When donor amad recipient are of
the same species. there is usaliy o acite
rejection, when the cross-miateh is negative
indicating that ne evtotovic peeformed anti-
bodics are present. In some hunan pa-
tients, howevet, the presence of aoti-A or
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XENOBANKING

anti-B red blood cell antibudies can lead
te rejection of grafts thai contain these
antigens. In cther patients, prefonned anti-
bodies can be produeed due to previous
blood transfusions, previous pregmiucies.
or previous tissete transplantation. In cach
instance, the presence of these antibodies
may cusse acute rejectizn of the tissue
graft. Nevertheless, in general,  Kidoey
grafts exchanged between members of the
same species are pot subject to acute rejec-
tion. The object in the aenobank system.
therefore. is to select closely related species
who, like members of the same species, will
have very Jow kevels of natural eress-reactive
antibedly and  therefore will not acutely
reject the xenogratted organ,

In an attenipt to set up a xenobank sys-
tem fuvolving primates, « successful conm-
bination was shown to exist between the
macaque monkey aml the baboon. Sera
obtained from cach of the spedes testad
against the lymphocytes of the oppo-
site” species showed only Jow Jevels of
matarally occurring antibady. For instance.
we have shown™ that seven out of cight
macaques produce ovtolysis of habwon
krmphacites at tters of 0-16 and only one
shows a titer of 1:32 These titers were
sufficicnthy kew as to minimize the chance
of acute rejection of the xenografted organ.
However. it shoukl be noted that. cven in
these dosely related species. the cellalar
rejection response i accercrated and seems
te occur at a faster rate than is ordinarily
seen in renal allografts. For instance, in five
primate xenografts, performed without im-
numesappression,  found ool infiltration
was shown to occur within the first 24 hr
in all and the urine flow ccased by 5
days.t®

With ihe preper selation of closely re-
lated specics, it is pussible to overconw
the fint hazard enconntered in a xenobank
storage systemn: ie. provention of acute
rejection due to preiovmed antibodics, The
nest stop then i to control the ccilubar
respotse against the xenograft.

1339
Table 1L.—Effcet of Immunosuppisssion on
Xenograft Survival 2s Measured by
BUN Levels®
P G spRALiRd T Toani Wk
sralting oo STy Ly 8
scinivore
) R o il
] 30 30 20
2 40 35 40
4 110 65 60
6 200 130 30
5 300 130 40
10 RE 4 160 30

© Al sulues represented as millizrams per 100
ml.

Linnumosuppression of the  Intermediate
Host

While the acute rejection of the monkey
kicney stored in the baboon is not the
problem, there is a rapid and destructive
immune cellular response. Attempts to con-
trol this delaved hypersensitivity by use of
azathioprine at a dose of 10 mg/ikg daily
and preduisone at a dose of 5-7 mgikg
twice daily were not effective’ (Table 13,
While several other vitotonic agents or
antilvmphocyte  serim may  have been
tested in this vespect. our laboratory clected
to use a system which provides total im-
munesuppression, namely lethal total body
imadiation. EFight hundred nuds reccived
from a standard 300 &V masitron source
priaed to be 10072 keth al in haboons within
a period of 11-13 days, In 13 imadiated ani-
malks, the hmphocvte connt fell to less than
5% of nornad levels within 38 hr!® This
form of immumsuppression.  however.
necessarily  limited the period of organ
storage te the suvival tinie of the host.
It was possible. nevertheless, to maintain
onc senolunked kidnev i & viable state
for 11 dass, during which there was mini-
mal! evidence of monenuclear infiltration
nt of any other debcterioms cffect. Biopsy
specimens taken at 3 davs in cight xeno-
banked kidneys showed minimal ccllular
infilteate in only onc kider~, and other-
wise inmnunological damage was absent.
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1360 SELL AND BENJAMIN
BUN level: and serum creatinine rove eardy
after transplantation to  the xenogencic
intermediate host, but, within 7 days.
creatinine levels had returnedl to vnear nor-
mal and BUN levels which had reached a
peak of over 60 mg/100 ml had fallen to
less than 50 mg/100 ml. At this time,
bionsies sevealed a revessal of cardy tubular
changes and i return of renal morphology
" to normal.

Successful Reimplantation of the Xeno-
X ) : o
hauked Orzan as an Autozraft Fig. 1L-~Mononuclear cellular infiltrate seen
Early attempts in our laboratory to xeno-

in macague kidney autograft 1 wk after reim-
bauk primate hearts and kidnevs were only  plantation of an organ which had previowsly

fally  successful  Although total been stctn*d _fur 5 days as a senorralt fu oa
m_ lethal radiation provided adequaie lethally irradiated baboos.
immumosuppression  of the  intermediate
host. attemypts to reimplant the stored or-
gan were largely fruitless. Two explana-  original donos. stimulated o cellular im-
tions for this scem possible after an ap-  wmune response in all vight (Fig 1), Biop-
praisal of these carlv results: a technical  sies wken at 24 hr and weekly intervals
flaw in the procedure or an early inmune  thercafter up to 1 mo and subsequently at
respimse prevesiting adequate graft func-  imregular intenals up to 6 mo showed that
tion. Benjamin has recently shown that  this lymphooyte infiltrate was tramsitory.
Loth explanations were pertinent te the  The sequence usually seen was finst a peri-
problems  encountered  after  reimplanta-  glomenular, periarteriolir nononuclear in-
tion.'® Changes in techniqque, including the  filtrate within 24 hr, 2ccompanied by a
we of slightly larger macaque monkeys
(M aca speciosa). exceedingly  careful
remal dissection. as saggested by Collins
et al.™ to prevent microcirculatory col-
kapse, and omission of the gravimetric per-
fusion previously nsed on extirpation of the
donor kidney, were all carried out. In addi-

wwediate host. upon reimplantation inte the

significant decrease {p < 0013 ip periph-
eral hvmphocyte counts from an average
of 3700 to 1500 per cu mm. Simultancomsly,
a decsease in T3 Jevels was alse noted, but
its significance was clonded by the fact that
complement Jevels were noted  to drop

after control renal allogsaft procedures. but
tion, hecause of the possibility of carly  not as profoundhy., nor for as fonye a time.

postoperative  morbidity and  depressed]  The infiltrate rez ched a peak at 7-10 dayvs
renal function, contralateral nephrectomy in all animals and  thercafter  gradually

was delayed for 7 days. With these chinges.  faded (Fig. 1), usually disappearing by 4
we have been able to successfully rein-

plant’* macaque kidneys after a 5-day
period of xerogencic storage. Once suecess-  Lar tufts did not. however, completely re-
ful reimplastation wir possible. we were  vert to normal until 6 mo postreimplinta-
further able to document am imtmx re-  tion. This data provided the first evidence
jection process in cight of these kidneys  that the xenolanked organ was modified.
that were reimplinted as autografts®  probably by the acquisition of haboon host
These kidnevs shich demonstrated excel-

antigen. therehy stimulating a cetlular, and
Jeuit function while in the haboon intir- 2 humomal response of a monkey against

wk {Fig. 2). Accompanying changes in the
glomeralar basement membrane and vascu-
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Fig. 2—The same macaque kidoey autograft
4 uk after reimplintation. The motwmuckear
iufiltrate has deared and morpholojtical re-
pair, though incomplete, s uow cvident.

its own kidneyv. That there was indeed a
humoral respome reeeived further support
whets the serum of the tinal recipient was
tested against baboon  lymplocytes. A
rapidly rising titer of ytotoxic antibody
from an average of 1:16 to over 1:512 was
noted. which peaked by day 21 postreim-
plantation with a fall to wear pretransplant
levels by day 30 (Table 2). A more detailed
explanation of this phenaincnon is expected
from immunofinorescent studies now near-
ing ~ompletion.

Successful Reimplantation of Xenobanked
3 Organ as Allograft

Four xenolanked kidneys that were re-

3 implanted as allografts survived for 19-30
: days compared to control allograft survival
:  of =19 days™ This accurred despite a
relentiess and progressive mononuclear in-

3 - fltrate iu the kidoey. accompanicd by high
serum levels of antibaboon hvmphocyvtotoxic
) antibody up to L:20MS. Anti-macaque anti-
3 ) body. which might be expected te oconr in
3 # macaque et atlograft, was not detect-
able in lvmphocytotexic tests of recipient
scrum against Concr hmphocytes: however,
such antibody might be absortbed In the
: kidney and therefore not he readily detect-

T
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Table 2.~ Macagque Antibaboon Lymphecyta-
toxicity Titers Fellowing Reimplantation
of a Xenobanked Awtograft

Days ¥ Lymphocytatorion Tier® ’

] —1:12
3 0-1:16
7 1:64-2: 2048

1) 1:125-%:2048

4 1:128-1:2048

21 1:4-1:64

25 0-1:5

* Raldsit comphement used full strenth,
Data represents eight antourafts,

able in the serum of the macaque recipient.
In addition. it might be an enhancing anti-
body and nat active in complement-de-
pendent test methods,

Discussion axp Svarsany

Xenobanking has beent used to success-
fully maintain and improve the function
of stored Lkidoev grafts for future ailo-
transplantation. At present, the routine pe-
riod of storuge wed experimentally is arbi-
tragily 5 davs, a period twice that seen
with the systems of organ perfusion in
current use in many laboratories. With our
present means of immunosuppression, ie.
lethal tota! body irmadiotion. the torage
time can usually be estended to 19 or 11
days. after which termination occurs due
to the death of the intermediate host. This
provides a period of approsimately 10 dayy’
storage time which i a significant improve-
ment over our presently available methexls,

Petluaps beiter meaus of immuaosuppres-
sion could provide an intermediate host
that conld serve as o xenobank fer a longer
period of time. For inste. antilymspho-
avie serum has been shown to be relatively
potent when wed to suppress xenogeneic
rejection respotses.™ (Of course, if farther
fnvestigation reveals a method of innmmuno-
suppression that would indefinitely prolang
organ storage, we woukd have developed a
techmique that wonld make senobanking
uniweessary, In this instancy, it would then
be possible fo transplant a primate omgan

il

L AL b gt

A A R MU i A T

s S, s

L B

YT

S S 5 o ek i Wt S R B



1562

to man wxl obviate the need for human
organ siorage.

Data has been presented to suggest the
acquisition of haboon antigen by the stored
monkey kidnev during i#ts period of resi-
dence in ihe babeon intennediate host ==
This habooa antigen apparently stimulates
a cellular rejection response whin retumed
to the organ donor. In addition. a sero-
logicai humoral antibody response was also
noted in the dopor after reimplantation of
his xenobanked orgaui. However, the studics
show that both the cellular arnd humora!
response to the xenobanked auntograft is a
temporary, nonprogressive, and totally re-
versible process.

Perhaps more important is the suggestion
that xenobanked organs have a reduced.
masked, or absence of antigenicity. A mon-
kev kidney graft stored in a baboon xeno-
hank, when subscqgquently implanted intn
a sceond monkey, may show a survival
time of up to 30 dayvs compared to normal
survival times of 7-19 days in untreited
monkev renial allografts that are not stored.
There are several possible expranations for
the prolonged survival of these allograits.
(1) Perhaps. as has been suggested by
Cuttman™ and others the lvimphocyte is

SELL. AND BEN JAMIN

the main source of antige ‘n a kidnev
graft. If this is the case, then these cells
which ie active and motile may in great
part be washed cut or actively migrate
from the graft during the storage period.
Upon subsequent reimplantation of the
siored allograft. the recipient would re-
spond against xenogeneic antigen acquired
by the graft, but woald only slowly develop
an allogencic response against the Lidney
that had been depleted of macque
lymphocytes. (2} Macaque  alleantigens
may be blocked or covered by adsorbed
haboon antigens. As the baboon antigens
are removed, the macaq e anligens may
then be uncoverad to stimulate a delayed
allograft reaction. (3) The prolongation
may be due to enhancing antibady. Valida-
tion of this possibility would require identi-
fication and clution of a protective antibody
fram the graft.

Xenobanking has provided an intriguing
model for the study of problems inh ot
in organ storage. and of those present in
wenotransplantation in general. 1a so doing.
it wiil hopefully fumish answers to im-
portant questions posed by attempts at
jong-tern clinical organ preservation and
cross-species grafting.
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