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URING THE PAST 30 YEARS ORTHOTOPIC LIVER TRANSPLANTATION HAS BECOME A

highly successful form of surgical treatment.’-3 The significant advances

achieved in this field have led to an increased demand for organs and created a

wide gap between organ availability and organ supply.4

A wider availability of organs for transplantation would allow an expansion$ rather

than a contraction of the indications for transplantation, and, at the same time a relax-

ation of the patient selection criteria.>7 All these facts clearly justify the renewed

interest observed in the last decade in xenotransplantation.?

The original concept of xenografting, meaning the transplantation of cells, tissues,

or organs between different species, is so ancient that it is easily recognizable in Greek

and Roman mythology. The centaur Chiron,? the teacher of Esculapius, and the

Chimera’® are legendary examples of discordant!! xenogeneic creatures.

However, it is only during this century that scientists have been able to bring this idea

into the clinical arena. The early efforts were prompted by the shortage of humans organs

at a time when there were few alternatives for treating end-stage organ failure.!2-24

The first three attempts at whole organ
xenotransplantation were made in France
and Germany between January and Apnl
1906 using a pig, a goat, and a macaque as
kidney donors.!2!3 None of these kidneys
tunctioned because of almost immediate
vascular thrombosis, and the human recipi-
ents died in less than 3 days. In a turther
attempt in 1923 by Neuhot!* a lamb was
used as a kidney donor and the pauent died
after Y days. On February 16, 1963,
Hitchcock ot the Hennepin County
Hospital in Minneapolis, transplanted the
kidney of a baboon to a 65-year-old woman.
The organ tuncuoned for 4 days before its
arterv clotted.!> A few months later on
Qctober 8, 1963, Reemtsma ot Tulane
University used a Rhesus monkey as a kid-
ney donor tor a human recipient who sur-

vived 12 days. Then, Reemtsma tried again
with a senies of 6 consecutive chimpanzee
kidney grafts.!® One of these xenografts
functioned for 270 days.

In December 1963 and January 1964,
six patients were transplanted using
baboon kidneys at the University ot
Colorado in Denver.!8 All of these kid-
neys worked immediately and sustained
a dialysis-tree life tor 10 to 60 days.
The pauents were on heavy doses ot aza-
thioprine and prednisone and in 4 of
them sepsis was the leading cause of
death, while rejection was mainly
responsible tor the other two deaths.
However, the rejection pathology was not
qualitively different trom that observed
in allograrts.?3 In 1984, similar
immunopathological events caused tail-
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ure of a baboon heart transplanted in a
2,200 gr neonate, known as Baby Fae2*
after 20 days. Despite heavy cyclosporine-
steroid immunosuppression.

A pig kidney and a pig heart trans-
planted respectively by Kuss® and Ross*!
in the ‘60s were hyperacutely rejected in
a matter of minutes, clearly demonstrat-
ing that the pig was not and will not be
an easy donor for a human recipient.

ey

THE ANTIPROLIFERATIVE DRUGS _

Sir Peter Medawar, in 1969, stated that:
“A new solution is therefore called for:
the use of heterogratts - that is to say, of
grafts transplanted from lower animals
into man. Of the use of heterografts I can
say only this: that in the laboratory we
are achieving greater success with grafts
between species today than we achieved
with gratts within 15 years ago. We shall
solve the problem by using heterografts
one dav 't we try hard enough, and mavbe

in less than 15 years”.?” However, the
laboratory work performed at different
institutions in the following 15-20 years
did not bring particularly encouraging
results in further clinical trials. In May
1992 the results of a study pertormed in
Pittsburgh by Dr. Noriko Murase et al.28
were discussed at the meeting of the
American Society of Transplant Surgeons
in Chicago. Murase’s work clearly
showed, in a hamster-to-rat xenotrans-
plant model, that when FK506 treatment
was combined with either of two
“antiproliferative” drugs that suppress
purine (RS 61443) or pyrimidine
{Brequinar] ribonucleotide synthesis for
the first two post-transplant weeks,
indefinite survival under continued
FK506 alone was routinely achievable.
The use of cyclophosphamide, an alkylat-
ing agent with considerable B cell speci-
ficity,2930 allowed similar consistent
chronic survival after either heart or liver
xcnotransplantation. Particularly signifi-

BLOOD GROUP AND DEMOGRAPHICAL DATA OF THE 2

FIRST CASES OF BABOON-TO-HUMAN LIVER XENOGRAFT

ABO ABO PATIENT DIAGNOSIS PREVIOUS XENOGRAFT SURVIVAL
(BABOON) (PATIENT) DATA ABDOMINAL DATE (DAYS)
SURGERY
1 A A 3Sy male  Hep Sph y 6/28/92 70
B B 62y male Hepatitis B None 1/10/93 26

Table 1.

Figare 1. The Papio cynocepheius liver st the time of reperfusion in the baboon-to-human liver xenotrans-
plant no. 1. Th-omunummﬁedyw

cant was the fact that a single large dose
of cyclophosphamide, given 10 days
before the xenotransplant, ailowed suc-
cess in almost 100% of the animals with
daily administration of FK506 only.
When cyclophosphamide had been used
in the past for kidney and intestinal
transplants in the dog, there was no pro-
longation of graft survival, or else the
effect was a minor one.?!-33 The dog may
have been an inappropriate model to
evaluate cyclophosphamide for human
immunosuppression.3!-33 How-ever, the
successful use of this drug by Santos et
al.3435 in bone marrow grafts, and by
other authors in a few cases of clinical
kidney transplantation,®637 prompted its
use at the University of Colorado in a
series of liver and kidney transplant
patients, as the baseline for chronic ther-
apy, in combination with prednisone and
horse antilymphocyte globulin.38.39
Later, a more extensive report was pub-
lished again by the Denver group.*? This
previous clinical use of cyclophos-
phamide as an effective drug in trans-
plant patients appeared to justify its use
in clinical xenograft trials.28

Clinical Trial

On june 28, 1992, and on january 10,
1993, two patients aged 35 and 62 years
respectively, suffering from end stage
liver disease related to hepatitis B virus
(HBV) underwent a liver xenotransplanta-
tion (Table 1). The chosen donor was the
baboon Papio cynocephalus. Theoretical-
ly, at least 3 animal-human combinations

Figure 2 Baboon-to-human liver xenotransplantation.
Case 2. Cholangiogram performed on post-operative
day 18, through the indweiling biliary catheter piaced
and extsriorized at the time of the surgery. The arow
shows the choledochojejunostomy on a roux-en-Y
bowst loop. The biliary catheter placed in Case 2
allowed routine coliection of the bile during the post-
operstive course. (Fromt Marnino (R, Tzakis AG. Fung
JJ, Todo S, Doyie HR, Starzi TE: Xenotrapianto epst-
co: sspenenza clinica. in: il Trapianto di Fegato (DF
D’Amico, N Bassi, eds) pp. 263280, Masson, Milan,
ttaly, 1932 Usad by permession).




possibly qualified for this xenotransplan-
tation attempt. The Rhesus monkey-to-
human, the baboon-to-human, and the
chimpanzee-to-human. The Rhesus mon-
key had been used in 1963 by Reemtsma
for an heterotopic lollipop kidney trans-
plant. The Rhesus kidneys were aggres-
sively retected in a few days.'® The use of
the baboon at the University of Colorado
allowed a dialysis free survival of the ure-
mic patient for up to 60 days, and only
two of the 6 patients transplanted died
from rejection. The chimpanzee was used
at Tulane University again by Dr.
Reemtsma and one of his patients lived
for nine months without dialvsis, and
succumbing only to an acute illness of
undetermined etiology (probably pneu-
monial. Consequently, on the basis of the
previous experience the chimpanzee
could scem the best possible donor.
However, 1t is an endangered species and
in the U.S. only between 25 and 30 chim-
panzees per year would be avaiiable for
all biomedical research, including that in
the important fields of hepautis and
AIDS.#! Also, 1t has been calculated that

only 70 chimpanzees could be available
world wide as organ donors.*? The use of
chimpanzees would further jeopardize
this species without solving the organ
shortage problem.

The baboon, thus, appeared to be the
only possible donor choice, and the liver
seemed to be the organ to use in the clin-
ical trial, because its relative resistance
to humoral rejection.+3+?

The pharmacological cocktail used for
the prevention and the control of reiec-
tion was made by “old” immunosuppres-
sants (steroids, cyclophosphamide and
Prostoglandin E;),!:2:29-35,38:40.44.50 3¢
“new” immunosuppressants {FK506).5!

Donor Surveillance and Selection

The baboons for the donor selection were
provided by the Southwest Foundation
for Research and Education {SFRE), San
Antonio, Texas, who also provided the
baboons for the previous Denver series of
haboon-to-human renal xenotransplanta-
tion.'% All of the baboons involved in the
donor selection process were Papio cyno-
cephalus, and were born in the U.S.A. at
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SFRE.52 Baboons have weakly expressed
A, B, and AB blood types on all cells, and
will rarely have type O blood group,> but
ABO incompatibility did not influence
the outcome in previous human
xenograft trials {1,18). Thus, ABO match
in baboon-to-human xenotransplantation
1s desirable but not mandatory. However,
both of our patients had ABO compatible
donors: A to A in Case [, and B to B in
Case 2 (Table 1).

The conventional lymphocytotoxic
crossmatch of the recipient sera to their
Jonor lymphocytes was positive in both
cases but negative after dithiothreitol
treatment. During the selection process
the baboons underwent a complete bio-
chemical and infectious disease work-up.
This work-up was performed at the Virus
Reference Laboratory of SFRE and includ-
¢d screening for retroviruses (STLV,
HTLV, SIV, SRV1, SRV2, SRVS5, HIVI,
HIV2, and foamy virus), Herpes viruses
SA8, HSV, BVirus, rCMV, hCMV, EBV,
and VZV), and hepatitis viruses (HBV,
HAV, and HCV), Marburg virus,
encephalomyocarditis virus, lympho-
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Figure 3. Clinical course after baboon-to-human liver transplant. Case 1. SM,
Solumedroi/E (methylprednisolone); PGE, prostagiandin Eiy; Bx, liver biopsy;
AST, aspartate aminotransterese; ALT, alanine aminotransferase; Alk Ph, alka-
line phosphatase.(from: Starzi TE, Fung J, Tzakis A, Todo S. Demetris AJ,
Manno IR, Doyle H, Zeevt A, Warty V, Michaels M, Kusne S, Rudert WA, Trucco
M: Baboon 1o human liver transpiantation. Lancet 341(8837):6571, 1993. Used by

nermission. )

sion.)

Figure 4. Clinicai course after baboon-to-human tiver transpiant Case 2. SM,
Solumedrol& (methylprednisolone); PGE, prostaglandin Eq; Bx, liver biopsy;
AST, aspanate aminotransterese; ALT, alanine aminotransierase; WBC, white
blood ceil count. (from: Starzi TE, Tzakis A. Fung JJ. Todo S, Marino IR,
Demetris AJ: Human liver xenotranspiantation. Xeno, in press. Used by permis-



] 4 Liver Xenotransplantation

MARINO, TZAKIS, FUNG, TODO, DOYLE, MANEZ, STARZL

choriomeningitis virus, and hemorrhagic
fever virus. The animals were also
screened for tuberculosis and toxoplas-
mosis and blood and stool cultures were
obtained.

Both Papio cvnocephalus donors were
healthy and found to be antibody positive
for foamy virus, EBV, CMV, and Simian
agent 8. In addition the donor to the first
patient had VZV anubodies. The
donor/recipient weights were 25.8/70 Kg
in Case | and 35.8/80.4 Kg in Case 2.%45%

Donor and Recipient Operations

The donor operation for the liver harvest-
ing from the two baboons was performed
according to our donor standard tech-
nique.”® The donor and recipient opera-
tions were performed in two different
operating rooms, with the donor opera-
tions starting slightly after the recipient
operations to minimize the cold ischemia
time (137 minutes 1n Case I, and 231
minutes in Case 2). The baboon donor
livers were preserved with the University
ot Wisconsin solution.

Both baboon-to-human liver xeno-
transplantations were performed using a
piggyback technique,”” and a venovenous
bypass,™® a modification of the standard
technique tor orthotopic liver transplan-
tation described 30 years ago.’Y
Specitically duce to the small size ot the
donor livers (600g and 450g, respectively
i Case 1 and Case 20, and the size dis-
crepancy between the recipient and the
donor vessels, the recipient’s night hepat-
ic veins were closed with a running
suture, and the donor upper cava was
anastomosed end-to-end to an adequate
cutt fashroned using the reciprents mud-
dle and lett hepane vens. The donor celi-
aC axis was anastomosed end-to-end to
the recipient common hepatic artery in
Case 1, and end-to-side on the supra cehi-

Figure 5. Baboon-to-human liver transplant. Case 1. CT scan of the abdomen
pertormed on postoperative day 24. The CT-calculated liver volume was
1.555¢c. The white insert shows the onginal volume of the baboon iiver on the

Aau af tha traneniant (600¢C).

ac recipient aorta in Case 2, by interposi-
tion of a donor carotid graft. The donor
portal vein was anastomosed on the
stump of the recipient left portal vein in
Case 1, while the size match allowed a
direct porta-to-porta anastomosis in Case
2. The liver reperfused promptly and uni-
formly (Figure 1) in both cases. The post-
reperfusion biopsies showed a good liver
architecture, with a moderate degree of
sinusoidal neutrophilic aggregates. The
biliary reconstruction, with a Roux-en-Y
choledochoiejunostomy in both cases.
However, in Case 2 an indwelling biliary
catheter was placed at the time of the
operation and exteriorized. This catheter
{Figure 2) allowed routine collection of
the bile during the post-operative course
of the second patient.

Postoperative Course
The immunosuppression was based on
the use of 4 drugs: cyclophosphamide,
FK506, methylprednisolone and PGE;.
Doses and routes of administration are
reported in Figure 3 and 4. Cyclophos-
phamide was started 2 days before the
xenotransplants, and was given for 56/70
days in Case | and 10/26 days in Case 2,
at a dose ranging from 0.07 to 10.6
mg/kg/day. FK506 was started the same
day of the xenografts and, except for high-
cr doses given during the first 2 postoper-
attve weeks 1in Case 1, the doses were
within standard therapeutic ranges.
Detarled descniptions of the immunosup-
pressive drug doses and of their blood lev-
¢ls have been recently reported else-
where, 233,60

Some of the demographic characteris-
ucs of the 2 patients are shown i Table |
Both patients had end-stage chronic
active hepatitis caused by hepatitis B
virus {HBVI. The evidence that the
baboon liver would be resistant to the

HBVS4 that reinfects most allografts
under comparable circumstance®! pro-
moted the selection of these two candi-
dates who had already been refused
human liver transplantation at other
institutions. Some differences between
the two patients could have impacted on
the efficacy of perioperative immune
modulation. The second patient was
nearly twice as old and far more frail than
the first patient. Also, the second patient
did not have a splenectomy, and the
spleen was removed on day postoperative
4. The first patient underwent splenecto-
my in 1989 after a motorcycle accident.
Both patients were immunocompetent at
the time of the xenograft, although the
first also had an HIV infection.™* Both
patients were in stage 3 coma during the
24 hours preceding the surgery. The first
patient woke promptly, was extubated
after 17 hours, and was eating and walk-
ing within 5 days. He had an almost nor-
mal bilirubin for the majority of the 70
days of survival (Figure 3). He also spent
almost 30 days in a regular ward. The
second patient, by contrast, remained
icteric (Figure 4), and comatose and was
mechanically ventilated for the 26 days
of survival. Both patients suffered from
hypoalbuminemia and received frequent
albumin infusion.?55 The first patient
went into renal failure on postoperative
day 21, while the second patient became
anuric immediately after surgery.

Papio cynocephalus normally produce
clevated levels of factor VII and low lev-
cls of factors IX and XI, as compared t.
humans. Coagulation protiles were donc
in both recipients preoperatively and scv-
cral times postoperatively. Our results,
reported elsewhere,®? demonstrated that
the baboon’s coagulation pattern was
acquired by the patient after liver
xenografting. This fact, however, did not

Figure 6. Baboon-to-human liver transpiant. Case 2. CT scan of the abdomen
pertormed on postoperative day 14. The CT-caiculated liver volums was
1,741cc. The white insert shows the original voiume of the baboon iiver on the
day of the transplant (450cc).



atfect the clotting ability of the patients.

During their postoperative courses the
patients underwent several liver biopsies
|6 in patient 1 and 8 in patient 2, includ-
ing the autopsv specimens}. Only the
biopsy obtained from the first patient on
the 12th postoperatuve day had signs of
mild focal ccllular rejection, while no
evidence of cellular rejection was detect-
¢d in anv ot the other biopsies trom
cither patient.5+33.63 No evidence of HBV
reinfection was detectable by
immunoperoxidase staining in the liver
tissue at any time in the two patients.

Both baboon livers underwent a dra-
matical regeneration after the xenograft,
with tripling or quadrupling the organ
volume within the first month. Figure 5
and 6 show the change in size of the liv-
ers atter the xenogratts, calculated by CT
scan, with the standard method routinely
used in our liver patients.®*

The tour drug immunosuppressive
cocktail (FK506, methylprednisolone,
PGEy, and cvclophosphamide prevented
these two liver xenografts from being
destroved by cellular as well as humoral
rejection. The role played by cyclophos-
phamide and other “antiproliferative”
drugs in the Murase’s experiments8
reported above, was largely contirmed by
this clinical trial.

The cause of death was diffuse sub-
arachnoid hemorrhage and left uncal brain
stem herniation, secondary to angoinva-
sive aspergallosis in Case 1, and sepsis trom
pernitonuns in Case 2. Details ot the necrop-
-i¢s have been reported elsewhere 245

IMMUNOLOGIC AND
METABOLIC QUESTIONS

The hiver. in the hamster-to-rat
xenogratt model, demonstrated a unique
ability to resist rejection more than
other organs=%, and was also found to be
able to shield other concomitantly
transplanted organs trom rejection.®’
Also. the hiver can resist the attack ot
pretormed xenoantbodies.®” The elevat-
«d amount or dendritic cells and other
esstle tissue leukocvtes able to leave
¢ transpianted organ and induce svs-
e mrcrochimernism makes the liver
munologtcallv privileged. The pro-
.action ot ths ceil chimensm is, 1n tace,
he basts ot organ transplant acceptance
md tolerance. ™ Cell chimensm was
proven in the tirst patient, where
haboon DNA was tound 1n manv organs
2t necropsy, including the heare. lung,
kidnev and Ivmph nodes. Augmentation
ot this ceil migration was attempted in
the sceond panient bv intusion ot the
Jdonor haboon bone marrow ceils atter
‘ne repertusion ot the hiver. All the

blood samples collected for this purpose
during his postoperative course demon-
strated clearly evidence of cell
chimerism by PCR.

A baboon liver transplanted in a
human being continues to synthesize pro-
tein with the donor phenotype. This con-
cept is the basis for liver allotransplanta-
tion in many human congenital metabolic
diseases.®”68 Thus, a baboon-to-human
liver xenogratt creates in the recipient a
baboon-specific hepatic metabolism. This
fact was already demonstrated in the ham-
ster-to-rat combination, two rodents
philogenetically far different for 15-40 mil-
lion years.®® The study of clotting factors
in these two animals showed sigmtficant
differences, and when a rat received a
hamster liver its coagulation protile
became identical to the donor pattern.’®
However, the recipient rat does not suffer
from any coagulative diathesis.

Similar changes happened in the
human xenogratts with changes in the
metabolism ot hepatic based clotting fac-
tors, albumin, several globulins, uric
acid, and cholesterol.5*35 The survival of
the two patients was too short to accu-
rately state whether or not these events
could be the source of a long term meta-
bolic baboon/human incompatibility.

The other open gquestion is related to
the complement role in these clinical
xenotransplants. It has been shown that
total complement was significantly
depleted in the first 10 postoperative days
while C3, C4 and C5 were undetectable
in the first 14 davs.>*5% Also, during the
tHirst postoperative 8 days circulating anti-
gen-antibodv complexes were present.
After this iniual phase the total comple-
ment returned to almost a normal con-
centration. The important role of com-
plement acuvauon with neutrophil par-
ticipation was emphasized 25 years ago
by revealing the analogy ot hvperacute
kidney reiection with the Shwartzman
and Arthur reactions.” 72

Expenments aimed to block the path-
ogenicity dertved by the cleavage ot C3
and C5 are being currently conducted in
the laboratories ot the Pittsburgh
Transplantation institute.

CONCLUSION

It 15 obvious that a project ot this nature
ratses problems that leave the medical
area and directlv involve ethical issues.
Few ethical movements believe that such
14 project 1s unethical. ? We do not think
that this 1s the nghe place tor opening a
Jebate between advocates ot interspecies
cyualitv, 2 modern Jmmsm, * believers ot
interspecies tnequality, and specieists.
However. we appreciate and share the
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feelings of Stephen Post’? who stated
that the Pittsburgh project “has success-
fully reminded us that the human good
remains appropriately the highest good,
despite the cultural inroads of anthropo-
morphism.” ¢STI

1. Starzl TE: Experience In Renal Transplantation
WB Saunders Company, Philadelphia, PA, 1964.
2. Starzi TE {with the assistance C.W. Putnam}):
Expernience in Hepauc Transplantation WB
Saunders Company, Philadelphia, PA, 1969.

3. Terasaki PI and Cecka JM: Clinical Transpiants
1992, UCLA Tissue Typing Laboratory, The
Regents of the University of California, Los
Angeles, California, 1993.

4. Marino IR, Doyle H, Kormos RL, Kang Y, Starzl
TE: Multiorgan procurement. In: Textbook of
Critical Care, Ayres SM, Grenvik A, Hoolbrook
PR, and Shoemaker WC {Eds.), 3rd Edition, WB
Saunders, Philadelphia, 1994.

5. Land W, Hammer C, Brynger H (eds). Indication
for organ transplantation. Transplant Proc 18(Suppl
3411102, 1986.

6. Memken KJ, Overcast TD: Patient selection for
heart transpiantation: when 1s a discriminatory
choice discnmination? § Health Polit Policy Law
10{11:732, 1985.

7. Starzl TE, Todo S, Gordon R, Makowka L,
Tzakis A, Iwatsuki S, Marsh W, Esquivel C, Van
Thiel D: Liver transplantation in older pauents.
{Letter to the Editor} New Engl | Med 316:
484485, 1987.

8. Auchincloss H: The scientitic study of
xenografung: 19641988. In: Xenotransplantation
The Transplantation ot Organs and Tissues
Between Species Cooper DKC, Kemp E, Reemtsma
K, White DIG [eds), pp. 2343, SpningerVerlag,
Berlin, 1991.

9. Homer: lliad, Book X1:832, VII Century B.C.

10. Homer: Iliad, Book VI:175, VIII Century B.C.

I 1. Calne RY: Organ transplantation between
widely disparate species. Transplant Proc
2141:550556, 1970.

12. Jaboulav M: Grette de reins au pli du coude par
soudures arteneiles et vewneuses. Lyon Med
107:575, 1906.

13. Unger E: Nierentransplantauonen. Klin Wschr
47:573, 1910.

i4. Neuhot H: The Transpiantauon ot Tissues.
Appleton and Co, New York, 1923, p. 260.

153, Hitcheock CR, Kiser C, Telander RL, Selieskog
EL: Baboon renal gratts. JAMA 189(12):

138161, [964.

I6. Reemtsma K, McCracken BH, Shiegel [U, Pearl
MA, Pearce CW, DeWitt CW, Smuth PE, Hewite
RL, Flinner RL, Creech O: Renal heterotransplan-
titon 1 man. Ann Surg 160:384, 1964,

17 Hume DM: Discussion ot paper ot Reemtsma
ctal.s Ann surg 160:384, 1964,

I8, Starzl TE, Marchioro T'L. Peters GN,
kairkpatnck CH, Wilson WEC, Purter KA, Rutkind
1. Ouden DAL Hitcheock CR, Waddell WR: Renai
heterotransplantation trom baboon to man:
Expenence with 6 cases. Transplantatuon 2
TRATTR, 1964,

19, Hardv 1D, Chavez UM, Kurrus FD, Neelev WA,
Lraslan S, Tumer MD, Fabtan LW, Labecks TD:
Heart transpiantation tn man. JAMA

NS 113211430, 1964,

20. Coviev D, Hallamn (L. Bloodwell RD. Nora i,
Lcachman RD: Human heart transplantauon:
cxpenence with 12 cases. Am | Cardiol
JLOLBO8 10, 196K,



‘l Liver Xenotranspiaatation

MARINO, TZAKIS, FUNG, TODO, DOYLE, MANEZ, STARZL

21. Ross DN: In: Expenience with Human Heart
Transplantaton {H. Shapiro, ed) Butterworths,
Durban, 1969.

22. Marion P: In: Les Transplations Cardiques et les
Transplantions Hepatques. Lyon Med 222, 585, 1969.
23. Bamard CN, Wolpowiz A, Losman |G:
Heterotopic cardiac transplantanon with a xenograft
for assistance of the left heart in cardiogenic shock
after cardiopulmonary bypass. S Afric Med |
52{26):10351038, 1977.

24. Bailev LL. NehisenCannarella SL, Concepcion W,
Jolley WB: Baboontohuman cardiac xenotransplanta-
tion 1n a neonate. JAMA 254{23]:

33213329, 1985.

25. Porter KA: Pathological changes in transplanted
kidneys. In: Starzl TE (edi, Experience in Renal
Transplantation, Philadeiphia, WB Saunders,

1964, pp. 346357.

26. Kuss R, Quoted bv Starzi TE In: Murase N, Starzi
TE, Demetns Al, Valdivia L, Tanabe M, Cramer D,
Makowka L. Hamstertorat heart and liver xenotrans-
plantanon with FK506 plus anuproliferative drugs.
Transplantanon 55(4}:

701708, 1993.

27. Medawar P. Quoted by Reemntsma K
Heterotransplantation. Transplant Proc

1111251255, 1969.

28. Murase N, Starzl TE, Demetns AJ, Valdivia L,
Tanabe M, Cramer D, Makowka L: Hamster to rat
heart and lLiver xenotranspiantanon with FK506 plus
antiproliteratnve drugs. Transpiantation 55:

701708, 1993.

9. Pumam CW, Halgnmson CG, Groth CG,
Kashiwaga N, Porter KA, Starzl TE:
Immunosuppression with cyclophosphamide in the
dog. Clin Exp Immunol 22:323329, 1975.

30. Marino [R, Doyle HR: Conventional immunosup-
pressive drug. In: Inmunosuppressive Drugs,
Thomson AW, Starzi TE (eds), Edward Amaold,
Hodder & Stoughton Publishers, Sevenoaks,
England, 1993.

31. Reams GB: Use of cvclophosphamude in attempt
to modify the canine renal homograft response.
Nature, 197:713714, 1963.

32, Zukosks CF, Callawav IM, Rhea WG:
Prolongauon ot canine renal homogratt survival by
antmetaboltes. Transplantauon 1(3):

293295, 1963,

33. Preston FW, Macalalad F, Wachowski T7,
Randolph DA, Apostol [V: Survival of homogratts of
the intestine with and waithout immunosuppression.
Surgery 60412031210, 1966.

34. Santos GW, Owens AH Ir, Sensenbrenner LL:
Etfect ot selected cvtotoxic agents on anubody produc-
tion in man; A preliminarv report. Annais ot the New
York Academy ot Sciences

114:404423, 1964

35. Santos GW, Burke PF, Sensenbrenner LL, Owens
AH I In: Bertell A, Monaco AP, eds. Rationale for
the use ot cvclophospharmde as an immunosuppres-
sant tor marrow tansplant in man. Pharmacological
[reatment In Onzan and Tissue Transplantanon
Amsterdam,

p. 2431, 1970,

36, Goodwin WE, Kautman ji, Mims MM, Tumer
RD, Glassock R, Goldman R. Maxwel MM: Human
renal transplantauon. . Clinical expenences with six
Cases ot renal homotransplantanon. | Urology
891324, 1963,

3" Markland AC, Anderson CK: Human kidney trans-
plantanon conterence. [ransplantanon 2:162165, 1964.
38. Starzi TE. Halgnmson CG. Penn |, Maraneau G,
schroter G. Amemuva H, Pumam CW, Groth CG:
Cvclophospharrude and human organ aransplantatuon.
Lancet 2:7074 1971,

3. Starzl TE. Putnam CW. Halgnmson CG, Schroter
«iT. Maraneau G, Luunos B, Corman jL, Penn L
Booth AS I, Gruth CG, Porter KA:

Cyclophosphamide and whole organ transplantagon
in human beings. Surg Gynecol Obstet 133:

981991, 1971.

40. Starzi TE, Groth CG, Putnam CW, Corman |,
Halgrimson CT, Penn [, Husberg B, Gustafsson A,
Cascardo S, Geis P, Iwatsuki S: Cyclophosphamide for
clinical renal and hepatic transplantation. Transplant
Proc 5:511516, 1973.

41. Starzi TE: Baboon renal and chimpanzee liver het-
eromansplantation. In: Xenograft 25 (MA Hardy, ed)
Elsevier Amsterdam, New York, Oxford,

1728, 1989.

42. Auchincloss H Jr: Xenogeneic transplantation.
Transplantation 46:120, 1988.

43. Marino R, Starzl TE, Fung Jj: Accelerated rejecton
of liver grafts with particular attention to FK 506. In:
Accelerated Rejection of Liver Grafts (G Gubernaus,
ed) RG. Landes Company, Austin, Texas, pp.

7893, 1993.

44, Takaya S, Iwaki Y, Starzl TE: Liver
Transplantation in positive cytotoxic crossmatch
cases using FK 506, high dose steroids and
prostaglandin E1. Transplantation

54:927930, 1992.

45, Starzl TE, Ishikawa M, Putnam CW, Porter KA,
Picache R, Husberg BS, Halgrimson CG, Schroter G:
Progress in and deterrents to orthotopic liver trans-
plantation, with special reference to survival, resis-
tance to hyperacute rejection, and biliary duct recon-
structon. Transplant Proc 6:129139, 1974.

46. Iwatsuki S, Iwaki Y, Kano T, Klintmalm G, Koep
LJ, Weil R, Starzi TE: Successful liver transplantaton
from crossmatchpositive donors. Transplant Proc
13:286288, 1981.

47. Starzl TE, Iwatsuki S, Van Thiel DH, Gartner IC,
Zitelli BJ, Malatack JJ, Schade RR, Shaw BW Jr, Hakala
TR, Rosenthal JT, Porter KA: Evolution of liver trans-
plantation. Hepatology 2:614636, 1982.

48. Takaya S, Duquesnoy R, Iwaki Y, Demetris j,
Yagihashi A, Bronsther O, S Iwatsuki, Starzl TE:
Positive crossmatch in pnimary human liver allografts
undex cyclosporine or FK 506 therapy. Transplant Proc
23.396399, 1991.

49. Takaya S, Bronsther O, Iwaki Y, Nakamura K,
Abu-Elmagd K. Yagihashi A, Demetris JA, Kobayashi
M, Todo S, Tzakis A, Fung j], Starzi TE: The adverse
umpact on liver transplantation of using posiave cyto-
toxc crossmatch donors. Transplantaton
53:400-406, 1992.

50. Quagliata F, Lawrence VIW, Phillips-Quaghata
JM: Short communication: Prostaglandin E as a
regulator of lymphocyte funcuon selective action
on B lymphocytes and synergy with procarbazine
in depression of immune response. Cell Immunol
6:457-465, 1972.

51. Starzl TE, Thomson AW, Todo S, Fung |J: First
Intermauonal Congress on FK506. Transplantauon
Proc 23(61:2709-3380, 1991.

52. Kalter SS: The baboon. Microbiology, clinical
chermustry and some hematological aspects. [n:
Primates in Medicine, Vol. 8, Senies Editors:
Goldsmuth EL and Morr-lankowska |, Karger S.
Publishing, Basel, 1973.

33. Socha WW, Moor-Jankowsk |, Ruffie I: Blood
XTOuUp Of prumates: present status, theorencal imphica-
uons and pracucal applicauons. A review. | Med
Primatol 13:11-40, 1984.

34. Starzi TE, Fung |, Tzakis A. Todo S, Demetns Al
Marino (R, Dovle H, Zeevi A, Wartv V, Michaels M,
Kusne S, Rudert WA, Trucco M: Baboon to human
liver ransplantanon. Lancet 341:63-71, 1993.

55. Starzl TE, Tzakas A, Fung I], Todo §, Manno IR,
Dememns Al: Human liver xenotransplantaton. Xeno.
A Review ot Xenotransplantanon and Related Topics,
1i1}: Sept, 1993, press.

36. Starzl TE, Miller C, Broznuck B, Makowka L: An
improved technique tor muiapie organ harvesang,
Surg Gynecoi Obstet 165.343-348, 1987.

57. Tzakis A, Todo S, Starzl TE: Piggyback orthotopic
liver transplantaton with preservation of the inferior
vena cava. Ann Surg 210:649-652, 1989.

58. Shaw BW Ir, Martin DJ, Marquez JM, Kang YG,
Bugbee AC, Iwatsuki S, Griffith BP, Hardesty RL,
Bahnson HT, Starzl TE: Venous bypass in clinical liver
transplantation. Ann Surg 200:524-534, 1984,

59. Starzi TE, Marchioro TL, Von Kaulla KN,
Hermann G, Brittain RS, Waddell WR:
Homotransplantaton of the liver in humans. Surg
Gynecol Obstet 117:659-676, 1963.

60. Marino IR, Tzakis AG, Fung J, Todo S, Doyle HR,
Starzl TE: Xenotrapianto epatico: esperienza clinica.
In: 1l Trapianto di Fegato (DF D’Amico, N Bassi, eds)
pp. 269280, Masson, Milan, Italy, 1993.

61. Todo S, Demetxis Af, Van Thiel D, Fung JJ, Starzi
TE: Orthotopic liver transplantation for patients with
hepatits B virus (HBV) related liver disease.
Hepatology 13(41:619626, 1991.

62. Bontempo FA, Lewis JH, Marino IR, Doyle HR,
Todo S, Tzakis A, Fung JJ, Starzi TE. Coagulation fac-
tor pattern in baboontohuman liver wansplant: acqui-
sition of baboon pattemn by recipient. The Amencan
Society of Hematology, 34th Annual Meeting, Blood,
80(10), Suppl 1:309a, 1992.

63. Starzl TE: The future of xenotransplantation.
Editorial for the Surgical Residents’ Edition, Ann Surg
Vol 310}, October, 1992.

64. Van Thiel DH, Hagler NG, Schade RR, Skolnick
ML, Heyl AP, Rosenblum E, Gavaler S, Penkrot R[: In
vivo hepatic volume determination using sonography
and computed tomography: validation and a compan-
son of the two techmques. Gastroenterology
88:18121817, 1982.

65. Valdivia LA, Demetris AJ, Fung JJ, Celli S, Murase
N, Starzl TE: Successtul hamster to rat liver xeno-
transplantation under FK506 immunosuppression
induces unresponsiveness to hamster heart and skin.
Transplantation 55:659661, 1993.

66. Starzi TE, Demetns AJ, Murase N, Thomson AW,
Trucco M, Ricord: C: Donor cell chimerism permitted
by immunosuppressive drugs: a new view of organ
transplantaton. immunologyTodav 14:326332, 1993.
67. Starzl TE, Demems AJ, Van Thiel DH: Med:cal
progress: Liver rransplantation. New Engl | Med
321:10141022, 1989.

68. Esquivel CO, Manno IR, Fioravana V, Van Thucl
DH: Liver transplantation tor metabolic disease ot the
liver. From the senes; Clinics in Gastoenterology,
Volume Liver Transplantanon, Makowka L and Van
Thiel D {eds.)

17:167175, 1988.

69. Hartenberger [L: The order rodentia: major ques-
tions on their evolunonary ongn, relationships and
supratarrubial svsternics. In: Luckert WP, Hartenbereer
IL (eds), Evoludonary Relationships Among Rodents.
A Muladiscipiinarv Analysis, New York, Plenum
Press, p. 92, 1985.

70. Valdivia LA, Lewis [H, Celli S, Bontempo FA,
Fung ], Demetns Al, Starzi TE: Hamster coaguianon
and serum proteins in rat recipients ot hamster
xenograses. Transplantaaon 55:659660, 1993.

1. Starzl TE, Lemer RA, Dixon £1, Groth CG.
Brettschnerder L, Terasaki PI: Shwartzrnan react:.
atter human renal transplantauon. New Engl | M.
278:642648, 1968.

2. Starzl TE, Bochmug HI, Amemuva H, Wilson CB.
Dixon F, Giles GR, Simpson KM. Halgnmson CG.
Clotang changes including disserminated intravasculas
coagulatnon, dunng rapid renathomogratt reiecaon.
New Engl | Med 283:383390. 1970.

~3. Post SG: Baboon livers and the human good. Arch
Surg 128:131133. 1993,

"4 Tains PS. The fains path ot punricanon. Berkelev
University ot Califormia Press, 1979.

"5, Cohen C: The case tor the use ot anumals in bio-
medical research. New Engl | Med

315:865870. 1986.




