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The Ascension of Clinical Organ Transplantation
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URING 1958 and 1959 at Northwestern Universitv
(Chicago). we developed transplantation of the canine liver alone. I parallel to similar independent investigations in Boston hy Francis Moore.:'" The liver also was
transplanted as a component of abdominal multivisceral
grafts. 4 At the beginning. these were technical and physiologic exercises. because long-term survival of an organ
allograft had never been achieved in any species.
The possibility of clinically exploiting transplantation
brightened. however. between January 1959 and the date of
our first human liver replacement in March 1963. During
this 4-year period. Joseph Murray in Boston 5 - 7 and the
French teams of Jean HamburgerH and Rene Kuss" produced the 7 examples shown in Table 1 of survival exceeding 6 months following human kidney transplantation. All
of the patients except the last one had received total body
irradiation, and in addition, 4 of the 5 French patients were
treated with unstipulated doses of adrenal cortical steroids
(Table 1) whose weak anti rejection effect had been demonstrated by Billingham. Krohn. and Medawar lO in a rabbit
skin graft model. The seventh recipient was treated with the
6-mercaptopurine derivative (6-MP). azathioprine. Bob
Schwartz's gift to transplantation. II . 12
It had been recognized during 1959 to 1962 that total
hody irradiation would permit successful renal transplantation in only a small percent of cases. Consequently. the
option of immunosuppression with 6-MP or its derivative,
azathioprine was greeted initially with feverish enthusiasm.
However. the preclinical studies of the new drugs by
Table 1. Kidney Transplantation; 2:6 Months Survival as of
March 1963
Case

2

3
4
5
6

7

CityIR'~

Date

Donor

Survival
(months)!

Boston 5
Paris·
Paris 9
Pans·
Paris9
Paris·
Boston 6 . 7

1-24-59
6-29-59
6-22-60
12-19-60
3-12-61
2-12-62
4-5-62

Frat twin
Frat twin
Unrelated'
Mother'
Unrelated'
Cousin'
Unrelated

>50
>45
18(died)
12(died)
18(died)
>13
10

•Adlunct sterOid therapy.
'The kidneys In patients 1. 2. and 6 functioned for 20.5. 25. and 15 years.
respectively. Patient 7 rejected hiS graft after 17 months and died after retum to
dialYSIS.
Boston: J.E. Murray (1 and 7).
Pans: J. Hamburger (2. 4. and 6); R. Kuss (3 and 5).
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Calne13·I~ and Zukoski.15 as well as Murray's human triaI5,-7 cautioned that the clinical results might not he
substantially better than with irradiation. even when azathioprine was combined with other cytotoxic agents. The
seventh patient in Table 1 was the only recipient of the first
10 treated in Boston with 6-MP (n = 2) or azathioprine
(n = 8) whose kidney allograft eventually survived more
than 6 months.
At the nadir of the resulting pessimism. we made our
most important contribution to transplantation. 16 Realizing
that clinical liver transplantation could never he attempted
without first succeeding with the simpler renal procedure.
we had turned our laboratory research to the canine kidney
transplant model at the University of Colorado (where I
had moved in November. 1961). Two reproducible observations were made. first in the mongrel dogs, and then in
humans, that came to dominate future developments in
organ transplantation.
First, rejection. which had been considered to be one of
nature's strongest and most irrevocable reaction. could he
readily reversed hy adding high doses of prednisone to
recipients under primary immunosuppression with azathioprine. Second. successfully treated recipients appeared to
develop donor specific tolerance. This was manifested by
the ability later on to wean the doses of drugs to levels
below those which had failed at the outset to prevent the
onset of rejection.
Using azathioprine plus dose maneuverable prednisone.
we began our clinical kidney transplant service in the
autumn of 1962 at about the same time as David Hume.
who was informed on a day to day hasis of our research and
clinical findings. initiated his program at the Medical College of Virginia (Richmond)n Nine of the first 10 recipients of live donor kidney allografts had prolonged graft
survival. 16 including two who bear the longest continuously
functioning allografts in the world today (>35.5 years). The
two longest surviving patients have heen off of all immunosuppression for 32 and 4 years.
This was the first series of successful clinical kidney
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transplantations to he compiled in any center. At the time.
the only programs in the United States where this procedure was heing offered tll patients were in Richmond
(David Hume) and in Boston at the Peter Bent Brigham
Hospital (Joseph Murray). An earlier program directed hv
Willard Goodwin at UCLA had heen closed because of
poor results. hut not hefore making a signiticant contrihution. In September. IlJ60. Goodwin had produced profound
hone marrow suppression with methotrexate and cyclophosphamide (rather than with Irradiation) in the daughter
recipient of a maternal kidney. During the 143 days of her
survival. the patient developed severe rejections that were
temporarily reversed with prednisone. This was the tirst
example of protracted function of a human allograft using
drug treatment only. but the case was not reported until
1963 1H and was unknown during accrual of the Colorado
series.
In Europe. total hody irradiation remained the preferred
treatment at the long-standing Paris centers of Jean Hamhurger and Rene Kuss. while Michael Woodruff of Edinhurgh had begun testing azathioprine. I" Within 12 months
after the effectiveness of the double drug treatment became
known, a proliferation occurred of new kidney transplant
centers in North America. and also in Europe.
The early kidney experience triggered our attempts beginning in March of 1963 to replace the liver. the first
extrarenal organ to be transplanted in humans. After the
first three reported patients. ~() two more in Boston and
Paris, and an additional two in Denver all died within 23
posttransplant days. clinical liver transplantation ceased
worldwide. During the 3- 1/:! year moratorium. we developed
antilymphocyte globulin (ALG) and tested it for the first
time in kidney recipients. combined with azathioprine and
prednisoneY
When the triple drug immunosuppression proved encouraging in the kidney trial. the Colorado liver program
was restarted in July 1967. A number of long survivals were
obtained,:~ including the three children shown in Figure I
with their doctor. Carl Groth from the Karolinska Institute.
then an NIH fellow in Denver. and now the President elect
of the Transplantation Society. Another child from that
early era whose operation was in January, 1970. is the
longest surviving liver recipient in the world, married and in
perfect health today.
The successful liver transplantations in the summer of
1967 expanded the horizon of transplantation from the
kidney to all of the vital extrarenal organs. Within the
succeeding 12 months. long survival was accomplished in
other centers using variations of the same immunosuppres-

Fig 1. The first three long-surviving liver recipients shown in
Denver in the summer of 1967 with Carl Groth. president-elect in
1998 of the Transplantation Society.

sion for heart, lung, and pancreas recipients. Another
decade would pass, however. before the advent of cyc1osporine23.~4 would make transplantation of the liver 25 or other
cadaver organs a reliahle service. Tacrolimus. the first
immunosuppressant to be evaluated primarily with liver
transplantation. 2 " has allowed further improved survival of
all transplanted organs induding the intestine.
In later years. the management strategy originally developed with azathioprine and prednisone (Table 2) accommodated more potent haseline drugs as these came along
(i.e., cydosporine and tacrolimus in place of azathioprine)
and adjunct agents (e.g .. ALG and increasingly selective
antilymphoid antibody preparations, mycophenolate
mofetil. and other second line drugs). Despite the failure to
understand what was being accomplished, the easily taught

Table 2. Central Therapeutic Dogma of Immunosuppression
Strategy

Baselme Agents

1. Baseline therapy with one or two drugs
2. Secondary adjustments With sterOids or antllymphold agents
3. Case to case trial (and potential error) of weaning

Azathiopnne"
Cyclosponne
Tacrolimus

'Equivalent results With cyclOPhosphamIde.

Sites of Inhibition

DNA syntheSIS

Interleukin-2 production
Interleukin-2 production
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algorithm became the base upon which clinical transplantation of all organs was developed.
The treatment regimens were shown ~ decades later to
have been effective hecause they fostered chimerism-dependent tolerance mechanisms 2 -:'.2s which were the same as in
the neonatal models of Billingham. Brent. and Medawar?"
The liver. which is more toler~genic than other organs. 30. 31
ullimately became the key organ in solving the immunologic
mystery of allograft acceptance and acquired tolerance. 27 . 2H
REFERENCES

1. Starzl TE. Kaupp HA Jr. Brock DR. ct al: Surg Gynecol
Obslet 111 :733. 1960
2. Moore FD, Smith LL. Burnap TK. ct al: Transplant Bull
6:103. 1959
3. Moore FD. Wheeler HB. Demissianos HV. et al: Ann Surg
152:374. 1960
4. Starzl TE. Kaupp HA Jr: Surg Forum 11:28.1960
S. Murray JE. Merrill JP, Dammin GJ. et al: Surgery 48:2n.
19h1l

h. Murray JE. Merrill JP. Dammin GJ. et al: Ann Surg 156:337.
l'lh2

7. Murray JE. Merrill JP. Harrison JH. et al: New Engl J Med
2('b:1315. 1963
K. Hamburger J. Vaysse J. Crosnier J. et al: Am J Med 32:854,
1962
9. Kuss R. Legrain M. Mathe G. ct al: Posigrad Med J 38:528.
1962
10. Billingham RE. Krohn PL. Medawar PB: Br Med J 1:1157.
1951
11. Schwartz R. Dameshek W: Nature 183:1682,1959

\~

4<.

'.

12. Schwartz R. Dameshck W: J Clin Invest 39:952. 1960
13. Caine RY: Lancet 1:417. 1960
1·.. Caine RY: Transplant Bull 21':44:'. 1<,)61
IS. Zukoski CF. Lee HM. Humc DM: Sur!! Forum 11:470. 1960
16. Starzl TE. MarchiOro TL. Waddell WR: Surg Gynccol
Obstct 117:385.1963
17. Hume DM ..Magee JH. Kauffman HM. et al: Ann Surg
158:608. 1%3
18. Goodwin WE. Martin DC: Urnl Survey 13:229. 1963
19. Woodruff MFA. Robson JS. Nolan B. et al: Lancet 2:675.
1963
20. Starzl TE. Marchioro TL Von Kaulla KN. et al: Surg
Gynecol Obstet 117:659. 1963
21. Starzl TE. Marchioro TL Porter KA, et al: Surg Gynecol
Obstet 124:301. 1967
22. Starzl TE. Groth CG. Brettschneider L. et al: Ann Surg
168:39:. 1968
23. Borel JF. Feurcr C. Gubler HU. et al: Agents Actions 6:468.
1976
24. CaIne RY. Rolles K. White DJG. et al: Lancet 2:1033.1979

:5. Starzl TE. Klintmalm GBG. Porter KA. et al: N Engl J Med
305:266. 1981
26. Starzl TE. Todo S. Fung J. et al: Lancet 2:1000. 1989
27. Starzl TE. Demetns AJ. Murase N. ct al: Lancet 339:1579.
1992
28. Starzl TE, Zinkernagel R: New Eng J Med 339: 1905. 1998
29.
Lond
30.
1965
31.

Billingham R. Brent L. Medawar P: Phil Trans Roy Soc
(BioI) 239:357. 1956
Starzl TE. Marchiow TL Porter KA. ct al: Surgery 58:131,
Caine RY. Sells RA. Davis DR. et al: Nature 223:472, 1969

