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In 1964, Paul Terasaki developed the microcytotoxicity

test, a test that required only 1 mL each of the scarce

antisera used to identify human leukocyte antigens (HLA)

(1). This significant development allowed tissue typing to

be standardized around the world and led to advances in a

number of peripheral fields – a new way to resolve dis-

puted paternity cases (2), links between HLA and a variety

of diseases (3) and, of course, the important and persist-

ent association between HLA and transplantation. As a

result of Paul Terasaki’s research (as well as that of his

many students around the world) showing better kidney

graft survival rates for recipients of HLA-matched

deceased donor kidneys, and his development of a simple

cold storage solution for shipping of kidneys (4), the

United Network for Organ Sharing currently facilitates

the shipment of approximately 100 kidneys each month

between US transplant centers for transplantation to

HLA-matched recipients with high success rates (5). Con-

comitantly with the development of the microcytotoxicity

test, Dr Terasaki recognized that patients who had pre-

formed antibodies against donor HLA antigens would

reject the graft in a hyperacute fashion (6). As a result,

all patients waiting for a kidney transplant are screened for

the presence of these antibodies and a lymphocyte cross-

match test is routinely performed to prevent hyperacute

rejection. These seminal contributions and an unwavering

commitment to improve kidney transplant results estab-

lished Dr Terasaki’s position among the pioneers of trans-

plantation. But these contributions represent only a small

part of a larger interest in the importance of humoral

immunity in transplantation. Paul Terasaki’s retirement

from the UCLA Department of Surgery and the UCLA

Tissue Typing Laboratory in 1998 lasted less than a year.

He has since established the Terasaki Foundation, an

independent laboratory dedicated to cancer immunother-

apy and the study of humoral immunity and transplant-

ation. Since his retirement, his continuing research has

raised awareness and interest in the role of antibodies in

transplantation.

Recently, I met with Paul Terasaki at his foundation to

discuss the humoral theory of transplantation and his cur-

rent work.

Question: Your earliest work, and perhaps the work that

initially placed you in transplantation, was at University

College with Sir Peter Medawar, who is remembered for

demonstrating that transplantation immunity was mediated

by cells. What drew you to study antibodies instead of cells?

I was 28 years old at that time, and perhaps it was some

sort of youthful rebellion that made me go in the opposite

direction. When leaving London, I chose to go to Paris to

study with Jean Dausset, which indicates that while still in

England, I had decided to change to human studies, and to

work on antibodies. Actually, I did not work in Dausset’s

lab. The story, recounted in our History of HLA book (7), is

that while in London, I prepared to go to France by taking

French lessons, and communicated with Dausset in

French (with the aid of my French teacher). Dausset was

surprised that despite our correspondence by mail, I was

actually hardly able to speak French. He promptly shipped

me off to the Institute Pasteur, where I worked for

2 months. I became discouraged, and returned home to

Los Angeles, not having mastered French. In the many

years since, Dausset and I have become good friends, and

he recommended me for an honorary doctorate degree

from the University of Paris, Sorbonne.

Question: The microcytotoxicity test really created the

field of histocompatibility as we know it today. How did

you come up with such an unusual method?

Necessity is really the mother of invention. Both my tech-

nician, John McClelland, and I were unable to venipunc-

ture each other, so we finger poked each other for blood.

We had to make enough lymphocytes from capillary tubes

of blood for the test. Moreover, not being in the blood

bank, we had no source of antibodies except left over

serum from Rh testing of pregnant women. The microtest

permitted 1000 tests to be done with 1mL of serum

(Figure 1). We were able to read 60 tests on one plate

within 1 min by attaching buttons on the base of the

microscope to an electric typewriter (before the days of

computers). Every drop was extremely valuable to us.

I can still remember Jon van Rood asking why I was so

stingy. Four years after its introduction, the microtest was

adopted as a standard by the NIH (so is sometimes

referred to as the NIH test), and 6 years later at the 1970

Workshop, it was adopted as an international standard.

Question: The recognition that hyperacute rejection was

mediated by anti-HLA antibodies established an extremely

important role for antibodies in transplantation, one that
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was quickly accepted and has rarely been challenged over

the past 35 years since you and Dr Patel first reported the

results of 30 cross-match-positive cases (8). There have

been recent reports that with certain precautions, a pre-

transplant cross-match test is not required. What is your

position on not performing the test when it may delay the

transplant by several hours?

It has been repeatedly shown that clerical and communi-

cation errors are the most frequent types of error in cross-

matching. Because of this, I would be very much against

skipping this important step. I disagree with suggestions

that we could dispense with the lymphocyte cross-match

if by repeated testing the patient is shown to have no HLA

antibodies. There was a case some years ago, where in

the middle of the night, the on-call resident mispro-

nounced the patient’s name on the telephone, resulting

in the wrong patient receiving the transplant. If clerical

errors are the source of mistakes, the cross-match test

is the only way to prevent this error. The argument that

there is an urgency to proceed with the operation is invalid

with kidneys as there is ample evidence that a few added

hours of cold ischemia time would not materially alter graft

survival rates (9). For hearts and livers, the situation may

be more urgent. One solution might be a 30-min lympho-

cytotoxic cross-match. This would pick up only the strong

positive cross-match, which perhaps is the main problem

to be avoided. Weak cross-matches, such as those only

detectable by flow cytometry, may be found after the

transplant, but fortunately, they are usually surmountable

with immediate increased immunosuppression.

I would extend the argument to include red cell cross-

matching as well. The recently publicized death of a

heart transplant patient at Duke University was a very

unfortunate error, which could have been avoided. As I

noted 12 years ago, after a death of a heart transplant

patient due to an ABO matching error, there were eight

previous such blunders (10). We suggested then that

organs first be sent to the blood bank, where red cell

cross-matching can be done, and then released to the

operating room. We noted then that there is simply

no excuse for not enforcing the policy of red cell cross-

matching. Red cell cross-matching can be done within

minutes. Why, when we are dealing with such a vitally

important life-threatening situation, is this simple test not

done? It has been mandatory for every blood transfusion

for over 75 years, and should certainly be mandatory for

every organ transplant. We should no longer delay

enforcing this rule.

Question: You are a staunch supporter of HLA matching

for kidney transplants, yet you have published at least two

papers that seem to contradict that position. The first was

very early and cost you your grant support (11) and the

more recent was the demonstration that transplants from

unrelated living donors had very good survival rates,

despite the HLA incompatibilities (12). How do you recon-

cile these apparently contradictory positions?

I developed the microtest specifically for matching trans-

plants. It was a shock for me to see that so many patients

with mismatches were doing well, as I had expected them

to fail. For example, in our 1970 analysis, more than half of

the HLA-A2-mismatched transplants were surviving. My

statement then that mismatched grafts were doing well,

is true today, but drew a lot of criticism at that time. I was

able to see the facts earlier than others because of the

microtest, which allowed us to test patients from many

centers. We developed a mailing bag for shipping blood

(Figure 2), allowing us to even test patients transplanted in

Europe and Australia. The ideal material we found to pre-

vent blood leakage (tampons), gave us headaches when

Figure 1: The microtest permitted testing 1000 samples with

1mL of serum. Also it was possible to test lymphomcytes

isolated from a capillary tube of blood with 100 different reagents.

Before the time of PC computers, we installed buttons on the

base of the microscope so that the reader could record the results

on an electronic typewriter without taking her eyes off of the

microscope. This enabled reading and recording the results of one

test in 1 s, or 60 tests in 1 min.
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we tried to retrieve the blood and so a large vise was

needed to squeeze out the lymphocytes.

Our first (and the very first) series of kidney transplant

patients was HLA typed in 1964 with the helpful support

of Dr Thomas Starzl, who shipped us blood from Denver

for his pioneering series of transplant patients (6). Our

Hague paper was based on 1216 kidney transplant

patients from 52 world-wide transplant centers (11).

Perhaps it was naive to just present the facts rather than

state what everyone expected. On the basis of the experi-

ence with red cell incompatible transfusions and ‘theory’,

we expected that mismatching should result in failure. But

with immunosuppression, many mismatches can be over-

come, as we have been forced to recognize. I learned

from this that conventional dogma, or that which is

accepted as true by most scientists at any given time, is

not necessarily correct.

Yes, the Hague meeting presentation led to a chain of

traumatic events for me: My contract, which at that time

was 80% of my support, was cancelled within 4 months

of the Hague meeting. I was ostracized by my own tissue-

typing colleagues. However, in retrospect, our failure to

prove the effectiveness of typing led to many compensat-

ing consequences. First, it pressed me to survive on my

own by selling tissue-typing trays to provide research

funds. This activity continued at UCLA for 14 years, and

given my limited ability to get grant funds, it would have

been impossible for us to do our research without this

source of income. It led to our PRA studies in 1970, when

we thought that prior immunizations were confounding

the matching effect (13). In addition, our 1972 report,

with Gerhard Opelz, of the paradoxical transfusion effect

(14) was a direct result of trying to explain our matching

failures. Most importantly, it forced us to develop a regis-

try in 1970 to determine why typing was not correlated.

The UCLA Kidney Transplant Registry and later the UNOS

Kidney Transplant Registry from 1987 to 1998 accounted

for a significant portion of my subsequent work. The regis-

try analyses of factors influencing transplants has been

documented in numerous articles and in 17 annual Clinical

Transplant volumes since 1985, edited with Michael

Cecka.

Dr Starzl commented on a more momentous conse-

quence of our Hague findings that mismatched trans-

plants often functioned well. He pointed out that it freed

him to embark on a full-scale assault on liver transplants,

which were impossible to match for HLA because of the

limited number of choices (15).

The second time we felt compelled to speak up was

when we found, to our surprise, that an assumption

accepted by everyone for over 20 years, was no longer

tenable. We all thought that two HLA-haplotype mis-

matches (as found in genetically unrelated donor trans-

plants) would be much worse than one HLA haplotype of

mismatch (as in parental donor transplants). When the

donor kidney was in prime condition, as were those from

living donors, this assumption simply was not true (12).

Perhaps the only surprise to others is that I would publish

this finding. The facts have always been more important

to me than that which I wanted to see. I am pleased

to see that a sharp increase in living unrelated donor

transplants has occurred as one consequence of our

report, contributing to a reduction of the kidney shortage

problem.

Question: The number of living kidney donors surpassed

the number of cadaver donors 2 years ago and recent data

suggest that very soon there will be more living than

deceased organ donors in the US. Attitudes toward

using living donors have clearly changed during the past

decade. Is this an appropriate solution to the organ short-

age?

Now that clinical transplants are so successful, the most

important issue before us is how to make this advance

available for the many needy patients accumulating on

waiting lists. Clearly, the shortage of donor organs is the

main problem. As we predicted 5 years ago (16), the 2003

waiting pool has expanded to 50 000. At that time, we

Figure2: We were able to accumulate

HLA typing data from transplant

patients from many centers before

other laboratories because we were

able to ship blood for testing. This

shipping bag was composed of nylon

cloth in the top compartment for

adherence of granulocytes. After 30

min, media was flushed through to the

second chamber containing a tampon,

which served to hold the red cells,

plasma, and lymphocytes. The toughest

part was to squeeze the lymphocytes

out, for which we needed a large vise.
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pointed out that if living donors were increased tempor-

arily, and the use of nonheart-beating donors were estab-

lished, the waiting pool would shrink to 20 000 by the year

2008. This would mean that the use of living donors could

be discontinued. I am concerned about the increasing

dependence on living donors, and have always regarded

living donors as a temporary solution. To the three deaths

of living volunteer liver donors in the US, we can now add

a new death – that of a living donor in Japan. Living-donor

liver transplants are being performed in large numbers in

Japan, and until this year, with no unforeseen donor prob-

lems. Obviously, the ‘no donor deaths’ record in Japan is

now broken. By the proposed plan, with nonheart-beating

donors plus brain-dead donors, all the required kidneys

would come entirely from cadaver donors.

Thus, the most important future task is development of

approaches to utilize nonheart-beating donors. Presently,

only about 250 nonheart-beating donor transplants are

performed annually (3% of cadaver donors), despite evi-

dence that results with such donors almost equal those of

conventional brain-dead donors (17). Just as a whole new

mindset and legislation was needed to enable procure-

ment of organs from brain-dead donors, we now need a

similar broad change in thinking for utilization of nonheart-

beating donors. Ironically, when someone is considered as

a transplant donor, the simple loss of the heartbeat, which

should be a clear sign of death, now becomes complicated

by questions concerning physician motives in caring for

the donor. New legislation will be needed, just as we

needed legislation for brain death.

Question: Advances in immunosuppression have

improved transplant success rates by reducing graft

losses to acute rejection. Far less progress has been

made in reducing late graft deterioration and long-term

graft failures. This is an area in which you have been

very active in recent years. Where should the emphasis

be in recognizing and reducing late graft losses?

I believe that the most significant development in recent

years is the C4d test of Feucht (18). Now, for the first

time, we can prove that antibodies are bound on the

kidneys, and once this occurs, the kidney gradually ceases

to function.

The next most important development in recent years was

recognition that HLA antibodies that appear after trans-

plantation may cause gradual graft failure. A few years

ago, we reviewed 23 studies where chronic rejection

was associated with the presence of HLA antibodies

(19). More recently, with Po-Chang Lee, we published

that all 29 patients who had chronic rejection had anti-

bodies before failure, suggesting that the antibodies had

been responsible (20). The appearance of donor-specific

antibodies in the circulation is a certain sign that antibodies

are going onto the graft. Among 825 patients who rejected

a graft, we found 96% had HLA antibodies (21). I am

currently gathering data on the presence or absence of

HLA antibodies in patients with functioning transplants.

We now know that about 20% of the patients with well

functioning transplants have HLA antibodies. In a large-

scale prospective study involving 30 transplant centers,

we showed that patients with antibodies are failing

more frequently than those without antibodies. Our inter-

pretation is that antibodies are causing rejection. If we

accept this concept, then it follows we can monitor the

effectiveness of immunosuppression by monitoring for

the appearance of antibodies. Of course, the story is still

incomplete. For example, there may be other antigens,

such as MICA antigens and the second histocompatibility

locus antigens, which produce failures. Another important

consequence of identifying antibodies as a cause of immuno-

logic failure is that we can separate the immunologic

failures from the chronic allograft nephropathies of

Halloran (22).

In retrospect, I realize it was the humoral theory of trans-

plant rejection that I have been pursuing all these years.

The cellular theory, advocated by Medawar, has been the

overwhelming theory throughout this time period, and

perhaps even today, if one were to take a survey, it

would still be the one most transplant professionals

believe in. The transplant community has put a great

deal of effort into developing drugs to control the cellular

response over the past 30 years. Why I accepted the

humoral theory as an act of faith in 1958 is still unclear

to me. My first paper on antibodies to transplants was in

1959 (23). Since I thought antibodies killed grafts, I first

looked for antibodies in immunized people (pregnant

women), and this type of world-wide effort led to the

discovery of the HLA system. Hyperacute rejection and

cross-matching fit well into the concept that preformed

antibodies against the donor lead to immediate failure

(6,8). Interestingly, the only practical way in which the

state of immunity to transplant can be seen today is

again a test based on antibody, the PRA test (13) and as

we reviewed, there is accumulating evidence that chronic

rejection is associated with antibodies (17). This factor,

together with our current prospective trials noted above,

might well vindicate the humoral theory, recently

reviewed in this journal (24).

In accepting the 1994 Medawar Prize, which he shared

with his friends Jean Dausset and Jon van Rood in

Barcelona, Paul Terasaki quoted Sir Peter Medawar on

the difference between artistic and scientific priorities: ‘I

don’t think any scientist can be defended against a major

artist; scientists are always dispensable, for in the

long-run, others will do what they have been unable to

do themselves.’1 Paul Terasaki has made a number of

1From the introduction to The Threat And The Glory – A

Posthumous Collection of Medawars Essays and Speeches,

edited by David Pyke.
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important contributions to the field of transplant-

ation . . . and he has already seen many of them improved

upon by others. He has even improved upon some of

them himself. Certainly he has accomplished the scien-

tist’s best hope . . . laying the groundwork so that others

can do what he cannot. But there is something of the

artist at work as well, in the passion and perseverance in

following an idea through to completion. Perhaps his wife,

Hisako, and their son, Peter, both accomplished artists,

have influenced Paul Terasaki’s work. I think it is some-

thing that could hang on the wall.
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