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pressure of developing knowledge, have successively devised
four complementary instruments for its development-the
specialized occupations and professions, the universities, the
scientific academies and societies, and now the central research
organizations or research councils. Each of these is primarily
orientated to a different aspect of natural need, though all
participate in the advancement of the knowledge itself. The
specialized occupations or professions are primarily orientated
to practice, the universities to higher education, the specialized
societies to intellectual development at the subject level, the
central research organizations to the comprehensive develop-
ment of the province of knowledge for which they are
responsible. These are all expert functions, and it is only in
so far as the organizations expressing these are independent
and under the control of experts that they can fulfil their pur-
pose in society. It remains now for us, as scientists, to develop
and use these instruments ; for it is only to the extent that we
are prepared to assume responsibility for them that we can

hope to promote our knowledge or meet the expectations that:
we have aroused.
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Summary: Antilymphocyte globulin (A.L.G.) was pre-
pared by injecting fresh frozen splenic cells sub-

cutaneous'-v into horses. The IgG fraction of the serum
was conccitrated by a batch technique using diethyl-
aminoethanol-Sephadex. Fourteen patients given this
material by intramuscular injection after cadaveric renal
transplants, in addition to azathioprine and prednisone,
had less evidence of rejection compared with patients pre-
viously treated with azathioprine and prednisone only,
despite a reduction of the mean daily prednisone dose
from 65 to 45 mg. Toxicity, especially local reaction,
fever, and hypotension, limited the amount of A.L.G. that
was given.

Introduction

Antilymphocyte globulin (A.L.G.) has been shown in many
instances to possess immunosuppressive effects against cellular
and, to a less extent, against humoral immunity (James, 1967).
The most effective preparation described is that of Lance and
Medawar (1968), who used mouse thymocytes as antigen to
immunize rabbits; this A.L.G., used as the sole immuno-
suppressive agent, has allowed this survival of skin xenografts
on mice. Other A.L.G. preparations have shown less dramatic
immunosuppression, but in most cases have demonstrated pro-
longation of homograft survival.

Starzl et al. (1968), using horse antihuman A.L.G. prepared
with viable human spleen cells as antigen, claimed immuno-
suppressive properties for this preparation in patients receiving
renal transplants from live related donors and reported increased
survival, with a decrease in the dose of prednisone required to

maintain good transplant function.

A cadaveric renal transplant programme has been in opera-
tion in Auckland since May 1966. Seventy-four kidneys have
been transplanted into 62 recipients. Antihuman A.L.G. was
prepared in horses in a manner similar to that of Iwasaki et al.
(1967). The main differences were the use, as antigen, of fresh
frozen spleen cells rather than viable cells, and of diethylamino-
ethanol-Sephadex separation of the IgG fraction of serum
instead of ammonium sulphate precipitation.

This preparation was given as part of their immunosuppres-
sive therapy to 18 recipients of cadaveric renal transplants.
The clinical details of these cases are compared and contrasted
with those of 20 patients treated without A.L.G. during the
previous 12 months.

* Physician, Department of Medicine, Auckland Hospital, Auckland, New
Zealand.

t Physician, Blood Transfusion Service, Auckland Hospital.
t Technologist, Smith-Biolab Ltd.
§ Professor of Medicine, University of Auckland.

Preparation of A.L.G.

Human spleens were obtained at operation or within 30
minutes of death, perfused with normal saline, and stored at
- 30° C. Cell suspensions were prepared by sieving splenic
tissue just before being injected into the horse. Two horses
received weekly injections of 1-2 x 1010 splenic cells given
subcutaneously into multiple sites for four weeks. A further
15 injections were given at intervals over the next six months.
Leucoagglutinin titres increased to 1: 1,280 and 1: 2,560 in each
horse within three months and remained in this range for the
next four months.
Thymic material was obtained at open-heart surgery or at

neonatal necropsy and stored at - 300 C. until cell suspensions
were prepared before injection. A third horse received
0 5 x 100 thymic cells intravenously weekly for four weeks and
subcutaneously and intradermally on six occasions in the next
two months. Leucoagglutinin titres reached 1: 1,024.

Seven litres of blood was removed from each horse on several
occasions after high levels of leucoagglutinins were observed.
The serum was absorbed against pooled A, B, and 0 red cells
and against group 0 inactivated serum.
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The IgG fraction of the serum was concentrated by a batch
technique using diethylaminoethanol-Sephadex (Perper et al.,
1967). The IgG fraction was dialysed against distilled water
for three days, lyophilized, and reconstituted in phosphate
buffer to yield a protein concentration of less than 5 g./100 ml.,
which was sterilized by passage through a Millipore filter. The
leucoagglutinin titre of the final product varied between 1: 1,024
and 1: 32,000. The highest haemagglutinin titre was 1: 128.
Platelet antibody titres were 1: 32 to 1:128. Onie batch of
A.L.G. was also absorbed with human liver or muscle powder
without reduction in leucoagglutinin titre.

After treatment with diethylaminoethanol-Sephadex anti-
thymocyte globulin was concentrated in an Amicon ultrafiltra-
tion cell of 2-litre capacity with an XM 100 membrane, instead
of receiving prolonged dialysis against distilled water and
lyophilization.
The final A.L.G. or antithymocyte globulin contained 90 to

95 % IgG as determined by starch gel electrophoresis and
densitometer scanning. Leucoagglutinin titres were determined
by a modification of the method described by Payne (1964).

For haemagglutinin titres one drop of a 3% suspension of
red cells in saline was incubated with doubling dilutions of
inactivated A.L.G. at 370 C. for one hour and read in dis-
posable plastic test-tubes.

Platelet antibodies were measured by the technique of Howell
and Perkins (1968).

Clinical Details

Before the clinical trial of A.L.G. azathioprine and prednisone
were the only immunosuppressive drugs given continuously to
patients who received cadaveric kidney homografts. Azathio-
prine was given in the maximum dose which did not lower the
leucocyte count below 5,000/cu. mm. and the platelet count
below 100,000/cu. mm. The usual daily dose was 2-3 mg./kg.
Prednisone 40 mg. daily was given from the time of trans-
plantation, and the dosage was increased to 200-300 mg. daily
when rejection crises were diagnosed. This was reduced over
the next 10 to 14 days. Prednisone was not reduced below
a dose of 40 mg. daily for the first three months after trans-
plantation. The minimum criteria for rejection crises were a

rise in serum creatinine of 0-2 mg./100 ml., or serum urea of
10 mg./100 ml., without another explanation, together with
a fall in urinary creatinine excretion. Other signs of rejection
were often present.

In May 1968 treatment of patients with A.L.G. began, and
over the next nine months 14 patients were treated. Ten were
given A.L.G. from the time of transplantation, while four
others, who required more than the average dose of prednisone
to control persistent and severe rejection, started treatment three
to four months after transplantation.
Management of the patients who received A.L.G. from the

time of transplantation differed from that of the previously
treated patients only in prednisone dose. In these patients
prednisone was given in a dose of 20 mg. daily from the time
of transplantation and was maintained at this dose unless rejec-
tion was diagnosed. These episodes were treated as in the
earlier groups, but the prednisone dose was reduced to 20 mg,
daily after reversal of rejection.
No attempt was made in either group of patients to allocate

kidneys to recipients according to histocompatibility antigen
testing.
The dose of A.L.G. was 1 or 2 ml. given by deep intra-

muscular injection into the buttock. It was proposed to give
injections daily for two weeks, on alternate days for two weeks,
twice weekly for two months, and weekly for one month.

An additional eight patients each received 3 to 12 injections
of antithymocyte globulin.

C

BRITISH
MEDICAL JOURNAL 523

Precipitating antibodies against horse serum or A.L.G. were

measured weekly in patients receiving A.L.G. or antithymocyte
globulin, the immunoelectrodiffusion technique of Culliford
(1964) being used. Heterophil antibody titres were determined
each week against 1% and 500 suspensions of washed sheep
red cells in saline. One drop of serum was incubated with one

drop of sheep red cell suspension at 37° C. for one hour.

Results

Clinical Effectiveness

Patients Treated with A.L.G. from Time of Transplanta-
tion.-Only 2 of the 10 patients completed the proposed course

of injections. In eight cases treatment was discontinued
because of side-effects after 1 to 10 weeks. These 10 patients
are compared with the 20 patients who received cadaver kidneys
in the year before the use of this material. Clinical results are

summarized in the Table. One patient treated with A.L.G.
had irreversible rejection starting 24 hours after transplantation.
In the 20 patients not receiving A.L.G., six had irreversible
rejection requiring nephrectomy and regular dialysis treatment.

Two of these six control patients also acutely rejected a second
kidney. Leucoagglutinins were known to be present in the
serum of two of the six cases, but in each case a direct cross-

match between donor cells and recipient serum was negative.

Comparison of Rejection Episodes, Renal Function, and Prednisone Done
in Patients Treated With and Without A.L.G.

Serum Creati-
Irre- Reversible Creati- nine Predni-

No. versible Rejection nine* Clear- sone

Rejection EpisodestI (mg./ ance * (mg. day)
100 ml.) (ml.,'min.)

Patients treated
svith A.L.G. 10 1 13+ 1 5 61 45

Patients treated
without A.L.G. 20 6 45' 1-4 53 65

* Four months after renal transplantation. t Within 4 months of transplantation.

: For 9 patients. § For 14 patients.

An average of 1 4 reversible rejection episodes was seen

during the four months following transplantation in the patients
who received A.L.G. For the remaining 14 patients not

receiving A.L.G., whose kidneys functioned for at least four
months, the mean number of rejection episodes was 2 4 for the
same period (0 1>P>0 05).

Renal function for the two groups of patients was assessed
for kidneys which survived for at least four months after trans-

plantation at the end of this period. No significant difference
between them is seen (see Table).
The mean daily dose of prednisone and of azathioprine for

the first four months after transplantation were compared.
The daily dose of prednisone for the A.L.G.-treated group was

45 mg. and of azathioprine 2 5 mg./kg. For the other group

the daily dose of prednisone was 65 mg. and of azathioprine
2 3 mg. /kg.
Lymphopenia was seen in all patients who received A.L.G.

Lymphocyte counts were 2 to 10% of the total leucocyte count,

which was usually 4,000 to 7,000/cu. mm. Similar lympho-
penia, however, was seen in many patients treated with
azathioprine and prednisone alone.

All patients who received A.L.G. were skin-tested to tuber-
culin, trichophyton, candida, and mumps antigen before treat-
ment was given. Only 4 of the 10 patients gave a positive
reaction to any of these antigens. No reaction was seen on

retesting these patients one week after starting A.L.G. therapy.
Patients Receiving A.L.G. Three to Four Months after

Transplantation.-Of these four patients, two died during the
treatment period-one of a fungal lung infection, the other of
disseminated herpes simplex virus and staphylococcal infection.
Only one patient completed the four months' course of treat-

29 November 1969
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524 29 November 1969 Renal Transplantation-Doak et al.

ment. Treatment was discontinued on the other patient after
six weeks because of the occurrence of " transplant lung." In
both the surviving patients renal function remained stable
without further rejection and with low prednisone dose for six
months after stopping A.L.G.

Patients Receising Antithymocyte Globulin.-Eight patients
received 3 to 12 injections of this material, which had a leuco-
aoglutinin titre of 1: 128. Because of the limited experience
no assessment of clinical effectiveness was possible.

Toxic Effects

Pain at the site of injection occurred after 90 % of the injec-
tians of A.L.G. and characteristically developed one to two

hours after injection, reaching its maximum at four to six hours.
It usually was confined to the buttock, but occasionally spread
to the thigh, in which case the pain lasted more than 24 hours.
Pain was associated with local erythema and induration, which
comrnonly extended over an area 6 to 8 cm. in diameter and
persisted longer than pain. Pain was relieved by local heat or

aspirin-codeine tablets, but stronger analgesics were not

required. In three cases there was a tendency for the severity
of the local reaction to decrease with time. A.L.G. which had
been absorbed with human liver and muscle powders gave

significantly less local reaction.
Pvrexia was almost invariable, usually being 38 to 38.50 C.,

bu- on occasion reaching 40° C. A peak pyrexia occurred
fo3ui to six hours after injection, was associated with anorexia,
an.d disappeared within 24 hours.

Serious hypotension following each injection of A.L.G. was

seen in four patients and was the major factor leading to
c-ssation of treatment. In three other cases mild hypotension
was observed. A fall in blood pressure occurred within one

minute of giving the injection and lasted 5 to 20 minutes. The
,everitv of the hypotension varied ; the systolic pressure usually

f-l1 to below 80 mm. Hg. In two patients the first injection
c t A.L.G. produced a fall in central venous pressure and severe

hvpotension. The clinical picture was that of marked but
t-ansient vasodilatation. Anaphylactic reactions were not
rxx)1gnized in any patient.
Thrombocytopenia was seen in four patients and was prob-

a')i v related to the use of A.L.G. in three. The platelet count
did not fall below 60,000/cu. mm., and in only one patient
waS the dose of A.L.G. reduced because of this effect.
The incidence of infections in those patients receiving A.L.G.

was comparable with that of other patients receiving kidney
transplants in this unit. Three of the 10 patients developed
" transplant lung "-two after 8 and 10 weeks' treatment with
A.L.G. and the third nine weeks after stopping treatment. One
of these patients died of pulmonary failure. Two patients
developed liver disease consistent with viral hepatitis six and
eight weeks after completing their course of A.L.G. Of the
20 patients who did not receive A.L.G. four developed " trans-
plant lung" and two developed viral hepatitis.
The serum precipitin titres against horse serum are shown

in Fig. 1. A steady rise occurred in all patients, with peak
titres of 1: 128 to 1: 512. Heterophil antibody titres are
shown in Fig. 2, but no correlation between these titres and
reiection crises was observed. Toxicity did not correlate with
leucoagglutinin titre, precipitin titre, or heterophil antibody
titre, but it was our impression that A.L.G. prepared from late
bleedings from the horses was more toxic than that prepared
from earlier bleedings.

Patients who received antithymocyte globulin had consider-
ably less local pain and fever than those who were treated with
A.L.G. Nevertheless, hypotension was seen in five of the six
cases and was severe in two. After prolonged dialysis of anti-
thymocyte globulin against distilled water the hypotensive effect
was considerably reduced.

Discussion

Since treatment with azathioprine and prednisone leads to
prolonged survival of renal homografts it is not justified to use
A.L.G. alone, and its effectiveness must be judged by improved
results in comparison with patients receiving standard therapy.
The histocompatibility antigenic differences between donor and
recipient play a major but ill-defined part in determining the
fate of a renal transplant, and assessment of the histocompati-
bility differences is desirable in comparing groups of patients
treated in different ways. The few claims for effectiveness of
A.L.G. preparations depend on comparisons of treated groups
with patients treated at an earlier time, and in neither group
have histocompatibility differences been adequately documented
(Starzl et al., 1968 ; Tsirimbas et al., 1968 ; Traeger et al.,
1969
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FIG. 1.-Precipitin titres against horse serum in patients
t;eat-d with A.L.G. FIG. 2.-Heterophil antibody titres

in patients treated with A.L.G.

In this study the patients treated with A.L.G. did not differ
in any recognizable way from the earlier treated patients not
receiving this agent. No attempt was made in either group to
select especially compatible kidneys by tissue-typing techniques,
nor was management different except for reduction in the
dosage of prednisone. Despite a significantly smaller amount
of prednisone given to those patients receiving A.L.G., there
w,as a reduction in the number of reversible and irreversible
rejection episodes without evidence of reduced renal function.
The number of patients treated in this study is small and
it is impossible to exclude other explanations for the differences
observed between the groups, but it seems probable that the
use of A.L.G. was related to the improved results. Though
the immunosuppressive effect of the A.L.G. used in this study
was probably significant, it was not felt justified to continue
to use it without modification in view of the toxic effects
observed. Local pain, fever, anorexia, and transient hypo-
tension were regularly observed and, in contrast to other reports
(Starzl et al., 1968), usually did not diminish with continued
treatment. Apart from one patient in whom pronounced hypo-
tension was regularly produced, the withdrawal of treatment
was not mandatory and no anaphylactic reaction was observed.
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Results in this study are comparable to those reported by
Starzl et al. (1968), who produced a similar type of A.L.G.
which was concentrated by ammonium sulphate precipitation
and prepared with viable spleen cells as antigen. These workers
used living related donors as the source of the transplanted
kidney. A significant reduction in prednisone dose, decrease
in rejection episodes, and increase in kidney survival for one
year were observed. Significant toxicity was also described by
this group, though treatment was rarely interrupted for this
reason (Kashiwagi et al., 1968). Konomi et al. (1968) prepared
A.L.G., using viable spleen cells as antigen, but concentrated
the A.L.G. fraction with diethylaminoethanol-Sephadex as in
the present study. Both immunosuppressive effect and toxicity
appeared to be less than that described by Starzl et al.
(1968).

Traeger et al. (1969) used thoracic duct lymphocytes as
antigen and claimed improved results following renal trans-
plantation when this preparation of A.L.G. was used. Signifi-
cant toxicity was observed when the preparation was given by
intramuscular injection, but when given intravenously the toxic
effects were significantly reduced. Tsirimbas et al. (1968) pre-
pared A.L.G. using lymphocytes from several different sources
as antigen. When their preparation was given by intravenous
injection, in a relatively high dose up to 10-20 ml. daily, little
toxicity was observed and immunosuppressive effect was evident
(Brendel, 1969). Antithymocyte globulin, as prepared by
Shorter et al. (1968) and by Sheil and Rogers (1969), appears
to have few toxic effects when given by intramuscular injection,
but the immunosuppressive effect remains uncertain.
A preparation of A.L.G. with reduced toxicity and significant

immunosuppressive effect seems essential, since, as Woodruff
et al. (1969) pointed out, the amount of A.L.G. able to be given
to man at present is very small in relation to the dose required
to be effective in other animals. It would appear that toxicity
is greatest with A.L.G. prepared with spleen cells as antigen
and given by intramuscular injection. This can be reduced by
absorption against human-tissue powders. Antithymocyte
globulin seems least toxic and A.L.G. prepared from thoracic
duct lymphocytes as antigen is intermediate in toxicity but
possibly more effective as an immunosuppressive agent (Balner
et al., 1969). Reports of Brendel (1969) and Traeger et al.
(1969) indicate that the intravenous injection of well-absorbed
A.L.G. has not been associated with serious side-effects, and
the immediate reactions are considerably less than when the
preparation was given intramuscularly. The presence of pre-
cipitating antibodies against horse protein in most of the
patients who received A.L.G., however, makes caution essen-
tial, since circulating antigen-antibody complexes are likely to
be produced, with the risk of affecting the transplanted kidney.
The hypotensive effect of our preparation did not appear to

be due to antibody-antigen interaction, since the first injection
sometimes led to hypotension within one minute. Hypotension
was also observed in rats given A.L.G., and the hypotensive
effect in man could be reduced by prolonged dialysis against
distilled water, in contrast to absorption with human-tissue
powders, which had little effect.
The high incidence of " transplant lung " (Slapak et al.,

1968) in patients treated with A.L.G. deserves comment. Four
patients treated with this material developed a syndrome of
dyspnoea, unproductive cough, low arterial Po2, poor carbon
monoxide diffusion, and often a diffuse mottling of the lung
fields on x-ray examination. At least six patients not receiving
A.L.G. have also been observed in this unit. The appearance
of this svndrome in 10 of the 62 cases receiving renal trans-

plants is in contrast to the much lower incidence in other units,
and suggests the presence of an endemic infective agent.
Pneumocystis carinii has been found in the lungs of seven of
the cases and may be the agent responsible for this syndrome.
The role of A.L.G. in these cases is in doubt, especially as three
had also received high doses of prednisone in the period just
before the syndrome appeared.

A major probem in the preparation of a satisfactory A.L.G.
for use in man is the lack of a convenient method of assaying
its effectiveness without clinical trial. A lack of correlation
between leucoagglutinin or lymphocyte toxicity titres and
immunosuppression of A.L.G. has been noted by several inves-
tigators (Jeejeebhoy and Vela-Martinez, 1968). Several poten-
tially useful assay systems have been proposed. Balner et al.
(1968) showed a close correlation between immunosuppression
in man and prolongation of skin homograft survival in
chimpanzees. Bach et al. (1969) reported that potent A.L.G.
will inhibit the normal formation of rosettes when sheep red
blood cells are incubated with lymphocytes which are producing
antisheep red cell antibodies, and this system appears promising
as a predictive test. Martin and Miller (1969) developed an
assay based on the opsoninizing activity of A.L.G. Using a
variation of this technique, Dr. Martin (personal communica-
tion) has assayed two batches of our A.L.G. and reported
activity in one. The second batch showed some activity, but
significantly less than the first. It was not possible to determine
any difference in immunosuppressive effect between the two
batches.
Some preparations of A.L.G. appear in man to have signifi-

cant immunosuppressive properties. Toxicity is a major
problem with most reported preparations, but it seems likely
that this will be substantially reduced by using lymphocytes
from a source other than the spleen as antigen, by absorption
with other human-tissue powders, and by improved techniques
of purifying and concentrating the active globulin.
The place of A.L.G. in human transplantation is uncertain,

especially since substantial improvement in clinical results with
decreased doses of immunosuppressive agents is likely with a
wide application of histocompatibility matching. With cadaver
kidneys, however, identical matching between donor and
recipient will never be easy to obtain, and improved methods
of immunosuppression are urgently required. A controlled
trial of A.L.G. in human renal transplantation in which the
results of histocompatibility matching are known would seem
well justified.

We thank Mr. C. H. Maclaurin and Mr. A. J. Duke for per-
fornming the operations on the patients.
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