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Grafts of tissues or organs exchanged between
genetically different individuals are ultimately de-
stroyed by the recipient. It is generally con-
ceded that the destruction of such foreign tissue
(homograft reaction) is brought about by anti-
bodies produced by the recipient in response to
antigens present in the graft (1). If the forma-
tion of these antibodies could be prevented, the
graft might then survive for a lengtlhy period of
time. Such an effect has been obtained following
exposure of experimental animals or of man to
high doses of total body X-irradiation (2, 3). Re-
cently, an antimetabolite, 6-mercaptopurine
(6-MP), was found to have definite effects on
the production of antibody. This analog of ade-
nine sharply curtailed the formation of antibody
in rabbits injected repeatedly with bovine serum
albumin (4). It was later found that the primary
immune response could be blocked completely by
relatively small doses of 6-MP, while only weak
effects on the secondary response were found
with similar dosages (5). Six-MP also had the
property of inducing a state closely resembling
immunological tolerance to a single, purified
protein antigen in adult rabbits (6). The drug
appeared to exert its anti-immune action by a
direct chemical effect on antibody-forming tissue
(7). The possibility thus arose that 6-MP might
delay or prevent the rejection of grafted tissue.
The purpose of this paper is to describe the effect
of this drug on the reactions of rabbits to homo-
grafts.

* Presented in part at the VIIth European Congress
of Haematology, London, Sept. 7, 1959. Aided by grants
from the United States Atomic Energy Commission,
Contract AT (30-1) 2032, and the National Cancer In-
stitute, Contract CY-4168.
tUnder tenure of a U. S. Public Health Service Fel-

lowship, HF-7166 (C).

MATERIALS AND METHODS

Fifty-three adult, outbred, randomly selected rabbits
were used. Twenty-four of the animals had black fur
and 29 had white. Sixteen control and 37 drug-treated
animals were studied. All animals were housed in an
air-conditioned room. WVater and rabbit Purina chow
were fed ad lib.
The rabbits were anesthetized with intravenous Nem-

butal, 20 mg per kg. Full thickness skin grafts, meas-
uring approximately 2.5 X 2.5 cm, were fashioned from
the dorsal surface of their ears. The grafts were sutured
into place with fine silk thread; no dressings were ap-
plied. Each graft was inspected and palpated daily and
any sign of edema, cyanosis or necrosis was recorded. A
retrospective determinationi of the graft rej ection time
was made from the daily notes. This time was taken to
be the first day on wvhich clear-cut edema, cyanosis or
necrosis appeared. Two types of graft exchanges were
made with these squares of skin: autografts, in which
the same animal was both donor and recipient, and homo-
grafts, in which the donor and recipient were different
animals. Wherever possible the homografts were ex-
changed between black and white rabbits.
The control animals received no treatment. There

were 4 groups of animals treated with 6-MP: A) 9 ani-
mals were treated with 6 mg per kg per day for 2 weeks;
B) 7 animals were treated with 10 mg per kg per day
for 2 weeks, then every other day until graft rejection
occurred; C) 17 animals received 12 mg per kg per day
for 2 weeks then every other day until the homograft
was rej ected. Groups A, B and C received the drug by
subcutaneous injection as previously described (5). A
fourth group of 4 rabbits (D) received 6-MP, 12 mg
per kg per day by mouth for 2 weeks, then every other
day until the graft was rejected. For this purpose, the
6-MP was dissolved in a minimum volume of dilute al-
kali; further dilution of the drug was made in cherry
syrup. A small gastric tube was fashioned from a soft
rubber no. 14 urethral catheter. This catheter was in-
serted into the upper esophagus of the rabbit and the
desired dose of 6-MP was injected into its open end
by means of a 5 ml syringe.
One or two weeks after rejection of the first homo-

graft occurred, a second set of grafts was exchanged
between pairs of rabbits. The donor and recipient of
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TABLE I

Effect of 6-mercaptopurine on first set skin
homografts in rabbits

Route of 6-MP
Group Dose administration Animals MRT* SD p

mg/kg/day no. days
Controls 16 6.8 0.8
A 6 Subcutaneous 9 10.0 0.3 0.1
B 10 Subcutaneous 7 13.9 6.0 0.05
C 12 Subcutaneous 17 17.8 7.4 0.01
D 12 Oral 4 14.0 3.2 0.05

* Mean rejection time.

the second graft were always the same as those of the
first graft. Rejection time of the second grafts was de-
termined as described above.
While no systematic attempt was made to study each

graft histologically, selected sections of healed autografts,
rej ected homografts and retained homografts were
stained with hematoxylin and eosin and studied micro-
scopically.

RESULTS

Reactions to initial grafts (first set reactions)
The results are shown in Table I and Figures

1 through 4. Of 59 autografts applied, 58 healed
soundly with the ultimate regrowth of hair. One
autograft sloughed within four days of its appli-
cation due to hemorrhage in the graft bed. In
the control homograft, the initial change was the
development of edema or of cyanosis; this event

FIG. 1. TWELVE DAY OLD AUTOGRAFT (RIGHT) AND
HOMOGRAFT (LLEFT). The latter has been completely
destroyed.
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FIG. 2. THIRTY-FOUR DAY OLD AUTOGRAFT (RIGHT) AND HOMOGRAFT (LEFT) IN A
6-MP-TREATED RABBIT. Tiny black hairs can be seen on the homograft.
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FIG. 3. EFFECT OF 6-MP ON REJECTION OF SKIN HOMOGRAFTS.
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FIG. 4. EFFECT OF VARYING DOSES OF 6-MP ON THE

MEAN REJECTION TIME OF SKIN HOMOGRAFTS.

was followed quickly by the appearance of obvious
necrosis. Rejection of the homografts in the con-

trol animals occurred in a sudden, well defined
manner that took place in most cases over a 24
hour period. In contrast to this mode of rejection,
animals of Groups B, C and D frequently rejected
their grafts in a much slower fashion, the entire

TABLE II

Behavior of second set skin homografts in rabbits

Treatment with Route of 6-MP
first set grafts administration Animals MRT* SD

mg/kg/day no. days
Controls 11 4.4 1.8
Group A 6 Subcutaneous 6 4.3 0.3
Group B 10 Subcutaneous 4 2.7 1.0
Group C 12 Subcutaneous 6 4.4 0.9

* Mean rejection time.

reaction taking several days to develop. The first
sign of graft rejection in these animals treated
with 6-MP was frequently the appearance of a
light, fluffy scale on the epidermal surface of the
graft. At times it was difficult to determine the

t F W _~~~~~~~~~~~~~~~~~A

FIG. 5. HISTOLOGICAL SECTION OF HEALING AUTOGRAFT.
Note sebaceous gland
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mg per kg per day by mouth. No advantage of
oral over subcutaneous administration was ob-
served, and the homografts in these four ani-
mals were rejected after 10, 12, 14 and 15 days.

Reactions to second grafts (second set reactions,
Table II)

The rejection of the second graft from the origi-
nal donor was characterized by accelerated pace
and increased vigor; this is the type of behavior
expected in a sensitized animal. No differences
in the rejection times or mode of rejection of the
second set of skin grafts were found among the
various groups.

Histological observations
Autografts. The appearance of the autografts

was that of well healed wounds; that is, at the
junction of the graft and its bed, well vascularized
"young" fibrous tissue was present. Inflamma-

FIG. 6. REJECTING HOMOGRAFT. Note perivascular in-
flammation and edema.

precise endpoint of graft rejection in these three
groups of rabbits, although within a few days
after the appearance of epidermal scaling obvious
signs of rejection usually appeared.
Growth of hair appeared on the homografts of

four animals of Group C (treated with 12 mg per
kg per day of 6-MP). These grafts had survived
for 24, 28, 30 and 34 days. In each case the color
of the hair was that of the donor animal (Figure
2). Within a week after the appearance of hair,
clear-cut signs of rejection appeared in these
grafts. Growth of hair occurred in none of the
untreated animals.
As can be seen from Figure 4, successively

higher doses of 6-MP produced a progressive rise
in the mean rejection time of the homograft. A
few animals were given 6-MP in a dose of 15 mg
per kg per day in an attempt to prolong further
the retention of homografts. This dose, however,
proved too toxic and additional studies at this dos-
age were not done. Four animals were given 12

+...~~~~~~~~~~~~~~~~~~~~~~ :0.......wRll~~~~~~~~~*0 *X +% ............ ?S...aje > * +>** ^lss x X 2 _#~~~~~
FIG. 7. SECOND SET RESPONSE SHOWING EXTENSIVE

NiECROSIS OF THE HOMOGRAFTT
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FIG. 8. RETAINED HOMOGRAFT FRom 6-MP-TREATED

ANIMAL. Note hair shaft and lack of inflammation.

tory cells were absent. Skin appendages were

normal in appearance (Figure 5).
Control homografts. The early stages of re-

jection were characterized by perivascular inflam-
matory exudates, focal degeneration of collagen
and slight scattering of inflammatory cells through-
out the graft. Later, the inflammatory exudate
was marked, with large areas of necrosis and he-
morrhage (Figures 6 and 7).

Retained, grossly normal homografts. Prior
to rejection no essential differences were noted
between autografts and specimens from this group

(Figure 8).
DISCUSSION

While no permanent homograft "takes" were

observed in this study, a statistically significant
prolongation of the mean rejection time occurred
in the animals treated with 6-MP in doses of 10
and 12 mg per kg per day. The mean rejection
time in the group treated with 12 mg per kg per

day (17.8 days) was comparable with the results
obtained in rabbits treated with lethal total body
irradiation (1,100 r) but without marrow-trans-
plantation (8). With this type of treatment, a
mean rejection time of 21 days was obtained. It
is of interest to note that a dose of 400 r in rab-
bits is sufficient to block effectively antibody for-
mation to a purified protein antigen (9), while the
same dose is only partially effective in preventing
the homograft reaction. A similar result is ob-
served following treatment with 6-MP. This find-
ing may be due to several factors: 1) differences
among the immune responses to intravenously in-
jected purified antigens and locally applied tissue
grafts; 2.) differences in the "antigenicity" of
purified antigens and tissue grafts; 3) immuniza-
tion of animals with living tissue, in which there
is continuous proliferation of antigenic cells, is ob-
viously different from the immunization of an ani-
nial with a single injection of a "dead" antigen.
A grafted animal may thus be considered as one
in which a continuous "infusion" of antigen oc-
curs. Whether or not 6-MP is effective in block-
ing formation of antibody when purified antigen
is infused continuously is now under study.

In these experiments an attempt was made to
determine whether or not any degree of tissue
tolerance could be induced by 6-MP. In a previ-
ous study it was shown that "tolerance" to a
purified protein antigen could be established in
adult rabbits by treatment with this drug (6).
The observations in the present study demonstrate
that a state of immunological tolerance to skin
grafts could not be established with the dosage
of 6-MP used, since the rejection time of the
second set grafts was similar in all cases. A state
of tolerance would have been indicated by pro-
longed retention of the second set graft in the ani-
mals previously treated with 6-MP.

It is clear from the microscopic study of sec-
tions that 6-MP did not impair wound healing,
since sections taken from grafts in the animals
treated with this drug showed that the fibro-
blastic and vascular proliferation was identical
with that seen in the controls. In the sections of
homografts which survived for long periods of
time, there was no evidence of a "partial" rejection
or of a suppressed inflammatory reaction. The
appearance of these grafts was identical with that
of the autografts, indicating that under the con-
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ditions of these experiments, homograft rejection
was an "all or none" phenomenon. Once begun,
transplantation immune mechanisms may thus
be extremely difficult to overcome. It is not
understood why breakdown of the homograft oc-
curred after an apparently satisfactory "take."
There is good evidence that failure of treatment
with 6-MP occurs in acute leukemia after the ap-
pearance of cells resistant to the biochemical ef-
fects of this agent (10). Whether or not this
phenomenon can occur in antibody-forming cells
is problematical but not unlikely. Treatment of
the homograft reaction with combinations of anti-
metabolites, either in tandem or in sequence, may,
as in the treatment of acute leukemia, yield fur-
ther prolongation of graft retention.
A growing body of evidence now indicates that

substances classifiable as antimetabolites, of which
6-MP may be considered a prototype, are active
"anti-immune" agents (11-15). This activity of
these agents may have importance in respect to a
widely used tool in the screening of chemothera-
peutic agents for the treatment of cancer, namely,
the transplantable tumor (16). As can be seen
from the data presented here, a useful chemo-
therapeutic agent actually enhances the growth of
a skin transplant. It is conceivable that the recog-
nition of other clinically useful antitiumor chemi-
cals may be missed by such a screening program
if they enhance the growth of transplanted tumors
by diminishing the host's normal immune response
to tissue transplants. It has been found that cer-
tain antimetabolites are more potent, on a weight
basis, in blocking antibody formation than in car-
cinolytic activity (17). Such a differential effect
might further hinder the screening of antitumor
agents in the transplantable tumor system. Some
recent studies have indicated that the growth of
certain transplanted tumors of mice is actually
enhanced by antimetabolite treatment (18, 19).
The antimetabolite 6-MP is clearly not a solu-

tion to the problem of the homograft reaction.
Its toxicity in man and its limited effects in the
rabbit preclude its immediate application to prob-
lems of tissue transplantation in humans. It may,
however, offer a clue to the direction that further
studies should take, especially since the effects of
this chemical agent are closely comparable with
those obtained with total body irradiation, a far
more formidable procedure.

SUMMARY

The effects on the homograft reaction of 6-mer-
captopurine, an inhibtor of nucleic acid metabo-
lism, were studied. It was found that the sub-
cutaneous administration of this drug in a dose
of 12 mg per kg per day could triple the survival
time of skin homografts in rabbits.
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