Study of Factors Influencing Induced Tolerance to Skin *
Homografts in the Chicken

Jack A. CannNoN, M.D., PauL Terasaki, Pu.D., WiLLiaM P. LoNGMIRE, JR., M.D.

From the Department of Surgery, University of California Medical Center,
Los Angeles, California

Our sTupY of and experience with suc-
cessful homografts in the chicken extend
over the period of the past six years. The
original work was based on that of Dan-
forth 3 who, in 1929, showed that successful
homografts could be obtained in a small
number of individuals (5 to 10 per cent)
when skin grafts were interchanged in one-
day-old chicks. A method of collodion
“dressing and suture” of the grafts was de-
veloped that permitted large numbers of
chicks to be grafted in short periods of
time. Administration of cortisone, but not
of ACTH, somewhat increased the inci-
dence of permanent takes. Variations in the
age of graft and host were studied, and it
was noted first that successful homografts
were almost never obtained when host and
graft were over seven days of age. A de-
creasing incidence of successful takes of
grafts onto one-day-old chicks was obtained
when the age of the graft was increased to
13 days; when 14 days of age or older, the
grafts were never successful.

When a successful homograft was ob-
tained, both host and donor were main-
tained into adult life. Serious technical dif-
ficulties were encountered in grafting adult
chicken skin, so that conclusive interpreta-
tion of results is difficult. However, when
using split thickness grafts, it was noted
that if a healthy adult homograft was trans-
ferred back to its original donor, a certain
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take did not occur in more than 50 per cent
of a total of 22 host-donor pairs studied
(ten previously reported ). Furthermore, in
21 instances (five previously reported) a
repeat homograft between original, but now
adult, host and donor, where the donor was
bearing a healthy homograft obtained by
grafting when host and donor were one day
of age, resulted in only one take of the re-
peat homograft. In all other such cases, no
long-term survival of the repeat homograft
occurred; the repeat homograft was fre-
quently seen to slough in the presence of
continued viability and health, including
feather growth in the original successful
homograft. These results would seem to in-
dicate that the homograft may be success-
ful primarily because the one day homo-
graft, not yet having assumed an unalterable
tissue specificity, adapts to and at least par-
tially assumes the tissue specificity that is
developing in the host before the host, who
is being subjected to homagrafting during a
developmentally “tolerant” period, recog-
nizes and reacts to the homograft in a
destructive manner.

As the result of the work and observa-
tions by Owen® on twin cattle, it was
shown by Billingham et al.,* Woodruff,® and
Hasek * that the immune mechanism of the
host could be made tolerant of skin homo-
grafts by the intravenous injection of living
cells from the future donor into the em-
bryonic future host. This situation was
brought about by various injection technics
in the embryonic or new-born infant mouse,
rat and chick.
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METHOD

Our recent work has been concerned
with a study of this phenomenon of in-
duced tolerance in the chicken and the suc-
cessful homografts which can subsequently
be obtained in comparison to the successful
homografts obtained by the method of Dan-
forth by simply homografting day-old chicks.

Billingham abandoned the use of em-
bryonic chicks for the induction of toler-
ance because of high mortality and diffi-
culties in technic.? However, a technic has
been perfected (to be reported in detail in
another communication) of cross transfu-
sion of blood between embryonic chicks
which results in a hatch rate of 80 per cent
as compared to a hatch rate of 85 per cent
obtained in control non-injected eggs. The
technic, therefore, imposes a mortality of
only 5 per cent. The technic involves the
use of the usual candling methods to locate
the allantoic veins, venipuncture by manip-
ulating the egg against an immobilized #40

hypodermic needle with fine polyethylene
tubing used as the blood reservoir, accom-
plishing the blood interchange by switching
the polyethylene reservoirs between the
fixed needles, and prevention of fatal hem-
orrhage by sealing the needle in place in
the egg with later removal after clotting in
the vein around the needle has occurred.
This method involves no complicated or
expensive apparatus and a pair of eggs can
be subjected to interchange of tolerance in-
ducing amounts of blood in about five
minutes.

RESULTS

1. Effect of varying the age of the em-
bryo at the time of interchange of blood
(Fig. 1). Blood was cross-transferred be-
tween chicks incubated ten to 18 days, and
chicks one to three days post-hatch. (In the
latter instances the interchange was accom-
plished by simple cardiac puncture.) The
amount of blood transferred was 0.2 to 0.4
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EFFECT OF DOSAGE OF BLOOD CROSS TRANSFERRED
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ml. in embryonic stages and 0.5 to 1.0 ml.
in post-hatch stages. Because we have pre-
viously shown that when control chicks 14
days old are cross skin-grafted, a take of
the homografts is never obtained, we did
not test the experimental chicks for toler-
ance by skin homografting until the fif-
teenth day of age. Crossing of blood be-
tween embryos at 10 to 11 days of incuba-
tion resulted in 14 chicks out of 43 who
maintained healthy homografts at least 18
weeks. Upon crossing blood at a later stage
in development, 12 to 18 days of incuba-
tion, the percentage of healthy homograft
takes increased slightly to 47 per cent.
Cross-transfusion of blood in the first three
days after hatching resulted, initially, in
takes of homografts in approximately 40
per cent of the 39 chicks tested. This effect,
however, was not as long lasting as the ef-
fect produced by injection of blood in em-
bryonic stages. Starting at the sixth week,
the percentage of healthy takes dropped
down to 2.5 per cent by the twenty-third

week after grafting. We note here that the
conclusions made by Billingham when tol-
erance was induced by injecting newly-
hatched chicks are based on observations
on the homograft usually for a period of 30
to 45 days. By contrast, in our group of 39
chicks tested the percentage of surviving
healthy homografts dropped from 40 per
cent to 2.5 per cent after the forty-second
day or sixth week.

2. Effect of amount of blood transfused
(Fig. 2). Varying quantities of blood from
0.04 to 0.4 ml. were cross-injected between
10 to 12 days incubated chicks. Fifteen days
after hatching the chicks were cross-grafted.
Increasing the dosage from 0.04 ml. to 0.2
ml. increased the percentage of takes at six
weeks from 8 to 38 per cent. However, there
was little difference between the results ob-
tained with 0.4 ml. as compared to 0.2 ml.
With the larger dosages, the effect was
more permanent. At 19 weeks after grafting
of the 56 chicks previously injected with
0.2 and 0.4 ml. of blood, 18, or 32 per cent,
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had surviving homografts. Of 60 chicks in-
jected with 0.04 ml. to 0.1 ml., only 4 per
cent had surviving homografts.

3. Effect of age at which skin is grafted
(Fig. 3). Upon previous cross-transfusion
of 0.1 to 04 ml. of blood in embryonic
stages, chicks grafted at two days had 37
out of 57, or 65 per cent, healthy homograft
takes at 13 weeks. Untreated control chicks
grafted at the same time had 6.7 per cent
takes at 13 weeks. Of the 86 chicks grafted
at 15 days, 25 (29 per cent) showed homo-
graft survival to the eighteenth week after
grafting. In the 89 control chicks also
grafted at 15 days, no instance of homo-
graft take was found four weeks after graft-
ing. There is, therefore, a marked significant
difference between the effect of grafting at
two and 15 days post-hatching when toler-
ance is induced by cross-transfusion of ten
to 12 day embryos.

4. Effect of repeat grafting on the same
chick from the same donor (2 and 15 days

post-hatching) (Fig. 4). Upon cross-trans-
fusion of 0.2 to 0.4 ml. of blood at 11 to 16
days of incubation, the same chick pairs
were cross-grafted at two and again at 15
days post-hatching. At eight weeks of age,
19 out of 21 (81 per cent) of the first homo-
grafts, grafted at two days post-hatchings,
were surviving, while only 11 out of 21 (52
per cent) of the second homografts, grafted
at 15 days, were healthy. In control un-
treated chicks grafted in a similar manner
at two and 15 days, when eight weeks of
age, 10 out of 108 (9.2 per cent) had
healthy first homografts, while three out of
108 (2.8 per cent) had surviving second
homografts.

DISCUSSION

Although much work has been done on
the phenomenon of acquired tolerance, to
our knowledge this is the first report in
which 1) the embryonic stages have been
injected with negligible mortality and in



282 CANNON, TERASAKI AND LONGMIRE, ]R.

Annals of Surgery
August ‘1!957
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significant numbers, 2) different stages of
embryonic development have been tested,
and 3) most importantly, the long term ef-
fect (at least six months) of induced “toler-
ance” has been observed. Approximately 40
per cent of chicks injected in embryonic
stages from mid-development on, have sur-
viving homografts six months after grafting
as compared to 2.5 per cent in chicks in-
jected shortly after hatching.

It is interesting to note that this “toler-
ance” effect is markedly different when the
chicks are grafted at two or 15 days post-
hatching, subsequent to cross-transfusion of
blood in the embryonic stages. Grafting of
skin at two days resulted in a 42 per cent
initial take. Homograft take then declined
rather rapidly in chicks grafted at two days,
while remaining relatively constant in
chicks grafted at 15 days. Nevertheless,
chicks grafted at two days had a signif-
icantly higher percentage of take at six

months. How much of this difference is due
to the age of the host and how much to the
age of the graft is yet to be determined.
Interpretation of the data in experiment
number four is difficult and the results are
to us somewhat confusing. We are unable
to interpret these results on the basis of
assuming the presence of host tolerance
alone as being responsible for the incidence
of homograft survival which resulted. At
eight weeks of age, 11 out of 19 individuals
appeared to be tolerant of both grafts, i.e.,
that applied from the same donor at two
days of age and that applied at 15 days of
age. Eight or 40 per cent of the 19 were still
tolerant of and supported healthy primary
grafts but at the same time had already
sloughed the secondary grafts from the
same donor. It would appear that in this
experiment only one immunological system
was involved in the host, but skin homo-
grafts in two radically different (infantile
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vs. essentially adult) stages of development
were used. The results of this experiment,
as well as those we have perviously re-
ported, would appear to raise additionally
the question of whether tissue specificity
factors as well as immunological tolerance
factors in the host are involved.

Finally, it would seem pertinent to raise
the question of whether the preparations
which so far have resulted in skin homo-
graft survival in the chicken did so by iden-
tical mechanisms. At the present time, we
would presume to distinguish three such
preparations. The oldest, and the one with
which we have had the most experience,
might be termed the Danforth preparation,
the second, beautifully conceived and ex-
tensively studied by Billingham in the
chicken, might be referred to as the Billing-
ham preparation and the third, which in-
geniously duplicated in the chicken the nat-
ural embryonic parabiosis noted by Owen
to occur in cattle, might be termed the
Hasek preparation.

In the Danforth preparation, our inter-
pretation of our evidence would indicate
that alterations in the tissue may be more
important, or at least as important as toler-
ance- producing alterations in the host im-
mune mechanism. Some of our evidence
would seem to question whether the latter
occurs or is routinely permanent in the
Danforth preparation.

In the Billingham preparation, tolerance-
inducing alterations in the host immune
mechanisms must certainly occur, though
alterations in the grafted tissue may also
occur. This preparation, like the Danforth
preparation though to a lesser degree, is ap-
parently never more thaa 50 to 60 per cent
permanently effective and is sensitive to
many variables

The Hasek preparation, like the situation
occurring in fraternal twin calves, produces
permanent and mutual tolerance between
host-donor pairs. Blood cell “chimerism,”
however, exists in both instances.

We consequently would question, at least
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tentatively, whether conclusions which can
be made from data collected in experiments
on one preparation can be applied without
reservation to the other preparations. We
submit that further comparative studies,
similar to the ones contained in the above
preliminary report, are indicated and may
yield highly significant information.

SUMMARY

Some factors involved in the phenomenon
of “acquired tolerance,” such as the age of
the host when blood is cross-transferred,
dosage of blood injected, and age of the
host when homografted, were studied in
chicks. Upon cross-transfer of blood in em-
bryonic stages, approximately 40 per cent
of the 60 chicks tested showed skin homo-
graft survival six months after grafting. In
89 control untreated chicks, also two weeks
old when grafted, no instance of homograft
survival was found after five weeks. Upon
cross-transfusion of blood shortly after
hatching, skin homografts took initially in
40 per cent, but dropped to 2.5 per cent by
six months. The percentage of take in-
creased with increasing dosage of blood
from 0.04 to 0.2 and 0.4 milliliter.

Subsequent to embryonic cross-transfu-
sion of blood, skin that was cross-grafted
2 days post-hatching resulted initially in
94 per cent takes out of 57 chicks tested,
while in 86 other chicks cross-grafted at 15
days, 42 per cent took initially. The take
of skin grafted at two days declined stead-
ily to 47 per cent by the nineteenth week,
at which time the take of skin grafted at
15 days was 29 per cent. In another group
of embryonically cross-transfused chick
pairs grafted twice between the same host-
donor pair, at two and 15 days, the skin
grafted at two days again took in a large
percentage initially (100 per cent), while
the 15 day graft took in 62 per cent. The
implication of this experiment and our pre-
vious work upon the question of graft
adaptation is discussed. Differences in the
behavior of host and homograft, in what
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are tentatively referred to as the Danforth,
Billingham, and Hasek preparations re-
spectively, are noted and certain of the
possible implications are briefly discussed.

The evidence of rather marked “late”
homograft destruction in a group of chicks
made highly tolerant in their early post-
hatching period by embryonic cross-trans-
fusion, together with evidence from our
previous experiments, strongly suggests that
the presence of a viable skin homograft is
frequently not sufficient to perpetuate the
state of tolerance. If the antigen-antibody
reaction does govern the survival or de-
struction of homografted tissue, the failure
of the viable skin homograft to perpetuate
tolerance may be a result of an inadequate
“dose of antigen” arising from the graft or
the “tolerance-producing antigen” may not
be produced by the skin homograft at all.
Continued survival of the skin homografts,
if the latter condition prevails, may result
from graft adaptation during the transient
tolerant period produced by cross-trans-
fusion during embryonic life.

Annals of Surgery
August 1957

REFERENCES

. Billingham, R. E., L. Brent and P. B. Medawar:

‘Actively Acquired Tolerance’ of Foreign
Cells. Nature, Lond., 172: 603, 1953.

. Billingham, R. E., L. Brent and P. B. Medawar:

Quantitative Studies on Tissue Transplanta-
tion Immunity. III. Actively Acquired Toler-
ance. Philosoph. Trans. Roy. Soc. Lond. B,
239: No. 666, 44, 1956.

. Danforth, C. H. and F. Francis: Skin Trans-

plantation as a Means of Studying Genetic
and Endocrine Factors in the Fowl. J. Exp.
Zoology, 52: 443, 1929.

. HaSek, M.: Manifestation of a Vegetative Ap-

proximation in the Adaptation of Higher Ani-
mals to Foreign Antigens. Biologicky ustav
CSAV, experimentilni biologie a genetika,
Praha, 3: 344, 1954.

. Owen, R. D.: Immunogenetic Consequences of

Vascular Anastomoses Between Bovine Twins.
Science, 102: 400, 1945.

. Woodruff, M. F. A. and L. O. Simpson: Induc-

tion of Tolerance to Skin Homografts in Rats
by Injection of Cells from the Prespective
Donor Soon After Birth. Brit. J. Exp. Path.,
36: 494, 1956.



