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Although the success of grafts from one 
individual (donor) to another (host) is 
affected by many variables (e.g., types of 
tissue grafted, site of transplantation, rela- 
tive age and degree of relationship of donor 
and host, and previous exposure of host 
to similar grafts), it is generally recog- 
nized that grafts between individuals do 
not take except in  the case of identical 
twins. Grafting between more distantly 
related individuals usually results in a host 
reaction leading to resorption or sloughing 
of the graft. 

Medawar ('43) and Rogers ('50) have 
reviewed the various hypotheses set for- 
ward to explain the frequent failure of 
grafts. Of these hypotheses Schone's ('12) 
original view, later promulgated by Meda- 
war ('48, ' 5 2 ) ,  is most favored by the exist- 
ing evidence This hypothesis suggests 
that the resistance of a host to a graft 
might be due to an  antigen-antibody rela- 
tionship which would bring about a state 
of actively acquired immunity. According 
to this concept a given individual has pro- 
teins which no other individual shares. 
Any other proteins whether alone or con- 
tained within an individual are foreign to 
that individual. When a graft is trans- 
planted, the host will develop antibodies 
against the foreign proteins or antigens 
contained in the transplanted tissue. 

Experiments employing second-set grafts, 
i.e., a first graft followed by a second graft 
made at a later time, have provided one 
of the major lines of evidence for this 
theory; for while a first graft will slough 
in a given period of time, a second graft 
will slough in a much shorter period of 
time. This reaction is explained by the fact 
that while antibodies must be built up  

against the first graft, they will have 
reached a sufficiently high titer at the 
time of the second graft to bring about a 
more rapid destruction of the second graft. 
The more rapid sloughing of the second 
grafts is known as the second-set response. 
Most of the work on the response of sec- 
ond-set grafts has been done with skin 
(Holman, '24; Gibson and Medawar, '43; 
Medawar, '44; Sparrow, ' 5 3 ) ,  cornea (Mau- 
menee, '51; Billingham and Boswell, ' 5 3 ) ,  
kidney ( Simonsen, '55 1, and tumor tissues 
(Toolan, '55) transplanted cutaneously, 
subcutaneously, or intramuscularly. While 
the phenomenon of actively acquired im- 
munity can readily explain the second-set 
response, an immune reaction cannot al- 
ways be demonstrated in grafting experi- 
ments. Sometimes unknown factors oper- 
ate to prevent the normal immune reaction. 
Billingham, Brent, and Medawar ('56a) 
have proposed that there are three leveIs on 
which an  immunological reaction can be 
prevented from exercising its effect: af- 
ferent, central, and efferent. 

Afferent inhibition, according to these 
authors, "is one which takes effect by a 
direct inactivation of antigens, or by pre- 
venting their release from a graft, or their 
access to a seat of response." An example 
of this type of inhibition is the phenomen- 
on of enhancement (Kaliss, '55). Here, 
an incomplete antigenic stimulus is coup- 
led with a fully complete and competent 
immune system. 
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Central inhibition is one which “affects 
the actual machinery of antibody forma- 
tion or of some equivalent immunological 
process.” This type of prevention is re- 
sponsible for the phenomenon of actively 
acquired tolerance wherein a first dose of 
complete antigen is placed in  an embryo 
with an undeveloped antibody system 
(Billingham, Brent, and Medawar, ’53). 
Subsequent grafting at a later time (after 
birth) results in the toleration of the graft. 
Radiation also produces this type of inhibi- 
tion (Benjamin and Sluka, ’08) .  

Efferent inhibition prevents the “effec- 
tors of the immune reaction from exercis- 
ing their action.” It is possible that an ex- 
ample of this type of inhibition may be the 
immunoparalysis described by Felton 
(’49). He found that by giving mice large 
injections of type-specific pneumococcal 
polysaccharides he could impair the im- 
munity of the host. 

From the above it is apparent that al- 
though the mechanisms of inhibition may 
vary, the outward end-result in a second- 
set graft would be the same, namely, toler- 
ance, as demonstrated by the retention of 
the foreign tissue. With these observations 
in  mind it was decided to test more thor- 
oughly the second-set response of grafts 
in mammals when the age of the donor 
tissue was varied while the age of the 
host was kept constant (adult). In  this 
way one would be dealing with a complete 
antibody system responding to a varied 
antigenic stimulus. In  these experiments 
testis tissue was implanted beneath the 
kidney capsule of adult rat hosts. Pieces 
of adult, neonatal, or embryonic testes 
were transplanted beneath an adult kidney 
capsule and their growth and differentia- 
tion studied histologically for the ensuing 
8 weeks. A second phase of the investiga- 
tion compared first- and second-set grafts 
of testes tissue of different ages in an at- 
tempt to evaluate any differences in  host 
response which might exist. 

MATERIALS AND METHODS 

Albino rats were chosen for the experi- 
ments because they are relatively easy to 
handle and care for and because they are 
resistant to most infections. In experi- 
ments of this type it is usually considered 
desirable to use animals of an inbred 

strain. However, since an inbred strain 
was not available, animals of the widest 
genetic diversity were used. In  this man- 
ner one is better able to gain constancy 
of results (Billingham, ’57). 

The kidney capsule was chosen as the 
host site because it was known to be fav- 
orable for the growth of transplanted go- 
nads (Buyse, ’33, ’35). The testis was 
chosen as the donor tissue because it was 
known to differentiate well in foreign en- 
vironments (Moore, ’26). Since Macintyre 
(’56) reported that there was no indication 
of any correlation between the sex of the 
host and the takes of the grafts, males were 
used throughout the experiments. 

Adult donor tissue was obtained by an- 
esthetizing the animal with ether, opening 
the scrota1 sac and excising a small piece 
of the testis. Testes from the neonatal and 
embryonic donors were recovered from the 
abdominal cavity. The tissue or organ was 
placed in a sterile Petri dish containing 
sterile Kreb’s Ringer solution including 
phosphate. With iridectomy scissors all 
donor tissue was then cut up into smaller 
pieces. For the adult donor tissue one 
seminiferous tubule approximately 0.5 mm 
long was used. Both neonatal and embry- 
onic testes were cut in half so that one 
testis provided two pieces of donor tissue. 

The host animal was anesthetized with 
ether and its kidney was brought to the 
surface by means of a metal loop with a 
handle. Then the grafts were implanted 
beneath the kidney capsule by means of a 
small pipette. Finally, the kidney was re- 
turned to the abdominal cavity and the 
incision was closed. 

At autopsy the grafts were removed to- 
gether with adjacent kidney tissue and 
placed in  Bouin’s fixative solution con- 
taining 1% urea. The tissue was then 
dehydrated, cleared, and embedded in 
paraffin ( “Tissuemat”). The material was 
serially sectioned at 6 microns and subse- 
quently stained with Heidenhain’s azan 
triple stain. 

RESULTS 

The first phase of the investigation was 
to determine the fate of single grafts of 
testicular tissue from adult, newborn, and 
fetal rats after implantation beneath the 
kidney capsules of adult hosts. Description 
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of the tissues of the grafts after periods 
of 2, 4, 6, and 8 weeks in transplant forms 
part 1 of this report. Part I1 deals with the 
second phase of the investigation, in which 
the fate of both first and second grafts 
was determined after implantation into 
adult hosts at intervals of two weeks. In 
these experiments the first graft was im- 
planted beneath the capsule of the left 
kidney on day zero. Two weeks later the 
right kidney also received a subcapsular 
graft. After two more weeks the animals 
were autopsied and both grafts recovered, 
if possible. It is evident that the first 
grafts were 4 weeks old when obtained, 
while the second grafts were but two weeks 
old. 

Table 1 summarizes the experiments per- 
formed in both phases of the investigation. 

Fate of single implants 
Grafts o f  adult testis 

Only two single implants of adult testis 
were recovered (one each from the 4- and 
8-week series) as recognizable seminifer- 

ous tubules. These tubules were oriented 
tangentially to the kidney and within the 
capsule. The tubules consisted mainly of 
scattered lightly staining degenerate epi- 
thelial cells (fig. 1 ). The lumina were oc- 
cluded. 

The remaining recoveries consisted of 
identifiable graft sites, at which extensive 
proliferation of the connective tissue of 
the renal capsule was observed. This pro- 
liferated tissue was completely external to 
the tubular portion of the renal cortex in 
all but three instances. In the latter the 
graft sites showed an abundant penetra- 
tion of connective tissue into the interior 
of the kidney cortex. At the graft site of 
one 4-week implant the tissue of the kidney 
in the vicinity of the proliferated capsular 
mass was somewhat modified. Cords of 
cells present there might be the primordia 
of new uriniferous tubules. Possibly they 
stemmed from collecting ducts but their 
origin could not be determined with cer- 
tainty. Finally, in one graft site of the 
8-week series renal tubules surrounded by 

TABLE 1 
Summury of experiments 

- - 
Number 

at time of implantation transplant grafted recovered 
Age of testis tissue Weeks in Number 

Part I-single implants 
Adult (over 6 months old) 
Adult 
Adult 
Adult 

Neonatal (4  days old) 
Neonat a1 
Neonatal 
Neonatal 
NeonataI 

2 
4 
6 
a 
2 
4 
6 

29 
a 

Embryonic (19-day fetus) 2 5 5 
Embryonic 4 5 4 
Embryonic 6 5 5 
Embryonic a 5 5 

2nd 1st 2nd 1st 2nd 1st First Second 
implant implant ___-__- _ _ ~  _________________ 

Part 11-double implants 
Adult Adult 4 2 10 10 a 7 
Adult Neonat a1 4 2 10 20 4 9 
Adult Embryonic 4 2 10 10 4 9 

Embryonic Adult 4 2 10 10 a 5 
Embryonic Neonatal 4 2 10 10 10 10 
Embryonic Embryonic 4 2 10 10 9 10 

Neonatal Neonatal 4 a 10 10 4 3 
~ _ _ _ _ _ _ _  ___ _____ ~ _ _ _ _ _ _ _ _ _ _ _ _  
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a proliferated mass of capsular connective 
tissue showed degeneration. The cells of 
these renal tubules had separated from 
the basement membranes and sloughed in- 
to the lumina. Marked cytolysis was noted. 

Grafts o f  neonatal testis 
Proliferation of cells had occurred by 

two weeks resulting in the presence of 
three to 5 cell layers which surrounded a 
newly formed lumen. Although primary 
spermatocytes had differentiated, their nu- 
clei and those of some of the spermatogon- 
ia were markedly pycnotic (figs. 2 and 3 ) .  
Fragmentation of cell nuclei and slough- 
ing of single cells and multinucleate mass- 
es into the lumina of tubules were ob- 
served. It would seem then that the grafts 
had undergone early phases of growth and 
differentiation. By two weeks however, de- 
generative changes had already set in. 

A study of 4-week implants revealed a 
decrease in the epithelial layers of the 
seminiferous tubules so that only two or 
three rows of cells remained. Only oc- 
casionally were primary spermatocytes 
found. Few pycnotic, or fragmented cells 
were present. Apparently the pycnotic, 
fragmented, and dissolving cells that were 
so prevalent in the two-week stage of 
development of the grafts and been re- 
sorbed by 4 weeks. 

Fewer tubules were present in the 6- 
week series and only one or occasionally 
two layers of epithelial cells were present. 
The cells composing these layers were 
spermatogonia and a few scattered Sertoli 
cells. Some of the cells were pycnotic and 
on occasion were found in the lumen of a 
tubule. Apparently destructive alterations 
resulting in the sloughing and resorption 
of degenerated cells had reached a maxi- 
mum at 6 weeks. 

There was some indication that by 8 
weeks a new wave of proliferation and ac- 
companying degeneration of differentiating 
cells was again in progress. In two grafts 
tubules consisted of two to 4 rows of epi- 
thelial cells which were chiefly spermato- 
gonia, but an occasional primary sperma- 
tocyte could be recognized. Cells toward 
the periphery of the tubule appeared 
healthy, and mitotic divisions were seen 
in several instances (fig. 4 ) .  Near the 
lumen the cells exhibited varying degrees 

of pycnosis, fragmentation, and dissolu- 
tion. 

One implant of neonatal testis was al- 
lowed to persist in the host for more than 
6 months. Tubules of this 29-week im- 
plant contained one to three rows of cells, 
including only spermatogonia and Sertoli 
cells. Some cells were healthy; others were 
pycnotic (fig. 5) or fragmented. Com- 
patibility between graft and host must have 
been good to allow survival for this lengthy 
period. This experiment suggests that 
grafts of the newborn testis to adult hosts 
may persist indefinitely. 

Grafts  o f  embryonic testis 
After two weeks single implants of em- 

bryonic testis were healthy and had devel- 
oped a good vascular supply. Mitotic divi- 
sions in the grafted tissue indicated that 
the grafts were actively growing. Since no 
primary spermatocytes were found, dif- 
ferentiation apparently had not yet begun. 
By 4 weeks, however, these embryonic im- 
plants exhibited both differentiation of 
spermatocytes and cellular pycnosis. De- 
structive changes, though present, were 
not as marked as in the 4-week neonatal 
implants. The majority of the tubules of 
the 6-week implants contained only two 
or three epithelial layers. Pycnotic cells 
and isolated groups of cells were common 
in the lumina of the tubules. Apparently 
grafts grew and differentiated well for a 
time. Then the primary spermatocytes 
and the layers of spermatogonia in turn 
became degenerate and were sloughed into 
the lumen. This sloughing of cellular de- 
bris into the lumen which began at 4 weeks 
reached its peak at 6 weeks. By 8 weeks 
tubules again contained primary sperma- 
tocytes and cells in mitosis. There were 
more cell layers present and fewer degener- 
ating cells in the lumina (fig. 6 )  than were 
observed in the 6-week grafts. These 
grafts, similar to the neonatal implants at 
8 weeks, suggest that a new wave of pro- 
liferation and accompanying degeneration 
had occurred. 

Fate of double implants 
Grafts o f  the adult-adult, adult-neonatal, 

1. First  implants: adult. Regardless of 
whether the second implant was adult, neo- 

adult-embryonic series 
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natal, or embryonic testis tissue, first adult 
implants in all three experimental groups 
were similar to 4-week single implants of 
adult tissue. In sections all graft sites 
showed remnants of seminiferous tubules 
whose epithelial cells were all degenerating 
(fig. 7).  Cells were few in number and 
frequently fragmented. Lumina of the 
tubules were occluded with cellular debris. 
In addition, connective tissue from the 
capsule had proliferated extensively at 
many of the graft sites. Although these 
first implants were similar to single im- 
plants of the same age, variations were ob- 
served in the second implants. 

2. Second implant: adult. When the 
second implant was adult tissue, it was 
observed that, in at least two cases, break- 
down of renal tubular tissue had resulted 
from the extensive invasion of the connec- 
tive tissue. This same degeneration was 
not noted until 8 weeks in the single im- 
plants of adult tissue. The fact that this 
reaction occurred in the present series af- 
ter only two weeks may indicate an in- 
creased host reaction against a second im- 
plant of adult testis. Increased support 
for this hypothesis is the finding that there 
were fewer cells in the degenerating semi- 
niferous tubules, when present, than there 
were in the 4-week single implants of adult 
testis. 

3.  Second implant: neonatal. Second 
implants of neonatal tissue differed sig- 
nificantly from the two-week single im- 
plants of newborn testis. In general, the 
second grafts were retarded in rate of 
growth and differentiation of spermato- 
cytes as compared with single implants. 
Not only were there fewer cells in the 
tubules, but also there were fewer degen- 
erating cells (fig. 8). Second implants 
apparently became well established, but 
their growth and differentiation were evi- 
dently slower than in single implants. 
This evidence for retardation of second 
grafts is interpreted to mean that the host 
environment was somehow altered by the 
presence of the first graft. The possible na- 
ture of this alteration will be considered in 
the discussion. 

4. Second implant: embryonic. Second 
implants of embryonic tissue did not differ 
appreciably from the two-week single im- 
plants of embryonic testis. The typical 

implant contained tubules with approxi- 
mately three rows of epithelial cells (fig. 
9) .  Only spermatogonia and Sertoli cells 
were present and mitosis was common. 
These grafts were in a very healthy con- 
dition. In contrast to the development of 
second implants of neonatal testis, there- 
fore, there was no evidence that second 
implants of embryonic testis develop dif- 
ferently from first implants. 

Grafts of the embryonic-adult, embryonic- 
neonatal, and embryonic-embryonic 
series 

1, First implants: embryonic. Regard- 
less of whether the second implant was 
adult, embryonic, or neonatal, first em- 
bryonic implants in all three experimental 
groups were similar to the 4-week single 
implants of embryonic testis. Tubules 
showed that both growth and differentia- 
tion of primary spermatocytes had oc- 
curred. Degenerative changes were ob- 
vious. Cells with pycnotic and fragment- 
ing nuclei, and cells exhibiting karyolysis 
were common in the tubules. Although 
these first implants were similar to single 
implants of the same age, variations were 
observed in the second implants. 

2. Second implant: adult. The two- 
week tubule remnants in this experiment 
were generally similar to those of the 4- 
week single implants of adult testis. Tub- 
ules consisted of only a few isolated epi- 
thelial cells and, in one instance, mostly 
of cells which had originated from the 
connective tissue and which surrounded 
the few remaining epithelial cells. This 
would indicate that the host reaction to 
a second implant of adult tissue was af- 
fected by a previous implant. 

3. Second implant: neonatal. Second 
implants of neonatal tissue were consider- 
ably retarded in comparison with the two- 
week single implants of newborn testis. 
It will be recalled that tubules of single 
neonatal implants showed that while both 
growth and differentiation had occurred, 
great numbers of degenerating cells were 
present. By contrast, the tubules of sec- 
ond implants in this series presented little 
evidence of differentiation although some 
primary spermatocytes were present. Pyc- 
nosis, however, was not as marked as in 
the single implants. This evidence for re- 
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tardation of second grafts is similar to 
that noted in the experiments where a 
first implant of adult tissue was followed 
by a second graft of neonatal testis. These 
results are interpreted to mean that the 
first graft in some manner altered the host 
environment. 

4. Second implant: embryonic. Second 
implants of embryonic testis were similar 
to the single implants of embryonic tissue. 
It will be recalled that the single embryonic 
implants were recovered in healthy condi- 
tion. The typical graft exhibited much 
growth but neither differentiation of 
spermatocytes nor degeneration had oc- 
curred. Grafts in  this series appeared 
therefore to have been unaffected by the 
presence of a first implant of embryonic 
tissue. This result is similar to the ex- 
periment in which a second embryonic 
implant was unaffected by the presence of 
a first adult implant. 

Grafts  o f  the neonatal-neonatal series 
1. First implant: neonatal. These im- 

plants did not differ significantly from the 
4-week single implants of neonatal testis. 
In general, growth of the cells of the semi- 
niferous tubules had ceased and differ- 
entiation was curtailed. There was a de- 
crease in the number of intact nuclei due 
to degeneration and fragmentation of cells. 

2. Second implant: neonatal. Second 
implants of neonatal tissue differed from 
the two-week single implants of tissue of 
this age in that they were retarded in both 
growth and differentiation. There was 
only a negligible indication of degenera- 
tion. The retardation in growth and devel- 
opment is interpreted to mean that the 
host enviroment had been altered by the 
presence of the first graft in such a manner 
as to inhibit the second. These results are 
comparable to those obtained when a sec- 
ond neonatal implant was preceded by a 
first adult graft and by a first embryonic 
graft. 

DISCUSSION 

Growth o f  single implants 
There is good evidence from the results 

of these experiments with both first and 
second grafts that the host could react to 
limit the growth and spermatogenesis of 
grafted testicular tissue of any age. Al- 

though host antibodies may have been pro- 
duced in response to the grafts, the tem- 
perature of the body cavity must be con- 
sidered a factor inimical to maintenance 
or continued differentiation of maturation 
stages in the seminiferous tubules of testes 
grafted to the kidney. Taking into consid- 
eration all the factors known to affect the 
growth of grafted tissue, one is neverthe- 
less impressed by the observation that im- 
planted testis will persist for many months 
as shown here and previously by Moore 
('19, '26) and Williams ('50). It appears 
that the testis differs from homografts of 
some tissues which are resorbed or 
sloughed in a relatively short time after 
grafting. Similarly, Harris and Eakin 
('49) have shown that subcutaneously 
transplanted pieces of adult rat ovary will 
persist and function for some time. On 
the other hand, homoplastic skin grafts 
commonly persist only a relatively short 
time (Medawar, '44, '45). 

It is possible that under the conditions 
of this experiment the testis is less anti- 
genic than more sensitive tissues or per- 
haps that the testis is simply less sensitive 
to host antibodies than are those tissues 
which persist for a shorter time. 

Grafts of adult testis 
The adult implants which were recov- 

ered in the present series contained no 
sperrnatogenic cells in the later stages of 
differentiation. The spermatogonia pres- 
ent were degenerate and the seminiferous 
tubules were collapsed, suggesting that the 
spermatogenic cells were affected by an 
antagonistic reaction on the part of the 
host. The degeneration of renal tubules 
noted in two instances (8-week single a- 
dult implants and the second adult graft 
in the adult-adult series) may indicate that 
the disintegration products of the degen- 
erating graft affected the kidney adversely, 
probably in an  indirect manner through 
stimulation of connective tissue prolifera- 
tion in the host. Similar evidence has 
been presented by Rivers, Sprunt, and 
Berry ( '33 )  and Dempster ('53a, '53b) 
who mention cases where the host tissue 
was affected by the graft. 

Grafts o f  neonatal testis 
After two weeks single neonatal im- 

plants exhibited a slackening of both 
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growth and differentiation; in addition, de- 
generative changes were obvious. These 
destructive alterations continued through- 
out the next two weeks and seemed to reach 
a maximum at 6 weeks. By 8 weeks, how- 
ever, some implants provided evidence of 
a new wave of proliferation and accom- 
panying degeneration of differentiating 
cells. Thus, the neonatal implants sur- 
vived better than the adult grafts during 
the time limitations of these experiments. 

The possible explanations for the initial 
success of implants of neonatal tissue 
should be examined more closely. Loeb 
(’45) claims that grafts of neonatal en- 
docrine tissue in general have better suc- 
cess in transplantation than do aduIt im- 
plants. Medawar (’45), on the other hand, 
found that this does not hold true for 
skin grafts in rabbits. Perhaps the fact 
that skin is not as directly under endo- 
crine control as some other organs may 
be a factor which would help account for 
the divergent results. It is likely that 
neonatal implants are stimulated to pre- 
cocious growth when subjected to the in- 
fluence of adult gonadotropic hormones. 
Loeb also suggested that younger tissues 
succeed better because they are growing 
very actively. 

The proliferative and degenerative cyc- 
les sometimes seen in the 8-week implants 
might be explained as follows. While the 
graft of newborn testis is undergoing 
growth and differentiation, its antigens 
are being released into the host system. 
The host in turn responds to these foreign 
proteins by the production of antibodies. 
When the latter then enter into union with 
the antigens, degenerative changes in the 
graft result, releasing consequently great- 
er quantities of antigen. It follows then 
that the titer of circulating antibody in 
the host animal would be drastically re- 
duced. This subsequent drop in antibody 
level then may permit the remaining 
spermatogonia to grow and to begin their 
differentiation. The advent of new and 
differentiated cells provides more antigen 
which in turn evokes the production of 
more antibodies. Thus a cycling of pro- 
liferation and degeneration might occur, 
which could indicate that a state of “com- 
promise compatibility” between graft and 
host had been achieved such that the graft 

was no longer in danger of being complete- 
ly eliminated. Support for such an ex- 
planation is found in the fact that one nee- 
natal testis persisted in a relatively healthy 
condition for more than 6 months. 

Grufts  of embryonic testis 
Embryonic implants exhibited growth 

and development up to 4 weeks after im- 
plantation when degeneration became ap- 
parent. At no time, however, were any 
stages later than primary spermatocytes 
found in these grafts, although normal 
testes give rise to secondary spermatocytes 
and spermatids at the same relative age. 
This result seems to indicate that second- 
ary spermatocyte and spermatid product- 
ion in homografts of testicular tissue is 
at least in part inhibited by the higher 
body cavity temperature of the host en- 
vironment. Nevertheless, the later discus- 
sion of neonatal second-set grafts will pro- 
vide evidence for another factor which in- 
fluences the degeneration of these young 
implanted tissues, namely, an immune 
reaction. 

Following the lessening or cessation of 
developmental processes at 4 weeks in 
these grafts, growth and Concomitant de- 
generation of spennatogonia were again 
observed at 8 weeks. These observations 
would seem to indicate that spermatogon- 
ial proliferation may continue for same 
time under these conditions. Finally, how- 
ever, all cells thus formed are eventually 
destroyed (Moore, ’26). Thus, these cycli- 
cal changes are similar to those noted for 
the single neonatal implants and can pre- 
sumably be explained by the same mech- 
anism outlined in that section. 

Embryonic tissues may share similar 
antigens with adult tissues (Cooper, ’46, 
Schechtman, ’47). Therefore, at first sight, 
the healthy state of two-week embryonic 
grafts contrasts strikingly with the degen- 
erative changes seen in two-week neonatal 
or adult grafts. Presumably, the embry- 
onic testis tissue, however, has a higher 
growth potential, hence, i t  is probable 
that initially its rate of growth exceeds for 
a time the host response which is demon- 
strated in grafts of neonatal or adult tis- 
sue. Evidence which suggests that active- 
ly growing tissues can to some extent over- 
come the host reaction comes from re- 
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search on tumor tissues (Loeb, '45). Later, 
however, as the rate of growth of the 
transplanted embroynic gonads decreased, 
signs of degeneration were evident. By 
this stage host antibodies were presum- 
ably contributing to the curtailment of 
growth and differentiation. 

Growth of double implants 
The results of the double implant series 

indicate that after 4 weeks none of the 
first-set implants in the presence of a sec- 
ond graft differed in any significant way 
from single grafts recovered after 4 weeks. 
This observation might have been expected 
since the literature provides only a few ex- 
amples which show that a first graft 
may be modified by the presence of a 
second (Billingham, Brent, and Medawar, 
'56b). 

The present experiments do give evi- 
dence that ( 1 )  a second graft may affect 
the host differently from the first graft, 
and (2)  second grafts of neonatal testis 
may be affected by first grafts. Second 
grafts of neonatal tissue, however, were 
significantly retarded in differentiation 
whether preceded by adult, embryonic, or 
neonatal tissues. 

Second-set grafts of adult testis 
Where second grafts of adult testis were 

preceded by grafts of adult tissue, break- 
down of renal tubules was detected at two 
weeks. This reaction was first detected 
only in the 8-week single series for single 
implants. These results indicate that a 
reaction between graft and host occurred 
more rapidly after second-set grafts than 
after single implants. Presumably the 
titer of antibodies in the host was high 
enough at the time of the second implanta- 
tion to cause a more rapid graft destruc- 
tion. As in single implants disintegration 
products of the graft stimulated the 
growth of host connective tissue, which in 
turn could account for the destruction of 
renal tubules. 

Second grafts of adult testis preceded by 
grafts of embryonic tissue resembled the 
4-week single adult implants. It will be 
remembered, however, that these second 
adult implants were recovered after only 
two weeks. These results indicate again 

that there was a more rapid host immune 
reaction against a second implant. 

Second-set grafts of embryonic testis 
Second grafts of embryonic tissue in the 

presence of either adult or embryonic first- 
set grafts, unlike second grafts of adult 
testis, apparently did not elicit any more 
of a host immune response than did single 
grafts of embryonic tissue during the first 
two weeks. Embryonic tissue appeared to 
flourish whether in an initial graft or in 
a second graft; yet is it known to be anti- 
genic. Burke, Sullivan, Petersen, and 
Weed ('44) report that morphological dif- 
ferentiation occurs before antigenicity 
arises and that various antigens arise and 
disappear during the course of develop- 
ment so that at varying times different 
complexes of antigens may be present. It 
may further be hypothesized that antigen 
formation proceeds from the general (rat 
antigens) to the more specific (rat tissue 
antigens). Gengozian and Makinodan 
('56) have shown, for example, that pro- 
tected mice recovering from lethal doses 
of x-irradiation respond immunologically 
first to distantly related antigens (sheep) 
and only later to mouse antigens. It is 
possible that embryonic tissue contains 
only the general (rat) antigens which at 
the time of implantation are still com- 
pletely acceptable to the host. If this is 
so, it is possible then that under these con- 
ditions no antibodies were elicited. Fur- 
thermore, even if tissue specific antigens 
were produced, the quantity present may 
not have been sufficient to elicit antibody 
formation. 

Finally, the rapid growth of embryonic 
tissue may enable it to overcome initially 
the possible retarding influence of a host 
immune response. A similarity might be 
drawn at this point to tumor tissue which 
is also rapidly growing. Indeed, it has been 
shown by Billingham, Brent, and Meda- 
war ('56a) that a tumor is able to escape 
immunological control with only a slight 
remission to immunity. A tumor, due to 
an increased rate of growth, can frequent- 
ly overcome host resistance and kill the 
host. In addition to their similar rapid 
growth rates, embryonic and tumor tis- 
sues share at least three constitutional at- 
tributes, namely, morphological, immuno- 
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logical, and biochemical as Greene ('51) 
has pointed out. He concluded that they 
are dissimilar only in their differentiative 
capacities. 

Second-set gra f t s  of neonatal testis 
Second-set grafts of neonatal testicular 

tissue present clearcut evidence for a host 
immune reaction. Regardless of the age 
of the first donor tissue, second-set grafts 
of neonatal tissue were always equally in- 
hibited. These results suggest that adult, 
neonatal, and embryonic tissues share sim- 
ilar antigenic factors. To my knowledge 
the type of reaction demonstrated here, 
namely a retardation of differentiation of 
a second neonatal implant, has not previ- 
ously been reported. 

It is most probable that the observed 
retardation of growth and differentiation 
results from an immunological response. 
If the first graft had somehow produced 
an inhibition of the immune response, 
greater tolerance and, hence, more rapid 
growth and differentiation of the second 
graft should have ensued. Since all sec- 
ond-set grafts were retarded, however, one 
can only conclude that an actively ac- 
quired immune response of an unusual 
type was present. An actively acquired im- 
munity should bring about a more rapid 
destruction of the second graft rather than 
a retardation of its development. In all 
experiments where destruction or slough- 
ing of cells was observed the degeneration 
occurred principally in differentiating 
cells. Spermatogonia and perhaps Sertoli 
cells persist after spermatocytes had dis- 
appeared. As already noted it is possible 
that these relatively undifferentiated cells 
of the testis contain only the more general 
antigens which are completely acceptable 
to the host, whereas differentiating sperm- 
atocytes contain specific antigens which 
elicit the formation of host antibodies. 

Although temperature of the body cavity 
is probably a factor in the degeneration 
of implanted testis tissue, the evidence of 
second-set grafts indicates that there is 
also an immune reaction which plays an 
additional role. As a working hypothesis, 
it is proposed that antibodies to the pro- 
tein of differentiating spermatocytes, sper- 
matids, or sperm are produced by a graft 
of the testis of any of the ages used. Such 

antibodies might conceivably inhibit the 
differentiation of those stages of sperma- 
togenesis after spermatogonial stages in 
second grafts of neonatal gonads and so 
account for the relatively undifferentiated 
state of the tubules in this material. 

SUMMARY 

1. Homoplastic single implants of adult, 
neonatal, and embryonic testis were grown 
beneath the kidney capsule of adult white 
rats for periods ranging from two weeks 
to 29 weeks. In addition, both first and 
second implants were made in the follow- 
ing age combinations: adult-adult, em- 
bryonic-adult, adult-embryonic, embryonic- 
embryonic, adult-neonatal, neonatal-neo- 
natal, and embryonic-neonatal. 

2. Few single implants of adult testis 
were recovered as seminiferous tubules. 
In these the tubules were collapsed and 
cells had degenerated. In all other recog- 
nized graft sites, however, connective tis- 
sue proliferation was noted. 

3.  Single neonatal implants exhibited 
growth, differentiation, and degeneration 
at two weeks. Sloughing and resorption of 
degenerated cells was evident after 4 and 
6 weeks. By 8 weeks there was some evi- 
dence of a new wave of proliferation and 
degeneration. A 29-week implant was 
healthy but its tubules contained only 
spermatogonia and perhaps Sertoli cells. 

4. Single embryonic implants were 
healthy at two weeks, but exhibited cellu- 
lar pycnosis at 4 weeks. Sloughing of 
cellular debris into the lumens of semin- 
ferous tubules was apparent at 4 and 6 
weeks. By 8 weeks there was evidence 
that spermatogonia were dividing and dif- 
ferentiating again. 

5. In experiments with double implants, 
first grafts recovered after 4 weeks dif- 
fered in no significant way from single 
implants after 4 weeks. 

6. Breakdown of renal tubules in the 
vicinity of the second graft was detected 
in hosts receiving both first and second 
implants of adult testis. Since this same 
breakdown was not detected until 8 weeks 
after implantation in hosts receiving single 
adult implants, there is evidence that a 
second adult graft elicits a stronger host 
reaction. 
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7. There was no evidence that second 
grafts of embryonic tissue elicited any 
more of a host response than did single 
grafts of embryonic tissue. It is proposed 
that second embryonic grafts were able to 
overcome the host reaction due to their in- 
herently rapid rate of growth. 

8. Second grafts of neonatal tissue were 
inhibited in development regardless of the 
age of the first implant (adult, neonatal, 
or embryonic). All three age groups thus 
appear to share similar antigens. It is 
postulated that an  active immune reaction 
accounts for the inhibition of differentia- 
tion in the second grafts. It is further hy- 
pothesized that antibodies to the proteins 
which accompany differentiation of sperm- 
atocytes account for retardation of cells 
within the seminiferous tubules in second 
implants of neonatal testis. 
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PLATE 1 

EXPLANATION OF FIGURES 

1 Remnant of seminiferous tubule from 4-week implant of adult testis. Tubule is en- 
tirely within the kidney capsule (upper right). Renal tubules at lower margin of photo- 
graph. x 480. 

Section through two-week implant of neonatal testis showing spermatogonia and differ- 
entiated but pycnotic primary spermatocytes. X 480. 

Section through same two-week implant of neonatal testis as figure 2 but in another area 
showing marked pycnosis of spermatogonial cells toward the lumen (bottom of photo- 
graph). X 480. 

Section through 8-week iniplant of neonatal testis. Two rows of cell,; including Sertoli 
cells and spermatogonia are present but no later stages of differentistion are observed. 
Note mitotic figures at lower margin of photograph. X 480. 

Section through 29-week neonatal implant. One to three rows of cells, including some 
pycnotic spermatogonia are present. X 480. 
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PLATE 2 

EXPLANATION OF FIGURES 

6 Eight-week implant of embryonic testis. Healthy cells occupy the periphery of the 
tubules, but some degenerating cells occur toward the lumina. Note primary spermato- 
cyte at upper right of photograph. x 480. 

7 Remnant of seminiferous tubule of first adult implant i n  the adult-embryonic series. 
The lumen is occluded and epithelial cells are degenerating. Kidney capsule above 
and renal tubules below. x 480. 

Section through second neonatal implant in  the adult-neonatal series. Tubules are com- 
posed of two to three rows of healthy cells. No primary sperinatocytes are observed 
and the lumina are not formed as yet. X 480. 

Section of second embryonic implant in the adult-embryonic series. Note two or three 
rows of healthy cells in seminiferous tubules and absence of primary spermatocytes. 
No lumina are present. X 480. 
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