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Several methods to alter the homograft re- 
action in a non-specific: fashion have been 
described. Depression of immunologic reac- 
tivity as measured by increased survival of 
grafted tissue has been accomplished with s- 
rays, cortisone and certain drugs, the degree 
of success largely depending on experimental 
conditions( 1). On the other hand, little at- 
tention has been paid to the possibility of 
non-specifically accelerating the homograf t 
mechanism. Tncreased resistance to trans- 
plantable homologous and isologcus tumors 
in mice has been demonstrated following zy- 
mosan and B.C.G. infection(2-5). The ef- 
fect was attributed to a host mediated im- 
mune response, rather than a direct action on 
the tumors. This assumption was made in 
view of the fact that both agents increase im- 
munological reactivity as measured by other 
means: prior administration of B.C.G. or zy- 
mosan enhances the phagocytic activity of 
the reticuloendothelial system (RES ) , in- 
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-l “Non-specific” refers to methods that alter re- 

jection time of transplanted antigenic tissue without 
prior introduction of specific cellular or non-cellular 
antigens, sensitized cells or specific antibody. 

creases the host’s capacity to form antibody, 
and heightens resistance to infectious chd- 
lenge (6-  12). 

To substantiate the assumption that in- 
creased host resistance to tumor growth fol- 
lowing B.C.G. and zymosan is mediated by 
a heightened capacity to reject mtigenic 
grafted tissue, it was felt important to demon- 
strate comparable effects using transplanta- 
tion of normal tissue. 

The present report deals with the effect of 
B.C.G. on rejection time of male skin is+ 
grafts by C57BL female recipients. 

Muterials and methods. Mice. Adult male 
and female C57BL/6 mice were obtained 
from Bio-Research Consultants, Inc., Cam- 
bridge, hiass. and from a colony of C57BL 
mice originally obtained from Dr. Daniel S. 
Martin, Univ. of Miami, and maintained in 
this laboratory on a strictly inbred h i s  for 
the last 2 years. Female mice.were grafted 
exclusively with skin from male mice of the 
same colony, although reciprocal grafts 
proved the mice from both sources to be isolo- 
gous. 

B.C.G. The Phipps strain of Mycobacte- 
rium tuberculosis var. Bacillus Calnaette- 
Gue’rin (B.C.G.) was grown in D u b s  fluid 
medium. Pooled 10- to 14-day cultures were 
harvested by centrifugation, weighed and di- 
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luted to 5 mg,/ml wet weight. One mg (0.2 
ml) of the B.C.G. suspension was injected 
into the tail veins (i.v.) of mice receiving the 
live organisms by this route. A suspension 
containing 20 mg/ml was prepared far intra- 
cutaneous injections. A small area on the 
back, between the left inguinal lymph node 
and the dorsal midline was shaved and 1 mg 
of B.C.G. (0.05 ml) was injected intracu- 
taneously (ix.). Skin gra.fts were sube-  
quently placed approximately 1 cm from site 
of injection, on the lateral chest wall. 
Skin grafting. Transplantation was per- 

formed according to the technic of Billing- 
ham and Medawar ( 13). Pieces of skin 1 X 
2 cm in size, in the non-active stage of hair 
growth, were grafted on the left lateral chest 
wall of control non-infected mice, and 2 
weeks after i.v. or i.c. administration of 
B.C.G. The plaster dressings were removed 
on day 11 and the grafts were inspected first 
daily, later every other day. Only 2 experi- 
mental animals had to be excluded from the 
evaluation due to slight damage of the graft 
on the day af removal of the dressing. The 
day when only atrophic scar tissue remained 
was scored as the rejection time, but the time 
interval from initiation until end af the re- 
jection process was also recorded (Fig. 1).  

Rejection of male skin isografts 
by female recipients occurred in a b u t  95% 
of the untreated C57BL mice used in the 
present experiment. The process of graft re- 
jection began with loss of hair, increasing 
pallor, scab formation and gradual shrinking 
of the graft until only a tiny patch of scar 
tissue remained. Hemorrhage and ulceration 
of the graft were not frequently seen in these 
control animals. I t  took at least one, but 
sometimes several weeks from the first macro- 
scopic evidence of damage until complete re- 
jection of the graft, and this endpoint oc- 
curred from 6 to 12 weeks after transplanta- 
tion. Precise determination of the survival 
endpoint was at times difficult. 

Significant reduction of the rejection time 
was observed in female C57BL recipients re- 
ceiving male isografts 2 weeks following ad- 
ministration of B .C.G., intravenously or in- 
tracutaneously (Fig. 1). The rejection end- 
point occurred, as an average, 2 weeks earlier 

Results. 
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FIG. 1. Pattern of rejection of male skin isografts 
on B.C.G. infected female C57BL mice. Each bar 
represents one c xperimental animal. Shaded area 
depicts interval between initiation of rejection to 
complete graft destruction (black square in figure). 
One c,ontrol animal ( X )  did not reject the male 

isograft during observation period of 6 mo. 

than in controls. In  addition, the speed of 
the rejection process, from the first evidence 
of damage until graft destruction, was also 
accelerated. B.C.G. treated animals showed a 
more fulminating type of rejection, with hem- 
orrhage and ulceration of the isografts, quite 
reminiscent of the appearance of skin homo- 
grafts during rejection. 

The standard dose of 1 mg B.C.G. was 
chosen for i.v. administration since previous 
experiments had shown this amount to be 
effective in causing a marked and prolonged 
increase of resistance to a variety of CM- 
lenges(3,10,14). As a rule, morbidity or mor- 
tality is not observed following this dose in 
most strains of mice. However the subline 
af C57BL mice bred in our laboratory did not 
tolerate intravenous B.C.G. injection as evi- 
denced by marked weight l o a  and occasional 
dmth. Such debilitated mice did not show 
accelerated rejection of male isografts, and 
were not included in evaluating the results. 
Intracutanmus administration of B.C.G., 
however, had no observable ill effect on the 
physical condition of these mice, and acceler- 
ated rejection of male isografts was as con- 
sistent as in the other subline. 

It is known that draining lymph nodes play 
a crucial part in destruction of homografts 
( 15,16). Intravenous administration of 
B.C.G. primarily affects the reticuloendothel- 
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cltice important histological changes in tlw 
lymph nodes. 'rhtwforc i t  IVW thought 1 hilt 

if B.C.G. were applied in such a manner :is 
to predominantly affect regional lyniph nodes, 
accelerated graft rejection might also occur. 
Two weeks zfter injection of 1 mg of B.C.G. 
into the dorsal skin of mice, significant en- 
largement of the regional lymph nodes (in- 
guinal, brachial and axillary ) is observed. 
Microscopically these nodes reveal macro- 
phage hyperplasia and granuloma forma tion. 
Male skin grafted onto females at a distance 
from the site of such an intracutaneous injec- 
tion, but still within the same area of lymph- 
atic drainage, was rejected at  an accelerated 
rate, similar to the rejection pattern follow- 
ing intravenous B.C.G. administration. I t  
is to be emphasized that initial healing-in of 
male isografts on female recipients is uninflu- 
enced by intravenous or intracutaneous 
B.C.G. infection. Control groups of female 
isografts on female recipients survived un- 
disturbed following B.C.G. by either route 
and were indistinguishable from grafts on 
noln-infected controls. 

A number of intravenously injected mice 
(* in the figure) received an additional intra- 
cutaneous dose of B.C.G. one week after an 
i.v. injection. The regional lymph nodes again 
shawed the expected enlargement. If male 
isografts were then applied one week later. 2 
weeks after the original i.v. injection, rejec- 
tion of the grafts was accelerated to the same 
extent as following i.v. injection alone. 

Five animals were splenectomized one week 
following intravenous injection of B.C.G.: 
whereas splenectomy did not alter rejection 
time of male isografts in a group of 9 unin- 
fected -female controls, the accelerated rejec- 
tion of such grafts by intravenously infected 
recipients was abolished by splenectomy . 
These experiments are currently being re- 
peated with larger numbers of animals. 

Although the relationship between time of 
B.C.G. administration and subsequent graft- 
ing was not fully investigated, it was observed 
that acceleration of rejection was less evident 
if Ifemales received male skin grafts one week 
f ollolwing B .C.G. administ rat ion. 

B.C.G. infection in mice has Discussion. 

I wii show to iiii))rovc the host response to 
a. variety of antigenic and infectious chal- 
1 et iges. 'r hew include heightened resistance 
to growth of transplanted tumors as well as 
to bacterial and viral infection. Following 
i.v. injection of B.C.G., enhanced phagocytic 
activity of the RES as well as increased ca- 
pacity to produce antibodies and opsonins has 
been observed (6,8). Increased numbers of 
phagocytic cells in liver and spleen, partly 
through transformation of endothelial cells, 
h u t  also due to a proliferative stimulus ex- 
erted on existing reticuloendothelial cells are 
evident( 17). Liver and spleen of these ani- 
mals are markedly enlarged, mainly due to 
granuloma formation of phagocytic elements 
in both organs as well as to large numbers of 
pyroninophylic cells in the spleen. 

The observation of increased resistance to 
transplantable antigenic tumors folhwing 
B.C.G. infection(3-5) made i t  desirable to 
demonstrate similar accelerated rejection in 
transplant at  ion of homologous non-malignan t 
tissue. In unpublished experiments we have 
been unable to observe any macroscopic dif- 
ference in rejection time of homografted skin 
between B.C.G. treated recipients and can- 
t rds;  neither were microscopic differences 
evident. Normal survival times of such 
grafts are short (10 days), leaving little room 
for detection of minor curtailment in survival 
uf the grafts. A slower type of rejection 
seemed therefore a more desirable method of 
assay. 

Since the observation by Eichwald and 
Silmser( 18). that females of certain mouse 
strains consistently reject male isografts, it 
has been adequately demonstrated that such 
rejection is in response to a histocompatibility 
antigen associated with the Y chromosome 
and that the mechanism of rejection, although 
of a more chronic nature, is essentially simi- 
lar to that of homografts( 19). The ability of 
females to reject male tissue is genetically de- 
termined (20,2 1 ) . Consistent rejection (95%)  
of male isografts by C57BL femaIes, added 
to their high immunological reactivity in gen- 
eral, made this strain an ideal toal to reveal 
subtle differences in rejection time. 

Accelerated rejection of male skin isografts 
by B.C.G. infected female C57BL mice was 
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in fact demonstrated in the present study. 
Although endocrine or nutritional factors 
cannot completely be excluded, i t  appears 
most likely that alterations in the immune 
response following B.C.G. infection in some 
manner influence the homograft mechanism. 
Rejection of antigenic grafted tissue may con- 
veniently be divided into a number of phases 
( 16,22). This immunological process is be- 
lieved to begin with the passage of antigen 
to the regional lymph nodes and other 
lymphatic tissue such as the spleen. There i t  
is presumed to be recognized follo~wing phago- 
cytosis or by other means, and subsequently 
production of immunologically active lymph- 
oid cells occurs. After passage of these cells 
to the graft site, interaction with the trans- 
planted tissue takes place. The role of hu- 
moral antibody remains controversial in this 
process although it is known to be important 
in rejection of certain tumor grafts ( 2 3 ~ 4 ) .  
B .C.G. infection results in a greater number 
af functionally altered phagocytic cells and 
it exerts a proliferative stimulus on other cells 
of the reticuloendothelial system; it is there- 
fore conceivable that the phase of antigen 
recognition and degree of immunological re- 
sponse may be primarily influenced. In- 
creased speed of sensitization and more vigo- 
rous production of immunologically compe- 
tent cells might be essential factors in faster 
graft rejection mediated by B.C.G. 

Similar reasoning can probably be applied 
to the mechanism whereby tumor inhibition 
is noted following B.C.G. infection in mice. 
Certain differences in the behavior of the two 
systems, however, can be noted. Whereas 
male skin isografts were rejected at  an accel- 
erated rate following intracutaneous injection 
of B.C.G., growth of Sarcoma 180, trans- 
planted subcutaneously, was not influenced 
under similar circumstances. I n  contrast, in- 
travenous inoculation of B.C.G. does lead to 
more prompt rejection of both tumor and skin 
grafts. Another difference in behavior of the 
two systems was observed following splenec- 
tomy of animals intravenously infected with 
B.C.G. Splenectomy appeared to abolish the 
accelerated rejection o f  male skin by B.O.G. 
infected females but did not alter the in- 
creased resistance to transplanted Sarcoma 

180 following B.C.G. infection. The ability 
of tumors to override the heightened regional 
immune mechanisms induced by an intracu- 
tanmus injection af B.C.G., and the possible 
difference in imlportance of the spleen in re- 
jection of tumor and skin grafts, may account 
for the dissimilarities in behavior between the 
two tissues. 

Summary. Accelerated rejection of male 
skin isografts by B.C.G. infected female C57 
BL mice was demonstrated. Skin was gratfted 
2 weeks following intravenous or intracu- 
taneous injection of 1 mg B.C.G. This ac- 
celerated rejection was compared to previ- 
ously reported inhibition of tumor growth in 
B.C.G. infected mice. Whereas it is not 
known at what phase of the rejection mechan- 
ism B.C.G. exerts its influence, i t  now ap- 
pears likely that increased resistance to the 
grafted tissue is in both instances mediated 
by a heightened immune respanse. 
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\Ye have reported( 1 ) that hepatic trauma 
greatly augmented the take and growth oi 
experimentally induced hepatic metastases. 
The same results were obtained in adrenalec- 
tomized animals( 2) .  indicating to us that 
adrenocortical "stress" was probably not re- 
sponsible for this phenomenon. Recently we 
noted that the incidence of such tumors was 
markedly reduced in hypophysectomized ani- 
mals and that suppression of metastases ap- 
peared independent of the general somatic 
response to hypophysectomy or to deficiency 
of A('TH(3). This provoked the question 
as to whether or not the augmentory tumor 
response to trauma was eliminated in pitui- 
tary ablated animals or whether or not the 
suppressive tumor effect of hypophysectomy 
could be overcome by liver damage. The fol- 
lowing presents the effect of hepatic trauma 
upon artificially induced hepatic metastases 
in hypophysectolmized animals. 

Materials and methods. Adult female nor- 
mal and hypophysectomized Sprague-Dawley 
rats: weighing 175-200 g were used in all es- 
periments. They were maintained in individ- 
ual cages and permitted water ad tibitutit. 
Hypophysectomized animals were received in 
the laboratory 2 days after operation. Upon 
arrival both hypvphysectomized and control 

~~ 
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animals were placed on a diet of one-half 
ground Chow6 and one-half dog food11 with a 
daily supplement of fresh orange and raw 
carrot. Folbwing 8 days of ad libitum feed- 
ing, paired-feeding of normal controls to non- 
traumatized hypophysectomized animals was 
begun and maintained until sacrifice. The 
latter continued to eat ad libitum. After a 
week of such feeding, groups of normal con- 
trol animals, hypophysectomized control rats 
and pituitary ablated animals to be subjected 
to hepatic trauma were injected intraportally 
with Walker carcinoma cells. This tumor has 
been propagated in our laboratory for 4 
years. The method of tumor cell preparation 
and inoculation has been described (4) .  

All animals in these experiments were 
lightly anesthetized with ether, subjected to 
celiotomy, and injected intraportally via a 
large mesenteric vein with % ml of a saline- 
plasma solution containing 5,000 tumor cells. 
Experiments were devised so that control and 
experimental animals received injections of 
the same tumor cell preparation. Hepatic 
trauma, as previously reported ( 1 ) , was pro- 
duced by massage of the liver either 5 min- 
utes, 2 ,  7, or 14 days following injection of 
tumor cells, and animals were sacrificed 14 
days following the manipulation. Careful 
gross examination of livers for tumor was 

5 Purina. 
11 Ken-L-Ration. 


