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The discovery of the dissociation of immu- 
nologic responsiveness, exemplified in birds 
by the influence of the thymus on cellular 
immunity and the bursa of Fabricius on hu- 
moral immunity ( 1, 2 ) ,  has led to a search for 
the functional equivalent in mammals of the 
avian bursa. As a result, lymphoepithelial 
structures of the intestinal tract, such as the 
appendix, sacculus rotundus, and Peyer’s 
patches, have been implicated as tissues influ- 
encing humoral immunocompetence. This 
designation has been based in part on mor- 
phological and developmental similarities be- 
tween the appendix of the rabbit and the 
avian bursa ( 3 ) ,  and partly on the effects of 
extirpation of gut-associated lymphoid tissues 
on immunocompetence. While appendecto- 
my in the adult rabbit does not affect anti- 
body formation (4, s ) ,  removal of this organ 
together with Peyer’s patches and the saccu- 
lus rotundus, especially a t  a very early age or 
in conjunction with total-body X-irradiation, 
is followed by depressed antibody formation 
against a variety of antigens (6-8). The IgM 
antibody response appears to be particularly 
sensi tive to these procedures, while cellular 
immunity remains unaffected (6, 7, 9, 10). 

I t  is well established that in the mouse 
humoral responsiveness to certain antigens, 
particularly sheep erythrocytes (SRBC), as 
well as cellular immunity, are influenced by 
the thymus ( 11). Law ( 12)  reported that the 
response to SRBC could be restored in thy- 
mectomized mice by xenogeneic (rat  or ham- 
ster) thymus grafts. This observation prompt- 
ed the present study on the effects of 
implanted rabbit appendix, as well as thy- 
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mus, on the-antibody response in thymecto- 
mized mice. CBA mice, after thymectomy a t  
birth, received several weeks later, appendix 
or thymus tissue from neonatal New Zealand 
white rabbits. The hemolysin responses to 
SRBC were followed in the recipients for 10 
days and compared with responses in intact 
and thymectomized mice. 

Materials and Methods. Surgery and graft- 
i q .  CBA/J mice were purchased from the 
Jackson Laboratory, Bar Harbor, Maine, and 
were bred in our animal facility. Within 18 
hr after birth, their litters were thymecto- 
mized according to the method of Sjodin and 
associates (13).  Control surgery consisted of 
the same procedure except that the thymus 
was left intact. 

At an average age of 3 weeks, the thymec- 
tomized mice received thymus or appendix 
grafts from neonatal New Zealand white rab- 
bits. These donors were obtained from does 
which were bred a t  Camm Research Insti- 
tute, Wayne, New Jersey, and which littered 
in our animal facility. Healthy appearing 
members of each litter were chosen as donors 
within 24 hr after birth. Under ether anes- 
thesia, the thymus and appendix were re- 
moved and rinsed in cold saline. Each organ 
was finely minced in 0.2 ml of saline, and the 
tissue suspension was injected immediately 
into the recipient mice. Each mouse received, 
either subcutaneously into the nuchal region 
or intraperitoneally, the tissue suspension 
prepared from one whole thymus or appendix 
(av wt, 87 and 31 mg, respectively). An 
effort was made to have approximately equal 
numbers of thymus-grafted, appendix- 
grafted, and control mice in each litter. 
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TABLE I. Peak Serum Titers of Antisheep Erythrocyte Hemolysin in Thymectomized Mice 
Bearing Implants of Thymus or Appendix from Neonatal Rabbits. 

Mean peak titer" 

Group Treatment Log10 Arithmetic No. of mice 

I Control (sham surgery) 2.862 2 0.3G3b 1000 10  

I11 + thymus implant 1.745 0.193 96 4 
I V  + appendix implant 2.498 & 0.117 379 5 

I1 Thymectomy 1.918 & 0.112 69 6 

~ ~~~~~~ ~ 

a 50T0 hemolysin units/ml of serum. 
These means & standard errors werc used for statistical comparisons shown in Fig. 1. 

Antigen injection and seyum titration. 
When the recipients were 4 to 6 weeks of 
age, they were injected with a 20% saline 
suspension of washed SRBC, standardized as 
described in Campbell et al. (14).  Each 
mouse received intraperitoneally 0.2 ml of 
the suspension, equivalent to a dose of 6.4 x 
1 O8 cells. (During subsequent statistical anal- 
yses of serum titers, the 4- and 6-week-old ani- 
mals were pooled, since their numbers were 
too small for separate statistical evaluation). 

Blood samples were obtained by orbital 
puncture just prior to antigen injection; and 
afterwards, every second day for 10 days. 
Individual serums were titrated for antisheep 
isophile hemolysins according to the method 
of Taliaferro and Taliaferro ( 15) ,  modified 
by Chapman and Sussdorf (16). In  this as- 
say, a hemolysin unit is defined as the recip- 
rocal of that milliliter fraction of serum 
which lyses 50% of 1.7 X lo7 SRBC in the 
presence of an excess of guinea pig comple- 
ment (four 50% units), a t  37", in 30 min, in 
a reaction volume of 2.5 ml. 

Serum titers were plotted semilogari thmi- 
cally against time for individual mice and 
peak titers were obtained from visually fitted 
response curves. Mean arithmetic and log 
peak titers were calculated for each of the 
experimental groups of animals listed in Ta- 
ble I. Mean log peak titers were compared by 
Student's t test. The curves in Fig. 1 were 
obtained by plotting means of individual 

mectomized mice, the retrosternal area was 
examined grossly and microscopically by seri- 
al sectioning. Animals bearing detectable thy- 
mus remnants were excluded from statistical 
evaluations. 

Results and Discussion. As shown in Table 
I and Fig. 1, thymectomy clearly had a 
depressing effect on the hemolysin response. 
The mean peak titer in the thymectomized 
animals (group 11) was approximately one- 
fifteenth of that in the surgical controls 
(group I). This titer reduction of about 1 log 
unit is within the range reported by others 
for CBA mice (17). Depression of peak titer 
remained essentially unchanged when thy- 
mectomy was followed by the implantation of 
rabbit thymus (group 111). On the other 
hand, grafting of the appendix (group IV) 
resulted in antibody responses which were 
significantly higher than those of groups I1 
and I11 ( p  = .01 in both cases). A compari- 
son of mean log peak titers in groups I, 11, 
and IV indicates that implantation of the 
appendix restored 6 1 % of the titer depression 
caused by thymectomy. Although the peak 
titers in groups I and IV did not differ a t  the 
5 % level, the difference approached signifi- 
cance ( p  = .07). 

Grafting of thymus and especially of ap- 
pendix tissue into thymectomized mice re- 
duced the percentage of animals showing 
symptoms of wasting disease. Thus, wasting 
was observed in 6/9l (67%) of the animals 

titers in each experimental group. following thymectomy alone and in 2/6 
Histo'ogica' evaluations. mice were 1 Several of the wasting animals died before the 

killed and autopsied at  the end of the experi- end of the exlperimental period. Since such animals 
mental Period. Spleens and mesenteric lymph were not used for statistical analyses, the group sizes 
nodes were prepared for histological exami- given in connection with the incidence of wast- 
nation by hematoxylin-eosin staining. In  thy- ing disease are larger than those listed in Table I. 
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FIG. 1. Hemolysin titers against sheep erythrocytes in thymectomized CBA mice bearing implants 
of neonatal rabbit thymus or appendix, and in sham-operated and thymectomized controls. 
Each curve represents 4-10 animals. Brackets on the right indicate groups which were compared 
statistically, with probabilities obtained by t tests on log peak titers. 

(33 o/o) of the thymectomized, thymus-grafted 
mice. None of the 5 animals in the thymec- 
tomized, appendix-grafted group appeared to 
suffer from wasting symptoms. 

A relationship was also observed between 
grafting, serum antibody response, and cellu- 
lar composition of the splenic white pulp in 
the thymectomized mice. Figure 2 illustrates 
differences in splenic cellularity of the periar- 
teriolar zone in the white pulp of the spleen 2 
weeks after the injection of SRBC into a 
thymectomized mouse grafted with thymus 
( A ) ,  and into a thymectomized mouse graft- 
ed with appendix (B).  

The animal represented in Fig. 2A had a 
greatly depressed peak titer of 15 hemolysin 
units/ml. The region immediately surround- 
ing the central arteriole is depleted of small 
lymphocytes to the extent that reticular cells 
and scattered macrophages have become the 
prominent cell types. This characteristic de- 
pletion of the splenic thymus-dependent ar- 
eas by thymectomy (18, 19) apparently was 
not counteracted by implantation of rabbit 
thymus tissue. 

In  contrast, as shown in Fig. 2B, periar- 
terial cellulari ty approaching normal density 
was observed after thymectomy and appendix 
grafting. (The animal represented in Fig. 2B 
had a peak serum titer of 350 hemolysin 
units/ml). The area adjacent to the central 
arteriole is populated with small and medi- 
um-sized lymphocytes, and blast cells are 
scattered throughout the remainder of the 
follicle. A small, active germinal center is 
located to the left of the arteriole, and clus- 
ters of immature plasma cells can be seen in 
the transitional zone to the right. Recently 
Harrison (20) described a similar repopula- 
tion of the splenic thymus-dependent area in 
thymectomized mice which had received in- 
traperitoneal implants of palatine tonsils 
from perinatal rabbits. 

The data and observations cited above lead 
to the conclusion that the implanted appen- 
diceal tissue influenced, across a xenogeneic 
barrier, the cellular composition of the host 
peripheral lymphoid organs and their respon- 
siveness to SRBC anti'gen. Restoration proba- 
bly was not due to nonspecific stimulation by 
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FIG. 2. Periarteriolar region of splenic white pulp in neonatally thymectomized mice following 
implantation of rabbit thymus (A) ; or appendix (B) ; and injection of sheep erythrocytes. See text 
for details and discussion; 187X. 

a foreign, eventually necrotizing tissue, be- appendix is devoid of lymphoid elements 
cause transplantation of the rabbit thymus, and contains epithelial-reticular elements 
done under identical conditions and involving only (3 ,  2 1 ) . Therefore, the transplanted ap- 
a tissue mass larger than the appendix, pendix may have produced its restorative 
failed to stimulate the antibody response. effect via a humoral factor elaborated by its 

Although the rabbit thymus is well popu- epithelial cell constitutents, rather than by 
lated with lymphocytes at birth, the neonatal populating the recipient animal with compe- 
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tent cells. None of the subcutaneously im- 
planted tissue was microscopically detectable 
at the end of the experimental period. Other 
investigators (12, 22) have reported immuno- 
logic restoration despite eventual resorption 
of transplants after grafting of xenogeneic 
(rat or hamster) thymus into neonatally 
thymectomized mice and of allogeneic thy- 
mus into mice thymectomized as adults. 

Even though the thymus appears to play a 
role in the antibody-forming capacity of the 
rabbit (23-25), and evidence for the presence 
of a thymic humoral factor in rabbits has 
been reported, implantation of this organ into 
thymectomized mice did not restore anti- 
body formation. No satisfactory explanation 
can be offered for this failure. The advanced 
state of development of the rabbit thymus a t  
birth ( 3 ) ,  and presumably very early onset 
of thymic immunologic function, may indi- 
cate that humoral activity in this organ peaks 
during the prenatal period and was too low 
to be restorative a t  the time the thymus 
transfer was done. 

Summary. Since the isophile hemolysin re- 
sponse to sheep red blood cells (SRBC) is 
depressed in thymectomized mice, the effect 
on the response was studied by implanting 
the appendix of neonatal, New Zealand white 
rabbits into young, neonatally thymecto- 
mized CBA mice prior to the injection of 
SRBC. The neonatal appendix, containing 
only epithelial-reticular elements and no lym- 
phoid cells, restored 61% of the reduction of 
the peak hemolysin titer caused by thymecto- 
my, whereas the rabbit thymus was ineffec- 
tive under similar conditions. The  appendix, 
but not the thymus, also led to a repopula- 
tion of the periarteriolar region of the white 
pulp of the spleen of the experimental mice. 
These data indicate that the neonatal rabbit 
appendix is capable of partially restoring he- 
molysin-forming capacity across xenogeneic 
barriers, possibly by the elaboration of a hu- 
moral factor, and support the suggestion that 
the appendix may represent, in part, the 
mammalian immunologic equivalent of the 
avian bursa of Fabricius. 

My thanks to Mrs. B. S. Joh for her excellent 
technical assistance. 
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