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Survival of Skin Homografts in Adult Mice After Combined
Thymectomy-Splenectomy and Steroid Therapy.* (29864)

Heinz O. ZUNKER AND HENRY A. Azar (Introduced by H. C. Stoerk)
Department of Pathology, Columbia University College of Physicians and Surgeons, and
Francis Delafield Hospital, New York City

The postulated role of the thymus in the
development of immune functions(1,2) may
not be strictly limited to the neonatal period
since skin homotransplantation across weak
histocompatibility barriers was observed in
mice thymectomized at 30 days of age(2).
Furthermore, mice thymectomized at 2
months of age and given lethal doses of irradi-
ation and syngeneic (isologous) bone marrow
therapy failed to reject skin homografts and
to produce a primary or secondary response
to sheep erythrocytes(3). Splenectomy(4)
and regional lymphadenectomy(5) appear to
have little or no effect on the behavior of
skin homografts. The effect of corticosteroids
and other steroid hormones on various im-
mune functions, including transplantation im-
munity, has been extensively studied(6,7,8).

In 3-month-old CzH mice combined thy-
mectomy and splenectomy resulted in an
appreciable impairment of the expected rise
of serum y-globulin concentration following
intraperitoneal administration of horse serum
(9). This led us to investigate the effect of
combined thymectomy and splenectomy on
the behavior of skin homografts. Hydro-
cortisone or testosterone were also used in
this work to supplement the effect of the
combined operation and because of the re-
ported thymus-suppressive action of these
two components and of the adrenal cortex
and testis(10,11).

Materials and methods. Awnimals were 3-
month-old C;H/HeJ mice of both sexes.t
Half of the animals were sham-operated; the
remainder underwent combined thymectomy
and splenectomy. Both sham-operated and
thymectomized-splenectomized animals were

*This investigation was supported by USPHS
Training Grant 5 TI GM 865-03 and Grant AM
05418-04.

t These and donor animals were obtained from
the Roscoe B. Jackson Memorial Laboratory, Bar
Harbor, Me.

sub-divided into untreated, hydrocortisone
and testosterone-treated groups. Animals in
each group were either subjected to skin
grafting or were injected intraperitoneally
with standard antigens.

Thymectory and splenectomy were per-
formed on the same mice under intraperi-
toneal Nembutal anesthesia and in immedi-
ate succession. The overall operative mor-
tality rate was about 15%. Sham-operations
consisted in exploring the thymus and spleen
regions through upper sternal and left flank
incisions.

Steroid therapy. Hydrocortisone, 1 mg or
testosterone, 2 mg, suspended in Tween 80,
were administered subcutaneously daily from
the 3rd post-operative day for 10 days after
which the mice were either grafted or im-
munized. The injections were continued at
intervals of 2 days and until the grafts were
rejected or immune blood samples were with-
drawn. After rejection of their first graft,
the animals were left untreated for 3 months
and then subjected to another course of
hydrocortisone or testosterone followed by
a second grafting procedure. Mice left un-
treated with steroids received 0.1 ml injec-
tions of the Tween 80 vehicle. All animals
were given oxytetracycline-HCl (Tetracy-
cline) in drinking water.

Skin grafting. Full-thickness “pinch” skin
grafts were performed according to the meth-
od of Billingham, The graft was first exam-
ined at 7 days and its survival estimated
from gross appearance. Two separate pro-
cedures were carried out: (1) Ist grafting
following initial course of steroids—donors
were CE/] or SWR/J mice; (2) Znd graft-
ing of same recipients after 2nd course of
steroids with otk CE/] and SWR/J homo-
transplants. Thus, during the 2nd grafting
procedure animals were subjected simultane-
ously to a new graft as well as a graft against
which they had been previously sensitized.
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TABLE I.
——1st grafting® N ¢ 2nd graftingt——M ———
Skin Skin Skin
homograft homograft homograft
survival survival survival
Treatment No. sur- Donor avg days  No.sur- Donor avgdays Donor avgdays
C;H/HeJ mice vivors strain (range) vivors strain (range) strain (range)
1. Control 5 CE/J  11( 9-12) 5 CE/J 7( 7- 8) SWR/J 9( 8-10)
(sham operated) 4 SWR/J  10( 811) 3 Idem died Idem died
2. Hydrocortisone 6 CE/J  14(13-15) 4 ” 10( 9-10) ” 12(10-12)
5 SWR/J 12(10-13) 5 ” 9( 8-10) ” 11(11-13)
3. Testosterone 5 CE/J  11(10-13) 2 ” 7( 7&7) ” 8( 7&8)
4 SWR/J  11(10-12) 3 ” 9( 9-10) ” 6( 6-7)
4. Thymectomy— 7 CE/J 12(11-12) 5 ” 10( 9-12) ” 12(11-14)
Splenectomy 6 SWR/J  11( 9-12) 4 ” 13(13-15) ” 10( 9-11)
5. Thymectomy— 9 CE/J  11(11-12) 4 7 18(16-18) ” 18(17-18)
Splenectomy with 8  SWR/J  12(10-13) 5 ” 20(19-22) ” 16(15-17)
hydrocortisone
6. Thymectomy— 7 CE/J  11(11-12) 6 ” 10( 8-12) ” 10( 9-12)
Splenectomy with 6 SWR/J  10( 9-11) 3 ” died ” died
testosterone

* Animals received only one type of skin homograft (CE/J or SWR/J).
t Each animal received both types of skin homografts (CE/J and SWR/J).

C;H and SWR mice have different H,
(strong) histocompatibility —genetic loci
whereas C3H and CE strains share the same
H, locus but differ at other loci. It has
therefore been possible to study homograft
survival across both strong (Hz) and weak
histocompatibility barriers(12).

Blood studies. Absolute and differential
white cell counts were performed on tail
blood on mice immediately after the com-
plete rejection of their first skin transplants.

Immunization. Animals which were not
submitted - to grafting received 3 successive
0.5 cc intraperitoneal injections of a 10%
saline mixture of horse serum, bovine serum,
albumin, human immune globulin and human
serum albumin given at 3-day intervals. Ani-
mals were sacrificed 3 weeks from initial in-
jection of antigens. Blood samples were ob-
tained before immunization and at autopsy.
Pooled sera were used for total protein de-
termination, paper electrophoretic and im-
munoelectrophoretic analysis, and to test for
precipitin antibody reaction on Quchterlony
agar plates. Precipitin titers were obtained
only against serial dilutions of human serum
albumin,

Results. The majority of CzH mice ap-
peared healthy and gained weight at the con-
clusion of experiment. Thymectomized-splen-

ectomized male mice which were treated with
testosterone became slightly wasted and lost
their vigor. Female mice withstood testos-
terone therapy without any apparent effect
on weight., Hydrocortisone was well toler-
ated by both sexes.

Homograft survival. The survival time of
skin transplants from SWR and CE donors
to CsH/He recipients is recorded in Table I.
After the first grafting, average homograft
survival time in all groups ranged from 10
to 14 days. There were no significant dif-
ferences in graft survival among the 6 treated
groups. As expected, CE transplants sur-
vived slightly longer than groups from SWR
donors. After the second grafting, average
graft survival time was approximately the
same as or shorter than after the first graft-
ing with the notable exception of grafts on
thymectomized-splenectomized mice treated
with hydrocortisone. In this group, graft sur-
vival time was significantly prolonged (16
to 20 days) even in animals that had been
previously sensitized to CE or SWR skin.

Lymphocyte count. As shown in Table II,
on sham-operated mice, hydrocortisone ther-
apy was associated with a slight drop in num-
ber of circulating lymphocytes whereas tes-
tosterone-treated mice showed a slightly ele-
vated lymphocyte count. A significant in-
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TABLE II.
——Serum ~-globulin g% t—
No. Lymphocytes/ Pre- Post-
Treatment mice* cumm =+ 8.6, immunization immunization
1. Control (sham operated) 8 7,862 + 711 .58 93 1.
2. Hydrocortisone 10 6,815 + 736 49 .59 2.
3. Testosterone 9 10,905 + 1,708 37 64 3.
4. Thymeetomy—splenectony 11 12,650 = 1,279 .54 .68 4,
5. Thymectomy—splenectomy 13 12,038 +- 3,552 .55 37 5.
with hydroeortisone
6. Thymeetomy—splenectomy 8 12,456 += 666 28 .38 6.
with testosterone
* No. of mice on which lymphocyte count was done after complete rejection of st skin
homograft,

t Values obtained on pooled sera of non-grafted mice immunized with antigen mixture,

crease in number of circulating lymphocytes
above that of sham-operated animals was ob-
served in all thymectomized-splenectomized
mice.

Serum electrophoretic analyses are also re-
corded in Table II. Pre-immunization levels
of serum y-globulin ranged between 0.28 to
0.58 g%, however, the lowest levels were in
testosterone-treated groups which included a
high proportion of weak and slightly wasted
male animals. Combined thymectomy-splen-
ectomy or hydrocortisone did not appear to
affect significantly pre-immunization y-globu-
lin values. The anticipated post-immuniza-
tion rise of serum vy-globulin was considerably
impaired in animals which underwent com-
bined thymectomy-splenectomy or which were
treated with hydrocortisone. In the group of
thymectomized-splenectomized mice treated
with hydrocortisone, post-immunization level
of serum y-globulin was 0.37 g% as com-
pared to a pre-immunization level of 0.55
g%. This marked depression of y-2 com-
ponent of the immunoglobulins in thymecto-
mized-splenectomized and in hydrocortisone-
treated mice was likewise shown on immuno-
electrophoresis.

Precipitin antibody reactions. Sera of im-
munized mice of all groups when reacted
against each one of the 4 antigens used in
the experiment showed a distinct and strong
precipitin line on double-diffusion Quchter-
lony agar plates. Immune mice sera reacted
against human albumin to dilutions ranging
from 1:100 to 1:400, however, the highest
titers were observed among sham-operated,
thymectomized-splenectomized as well as
hydrocortisone-treated mice.

Discussion. In adult subjects, alterations
of host factors in an effort to prolong sur-
vival or achieve lasting tolerance of homo-
grafts have in the past either met with fail-
ure or have seriously endangered the host
(13). Recent experiments in neonatally thy-
mectomized rodents(1,2) and in thymecto-
mized young adults subject to lethal total
body irradiation and protected with isologous
bone-marrow(3) have offered a new approach
in transplantation immunity. Presently pre-
vailing concepts of the primary role of the
thymus in immunity need to perhaps be re-
evaluated in view of newer data suggesting
that the apparent immunological deficiency of
neonatally thymectomized rodents may be at
least partly an expression of immunological
preoccupation with intercurrent infections
(14). Wilson et al(15) have also reported
that the incidence of the wasting syndrome,
one of the hallmarks of the neonatally thy-
mectomized state in certain strains of mice,
is markedly decreased in germ-free animals
and increases after bacterial contamination.
Past the neonatal period, thymectomy alone
fails to achieve any striking delay in homo-
graft rejection with the possible exception
of Miller’s experiments in which lethal total
body irradiation had to be resorted to(3).
Children who were subjected to full-thickness
skin homografts on the day of thymectomy
done during the course of corrective heart
surgery failed to show any appreciable delay
in graft rejection(16).

It is clear from our data that combined
thymectomy-splenectomy or steroid therapy
did not appreciably affect the fate of skin
homotransplants. Combined thymectomy-
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splenectomy supplemented with hydrocorti-
sone injections resulted in only a modest but
significant delay in homograft rejection after
the second transplantation. Combined thy-
mectomy-splenectomy, steroid therapy or
both were effective in reducing the antici-
pated rise of y-globulin, particularly y-2, in
response to injection of antigens. This reduc-
tion of y-globulin was not, however, corrobo-
rated with an effective suppression of pre-
cipitin antibody formation or homograft re-
jection.

The paradoxical rise in number of circu-
lating lymphocytes in animals subjected to
combined thymectomy-splenectomy needs to
be explained. In our experience, thymectomy
in young adult C;H mice leads to a reduction
of about I3 of the total number of cir-
culating lymphocytes whereas splenectomy is
associated with both total leucocytosis and
lymphocytosis(17). It is assumed that in
the combined thymectomized-splenectomized
state, the effects of splenectomy take prece-
dence over those of thymectomy.

Summary. In young adult CzH mice com-
bined thymectomy-splenectomy with or with-
out hydrocortisone and testosterone therapy
failed in general to affect the fate of skin
homografts from CE/J and SWR/] donors.
A significant but modest delay in “second-
set” graft rejection was achieved by com-
bined thymectomy-splenectomy supplemented
with hydrocortisone injections. Likewise, fol-
lowing the intraperitoneal injections of sev-
eral antigens, animals which had undergone
combined thymectomy and splenectomy and/
or had been treated with hydrocortisone or
testosterone showed a significant impairment
in the anticipated rise of serum y2-globulin
without, however, showing any appreciable
suppression of precipitin antibody response.

HoMOGRAFTS IN THYMECTOMIZED-SPLENECTOMIZED MICE

These findings underline the difficulty of
effectively suppressing homograft rejection
and humoral antibody formation in adult
mice in spite of ablation of 2 major lymphoid
organs and intensive steroid therapy.

We are indebted to Miss Julia Williams for valu-
able technical assistance.
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