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It is now well documented that induction
of tolerance to tissue homografts can be
achieved in adult mice by administration of
an effective dose of viable splenic cells syn-
geneic with those of the skin donor (1-8).
Previous experiments from this laboratory
(9) demonstrated that a dose of splenic cells
ineffective in inducing tolerance in adult mice
can be rendered effective if the recipients
are deficient in pyridoxine at the time of
administration. In these experiments we util-
ized male mice of the CBA/J strain as re-
cipients and male mice of the C3H/He]
strain as splenic cell and skin donors. In all
cases, skin was grafted while the host animals
were receiving an adequate control diet. In
the present investigation we have conducted
similar experiments on the induction of im-
mune tolerance in C57B1/6] female mice to
C57B1/6] male skin isografts in order to
ascertain in a more quantitative fashion the
effect of a pyridoxine deficiency upon the
dosage of splenic cells required. In this sex-
linked histocompatibility system, a male
skin isograft transplanted to a female be-
haves like a homograft and is rejected (10).
Many experiments have substantiated the
conclusion that the mechanism of this incom-
patibility resides in a Y-chromosome linkage
of a male antigen foreign to the female
(11-14).

Materials and Methods. Male and female
mice of the C57B1/6] strain, 4-5 weeks of
age, were obtained from the Roscoe B.
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F1c. 1. Experimental design; DBs refers to de-
oxypyridoxine.

Jackson Memorial Laboratory. Compositions
of the purified control and pyridoxine-
deficient diets, preparation and method of
injection of the pyridoxine antagonist,
deoxypyridoxine, preparation and counting of
the splenic cells, and skin grafting proce-
dures have been described in detail in a
previous publication (9). Female mice, em-
ployed as recipients of both splenic cells and
skin grafts, were fed the purified diets where-
as males, serving as donors of both splenic
cells and skin grafts, received a commercial
stock diet.® Splenic cells were administered
intraperitoneally in a single injection.
Experimental Methods and Results. The
experimental design of the present study is
shown in Fig. 1. Female control mice were
fed the purified complete diet throughout the
experiment and were grafted with skin of
male mice at the indicated time (day 47).
Three control groups received graded
amounts of splenic cells derived from male
donors on day 28 (Table I). The pyridoxine-
deficient groups comprised of female mice
were treated as follows. After a 2-week period
during which the purified control diet was
consumed, the animals were fed the pyridox-

3 Purina laboratory chow, Ralston Purina Compa-
ny, St. Louis.
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TABLE I. Induction of Immune Tolerance in C57Bl/6J Females to C57B1/6J Male Skin Iso-
grafts with Splenic Cells from C57B1/6J Male Mice.

No. of tolerant
Dose of splenie eells animals/no. Immune tolerance

Group (no. of cells/animal) grafted (%)
Controls None 0/38 0
Pyridoxine deficient None 1/25 4
Controls 5 X107 6/13 46
Pyridoxine deficient 5 X 107 25/25 100
Controls 2.5 X 107 5/14 36
Pyridoxine deficient 2.5 X 107 20/22 91
Controls 1 X 107 2/20 10
Pyridoxine deficient 1 X107 20/24 84

ine-deficient diet and given daily intraperi-
toneal injections of 100 pg of deoxypyridox-
ine/100 g of body weight for 3 weeks. Splen-
ic cells derived from male donors were ad-
ministered in graded amounts to three groups
(Table I) on day 28. One week later,
deoxypyridoxine treatment was discontinued
and the animals resumed consumption of the
purified control diet for the remainder of the
experiment. Growth response was immediate
and 12 days later (day 47) each mouse re-
ceived a skin graft from a male donor. Growth
and general appearance of the animals as-
sumed the normal characteristics of mice fed
the commercial stock diet.

Experimental results are presented in Ta-
ble I. Animals were considered tolerant if
their graft was in excellent condition 12
weeks postgrafting. Most of these grafts re-
mained in excellent condition as long as 1
year postgrafting. Appearance of representa-
tive surviving grafts is shown in Fig. 2. It is
evident that a very high percentage of
tolerance (84-100%) was achieved in the py-
ridoxine-deficient groups with doses of splenic
cells ranging from 1 X 107-5 X 107 where-
as comparable doses of splenic cells in con-
trol animals produced a degree of tolerance
ranging from 10-46%.

Discussion. Data presented in this paper
clearly indicate that the dose of splenic cells
required for induction of immune tolerance
in C57B1/6] female mice to male C57B1/6]
skin isografts can be markedly reduced—at
least fivefold—if the splenic cells are admin-
istered to the recipient C57B1/6] female

mice while they are in a state of pyridoxine
deficiency. It should be noted that the graft-
ing procedure was performed after recovery
with pyridoxine therapy and that the graft
recipients continued to receive a complete
diet providing adequate nutrition for the dur-
ation of the experiment. This observation
bears particular relevance to the clinical as-
pects of the homotransplantation problem. If
induction of immune tolerance is to be con-
sidered as a method for preventing rejection
of homografts, it is very important to develop
methods for the ready induction of such
tolerance. Utilization of a pyridoxine defici-
ency in the manner described merits clinical
attention since a readily reversible pyridox-
ine-deficient state can be produced in hu-
mans with the pyridoxine antagonist, de-
oxypyridoxine. Furthermore, the possibility
exists that the effectiveness of various immu-
nosuppressive agents, e.g., actinomycin D,
mitomycin C, 6-mercaptopurine, methotrex-
ate, or X-irradiation could be enhanced by a
concurrent pyridoxine-deficiency state.

The mechanism of induction of immune
tolerance in these experiments remains a mat-
ter of speculation. The deleterious effects of a
pyridoxine deficiency upon immune pheno-
mena are very possibly related to the obser-
vation that this deficiency impairs nucleic
acid synthesis (15, 16), decreases protein bi-
osynthesis (17), and prohibits cellular prolif-
eration subsequent to an antigenic stimulus
(18). A combination of these effects could
produce an impairment of immune response
of the host against donor splenic cells leading
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Fic. 2. Surviving grafts in C57B1/6] female mice treated with C57B1/6] male, splenic cells while
in a state of pyridoxine deficiency and grafted with skin of C57B1/6]J male mice subsequent to
pyridoxine therapy.

to increased survival of such cells in the host
with subsequent prolonged exposure of the
host to donor antigens. This postulated abili-
ty of a pyridoxine deficiency to facilitate
induction of a cellular chimeric state is anal-
ogous to a comparable effect of X-irradiation
operating, perhaps, through a similar mecha-
nism (4, 19-21).

Numerous authors have expressed the view
that production of immune tolerance may be
related to the capacity of donor antigens to
overwhelm the immunological capacity of the
host (21-25). In accordance with this con-
cept, a diminution in the immunological po-
tential of the host would reduce the dose of
cells required to develop a tolerant state.
Results of our experiments are consonant
with this viewpoint.

Summary. A very high degree of immune
tolerance of C57B1/6] female mice to skin

grafts from CS57B1/6] male mice has been
achieved by injection of splenic cells derived
from skin donors into prospective recipients
while they are in a state of pyridoxine defi-
ciency. Equal numbers of splenic cells are
much less effective in the production of im-
mune tolerance when injected into control
animals than when administered to pyri-
doxine-deficient recipients.
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