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by Medawar and colleagues in their
tolerance experiments in neonatal
animals. This acquired state of
tolerance associated with a state of
lymphoid cell chimerism was seen
in all the thymectomized mice
which received both ALS and a
cell infusion.

Since hybrid donor lymphoid
cells would never be available in
clinical situations, attempts were
made to reproduce the above ex-
periment using non-hybrid (homo-
zygous) allogeneic lymphoid cells.
Severe GVH reactions resulted
when high doses (300 x 10%) of
cells were used. To avoid the GVH
reaction, we used allogeneic histo-
compatibility antigens in a cell-free
form from the supernatant of

mechanically disrupted spleen cells
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(Monaco, Wood and Russell,
1965b) of the skin graft donor.
The addition of this cell-free anti-
gen (CFA) to a course of ALS in-
creased the prolongation of skin al-
lografts slightly over that achieved
with ALS alone. The addition of
CFA to a course of ALS in adult-
thymectomized mice almost dou-
bled skin allograft survival as com-
pared to that in ALS-treated
thymectomized mice (Abbott,
Monaco and Russell, 1969). Of
major importance was the finding
that third-party grafts were rejected
relatively normally in the thymec-
tomized animals receiving ALS and
CFA, and, therefore, the prolonged
survival of the original allograft
was a form of specific acquired tol-
erance in the adult.

The tolerance induced with CFA
in such lymphocyte-depleted ani-
mals may be long lasting but is not
permanent. Furthermore, the num-
ber of animals in any group show-
ing a great degree of tolerance is
less than when replicating lymphoid
cells are used as the donor antigen.
Presumably this results from a re-
generation or increase in the num-
ber of immunologically competent
cells which can, again, react to the
foreign antigen. Since these cells
are probably thymus-dependent, as
we indicated earlier in this article,
one may justifiably question the
reappearance of immunocompetent
cells in an ALS-treated thymectom-
ized mouse. It is probable that a
small number of immunologically
competent cells can regenerate from

Fig. 2—A. An adult-thymectomized A/Jax mouse which received ALS for seven days followed by 300 x 106 C3H/He lym-
phoid cells, as in Figure 1. The mouse bears a C3H/He graft in perfect condition for 100 days.
B. The same mouse bearing the same first C3H/He graft as well as a second C3H/He graft on day 150.

C. A similar adult-thymectomized, ALS-treated, cell-infused mouse bearing a perfect C3H/He graft over 100 days but

simultaneously rejecting a third-party C57B1/6J skin allograft—i.e., indicating specific tolerance.
D. The mouse visualized in B after infusion with normal syngeneic A/Jax lymphoid cells, showing rejection of previ-
ously well-tolerated C3H/He grafts—i.e., the abolition of specific tolerance.
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the bone marrow in the absence of
the thymus. Another possibility is
that residual stem cells in the pe-
ripheral lymphoid system (lymph
nodes, Peyer’s patches, etc.) may
differentiate to immunologically
competent cells under the influence
of a thymic humoral factor which
persists in such tissues after thy-
mectomy. It may be possible to
circumvent this regeneration by the
addition of small doses of immu-
nosuppressive agents (perhaps in
association with specific antigen) to
prevent the regeneration of new
immunocompetent cells. Appar-
ently, when a chimeric state is
established, regeneration of com-
petent cells and loss of the tolerant
state is delayed or prevented by
persisting donor antigen in the
form of chimeric lymphoid cells.
Until recently we were unable
to induce any form of specific tol-
erance in the non-thymectomized,
ALS-treated adult mice. On the
contrary, we found that such ani-
mals were sensitized after infusion
with allogeneic F, hybrid lymphoid
cells. These seemingly incompatible
results may be explained by Mitchi-
son’s (1965) elegant demonstration
that the antigen dose frequently
determines whether tolerance or
sensitization results from antigen
introduction. This investigator
showed that tolerance to bovine
serum albumin in mice resulted
when the protein was administered
in two dose zones, i.e., in high and
low ranges. Doses in other ranges
either produced sensitization or no
effect. The concept of high zone and
low zone tolerance was thus intro-
duced. We tested the effects of vari-
ous doses (0.01, 0.1, 1.0, 10 and
100 X 10%) of homozygous allo-
geneic C3H/He lymphoid cells in
five groups of ALS-pretreated (non-
thymectomized) A/Jax mice. Con-
trols received ALS but no cells.
Figure 3 shows the survival curves
of the test allografts in the various
groups. C3H/He skin allografts sur-
vived longest in A/Jax mice which
received 10 x 1068 cells, thus indicat-
ing a potentiation of ALS immuno-
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Fig. 3—Survival curves of C3H/He skin allografts on ALS-treated A/Jax mice
infused with various doses of C3H/He allogeneic, non-F; hybrid lymphoid cells.

(Monaco, in press, 1969.)

suppression by cell infusion, i.e.,
partial tolerance. The grafts in the
groups receiving 0.1 X 10¢ or 100
X 10¢ had a shorter survival time
than the ALS controls, indicating
a partial sensitization by this dose
of cell infusion. Mice receiving .01
X 108 or 1 X 108 cells rejected
their grafts at the same time as the
controls treated with ALS alone,
showing that there was no effect of
doses of cells in these ranges. These
observations in ALS-treated mice
receiving cell infusions are analo-
gous to those of Mitchison on vari-
ous protein antigens in which the
resulting reactions of sensitization
and/or tolerance are probably de-
pendent on the dose of antigen
utilized. Of importance in these
experiments, from the point of view
of potential clinical application, was
the observation that in these lower

dose ranges where partial tolerance
resulted, there was little if any ob-
served GVH reaction.

Lance and Medawar (1969), in
a similar experiment, have em-
phasized the effect of the timing of
injections of cells on the probability
of their potentiating or sensitizing
the recipient of the graft. Further-
more, these investigators demon-
strated that GVH reactions can be
avoided by using cells with de-
creased immune competence, i.e.,
thymocytes, bone marrow cells, and
cells from ALS-treated donors.

That this phenomenon of ac-
quired partial tolerance induced
with donor antigen is not peculiar
to skin allografts in mice is well
established. Organ allografts ap-
pear to be less antigenic than skin
allografts; hence, it will probably
‘be easier to develop a tolerant state
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