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of immunological tolerance lay. It ap- 
pears that cells in the thymus can easily 
be rendered tolerant (2-4). There 
is also evidence that cells which have 
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been educated in the thymus and have 
subsequently migrated to peripheral 
lymphoid tissues (T cells) can also be 
rendered tolerant (5, 6). The situation 
with antibody-making precursor cells 
(B cells), both those in the bone mar- 
row and emigres in peripheral tissues, 
is less clear. While several workers 
have evidence that bone marrow cells 
of tolerant animals are tolerant (4, 7) 
others have been unable to confirm 
this (3, 6). Even when tolerance was 
demonstrated in cells in the bone mar- 
row, it was much shorter lived than 
the tolerant state of the intact animal 
(8). There is no information available 
that bears directly on the question of 
whether peripheralized B cells can be 
rendered tolerant. 

Thus it is possible that the tolerant 
state is a property mediated largely if 
not exclusively by T cells. This hypoth- 
esis has been discussed at length (9). 
Supporting evidence is as follows. 

1) Precursor cells competent to make 
antibodies against "tolerated" antigens 
have been shown to exist in unrespon- 
sive mice; they can only be stimulated, 
however, by cross-reacting antigens (10). 
Administration of the tolerated antigen 
with the cross-reacting antigen may 
prevent the B cell stimulation (11). 

2) Allogeneic T cells, which can re- 
place the contribution of carrier-specific 
syngeneic cells (also T cells) in anti- 
body responses to haptens (12) allow 
rats tolerant to sheep red blood cells 
(SRBC) to make antibodies to SRBC, 
while syngeneic T cells do not (13). 

These results are consistent with the 
notion that B cells of tolerant mice may 
be normal, that tolerant T cells actively 
prevent antibody formation, and that 
some types of nonspecific T cell stimu- 
lation can activate the otherwise un- 
responsive B cells. Our report supports 
this concept. 

Male CBA mice were made tolerant 
to SRBC as described (14). Seven-week- 
old mice were thymectomized, lethally 
irradiated (850 roentgens), and then 
given 5 X 106 syngeneic bone marrow 
cells and 15 X 106 syngeneic thymo- 
cytes. After reconstitution they were 
given a total of 2.5 X 1010 SRBC in- 
traperitoneally in nine doses, divided 
over 30 days. Four days after the last 
injection, serums were titrated, and 
those mice that had made antibody 
were eliminated from these experiments. 
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did not get the second thymocyte inocu- 
lation, were immunized with SRBC 
and the other half of both groups were 
immunized with horse red blood cells 
(HRBC). Figure 1 gives the mean 
titers of antibody to SRBC in the four 
groups of mice. The only group that 
made a significant antibody response to 
SRBC was the one in which -the mice 
were given normal thymocytes after 
tolerance induction and immunized with 
HRBC. Mice that received thymocytes 
and SRBC responded no better than 
the mice that were not given thymo- 
cytes; these mice failed to respond when 
immunized with either SRBC or HRBC. 
Thus, tolerance to SRBC was produced 
and could be broken only if mice were 
given an inoculation of normal thymo- 
cytes, and then only if immunized with 
another kind of heterologous red cell 
(in this case HRBC). 

The foregoing observation has been 
substantiated in three additional ex- 
periments, which have also shown the 
following: (i) The antibodies to SRBC 
made after immunization with HRBC 
are not cross-reacting; they were com- 
pletely removed by one absorption with 
an equal volume of packed SRBC while 
their titer was unaffected by four ab- 
sorptions with HRBC. The absorption 
with HRBC, however, removed all the 
agglutinins for HRBC. (ii) The addi- 
tion of an equal amount of SRBC to 
the HRBC inoculum not only does not 
prevent the formation of antibodies to 
SRBC, but in one experiment boosted 
the antibody response to SRBC from 
a peak mean titer of 2.4 + 0.7 to 4.4 ? 
0.4 (log2 2 + S.E.). (iii) The addition 
of thymocytes without HRBC is insuf- 
ficient to break tolerance. (iv) When 
the tolerant spleen cells are adoptively 
transferred along with normal thymo- 
cytes to syngeneic thymus-deprived 
mice these secondary recipients make 
no antibody to SRBC when immunized 
with HRBC (three separate experi- 
ments) although they make a vigorous 
antibody response to HRBC. The de- 
tails of the experiments with adoptively 
transferred cells have been described 
(15). 

We offer the following explanation 
for these results. The multiple SRBC 
injections rendered the mice tolerant. 
The added normal thymocytes could 
not break the tolerance as they were 
themselves rendered tolerant. [There is 
direct evidence that normal cells can 
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entirely clear, the SRBC that remained 
from the tolerance-inducing injections 
were able to capture the T cell stimu- 
latory effect produced by the HRBC. 
Hartmann has described special in vitro 
conditions where SRBC B cell pre- 
cursors can capture the effect produced 
when HRBC stimulate T cells, but only 
if SRBC are present (16). The im- 
portance of the residual SRBC antigen 
in our studies is emphasized by the fact 
that the HRBC could not break the 
tolerance of the cells after transfer to 
a second host and also by the boosting 
effect produced by the inclusion of 
SRBC with the HRBC. 

Our method of breaking of tolerance 
differs from previous reports of break- 
ing tolerance with cross-reacting anti- 
gens in that the antibodies made did 
not cross-react with the antigen used 
for tolerance abrogation (11, 17). This 
shows that specific, as well as cross- 
reacting B cells, may exist in a non- 
tolerant state in ostensibly tolerant hosts. 
It also emphasizes the need for T cell 
activation, as do the above-mentioned 
experiments with allogeneic thymocytes 
(13), for breakage to occur. Our results 
differ, however, from those with allo- 
geneic cells in that no immunologic 
attack, either graft-versus-host or host- 
versus-graft, is being mounted on B 
cells which might result in some funda- 
mental changes in that population. Both 
results, as well as others demonstrating 
the allogeneic effect, emphasize that at 
least some parts of the T-B cell inter- 
action may be nonspecific. 

The main point we would like to 
make, however, is that situations may 
exist where mice are incapable of re- 
sponding to SRBC, even after the addi- 
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tion of normal T cells and yet still 
possess significant numbers of non- 
tolerant B cell precursors that can make 
antibody to SRBC. 
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Loss of a Parathyroid Hormone-Sensitive Component of 

Phosphate Transport in X-Linked Hypophosphatemia 

Abstract. Mutant hemizygotes with X-linked hypophosphatemia lack a parathy- 
roid hormone-sensitive component of inorganic phosphate transport in kidney; 
female heterozygotes retain a variable proportion of this type of transport. The 
residual mechanism for reabsorption in affected males allows inorganic phosphate 
efflux from the kidney to urine so that net "secretion" is sometimes observed; 
the latter is directly proportional to the serum concentration of inorganic phos- 
phate. Calcium acts on the kidney tubule to enhance net reabsorption by this 
component of inorganic phosphate transport. 
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