biflorus combined. At all localities, the
density distributions of total myrmeco-
chore populations on mounds are statis-
tically indistinguishable. These results
suggest that the two myrmecochorous
chenopods are competing for a spatially
limiting microhabitat (16).

What is the mechanism of the competi-
tion? Depression of S. diacantha popula-
tions in the presence of D. b. biflorus is
probably mediated both by competition
for dispersal to ant nests and by competi-
tion for space on mounds. We cannot yet
assess the relative contributions of these
processes or evaluate the factors favor-
ing one competitor over another (/7). It
seems clear, however, that competition
for dispersal agents may be important in
regulating the composition of plant com-
munities in this and similar floras where
plant establishment depends on highly
directional transport of seeds to favor-
able microhabitats.
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Reversal of Diabetes by Islet Transplantation:
Vulnerability of the Established Allograft

Abstract. Nonspecific stimulation of the immune system of CBA mice carrying a
functional BALB/c islet allograft failed to trigger graft rejection. Only three of six
animals rejected their graft when injected intravenously with 10°, 10°, and 107
peritoneal cells of BALB/c origin over a 3-month period commencing 100 days after

transplantation.

Organ culture of pancreatic islets be-
fore transplantation can facilitate allo-
graft acceptance by normal recipient ani-
mals (I, 2) or by recipients conditioned
with a single dose of antiserum to lym-
phocytes at the time of transplantation
(3). Such allografts are functional and
reverse streptozotocin- or alloxan-in-
duced diabetes (I-5). These findings in-
dicate that pancreatic islet transplanta-
tion might be used to reverse insulin-
dependent diabetes in humans. Howev-
er, before considering clinical appli-
cation of this technology, we need to
know more about the susceptibility of
the established allograft to rejection.

Organ culture before transplantation
reduces the immunogenicity of islet, thy-
roid, and parathyroid tissue (5) but does
not destroy tissue antigens; cultured al-
lografts are consistently rejected when
the recipient is immunized with lympho-
reticular cells of donor origin at the time
of transplantation (5, 6). This reduction
in tissue immunogenicity is thought to
result from a loss, or inactivation, of
lymphoreticular stimulator cells during
culture in an oxygen-rich atmosphere (7-
9). T cell activation by alloantigens is
very efficient when the stimulator cell
provides both alloantigens and a source
of costimulator activity, the second sig-

0036-8075/81/0911-1261301.00/0 Copyright © 1981 AAAS

nal required for T cell activation (/0).
When these stimulator cells are removed
from the tissue before transplantation
the tissue retains recognizable antigens,
but these are much less immunogenic in
the recipient (5, 7).

While cultured allografts can be trans-
planted without a need for suppression
of the recipient’s immune system, such
grafts are constantly under the threat of
rejection. Nonspecific stimulation of the
recipient’s immune system could raise
the level of costimulator activity and
trigger irreversible rejection. In the case
of transplants in humans, transfusion of
blood for some therapeutic reason unre-
lated to the tissue transplant could trig-
ger rejection if the transfused blood car-
ried histocompatibility antigens similar
to those in the graft. In this study we
investigated the extent of these threats to
the continued survival of an established
allograft of cultured islet tissue in the
mouse.

We first investigated the effect of non-
specific stimulation of the immune sys-
tem on islet allograft function. CBA mice
were made diabetic by intravenous injec-
tion of streptozotocin (300 mg/kg). Ap-
proximately 2 weeks later animals with
blood sugar concentrations greater than
20 mmole/liter were given cultured
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Fig. 1 (left). Blood sugar concentrations in the three nonfasting diabetic mice with islet allotransplants and receiving complete Freund’s adjuvant
155 days after transplantation surgery. The antigenic substance did not effect allograft function, but the animals returned to the diabetic condition
when the allograft was removed. The broken lines show the 95 percent confidence limits for blood sugar levels in normal CBA mice. The asterisk
represents the death of one animal due to a technical error. Fig. 2 (right). Blood sugar concentrations in four nonfasting diabetic mice with
islet allotransplants and receiving 10° BALB/c peritoneal cells 105 days after transplantation surgery. Two animals immediately rejected their
grafts; the other two did not, even after the injection of 10° and 107 additional BALB/c peritoneal cells at the times indicated. These animals

became diabetic when the transplanted islet tissue was removed.

BALB/c pancreatic islet tissue. Each re-
cipient had seven clusters of islet tissue
(equivalent to 350 islets) placed under a
kidney capsule; organ culture of islet
tissue and transplantation was carried
out as previously described (4). Blood
sugar concentrations in the recipients
rapidly returned to normal or slightly
below normal and remained so for more
than 100 days (Fig. 1). In this strain
combination, uncultured islet tissue is
rapidly rejected following allotransplan-
tation (4). At 155 days after transplanta-
tion three animals were injected intra-
peritoneally with complete Freund’s ad-
juvant (/1) emulsified with phosphate-
buffered saline (12). Blood sugar levels in
these animals were observed for an addi-
tional 35 days. None of the animals
showed any evidence of a return to the
diabetic state. However, when the allo-
grafts were removed by nephrectomy
two animals became diabetic; the third
died for technical reasons associated
with the nephrectomy. Microscopic ex-
amination showed that the islet tissue in
the kidneys was intact, with no evidence
of rejection.

In a separate series of experiments a
group of five animals carrying functional
islet allografts showed the same re-
sponse following treatment with com-
plete Freund’s adjuvant. Thus nonspe-
cific stimulation of the recipient’s im-
mune system does not trigger rejection
of an established cultured allograft.

The effect of antigen-specific stimula-
tion was examined in a group of four
CBA mice whose diabetes had also been
reversed by the allotransplantation of
cultured BALB/c islet tissue (Fig. 2).
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These animals were challenged by the
intravenous injection of 10° peritoneal
cells from the BALB/c donor strain 105
days after transplantation. Two animals
promptly became diabetic, and their
transplants were seen to have been re-
jected when examined histologically.
However, the remaining two animals
showed no evidence of rejection when
challenged with 10° and 107 additional
donor leukocytes at monthly intervals.
Blood sugar control in these animals was
dependent on the grafted tissue, and
when this was removed by nephrectomy
the animals became diabetic. The islet
tissue carried under the Kidney capsule
of these two animals showed no histolog-
ical evidence of rejection. Similar results
were seen in a separate experiment in
which one of two animals receiving allo-
grafts rejected its graft when challenged
in the same way with donor peritoneal
cells. These experiments show that al-
though antigen-specific stimulation can
trigger graft rejection, a proportion of the
animals fail to reject their grafts when
challenged with donor peritoneal cells.
The latter finding was unexpected.
Lacy et al. (13) showed that rats with
long-term islet allografts could be ren-
dered diabetic by challenge with leuko-
cytes of donor origin, and we had ex-
pected a similar result in the mouse. It
should be mentioned, however, that
some of the rats studied by Lacy er al.
were rather resistant to the induction of
rejection. We do not know whether the

failure of some specifically challenged -

animals to reject their graft is due to
specific tolerance or allograft enhance-
ment.

In conclusion, it appears that nonspe-
cific stimulation of the recipient’s im-
mune system is unlikely to trigger rejec-
tion of an established islet allograft.
Specific stimulation of the recipient’s
immune system can cause rejection.
However, the finding that requires fur-
ther investigation is the inability of a
proportion of the animals to reject their
graft following challenge with donor
peritoneal cells.
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