
isolated which exhibits a circadian 
rhythm and can be phase shifted by light 
pulses (11). 

The persistence of an unaltered circa- 
dian period in reduced eyes from Bulla is 
significant in that it is not in accord with 
one proposal that a population of higher 
frequency noncircadian pacemakers lo- 
cated throughout the retina in Aplysia 
interact to produce a circadian periodic- 
ity (12). Although our retinal fragments 
varied in the number of cells remaining, 
we did not observe any changes in period 
length. Either the circadian period in 
Bulla is the property of individual retinal 
cells or is the product of a subpopulation 
of cells which escaped fractionation in 
our experiments. Whether or not individ- 
ual neurons are circadian pacemakers is 
an important issue. The relatively large 
size of many of the cells at the base of 
the Bulla retina should be an aid in 
investigating this question. 
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Prevention of Allograft Rejection by Immunization with Donor 
Blood Depleted of Ia-Bearing Cells 

Abstract. Strain-spec$c unresponsiveness was induced in adult mice by immuniz- 
ing them with donor blood treated with antiserum t o  Ia ( I  region-associated 
antigens) prior t o  the transplantation of  islets of  Langerharzs. This regimen alone 
produced greater than 100-day survival of  islet allografts transplanted across a 
major histocompatibility barrier. 

Studies in our laboratory have demon- 
strated that allografts of islets of Langer- 
hans in mice survive indefinitely in non- 
immunosuppressed recipients if the is- 
lets are treated in vitro with donor-spe- 
cific antiserum to I region-associated 
antigens (Ia) and with complement be- 
fore transplantation (1). Because islet 
cells lack Ia determinants (2), the treat- 
ment with Ia antiserum and complement 
apparently removes Ia-bearing donor 
lymphoid cells (passenger cells) that ini- 
tiate the rejection reaction. Islet allograft 
acceptance is promptly terminated by 
the injection of donor splenocytes into 
established transplant recipients, thus 
demonstrating the critical role of donor 
antigen-presenting cells in eliciting re- 
jection (1). 

Earlier studies on rats with established 
islet allografts provided evidence that 
tolerance had been induced in the re- 
cipients (3). Recently we reported that 
strain-specific tolerance, probably medi- 
ated by T suppressor cells, was present 
in mice bearing established allografts of 
histoincompatible islets (4). Since trans- 
plants of islet tissue depleted of Ia-bear- 
ing cells apparently induced tolerance in 
the recipients, we decided to determine 
whether immunization of recipient mice 
with Ia negative cells would permit the 
successful transplantation of fresh, un- 
treated islets. We used donor blood 
treated with antiserum to Ia and with 
complement for immunization since red 
blood cells are Ia negative in the mouse. 

Male B6 mice (C57B116J, H-2b) were 
made diabetic by the intravenous injec- 
tion of streptozotocin (180 mg per kilo- 
gram of body weight). Only B6 mice with 
plasma glucose levels of greater than 400 
mg per 100 ml on three successive deter- 
minations were used as recipients. Re- 
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jection was defined as a plasma glucose 
concentration greater than 200 mg per 
100 ml in three subsequent blood sam- 
ples. 

Whole blood was obtained from the 
orbital sinus of B 1O.BR (H-2k) and BIO.S 
(H-27 mice with heparinized capillary 
tubes. The blood was washed once with 
phosphate-buffered saline containing 10 
percent citric acid and then washed 
twice in Hanks solution. The washed 
blood cells were centrifuged and the pel- 
let was incubated for 30 minutes at room 
temperature with an equal volume of 
antiserum to Ia. Antiserum to lak (A.TH- 
anti-A.TL) was used to treat B1O.BR 
blood cells; antiserum to IaS (A.TL-anti- 
A.TH) was used to treat BIO.S blood 
cells. The antiserum-treated red blood 
cells were washed with Hanks solution 
and then incubated with a 1 in 3 dilution 
of guinea pig serum as a source of com- 
plement for 30 minutes at 37°C. The 
preparations were diluted with Hanks 
solution and 5 x 10' red blood cells (0.5 
ml) were injected via the tail vein into B6 
recipients according to the schedule 
shown in Table 1. 

Donor B1O.BR (H-2k) islets were iso- 
lated by the collagenase technique ( 5 ) ,  
separated on a Ficoll gradient ( 6 ) ,  and 
then meticulously handpicked with the 
use of a Pasteur pipette under a dissect- 
ing microscope. A total of 550 to 750 
freshly isolated B1O.BR islets (H-2k) 
were immediately transplanted by the 
portal vein technique (7) into diabetic B6 
(H-2b) animals. Four groups of B6 mice 
received these freshly prepared allogene- 
ic islets (Table 2). Two groups of re- 
cipients were immunized with Ia-deplet- 
ed blood cells prior to transplantation. 
Group 1 received donor B1O.BR red 
blood cells (H-2k); group 2 received irrel- 
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Table 1. Schedule of red blood cell (RBC) injections. parently raises the threshold level of 

Interval between 
Average 

time 
(days) 

Range 
(days) 

First RBC injection and induction of diabetes 
Induction of diabetes and second RBC injection 
Second RBC injection and transplantation 
Total time between first RBC injection and 

transplantation 

Table 2. Effect of immunization with red blood cells (RBC) on subsequent allograft survival 
[BIO.BR (H-2k) to B6 (H-2b)]. 

Transplant survival (days) 
Treatment prior -- 

Group to transplantation Individual Mean + 
standard error 

1 RBC (H-2k) 16, 16, > 100, > 100, > 100, > 100, > 86.0 t 9 
> 100, > 100, > 100, > 100, 
> 100, > 100 

2 RBC (H-25) 7, 7, 7, 13, > I00 26.8 + 18 
3 Whole blood (H-2k) 2, 2, 2, 2, 2, 3, 3, 3, 5 2.7 + 0.3 
4 None 5 , 5 , 6 , 6 , 8 ,  12, 35,39,  > 100, > 100 > 31.6 i- 12 

evant BIO.S red blood cells (H-2'); group 
3 received untreated whole blood from 
the donor strain B1O.BR (H-2k); and 
group 4 was not immunized. 

Immunization of the recipients with 
purified preparations of red blood cells 
from an irrelevant strain had no effect on 
the survival time of islet allografts com- 
pared to controls that had not been im- 
munized with red blood cells. As shown 
in Fig. 1, 20 percent of the islet allografts 
were surviving at 100 days after trans- 
plantation in both groups; the mean sur- 
vival time (MST) was > 26.8 * 18 days 
in the immunized animals (group 2) and 
> 31.6 t 12 days in the controls (group 
4 in Table 2). In contrast, immunization 
of the recipients with purified red blood 
cells from the donor strain resulted in a 
marked prolongation of islet allograft 
survival. The MST in this group was 
> 86.0 k 9 days (group 1 in Table 2) and 
10 of the 12 recipients were still normo- 
glycemic at 100 days after transplanta- 
tion (Fig. 1). Rejection was accelerated 
when untreated whole blood from the 
donor strain was used for immunization 
of the recipients. The MST of the islet 
allografts in these animals was only 
2.7 k 0.3 days (group 3 in Table 2). 

The findings in this study indicate that 
immunization with donor red blood cells 
depleted of Ia-bearing cells induces unre- 
sponsiveness and markedly prolongs the 
survival of transplants of freshly isolated 
islets. In contrast. immunization with 

passenger lymphoid cells in islet allo- 
grafts are responsible for the initiation of 
immune rejection. In addition, the re- 
sults are consistent with our earlier stud- 
ies that indicated that transplants of 
mouse islet cells depleted of Ia-bearing 
cells by antiserum to Ia induced unre- 
sponsiveness in the recipient mice (I). 
Thus, it appears that either transplanta- 
tion of Ia-negative mouse islet cells o r  
immunization with Ia-negative donor red 
blood cells induces immunologic unre- 
sponsiveness in the recipients by mecha- 
nisms that remain to be defined. Immuni- 
zation with purified red blood cells ap- 

0 
10 30 50 70 90 

Time af ter  transplantation (days)  

Fig. 1. Survival of fresh allogeneic islets 
(BI0.BR) transplanted into nonimmunosup- 
pressed d~abetic recipients (B6). Group 1 (0) 
recipients were immunized with purified red 
blood cells from the donor strain. Grouo 2 (0) 

donor blood containing Ia-bearing cells recipients were immunized with purified red 

results in sensitization of the recipients blood cells from an irrelevant strain (B10.S). 
Group 3 (A) recipients were immunized with 

and acceleration of islet allograft rejec- untreated whole blood from the donor strain, 
tion. These observations add further Grouo 4 (0) recioients were control mice that 
support to the concept that Ia-bearing were'not immunized with any blood cells. 

158 

contaminating passenger cells which can 
be present in the untreated graft and yet 
permit successful transplantation. 

Many investigators have immunized 
animals with various blood cell products 
prior to transplantation in attempts to  
prolong allograft survival (8). Although 
this approach was partially successful in 
many instances, the results were incon- 
sistent. We believe that this was because 
the blood product preparations were 
contaminated with variable numbers of 
viable Ia-positive lymphoid cells and be- 
cause immunosuppressive drugs were 
used in the recipients, a procedure dem- 
onstrated to be detrimental to the in- 
duction and expression of tolerance (9, 
10). 

Thus we have demonstrated a rapid 
and simple method of inducing donor- 
specific unresponsiveness in adult ani- 
mals which allows long-term survival of 
islet allografts. This procedure, which 
eliminates the need for immunosuppres- 
sion of the recipient, may have important 
applicability to the treatment of diabetes 
in humans and the transplantation of 
other clinically relevant tissues. 
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