
Since her tumor cells contain only the 
deleted 13 chromosome they may pro- 
vide valuable target cells for probes be- 
ing developed to identify key genetic 
differences within 13q14 between normal 
13 chromosomes and those which con- 
tain small deletions or mutations respon- 
sible for the susceptibility to retinoblas- 
toma. 
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Transfusions of Whole Blood Prevent Spontaneous Diabetes 
Mellitus in the BBIW Rat 

Abstract. Weekly transfusions of whole blood from a nondiabetic subline of BBIW 
rats reduced the incidence of diabetes in susceptible BBIW rats from 39 to 0 percent 
and the incidence of pancreatic insulitis from 64 to 6 percent. Responsiveness of 
lymphocytes to concanavalin A was found to be low in rats with diabetes or insulitis. 
Transfusion restored concanavalin A responsiveness to levels observed in control 
rats free of diabetes or insulitis. These data suggest that whole blood alters the 
course of autoimmune BBIW rat diabetes. 

Polyuria, polydipsia, polyphagia, and 
weight loss are the principal diagnostic 
features of human insulin-dependent di- 
abetes mellitus (IDDM). Although the 
syndrome has been recognized for mil- 
lennia, the etiology and prevention of 
diabetes remain enigmatic and elusive 
goals (1). The animal model that most 
closely mimics the human disease is the 
BB rat (2). As a model of IDDM it 
exhibits many features that are analo- 
gous to its human counterpart. The syn- 
drome develops in 30 to 50 percent of 
diabetes-prone rats between 60 and 120 
days of age. Diabetic rats are nonobese 
and develop acute ketoacidosis which is 
lethal within weeks unless treated with 
insulin. 

Several lines of evidence suggest an 
immune pathogenesis of BB rat diabetes. 
These include the lymphocytic infiltra- 
tion of pancreatic islets (insulitis) and 
prevention of the disease by immunosup- 
pressive agents and neonatal thymecto- 
my (3). Transplantation of neonatal bone 
marrow from another strain of rat also 
prevents diabetes in susceptible BB rats 
(4). In this last study, mixed lymphocyte 
cultures from the recipient BB rats dem- 
onstrated that they had been "immuno- 
logically reconstituted." This suggests 
that some form of immunodeficiency 
may be present in susceptible BB rats. 
The finding of lymphopenia in diabetic 
and insulitis-bearing BB rats supports 
this interpretation (5). Specifically, help- 
er T lymphocytes alone (6), or both 
helper and suppressor T lymphocytes, 
may be present in abnormally low num- 
bers in diabetic BB rats (7). 

To test the hypothesis that deficiency 
of some circulating blood constituent is 
permissive to the development of diabe- 
tes, we administered whole blood trans- 
fusions to diabetes-prone rats. Donor 
blood from a nondiabetic subline of rats 
completely prevented the development 
of the disease in susceptible animals. 

Five litters of BBIW diabetes-suscepti- 
ble animals between 31 and 41 days of 
age were used (8). Rats from each litter 
were randomly assigned to one of two 
groups. Group 1 (N= 18) received week- 

ly transfusions of 1 ml of rat whole blood 
until the animals were 120 days of age 
(9). Group 2 (N=18) received 1 ml of 
normal saline injected on an identical 
schedule. Transfused blood was ob- 
tained from a line of BBIW rats in which 
neither diabetes nor insulitis has been 
observed in over seven generations (10). 
The animals were tested for glycosuria 
twice weekly from 60 to 140 days of age 
(11). Diabetes was diagnosed on the ba- 
sis of 2 1  glycosuria and plasma glucose 
in excess of 250 mgldl (12). 

When the rats were about 140 days of 
age, 2 ml of blood was withdrawn into 
heparinized capillary tubes from the or- 
bital sinus of the transfused and non- 
transfused rats. The rats were then killed 
and the pancreata removed and fixed in 
Bouin's solution. Sections stained with 
hematoxylin and eosin were examined 
for the presence of insulitis by a patholo- 
gist (A.A.L.) who was not aware of the 
clinical or experimental status of the 
animals. The heparinized blood samples 
were processed to isolate lymphocytes 
which were then assayed for mitogenic 
responsiveness to concanavalin A (con 
A) according to previously described 
techniques (13). Blood from six addition- 
al 140-day-old rats from the nondiabetic 
subline was also used in the con A study. 

Table 1 gives the frequency of diabetes 
in experimental and control animals (14). 
None of the animals that received trans- 
fusions became diabetic, whereas 39 per- 
cent of the nontransfused animals devel- 
oped the syndrome. Table 1 also gives 
the frequency of insulitis among animals 
that did not become diabetic. Only one 
of 18 animals (6 percent) that had re- 
ceived the multiple blood transfusions 
demonstrated a mild focal insulitis. In 
the nontransfused group, 7 of 11 nondia- 
betic rats (64 percent) had insulitis. 

Figure 1 illustrates the peripheral 
blood lymphocyte response to con A 
(15). The nontransfused animals with di- 
abetes or insulitis are much less respon- 
sive than are nontransfused rats without 
insulitis or diabetes. The responsiveness 
of the latter group is comparable to that 
of rats from the nondiabetic subline. This 



Table 1. Occurrence of diabetes and insulitis in transfused and control BB!W rats. It should be noted that depressed con 

Group Diabetes* No 
diabetes* 

Transfused 0 18 1 17 
Not transfused 7 I I 7 4 

~ ~ 

*P < ,008. +P < ,002. 

suggests that both insulitis and diabetes 
are correlated with blunted con A mito- 
genic stimulation. The con A response of 
transfused rats is similar to  that of both 
the nondiabetic subline and nontrans- 
fused rats without diabetes or insulitis. 
Transfusion thus appears not only to  
prevent diabetes but also to  return the 
depressed con A responsiveness associ- 
ated with insulitis and diabetes to  nor- 
mal. 

Since it is possible that immunocom- 
petent lymphoid cells in transfused blood 
cause a graft versus host reaction 
(GVHR), the spleens from the control 
and transfused animals were removed 
and weighed. Splenomegaly is a sensi- 
tive indicator of the presence of GVHR 
(16). Spleen size as  well as  body weight 
and hemoglobin concentration measured 
at the end of the experiment were com- 
parable in the transfused and control 
groups (data not shown). 

One current hypothesis holds that the 
difference between autoimmunity and 
self-tolerance depends on a regulatory 
interaction between suppressor T lym- 

phocytes and self-reactive lymphocytes 
which holds the latter in check (17). The 
data presented above suggest that we 
may have transfused a cellular compo- 
nent capable of regulating this interac- 
tion which is defective in the diabetes- 
prone BBIW rat. Production of lympho- 
cyte chimerism in adult animals usually 
requires preparation of the host by ir- 
radiation or treatment with cytotoxic 
drugs. However, if diabetes-susceptible 
rats lack a particular subpopulation of 
regulatory lymphocytes, then chimerism 
might be produced in that compartment 
only in an unprepared host. This concept 
is consistent with a study in which do- 
nor-derived B lymphocytes were found 
to be present after transfusion to previ- 
ously B cell-deficient CBAIN mice (18). 
Although our findings suggest that we 
have transferred competent lymphocytes 
or their precursors from BB rats of the 
nondiabetic subline into the susceptible 
animals, we cannot exclude the produc- 
tion of alloantibodies, plasma compo- 
nents, or the introduction of competent 
macrophages. 

Nondiabetic line 

Transfused ,  
no ~nsull t ls  

5 Control, lnsulltls 
Compared t o  lnsulltls 

Control, no Insulltls Control, dlabetlc 

0.125 0.25 0.5 1 .O 

Concanavalln A (uglml) 

Fig. 1 .  Response to con A of rats from the nondiabetic subline, diabetes-prone rats which 
received transfusions of whole blood, and diabetes-prone control rats injected with saline. The 
last group is subdivided according to whether the animal eventually developed diabetes, 
insulitis, or neither. The procedure quantitates the incorporation of [3H]thymidine into 
lymphocytes exposed to varying doses of con A for 18 hours. Data are presented as the mean 
logio (counts per minute) * the standard error of the mean. The number of rats in each group is 
given at the base of each bar. No transfused rats became diabetic. The single transfused rat with 
insulitis is omitted. Its results at con A doses 0.25 to 2.5 p,g!ml were 5.50, 5.54, 4.25, and 1.95 
respectively. Results for cells to which no con A was added are as follows (loglo. counts per 
minute, plus or minus standard error of the mean): nondiabetic line 4.37 * 0.3; transfused, no 
insulitis 3.49 t 0.2; control, no insulitis 2.11 + 0.4; and control diabetic 3.0 t 1.0. 

A responsiveness is typical of autoimmu- 
nity in animals. This, however, could be 
either a direct or an indirect conse- 
quence of immune regulation (19). The 
restoration of responsiveness by transfu- 
sion in this study does not prove the 
establishment of chimerism. 

In our experiments whole blood trans- 
fusions from nondiabetic to  diabetes- 
prone BBIW rats protect not only against 
diabetes, but also against pancreatic in- 
sulitis which is the pathological substrate 
of diabetes. Furthermore, the uniformly 
good con A response observed in trans- 
fused animals suggests that transfusion is 
able to  alter the previously depressed 
immune response observed in insulitis 
and diabetes. The transfusion of blood 
constituents appear to  provide some fac- 
tor which alters the immune system to 
protect against both diabetes and insuli- 
tis. Whether a cellular or humoral com- 
ponent of whole blood produces this 
response remains to  be determined. 
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Resistance to a Malignant Lymphoma in Chickens Is 
Mapped to Subregion of Major Histocompatibility (B) Complex 

Abstract. A genetic recombinant within the major histocompatibility (B) complex 
of  the chicken has revealed the chromosomal subregion efect ing resistance t o  
Marek's disease-a malignant lymphoma induced by a herpesvirus. The recombi- 
nant, B " ' - ~ ' ~ ,  occurred spontaneously among the progeny of a male heterozygous 
for resistant B ' ~ ' - ~ ~ '  and susceptible haplotypes. Exposure t o  Marek's 
disease of families segregating for the recombinant showed that this new F-G 
arrangement conferred a level of  resistance equivalent to  that of  the resistant 
parental haplotype. Thus, a gene, or genes, within or closely linked to  the B-F region 
of the B complex appears t o  be responsible for the observed resistance t o  Marek's 
disease. 

Haplotype B2' (1) of the major histo- 
compatibility complex (2, 3) of the chick- 
en imparts a strong resistance to  Marek's 
disease (MD), a herpesvirus-induced, 
malignant lymphoma ( 4 ) ,  whereas B t 9  is 
associated with a high degree of suscep- 
tibility (5, 6 ) .  Two of the three regions 
constituting the B complex (7) code for 
erythrocyte alloantigens which serve as  
the basis for differentiating B haplotypes 
by hemagglutination. The B-F regian de- 
termines the specificity of histocompati- 
bility antigens present on lymphocytes 
and erythrocytes, whereas B-G codes for 
a series of nonhistocompatibility anti- 
gens present only on erythrocytes. The 
third region, B-L, determines Ia-like 
antigens (I-region associated) found pri- 
marily on immunoglobulin-bearing lym- 
phocytes and on cells of the monocyte- 
macrophage series (8). In this report we 

describe a recombinant resulting from 
crossing over between the B-F and B-G 
regions a s  found in haplotypes B2' and 
BI9 and the use of the recombinant in 
determining the portion of the B complex 
that is active in resistance to  MD. 

The fortuitous recombinant between 
highly resistant B2' and very susceptible 
BI9 haplotypes resulted from the mating 
of two White Leghorn chickens, a male 
of the genotype B ' ~ / B ~ '  to  a female of the 
genotype B ~ I B ' ~ .  With the use of al- 
loantisera B6(422-496), B 19(339-97), 
and B2 l(305-5 17), each specific for one 
of the three alloantigens transmitted col- 
lectively by the parents, the phenotypes 
of 10 of 11 progeny were clearly explica- 
ble by the four genotypic combinations 
expected: B6/Bt9 ,  B6IB2', BI9/B2' , and 
B ' ~ I B ' ~ .  The cells of one chick, a male, 
showed distinct reactivity with each of 

the three antisera. This aberrant chick 
was grown to maturity and mated to a 
female of the genotype B31B". The nor- 
mal B6 haplotype was transmitted to  14 
of his 23: progeny and a recombinant 
haplotype, resulting in hemagglutination 
with both B19(339-97) and 821(305- 
517), was transmitted to  the remaining 
nine progeny. 

The origin of the segments in the 
recombinant was first evaluated by using 
the graft-versus-host (GVH) splenomeg- 
aly reaction (3, 9), which is especially 
suited to  determining B-F homologies 
between recombinant and parental ha- 
plotypes. Testing for this reaction con- 
sists of injecting intravenously whole 
blood from an adult chicken (0.1 ml of 
peripheral blood diluted 33 percent with 
physiologically balanced citrate solution) 
into 14-day embryos and continuing in- 
cubation for an additional 5 days, when 
the embryos are killed and their spleens 
weighed. If the immunocompetent lym- 
phocytes from the adult blood recognize 
a foreign B complex histocompatibility 
antigen in the embryo, the weight of the 
spleen will markedly increase, usually 
four- to tenfold, beyond that of embryos 
that have been treated with compatible 
donor cells. 

The GVH results obtained by injecting 
the cells of the original male possessing 
the recombinant into B2'IB2' and B ' ~ I B ' ~  
embryos clearly showed that the recom- 
binant haplotype was compatible with 
B2' but was incompatible with B t 9  (Table 
1). Similarly, donor cells from chickens 
of genotype B61B2' were injected into 
B2'IB2' and B ' ~ I B ' ~  embryos and donor 
cells from B ~ I B ' ~  were injected into B21 
BI9 and B2'/B2' embryos to  confirm the 
natural incompatibility between BI9 and 
B2' .  These data show that the B-F seg- 
ment of the recombinant haplotype was 
derived from B2' and, if we assume that 
the recombination resulted from normal 
reciprocal crossing over, the B-G seg- 
ment was derived from BI9. To indicate 
the segment derived from each of the 
parental haplotypes, we symbolize the 
recombinant as  B ~ ~ ' - ~ ~ ~ ;  the symbols for 
the normal haplotypes B2' and B i 9  repre- 
sented in this extended nomenclature are 
~ ~ 2 1 . ~ 2 '  and ~ ~ 1 9 - G I ~  , respectively. 

A second method used to determine 
the haplotype origin of the B-F and B-G 
segments in the recombinant was the 
GVH inhibition test ( lo) ,  in which expo- 
sure of donor lymphocytes to  antibodies 
against T-cell antigens prevents spleno- 
megaly. A recipient of the genotype BI5/ 
B ' ~  was immunized with blood from a 
donor of genotype B ~ " - ~ ' ~ / B ' ~ ,  produc- 
ing antiserum B-F21(468/267). A recipi- 
ent of the genotype B6/B21 was immu- 
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