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Islet cell surface and lymphocyte antibodies often precede 
the spontaneous diabetes in the BB rat 
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Summary. The diabetic syndrome of the BB rat shows many 
homologies with that of human insulin-dependent diabetes 
and evidence that the onset of the disease is associated with 
the presence of autoantibodies, including islet cell surface 
antibodies. In this study, sera were sampled serially from 
weaning to 157 days of age from 26 BB rats in two low-inci- 
dence litters, and 22 rats of three high-incidence litters. Clini- 
cal and metabolic variables were monitored concurrently with 
blood lymphocyte counts. Islet morphology was correlated at 
sacrifice. In the high-incidence litters, eight rats developed in- 
sulin-dependent diabetes, five impaired glucose tolerance, 
and the remaining nine all showed insulitis. In the low-inci- 
dence litters, only one animal showed impaired glucose toler- 
ance and another insulitis. In the high-incidence litters 16 rats 
(73%) had islet cell surface antibodies compared with 4 out of 
26 (15%) low-incidence controls (p< 0.002). Antibodies reac- 
tive with Wistar rat spleen lymphocytes were present in all 

high-incidence rats compared with 19% (5 out of 26) among 
the control litters (p< 0.002). Time courses of islet cell surface 
and lymphocyte antibody appearance and their peak values 
varied, but already at weaning the levels of both antibodies 
were increased among the high-incidence litter rats (p< 
0.001). Islet cell surface and/or lymphocyte antibodies were 
therefore present in the majority of animals at an age where 
neither morphological nor metabolic evidence of the diabetic 
syndrome were yet detected. All rats that showed any form of 
the syndrome were lymphopenic. These findings suggest that 
BB rats have an abnormal immune response which predis- 
poses to later development of insulin-dependent diabetes, 
often preceded by the presence of islet cell surface and/or 
lymphocyte antibodies. 

Key words: BB rats, islet cell surface antibodies, lymphocyte 
antibodies. 

The BB rat develops insulitis and insulin-dependent 
diabetes mellitus with many features analogous to that 
of  the human disease [1-3] including the possibility that 
cell-mediated and humoral  immunological mechanisms 
are associated with development of  the diabetic syn- 
drome [3]. Evidence for altered cell-mediated immunity 
includes (a) mononuclear  cell infiltrates in the islets 
[1-3], (b) marked lymphocytopenia in blood as well as 
in lymphoid organs [4, 5] associated with an abnormal 
mitogenic response of  remaining T lymphocytes [6, 7], 
(c) possible prevention of  the syndrome by either neo- 
natal thymectomy [8], antilymphocyte serum [9], cyclo- 
sporin [10]; bone marrow transplantation [11] or by 
transfusion of blood from normal rats [7], and (d) pas- 
sive transfer of insulitis by lymphocytes from diabetic 
rats to nude mice [12]. Evidence for an altered humoral  
immune function in diabetic BB rats includes the pres- 
ence of  circulating islet cell surface antibodies (ICSA) 
and antibodies to splenic lymphocytes [13] as well as 
antibodies to thyroid, smooth muscle, and gastric pari- 
etal cells [14-16]. The above investigations suggest that 
diabetes develops in animals with a defective immune 

system, which is emphasized by the observations that 
lymphocytopenia [4], impaired glucose tolerance [3, 171 
and autoantibodies [16] may all antedate the clinical on- 
set of  insulin-dependent diabetes. Since the latter is ac- 
companied by a decrease in pancreatic islet beta cells [3, 
15], it was important to establish whether circulating 
antibodies reactive with islet cell determinants were 
present also before the onset of diabetes. Therefore, we 
have tested whether circulating ICSA and lymphocyte 
antibodies correlate to the development of  impaired 
glucose tolerance or overt diabetes in rats from litters 
with either low or high incidence of diabetes, followed 
prospectively from weaning to 157 days of  age. 

Materials and methods 

Animals and metabolic studies 

The BB rats were obtained from Dr. P.Thibert, Animal Resources Di- 
vision, Health Protection Branch, Ottawa, Canada. Twenty-two rats 
from three litters (12 males and 10 females), with an expected high in- 
cidence of diabetes (N70% in the generation preceding the animals 
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studied), and two litters with 26 rats (13 males, 13 females) with an 
expected low incidence (<5%) were followed from 38-53 to 
142-157 days of age. After weaning the animals were kept in individu- 
al metabolic cages in a light-, temperature-, and humidity-controlled 
facility, and fed Purina Lab Chow (Ralston-Purina, Woodstock, On- 
tario, Canada) and water ad libitum. Body weight, urine output, gly- 
cosuria, and clinical appearance were monitored daily. When glycos- 
uria was detected, insulin therapy was initiated, the insulin dose being 
modulated according to glycosuria, body weight, and intermittently 
monitored glycaemia of each rat, Blood samples were drawn biweekly 
from the orbital sinus under light ether anaesthesia. At monthly in- 
tervals, either an oral (intragastric, 0.25 mg/g body weight) or IP 
(0.20 mg/g body weight) glucose tolerance test was performed in non- 
diabetic animals. In the oral test, samples were drawn from the orbital 
sinus at 0, 60, and 120 min, and in the IP test from the tail vein without 
anaesthesia at 0 and 60 rain. The range of normal values for the oral 
glucose tolerance test was established previously in non-diabetic BB 
and non-BB Wistar rats [17]. A value > 14 mmol/1 at 60 min was con- 
sidered as an indication of impaired glucose tolerance. Blood samples 
collected in the presence of EDTA were used for the determination of 
total white blood cells using a Coulter Counter (Coulter Electronics, 
St.Albans, Herts, UK) and differential counts were recorded from 
routinely stained smears. Plasma glucose was determined by the glu- 
cose oxidase method using a Beckman Glucose Analyzer 11 (Beck- 
man Instruments, Fullerton, California). Sera were collected for anti- 
body determinations and stored at - 2 0 ~  until the longitudinal 
study was complete in all animals. None of the rats developed appar- 
ent infections or complications due to sampling or therapy. 

Culture and preparation of the RIN 5F cells 

RIN 5F cells, an insulin-producing cell-line developed from a trans- 
plantable rat islet cell tumour [18] were kindly donated by Drs. H. Oie 
and A. Ghzdar (National Cancer Institute, Washington, DC, USA). 
The RIN 5F cells were kept at 37 ~ in monolayer culture in RPMI 
1640 medium (Grand Island Biological Company, Grand Island, 
New York) supplemented with 10% fetal calf serum in an atmosphere 
of 5% CO2. When the cells were near confluency they were rinsed and 
incubated for 60rain at 37~ in Ca ++ and Mg ++ -free Hank's bal- 
anced salt solution. After incubation, the cells were dissociated by 
gentle aspiration with a pasteur pipette and washed twice by centrifu- 
gation (50g for 10rain) in 10 mmol/1 N-hydroxy-ethylpiperazine- 
N'-2-ethane-sulphonic acid (Hepes) containing NaC1 (140 mmol/1) 
and 1% w/v  bovine serum albumin (HNB-buffer, pH 7.4). The cells 
were fixed at 4 ~ for 60 rain in HNB-buffer supplemented with 4% 
(w/v) paraformaldehyde [19]. The fixed cells were washed twice by 
centrifugation in HNB-buffer, stored in HNB-buffer with NaN3 
(15 mmol/1) and used within 14 days. The number of cells was deter- 
mined in a haemocytometer and the viability of non-fixed cells by 
double fluorescence staining with ethidium bromide and acridine 
orange. In 11 subsequent cell preparations representing a total of 
362x 106cells, the mean viability was 87%. There were 53+22% 
(mean + SD) single cells; however, dumps of more than 10 cells were 
rarely seen. 

In one series of experiments we used RIN 14B cells, another con- 
tinuous somatostatin-producing cell-line (Oie and G/tzdar, personal 
communication), derived from the same rat islet cell tnmour as the 
RIN 5F cells. RIN 14B cells were cultured and fixed as described for 
RIN 5F cells. 

Preparation of pancreatic islet cells 

The cells were prepared from islets isolated by collagenase digestion 
of the pancreas [20, 21]. Male Wistar rats, weight 90-100 g (Molle- 
ggtrdens Avlscenter, Ejby, Denmark), were fasted overnight and killed 
by cervical dislocation. The pancreatic islets were isolated by repeated 
collagenase digestion combined with centrifugation through a discon- 
tinuous Percoll gradient [22]. The islets were collected under a stereo- 
microscope and incubated for 30 min at 22 ~ in RPMI 1640 medium 

containing EGTA (2 mmol/1) before dissociation into single cells by 
aspiration through a constricted pasteur pipette [22]. The cell suspen- 
sion was layered on top of 10 ml of RPMI 1640 tissue culture medium 
with 4% bovine serum albumin and centrifuged (50g at 4~ for 
15 rain) to remove cellular debris. Finally, the islet cells were resus- 
pended in the same medium and fixed in HNB buffer with 4% (w/v) 
paraformaldehyde [19]. In four experiments with a total of 26 rats, 
125 x 103 islet cells per rat were obtained with a mean viability of 87% 
and representing 79 ___ 14% (mean _+ SD) single cells. 

Preparation of lymphocytes 

The spleens from male Wistar rats, weighing -100 g, were sliced and 
pressed through a sterile nylon mesh into ice-cold Hank's balanced 
salt solution. The resulting cell suspension was layered onto a Ficoll- 
Hypaque gradient (Pharmacia Fine Chemicals, Uppsala, Sweden) 
and centrifuged at 4 ~ for 15 rain at 800 g [23]. The interface, contain- 
ing the lymphocytes, was collected and the cells washed twice by cen- 
trifugation in HNB-buffer before fixing and storing as described 
above for the RIN 5F cells. The viability before fixation was > 95% in 
all experiments. 

Preparation of tracers 

Protein A (Pharmacia Fine Chemicals, Uppsala, Sweden) was iodi- 
nated with chloramine-T and purified by polyacrylamide disc gel 
electrophoresis as described [22] (spec. act. 30 Ci/g). An affinity puri- 
fied rabbit anti-rat immunoglobulin (Sera Lab Ltd. Crawley Down, 
Sussex, UK) was iodinated with chloramine-T [22] and separated 
from the free iodine by gel filtration on Sephadex G-25, fine (Pharma- 
cia Fine Chemicals). 

leS I-protein A radioligand assay 

Islet cell surface antibodies (ICSA) and lymphocyte antibodies were 
determined [13, 19] in coded samples of sera, which were heat-inacti- 
vated (30 rain at 56 ~ and centrifuged (5 min at 10,000 g). The super- 
natants were aliquoted and stored at - 20 ~ allowing each sample to 
be thawed only once. In the assays for surface antibodies, 100 l.tl para- 
formaldehyde-fixed cells (1 x 106 RIN 5F cells/ml or 20 x 106 lym- 
phocytes/m]) were incubated in 1.5 ml polypropylene tubes for 
60 min at 4~ with 100 btl serum sample at a final dilution of 1:24 in 
HNB-buffer (optimum dilution for discrimination between antibody 
positive and negative samples). The cells were washed in HNB-buffer 
(1.3ml) and after centrifugation (45s, 10,000g), the cell pellet 
( -25  ~tl) was resuspended in 50 txl lzSI-protein A (6 x 106 cpm/ml), 
prepared as described [22], in HNB-buffer. After incubation for 
30 min at 4~ HNB-buffer (1.5 ml) was added and the cells washed 
twice by centrifugation at 10,000 g, first for 45 s and then for 90 s. The 
bottom of each tube containing the cell pellet in -25 gl was cut out 
and counted in a gamma counter (Tracor Analytical Model 1285, 
Searle, Des Plains, Illinois) to determine cell-bound radioactivity. All 
results are the mean of duplicate determinations. The precision of 
the assay, calculated as the intra-assay coefficient of variation: 

100X(Xa-X2)/1.128 [24] was 15% in 28 assays. The reproducibility 
(xl + x2)/2 

tested on sera samples from three BB rats, randomly selected from 
low-incidence litters, was 31% in 27 consecutive assays. 

Correlation between binding of protein A 
and antibodies against rat immunoglobulin G 

The binding capacity of 12q-protein A to rat immunoglobulins is low 
compared to that of man, dog or rabbit [25, 26]. In separate control 
experiments, 12SI-labelled rabbit IgG directed against rat IgG was test- 
ed in parallel with 12SI-protein A in the radioligand assay. In randomly 
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Fig. 1. Quantitative adsorption of a BB rat islet cell surface antibody 
positive serum with increasing numbers of either splenic lymphocytes 
(O) or RIN 5F cells (A). The unadsorbed (O) and adsorbed sera 
were incubated at a final dilution of 1/20 with 105 RIN 5F cells and 
the cell surface bound antibody estimated by incubation with 125I-pro- 
tein A . . . . . .  represents binding using sera (diluted 1/20) from non- 
diabetes susceptible BB rats 

Table 1. a25I-protein A binding to different cell types incubated in sera 
from BB rats with low or high incidence of insulin-dependent diabe- 
tes 

125I-protein A radioactivity (cpm/105 cells) 

islet cells and RIN 5F cells in sera samples from BB rats from the low- 
incidence (n=7) and high-incidence (n= 10) litters. In both experi- 
ments the binding of 125I-protein A to islet ceils correlated to that of 
RIN 5F cells (r= 0.99, p < 0.001). 

Specificity of  islet cell surface antibodies 
and lymphocyte antibodies 

Since BB rats have circulating antibodies reactive with a variety of tis- 
sues [14-16], the presence of cell surface antibodies may represent 
antibodies against common rat cell membrane determinants. This 
possibility was excluded in a quantitative adsorption test shown in 
Figure 1. An antibody-positive BB rat sample was first adsorbed [22] 
to either RIN 5F cells or spleen lymphocytes (0-130 • 106 cells/ml se- 
rum). RIN 5F cells were then incubated in the resulting superuatants 
and the binding of 125I-protein A determined as described above. The 
results demonstrate that 100-130 • 10  6 RIN 5F cells/ml quantitatively 
removed antibodies binding to RIN 5F cells (Fig.l). In contrast, 
100 130 • 1061ymphocytes/ml decreased the subsequent binding of 
antibodies to RIN 5F cells by -30% only. These control experiments 
suggest that antibodies reactive with both cell types may be present 
but that ICSA occur independently of lymphocyte antibodies. All 
400 sera samples were therefore analyzed for both ICSA and lympho- 
cyte antibodies without prior adsorption. 

RIN 5F cells, RIN 14B cells, and lymphocytes were incubated in 
parallel with sera from 12 high-incidence and six low-incidence rats to 
further evaluate the specificity of the 125I-protein A binding (Table 1). 
The binding of 125I-protein A to RIN 5F cells was significantly higher 
than to RIN 14B cells in sera from high-incidence litters, but not low- 
incidence animals (Table I). RIN 5F cells bound more than twice as 
much a2Sl-protein A as spleen lymphocytes in sera of high-incidence 
rats, but there was no difference between these bindings in sera from 
the low-incidence litter animals (Table 1). 

Morphological studies 

At the end of the prospective study (142-157 days) the rats were sacri- 
ficed and the pancreas quickly excised, fixed in Bouin's solution and 
embedded in paraffin [1, 17]. Sections were stained with hematoxylin 
and eosin or with glutaraldehyde fuchsin and all samples were coded 
before evaluation by light microscopy as described [1, 17]. 

RIN 5F RIN 14B Lymphocytes Statistics 

Low-incidencerats ]036_+ 346 929+ 145 1125+ 366 
(n = 6) NS NS 

High-incidence rats 4876+3811 3540+3191 2248+3032 
(n = 12) p < 0.005 p < 0.001 

Mean values _+ SD are shown, p values indicate binding values differ- 
ent from those of the RIN 5F cells in a paired Student's t-test 

Statistical analyses were performed using Fisher's exact test, Student's 
t-test, either paired or unpaired, or by calculating the correlation coef- 
ficient r for linear relationships. 

Results 

selected sera samples from 17 diabetic and non-diabetic BB rats, the 
binding of 125I-protein A correlated to that of 12SI-rabbit anti-rat IgG 
(r= 0.9286; p < 0.001), which suggests that bound protein A radioac- 
tivity reflects binding of rat immunoglobulin to the RIN 5F cells. 

Correlation between 12S I-protein A binding to islet cells 
and R I N  5F cells 

A highly significant correlation between the binding of 125I-protein A 
to paraformaldehyde-fixed RIN 5F cells and normal rat islet cells in- 
cubated with sera from BB rats was demonstrated in a previous study 
[27]. In two experiments we repeated this test by incubating Wistar rat 

Clinical and metabolic studies 

Among 26 rats of the two low-incidence litters one ani- 
mal showed impaired glucose tolerance and another in- 
sulitis. None of the animals developed insulin-depen- 
dent diabetes. All 22 rats of the three high-incidence 
litters showed abnormalities: eight developed insulin- 
dependent diabetes with typical end-stage islets [I, 3], 
five showed impaired glucose tolerance with insulitis, 
and nine showed unequivocal but milder insulitis with- 
out glucoregulatory disturbances. Insulin-dependent 
diabetes occurred between the ages of 72 and 131 days 
(mean 95 days). Glycaemic and morphological data are 
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Fig.2. Panel A: binding of 125I-protein A to RIN 5F cells incubated 
with sera from low- and high-incidence BB rats aged 48-53 days. 
Panel B: mean binding of 6-10 separate determinations in sera (final 
dilution 1:24) sampled bimonthly throughout the study period 
(38-157 days of age) is shown. The symbols indicate animals without 
(0) or at the end of study (142-157 days of age) with either insulin- 
dependent diabetes ( �9 impaired glucose tolerance test (z~) or in- 
sulitis (�9 The mean values ('2) for low- and high-incidence rats 
were significantly different in both age ranges (p < 0.001) 
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Fig. 3. Panel A: the binding of  125I-protein A to spleen lymphocytes, 
incubated in sera from low- and high-incidence BB rats, 48-53 days of 
age. Panel B: mean binding of 6-10 determinations of sera sampled 
bimonthly throughout the study (38-157 days). Symbols indicate rats 
without (0) or, at the end of the study (142-157 days of age) with ei- 
ther insulin-dependent diabetes (�9 impaired glucose tolerance ( A ), 
or insulitis (�9 The mean values ( ̀ 2 ) for low- and high-incidence rats 
were significantly different in both age ranges (p< 0.001) 

not shown, but correspond to our previously published 
results in animals from the same breeding colony [1-4, 
17]. All diabetic rats required daily insulin therapy. 

Islet cell surface antibodies and lymphocyte antibodies 
in low-incidence litters 

Sera samples obtained from the BB rats biweekly dur- 
ing the 104 days' study period showed that the binding 
of  125I-protein A to RIN 5F cells in the 26 low-incidence 
litter BB rats ranged between 551 and 11,258 cpm/  
105 RIN 5F cells. The one rat with insulitis deviated 
from the remaining 25 rats at 48-53 days of age, the 
m e a n + 2 S D  at this age for all 26rats being 4691 
cpm/105RIN 5F cells (Fig.2). Calculation of  the 
mean + 2SD (4578 cpm/105 RIN 5F cells) of  nine sam- 
ples taken between the ages of  38-157 days detected 
two additional ICSA-positive rats, one with impaired 
glucose tolerance and one without impaired glucose tol- 
erance or insulitis (Fig. 2). In the following analysis we 
define the presence of  ICSA and lymphocyte antibodies 
as a binding value exceeding the m e a n +  2SD of  all 
binding values obtained at the corresponding age in the 
26 low-incidence litter rats. 

Islet cell surface and lymphocyte antibodies 
in high-incidence litters 

ICSA (Fig. 2) and lymphocyte antibodies (Fig. 3) levels 
were increased among the high-incidence litter rats both 
at 48-53 days of  age and as the mean of  6-10 measure- 
ments during 38-157 days of age. ICSA, as defined 
above, was found in 16 out of 22 (73%) high-incidence 
litter rats compared to four out of 56 (15%) among the 
low-incidence control rats (p<0.002). All high-inci- 
dence rats (22/22) had lymphocyte antibodies com- 
pared to five out of 26 (19%) of the low-incidence rats 
(p< 0.002). 

At - 5 0  days of  age, 8 out of 21 (38%) rats in the 
high-incidence litters showed binding > mean + 2SD 
(4691cpm/105RIN 5F cells) of the 26low-incidence 
animals (Fig. 2 A). When the mean binding values dur- 
ing 38-157 days of age were compared (Fig. 2B), ICSA 
was present among 32% (7/22) of the high-incidence lit- 
ter animals. These results suggest that there was no ap- 
parent relation between ICSA and diabetes, impaired 
glucose tolerance, or the end-point analysis of  insulitis. 
The mean binding values in animals developing diabe- 
tes did not differ from rats with impaired glucose toler- 
ance or end-point insulitis only. 



T. Dyrberg et al.: Islet cell ant ibodies in the  BB rat 163 

3 0 -  

2 5 -  

2 0 -  

1 5 -  

1 0 -  

RAT 1 RAT 2 

101 

,?, 
o 8 

w 

E s 
4 

d 
v 2 
13r) 

._  0 
"l~ -2o 
e- 

�9 ~ 15 .13 
< 
(-- 

o 

I 

7 

RAT 3 

I I 
0 2'0 ,~ 

RAT 5 

f .~ ...'" 

,3 " , - i  

" i i 
9 / 

RAT 4 

e,,.-.-.*... 
"... 

I I I I  
.0-40 -~'0 o ~ ,~ ,o 

RAT 6 

12 

10 

6 

4 ?" "'.. 

0 
-80 -40 0 

I I 
40 -80  -40  0 40 80  

Days from Onset 
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The analysis of lymphocyte antibodies demon- 
strated that 18/21 (77%) of the high-incidence rats had 
antibodies at 48-53 days (Fig.3A). When the mean 
binding value for the entire period was considered, 
19 rats were lymphocyte antibody-positive (Fig. 3 B). At 
38 days of age, the earliest sampling time available, all 
high-incidence rats were lymphocyte antibody-positive 
(10/10). 

During the course of our study eight rats developed 
diabetes (Fig.2 and3). ICSA were found in four of 

Table2.  Lymphocyte  counts  in the peripheral  blood of  high-inci- 
dence BB rats 

Age N u m b e r  Lymphocy te  counts  Difference in lymphocyte  
(days) o f  rats in high-incidence counts  (high-incidence - 

( lymphocy tes /  low-incidence) ( lympho- 
ul blood) cy tes /u l  blood) 

38 21 3 1 0 8 + 2 3 4  - 635__+265 
53 22 2 867 + 168 - 1024 -+ 168 
63 22 3 698 -+ 225 - 557 -+ 225 
74 21 3 964 _____ 148 - 3 501 + 229 
88 21 3 891 + 230 - 3 311 -+ 230 

102 20 3 962 + 281 - 3 516 -+ 281 
115 18 3 7 7 2 + 3 2 7  -3483__+367 
128 21 3 801 + 307 - 2 552_+ 306 
142 21 3 882 __-!- 251 - 4094 -+ 251 

Results  exmessed  as m e a n  + SEM 

these diabetic rats already at 48-53 days of age and in 
three of them when expressed as the mean ICSA bind- 
ing during 38-157 days (Fig. 2). Lymphocyte antibodies 
were positive in seven diabetic rats at 48-53 days and in 
six of the eight diabetic rats when the mean binding val- 
ue was considered (Fig. 3). The level of tzSI-protein A 
binding to both RIN 5F cells and spleen lymphocytes 
varied considerably between individual diabetic rats 
(Fig. 4). Diabetic rats 1-3 showed peak ICSA and lym- 
phocyte antibody values at or after diagnosis of diabe- 
tes, but in diabetic rat I both antibodies were present 
before diagnosis. In diabetic rats 4-7 (Fig. 4) peak val- 
ues occurred prior to the diagnosis. In diabetic rats 7 
and 8 no samples were positive for ICSA, however, lym- 
phocyte antibodies were present before diagnosis in 
both animals (Fig. 4). There was a linear relationship be- 
tween tzSI-protein A binding to RIN 5F cells and lym- 
phocytes (r= 0.75-0.98) in 5 out of 8 diabetic rats. Both 
ICSA and lymphocyte antibodies showed a trend to- 
wards lower binding values with increasing age in the 
eight diabetic rats. 

Lymphocytopenia 

All rats in the high-incidence litters showed lymphocy- 
topenia (Table 2). There was no difference in lympho- 
cyte number between animals that developed diabetes 
or impaired glucose tolerance or had insulitis only. In 
the observation period of 38-142 days of age all lym- 
phocyte counts in the high-incidence litters were signifi- 
cantly lower than in the low-incidence litters (Table 2). 

In a total of 194 sera from high-incidence litter rats, 
there was an overall significant linear correlation be- 
tween ICSA and lymphocyte antibodies (r=0.6638, 
p<0.001). A highly significant linear correlation be- 
tween ICSA and lymphocyte antibodies was observed 
both in the eight rats developing diabetes ( r=  0.7920, 
p < 0.001) and in the five rats with impaired glucose tol- 
erance (r= 0.5065, p <  0.001). In the five rats that devel- 
oped impaired glucose tolerance, a negative linear 
correlation was found between lymphocyte antibodies 
and total lymphocyte counts (r-- - 0.4029, p <  0.01). 
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Discussion 

This study confirms and extends our previous observa- 
tion that circulating antibodies to cell surface determi- 
nants on islet cells and spleen lymphocytes may be pres- 
ent in many BB rats at or after the diagnosis of diabetes 
[131. The high level of antibody binding at the time of 
clinical diagnosis prompted us to monitor BB rats from 
the time of weaning up to 160 days of age. At this age 
the majority of the animals would be expected to have 
developed diabetes [2, 3]. Utilizing BB rats from the 
original Ottawa colony [3, 17], it was possible to follow 
litters with expected high incidence of diabetes and 
compare them to litters with expected low incidence. 
This investigation, therefore, allowed us to determine, 
firstly, the natural history of ICSA, lymphocyte anti- 
bodies and blood lymphocyte counts together with 
metabolic parameters. Secondly, since it is controversial 
to what extent ICSA and/or  lymphocyte antibodies are 
involved in the pathogenesis of insulin-dependent dia- 
betes, our prospective analysis made it possible to test 
whether the antibodies preceded the onset of diabetes 
or were a consequence thereof. In this respect the BB rat 
offers a unique possibility to study the progression of 
events leading to a diabetic syndrome which in many re- 
spects resembles that of Type 1 (insulin-dependent) dia- 
betes in man [3]. 

The large number of samples generated from a total 
of 48 animals followed prospectively for 104 days were 
analysed for ICSA with paraformaldehyde-fixed RIN 
5F cells. These cells represent a continuous insulin- 
producing rat c'ell-line which was cloned from insulin- 
and somatostatin-secreting cell-lines established from a 
transplantable rat islet cell tumour [18]. The RIN 5F 
cells are reported to release insulin in response to a var- 
iety of beta cell secretagogues except glucose [28]. Non- 
species specific cytotoxic antibodies against the RIN 5F 
cells as well as the RIN 14B cells have been detected in 
sera from many patients with Type 1 (insulin-depen- 
dent) diabetes [29, 30]. Antigenic determinants reactive 
with antibodies in both human and BB rat diabetic sera 
therefore seem to be present in the RIN 5F cells. Also it 
was found both previously [27] and in the present study 
that the binding activity in BB rat sera to RIN 5F cells 
correlated to that observed with dispersed normal 
Wistar rat islet cells. In addition, the adsorption experi- 
ments (Fig.l) demonstrate that RIN 5F cells but not 
splenic lymphocytes quantitatively adsorb the binding 
activity to the RIN 5F cells. It was concluded that, as for 
human diabetic sera samples [29, 30], the RIN 5F cells 
represent suitable target cells for monitoring circulating 
rat ICSA. Another advantage in the present approach is 
the use of paraformaldehyde-fixed cells, which in con- 
trast to living cells permit handling of many samples. 

The increased frequency of positive tests and the 
high binding values to RIN 5F cells and to spleen lym- 
phocytes in BB rats later developing morphological 
signs of insulitis, or of impaired glucose tolerance and/  

or diabetes, suggest that these antibodies are early fea- 
tures of this syndrome. The causal relationship between 
the antibodies and the ensuing diabetes cannot be defi- 
nitely resolved from this study. Our analysis (Fig. 4) in- 
dicates that ICSA and/or  lymphocyte antibodies may 
not be present before the diagnosis of diabetes in all 
rats. However, ICSA correlated to lymphocyte anti- 
bodies in both diabetic and rats with impaired glucose 
tolerance but not in rats with insulitis alone. Also, in 
five rats with impaired glucose tolerance there was a 
negative correlation between lymphocyte antibodies 
and total numbers of lymphocytes. A long-term expo- 
sure to certain levels of ICSA and/or  lymphocyte anti- 
bodies may therefore contribute to the development of 
both glucoregulatory disturbances and/or  lymphocyto- 
penia. 

The ICSA reaction does not seem to be limited to 
pancreatic B cells since about 30% of the ICSA activity 
was removed by quantitative adsorption with spleen 
lymphocytes (Fig.l) and since the somatostatin-pro- 
ducing RIN 14B cells (Oie and Gfizdar, personal com- 
munication) showed ICSA after incubation in BB rat 
sera (Table 1). Eisenbarth and co-workers [29] found hu- 
man diabetic sera also mediated complement-depen- 
dent antibody cytotoxicity against the RIN 14B cells. 
However, whereas somatostatin-producing cells (D 
cells) often remain in islets from patients with Type 1 
(insulin-dependent) diabetes [31, 32], immunocyto- 
chemical analysis of the diabetic BB rat pancreatic islets 
revealed pathological changes of the D cells also [33]. 
The pathogenesis of diabetes in the BB rat may there- 
fore include other cells in addition to the B cells and 
possibly a variety of antigenic determinants since not 
only ICSA and lymphocyte antibodies are detected in 
diabetes susceptible animals but also antibodies to thy- 
roid, smooth muscle, and gastric parietal cells [14-16]. 
The BB rats may therefore have an abnormal immune 
response which predisposes to the development of insu- 
lin-dependent diabetes often in association with ICSA 
and/or  lymphocyte antibodies but not dependent upon 
these autoantibodies. 
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