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Summary .  Sera  f rom BB Wis ta r  rats a n d  Wis ta r  cont ro l  rats 

were eva lua ted  for the  p resence  of  islet cell an t ibod ies  in  a 

prospec t ive  s tudy  us ing  an  ind i rec t  i m m u n o f l u o r e s c e n c e  as- 

say on  panc rea t i c  islet cell suspens ions  f rom cul tured  ra t  is- 

lets. Islet  cell surface  an t ibod ies  were de tec ted  in sera f rom all 

an ima l s  of  the  s p o n t a n e o u s l y  d iabe t ic  BB Wis ta r  rat  colony.  

The  an t i body  could  be  de tec ted  well be fore  the  cl inical  onse t  

of the disease and was present throughout the course of study 
of all diabetic animals. Sera from control Wistar rats were 
negative when tested for this antibody. 
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A number of investigators have reported antibodies in 
the sera of patients with insulin-dependent diabetes 
[1-5]. These earlier studies tested a human serum 
reaction on frozen or fixed sections from blood group 0 
cadaveric donor pancreases. This islet cell antibody is 
reported to bind cytoplasmic antigens only [6, 7], and is 
found in 60%-85% of newly diagnosed patients with in- 
sulin-dependent diabetes. The percentage of patients 
with detectable levels of circulating islet cell antibodies 
decreases with time [8]. 

More recently, an islet cell surface antibody has 
been detected in the sera of diabetic patients [6, 9]. Islet 
cell surface antibody is detected in a majority of insulin- 
dependent diabetic patients ( > 60%) and is reported to 
lyse fl cells specifically from newborn rat islets. How- 
ever, islet cell surface antibody is not diagnostic of insu- 
lin-dependent diabetes as it is found also in a significant 
proportion of first degree relatives (25 %). 

The spontaneously diabetic BB Wistar rat presents a 
syndrome with many analogies to the development and 
expression of insulin-dependent diabetes in man [10, 
11]. We have been interested in it as a model for ex- 
amining the role that antibodies to pancreatic islet cells 
might play in the aetiology of insulin-dependent dia- 
betes, with particular reference to the questions: (1) 
does the diabetic rat have a circulating antibody specific 
for a pancreatic islet cell but not present in the normal 
rat? and (2) if so, does the presence of this antibody pre- 
cede the onset of the disease? We report here the results 
of an immunofluorescence study aimed at answering 
these questions. 

Materials and Methods 

Animals and Sera 

The BB rat is maintained in our laboratories as a random-bred, closed 
colony. Animals are kept in an air-conditioned room (20 ~ 50% rela- 
tive humidity) with a 12-h light/dark cycle, and fed Purina Lab Chow 
5001 and water ad libitum. Urinary glucose levels are determined dai- 
ly on all BB rats using the glucose enzymatic test strip (Tes-Tape, Eli 
Lilly, Toronto, Canada). Individual rats are classified as diabetic on 
the basis of a positive glycosuria and they are subsequently main- 
tained on daily PZ1 insulin. At the time of this study the incidence of 
diabetes in the colony was 70% and the average age of onset 85 days. 

Eleven diabetic BB rats from seven litters, all diagnosed as diabet- 
ic on the same day and aged 12-16 weeks, as well as 12 pre-diabetic 
BB rats aged 8-12 weeks were selected for study. These animals were 
bled at weekly intervals (1.5 ml whole blood removed from the jugular 
vein following light anaesthesia) starting 24 h after diagnosis of the 
overt syndrome in the diabetic group. Blood was allowed to clot over- 
night at 4 ~ and serum removed, heat inactivated at 56 ~ for 30 min 
and stored at - 4 0  ~ until tested for auto-antibodies. 

The control rats were from a random-bred, closed colony of Wis- 
tar rats derived from the parent BioBreeding colony which gave rise to 
the spontaneously diabetic BB rat, and which is maintained separate- 
ly. We consider it to be the real control colony for the BB rat. It has 
0% prevalence of spontaneous diabetes. Blood samples (5 ml) were 
obtained from ten 12-week old male control rats on the same day that 
bleedings of the experimental animals were initiated. Blood and se- 
rum samples were handled as described above. 

Cell Suspensions 

Islet cells: Five to seven-day old neonatal rats from the control colony 
served as donors of pancreases for the cell suspensions. Pancreatic is- 
lets were isolated by a modification of the standard collagenase meth- 
od [12, 13]. Pancreases were isolated aseptically and placed in Hanks 
buffer (Gibco Laboratories, Grand Island, USA) at 4 ~ The tissue 
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was transferred to 16 x 125 mm pyrex culture tubes, washed twice in 
cold Hanks buffer with sedimentation at 1500rev/min on an IEC 
clinical centrifuge (International Equipment Company, Needham, 
USA) and resuspended in Hanks-collagenase solution (Worthington 
Diagnostics, Freehold, USA), with collagenase at a final concentra- 
tion of 1.5 mg/ml. Digestion was carried out for 12-15 min at 37 ~ on 
a Burrell wrist-action shaker (Burrell Corporation, Pittsburgh, USA) 
and was arrested by the addition of Hanks buffer (4 ~ and sedimen- 
tation at 2200 rev/min. Following two washes in Hanks buffer with 
sedimentation at unit gravity, the digest was suspended in 3 ml Ficoll- 
Hypaque solution (Ficoll-400, Pharmacia Fine Chemicals, Uppsala, 
Sweden, 11.6%; sodium hypaque, Winthrope, Aurora, Canada, 
19.0%) over which 2 ml Hanks buffer was layered. This gradient was 
centrifuged for I0 min at 800 rev/min and the isolated pancreatic is- 
lets collected from the interphase. 

The islets thus isolated were maintained in culture for a minimum 
of 24 h before use in the preparation of cell suspensions. The standard 
culture condition for the purified islets was medium-199 (Gibco Lab- 
oratories, Grand Island, USA) supplemented with 10% fetal calf 
serum (Gibco Laboratories, Grand Island, USA), and glucose 
(5.5 mmol/1). In a standard run, pancreases were isolated from 48-60 
newborn rats and the resulting islets were cultured in four 60 x 15 mm 
plastic culture dishes. 

For the preparation of cell suspensions, the medium was removed 
from the culture dishes and the adhered islets were washed with 5 ml 
of Swim's medium (Gibco Laboratories, Grand Island, USA) supple- 
mented with bovine serum albumin (1%); HEPES (20mmol/1); 
EGTA (1 mmol/1); and NaHCO3 (0.2%). The final pH was adjusted 
to 7.1. The wash medium was removed by aspiration and fresh Swim's 
medium (2 ml) was added to each plate. The adhered islets were dis- 
lodged, removed to siliconized pyrex tubes (16 x 125 mm) and washed 
twice in Swim's medium with sedimentation at 1100 rev/min. The is- 
lets were resuspended in DNase (Calbiochem, LaJolla, USA) in 
Swim's medium at a final concentration of 0.02%, and incubated for 
80 min at 37 ~ in a shaking water bath. The cell suspension was 
washed twice at 800 rev/min for 5 min in Hanks buffer containing fe- 
tal calf serum (2%) and HEPES (20 mmol/1) and resuspended in the 
same buffer (200 lxl). The cells were counted with a standard haemo- 
cytometer and viability measured by trypan blue (NCS Diagnostics, 
Mississauga, Canada) exclusion. 

Spleen, thymus and fibroblast cells: Cell suspensions were prepared 
from spleen and thymus tissues as described by Ford [14]. Donor ani- 
mals were from the control rat colony. Fibroblast ceils were obtained 
from the digestion of pancreatic tissue from the control colony rats 
and subsequently maintained in tissue culture. 

Serum Adsorption 

Sera were adsorbed by incubation with equal volumes of packed cells 
from spleen or thymus at 26 ~ for 30 rain. Adsorptions with fibro- 
blast cells were performed at 26~ for 30min using 3 x 10  6 cells/ 
100 ttl sera. 

Immunofluorescence 

Cell counts were adjusted to approximately I x 106/ml and aliquots 
(70 gl) placed in disposable culture tubes (12 x 75 mm). Test sera 
(35 ~tl) diluted in an appropriate volume of Hanks buffer were added 
to the tubes, which were then incubated for 30 rain at 37 ~ with gentle 
agitation. The cells were washed twice with Hanks buffer containing 
fetal calf serum (2%) and HEPES (20 mmol/1) and sedimented at 
1100 rev/min for 5 min. To the pellets, 50 ul of a 1 : 20 dilution of flu- 
oresceinated sheep anti-rat IgG (General Diagnostics, Scarborough, 
Canada) was added and the cells resuspended and incubated for 
30 rain at 37 ~ with gentle agitation. The cells were washed twice in 
the supplemented Hanks buffer and then sedimented (1100 rev/min). 
The pellet was resuspended and transferred to marked slides. 

The slides were air-dried and a cover glass mounted using buf- 
fered glycerol. The slides were evaluated using a Zeiss photomicro- 

Fig. 1. Immunofluorescence of 
islet cell antibodies in rat pan- 
creatic islet cells ( x 600) 

Table 1. Summary of cellular immunofluorescence observed with rat 
sera 

Source of Serum dilutions 
s e r u m  

1:2 1:4 1:8 1:16 1:32 1:64 

Diabetic rat + + +  + + +  + +  + +  + + / -  
Control rat . . . . . .  

+ ,  + + ,  + + + denote weak positive, positive, and strong positive 
membrane fluorescence. In all other tables + denotes a strong posi- 
tive reaction for antibody 

scope (Carl Zeiss, Oberkochen, FRG) equipped with an epi-fluores- 
cence condenser and Zeiss filter combination 10 consisting of Schott 
filters, excitation BP 450-490 nm, barrier BP 520-560 nm. Sco6ng for 
a positive immunofluorescence was carried out by two observers in- 
dependently on a 'blind' schedule. 

Results 

In a standard assay cultured islets were harvested from 
four plates and a cell suspension prepared. The recov- 
ery of  cells and their viability was 1.01 + 0.39 x 106 and 
95 + 3% respectively in ten different experiments (mean 
___ SD). 

Cells showing an intense membrane  fluorescence 
were observed following incubation with sera from dia- 
betic animals (Fig. 1). Such cells were not observed fol- 
lowing incubation with either sera from control rats or 
Hanks buffer  alone. Table 1 shows the immunofluores-  
cence score obtained using doubling dilutions of  sera 
f rom four diabetic rats (taken 24 h after onset) and four 
control rats. 

Two main points were apparent:  (1) the immunoflu-  
orescence reaction titred as expected for a specific anti- 
gen-antibody reaction, and (2) not  all cells of  the cell 
suspension reacted with the positive sera. Since the 
reactions at both 1 :2  and 1:4  serum dilution were 
scored + + + ,  a 1 : 4 serum dilution was employed in 
all subsequent tests. The percentage of  cells demonstrat-  
ing membrane  fluorescence was 24 _ 2% for ten diabet- 
ic rat sera, when a total field of  approximately 200 cells 
per sera was examined. When sera f rom diabetic and 
control rats were adsorbed with either spleen, thymus or 
fibroblast cells and tested on islet cell suspensions, a 
positive fluorescence score was obtained in all cases for 
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Table 2. Immunof luorescence  testing o f  rat sera on cultured islet cells 

Source o f s e r u m  Positive cell m e m b r a n e  
immunof luorescence  

N u m b e r  (%) 

Diabetic BB rat i�88 100 
Pre-diabetic BB rat 1�90 100 
Control  Wistar rat �88 10 

Table 3. Immunof luorescence  detection of  islet cell ant ibody in the 
spontaneous ly  diabetic BB rat in relation to t ime of  onset  o f  diabetes 

Rat  N u m b e r  Time-interval after onset  of  diabetes (weeks) 

Day  1 1 2 3 4 5 13 

43 + + + + + + + 
44 + + (died) 
45 + + + + + + + 
46 + + + + + + + 
47 + + + + + + + 
48 + + (died) 
49 + + + (died) 
50 + + + + + + + 
51 + + + + + + + 
52 + + + + + + + 

53 + + (died) 

+ denotes  detection of  ant ibody 

Table 4. Immunof luorescence  detection o f  islet cell ant ibody in 8-12 
week pre-diabetic BB rats in relation to t ime of  onset  of  diabetes 

Rat  N u m b e r  Time-interval of  blood sampl ing  (weeks) 

0 l 2 3 4 5 6 

31 + + + [ + l  + 
32 + + + + + + + 
33 + + [+]  + + + + 
34 + + + + + + + 
35 + + + + + [+1 + 
36 + + + + + + + 
37 + + + + + + [+1 
38 + + + + + + + 
39 + + + + + [+]  + 
40 + + + + [ + ] (died) 
41 + + [+] + + + + 
42 + + + + + [ + ] (died) 

+ denotes  detection of  ant ibody:  [ ] denotes  onset  o f  diabetes 

the diabetic sera and the control sera gave negative 
reactions. Thus the antibodies we are detecting appear 
to be specific for islet cells. 

Our main concern in this investigation was to char- 
acterize rats of the BB colony for the presence or ab- 
sence of antibodies in relation to onset of the diabetic 
syndrome. A summary of our immunofluorescence ob- 
servations is presented in Table 2. Sera from all rats of 
the BB colony, whether overtly diabetic or pre-diabetic, 
gave a positive immunofluorescent reaction; whereas, 
virtually all sera from control Wistar rats were negative 
in the immunofluorescence assay. One rat (Wistar con- 
trol 59) was assessed as weak-positive on a single test, 

but was negative in a second assay. All other control se- 
ra gave consistently negative results for antibody by this 
indirect immunofluorescence assay, individual sera be- 
ing tested from two to eleven times. 

Tables 3 and 4 show the time course of detection of 
a positive immunofluorescence reaction in relation to 
the onset of the disease in the spontaneously diabetic 
BB rat. Table 3 shows that all diabetic rats demon- 
strated the presence of antibody in sera collected I day 
post-diagnosis, and consistently showed a positive reac- 
tion at weekly bleedings up to 5 weeks post-detection. 
All sera remained positive at a 13-week post-diagnosis 
bleeding. 

The data on weekly bleedings of the pre-diabetic an- 
imals are shown in Table 4. The pre-diabetic animals 
were selected for study the day diabetes was diagnosed 
in our affected group, and were bled at the same time as 
the diabetic animals. Table 4 shows the relationship of 
the detection of anti-islet cell antibody and the diagno- 
sis of overt diabetes in this experimental group. At the 
time of this study, the incidence of diabetes in our BB 
rat colony was 70%. Eight of the 12 (66%) selected pre- 
diabetic rats became overtly diabetic during the course 
of the study, which agrees well with the overall frequen- 
cy in the main colony. All these animals showed a posi- 
tive reaction for islet cell antibody well before onset of 
the disease. In the most extreme case (rat 37), a positive 
immunofluorescence reaction was detected 6 weeks be- 
fore onset of the disease. Only rat 31 was negative ini- 
tially and it developed a positive reaction 3 weeks be- 
fore onset of the disease. 

Discussion 

These results show that by an indirect immunofluores- 
cence assay an antibody or antibodies reactive with cells 
of a suspension prepared from cultured Wistar rat pan- 
creatic islets can be demonstrated in the sera of all rats 
thus far tested from the spontaneously diabetic BB rat 
colony. The antibody is not detected in sera from rats of 
our control Wistar colony. The antibody is present for a 
considerable period of time both before and after onset 
of diabetes. In fact, four of our eight pre-diabetic ani- 
mals did not become diabetic (rats 32, 34, 36 and 38, 
Table 4) yet consistently showed a positive antibody 
reaction; and the seven of our 11 diabetic rats, which 
lived > 13 weeks following diabetes detection, were still 
positive for antibody during that period. 

Some comments can be made about detection of 
anti-islet cell antibodies in the BB rat. Elder et al. [15] re- 
ported that the BB rat does not have pancreatic cell 
auto-antibodies. Tingle and Nakhooda (cited by Dyr- 
berg et al.) [161 have been unable to demonstrate islet 
cell cytoplasmic antibodies by immunofluorescence on 
frozen sections of rat pancreas. The antibodies we are 
detecting are, we believe, the equivalent of the islet cell 
surface antibody associated with insulin-dependent dia- 
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betes in man. Since the completion of our study, Dyr- 
berg et al. [16] have reported an islet cell surface auto- 
antibody in the BB Wistar rat using an uSI-protein A 
binding assay. Contrary to our findings, this method did 
not detect autoantibodies in the diabetes-prone ani- 
mals. 

One can only speculate on the significance of auto- 
antibodies to the pancreatic islet cells in the pathogene- 
sis of the diabetic syndrome in this animal model. Like 
et al. [17, 18] report that post-natal thymectomy, whole 
body irradiation or anti-lymphocyte antiserum can pre- 
vent clinical manifestation of the disease in the majority 
of the diabetic rats from the BB/W colony. There is 
little doubt that an abnormal autoimmune response 
plays a key role in the development of the disease. How- 
ever, it is impossible to decide, at this time, whether the 
circulating antibodies are the direct cause of the func- 
tional destruction of an islet cell, or whether they are 
only a secondary product of the abnormal immune 
state. 

In this context, it would be even more speculative to 
try to draw a parallel to the human insulin-dependent 
diabetes. There is evidence for possible multiple causes 
in the human disease and probably only one of the hu- 
man forms may be a direct analogy to the rat model. 
However, in view of the report that 25% of first degree 
relatives of insulin-dependent diabetic patients have cir- 
culating anti-islet cell surface antibodies [6], our consis- 
tent finding of similar antibodies in all diabetes-prone, 
non-diabetic BB rats may have added significance. It is 
conceivable that a relatively large number of people are 
affected by a condition which only in its most virulent 
form results in clinical diabetes, while in most others it 
is a self-limiting 'laboratory non-disease' manifested 
only by a 'biologically' non-significant increase of anti- 
pancreatic antibodies. 
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