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Adoptive transfer of diabetes to and from old 
normoglycaemic BB rats 
P. MacKay 

Diabetes Immunology Department, Novo Nordisk, Bagsvaerd, Denmark 

Summary Approximately 4 % of diabetes-prone BB/ 
Mol rats escape overt diabetes which occurs in other 
rats between 56 and 130 days of age. The ability of 
preactivated spleen cells from older non-diabetic 
and from acutely diabetic rats to adoptively transfer 
diabetes into young diabetes-prone rats was com- 
pared, and it was found that they transferred dis- 
ease with similar incidence and with overlapping on- 
set times in the recipients. Old non-diabetic rats 
were themselves susceptible to diabetes adoptively 
transferred from acutely diabetic or from old non- 
diabetic donors. Lymphocytic insulitis and pancrea- 
tic insulin content in unmanipulated old non-diabet- 
ic rats were both intermediate between those seen 
in acutely diabetic and in diabetes-resistant rats. In 
vivo t reatment  with polyinosinic-polycytidylic acid 
induced diabetes with faster onset in old non-diabet- 
ic rats than in young diabetes-prone rats. Adoptive 

transfer of fresh, whole spleen cells from old non- 
diabetic rats did not protect young BB rats against 
spontaneous diabetes, while cells from diabetes-re- 
sistant rats did. Spleens from old non-diabetic rats 
contained significantly lower percentages of T cells 
than spleens from acutely diabetic rats but not low- 
er than spleens from age-matched diabetic rats, sug- 
gesting that this reduction was age-related. Finally, 
spleens from both old non-diabetic and from acute- 
ly diabetic rats were negative for the regulatory 
RT6 + T-cell subset. It is concluded that quiescent 
beta-cell autoimmunity seen in a fraction of BB/ 
Mol rats can be reactivated upon non-antigen-speci- 
fic immune stimulation. [Diabetologia (1995) 38: 
145-152] 

Key words BB rats, autoimmunity, adoptive transfer, 
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The spontaneously diabetic Bio-Breeding (BB) rat is 
a model of human insulin-dependent diabetes melli- 
tus ( IDDM) in which 60-95 % of both sexes become 
diabetic between the ages of 56-130 days (reviewed 
in reference [1]). The disease incidence and mean 
age of onset in a particular colony each depend on 
the family line from which it is derived [2] and both 
can be affected by environmental pathogens, diet 
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and stress [3-5]. Diabetes-prone (DP) BB rats are 
lymphopenic, with reduced levels of T-helper cells 
[6] and low or undetectable numbers of CD5 + / 
CD8 + cytotoxic T cells [7], and they lack the RT6 § 
T-cell subset that prevents diabetes in the diabetes- 
resistant (DR) strain [8, 9]. The disease is T-cell de- 
pendent, as demonstrated by studies where diabetes 
was prevented by neonatal thymectomy [10] or by in 
vivo administration of anti-CD5 monoclonal anti- 
body [11], and diabetes can be induced in young DP 
recipients by adoptive transfer of in vitro activated, 
purified CD4 + T cells isolated from acutely diabetic 
(AD) donor rats [12]. Disease transfer is more effi- 
cient if CD8 + cells are co-purified with CD4 + T- 
helper cells from the donor spleens [13], and recent 
studies have indicated that the necessary effector 
cells are CD8 + T cells [14, 15] and not CD8 + natur- 
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al kil ler (NK)  cells, which ear l ier  studies had  sugges- 
ted  [11, 16]. 

A l though  housed  unde r  ident ical  condi t ions  as fu- 
ture  diabetics, some m e m b e r s  of  D P  BB rat  li t ters 
progress  to  adu l thood  with no  clinical signs of  dis- 
ease and it is unc lear  why these  inbred  animals  are 
not  100 % conco rdan t  fo r  diabetes.  Prev ious  studies 
have  shown ev idence  of  au toaggress ion  to be ta  cells 
in old non-d iabe t ic  ( O N D )  B B  rats [17, 18], bu t  it 
has also b e e n  suggested that  long- te rm normoglycae -  
mic BB rats have  a suppressive lymphocy te  popula -  
t ion which, in the absence  of in vi tro preact iva t ion ,  
p reven ts  the occu r rence  of  spon taneous  d iabetes  
w hen  inocu la ted  into D P  recipients  [19]. In o rde r  to 
fu r the r  e lucidate  these  observat ions,  I invest igated 
(i) the  ability of  O N D  BB/Mol  rats to serve as donors  
and as recipients  in adopt ive  t ransfer  (AT)  experi-  
ments  using p reac t iva ted  sp leen  cells, (ii) the  ability 
of  non-ac t iva ted  O N D  spleen  cells to t ransfe r  pro tec-  
t ion against  disease, and (iii) the effect  of  i m m u n e  ac- 
t iva t ion in vivo by adminis t ra t ion  of  polyinosinic-  
polycyt idyl ic  acid. The  combined  da ta  p rov ide  new 
insight into the  a u t o i m m u n e  status of  these animals. 

Materials and methods 

Animals. DP and MHC-identical (RT1 ~u) DR BB rats were 
purchased from M011egaard Animal Breeding Centre, L1. 
Skensved, Denmark. At the time of study, DP rats had been 
inbred for more than 40 generations. The rats were housed at 
the Novo Nordisk animal facility on a 12-h light:dark cycle 
and fed ad libitum with standard rat chow and tap water. DP 
rats were monitored for weight loss three times a week and dia- 
betes was diagnosed when blood glucose exceeded 11 mmol/1 
(Haemo-Glucotest sticks/Reflolux IIM, Boehringer Mann- 
heim, Mannheim, Germany). Diabetic donor rats were trea- 
ted with one daily injection of 15 IU heat-treated bovine Ultra- 
Lente insulin (Novo Nordisk, Bagsvaerd, Denmark)/kg and 
killed by decapitation within 4 days of diagnosis. The sponta- 
neous diabetes incidence in DP rats was 95.6 % (1456 of 1523) 
and diabetes has never been observed in the DR substrain at 
Novo Nordisk. OND rats were confirmed as normoglycaemic 
(blood glucose < 6.5 retool/l) immediately before entering ex- 
periments, the oldest one being 501 days of age. Twenty-one 
OND rats were observed until a mean age of 355 -+ 17 days 
with no signs of diabetes. 

Splenic lymphocyte preparation. Spleens were disrupted into 
single cells by rasping on stainless steel mesh and the mono- 
nuclear cells isolated by density gradient centrifugation on 
Lymphopaque/2% weight/volume Metrizamide (Nyegaard, 
Oslo, Norway). The cells were resuspended in basal medium 
consisting of RPMI 1640 supplemented with 2 mmol/1 gluta- 
mine, 100 U/ml penicillin, 100 btg/ml streptomycin and 10 % 
heat-inactivated fetal calf serum (Biological Industries, Kib- 
butz Beth Haemek, Israel). The phenotypic distribution of 
whole spleen mononuclear cells in AD and OND BB rats was 
analysed by fluorescence activated cell sorting (FACS) as de- 
scribed below. 

For the preparation of donor cells for adoptive transfer, 
splenocytes were pooled from 3-6 rats and plastic adherent 
monocytes and B-lymphocytes were removed by panning 
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twice for 30 min at 37 ~ on tissue culture dishes coated with 
rabbit anti-rat Ig (DAKO, Copenhagen, Denmark). The non- 
adherent fraction was incubated for 65 h at 37 ~ in 5 % CO 2 
in basal medium supplemented with 50 btmol/1 2-mercapto- 
ethanol, 60 ng/ml phorbol myristate acetate (Sigma, St. Louis, 
Mo., USA), 0.6 ~,mol/1 ionomycin (Serva, Heidelberg, Germa- 
ny) and 10 U/ml recombinant human interleukin-2 (IL-2) 
(Boehringer Mannheim) (PII medium). 

Flow cytometry. PII-activated non-adherent spleen cells were 
phenotyped immediately before adoptive transfer by incubat- 
ing aliquots of 105 cells at 4 ~ with fluorescein-isothiocyanate 
(FITC) conjugated OX19 anti-rat CD5 (pan T lymphocytes), 
phycoerythrin (PE) conjugated W3/25 anti-rat CD4 (T-helper 
cells and monocytes/macrophages), FITC-conjugated OX8 
anti-rat CD8 (T-cytotoxic/suppressor and NK cells), PE-conju- 
gated OX12 (anti rat x-chain) or PE-conjugated OX39 (IL-2 
receptor) monoclonal antibodies (all from Serotec, Kidling- 
ton, UK). 

For the analysis of mononuclear-cell subset distributions in 
whole spleen, aliquots were labelled with W3/25-PE, OX12- 
PE, R73 (anti-rat T-cell receptor) ascites (Serotec) or OX8 hy- 
bridoma supernatant (Seralab, Crawley Down, Sussex, UK). 
These four products were free of non-specific binding to 
whole BB rat spleen. R73 and OX8-1abelled cells were devel- 
oped for FACS analysis by incubation with rat-adsorbed, bioti- 
nylated horse anti-mouse Ig (Vector Laboratories, Burlin- 
game, Calif., USA), followed by FITC-conjugated streptavi- 
din (DAKO). 

T-cell expression of the RT6.1 and RT6.2 alloantigens was 
investigated by labelling spleen cells, depleted of B cells and 
macrophages as explained above, with rat anti-RT6.1 and 
anti-RT6.2 monoclonal antibodies (kindly supplied by Dr. J. 
Mordes, Worcester, Mass., USA), followed by FITC-conjuga- 
ted rabbit anti-rat Ig (DAKO). 

All incubations were carried out in phosphate buffered sal- 
ine (PBS) with 1% bovine serum albumin and 0.1% NaN 3 
using saturating concentrations of antibodies. After Labelling 
the cells were washed once in assay buffer, once in PBS alone 
and then fixed in 1% formaldehyde. Ten thousand cells were 
analysed by FACScan (Becton Dickinson, San Jose, Calif., 
USA), dead cells and erythrocytes being excluded by electro- 
nic gating. The percentages of stained cells were computed by 
Lysis software. 

Adoptive transfer of diabetes. PII-activated cells were washed, 
counted and analysed by FACS, after which aliquots contain- 
ing a given number of OX19 + cells plus additional co-purified 
OX8 + cells were injected into the tail vein of recipient rats in 
1 ml of neat RPMI. Three types of adoptive transfer experi- 
ments were performed. In one set of experiments, PII-activa- 
ted cells from AD (age 65-111 days) or from OND BB rats 
(age 122-179 days) were injected into 4-week-old DP rats, 
while sex-matched littermates received RPMI alone. In an- 
other set of experiments, activated cells prepared from AD do- 
nors were injected into OND rats (age 130-173 days), while 
age-matched OND controls (age 134-183 days) received 
RPMI alone. Blood glucose was monitored daily and when it 
exceeded 11 mmol/1 cell recipients were killed for evaluation 
of pancreas histology. Control rats were killed for histologic 
examination when the last cell recipient in a given experiment 
became diabetic or, in the case of one experiment, at age 60 
days. 

Induction of diabetes with poly I:C. Every second day, four 
OND rats (age 164_+ 12 days), four young DP (39 +-1 days) 
and four adult DR rats (124 _+ 0 days) were treated i.p. with 
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Fig. 1. Frequency distribution of onset age (--.-) and cumula- 
tive occurrence of spontaneous diabetes ( . . . .  ) in BB/Mol rats 
(n = 1456) 

days) and cleaned of excess fat. A small section was snap- 
frozen for histologic examination while the remaining section 
was weighed and stored at -80~ for subsequent determina- 
tion of insulin content. 

For quantitation of lymphocytic insulitis in these and in 
other rats studied, pancreas sections were stained with haema- 
toxylin and eosin and scored as follows: 0 = no mononuclear 
cell (MNC) infiltration, 1 = few MNC at vascular areas, intact 
islet structure, 2 = many MNC in and around islet, intact islet 
structure, 3 = highly infiltrated islet, only small areas of intact 
islet tissue, 4 = islet beta cells totally destroyed. For each ani- 
mal 10 to 20 islets were scored by light microscopy of coded 
slides. 

For the determination of insulin content, stored sections 
were thawed and then homogenized and ultrasonicated in 
75 % ethanol, 1.5 % 12 mol/1 HC1, 23.5 % H20. Insulin was ex- 
tracted overnight at 4 ~ in this buffer and the extracts neutra- 
lized with 1 tool/1 NaOH after which immunoreactive rat insu- 
lin was determined by radioimmunoassay [20] and expressed 
as ng insulin/mg wet pancreas. 

Table 1. Adoptive transfer of diabetes from old non-diabetic 
(OND) and from acutely diabetic (AD) BB rats into young 
diabetes-prone recipients 

Inoculum Cells transferred x 106 Incidence Insulitis 
OX19 + OX8 + (n) score 

OND cells" 7.5 + 0.3 1.0 + 0.2 8/9 b 3.79 + 0.10 ~ 
AD cells 7.6 + 0.4 1.6 + 0.4 10/10 b 3.64 + 0.08 c 
Medium NA NA 0/7 0.37 + 0.20 

Values are expressed as means + SEM for numbers of rats indi- 
cated (n = 5 experiments). 

No statistically significant differences between OND and AD 
cell recipients in any parameter listed; bp < 0.002 VS medium- 
injected controls; Cp<0.002 vs medium-injected controls. 
NA, not applicable 

polyinosinic-polycytidylic acid at a dose of 5 ~tg/g body weight 
(poly I:C, Pharmacia, Uppsala, Sweden). As controls, three 
OND (152 _+ 16 days) and four DP (39 _+ 1 days) rats were in- 
jected with a corresponding volume of vehicle (154 mmol 
NaC1/1 H20 ) and all animals were monitored daily for hyper- 
glycaemia. For evaluation of pancreas histology, diabetic ani- 
mals were killed at diagnosis, controls when the last p01y I:C- 
treated rat in a group became diabetic or, in the case of poly 
I:C-treated DR rats, 24 days after commencement. 

Prevention of spontaneous diabetes by transfer of fresh spleen 
cells. In order to investigate the presence of diabetes-suppres- 
sive cells, whole spleen mononuclear cells were prepared 
from OND (age 193 _+ 9 days, n = 7) and from DR donor rats 
(age 157 + 9 days, n = 6). Thirty-one day female DP rats from 
two litters were divided into matched groups and each rat in- 
jected i.v. with 152 x 106 pooled OND or DR cells. At diagno- 
sis of diabetes, or in the case of non-diabetic rats at age 130 
days, lymphocytes were prepared from individual spleens, en- 
riched for T cells by negative panning as explained above, and 
then analysed by FACS for the presence of RT6 + cells. Pan- 
creata were excised for histologic examination. 

Pancreatic examinations. Pancreata were removed from nine 
unmanipulated OND (age 168 + 6 days), from nine acutely 
diabetic (age 80 + 3 days) and from four DR rats (age 93 _+ 0 

Statistical analysis 

Results are expressed as means _+ SEM. Diabetes incidence in 
different experimental groups was compared by the Fisher ex- 
act test (two-tailed), while all other data were analysed by the 
Mann-Whitney U-test. Statistical significance was assumed at 
p < 0.05. 

Results 

Diabetes frequency and onset age distribution. The 
historic  incidence of  s p o n t a n e o u s  d iabe tes  in BB/  
Mol  rats  was 95.6 % (1456 of  1523). The  younges t  dia- 
bet ic  ra t  was 56 days  old while the  oldest  was diag- 
nosed  at 130 days  and  the  m e a n  age of  onse t  was 
79.5 days. The  onse t  age dis t r ibut ion and  the  cumula -  
t ive occur rence  of  d iabe tes  are shown in Figure  1. The  
age of  onse t  is skewed  to the left  and  t ape r s  off  as the  
rats  g row older  t han  100 days. Thus, in the  first 20 
days (56-75 days)  of  d iabe tes  occur rence ,  38.9 % of 
all even tua l  d iabet ics  we re  d iagnosed ,  while  only  
2.2 % were  d iagnosed  in the  last  20 d a y s  (111-130 
days).  

Adoptive transfer using O N D  donor rats. F A C S  ana-  
lysis of  nega t ive ly  panned ,  P I I - ac t i va t ed  sp leen  cells 
f r o m  b o t h  O N D  and  f r o m  A D  rats  (n = 5 exper i -  
men t s )  showed  each  d o n o r  cell type  to be  near ly  
equal ly  posi t ive  for  OX19  (pan  T cells) and  W3/25 
(T-he lper  cells). O N D  cells we re  85.9 + 2 . 8 0 X 1 9  + , 
8 4 . 6 + 3 . 0 %  W3/25 + ( p = N S  vs OX19)  and  
12.3 _+ 2.5 % O X 8 + .  OX19  plus O X 8  accoun ted  for  
98.2 _+ 0.85 % of the  to ta l  popula t ions .  H I - a c t i v a t e d  
cells f r o m  A D  donors  we re  7 8 . 7 + 4 . 1 %  OX19 +, 
79.3 + 4.3 % W3/25 + and  16.6 +_ 3.3 % O X 8  +. OX19  
plus OX8 accoun ted  for  95.3 + 1.6 % of the  to ta l  A D  
popula t ions ,  the  r e m a i n d e r  be ing  con tamina t ing  B 
cells. The  t r ans fe r r ed  cells f r o m  each  d o n o r  type  
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were seen only in a few islets in the control group 
(p < 0.002). 

The individual onset times of the diabetic rats are 
depicted in Figure 2, which shows that the onset 
times of AD-cell  recipients spanned a narrow range 
of 11-15 days (mean + SEM 12.7 _+ 0.4 days), while 
the onset times of OND-cell  recipients spanned a 
wider - but completely overlapping range of 10-21 
days (mean _+ SEM = 15.4 + 1.4 days, p = NS). 

Adoptive transfer using OND recipient rats. In three 
experiments, five OND rats were injected with popu- 
lations of preactivated T + NK cells from acutely dia- 
betic DP donors. All of them became diabetic within 
8-11 days, while all age-matched controls remained 
normoglycaemic (p < 0.01, Table 2). Lymphocytic in- 
filtration and beta-cell destruction were significantly 
more pronounced in cell recipients than in controls 
(p < 0.01). 

In order to exclude that diabetes transferred to or 
from OND rats was dependent  on a contributing 
mononuclear  cell population present only in AD do- 
nors or in young DP recipients, two OND rats (aged 
324 and 501 days) were injected with activated OND 
T + N K  ceils. One rat which received 3.0• 
OX19 + plus 1.8 • 10 6 0 X 8  + cells became diabetic 
after 29 days, and the other, which received 3.8 • 106 
OX19 + plus 2.1 • 106 OX8 + cells, became diabetic 
after 25 days. The insulitis scores of the cell recipi- 
ents were 3.60 and 4.00, respectively, while the mean 
score of five OND controls (age 299-389 days) was 
2.15 + 0.64 (data not presented in Table form). 

were thus composed essentially of T-helper and NK 
cells, but lacking the resolution afforded by double 
labelling they are referred to here as T + NK cells. 
They were over 90 % OX39 + (IL-2 receptor) in all 
cases. 

As shown in Table 1, eight out of nine young DP 
recipients injected with activated T + NK cells from 
OND donors became diabetic. The one non-diabetic 
recipient advanced to adulthood without ever becom- 
ing hyperglycaemic. All of the 10 DP rats injected 
with a similar number  of T + NK cells from AD do- 
nors became diabetic (p = NS vs OND),  while all 
medium-injected rats remained normoglycaemic 
(p < 0.002 vs OND or AD cell recipients). The islets 
in recipients of either OND or of AD cells were total- 
ly destroyed, while infiltrating mononuclear  cells 

Induction of diabetes by poly I:C. As shown in Ta- 
ble 3, all OND rats treated with poly I:C became dia- 
betic, whereas no NaCl-treated OND controls did 
(p = 0.06). Likewise, all poly I:C-treated young DP 
rats became diabetic, while no NaCl-treated DP con- 
trols became diabetic within the study period 
(p < 0.03). In contrast to poly I:C-treated OND and 
DR rats, all the poly I:C-treated DR rats remained 
normoglycaemic until killed 24 days after commence- 
ment  (p < 0.03 vs OND or DP rats). The mean onset 
time of poly I:C-treated OND rats was significantly 
shorter (range 2-8 days) than that of poly I:C-treated 
DP rats (range 11-24 days, p < 0.03). 

Histologic examination revealed lymphocytic infil- 
tration and severe islet-cell destruction in the poly 
I:C-treated OND rats, while the NaCl-treated OND 

Table 2. Adoptive transfer of diabetes from acutely diabetic (AD) into old non-diabetic BB rats 

Inoculum Recipient age Cells transferred x 106 Incidence 

at transfer (days) OX19 + OX8 + (n) 

AD cells 153 + 8 6.0 • 0.0 2.4 • 0.2 5/5 a 
Medium 150 • 9 NA NA 0/5 

Onset time 
(days) 

9.8• 
NA 

Insulitis score 

3.93 + 0.06 b 
2.25 + 0.36 

Values are means + SEM for numbers of rats indicated (n = 3 experiments). 
ap < 0.01 vs controls; bp  < 0.01 VS controls 
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Table 3. Induction of diabetes in old non-diabetic (OND) and in young diabetes-prone (DP) rats by polyinosinic-polycytidylic acid 
(poly I: C) 

Rats Treatment Age (days) Incidence (n) Onset time (days) Insulitis score 

OND Poly I: C 164 _+ 12 4/4 a 5.5 + 1.3 a 3.74 + 0.25 e 
OND NaC1 152 + 16 0/3 NA 1.92 + 0.41 
Young DP Poly I: C 39 + 1 4/4 b 16.0 _+ 3.0 3.61 _+ 0.21 e 
Young DP NaC1 39 _+ 1 0/4 NA 1.32 + 0.70 
DR Poly I: C 124 +_ 0 0/4 ~ NA 0.83 + 0.25 

Values are means + SEM for numbers of rats indicated (n = 1 
experiment). DR, diabetes-resistant rats; NA, not applicable. 
ap = 0.06 vs NaCl-treated OND; bp < 0.03 vs NaCl-treated 

DP; ~ < 0.03 vs poly I:C-treated OND or DP rats; dp < 0.03 
vs poly I: C-treated DP; ~p < 0.04 vs NaCl-treated controls 

Table 4. Inability of fresh OND spleen cells to transfer protection against spontaneous diabetes 

Inoculum Cells transferred x 106 Incidence Age at onset RT6.1 expression on Insulitis score 
(days) recipient spleen cells 

OND cells 152 4/4 61.3 + 3.5 1.4 + 0.3 % 4.00 _+ 0.00 
DR cells 152 0/5 ~ NA 21.8 + 1.2 %b 0.15 _+ 0.00 c 

Values are means + SEM for number of rats indicated (n = 1 experiment). DR, Diabetes-resistant. 
ap < 0.02; bp < 0.015; Cp < 0.015 vS OND cell recipients. NA, not applicable 

Table 5. Subset distributions and recoveries of spleen cells from BB rats 

AD (n : 11) OND (n = 10) OD (n = 7) 

Subset 

R73 16.03 +_ 0.65 a 13.54 + 0.56 14.30 + 0.79 
W3/25-R73 16.83 _+ 1.53 17.57 + 1.04 11.88 + 1.33 b 
OX12 49.25 + 1.51 49.29 + 2.50 45.28 + 3.36 
OX8 15.47 +_ 1.23 18.22 + 1.97 26.81 + 2.27 c 
Total spleen subsets 97.6 _+ 2.0 98.6 + 1.4 98.3 + 1.0 

Recovery • 106 77 _+ 5 84 + 3 66 _+ 9 
Age (days) 78 + 3 167 + 6 163 + 9 

FACS analysis of spleen cell subsets from acutely diabetic 
(AD), from old non-diabetic (OND) and from old diabet- 
ic (OD) rats, defined by monoclonal antibodies R73 (T 
cells), R73 minus W3/25 (macrophages), OX12 (B cells) 

and OX8 (NK cells). Values are means + SEM; n = numbers of 
rats studied. 
ap<0.02 vs OND and NS vs OD; bp <0.01 vs AD and vs 
OND; Cp < 0.02 vs AD and vs OND 

controls  had  signif icantly l ighter  infi l t rates and  larger  
islets (p < 0.04, Table  3). P a n c r e a t a  f r o m  poly  I:C- 
t r ea t ed  young  D P  rats  all showed  end-s tage  islets, 
whe reas  N a C l - t r e a t e d  D P  controls  had  significantly 
l ighter  M N C  infi l t rat ions (p < 0.04). The  islets of  
po ly  I :C- t r ea t ed  D R  rats  had  few infi l t rat ing cells 
and  a p p e a r e d  intact.  P a n c r e a t a  f r o m  the po ly  I:C- 
t r ea t ed  rats  were  smal le r  t han  those  of cont ro l  rats  
and  in s o m e  cases r evea l ed  mi ld  exocr ine  pancrea t i -  
tis. 

Inability o f  fresh OND spleen cells to prevent sponta- 
neous diabetes. All  of  the  young  D P  rats t r ans fused  
with  f i e sh  O N D  spleen  cells had  b e c o m e  diabet ic  by  
52-69 days  of  age, while  no  D P  rats  in jec ted  with  the 
s ame  n u m b e r  of  f resh D R  cells we re  hype rg l yc aemic  
by  age 130 days (p < 0.02, Table  4). FACS analysis of  
individual  spleens  af ter  e n r i c h m e n t  for  OX19  + and  
O X 8  + cells by  nega t ive  pann ing  s howed  D R - c e l l  re-  
cipients  to have  engra f t ed  RT6.1 + cells at age 130 

days, while  the O N D  cell rec ip ients  had  few, if  any, 
such cells at diagnosis  (p < 0.015). The  p e r c e n t a g e  of 
OX19  § cells was  twice as high in D R - c e l l  rec ipients  
as in O N D - c e l l  rec ip ients  and  this T-cell p o p u l a t i o n  
consis ted of  b o t h  C D 4  § and  of C D 8  § T cells, the  lat- 
ter  subset  be ing  unde t ec t ab l e  in rec ipients  of  O N D  
cells (da ta  no t  shown).  

His to log ic  e x a m i n a t i o n  r evea l ed  tha t  the  b e t a  cells 
of  O N D - c e l l  rec ipients  were  total ly  des t royed  (Ta- 
ble 4), the  r ema in ing  islet cells s taining posi t ive  for  
g lucagon only (not  shown).  By contrast ,  the  islets of  
DR-ce l l  rec ipients  we re  c o m p l e t e l y  f ree  of  l y mp h o -  
cytic inf i l t ra t ion (p < 0.015). 

Pancreatic examinations o f  AD, OND and DR rats. 
Microscop ic  e x a m i n a t i o n  of  p a n c r e a t a  f r o m  A D  D P  
rats  r evea l ed  un i fo rmly  h e a v y  lymphocy t i c  infil tra- 
t ion and  be ta-ce l l  des t ruc t ion  (Fig. 3A),  while those  
f r o m  O N D  rats  s p a n n e d  a wide r ange  f rom mi ld  to 
h e a v y  infi l trat ion,  but  wi th  a significantly lower  
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Spleen-cell subset determinations. Spleen mononu- 
* * i A clear cells were isolated from individual AD, from 

O N D  and from old diabetic (OD) rats that had been 
treated with insulin for a disease duration of 83 + 10 
days. Splenocyte yields from AD, O N D  and OD rats 
were not significantly different (Table 5). O N D  rat 
spleens had a significantly lower mean percentage of 
R73 + (T-cell receptor) cells than A D  rats, but  it was 
not significantly different from the mean percentage 
of R73 § cells found in age-matched OD rats. R73 al- 
ways correlated with the W3/25 + T (helper) cell his- 
togram peak clearly seen with the latter antibody 
(not shown). There were no differences between A D  
and O N D  rats in the percentages of W3/25§ R73- 
cells (macrophages), OX12 + (B) cells or OX8 + 
(NK) cells, but  OD rats had significantly lower per- 
centages of macrophages than O N D  and A D  rats, 

..... and significantly higher percentages of OX8 + cells 
than A D  and O N D  rats. In each group of rats ana- 
lysed, the sum of subsets accounted for by R73, W3/ 

1: .... l B 25-R73, OX12 and OX8 was more than 97 %. 
�9 FACS analysis of RT6 alloantigen expression on 

fresh T + NK populations showed that both A D  and 
I O N D  rats were negative for RT6.1 and RT6.2 (not 

shown). 

A D  O N D  D R  

Fig.3 (A, B)Individual insulitis scores (A) and insulin con- 
tents (B) in pancreata from acutely diabetic (AD, n = 9), old 
non-diabetic (OND, n = 9) and diabetes-resistant (DR, n = 4) 
BB rats. Columns represent means + SEM. 
*p < 0.0005; **p < 0.006; -~ p < 0.0005 and $ p < 0.05 

mean insulitis score than A D  rats (p < 0.0005). Pan- 
creata from control D R  rats were free of insutitis 
(p < 0.006 vs O N D  rats). 

Measurements  of insulin content in these same 
pancreata (Fig. 3B) showed A D  rats to be nearly de- 
void of immunoreactive insulin. O N D  rats contained 
significantly more  insulin per mg pancreas than A D  
rats (p < 0.0005), but  significantly less than D R  rats 
(p < 0.05). In the three groups together, insulitis was 
inversely correlated with insulin content (p < 0.001 
by regression analysis, not shown), but  within the 
O N D  group itself the correlation did not reach statis- 
tical significance. 

Serologic status. Serum samples from A D  and O N D  
rats were analysed for antibodies to seven common 
rodent  viruses and for antibodies to Mycoplasma pul- 
monis and Bacillus piliformis (Prof. V. Kraft, Central 
Institute for Animal Breeding, Hannover,  Germa- 
ny). Two out of 13 O N D  and 3 out of 18 A D  rats 
were seropositive for Kilham's rat virus (p = NS) and 
all rats were seronegative for other viruses assayed 
(SDAV, Reo3, TMEV, PVM and Sendai virus). Se- 
ven out of 13 O N D  and 10 out of 18 A D  rats were 
seropositive for Bacillus piliformis (p = NS) and all 
rats were seronegative for Mycoplasma pulmonis. 

Discussion 

The present study shows that DP  BB rats which have 
escaped clinical diabetes nonetheless have the ability 
to adoptively transfer the disease to young D P  rats 
with a similar frequency and mean onset time as 
when A D  donors are used. Since the onset time of 
adoptively transferred diabetes in BB rats depends 
on the number of CD4 + cells in the transferred popu- 
lation [21], and since total spleen T cells numbers 
were not lower in O N D  than in A D  rats (Table 5), it 
appears that non-progression to overt diabetes in 
O N D  rats is not related to significantly lower num- 
bers of diabetogenic T cells, but  more probably to 
their insufficient activation. 

The reduced insulin content in O N D  pancreata 
suggest that some beta-cell damage has taken place 
and the lower insulitis scores seen in OND, com- 
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pared to A D  rats, show that immunocyte homing into 
the islets is less efficient in the former group, some of 
which were free of insulitis. Upon  treatment with the 
interferon inducer poly I:C, which accelerates the 
age of onset in young D P  rats [22], lymphocytic infil- 
tration is resumed and the rats become diabetic, sug- 
gesting that O N D  rats are in a state of quiescent 
beta-cell autoimmunity. Interferon-y has been impli- 
cated in diabetes pathogenesis at several levels, such 
as lymphocyte homing [23], stimulation of M H C  and 
adhesion molecule expression on beta  cells [24] and, 
in synergy with other cytokines, as a beta-cell toxic 
agent [25]. Non-occurrence of diabetes in OND rats 
may thus be related to lower interferon production 
in these than in rats which do become diabetic. 

The skewed shape of the onset age curve in diabetic 
rats (Fig. 1) may reflect immune reactivity to a de- 
layed-expressed autoantigen to which DP rats are in- 
tolerant, such as the 38 kDa islet-cell protein de- 
scribed by Ko et al. [26]. This autoantigen is expres- 
sed in the islets of neonatal D R  rats, but only after 30 
days of age in D P  rat islets which then acquire im- 
mune target status. In future OND rats this autoanti- 
gen may be expressed at an earlier age than in future 
diabetic rats, thus leading to some degree of toler- 
ance. Alternatively, inductive autoantigen(s) could 
be expressed only transiently or at continually low le- 
vels in O N D  rats, resulting in inadequate T-cell activa- 
tion and incomplete subsequent beta-cell destruction. 

Another  possible cause of the skewed shape of the 
onset age curve could be the action of regulatory cells 
that dampen the disease frequency as the animals 
grow older, rescuing 4 % of the population from dia- 
betes. Evidence of suppressive cells was provided by 
Kuttler et al. [19] who found that spontaneous dia- 
betes was prevented in DP  BB/OK rats by transfu- 
sions of 25 x 106 fresh, whole mononuclear cells from 
O N D  donors. In the present study, all recipients of 
fresh O N D  spleen cells became diabetic, whether 
using the same (not shown) or a sixfold higher cell References 
dose than Kuttler et al. [19] (Table 4), an observation 
that argues against a role for suppressive cells in 
OND BB/Mol  rats. It is possible, however, that some 
BB/OK rats have a higher ratio of suppres- 
sive:diabetogenic mononuclear cells than do BB/Mol  
rats, a notion which could explain both the lower dia- 
betes incidence and the higher mean age of onset 
characteristic of the BB/OK subline [19], as well as 
the preventive effect of transfused O N D  donor cells. 

Non-occurrence of diabetes in O N D  rats could 
theoretically be related to defective accessory cell 
function. In experiments reported elsewhere [27], no 
difference was detected in O N D  and A D  spleen cell 
reactivity to concanavalin A, suggesting that presen- 
tation to T cells of at least this lectin was intact in 
O N D  rats. In vitro cytotoxicity of OND and A D  
spleen cells to rat insulinoma cells did not differ ei- 
ther [27], but  in view of the postulated role of CD8 § 
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T cells in BB rat diabetes [14], cytotoxicity assays in 
the presence of NK cells (and using M H C  incompati- 
ble target cells) may be futile. 

In a previous study, virus seropositive DP  rats had 
a reduced disease incidence and a later mean age of 
onset than seronegative rats [3]. In the animals ana- 
lysed in the present study, no correlation was evident 
between serologic status and the occurrence of dia- 
betes, but a role for micro-organisms in O N D  rats 
during a critical earlier period cannot be ruled out, 
since prospective serum samples were not collected. 

Commensurate with the reduced insulin content 
demonstrated herein and by others [18] in the pan- 
creata of OND rats, these animals have impaired 
beta-cell function [28]. In humans, impaired first 
phase insulin release is seen in first-degree relatives 
of individuals with I D D M  [29] and in non-diabetic 
members  of identical twin pairs where the index 
twin is diabetic [30]. The concordance rate of dia- 
betes in monozygotic twins is reportedly only some 
54 % [31] and it has been speculated that this is the re- 
sult of exposure to different environmental influen- 
ces (reviewed in [32]). The observation that poly I:C 
induces diabetes in O N D  BB rats supports the no- 
tion that non-antigen specific exogenous factors 
which stimulate cytokine production can precipitate 
disease in diabetes-prone humans who may other- 
wise be in a quiescent state of autoimmunity. Elucida- 
tion of the mechanisms that limit the degree of beta- 
cell destruction in OND BB rats may help explain 
why a genetically diabetes-prone person not always 
progress from subclinical to overt IDDM. 
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