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Macrophage infiltration precedes and is a prerequisite 
for lymphocytic insulitis in pancreatic islets of pre-diabetic BB rats 
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Summary. We have analysed whether infiltration of macro- 
phages and lymphocyte subtypes into pancreatic islets of 

diabetes prone BB rats occurs at random or whether insulitis 

requires a specific sequence of events. Serial sections from 

more than 700 islets of diabetes prone BB rats (70-150 days of 
age) were analysed for infiltrating immunocytes and expres- 

sion of major histocompatibility complex antigens by 4-11 

different monoclonal antibodies. In parallel, electron micro- 

scopy was performed in a fraction of islets. Part of the animals 

had been treated with macrophage toxic silica particles. A spe- 

cific non-random sequence of events was identified and 4 

stages of islet inflammation were recognised. Stages l a  and 

1 b are defined by macrophage (ED1 +, W3/25 +. Ox3/6/17 +, 
ED2- )  infiltration and concomitant enhanced major histo- 

compatibility complex class I antigen expression initially at 

one pole or at the periphery of islets. T-, NK- and B-lympho- 

cytes are absent (<  1 cell per mean islet section). In stage 2, 

more macrophages are infiltrating and concomitantly Ox19 +- 

T-lymphocytes and Ox8+-granular (NK-) lymphocytes are 

observed. In stage 3, additional massive infiltration ofOxl2  +- 
B-lymphocytes is noted. Silica treatme, nt of BB rats largely 

prevented macrophage infiltration. Concomitantly islets were 

free of lymphocytes. Thus, macrophage infiltration clearly 

precedes T- and NK-lymphocyte and later B-lymphocyte in- 
filtration. Lymphocytes do not infiltrate islets in the absence 

of prior macrophage invasion. 

Key words: BB rats, insulitis, macrophages, T-lymphocytes, 
silica, electron microscopy. 

The spontaneous  occurrence of  insul in-dependent  
diabetes in BB rats is p receded  by  mononuc lea r  infiltra- 

t ion of  pancreat ic  islets [1]. The prevent ion of  diabetes 

by  neonatal  t hymec tomy  or by  deplet ion of  Ox-19 +- 

lymphocytes  demonstra tes  the T-cell dependency  of  the 
disease process [2, 3]. Further  suppor t  comes f rom cell 

t ransfer  experiments  where insulitis and diabetes was 

observed in normal  cyc lophosphamide  treated Wistar- 

Furth rats after injection of  concanaval in-A-st imulated 

spleen cells f rom acutely diabetic BB rats [4]. 

On the other hand,  adminis trat ion of  silica particles, 
a p roduc t  toxic to macrophages ,  a lmost  complete ly  

prevented manifesta t ion of  diabetes in BB rats [5, 6]. 
Ultrastructural  studies demonst ra ted  an early phase  of  

islet in f lammat ion  where single macrophages  were seen 

infiltrating islets with concomitant  islet cell destruction, 

t e rmed "single cell insulitis" [7, 8]. These findings indi- 
cate an essential role of  macrophages ,  as well as o f  T- 
lymphocytes  in the pathogenesis  o f  diabetes in BB rats. 
In  the present  study, we have analysed whether  macro-  
phages,  T- lymphocytes ,  natural  killer cells and  B-lym- 

phocytes  contribute to islet in f lammat ion  in a specific 
sequence,  or whether  there is a r a n d o m  infiltration of  is- 

lets by  immune  cells. For  this purpose,  we per fo rmed  a 

semiquanti tat ive analysis of  islet infiltration in pre- 

diabetic BB rats. 

Material and methods 

Animals 

BB rats came from our colony which is derived from breeding pairs 
kindly provided by Dr. A. A. Like, University of Massachusetts, Wor- 
cester, Mass., USA. The breeding nucleus of Wistar rats came from 
Zentralinstitut fiir Tierzucht, Hannover, FRG. Of 11 BB rat litters, 49 
rats were allocated into sex and litter matched groups. One group was 
treated with silica particles (100 mg per kg body weight, Steinkohle- 
Bergbau-Verein, Essen, FRG) at 50, 55, 60 and 70 days of age as de- 
scribed previously [5, 6]. The control group remained untreated. The 
incidence rate of diabetes in our colony is 60.-80% by 150 days of age. 

Rats were weighed twice weekly and checked daily for glucosuria 
and ketonuria. Criteria of diabetes were weight loss and confirmed 
hyperglycaemia above 11 mmol glucose/1 (Glukoquant, Boehringer, 
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Table 1. List of monoclonal antibodies 
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Antibody IgG class Specifity References 

MRC OX-3 a IgG1 
MRC OX-6 a IgG1 
MRC OX-8 a IgG1 

MRC OX-12 a IgG2 a 
MRC OX-17 a IgG1 
MRC OX-18 a IgG1 
MRC OX-19 a IgG1 

W 3/13 a IgG1 

W 3/25 a IgG1 

ED 1 b IgG1 

ED 2 b IgG2 a 

Rat class II (I-A) major histocompatibility antigen 
Rat class II (I-A) major histocompatibility antigen 
Rat CD8 antigen on cytotoxic/suppressor lymphocytes 

peripheral lymphocytes, thyrnocytes 
natural killer cells 

Rat immunoglobulin kappa chain 
Rat class II (I-E) major histocompatibility antigen 
Rat class I major histocompatibility antigen 
Rat Ly-1/Tl-antigen on T cells, thymocytes 

Leukocyte sialoglycoprotein on peripheral T cells, 
thymocytes, polymorphs, plasma cells 
natural killer cells 

Rat CD4 antigen on helper T cells 
thymocytes 
macrophages 

Cytoplasmic vacuole antigen on some free & tissue macrophages 
dendritic cells (.9) 

Membrane antigen on some tissue macrophages 

[91 
[9] 

[10] 
[11] 
[12] 
[13] 
[14] 
[14] 
[151 
[10] 
[161 

[12] 
[16] 
[171 
[18] 
[19] 

[19] 

a Camon Serotec, Wiesbaden, FRG; b kind gift by Dr. CD Dijkstra, Department of Histology, Free University, Amsterdam, The Netherlands 

Mannheim, FRG). Groups of non-diabetic animals were killed at 70, 
90, 120, 133 and 150 days of age. Wistar rats were killed at 90 days of 
age. Pancreas and spleen from a total of 33 BB rats and Wistar rats 
were removed, snap frozen and stored at - 80 ~ C. 

Sections from a total of 243 islets from 10 untreated BB rats, 490 
islets from 23 silica treated BB rats and 26 islets from normal Wistar 
rats were analysed. In about half of the cases, the size and/or  orienta- 
tion of islets allowed for preparation of 12 serial sections for com- 
plete immunocytochemistry. These islets were between 100 and 
300 Ixm of mean diameter. In the remainder, 4-6 serial sections were 
available and stained for major histocompatibility complex (MHC) 
class I and II antigens. Per animal, between 5 and 14 islets could be 
evaluated. 

Immunocytochemistry 

Serial spleen and pancreas cryostat sections (5 ~m) were prepared and 
fixed in isopropanol for 10 min at 4~ After two washes with PBS 
(pH7.4) containing 1% bovine serum albumin (BSA, Behring Werke, 
Marburg, FRG), slides were coded and incubated with l l  different 
monoclonal antibodies (as described in Table 1) for 60 rain at 4~ 
After two further washes, slides were incubated with peroxidase-con- 
jugated rabbit anti-mouse immunoglobulin (Dakopatts, Hamburg, 
FRG) diluted 1:25 in PBS with 5% heat inactivated normal rat serum 
for another 60 rain. Sections were washed twice in TRIS-HC1 buffer 
(50 mmol/1, pH 7.6) and incubated with Y3-diaminobenzidine tetra- 
hydrochloride (0.5 mg/ml, EGA-Chemie, Steinheim, FRG) in TRIS- 
HC1 containing 0.025% H 2 0 2  for 10-15 rain, and finally stained with 
Mayer's Haematoxylin for 1-2 rain, dehydrated in a graded ethanol 
series and mounted. As positive control, a section from rat spleen was 
placed adjacent to the pancreas section on each slide and stained in 
parallel. For each series of islet sections, one slide was stained with 
second antibody only as a control for endogenous peroxidase activity. 
Coded slides were evaluated by two persons in a blinded manner. 

Electron microscopy 

Electron microscopy of islets from 3 normoglycaemic BB rats aged 
69 and 70 days and 2 animals 120 days of age was done following 
exactly the procedure published previously [20]. Spleen adjoining 

pieces of pancreata were fixed with glutaraldehyde (1.25%) and post- 
fixed with OsO4 (1%) in cacodylate buffer. Tissue pieces were em- 
bedded in Spurr resin after graded ethanol dehydration. Specimen 
were sectioned semi-thin and screened by light microscopy for the 
presence of islets in the plane of section. All islet containing specimen 
were sectioned ultra-thin and examined by transmission electron 
microscopy. 

Statistical analysis 

Statistical analysis was performed by Student's t-test (two-sided) and 
by Chi-square test. The level of significance was set as p < 0.05. 

Results 

Normal islets show a weak and homogeneous expres- 
sion of MHC class 1 antigens which is stronger than in 
the surrounding exocrine tissue (Fig.la). The few 
strongly stained cells in islets are MHC class II, W3/25 
positive macrophages (Table 2, Fig. 1 b). 

In BB rats, the first alteration of islets detectable by 
immunohistochemistry (whether silica treated or not, 
see below) when compared to normal islets (i. e. Wistar 
rat, Table 2) was the enhanced expression of MHC 
class I antigen in one (peripheral) area of the islet 
(Fig. 1 c). This site was characterised by a local infiltrate 
of MHC class II positive cells (Fig. 1 d) which were 
identified as W3/25 +-, EDl+-macrophages (see 
below); whereas B-, T- or NK-lymphocytes were almost 
absent at this stage (Table 2). This first detectable phase 
of islet inflammation was termed stage i a. 

A more intense form of macrophage infiltration, still 
almost without lymphocytes, was defined as stage lb .  
The main characteristic is the enhanced expression of 
MHC class I antigens all over the islet and the adjacent 
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Table 2. Semiquantitative analysis of immune cells present in "normal islets" and in islets with insulitis 
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Antibody Number of cells (mean + SEM) stained per islet section in: 

Normal islets "Normal islets ''a Stage l a  insulitis b Stage lb  insulitis c Stage 2 insulitis a Stage 3 insulitis e 

(Wistar rats) (BB rats) 
(n = 8) (n = 130) (n = 28) (n = 15) (n = 24) (n = 17) 

Ox3/Ox6/Ox17 4 +1.1 6 _+0.3 13 +1.6 19 +2.1 f > > 2 0  h7 > > 2 0 h 7  
W3/25 2 +0.6 6 +0.3 10 _+1.5 15 +2.0 >20  g > > 2 0 h  / 
ED1 0.4+0.4 2 _+0.2 5 +0.8 12 +1.3 >20g _ >20g _1 
ED2 2 _+0.8 3 +0.2 4 +0.6 5 +0.8 8 +1.0 11+2.3 
Ox19 < 0.3 7 0.1 + 0.1 0.3 + 0.2 0.9 + 0.2 8 + 1.6 14 + 2.1 i 
Ox8 < 0 . 3 ]  0.1 +0.1 0.1+0.1 0.4+0.2 8 +1.4 13 +2.2 i 
Ox12 < 0.3 | < 0.1 < 0.1 0.4 + 0.3 0.7 + 0.3 20 + 2.2 i 
W3/13 <0.3_1 0.4_+0.1 1.2+0.3 2.3+0.6 7 +1.2 14+2.1 i 

a Islets from 33 BB rats were analysed and defined as "normal" when counts were indistinguishable from Wistar rat islets; b Stage I a is defined 
by enhanced MHC class I expression at the periphery or one pole of the islet; c Stage I b is defined by enhanced MHC class I expression 
throughout the islet and a lack of lymphocytic infiltration; d Stage 2 is defined by infiltration of > 3 0 x 8  +-cells and < 3 Ox12 +-cells; e Stage 3 is 
defined by infiltration of > 3 Ox12 +-cells; f In about 50% of cases, counts exceeded 20 and were assessed as either 25 or 30; g In about 60% of 
cases, counts exceeded 20 and were assessed as 25 or 30; h In nearly all of cases, counts exceeded 20 and were assessed as 25 or 30; i In 20-40% 
of cases, counts exceeded 20 and were assessed as 25 or 30 

exocrine tissue (Fig. 1 e) with concomitant larger num- 
bers of MHC class II +-, W3/25 +-, EDl+-macro - 
phages (Fig. 1 f-h) infiltrating the entire islet. Detectable 
T-lymphocyte numbers were still minimal with a mean 
of one Ox-19 +-cell per islet section (Table 2). 

Proof that W3/25+-cells observed at this stage are 
macrophages and not lymphocytes comes from the 
presence of these cells in normal islets at the same num- 
ber as MHC class II positive cells, from the lack of 
Oxl9+-cells in adjacent islet sections, from the similar 

Fig.l  a-h. Immunocytochemistry of normal islets and of insulitis 
stages l a  and lb .  aNorma l  islet from BB rat no.210, islet no.7, 
stained with Ox18. The islet is diffusely labelled for MHC class I 
antigen except for few strongly stained cells, often also staining for 
MHC class II antigen (see Fig. I b). A sharp borderline between islet 
and exocrine tissue is visible. Magnification 94 x .  b Normal islet 
from BB rat no.210, islet no.7, stained with Ox6. In this adjacent sec- 
tion to Figure I a, 6 ceils stain for MHC class II antigens, in location 
similar to MHC class I antigen positive cells. Same magnification as 
Figure 1 a. e Stage 1 a islet from BB rat no. 225, islet no. 5, stained with 
Ox18. MHC class I antigen staining is still restricted to the islet 
boundary, but locally enhanced labelling is noted at the periphery, 
also staining for MHC class II antigen (see Fig. I d). Magnification 
105 x .  fl Stage i a islet from BB rat no.225, islet no.5, stained with 
Ox6. In this adjacent sectionto Figure I c, a focal aggregate of MHC 
class II antigen positive cells in seen. Otherwise, the islet appears nor- 
mal. Same magnification as in Figure 1 c. e Stage 1 b islet from BB rat 
no. 253, islet no. 1, stained with Ox18. Enhanded MHC class I antigen 
expression is seen over the islet and also the adjacent exocrine tissue. 
Magnification 7 2 x .  f Stage l b  islet from BB rat no.253, islet no . l ,  
stained with Ox6. In addition to the focal aggregate of MHC class II 
antigen positive cells, there is an increased number of stained cells 
throughout the islet. Adjacent section to Figure 1 e, same magnifica- 
tion. g Stage l b  islet from BB rat no.250, islet no.3, stained with 
W3/25. Cells stained have an extend irregular cell shape, characteris- 
tic of macrophages. Round lymphocyte-like cells are not seen. Magni- 
fication 133 x .  h Stage 1 b islet from BB rat no. 250, islet no. 3, stained 
with ED1. In this adjacent section to Figure I g, location of macro- 
phages is similar to W3/25 positive cells. The long cell extensions of 
macrophages are not imaged because ED1 stains perinuclear cyto- 
plasmic vacuoles. Same magnification as in Figure I g 

distribution of ED1 +- and W3/25+-cells (Fig.lg,  h) 
and from the non-lymphoid appearance of W3/25 +- 
cells (Fig. 1 g, Fig. 3 f). 

Furthermore, in electron microscopic studies, islet 
sections with macrophages as the sole infiltrating cell 
type were recognised (correlating with light microscopi- 
cally defined insulitis stages 1 a and 1 b). A total of 17 
and 9 islets of rats aged 69-70 days or 120 days of age 
respectively were examined by electron microscopy. 
Eleven islets appeared normal, 7 islets showed massive 
destruction and macrophage plus lymphocyte infiltra- 
tion. The remaining 8 islets exhibited islet cell break- 
down, mostly lysis of B cells, often endothelial cell dam- 
age resulting in collapsed capillaries and onset of 
fibrosis. The sole infiltrating immunocytes seen were 
identified as macrophages as judged by their morpho- 
logy and their phagocytotic activity. Often macro- 
phages were seen accumulated at one pole of the islet 
(Fig. 2 a) but also scattered throughout islets (Fig. 2b). 
Most of the macrophages are heavily engaged in phago- 
cytosis either of cell debris (Fig. 2 c) or of whole seem- 
ingly normal B cells (Fig. 2 d). Often macrophages are 
accompanied by fibroblasts that secrete fibrous materi- 
al into the spaces filled with islet cell debris (Fig. 2). 

Stage 2 of islet inflammation was differentiated 
from stage 1 by the presence of >_ 3 0 x 8  +-cells per islet 
section but yet < 3 Ox12 +-cells (Table 2). Further char- 
acteristics are strongly enhanced expression of MHC 
class I antigens on all islet cells and in a large area of 
surrounding exocrine tissue (Fig. 3 a). A large number of 
cells in islets is also positive for MHC class II antigens 
(Fig.3b). Again more macrophages are infiltrating 
(Table 2) and significant numbers of Oxl9+-cells are 
noted (8 cells/islet section). In general, Ox19 +-cells had 
the appearance of small lymphocytes whereas Ox8 +- 
cells mostly looked like large granular lymphocytes 
(Fig. 3 c, d). At stage 2, not all W3/25 +-cells had the ap- 
pearance of macrophages, but some resembled small 
lymphocytes (Fig. 3 e). Labelling experiments with iso- 
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lated lymphocytes revealed that Oxl9+-lymphocytes 
are generally W3/25 + and Ox8-;  whereas Ox8+-lym - 
phocytes were Ox19- (data not shown) as has been re- 
ported by others [3, 21]. Interestingly, comparatively 
few cells within islets stained for the ED2 + marker, 
characteristic of non-activated macrophages. 

Stage 3 of islet inflammation was defined as islets 
with characteristics of stage 2 islets but additional 
massive focal infiltration of small round cells with in- 
tense plasma membrane staining for Ox12 (kappa light 
chains) and MHC class I antigens (3 or more Ox12 +- 
cells per islet section) (Fig. 3f). These cells were re- 
garded as B-lymphocytes. Although passive adsorption 
of immunoglobulins onto lymphoid cells has not been 
ruled formally out, it seems improbable here because 
macrophages did not stain. Furthermore, only a re- 
stricted area of the islet, and not all lymphoid cells 
throughout the islet, are stained. The characteristic 
focal concentration of small Ox-12+-cells (see Fig.3 f) 
could not be stained in adjacent sections for T-lympho- 
cyte markers (not demonstrated). 

In addition to 331 islets from BB rats for which the 
complete analysis with 11 monoclonal antibodies could 
be performed, another 6 could not be classified accord- 
ing to the above scheme. All 6 islets were characterised 
by the absence of enhanced MHC class I antigen ex- 
pression despite either positive infiltration by macro- 
phages (3 cases), or by lymphocytes (2 cases), or by mac- 
rophages and lymphocytes (1 case). The parallel positive 
staining of MHC class I antigen in adjacent tissue and 
spleen sections on each slide verified the absence of en- 
hanced MHC class I expression in these islets. 

The inflammatory changes observed in pancreatic 
sections of BB rats were not restricted to islets but in- 
volved the exocrine tissue also. Inflammation was strict- 
ly focal as recognised by the regional hyperexpression 
of MHC class I antigens (Fig. 3 g). In those areas, infil- 
trated immune cells stained with Ox18, Ox3/6/17 
(Fig.3h), ED1, and/or  W3/25 were observed. Lym- 
phocytes (Ox19 +, Ox8 + or Ox12 +) were rarely seen. 
Quantitation of infiltrates was not attempted because of 
the focal and non-homogeneous distribution. 

Fig .2a-e .  Electron micrographs o f  macrophage-infil trated islets. 

a A polar infiltrate of  an islet from a normoglycemic BB-rat aged 70 
days. The infiltrating immunocytes are easily recognized as macro- 
phages (*) due to the massive phagocytosis they perform. (c~ = co-cell, 
13 = intact B cells, arrows point  to B cell remnants phagocytosed).  
b Some islet show a scattered distribution of  infiltrating macrophages 
(*). Here a single macrophage is seen near  lysed (113) and intact B cells 
(13). The infiltrating macrophage has also phagocytosed B-cell debris 
(arrow, , ) .  c Macrophages found in islets are often engaged in 
uptake of  cell debris (arrows, -) .  d Some macrophages appear  to 
phagocytose whole, seemingly intact B cells (p13) in addition to cell 
debris (arrows, ,) .  e A macrophage (*) with phagocytosed debris 
(arrow,----~ and a fibroblast (f) are situated near  a lysed B cell (113), the 
fibroblast synthesising fibrous material (arrow head,- - - )  into this 
space. Magnifications in a, b: 5000x ,  c, d: 6500x ,  e :  17000 x .  The 
bars in a-d  represent 2 ~tm and in e: 1 lxm 

Table 3. Suppression o f  lymphocyte and macrophage infiltration of  
islets after silica treatment of  BB rats 

Age (days) Silica Islets Nor- Islets (%) classified a as 
Number  of  treat- real 
animals merit Stage Stage Stage Stage 
treated (n) 1 a I b 2 3 

37% 

r 8' 70 ( n = 4 )  - 49 53 10 19 10 
(n = 7) + 71 79 20 1 - - 

48% 
[ 

90 (n =2)  - 27 45 7 11 30 77 

(n = 8) + 54 87 9 4 - - 

100% 
I I 

120-150 ( n = 4 )  - 47 - - 28 42 30 
( n = 8 )  + 83 82 18 - - - 

a as described in Table 2 

The effect of treatment of diabetes prone BB rat 
with silica particles on islet inflammation was deter- 
mined. As shown in Table 3, islets from silica treated 
animals were completely devoid of lymphocyte infiltra- 
tion (stages 2 and 3). Infiltration of macrophages was 
not totally absent but largely suppressed with an almost 
complete lack of insulitis stage i b. The mean number of 
ED 1 positive cells per section of islets analysed in silica 
treated rats was 2.6 + 1.7 (SD) compared to > 20 in the 
corresponding untreated BB rats. As described above, 
of 396 islets from BB rats, less than 12 sequential sec- 
tions were available (282 from silica treated, 114 from 
untreated BB rats). These islets were classified by 
monoclonal antibodies Ox3, Ox6, Ox17, Ox18 as nor- 
mal, as stage 1 a inflammation (locally enhanced MHC 
class I antigen expression plus local MHC class II 
antigen positive infiltrate) or as stage 1 b inflammation 
(enhanced MHC class I antigen expression throughout 
the islet and adjacent exocrine tissue plus MHC class II 
antigen positive infiltrate) and further stages with lym- 
phocytic infiltrates. 

The islets from silica treated rats rarely showed 
MHC class I hyperexpression and MHC class II posi- 
tive cells, only 1% of islets were classified as stage 1 b-3, 
all other were normal (87%) or stage 1 a (12%). In con- 
trast, of islets from untreated BB rats 57% were classi- 
fied as stage 1 b-3 (p < 0.001). 

Discussion 

The four different qualities of islet inflammation de- 
scribed here are comprehensive in that only 6 out of 331 
completely typed islets could not be classified accord- 
ing to the scheme. The 4 types of insulitis could be 
clearly sorted into a sequence of islet inflammation 
stages for the following reasons. The mildest form of 
islet infiltration, focal enhanced MHC class I expres- 
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sion (stage 1 a) was associated with macrophage and not 
with lymphocyte infiltration. Lymphocyte infiltration 
(stages 2 and 3) was only seen in islets in addition to 
heavy macrophage infiltration. Both observations sug- 
gest that macrophages precede lymphocytes in islet 
infiltration. In lymphocyte infiltration, Ox19 +- and 
Ox8 +-cells apparently precede Oxl2+-cells because T- 
and NK-cells are seen in islets in the absence of B-lym- 
phocytes (stage 2); whereas, the reverse was never ob- 
served. These data clearly show that the natural course 
of islet inflammation is non-random, but that the pro- 
cess of insulitis follows a specific sequence of events. As 
shown in Table 2, BB rats of 70-90 days of age bear at 
the same time islets of all insulitis stages, as well as ap- 
parently normal islets, i.e., individual islets behave as 
independent organs. Although all stages of islet inflam- 
mation were seen in these rats, only a fraction of them 
would have gone on to develop diabetes. The sequence 
of events in islet infiltration thus may be similar in pre- 
diabetic and permanently non-diabetic BB rats. 

The macrophage type present in inflamed islets has 
been identified as mostly ED1 + and ED2-.  This 
phenotype is characteristic of activated macrophages 
[19] as confirmed by the electron microscopic finding 
that heaviliy phagocytising macrophages are found in 
BB rat islets, an observation that was also made by In't 
Veld and Pipeleers [22]. In rats, a large fraction of mac- 
rophages carry the CD4 marker [18]. A previous report 

Fig.3a-h. Immunocytochemistry of insulitis stages 2, 3 and of exo- 
crine pancreas lesion, a Stage 2 islet from BB rat no.253, islet no. 12, 
stained with Ox18. Strong hyperexpression of MHC class I antigens 
in islet and exocrine tissue is seen. The 4 darkly stained cells are gra- 
nulocytes which are sometimes seen. Magnification 105 x .  b Stage 2 
islet from BB rat no.253, islet no.12, stained with Ox17. In this ad- 
jacent section to Figure 3 a, strong expression of MHC class II anti- 
gens on the majority of ceils in the islet is seen. Since a large number 
of macrophages are positive for insulin granula (see Fig. 2), double 
staining for insulin and MHC class II antigens was not attempted. 
Same magnification as in Figure 3 a. e Stage 2 islet from BB rat 
no.253, islet no.12, stained with Ox8. In this adjacent section to 
Figure 3 b, most Ox8+-cells appear as lymphocytes with large irregu- 
larly formed cytoplasm (arrowheads,---). Magnification 122x .  
d Stage 2 islet from BB rat no. 253, islet no. 12, stained with Ox19. In 
this adjacent section to Figure 3 c, Ox19 +-cells appear as small round 
lymphocytes (arrowheads, .--) with a distribution dissimilar to Ox8 +- 
cells. Same magnification as in Figure 3 c. e Stage 3 islet from BB rat 
no. 250, islet no. 6, stained with Ox12. A large number of focally aggre- 
gated small lymphocytes is seen with intense plasma membrane stain- 
ing. Vessels and ducti show diffuse brown background stain. Magnifi- 
cation 105 •  f Stage 2 islet from BB rat no.253, islet no. 12, stained 
with W3/25. During lymphocytic insulitis (stages 2 and 3), a fraction 
of W3/25 +-cells display macrophage-like extended structures; in ad- 
dition, small round lymphocytes are labelled. Magnification 105 x .  
g Exocrine pancreas lesion in BB rat no.252, stained with Ox18. Focal 
hyperexpression of MHC class I antigens is seen. Magnification 
105 x .  h Exocrine pancreas lesion in BB rat no.252, stained with 
Ox17. In this adjacent section to Figure 3 g, a number of MHC class II 
antigen positive cells are seen in the area of MHC class I hyperex- 
pression. Consecutive sections showed staining for W3/25 and ED1 
but not for Ox8 and Ox19 (not demonstrated). Same magnification as 
in Figure 3 g. 
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on BB rat insulitis described the infiltration of CD4 +-T- 
lymphocytes - many showing MHC class II expression 
- as the first step of islet infiltration [23]. It is by use of 
the ED1 marker and ultrastructural analysis that the 
first cells in islet infiltration could be identified as 
CD4 +-, MHC class II positive, ED1 positive, ED2 
negative activated macrophages. These observations 
are in accord with two recent communications [24, 25] 
which qualitatively describe the presence of macro- 
phages in BB rat islets during early stages of insulitis. 

It is of interest that treatment of BB rats with silica 
not only suppresses macrophage infiltration but also 
lymphocytic insulitis. A qualitative analysis by Lee et al. 
[26] also showed the lack of lymphocytic insulitis. Mac- 
rophage infiltration was not determined. In a previous 
study, we could not find a direct effect of silica admin- 
istration on lymphocyte subtypes nor on T-cell function 
in peripheral blood of BB rats [6]. We, therefore, sup- 
pose that macrophage infiltration is an essential pre- 
condition for lymphocytic insulitis. 

A second point is that concomitant with the lack of 
macrophage infiltration is a lack of MHC class I hyper- 
expression in islets from silica treated rats (lack of in- 
sulifis stages lb-3). This indicates that MHC class I 
hyperexpression is associated with macrophage infiltra- 
tion of islets. 

Although macrophage infiltration appears as an es- 
sential early step of islet inflammation, the contribution 
of Ox19 +- and Ox8+-lymphocytes is as important for 
disease manifestation. This can be concluded from in 
vivo depletion experiments. Multiple administration of 
Ox19, as well as of Ox8 monoclonal antibody, was found 
to suppress diabetes development in BB rats [3], similar 
experiments to determine the contribution of B-lympho- 
cytes have not been reported, q-he immunocytochemical 
analysis presented here indicates that B-lymphocyte in- 
filtration is a late step which may not occur in all islets. 

Another result of the present study is the observa- 
tion of focally restricted areas of pancreatitis in BB rats 
in confirmation of an earlier report [27]. Focal pan- 
creatitis is among the earliest recognisable changes in 
pancreas histology and invoNes vascular lesions, im- 
mune cell infiltrates and exocrine tissue destruction. 

In conclusion, the present semi-quantitative analysis 
of immune infiltrates in BB rat islets suggests a multi- 
step mechanism of islet inflammation with macrophage 
infiltration as the earliest recognisable step in the cas- 
cade of events followed by T-lymphocytes, NK-cells 
and finally by B-lymphocytes. 
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