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Summary. Spleen cells from non-obese diabetic mice were 
found to generate low interleukin 2 production and cell pro- 
liferation in response to concanavalin A. However, some of 
non-obese diabetic mice maintained in the same environment 
preserved their responsiveness to this T cell mitogen. Non- 
obese diabetic mice at every age had a higher percentage of 
Thyl. 2, L3T4, and Lyt2-positive spleen cells than did control 
mice, suggesting that the dysfunction of spleen cells did not 
depend on the number of T cells or the ratio of these subpopu- 
lations. Evidence for macrophage-mediated suppression par- 
ticipating in the deficient function of splenic lymphocytes in 
this mouse model of insulin-dependent diabetes includes: 1) 
the restoration of mitogen-induced interleukin 2 production 
after the macrophages have been depleted by silica absorption 
form spleen cells; 2) the complete suppression of the cell pro- 
liferation by thioglycollate-stimulated peritoneal exudate cells 

from non-obese diabetic and control mice, and the partial sup- 
pression by spleen macrophages from non-obese diabetic 
mice; 3) the reversal of the suppression of interleukin 2 pro- 
duction by the prostaglandin synthetase inhibitor indometh- 
acin (0.1-1 ~tg/ml); 4) the partial suppression ofinterleukin 2 
production, conversely, by the exogenous prostaglandins E1 
and E2 (2.5 • 10 -6 mol/I). These results indicate that the acti- 
vated macrophages existing among the spleen cells suppress 
the response of splenic T cells to concanavalin A. This impair- 
ment may contribute to the pathogenesis of insulin-dependent 
diabetes in non-obese diabetic mice. 

Key words: Type l (insulin-dependent) diabetes, non-obese 
diabetic mouse, T cells, macrophages, concanavalin A, inter- 
leukin 2. 

Recently, it has become generally accepted that T cell- 
mediated autoimmunity contributes to the pathogenesis 
of insulin-dependent diabetes in humans and animals. 
Evidence in human Type I (insulin-dependent) diabetic 
patients includes abnormalities of  T cell subsets [1, 2], 
the increase of Ia-positive activated T cells [3, 4], and 
the preponderance of T cells in the mononuclear cell in- 
filtration into islets (insulitis) [5]. In the BB Wistar rat, a 
model of human Type 1 diabetes, diabetes can be trans- 
ferred by concanavalin A (Con A)-stimulated spleen 
cells obtained from acute diabetic rats [6]. The disease 
can be prevented by neonatal thymectomy [7], cyclo- 
sporin A treatment [8], or transfusion of peripheral 
blood T cells from non-diabetes-prone animals into 
diabetes-prone recipients [9]. Furthermore, in the non- 
obese diabetic (NOD) mouse, another suitable model 
for human Type i diabetes, neonatal thymectomy [10], 
administration of anti-thymocyte serum [11], or the 
transfer of the nude gene [12] has prevented insulitis and 
development of diabetes. In two recent studies, most of 
the islet-infiltrating cells in the NOD mouse were deter- 

mined to be T cells by electron microscopic exami- 
nation [13] and flow cytometric analysis [14]. 

In parallel with these studies, there are many reports 
currently available concerning the analysis of T cell 
function in Type I diabetes using interleukin 2 (IL-2) 
production and cell proliferation. IL-2 production by 
peripheral lymphocytes was reduced in patients with 
Type 1 diabetes [15, 16]. This defect is not correlated 
with an ongoing autoimmune process or with poor 
metabolic control, suggesting that 1Lhe defect might be 
involved in the pathogenesis of the disease. Spleen cells 
from diabetes-prone BB Wistar rats generated low IL-2 
production and proliferative responses in response to a 
T cell mitogen [17-19]. It has been suggested that mac- 
rophages act as suppressor elements in the low respon- 
siveness of BB rat T cells to mitogen [18, 19]. The pro- 
duction of IL-2 by NOD spleen cells in response to 
Con A was also much lower than that of control mice. 
However, no relation was confirmed between excessive 
macrophage suppression and the low production of IL- 
2 in the NOD mouse [20]. 
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In any case, these findings strongly suggest that 
T cell-mediated immunity plays an important role in 
the autoimmune phenomenon in Type I diabetes. In 
the present study, we have examined first the changes 
among the sub-populations of splenic T cells as a func- 
tion of age in NOD mice. Secondly, we have measured 
the responsiveness of NOD spleen cells to Con A using 
IL-2 production and cell proliferation. Finally, the ef- 
fect of macrophages on these responses has been also 
examined. 

Materials and methods 

Animals 

NOD mcie were kindly supplied by Aburahi Laboratories, Shionogi 
Research Institute (Shiga, Japan) and bred at the Experimental Ani- 
mal Centre, Kobe University School of Medicine, in a specific 
pathogen-free state. In our colony, mononuclear cell infiltration of is- 
lets (insulitis) begins around 5-6 weeks of age, overt diabetes occurs 
mainly at 15 weeks after birth and the cumulative incidence of 
diabetes at 30 weeks of age is 70-75% for female NOD mice. Since 
NOD mice were derived originally from Institute of Cancer Research 
(ICR) mice [21], female ICR mice served as a control and were pur- 
chased from Clea (Osaka, Japan). Furthermore, female BALB/c mice 
were also used as a control and purchased from Clea. 

Flow cytometric analysis 

Spleens were obtained from female NOD and ICR mice aged 
3-30 weeks and BALB/c mice aged 13 weeks. Spleen cell suspensions 
were prepared by teasing apart spleens in Hank's balanced salt solu- 
tion (HBSS). After haemolysis with 15 mmol/ml Tris-0.83% NH4C1 
(pH 7.4), the spleen cells were washed 3 times with HBSS and resus- 
pended in Dalbecco's phosphate-buffered saline containing 1% fetal 
calf serum (Gibco, Grand Island, NY, USA) and 0.1% sodium azide. 
The cell surface staining was carried out by incubation with fluores- 
cein isothiocyanate (FITC)-conjugated monoclonal anti-Thyl. 2 and 
Lyt2 antibodies, and phycoerythrin (PE)-conjugated monoclonal 
anti-L3T4 antibody (Becton Dickinson, Monoclonal Center, Moutain 
View, Calif, USA) for 30min at 4~ using 41xl of antibody per 106 
cells. Samples were analysed on a FACS 440 flow cytometry (Becton 
Dickinson). 

tilation counter. For cell proliferation, 3H-thymidine uptake was 
measured after 72 h of culture, following a 18 h incubation with 3H- 
thymidine. 

Effect of macrophage depletion from spleen cells 
by silica absorption on IL-2 production 

Spleen cells (5 • 106/ml) obtained from mice at 13 weeks of age were 
resuspended in 100 lxl of 5% silica gel in phosphate-buffered saline 
(PBS, pH 7.4) (KAC2,, silica size; 5 micron, Japan Antibody Research 
Lab., Takasaki, Japan) and 0.5 ml of mouse serum. After incubation 
for 1 h at 37 ~ splenic lymphocytes were isolated by Ficoll-Hypaque 
gradient centrifugation. The cells were washed 3 times with RPMI- 
medium, viable cells were counted, and aliquots were evaluated as 
macrophage-depleted cells with flow cytometry using a monoclonal 
anitbody to Mac-1 antigen (Hybritech Inc., San Diego, Calif, USA) 
which recognises an antigen generally present on splenic and perito- 
neal macrophages [23]. Although Mac-l-positive ceils usually com- 
prise 5-10% of the spleen cells of NOD mice, the cells were complete- 
ly depleted after treatment with silica. Spleen cells either depleted of 
Mac-1 + cells or not (2 • 105) were cultured with or without 5 txg/ml 
Con A, and their IL-2 production was measured as described above. 

Effect of peritoneal exudate cells on cell proliferation of 
macrophage-depleted spleen cells 

NOD and BALB/c mice aged 13 weeks were received intraperitoneal 
injection of either 2 ml of 2.5% thioglycollate (Difco, Detroit, Mich, 
USA) or PBS. Peritoneal exudate cells (PEC) were obtained 4 days 
after injection by washing the peritoneal cavity with 5 ml of RPMI 
medium. The ratio of rnacrophages in thioglycollate-induced PEC or 
unstimulated PEC was examined with flow cytometry using a mono- 
clonal antibody to Mac-1. In both strains of mice, PEC from un- 
treated mice contained 15-20% Mac-I positive cells; whereas the pro- 
portion of Mac-1 positive cells increased in PEC after stimulation 
with thioglycollate and was consistently more than 65%. Spleen cells 
from NOD and BALB/c mice aged 13 weeks were treated with silica 
solution as described above, These macrophage-depleted spleen cells 
(1 x 105) and either non-stimulated or thioglycollate-stimulated PEC 
(1-4 x 104) were cultured together with 5 ~tg/ml of Con A. Cell pro- 
liferation was measured after 72 h of culture as described above. 

Effect of spleen macrophages on cell proliferation of 
macrophage-depleted spleen cells 

IL-2 production and cell proliferation after mitogen 
stimulation 

Spleen cells isolated from NOD, ICR and BALB/c mice at 13 weeks 
of age were resuspended in RPMI-1640 medium supplemented by 
10% fetal calf serum, glutamine (1 mmol/l), sodium pyruvate 
(2 mmol/1), penicillin (50 U/ml), streptomycin (50 ~tg/ml), and 2- 
mercaptoethanol (50 gmol/1). These cells were co-cultured at 1 x 105 
cells/well with 0.005-50 p~g/ml Con A in 0.2 ml in 96-well microtitre 
culture plates. After a 24 h incubation, each supernatant (100 p21) was 
collected and measured for IL-2 content. The IL-2 assay was per- 
formed as described by Gillis et al. [22] using the IL-2-dependent 
CTLL-2 cell line. Briefly, CTLL-2 cells (1 x 104/well) were cultured 
with supernatants and 3H-thymidine uptake was measured after 20 h 
of culture, following a 4 h incubation with 1 ~tCi 3H-thymidine (spe- 
cific activity:20-30 Ci/mmol,  Amersham Japan, Tokyo, Japan) per 
well. The cultures were harvested on fiberglass filters by a multihar- 
vester and incorporation of thymidine was measured in a liquid scin- 

Spleen cells from NOD and BALB/c mice aged 13 weeks were added 
to the wells of 96-well plates and incubated at 37~ for 2 h. Non-ad- 
herent cells were recoverd by vigorous flushing with RPMI-1640 me- 
dium using a pasteur pipette and viable cells were counted. These 
macrophage-depleted spleen cells (1 x 105) were added to either new 
wells or previous wells which were adhered by spleen macrophages. 
The proliferation of cells in these conditions by Con A was measured 
as described above. 

Effect of indomethacin and prostaglandins on IL-2 
production 

Indomethacin (0.1-10, ~g/ml, Sumitomo Pharma Co., Tokyo, Japan), 
a potent inhibitor of prostaglandin production, was added to cultures 
containing 1 x 105 spleen cells from NOD, ICR or BALB/c mice aged 
10-15 weeks stimulated with 5 lxg/ml of Con A. Prostaglandins E1 or 
E2 (2.5 • 10-1~ x 10 -6 mol/1, Ono Pharrna Co., Tokyo, Japan) 
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Fig.l. Percentage of fluorescence-positive ceUs of spleen ceils from 
non-obese diabetic (NOD) (O) and Institute of Cancer Research 
(ICR) (O) mice from 3 to 30 weeks of age and from BALB/c mice (A) 
aged 13 weeks. The cell surface staining was carried out by incubation 
with fluorescein isothiocyanate-conjugated monoclonal anti-Thyl. 2 
(A) and Lyt2 antibodies (B)or phycoerythrin-conjugated monoclo- 
nal anti-L3T4 antibody (C) and then analysed by flow cytometry. The 
percentage of positive ceils were estimated by analysis of 104 cells. 
(D) shows the ratio of L3T4+/Lyt2 + cells 

was added to cultures containing 1 x 105 macrophage-depleted spleen 
cells from NOD or BALB/c mice aged 10-15 weeks by silica absorp- 
tion stimulated with 5 ~g/ml of Con A. After incubation for 20 h, IL- 
2 production in the culture supernatant was measured as described 
above. 

Statistical analysis 

Resul t s  are  g iven  as m e a n  + SD, a n d  s ta t i s t ica l  e v a l u a t i o n  o f  the  d a t a  
was  m a d e  by  S tuden t ' s  p a i r e d  t-test .  A p va lue  o f  < 0.05 was  con-  
s i de r e d  statistically significant. 

Results 

Analysis of splenic lymphocyte subpopulations by flow 
cytometry 

The age-related changes of lymphocyte sub-populations 
in spleen cells were examined in NOD and ICR mice 
from 3 to 30 weeks of age. The cell surface phenotypes of 
lymphocytes, expressed as the percentage of cells react- 
ing with a given monoclonal antibody, are shown in 
Figure 1. NOD mice showed slightly higher proportions 
of Thyl.2 (pan T cells), L3T4 (helper/inducer T cells), 
and Lyt2 (suppressor/cytotoxic T cells) positive cells at 
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every age examined than did control ICR mice; whereas 
the ratio of L3T4+/Lyt2 + cells was not different be- 
tween NOD and ICR mice. The percentages of positive 
cells in BALB/c mice aged 13 weeks were slightly higher 
than ICR mice but approximately the same as NOD 
mice aged around 13 weeks. The total number of spleen 
cells were slightly decreased in NOD mice; however, ab- 
solute counts of Thyl.2, L3T4, and Lyt2 positive cells 
were not significantly different among three strains of 
mice (data not shown). 

Response of NOD spleen cells to Con A 

After culture of spleen cells from NOD, ICR, and 
BALB/c mice at 13 weeks of age with 0.005-50 ~g/ml 
of Con A, the IL-2 production of 24 h Con A superna- 
tants and the proliferative responses of cells after 72 h 
culture were measured and depicted in Figure 2. Appar- 
ent IL-2 production (Fig.2A) and cell proliferation 
(Fig.2 B) were observed in control ICR and BALB/c 
mice, and maximum responses were shown at 5 and 
0.5 lxg/ml of Con A concentration, respectively. On the 
contrary, there was a heterogeneity among NOD mice 
in the mitogen responsiveness. Both responses of spleen 
cells from some of NOD mice were very low at every 
concentration of Con A (NOD low responder), while 
some of NOD mice demonstrated a response of Con A 
approximately same as that of control mice (NOD nor- 
mal responder). 

IL-2 production of macrophage-depleted spleen cells 

Selective depletion of macrophages from NOD, ICR, 
or BALB/c mice at 13 weeks of age was accomplished 
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Fig.2. Effects of Con A concentration on IL-2 
production (A) and cell proliferation (B) in 
spleen cells from NOD, ICR, and BALB/c 
mice at 13 weeks of age. Stimulation of spleen 
cells from NOD, ICR (�9 and BALB/c (Zx) 
mice with 0.005-50 ~tg/ml concentration of 
Con A were carried out at I x 105 cell density. 
Since there were two sub-populations among 
NOD mice in the Con A responsiveness, they 
were divided into two groups and termed as 
NOD low responders (0) and normal respond- 
ers ( , ) ,  respectively. Results represent the 
mean_+ SD of six animals 
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Fig. 3. Suppression of cell proliferation of macrophage-de- 
pleted spleen cells from BALB/c (A) and NOD (B) mice by 
thioglycollate-stimulated PEC. Macrophage-depleted spleen 
cells (1 x 105) from BALB/c or NOD mice aged 13 weeks 
were cultured with 5 ~tg/ml Con A in the presence (1-4 x 104) 
or absence of either non-stimulated (O-----O) or stimulated 
PEC (O----tP) obtained from each mouse aged 13 weeks. 
Results represent the mean_+ SD of three animals 

Table 1. Effect of macrophage depletion on Con A-induced IL-2 pro- 
duction 

Mouse 
strain 

IL-2 production (cpm x 10 -3) 
Macrophage depletion 

Before After 

ICR 5 71.4_+12.7 62.9+ 9.3 
BALB/c 5 74.8_+ 9.5 68.3 + 8.9 
NOD normal responder 5 57.6 -+ 19.8 63.1 + 12.4 
NOD low responder 5 18.5 -+ 3.4 a 65.4-+ 10.1 b 

Results represent the mean + SD. a p < 0.01 vs Institute of Cancer 
Research (ICR), BALB/c and non-obese diabetic (NOD) normal re- 
sponder before depletion ofmacrophages, b p < 0.01 vs NOD low re- 
sponder before depletion of macrophages, n = number of animals 
studied 

completely by silica absorption; splenic lymphocytes 
were recovered by Ficoll-Hypaque methods. Table 1 
compares the IL-2 production of spleen cells in re- 
sponse to 5 ~tg/ml Con A before and after depletion of 
macrophages. No obvious changes of IL-2 production 

in :response to Con A were seen in ICR and BALB/c 
mice. Among NOD mice, there are two sub-popula- 
tions even in this study. NOD mice exhibiting normal 
responses to Con A (normal responder) showed a slight 
increase of IL-2 production after depletion of macro- 
phages. On the other hand, although IL-2 production of 
some of NOD mice was remarkably low (low respond- 
er), macrophage depletion greatly increased IL-2 pro- 
duction, which recovered to approximately the same 
level achieved by the control mice. 

Suppression of cell proliferation of macrophage-depleted 
spleen cells by peritoneal exudate cells and spleen 
macrophages 

That macrophages were indeed the suppressor cell 
population was further demonstrated by adding thio- 
glycollate-induced PEC to macrophage-depleted 
spleen cells from NOD mice. However, as shown in 
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Table 2. Effect of spleen macrophages on cell proliferation of macro- 
phage-depleted spleen cells 

Mouse 
strain 

Cell proliferation (cpm • 10 -3) 

Macrophage Macrophage 
depletion readmixture 

BALB/c 4 64.3-+ 9.8 60.4+ 17.2 
NOD 4 51.2 -+ 18.5 32.5 + 14.1 

Results represent the mean-+ SD. n = number of animals studied 

Table 3. Effect of indomethacin on Con A-induced IL-2 production 

Indometh- IL-2 production (cpm x 10 -3) 
acin 
(lxg/ml) ICR (4) BALB/c (4) NOD 

normal (4) low (4) 

0 69.1 _+ 15.2 63.5 _+ 14.3 57.2 _+ 14.8 28.6 _+ 7.4 a 
0.1 62.3_+ 4.4 - - 47.3+13.5 
1 63.8 + 2.9 - 60.1 -+ 14.0 b 

10 65.7_+10.4 59.2_+12.7 58.5+19.2 60.8 +11.3 b 

Results represent the mean__ SD. a p < 0.05 vs ICR, BALB/c, and 
NOD normal responder without indomethacin; b p <0.01 vs NOD 
low responder without indomethacin. The number of parenthesis in- 
dicates the number of animals in each experimental group 

Effects of  indomethacin and prostaglandins on IL-2 
production 

Indomethacin, a potent inhibitor of prostaglandin pro- 
duction, was tested t3or its effect on IL-2 production of 
NOD, ICR, and BALB/c spleen cells stimulated by 
Con A (Table 3). Although IL-2 production by spleen 
cells from NOD low responders was significantly sup- 
pressed when compared with that from ICR, BALB/c, 
and NOD normal responders, the partially suppressed 
response was protected by indomethacin and the maxi- 
mal effect was observed with a concentration of 
1 ]xg/ml. Finally, we added graded doses of prostaglan- 
dins to a culture of Con A-stimulated macrophage-de- 
pleted spleen ceils from NOD and BALB/c mice and 
examined their production of IL-2 (Table 4). Prosta- 
glandins Et and E2 could suppress IL-2 production in 
both NOD and BALB/c mice; however, both prosta- 
glandins at concentrations of 2.5 x 10-6 mol/1 only par- 
tially suppressed the IL-2 production of Con A-stimu- 
lated spleen cells. 

Discussion 

Table 4. Effect of prostaglandins on Con A-induced IL-2 production 

Prostaglandin Concentration 
(mol/1) 

IL-2 production (cpm x 10 -3) 

BALB/c NOD 

Prostaglandin E1 

Prostaglandin E2 

0 67.9 53.8 
2.5 x 10-10 _ 54.1 
2.5 x 10 .8  - 31.7 
2.5 x 10 -6 48.1 30.5 

0 62.4 52.0 
2.5 x 10 -1~ - 50.8 
2.5 x i0 -8 - 47.4 
2.5 • 10 -6 44.5 39.6 

A representative experiment from the three performed is shown 

Figure 3, the addition of 2 x 104 thioglycollate-stimu- 
lated PEC from not only NOD (Fig.3B), but also 
BALB/c (Fig. 3 A) mice per culture caused a total sup- 
pression of 3H-thymidine incorporation by their spleen 
cells. In contrast, 1-4 x 104 resting normal PEC only 
slightly inhibited the proliferation of 1 x 105 spleen 
cells. Since artificially stimulated peritoneal macro- 
phages from both strains of mice strongly suppressed 
the cell proliferation of splenic lymphocytes, we have 
next examined the effect of spleen macrophages on cell 
proliferation of macrophage-depleted spleen cells. 
Spleen macrophages could not suppress the cell prolif- 
eration of splenic lymphocytes in BALB/c mice, where- 
as cell proliferation of NOD splenic lymphocytes was 
not significantly but considerably suppressed when 
they were readmixed with NOD spleen macrophages 
(Table 2). 

Recently, in order to clarify the pathological participa- 
tion of T cells in Type 1 diabetes, many analyses of 
T cell function have used peripheral lymphocytes from 
human Type I diabetic patients and splenic lympho- 
cytes from animal models, in addition to analysing 
T cell subpopulations. Several have reported that lym- 
phocytes from Type 1 diabetic patients synthesize lower 
levels of IL-2 than do lymphocytes from non-diabetic 
control subjects or non-insulin-dependent diabetic pa- 
tients. Since the abnormality does not appear to result 
from poor metabolic control or the administration of 
exogenous insulin, it is thought that the IL-2 deficiency 
plays a role in disease onset. In the BB/W rat, spleen 
cells from diabetes-prone rats markedly suppressed 
Con A responses compared with those from non- 
diabetes-prone W line rats. Although there was a report 
that IL-2 production of NOD spleen cells was also re- 
markably depressed [20], other reports demonstrated 
that NOD spleen cells had normal responses to Con A 
[24, 25]. The present study indicates that spleen cells 
from some of NOD mice were relatively unresponsive 
to Con A. However, there were NOD mice demonstrat- 
ing responses to Con A approximately equivalent to 
those of control mice. Thus, we found two sub-popula- 
tions which were termed as normal and low responders 
within our colony. The heterogeneity between individ- 
ual NOD mice was observed not only in the inter-ex- 
periment but also in the intra-experiment. The percent- 
age of NOD normal responders was usually 30-50% in 
every experiments. The number and the ratio of sub- 
populations of splenic lymphocytes from each NOD 
mouse were almost constant (Fig. 1), and neither the age 
of the mouse nor the concentration of Con A used 
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could explain this phenomenon (data not shown). The 
incidence of diabetes could not be an index for under- 
standing this heterogeneity, because we mainly used 
NOD mice aged 13 weeks in which overt diabetes do 
not begin. The histological examination at this age 
could not find any difference of frequency and severity 
of insulitis between two sub-populations (data not 
shown). Since it was impossible to determine whether 
each NOD mouse exhibits normal or low mitogen re- 
sponsiveness, we conducted the experiment repeatedly 
until the number of normal and low responders in each 
experiment was obtained. The environment maintained 
in our NOD colony may be able to explain this het- 
erogeneity, because environmental factors may affect 
the diabetes incidence in this animal model [25]. How- 
ever, our NOD colony has been maintained constantly 
in the specific-pathogen-free environment. Thus, it is 
currently uncertain what causes the heterogeneity in 
Con A response among individual NOD mice. In the 
BB rat, activated macrophages act as suppressor ele- 
ments, causing the low responsiveness of spleen cells to 
T cell mitogen. Thus, suppressor macrophages are ab- 
normally plentiful in the spleens of BB rats, but while 
present, are much rarer in the spleens of control rats 
[18]. If the low responsiveness of NOD spleen ceils to 
Con A could be caused by suppressor macrophages as 
reported in BB rats, the cause for the heterogeneity in 
the response to Con A might be due to the number of 
suppressor macrophages in the NOD mouse spleen. 

Evidence that suppressor macrophages mediate the 
low IL-2 production and low proliferative response of 
NOD spleen cells in response to Con A is as follows: (1) 
Macrophage depletion by silica absorption from spleen 
cells of NOD low responders greatly enhanced the re- 
sponse of NOD splenic lymphocytes to Con A; (2) 
Macrophage-mediated suppression seems to be in- 
duced by activated macrophages through the produc- 
tion and secretion of prostaglandins and superoxide 
radicals [26]. In the present study, the addition of the 
prostaglandin synthetase inhibitor indomethacin to cul- 
tures of NOD spleen cells and Con A resulted in the 
restoration of responsiveness to this T cell mitogen. 
Conversely, the addition of prostaglandins to cultures 
of NOD macrophage-depleted spleen cells could partly 
suppress IL-2 production; (3) The addition of thiogly- 
collate-induced PEC which contained many Mac-l- 
positive cells to culture completely suppressed lympho- 
cyte proliferation when compared with the addition of 
non-stimulated PEC. This complete suppression was 
observed in BALB/c mice as well as in NOD mice. Be- 
cause the inhibitory effect of thioglycollate-induced 
PEC on Con A responses was very prominent, while 
prostaglandins could only induce a partial suppression, 
the mechanism of suppression by activated macro- 
phages may be due not only to prostaglandins but also 
to other compounds produced and released by the acti- 
vated macrophages, such as oxygen-derived radicals 
[26] and soluble protein mediators [271; (4) By readmix- 

ture of spleen macrophages with macrophage-depleted 
spleen cells, cell proliferation in NOD mice was con- 
siderably suppressed, however, that in BALB/c mice 
was not. Although it is difficult to estimate the exact 
number of plastic-adherent cells, these results also sug- 
gest that the number of suppressor macrophages in the 
NOD mouse spleen is fairly greater than in the BALB/c 
mouse. 

Although macrophages play a central role in cell- 
mediated immunity because of their involvement in the 
initiation of responses as antigen-presenting cells, there 
are very few reports about the association of macro- 
phages with autoimmune diseases. However, the 
presence of suppressor macrophages has been de- 
scribed in the patients with rheumatoid arthritis [28] and 
systemic lupus e .rythematosus [291. It is currently uncer- 
tain whether suppressor macrophages induce various 
autoimmune diseases or if these cells appear as a result 
of disease. Even in the present study, it is not clear how 
the low responsiveness of NOD spleen cells to Con A 
caused by suppressor macrophages contributes to the 
pathogenesis of Type I diabetes. Generally, most of the 
T cells activated by Con A seem to be suppressor 
T cells. Recently, we have examined the changes of 
Lyt2- and L3T4-positive T cells in spleen cells from 
NOD and BALB/c mice before and after culture with 
Con A by flow cytometry. After stimulation with 
Con A, BALB/c mice developed a higher percentage of 
Lyt2 + T cells, whereas NOD mice did not. On the other 
hand, the percent:age of L3T4 + cells among the T cells 
decreased in both strains of mice after culturing with 
Con A. These results suggest that suppressor T cells are 
preferentially stimulated by Con A and this stimulation 
is decreased in the NOD mouse. It is conceivable, there- 
fore, that the depressed suppressor T cell activation 
may derange the regulatory T cell circuit, allowing the 
generation or the activation of specific autoreactive 
helper T cells reoently reported [30] which may partici- 
pate in the actiwttion of killer cells against pancreatic 
islets and the formation of autoantibodies to islet cells. 
Finally, from the above standpoint, the elucidation of 
future mechanisms concerning suppressor macro- 
phages could be one of the important subjects in the 
clarification of the pathogenesis of Type 1 diabetes. 
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