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Destruction of the insulin-secreting B cells of the pan-
creas is responsible for Type 1 (insulin-dependent) dia-
betes mellitus. A variety of factors including viruses,
chemicals and immune reactions mediated by cells or
antibodies have been implicated as possible causes of
this destruction [1-10]. Over the last few years it has be-
come clear that autoimmune abnormalities are associat-
ed with the majority of cases of Type 1 diabetes mellitus.
Whether these autoimmune abnormalities are the ex-
clusive cause, a contributing factor, the result, or simply
a marker for pancreatic B-cell damage is still not abso-
lutely clear. What triggers the autoimmune response al-
so is not known.

In this review, we summarize the evidence showing
that Type 1 diabetes mellitus is characterized by not on-
ly an autoimmune response to pancreatic B cells, but al-
so by a variety of other immunological abnormalities;
that some of these abnormalities are transient; and that
perturbations in the regulation of insulin secretion may
affect immune responsiveness. Where possible, we have
presented the data in a quantitative or semiquantitative
form so that the state of knowledge could be better eval-
uated. For purposes of comparison, some of the data
from original articles were put in a different format and
recalculated.

Multiple autoantibodies

The most commonly reported immunological abnor-
mality in Type1 diabetes mellitus is autoantibodies
reacting with pancreatic islet-cell antigens [reviewed in
2, 6, 11-13}. These antibodies have been divided into
two types, one reacting with cytoplasmic antigens (ICA)
and the other reacting with surface antigens (ICSA). In
general, ICA are detected by indirect immunofluores-
cence on frozen sections of human pancreas, whereas
ICSA are detected on viable cells using direct cytotoxi-
city [14, 15], immunofluorescence [16] or radioimmu-
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noassay [17]. In patients with recently diagnosed Type 1
diabetes ICA are found in over 60% of cases [11-13,
18-20], while in non-diabetic control subjects ICA are
found in 0.5-2% [19-24] of cases. Recent reports indi-
cate that ICA can be detected in some individuals
months or even years prior to the onset of clinical symp-
toms of diabetes, suggesting that Type 1 diabetes may
have a longer and more chronic course than previously
thought, and that ICA may be a marker for detecting
Type 1 diabetes [25-28].

What is perhaps not as fully appreciated is that, in
addition to islet cell antibodies, a vartety of other auto-
antibodies are elevated in patients with Type 1 diabetes
mellitus. Moreover, the frequency of other autoimmune
diseases is higher in diabetic patients than in the normal
population [29-31]. Some of the autoantibodies found
in Type 1 diabetes are listed in Table 1 [14, 19, 20-24,
32-71], along with reported frequencies in both Type 1
diabetic patients and control subjects. For some of the
autoantibodies the data base is not large, whereas for
others it is quite extensive. In some cases data were
pooled from several studies to calculate an overall per-
centage. In addition to autoantibodies to islet cells, au-
toantibodies to insulin and insulin receptors are found
in Type1 diabetic patients but rarely in non-diabetic
subjects. Similarly, autoantibodies to a variety of non-
pancreatic antigens are found in patients with Type1
diabetes. For example, more Type1 patients as com-
pared to control subjects have autoantibodies to B lym-
phocytes (19.1% vs. 4.3%), gastric parietal cells (11.1%
vs. 5.8%), thyroid microsomal antigens (17.9% vs. 5.8%),
thyroglobulin (10% vs. 4.4%), anterior pituitary (19.7%
vs.0%) and nuclear antigens (9.9% vs. 1.6%) [21, 45-56,
58, 60, 61, 64, 65]. Three studies on autoantibodies to
adrenal gland antigens have appeared, one [43] to
adrenal medulla and two [52, 56] to adrenal cortex. All
report a higher frequency in Type1 diabetic patients
than in control subjects both for autoantibodies to
adrenal medulla (39.5% vs. 0.7%) and autoantibodies to
adrenal cortex (1.9% vs. 0.5%). Wide divergences in fre-
quencies have been reported for autoantibodies to islet-
cell surface antigens (36% to 65%), insulin (20% to 69%)
and pancreatic A cells (1% to 37%) [14, 19, 34, 36, 38, 43,
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Table1. Autoantibodies in patients with Type 1 diabetes mellitus and control subjects

Autoantibody reactivity Type 1 diabetes Control subjects Ref.
% Positive/tested % Positive/tested
Islet cells
ICA 324 695/2147 1.1 28/2567 32;24, 32,
ICSA 652 45/69 2.7 2/74 14,19*
36.0 40/111 1.8 2/110 34
64k, 38k proteins of islets 80.0 8/10 0 0/9 35b
Insulin 204 35/172 0 0/169 36,37
36.6 60/164 0 0/135 38,39
68.8 33/48 0 0/80 40
Cultured human insulinoma 87.2 34/39 6.7. 2/30 4
Insulin receptor 454 10/22 0 0/20 42
Pancreatic A cells 372 16/43 0 -NK-*° 43
1.0 8/829 0.6 2/317 44
Lymphocytes 19.1 44/230 43 5/116 45
Gastric parietal cells 111 473/4248 5.8 306/5228 21, 46-56*
Intrinsic factor 4.0 8/200 0.3 5/1600 57
Thyroid microsomal antigens 17.9 675/3779 5.8 415/7149 46, 47, 49,
50-54, 56*
Thyroglobulin 9.5 53/560 4.4 30/675 46, 50, 58*
Thyroid stimulating 326 15/46 0/52 59
Anterior pituitary cells 19.7 28/142 0/72 60, 612
Adrenal gland cells
Medulla 395 17/43 0.7 -NK-¢ 43
Cortex 19 36/1914 0.5 15/2793 52, 56*
Striated muscle 5.6 4/71 0 0/105 48
Tubulin 16.0 3/81 0 0/40 62
Actin 7.0 3/43 0 0/40 63
Reticulin 5.8 9/155 23 6/265 48, 512
Nuclear antigens 9.9 51/515 1.6 21/1327 47, 64, 65*
ssDNA 87.0 20/23 87 2/23 65
ssRNA 8.7 2/23 0 0/23 65
Coxsackie B1-5 363 53/146 741 18/252 66, 67*
Reovirus 47.8 11/23 8.7 2/23 65
Low density 11.7 21/180 0 0/60 68
lipoproteins
Immune complexes 244 127/520 8.8 41/468 69-712

2 Data pooled;® data from [35] and personal communication; ¢ not known

44]. Despite the great variability and small sample size
in certain studies, it is clear from the data summarized
in Table1 that patients with Type 1 diabetes mellitus
have autoantibodies that are directed against a wide va-
riety of non-pancreatic antigens in addition to those di-
rected against islet cells.

Duration of autoantibodies

The frequency of ICA in the serum of Type 1 diabetic
patients declines following diagnosis [18, 20, 24, 72-76].

From an initial frequency as high as 65% at diagnosis,
the percentage of patients that have ICA declines to less
than 20% after 2years. This raises the question of
whether other autoantibodies also decline with time.
Unfortunately, only a limited amount of data are avail-
able to address this question [18, 20, 21, 24, 32, 45, 47,
60, 62, 63, 70, 72]. Those autoantibodies for which data
exist show a decline following diagnosis of diabetes
similar to the decline in ICA (Table 2). Besides the de-
cline in both ICA and ICSA, autoantibodies to lympho-
cytes present in 54.5% of a small number of Type 1 dia-
betic patients at diagnosis decrease to 25% within
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Table2. Duration of autoantibodies after diagnosis of Type 1 diabetes mellitus
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Autoantibody reactivity Time after diagnosis (months) Ref.
<6 6-24 >24
% - Positive/ % Positive/ % Positive/
tested tested tested
Islet cells:
Cytoplasm 69.3 767/1106 53.8 284/528 18.4 224/1216 18, 20, 21,
24,32, 63,72*
Surface 41.5 17/41 16.2 6/37 114 4/35 72
Lymphocytes 54.5 6/11 25.0 9/36 157 17/108 45
Thyroid microsomal antigens 23.4 11/47 1341 5/38 103 11/107 47
Gastric parietal cells 14.8 7/47 79 3/38 5.6 6/108 47
Anterior pituitary cells 16.6 10/61° 22 1/48 60
Tubulia 48.4 13/28° 6.2 4/64° 62
Circulating immune complexes 353 12/34 13.6 3/22 23.0 31/135 70

® Data pooled; ® data include patients from 0 to 24 months post-diagnosis; ¢ duration greater than 6 years

6 months to 2 years and then to 15.7% after 2 years [45].
Similarly, autoantibodies to thyroid microsomes, re-
ported in 23.4% of Typel diabetic patients within
6 months of diagnosis, decline to 13.1% after 6 months
and 10.3% after 2 years [47]. It should be noted, how-
ever, that the frequency of autoantibodies to thyroid an-
tigens appears to increase with age in the general popu-
lation [53]. Further examination of the literature shows
that autoantibodies to anterior pituitary cells, present in
16.6% of patients within 2 years of diagnosis of Type 1
diabetes, decline to 2.2% after 2 years [60]. Similar de-
clines are reported for autoantibodies in Type 1 diabetic
patients to gastric parietal cells [47] and tubulin [62], as
well as for circulating immune complexes [70-72].

Multiple abnormalities of cell-mediated immunity

Table 3 summarizes some of the increasing number of
reports [77-112] describing abnormalities of cell-medi-
ated immunity (CMI) in Type 1 diabetes mellitus. It is
clear from the table that the scope of activities described
as cell-mediated is quite broad, and the reports are not
always consistent. Several groups have reported de-
creases (ranging from 2% to 18%) in total number of
Tcells in the circulation of Type1 diabetic patients
[79-82], and a reduction in circulating helper T cells is
thought to be responsible [80-82]. The ratio of circulat-
ing helper Tcells to circulating cytotoxic/suppressor
T cells is described as altered by a number of groups,
but it remains controversial whether in Type 1 diabetic
patients this ratio is decreased [80, 81, 87] or increased
[82, 84, 86]. Consistently, however, the percentage of ac-
tivated T cells in the circulation, measured either as In-
terleukin-2 receptor-positive T cells [85] or as HLA DR-
antigen-positive T cells [81, 86, 87, 89], is elevated in
Type1 diabetic patients. One report describes a de-
crease in Interleukin-2 production by T cells from
Type 1 diabetic patients [90].

Other activities that have been reported to be abnor-
mal in Type 1 diabetes mellitus include lymphocyte rec-
ognition of pancreatic antigens [91-94], phagocytic ac-
tivity [100, 101], blastogenesis in response to insulin
[97-99], as well as suppressor cell activities [93, 108,
110-113]. Additional reports describe increased K-cell
reactivity [102], increased anti-islet-cell cytotoxicity
[103, 104] and islet-specific suppressor cell activity [110].
Variable changes have been found in the mixed lym-
phocyte reaction (MLR) [95, 98] and mitogen respon-
siveness [96, 99, 105-109]. It is unclear, however, how
much overlap there is in the immunological functions
measured by the different assay systems. Moreover, dif-
ferent patient populations with varying degrees of meta-
bolic control were used in these studies; this, in part,
may account for the variation in results [100, 105, 109].
Selam et al. [105], for example, found that the percent-
age of total T cells in the circulation in 39 diabetic pat-
ients correlated with the degree of metabolic control. In
14 well-controlled diabetic patients, the percentage of
total T cells in the circulation was 70.8%, not different
from the 71% in 50 non-diabetic control subjects. In
contrast, in 25 poorly-controlled diabetic patients the
percentage of T cells in the circulation was 64.1%, sig-
nificantly lower than the control subjects.

Perhaps the greatest source of uncertainty in inter-
preting these reports of abnormalities in cell-mediated
immunity is that so few of them are islet cell specific. As
more islet cell specific assays are developed, the extent
of these abnormalities should become clearer.

Duration of cell-mediated immunological abnormalities

The data summarized in Table 4 show that some of the
abnormalities in CMI return toward normal within
6 months to 2 years after diagnosis of Type1 diabetes
mellitus [82, 84, 85, 89, 93, 102, 110, 113]. Topliss et al.
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Table3. Cell-mediated immunity in Type 1 diabetes mellitus
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Immunologic function Assay No. of Activity in diabetic patients Ref.
patients relative to normal subjects
Insulitis Histology 33 Present at 77,78
diagnosis in 70%*
Total T cells Monoclonal antibodies: Pan T 120 Decreased® 79-82
(OKT3/Leu4/3A1) 22 Unchanged 83-87
T cell subsets Monoclonal antibodies: helpers: 106 Decreased® 80-82
(OKT4/Leu3a) 36 Unchanged 79, 80, 86, 87
Monoclonal antibodies: Cyt/Suppt. 66 Decreased by 82,83
(OKT8/Leula) 20-42%
76 Unchanged 79-81
45 Increased by 87
20%¢
Monoclonal antibodies: NK cells 11 Decreased by 88
(Leu7) 58%
OKT4/0KTS8 Ratio Monoclonal antibodies 107 Increased by 82,84, 86
23-47%
107 Decreased by 80, 81, 87
16-27%
14 Unchanged 79
Activated T Monoclonal antibodies: 106 Increased® 81, 86, 87, 89
cells HLA-DR (OK11/1.243)
Interleukin-2 receptor (Tac-1) 10 Increased 3-fold 85
Intereukin-2 production ~ 3H-TdR uptake 26 Decreased by 40% 90
Antigen Lymphocyte migration 73 Decreased in Nn
recognition test™: 21% of patients
Animal pancreas antigens
Human pancreas antigens 60 Decreased by 92-94
13-20%
Mizxed lymphocyte 49 Unchanged 95,96
response
Insulin blastogenesis 99 Positive in 40-50% 97-99
of patients
Phagocytic Bacterial ingestion® 10 Decreased by 35%" 100
activity Clearance of '®I-human serum albumin 21 Unchanged _ 101
K cell activity sRBC rosettes 96 Increased in 24% of diabetic patients 102
by 1.5- to 2-fold
Cytotoxicity SICr released from rat islets 11 Increased by 26% in 63% of patients 103
31Cr released from human insulinoma 23 Increased 3-fold in 65% of patients 104
Mitogen stimulation SH-TdR uptake: Concanavalin A 39 Unchanged 105,
55 Decreased by 50% 106, 107
Phytomagglutinin 48 Unchanged _ 99, 105, 108
84 Decreased 50-75%* 96, 106, 107
109
Suppressor cell Ig synthesis’ 1 Increased about 2-fold 110
activity on:
Specific anti-islet response 1" Increased 110
19 Defective 93
Mixed lymphocyte response 15 Decreased by 44% 111
Mitogen stimulation 26 Decreased by 66-82% 108,112

2 Pooled data; ® decreases in overall circulating T cells vary from 2% to 18% in different studies; in general, the greatest decreases are seen in
patients within 1 year of diagnosis; © decreases in circulating helper T cells vary from 10% to 28% in different studies; in general, the greatest de-
creases are seen in patients within 1year of diagnosis; ¢ at diagnosis; ° circulating T cells expressing HLA-Drantigens increased by 31.4%
(34 patients) in [81]; increased 11.2-fold in 11 patients in [86]; increased 4.4-fold in 15 patients with recent-onset Type 1 diabetes (< 6 months), in-
creased 2.2-fold in 28 patients with established Type 1 diabetes (> 3 years) in [89], and increased 2.5-fold in 18 patients in [87]; f lymphokine pro-
duction; & pneumococcus Type2; ® transient deficit; ameliorated by insulin treatment; ! a much less pronounced decrease in mitogen respon-
siveness (approx. 10-15%) was noted by Cacciari et al. [106]; ! immunoglobulins of all classes
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Table4. Duration of cell-mediated immunologic abnormalities after diagnosis of Type 1 diabetes mellitus

Immunologic function Time after diagnosis (months) Ref.
<6 6-24 >24
Activated T cells:
HLA-Dr-positive Increased 4-fold -ND-? Increased 2-fold 89
in 14/15 (93%) in 7/28 (25%)
Interleukin-2 receptor positive Increased 3-fold Increased 3-fold Increased 3-fold 85
in 7/10 (70%) in 4/7 (57%) in 1/11 (9%)
OKT4/0KTS3 ratio Increased by ~50%° -ND- Increased by ~20%" 82
Increased by ~50%° Increased by ~40%° Increased by ~11%P 84
K cell activity Increased 2-fold Increased 2-fold Increased 2-fold 102
in 13/23 (57%) in 3/19 (16%) 7/54 (12%)
Recognition of human pancreas antigens? Decreased by 20%" Decreased by 5%° 93
Non-specific suppressor cells® Decreased by 66%° Decreased by 17%° Decreased by 7%° 113
Specific suppressor cells’ Increased by 70%¢ -ND- Increased by 18%° 110

2 ND, not determined; ® n=12-33 patients; © n=4-11 patients; ¢ migration of Tlymphocytes co-cultured with human pancreas antigen homo-
genate for 18 h; © suppression by Concanavalin-A activated T lymphocytes of Concanavalin-A stimulation of fresh heterologous T lymphocytes
(incorporation of *H-TdR); ! guinea pig islet cell homogenate as test antigen

[93], using the leukocyte migration test (which measures
antigen-stimulated lymphokine release), found that 19
diabetic patients with disease for less than 2 years gave
an average response to human pancreas antigen of
0.81 £ 0.05, while 10 diabetic patients studied more than
2 years after diagnosis responded with an average mi-
gration index of 0.95+0.23 (1.0 being normal). Bu-
schard et al. [113] found that non-specific Concanaval-
in-A-induced suppressor activity returned toward nor-
mal values with a low of 0.34+0.16 at or near diagnosis
to 0.83£0.16 in the 6-month to 2-year interval, and up
to 0.93 £0.15 beyond 2 years (1.0 being normal). In oth-
er experiments, Pozzilli et al. [102] reported that 57% of
newly diagnosed diabetic patients had elevated K-cell
activity, and that this decreased to 16% between
6 months and 2 years after diagnosis. In studies of In-
terleukin-2 receptor expression on circulating T cells,
Hayward and Herberger [85] reported that in 15 recent-
ly diagnosed diabetic patients, 6.2% of the lymphocytes
had Interleukin-2 receptors, whereas in six diabetic pat-
ients with disease for longer than 2 years, only 2.3% of
the lymphocytes had Interleukin-2 receptors (2% of
control lymphocytes were Interleukin-2 receptor-posi-
tive). Two reports [82, 84] studying OKT4/0KT8 ratios
in diabetic patients showed elevated values at or near
diagnosis and decreased values after 1 or more years of
disease.

Immunological abnormalities associated with
experimental induction of diabetes

The possibility that some of the immunological abnor-
malities found in Type 1 diabetes mellitus might be sec-
ondary to pancreatic B-cell destruction and insulin defi-
ciency was explored by reviewing the literature on

chemicals (i.e. alloxan and streptozotocin) that induce
diabetes in experimental animals by destroying B cells
[114-116]. Other animal models of diabetes involving
more complicated etiologies have been reviewed else-
where [1, 116, 117]. The data summarized in Table 5
[118-127] show that in animals with alloxan-induced
diabetes, a number of immunological functions are de-
pressed, including cellularity of the lymphoid organs
[118, 119], contact sensitivity to haptens [120, 121], gran-
uloma formation [122], delayed-type hypersensitivity
(DTH) reactions [122, 124}, humoral antibody responses
[119, 123, 124] and the response to mitogens [124, 127].
In addition, the rejection time of skin grafts was pro-
longed [119].

Similarly, single-dose streptozotocin-treated mice
showed many immunological abnormalities [122, 124,
128-135]. As in alloxan-treated mice, lymphoid organ
cellularity [128-132], hapten sensitivity [130, 133], delay-
ed-type hypersensitivity [122, 124, 131], humoral anti-
body responses [124, 131, 133, 134], mitogen responses
[124, 132] and phagocytic activity [133, 135] were all re-
duced. Reductions in the mixed lymphocyte reaction
[129], the generation of cytotoxic lymphocytes [129,
134], tumour rejection [129] and allograft rejections [122]
were also observed. Thus, many of the immunological
abnormalities in chemically-induced diabetes parallel
the abnormalities seen in human Type1 diabetes
(Tables 1, 3).

Restoration of immune function in vivo by insulin

Although it is tempting to attribute these immunologi-
cal abnormalities to pancreatic B-cell destruction and a
deficiency of insulin, streptozotocin and alloxan might
have a direct injurious effect on the cells of the immune
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Table5. Immunological abnormalities following drug-induced Type 1 diabetes mellitus in experimental animals
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Induction of diabetes® Immune function Assay Effect Restoration by insulin ~ Ref.
Alloxan: Cellularity Cell count Reduced by 80-90% Restored to 118, 119
75-200mg/kg of lymphoid organs in spleen and thymus 80-90% of normal
one injection
Contact sensitivity Ear swelling Reduced by 70-77% Restored to 120,121
to oxazalone or DNFB 58% of normal
Granuloma formation  S. mansoni eggs Reduced by 65-70% Restored to 122

90% of normal

1°,2° Ab response PFC assay Reduced by 60-80% Restored to 119, 123,124
100% of normal
Phagocytic functions  Bacterial ingestion Normal -ND-? 118
Reduced by 20-60% -ND- 125,126
Delayed type Foot pad swelling Reduced by 75-85% Restored to 122,124
hypersensitivity 100% of normal
Mitogen responsiveness *H-TdR uptake Reduced by 25-60% Restored to 124,127
(PHA, Concanavalin-A) 100% of normal
Allograft rejection Skin grafting Prolonged by 4-7days Restored 119
Streptozotocin Cellularity Cell counts Reduced by 50-95%°  Restored to 128-132
100-200 mg/kg in spleen and thymus ~60% of normal
one injection
Contact sensitivity to Ear swelling Reduced by 50-80% None 130, 133
oxazalone or DNFB
Granuloma formation  S. mansoni eggs Reduced by 20-68% Restored to normal 122
1°,2° Ab responses PFC assay Reduced by 70-99% Restored to 124,131,133,
~75% of normal® 134
Phagocytic activity Bacterial ingestion Reduced by 90% ~-ND- 133
Restored to 135
~67% of normal
Mitogen responsiveness *H-TdR uptake Reduced by 50-75%°  Restored to 124,132
(Con-A, LPS, PWMe) ~75% of normal
Delayed type Foot pad swelling Reduced by 40-90% Restored to 122,124,131
hypersensitivity ~75% of normal
Resistance to Survival Reduced by 80% -ND- 133
M. tuberculosis
Mixed lympho- SH-TdR uptake Reduced by 50%f -ND- 129
cyte response No change® -ND- 132
Generation of SICr release Reduced by 50-90% Restored to 100% of 129, 134
cell mediated normal?
Iympholysis
Allograft rejection Skin grafting Prolonged by 4 days -ND- 122
Tumour rejection Growth of syngeneic,  Reduced by ~75%# None 129

UV-induced tumour

2 Mice, unless otherwise noted; ® ND, not done; ¢ data include Sprague-Dawley rats [132]; ¢ complete restoration reported via islet cell trans-
plantation [134]; ° pokeweed mitogen;’ at 9 days only; thereafter MLR was normal; & tested in mice 31 days after streptozotocin administration;
subcutaneous tumour growth was evaluated 35 days post-implantation with tumour fragments

system. In vitro experiments [124] have shown that
streptozotocin decreased the viability of spleen and thy-
mus cells, anti-SRBC plaque formation, PHA-, Con-
canavalin-A and LPS-responses, and Interleukin-1 and
Interleukin-2 production. In contrast, up to 10 times the
in vivo diabetogenic dose (1.1 mmol/1) of alloxan had
little or no effect on in vitro immune function [124].
Nonetheless, the evidence that pancreatic B-cell de-
struction and the decrease in circulating insulin in allox-
an-treated animals is responsible for the alterations in

immune function must be interpreted with caution.
Probably the best evidence that insulin deficiency can
alter immune function comes from restoration experi-
ments. As seen in Table 5, insulin therapy can partially
or completely restore a number of the immunological
abnormalities [119, 120, 122, 124, 127, 129, 130, 134,
135]. More consistent reversals of immune deficits were
achieved in alloxan-induced diabetes than in streptozo-
tocin-induced diabetes. In alloxan-induced diabetic
mice, complete or near complete restoration of lym-
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Table 6. Effect of insulin on in vitro immune functions

Immunologic function Species Assay Effect of insulin Ref.
F. Receptor expression on macrophages Guinea pig Erythrocyte- Inhibited by 50-95%2 136
antigen rosetting
Phagocytosis by Mouse Erythrocyte-antigen Enhanced by 65%" 137
peritoneal exudate cells rosetting
Antibody-dependent Human ICr release from Enhanced by 30% 138
cellular cytotoxicity erythrocytes
Mouse SCr release from Inhibited by ~30%" 139
erythrocytes
Concanavalin-A, PHA mitogenesis Mouse *H-TdR uptake Enhanced by up to 260% 140, 141
Enzyme activities Rat, mouse, human Metabolic studies® Enhanced by 20-300% 138, 142,
in stimulated lymphocytes 143
Mixed lymphocyte reaction Mouse, human SH-TdR uptake Enhanced by 165-300% 144, 145
Alloreactivity Mouse, rat SICr release Enhanced by 45-200% 145-147
Antibody formation Mouse PFC Inhibited by 50-95%* 148
Interleukin-2-induced proliferation Mouse SH-TdR uptake Inhibited by 60-70%? 148

2 Nonphysiologic doses of insulin (5x 10~°mol/1); ® physiologic levels of insulin (10~°—10~"mol/1);° glucose oxidation. lactate oxidation,

pyruvate kinase, lactic dehydrogenase, lactate release, glucose uptake

phoid organ cellularity, granuloma formation [122], an-
tibody responses [119, 123, 124], graft rejection [119],
Concanavalin-A responsiveness [124] and DTH reac-
tions [124] have been reported. In streptozotocin-in-
duced diabetic animals, partial restorations of lym-
phoid organ cellularity [129, 130], antibody responses
[124, 134}, Concanavalin-A responsiveness and DTH re-
sponses [124] were achieved.

Effects of insulin on in vitro immune function

Further evidence that insulin can affect the function of
the immune system comes from a variety of in vitro ex-
periments (Table 6) [136-148]. Rhodes [136] reported
that insulin inhibited the expression of Fcreceptors on
guinea pig macrophages as measured by an erythrocyte-
antibody rosetting assay, but the concentration of insu-
lin employed was in the 5x10~° mol/1 range; this is
three to seven orders of magnitude larger than the
concentration commonly regarded as physiological
[137-139]. Similarly, Hunt and Eardley [148] reported
inhibition of antibody formation and Interleukin-2-in-
duced proliferation by these concentrations of insulin.
When Limaetal. [137] used insulin in physiological
doses (1079 to 10~ 1> mol/1), they found enhancement of
phagocytic responses by murine peritoneal macro-
phages, a result confirmed by Kragballe et al. [138] us-
ing human monocytes. Using a different assay Bar et al.
[139] reported inhibition of antibody-dependent cellular
cytotoxicity by insulin (10~° mol/1), but the inhibition
was not dramatic (about 30%).

Most investigators believe that resting lymphocytes
are unresponsive to insulin because they do not express
insulin receptors [140, 142, 144, 149]. Thus, for insulin to
affect lymphocyte function, the lymphocytes must first

become activated. Activation can occur following anti-
genic challenge, mitogen stimulation or co-culture with
allogeneic cells [143, 149, 150]. In general, insulin en-
hances the responsiveness of already activated lympho-
cytes. Several investigators [140, 142, 143] have reported
that insulin can increase the stimulation of murine lym-
phocytes by the mitogens PHA, Concanavalin-A and
LPS. Others [138, 151] have noted similar in vitro effects
of insulin on the metabolic activity of human leuko-
cytes. Numerous reports on insulin-enhanced functions
on activated cells have appeared as well. In vitro and in
vivo, insulin increases murine plaque formation to
sheep erythrocytes [143, 152], the mixed leukocyte reac-
tion in both murine and human cultures [144, 145}, and
the development of cytotoxic effector cells lytic for 3 Cr-
labeled alloantigenic target cells [146, 147]. In vivo, it
has been reported that the administration of insulin
causes transient changes in human peripheral T-cell
subsets [153]. Taken together, these studies show that,
directly or indirectly, insulin can alter immune function.

Comment

A review of the literature makes several points clear.
First, although much attention has been given to ICA,
autoantibodies to a variety of other tissues are present
in patients with Type 1 diabetes mellitus. Moreover, pat-
ients with Type 1 diabetes show a number of cell-medi-
ated immunological abnormalities. If Type 1 diabetes is
triggered by a specific attack on pancreatic B cells, why
are autoantibodies present that react with other tissues
of the body? Although some antibodies to pancreatic
B cells may cross-react with the other tissues, it seems
unlikely that this is the sole explanation for the multiple
organ-reactivity serum from patients with Type 1 diabe-
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tes [154]. A number of different antigen-specific anti-
body molecules are almost certainly present. If this is
the case, one must then ask whether the antibodies to
pancreatic B cells appear as part of a broader immuno-
logical dysfunction associated with Type 1 diabetes or
whether these antibodies develop as a consequence of
the disease process. The answer to this question is of
central importance to understanding the etiology of
Type 1 diabetes, and may help determine whether the
primary defect resides in pancreatic B cells or in cells of
the immune system.

The second point that a review of the literature
makes clear is that certain of the immunological abnor-
malities are transient. For example, the frequency of
ICA in Type 1 diabetes decreases from over 60% at the
time of the initial diagnosis to less than 20% at 2 years
after diagnosis. It is generally thought that this decrease
in ICA reflects a loss of antigenic stimulation due to the
depletion of the remaining pancreatic B cells. However,
the data in Tables 2 and 4 make it clear that antibodies
to tissues other than pancreatic B cells also decrease af-
ter diagnosis, and that a number of the cell-mediated
immunological abnormalities return towards normal. In
contrast to Type1 diabetes, in other autoimmune dis-
eases the autoantibodies may persist for years [155, 156].

One fundamental difference between the pre- and
post-diagnosis phase of Type 1 diabetes mellitus is that
after diagnosis the patients are treated with mainte-
nance doses of insulin. This raises the question as to
whether insulin can influence immunlogical function. A
review of the literature (Tables 5, 6) shows that insulin
can have a profound effect on at least some immuno-
logical functions. Less clear is whether insulin deficien-
cy induces the type of immunological abnormalities
seen in Type 1 diabetes. If insulin deficiency does play a
role, there are several possible modes of action. The first
is that the destruction of pancreatic B cells is the result
of an immunologically specific attack on B cells, trig-
gered by still unknown factors, and that the generation
of autoantibodies against non-pancreatic tissues is a
consequence of the resulting insulin deficiency on the
normal function of the immune system. The second is
that an environmental insult (e.g. viruses or toxins)
damages pancreatic B cells [4, 157], and that the rise of
autoantibodies to both pancreatic islets and non-pan-
creatic tissues is in part due to the resulting insulin defi-
ciency and the effect it has on the normal function of
the immune system. In either case, the administration of
insulin after diagnosis, and the at least partial correction
of host metabolism, might be responsible for the ob-
served restoration of immunological function (Table 2).
Some support for this argument also comes from exper-
iments in diabetic animals which have shown that ad-
ministration of insulin can correct some of the immuno-
logical abnormalities (Table 5). A third possibility is that
glycosylation of proteins [158, 159], which is known to
be increased in Type 1 diabetes, makes self antigens for-
eign and induces autoantibodies. The administration of

insulin would result in a decline of glycosylated pro-
teins and a corresponding decrease in autoantibodies. A
number of questions, however, remain to be answered
and additional and more rigorous information is
peeded to determine if a deficiency or abnormality in
insulin secretion truly plays a r6le. For example, does
diabetes caused by partial pancreatectomy (to avoid the
use of drugs that might affect lymphocyte function) in
experimental animals induce immunological abnormal-
ities? In humans, do subsets of lymphocytes from DR3
and DR4 individuals (who are known to be at higher
risk of developing Type 1 diabetes) [160, 161] show more
immunological abnormalities than lymphocytes from
individuals with other HLA types if subjected to hy-
poinsulinaemia and hyperglycaemia? In high-risk first
degree relatives of Type1 diabetic patients, does the
time of appearance of autoantibodies to non-pancreatic
tissues correlate with the time of appearance of auto-
antibodies to pancreatic islets?

The work summarized here raises the possibility that
immunological abnormalities may not only be a cause,
but one of the complications of Type 1 diabetes melli-
tus. More information on this and related issues may
provide useful clues to therapy. Aggressive insulin ther-
apy has been used by some investigators to prolong the
remission (“honeymoon”) period [162-164]. It has been
suggested that insulin acts by preventing exhaustion of
the remaining pancreatic B cells. Another possibility is
that insulin may partially restore the altered function of
the immune system, thereby slowing the autoimmune
process. It is of interest that in patients with Type 2
(non-insulin-dependent) diabetes mellitus, immunolog-
ical abnormalities are not common.

In conclusion, Type 1 diabetes mellitus is character-
ized by multiple and in some cases transient immuno-
logical abnormalities. The idea that a deficiency in insu-
lin or its aberrant regulation may be responsible for
certain of the immunological abnormalities associated
with Type 1 diabetes has appeal, but has not been fully
proven. What actually triggers the cascade of events
leading to pancreatic B-cell destruction, and whether
the primary defect resides at the level of the target cells
or effector cells, also remains elusive.
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