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SUMMARY

Monoclonal antibodies of the OKT series were used to identify total T lymphocytes
(OKT3+) and their helper (OKT4+) and suppressor-cytotoxic (OKT8+) subsets in 34
insulin-dependent diabetic children and in 39 young healthy controls. The diabetics have a
moderate but significant reduction of the proportions of total T lymphocytes at the
expense of the T helper subset; the proportions of suppressor-cytotoxic cells are normal.
These abnormalities of the lymphocyte subpopulations are not related to the duration of
diabetes, the control of the disease nor to the presence of autoimmune phenomena. The
latter were found in 51 4% of the patients.

INTRODUCTION

Numerous investigations have been performed, aiming at a better understanding of the high
susceptibility ofdiabetic patients to infections of bacterial, viral or mycotic origins (Younger, 1965;
Eisert, 1965; Thornton, 1971). Staphylococcal infections, which are particularly frequent in poorly
controlled diabetes, have been related to partial defects ofthe polymorphonuclear leucocytes rather
than to a defective antibody production (Perillie, Nolan and Finch, 1962; Bybee and Rogers, 1964;
Mowat and Baum, 1971; Bagdade, Root and Bulger, 1974). The susceptibility ofinsulin-dependent
diabetics (IDD) to mycotic and tuberculous infections led to the suspicion of an alteration of their
cell mediated immunity. Most studies in the in vitro lymphocyte response to T cell-mitogens showed
a depressed response, particularly in poorly controlled cases (Delespesse et al., 1974; Selam et al.,
1979; MacCuish et al., 1974); however Stratton et al. (1977) found that diabetics have a normal
response to phytohemagglutinin (PHA). Similar discrepancies are found when comparing reports
on the peripheral blood lymphocyte subpopulations. These differences may be explained not only
by methodological considerations but also by the ways in which patients are selected and in the
appreciation of their degree of metabolic control. Using the rosette formation test to identify T
lymphocytes, some authors found a decrease in the absolute numbers of peripheral blood T
lymphocytes in IDD (Cattaneo, Saibene& Pozza, 1976; Muller et al., 1980); others found this defect
only in poorly controlled patients (Selam et al., 1979), whereas several studies showed normal
numbers ofcirculating T lymphocytes in IDD (MacCuish et al., 1974; Hann, Kaye& Falkner, 1976;
Stratton et al., 1977). Less data are available on the T lymphocyte subpopulations in these patients.
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Muller et al. (1980) found that the moderate reduction in the numbers of peripheral T lymphocytes
in IDD is secondary to a decrease of cells forming early or 'active' rosettes. Selam et al. (1979)
described a reduction ofT lymphocytes bearing membrane receptors for the Fc portion ofIgG (Ty)
in all diabetics, irrespective of the metabolic control of the disease. Using a functional assay, based
on the activation of suppressor-cells by Concanavalin A, Buschard, Madsbad & Rygaard (1980)
found a reduced suppressor cell activity in IDD of recent onset. These authors suggested that the
defective suppressor-cell's activity should be related to the presence of autoantibodies to pancreatic
islet cells. On the other hand, Plouffe et al. (1978) recently reported that two uncontrolled IDD
showed an excessive suppressor activity of adherent cells on the patient lymphocyte response to
PHA. The recent availability of well characterized monoclonal antibodies specific for total T
lymphocytes and their helper and suppressor-cytotoxic subsets allows a more precise evaluation of
the human immunoregulatory T cells (Kung et al., 1979; Reinherz & Schlossman, 1980; Reinherz et
al., 1979). In the present study we have investigated, by means ofmonoclonal antibodies ofthe OKT
series, the T lymphocyte subpopulations in 34 insulin-dependent diabetic children compared to 39
healthy young adults. The findings have been analysed in relation to the duration of the disease, the
metabolic control, the presence of retinopathy and the existence of tissue auto-antibodies.

MATERIALS AND METHODS

Participants. 34 insulin-dependent diabetic children (15 boys and 19 girls) aged from 5 to 21
years have been tested. The duration of the disease ranged from 2 months to 15 years. Metabolic
control was estimated by measuring the day of the test, A1c glycosylated haemoglobin, using an
electrofocusing method (Schoos, Schoos-Barbette & Lambotte, 1978). Al, glycosylated haemo-
globin level depends on the mean glucose concentration to which the red cells have been exposed
during their lifespan; in normal individuals less than 6% of haemoglobin is glycosylated. In our
study, 18 children (53%) had more than 7% of glycosylated haemoglobin. Six patients had retinal
vascular changes as objectivated by fluorescein angiography (Dorchy et al., 1977). Mean insulin
requirements (± 1 s.d.) were 1 0 + 0 4 units/kg body weight. None of the participants had clinical
evidence of nephropathy. The control subjects were technicians or blood donors of less than 40
years old.

Lymphocyte surface markers. Monoclonal antibodies were obtained from Ortho Pharmaceuti-
cal Corporation (Raritan, New Jersey, USA). The antibodies used in this study were directed
against mature thymocytes and all peripheral blood T cells (OKT3), T helper cells (OKT4), T
suppressor-cytotoxic cells (OKT8) and Ia antigen (OKI 1). The specificity of these antibodies has
been well documented (Kung et al., 1979; Reinherz et al., 1979; Reinherz et al., 1980). Peripheral
blood mononuclear cells were isolated by Ficoll-Hypaque gradient centrifugation of heparin-
treated venous blood.

These cells were first incubated for 30 min with the monoclonal antibody and then labelled with
a fluorescein-conjugated goat anti-mouse serum (GAM-FITC, Tago-Lab., Netherlands). Fluores-
cent cells were counted by means of a Leitz fluorescent microscope; counting was performed by a
technician ignoring the origin of the sample and the nature of the monoclonal antibody. A negative
control (cells treated only with GAM-FITC) was included in each preparation of peripheral blood
mononuclear cells; the value of this control was subtracted for the calculation of the results. These
are expressed as percentages of all cells in the preparation. Student's t-test was used for the
statistical evaluation.

Detection of autoantibodies. Each serum was tested by a routine indirect immunofluorescence
technique for the presence of antibodies against 11 different antigens. Substrates consisted of
cryostat sections of the following freshly frozen organs; kidney, liver, heart and abdominal muscles
from rat origin; ovary from monkey and skin from rabbit origin; stomach, thyroid, sub-maxillary
gland, adrenal and pancreas blood group 0 ofhuman origin. The tagged antibody was a polyvalent
anti-human Ig of swine origin (swine anti-human Ig FITC batch No. 277 Nordic Immunological
Labs., The Netherlands).
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Table 1. Lymphocyte subpopulations in insulin-dependent diabetic children

OKT3 (%) OKT4 (%) OKT8 (%) OKT4/OKT8 OKII (%)

Controls(39) 72.7+8.5* 45-9+9 7 241±+6 8 2 2+±15 10 5+4-5
Patients (34) 68 5+8-6 39 5+9-4 24 8+5 3 1-6+0 5 13-8+6 3
Significance P < 0 05 P< 0-005 ns P < 0-025 P < 0 020

* Results are expressed as the mean + the standard deviation.

Table 2. T lymphocyte subpopulations in diabetic children

n OKT3 (%) OKT4 (%) OKT8 (%) OKT4/OKT8 OKIl(I)

Sex: male 15 662 +9 4* 36-6+8 7 23 6+6-2 1-62+0 64 13-3+5-7
female 19 70 3+7 5 41 8+9-2 25-8+4 2 1-63±+040 13 8+6-6

Onset of the disease: < 1 yr 10 70 5+8-2 40 6+8-4 26 0+6 0 1 60+0 38 14 6+5 6
>1 yr 23 69 0+5-7 39-8+8 7 24 4+5-1 1-68+0-54 13 4+6-5

Well controlled diabetics-
(Hb Aic<6) 8 72-5±6-2 42 3+8-5 25 0+6 8 1-7+0 5 13 2+5-7

Fairly or poorly controlled
diabetics-(Hb AIc> 7) 18 671 + 101 395+ 108 253 +46 16+05 14-1 +58

Patients without autoantibodies 16 67-9+ 10 3 40 6+ 10-5 24 2+5-4 1-70+0 58 12 3+5 5
Patients with autoantibodies 17 68 5 + 6 8 37 9 + 8 0 25-1 + 5-2 1 54+0 46 15 2+ 6-7
Patients without retinopathy 19 68 7+6-7 40 8+8 8 24 0+4 2 1 71 +0 5 12-9+6-8
Patients with retinopathy 6 71 0+4 8 38 0+9-4 27 0+5 8 1-46+0 6 14 8+7 2

* Results are expressed as the mean + s.d.

RESULTS

Lymphocytes studies (Table 1)
Diabetics had a moderate but significant reduction of the proportions of OKT3 + cells when
compared to the controls (P < 0 05). Analysis of the subpopulations of T lymphocytes indicated
that this decrease in total T lymphocytes was secondary to a reduction of the T helper subsets
(OKT4+; P < 0005); the percentages of suppressor-cytotoxic T cells were comparable in the two
groups of participants. The ratio between T helper/T suppressor cells was significantly lower in the
diabetics (P < 0-025). The proportion of cells bearing Ta antigen was significantly higher in the
diabetics (P < 0-05).

Correlations between lymphocyte alterations and various clinical parameters (Table 2)
There was no relationship between the results of the lymphocyte studies and any of the following
clinical parameters; sex, duration of the disease, level of A1c glycosylated haemoglobin, presence of
autoantibodies and existence of retinal vascular changes.

DISCUSSION

In the present study of 34 insulin-dependent diabetic children we observed a reduction in the
percentages of circulating T helper cells concomitant with a decrease in the proportions of total T
lymphocytes. These alterations of the peripheral blood T lymphocytes are moderate and cannot
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explain some previous observations of a striking impairment in these patients of peripheral blood
lymphocytes response to PHA. This view is further supported by the finding of comparable
proportions of OKT3+ and OKT4+ lymphocytes in well controlled and in poorly controlled
subjects, whereas it has been reported that the latter have a much more pronounced alteration of
their in vitro lymphocyte response to T cell mitogens (Delespesse et al., 1974; MacCuish et al., 1974;
Selam et al., 1979).

Two observations argue against the concept that the high incidence ofautoimmune phenomena
in diabetes mellitus could be secondary to an alteration of their suppressor cells. First, the
proportions of T lymphocytes with the cytotoxic-suppressor phenotype were normal in the
diabetics. Second, the proportions of immunoregulatory T cells were comparable in patients with
and without antibodies. Note that the former comprised 51 -5% of the participants, a figure which is
comparable to our previous findings in children (Dorchy et al., 1981) and in adult IDD (Delespesse
et al., 1980). As already mentioned, previous workers have shown a reduction ofT suppressor cell
numbers or function in diabetic patients. Selam et al. (1979) found that diabetic children had a
decrease of circulating Ty cells, which were generally considered to be the T suppressor-cells. The
present data are not in opposition with this study since it has been clearly demonstrated that
OKT8+ and Ty cells are not identical populations. Reinherz et al. (1980) have indeed shown that
highly purified preparations of OKT8+ cells contain the same proportions of Ty cells as
unfractionated T lymphocytes or purified OKT4+ cells; conversely purified Ty cells are not enriched
in OKT8+ cells. Comparison ofthe present results to those of Buschard et al. (1980) is more difficult
since they used a functional assay to assess the activity of suppressor cells in diabetic patients. A
priori, the presence of a normal number of OKT8+ cells in a given lymphocyte preparation is not
incompatible with the findings, in this study, of a striking defect in the Con A induced suppressor
activity. Indeed, the suppressor activity is dependent not only upon OKT8+ cells but also upon
interactions between these cells and subsets of OKT4+ lymphocytes, as well as monocytes
(Reinherz & Schlossman, 1981).

We have no explanation for the high proportions of cells bearing Ta antigen in the diabetics;
these cells could be either B cells, monocytes or even activated T cells (Reinherz et al., 1979).

In conclusion, we suggest that the minor alterations in the proportions of T lymphocytes and
their subsets do not account for the high incidence of autoimmune reactions nor for the suspected
defective cell-mediated immunity in patients with insulin dependent diabetes.

The authors thank Professor D. Toussaint for performing the fluorescein angiographies.
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