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SUMMARY

Abnormalities in the proportions of various T lymphocyte subpopulations have been found in a

number of autoimmune diseases. Monoclonal antibodies labelled with various fluorochromes were

used here to define the percentages of subsets, and especially to divide CD4+ (helper/inducer) and
CD8 + (suppressor/cytotoxic) cells into phenotypic subgroups. Blood samples were analysed from 25
patients (age 10-1 +3-7 years) with recently diagnosed insulin-dependent diabetes mellitus (IDDM)
and 25 age- and sex-matched control subjects. The percentages of CD4+ cells and CD4+CD45RA+
cells described as naive T helper cells or suppressor/inducers were increased in the IDDM patients
(P<0 05 and P<0 05, Student's t-test, respectively), whereas the percentage of CD4+CD45RA-
cells (memory T-helper cells, helper/inducers) was similar in the patients and controls. The percentage
of CD8+CDl lb+ cells containing suppressor/effector lymphocytes was decreased in the IDDM
patients as compared with the controls (P < 0-01) but no significant difference was seen in total CD8 +

cells. The percentages of CD3+ cells and the proportions of these simultaneously positive for HLA-
DR antigen (activated T cells) were also increased in the recent IDDM patients (P<0-001 and
P < 0 05, respectively), while the proportion of CD20+ B cells was decreased (P< 0 05). The findings
support the view that disturbed immune regulation occurs in IDDM and indicate that further
division of T cell subpopulations may clarify our understanding of the disease process.
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INTRODUCTION

Monoclonal antibodies can be used to differentiate between
leucocyte cell surface molecules, forming a series of markers
which correlate with cellular differentiation and the functional
properties of the cells (Sprent, 1989). These cell membrane
antigens, now called CD markers, have been used to divide
lymphocytes into subsets which show characteristic fluctuations
in certain immunological or infectious processes. The main
dichotomy within T lymphocytes is that between cells positive
for CD4 (helper/inducer) and CD8 (suppressor/cytotoxic) anti-
gens. This functional correlation seems to exist even though
CD4 and CD8 molecules primarily define whether the T cell
receptor recognizes its nominal antigen in the context of either
class II (CD4) or class I (CD8) MHC molecules (Swain, 1983).

The percentages of CD4+ and CD8+ lymphocytes and the
ratio between them has been widely studied in type 1, insulin-
dependent diabetes mellitus (IDDM), as in other autoimmune
diseases. Controversial results have been published, as both
increased and decreased CD4/CD8 ratios have been reported at
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diagnosis of the diseases (Gupta et al., 1982; Horita et al., 1982;
Jackson et al., 1982; Mascart-Lemone et al., 1982; Buschard et
al., 1983; Pozzilli et al., 1983; Galluzzo et al., 1984; Ilonen et al.,
1984; Herold et al., 1984; Rodier et al., 1984; Quiniou-Debrie et
al., 1985; Hitchcock et al., 1986; Pontesilli et al., 1986; Hydty,
1988). A more consistent finding is an increase in the number of
activated T cells characterized by expression of the HLA-DR
antigen or the IL-2 receptor on the cell surface (Jackson et al.,
1982; Mascart-Lemone et al., 1982; Pozzilli et al., 1983; Ilonen et
al., 1984; Rodier et al., 1984; de Berardinis et al., 1988).

New monoclonal antibodies and double labelling methods
described recently can be used to divide still further the subsets
so far defined. CD4+ cells can be divided by the different
molecular weight isoforms of the CD45R marker into those
containing memory and/or helper/inducer cells (CD45RO) and
those containing naive, virgin and/or suppressor/inducer cells
(CD45RA) (Sanders et al., 1988). The latter population has been
found to have decreased in the blood of patients with chronic
progessive multiple sclerosis, rheumatoid arthritis and systemic
lupus erythematosus (Rose et al., 1985; Chofflon et al., 1988;
Emery et al., 1987; Morimoto et al., 1987). Also CD8+ cells can
be divided by reference to the presence of CD 1 Ib marker.
Suppressor/effector cells have been reported to be CDllb+
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(Landay et al., 1983), whereas cytotoxic T cells seem to be
negative for this marker (Clement et al., 1984).

Better definition of these overlapping populations could
clarify earlier discrepancies in the studies on IDDM and help us
to understand the immunopathological mechanisms involved in
this disease. Here we set out to study the percentages of various
lymphocyte subsets in 25 children and adolescent patients at the
diagnosis of IDDM and to compare the values with those
obtained in 25 age- and sex-matched control subjects. The
subsets defined included CD45RA+ and CD45RA- CD4 cells
and CD8 subpopulations defined by CDl lb marker, which
separates populations containing suppressor (CDllb+) and
cytotoxic (CD lb-) lymphocytes. In addition, the percentages
of T (CD3) and B (CD20) lymphocytes and of activated T cells
(CD3+HLA-DR+) and monocytes (CD14) were defined.

MATERIALS AND METHODS

Subjects
Twenty-five subjects with recently diagnosed IDDM (18 boys
and seven girls, mean age (± s.d.) 10-1 + 3-7 years) were included
in the series. All the patients were treated with insulin, and the
samples were collected within a week of diagnostic admission to
the hospital. The mean blood glucose concentration at presen-
tation was 18-7+7-8 mmol/l, blood haemoglobin Al, (HbA,,)
levels were 14-7+2-9% (reference range 5 5-8A4% in non-
diabetic children). Twenty of the patients were ketotic at
hospital admission. The age- and sex-matched control subjects
(mean age (±s.d.) 10-5+4-2 years) were patients without any
known infectious or immunological disease (mostly patients
coming for minor elective surgery), the blood samples from
whom were collected in association with routine laboratory
tests.

Lymphocyte phenotyping
Peripheral blood mononuclear cells were separated with Lym-
phoprep (Nyegaard & Co, Oslo, Norway) gradient centrifuga-
tion, washed with phosphate-buffered saline (PBS) and diluted
in RPMI 1640 medium supplemented with 5% fetal calf serum.
FITC-conjugated anti-Leu 4 (CD3), anti-Leu 2a (CD8), anti-
Leu 18 (CD45RA) and anti-Leu M3 (CD14), and also PE-
conjugated anti-Leu 3a (CD4), anti-Leu 15 (CDI Ib) and anti-
HLA-DR monoclonal antibodies were purchased from Becton
Dickinson (Mountain View, CA). The cells in the supplemented
RPMI 1640 medium were incubated for 30 min in an ice bath
with an appropriate pair of FITC- and PE-conjugated anti-
bodies and washed with PBS. The percentage ofcells positive for
green (FITC) and red (PE) fluorescence was calculated using

flow cytometry (FACScan, Becton Dickinson).

RESULTS

Table I shows the percentages ofdifferent lymphocyte subpopu-
lations defined by various combinations of fluorochrome-
labelled monoclonal antibodies. Increased percentages ofCD3 +

T lymphocytes and T cells with HLA-DR activation marker
were detected in the blood ofIDDM patients. CD4+ T cells and
CD45RA+ CD4 cells described as naive or suppressor/inducer
cells were also found increased but no significant difference was
detected in the percentage of total CD8 cells. However, the
subpopulation ofCD8 cells with CDI b marker was decreased

Table 1. Percentages (means + s.d.) of lymphocyte subsets defined by
various markers in recently diagnosed IDDM patients and control

subjects

IDDM Control

Cell subset n = 25 n = 25 P (Student's t-test)

CD3- 74-0+9-1 63-6+10-8 <0-001
CD3+HLA-DR+ 35+39 1-7+1-1 <0-05
CD4+ 44-2+ 8-2 38-2+ 8-8 < 0-05
CD4+CD45RA+ 31 2+8-7 25-6+ 8-6 <0-05
CD4+CD45RA- 13-0+3-0 12 7+4-1 NS
CD8+ 26-3+9-5 27-7+6-5 NS
CD8+CDllb+ 6-9+3-3 11 2+5-8 <0-01
CD8+CDllb- 19-4+8-8 164+6-6 NS
CD20 7-2+3 5 10-3+5-5 <0-05

Table 2. Ratios between the percentages of various lymphocyte subsets
in IDDM patients and control subjects

IDDM Control
P

Ratio n=25 n=25 (Student's t-test)

CD4/CD8 2-1 + 1-2 1 5+0 6 <0-05
CD45RA+/CD45RA- (CD4) 2-6+1-2 2-3+1-3 NS
CDllb+/CDllb- (CD8) 0-4+0 3 0 9+0 7 <0 01

and the proportion of B cells was also lower in IDDM patients
than controls. The lymphocyte markers were defined only in the
cells which were shown by their light scatter parameters to be
within the lymphocyte area. In addition the percentage of
monocytes labelled by a CD14 (anti-Leu M3) antibody within
the combined area of mononuclear cells was counted but no
difference was seen between the IDDM patients (15-1 + 7-5) and
controls (I 6-6 + 6 0).

The ratio between CD lI b marker positive and negative CD8
cells was significantly lower in the IDDM patients than in the
controls, but the ratio between CD45R+ and CD45R- cells did
not differ significantly. The CD4/CD8 ratio was significantly
higher in the patients (Table 2).

When the lymphocyte subpopulations showing differences
between patients and controls were correlated to parameters of
metabolic state, only an inverse correlation between activated
(HLA-DR+) T cells and blood HbA1c levels was seen (-0 429,
P<0-05). No correlation was detected between other subset
percentages and HbAj, blood glucose or ketone bodies at
hospital admission.

DISCUSSION
The results show marked differences between IDDM patients
and controls in the percentages of various lymphocyte subpopu-
lations. The division of the CD4 and CD8 populations revealed
that the increase in CD4 cells detected was concentrated in the
CD45RA+ 'naive' or suppressor/inducer cells and those of the
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CD8 cells that decreased were those with a CDl lb marker,
containing suppressor/effector cells, whereas the total number
ofCD8 cells did not differ from the control values. The markers
thus specify more exactly the subpopulations in which abnor-
malities can be detected and their use may thus eliminate much
of the existing controversy.

One problem in the study of recent-onset IDDM patients is
the possible effect of hyperglycaemia or ketosis on lymphocyte
subsets. This is not, however, probable. When the indicators of
metabolic state were correlated to deranged subset values, only
a weak inverse correlation between HbAj, level and activated T
cells was noted. Also in our ongoing study on immune functions
ofnon-insulin-dependent diabetes patients we have not seen any
differences in the same lymphocyte subpopulations between
patients in good metabolic balance and those showing poor
balance (Syrjdl et al., in preparation).

Several reports mention an increased CD4/CD8 ratio at the
onset ofIDDM, derived from a decrease in CD8 cells (Gupta et
al., 1982; Buschard et al., 1983; Galluzzo et al., 1984) and/or an
increase in CD4 cells (Buschard et al., 1983), although a normal
or decreased ratio has also been reported (Horita et al., 1982;
Mascart-Lemone et al., 1982; Ilonen et al., 1984; Rodier et al.,
1984; Hyoty, 1988), as also in the time preceding overt disease
(Al-Sakkaf et al., 1989). One obvious reason for the discrepant
results is the heterogeneity of the disease. In an earlier
investigation we found a difference between patients with Dw3
and Dw4 as their genetic risk marker (Ilonen et al., 1984).
Preceding viral infections play a role as disease precipitating
factors, and many of them are known to be associated with a
reduced CD4/CD8 ratio (Carney et al., 1981; De Waele et al.,
1981; Hyypiai et al., 1984). Epstein-Barr virus (EBV) mononuc-
leosis with an inverse CD4/CD8 ratio and activation of CD8
cells has been found in few patients at diagnosis of IDDM
(Hydty, 1988; Surcel et al., 1988).

The division ofCD4 helper/inducer cells into those positive
and negative for the CD45RA marker has been recently studied
in some autoimmune diseases (Rose et al., 1985; Emery et al.,
1987; Morimoto et al., 1987; Chofflon et al., 1988; Sanders et al.,
1988), giving a typical finding of a decrease in CD45RA+ cells,
which has been especially clear in compartmentalized lympho-
cytes such as those found in the cerebrospinal and synovial fluid
(Pitzalis et al., 1987; Salonen et al., 1989; Chofflon et al., 1989).
This is in accordance with the concept of chronic antigenic
stimulation recruiting memory cells to the locus of the disease
process. A correlation between a decreased percentage of
suppressor/inducer cells and loss of functional suppression has
also been reported (Chofflon et al., 1988). The present finding of
increased CD45RA cells in IDDM thus clearly differs from the
case in autoimmune diseases described earlier and indicates that
the pathogenetic mechanisms may be different. A similar finding
of an increased percentage of CD4+CD45RA cells in IDDM
has recently been described by Faustman et al. (1989), who
detected it during the pre-diabetic phase and found normaliza-
tion after the onset of the disease. A normal ratio between
CD45RA and CD45RO cells was described also by de Berardi-
nis et al. (1988). Controversial results were reported by Al-
Kassab & Raziuddin (1990) who found a decrease of CD45RA
cells in IDDM patients. This discrepancy may be related to the
heterogeneity of the disease-patients in the study ofAl-Kassab
& Raziuddin were adults and not children as in our work.
Faustman et al. (1989) suggested that the found abnormalities

could either reflect stimulation of suppressor pathways or
alternatively result from the blocking of differentiation of naive
cells to memory cells. The loss of suppressor/effector cells
characterized by the CDllb marker in the CD8+ population
supports the presence of deranged suppressor pathways in
IDDM. More research, including a follow up of pre-diabetic
subjects, is needed to show whether the differences observed
between diabetic and control subjects can be used to predict the
disease.
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