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Summary Triggering of CD95 (Fas/APO-1) cell sur-
face receptors regulates the elimination of autoreac-
tive T and B lymphocytes through a mechanism of
cell suicide called apoptosis. Three different muta-
tions involving CD95 or its ligand are responsible for
induction of autoimmunity in susceptible mouse
strains. To determine whether a defect involving the
CD?95 receptor is associated with human insulin-de-
pendent diabetes mellitus (IDDM), we have studied
the expression of CD95 on peripheral blood mononu-
clear cells from IDDM patients at different stages of
the disease. Three-colour flow cytometry and mean
fluorescence analysis showed that T and B lympho-
cytes from newly diagnosed IDDM and patients with
long-standing disease, and subjects at high risk of de-
veloping the disease were highly defective in CD95

expression (p <0.001), whereas monocytes from all

the groups studied expressed normal amounts of
CD95 molecules on their cell surface. T-cell subset
analysis showed that the impairment of CD95 expres-

sion in IDDM patients and high-risk subjects in-
volved both CD3* CD4* (p < 0.001) and CD3* CD8*
cells (p range: < 0.01-0.001), suggesting that this alter-
ation concerns both helper and cytotoxic T cells.
Moreover, -after activation in vitro with anti-CD3
monoclonal antibody, T cells from newly diagnosed
IDDM patients maintained a reduced CD95 expres-
sion during the entire cell culture period (24-72 h) in
comparison to the control population (p < 0.001). In
conclusion, we found a reduced expression of the ap-
optosis-inducing CD95 receptor on T and B lympho-
cytes of individuals with clinical and preclinical
IDDM. We hypothesize that this defective expression
may impair the capacity of autoreactive lymphocytes
to undergo CD95-mediated apoptosis, contributing
to the lack of control on beta-cell specific B- and T-
cell clones. [Diabetologia (1995) 38: 1449-1454]
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Insulin-dependent diabetes mellitus (IDDM) is an
autoimmune disease characterized by a humoral and
cell-mediated immunity against pancreatic beta-cell
antigens [1-2]. The main mechanism responsible for
the establishment and maintenance of self-tolerance
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concerns the deletion of autoreactive lymphocytes in
the thymus and periphery. Physical elimination of
self-reactive lymphocytes occurs through a process
called apoptosis, a form of cell suicide associated
with endogenous endonuclease activation and DNA
fragmentation [3-4].

The CD95 (Fas/APO-1) antigen is a 45 kDa pro-
tein belonging to the tumour necrosis factor/nerve
growth factor receptor family. Molecular cross link-
ing of this protein induces apoptotic cell death
through the activation of an acidic sphingomyelinase
and ceramide generation [5-7]. Mouse Recessive
Lymphoproliferation MRL mice homozygous for Ipr
or gld mutations suffer from a systemic lupus ery-
thematosus-like autoimmune disease and die at
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around 5 months of age. These mice are characterized
by the absence of Fas-induced apoptosis, as the Fas
protein is very weakly expressed on resting and acti-
vated lymphocytes from MRL lp#/lpr mice [8-9],
whereas the Fas ligand in MRL gld/gld mice carries a
point mutation which severely affects its ability to in-
duce apoptosis in cells expressing Fas [10]. Moreover,
levels of the soluble isoform of FAS, which competes
with the membrane-associated molecule for the li-
gand binding and inhibits Fas-mediated apoptosis,
are elevated in patients with systemic lupus erythem-
atosus, suggesting that the lack of a normal expres-
sion or function of this molecule may be critical for
the occurrence of autoimmune diseases [11]. We
thus analysed the expression of CD95 on lympho-
cytes from subjects at different phases of IDDM. We
show here that CD95 expression is reduced on B and
T cells from IDDM patients and that this defect
seems to be present in all stages of the disease.

Subjects and methods

Subjects. Twenty-two IDDM patients, 10 women and 12 men,
were studied. At the time of the study, 10 were newly diag-
nosed with a duration of symptoms less than 3 months
((mean + SD) 16.2 £ 1.4 years), and 12 were long-term diabetic
patients with a disecase duration between 2 and 5 years
(age 20.8 £1.9 years). Eight patients with non-insulin-depen-
dent diabetes mellitus (NIDDM), four women and four men,
with no apparent diabetic complications were also studied
(age 45.6 + 3.4 years). All patients were in good metabolic con-
trol as determined by fasting and postprandial daily blood glu-
cose levels, (measured 24 h before the study) and by glycated
haemoglobin (HbA,,) evaluation. Patients were classified ac-
cording to National Diabetes Data Group criteria [12].

Eight euglycaemic first degree relatives of IDDM patients
(thus at high risk of developing IDDM), with islet cell anti-
body (ICA) positivity, (>20 Juvenile Diabetes Foundation
units), and insulin autoantibody (IAA) positivity greater than
mean values +5 SD with respect to the normal population
(> 80 nU/ml), were also studied [13]. Humoral immunity tests
were evaluated three times to confirm positivity. Twelve nor-
mal subjects (six women and six men) aged 19.1+2.2 years,
and eight (four women and four men) with a mean age of
42.1 £4.2 years, without a family history of diabetes, consti-
tuted the control groups. Five ICA-negative patients with
Hashimoto’s thyroiditis (four women and one man), treated
with L-thyroxine and with normal daily blood glucose levels
aged 41.7 + 6.2 years, were also studied.

Immunofluorescence staining and flow cytometry analysis. Pe-
ripheral blood monuclear cells (PBMC) were isolated from he-
parinized blood by Ficoll-Hypaque density gradient centrifu-
gation, washed twice in phosphate buffered saline containing
0.1 % sodium azide and immediately used for immunofluores-
cence staining. PBMC were first incubated at 4°C for 30 min
with optimal amounts of purified UB2 monoclonal antibody
(mADb) (anti-CD95 IgG1l;, MBL International Corporation,
Watertown, Mass.,, USA) washed and treated with phyco-
erithrin-(PE) labelled goat anti-mouse IgG antibodies. After
a further washing, cells were incubated for 10 min with 6 %
normal mouse serum, and treated at 107 cells/ml in a total vol-
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ume of 100 ul with saturating concentrations of the following
fluorescein-(FITC) or peridinid chlorophyll protein-(Per-CP)
conjugated mAbs: Per-Cp Leud (anti-CD3, IgGl), FITC
Leu3a (anti-CD4, IgGl), FITC Leu2a (anti-CDS8, IgG1l),
FITC Leul2 (anti-CD19, 1gG1), FITC LeuM3 (anti-CD14,
IgGG2b). Isotype matched normal, Per-CP, and FITC antibodies
were used as negative controls. All FITC-, PE- or Per-CP-con-
jugated antibodies were from Becton Dickinson (San Jose,
Calif., USA). Cells were then washed twice in cold phosphate
buffered saline/azide and resuspended at 10° cells/ml for two
or three colour cytofluorimetric analyses. Cells incubated with
an irrelevant mAb of the same isotype and the conjugate
served as a control. Relative fluorescent intensities of individ-
ual cells were analysed using a FACScan flow cytometer (Bec-
ton Dickinson). At least 10* cells were analysed. Correlated
five parameter data were collected into list-mode data files by
using FACScan research software and converted for analysis
in Consort 30 software (Becton Dickinson). Dead cells and de-
bris were excluded from analysis by forward angle and 90°
light scatter. All measurements were made with the same in-
strument settings to standardize the different runs to enable
identical fluorescence characteristics to be obtained on differ-
ent days. Analyses of each group of patients and control sub-
jects were conducted in parallel.

Lymphocyte culture and activation in vitro. PBMC were cul-
tured (1 x 106 cells/ml) in RPMI 1640 medium supplemented
with 10 % fetal calf serum, 2 mmol/l r-glutamine, 100 U/ml
penicillin, 100 pg/ml streptomycin in 24-well flat-bottomed
plates (Falcon Labware, Becton Dickinson, Lincoln Park,
N.J, USA). The cells were maintained for up to 3 days at
37°C in a humidified atmosphere in 5% CO,. The following
mAbs were used: anti-CD3e mAb (OKT3, Ortho Pharmaceu-
tical, Raritan, N.J.,, USA) or control isotype matched (5 ug/
ml) mAb and goat anti-mouse IgG (5 pg/ml). At 0, 24, 48,
72 h cells were harvested and examined for CD95 expression,
using FITC-conjugated UB2 (anti-CD95 IgG1; MBL Interna-
tional Corporation) and PE conjugated Leul (anti-CDS5,
panT, IeG,,).

Statistical analysis

Data are presented as the mean + SD. Significance was tested
using the Student’s ¢-test by analysis of variance to compare
data from the patients with NIDDM and Hashimoto’s thy-
roiditis and the age-matched control group, and the Student-
Newman-Keuls test to perform group analysis. Critical values
of g were read in tables in accordance with Harter’s method
[14].

Results

CD9S expression was initially evaluated on T (CD3"),
B (CD19") cells and monocytes (CD14") from IDDM
patients and subjects at high risk of developing the
disease. Since CD95 is present, although heteroge-
neously, on all PBMC, results were expressed as
mean fluorescence intensity (MFT) ratio (the ratio
between the MFT relative to the anti-CD95 staining
and that due to the unspecific binding of isotype-mat-
ched control Ab). CD95 was very weakly expressed
(p <0.001) on CD3* cells from high-risk subjects
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Fig.1 (A-C). CD95 expression of T (A) and B (B) cells and
monocytes (C). Con, Control group; HR, high-risk IDDM
group; ND, newly diagnosed IDDM group; LS, long-standing
IDDM group. MFI using an irrelevant mAb of the same iso-
type (IgG1) on the different runs was calculated daily using
the same instrument setting with a mean value of 3.8+0.2
(range 3.6-4.01). Mean £ SD, *** = p < 0.001; * = p < 0.05

40—‘

301

MFI ratio
N
Qo

-y
o
—

0 T
T cells

B cells

Monocytes

Fig.2. CD95 expression on PBMC from control subjects ([J),
NIDDM patients () and Hashimoto’s thyroiditis patients
(W). Mean £ SD

(MFI ratio 9.22 £ 1.07), newly diagnosed IDDM pati-
ents (8.71+£1.7) and patients with long-standing
IDDM (7.68 +1.49), compared to the normal sub-
jects (14.08 £ 3.13) (Fig.1 A). Figure 1B shows that a
markedly low CD95 expression (p < 0.001) was also
present in CD19* cells from both newly diagnosed
(16.02 £4.22) and IDDM patients of long-duration
(16.15+3.2) compared to the normal subjects
(27.39 £ 6.57). Interestingly, the defect in CD95 ex-
pression was more pronounced in the high-risk sub-
jects (10.54 £1.97), whose B cells were significantly
defective not only compared to the normal subjects
(p < 0.001) but also in comparison to the IDDM pati-
ents (p < 0.05). In contrast, no statistical differences

in CD9S5 expression on CD14* cells were found be-
tween the four groups (Fig. 1C).

To exclude that diabetic metabolic derangement
might be responsible for the low CD95 expression
found in IDDM patients, we evaluated its expression
on PBMC from NIDDM patients as compared to an
age-matched control group. Moreover, to investigate
whether the low CD95 expression found in IDDM
patients is a general phenomenon associated with au-
toimmune status, we also evaluated CD95 levels on
PBMC from patients with Hashimoto’s thyroiditis
with no apparent signs of insulitis, as demonstrated
by their serum ICA negativity and normal blood glu-
cose levels. No significant difference was found in
any cell population examined (Fig.2).

In addition, after in vitro stimulation with anti-
CD3 mAb, we found that T cells from newly diag-
nosed IDDM patients showed a reduced CD95 ex-
pression compared to control subjects at the different
cell culture times (Fig. 3).

Figure 4 shows one representative experiment
from a series of five: the difference in CD95 expres-
sion in T cells from one IDDM patient with respect
to one control subject at time 0 (Fig.4A) and with
anti-CD3 mAb stimulation (Fig.4B) after a 48-h cul-
ture period is shown (p < 0.001).

We next analysed the distribution of CD95 on T-
cell subsets from subjects with clinical and preclini-
cal IDDM. As shown in Figure SA, CD3" CD4* cells
were highly defective in CD95 expression in both
IDDM groups (newly diagnosed: 10.03 £ 2.46; long-
disease duration: 11.53 £2.3) and in high-risk sub-
jects (10.01 +1.83), as compared to the normal sub-
jects (18.22+3.83; p <0.001). Defective CD95 ex-
pression was also present, although to a lesser ex-
tent, on CD3* CD8* cells (Fig.5B). Control CD3*
CD8* cells expressed an MFI ratio of 6.86+1.55,
whereas those from newly diagnosed and patients
with long disease duration showed lower values
(5.08+1.31 and 4.26 + 1.14, p < 0.01 and p < 0.001, re-
spectively). This defect was also present in CD3*
CD8* cells from the high-risk subjects (4.8 +1.28;
p <0.001).
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Fig.3 (A, B). CD95 expression on PBMC from control sub-
jects ( ) and newly diagnosed IDDM patients (....) after
activation in vitro with control isotype matched (A) or anti-
CD3 (B) mAb after 0, 24, 48 and 72-h cell culture. (At the dif-
ferent times of observation IDDM patients vs control subjects
p <0.001). Mean + SD
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Fig.4 (A, B). Expression of CD95 on control and IDDM
PBMC at 0 h (A) and 48 h after CD3 stimulation (B). Cells
were stained with FITC- conjugated anti-CD95 (——) or con-
trol mAb (....). In each panel, the x-axis represents fluores-
cence intensity and the y-axis the relative cell number. One
representative experiment from a series of five is shown. Num-
bers within the panels represent the MFI ratio (the ratio be-
tween the MFI relative to the anti-CD95 staining and that due
to the unspecific binding of isotype-matched control mAb
IgG1)

Discussion

We have shown the presence of a marked defect in
the expression of CD95 by peripheral lymphocytes
of IDDM, but not NIDDM patients. This defect is
present in all phases of the disease, and involves
both B and T lymphocytes.

The immune system generates an immense num-
ber of B- and T-cell receptor specificities in order to
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recognize and to induce a clonal response against an
equivalent number of antigenic structures. However,
potentially harmful autoreactive T and B lympho-
cytes, which must be inactivated or eliminated to pro-
tect from self-aggression, are also produced in this
process [15-16].

Recent studies have suggested that peripheral clo-
nal deletion is the major mechanism responsible for
maintaining tolerance and preventing autoimmunity.
The elimination of clones which have undergone the
initial expansion phase is due to an apoptotic process
called activation-induced cell death (AICD), which
correlates with CD95 expression on activated lym-
phocytes [17-18]. CD95-induced apoptosis seems to
be essential to preserve peripheral and not thymic
tolerance, as clonal deletion is normal in mice carry-
ing the Fas mutation and suffering from autoimmu-
nity [18]. Hence, it appears that a decreased expres-
sion of CD95 may affect the capacity to maintain the
normal levels of peripheral tolerance, essential for
protection from autoimmune diseases [19]. We
found that T and B lymphocytes from individuals suf-
fering from, or at high risk of developing IDDM show
a marked reduction in the number of CD95 mole-
cules on their cell surface, suggesting that an ineffec-
tive AICD may contribute to the pathogenesis of the
disease. Functional in vitro studies based on the
cross-linking of the CD95 protein with mAb anti-hu-
man Fas/Apo-1 (IgM) confirm the coexistence of de-
fective AICD in newly diagnosed IDDM patients
(C. Giordano, G. Stassi, M. Todaro, unpublished data).

Defective CD95 expression appears to be re-
stricted to IDDM, as we found that PBMC from pati-
ents with Hashimoto’s thyroiditis express normal
CD9S levels. Moreover, CD95 expression of human
PBMC obtained from patients suffering from sys-
temic lupus erythematosus, rheumatoid arthritis and
primary Sjogren’s syndrome has been shown to be
higher than those of normal controls subjects [20].

A non-deletional form of T- and B-cell inactiva-
tion may also play a role in maintaining self-tolerance
[18]. Indeed, the induction of peripheral anergy,
mostly dependent on antigen doses, has been fre-
quently claimed as an important mechanism to con-
trol cells potentially able to react against self-antigens
[21]. However, peripheral lymphocytes from individ-
uals with IDDM, or high risk of developing the dis-
ease, respond weakly to a variety of proliferating
stimuli [22-23]. The presence of this hyporesponsive
status makes it unlikely that failure of peripheral an-
ergy contributes to the pathogenesis of IDDM.

Defective Fas/Apo-1 expression is responsible for
the failure of AICD in Ipr/Ipr mice [18]. Transgenic
MRL Ipr/lpr mice in which the Fas cDNA is under
the control of the T-cell specific CD2 promoter did
not suffer from autoimmunity but, as the expression
of the Fas molecule was not corrected in B lympho-
cytes, they had significantly higher levels of autoanti-
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Fig.5 (A, B). CD95 expression on CD3* CD4* cells (A) and
CD3* CD&* cells (B). Con, Control group; HR, high-risk
IDDM group; ND, newly diagnosed IDDM group; LS, long-
standing IDDM group. (A) Con vs HR, ND and LS
p <0.001. (B) Convs HR,ND and LS p range < 0.01- < 0.001

bodies compared to the normal MRL strain without
the Ipr mutation [24]. It therefore appears that nor-
mal levels of CD95 on B lymphocytes are essential
for successful control of autoantibody production.
This is consistent with the observation of even lower
CD95 expression on B lymphocytes in subjects at
high risk of IDDM whom we selected on the basis of
high levels of IAA and ICA, and who have a reduced
CD95 expression on B lymphocytes, compared to
IDDM patients. Importantly, the defect is not modi-
fied after anti-CD3 mAb in vitro stimulation of
PBMC from newly diagnosed IDDM patients during
the entire observation period.

CD4* cells play a major role in initiating the au-
toimmune response against pancreatic beta cells [25,
26]. We found an extremely low CD95 expression on
CD4* cells from IDDM patients, suggesting that
CD95 evaluation of peripheral lymphocyte subsets
may represent a useful immunological parameter for
the screening and the prediction of IDDM.

In conclusion, we have demonstrated a strong cor-
relation between the presence or the high risk of de-
veloping IDDM and an impaired expression of the
apoptosis-inducing CD95 molecule on T and B cells.
This finding suggests that loss of tolerance in IDDM
may be partly due to a defective expression of the ap-
optosis-inducing CD95 receptor.
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