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SUMMARY

 

Because abnormalities in redox balance cluster in type I diabetes families and the intracellular thiol
redox status seems to modulate immune function, we aimed to investigate the relationship between oxi-
dative stress and immunological features. We measured oxidative markers, serum proinflammatory
cytokines, soluble cytokine receptors and subsets of peripheral blood lymphocytes (by varying combi-
nations of CD4, CD8, CD23 or low-affinity IgE receptor, and CD25 or IL-2 receptor) from 38 type I
patients, 76 low-risk (i.e. without underlying islet autoimmunity) non-diabetic first-degree relatives of
diabetic patients, and 95 healthy subjects. In type I diabetes families, protein and lipid oxidation was
confirmed by the presence of reduced sulphhydryl groups, increased advanced oxidation protein prod-
ucts, and increased plasma and erythrocyte malondialdehyde. Relatives had decreased counts of mono-
cytes, of cells co-expressing CD23 and CD25 and of CD25

 

+

 

 cells in peripheral blood. Patients with
TIDM had similar defects and, in addition, showed decreased counts of peripheral CD4

 

+

 

CD8

 

+

 

 lympho-
cytes and increased serum levels of soluble receptors for interleukin (IL)-6 and IL-2. Abnormal indi-
cators of oxidative stress were related in part to immune abnormalities. In the whole study group, we
found a correlation (multiple 

 

R

 

 0·5, 

 

P

 

 

 

<

 

 0·001) of CD23

 

+

 

CD25

 

+

 

 cells with blood counts of monocytes,
CD4

 

+

 

CD8

 

+

 

 cells, CD25

 

+

 

 cells, basal haemolysis and plasma levels of thiols. In type I diabetics, anti-
GAD65 antibody levels were associated (multiple 

 

R

 

 0·6, 

 

P

 

 

 

=

 

 0·01) positively with sIL-6R, negatively
with duration of diabetes and CD23

 

+

 

CD25

 

+

 

 counts; plasma creatinine correlated positively (multiple 

 

R

 

0·6, 

 

P

 

 

 

<

 

 0·001) with both sIL-2R and tumour necrosis factor (TNF)-

 

a

 

 concentration. Our study reports
the first evidence that the oxidative stress observed in type I families is related to immunological hall-
marks (decreased peripheral numbers of monocytes as well as cells bearing a CD4

 

+

 

CD8

 

+

 

, CD23

 

+

 

CD25

 

+

 

and CD25

 

+

 

 phenotype) from which the involvement of some immunoregulatory mechanisms could be
suspected. It remains to be elucidated the course of events culminating in the loss of physiological
immune homeostasis and disease pathology.
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INTRODUCTION

 

Immune-mediated type I diabetes mellitus (TIDM) is an organ-
specific autoimmune disease characterized by a mononuclear
infiltrate within Langerhans islets, immunocyte activation and
autoantibody production [1]. Combined analysis of autoantibod-
ies against islet cell antigens may predict overt disease [2]. Fur-
thermore, evidence is accumulating to implicate cytokine-induced
free-radical formation in beta cell damage [3]. An abnormal redox
status clusters in T1D

 

M

 

 families and even precedes diabetes mel-
litus [4,5]. Markers of inflammation and oxidative stress are
abnormal in non-diabetic relatives of type I diabetics, apart from

the presence of soluble markers of autoimmunity and despite
seemingly intact antioxidant defences [4]. Therefore, redox imbal-
ance could be ascribed to an overproduction of radicals whose
origin remained to be elucidated. The present study aimed to
investigate further the eventual contribution of immunological
elements in the familial status of oxidative stress.

We measured oxidative markers, proinflammatory cytokines,
soluble cytokine receptors and subsets of peripheral blood lym-
phocytes from low-risk (i.e. without underlying islet autoimmu-
nity), non-diabetic first-degree relatives of patients affected by
TIDM, and compared them with age- and sex-matched controls.
Lymphocyte  subsets  were  identified  by  varying  combinations
of  CD4,  CD8,  CD23  (or  low-affinity  IgE  receptor)  and  CD25
[or interleukin (IL)-2 receptor]. Low-affinity IgE receptor is
expressed on B cells, activated macrophages and follicular den-
dritic cells (FDC). Ligands for CD23 are IgE, CD11b and CD11c.
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In turn, CD23 is a ligand for CD19 : CD21 : CD81 B cell co-recep-
tor. CD23 binding may affect not only IgE, IgM, and IgG produc-
tion by B cells [6] but also the Th1/Th2 balance [7]. IL-2 receptor
alpha chain is expressed on stimulated T cells, B cells and mono-
cytes/macrophages. CD25 knock-out mice develop autoimmune
disease [8].

 

MATERIALS AND METHODS

 

Subjects

 

The study was carried out in the following groups of subjects:

 

1

 

Thirty-eight TIDM patients with duration of disease ranging
from 4 months to 41 years (mean 18 

 

±

 

 11 years). The group
consisted of 19 patients without diabetic complications, 10
patients with retinopathy (background or proliferative, deter-
mined by fluorescein angiography following fundus examina-
tion) and nine patients with nephropathy. All patients with
nephropathy had also diabetic retinopathy. All patients had
been treated from the time of diagnosis with at least two daily
insulin injections and were now receiving at least four daily
insulin injections. None received medical treatment except
insulin (0·6 

 

± 

 

0·2 U/kg) and possibly antihypertensive drugs
(seven of the patients with nephropathy were taking drugs
including angiotensin-converting enzyme inhibitors, calcium
antagonists, and/or vasodilators).

 

2

 

Seventy-six first-degree relatives of TIDM patients, 44 parents
and 32 siblings. None of the relatives had clinical evidence of
illness or was taking any drugs. If fasting plasma glucose
was 

 

≥

 

7 mmol/l, a 75-g oral glucose tolerance test (OGTT) was
performed.

 

3

 

Ninety-five healthy subjects were recruited from the local com-
munity to achieve a similar distribution of age and sex to the
families. They had no family history of TIDM, were tacking no
drugs and had no clinical signs or symptoms of illness.

All subjects gave informed consent and the ethical committee
of the hospital approved the study proposal.

 

Collection of blood samples

 

Fasting venous blood samples and 24-h urine collections were
obtained on a single occasion during the same period. Measure-
ments were performed in freshly obtained material immediately
after withdrawal, except insulin and autoantibodies that have
been measured on samples frozen at 

 

-

 

20

 

∞

 

C. Sera to determine
cytokine  and  their  soluble  receptor  levels  were  kept  frozen  at

 

-

 

80

 

∞

 

C until used.

 

Laboratory methods

 

A complete blood count profile and differential count was per-
formed on each specimen and the percentage and absolute count
of leucocytes, lymphocytes and monocytes in the peripheral blood
determined using Celldyn 4000 (Abbott Divisione Diagnostici,
Rome, Italy) [9]. Creatinine, glucose, albumin, C-reactive protein
(CRP), total cholesterol and triglycerides were measured by
Modular Analytics SWA and reagents from Roche Diagnostics
(Milan, Italy). HDL cholesterol was measured after precipitation
with phosphotungstic acid. HbA1c was evaluated using a Bio-Rad
Diamat

 

TM

 

 fully automated glycosylated haemoglobin analyser
system. Plasma fibrinogen concentration was assayed by Sysmex
CA-7000 automated coagulation analyser (Sysmex Corporation,

Kobe, Japan). Immunoreactive insulin (IRI) and anti-GAD65
antibodies (GADA) were measured by commercial radioimmu-
noassay (Medgenix Diagnostics, Fleurus, Belgium, and Anti-
GAD, Biochem Immuno Systems, Milan, Italia, respectively).
Islet-cell antibodies (ICA) were determined by indirect immun-
ofluorescence with doubling dilutions of serum on frozen sections
of pancreas from a blood group 0 donor, and results were cali-
brated to Juvenile Diabetes Foundation (JDF) units against a
standard serum. The lower limit of detection of our ICA was 5
JDF units, with values of 80, 91 and 88% for validity, consistency
and specificity according to the 12th International Proficiency
Program for the Standardization of ICA [4].

Insulin resistance was estimated by homeostasis model
assessment (HOMA

 

IR

 

) [10]. Erythrocyte glutathione (RBC
GSH) was determined by the method of Beutler [11]. The
peroxidation of plasma (plasma malondialdehyde, MDA) and
membrane (RBC MDA) lipids was measured according to
Esterbauer and Cheeseman [12]. Haemolysis was assessed as the
percentage of haemoglobin released from incubated cells, rela-
tive to the total erythrocyte haemoglobin content. Plasma
advanced oxidation protein products (AOPP) were measured
according to Witko-Sarsat 

 

et al

 

. [13] and expressed in chloram-
ine-T equivalents. Plasma sulphydryl groups (SH groups) were
measured using the colourimetric assay described by Ellman [14]
and fresh plasma. The intra- and interassay coefficients of varia-
tion resulted: GSH 2 and 4%, respectively; MDA 6 and 9%;
AOPP 1 and 5%; haemolysis (intra-assay only) 2%; SH groups 2
and 7%.

Serum interleukin-1

 

b

 

 (IL-1

 

b

 

; minimum detectable dose
0·1 pg/ml, intra-assay CV 6·4–10·2%, interassay CV 8·2–19·2%),
IL-6 (0·09, 3·8–11·1, 9·9–16·5) and tumour necrosis factor [(TNF)-

 

a

 

; 0·3 pg/ml, 5·3–8·8, 10·8–16·7] were assayed by the quantitative
sandwich enzyme immunoassay technique using an amplification
system (Quantikine HS, R&D Systems, Abingdon, UK). Inter-
feron [(IFN)-

 

g

 

; 8 pg/ml, 2·6–4·7%, 3·7–7·8%] soluble cytokine
receptors sIL-2R (10 pg/ml, 4·6–6·1, 6–7·2) and sIL-6R (15·1 pg/
ml, 2·3–8·6, 4·2–6·4) were determined by the quantitative sand-
wich enzyme immunoassay technique (Quantikine, R & D
Systems).

 

Flow cytometric analysis

 

Peripheral blood lymphocytes of all subjects were stained with the
following combinations of monoclonal antibodies conjugated
with fluorescein isothiocyanate (FITC) and phycoerythrin (PE):
CD4 FITC/CD8 PE, CD25 FITC/CD23 PE. The tests were per-
formed according to the manufacturer’s instructions (Becton
Dickinson Immunocytometry Systems, San Jose, CA, USA).
Briefly, 100 

 

m

 

l of peripheral blood were incubated with 20 

 

m

 

l of
fluorochrome-conjugated monoclonal antibody reagent for
30 min at 4

 

∞

 

C in the dark. Following erythrocyte lysis with FACS
Lysing Solution for 10 min at room temperature, cells were
washed twice with phosphate-buffered saline and analysed. With
appropriate analysis gate, the percentages of lymphocyte subsets
were determined using a BD FACScan cytometer (equipped with
laser at 488 nm excitation) and BD 

 

LYSYS

 

 

 

II

 

 software. The instru-
ment was calibrated for two-colour cytometry before each exper-
iment using BD Calibrite Beads to minimize spectral overlap
between fluorochromes and facilitate compensation (coefficients
of variation less than 2%). An example of FACS erythrocyte-
lysed whole blood (LWB) sample from a patient with TIDM is in
Fig. 1.
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Statistical analysis

 

The results are presented as mean 

 

±

 

 standard deviation or median
(haemolysis). The statistical significance of the differences
between groups was estimated by the Mann–Whitney 

 

U

 

-test in
combination with Bonferroni corrections for multiple hypothesis
testing (26 paired comparisons). Regression analyses were per-
formed using Spearman’s rank correlation. Multiple regression
analysis was used following logarithmic transformation of the

variables that showed a skewed distribution (Statview Package,
Abacus Concepts, Berkeley, CA, USA).

 

RESULTS

 

Principal clinical characteristics of the study groups are summa-
rized in Table 1. Of the TIDM patients 12 (31·6%) were ICA pos-
itive (30 

 

±

 

 10 JDFU, range from 5 to 

 

>

 

 80), 18 (47·4%) had GADA
levels above 1 U/ml (range from 1·3 to 275). Relatives were at low
risk for TIDM: one of them (1·3%) was weakly ICA positive (5
JDFU, mother), three (3·9%; two mothers, one father) had
GADA levels ranging from 1·1 to 2·4 U/ml. HOMA

 

IR

 

 was
2·3 

 

±

 

 1·6 in relatives 

 

versus

 

 2·1 

 

±

 

 1·2 in control subjects (n.s.).
Inflammatory biomarkers, such as levels of fibrinogen and CRP,
resulted in the normal range.

Circulating levels of AOPP were increased, whereas plasma
thiols were decreased in patients with TIDM and in first-degree
relatives, notwithstanding their low immunological risk as
assessed by two islet antibodies. Erythrocyte GSH was lower than
normal only in TIDM patients who showed increased erythrocyte
fragility as assessed by haemolysis percentage (Table 1). Both P
MDA and RBC MDA were increased in TIDM families, as
reported previously [4], and data have not been shown in Table 1.

IFN-

 

g

 

 was not detectable in serum of all subjects but one. Cir-
culating levels of IL-1

 

b

 

 remained below the minimum detectable
concentration in many subjects. It was measured in 21 controls
(22·1%; 0·30 

 

±

 

 0·16 pg/ml), 15 TIDM (39·5%; 0·35 

 

±

 

 0·21) and 27
relatives (35·5%; 0·31 

 

±

 

 0·21) without significant differences
among groups. Serum IL-6 and TNF-

 

a

 

 did not differ in TIDM and
relatives in comparison with age- and sex-matched control sub-
jects. Serum soluble receptors of IL-2 and IL-6 were increased in
TIDM than in controls (Table 1). In detail, 19 diabetics without
known complications differed from 19 age- and sex-matched
healthy controls in the higher serum levels of sIL-2 R (1238 

 

±

 

 406

 

versus

 

 907 

 

±

 

 518 pg/ml, 

 

P

 

 

 

<

 

 0·05). Patients with nephropathy had
the highest levels of IL-6 (14 

 

±

 

 21 pg/ml, 

 

P

 

 

 

<

 

 0·05) and sIL-2R
(1849 

 

±

 

 845 pg/ml, 

 

P

 

 

 

<

 

 0·05) in comparison with matched control
subjects (IL-6 3·7 

 

±

 

 4·8, sIL-2R 1024 

 

±

 

 352) and patients with

 

Fig. 1.

 

Example of FACS erythrocyte-lysed whole blood (LWB) sample
from a patient with type I diabetes. The left panel depicts a forward 

 

versus

 

side scatter (FSC/SSC) dot plot of all acquired cells with lymphocyte
gating. Right panels depict CD4/CD8 (upper panel) and CD25/CD23
(lower panel) dot plots.
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Table 1.

 

Subjects’ characteristics, oxidative markers, serum cytokines and soluble cytokine receptors

Characteristic Controls Type I

 

P

 

 

 

<

 

Controls Relatives

 

P 

 

<

 

F/M  22/16 21/17 43/33 43/33
Age (years)  38 

 

± 

 

11 37 

 

± 

 

12 48 

 

± 

 

12 50 

 

± 

 

13
BMI (kg/m

 

2

 

)  24 

 

± 

 

3 25 

 

± 

 

3 24 

 

± 

 

4 26 

 

± 

 

4
MBP (mmHg)  88 

 

± 

 

9 88 

 

± 

 

10 93 

 

± 

 

12 95 

 

± 

 

12
HbA1c (%) 5·2 

 

± 

 

0·4  8·4 

 

± 

 

1·5 0·001  5·4 

 

± 

 

0·4  5·3 

 

± 

 

0·7
GADA (U/ml) 0·6 

 

± 

 

0·6  40·2 

 

± 

 

82·6 0·01  0·5 

 

± 

 

0·7  0·3 

 

± 

 

0·4
CRP (mg/l) 2·8 

 

± 

 

1·7  3·6 

 

± 

 

2·6  3·4 

 

± 

 

3·1  3·2 

 

± 

 

3·7
Fibrinogen (mg/dl)  301 

 

± 

 

55 311 

 

± 

 

65 315 

 

± 

 

60 311 

 

± 

 

67
AOPP (

 

m

 

mol/l)  61 

 

± 

 

21 85 

 

± 

 

38 0·001 65 

 

± 

 

32 116 

 

± 

 

69 0·001
P SH (

 

m

 

mol/l)  431 

 

± 47 377 ± 69 0·001 426 ± 66 395 ± 53 0·01
RBC GSH (mg/ml) 0·83 ± 0·13  0·73 ± 0·15 0·01  0·80 ± 0·12  0·78 ± 0·14
Haemolysis (%) (0·54) (0·61) 0·05 (0·56) (0·53)
TNF-a (pg/ml) 2·7 ± 1·8  2·8 ± 2·2  2·4 ± 1·8  2·4 ± 1·6
IL-6 (pg/ml) 3·2 ± 3·5  4·9 ± 11·1  3·1 ± 2·9  3·2 ± 3·0
IL-6 sR (ng/ml) 29·1 ± 7·6  33·4 ± 10·6 0·05  30·7 ± 8·1  32·8 ± 9·9
IL-2 sR (pg/ml)  935 ± 573 1309 ± 604 0·01 1001 ± 556 1168 ± 693

Data are mean ± s.d. (or median) and were compared by the Mann–Whitney U-test.
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retinopathy (IL-6 2·1 ± 1·0, sIL-2R 959 ± 312). Levels of sIL-6R,
increased in TIDM, did not change as a function of diabetic com-
plications (data not shown).

Monocyte percentage and absolute count were lower both in
TIDM and their relatives in comparison with control groups
(Table 2).  Moreover,  lymphocyte  phenotypes  from  patients
with TIDM highlighted decreased counts of CD4+CD8+ and
CD23+CD25+ cells. A significant decrease in CD25+ and
CD23+CD25+ cells was also observed in TIDM relatives versus
control subjects (Table 2).

In TIDM, GADA levels were associated (multiple R 0·6,
P = 0·01) positively with sIL-6R (coefficient 4, t-value 3), nega-
tively with duration of diabetes (- 0·03, -2) and absolute count of
CD23+CD25+ cells (- 0·6, -2). Plasma creatinine correlated posi-
tively (multiple R 0·6, P < 0·001) with both sIL-2R (0·1, 2) and
TNF-a (0·1, 2). In TIDM IL-6 levels correlated with the levels of
HbA1c (Rho 0·5, P < 0·01) and plasma fibrinogen (Rho 0·5,
P < 0·01).

In the whole study group, we found a positive correlation
(multiple R 0·6, P < 0·001) of CD23+CD25+ cells with blood counts
of monocytes, CD4+CD8+ cells, CD25+ cells, basal haemolysis and
plasma levels of thiols (Table 3).

DISCUSSION

This is the first demonstration of leucocyte abnormalities in low-
risk TIDM relatives still presenting signs of oxidative stress.

Moreover, markers of oxidation and immunological abnormali-
ties seem to be correlated.

First, our data confirm that free radical net balance is shifted
to oxidation in members of TIDM families, even in the absence of
metabolic or immune risk markers. Recruited relatives repre-
sented a status of ‘seemingly’ maintained self-tolerance. These
relatives, without underlying autoimmunity or metabolic dysfunc-
tion of diabetes, had decreased counts of monocytes, of cells co-
expressing CD23 and CD25 and of CD25+ cells in peripheral
blood. Patients with TIDM had similar defects, and in addition
showed decreased counts of peripheral CD4+CD8+ lymphocytes
and increased serum levels of soluble receptors for IL-6 and IL-2.

Previous studies have reported either mild lymphopenia [15]
or normal absolute number of total leucocytes, lymphocytes and
monocytes [16–18] in the peripheral blood of TIDM families.
Conceivably, the size of study groups was too small to reach sta-
tistical significance. Differently from Kuwaiti diabetics [15], our
type I diabetics and their relatives showed no difference in per-
centage and absolute count of total, CD4+ or CD8+ lymphocytes.

Concerning CD23 in TIDM, the only antecedent report in
literature is from Kretowsky et al. [16]: high-risk TIDM sub-
jects (with a significant depletion release of the first phase of
insulin) showed a lower percentage of CD20+CD23+ lympho-
cytes independently of islet antibodies. The median serum con-
centration of sCD23 was also lower than in the control group
[16]. Differences in the stage of the autoimmune process can-
not contribute to contrasting results from Avanzini et al. [19], as
speculated [16]. Indeed, the duration of disease in our study
covers a very wide range, yet we found no association with
CD23 expression.

Monocytes are thought to home to tissues and differentiate
into immature dendritic cells [20]. At-risk TIDM relatives with
underlying islet autoimmunity but without overt metabolic dys-
function of diabetes had impaired yield, phenotype and function
of monocyte-derived dendritic cells generated from peripheral
blood [21] as well as a Th1/Th2 imbalance [22,23]. So far, no study
has investigated humans at low risk for TIDM but for being first-
degree relatives of TIDM patients. The homeostasis of antigen-
presenting cells (APC, involving macrophages, dendritic cells and
B cells) is regulated by apoptosis in vivo. Both high- and low-
affinity IgE receptors have been identified on monocytes and

Table 2. Absolute counts of leucocytes and subsets of peripheral blood lymphocytes

Characteristic Controls Type I P < Controls Relatives P <

WBC (103/cu mm)  6·18 ± 1·47  6·39 ± 1·50  6·07 ± 1·33  6·25 ± 1·50
N (103/cu mm)  3·60 ± 1·24  3·85 ± 1·33  3·53 ± 1·14  3·70 ± 1·19
L (103/cu mm)  1·93 ± 0·53  1·91 ± 0·55  1·92 ± 0·51  1·89 ± 0·56
M (103/cu mm)  0·40 ± 0·15  0·34 ± 0·12 0·05  0·42 ± 0·14  0·34 ± 0·13 0·001

CD4+ (/cu mm) 810 ± 298 857 ± 308 847 ± 281 829 ± 317
CD8+ (/cu mm) 579 ± 200 553 ± 217 558 ± 211 547 ± 269
CD4+ 8+ (/cu mm) 32 ± 24 22 ± 17 0·05 36 ± 44   34 ± 30
CD4-8- (/cu mm) 510 ± 195 479 ± 166 483 ± 169 481 ± 141
CD23+ (/cu mm) 139 ± 90 141 ± 84 140 ± 76 128 ± 73
CD25+ (/cu mm) 443 ± 188 417 ± 133 483 ± 179 449 ± 221 0·05
CD23+ 25+ (/cu mm) 29 ± 21 21 ± 16 0·05 33 ± 33   19 ± 13 0·001
CD23-25- (/cu mm) 1324 ± 405 1330 ± 138 1268 ± 421 1297 ± 435

Data are mean ± s.d. and were compared by the Mann–Whitney U-test.

Table 3. Multivariate measures of association between CD23+CD25+ 
counts (dependent variable) versus multiple listed independent variables

CD23+CD25+

cells versus Coefficient
Multiple R 0·6
Standard error

P < 0·0001
t-value

P SH 1·5 0·3 4·4
Monocytes 0·6 0·2 3·6
Haemolysis 0·3 0·1 3·2
CD25+ cells 0·5 0·2 2·7
CD4+CD8+ cells 0·2 0·1 2·7
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involved in initiating signals that regulate differentiation and/or
auto-apoptosis and influence inflammatory reactions [24–26],
especially in allergic disorders. Furthermore, the low-affinity
receptors for IgE should exert not only a limiting role in the
development of allergic sensitization [7], but also opposite regu-
latory effects on antibody responses [6]. It has also been reported
that prototypical models for Th1 cell-mediated autoimmunity
could be contributed by Th2 cells [27].

With regard to CD25, a major indispensable role of IL-2 sig-
nalling is to limit the number of activated T cells in the periphery
after exposure to self- or environmental antigens. The autoim-
mune phenotype associated with IL-2 deficiency results from the
dysregulated activity of thymus-derived CD4+ and/or CD8+T
cells [8]. A thymus-derived CD4+CD25+ regulatory T cell subset
has been described to be absent in IL-2-deficient mice [8].
Indeed, CD4+CD8+ (thymocyte-like) T lymphocytes in the
peripheral blood have been postulated to represent regulatory T
cells [28–30]; a high proportion of these peripheral double-posi-
tive cells also express CD25. Thus, IL-2 signalling is required for
the development of a regulatory T cell subset that serves to
terminate antigen-induced responses of TCR ab T cells. Cells co-
expressing CD23 and CD25 could provide a cell contact-medi-
ated suppression signal in the periphery. The negative correlation
between CD23+CD25+ cells and GADA levels reinforces this
hypothesis. At present, CD23, CD25 and CD45RO are consid-
ered to be activation markers of B cells. However, the expression
of CD23 also on human T cells has been definitely proven
[31,32]. CD23 mRNA was detected in RNA prepared from
human peripheral blood T lymphocytes and confirmed by in situ
hybridization [33]. Thus, CD23+CD25+ cells could plausibly be a
heterogeneous cell population including both B and T cells. Dis-
tinct modulation by IFN-g of CD23 expression on B and T lym-
phocytes of atopic subjects have been reported [34]. In atopic
individuals, the high expression of CD23 on T cells would favour
the interaction between T and B cells by means of CD23
expressed on T cells and its receptor CD21 on B cells. This would
lead to IgE production. Combined with the report of Pedotti R
et al. [27], this observation makes one think that the modulation
of CD23 may be involved in the complex regulation of Th1/Th2
interplay.

A limitation of the current study is that the use of two-colour
analysis makes the findings regarding the expression of cell mark-
ers more inferential than if multicolour techniques were used.
However, for consistent characterization of cell heterogeneity,
standardized cluster pattern recognition protocols should have
been planned (yet results were unknown in advance). Moreover,
such an extensive immunophenotyping was beyond the purpose
of this study, which was a primary screening of some aspects of
immune and redox status in TIDM families.

Secondly, we have found final evidence that abnormal indica-
tors of oxidative stress in TIDM families may be, at least in part,
related to immune abnormalities. The inseparable relationship of
oxidative stress to inflammation has become well known along
with the recognition that reactive oxygen species (ROS) at low
levels can function as signalling intermediates in regulation of cell
activities, whereas at higher concentrations ROS can cause cell
injury and death [35]. Moreover, substantial evidence suggests
that the intracellular thiol redox status regulates immune func-
tion, in particular intracellular GSH levels in antigen-presenting
cells, influence the development of either Th1 or Th2 immunity
[36]. Thus, mild oxidative changes in the thiol pool are likely to

play a role in the normal immune response under physiological
conditions [37,38].

A third outcome of our study was the evaluation of serum
levels of cytokines and their soluble receptors in healthy humans
and TIDM families. With respect to this topic, literature remains
inconclusive [39–42], due probably to multiple factors such as
incomparable assay procedures, the complexity and redundancy
of cytokine networks, the cytokine nature of acting in an auto-
crine or paracrine manner and the confounding effect of under-
lying undiagnosed inflammatory processes. In our experience,
IFN-g and IL-1b were not readily measurable in serum, whereas
detectable circulating IL-6 and TNF-a resulted in the normal
range both in TIDM probands and in their relatives. High serum
concentrations of sIL-2R and sIL-6R could be found only in
TIDM. As in type II diabetes, IL-6 levels correlated with the lev-
els of HbA1c, a marker of long-term glucose concentrations, and
plasma fibrinogen, a risk factor for atherosclerosis [43].

Soluble cytokine receptors appear in serum concomitant with
their increased expression on cells. However, most of the mech-
anisms controlling the shedding the soluble receptors are largely
unknown. In our patients, overexpression of sIL-2R seems to
characterize recent-onset TIDM, whereas both sIL-2R and IL-6
were high in long-standing disease with diabetic nephropathy.
Cytokines have been implicated previously in idiopathic neph-
rotic syndrome as vascular permeability factors [43]. Our results
confirm the linkage between renal damage (plasma creatinine)
and circulating levels of both IL-2R (Th1 involvement?) and
TNF-a (mononuclear cell contribution to glomerular dysfunc-
tion?). The IL-6R is present on hepatocytes, monocytes, neutro-
phils and some T and B cells. However, the soluble form is still
able to bind IL-6 and the complex activates the target cells
expressing gp130 [44]. As in Crohn’s disease, the sIL-6R may
entertain inflammatory processes causing disease activity. Indeed,
GADA levels were associated positively with sIL-6R.

In conclusion, our study reports first evidence that the oxida-
tive stress observed in TIDM families is correlated to immuno-
logical hallmarks (decreased peripheral numbers of monocytes as
well as cells bearing a CD4+CD8+, CD23+CD25+ and CD25+ phe-
notype) suggestive of different immunoregulatory mechanisms. A
crucial subject remains to be explored: the proper timing of
events triggering disease pathology in TIDM families. Does the
alteration in immune functions follow the altered intracellular
redox status or vice versa?
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