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Summary

Although the role of the T cell-mediated autoimmune reaction in type 1
Centre, Department of Clinical and Experimental diabetes (T1D) is conclusive, studies including data from human circulating

Medicine, Faculty of Health Sciences, Linkoping CD4" and CD8* lymphocytes subsets during the disease onset and posterior

University, Linképing, Sweden development are scarce. Further, chemokines and chemokine receptors are
key players in the migration of pathogenic T cells into the islets of non-obese
diabetic mice developing T1D, but few studies have investigated these markers
in human T1D patients. We studied the expression of T helper 1 (Th1)- and
Th2-associated chemokine receptors, and the two isoforms of CD45 leucocyte
antigen on CD4" and CD8" lymphocytes from T1D and healthy children, as
well as the secretion of chemokines in cell supernatants in peripheral blood
mononuclear cells. Our results showed increased expression of CCR7 and
CD45RA and reduced CD45RO on CD8* cells among recent-onset T1D
patients. The percentages of CD4" cells expressing CXC chemokine receptor 3
(CXCR3), CXCR6 and CCR5, and the secretion of interferon-y-induced
protein-10, monocyte chemoattractant protein-1, macrophage inflammatory
protein (MIP)-1at and MIP-1 was lower among diabetics. Low expression of
Thl-associated receptors and secretion of chemokines, together with an
increased amount of CD8" cells expressing CD45RA and CCR7 in T1D
patients therefore might represent suboptimal Th function in T1D, leading to
impaired T cytotoxic responses or alternatively reflect a selective recruitment
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Chemokines have been observed in Th1 pancreatic infiltrates

Introduction and other inflammatory lesions characterized by T cell infil-

Type 1 diabetes (T1D) is a T cell-mediated autoimmune
disease involving both CD4" T helper (Th) cells and CD8*
cytotoxic T (Tc) cells [1,2]. T cell-mediated beta-cell
destruction is induced by the release of molecules, including
cytokines and chemokines, but most of the mechanisms
resulting in beta-cell destruction remain unclear. Chemok-
ines are important in directing leucocyte migration between
blood, lymph nodes and tissues. They constitute a complex
signalling network because the chemokines are not always
restricted to one type of receptor [3]. Secretion of the ligands
for CCRS5 receptor, regulated upon activation normal T cell
expressed and secreted (RANTES), macrophage inflamma-
tory protein (MIP)-1a/ and MIP-1B [4] and the ligand
for CXC chemokine receptor 3 (CXCR3), induced protein
(IP)-10 [5] have been associated with Thl responses.

tration [6,7]. Thl-like cells have also been suggested to syn-
thesize monocyte chemoattractant protein (MCP)-1 [6],
while others have shown that the chemokine is a ligand for
CCR4 together with MIP-1o [8].

T cell chemokine receptor expression has been studied
predominantly in animal models and in in vitro CD4" cell
lines, while ex vivo human lymphocytes, and in particular
the cytotoxic CD8" cells, are less well characterized. Initial
studies indicated that their expression was regulated tightly
on T cells, with restricted receptor expression on Th cell
subsets. Thus, CXCR3, CCR5, CXCR6 and interleukin (IL)-
18R were expressed predominantly on Thl-associated cells,
whereas CCR4 and CCR8 has been associated with Th2-like
cells [9]. In a previous study it was shown that T1D patients
had a reduced expression of CXCR3 and CCR5 on CD4*
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peripheral blood cells at diagnosis [10]. Increased T cells
expressing CXCR3 and CCR5 at inflammatory sites in par-
allel with low levels in peripheral blood and lymph nodes
appeared to indicate that these receptors are key mediators in
migration of pathogenic T cells to sites of inflammation
[11]. The expression of CCR4 was associated primarily with
Th2-like cells [9], but was not only restricted to polarized
Th2 cells [12]. In the mouse T1D model, CCR4-expressing
cells seems to have a central role in the development of
pathogenic autoimmune reactions [13].

Another receptor that has defined Thl cell subsets is
CXCR6, defining subsets of activated memory Th1l and Tcl
cells secreting IFN-y. High expression of CXCR6™* T cells has
been observed at inflammation sites in rheumatoid joints
[14]. CCR7 is a homing receptor important in T, B and
dendritic cell migration into secondary lymphoid organs
[15,16]. More recent studies have described multiple roles of
CCR?7 [17,18], including induction and maintenance of
central and peripheral tolerance [19,20]. Its high-affinity
ligand 6Ckine is expressed mainly in lymphoid organs,
where it mediates homing of both T and B lymphocytes
[16,21]. Based on the expression of the two isoforms of
CD45 leucocyte, T cells are often characterized as naive
and/or effectors CD45RA* or memory CD45RO" cells [22].
In a study including identical twins, increased levels of
CD4*CD45RO" cells was associated with protection from
T1D [23].

The role of the chemokines and their receptors in T1D
has been described mainly in mouse models, and better
understanding of the complex network of chemokines and
their receptors, as well as the phenotypic T cell subpopu-
lations, is needed. Thus, this study was aimed to determine
the chemokine and chemokine receptor profile in CD4*
and CD8" T lymphocytes from TID children during the
first 18 months after diagnosis, in comparison with healthy
children.

Materials and methods

Study population

Venous blood samples were collected from 54 T1D children
(aged 10-18 vyears; 32 girls, 22 boys) with less than 18
months’ disease duration. The patients were recruited from
eight diabetes clinics in Sweden during a time-period of
approximately 2 months. None of the patients had signs of
infection when sampling. Control subjects were 12 healthy
schoolchildren (aged 11-15 years; eight girls, four boys),
with no family history of T1D, T2D, coeliac disease, goitre,
rheumatoid arthritis, asthma or allergy. The T1D children
had a fasting C-peptide level above 0-1 pmol/ml. All the par-
ticipants received written information and consent was
obtained according the Declaration of Helsinki. The study
was approved by the Regional Ethics Committee for Human
Research, Linkoping University Hospital, Sweden.

Impaired T cell phenotype in diabetics

Isolation of peripheral blood mononuclear cells

Peripheral blood mononuclear cells (PBMC) were all sepa-
rated from blood samples within 24 h of sampling at the
Laboratory of Paediatric Diabetes Research, Diabetes
Research Center, Linképing. PBMC were isolated using Ficoll
Paque density gradient technique (Pharmacia Biotech,
Sollentuna, Sweden) and washed in RPMI-1640 (Gisco,
Auckland, New Zealand) containing 2% fetal calf serum. One
million PBMC from 44 T1D children and 12 healthy reference
children were used for flow cytometry analysis of cell surface
receptors. One million PBMC from 54 T1D children and 12
reference children were used for 72-h cell culture.

Flow cytometric detection of cell surface receptors

Peripheral blood mononuclear cells were washed in
phosphate-buffered saline (PBS) (Medicago AB, Uppsala,
Sweden) containing 0-1% bovine serum albumin (BSA)
(Sigma-Aldrich, St Louis, MO, USA) and stained with
antibodies for flow cytometry. Cells were incubated for
30 min at 4°C in darkness with the antibodies: fluorescein
isothiocyanate-conjugated anti-CXCR3, CCR7 (R&D
Systems, Minneapolis, MN, USA), CCR5 (PharMingen, San
Diego, CA, USA), CD45RA and CCR8 (BD Biosciences, San
Jose, CA, USA); phycoerythrin (PE)-conjugated anti-IL-18R,
CXCR6 (R&D Systems), IL-12R32, CCR4 (PharMingen) and
CD45RO (BD Biosciences); peridinin chlorophyll (PerCP)-
conjugated anti-CD8 and allophycocyanin-conjugated anti-
CD4 (BD Biosciences). After incubation cells were washed
and resuspended in PBS+0-1% BSA and kept at 4°C in
darkness until analysed.

Unstained PBMC and isotype controls were included to
estimate amount of autofluorescence and non-specific
binding respectively. Cells stained with single antibodies
marked with different fluorochromes were used for compen-
sation to adjust for spectrally adjacent dye pairs. Four-colour
flow cytometry was performed with a Becton Dickinson
fluorescence activated cell sorter (FACSCalibur) (San Diego,
CA, USA). Approximately 1 x 10* PBMC were acquired for
unstained lymphocytes, isotype and compensation, while
2 x10* PBMC were acquired for analysis of cell surface
receptors. Data were analysed using the CellQuest program
(Becton Dickinson Immunocytometry Systems, San Diego,
CA, USA). Lymphocytes were gated according to forward-
and side-scatter. Results are expressed in percentage of cells
expressing each surface molecule.

In vitro culture of PBMC

One million PBMC were cultured in AIM V research-grade
serum-free medium (Invitrogen, Carlsbad, CA, USA)
supplemented with B-mercaptoethanol (Sigma, Stockholm,
Sweden). Cell supernatants were harvested after 72 h culture
and frozen at —70°C until analysed.
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Table 1. Characteristics of type 1 diabetes (T1D) and healthy children.

Type 1 diabetic patients

Healthy
Group A Group B Group C Group D controls
Months T1D duration; range (mean) 0-4 (1-8) 5-9 (5-8) 10-14 (12-0) 15-18 (16-4) -
Age; range (mean) 11-18 (12) 12-18 (15) 10-18 (14) 12-16 (14) 11-15 (14)
Gender (female/male) 6/5 11/6 13/6 6/5 8/4
Subjects total (1) 11 17 19 11 12

Fasting C-peptide (pmol/ml); median (range) 0-33 (0-18-0-47) 0-43 (0-08-0-97) 0-28 (0-03-0-55) 0-33 (0-09-0-92) -

Detection of chemokines in cell supernatant

Secretion of the chemokines IP-10, MCP-1, MIP-1q, -1B
and RANTES were analysed in cell supernatants with
Luminex 100 (Luminex Corp, TX, USA) using Bio-Plex™
Cytokine Reagent Kit and human cytokine 5-plex panel
(Bio-Rad Laboratories, CA, USA), according to the manu-
facturer’s recommendation. Briefly, 50 pl of sample, stan-
dard, blank and colour-coded beads were added to a 96-well
microtitre plate. Samples were run in single wells (standards
and blank in duplicate). After incubation for 30 min at
room temperature (RT) and washing with a vacuum device,
25 ul of biotinylated detection antibody mixture was added
and the plate was incubated for another 30 min at RT. After
washing, 50 pl streptavidin—PE was added and the plate was
incubated for a final 10 min and washed thereafter. The
beads were resuspended in 125 pl assay buffer before anal-
ysing the samples. Identification and quantification of each
chemokine were based on bead colour and fluorescence.
Acquisition conditions were set with a minimum of 100
beads per region. Median fluorescence intensity was analy-
sed using Starstation Software version 2-0 (Applied Cytom-
etry Systems, Sheffield, UK) and a five-parameter curve fit
was applied to each standard curve in order to obtain
sample concentrations.

Secretion of the chemokine 6Ckine in cell supernatants was
analysed with Quantikine human CCL21/6Ckine enzyme-
linked immunosorbent assay (ELISA) according to the manu-
facturer’s instructions (R&D Systems Europe, Abingdon,
UK). Briefly, 100 ul of assay diluent, sample, standard and
blank were added to a 96-well microtitre ELISA plate. Samples
were run in single wells (standards and blank in duplicate)
and the plate was incubated for 2 h at RT on a horizontal
orbital shaker. The wells were then washed four times and
200 ul of 6Ckine conjugate was added. The plate was incu-
bated for another 2 h and thereafter washed four times before
adding 200 pl substrate solution. The plate was incubated for
20 min at RT, protected from light. Fifty ul of stop solution
was added to each well and the optical density was determined
within 30 min with a microplate reader set to 450 nm.

Sensitivity of chemokines (pg/ml) analysed by multiplex
bead array technique were: 15-04 for IP-10; 1-66 for MCP-1;
0-32 for MIP-1a,, 0-47 for MIP-1B? and 0-76 for RANTES
respectively. Sensitivity for the analyses of 6Ckine by ELISA
was 13-1.

Statistics

As the data were not distributed normally, three or more
groups were analysed by Kruskal-Wallis test for unpaired
observations and two groups were compared using the
Mann-Whitney U-test. Spearman’s rank correlation was
used for paired non-parametric variables. P-value <0-05 was
considered statistically significant. Calculations were made
with spss 12.0.1 for Windows (SPSS Inc., Chicago, IL, USA).

Results

Receptor expression on peripheral blood lymphocytes

Receptor expression was quantified by flow cytometry for
CD8" and CD4" cells from T1D and healthy children. To
examine if receptor expression was different at various stage
of the disease duration, samples from T1D children were
grouped into four categories according to the disease dura-
tion at the time of the blood sampling (Table 1).

Cell surface phenotype of CD8" T cells

Cytotoxic T lymphocytes were defined by their expression of
the CD8. Higher percentages of lymphocytes expressing
CD8* CCR7* were detected in samples from diabetics com-
pared with those from healthy children (Fig. 1a). This was
especially true in the group of patients with disease duration
of less than 9 months, while in samples from patients
with longer disease duration the percentages declined to
levels similar to the healthy group (Fig. 1b). Further, CD8* T
cells from diabetics also expressed a higher percentage of
CD45RA (Fig. 1c), with the highest percentage in samples
from patients with a shorter disease duration. Percentages of
CD8'CD45RA" cells decreased with longer T1D duration to
percentages similar to the healthy individuals (Fig. 1d). In
contrast, the percentage of CD8*CD45RO" cells, a phenotype
typical of memory T cells, was lower in cells from diabetic
individuals (Fig. le), and increased with the disease progres-
sion, without reaching the same percentages as in the healthy
children (Fig. 1f).

As expected, an inverse correlation was observed between
CD8" cells expressing CD45RO and CD8" cells expressing
CD45RA (r=-0-78, P<0-0001) and CCR7 (r=-0-78,
P<0-0001), while CCR7 and CD45RA on CD8" cells
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Fig. 1. Expression of CCR7, CD45RA and CD45RO receptors on CD8" cells was determined by flow cytometry. The percentages (%) of cells
expressing each receptor in the diabetic (T1D) and healthy groups is shown in box-plots (a,c,e). Horizontal lines represent the median, the box
comprises the 25th and 75th percentiles and the error bars the 10th and 90th percentiles. Outliers are indicated. CCR7 (b), CD45RA (d) and
CD45RO (f) expression of the receptors on CD8" cells in relation to duration of T1D in comparison with healthy controls is shown. Patients were
grouped according to duration of disease: 0—4 months (A, n=7); 5-9 months (B, n = 12); 10-14 months (C, n=17) and 15-18 months (D, n = 8);
healthy (n = 12). Asterisks indicate the level of significance: *P < 0-05; **P < 0-01, ***P < 0-001.

correlated positively among the patients (r=0-57;
P <0-0001). In samples from healthy individuals, a weaker
correlation was detected between CD8'CD45RA* and
CD8'CCR7" cells (r=0-67, P=0-02), while CD8" cells
expressing CD45RO and CCR?7 did not correlate with each
other. Further, the inverse correlation between CD8*CD45RA
and CD8*CD45RO cells was weaker compared with the same
cells in the diabetic group (r=—0:67, P = 0-02).

To test the preferential expression of chemokine receptors
on lymphocytes, CXCR3, CCR5, CXCR6 and IL-18 Th1- and
CCR4 Th2-associated receptors were analysed on CD8" cells.
No significant differences were seen in any of the Thl-
associated receptors, and only the percentages of CD8" cells
expressing the Th2-associated receptor CCR4 was higher in
the diabetic group in comparison with healthy individuals
(Fig. 2a,b), but not observed on CD4" cells.

Cell surface phenotype of CD4" T cells

T helper lymphocytes were defined for the expression of CD4.
In contrast to CD8" cells, the percentages of CD4" cells
expressing CCR7 was similar in diabetics and healthy
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subjects. Additionally, the expression of CD4*CD45RA* and
CD4'CD45RO" cells was similar in samples from T1D and
healthy children (data not shown). CD4*CD45RA" cells cor-
related strongly with CD4"CCR7" cells, both in diabetic
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Fig. 2. Expression of CCR4 receptors on CD8" cells was determined
by flow cytometry. The percentages (%) of cells expressing CCR4 is
shown for each individual in the diabetic (T1D) and healthy groups
(a). Patients were grouped according to duration of disease: 0—4
months (A, n=7); 5-9 months (B, n = 12); 10-14 months (C, n=17)
and 15-18 months (D, n = 8); healthy (n=12) (b). Horizontal lines
represent the median and asterisks indicate the level of significance:
*P < 0-05; **P < 0-01, ***P < 0-001.
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Fig. 3. Expression of CXC chemokine receptor 3 (CXCR3), CCR5 and CXCR6 chemokine receptors on CD4" cells was determined by flow
cytometry. The percentages (%) of cells expressing each receptor in the diabetic (T1D) and healthy groups is shown in box-plots (a,c,e). Horizontal
lines represent the median, the box comprises the 25th and 75th percentiles and the error bars the 10th and 90th percentiles. Outliers are indicated
as CXCR3 (b), CCR5 (d) and CXCR6 (f) expression of the receptors on CD8" cells in relation to duration of T1D in comparison with healthy
controls is shown. Patients were grouped according to duration of disease: 0—4 months (A, n=7); 5-9 months (B, n = 12); 10-14 months

(C, n=17) and 15-18 months (D, n = 8); healthy (n = 12). Asterisks indicate the level of significance: *P < 0-05; **P < 0-01, ***P < 0-001.

(r=0-82, P<0-0001) and healthy (r=0-92, P<0-0001)
children. A strong inverse correlation between CD4" cells
expressing CD45RO" cells and CD8"CD45RA* (r=-0-78,
P <0-0001) and CD8"CCR7* (r=-0-77, P < 0-0001) cells was
found in the samples from diabetic individuals. In samples
from the healthy children, CD4" CD45RO" cells was also
correlated inversely, even though not to the same strength as
in the diabetic group, to CD4*CD45RA* (r =—0-62, P = 0-03)
and CD4*CCR7* (r=-0-69, P=0-012) cells.

Further, the expression of chemokine receptors was exam-
ined on CD4" cells. Notably, the percentages of CD4" cells
expressing the Thl-associated receptors CXCR3 and CCR5
were lower in diabetic compared with healthy children
(Fig. 3a—d). In addition, CXCR6 considered another classical
Th1 receptor was also lower among T1D children (Fig. 3e,f).

Percentages of CD4" and CD8" T cells in
lymphocyte gate

Analyses of the percentages of CD4" cells in T1D and healthy
children revealed no differences between samples from T1D
(48%) and healthy (44%) children. Additionally, the per-
centages of CD8" cells did not differ between the group of
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diabetics (25%) and healthy children (29%). Even when
the percentages of CD4" and CD8" cells from diabetic and
healthy individuals were not statistically different, the ratio
of CD4*/CD8" was higher in TID compared with healthy
children (P =0-05) (Fig. 4).

This study also included the analyses of IL-12R and
CCRS. However, the expression of both receptors was very
low and statistical analysis was thus not performed.

Chemokine secretion in 72-h PBMC culture

Spontaneous secretion of IP-10, MCP1, MIP-10 and MIP-1j3
in PBMC supernatant was lower in T1D children compared
with healthy children (Fig. 5a—d). Chemokine secretion did
not increase with longer disease duration. These chemokines
also correlated positively with each other (data not shown).
Spontaneous secretion of RANTES was similar in the two
groups, and correlated with spontaneous secretion of IP-10
(r=0-31; P < 0-05), MCP-1 (r = 0-44; P = 0-001) and MIP-1c.
(r=10-27; P<0-05). In samples from diabetics, IP-10 secre-
tion correlated with its receptor CXCR3 on both CD4*
(r=0-51; P<0-001) and CD8" cells (r=0-5; P<0-002),
while in samples from healthy individuals the chemokine
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Fig. 4. CD4" and CD8" cells were analysed by flow cytometry.

The ratio of the percentages of CD4"/CD8" was calculated for each
individual. Horizontal lines represent the median, the box comprises
the 25th and 75th percentiles and the error bars the 10th and 90th
percentiles and outliers are indicated. Asterisk indicates the level of
significance: *P < 0-05.

correlated with CXCR3 only on CD8" cells (r=0-62;
P <0:03). No correlation between CCR5 and any of its
ligands MIP-1o, MIP-1B and RANTES was observed.
Detectable levels of the CCR7 ligand 6Ckine was observed in
only six T1D patients.

(a)

Impaired T cell phenotype in diabetics

Discussion

Despite the fact that chemokines and chemokine receptors
are key players in the migration of pathogenic T cells into the
islets of non-obese diabetic mice developing T1D [6], few
studies have investigated these markers in T1D patients. In
this study we found increased percentages of CD8'CCR7*
and CD8'CD45RA Tc cells in peripheral blood of T1D chil-
dren, especially in those with less than 9 months’ disease
duration. This was accompanied by a lower percentage of
CD4* Th cells expressing CXCR3, CXCR6 and CCRS5 in
samples from the same individuals, together with a reduced
secretion of IP-10, MCP-1, MIP-10, and MIP-1f. Collec-
tively, our results demonstrate a reduced Thl receptor
expression on circulating Th but not Tc cells in T1D. We did
not observe any difference in the expression of Thl-
associated receptors in the CD8" cell population between
TID and healthy children. However, the Th2-associated
chemokine receptor CCR4 was expressed at higher levels in
CD8* cells among diabetics, regardless of disease duration.
This might reflect the suppressed Th1 profile observed in the
same cell population.

Our finding of reduced expression of CXCR3 and CCR5
on CD4" but not on CD8" cells among T1D patients com-
pared with healthy controls is in agreement with previous
results [10]. In contrast to Lohmann’s study, who demon-
strated that the Thl-like receptor expression increased
among the patients with disease duration, our results still
show a sustained low expression among the diabetics 18
months after diagnosis. However, T1D duration of the
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patients included in our study was shorter. In addition to the
low expression of CXCR3 and CCR5 on CD4* cells, we also
report decreased percentages of CD4*CXCR6* among T1D
patients. CXCR6 has been shown previously to be highly
restricted to memory Th1 cells [24], the majority of which
lack CCR?7 expression [14]. Following the recruitment into
inflamed tissues and antigen activation T cells lose CXCR®,
and accumulate and produce large amounts of IFN-y at the
inflammation site [25].

Studies in serum from newly diagnosed T1D patients and
high-risk individuals for the disease have shown elevated
IP-10 levels [26,27]. In contrast, comparable serum concen-
tration of IP-10 between healthy subjects and T1D in another
study [28] has suggested that the increased serum IP-10 levels
in female type 1 diabetics could be a consequence of the
presence of other clinical or subclinical autoimmune diseases,
such as chronic thyroiditis and hypothyroidism [29,30].
Increased levels of MIP-1a. and MIP-1f have also been
detected in serum from T1D patients, in parallel to reduced
expression of CCR5 and CXCR3 [10]. Interestingly, in
the same study, reduced phytohaemagglutinin (PHA)-
stimulated Thl-associated cytokine secretion in PBMC
supernatant was observed. In contrast, in a previous study
similar spontaneous secretion of RANTES, MCP-1, -2, -3 and
monokine induced by IFN-y (MIG) was detected in PBMC
from TID and healthy children cultured for 48 h [31].
However, our study differs from Stechova et al.’s study in that
we included T1D with disease duration between 1 and 18
months, whereas Stechova et al. analysed samples collected 4
days after diagnoses. The divergence of results from different
studies might be explained by differences in study popula-
tions, detection methods and the fact that we show results
from cell culture supernatants after 72 h incubation. Because
of the low levels of cytokine production in cell supernatant,
their detection is often feasible only after specific or non-
specific stimulation. In contrast, chemokines are secreted at
higher levels, commonly detectable without further induc-
tion by any stimulus. Furthermore, while spontaneous secre-
tion in cell supernatant indicate the in vitro, non-induced
ability of the PBMC of secreting chemokines without stimu-
lation, chemokine levels in serum may reflect their produc-
tion at inflammatory sites by cells other than PBMC. The
reduced amount of circulating Th1-like cells in T1D children,
together with our previous observation of low secretion of
IFN-y after diagnosis [32,33], might be related to the low
secretion of IP-10, and possibly also to the reduced secretion
of other chemokines such as MIP-1a, MIP-1f3 and MCP-1.

There are increasing observations indicating the heteroge-
neity of the T cell populations in terms of phenotype, func-
tion and distribution. Based on their expression of CCR7,
CD8" cells have been subdivided into CCR7* central memory
cells and CCR7" effector memory cells [34], although other
studies have revealed multiple roles for the receptor [19,20].
CCR7 define naive and central memory T cells with the
ability to circulate repeatedly into lymphoid nodes [35]. The

motility of T cells in the T cell areas is also enhanced in the
presence of CCR7 signalling, enhancing a faster widespread
movement of T cells, and their encounter with resident
dendritic cells presenting cognate antigens [36]. CD45 RA
and RO phenotypes define naive/effector memory cells
and antigen-experienced cells respectively [37]. It has been
shown that the percentages of CD4"'CD45RA* cells were
higher in prediabetic twins, who later became diabetic,
compared with diabetes-protected twins, while diabetes-
protected twins had elevated percentages of memory
CD4*CD45RO" cells [23]. In the present study, in parallel to
the increased CCR7* and CD45RA* Tc phenotype, the
peripheral memory CD8* CD45RO" cell population was
reduced among recent-onset T1D children. However, with
duration of disease the CD8*CD45RO" cells increased in
parallel with a decreasing amount of CD8'CD45RA* cells.
Autoantigens have a chemotactic effect on leucocytes, possi-
bly to alert the immune system of tissue damage and facili-
tate repair [38]. Progression of T1D results in the destruction
of the majority of the pancreatic 3-cells, with the subsequent
reduction of local inflammation and autoantigen release.
Lower antigen presentation might lead to the reduction of T
cell infiltration into the pancreas area, restoring the effector-
memory CD8" cell balance when the threat disappears. It has
been suggested that peripheral CD8" T cell autoreactivity is
suppressed when the vast majority of B cells have been
destroyed [39]. This is consistent with our findings of a
decreased CD8" expressing CCR7 and CD45RA with dura-
tion of disease.

In this study, in parallel with increased percentage of CD8*
cells with CCR7 and CD45RA phenotypes, a reduced expres-
sion of the Thl-associated chemokine receptors on CD4*
cells and a lower secretion of the chemokines IP-10, MCP-1,
MIP-10 and MIP-1P in cell supernatants were detected in
samples from T1D children. In addition to the phenotypic
complexity among CD8" T cells in both mice and humans
[40], events that accompany differentiation of naive T cells
into activated effector T cells and finally into resting self-
renewing memory T cells are determinant in the resulting
responses [41]. After antigen encounter, naive CD8" cells
divide and differentiate into CD8" effector cells. This is fol-
lowed by a programmed contraction of the CD8* cells,
leading to a population of persisting CD8" memory cells.
Signals from T cell receptors, co-stimulatory molecules and
cytokine receptors direct the differentiation process and
lineage commitment [42]. CD4" cells have an important role
in guiding the differentiation of CD8" cells into long-lasting
functional memory cells [43], and CD4" T cell help is
required for optimal development of memory CD8" T cells
[44]. In mice, virus infection induced specific CD8" cells able
to proliferate in vivo, and absence of CD4* T cells exacer-
bated this deficiency [45]. Chronic infections resulted in a
dramatic detriment of T cell function and differentiation,
including T cell exhaustion and deletion, and improper
memory T cell development [46].
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One of the main limitations in T1D studies in humans is
the restriction to perform studies exclusively in peripheral
blood, leaving only hypotheses to understand the auto-
immune inflammatory process at the site in the pancreas.
A possible explanation for the reduction of CD4" cells
expressing CXCR6, CXCR3 and CCR5 could be selective
recruitment of Thl cells into the pancreas [11]. In that
study lymphocytes were determined by the expression of
the CD3*, and phenotypical differences in CD4" and CD8"
cells were not described. In our study the reduction of Thl-
associated chemokine receptor expression was limited to
CD4* cells, while CD8" cells were characterized by a phe-
notype related to circulating naive/effector cells. Indeed,
reduction of chemokine receptors in circulation does not
exclude the accumulation of their ligands in the inflamed
organ. Both in human and experimental animal models
of inflammation, deficiency of CCR5 was associated with
increased levels of its ligand in tissue [47,48], suggesting a
different mechanism for the lymphocyte infiltration in the
pancreas. In mice, T cells specific for B cell antigens were
imprinted with homing receptors for adhesion molecules
[49]. We and others have seen previously a decreased Th1-
like cytokine response close to the onset of T1D [32,33,50].
Thus, our data could indicate an inadequate suboptimal
CD4" cell function in T1D, leading to impaired function of
CD8" responses.

Percentages of CD4" and CD8" cells were similar in
samples from diabetic and healthy children, indicating
alteration in their phenotype rather than amount of circu-
lating cells. Interestingly, a higher ratio of CD4*/CD8" cells
was observed among T1D compared with healthy children.
Activated cytotoxic effector cells and a higher ratio of
CD4'/CD8" cells in peripheral blood of smokers with
obstructive pulmonary disease, in parallel with higher
percentages of CD8'CD45RA* cells, suggested a final
activation—maturation stage of the CD8" cells expressing
CD45RA, with a correspondingly higher potential for tissue
injury [51]. Obstructive pulmonary disease is considered to
have an autoimmune component, with a self-perpetuating
mechanism similar to autoimmune diseases. Thus,
CD8'CD45" cells result possibly in a similar effect on pan-
creas injury in T1D.

In conclusion, low Thl-associated receptor expression of
CD4" cells together with an increased amount of CD8" cells
expressing CD45RA and CCR7, and reduced chemokine
secretion in the PBMC cultures in T1D patients, suggests
suboptimal Th function and impaired Tc responses in chil-
dren with T1D close to the diagnoses. This could result in
continuous recirculation and recruitment of Tc naive/
effector cells enhancing the inflammatory state in the pan-
creas, while the Th1 cell population in peripheral blood is
suppressed. Increased knowledge of T cell phenotypes
present in the disease process leading to T1D might provide
important clues for the development of novel therapeutics
for prevention of the disease.

Impaired T cell phenotype in diabetics
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