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SUMMARY
Objectives: CD4*CD25"" regulatory T cells (T,,,) represent a suppressive T-cell subset that plays a key role
in the modulation of immune responses and eventually in the prevention of autoimmunity. There is growing
evidence that patients with autoimmune and inflammatory chronic diseases show an impairment of T, cells
or activated effector T cells unresponsive to T, .. Glucocorticoid-induced TNFR-related protein (GITR) is a
widely accepted marker of murine T, . cells, but little is known of its role in humans. The aim of the present
study was to investigate the characteristics of different subsets of T, cells in Sjogren’s syndrome and the
potential role of GITR as a marker of human T, . cells.
Methods: Fifteen patients with primary Sjogren’s syndrome (SS) and 10 sex- and age-matched normal controls
(NC) were enrolled in the study. CD4* T cells were separated from peripheral blood by magnetic cell sorting
(negative selection). Cell phenotype was analyzed by flow-cytometry using primary and secondary antibodies.
Disease activity was assessed using the EULAR Sjogren’s syndrome disease activity index (ESSDAI).
Results: Although the proportion of circulating CD25"€"GITR"" subset was similar in SS patients and normal
controls, an expansion of the CD25GITR"" cell population was observed in the peripheral blood of SS pa-
tients. Interestingly, this expansion was greater in patients with inactive rather than active disease.
Conclusions: The number of CD4*CD25 GITR"#" cells increases in SS as compared to normal controls. Fur-
thermore, the fact that the expansion of this cell subset is mainly observed in patients with inactive disease
suggests that these cells may play a role in counteracting inflammatory response.
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H INTRODUCTION cells activated in these pathologies are re-
sistant, at least in part, to the action of T,
cells. The particular phenotypic characte-
ristic of T, . cells that has allowed them
to be isolated, first in mouse and subse-

Regulatory T cells (T,,,) represent a T-
cell subtype with functional suppres-

sive activity that is a key factor in modu-

lating immune response and, therefore, in
the development of autoimmunity. There is
much evidence to confirm a central role for
this cell subset in the pathogenesis of sy-
stemic autoimmune or chronic inflamma-
tory diseases given the anomalies in their
number or alterations in their function in
patients with these pathologies. There is
further evidence to suggest that effector T

quently in humans, is the high expression
of a receptor molecule on their surface,
known as CD25 (IL2Ra). This is associa-
ted with the intracellular expression of the
transcription factor forkhead winged helix
(Fox)P3 (1, 2). FoxP3, previously known
as JM2, was initially identified as the gene
the mutations of which were associated
with a murine autoimmune syndrome, the
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X-linked autoimmunity-allergic disregu-
lation (XLAAD) syndrome. This was later
identified in humans and became known
as the immunodysregulation polyendocri-
nopathy enteropathy X-linked (IPEX) syn-
drome (3, 4). Subsequent studies showed
that human murine T, cells constitutively
express FoxP3. It was seen that this gene
is needed until, during the initial stages
of development of the immune system, a
progenitor T cell differentiates itself into a
Ty cell. This observation has reinforced
its phenotypic and functional importance.
In fact, FoxP3 is essential for the induction
and maintainance of the functional charac-
teristics of T, cells, such as maintaining
the anergy to the receptor stimuli and the
reduced production of IL-2 following their
intereaction with the thymic stromal cells
(5-6).

Subsequently, other surface molecules
were identified as T, markers such as the
cytotoxic T lymphocyte antigen-4 (CTLA-
4), CD127 and the glucocorticoid-induced
TNF receptor-related (GITR) (7, 8). Ho-
wever, studies of some of these are still
ongoing given that their specificity as T,
cell markers requires further confirmation.
For example, recently activated effector T
cells can increase their CD25 surface ex-
pression by appearing, even though tran-
siently, as CD25"e" cells, just as GITR can
be differently expressed according to the
stage of cell activation. Finally, some mole-
cules are only recognized as T, markers
in mouse, but their role in humans is still a
subject of controversy. Given this, for the
moment, co-expression of these molecules
and of FoxP3, the most specific T, mar-
ker, provides the best definition of this cell
population. However, the methodology for
determining FoxP3 involves cell permeabi-
lization. This could identify other surface
molecules and is not, therefore, a suitable
method to use to identify normal surface
markers. Also, for the same reason, FoxP3
cannot be used to separate T, cells when
they are to be used in vivo and reinfused in
patients.

For the moment, it is possible to subdi-
vide the T, . CD4* cells into two distin-

REG
ct subpopulations. Natural T, cells are

generated in the thymus in the first stages
of life following specific interactions with
the resident stromal cells. On the other
hand, adaptive and induced T, cells are
produced in peripheral blood throughout
life and are the result of the conversion of
naive CD4*CD25 T cells in the presence of
a particular cytokine milieu and of appro-
priate antigenic stimulation (9).

As reported above, T, - have a suppressive
action that is directed towards circulating
autoreactive lymphocytic clones. In spite
of the fact that the immune system miti-
gates the mechanisms such as to prohibit
most of the auto-reactive T cells entering
the blood circulation, as for example, the
negative thymic selection, some manage
to elude them making continuous immune
surveillance essential throughout life. The
suppressive activity of the T, expresses
itself mainly through cell-to-cell contact
and, therefore, the consequent trigger of
pro-apoptotic pathways, but it has also
been suggested that this suppression could
be mediated by soluble factors produced
by the T, . themselves, such as IL-10 and
TGF-f (10).

Many attempts have been made over the
years to understand the exact role of the
Ty in the pathogenesis of systemic auto-
immune pathologies. In the beginning,
animal models of chronic inflammatory
pathologies were investigated such as, for
example, collagen-induced arthritis (CIA)
(11-14). Subsequent studies focused on
evaluating the possible involvement of
Ty in the human manifestations of these
pathologies in order to identify phenotypic
and/or functional alterations of these cells
during the disease course.

Data published on Sjogren’s syndrome
(SS), are all substantially in agreement
that the percentages of peripheral blood
of Ty, cells, identified by high CD25 ex-
pression and/or expression of FoxP3, of
affected patients are identical to or slightly
lower than those of healthy controls (15-
18). Furthermore, extremely interesting
results are emerging from immunohisto-
chemical studies of the salivary glands in
SS. These show a correlation between the
lymphocytic infiltrate of the salivary glan-
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ds (evaluated both by the Chisholm score
and by the focus score) and the number of
Ty cells present in the saliva (16-18). In
other words, even though the presence of a
Ty cell population has been observed at
the site of inflammation, these cells do not
seem to be able to reduce the lymphocytic
infiltrate or, consequently, the parenchy-
mal damage caused by it. Given this, it is
even more important to standardize the in-
formation we have concerning the phenot-
ypic and functional mechanisms of this cell
population in the pathogenesis of systemic
auto-imune diseases. The aim of this study
was, therefore, to make a qualitative and
quantitative evaluation of the T-cell subpo-
pulations in patients with SS and to investi-
gate the possible role of GITR as a marker
of human T, cells.

H MATERIALS AND METHODS

A total of 15 SS patients of the Rheumato-
logy Department of the University of Peru-
gia were enrolled in the study. All patients
were female (mean age 52.7+13.7 years).
Ten healthy age-matched women were en-
rolled as control.

All patients underwent clinical evaluation
and blood tests: erythrocyte sedimentation
rate (ESR), C-reactive protein test (CRP),
complete blood count, sieroprotein electro-
phoresis, immunoglobulin (IgG, IgA, IgM)
and complement fraction (C3, C4). Disea-
se activity was calculated from study en-
rolment according to the EULAR Sjogren’s
syndrome disease activity index (ESSDAI)
(19). No patient received either disease mo-
difying anti-rheumatic drugs (DMARDs)
or corticosteroids; patients only received
topical treatment with artificial tears for
Sjogren’s syndrome. Blood samples were
placed in heparin test tubes and centrifuged
with a Hystopaque 1077 (SIGMA) at 1800
rpm at room temperature for 30 min. The
peripheral blood mononuclear cells (PBM-
Cs) obtained were subjected to magnetic
sorting (negative selection) to obtain the
CD4* T cells (CD4 human isolation kit II
and large depeletion column, Miltenyi Bio-
tech). Briefly, the non-CD4* T cells, e.g.
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CDS8* T cells, T y0 cells, granulocytes, B
cells, NK cells, monocytes, dendritic cel-
Is and erythroid cells were removed after
incubation with a selection of biotin-con-
jugated antibodies towards CD8, CDI14,
CD16, CD19, CD36, CD56, CD123, TCR
vd and glycophorin A. Cells were separated
using anti-biotin microbeads with a large
depletion (LD) column (Miltenyi Biotech).
Cytometric analysis showed that CD4* T-
cell purity was over 98%.

Phenotypic characterization was carried
out by cytometric methods. The identified
CD4* cells were colored with anti-GITR-
PE (Biolegend), anti-CD25 biotinilato
(Miltenyi Biotech) and respective isot-
ypes. Cytometric analysis was carried out
using a Beckman Coulter EPICS XL-MCL
and EXPO32 ADC software. Statistical
analysis was performed using Student’s
t-test or by calculating Spearman’s corre-
lation coefficient. P<0.05 was considered
significant.

H RESULTS

There was a statistically significant incre-
ase in the CD25"GITR"¢" subpopulation in
the peripheral blood of SS patients compa-

p<0,05
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Figure 1 - Expression (%) of the CD4+CD25-GITRhigh T-cell subpop-
ulation in SS patients (n=15) and healthy controls (n=10); Student’s

t-test.
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Figure 2 - Expression (%) of the CD4+CD25-GITRhigh T-cell sub-
population in SS patients according to disease activity (ESSDAI>2
n=5; ESSDAI 0-1 n=10); Student’s t-test.
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red with controls (2.2+1.3% vs 0.7+0.3%;
P<0.05) (Fig. 1).

Phenotypic and functional characteristics
of CD25°GITR"#" cells in SS patients were
analyzed by dividing the patients according
to their disease activity and clinico-serolo-
gical parameters. Patients were, therefore,
divided into two groups according to disea-
se activity using the ESSDAL

Patients with inactive disease showed a
statistically significant greater expansion
in the percentage of CD25GITR":" cells
compared to those patients with active di-
sease (Fig. 2).

Finally, a statistical analysis of the clinico-
serological characteristics did not show any
significant correlation between these para-
meters and the percentage values of the two
cell subsets analyzed (data not shown).

H DISCUSSION

The present study has shown that patients
with SS experience an expansion of T cells
in peripheral blood with low or no levels
of expression of CD25 and high levels of
GITR on their surface. Our previous phe-

notypic study in healthy subjects and pa-
tients with systemic lupus erythematosus
(SLE) showed that this cell population
expands also in lupic patients and presents
Ty cell characteristics expressing the
FoxP3 transcription factor at an intracellu-
lar level (20).

As demonstrated in the murine model (21),
there is growing evidence that GITR could
be a T, marker that is co-expressed with
CD25. However, the observed correlation
between FoxP3 and GITR expression and
the lack of any correlations between FoxP3
and CD25 in CD25 GITR"¢" cells seem to
suggest a role for GITR as a T, marker
also in humans, as already demonstrated in
mouse (3). Finally, the sub-analyzsis per-
formed by subdividing patients according
to disease activity showed expansion of
CD25'GITR"#" cells was significantly hi-
gher in patients with inactive disease. This
could be explained, at least in part, by the
possible trigger of compensatory mechani-
sms aimed at counterbalancing the exces-
sive activity of the autoreactive effector T
cells in patients with autoimmune diseases
such SS. In particular, in patients in whom
the disease has been quiescent or relative-
ly inactive, these compensatory regulatory
mechanisms, such as the expansion of sup-
pressive subpopulations, seem to be more
efficacious.

However, the crucial point of this obser-
vation is the fact that apparently CD25
GITR"¢" cells function normally in healthy
subjects. It is, therefore, possible that in
SS patients effector T cells are, at least in
part, resistent to suppression by T, cel-
Is. In spite of the expansion of these cells
in patients, this does not necessarily mean
there is an equilibrium between pro- and
anti-inflammatory stimuli. Consideration
should also be given to the fact that, from
an in vivo systemic phlogistic point of view,
there may be a reduction in the functional
activity of T, . cells as hypothesized in
studies carried out on synovial fluid of pa-
tients with active rheumatoid arthritis (22,
23). Therefore, in spite of the high number
of CD25GITR"¢" T cells, their suppressi-
ve action could be challenged by the pro-
inflammatory cytokine milieu in the target
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organs. Studies are ongoing to evaluate the
CD25GITR"¢" cells infiltrating the saliva-
ry gland tissue of SS patients during the
disease course. In fact, characterization
of conventional CD25hiGITRhi T, . cells
showed a discrepancy between the results
obtained in peripheral blood and those ob-
tained in the target organs in patients with
rheumatoid arthritis or SS (16-18, 21, 22).
The presence of CD25 GITR"e" T cells in
the T cell infiltrate characteristic of chronic
autoimmune sialadenitis would confirm
their pathogenetic involvement, suppor-
ted by their expansion in peripheral blood,
even though this does not appear to be able
to contrast the inflammatory process that
damages the glandular parenchyma. On
the other hand, ongoing in vitro studies ai-
med at testing CD25°GITR"&" function in
patients with SS, will help provide greater
clarification.

In conclusion, our results show that T,
cells are very likely involved in the patho-
genesis of human auto-immune diseases.
However, the mechanisms are still not
completely clear. Animal models of the
disease, although important for our un-
derstanding of the multiple mechanisms
involved, must be integrated with more in
depth studies into the human pathology.
This would throw light on the etiopatho-
genetic aspects that require further expla-
nation and would provide further elements
to promote the therapeutic use of T, . cells
in the treatment of systemic auto-immune
pathologies (24).
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